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President of the Section of Vascular Surgery: F. Benedetti-Valentini
Secretary / Treasurer of the Section and Board of Vascular Surgery: 
M. Cairols

President of the Board of Vascular Surgery: K. Balzer
Vice President of the Board of Vascular Surgery: 
A. Nevelsteen

Vascular Surgery is a discipline that deals with one of the true plagues of the 20th 
century. Moreover, atherothrombosis will continue to be the main cause of death in 
the near future.

New developments in the investigation and endoluminal treatment of vascular 
disease have recently attracted significant publicity from the mass media and patient 
groups and have significantly changed the management of the vascular patient.

The provision of a high quality vascular service is closely linked with the need to 
give residents an appropriate training and to further introduce vascular surgery as an 
outstanding specialty.

The book, Vascular Surgery: Cases, Questions and Commentaries, by Mr. 
Geroulakos, Prof. Hero van Urk, and Dr. R W Hobson II, will indeed contribute to 
a better understanding of vascular surgery as a specialty that deals with the pathol-
ogy of arteries, veins, and lymphatics. The experience and the teaching capabilities 
of the authors are unquestionable.

This book, being so comprehensive, enhances the idea of considering vascular 
surgery as an independent entity from other specialties. Before achieving adequate 
competence to deal with the variety of cases presented in the book, the need for an 
appropriate training is obvious. Besides, the present text will help candidates to bet-
ter prepare for the EBSQ-Vasc examination. The book utilizes a time proven con-
cept for teaching by questions and answers based on real problems, an essential part 
of CME. The book proposes learning following the Socratic method, by exercising 
our mind rather than reading told facts. On the other hand, it may improve our clini-
cal practice and care of our vascular patients, as it incites Continuous Professional 
Development as a step forward in CME.

The European Board of Vascular Surgery congratulates the authors for their 
 initiative and gladly endorses the book.

Barcelona, March 2006 Marc Cairols
Secretary General

UEMS Section and Board of Vascular Surgery



xi

Foreword to the First Edition

This book is rather unique among textbooks in vascular surgery. Most cover the 
surgical management of vascular diseases, in whole or in part, in standard textbook 
fashion, with the text organized to cover the topics methodically in a didactic man-
ner, and supported by tables, illustrations, and references. Others have special pur-
poses, such as atlases on technique or algorithm-based books on decision-making. 
All have their place, but if the educational goals are training of the young surgeon, 
self-assessment, and continuing medical education for the practitioner or prepara-
tion for oral examination, this book fills a special need, and fills it very well by 
breaking away from the didactic approach.

It has long been recognized by educators that retention of knowledge, i.e., true 
learning, is much better achieved using the Socratic method of questions and answers, 
as opposed to simply reading or being told facts. In this book this approach is devel-
oped and presented in a very effective manner. In each “chapter,” one is presented with 
a case report representing a real life scenario. The case reports- scenarios in this book 
together cover most of vascular surgery experience. Following the case report, one is 
presented with questions and answers based on various aspects of the case, forcing the 
reader to commit to an answer. Whether the answer is right or wrong is not critical, in 
fact getting a wrong answer may be more beneficial in terms of correcting knowledge 
and retaining information. The commentary and conclusions that follow analyze the 
choice of answers, correct and incorrect, and discuss them in concise, authoritative 
detail, many of which are truly “pearls of information.” The conclusion then summa-
rizes the current state of knowledge on the clinical issues under consideration. 
Numerous references are included. Together, these components constitute one of the 
most effective vehicles for self-education in vascular surgery today. Importantly, all 
aspects of management are covered: diagnostic evaluation and appropriate treatment, 
whether it is nonoperative or interventional, endovascular or open surgery.

To accomplish their goals the editors have gathered together a large number of 
experienced contributors, many well known for their special areas of interest within 
vascular surgery, reflected in the contributions they make to this book. As such, the 
book should be useful to future and practicing vascular surgeons all over the world. 
It is full of statements covering most of the current state of knowledge in vascular 
surgery, and it does so in an entertaining and effective manner.

Boerne, TX, USA Robert B. Rutherford 
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Foreword

The editors are very pleased to announce that the third edition of our book won the 
highly commended award in the 2013 BMA (British Medical Association) book 
competition in London.

The fourth edition includes recent updates on the endovascular management of 
arterial and venous conditions and on risk factor control. As more experience is 
gained on mesenteric artery dissection, a new chapter is added on the management 
of this condition. In addition the increased use of pacing wires, defibrillators and 
central lines was associated with an increase in the incidence of benign stenosis/
occlusion of the superior vena cava. This is also covered in a new chapter.

We are most grateful to our international faculty for dedicating their time, valu-
able experience and energy revising chapters of the new edition and our editor at 
Springer for the continuous advice and support.

London, UK George Geroulakos 
Connecticut, USA Bauer Sumpio
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Preface to the First Edition

This book is a unique collection of real life case histories written by experts that 
highlight the diversity of problems that may be encountered in vascular surgery. 
Each case scenario is interrupted by several questions that aim to engage the reader 
in the management of the patient and to give him the opportunity to test his knowl-
edge. The comments reflect to as much as possible the principles of evidence-based 
medicine and provide the answers to the questions.

Several chapters are authored by individuals that contributed to the development 
of innovations in the management and prevention of vascular disease and are of 
interest for both the vascular trainee and the experienced vascular specialist. The 
goal of this book is to help vascular trainees review for Board and other examina-
tions as well as to provide vascular surgeons who wish to expand or refresh their 
knowledge with an update and interactive source of information relevant to case 
scenarios that could be encountered in their practice.

The European Boards in Vascular Surgery is a relatively new examination. 
Although the American Boards in Vascular Surgery were established many years 
earlier, there are no “dedicated” guides to cover the needs of these examinations. We 
hope that our book will provide a helpful hand that does not come from the standard 
textbooks, but directly from daily practice and therefore contains a high content of 
“how to do it” and “why we do it.” The references show the close relation between 
daily practice and “evidence-based” practice, and we hope the two are not too 
different.

We would like to thank all the authors who have contributed generously their 
knowledge and time to this project.

London, UK George Geroulakos 
Rotterdam, The Netherlands Hero van Urk 
Philadelphia, PA Keith D. Calligaro 
New Jersey, NJ Robert W. Hobson II 
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Preface to the Second Edition

The author’s principal objective of the first edition was the presentation of the prin-
ciples of vascular and endovascular surgery through interactive real life clinical 
scenarios. The success of the first edition has been gratifying. We have received 
many suggestions for additions and changes from vascular trainees, specialists, and 
teachers at various institutions in Europe, USA, and other parts of the world. These 
comments have been well received and have been important in improving and 
expanding the second edition. We wish to acknowledge our appreciation and grati-
tude to our authors and publishers.

London, UK George Geroulakos 
Rotterdam, The Netherlands Hero van Urk 
New Jersey, NJ Robert W. Hobson II 
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Preface to the Third Edition

The third edition updated most chapters that were focusing on the endovascular 
management of arterial and venous disease providing the reader with practical and 
updated, well-referenced information on the full spectrum of options for the man-
agement of vascular disease. We are pleased to report the translation of the second 
edition of our book to Portuguese. We wish to express our thanks to our authors and 
publishers for their contribution to this project.

London, UK George Geroulakos 
New Haven, USA Bauer Sumpio 
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1Preoperative Cardiac Risk Assessment 
and Management of Elderly Men 
with an Abdominal Aortic Aneurysm

Don Poldermans

Case Report
A 70-year old man presented with an abdominal aortic aneurysm. He was 
worried as his mother died suddenly of a ruptured aortic aneurysm at the age 
of 55  years and requested for an ultrasound examination. The ultrasound 
showed an aortic aneurysm of 72 mm. The patient was referred to a vascular 
surgeon. He gave a history of hypercholesterolemia but was intolerant to 
statins. Interestingly muscle complaints did not resolved after stopping statins. 
Two years earlier he had started beta-blocker therapy for mild hypertension. 
He smoked ten cigarettes a day for the last 40 years, but stopped when the 
aneurysm was diagnosed. He had chest pain which progressed the year prior 
to his admission and dyspnea with moderate exercise at a round of golf. He 
was referred to a cardiologist for preoperative screening. Physical examina-
tion showed a friendly man, with blood pressure 145/58 mmHg and an irregu-
lar pulse of 88 bpm. Examination of the chest revealed no abnormalities of the 
heart. Palpation of the abdomen showed an aortic aneurysm with an estimated 
diameter of 7 cm. Routine preoperative blood tests showed an elevated fasting 
glucose of 5.2  mmol/L and low-density lipoprotein (LDL) cholesterol of 
4.8 mmol/L. Electrocardiography showed atrial fibrillation and pathological 
Q-waves in leads V1–V3, suggestive of an old anterior myocardial infarction. 
A coronary CT-scan was performed that revealed a significant lesion of the 
left anterior descending coronary artery (LAD). Left ventricular function was 
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Question 1
Which of the following statements regarding postoperative outcome in patients 
undergoing major vascular surgery is correct?

 A. Cardiac complications are the major cause of perioperative morbidity and 
mortality.

 B. Perioperative myocardial infarctions are related to fixed coronary artery stenosis 
in all patients.

 C. Perioperative cardiac events are related to a sudden, unpredictable progression 
of a nonsignificant coronary artery stenosis in all patients.

 D. Perioperative cardiac complications are related to both fixed and unstable coro-
nary artery lesions.

This patient has several problems that need to be addressed prior to surgery. In addi-
tion the preoperative screening offers the opportunity to identify and treat cardio-
vascular risk factors that might influence long-term outcome after surgery. Our 
patient experienced angina pectoris during moderate exercise. Additional testing 
identified two problems; atrial fibrillation and a significant coronary artery lesion of 
the LAD. Figure 1.1a, b shows a significant lesion of the LAD, with a successful 
treatment after stent placement.

Question 2
Which of the following statements regarding the type of coronary stent in relation 
to the planned surgical intervention is correct?

 A. Drug eluting stents are preferred immediately prior to surgery.
 B. Bare metal stents are preferred immediately prior to surgery as the duration of 

dual antiplatelet therapy after stent placement is shorter than drug eluting stents.
 C. Both bare metal and drug eluting stents have a comparable treatment after 

placement.
 D. Late stent thrombosis occurs more frequently after drug eluting stent placement, 

necessiting more frequent reinterventions.

Question 3
Which of the following statements regarding perioperative management of 
Coumadin therapy is correct?

normal with an ejection fraction of 48%. The recently diagnosed atrial fibril-
lation was managed with Coumadin therapy. Coronary angiography was 
requested. It confirmed the presence of single-vessel coronary artery disease 
and in the same session a coronary stent was placed successfully in the LAD 
(Fig. 1.1a, b).

D. Poldermans
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 A. Perioperative bridging of Coumadin using low molecular weight heparin is rec-
ommended in all patients undergoing surgery.

 B. Using the BRIDGE trial outcome and the CHADSVasc2 score perioperative 
bridging in this patient is not necessary.

 C. Perioperative bridging is recommended because of the coronary stent 
placement.

 D. Coumadin therapy using a therapeutic dose can be continued during major vas-
cular surgery in combination with anti-platelet therapy.

Question 4
Statin therapy is recommended in all vascular surgery patients to improve long-term 
outcome. Which of the following statements of preoperative starting of statins is 
correct for the immediate perioperative period?

 A. Withdrawal of perioperative statin therapy is associated with an increased peri-
operative cardiac event rate.

 B. Perioperative statin use is associated with an increased incidence of myopathy.
 C. Perioperative statin use is associated with a reduced perioperative myocardial 

infarct rate in vascular surgery patients.
 D. During surgery statins can be prescribed intravenously.

a b

Fig. 1.1 (a, b) Preoperative evaluation in patient with significant LAD lesion (top), successfully 
treated with BMS (bottom)
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Question 5
Perioperative beta-blockers have been discussed widely in vascular surgery patients. 
Which of the following statements regarding beta-blockers is correct?

 A. Patients on chronic beta-blocker therapy should continue medication during 
surgery.

 B. Perioperative beta-blocker therapy is associated with a reduced perioperative 
myocardial infarction rate.

 C. High-dose beta-blocker therapy is associated with an increased risk of periop-
erative stroke.

 D. All statements are correct.

Question 6
Preoperative cardiac imaging for the detection and management of coronary artery 
disease in vascular surgery patients can be performed using CT-angiography. Which 
statement is correct?

 A. In addition to the revised cardiac risk index the sensitivity is increased to: 50%.
 B. In addition to the revised cardiac risk index the sensitivity is increased to: 76%.
 C. In addition to the revised cardiac risk index the sensitivity is decreased to: 42%.
 D. In addition to the revised cardiac risk index the sensitivity is decreased to: 20%.

Question 7
Preoperative coronary revascularization seems to be an attractive option to improve 
not only direct postoperative outcome in high-risk patients but also long-term sur-
vival after surgery.

 A. Preoperative coronary revascularization improves postoperative outcome in all 
patients with significant coronary artery disease prior to major vascular 
surgery.

 B. Preoperative coronary revascularization in patients with one- or two-vessel dis-
ease is not associated with an improved postoperative outcome compared to 
patients receiving medical therapy.

 C. Preoperative coronary revascularization is associated with an improved 2-year 
outcome compared to medical therapy.

 D. Patients with proven coronary artery disease who are treated medically are at 
increased risk of late coronary revascularization after surgery. After late revas-
cularization, long-term outcome is similar to that with revascularization prior to 
surgery.

This 70-year-old male had multiple cardiac risk factors: elderly age, progressive 
angina pectoris, hypercholesterolemia, atrial fibrillation, and a previous MI.  He 
underwent a coronary CT-scan showing left anterior descending artery (LAD) 
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disease. A PTCA-procedure was successfully performed prior to surgery using a 
drug eluting stent. After stent placement dual antiplatelet therapy (DAPT) was initi-
ated (clopidogrel and aspirin). In addition warfarin and statins were started prior to 
surgery. Warfarin was not bridged during surgery, but beta-blockers and statins were 
continued in the perioperative period. Surgery was performed 3 months after the 
coronary stent deployment using a single antiplatelet agent. The timing of surgery 
was discussed by the surgeon, anesthesiologist and cardiologist. After consideration 
of the aneurysm size, coronary stent anatomy, a single stent without bifurcation, the 
period of DAPT was shortened to 3 months, instead of 6 months DAPT. Bridging 
clopidogrel using intravenous glycoprotein IIb/IIIa inhibitor was not considered. 
The outcome was uneventful.

 Commentary

Annually more than 230 million major surgical procedures are performed world-
wide in an aging population as life expectancy is extending. Age is a significant risk 
factor for peripheral vascular disease and this growth is expected to continue for the 
next few decades. Therefore the number of peripheral vascular interventions will 
increase over time. Cardiac complications are the major cause of perioperative mor-
bidity and mortality, which may occur in 1–5% of unselected patients undergoing 
major vascular surgery [1]. [Q1: A] This high frequency of cardiac complications is 
related to the high prevalence of coronary artery disease; 54% of patients undergo-
ing major vascular surgery have advanced or severe coronary artery disease and 
only 8% of patients have normal coronary arteries [2]. Perioperative cardiac com-
plications are equally caused by coronary artery plaque rupture with subsequent 
thrombus formation and coronary artery occlusion and by prolonged myocardial 
ischemia or, respectively type I and type II myocardial infarctions according to the 
ESC guidelines [1, 3] (Table 1.1). [Q1: B, C, D] Prolonged perioperative myocar-
dial ischemia usually occurs from either increased myocardial oxygen demand or 
reduced supply, or from a combination of the two. If all perioperative cardiac events 
would be related to a preoperative critical coronary artery stenosis, revasculariza-
tion would be the best treatment option. However, if events also at locations without 
a critical stenosis, medical therapy would be preferred. The relationship between the 
location of a preoperative assessed coronary artery stenosis and the occurrence of 
intraoperative ischemia using transesophageal echocardiography was assessed in a 
group of 56 vascular surgery patients [4]. New wall motion abnormalities, a marker 
of myocardial ischemia, detected by intraoperative transesophageal echocardiogra-
phy had 100% positive predictive value and better agreement with the location of 
perioperative MI compared with preoperative dobutamine echocardiography. This 
demonstrates that although preoperative dobutamine echocardiography can predict 
patients who are at risk for perioperative MI, it could not predict the location of 
those perioperative MIs. The author’s hypothised that its failure in identifying the 
specific region at risk can be explained by the rupture and instability of less obstruc-
tive plaques that caused no flow reduction.

1 Preoperative Cardiac Risk Assessment and Management of Elderly Men
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There are several perioperative factors that can increase myocardial oxygen 
demand including tachycardia and hypertension resulting from surgical stress, post-
operative pain, interruption of beta-blocker use, or the use sympathomimetic drugs. 
Decreased oxygen supply, on the other hand, can occur as a result of hypotension, 
vasospasm, and anemia, hypoxia or coronary artery plaque rupture. Beta-blockers 
primarily reduce myocardial oxygen demand, while statins may prevent coronary 
artery plaque rupture [5].

Although myocardial ischemia occurs frequently, more than 80% of the patients 
experiencing perioperative myocardial injury remain asymptomatic, probably 
related to the surgical setting with anesthesia, nausea and pain complaints as part of 
the procedure itself [5]. This silent presentation results in reduced awareness among 
both clinicians and the public. However, preventive treatment is important as peri-
operative myocardial injury increases 30-day mortality nearly tenfold [6–8].

 Beta-Adrenergic Antagonists

The main rationale for perioperative beta-blocker use is to decrease myocardial 
oxygen consumption by reducing heart rate, leading to a longer diastolic filling 
period and decreased myocardial contractility. Initial studies beginning in the 1990s 

Table 1.1 The two most frequent types of perioperative myocardial infarction according to the 
current definition of myocardial infarction, according to the ESC guidelines [3]

Type I myocardial 
infarction

Definition Myocardial necrosis due to impaired blood flow to 
the myocardium

Pathophysiology Related to rupture of an atherosclerotic plaque, 
with resulting intracoronary thrombus leading to 
occlusion or distal embolisation in one or more 
coronary arteries

Relation to CAD Most patients have underlying severe CAD, but on 
occasion nonobstructive or no CAD

Therapy Preoperative revascularization, dual antiplatelet 
therapy, statins, and beta-blockers

Type II myocardial 
infarction

Definition Myocardial injury with necrosis caused by an 
imbalance between myocardial oxygen supply and 
demand

Pathophysiology A condition other than CAD contributes to an 
imbalance between myocardial oxygen supply and/
or demand, e.g. coronary artery spasm, coronary 
embolism, tachy-/bradyarrhythmias, anemia, 
respiratory failure, hypotension and hypertension, 
pain, and surgical stress

Relation to CAD The patient may or may not have underlying CAD
Therapy Correction of underlying disease, antiplatelet 

therapy, statins, and beta-blockers

CAD coronary artery disease
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showed a favorable outcome, but evidence has been conflicting since then [9, 10]. 
Especially after the publication of negative results from several studies, including 
the Perioperative Ischemic Evaluation (POISE) trial in 2008 the beta blocker use 
has been declied [11].

Recently a meta-analysis was performed of 17 studies, of which 16 were ran-
domized clinical trials (RCTs) (12,043 participants) and 1 was a cohort study (348 
participants) [12]. Patients participating in the DECREASE trials were evaluated 
weeks prior to surgery using (stress) echocardiography. Bisoprolol, started 30 days 
prior to surgery in a low 5–10 mg dose, aiming at a target heart rate between 60 and 
70 bpm. All other RCTs initiated beta- blockers within 1 day or less prior to surgery. 
Among RCTs, beta-blockers decreased nonfatal myocardial infarction (MI) (RR: 
0.69; 95% confidence interval [CI]: 0.58–0.82) but increased nonfatal stroke (RR: 
1.76; 95% CI: 1.07–2.91), hypotension (RR: 1.47; 95% CI: 1.34–1.60), and brady-
cardia (RR: 2.61; 95% CI: 2.18–3.12).

Though, a favorable effect on non-fatal cardiac events was noted, an increased 
mortality in patients randomized to beta-blockers was observed, predominantly 
driven by the large number of patients of the POISE trial (8.351 patients) [11]. This 
may be related to the beta-blocker regimen used; metoprolol, started 2–4 h prior to 
surgery, with a dose that could be as high as 400 mg within 12 h post surgery. The 
incidence of perioperative myocardial infarctions was reduced (4.2% vs. 5.7% in 
controls), but the incidence of hypotension, brachycardia and stroke (1.0% vs. 
0.5%) was increased.

Currently there is discussion whether the design of the studies using beta- 
blockers, i.e. type, dosing and timing of beta-blockers is related to the differences in 
outcome, or that beta-blockers should not be used to prevent perioperative 
ischemia.

Type of beta-blockers: more cardioselective agent’s bisoprolol and atenolol were 
associated with better outcomes than metoprolol. Cardioselective beta-blockers 
blunt perioperative tachycardia, whereas non-selective blockers may block systemic 
or cerebral vasodilatation. Studies comparing the three beta-blockers found better 
outcomes with atenolol and bisoprolol than with metoprolol—fewer stroke a lower 
mortality rate, and a better composite outcome [12]. Timing and dosing of beta- 
blockers: The best results were achieved when beta-blockers were started approxi-
mately 1 month before surgery and titrated to control the heart rate giving adequate 
time for dose titration and tighter heart rate control.

Implications: At present there are concerns about the safety and efficacy of 
preventive beta-blockers in the perioperative setting, particularly regarding the risk 
of stroke [13]. If prophylactic beta-blockers are to be effective they should be car-
dioselective, started at least 1  week before surgery, using dose-adjustments for 
heart rate control to avoid overdosing, and only in high-risk patients with multiple 
risk factors. Additional trials using different dosing regimens are needed to clarify 
this issue.

For those patients using chronic beta-blockers or with other indications for beta- 
blockers therapy, i.e. coronary artery disease, heart failure or atrial fibrillation for 
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rate control, medication should be continued and if time permits perform dose 
adjustments aiming at a heart rate between 60 and 70 bpm. [Q5: A, B, C, D]

 3-Hydroxy-3-Methylglutaryl Coenzyme  
A Reductase Inhibitors (Statins)

There is abundant evidence demonstrating the cardiovascular protective effects 
of statin use, especially in patients with multiple cardiac risk factors. However, 
the effects of statin use to improve postoperative outcome has been less well 
defined. The so-called pleiotropic effects of statins may attenuate coronary artery 
plaque inflammation and influence plaque stability in addition to antithrombo-
genic, antiproliferative and leukocyte-adhesion inhibiting effects [14, 15]. All 
these effects of statins may stabilize unstable coronary artery plaques, thereby 
reducing myocardial ischemia and subsequent myocardial damage. In addition, 
patients with peripheral vascular disease should be on statins after surgery any-
how according to the ESC- guidelines [15]. There are only RCTs that have evalu-
ated the beneficial effects of perioperative statin use in reducing perioperative 
cardiac complications.

Recently, a meta-analysis performed by Antoniou et al. evaluated postoperative 
outcome after vascular surgery and endovascular interventions in more than 20,000 
patients using four randomized controlled trials and 20 observational cohorts or 
case-control studies [16]. The randomized studies enrolled 675 patients, and the 
observational studies enrolled 22,861 patients. Statin therapy was associated with a 
significantly lower risk of all-cause mortality OR, 0.54; 95% CI, 0.38–0.78, MI 
(OR, 0.62; 95% CI, 0.45–0.87), stroke (OR, 0.51; 95% CI, 0.39–0.67), and the com-
posite of MI, stroke, and death (OR, 0.45; 95% CI, 0.29–0.70). No significant dif-
ferences in cardiovascular mortality (OR, 0.82; 95% CI, 0.41–1.63) and the 
incidence of kidney injury (OR, 0.90; 95% CI, 0.58–1.39) between the groups were 
identified.

When just the RCTs data were pooled, only a reduction in MI was observed in 
the statin group; there was no difference in the other outcomes in the statin group 
versus placebo group. [Q4, C]

Though statin use is associated with an improved postoperative outcome, ini-
tially, statin use was contraindicated in the perioperative period. It was thought that 
drug interactions might increase the incidence of myopathy and in combination 
with analgesics this might even remain asymptomatic. However, the DECREASE 
III study showed no increased incidence of myopathy among statin users [17].

The results of these studies are important indications of the possible beneficial 
effect of perioperative statin use. However, there are certain limitations; the retro-
spective nature of the studies, the relatively small sample sizes and outcomes, the 
lack of information about the optimal timing and duration of statin therapy and it is 
also possible that statin use is a marker for overall better management of medical co 
morbidities.

D. Poldermans
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In addition, there is an important practical issue. Statin intolerance is frequently 
observed, limiting the more widespread use of statins. However, the discussion of 
statin intolerance is cumbersome as there is a huge difference in the incidence of 
reported side effects and there is no objective biomarker. Observational studies 
report an incidence of up to 20%, while in randomized controlled trials the inci-
dence is no more than placebo. The GAUSS-3 trial addressed this issue [18]. The 
GAUSS-3 trial assessed statin intolerance in a group of patients with a history of at 
least two different statins using a blinded, placebo-controlled re-challenge design 
followed by two alternative therapies, ezetimibe or evolocumab. The design, a 
blinded cross-over study was used to confirm true statin intolerance. In patients with 
known statin intolerance a total of 43% reported muscle complaints while taking the 
statin and not on placebo, so those patients had a true statin intolerance. However, a 
large number of patients were able to tolerate statins even after a history of statin 
intolerance using a rechallenge. Using the glass-half-full analogy, one could say 
that 60% didn’t have statin intolerance even though they had tried and failed to tol-
erate at least two statins previously. So; for intolerant patients, first do a rechallenge 
with a low dose regimen, rosuvastatine 5 mg once or twice a week, using an up 
titration scheme. If complaints reoccur consider alternative treatment like ezeti-
mibe, though there are no data on postoperative outcome. PCSK9 inhibitors do not 
have a place yet for perioperative use, as outcome data are lacking and safety data 
in the perioperative period are not available.

Implications: Statins are beneficial in improving postoperative outcomes and 
should be considered as part of the optimization strategy in vascular surgery patients 
for prevention of adverse cardiovascular events.

 Anti-Platelet Therapy

Continuation or cessation of aspirin is a topic of considerable debate. One should 
balance the benefits of preventing tromboembolic events versus the risk of bleeding. 
A large meta-analysis, including 41 studies in 49,590 patients, which compared 
peri-procedural withdrawal vs. bleeding risks of aspirin, concluded that the risk of 
bleeding complications with aspirin therapy was increased by 50%, but that aspirin 
did not lead to greater severity of bleeding complications [19]. However, in subjects 
at risk of—or with proven—ischemic heart disease, aspirin non-adherence or with-
drawal tripled the risk of major adverse cardiac events.

The effect of aspirin initiation was studied in the POISE-2 trial, randomizing 
10,010 patients undergoing noncardiac surgery to aspirin or placebo [20]. Aspirin 
(at a dose of 200 mg) or placebo was started just before surgery and continued it 
daily (at a dose of 100 mg) for 30 days. Aspirin did not reduce the rates of death or 
non-fatal myocardial infarction at 30 days (7.0% in the aspirin group vs. 7.1% in the 
placebo group; HR 0.99; 95% CI 0.86–1.15; P = 0.92). Major bleeding was more 
common in the aspirin group than in the placebo group (4.6% vs. 3.8%, respec-
tively; HR 1.23; 95% CI 1.01–1.49; P = 0.04).
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Implications: Aspirin use should be based on an individual decision, depending 
on the perioperative bleeding risk, weighed against the risk of thrombotic 
complications.

 Anticoagulant Therapy in Patients with Atrial Fibrillation

Should we provide bridging in patients with atrial fibrillation (AF)? Or is this a 
bridge too far? The management of perioperative anticoagulation in patients under-
going vascular surgery is challenging, as interruption may cause tromboembolism, 
while continuation is associated with an increased bleeding risk. Current guidelines 
recommend consideration or administration of bridging therapy for many patients 
with AF.  A recent meta-analysis of all bridging studies showed that vitamin K 
antagonist-treated patients receiving periprocedural heparin bridging appear to be at 
increased risk of overall and major bleeding and at similar risk of thromboembolic 
events compared to nonbridged patients [18] (Table 1.2).

The BRIDGE trial was designed to answer whether perioperative anticoagulant 
bridging is useful in patients with AF [21]. In this non-inferiority trial, 1884 patients 
(mean age 71 years, 73% male) with chronic non-valvular AF (including paroxys-
mal AF) or atrial flutter taking warfarin for at least 3 months scheduled to undergo 
an invasive procedure requiring warfarin interruption were recruited; 934 were ran-
domized to receive BA with dalteparin (100 IU/kg/bid) and 950 were randomized to 
receive placebo in an identical manner. Importantly, patients with a mechanical 
heart valve, and a recent stroke were excluded. The primary outcomes were arterial 
tromboembolic events (stroke, transient ischemic attack, and systemic embolism) 
and major bleeding within 30 days. The results of the trial were clear. Bridging did 
not reduce risk of embolism but increases bleeding risk. However, only few patients 
with high CHADS2 score of 5 or 6 (congestive heart failure, hypertension, age, 
diabetes, stroke) were included (mean score = 2.3) (Table 1.3). [Q3, B]

Table 1.2 Meta analysis of perioperative bridging trials for the prevention of tromboembolic 
events [22]

Bridged (N = 7118) Nonbridged (N = 5160) HR
Embolic event 1.1% 0.9% 0.8 (0.4–1.5)
Bleeding 11% 2% 5.4 (3.0–9.7)
Serious bleeding 3.7% 0.9% 3.6 (1.5–8.5)

HR hazard ratio

Table 1.3 The BRIDGE trial [21]

Bridged (N = 895) Nonbridged (N = 918)

Embolic event 0.3% 0.4% Non-inferior
Bleeding 21% 12% NNH 12
Serious bleeding 3.2% 1.3% NNH 53

NNH number needed to harm
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Implications: Bridging anticoagulant therapy may be omitted for many patients 
with non-valvular AF who are undergoing low bleeding risk procedures. Consider 
bridging only if stroke risk is very high (CHADS2 score 5 or 6).

New developments: with the introduction of the non-VKA direct oral anticoagu-
lants (NOACs) dabigatran (a direct thrombin inhibitor), rivaroxaban, apixaban,or 
edoxaban (all direct factor Xa inhibitors), all of which have a well-defined ‘on’ and 
‘off’ action, ‘bridging’ to surgery is in most cases unnecessary, due to their short 
biological half-lives [13]. Depending on the bleeding risk of the surgical procedure 
and renal function, NOACs are stopped one to 3 days prior to surgery, without using 
bridging therapy. Because of the fast ‘on’-effect of NOACs (in comparison with 
VKAs), resumption of treatment after surgery should be delayed for 1–2 (in some 
cases 3–5) days, until post-surgical bleeding tendency is diminished. Importantly, 
direct antagonists are available to reverse the anticoagulant effect instantly for both 
thrombin inhibitors and direct factor Xa inhibitors, respectively monoclonal anti-
body idarucizumab and recombinant factor Xa andexanet [23, 24].

 Preoperative Cardiac Imaging

Pre-operative non-invasive testing aims to provide information on three cardiac risk 
markers: LV dysfunction, myocardial ischemia, and heart valve abnormalities, all of 
which are major determinants of adverse post-operative outcome [13]. LV function 
is assessed at rest, and various imaging methods are available, echocardiography is 
most widely used, alternatives are CT-angiography, MRI and coronary angiography. 
For detection of myocardial ischemia, exercise ECG and non-invasive imaging 
techniques may be used. In the past stress echocardiography was widely used, more 
recently favorable results were achieved using CT-angio. Importantly, non-invasive 
testing should only be considered if it changes perioperative care. Test results can be 
used for coronary artery revascularization, patient counseling, and change of peri-
operative management in relation to type of surgery, anesthetic technique, and long- 
term prognosis.

CT-angiography was recently used for risk stratification in patients with a 
Revised Cardiac Risk Index (RCRI) score of more than one prior to surgery [25]. 
The RCRI consists of five risk factors, every risk factor represents one point; high- 
risk surgery, ischemic heart disease, stroke, diabetes mellitus, renal dysfunction, 
and heart failure. A total of 844 patients were enrolled who underwent preoperative 
CT-angiography and were followed for up to 30 days after surgery. Postoperative 
cardiac events were: MI, congestive heart failure or cardiac death. Postoperative 
cardiac events occurred in 25 patients (3%). Patients with maximal stenosis >70% 
assessed by CT-angiography of any artery had a nearly 12-fold increased odds of 
cardiac events (p = <0.001) and those with three-vessel disease had a nearly 17-fold 
increased odds of cardiac events (p = <0.001). When combined with the RCRI score 
using predefined CT-angiography increased the sensitivity of the RCRI to 76.0% 
and negative predictive value to 99.0%. [Q6, B]
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Implications: In patients with an intermediate RCRI, additional testing will dif-
ferentiate patients into low or high-risk patients. In those patients CT-angiography 
can be considered. However, compared to (stress) echocardiography or exercise 
electrocardiography costs and risks associated with contrast dye and radiation expo-
sure must be considered. Though highly promising, offering a one-stop-shop prin-
ciple for the evaluation of LV function at rest and the presence and extend of 
coronary artery disease additional studies are needed to confirm the potential role of 
CT-angiography for preoperative risk stratification.

 Preoperative Coronary Revascularization

The recommendations for pre-operative coronary angiography and revasculariza-
tion are similar to those in the non-surgical setting. Prophylactic coronary revascu-
larization, to control intraoperative ischemia, is not associated with an improved 
postoperative outcome as shown by the CARP study [26]. Evaluation of fatal post-
operative coronary pathology suggest that a substantial proportion of fatal outcomes 
may have resulted from plaque rupture in arteries without high-grade stenosis. In 
contrast to the high-grade fixed coronary lesions these abnormalities are not ame-
nable for prophylactic revascularization. The meta-analysis published in 2007 con-
firmed these results. A total of 3949 patients were enrolled showing no significant 
difference between coronary revascularization and medical management groups, in 
terms of post-operative mortality and myocardial infarction (OR 0.85; 95% CI 
0.48–1.50 and OR 0.95; 95% CI 0.44–2.08, respectively). In addition there were 
also no long-term benefits observed with prophylactic revascularization (OR 0.81; 
95% CI 0.40–1.63 for long-term mortality and OR 1.65; 95% CI 0.70–3.86 for late 
adverse cardiac events) [13, 27].

Implications: In preoperative screening, the indications for coronary revascular-
ization are similar to the non-surgical population as prophylactic revascularization 
in patients with stable coronary artery disease is not associated with an improved 
perioperative or long-term outcome.

Percutanous coronary intervention (PCI): If PCI is indicated before semi-urgent 
surgery, the use of new-generation drug eluting stents (DES), bare metal stents 
(BMS) or even balloon angioplasty is recommended [13].

Dual anti-platelet therapy (DAPT) consisting of aspirin plus a P2Y12 receptor 
blocking therapy (clopidogrel, prasugrel, or ticagrelor): non-cardiac surgery occurs 
frequently following stent implantation. Within 5 years 5–25% will undergo non- 
cardiac surgery. Especially recent stent placement is a strong indication for continu-
ation of DAPT as interruption will boost the incidence of stent thrombosis. The 
effect of interruption early after placement was studied by Kaluza, catastrophes 
after stent placement. In an observational study; mortality rates of up to 20% were 
reported in relation to perioperative stent thrombosis when surgery was performed 
within weeks following coronary stenting and DAPT was discontinued [28]. 
Therefore it is recommended that surgery is delayed after stent placement using 
DAPT therapy to allow for completion of the DAPT regimen and re- endothelialization 
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of the stent. [Q2: A, B, C, D] After this period, it is generally recommended that the 
P2Y12 inhibitor be stopped for the amount of time necessary for platelet function 
recovery (clopidogrel 5–7 days, prasugrel 7–10 days, ticagrelor 3–5 days), and that 
aspirin be continued during the perioperative period.

However, these recommendations may not always be feasible for those patients 
who require urgent surgery prior to the minimal duration of DAPT as in this case. In 
these cases the cardiologist, anesthesiologist and surgeon should discuss the risk of 
postponing surgery and perioperative cardiac complications due to stent thrombosis 
after discontinuation of DAPT. There are no randomized trials comparing different 
regiments in this population so a decision should be taken on an individual basis. 
The risk of thrombosis is influenced by the type of stent, stent anatomy, and dura-
tion of DAPT therapy.

Recently bridging the gap of P2Y12 receptor blocker therapy using intravenous 
glycoprotein IIb/IIIa inhibitor such as tirofiban and eptifibatide, that target the final 
common pathway of platelet aggregation were considered. However, the outcome 
of these studies showed mixed results and so far there are no randomized trials 
available to evaluate this outcome [29, 30]. If there is no time to discontinue DAPT 
high platelet transfusion may be necessary for extensive bleeding after surgery.

Implications: If surgery cannot be delayed until to full treatment period of DAPT 
after stent placement according to the manufactures guidelines, the minimum wait-
ing period is 1 month after BMS implantation and 3 months after new-generation 
DES implantation. In those patients who require urgent surgery even prior to the 
minimal duration of DAPT, shortening of DAPT treatment might be considered 
after discussion with cardiologist, anesthesiologist and surgeon balancing the risk 
of stent thrombosis and bleeding. Another option is the use of bridging therapy 
using intravenous glycoprotein IIb/IIIa inhibitor to overcome the gap of early dis-
continuation of P2Y12 receptor blocker therapy.

Coronary artery bypass grafting: The results of the largest retrospective study 
to date indicated that CABG had a protective effect prior to noncardiac surgery 
[31]. Data for 3368 patients analyzed from the Coronary Artery Surgery Study 
(CASS) registry showed that patients who underwent CABG before abdominal, 
vascular, thoracic, or head and neck surgery had a lower incidence of periopera-
tive mortality (3.3% vs. 1.7%) and myocardial infarction (2.7% vs. 0.8%) com-
pared with medically treated patients [31]. [Q7: A] The largest reduction in 
perioperative mortality was observed in patients with a history of advanced 
angina and in patients with multivessel coronary artery disease. In a more recent 
study, data analyzed from a random sample of Medicare beneficiaries showed 
that preoperative coronary revascularization was associated with a reduction in 
1-year mortality for patients undergoing aortic surgery but showed no effect on 
mortality in those undergoing infrainguinal procedures [32]. Hassan et al. [33], 
using data from the Bypass Angioplasty Revascularization Investigation, showed 
there was no difference in the incidence of cardiac death and myocardial infarc-
tion between patients who underwent coronary angioplasty or CABG and sub-
sequent noncardiac surgery (coronary angioplasty group, 1.6% vs. CABG 
group, 1.6%).
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Implications: The decision to proceed with coronary angioplasty or selective 
revascularization before surgery should be made independent of the need for major 
noncardiac surgery.
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2Abdominal Aortic Aneurysm

Daniel Danzer and Jean-Pierre Becquemin

Question 1
The AAA of this patient was found by a systematic screening. In which group(s) of 
population is Duplex scan screening for AAA justified?

 A. Uncomplicated hypertensive patients.
 B. Patients with a family history of aneurysmal disease.
 C. Patients with a smoking history.

Case Report
A 59-year-old man presented with an abdominal aortic aneurysm (AAA) dis-
covered on Duplex-scan examination of the abdomen. The AAA was 56-mm 
large with a slightly conic infra renal neck and an aneurysmal right common 
iliac artery. The patient was otherwise asymptomatic, with no abdominal or 
back pain. His past medical history was significant for hypertension con-
trolled by bitherapy, non-insulin-dependent diabetes diagnosed 5 years previ-
ously, and a smoking history of 30 packs/year. He did not have a history of 
myocardial infarction (MI), angina pectoris or intermittent claudication. He 
could still play 18 holes of golf and run once a week without difficulties.

His family history revealed that his father died of an aortic aneurysm rup-
ture. He had a 66  year old brother without apparent health problems. On 
examination, the patient was slightly overweight. There was no palpable 
abdominal mass. His past surgical history was only relevant for a groin hernia 
repair in his mid thirties. 

A computed tomography (CT) scan was performed (Fig.  2.1). Routine 
blood tests were normal, as well as his electrocardiogram and chest X-ray.
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 D. Patients with peripheral vascular disease.
 E. Obese patients with vascular risk factors
 F. All men, starting at the age of 50 years.

Question 2
Without treatment this patient is at risk of rupture. Among the following factors 
which one(s) have been proved to be associated with an increased risk of rupture?

 A. Diameter >60 mm
 B. Association with an hypogastric aneurysm
 C. Diabetic patient
 D. Lower limb occlusive disease
 E. Smoking
 F. COPD

Question 3
With the imaging you have been provided with, is (are) there any reason(s) for per-
forming an arteriogram

 A. No need, CT-scan is sufficient
 B. An angiogram is mandatory to facilitate the planning of the surgical procedure 

in case of difficult anatomy
 C. Angiogram would be needed in case of endovascular treatment
 D. Angiography is necessary to rule out any asymptomatic associated visceral arte-

rial stenosis

Question 4
To assess the operative cardiac risk would you need any further test in our patient.

 A. None, ECG is sufficient.
 B. Cardiac scintigraphy.
 C. Cardiac echography.
 D. Cardiac echography with Dobutamine test.
 E. Coronary angiography.

Question 5
If an operation were being considered, which of the following factors are associated 
with an increased post-operative mortality?

 A. Diameter >60 mm
 B. Association with an hypogastric aneurysm
 C. Diabetic patient
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 D. Renal insufficiency
 E. Smoking

Question 6
With the current information you got from the case report, what would you recom-
mend to the patient (a) and which in case of a higher operative risk (b)

 A. Duplex scan surveillance every 3 months
 B. Aorto bifemoral through a midline incision
 C. Aorto bifemoral graft through a left retroperitoneal incision
 D. Aorto bi iliac graft through a left retroperitoneal incision
 E. Stent-graft

The patient underwent, via a left retroperitoneal approach, an aorto-right and left 
common iliac bypass with end-to-end anastomosis. The aortic anastomosis was per-
formed just at the level of the renal artery with a supra renal clamping of 10 min. 
This was justified by the necessity of suturing the prosthesis on the healthiest seg-
ment of aorta as possible. Therefore the retroperitoneal route gave a better access to 
the supra renal aorta. A cell saver was used and no heterogeneous blood had to be 
transfused.

The patient’s postoperative course was uneventful, and he was discharged on the 
ninth post operative day.

Question 7
During open operation for AAA cell-saver autotransfusion (CSA) can be used. 
Which of the following is/are correct?

 A. It should be used systematically.
 B. It should be reserved for when the expected blood loss is significant.
 C. It should be substituted in all cases with preoperatively deposited autologous 

blood transfusion.
 D. It presents fewer complications than unwashed cell autotransfusion.
 E. It should not be used in case of ruptured aneurysm.

Question 8
Does a genetic predisposition to AAA exist? Describe the pathogenesis of AAA.

Question 9
A duplex scan has been performed to the patient’s brother which found a 40 mm 
abdominal aneurysm.

What recommendation(s) would you give this patient’s brother?

 A. Serial duplex studies at 3-monthly intervals, and intervention when the diameter 
reaches 5.5 cm.
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 B. Serial duplex studies at 6-monthly intervals, and intervention if the diameter 
reaches or exceeds 5 cm.

 C. Serial duplex studies at 12-monthly intervals until the diameter reaches 4.5 cm, 
then every 6 months until the diameter reaches 5 cm, then every 3 months, and 
then intervention when the aneurysm reaches 5.5 cm.

 D. Schedule the patient for surgery as he is a smoker and therefore his aneurysm 
will most likely require intervention.

 Commentary

The question of the optimal format for population screening and its cost effective-
ness for AAA is still under debate. Many studies have attempted to identify high- 
risk populations in order to reduce healthcare costs and maximize the yield. Simon 
et al. [1] have demonstrated a prevalence of AAA of 11% in male patients aged 
60–75 years with a systolic blood pressure greater than 175 mmHg. No patient 
with uncomplicated hypertension had AAA. Claudication was the only cardiovas-
cular complication associated independently with AAA (relative risk 5.8). Baxter 
et al. found a prevalence of 9% in patients older than 65 years old regardless of 
cardiovascular risk factors [2]. Furthermore, preliminary results from the 
Aneurysm Detection and Management (ADAM) study revealed that smoking was 
the most important risk factor associated with AAA (odds ratio [OR] 5.57), fol-
lowed by a positive family history (OR 1.95), age, height, coronary artery disease, 
atherosclerosis, high cholesterol level and hypertension [3]. Similar results were 
found in the later Multicentre Aneurysm Screening Study (MASS) demonstrating 
that screening in male patients older than 65 years old would be cost effective [4]. 
Therefore, most vascular surgeons agree that all men over the age of 65 years and 
women who did smoke [5] should systematically be offered an abdominal ultra-
sound, the screening should be done at 55 years if indicated family history [6]. 
[Q1: B, C, D]

Natural history of aneurysms and risk of rupture are better understood with the 
results of the UK small aneurysms trial [7] and the ADAM trial. As in former 
cohort studies of patients who refused early operation [8] or who were considered 
to be inoperable, risk of rupture increased with size, and intervention seems justi-
fied over 5.5 cm, in patients with sufficient life expectancy. Growth is recognized 
as related to tobacco use but diabetes mellitus and female gender are protective. 
Controversial opinion regarding other risk factors persist as recent data suggests no 
influence of hypertension, statin use and ACE on aneurysm growth as published in 
former studies [9]. Rupture is strongly correlated with persistent tobacco use, 
female gender, aneurysm size, diminution of FEV1, HTA and presence of trans-
plant. [Q2: A, E, F]

Pre-operative planning is of outmost importance in order to avoid intra-operative 
unexpected findings, shortening of the surgery and/or evaluate the possibility of 
endovascular treatment. Nowadays, the CT scanner with 3D reconstruction is the 
gold standard. Intra arterial angiography, is needed only as the first step for 
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treatment of subsequent superior mesenteric and coelic trunk significant and/or 
symptomatic stenosis. Albeit relatively frequent in patients requiring AAA surgery, 
visceral arterial stenosis [10–12] should be treated separately if needed and via 
endovascular means when possible. One stage surgery with visceral reconstruction 
increases the operative difficulty and consequently the operative risk [13]. Actual 
data shows better assessment of vessel morphology with CT reconstruction than 
angiography for EVAR [14] and open surgery. [Q3: A]

Concerning a pre-operative work-out; routine coronary angiography in vascu-
lar patients has shown that 60% of them have severe coronary artery disease [15]. 
However a large randomized study in patients with stable angina have clearly 
demonstrated that pre-operative coronary bypass or angioplasty do not improve 
the post-operative and 5 year survival rate [16]. Beta blockers, statins and anti-
platelets have all contributed to the reduction of cardiac events following major 
vascular surgery. Thus pre-operative investigation can be restricted to patients 
with poor functional capacity and at least three identified predictive factors of 
severe coronary artery disease [17]. In the current case diabetes, hypertension and 
mild renal insufficiency are three of these markers and pre-operative cardiac 
screening would have been indicated if the patient hadn’t shown a good functional 
capacity [18]. [Q4: A] When mandatory cardiac echography with dobutamine 
probably is the most reliable test [19]. And pre-operative coronary revasculariza-
tion is only indicated for those patients with acute ST elevation MI, unstable 
angina, or stable angina with left main coronary artery or three-vessel disease, as 
well as those patients with two-vessel disease that includes the proximal left ante-
rior descending artery, and either ischemia on non-invasive testing or an ejection 
fraction of less than 0.50.

Analysis of predictive factor of mortality in patients submitted to open repair of 
AAA have shown that age, cardiac status, renal insufficiency and pulmonary status 
were strongly predictive of post operative complications and deaths. Difficult opera-
tions are also associated with an increased operative risk mostly related to the 
increase of blood loss. Unilateral or bilateral hypogastric aneurysm increased the 
operative risk [20]. [Q5: B, D]

In this case surveillance was not recommended due to the aneurysm size and the 
relatively young age of the patient.

Open surgery via a trans abdominal or retroperitoneal approach is a wise option 
in case of low operative risk and difficult anatomy as in our case where the infrare-
nal neck was not suitable for a regular endovascular graft implantation. We choose 
a retroperitonal approach because of the better exposure of the aorta at the level of 
the visceral arteries and his obesity. A retroperitoneal approach is an appealing way 
especially in case of obese patient or the need for preparation of the aorta at the level 
or upper the renal arteries. Nevertheless the distal right iliac axis remains the 
Achilles heel’s of this approach which would have required a second contra lateral 
incision for reconstruction of the right external iliac axis if needed. In our case the 
aneurysm involved only the proximal right common iliac artery and the right iliac 
anastomosis could be achieved with a slight enlargement of the retroperitoneal route 
toward the midline (Fig. 2.1).
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Femoral anastomosis is not recommended because of the increased infection rate 
after a groin incision. [Q6a: D]

Although a retroperitoneal approach provides a better access to the suprarenal 
aorta, the former advocated superiority of the retroperitonal route in terms of pain. 
Bowel and respiratory function was never supported by randomized trials especially 
in the era of perioperative peridural analgesia. No actual data support the systematic 
use of trans versus retro peritoneal approach in terms of post operative outcome, there-
fore the choice should be based on the anatomical features and surgeon preference.

Less invasive with a lower operative mortality (1.5% vs. 4.6% for Open Repair 
[21]), a shorter in-hospital stay and recovery time, EVAR could have been consid-
ered if the patient had a suitable infra renal aortic neck, major comorbidities or 
hostile abdomen. The metanalysis of individual-patient data from four randomized 
trials [22] (EVAR 1, DREAM,, OVER, ACE,) and the 15 years results of EVAR 1 
[23] failed to show sustained reduction of the post-operative mortality after 5 years. 
The catch-up mortality in the EVAR group was related to aneurysm rupture second-
ary to graft failure, cardiovascular events, and cancer. On the all however, long term 
mortality remained similar in both groups. A large retrospective case match cohort 
study including more than 40,000 participants did not show inferiority of the long 
term results of EVAR compared to Open Repair and the rate of secondary procedure 
in the EVAR group was largely overwhelmed by the rate of wound hernia after OR 
[24]. With recent progresses in stent graft technology, proper preoperative planning 
(dedicated softwares), better intra operative imagings (hybrid rooms) and optimiza-
tion of follow-up surveillance long term it is expected that the results of EVAR 
should improve substantially. Therefore EVAR is considered by many teams as the 
first option in case of adequate anatomy. Usual recommendation for endovascular 
aneurysm treatment requires a proximal neck length under the renal artery of 
15 mm, a limited angulation of the aorta (≤60°) or iliac arteries (90°) and healthy 
landing zones (no or minor dilatation, parietal thrombus or circumferential 
calcifications).

a b

Fig. 2.1 (a, b) CT scan demonstrating the aortic aneurysm as well as the right common iliac 
aneurysm
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As already mentioned the infra renal neck seemed inappropriate for conventional 
graft placement but could have been amenable for a fenestrated or branched graft as 
in Fig. 2.2 with good midterm results [25]. Branched iliac grafts can treat aneurysmal 
distal landing zone avoiding the traditional selective hypogastric coiling before endo-
graft deployment down to the external iliac artery which has a subsequent risk of 
ischemic complication in up to 30% in case of bilateral hypogastric sacrifice [26]. 
[Q6b: E] With the recent improvement of - preoperative CT analysis thanks to dedi-
cated softwares, - greater versatilty of fenestrated and branched stentb grafts, - hybrid 
room, - larger expertise, many patients can be offered an endovasular option. However 
comparative series have not shown a statistically significant reduction in post opera-
tive mortality, complications and readmissions. The cost of these stents grafts are 
much higher and so far reserved for high risk patients.

Over the past three decades, with the appreciation of the risk of transfusion 
related transmission of infectious diseases, a large body of research and instrumen-
tation has emerged on auto transfusion. The current options are:

• Preoperative deposit of autologous blood.
• Intraoperative salvage and washing of red blood cells (cell saver).
• Intraoperative salvage of whole blood without washing.

Although both whole-blood autotransfusion (WBA) and cell saver auto transfu-
sion (CSA) are currently in use, the magnitude of hemostatic and hemolytic distur-
bances, as well as the clinical side effects, after WBA compared with CSA are still 
in debate. While Ouriel et al. [27] showed the safety of WBA in 200 patients under-
going AAA repair, others have demonstrated a lower content of hemolytic degrada-
tion products and fewer coagulation disturbances after retransfusion of cell-saver 
blood [28]. Although cell salvage reduce allogenic blood requirement with reduced 
intensive care and post operative stay no significant impact on the outcome could be 
demonstrated [29]. Nevertheless its use seems to lower mortality in ruptured aneu-
rysm surgery [30]. Despite its widespread use, several studies have found that CSA 

a

b

Fig. 2.2 (a, b) 3D reconstruction of a fenestrated graft with detailed view at the renal arteries level 
in a patient with a very short infrarenal neck
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is not cost effective and should be limited to patients who have an expected blood 
loss of at least 1000 mL, which includes patients with large, complicated aneurysms 
[31, 32]. Finally, transfusion of predonated autologous blood is associated with 
some of the disadvantages of homologous transfusions, i.e., dilutional hypofibri-
noginemia, thrombocytopenia and hypothermia. [Q7: B, D]

The causes of AAA are numerous, and may include inflammation, infection with 
mycotic aneurysm commonly due to Salmonella or Staphyloccous species, nowa-
days rarely to syphilis infection, aortic dissection, Ehler–Danlos type IV and Marfan 
syndrome although aneurysm degeneration is rarely seen in Marfan patient without 
prior dissection. Presence of a common variant of 9p21 is associated with an 31% 
increased risk for AAA. It is estimated that 15% of patients presenting with an AAA 
have a first-degree relative with the same condition. Male siblings are at higher risk, 
but current evidence also supports an autosomal dominant pattern of inheritance 
[33].However, more than 90% of all AAAs are associated with atherosclerosis and 
are classified as either atherosclerotic or degenerative aneurysms. Although aneu-
rysmal and atherosclerotic changes share several common risk factors, atheroscle-
rotic lesions are predominantly intimal with foam cell formation, whereas oxidative 
stress, immune mediated inflammation leading to matrix degradation and smooth 
cell apoptosis occurs in the media and adventitial layers in aneurysmal disease [34].

As ongoing research tends to prove that oxidative stress is the hallmark of aneu-
rysm formation there might be a place in the future for immuno-modulator treat-
ment to cure or prevent arterial aneurysms [35, 36]. [Q8]

The management and surveillance of small AAAs has been debated for many 
years. The UK small aneurysm trial has attempted to shade some light on this sub-
ject [37]. The participants of this trial concluded that early surgical intervention did 
not offer any long-term survival advantages for aneurysm under 5.5 cm. Their rec-
ommendations, based on the trial methodology, were serial duplex every 6 months 
for aneurysms of size 4–4.9 cm, and every 3 months for aneurysms of size 5–5.5 cm. 
In another, larger analysis, the recommendations were yearly duplex for aneurysms 
measuring 4–4.5 cm on the initial scan [38]. However this study and the later from 
Thompson et al. [9] did show that only 25% and 50% respectively didn’t needed 
surgery or ruptured during follow up.

Chronic obstructive pulmonary disease (COPD) and continuation of smoking have 
been associated with aneurysm expansion, but the rate of expansion does not justify 
intervention on 4-cm aneurysms [39]. Therefore only smoking cessation and careful 
survey are the only actual recommended treatment for small aneurysms as well as 
management of frequently associated cardio-vascular co-morbidities. [Q9: C]
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Question 1
What is the optimal method of preoperative AAA assessment?

 A. Abdominal duplex ultrasound (DUS)
 B. Contrast-enhanced high-resolution computer tomography angiography (CTA) 

of the aorta, iliac and femoral arteries and 3 dimensional reconstruction 
software

 C. DUS and calibrated digital subtraction angiography (DSA) of the aorta and iliac 
arteries

 D. Magnetic resonance angiography (MRA)

Case Report
A 68-year-old male was referred for investigation and management of an 
asymptomatic abdominal aortic aneurysm (AAA). It was an incidental finding 
during an abdominal ultrasound. His past medical history included smoking 
and a coronary artery bypass graft, performed 3 years earlier. On examination 
he had an expansible pulsatile abdominal mass and all peripheral pulses were 
present.
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A CTA was obtained and visualized using dedicated 3D reconstruction software. This 
revealed an infra-renal AAA with a maximum diameter of 62 mm. The proximal aneu-
rysm neck (area from the lowermost renal artery to the origin of the aneurysm) was 
21 mm in diameter and 31 mm in length. Neck angulation was calculated at 25° supra-
renal and 65° infra-renal. The distance from the lowest renal artery to the aortic bifurca-
tion was 136 mm and there was a further distance to the orifice of the internal iliac 
artery of 26 mm on the right side and 31 mm on the left. The right internal iliac was 
aneurysmal, measuring 44 mm in diameter. The minimum luminal diameters of the 
external iliac arteries were 5 mm on the right and 9 mm on the left (Figs. 3.1 and 3.2).

Question 2
What is the approximate annual risk of rupture of an AAA with a maximum diam-
eter of 62 mm?

 A. Less than 5%
 B. Between 5% and 10%
 C. Between 10% and 20%
 D. Greater than 20%

Question 3
Regarding intervention in asymptomatic AAA

 A. Current evidence supports operative management for aneurysms greater than 
55 mm in diameter

 B. Rupture risk is higher for women and a lower threshold for intervention in this 
group has been proposed

a b

Fig. 3.1 CTA axial slices of maximal AAA and right internal iliac aneurysm diameters
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 C. All diagnosed aneurysms warrant expeditious intervention as they will inevita-
bly grow

 D. Surveillance is safe for aneurysms with diameters up until 50 mm
 E. Fast growth is not associated to increased risk of rupture in asymptomatic aneu-

rysms under 55 mm in diameter. Close surveillance is the best option

Question 4
In anatomically similar aneurysms, suitable for both open and endovascular repair

 A. Aneurysm-related mortality during long-term follow-up is higher after EVAR 
compared with open repair

 B. The early survival benefit of EVAR applies only to high-risk patients
 C. The presence of chronic renal failure is an absolute contra-indication for EVAR
 D. Patient preference should be weigh significantly in the decision process
 E. EVAR results in a significant reduction in 30-day operative mortality compared 

to open repair

Fig. 3.2 Volume rendering reconstruction of AAA using dedicated software
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Question 5
Which anatomical features may limit EVAR?

 A. Length and diameter of the aneurysm sac
 B. Length and diameter of the aneurysm neck
 C. Angulation of the aneurysm neck
 D. Tortuosity and luminal diameter of the iliac arteries

After informed consent, an endovascular procedure was planned. Measurements 
were performed using center-lumen line reconstruction and a modular bifurcated 
endovascular graft with a supra-renal open stent and active proximal fixation was 
selected. Virtual angiography was used to determine the exact C-arm rotation and 
angulation for optimal deployment, both proximally and distally (Figs. 3.3 and 3.4).

Question 6
Endoprosthesis with supra-renal open stent fixation

 A. Are associated with a higher rate of migration
 B. Are associated with a higher rate of renal complications, particularly embolism 

and occlusion
 C. Are particularly useful in unfavorable aneurysm necks
 D. May complicate a conversion procedure

Fig. 3.3 Center-lumen line reconstruction following the right iliac artery, showing measurements
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Question 7
In choosing a suitable endoluminal graft, one should

 A. Take the graft that resembles your measurements most closely
 B. Oversize all diameters by 5%
 C. Oversize all diameters by 10–20%
 D. Oversize the proximal diameter by 20% and the limb diameters by 30%
 E. Undersize all diameters by 10% and balloon-expand them to proper size at the 

end of the procedure

Question 8
In case of a ruptured AAA

 A. An aorto-uni-iliac (AUI) device with femoro-femoral crossover is preferred 
over a bi-iliac device because with an AUI the AAA is excluded faster

 B. EVAR is preferred because it is associated with lower mortality compared with 
open repair

 C. Permissive hypotension should be sustained until the AAA is excluded
 D. When performing an EVAR, this should best be done under local anaesthesia

Question 9
Patients with supra- or juxtarenal aneurysms

 A. Can be treated with a hybrid procedure, thereby avoiding clamping of the aorta
 B. Can be treated with fenestrated (fEVAR) or branched (bEVAR) devices, but 

only in an elective setting

Fig. 3.4 Virtual angiogram with angle selection for optimal visualization of the neck and left iliac 
bifurcation
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 C. Can be treated using chimney or snorkel techniques, both in elective and symp-
tomatic cases

 D. Can only be treated with open repair in case of a ruptured aneurysm

Question 10
Outcomes after fEVAR

 A. Show higher aneurysm related mortality rates compared with standard EVAR
 B. Are worse than those of standard EVAR, because of the higher percentage of 

type I and III EL
 C. Show higher primary patency rates of the target vessel compared with 

chEVAR
 D. Show that most interventions are done for problems with the renal artery stents

Question 11
Unilateral common iliac aneurysms in patients with AAA

 A. Makes EVAR inadvisable
 B. May be treated using branched limbs, in order to preserve pelvic blood flow
 C. May be treated by internal iliac occlusion and extension of the limb into the 

external iliac artery
 D. Favors the use of aorto-uni-iliac devices and femoro-femoral crossover
 E. Should be treated by open repair

The patient was operated under general anesthesia. The abdomen and both groins 
were prepared and draped. The common femoral arteries were punctured using 
ultrasound guidance under a fully sterile technique. Two proglides were inserted on 
both sides before sheaths were inserted. The patient was given 5000  U of non- 
fractioned heparin. Wires were placed under fluoroscopy and the main-body device 
was advanced via the left side to the level of L1. An angiogram was performed at 
this level, using the previously determined C-arm angulation. The top-stent was 
deployed separately in a very controlled fashion and the contra-lateral limb cannu-
lated. The right internal iliac artery distal to the aneurysm was coiled and the limb 
extended to the external iliac artery, covering the iliac bifurcation. A completion 
angiogram confirmed the successful exclusion of the aneurysm, without type I or III 
endoleaks and with maximum proximal seal. A type II endoleak was observed in the 
late phase of the angiogram, however (Figs. 3.5 and 3.6).

Question 12
The correct approach regarding late follow-up documentation of a type II endoleak 
without change in aneurysm size is

 A. Laparoscopic ligation of the inferior mesenteric artery and lumbar arteries
 B. Endovascular coil embolization of the responsible vessels

M.J.E. van Rijn et al.
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 C. Percutaneous or laparoscopic aortic fenestration
 D. Conversion to open repair
 E. Close surveillance

CTA at 3 years showed regression of aneurysm size, despite the presence of a small 
type II endoleak. No migration or device-related complications were documented. At 
the appointment, the patient’s blood tests revealed deteriorating renal function (Fig. 3.7).

Question 13
Regarding long-term follow-up after EVAR

 A. CTA should be performed on an yearly basis.
 B. Time-Resolved MRA is a good alternative to CTA in patients with renal 

insufficiency.

Fig. 3.5 Intra-operative completion angiogram showing a type II endoleak (arrow)
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 C. Duplex ultrasound for surveillance in expert hands can completely replace 
yearly CTA.

 D. Most complications after EVAR are identified because the patients develop 
symptoms and are not incidental findings related to routine follow-up imaging.

Question 14
According to available data, what is the estimated probability of annual secondary 
intervention for this patient?

 A. <1%
 B. 2–4%
 C. 5–10%
 D. 10–20%
 E. >20%

Fig. 3.6 CTA volume rendering reconstruction showing successful exclusion of the internal iliac 
aneurysm by distal coiling and overstenting (arrow shows coils)
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 Commentary

AAAs are typically a disease of elderly white males. In men, occurrence starts in the 
fifth decade of life, reaching a peak incidence of about 350/100,000 person-years by 
the age of 80. The prevalence of AAAs measuring at least 3 cm in diameter in men 
over 65 years old is 7.6%. In women, AAAs tend to occur a few years later in life. 
The age-adjusted incidence is four to six times greater in men than in women. The 
risk factors with the largest impact on AAA prevalence are smoking (fivefold), male 
gender (5.6-fold) and age (1.7-fold each 7 years) [1–3]. The course of the disease is 
usually silent until rupture occurs. This major complication is associated with an 
overall mortality over 80% and ranks as the 15th cause of death in the United States 
of America. The aim of elective treatment is essentially to prevent death from 
rupture.

Although ultrasonography is the method of choice for population screening or 
follow-up measurements in patients with known aneurysms, ultrasound imaging 
alone gives insufficient information for preoperative assessment. For open repair, 
most surgeons recommend preoperative imaging with CTA, which provides accu-
rate information regarding aneurysm size, morphology and relationship with branch 
vessels, as well as any anatomical variations. Detailed imaging is particularly 
important when an endovascular treatment is considered. Visualization of the entire 
iliac and common femoral arteries is useful for access planning anticipating diffi-
culties related to stenosis, calcification or tortuosity. Furthermore, optimal projec-
tion angles of the C-arm may be obtained using virtual angiography, thus improving 
deployment accuracy, reducing operative time and minimizing radiation exposure 

Fig. 3.7 CTA axial slice showing small type II endoleak, associated with a patent inferior mesen-
teric artery
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and contrast administration. CTA and post-processing with dedicated software have 
made conventional calibrated angiography measurements redundant in nearly all 
cases [4]. [Q1: B]

Deciding whether and how to treat an AAA remains a difficult process in which 
the following variables play a role: risk of rupture, operative risk, anatomical suit-
ability, patient fitness, life expectancy and patient preference (informed consent). 
Rupture risk will always be an estimate, because of significant interpersonal vari-
ability and because no large numbers of patients were ever followed-up without 
intervention. Using available data from the UK Small Aneurysm Trial and the 
Veterans Administration Aneurysm Detection and Management (ADAM) Trial, the 
annual risk of rupture is less than 1% when the maximum diameter is 40–55 mm, 
although this estimation may be tampered by the fact that many patients received 
surgery before they reached 55  mm for reasons other than rupture [5, 6]. With 
increasing diameters, the annual rupture rates have been estimated to be the as fol-
lows: 50–60 mm, 5–10%; 60–70 mm, 10–20%; 70–80 mm, 20–40%; greater than 
80 mm, around 50% [7]. [Q2: C]

The 30-day operative mortality in these two trials ranged from 2.7% to 5.8%, 
leading to the current concept that aneurysms can be safely observed until they 
reach 55 mm in diameter. The generally lower operative mortality for EVAR has 
challenged this view, and two trials were performed comparing EVAR and surveil-
lance for small aneurysms [8, 9].

The Ceasar trial on patients with an AAA of 4.1–5.4 cm, at a median follow up 
of 32.4 months has shown that aneurysm-related mortality, aneurysm rupture and 
major morbidity rates were similar between patients who received surveillance 
(n  =  178) and patients after EVAR (n  =  182). Similar were the results of the 
PIVOTAL study. It randomly assigned 728 patients (13.3% women; mean age, 
71 ± 8 years) with 4–5  cm AAAs to early endovascular repair (366 patients) or 
ultrasound surveillance (362 patients). Early treatment with endovascular repair and 
rigorous surveillance with selective aneurysm treatment as indicated both appear to 
be safe alternatives for patients with small AAAs, protecting the patient from rup-
ture or aneurysm-related death for at least 3 years.

Women have been found to have a higher probability of rupture at any given 
diameter, and a lower threshold of 45 mm for surgery in this group has been pro-
posed [10]. This may be offset partially by the fact that women also have a 1.5-fold 
higher mortality and mobility both for open repair and for EVAR [11, 12]. Faster 
growth rate has also been associated with a higher likelihood of rupture. Most 
authors defend treatment of rapidly expanding AAAs (over 5 mm in 6 months or 
7 mm in a year) regardless of maximum diameter [6, 10]. [Q3: A, B, D]

The benefit gained from EVAR is believed to be greater for higher-risk patients, 
but those with low-risk should not be denied endovascular repair. Patient preference 
should weigh considerably in candidates for both options. EVAR has demonstrated 
to result in a threefold reduction in 30-day mortality, compared to open repair, in 
patients fit for both procedures. Hospital stays were shorter, recovery was easier and 
postoperative quality of life was better. At longterm follow-up though, the early sur-
vival advantage of EVAR was lost. EVAR also required more re-interventions, closer 
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follow-up involving nephrotoxic contrast and radiation exposure and was more 
expensive [13, 14]. A meta-analysis of 4 aneurysm trails (EVAR-1, DREAM, OVER, 
ACE) showed that beyond 3  years, aneurysm-related mortality was significantly 
higher after EVAR. EVAR-1 now has 15 year follow-up data. These data showed that 
the aneurysm-related mortality after EVAR was mainly attributed to secondary aneu-
rysm sac rupture (7% mortality after EVAR versus 1% after open repair) [15, 16]. 
While important in demonstrating the efficacy and safety of endovascular repair, the 
first randomized trials comparing EVAR to open repair are probably already out-
dated. The presence of renal failure is not an absolute contra- indication for EVAR, as 
various measures may be used to protect the kidneys and minimize damage, such as 
intravenous hydration, antioxidant medications or temporary dialysis. The contrast 
use in straightforward EVAR procedures is 40–100 mL, which is less than the quan-
tity used in most CTA protocols. [Q4: A, D, E]

Not all aneurysms are suitable for EVAR due to anatomical restrains. Generally, 
endografts require areas of reasonably healthy vessel wall proximally and distally to 
be able to seal off blood flow. The most important feature for suitability is the size 
and morphology of the proximal neck (area between the lowermost renal artery and 
the beginning of the aneurysm). It should consist of relatively normal aorta over a 
minimum length of 10 mm, and the diameter should not exceed 32 mm. Neck angu-
lation is another important limitation––infra-renal angulation over 60–75° or iliac 
angulation over 90° may result in treatment failure or late complications. Efforts 
have been undertaken to overcome short or unfavorable sealing zones. Recent 
devices, more flexible and compliant, have shown to be efficient in aneurysms with 
severe angulation, though mid- and long-term results are still unavailable. Endo 
Anchors may also be used preventative in case of a ‘hostile neck’ or secondary to 
treat type 1A ELs. These small screws fixate the main body into the wall of the aorta 
at the level of the proximal neck. Data on the efficacy of this treatment is limited 
[17]. Most modern devices offer introducer diameters of 18–20F (main body) and 
12–14F (contra-lateral limb and extensions), corresponding roughly to 6 and 4 mm, 
respectively. Hydrophilic coating of sheaths further improves pushability and mini-
mizes injury to access vessels. [Q5: B, C, D]

Graft selection should be individualized, as different brand devices show specific 
advantages over one another. Proximal fixation is achieved through radial force, in 
addition to hooks and barbs in most available devices. An open supra-renal stent 
with hooks seems to be associated with less downward migration and is advanta-
geous in more complex neck morphology. Supra-renal fixation has not been related 
to embolic or thrombotic complications of the renal arteries. A potential disadvan-
tage of supra-renal stents is the added complexity in case of conversion to open 
repair. Distal fixation usually relies solely on radial force. Bifurcated grafts are pre-
ferred, but AUI devices may be used when one of the iliac axis is compromised or 
the aortic lumen is very narrow. Some prefer these devices for rupture cases. The 
reasons for this are alleged reduced time until aneurysm exclusion and the need for 
a smaller off-the-shelf stock. The major disadvantage of AUI devices is the neces-
sary addition of a femoro-femoral crossover, with concerns over patency, altered 
hemodynamics and graft infection. An alternative technique for treating AAAs is 
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the sealing repair (EVAS) using the Nellix device. This device consists of two bal-
loon expandable stents, both with an integrated endobag. These endobags are filled 
with polymer, thereby sealing the aneurysm. Early and midterm results show a free-
dom of type 1A EL of 96% and freedom from aortic-related mortality of 98%, at 
12 months follow-up [18]. [Q6: C, D]

Proximal and distal stent-graft diameters should be oversized in 15–20% of the 
original vessel diameter. Failure to do so will most likely result in failure to achieve 
adequate proximal or distal seal, thus allowing for continued pressurization of the 
aneurysm sac (Type I endoleak). More than 20% oversizing may, in turn, cause 
infolding of the graft fabric, prone to failure in achieving seal. Oversizing has been 
blamed for continued aortic neck enlargement, which in turn may lead to late treat-
ment failure. While stent radial force at the aneurysm neck seems implicated in neck 
enlargement, this happens predominantly during the first 6 months and does not 
usually exceed the diameter of the prosthesis [19, 20]. [Q7: C]

With increasing experience with endovascular repair, the percentage of patients 
with a ruptured infrarenal abdominal aneurysm (rAAA) treated with EVAR, has 
significantly increased over time. Designing a randomized controlled trial (RCT) 
comparing open repair with EVAR for the treatment of rAAA is challenging. Three 
RCTs were included in a Cochrane review (AJAX, Hinchliffe, IMPROVE) [21]. No 
difference in mortality was found between patients treated with EVAR compared 
with open repair. However, the authors acknowledge that these conclusions are lim-
ited by the paucity of the data. The IMPROVE trial showed that patients who 
received EVAR under local anesthesia had a greatly reduced 30-day mortality com-
pared with those receiving EVAR under general anesthesia (OR 0.27). They also 
found that a low systolic blood pressure (< 70 mmHg) was significantly associated 
with an increased 30-day mortality [22]. They advocate permissive hypotension, but 
with a minimum systolic blood pressure of 70 mmHg. Both an AUI and a bifurcated 
graft can be inserted in case of a rAAA. However, if the patient is not completely 
stable and the diameter of the AAA is large, an AUI might be the better option, 
because cannulating the contralateral limb is the most time consuming part of the 
procedure. If the patient is very unstable, an open procedure is necessary to clamp 
the aorta as fast as possible. [Q8: C, D]

In juxta-renal or supra-renal aneurysms three endovascular options remain. 
Debranching provides extra-anatomical retrograde revascularization of visceral 
vessels (with inflow most commonly from the iliac arteries) and subsequent cover-
age of the visceral segment (a so called hybrid procedure). It’s a valid alternative 
with satisfactory mid-term results, but the procedure itself is complex and not with-
out significant operative risk [23, 24]. Another option is fenestrated or branched 
grafts, offering an all-endovascular solution. Fenestrated grafts have “holes” for the 
visceral ostia, while branched grafts include ramifications that are intra-operatively 
extended into visceral branches with covered stents. These grafts are custom-made 
to match the anatomy of the patient and time required for manufacturing is around 
2 months. Therefore they cannot be used in symptomatic or ruptured cases, although 
off-the-shelf stents are being developed. Visceral stent occlusion mostly occur in the 
first 2 years. During longterm follow-up most secondary interventions were done 
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for renal artery stent problems. Secondary patency rates however are still as high as 
97%. Type I and III endoleak occurrence and aneurysm-related mortality show no 
significant difference with regular EVAR procedures [25, 26]. The other all- 
endovascular option is the chimney or snorkel technique. With this technique stent 
grafts are placed parallel to the main aortic endograft (chEVAR/sEVAR or chEVAS/
sEVAS) into one or more of the aortic side branches in order for them to remain 
patent while extending the aortic graft cranially. The parallel grafts are placed like 
snorkels (from below) or chimneys (from above). This generates an off-the-shelf 
solution for AAAs that cannot be treated with standard EVAR devices. With enough 
experience, this procedure can also be performed in acute cases. One of the con-
cerns of this technique, is the gutter-related type 1A EL. This occurs if the main 
device doesn’t completely encase the stent grafts in the aortic side branches. The 
chimney EVAR procedure using the Endurant stent graft is CE-marked. Type 1A 
EL was rare and chimney graft patency 96% after 2 years [27]. Primary patency of 
target vessel after fEVAR is higher compared with chEVAR and the incidence of 
type 1A EL lower. Long term mortality did not differ between both techniques. 
However, this data is derived from retrospective studies [28, 29]. [Q9: A, B, C] 
[Q10: C, D]

Iliac aneurysmal involvement is a frequent finding in the diagnostic workup of an 
AAA. Absence of a distal landing zone in the common iliac artery may be resolved 
by overstenting the internal iliac artery (thereby occluding it) or by means of an iliac 
branch device (IBD/IBE), with vessel preservation. The first option often requires 
occlusion of the internal iliac artery by coil embolization or a plug. This may be 
avoided if the internal iliac artery is already occluded, stenosed or small and the land-
ing zone in the external iliac artery is long. Internal iliac aneurysms are best treated 
by distal occlusion with coils and overstenting. Unilateral occlusion of the internal 
iliac artery may result in buttock claudication and/or sexual dysfunction, especially 
if the contra-lateral vessel is occluded and pelvic collateralization is poor. IBDs may 
be used in these cases, although they are costly. Technical success rate has shown to 
be high, but during follow-up around 10% of the internal iliac artery branches 
occlude. Freedom from secondary intervention are around 75% at 5  years [30]. 
[Q11: B, C]

ELs represent the presence of blood flow outside the endograft but within the 
aneurysm sac after endovascular treatment. They are classified according to their 
origin (Table 3.1). About one third of patients will present with an EL during fol-
low- up, but its significance is related to type and to changes in aneurysm morphol-
ogy. Type I and III ELs should be repaired, because the patient is at risk of rupture 
if left untreated. Type II ELs are very frequent and their documentation is increasing 
as image methods become more accurate. Early type II ELs tend to disappear spon-
taneously and additional measures need not be applied when they are present intra-
operatively. The true significance of persistent type II EL is still a matter of debate. 
The pressure transmitted to the aneurysm sac is known to be low and reported rup-
tures related to these are extremely rare. Unless significant aneurysm growth occurs, 
most authors defend a conservative approach and close surveillance. Type IV ELs 
were frequent with early devices, but have nearly disappeared with newer 
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generation systems. Endotension may represent undetected endoleaks or fluid accu-
mulation. Although treatment is seldom required, expansion of the sac may warrant 
intervention. [Q12: E]

Rupture after EVAR is rare (<1% per year). Follow-up imaging (Table 3.2) aims 
to detect signs that warrant a secondary intervention to minimize this risk. General 
recommendations include a physical examination and CTA scan at 1 and 12 months 
post EVAR and annually thereafter. The majority of patients however, do not benefit 
from routine imaging, either because an intervention is not necessary, or because the 
intervention was triggered by clinical signs and not image findings [31]. With the 
disadvantage of giving nefrotoxic contrast and high dose radiation with CTA, other 
image tools have been investigated for their accuracy of detecting complications 
after EVAR. MRA is found to be very sensitive in detecting ELs, especially type II 
ELs. When using contrast-enhanced time-resolved MRA (TR-MRA) the direction 
of blood flow can even be visualized making TR-MRA as effective as angiography 
in detecting ELs [32]. Color-flow duplex ultrasound screening (DUS) is also a good 

Table 3.2 EVAR follow-up imaging options

Advantages Disadvantages Limitations
Computed tomography 
angiography

Accessible Nephrotoxic contrast Renal insufficiency
Easy to interpret Ionizing radiation 

exposure
Magnetic resonance 
angiography 
(gadolinium enhanced)

No radiation 
exposure

Time consuming and 
expensive

Metallic implants
Renal insufficiency

May have higher 
sensitivity for 
endoleak detection

Endograft-induced 
artifacts

Claustrophobic 
patients

Color-flow duplex 
ultrasound

Cheaper Operator and 
equipment dependent

Adverse body habitus
No radiation 
exposure
No contrast needed Poor window
May be performed 
at bed-side

Plain abdominal 
radiogram

Cheap Limited information None
Very low radiation 
exposure

Must be used in 
addition to other 
methods

Table 3.1 Endoleak 
classification

Endoleak type Origin
Type I a Proximal graft attachment zone
Type I b Distal graft attachment zone
Type I c Iliac occluder failure (in AUI devices)
Type II a Patent inferior mesenteric artery
Type II b Patent lumbar, accessory renal or internal 

iliac arteries
Type III a Disconnection of components
Type III b Mid-graft fabric tear
Type IV Graft fabric porosity
Endotension Undefined origin
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alternative for CTA in experienced hands. [33, 34] The disadvantage of MRA and 
DUS is that the sealing zones are more difficult to visualize. Therefore, sole follow-
 up without CT scanning is not recommended. In case of renal insufficiency a non- 
contrast CT scan can provide information about the sealing zones. [Q13: B, D]

The prognosis of patients with an AAA is highly related to the underlying athero-
sclerotic disease. Cardiovascular complications are responsible for more than two 
thirds of late deaths after AAA repair. The rate of secondary interventions was 
around 20% at 4-years in earlier trials [13–16]. Trial and registry data suggests that 
annual secondary intervention rate today is around 3% [35, 36]. Between 6 months 
and 4 years after surgery, the difference in re-intervention rate is highest between 
EVAR and open repair (10% vs. 2%, p < 0.0001). After 8 years this difference is 8% 
vs. 5% (p = 0.29) [16]. [Q14: B]

 Case Analysis Quiz

A number of pre and postoperative imaging examples are shown in pictures 8–12. 
Determine the favorable and unfavorable features shown regarding EVAR adequacy, 
planning and follow-up (Figs. 3.8, 3.9, 3.10, 3.11, and 3.12).

Fig. 3.8 Aortic angiogram showing a very favorable anatomy for endovascular repair: the neck is 
straight and long, without irregular features of the wall. In addition, the aneurysm sac is straight, and 
both iliac arteries are non-aneurismal and relatively straight. Notice duplication of the renal arteries, a 
frequent finding. In long necks, coverage of a polar renal artery is unnecessary and may result in seri-
ous morbidity. Efforts should be made to identify the lowest renal artery and cover only below that
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Fig. 3.9 Axial CTA slice of the aneurysm neck. After center-lumen line reconstruction, it is clear 
that true diameter can differ significantly from that measured in the axial plane, due to vessel tor-
tuosity. Sizing using a workstation is more precise and therefore advisable. Volume-rendering 
reconstructions are luminograms and thus do not reveal the true diameter of vessels. These should 
be used for appreciation of the anatomy but for not assessing true aneurysm size

Fig. 3.10 The iliac arteries show severe angulation. This feature is unfavorable for access of the 
deployment sheaths and is associated with a higher risk of distal type I endoleak. The wide patent 
lumen and patent IMA are also a risk factor for type II endoleaks, although its significance is not yet 
fully understood. These two features (iliac angulation and wide patent AAA lumen) will make can-
nulation of the contra-lateral limb more challenging. An alternative is to canulate in a reversed fash-
ion from the main-body (cross-over technique) or from a brachial access and snare the guide wire
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Fig. 3.11 The aneurysm neck is severely angulated and short. These features have been recog-
nized as risk factors for proximal type I endoleak and migration. Newer and more flexible stent- 
grafts adapt to adverse neck anatomy and seem to reduce this risk. Advances in planning and 
deployment precision allow treatment for short necks, as the entire possible length of seal is used

Fig. 3.12 Axial slice of a follow-up CTA––a fenestrated endograft with renal balloon-expandable 
stents is in situ. In fenestrations, stenting of branch vessels is advised in order to guarantee early 
patency and preserve flow over time. A small portion (3–4 mm) of the stents should protrude into 
the luminal side of the aorta, while a minimum of 15 mm should prolong onto the treated artery. 
Notice the flaring of the intra-aortic segment of the stents, creating a desired “rivet” configuration. 
This is achieved by partially dilating the stent with an oversized angioplasty balloon and subse-
quently adjusting the flare with a compliant aortic balloon
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4Ruptured Abdominal Aortic Aneurysm

Jeffrey S. Weiss and Bauer Sumpio

Question 1
What symptoms are considered the classic presenting triad for ruptured abdominal 
aortic aneurysm (rAAA)?

 A. Abdominal/back pain, shortness of breath, and a pulsatile mass.
 B. Abdominal/back pain, syncope, and a pulsatile mass.
 C. Abdominal/back pain, nausea, and syncope.
 D. Abdominal/back pain, chest pain, and hematochezia.

Case Report
A 70-year-old white male presents to the emergency department with sudden 
onset of severe back pain. The pain is described as severe and constant with-
out alleviating or aggravating symptoms. He has never had pain like this 
before. He denies chest pain, shortness of breath, or loss of consciousness. He 
denies any history of an abdominal aortic aneurysm. His past medical history 
is significant for hypertension, and chronic obstructive pulmonary disease that 
requires home oxygen therapy. He had bilateral inguinal herniorrhaphy some 
years ago, but has never had a laparotomy.

His vital signs yielded a pulse at 90  bpm and a blood pressure of 
110/60  mmHg. He is appropriately conversant and appears older than his 
stated age. He was without abdominal tenderness or masses and no bruits 
were heard; however, his belly was slightly obese and the examination was 
difficult. He has bilaterally palpable lower extremity pulses.
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The patient remained stable while the emergency department staff obtained labo-
ratory results and cross-matched blood, and performed an electrocardiogram (ECG).

Question 2
If this patient is considered to have a ruptured AAA, which of the following factors 
does not adversely contribute to prognosis?

 A. Diabetes
 B. Serum creatinine = 1.8 mg/dL
 C. Age = 75 years
 D. Preoperative blood pressure = 80 mmHg (systolic)
 E. Syncope

The patient’s ECG shows normal sinus rhythm, the creatinine was 1.7 mg/dL, 
and the hematocrit was 32%. He remains hemodynamically stable. Your resident 
feels he is stable enough for a computed tomography (CT) scan (Fig. 4.1).

Question 3
Which of the following statements is true?

 A. Patients with unknown AAA history and symptoms should undergo further 
diagnostic imaging if they are hemodynamically stable.

 B. Symptomatic AAA should undergo emergency repair to prevent possible rupture.
 C. Patients with an unknown AAA history must have diagnostic imaging confirma-

tion of an AAA before proceeding to the operating theatre.
 D. An ECG demonstrating ischemic changes in a patient with epigastric pain, 

hypotension and tachycardia is the sine qua non for a myocardial infarction and 
any operation should be postponed.

 E. CT scans are reserved for elective evaluation of AAA and have no place in the 
work-up of a symptomatic AAA.

Fig. 4.1 Non-contrast computed tomography (CT) scan of abdomen reveals an aortic aneurysm 
rupture in a left posterior location with extravasation into the retroperitoneum
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Question 4
If an ultrasound (Fig. 4.2) was obtained instead of a CT scan, what statements could 
be made regarding this study?

 A. Ultrasound is more reliable than CT scan for the diagnosis of ruptured AAA.
 B. The location of the rupture is typical for most ruptured AAAs.
 C. Ultrasound can be performed quickly at the bedside.
 D. Ultrasound can be used to provide endograft measurements.
 E. Ultrasound is best used in unstable patients to confirm the presence of a known 

AAA.

After the confirmation of ruptured AAA by radiology, the patient is taken imme-
diately to the operating room.

Question 5
All of the following measures are indicated in the perioperative management of a 
ruptured AAA, except:

 A. Surgical preparation and drape before induction.
 B. Preoperative resuscitation to normal blood pressure.
 C. Passive cooling of the patient.
 D. Heparinization before cross-clamping.
 E. Blood recuperation and autotransfusion devices.

The patient is prepared and draped, the anesthetic administered, and operation 
commenced. The medical student asks if this could be done via an endovascular 
approach.

Fig. 4.2 Abdominal ultrasound with duplex color demonstrating rupture of aneurysm at the level 
of the left renal artery with a fluid collection in the left retroperitoneum
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Question 6
Currently, what are the contraindications for endovascular repair of ruptured AAAs?

 A. Infrarenal neck diameter > 30 mm.
 B. Infrarenal neck length < 10 mm.
 C. Systolic blood pressure < 100 mmHg.
 D. Endograft or “endograft team” not available.
 E. Thrombus present at infrarenal neck.

The patient was determined to have too large a neck diameter for an endovascu-
lar stent, so you decide to proceed with an open repair. After induction, the patient’s 
blood pressure falls to a systolic of 60 mmHg. A supraceliac clamp is quickly placed 
and the aneurysm exposed. The rupture was contained to the retroperitoneum, but is 
rather large. The supraceliac clamp is moved to an infrarenal position after about 
10  min. Anesthesia quickly catches up and his systolic blood pressure rises to 
100 mmHg. The inferior mesenteric artery was not patent and the iliac arteries were 
without aneurysms, allowing a Dacron tube graft to be placed. The clamp is slowly 
removed and he remains hemodynamically stable. The bowel appears well perfused 
and distal pulses are palpable before closure. Postoperatively, the patient recovers in 
the surgical intensive care unit.

Question 7
The most common complication following repair of ruptured AAAs is?

 A. Aortoenteric fistula.
 B. Bowel ischemia.
 C. Myocardial ischemia.
 D. Atheroemboli.
 E. Acute renal failure.

He is noted to have a creatinine that rises to 4.7 mg/dL 2 days after operation and 
his urine output falls to less than 100 mL/day. He is eventually placed on intermit-
tent hemodialysis because of volume overload. Over the next 2 weeks he is weaned 
off the ventilator, his urine output slowly increases, and his creatinine levels stabi-
lizes at 2.0  mg/dL.  He is discharged to a convalescence facility 19  days after 
operation.

 Commentary

The optimal treatment of rAAA is prevention; unfortunately close to 70% of pre-
senting patients have no prior diagnosis [1]. The overall mortality rates for rAAA 
are 80–90% with operative mortality around 50% [2–4]. Although more than three- 
quarters of patients with an rAAA report either abdominal or back pain, they can 
present with a myriad of symptoms and signs that are both broad and inconsistently 
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present [5]. The triad of hypotension, abdominal pain, and a pulsatile mass [Q1: B] 
are found together in only half of cases [6]. A great deal of effort has been applied 
to identifying perioperative risk factors for patients who have a decreased survival 
advantage. Preoperative risk factors include: age  <  75–76  years, hypoten-
sion = 80–95 mmHg, creatinine = 1.8–1.9 mg/dL, loss of consciousness, ECG isch-
emia or dysrhythmia, CHF congestive heart failure, hemoglobin <9  g/dL, base 
deficit >8, and free rupture [7–10]. [Q2: A] Intraoperative risk factors include: 
blood loss >2–3.5 L, duration of surgery >200 min, aortic cross-clamp time > 47 min, 
lack of autotransfusion devices, bifurcated grafts, and technical complications (i.e., 
left renal vein injury) [11–13]. Postoperative risk factors include renal failure, coag-
ulopathy, and cardiac complications. Hardman et al. [10] found that possession of 
three or more preoperative risk factors correlated with 100% mortality. Currently, 
no recommendation exists to withhold surgery for patients with any or all of these 
risk factors; this decision is made on a case-by-case basis, making risk factor analy-
sis useful mostly from the standpoint of guiding patient decisions on surgery and 
family discussions on prognosis.

Patients who present with symptoms of a rAAA can be divided into two groups 
based on whether or not they have a known AAA (Fig. 4.3) [14]. Unstable patients 
with known AAAs present the least diagnostic challenge as they belong in the oper-
ating room. In contrast, the unstable patient without known AAA can be the hardest 
to evaluate. If an rAAA is suspected, this patient needs to be assessed expeditiously 
with an ECG as myocardial infarction can often mimic these symptoms. If cardio-
genic shock is clinically apparent, resuscitation should override emergent surgery; 
however, cardiac ischemia secondary to hypovolemic shock from a rupture needs 
both rapid resuscitation and emergent surgery as the underlying cause of shock is 
the rupture and not the heart. Patients without hemodynamic instability allow the 
examiner the time to proceed with radiological confirmation [15]. [Q3: A] 
Ultrasound is fast and convenient as it allows an examination while resuscitation is 
taking place at the bedside. The sensitivity is as high as 100% for detecting an AAA, 
but it is inaccurate on diagnosing rupture (49%) [12, 16]. This study is ideal on 
hemodynamically stable patients without known AAA, minimal operative risk fac-
tors, and symptoms or signs suggestive of rupture. [Q4: B, C] In this case, the mere 
presence of an AAA would warrant surgery without delay. CT scans are more dif-
ficult to obtain and place the patient at some increased risk because of time delay 
and interruption of resuscitation. They are clearly only indicated for patients who 
are stable and offer the advantage of being able to diagnosis rupture. The groups of 
patients most likely to benefit from CT scan are those with significant comorbidities 
where delay could allow preoperative optimization [17]. The sensitivity and speci-
ficity of CT scan for diagnosing rupture is quoted to be as high as 94% and 95%, 
respectively [15].

Once the decision to operate has been made, several preoperative measures 
should be undertaken. A natural instinct is to bolus intravenous (IV) fluid in an 
attempt to normalize the blood pressure; this should be avoided. Instead, adopting a 
permissive hypotensive strategy will allow the patient’s own physiologic response to 
minimize blood loss [18]. Although there are times when fluids are necessary, this 
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strategy can be effective in preventing accelerated blood loss until the aorta is 
clamped or occluded. Every effort should be made to keep the patient warm with 
blankets, raising the operating room temperature, and utilizing warmed IV fluids 
and blood products [8]. The patient should be prepared and draped before induction 
as the loss of sympathetic tone with anesthesia may cause a marginally compen-
sated patient to collapse.

A midline laparotomy provides the quickest route of entry and best exposure in 
most cases. A low threshold to obtain supraceliac control will prevent inadvertent 
venous injury, especially in cases with large retroperitoneal hematomas. This con-
trol is obtained by incising the gastrohepatic ligament and diaphragmatic crura, and 
then bluntly dissecting the periaortic tissue; a preoperative nasogastric tube can aid 
in identification of the laterally positioned esophagus. A clamp or manual pressure 

Symptoms/Signs of Ruptured Abdominal Aortic Aneurysm
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Fig. 4.3 Algorithm for suspected ruptured abdominal aortic aneurysm (rAAA)
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is applied to the supraceliac aorta. The transverse colon is reflected cephalad and the 
small bowel eviscerated. The supraceliac control can then be moved to the infrare-
nal neck after it is carefully dissected out. Systemic heparinization is avoided and 
heparinized saline (10 units/mL) is used locally down both iliacs before balloon 
occlusion. The use of intraoperative blood recuperation and autotransfusion devices 
is crucial in minimizing postoperative mortality by limiting homologous blood 
transfusions [13]. The use of a tube graft, typically knitted Dacron or PTFE polytet-
rafluoroethylene, will shorten operative times and restore flow sooner than a bifur-
cated graft; this may necessitate leaving aneurysmal iliac arteries alone [14]. [Q5: 
B, C, D] After completion of grafting, bowel and lower extremity perfusion are 
assessed, usually by inspection and Doppler probe. The aneurysm sac is closed 
around the graft in an attempt to prevent later aortoenteric fistulas. Depending on 
the size of retroperitoneal hematoma and degree of resuscitation, the abdomen may 
not close easily. In these cases, it is best to perform a temporary closure with plans 
to return to the operating room for washout and definitive closure at a later, more 
stable time.

The dismal mortality following open repair of rAAA and the expansion of endo-
vascular techniques has prompted recent exploration into application of stent grafts 
for primary therapy. Patient candidacy for an endovascular repair of AAA (EVAR) 
is the first hurdle when considering this approach. Measurements to determine this 
are typically done by CT angiography, although the Montefiore group have been 
successful utilizing digital subtraction angiography in two views [19]. The concern 
of sending a potentially unstable patient with known or suspected ruptured AAA to 
the CT scanner was recently addressed by Lloyd et al. [20] from Leicester; they 
found that 87.5% of patients survived longer than 2 h after admission, with 92% of 
these patients having systolic blood pressures greater than 80 mmHg. Ruptured or 
symptomatic AAAs are found to have larger infrarenal neck diameters and smaller 
neck lengths [21]. Despite these morphological differences, several reports have 
found amazingly high feasibility rates for EVAR, ranging from 46% to 80% [22, 
23]. Dimensional requirements for endografts are constantly shifting as new devices 
improve the field, but currently an infrarenal neck = 10 mm and a diameter = 30 mm 
are needed [24]. [Q6: A, B, D] The next hurdle is availability of an endograft team 
and the graft itself. The importance of a knowledgeable and experienced team can-
not be overstated as any program without this is destined for failure. A variety of 
grafts are being utilized, with favor towards a modular aorto-uniiliac device; this 
set-up decreases the need for large inventories [23, 24]. The Montefiore group have 
developed an aorto-unifemoral graft which they use in conjunction with a crossover 
femoral-femoral graft [19]. Surprisingly few patients are rejected for EVAR second-
ary to unfavorable hemodynamics. Supraceliac balloon occlusion via a brachial or 
femoral route under fluoroscopic guidance can allow proximal aortic control under 
local anesthesia; a technique being utilized by some for control prior to laparotomy 
in open cases [25]. The prospective randomized IMPROVE trial demonstrate a true 
survival benefit and a better quality of life in patients with ruptured AAA treated by 
EVAR compared to the open approach [26].
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The most common complication of rAAA repair is renal failure, followed by 
ileus, sepsis, myocardial infarction, respiratory failure, bleeding, and bowel isch-
emia [1, 11]. [Q7: E] Postoperative renal failure has been found by several authors 
to correlate with mortality [1, 11]. Minimizing suprarenal clamp time and use of 
mannitol before cross-clamping the aorta to initiate brisk diuresis may limit renal 
damage. The inflammatory mediators and cytokines released from the shock state, 
visceral hypoperfusion, and massive transfusions associated with open repair can 
lead to multi-organ system failure; the avoidance of supraceliac clamping and lower 
blood loss are some of the potential advantages of the EVAR approach. But EVAR 
has its own unique complications which include endoleaks, graft malfunction, and 
groin wound issues.
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5Thoracoabdominal Aortic Aneurysm

Hernan A. Bazan, Nicholas J. Morrissey, and Larry H. Hollier

Case Report
A 72-year-old white male presented to his primary-care physician with a his-
tory of left chest pain for the past month. The pain was dull and constant and 
radiated to the back, medial to the scapula. He denied a new cough or worsen-
ing shortness of breath. He had no recent weight loss, and his appetite was 
good. He had a history of hypertension, which was currently controlled medi-
cally, and a significant 60 pack-a-year smoking history. In addition, he suf-
fered a myocardial infarction (MI) 5 years ago. The patient denied any history 
of claudication, transient ischaemic attacks or stroke. He had undergone sur-
gery in the past for bilateral inguinal hernias, and underwent cardiac catheter-
ization after his MI.

Vital signs were heart rate 72 beats/min, blood pressure 140/80  mmHg, 
respiratory rate 18/min, and temperature 36.8 °C. His head and neck examina-
tion was remarkable for bilateral carotid bruits. Cardiac examination revealed a 
regular rate and rhythm without murmurs. Abdominal examination revealed no 
bruits and a palpable aortic mass. His femoral and popliteal pulses were normal 
(2+); Posterior tibial pulses were 1+ bilaterally, and dorsalis pedis signals were 
detectable only by Doppler. No prominent popliteal pulses were appreciated. 
Routine blood work was unremarkable, and an electrocardiogram (ECG)
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Question 1
Which of the following is the single most likely diagnosis causing this man’s pain?

 A. Acute MI
 B. Acute aortic dissection
 C. Thoracic aortic aneurysm
 D. Lung cancer
 E. Pneumonia

Fig. 5.1 Chest X-ray demonstrating a tortuous and dilated descending thoracic aorta suggestive 
of a thoracoabdominal aortic aneurysm

revealed changes consistent with an old inferior wall MI and left ventricular 
(LV) hypertrophy. Chest X-ray (Fig. 5.1) was remarkable for a tortuous aorta, 
which had calcification within the wall and appeared dilated. There were no 
pleural effusions, but both hemidiaphragms did demonstrate some flattening, 
and bony structures were normal. Lung fields were clear of masses or 
consolidation.

On physical examination, the patient was thin but did not appear 
malnourished.
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Question 2
Which of the following studies should be performed in this patient in order to plan 
therapy?

 A. Aortography
 B. Computed tomography (CT) scan of chest
 C. Carotid duplex studies
 D. Cardiac stress test
 E. Arterial blood gas (ABG) analysis

Although aortography was routinely done before, CT scan of the chest and abdo-
men was obtained (Fig. 5.2) and deemed sufficient for operative planning. Findings 
were consistent with a thoracoabdominal aneurysm without concomitant dissection 
of the aorta. There was no evidence for acute leak or rupture, and the maximal diam-
eter of the thoracic aorta was 7.3 cm.

Question 3
In the Crawford classification system for thoracoabdominal aortic aneurysms 
(TAAAs), which represents the most extensive TAAA?

 A. Type I
 B. Type II
 C. Type III
 D. Type IV

Fig. 5.2 CTA scan demonstrating aneurysmal dilatation of the descending thoracic aorta
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The patient underwent a cardiac stress test, which was normal. Carotid duplex 
studies revealed minimal atherosclerotic disease with bilateral stenoses of less than 
50%. ABG analysis showed pH 7.38, pCO2 42 and PO2 76 on room air.

Question 4
Which of the following management schemes seems most reasonable for this 
patient?

 A. Observation with annual follow-up chest CT
 B. Repair of thoracoabdominal aneurysm after bilateral carotid endarterectomies
 C. Cardiac catheterization followed by repair of TAAA
 D. Elective repair of TAAA

The patient is scheduled for elective repair of his TAAA. He expresses concern 
about the possibility of complications from the surgery. You explain to him the most 
likely complications related to this surgery.

Question 5
Of the following, which is not a common complication following TAAA repair?

 A. Pulmonary
 B. Cardiac
 C. Renal
 D. Gastrointestinal

The patient seems most concerned about the risk of postoperative paralysis. You 
explain to him that there are things you can do to decrease his risk of suffering these 
complications, although nothing can eliminate the risk.

Question 6
Which of the following technical modifications is not believed to be beneficial in the 
prevention of spinal cord dysfunction following TAAA repair?

 A. Tumor necrosis factor-α monoclonal antibody
 B. Cerebrospinal fluid drainage
 C. Reimplantation of key intercostal arteries
 D. Epidural cooling

The patient undergoes repair of TAAA and tolerates the procedure well. 
Postoperatively, the chest tubes are draining 100–150 cm3 blood/h for the first 3 h. 
In addition, urine output is steady at 500 cm3/h. The patient has transient drops in 
blood pressure to a systolic blood pressure in the 70s, with central venous pressure 
dropping to 5 mmHg.

Question 7
(a) Outline the initial work-up and potential correction of the bleeding problem 
described above in order to prevent a return to the operating room. (b) What fluid 
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resuscitation approach should be taken to stabilize this patient’s hemodynamic 
status?

The patient’s temperature is 34.6 °C, international normalized ration (INR) is 1.7 
and partial thromboplastin time (PTT) is 50  s (control, 34  s). Platelet count is 
33,000. After infusion of warm fluids, the use of a warming blanket, and platelet and 
fresh frozen plasma (FFP) transfusions, the parameters return to normal and the 
drainage from the chest tubes decreases to about 10–20 cm3/h. On the second post-
operative day, the patient is noted to have loss of motor function in his lower 
extremities.

Question 8
What therapeutic intervention, if carried out in a timely fashion, may restore this 
patient’s neurological function partially or fully?

Following appropriate intervention, the patient’s neurological function returns to 
normal. The patient’s recovery is otherwise uneventful, and he is discharged on 
postoperative day 8 with clean incisions, intact neurological status and adequate 
analgesia.

Question 9
Following a successful recovery from his surgery, this gentleman’s approximate 
predicted 5-year survival is:

 A. 20%
 B. 50%
 C. 70%
 D. 90%

Question 10
Is there a role for endovascular or hybrid repair of this TAAA?

 Commentary

TAAAs are less common than infrarenal abdominal aortic aneurysms. One popula-
tion- based study suggested an incidence of 5.9 TAAAs per 100,000 person-years 
[1]. Although TAAAs are more common in males, the male:female ratio of 1.1–
2.1:1 is not as weighted as the ratio of abdominal aortic aneurysm (AAA). The 
aetiology of TAAAs is related to atherosclerotic medial degenerative disease (82%) 
and aortic dissection (17%) in most cases [2]. About 45% of TAAAs are asymptom-
atic and detected during work-up of other systems, usually on chest X-ray or cardiac 
echocardiography examinations. Patients with TAAAs tend to be older than AAA 
patients and, therefore, may have more severe comorbidities. When present, symp-
toms are usually chest or back pain related to compression of adjacent structures by 
the aneurysm or cough from compression/erosion of airways. Fistulization is rare 
but erosion into the bronchial tree presents with massive haemoptysis, while erosion 
into the esophagus presents with upper-gastrointestinal bleeding. Presentation with 
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acute, severe pain may reflect leak, acute expansion or dissection of the aneurysm 
and require urgent evaluation and treatment. The risk factors associated with TAAA 
are smoking, hypertension, coronary artery disease, chronic obstructive pulmonary 
disease (COPD), and disease in other vascular beds. Syphilitic aneurysms are a rare 
cause of TAAA in this era but, when present, usually involve the ascending aorta.

Other causes of vague chest and back pain in a patient such as this include myo-
cardial ischemia, pulmonary neoplasm, acute dissection, pneumonia, and bony 
metastases. [Q1: C] The clinical and X-ray findings in this particular case argue 
against these other possibilities. The work-up of patients with TAAA requires 
assessment of the aneurysm extent, size, and condition of the remaining aorta. 
Before any studies are carried out, a thorough history and physical examination, 
including vascular assessment, are needed. [Q2: B] With marked improvements in 
non-invasive imaging in the past decade, computed tomography angiography (CTA) 
has replaced invasive aortography for defining the extent of TAAA, status of aortic 
branches, delineation of any associated dissection, and presence of leak. Magnetic 
resonance imaging (MRI) and magnetic resonance angiography (MRA) have also 
improved dramatically and offer unique benefits over CT, such as lack of radiation 
and non-nephrotoxic contrast agents. However, MRA has yet to achieve the resolu-
tion of CTA and its use is contraindicated in unstable patients. Transesophageal 
echocardiography can assess the status of the aortic valve as well as cardiac func-
tion. Significant aortic insufficiency is a contraindication to thoracic aortic cross- 
clamping, unless a shunt or pump is used to bypass the left heart.

The Crawford classification [Q3: B] is used to characterise TAAAs [3]. According 
to this system, aneurysms beginning just distal to the left subclavian artery and 
involving the aorta up to, but not below, the renals are termed type I. Type II TAAAs 
are the most extensive––they begin just beyond the left subclavian and continue into 
the infrarenal aorta. Type III aneurysms involve the distal half of the thoracic aorta, 
usually originating at the level of T6, and varying extents of the abdominal aorta. 
Type IV TAAAs refer to those aneurysms involving the entire abdominal aorta, up 
to the diaphragm and including the visceral segments. This classification scheme 
has been useful for predicting morbidity and mortality following repair of TAAAs.

In addition to assessment of the aneurysm, the high incidence of comorbidities in 
this patient population mandates thorough evaluation of cardiac, as well as pulmonary 
reserve. Preoperative studies should include electrocardiography and cardiac stress 
testing. Further work-up is dictated by the presence of positive findings. Screening 
chest X-ray and preoperative ABG provides information regarding the patient’s pul-
monary status. Formal pulmonary function tests should be reserved for those patients 
with evidence of significant pulmonary compromise. Since the risk factors for TAAA 
are the same as those for atherosclerotic disease, a careful history and physical will 
dictate whether there is a need to work up disease in other vascular beds (carotid, 
mesenteric, renal, lower extremity). Carotid duplex studies may be done routinely 
preoperatively and significant carotid stenoses are treated before TAAA repair. The 
status of the patient’s clotting system must be determined and optimized, if necessary. 
In the absence of indications to carry out other operations first, this patient with a 
TAAA of >6 cm should undergo elective repair of his aneurysm.
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[Q4: D] Observation with follow-up imaging studies is dangerous and puts the 
patient at risk of death due to aneurysm rupture. The natural history of TAAAs is 
related to size and growth rate. Understanding the behaviour of these lesions is of 
crucial importance when determining treatment. Crawford’s series of 94 TAAAs 
followed for 25  years demonstrated 2-year survival of 24%, with about half of 
deaths due to rupture [4]. This series included dissected as well as non-dissected 
aneurysms. A more recent series of non-dissected TAAAs revealed rupture rates of 
12% at 2 years and 32% at 4 years; for aneurysms greater than 5 cm in diameter, 
rupture rates increased to 18% at 2 years [5]. Rupture is uncommon in aneurysms 
measuring less than 5 cm in diameter. Another risk factor for rupture seems to be an 
increased expansion rate, with aneurysms growing more than 5 mm in 6 months at 
higher risk than those growing more slowly. Survival in non-operated patients was 
52% at 2 years and 17% at 5 years. Patients who underwent repair of TAAA had a 
5-year survival of 50%. Another series revealed 61% 5-year survival following 
TAAA repair. Survival decreased to 50% for patients with dissecting TAAA [6].

Operative repair is usually through a left thoracotomy with a paramedian abdom-
inal extension, depending on the distal extent of the aneurysm. A retroperitoneal 
approach to the abdominal segment is used. The distal extent of the aneurysm deter-
mines which intercostal space will be used for a thoracotomy. The incision is made 
in the fourth or fifth intercostal space for type I or high type II TAAAs, while an 
incision in the seventh, eighth or ninth intercostal spaces is appropriate for types III 
or IV [7]. Careful identification and re-implantation of visceral vessels is important, 
as is re-attachment of intercostal arteries when feasible. Successful repair of TAAA 
results from careful yet quick technique, as well as maintenance of optimal physiol-
ogy by the anaesthesia and surgical teams. Distal aortic perfusion is accomplished 
either with left heart bypass and selective visceral perfusion or an axillary-femoral 
artery bypass before thoracotomy. Distal aortic perfusion manoeuvres are important 
for the prevention of major systemic morbidity following TAAA repair.

Patients undergoing TAAA repair frequently are older and have significant car-
diac, pulmonary and other vascular comorbidities. These factors, combined with the 
magnitude of the operation and extent of aortic replacement, can lead to significant 
rates of mortality and serious morbidity. [Q5: D] Pulmonary complications remain 
the most common and result from a combination of preoperative tobacco use, 
chronic obstructive pulmonary disease (COPD), and the effect of the thoracoab-
dominal incision on postoperative pulmonary mechanics. Reperfusion injury may 
also lead to pulmonary microvascular injury and subsequent pulmonary dysfunction 
[8]. Cardiac complications remain the next most common, in spite of preoperative 
cardiac optimisation. Avoidance of hypotension, close monitoring perioperatively 
with pulmonary artery catheters, and minimisation of strain on the left ventricle can 
help decrease postoperative cardiac dysfunction. Using the bypass circuit to control 
ventricular afterload can reduce the risk of cardiac complications [9]. Renal insuf-
ficiency preoperatively increases the risk of postoperative renal failure and mortal-
ity. Minimising ischaemic time, selective renal perfusion during cross-clamping, 
distal aortic perfusion techniques, and avoidance of hypovolaemia are important in 
preventing renal failure [10].
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Perhaps the most devastating complication following TAAA repair is paraple-
gia. Despite years of research and development of protective strategies, paraplegia 
rates following TAAA repair remain between 5% and 30%, with an average of 13% 
[6]. Risk factors for postoperative paraplegia include extent of aneurysm (and there-
fore most common in Type II TAAAs), cross-clamp time, postoperative hypoten-
sion, previous abdominal aortic reconstruction, and oversewing of intercostal 
arteries. Cross-clamp times of less than 30 min are generally safe, while those in the 
range of 30–60 min are associated with increasing risk; cross-clamp times of more 
than 60  min carry the highest risk for neurological complications. Minimizing 
cross-clamp time and avoiding hypotension will decrease the risk of paraplegia. 
Sequential reperfusion of intercostal vessels by moving the cross clamp caudally as 
segments are reimplanted is useful to re-establish flow to these vessels quickly. In 
addition, avoiding prolonged mesenteric ischemia, which may worsen reperfusion 
injury to the lungs, heart and possibly spinal cord through release of cytotoxic cyto-
kines, is beneficial.

Numerous adjuncts have been studied for their ability to prevent paraplegia. [Q6: 
A] The use of cerebrospinal fluid (CSF) drainage to keep CSF pressure at less than 
10 mmHg has been shown to decrease the incidence of postoperative paraplegia, 
when combined with distal aortic perfusion and/or moderate hypothermia [11]. 
Reimplantation of intercostal vessels, particularly in the important segment of T8–
T12, is most likely beneficial in preventing postoperative paraplegia, provided this 
manoeuvre does not excessively prolong clamp time [12]. Epidural cooling by con-
tinuous infusion of cool saline via catheter has been reported to decrease the inci-
dence of paraplegia following TAAA repair in a high-volume centre [13]. 
Preoperative angiographic localisation of the artery of Adamkiewicz followed by 
successful reimplantation of this vessel during surgery has resulted in no neurologi-
cal sequelae in another Centre’s series [14]. Patients who did not have preoperative 
localisation, or in whom reimplantation was unsuccessful, had a 50% paraplegia 
rate. These results have not been reproduced, and angiographic localisation has not 
gained widespread acceptance. General anesthetic agents can also help to prevent 
paraplegia, with propofol being the most protective. When left heart bypass is per-
formed using pump techniques, moderate hypothermia can be used to protect the 
spinal cord. Other pharmacological adjuncts that may be beneficial include steroids 
and mannitol. Free-radical scavengers and inhibitors of excitatory neurotransmitter 
pathways have shown benefit experimentally but have not been proven clinically 
[15]. At present, the best strategy for preventing spinal cord complications appears 
to involve a combination of physiological optimization of the patient periopera-
tively, avoidance of intra-operative hypotension, intraoperative use of spinal drain-
age and some form of distal aortic perfusion, reimplantation of patent intercostal 
vessels, and minimisation of cross-clamp time. Other protective adjuncts are used 
based on surgeon preference and experience.

Repair of a TAAA represents a major physiological insult. Excellent anesthesia 
care and post-operative critical care monitoring are essential components of a suc-
cessful operation. Postoperatively, large volumes of urine output must be replaced 
on a 1:1 basis in order to avoid hypovolaemia. Use of warmed, balanced electrolyte 
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solutions is preferred. [Q7] Coagulopathy in the postoperative period is usually 
related to incomplete replacement of clotting factors and hypothermia. In addition, 
supracoeliac aortic clamping has been shown to result in a state of fibrinolysis that 
may exacerbate bleeding [16]. The aneurysm itself can be responsible for chronic 
coagulation factor consumption and a subsequent increased tendency to periopera-
tive coagulopathy [17]. Ongoing bleeding after TAAA repair may require reopera-
tion, and results in an increase in major morbidity and mortality. It is important to 
ensure that any increased prothrombin and partial thromboplastin times are cor-
rected with plasma transfusions. Platelets should be replaced if thrombocytopenia 
occurs in the face of ongoing bleeding. Since hypothermia is often used intraopera-
tively as a spinal cord protective measure, it may persist as a problem postopera-
tively. Aggressive correction with warm fluids, blood products and warming 
blankets is needed to restore normothermia and proper function of coagulation as 
well as other enzymatic systems. Reoperation is reserved for ongoing significant 
bleeding following correction of coagulopathy and hypothermia. Reoperation for 
bleeding results in mortality rates of 25% or greater in these patients [18].

Some patients, as in the case we present here, will awake neurologically intact 
only to develop paraplegia hours to days later. [Q8] This phenomenon of delayed- 
onset paraplegia may represent reperfusion injury to areas of the spinal cord at risk 
from intraoperative hypoperfusion. Avoidance of postoperative hypoperfusion may 
decrease the incidence of this complication. The epidural catheter is left in place for 
3 days postoperatively. In cases of delayed-onset paraplegia, maintenance of CSF 
pressure below 10 mmHg may permit restoration of function. There are anecdotal 
reports of reversal of delayed-onset paraplegia by placement of an epidural catheter 
after onset of paralysis and removal of CSF to decrease pressure to below 10 mmHg 
[19]. Lowering the CSF pressure may increase cord perfusion pressure enough to 
rescue the threatened regions of neuronal tissue. Lowering the CSF pressure to 
below 5 mmHg may cause intracerebral haemorrhage, therefore the pressure must 
be monitored closely and maintained in the safe range. [Q9: B] Patients undergoing 
successful TAAA repair have a 5-year survival of 50–61% [5, 6] [also please refer 
to discussion following Q4].

[Q10] Since the patient presented did not have any significant contraindications 
to an open thoracoabdominal repair, endovascular repair of his TAAA would not 
have been appropriate at this time. However, various institutional studies have dem-
onstrated the feasibility and safety of endovascular repair of TAAAs for patients at 
significant risk for open repair [20]. Pre-operative planning with high-resolution, 
thin-cut CTA is mandatory. Fenestrated endografts may be used for treatment of 
juxta-renal aortic aneurysms or more extensive type IV and other TAAAs. 
Fenestrations are circular openings in the aortic graft fabric that are circumferen-
tially reinforced with a nitinol ring, which is ultimately matted with a balloon- 
expandable stent graft into the target visceral vessel. Branched endografts are aortic 
endografts with side branches pre-sewn to the graft fabric; these in combination 
with fenestrations, help treat even the most complex TAAAs. A recent French series 
of 33 patients undergoing treatment of TAAAs with fenestrated and branched endo-
grafts for a variety of TAAAs types (type I [3%], II [21%], III [37%], IV [13%]) 

5 Thoracoabdominal Aortic Aneurysm



68

demonstrated an in-hospital mortality of 9% [21]. Type II and III endoleaks were 
present in 15% of patients and transient spinal cord ischemia occurred in 12% of 
patients, though permanent paraplegia remained in only 3%. A review of six single- 
institution series encompassing 496 patients with TAAAs, demonstrated a 30-day 
mortality of fewer than 9%, spinal cord ischemia of 2.7–20%, and remarkably high 
branch patency rates (96–100%). As potential loss of visceral branch vessels is a 
feared complication of fenestrated and branched endografts repair, mid- and long-
term results with larger patient populations will be important to determine whether 
material fatigue and fracture, migration, and/or component separation occur. Aside 
from fenestrated or branched endograft repair, early follow-up demonstrated no 
renal of visceral branch vessel occlusion; all 109 vessels were patent in this high-
volume centre single centre study.

Recently, Lachat et al. have introduced a novel hybrid open and endovascular 
approach that may be particularly useful for the treatment of Type IV TAAAs [22]. 
This technique involves placement of a self-expanding stent graft (Viabahn grafts, 
Gore and Associates, Flagstaff, Az) thru a retrograde Seldinger technique into the 
origin of the renal or visceral vessel. Using this Viabahn Open Rebranching 
TEChnique (VORTEC) technique, the distal end of the self-expanding stent graft is 
deployed in the visceral or renal vessel and partially projects outside the vessel. The 
proximal end of the graft is then anastomosed to the debranching graft, which may 
originate from a common iliac artery; the proximal stump of the visceral vessel is 
ligated to avoid retrograde perfusion of the aneurysm and endoleak after subsequent 
endovascular aneurysm repair. VORTEC may be particularly useful in re-do opera-
tions, where entire dissection of the visceral vessel is not necessary. This novel 
hybrid technique remains a single institution experience and more broad experience 
is necessary to establish reproducibility and safety.
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Question 1
What is your next investigation?

 A. Ankle brachial index (ABI)
 B. Contrast-enhanced computed tomography angiography (CTA) of chest, abdo-

men and pelvis with 3D reconstruction
 C. Duplex ultrasound of the abdomen
 D. Cardiac stress test

Case Report
A 75-year-old male has been referred to your service after a contrast-enhanced 
spiral computed tomography (CT) performed for investigation of chronic cough 
revealed an incidental finding of a 7.3 cm thoracic aortic aneurysm (TAA).

Past medical history includes moderate chronic obstructive pulmonary dis-
ease (COPD), hypertension, insulin-dependent diabetes and a history of coro-
nary artery catheterization and stenting 5 years ago. The patient denies current 
angina symptoms. On examination, vital signs are stable, cardio-respiratory 
examination is within normal limits, and arterial examination reveals no 
carotid bruits, normal heart sounds without murmurs, no palpable abdominal 
masses and all upper and lower limb distal pulses are palpable. His routine 
blood work is within normal range.
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CTA was obtained (Fig. 6.1). It demonstrates a 7.3 cm saccular thoracic aortic 
aneurysm, beginning 3 cm distal to the subclavian artery. External iliac artery diam-
eters are 8 mm on the right and 9 mm on the left. Due to the patient’s age and medi-
cal comorbidities, endovascular repair was the sole treatment option offered to the 
patient, who subsequently consented to the procedure.

Question 2
What are the contraindications for standard TEVAR?

 A. Diseased (<7 mm) external iliac artery
 B. No landing zone distal to the subclavian (<2 cm)
 C. Concurrent abdominal aortic aneurysm
 D. Circumferential thrombus in proximal and distal landing zones

Question 3
How would you position the patient in the operating room?

 A. Supine with bilateral arm extension (90°)
 B. Supine with left arm tucked in and right arm extended
 C. Supine with both arms tucked in
 D. Supine with right arm tucked in and left arm extended

Right common femoral artery exposure is performed and arterial access is gained 
for positioning of the extra-stiff 260–300 cm guide wire.

Fig. 6.1 CTA of chest demonstrating 7.3 cm TAA in size
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Question 4
Optimal distal position of the tip of the stiff wire is:

 A. Distal to subclavian
 B. In the left ventricle
 C. Above the aortic valve
 D. Proximal to subclavian

In the left groin you place a percutaneous 5Fr sheath and place the pigtail cath-
eter in the ascending aorta.

Question 5
What are possible intra-operative complications of TEVAR?

Question 6
What are the options to induce hypotension during graft deployment to ensure accu-
rate placement?

 A. Rapid ventricular pacing
 B. Administration of Adenosine
 C. Administration of nitrates
 D. Partial right atrial inflow balloon occlusion

Question 7
List possible methods to prevent spinal cord ischemia during and after TEVAR?

Question 8
What are the most important parameters to observe in the early postoperative period?

 A. Neurological exam
 B. Renal function
 C. Compartment syndrome
 D. Cardiac enzymes

Question 9
How would you follow up your patient postoperatively?

 A. Chest X-ray and renal function at 6 weeks and every 3 month
 B. CTA and renal function at 3, 6 and 12 months, then every 12 month
 C. CTA and renal function every 6 month
 D. Abdominal ultrasound and chest X-ray every 6 month
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A 76-year old male, otherwise healthy, is sent to your clinic after an incidental 
finding of TAA during investigation of a possible pulmonary embolus. Subsequent 
CTA is ordered and is shown in Fig. 6.2.

Question 10
What is your endovascular option of treatment?

 A. Direct antegrade bypass to the left common carotid artery and the subclavian 
artery from the ascending thoracic aorta and TEVAR

 B. Right to left carotid-carotid bypass and left carotid subclavian bypass and TEVAR
 C. Carotid subclavian bypass and TEVAR
 D. Transposition of the subclavian to the carotid artery and TEVAR

Question 11
What is another important investigation you need to do before proceeding with your 
bypass?

 A. MRI brain
 B. ABI
 C. Carotid Duplex ultrasound
 D. Abdominal ultrasound

You have obtained a Carotid Duplex ultrasound that shows no significant stenosis.

Question 12
In which circumstances is left carotid subclavian bypass strongly recommended 
before covering the left subclavian artery?

Fig. 6.2 CTA of chest demonstrating TAA 6.2 cm in size, starting just proximal to the subclavian 
artery. The distance between the left common carotid and left subclavian is 1.5 cm and between the 
left subclavian and innominate is 2.5 cm
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 A. Dominant left vertebral artery
 B. History of CABG using LIMA
 C. Covering more than 20 cm of thoracic aorta
 D. Left carotid stenosis >80%

You perform a carotid–carotid bypass and carotid–subclavian bypass with liga-
tion of the proximal left carotid and endovascular occlusion of the subclavian artery 
proximal to the left vertebral artery. Two weeks later you book your patient for 
TEVAR under general anesthesia. Pre-deployment angiogram is demonstrated in 
Fig. 6.3.

Question 13
What are the advantages of staged procedures?

You were successful with the procedure and your completion intraoperative 
angiogram is shown in Fig. 6.4. Patient is discharged 2 days postoperatively and 
booked for a follow-up CTA in 3 months.

 Commentary

Parodi and associates reported the first successful endovascular aneurysm repair of 
an abdominal aortic aneurysm in 1991 [1]. Dake et al. followed in 1994 with the 
first report of EVAR for a thoracic aortic aneurysm (TEVAR) [2].

TEVAR and open surgical repair (OSR) share similar indications for treatment 
of TAA. These indications include: TAA ≥6 cm, symptomatic thoracic aneurysm 

Fig. 6.3 Intraoperative angiography, demonstrating the TAA and right carotid to left carotid and 
subclavian bypass
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regardless of size, and TAA growth rate >3 mm/year [3, 4]. However, whereas OSR 
is appropriate only for relatively physiologically fit patients, TEVAR has the 
advantage of being able to treat less fit patients who might otherwise be turned 
down for open repair. Most surgeons treating this pathology favour TEVAR as their 
first option given the fact that the chest cavity does not need to be opened thus 
avoiding the common pulmonary complications that are associated with 
OSR. Perhaps the most important advantage of TEVAR is that the thoracic aorta 
does not need to be cross-clamped. This can obviously lead to deleterious conse-
quences in any patient with cardiac insufficiency or valvular abnormalities. Relative 
contraindications for standard TEVAR include inadequate proximal and distal 
landing zone (<2 cm in length), significant tortuosity, extensive aortic arch throm-
bus, and extensive calcification at the proximal and distal fixation sites [5, 6]. 
Patient selection should be based on CTA findings, clinical presentation, and past 
medical history. [Q2: A, B, D]

Compared to OSR, TEVAR has demonstrated a reduction in 30-day mortality 
from 11.7% to 2.1%, decreased length of hospital stay, and a lower risk of 
stroke, end organ failure, spinal cord ischemia, and cardiopulmonary complica-
tions. However, TEVAR does result in a higher number of re-interventions com-
pared to OSR, although the majority of these are minimally invasive in nature. 
There is no difference between TEVAR and OSR of the thoracic aorta in terms 
of late mortality [7].

Fig. 6.4 Intraoperative completion angiography
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Preoperative cardiac investigation is indicated for patients who display active 
ischemic heart symptoms and signs but is not necessary in the majority of patients 
as balloon aortic occlusion is limited to a few seconds during the procedure. CTA is 
the preferred imaging modality as it demonstrates the most useful information for 
both planning and sizing of the endograft procedure. [Q1: B] [Q9: B]

In general TAA occurs in patients with advanced age who commonly have a 
diseased, angulated and tortuous aortic arch. For this reason, proximal fixation of 
the thoracic stent graft is often the greatest challenge to success. Two centimeters of 
normal healthy cylindrical aorta (neck) is the absolute minimum for optimal results, 
with a 20–30% oversizing recommended for the endoprosthesis [3].

Positioning may vary depending on surgeon preference. The authors generally 
prefer the supine patient’s left arm tucked in and the right arm extended. If the case 
is performed under C-arm fluoroscopy, and lateral views are necessary in order to 
identify the celiac artery for accurate distal graft placement, then positioning both 
arms extended is recommended to improve the lateral image. Femoral cutdown is 
performed on the intended side of delivery of the endoprosthesis. The authors prefer 
accessing the vessel through concentric double pursestring 5–0 prolene sutures of the 
femoral artery instead of formal arteriotomy. Contralateral percutaneous access is 
obtained in standard fashion. After obtaining appropriate sheath access to both femo-
ral arteries, standard endovascular technique is used to gain access to the ascending 
aorta with an extra stiff double curved lunderquist wire (Cook Medical, Inc., Indiana, 
USA) and the distal wire tip is placed above the aortic valve. A pigtail catheter is 
placed via the contralateral access just proximal to the subclavian artery. The device 
is delivered on the stiff wire to the desired location. Digital subtraction angiography 
(DSA) is preformed under breath holding/apnea state. If absolute accurate position-
ing is required in reference to the supra-aortic vessels, induced hypotension is recom-
mended using rapid ventricular pacing technique during deployment of the device. 
This is very well tolerated in the majority of cases but may be contraindicated in 
patients with significant cardiac insufficiency. The pigtail is retrieved with wire sup-
port. In general, we recommend compliant balloon molding of the proximal stent 
only in the event of obvious type I endoleak and certainly in the presence of induced 
hypotension to reduce the chance of migration. [Q3: B] [Q4: C]

Permissive hypotension is a technique that permits accurate device deployment, 
as well as avoiding migration during balloon molding. It can be accomplished by 
permissive “low grade” hypotension during the deployment and molding balloon 
phase with the help of nitrates [8]. Acute short acting hypotension can be achieved 
by the use of adenosine, which usually results in resumption of normotension within 
seconds of hypotension but can often be unpredictable [9, 10]. The authors prefer 
rapid ventricular pacing which is safe, reliable, and short acting with resumption of 
normotension usually occurring only a few seconds after turning off the pacing 
device [11–13]. [Q6: A, B, D]

TEVAR devices generally require a large-profile delivery system ranging in size 
22–27 French (Fr). This clearly necessitates the presence of large, femoral-iliac 
arteries and represents a significant contributor to the risks of access vessel injury. 
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Access vessel injury is the most significant cause of serious morbidity and mortal-
ity. The most common site of rupture is the proximal external iliac artery. Iliac 
accessibility can often be tested with careful use of endovascular dilators, which 
should clarify the issue of whether the operator should attempt transfemoral intro-
duction or proceed to an iliac conduit [14]. As an alternative to conduit placement, 
the authors prefer directly accessing the common iliac vessel through double con-
centric 4–0 prolene sutures. Other intra-operative complications include aortic rup-
ture, dissection, aortic branch vessel occlusions, and lower extremity embolism. 
During deployment, the utmost care should be exercised to avoid an unnecessary 
windsock effect that may, in some cases, lead to instability or even migration or 
displacement of the proximal end of the device. This undesirable consequence may 
be avoided by continuous fluoroscopic visualization during deployment, permis-
sive hypotension techniques described, and the use of devices with modifications 
designed to counter this effect such as the newest generation Cook TX2 thoracic 
device. Severely angulated aortic arches can often lead to non-apposition of the 
inferior aortic wall with the fabric of the proximal covered stent leading to the 
characteristic “Birds Beak” appearance on angiography with possible consequen-
tial type I endoleak. This issue appears to be resolved with a technological modifi-
cation of the Cook TX2 thoracic graft with Cook’s most recent generation TX2 
Pro-Form graft.

Post-implantation syndrome can sometimes occur with transient elevation of 
body temperature and C-reactive protein with mild leukocytosis. This phenomenon 

Extent A
(L subclavian a. to T6)

Extent B
(T6 to diaphragm)

Extent C
(L subclavian a. to diaphragm)

Fig. 6.5 Extent of aortic coverage during TEVAR
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is often observed in cases of large segment coverage and the use of multiple devices 
and/or extensions [2, 15]. Stroke has been identified as a common complication of 
TEVAR, with an incidence ranging from 0% to 8%. Risk factors for stroke include 
history of preoperative stroke, CT grade IV atheroma (5 mm) in the aortic arch, 
proximal descending aorta coverage, and long segment coverage [16]. [Q5]

TEVAR is also associated with a 3–6% incidence of spinal cord ischemia. Risk 
factors for spinal cord ischemia include prior abdominal aortic repair, length of tho-
racic aortic coverage, hypogastric artery interruption, subclavian artery coverage, 
emergent repair, intra-operative hemorrhage and sustained hypotension [17–20].

Coverage of the thoracic aorta may be categorized as in Fig. 6.5 below.
A-coverage from the origin of the left subclavian artery to the T6 vertebral level, 

B-coverage from T6 to the diaphragm and C-coverage of the entire descending tho-
racic aorta from the left subclavian artery to the diaphragm [20, 21]. This can often 
be helpful in conveying spinal cord ischemia risk to patients and their families. 
Category C obviously has the highest risk of paraplegia (5–10%).

With respect to post-procedural care, all patients should be transferred to a moni-
tored setting postoperatively. Multiple parameters should be monitored closely. 
Most importantly, blood pressure should be controlled (MAP >80 mmHg), avoiding 
high blood pressure (SBP > 160) to minimize the chance of stent migration as well 
as hypertensive medical complications such as stroke. Urine output should be 
recorded, and regular neurological assessment should be carried out to assess for 
stroke and spinal cord ischemia. Patients with cerebrospinal fluid (CSF) drains 
should have continuous CSF pressure monitoring and CSF should be drained 
according to a standardized protocol [22, 23]. [Q7] [Q8: A, B, C, D]

Case number 2 describes a situation in which there is inadequate length of 
healthy aorta distal to the left carotid artery for an adequate seal. A hybrid procedure 
consisting of extra-anatomic bypass (right to left carotid-carotid bypass with or 
without a left carotid-subclavian bypass) and TEVAR was chosen as the treatment 
option [24]. Recently, technological innovation has demonstrated the possibility of 
circumventing debranching procedures with fenestrated/scalloped and branched 
arch grafts. However, further cases and published case series are necessary before 
these procedures become ready for prime time. [Q10: A, B]

If extra-anatomic bypass is being considered for aortic arch debranching, carotid 
duplex ultrasound is mandatory to assess for occlusive disease as well as vertebral 
artery flow dynamics. Carotid endarterectomy may need to be performed in con-
junction with the bypass. [Q11: C]

In some instances, it is acceptable to cover the origin of the subclavian artery 
with the thoracic aortic stent graft without subclavian revascularization, however 
carotid-subclavian bypass should be considered in patients who have radiological 
evidence of a dominant left vertebral artery and in patients who demonstrated the 
following: aberrant origin of the left vertebral artery, history of CABG using the left 
internal mammary artery, history of AAA repair, occluded or diseased hypogastric 
arteries, patent left axillary-femoral bypass graft, functional left arm arteriovenous 
fistula, and in any patients who require long segment coverage with TEVAR (B, C 
extent) [16, 25]. [Q12: A, B, C]
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The authors prefer staging the extra-anatomic debranching procedures when 
possible. Advantages to this method include minimizing operative time, and identi-
fying the etiology of potential neurological complications after each procedure. 
[Q13]
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7Aortic Dissection

Barbara Theresia Weis-Müller and Wilhelm Sandmann

Question 1
How would you classify the aortic dissection?

 A. Stanford A dissection.
 B. Stanford B dissection.
 C. de Bakey I dissection.
 D. de Bakey II dissection.
 E. de Bakey III dissection.

On the same day, she underwent an emergency operation. The dissected ascending 
aorta with the entry of the dissection was incised using in a cardiopulmonary bypass 
and replaced by a graft using the inlay-graft technique. The aortic valve was patent 
and remained in situ. For reconstruction of the aortic root, the sandwich technique 
was used. Two Teflon strips were placed externally and into the true lumen to reat-
tach the dissected membrane to the aortic wall. The aortic graft was then sutured 
into the reconstructed aortic root.

Case Report: “Dissection: Stanford A”
A 68-year-old woman spontaneously and suddenly developed severe retroster-
nal pain during her holiday in Turkey. Without knowing the diagnosis, she 
flew home 2 days later. Computed tomography (CT) scans taken immediately 
after arrival revealed a dissection of the ascending aorta, the aortic bow and 
the descending aorta.
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Question 2
Which of the following statements are wrong?

 A. Stanford A dissections should be treated medically.
 B. Stanford A dissections should undergo operation immediately.
 C. Stanford B dissections without ischemic complications should be treated 

medically.
 D. Stanford B dissections require operative intervention immediately.
 E. Stanford A dissections require an aortic stent graft immediately.

The postoperative course was uneventful at the beginning. However, 3  days 
later, renal function deteriorated and the patient required haemofiltration. 
Moreover, the patient developed severe hypertension and had to be treated with 
three different antihypertensive drugs. Contrast CT scans revealed that the right 
kidney was without function due to an old hydronephrosis, while the left renal 
artery was probably dissected. Furthermore, the patient developed left leg isch-
emia and was transferred to our centre. We explored the abdomen via the trans-
peritoneal approach. The pulsation of the left iliac artery was weak due to aortic 
and left iliac dissection. Infrarenal aorto-iliac membrane resection was per-
formed to restore the blood flow to the extremities. Then the left renal artery was 
explored; the renal artery dissection was found to extend towards the hilus of the 
kidney.

Revascularisation was achieved with a saphenous vein interposition graft placed 
between the left iliac artery and the distal left renal artery (Fig. 7.1).

Question 3
Which of the following statements are correct?

 A. Complications of Stanford A dissection are aortic valve insufficiency and perfo-
ration into the pericardium.

 B. Stroke is a typical complication of Stanford B dissection.
 C. Paraplegia is a typical complication of aortic dissection.
 D. Most patients with Stanford B dissections die of aortic perforation.
 E. Typical complications of aortic dissection are organ and lower-extremity 

ischaemia.

The postoperative course was uneventful. The patient recovered promptly from 
the operative intervention, while renal function and blood pressure improved sub-
stantially. Urine production and laboratory findings became normal, and only one 
antihypertensive drug (a beta-blocker) was necessary to maintain normal blood 
pressure. The postoperative angiography showed a patent iliac-renal interposition 
graft and normal perfusion of the left kidney (Fig. 7.1). CT scans taken 2 years later 
displayed a hypertrophic, well-functioning left kidney, while the right kidney was 
small and hydronephrotic (Fig. 7.2).
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a b

Fig. 7.1 (a) Left common iliac artery. (b) Left renal artery saphenous vein bypass

Fig. 7.2 Computed tomography (CT) scans taken 18 months after operative intervention show a 
well-functioning, hypertrophic left kidney and a small, hydronephrotic right kidney. Note the dis-
sected but non-dilated aorta
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Question 4
What diagnostic methods are involved in acute aortic dissection?

 A. Computed tomography.
 B. Magnet resonance imaging.
 C. Angiography.
 D. Transoesophageal echocardiography.

The patient was first treated medically with parenteral therapy and antihypertensive 
drugs (including beta-blockers). Under this management, clinical outcome and lab-
oratory findings improved, but 3  weeks later the patient deteriorated again and 
developed severe right upper abdominal pain.

She was referred to our hospital for operation. CT scans displayed the aortic dis-
section and a dissected superior mesenteric artery. The true aortic lumen was very 
small and partially thrombosed (Fig. 7.3). Abdominal exploration via the transperi-
toneal approach revealed borderline ischaemia of all intra-abdominal organs due to 

Fig. 7.3 Aortic dissection, with a small, partially thrombosed “true” aortic lumen and dissected 
superior mesenteric artery

 Case Report : “Dissection: Stanford B”
A 54-year-old woman was admitted to another hospital with the provisional 
diagnosis of a myocardial infarction (MI). She experienced a sudden chest 
pain. Some hours later, she developed paraesthesia in both legs, which 
improved spontaneously. Subsequently, she felt abdominal discomfort and 
developed diarrhoea and vomiting. The patient had been normotensive 
throughout her life, but now she required five different antihypertensive drugs 
to stabilise blood pressure. Some laboratory data were abnormal, including 
leucocytes, transaminases, lactic dehydrogenase and lactate. Duplex sonogra-
phy and transoesophageal echocardiography revealed an aortic dissection of 
the thoracic and abdominal aorta beginning distal to the left subclavian artery; 
blood flow into the visceral arteries and the right renal artery was reduced. 
Contrast CT scans confirmed Stanford B aortic dissection.
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aortic dissection. The dissection had affected the coeliac trunk, the superior mesen-
teric artery and the right renal artery. The right upper abdominal pain was caused by 
an ischaemic cholecystitis. The gallbladder had to be removed. The para-aortic tis-
sue displayed severe inflammation; therefore no fenestration and membrane resec-
tion could be carried out. Instead, intestinal and renal blood flow was restored by a 
12-mm Dacron graft, which was placed end to side into the left iliac artery and end 
to end to the coeliac trunk. The superior mesenteric artery was implanted directly 
into the Dacron graft, while the right renal artery was attached by means of a saphe-
nous vein interposition graft (Fig. 7.4).

Question 5
What techniques are used to restore blood flow to the visceral organs and extremi-
ties following ischaemia from aortic dissection? Which of the following statements 
are wrong?

 A. Aortic stent graft.
 B. Percutaneous transluminal angioplasty (PTA) of organ and limb arteries and 

stenting.
 C. Aortic fenestration and membrane resection.
 D. Cardiopulmonary bypass.
 E. Extra-anatomic revascularisation, e.g. axillo-femoral bypass.

The complication of postoperative retroperitoneal bleeding from the reconstructed 
right renal artery had to be managed by relaparotomy and single vascular stitches, and 
clinical recovery was delayed. The patient required 4 months of rehabilitation until she 
had regained her previous health status. At this point, digestion and renal function had 

Fig. 7.4 Extra-anatomical reconstruction with a Dacron graft, which was placed end to side 
between the left common iliac artery and end to end to the coeliac trunk. The superior mesenteric 
artery was implanted directly into the graft, while the right renal artery was implanted via the 
interposition of a saphenous vein. The left renal artery originates from the aorta
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recovered, laboratory findings became normal, and hypertension had to be treated with 
only one drug (beta-blocker). Postoperative angiographies showed good perfusion of all 
visceral and renal arteries via the Dacron graft (Fig. 7.4).

 Commentary

The life-threatening aortic dissection starts with an intimal tear (entry) in the ascend-
ing aorta (Stanford A, de Bakey I or II) or distally to the left subclavian artery 
(Stanford B, de Bakey III). De Bakey II dissection affects the ascending aorta only, 
while de Bakey I and III dissections also involve the descending aorta [1, 2]. [Q1: 
A, C] Most patients with acute aortic dissection present with severe chest pain, 
which might be misinterpreted as acute MI [3, 4].

Echocardiography, particularly by the transoesophageal approach, is a reliable 
and rapid method for diagnosis of aortic dissection and differentiation into Stanford 
A or B type [5]. Nevertheless, the evaluation of organ arteries and their blood flow 
by ultrasound may be difficult in acute dissection. In our opinion, contrast thoracic 
and abdominal CT scans, especially using the spiral technique, are appropriate diag-
nostic methods for determining the extension of dissection and the relation of its 
dissecting membrane to major branches of the aorta. The perfusion of abdominal 
organs, and often of their arteries, can be seen easily. In the case of organ malperfu-
sion, angiography may be helpful to determine whether the ischaemia is caused by 
the dissecting membrane of the aorta or whether the dissection extends into the 
organ arteries [6]. Magnetic resonance imaging (MRI) or magnetic resonance angi-
ography (MRA) are effective alternatives in the diagnosis of patients with dissection 
and renal failure [7]. [Q4: A–D]

Without treatment, the prognosis of acute aortic dissection is very poor. In 1958, 
Hirst et al. reviewed 505 cases of aortic dissection and found that 21% of patients 
died within 24 h of onset and only 20% survived the first month [3]. Causes of death 
in patients with Stanford A dissection include intrapericardial and free intrapleural 
rupture, acute aortic valve insufficiency, and, to a minor extent, cerebral and coro-
nary malperfusion. In patients with type B dissections, free rupture of the aorta is 
less frequent. Dissection of the descending aorta may lead, in about 30% of cases, 
to obstruction of visceral, renal and extremity arteries, resulting in visceral isch-
aemia, renal insufficiency and acute limb ischaemia, which may be lethal without 
prompt and adequate therapy [8–10]. [Q3: A, C, E]

To improve the natural course of the disease, in 1955 de Bakey et al. started to 
treat acute aortic dissections surgically. Within only a few years, they had developed 
the current principles of operative intervention in acute Stanford A dissection with 
replacement of the ascending aorta by a graft in cardiopulmonary arrest. Their 
results were outstanding, with an overall mortality of 21% [1, 11]. These mortality 
rates are only slightly better nowadays [12].

However, the surgical experiences of other workgroups were not so successful. 
Therefore, Wheat et al. developed a new medical treatment with ganglionic block-
ers, sodium nitroprusside or beta-blockers to influence the hydrodynamic forces of 
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the bloodstream based on the theory that blood pressure and the steepness of the 
pulse wave are propagating the dissecting haematoma [13]. In 1979, a meta-analysis 
of 219 patients with acute aortic dissection from six centres revealed that Stanford 
A patients treated medically had a mortality of 74%, whereas 70% of patients sur-
vived after surgical therapy. On the other hand, in patients with acute type B dissec-
tion, drug therapy alone had a survival rate of 80%, whereas 50% died after operative 
intervention [14]. Therefore in most centres, current therapy for acute dissection 
type Stanford A is surgical [15–18], and for uncomplicated Stanford B dissection it 
is medical [19–23]. [Q2: A, D, E]. Several reports in later years have yielded a posi-
tive effect of stent graft for the treatment of acute type B dissection [24, 25] with 
both better remodelling and survival. It is still looked for patients at risk where those 
having large entry tears, large aortas and several reentries seem to be at a higher risk 
for a later aortic event [26, 27]. Predictors of aortic growth in uncomplicated type B 
aortic dissection from the Acute Dissection Stent Grafting or Best Medical Treatment 
(ADSORB) database.

An acute dissection, involving the ascending aorta, should be considered a surgi-
cal emergency. The aim of operative intervention is to prevent or treat dilation or 
rupture of the aortic root, and to maintain aortic valve function. The following 
reconstructive approach is recommended: in patients in whom the root is not 
involved by dissection, a tubular graft is anastomosed to the sinotubular ridge. In the 
presence of commissural detachment, the valve is resuspended before supra- 
commissural graft insertion. If the aortic valve is affected by congenital or acquired 
abnormalities, then it is generally replaced [16].

Patients with acute uncomplicated Stanford B dissection should be treated medi-
cally. Careful monitoring is obligatory, while antihypertensive drugs, such as beta- 
blockers [28], and analgesics are administered. A repeat CT scan is recommended 
within 2 weeks in patients being without pain and complication, whereas the ones 
with sustaining pain or not well regulated blood pressure should undergo a CT scan 
earlier. The aim of treatment is to stabilise the dissected aortic wall within 2 weeks 
and to prevent further extension of dissection or perforation. Careful clinical and 
laboratory examinations are necessary to detect symptoms of organ or extremity 
malperfusion in time. Limb, renal and visceral ischaemia can be observed fre-
quently, but paraplegia due to malperfusion of intercostal arteries is more com-
monly a presenting symptom and rarely develops later [6, 8–10].

If peripheral vascular complications occur, several therapeutic strategies are pos-
sible. Newer publications describe endovascular procedures, for example emer-
gency aortic stenting to close the “entry” and the false aortic lumen [29–33]. 
Ultrasound-guided endovascular catheter aortic membrane fenestration was per-
formed to restore the blood flow to the aortic branches. Dilation and stenting of 
dissected organ or iliac arteries were performed to resolve stenosis and restore blood 
flow [34–36]. These new therapeutic methods need to be evaluated in long-term 
follow-up.

Aortic surgery in the acute stage of aortic dissection is a dangerous procedure. 
The dissected aortic wall is extremely friable and does not hold sutures well. 
Therefore we, and many other centres, try to leave the aorta itself untouched and to 
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restore organ or extremity blood flow by extra-anatomical bypass procedures. Extra-
anatomical revascularisation also becomes necessary if the aortic branches them-
selves are dissected [6, 8, 16]. Normally, we use one common iliac artery as the 
donor vessel for extra-anatomical bypass grafting, but the distal lumbar aorta might 
also be suitable. If only one aortic branch requires revascularisation, then the iliac- 
visceral bypass is performed with the saphenous vein (Fig.  7.1). If two or more 
branches are affected, then a Dacron graft is used and the visceral arteries can be 
implanted into the graft directly or via interposition of the saphenous vein (Fig. 7.4). 
Blood flow to the legs can be restored with a femoral-femoral crossover bypass or 
with an axillo-(bi)-femoral graft. If several organ arteries are occluded by the aortic 
dissecting membrane, and the visceral arteries are undissected, then abdominal aor-
tic fenestration and membrane resection combined with thrombectomy of the organ 
arteries can also be performed [37–40]. We prefer the latter to treat paraplegia 
caused by acute aortic dissection. [Q5: D]

Our only indication for total aortic replacement in the acute stage of dissection is 
aortic penetration or perforation.
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8Stent Graft for the Management 
of Complicated Acute Type B Dissection

Spyridon Mylonas and Jan S. Brunkwall

Question 1
How would you classify the aortic dissection based on the clinical image of the 
patient?

 A. Acute uncomplicated.
 B. Acute complicated.
 C. Subacute uncomplicated.
 D. Subacute complicated.
 E. Chronic uncomplicated.
 F. Chronic complicated.

Case Report
A 58-year-old male patient was transferred to our institution from a peripheral 
hospital with 1 day’s history of sudden onset of sharp and stabbing chest pain 
with interscapular radiation. Some hours later, he developed paraesthesia of 
both legs, which was relieved spontaneously but numbness in the left lower 
limb remained. Subsequently, he felt abdominal discomfort and developed 
acute diarrhea and vomiting.

His past medical history was remarkable for 30-pack-years of smoking. 
The patient had been normotensive throughout his life, but on admission he 
had a blood pressure of 180/100 mmHg. Clinical examination revealed a dif-
fuse tender abdomen, whereas the left lower extremity was pulseless, pale and 
cold. Some laboratory data were abnormal, including elevated leucocytes, 
creatine, phosphokinase, and d-dimer.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-65936-7_8&domain=pdf
mailto:Brunkwall@hotmail.com


94

Computed tomography (CT) scan taken immediately after arrival displayed a 
dissection of the descending aorta without a uniform acquisition of contrast in the 
right kidney, and completely nonperfused left kidney as well as no filling of the left 
common iliac artery (Fig. 8.1).

The patient immediately received intravenous antihypertensive therapy (beta- 
blocker and α1-adrenoceptor antagonist) as well as analgetic agents. On the same day, 
he underwent an emergency operation. After spinal fluid drainage placement and 
through a right common femoral artery access a thoracic stent-graft (GORE CTAG 
373720, W. L. Gore & Associates, Flagstaff, AZ, USA) was placed in the descending 
aorta in order to seal the entry tear. A continuing pressurization of the false lumen 
through a distal reentry tear was observed, so the coverage of the descending aorta 

a b

c
d

Fig. 8.1 Initial computed tomography depicting the Stanford type B, DeBakey IIIb aortic dissec-
tion (a) with malperfusion of the left kidney (b) and thrombosis of the left common iliac artery (c). 
Note the compromised true aortic lumen at the level of hiatus (d)
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was extended with a second stent-graft (GORE CTAG 373720, W.  L. Gore & 
Associates, Flagstaff, AZ, USA). Finally the coverage of the aorta ended up to 6 cm 
proximal to the celiac trunk, where a reentry tear was located. An expansion of the 
true lumen with restoration of the left kidney perfusion was noted, however, no flow 
of the left common iliac artery was obtained. Through the left common femoral artery 
an endovascular fenestration of the dissection membrane at the left common iliac 
artery and a thrombectomy was conducted. To further stabilize the dissection mem-
brane and to secure the patency of the left common iliac artery two Gore Excluder 
iliac limbs (W. L. Gore & Associates, Flagstaff, AZ, USA) were implanted in kissing 
technique.

Question 2
Which of the following statements regarding the patient presented is/are wrong:

 A. The malperfusion of the left kidney is attributed to a dynamic occlusion of the 
left renal artery.

 B. The malperfusion of the left kidney is attributed to a static occlusion of the left 
renal artery.

 C. The left lower limb ischemia is attributed to a dynamic occlusion of the left 
common iliac artery.

 D. The left lower limb ischemia is attributed to a static occlusion of the left com-
mon iliac artery.

The postoperative course was uneventful. The patient recovered promptly from the 
operative intervention, while renal function and blood pressure improved substantially. 
Urinary output and laboratory findings became normal, the antihypertensive medica-
tion could be reduced and finally a normal blood pressure could be achieved with two 
oral antihypertensive drugs (a beta-blocker and a calcium channel antagonist). The 
spinal fluid drainage could be removed safely on the third postoperative day, without 
any manifestations of spinal cord ischemia. The patient was discharged on the seventh 
postoperative day with the dual oral antihypertensive drug and an antiplatelet agent as 
well as a statin. He remains asymptomatic and the 6-month CTA depicts the successful 
sealing of the entry tear with expansion of the true lumen, restoration of perfusion of 
the left kidney and the left lower limb without dilatation of the aorta (Fig. 8.2).

Question 3
What techniques are possible to use in order to restore the blood flow to the visceral 
organs and extremities following ischaemia from aortic dissection?

 A. Aortic stent graft.
 B. PTA and stenting of organ and limb arteries.
 C. Aortic fenestration and membrane resection.
 D. Extra-anatomic revascularization, e.g. femoro-femoral bypass or ilio-renal 

bypass.
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c

Fig. 8.2 Postoperative CTA depicting the successful sealing of the entry tear (a) with the expansion 
of the true lumen (b) and restoration of perfusion of the left kidney (c) and the left lower limb (d)
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Question 4
Which of the following statements regarding the use of stent-grafts for the treatment 
of acute complicated type B aortic dissection is/are wrong:

 A. Complications of the endovascular sealing of the primary entry tear with a stent-
graft include retrograde dissection, spinal cord ischemia, cerebrovascular events.

 B. Coverage of the primary intimal tear and restoration of true lumen flow alone 
can relieve the malperfusion syndrome.

 C. Coverage of the entire thoracic aorta is necessary
 D. Coverage of the entry tear with a stent-graft and intimal support to the remaining 

aorta with the use of an uncovered bare metal stent can also be useful.

 Commentary

Aortic dissection is a potentially life-threatening condition that occurs when an inti-
mal tear is formed in the intima/media of the aorta. The first report on aortic dissec-
tion and the concept of a true and false lumen is attributed to Shekelton in the early 
1800s [1]. Currently, in the United States, between five and ten people per million 
per year experience an aortic dissection, with 43,000–47,000 deaths from involve-
ment of the aorta and its branches [2]. Men are more frequently affected with a 
male-to-female ratio of 4:1 [3].

Two pathophysiologic pathways have been proposed to explain acute aortic dis-
section. The first theory suggests that an initial tear in the intima leads to blood from 
the aortic lumen surging into the media and separating the intima from the aorta and 
finally creating a true and false lumen. In contrast, the second theory holds that the 
intimal rupture is caused by an initial hemorrhage of the vasa vasorum in the more 
outer layers of the media. In both theories, it is thought that the pressure of pulsatile 
blood flow extends the dissection, typically in an anterograde fashion [4].

Besides from the anatomical classification, the International Registry of Acute 
Aortic Dissection (IRAD) identified distinct inflection points on the outcome 
according to the time since the onset of symptoms and suggested four distinct tem-
poral groups [4]. The dissection is defined as acute if the interval between the first 
event and the diagnosis is 14  days and suggested subacute if this interval is 
15–90 days and chronic if the diagnosis is made >90 days. [Q1: B]

Another parameter that affects not only the management but also the outcome of 
acute type B dissections, though difficult to be identified, is the presence of complica-
tions. Thus, acute aortic dissections may further be classified as uncomplicated or com-
plicated. Approximately 25% of patients presenting with acute type B aortic dissection 
are considered complicated at admission by malperfusion syndrome or hemodynamic 
instability, constituting a high-risk subset for early death if untreated [5–7].

A complicated dissection refers to aortic rupture, visceral and renal ischemia, 
lower extremity ischemia, or even spinal cord ischemia. Expansion into the aortic 
arch or a proximal descending aortic diameter of ≥5.5 cm and attributed to a dissec-
tion is also considered a complicated dissection. Moreover, refractory hypertension 
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(hypertension persisting despite three different classes of antihypertensive therapy 
at maximal recommended or maximal tolerated doses) or recurrent pain (persis-
tency/return of discomfort after relief of the initially presented pain within 3 days) 
are also considered signs of instability of the intimal flap [4, 8].

Malperfusion syndrome from aortic branch obstruction is the most frequent com-
plication of a type B dissection and is associated with mortality rates ranging from 
43% to 50% [4]. The clinical presentation includes paraparesis or paraplegia, lower 
limb ischemia, abdominal pain, nausea, and/or diarrhea. Visceral artery malperfusion 
may be associated with an increase in laboratory markers (bilirubin, amylases, hepatic, 
and intestinal enzymes etc.). The mechanisms may involve a static narrowing of the 
vessel lumen by means of an aortic wall hematoma compromising the branch-vessel 
lumen or dynamic obstruction by the dissection flap prolapsing into the side branch 
orifice. [Q2: B, C] The CT- or MR-Angiography findings such as true lumen com-
pression, or an intimal flap inside the renal, celiac, or mesenteric arteries, carry a high 
suspicion of visceral malperfusion. Delay or absence of α nephrogramme during the 
late phase of contrast-enhanced CT scan, often accompanied by an increase in serum 
creatinine and/or refractory hypertension, indicates renal malperfusion [9, 10]. 
Furthermore, an increase in periaortic hematoma and hemorrhagic pleural effusion in 
two subsequent CT examinations have been suggested as findings of impending rup-
ture and might have particular relevance if associated with symptoms [10]. [Q1: B]

The initial therapy should begin with strict blood pressure control using intrave-
nous medications, and careful monitoring, including an arterial line. Heart rate con-
trol with the use of beta-blockade or calcium channel blockers should precede any 
vasodilatory agents in order to avoid reflex tachycardia, which can increase the 
stress on the aortic wall. The importance of the tight heart rate control is highlighted 
by an older study, which found that the heart rate below 60  bpm significantly 
decreased the rate of secondary adverse events (aortic expansion, recurrent aortic 
dissection, aortic rupture) compared to a conventional rate of >60 bpm. If this is not 
sufficient to reduce the systolic blood pressure below a target of at least 120 mmHg, 
addition of angiotensin-converting enzyme inhibitors and vasodilatory medications 
should be employed. The goal of reducing the cardiac output includes stabilizing 
the extent of the dissection, reducing the intimal flap mobility, relieving dynamic 
aortic branch obstruction, and decreasing the risk of rupture. Furthermore, serial 
laboratory examinations to evaluate renal function and bowel perfusion should be 
followed. If there are any signs of malperfusion in the early presentation, conversion 
to endovascular or operative intervention should be pursued.

Optimal treatment of a still uncomplicated aortic dissection within the 15–30 days 
from symptom onset time period remains uncertain. Data on the management of 
acute uncomplicated dissections are provided from a single randomized controlled 
trial (ADSORB Trial), which compared best medical therapy versus TEVAR in 
clearly uncomplicated acute type B dissections. This study found no early mortality 
among 31 patients randomized to best medical treatment and 30 patients assigned to 
TEVAR. However, a 10% treatment crossovers that occurred a few days after ran-
domization in the medical arm, was found. One-year data supported the higher effi-
cacy of TEVAR in allowing true lumen expansion and false lumen decrease [11].
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The same insufficient knowledge remains for the best treatment of patients pre-
senting with subacute type B aortic dissection. The INSTEAD trial attempted to 
provide an answer to this question by randomizing patients with uncomplicated 
type B aortic dissection between 2 and 52 weeks from onset into either medical 
therapy or thoracic endovascular aortic repair (TEVAR) therapy. Though the study 
was initially found to be underpowered, the all-cause mortality (11.1% vs. 19.3%; 
P = 0.13) appeared favorable for TEVAR versus best medical treatment, whereas 
the benefit of TEVAR was more obvious in terms of aorta-specific mortality (6.9% 
vs. 19.3%; P = 0.04), the and dissection progression (27.0% vs. 46.1%; P = 0.04) at 
5 years [12]. Additionally, aorta-specific 5-year mortality was significantly lower in 
the TEVAR group with 6.9% vs. 19.3% (P = 0.04) [13]. Summarizing the findings 
of both studies it appears that early TEVAR, in addition to optimal medical therapy, 
is associated with delayed disease progression resulting in improved long-term sur-
vival. In patients with connective tissue disorders, remodeling is less successful and 
endovascular strategies are discouraged [14, 15].

The management of acute complicated type B dissection represents a designated 
clinical challenge. Emergency treatment options include open surgical thoracic aor-
tic graft replacement, interventional or surgical flap fenestration and true lumen 
stenting or extra- anatomic surgical bypass, or coverage of the entry intimal tear by 
implantation of thoracic stent-grafts [2, 16, 17]. Traditionally patients with a com-
plicated acute type B aortic surgery were offered an open repair. However, a salvage 
open surgical repair has been associated with high morbidity and mortality because 
these patients are frequently in extremis [18, 19]. Endovascular coverage of the 
intimal entry tear was first used for patients with life-threatening complications of 
acute type B aortic dissection in 1996 and since then has gained a primary role for 
the treatment of these patients [17, 20, 21].

In particular, for patients with dynamic malperfusion caused by branch vessel 
occlusion of the true lumen by the pressurized false lumen, endovascular treatment 
aims to restore the antegrade flow within the true lumen and reduce the false lumen 
flow by stent graft coverage of the primary tear. On the other hand, both intimal flap 
excision and enlargement of re-entry site by balloon inflation in order to restore 
blood flow to malperfused organs may fail to eliminate the risk for aortic rupture or 
late lumen dilation. Additional distal bare-metal stenting of the visceral segment 
and/or iliacs may be required to reexpand the distal true lumen, and femoral–femo-
ral bypass may be required for long-segment unilateral iliac occlusion [22].

For patients with static malperfusion caused by propagation of the dissection into 
branch vessel ostia with distal vessel occlusion, coverage of the primary intimal tear 
and restoration of true lumen flow alone generally relieves the malperfusion syn-
drome [23]. Branch vessel stenting and/or surgical bypass may ultimately be 
required if endovascular expansion of the true lumen by coverage of the primary 
tear cannot be achieved. [Q3: A, B, C, D]

For patients with contained or frank rupture endovascular repair is more complex 
and requires sealing off of the primary tear as well as the site of the leak and fre-
quently necessitates coverage of the entire thoracic aorta when the site of the leak is 
unclear. [Q4: C]
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In a recent meta-analysis on the management of acute complicated Stanford B 
dissection the pooled rate for 30-day/in-hospital mortality was 7.3% after endovas-
cular repair. The pooled estimates for cerebrovascular events, spinal cord ischemia 
and total neurologic events were 3.9%, 3.1% and 7.3% respectively. Survival rates 
ranged from 62% to 100% after 1 year and from 61% to 87% after 5 years, whereas 
freedom from aortic events ranged from 45% to 77%. On the contrary, among 
patients who received open surgical repair the pooled rate for cerebrovascular events 
was 6.8%, for spinal cord ischemia 3.3% and for total neurologic complications 
9.8%. The pooled rate for 30-day/in-hospital mortality was 19.0%. Survival rates 
ranged from 74.1% to 86.0% after 1 year and from 44.0% to 82.6% after 5 years [17].

Moreover, as the endovascular coverage of the primary entry tear has gained 
popularity on the management of acute complicated dissection, the postoperative 
retrograde type A aortic dissection has been recognized as a new entity [24]. The 
overall incidence of retrograde type A aortic dissection is reported to range from 
1.3% to 24% whereas several anatomic and operative parameters (i.e. diameter of 
ascending aorta ≥40 mm, the presence of bovine arch, proximal landing zone 0–2, 
oversizing of the stentgraft ≥20%, or the presence of proximal uncovered metal 
spring on the stentgraft) have been suggested as potential predisposing factors [25]. 
Mortality of this entity, even if diagnosed during the index operation, has been 
reported to be as high as 42–57% [26, 27]. [Q4]

During the last decade, a novel endovascular concept for the management of the 
acute complicated aortic dissection was introduced. It includes the use of a dual- 
construct device, allowing entry tear exclusion with an endograft while providing 
intimal support to the remaining aorta with the use of an uncovered bare metal stent 
without obstruction of vital side branches [28]. The efficacy of this concept was 
investigated by a randomized trial single arm trial, the Study for the Treatment of 
complicated Type B Aortic Dissection using Endoluminal repair (STABLE), which 
found a 30-day mortality rate of 4.7% and a significant increase of the true lumen 
diameter in the descending thoracic aorta and the more distal abdominal aorta, 
along with a decrease in the false lumen diameter in both aortic segments within a 
2-year follow up [29, 30]. However, concerns remained about the difficulties on the 
management of late events (e.g. dilation) raised in the presence of a bare stent in the 
distal thoracic and abdominal aorta. [Q4]

In summary, although open surgery has been the main treatment for proximal 
aortic repair, the use of endovascular approach is now established for complicated 
distal dissection and distal arch repair. Moreover, it has recently been discussed as a 
pre-emptive measure to avoid late complications by inducing aortic remodeling. 
Accurate anatomic selection of candidates, a thorough knowledge of imaging meth-
ods, as well as a wide endovascular experience are, however, mandatory for achiev-
ing optimal results. Surgical aortic reconstruction or adjuvant surgical procedures, 
on the other hand, still has a significant role on the management of acute compli-
cated aortic dissection, since a pure endovascular approach is not always feasible. 
Therefore, the currently best management of patients with acute complicated dis-
section is provided by dedicated centers that provide surgical and interventional 
skills and offer lifelong surveillance.
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Popliteal Artery Aneurysms

Efthymios D. Avgerinos and Michel S. Makaroun

Question 1
The presence of a popliteal artery aneurysm is associated with a higher risk for:

 A. Contralateral popliteal artery aneurysm
 B. Infra-renal abdominal aortic aneurysm
 C. Other peripheral artery aneurysms
 D. All of the above

Question 2
Which of the following is the initial diagnostic test of choice for popliteal artery 
aneurysm?

 A. Magnetic resonance imaging
 B. Contrast arteriography
 C. Duplex ultrasonography
 D. Computed tomography angiography

9

 Case Report: 1
A 62-year-old male patient presented to the emergency department with a 
cool right foot. On examination, his femoral pulse was intact and a pulsatile 
mass was appreciated in the popliteal fossa. His right foot was cool but motor 
and sensory functions were intact. No pedal pulses were palpable and faint 
Doppler signals were audible.
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Duplex ultrasonography demonstrated giant bilateral popliteal artery aneurysms 
and a 4.5 cm infra-renal abdominal aortic aneurysm. A computed tomography (CT) 
angiogram was obtained to further evaluate the aortic aneurysm and both lower 
extremities were included (Fig. 9.1). The below knee popliteal artery was throm-
bosed but the tibial vessels were patent. An open repair was decided and as the 
aneurysm was confined at the knee area a posterior approach was used for access. 
The popliteal artery aneurysm was resected with the ipsilateral greater saphenous 
vein used as an interposition graft. Genicular branches were ligated from the inside 
of the aneurysm sac. The contralateral popliteal aneurysm was electively treated in 
a similar fashion a month later.

Question 3
Popliteal aneurysms can present with:

(Choose all that apply)

 A. Distal embolization
 B. Acute thrombosis
 C. Swelling from venous compression
 D. Asymptomatic

Fig. 9.1 Computed tomography angiogram demonstrating bilateral giant popliteal artery aneurysms
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Question 4
Emergency repair of popliteal artery aneurysms results in similar graft patency and 
limb preservation when compared to elective repair.

 A. True
 B. False

Fig. 9.2 Computed tomography angiogram demonstrating a 2.0 cm right popliteal artery aneu-
rysm that is partially thrombosed

 Case Report: 2
An 82-year-old female patient was referred for evaluation of a right blue second 
toe. She complained of a painful toe that had been blue for quite some time. On 
examination, her femoral pulse was intact with a prominent popliteal pulse on 
the right with thready pedal pulses bilaterally. A duplex ultrasound demon-
strated a 2.0 cm popliteal artery aneurysm with 3–4 cm of normal artery proxi-
mal and distal to the aneurysm. The left popliteal artery was normal in size 
without thrombus. A CT angiogram was obtained and confirmed a partially 
thrombosed 2.0 cm popliteal artery aneurysm (Fig. 9.2). The patient had a his-
tory of coronary disease and heart failure with a left ventricular ejection fraction 
of 25%. The right lower extremity angiogram shows the runoff (Fig. 9.3).
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Question 5
Which of the following are acceptable options in the treatment of a popliteal artery 
aneurysm? Choose all that apply.

 A. Thrombolysis followed by ligation and bypass of an acutely thrombosed 
aneurysm

 B. Resection and interposition vein graft of an aneurysm causing local compressive 
symptoms

 C. Endovascular stent graft of an aneurysm in a 78-year-old patient with severe 
lung and heart disease

 D. Thrombectomy alone of an acutely thrombosed aneurysm

Fig. 9.3 Diagnostic 
angiogram demonstrating 
two-vessel distal runoff
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This patient was at high risk for operative repair of the popliteal artery aneurysm 
and endovascular exclusion would offer her better peri-operative morbidity and 
mortality. The anatomy of her aneurysm was acceptable for endovascular repair 
with adequate landing zones proximal and distal to the aneurysm with good two- 
vessel runoff. A 6 mm (diameter) by 10  cm (long) VIABAHN stent graft (Gore 
Medical, Flagstaff, AZ) was placed in the popliteal artery to exclude the aneurysm. 
Completion angiogram demonstrated preserved runoff and no kinking of the stent 
graft with the knee bent (Fig. 9.4).

Fig. 9.4 Completion angiogram demonstrating no kinking with the knee bent and preserved 
runoff

 Case Report: 3
A 67-year-old male presented with sudden onset of right foot and calf numb-
ness with worsening pain and motor function. Patient was an avid marathon 
runner with unremarkable medical history. His foot was cool with no pedal 
Doppler signals, while the contralateral leg had palpable pulses throughout. A 
prominent popliteal pulse raised the suspicion of a popliteal aneurysm which 
was also confirmed with a CT angiogram. The aneurysm had thrombus that 
had embolized all distal tibial and peroneal vessels. Heparin drip was 
initiated.
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Question 6
What is the best treatment option of a popliteal aneurysm that presents with distal 
embolization and no runoff to the foot?

 A. Initiation of thrombolysis that will allow clearance of the distal vessels and, 
depending on the outcome and runoff anatomy, open or endovascular repair of 
the aneurysm

 B. Emergency popliteal and pedal thrombectomy, femoropopliteal bypass and 
aneurysm ligation

 C. Emergency endovascular repair of the aneurysm to prevent further 
embolization

 D. Emergency pedal thrombectomy, fem-pedal bypass and aneurysm ligation

The patient was taken to the operating room and a 5 cm infusion length multi-
sidehole catheter was placed at the distal popliteal artery and a 12  cm infusion 
microwire at the distal posterior tibial artery (Fig 9.5a–c). A tissue plasminogen 
activator 4 mg bolus was given and a drip was initiated 0.5 mg/h through the infu-
sion catheter and 0.5 mg/h through the infusion microwire. The patient had three 

a cb

Fig. 9.5 Diagnostic angiogram and initiation of thrombolysis. (a) Anterior tibial and peroneal 
arteries are occluded, posterior tibial artery occludes at its distal third, no pedal runoff. (b) 
Mutisidehole catheter placed in the popliteal artery for lytic infusion. (c) Infusion microwire 
placed in the distal posterior tibial artery
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more trips to the operating room for lysis checks and repositioning of the infusion 
microwire into the other tibial and peroneal vessels. The final result was a posterior 
tibial and a peroneal vessel runoff. The anterior tibial artery was patent to the level 
of the ankle but the dorsalis pedis remained thrombosed. This “near three” vessel 
runoff with good (>2 cm) proximal and landing zones was deemed appropriate for 
endovascular management of the popliteal aneurysm. Angiographic and CT scan 
measurement determined the landing zones to be at about 8.5 mm. A 10 mm in 
diameter 15 cm Viabahn (Gore Medical, Flagstaff, AZ) was deployed just above the 
takeoff of the anterior tibial artery (Fig. 9.6a–c).

 Popliteal Artery Aneurysm

Popliteal artery aneurysms are the most common (>70%) peripheral artery aneu-
rysms. The popliteal artery is considered aneurysmal at a diameter of 1.5 cm and 
complications usually occur once the aneurysm grows to 2  cm or greater. 
Atherosclerosis is the primary underlying pathology in the formation of most pop-
liteal artery aneurysms and they affect a predictable population, occurring most 
often in men in their 60s and 70s [1–4]. Rare causes of popliteal aneurysms include 
Behcet’s disease, Marfan syndrome, infection, popliteal entrapment and trauma. 
The presence of a popliteal artery aneurysm increases the risk for other aneurysms; 

a cb

Fig. 9.6 Post-lysis angiogram and stenting of the popliteal aneurysm. (a) Three vessel runoff has 
been restored. (b) Appropriate proximal and distal landing zones. (c) Stent-graft in place
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36–54% (~50%) are bilateral and 25–54% (~50%) occur synchronously with infra-
renal abdominal aortic aneuryms [1–6]. [Q1: D] Diagnosis of a popliteal artery 
aneurysm is suspected with the detection of a prominent pulse or pulsatile mass in 
the popliteal fossa on physical exam. This is confirmed with duplex ultrasonogra-
phy which can differentiate the aneurysmal segment from other masses in the pop-
liteal fossa and demonstrate mural thrombus. [Q2: C] Angiography can be an 
important adjunctive exam to determine distal run-off in preparation for surgical 
repair. Although a significant percentage of these aneurysms are diagnosed inciden-
tally, the majority (58–71%) of popliteal artery aneurysms are symptomatic at the 
time of diagnosis [1, 3, 5, 7]. Most common presentations are distal embolization or 
acute thrombosis, followed by compressive symptoms [6]. Compression of adjacent 
structures of the popliteal fossa can cause venous obstruction with swelling (deep 
venous thrombosis) and pain (compression of adjacent nerves). Rupture can occur 
rarely, in less than 5% of the presentations [1, 6]. [Q3: A, B, C, D] Distal emboliza-
tion can cause minor or major tissue loss but more importantly, it destroys distal 
run-off, decreasing patency of operative repair. Examination of the contralateral 
side and abdomen is always mandatory.

Indications for repair include size of 2 cm and greater, the presence of significant 
mural thrombus, distortion, compression of adjacent structures causing pain and/or 
venous obstruction and symptoms of embolization. Elective repair in asymptomatic 
patients results in excellent graft patency and limb preservation, 80% and 98% at 
5 years respectively. Conversely, repair in symptomatic patients has decreased graft 
patency and limb salvage rates, particularly in emergent repair for acute thrombosis 
and rarely rupture [1, 2, 7–9]. [Q4: B] Therefore, popliteal aneurysms are better 
repaired in the asymptomatic state once they reach 2 cm, or when associated with 
significant thrombus. Some advocate that asymptomatic popliteal aneurysms can be 
observed up to 3 cm if there is no significant mural thrombus or distortion, particu-
larly in higher risk patients [2]. Options for repair include open bypass with ligation 
using a medial approach, open aneurysmorrhaphy via a posterior approach or endo-
vascular stent grafting. Open repair is the gold standard in the treatment of popliteal 
artery aneurysm. The medial approach is most often utilized as it offers the best 
exposure of the distal superficial femoral artery, the trifurcation and the greater 
saphenous vein. The posterior approach is sometimes preferred in cases with lim-
ited extent of the disease especially when ligation of all branches of the aneurysm is 
necessary to relieve compressive symptoms. Endovascular repair of a popliteal 
artery aneurysm is a minimally invasive approach that has gained wide acceptance 
and preference after the introduction of kink resistant stent grafts. It is a good alter-
native to open repair in patients with suitable anatomy especially poor operative 
candidates. A recent comparative meta-analysis of approximately 5000 patients 
indicated that endovascular repair is associated with a lower wound complication 
rate and shorter length of hospital stay. This comes at the cost of an inferior primary, 
though similar secondary patency at 3 years [3]. A good runoff and suitable landing 
zones are important determinants of success. Contraindications to endovascular 
stent grafting for popliteal artery aneurysms include compressive symptoms and 
single-vessel run-off. An acutely thrombosed popliteal artery aneurysm often 
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presents as an acutely ischemic limb and requires emergent therapy. Systemic anti- 
coagulation should be initiated immediately and directed thrombolytics will 
improve distal run-off in preparation for open surgical or endovascular repair. [Q5: 
A, B, C] [Q6: A] If the ischemia is very advanced not allowing time for thromboly-
sis and there is no patent runoff vessel, emergent thrombectomy and a surgical 
bypass may be a better alternative, but the outcomes are anticipated to be poor.
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10Renal Artery Aneurysm

Lutz Reiher, Tomas Pfeiffer, and Wilhelm Sandmann

Question 1
Which of the following statements regarding renal artery aneurysm (RAA) is 
correct?

 A. It has a marked female preponderance.
 B. It is usually diagnosed during examination for flank pain.
 C. It may cause arterial hypertension.
 D. It typically leads to proteinuria by compression of the renal vein.
 E. It can cause haematuria in rare cases.

Case Report
A 45-year-old woman presented with a 10-year history of arterial hyperten-
sion. After initially successful conservative therapy with two antihypertensive 
drugs, arterial blood pressure was not controlled well during the last months. 
To exclude a renovascular origin of hypertension, an angiography was per-
formed, which showed fibrodysplastic disease of the right renal artery with 
several stenotic segments and aneurysms (Fig. 10.1).
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Question 2
Which statements about the aetiology of the RAA are true?

 A. The most frequent underlying diseases of RAA are aortic coarctation with con- 
comitant disease of the renal artery and renal artery dissection.

 B. Fibromuscular dysplasia of the renal artery may present with renal artery steno-
sis (RAS), RAA or both.

 C. Arteriosclerosis is a frequent cause of RAA.
 D. Some RAA present with inflammation of the arterial wall.
 E. The incidence of RAAs is increased in Ehlers–Danlos syndrome and Marfan’s 

syndrome.

Question 3
Which risks of the spontaneous course of the RAA should you explain to your 
patient?

 A. The RAA may rupture and lead to a life-threatening bleeding.
 B. The risk of rupture decreases during pregnancy and childbirth.
 C. Hypertension in RAA may be caused by concomitant stenosis of the renal artery 

or its branches.
 D. In cases of RAA and hypertension the angiography of the renal artery always 

shows an additional RAS.
 E. The RAA may be a source of embolisation leading to a loss of renal function.

Fig. 10.1 Selective intra-arterial renal artery angiography revealed renal artery aneurysm (RAA) 
combined with renal artery stenosis (RAS) due to fibromuscular dysplasia
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Question 4
Which of the following statements regarding the indication of renal artery repair 
(RAR) for RAA is correct?

 A. There is an indication for RAR only in cases of symptoms other than 
hypertension.

 B. There is no reason to perform RAR in women of childbearing age if there is no 
arterial hypertension.

 C. There is a good indication for RAR if a concomitant RAS is found.
 D. There is a good indication for RAR only if the RAA is larger than 5.5 cm.
 E. There is an indication for RAR in patients presenting with RAA and hyperten-

sion even if an additional RAS is not detectable.

For RAR, a midline abdominal incision was performed for direct access to the 
infrarenal aorta, where an end-to-side anastomosis was performed with a segment 
of the patient’s greater saphenous vein. After Kocher’s manoeuvre, the distal renal 
artery was transected and anastomosed to the saphenous vein, which had been 
placed on the renal hilus dorsal to the inferior vena cava. Good results were shown 
by postoperative angiography (Fig.  10.2). At re-examination 3  years after the 
operation, the patient had a normal blood pressure without antihypertensive 
medication.

Fig. 10.2 Postoperative angiography demonstrates a patent aortorenal venous graft
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Question 5
Which of the following statements regarding the management of RAA is correct?

 A. Replacement of the diseased renal artery by prosthetic graft is the RAR of first 
choice.

 B. Protection of the kidney against ischaemic injury is performed only during ex 
situ reconstruction of the renal artery.

 C. RAA exclusion and aortorenal vein graft interposition, or RAA resection and 
end-to-end anastomosis or aneurysmorrhaphy, are valuable methods for RAR.

 D. Ex situ repair of the renal artery may be needed in cases presenting with lesions 
of the distal branch arteries.

 E. Tailoring of RAA often leads to recurrent aneurysmatic dilation of the renal 
artery.

 Commentary

RAAs do not usually cause symptoms, and generally they are diagnosed acciden-
tally during work-up for hypertension, as in our patient. In rare cases, flank pain has 
been described as the initial symptom, which may be due either to the size of the 
RAA or to a renal artery dissection. Rupture of the aneurysm into the urinary tract 
will lead to haematuria. [Q1: A, C, E] The underlying disease is most frequently 
dysplasia of the arterial wall followed by arteriosclerosis. In our case, fibromuscular 
dysplasia was found to be the aetiology of the RAA. Rare causes of RAA may be 
atypical aortic coarctation with concomitant disease of the renal arteries, inflamma-
tion of the arterial wall, dissection or trauma, or disorders of the elastic and collagen 
fibres (i.e. Ehlers–Danlos syndrome or Marfan’s syndrome). [Q2: B, C, D, E]

RAA is found about twice as often in the right renal artery as in the left. Selective 
angiography often reveals concomitant RAS of mainstem and segmental arteries, and 
segmental arteries may also be aneurysmal. Concomitant renal artery dissection is rare.

Rupture of RAA, development or deterioration of arterial hypertension, and loss 
of renal function by thrombosis or embolisation, are impending spontaneous conse-
quences of RAA.

As with all arterial aneurysms, rupture is a possible complication of RAA. While 
Tham et al. [1] experienced no rupture of RAA in 69 patients who had been treated 
conservatively during a mean observation time of 4.3 years, Henriksson et al. [2] 
observed RAA rupture in four cases (10.2%), and at the time of rupture only a 
nephrectomy could be performed. There are several case reports about RAA rupture 
in pregnancy and childbirth [3–5], and one author found the probability of RAA 
rupture during pregnancy to be as high as 80% [6].

As high arterial blood pressure is in itself a risk factor for rupture of arterial 
aneurysms of any localisation, one can argue that hypertension per se is an indica-
tion to remove an RAA. Hypertension was found in 90% of all patients with rup-
tured RAA [7].
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The larger the diameter of the RAA, the more likely the danger of rupture seems 
to be, which can be explained by Laplace’s law. However, RAAs of any diameter 
can rupture. In one patient cohort [8], the smallest (1 cm) and the largest (16.5 cm) 
RAAs ruptured.

About 80% of patients with RAA have arterial hypertension [9, 10]. If RAA is 
accompanied by RAS on the same or the contralateral side, as in our patient, then it 
is reasonable to remove both, with the intention to improve hypertension and elimi-
nate the risk of rupture. However, an ipsilateral stenosis may be missed by angiog-
raphy due to overprojection of the aneurysm. Furthermore, aneurysmal disease 
includes not only dilation of vessels but also elongation, which might cause kinking 
with a relevant stenosis [11]. [Q3: A, C, E]

There is an absolute indication to remove RAAs in all patients with arterial 
hypertension with and without concomitant RAS and in women of childbearing age. 
[Q2: C] RAAs with a diameter greater than 2 cm should be removed, even if there 
is no hypertension. There are good long-term results for autologous RAR; therefore, 
there is a relative indication for operation in younger patients without hypertension 
and concomitant RAS with RAA of diameter of 1 cm or more. [Q4: C, E]

The most promising method of RAR is by autogenous reconstruction. Methods 
of RAR are replacement of the renal artery by the greater saphenous vein, resection 
of diseased sections and reanastomosis. The autoplastic reconstruction by tailoring 
(synonym: aneurysmorrhaphy) is another appropriate technique. Although the 
aneurysmatic wall is only resected partially, recurrent RAAs have not been observed. 
The in situ reconstruction is less traumatic, but ex situ repair of the renal artery may 
be necessary in cases in which not only the distal mainstem artery but also the seg-
mental arteries are involved. [Q5: C, D]

If arterial repair is restricted to renal arteries only, and if concomitant repair of 
the aorta is not necessary, then a postoperative mortality less than 1% can be 
expected. Postoperative morbidity is due to temporary kidney insufficiency, graft 
thrombosis, bleeding, thrombosis and pancreatitis. Affected kidneys can be pre-
served in more than 85% of cases. The number of patients who benefit from surgical 
therapy in terms of improvement of arterial hypertension varies considerably 
between authors, ranging from 5 to 50% and from 25 to 62%, respectively [12].
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11Anastomotic Aneurysms

Jonothan J. Earnshaw

Question 1
Which of the following statements regarding the etiology of anastomotic false aneu-
rysms are correct?

 A. Anastomotic false aneurysms occur in 3–5% of anastomoses to the femoral 
artery in the groin

 B. Forty per cent are found in the groin
 C. Primary degeneration of the arterial wall is an etiological factor

Case Report
A 70-year-old woman presented with bilateral pulsatile groin masses 
(Fig. 11.1). Six years ago, she had an elective aorto-bifemoral graft for a 6-cm 
abdominal aortic aneurysm involving both iliac arteries, from which she made 
a full recovery. She first found the larger, right-sided mass 4 months ago, and 
she had noted gradual enlargement since then. She had no symptoms of 
claudication or leg ischemia. Her past medical history included a myocardial 
infarction (MI) 18 months ago, but without limitation to her exercise tolerance. 
On examination, she appeared well. There was a well-healed midline 
laparotomy scar from the previous operation. Abdominal examination was 
unremarkable, and there were no bruits on auscultation. Two well-defined 
expansile masses were palpable in the middle third of the femoral scars, 
measuring approximately 2 cm on the left and 4 cm on the right. The masses 
were not tender. There was no evidence of compromise to the distal circulation, 
and all pulses were palpable. Duplex imaging identified anastomotic false 
aneurysms in both groins, measuring 1.8 cm on the left and 3.5 cm on the right.
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 D. Continued smoking is an etiological factor
 E. At reoperation, approximately one-third will be found to be infected with patho-

genic bacteria

Question 2
The patient wished to know the risks of leaving the aneurysm alone. Rank the 
potential complications of anastomotic aneurysms in order of frequency.

 A. Rupture
 B. Embolization
 C. Pressure symptoms
 D. Pain
 E. Secondary hemorrhage

Question 3
Which of the following non-operative treatments are also available?

 A. Embolization
 B. Ultrasound-guided compression
 C. Thrombin injection
 D. Intravascular stent graft

The larger of the two aneurysms was repaired surgically. The previous surgical 
incision was reopened and extended. A large false aneurysm was confirmed; the 
graft appeared to have become detached from the artery. There were no signs of 

Fig. 11.1 Female patient with bilateral anastomotic aneurysms from an aortobifemoral graft
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infection. The aneurysm was replaced by straight 8-mm gelatin-coated woven 
Dacron interposition graft (soaked in rifampicin solution 10 mg/mL) taken end to 
end from the old graft and sutured end to side over the common femoral bifurcation. 
The thrombus and old graft were sent for microbiology. The patient made a good 
postoperative recovery. All bacterial cultures were negative, so perioperative antibi-
otic prophylaxis was stopped after 48 h.

Question 4
Rank the following surgical procedures in order of value for the management of 
anastomotic aneurysm in the groin (least useful first):

 A. Resuture or local repair
 B. Ligation and bypass
 C. Prosthetic patch
 D. Vein patch
 E. Interposition graft

This patient at 2-year follow-up had no evidence of recurrence of the anasto-
motic aneurysm in her right groin. A follow-up ultrasound scan of her left groin 
revealed that the left anastomotic aneurysm remained 2 cm in maximum diameter.

Question 5
Which of the following statements are false.

 A. Surgery cures 50% of all anastomotic aneurysms.
 B. Surgery cures 90% of all anastomotic aneurysms.
 C. Surgery cures 50% of all recurrent anastomotic aneurysms.
 D. Surgery cures 90% of all recurrent anastomotic aneurysms.
 E. Long-term follow-up of retroperitoneal anastomotic aneurysms is not necessary.

 Commentary

The incidence of anastomotic aneurysms is increasing, due primarily to the increased 
frequency of prosthetic vascular reconstructions involving groin anastomosis. The 
overall incidence following vascular anastomoses is about 2%, but this increases to 
3–8% when the anastomosis involves the femoral artery [1–4]. Although they are 
most common after prosthetic bypass, anastomotic aneurysms occasionally occur 
after vein bypass, semi-closed endarterectomy, and open endarterectomy with a 
vein patch. Anastomotic aneurysms can occur anywhere, but they frequently develop 
near to a joint. About 80% occur at the groin [1], presumably due to movement- 
related strains. [Q1: A, C, D, E]

The etiology is summarized in Fig. 11.2; there are three primary factors and a 
number of secondary factors. One of the first documented causes was suture failure, 
when braided silk was employed for vascular anastomoses [5]. Since monofilament 
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sutures have been used, suture failure has become a less common factor, although 
occasionally reported disasters highlight the importance of careful suture handling 
to avoid cracking of the polypropylene [6].

Arterial degeneration is the most common primary factor. The disease process that 
mandated the bypass continues after its insertion [1, 7, 8]. Histologically, a chronic 
inflammatory response can be identified at an anastomosis [9]. Secondary factors are 
numerous and compound the process of arterial degeneration [10]. Poor technique, 
failing to suture all layers of the artery, use of Dacron, and the need for endarterec-
tomy all weaken the arterial graft complex [1]. Hypertension and high outflow resis-
tance may theoretically increase strains at the anastomosis, together with physical 
disruption from both hip motion and poststenotic dilation as the graft passes under the 
inguinal ligament [9]. These and other factors can cause compliance mismatch, which 
may also be a factor [8]. Anastomotic aneurysms can be caused by local infection. 
Infection with high-virulence bacteria, such as Staphylococcus aureus, usually pres-
ents early with clinical graft infection. Late anastomotic rupture is often caused by 
low-virulence organisms, such as Staphylococcus epidermidis. Up to 30% of anasto-
motic aneurysms can be shown to harbor pathogenic bacteria at reoperation [7]. This 
has implications for surgical repair (see below). [Q2: D, C, B, A, E]
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Arterial weakness

Endarterectomy
Poor suture technique
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Steroid therapy
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Dacron dilation

High outflow resistance
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Suture failure
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Fig. 11.2 Etiology of anastomotic aneurysms
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 Indications for Intervention

Treatment of anastomotic aneurysms is aimed at controlling symptoms or prevent-
ing the onset of complications. Symptoms of pain are associated with the enlarging 
mass or pressure on adjacent structures, such as the femoral nerve. Complications 
may be local or distal. The enlarging aneurysm may occlude the underlying vessel, 
causing distal ischaemia. Emboli associated with flow disruption may be propa-
gated distally. Aneurysm rupture represents the greatest worry but is relatively rare. 
Complications are related to aneurysm size. Therefore, conservative management 
may be undertaken if the aneurysm is small and easily accessible, and demonstrates 
no evidence of progressive enlargement or symptoms. Aneurysms less than 2 cm in 
diameter can be observed safely [1]. Above this size, the incidence of complications 
rises and intervention should be considered. However, the medical state of the 
patient may necessitate selected aneurysms larger than 2 cm being managed conser-
vatively by watchful waiting.

False aneurysms caused iatrogenically following direct arterial puncture must be 
differentiated from anastomotic aneurysms because their treatment differs substan-
tially. False aneurysms following sterile arterial puncture may be treated by arterial 
compression under duplex imaging [11]. More recently, injection of thrombin into 
these false aneurysms has been shown to be safe and effective, even in anticoagu-
lated patients [12]. This technique is not suitable for anastomotic aneurysms. Other 
radiological techniques may be used selectively for false aneurysms in inaccessible 
positions, such as the renal or subclavian arteries, where coil embolization may be 
used to occlude the feeding vessel [13]. Again, this is rarely suitable for anastomotic 
aneurysms. Occasionally, endovascular treatment with a covered stent can be 
employed across an anastomotic aneurysm to produce aneurysm sac thrombosis 
[14, 15] and to maintain normal distal flow. This technique is particularly valuable 
for intra-abdominal aortoiliac anastomotic aneurysms, where reoperation carries 
substantial risk. It is important that endovascular techniques are not used in situa-
tions where there is any risk that the false aneurysm is due to infection. The most 
common site for anastomotic aneurysm is the groin, where non-operative tech-
niques have not been found to be effective. The groin is also easily accessible for 
surgery, so direct operation is the usual intervention in this situation. [Q3: A, B, C, 
D] [Q4: A, C, D, E, B]

 Treatment for Anastomotic Aneurysms

Surgical repair should be undertaken in fit patients with large or symptomatic anas-
tomotic aneurysms. Local repair is usually possible in non-infected aneurysms, 
although graft replacement may be necessary. If infection is the cause of the aneu-
rysm, then more extensive repairs with ligation and remote bypass or replacement 
of the entire initial graft may be needed [16].

Anastomotic aneurysms usually occur in arteriopathic patients. Careful preopera-
tive planning is needed to make the patient as fit as possible. General anesthesia is 
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needed to allow adequate exposure, and the surgery is carried out under antibiotic and 
heparin cover. Once vascular control above and below the aneurysm has been obtained 
with minimal dissection, the aneurysm should be opened, along with the entire abnor-
mal artery. Occlusion balloon catheters are often helpful in obtaining vascular control 
in this situation. The false aneurysm is usually resected and the ends of the graft and 
artery freshened for reanastomosis. Interposition grafting is likely to be needed to 
ensure that the new anastomosis is created without tension. Autologous saphenous vein 
is the graft of choice, although often polytetrafluoroethylene (PTFE) or Dacron may be 
better for size matching. [Q5: A, C, E] Retroperitoneal anastomotic aneurysms present 
more of a challenge. Proximal aortic anastomotic aneurysms may require supracoeliac 
clamping or balloon occlusion catheters [17]. Aneurysms associated with the distal 
portion of an aortoiliac graft may present late and catastrophically, illustrating the 
potential importance of monitoring these grafts for a prolonged period [18]. As previ-
ously stated, and endovascular approach is used increasingly in this situation.

 Infection in Anastomotic Aneurysms

Some 80% of anastomotic aneurysms occur in the groin, and they have the highest 
incidence of infection as their primary cause; approximately 30% contain patho-
genic bacteria. A high level of clinical suspicion of infection must be maintained, 
and Gram staining of all clots and removed graft should be carried out as a matter 
of routine. Perioperative antibiotics should be continued until results are available 
(Fig. 11.3).

The diagnosis of infection is usually obvious if the graft is surrounded by pus. If 
the graft is frankly infected, it should be excised completely with an extra- 
anastomotic bypass to restore the distal circulation with prolonged, high-dose anti-
biotic cover. An obturator bypass may be used for an infected femoral false 
aneurysm, or a femoral crossover with saphenous vein. Aortic stump oversewing 
and axillobifemoral grafting can treat the (fortunately rare) infected aortic anasto-
motic aneurysm. Morbidity and mortality rates are high. Grafts with a more indo-
lent level of infection that becomes apparent only after microbiological investigation 
may be treated less radically. It is safest to assume that all femoral anastomotic 
aneurysms are contaminated. If prosthetic material is needed for repair, then mea-
sures used to reduce the chance of reinfection include the use of a rifampicin- soaked, 
gelatin-coated Dacron graft and gentamicin beads laid in close proximity. The rein-
fection rate after such procedures is 10% [19].

 Outcome

Outcome depends on the initial site of the aneurysm and any confounding factors 
[20]. As the most common site for anastomotic aneurysms, the femoral artery has 
one of the highest rates of successful outcome. About 90% of surgical procedures 
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are successful, and those that recur still have a 90% success rate from a second or 
subsequent operation. In comparison, anastomotic aneurysms that are intra- 
abdominal have a high complication rate when repaired surgically. A small anasto-
motic aneurysm in a superficial position can be monitored by ultrasound or by 
repeated examination by a clinician or the motivated patient. The success rate of 
operation at these sites is good [21]. Retroperitoneal aneurysms require long-term 
ultrasound follow-up. [Q6: F, T, F, T, F] If possible, minimally invasive techniques 
should be used for repair to avoid the high morbidity and mortality associated with 
surgery (providing infection is not present). In patients fit for surgery, excision and 
graft interposition has excellent long-term results.

a

b

Fig. 11.3 (a) This man presented with sudden pain in the right groin. A false aneurysm of a previ-
ous axillobifemoral graft was diagnosed on ultrasound imaging. Note the inflammatory nature of 
the lump suggesting infection. (b) At operation the hood of the graft had separated completely 
from the artery. There was no sign of sepsis, and all bacterial cultures were negative
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12False Aneurysm in the Groin Following 
Coronary Angioplasty

Steven S. Kang

Question 1
What test should be obtained at this time?

 A. Computed tomography scan with intravenous contrast
 B. Duplex ultrasound
 C. Magnetic resonance angiogram
 D. Contrast arteriogram

Case Report
A 70-year-old female with a history of hypertension developed chest pain and 
came to the Emergency Room. Her electrocardiogram showed ST segment 
elevation. The patient was administered aspirin, clopidogrel, and intravenous 
heparin. Within 60 min, she underwent coronary angiography, which showed 
a critical stenosis of the left anterior descending artery. The lesion was treated 
with angioplasty and stent placement. The right femoral artery sheath was left 
in place overnight, and heparin was continued. The following morning after 
stopping heparin, the sheath was removed and a FemoStop device was placed 
over the groin for 4 h. Heparin was then restarted.

The next day, the patient was without any chest pain, but she did have mild 
discomfort in the right groin. There was a large hematoma in the right groin. 
The overlying skin had ecchymosis. The femoral pulse was prominent, and 
popliteal and pedal pulses were normal. A systolic bruit was heard over the 
femoral artery.
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A false aneurysm was suspected and confirmed by duplex ultrasound examina-
tion. It was arising from the common femoral artery (CFA). The flow cavity mea-
sured 3 cm in diameter (Fig. 12.1).

Question 2
The incidence of postcatheterization false aneurysms in the groin is higher under 
which of the following situations?

 A. Puncture of the CFA instead of the superficial femoral artery (SFA)
 B. Use of larger sheaths
 C. Use of postprocedural anticoagulation
 D. Patients with hypertension
 E. Manual compression versus mechanical compression with a FemoStop after 

catheter removal

Question 3
Which of the following statements about postcatheterization false aneurysms is/are 
true?

 A. Urgent surgical repair is indicated
 B. This aneurysm is likely to undergo spontaneous thrombosis if observed
 C. Spontaneous thrombosis is less common in patients who are anticoagulated
 D. They may cause deep venous thrombosis

Heparin was discontinued and ultrasound-guided compression repair (UGCR) 
was attempted.

Fig. 12.1 Duplex ultrasound demonstrates a false aneurysm arising from the common femoral artery
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Question 4
Which are disadvantages of UGCR?

 A. Thrombosis of the underlying artery is a frequent complication
 B. Most patients find it painful
 C. It is less successful in patients who are anticoagulated
 D. Approximately 30% of successfully thrombosed false aneurysms recur

Due to patient discomfort, intravenous morphine and midazolam were adminis-
tered. After 60 min of compression, the false aneurysm still had flow. Vascular sur-
gery was consulted for ultrasound-guided thrombin injection.

Question 5
Which of the following statements regarding ultrasound-guided thrombin injection 
is/are true?

 A. It requires direct injection of thrombin into the neck of the false aneurysm
 B. It involves simultaneous compression of the false aneurysm
 C. It is less painful but less effective than UGCR
 D. It works well in anticoagulated patients
 E. It is appropriate only for femoral false aneurysms

Bovine thrombin solution (1000 units/mL) was loaded into a small syringe and a 
22-gauge spinal needle was attached. Under ultrasound guidance, the needle was 
placed into the center of the false aneurysm (Fig. 12.2) and 0.3 mL thrombin was 
injected slowly. Within 15  s, the false aneurysm was thrombosed completely 

Fig. 12.2 The tip of the needle is visible within the false aneurysm cavity
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(Fig. 12.3). The procedure was tolerated well. Flow in the underlying artery was 
preserved and pedal pulses were intact. As the patient was otherwise stable, she was 
discharged soon afterwards.

Question 6
What are the reported complications of thrombin injection?

 A. Anaphylaxis
 B. Intra-arterial thrombosis
 C. Prolonged urticaria
 D. Mad cow disease

 Commentary

A false aneurysm after catheterization is suspected when there is a hematoma, espe-
cially an enlarging one, at the puncture site hours or days after the procedure. There 
is often significant ecchymosis of the overlying skin. There may be a bruit, but a 
continuous bruit is usually associated with an arteriovenous fistula. There may be 
pain or neuralgia, and the site is often tender. A pulsatile mass is usually palpable, 
but a simple hematoma overlying the artery may give the same impression. Only a 
minority of false aneurysms are diagnosed unequivocally by physical examination. 
The diagnosis of a femoral false aneurysm has become very easy with duplex ultra-
sound. [Q1: B]

Fig. 12.3 The aneurysm is completely thrombosed 15 s after thrombin injection
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The incidence of postcatheterization femoral false aneurysms varies from less 
than 0.5% to more than 5% [1]. Some of the factors that increase the likelihood of 
false aneurysm formation include larger sheaths, longer procedure times, multiple 
catheter exchanges, and peri- and postprocedure anticoagulation. Puncture of the 
superficial femoral or deep femoral artery instead of the CFA is found to be associ-
ated with higher rates of false aneurysm formation. Direct manual compression 
after catheter removal is better than compression devices, such as the FemoStop or 
C-clamp. Patient characteristics that may increase the likelihood of false aneurysm 
formation include atherosclerosis of the punctured artery, obesity and hypertension. 
[Q2: B, C, D]

The potential complications of untreated false aneurysms are well known. 
Rupture is the most dramatic and life-threatening complication. Compression of 
surrounding tissues can cause pain, neuropathy, venous thrombosis, and necrosis of 
the overlying skin. Thrombosis of, or embolisation into, the femoral artery may 
occur. Infection of these false aneurysms is less common. Because of these potential 
outcomes, early surgical repair had been advocated in the past. However, in the 
1990s, several series showed that the majority of small false aneurysms will develop 
spontaneous thrombosis [2–4]. It is less likely to occur for larger false aneurysms or 
in patients who are on anticoagulants. [Q3: C, D] Thrombosis may occur within 
days, or it may take weeks. Once thrombosis occurs, the false aneurysm is then a 
simple hematoma that gets resorbed slowly over time. The defect in the artery heals 
uneventfully in most cases.

In 1991, Fellmeth et al. [5] described the method of UGCR of postcatheterization 
femoral false aneurysms and arteriovenous fistulas. The ultrasound transducer is 
used to apply downward pressure on the neck of the false aneurysm to arrest flow. 
Pressure is maintained until the blood in the aneurysm becomes thrombosed. After 
the introduction of UGCR, numerous reports were published verifying the efficacy 
and overall safety of this procedure [6–9]. The typical success rate was between 60 
and 90%. There were only a few published complications, including thrombosis of 
the underlying artery or the femoral vein from the compression, rupture during 
compression, rupture after successful compression, skin necrosis caused by pro-
longed pressure on the skin, and vasovagal reactions. Therefore, UGCR was shown 
to be a good alternative to surgical repair or observation, and most centers made it 
the initial treatment method.

There are several disadvantages to the procedure. It is time-consuming, requiring 
an average of 30–60 min of compression. In most hands, the results are significantly 
poorer for patients on anticoagulants [10]. The recurrence rate is about 4–11%, but 
it is as high as 20% for anticoagulated patients [6]. About 10% of patients cannot be 
treated with UGCR because they have false aneurysms that are not compressible or 
cannot be compressed without also collapsing the underlying artery, which would 
increase the chance of arterial thrombosis. For most patients, the compression is 
painful, and intravenous sedation or analgesia is often necessary. Some patients 
have required epidural or general anesthesia to allow compression. Applying com-
pression is also very uncomfortable for the operator. [Q4: B, C]

12 False Aneurysm in the Groin Following Coronary Angioplasty



132

Various endovascular treatments have been described for false aneurysms that 
have failed compression. They usually require catheterization of the feeding artery 
or false aneurysm from a remote access site. Embolisation coils can be used to 
occlude the neck or to fill the cavity of the false aneurysm [11, 12]. Stent grafts can 
be placed in the femoral artery to exclude the false aneurysm, but late occlusion of 
the grafts is not uncommon [13]. They certainly should not be the initial method of 
treatment. However, for false aneurysms arising from other, less easily accessible 
arteries, these techniques may have a role.

Because of the shortcomings of UGCR, we developed a new method of treating 
false aneurysms with ultrasound-guided thrombin injection [14, 15]. Thrombin 
causes the cleavage of fibrinogen into fibrin, which then polymerises into a solid. It 
is the final product of the coagulation cascade, and this reaction occurs naturally 
whenever blood clots. Thrombin has been used topically for many years to control 
surface bleeding in the operating room. Our technique is as follows: The ultrasound 
transducer is centered over the false aneurysm. Thrombin at a concentration of 
1000 U/mL is placed into a small syringe, and a 22G spinal needle is attached. The 
needle is inserted at an angle into the false aneurysm along the same plane as the 
transducer, and the tip is positioned near the center of the false aneurysm. About 
0.5 mL thrombin solution is injected slowly into the false aneurysm. Within sec-
onds, thrombosis of the false aneurysm is seen. The procedure is not painful, and 
patients do not require any analgesia or sedation. We allow patients to get out of bed 
immediately after treatment, and outpatients are sent home soon after the 
procedure.

So far, we have had great success with this procedure. We have treated 165 false 
aneurysms. Most (149) developed after groin puncture. There were also false aneu-
rysms in six brachial, three subclavian, two radial, two tibial, one distal SFA, and 
one superficial temporal arteries, and in one arm arteriovenous fistula. Forty-seven 
patients were anticoagulated at the time of thrombin injection. It was initially suc-
cessful in 161 of 165 patients. The other four (all femoral) had partial thrombosis. 
One of these had complete thrombosis 3 days later when brought back for repeat 
injection. Three had surgical repair. There were early recurrences in 12 patients who 
had initial successful thrombin injection. Seven were reinjected successfully at the 
time the recurrence was diagnosed. One had spontaneous thrombosis several days 
after recurrence was identified. Four had surgical repair. Overall, only 7 of 165 
required surgical repair. There were three complications. A brachial artery false 
aneurysm had injection of thrombin directly into its neck, which caused thrombosis 
of the brachial artery. A femoral false aneurysm had a relatively large volume of 
thrombin injected and developed a thombus in the posterior tibial artery. Both of 
these thromboses resolved after intravenous heparin. A femoral false aneurysm with 
a short neck that was about 10 mm wide had partial thrombosis of the aneurysm. 
Further injection was not able to thrombose the remaining cavity but instead caused 
a tail of thrombus to form in the SFA. The patient underwent surgical thrombectomy 
and repair of the aneurysm. [Q5: D]

Our results show that intra-arterial thrombosis after thrombin injection is uncom-
mon. The high concentration of thrombin results in almost immediate conversion of 
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the solution into a solid (thrombus) when it mixes with relatively stagnant blood. 
Since the neck of the false aneurysm is usually much narrower than the aneurysm 
cavity, the thrombus cannot enter the artery. As long as the volume of the thrombin 
injected does not approach or exceed the volume of the false aneurysm, which may 
result in forcing some of the solution out of the cavity, then the risk of native artery 
thrombosis should be small. It is likely to be higher when the neck is very wide. 
Other complications that have been reported include single cases of anaphylaxis 
[16] and prolonged urticaria [17]. [Q6: A, B, C] Repeated exposure to bovine 
thrombin can also lead to development of antibodies to bovine factor V, which may 
cross-react with autogenous factor V, causing hemorrhagic complications [18]. 
Recently available recombinant human thrombin should be similarly effective in 
treating false aneurysms with fewer immunologic complications [19].

Many others have also had good results with this procedure. In the largest series, 
the success rate is around 96% and the complication rate less than 2% (Table 12.1). 
Given its simplicity, efficacy, and safety, ultrasound-guided thrombin injection should 
be considered the initial treatment of choice for postcatheterization false aneurysms.
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13Acute Thrombosis

Zachary M. Arthurs and Vikram S. Kashyap

Question 1
Native arterial or graft thrombosis can be differentiated from embolic occlusion by 
the following:

 A. The presence of palpable pulses in the contralateral extremity
 B. A history of cardiac arrhythmias
 C. The location of the occlusion
 D. The degree of profound ischemia in the affected extremity
 E. All of the above

Case Report
A 72-year-old female presents with a 2-week history of abdominal/back pain 
and lower extremity fatigue. She was evaluated by her physician and diag-
nosed with lumbosacral neuritis. Initial treatment involved lumbar corticoste-
roid injections. Secondary to sudden onset lower extremity weakness she 
presented to the emergency department. Her past history included diabetes, 
hyperlipidemia, and obesity. In the past month, she had undergone heart cath-
eterization which was significant for multi-vessel coronary artery disease. She 
denied any prior surgeries. 

On examination, her pulse is 75  bpm, and blood pressure is 175/60. Heart 
sounds reveal a regular rhythm. The abdomen is soft and nontender. She has absent 
pulses and diminished strength in both lower extremities. Both feet are insensate. 
There are venous Doppler signals in the feet, but no arterial signals. Creatinine on 
arrival was 0.9 mg/dL, and white blood cell count was 23,000. Pre-operative CTA 
demonstrates infrarenal aortic occlusion with bilateral renal infarcts.
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Question 2
What is the SVS/ISCVS category of limb ischemia in this patient?

 A. Category I
 B. Category II a
 C. Category II b
 D. Category III

Question 3
What sign differentiates SVS/ISCVS Category IIa from IIb ischemia?

 A. Pulselessness
 B. Sensory loss
 C. Motor loss
 D. Loss of venous doppler signals

Question 4
In acute embolism, the sequence of events is:

 A. Pulselessness, pain, pallor, paresthesia, paralysis
 B. Paralysis, pain, paresthesia, pulselessness, pallor
 C. Pulselessness, pain, pallor, paralysis, paresthesia

The patient is taken to the endovascular suite, and based on the preoperative 
CTA, the left groin is accessed utilizing ultrasound guidance. An angiogram is 
performed from the sheath that reveals an occluded left iliac system with an iso-
lated common femoral artery. A glide wire is traversed through the iliac system 
into the aorta. After confirmation of position, an aortogram is performed 
(Fig. 13.1).

Question 5
Treatment options for this patient include which of the following:

 A. Aortobifemoral bypass
 B. Operative thrombo-embolectomy
 C. Extra-anatomic bypass
 D. Mechanical thrombectomy, thrombolysis and endovascular intervention
 E. Intravenous thrombolysis
 F. Anticoagulation with heparin and coumadin
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Question 6
After thrombolysis, long-term outcome is predicated on:

 A. Unmasking a “culprit lesion” that is treated via either endovascular or surgical 
means

 B. The dose of thrombolytic agent used
 C. The duration of thrombolysis
 D. The arterial outflow
 E. Assuring all acute thrombus is lysed

Fig. 13.1 Aortography via a left femoral approach documents infrarenal aortic and bilateral iliac 
occlusions
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This patient underwent lysis from the left groin with a 20 cm infusion catheter. 
Thrombolysis (TPA, tissue plasminogen activator, dose = 1 mg/h) was performed 
through a multi-side hole infusion catheter, and the following day, there was sig-
nificant resolution of thrombus in the aorta/left common iliac system (Fig. 13.2). A 
combination of a hydrophilic wire and catheter was used to cross occlusion in the 
right common iliac system and gain access to the native femoral system (Fig. 13.3). 
A second infusion catheter was placed through this occlusion, and thrombolytic 
therapy was continued. After another 24 h of therapy, the patient was returned to 
the endovascular suite. While there was significant improvement, there was still 
residual thrombus at the origin of the right hypogastric artery and right external 
iliac artery (Fig.  13.4). Thrombolytic therapy was continued another 24  h at 
0.5 mg/h TPA.

Fig. 13.2 After 24 h of 
thrombolysis, there was 
significant clot resolution 
throughout the aorta and 
common iliac segment. 
The left hypogastric artery 
is occluded
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Fig. 13.3 From the left groin, the right common iliac thrombus has been crossed, and angiogra-
phy confirms a patent external iliac and femoral system. A second 10-cm infusion catheter was 
positioned across this region

Fig. 13.4 After 48 h of thrombolysis, the right common iliac system was cleared of thrombus; 
however, there was still residual thrombus in the external iliac and hypogastric arteries. 
Thrombolysis was continued in attempt to clear the residual thrombus
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Question 7
During thrombolytic therapy for peripheral arterial occlusion, the most frequent 
complication is:

 A. Pulmonary failure
 B. Myocardial infarction
 C. Intracranial hemorrhage
 D. Vascular access bleeding

After 72 h of thrombolysis, there was still residual thrombus at the right hypo-
gastric artery and external iliac artery origins (Fig. 13.5). Because of concerns over 
pelvic ischemia and residual thrombus in the left hypogastric artery, efforts were 
made to preserve the right hypogastric artery. The right hypogastric artery occlusion 
lesion was traversed from the left groin; the right groin was accessed and a second 
wire was positioned across the right external iliac artery (Fig. 13.6). From this posi-
tion, opposing self-expanding stents were placed at the origins of both the external 
and internal iliac arteries restoring perfusion to the right lower extremity without 
embolization (Figs. 13.7 and 13.8).

The patient had palpable pedal pulses at completion of the procedure. In the 
postoperative period, a transesophageal echocardiogram documented cardiac 
thrombus as the source of aortoiliac embolization. She was discharged on 
anticoagulation.

Fig. 13.5 After 72 h of thrombolysis, the residual clot remained at the origins of the external iliac 
artery and hypogastric artery
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 Commentary

The etiology of acute limb ischemia can be classified into two groups. Thrombotic 
events occur in the setting of native arterial disease or bypass graft stenoses. In con-
trast, embolic phenomena usually occur in normal vessels and tend to lodge at arte-
rial bifurcations [1]. Thrombotic occlusions are thought to represent progression of 
atherosclerotic disease and occur at sites along the arterial tree and most notably the 
superficial femoral artery at the adductor canal. In comparison, autologous grafts 
fail at sites of intimal hyperplasia, or fibrotic valves. Due to preexisting collaterals, 
native arterial thrombosis seldom presents with the profound ischemia seen with 
embolic ischemia. The presence of palpable pulses on the contralateral limb and a 
history of cardiac arrhythmia assist in differentiating acute embolus as opposed to 
thrombotic occlusions [1].

Fig. 13.6 Access was obtained from the right groin, and a wire was positioned retrograde across 
the external iliac thrombus. From the left groin, the right hypogastric artery was selected
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[Q1: E] All of the factors listed can help in differentiating embolic versus throm-
botic occlusions. Often, a definitive diagnosis cannot be made preoperatively. 
However, identifying an embolic source for acute limb ischemia is helpful both for 
the acute and long-term management of the patient.

Clinical classification and diagnosis of acute occlusion of the lower extremity is 
based on the symptoms of the patient. The severity of symptoms is associated with 
the extent of the occlusion and the presence of pre-existing vessels. Patients with 
thrombotic occlusions from underlying disease of the SFA at the adductor canal 
may only experience worsening claudication while embolic events are usually asso-
ciated with rapid onset and severe ischemia because of the lack of preexisting col-
lateral flow. Limb ischemia has been classified into three categories by an SVS/
ISCVS ad hoc committee, based on severity of ischemia [2]. Category I limbs are 
viable, not immediately threatened and have no motor or sensory loss. There are 
clearly audible arterial Doppler signals in the foot. Category II includes threatened 
limbs where salvage may be possible with timely intervention. Importantly, this 

Fig. 13.7 Two self- expanding stents 
were deployed in an “opposing fashion” 
in order to maintain patency of both the 
external iliac and hypogastric arteries. 
The right hypogastric artery was treated 
because of concerns for pelvic ischemia 
and possible residual left hypogastric 
thrombus
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category is divided into two subgroups, a and b which distinguish the time interval 
necessary for treatment. Group IIa require prompt treatment whereas Group IIb 
need immediate therapy to prevent amputation. In Group II, audible venous Doppler 
signals are present, but there is no arterial signal in the foot. Group IIa patients have 
minimal sensory loss and have no motor loss. However, patients with Group IIb 
ischemia, have muscle weakness, and sensory loss encompasses more than the toes. 
Category III is characterized by irreversible ischemia with profound and permanent 
neuromuscular damage where amputation may be the only recourse.

[Q2: C] This patient has Category IIb limb ischemia characterized by lack of 
distal arterial signals in the foot, sensory loss, and motor weakness. [Q3: C] Motor 
loss separates Category IIa from IIb ischemia and determines the urgency on which 
to proceed to revascularization.

Fig. 13.8 Completion imaging documents rapid flow through the aortoiliac system without any 
residual thrombus. Bilateral lower extremity runoff documented good runoff without 
embolization
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The sequence of clinical events in patients with lower extremity ischemia is often 
predictable. [Q4: A] Most patients with acute ischemia, especially from of an 
embolic nature, will have pulselessness followed by pain and pallor. Paresthesia 
indicates sensory nerve ischemia and occurs usually from 1 to 3 h after the onset of 
acute ischemia. Paralysis indicates motor nerve damage that is often irreversible. In 
the setting of acute ischemia without collateral flow, paralysis occurs approximately 
6 h after the onset of ischemia [3]. Any motor dysfunction should be seen as a wor-
risome sign and should prompt urgent intervention. Poikilothermia indicates that 
the foot or limb has approximated ambient temperature. In these irreversible cases 
(Category III), amputation may be the only option and often has to be done quickly 
to avoid systemic complications.

Both the diagnosis and localization of acute arterial occlusion is based upon the 
findings on physical exam and imaging studies. A “waterhammer” pulse signifies 
outflow obstruction, as observed with a common femoral embolus. By contrast, 
calcified vessels are common with thrombosis from underlying atherosclerotic dis-
ease. Multiple options are available for localization of the occlusion. Noninvasive 
testing with segmental pressures, pulse volume recording and measurement of the 
ankle brachial indices can provide a baseline study for comparison after treatment. 
Both vertical and horizontal pressure gradients of 30 mmHg or more in the lower 
extremity can accurately identify the site of occlusion. Duplex ultrasonography can 
also be utilized to examine the femoral and popliteal vessels and localize area of 
occlusion. Other causes such as thrombosed popliteal aneurysm can be easily diag-
nosed in this manner. MRA and CTA are emerging as noninvasive techniques for 
arteriographic imaging and localization of thrombosis. However, angiography 
remains the gold standard for localization of arterial occlusion. As importantly, 
angiography allows percutaneous access to the site of thrombosis and an array of 
treatment options for restoring blood flow to the limb.

Treatment for limb ischemia has evolved over the past two decades with advances 
in both pharmacologic therapy and endovascular options. [Q5: B, C, D] In patients 
with acute limb ischemia secondary to iliac occlusion, operative thrombectomy of 
the occluded iliac system may be feasible. In the setting of profound ischemia and 
a diseased iliac artery precluding successful thrombectomy, extra-anatomic bypass 
can be performed to provide expeditious blood flow into the ischemic limb. In these 
cases, either femoral-femoral bypass or axillo-femoral bypass can be contemplated 
depending on the inflow source. Aortofemoral bypass is a very durable option for 
patients with chronic occlusion and chronic ischemia of the limb. However, in 
patients with acute ischemia ill-prepared for major surgery, proceeding with direct 
reconstruction with the aorta as the inflow is sometimes hazardous. Multiple endo-
vascular devices are available in the setting of acute thrombosis. Percutaneous 
mechanical thrombectomy with thrombolysis either via the power-pulse technique 
or via a standard infusion often quickly resolves the acute ischemia. Continued 
thrombolytic infusion is required for complete resolution of thrombus. Often, a 
“culprit” lesion will be unmasked by dissolving all of the acute thrombus, allowing 
percutaneous treatment of the offending lesion. Systemic thrombolytic therapy has 
been used to treat peripheral arterial occlusions, but results have been disappointing 
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owing to a significant incidence of bleeding complications. Currently, systemic 
therapy is usually used for venous thromboembolic states. Regional intravascular 
infusion of the lytic agent avoids some of the systemic complications and is largely 
used for peripheral arterial thromboses and graft occlusions. Because a systemic 
lytic state may occur with prolonged regional intravascular thrombolytic therapy, 
patient selection is critical. Absolute contraindications include active internal bleed-
ing, recent surgery or trauma to the area to be perfused, recent cerebrovascular 
accident, or documented left heart thrombus [3]. Relative contraindications include 
recent surgery, gastrointestinal bleeding or trauma, severe hypertension, mitral 
valve disease, endocarditis, hemostatic defects, or pregnancy.

[Q6: A, D, E] Several multicenter trials have examined groups of patients treated 
with surgical therapy or thrombolysis. The Rochester trial randomized patients to 
surgery or thrombolysis and demonstrated a lower mortality in the thrombolysis 
group [4]. Following successful thrombolysis, unmasked “culprit lesions” were 
treated with angioplasty or surgery of a lesser magnitude, thereby reducing the 
severity of the intervention and overall morbidity. The finding of a lesion that pre-
cipitated the thrombosis is critical to avoiding re-thrombosis. The STILE trial 
(Surgery vs. Thrombolysis for Ischemia of the Lower Extremity) compared optimal 
surgical therapy to intraarterial catheter-directed thrombolysis for native arterial or 
bypass graft occlusions [5, 6]. Stratification by duration of ischemic symptoms 
revealed that patients with ischemia of less than 14 days duration had lower amputa-
tion rates with thrombolysis and shorter hospital stays, while patients with ischemia 
for longer than 14 days who were treated surgically had less ongoing or recurrent 
ischemia and trends toward lower morbidity. At 6 months, amputation-free survival 
was improved in patients with acute ischemia treated with thrombolysis, but patients 
with chronic ischemia had lower amputation rates when treated surgically. Fifty- 
five percent of patients treated with thrombolysis had a reduction in magnitude of 
their surgical procedure. Of note, no difference was seen between the use of rt.-PA 
and urokinase [5].

A multicenter, randomized, prospective trial comparing thrombolysis to surgery 
for acute lower extremity ischemia of less than 14  days duration has been per-
formed. The Thrombolysis or Peripheral Arterial Surgery trial (TOPAS) random-
ized 757 patients to surgery or thrombolytic therapy [7]. The most effective dose for 
recombinant urokinase was determined to be 4000 U/min with complete thromboly-
sis in 71% (mean duration of therapy 24 ± 0.8 h) of patients. After successful throm-
bolytic therapy, either surgical or endovascular intervention was performed on the 
lesion responsible for the occlusion if found. When compared to the surgical arm, 
the 1-year limb salvage rates and mortality were not statistically different. However, 
although no statistical differences between the two groups were seen with respect to 
amputation-free survival, thrombolysis was associated with a reduction in the num-
ber and magnitude of open surgical interventions over a 1-year follow up period.

Perhaps, unlike thrombolysis in coronary or venous systems, dissolution of the 
larger peripheral arterial thrombi requires direct infusion of thrombolytic agent into 
the clot. The thrombosed artery or bypass graft must be accessed with a wire, fol-
lowed by placement of an infusion system into the thrombus. There are multiple 
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dosing regimens for urokinase (UK), t-PA and other thrombolytic agents. A plethora 
of strategies for thrombolysis have been used and are described in a consensus doc-
ument [8]. In this comprehensive review, 33 recommendations were made by a 
panel of experienced hematologists, radiologists, and vascular surgeons from North 
America and Europe. Of note, over 40 dosage schemes were reviewed and described 
for thrombolytic infusion. This included strategies of continuous versus stepwise 
infusion, bolusing or lacing the clot, and intraoperative thrombolysis. The most 
popular strategies included using UK 4000 μm/min for 4 h, and then decreasing to 
2000 μm/min for a maximum of 48 h, t-PA at a dose of 1 mg/h and lacing the clot 
to increase thrombolytic efficiency. Our preferred current technique is to use low- 
dose t-PA (0.5–1.0  mg/h) after initial percutaneous mechanical thrombectomy. 
Low-dose heparin (300–400 μm/h) is infused via the arterial sheath side arm to 
prevent pericatheter thrombosis, but full anticoagulation is avoided.

Following successful thrombolysis, any unmasked lesion can be addressed with 
balloon angioplasty and stenting or with an open surgical procedure. Even when a 
surgical procedure is necessary, it can usually be performed electively, in a well- 
prepared patient and is often of a lesser magnitude than what would have been 
required without thrombolysis. Thrombolytic therapy is an effective option for 
selected patients with acute thrombotic occlusion.

[Q7: D] Both pulmonary failure and myocardial infarction are more common 
with surgical revascularization and relatively infrequent complications in patients 
treated with thrombolytic therapy. Bleeding complications are the most frequent 
complications associated with thrombolytic therapy, and these are typically related 
to access bleeding that requires transfusion. The access-related bleeding rates 
ranged from 7 to 12.5% in the Rochester, STILE, and TOPAS trials compared to 
intracranial hemorrhage rates ranging from 0.5 to 2.5%. STILE found low fibrino-
gen levels to be associated with bleeding complications, while TOPAS found thera-
peutic heparin to increase the risk of complications. It is important to note that these 
trials limited therapy to 24–48 h for fear of bleeding complications. Bleeding, unex-
plained drop in hemoglobin, neurological changes, or fibrinogen levels falling 
below 100 mg/dL usually require cessation of thrombolytic therapy. The patient in 
this case represents an aggressive approach to extensive clot burden throughout the 
aortoiliac segment. In this example, therapy was extended to 72 h, longer than our 
usual arterial thrombolytic case, in order to fully dissolve all of the thrombus.
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14Arterial Embolism

Andre Nevelsteen

Question 1
What is the aetiology of arterial embolism?

 A. The aetiology of arterial embolism is most frequently unknown.
 B. The most frequent cause of arterial embolism is cardiac valve destruction by 

rheumatic heart disease or endocarditis.
 C. The most frequent cause of arterial embolism is atrial fibrillation in association 

with atherosclerotic heart disease.
 D. Deep venous thrombosis might represent a rare cause of arterial embolism.
 E. Arterial embolism is most frequently seen in the presence of increased blood 

viscosity.

Andre Nevelsteen was deceased at the time of publication.

Case Report
A 65-year-old man presented with acute severe pain in his right leg. Medical history 
revealed non-insulin-dependent diabetes mellitus for 3  years and a myocardial 
infarction (MI) some 5 years ago. The pain in the right leg developed suddenly over 
6 h without associated trauma and became worse over time. On admission, the right 
leg looked pale distally from the level of the knee. There was loss of light touch 
sensation on examination of the foot. The patient had difficulties in wiggling the 
toes. Plantarflexion and dorsiflexion of the toes were still possible. Palpation of the 
calf showed soft but tender muscles. Clinical examination of the abdomen showed 
no abnormalities. There was no pulsating mass. Irregular but bounding pulsations 
were felt in the right femoral artery. Popliteal artery and tibial artery pulsations were 
absent. Normal pulsations were felt in the left popliteal and posterior tibial artery.
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With the diagnosis of acute arterial ischaemia in mind, a full dose of intravenous 
heparin was administered immediately.

Question 2
What is the place of heparin in the treatment of arterial embolism?

 A. Heparin can dissolve an arterial embolus, avoiding the need for subsequent operation.
 B. Heparin will avoid subsequent arterial thrombosis, which can complicate treat-

ment of arterial embolism.
 C. Heparin will avoid subsequent arterial thrombosis, which can complicate treat-

ment of arterial embolism. In addition, heparin will prevent recurrent emboli.
 D. The use of heparin is contraindicated since it may lead to fragmentation of an 

arterial embolism and induce microembolisation in the peripheral arteries.

A chest film X-ray showed no abnormalities. Electrocardiogram (ECG) revealed 
atrial fibrillation and signs of an old MI. Laboratory studies were normal. Duplex 
examination showed a thrombotic occlusion of the right femoral bifurcation and the 
superficial femoral artery. A weak flow sign was present in the popliteal artery. The 
tibial arteries were not visualised.

Question 3
The preferred treatment of arterial embolism is:

 A. Local excision of the vessel and reconstruction with interposition graft.
 B. Continued heparinisation and wait and see.
 C. Simple Fogarty catheter embolectomy with peroperative angiographic control.
 D. Simple Fogarty catheter embolectomy, but percutaneous aspiration thromboem-

bolectomy might be a good alternative in selected cases.

After placement of a central venous catheter, the patient was taken to the operat-
ing theatre and the right femoral bifurcation was exposed under local anaesthesia. A 
transverse arteriotomy confirmed complete thrombotic occlusion of the femoral 
bifurcation. There was good inflow. Thrombi were removed from the femoral bifur-
cation, and pulsatile backflow was obtained from the profunda femoris artery.

Multiple thrombi were removed from the superficial femoral artery and the popli-
teal artery after several passages of Fogarty embolectomy catheters numbers 3 and 4. 
Intraoperative angiography showed good patency of the superficial, popliteal and pero-
neal arteries. The anterior tibial artery was completely occluded. The posterior tibial 
was patent in its first portion but occluded distally. A small catheter was inserted into 
the popliteal artery, and 350,000 units of urokinase were infused as a dripping infusion 
over 30 min. Repeated angiography showed further clearance of the posterior tibial 
artery to the level of the ankle joint. The anterior tibial artery was still occluded. It was 
decided to accept the situation. The arteries were flushed with a diluted heparinised 
saline solution, and the transverse arteriotomy was closed with the aid of a Dacron 
patch. Sodium bicarbonate was administered intravenously before reperfusion.
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Question 4
Reperfusion syndrome after arterial embolectomy:

 A. Will never be seen after peripheral but only after aortic embolism.
 B. Cannot be prevented medically.
 C. Will be prevented by early ambulation.
 D. Is induced by metabolic acidosis and myoglobinuria.

Postoperatively, the foot was well vascularised and the patient was able to wiggle 
his toes almost normally. Pulsations were felt in the posterior tibial artery. 
Intravenous heparin was continued. Brisk diuresis was maintained with mannitol 
and alkalisation of the urine. Repeated laboratory studies showed no evidence of 
acidosis or hyperkalaemia.

Question 5
Fasciotomy:

 A. Has become obsolete and swelling of the limb should be treated by elevation 
and bed rest.

 B. Is best routinely performed in any patient, treated for arterial embolism of the 
lower limbs.

 C. The indication to fasciotomy needs to be based on objective parameters such as 
the presence of reperfusion syndrome and postoperative compartmental pres-
sure measurements.

 D. In daily practice, the indication for fasciotomy is most frequently based on indi-
vidual preference and clinical feeling.

Six hours postoperatively, the patient developed significant limb swelling with 
augmentation of pain, venous hypertension and sensory impairment of the foot. A 
perifibular fasciotomy to decompress all four compartments was performed under 
general anaesthesia. Afterwards, the swelling subsided and the fasciotomy wound 
was closed in a delayed primary fashion after 1 week.

Question 6
With the pre- and peroperative diagnosis in mind:

 A. The patient should be placed under antiplatelet therapy postoperatively in order 
to prevent another episode of embolism.

 B. Heparin and oral anticoagulants remain the treatment of choice during the post-
operative period.

 C. Subsequent investigation with regard to the source of the embolus is not neces-
sary, because this will not change the medical treatment.

 D. Postoperative investigation with regard to the source of embolism can be 
limited to cardiac examinations such as echocardiography and Holter 
monitoring.
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Abdominal ultrasound performed postoperatively showed atheromatosis of the 
abdominal aorta but no aneurysmal dilatation. Transthoracic and transoesophageal 
echocardiography revealed no ventricular aneurysm or intracardiac thrombi. Holter 
monitoring for 24 h confirmed atrial fibrillation. Pathological examination of the 
retrieved emboli was compatible with ordinary thrombotic material. Cultures were 
negative. The problem of atrial fibrillation was handled medically. Oral anticoagula-
tion was initiated, and the patient was discharged after 10 days. Six months later, 
there were no repeat episodes of acute ischaemia.

 Commentary

Acute ischaemia due to arterial embolism represents a limb-threatening event. 
Although the carotid or intracranial vessels may be involved in a minority of the 
cases, the upper or lower extremities are involved in 70–80% in most series of arte-
rial embolisation [1]. The lower extremity is involved five times as frequently as the 
upper extremity, and the sites of embolic occlusion are most often related to major 
arterial bifurcations. The common femoral bifurcation is the most frequent site of 
embolic occlusion, usually noted in 30–50% of all cases [2]. In total, the femoral 
and popliteal arteries are involved more than twice as often as the aorta.

The heart is by far the predominant source of arterial emboli, seen in 80–90% of 
cases [3]. Atrial fibrillation is present in approximately 70% of patients. Previously, 
it was most frequently the reflection of rheumatic heart disease. Since the incidence 
of rheumatic heart disease has declined steadily over the last 50 years, atrial fibril-
lation is now associated most frequently with atherosclerotic heart disease.

MI is the second common cause of peripheral embolisation. Left ventricular 
mural thrombus occurs in 30% of acute transmural infarcts. Clinically evident 
embolism is seen in only 5% of these patients [4]. One should be aware, however, 
that silent MI may be present in up to 10% of patients with peripheral emboli, and 
that embolisation may be the presenting symptom of an acute infarction. Apart from 
the acute period, MI may also cause emboli after longer intervals. This is usually 
due to areas of hypokinesis or ventricular aneurysm formation. Although most 
emboli occur within 6 weeks of MI, much longer intervals may be noted.

Other cardiac diseases are associated less frequently with peripheral emboli. 
Thromboemboli can, however, arise from prosthetic cardiac valves or from vegeta-
tions on the mitral or aortic valve leaflets. Endocarditis should certainly be ruled 
out. Finally, intracardiac tumours, such as atrial myxoma, may also give rise to 
clinically evident embolic events.

Non-cardiac sources of peripheral emboli are noted less frequently. Major emboli 
may arise from aneurysms of the aorta or less frequently from the femoropopliteal 
vessels [5]. With upper-extremity emboli, one should be aware of unsuspected tho-
racic outlet syndrome and aneurysmal deformation of the subclavian artery. 
Paradoxical emboli might be seen with deep venous thrombosis in association with 
a patent foramen ovale. Primary or secondary lung tumours might invade the pul-
monary veins, causing tumour emboli. Finally, apart from rare causes such as for-
eign body embolisation, it should be recognised that the source of embolisation will 
remain inapparent in some 10% of patients [2].[Q1: C, D]
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The diagnosis of acute ischaemia caused by arterial embolism is usually straight- 
forward. The most typical signs are characterised by the “five Ps”: pulselessness, pain, 
pallor, paraesthesia and paralysis. The level of occlusion is determined by the pres-
ence or absence of palpable pulses. Once the diagnosis of acute arterial ischaemia has 
been made, 5000 units of heparin are administered intravenously. This is not meant as 
effective treatment but it prevents the propagation and fragmentation of the thrombus. 
Concomitant venous thrombosis, which can occur with prolonged severe arterial isch-
aemia, might also be avoided. Heparin administration allows time for diagnosis, eval-
uation and, if necessary, treatment of cardiac disturbances. [Q2: B]

Fogarty catheter embolectomy remains the treatment of choice in most patients 
with peripheral embolisation [6]. The procedure is usually carried out under local 
anaesthesia and is effective in cases of major emboli. All retrieved emboli should be 
sent for pathological and microbiological examination. The operative result should 
be checked by intraoperative fluoroscopy or angioscopy. Remaining thrombi in the 
distal vessels can be approached directly or by intraoperative thrombolysis [7]. 
Thrombolytic therapy or percutaneous aspiration thromboembolectomy (Fig. 14.1) 

a b

Fig. 14.1 (a) Embolic occlusion of the left popliteal artery; treatment consisted of percutaneous 
aspiration thromboembolectomy. (b) Normal patency of the popliteal, anterior tibial and peroneal 
arteries

14 Arterial Embolism



156

may be used as alternatives to Fogarty catheter embolectomy in selected cases with 
no motor dysfunction or profound sensory loss [8, 9]. [Q3: C, D]

All patients undergoing revascularisation of an acutely ischaemic limb are at risk 
of ischaemia reperfusion syndrome. This was first emphasised by Haimovici [10], 
described under its most grave form as the myonephropathic-metabolic syndrome. 
This reperfusion syndrome is the consequence of muscular hypoxia and the associ-
ated metabolic changes. A prolonged period of ischaemia results in accumulation of 
potassium, lactic acid, myoglobin and other cellular enzymes, leading to a signifi-
cant fall in blood pH due to anaerobic metabolism, paralysis of the sodium potas-
sium cellular pump and rhabdomyolysis [11]. Acute washout of these products may 
lead to hyperkalaemia and metabolic acidosis, resulting in myocardial depression or 
dysrhythmias. Myoglobin and other products of skeletal muscle breakdown can pre-
cipitate within the kidney and result in acute renal failure. Myoglobinuria is the first 
sign. [Q4: D] These problems should be anticipated with bicarbonate and/or cal-
cium intravenously just before reperfusion. Induction of forced diuresis with man-
nitol and alkalisation of the urine might avoid acute renal failure. In addition, 
mannitol also acts as a scavenger of oxygen-derived free radicals, which are an 
important intermediary in ischaemia reperfusion injury [12, 13]. It is clear, there-
fore, that the patient should be monitored carefully postoperatively with regard to 
electrolyte changes, development of metabolic acidosis and urinary output.

Another problem following revascularisation of an acute ischaemic limb might 
be significant limb swelling. This may result in secondary muscle or nerve injury, 
venous compression, further oedema and compartment syndrome, leading to arte-
rial compression and secondary ischaemia. To avoid this, the surgeon might prefer 
to perform a fasciotomy in conjunction with the embolectomy procedure [14]. 
Alternatively, the extremity can be assessed immediately and at regular intervals 
postoperatively for evolving compartment syndrome. As described in different text-
books, there are several ways of performing an adequate fasciotomy. The most 
important point here is that all four compartments should be decompressed.

Although concomitant fasciotomy can be preferable in some cases of prolonged 
acute ischaemia, the more conservative approach might avoid unnecessary fasciot-
omy and unaesthetic scars. Since a Fogarty catheter embolectomy can easily be 
carried out under local anaesthesia, this wait-and-see approach eliminates the need 
for systematic general anaesthesia, particularly for patients in a poor general condi-
tion [15].

Despite the fact that the value of postoperative compartmental pressure measure-
ments has been documented by several teams [16, 17], the decision regarding sub-
sequent fasciotomy is most frequently based upon individual preferences and prior 
clinical experience. [Q5: D]

Every effort should be made in the postoperative period to minimise the inci-
dence of recurrent emboli. The patient should be treated with heparin or oral antico-
agulants until the source of the embolus has been taken care of. [Q6: B] If extensive 
investigation fails to show any correctable source, then long-term anti-coagulation 
is indicated, except in the case of major contraindications.
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15Blast Injury to the Lower Limb

Paul H.B. Blair, Adrian K. Neil, and Christopher T. Andrews

Question 1
The priorities for the care of this patient include:

 A. Secure an airway, commence oxygen therapy and obtain adequate intravenous (IV) 
access.

 B. Complete a full survey of the patient before transferring for further management.
 C. Wait for blood result before deciding on transfer out of the emergency room.

Case Report
A 40-year-old male was admitted to the emergency room approximately 1.5 h 
after sustaining a blast injury to both lower limbs. He had been resuscitated at 
his local accident and emergency department prior to transfer. On arrival, his 
pulse was 120 bpm and his blood pressure 80/40 mmHg.

Examination revealed that the patient had sustained significant blast injuries 
to both lower limbs with no obvious torso injuries. The left leg had sustained 
neurovascular damage above and below the knee with concomitant bone and 
soft tissue injury; there was no tissue perfusion below the knee. On the right side 
there was a large wound in the thigh extending anteriorly to the knee joint with 
profuse bleeding; bony fragments could be seen in the wound and the right foot 
was pale with no palpable pulses and slight reduction in sensation.
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 D. Transfer the patient to theatre for definitive management during primary 
resuscitation.

 E. Discuss treatment options with relatives.

Question 2
Which of the following are “hard” signs of vascular injury?

 A. Limb pain.
 B. Absence of pulses.
 C. Pallor or cyanosis.
 D. Cool to the touch.
 E. Bruit or thrill.

Question 3
Which of the following statements relating to angiography are true?

 A. Angiography should be performed in all patients to target surgery.
 B. Angiography may be a useful tool in trauma patients with no hard signs of vas-

cular injury.
 C. Angiography is reserved for stable patients.
 D. Angiography should only be performed in a radiology department.
 E. The patient’s pre-morbid condition should not influence the decision to perform 

angiography.

Question 4
For how long will the lower limb tolerate ischemia?

 A. 20–30 min
 B. 90–120 min
 C. 6–8 h
 D. 16–20 h
 E. 24–36 h

The patient was resuscitated as per advanced trauma life support (ATLS) proto-
col. Supplementary oxygen was administered in addition to obtaining additional IV 
access. Pressure dressings were applied to the open wounds and further assessment 
revealed an injury to the patient’s right hand; no other significant injuries were pres-
ent. The patient was transferred to the operating theatre.

Question 5
What are the primary aims of surgery in such a case?

 A. To control life-threatening haemorrhage.
 B. To prevent end-organ ischaemia.
 C. To restore vascular continuity.

P.H.B. Blair et al.
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 D. To preserve limb function.
 E. To detect occult injuries.

Question 6
What factors will influence the decision to perform an amputation?

 A. Patient’s age
 B. Mechanism of injury
 C. Time to treatment
 D. Degree of contamination
 E. All of the above

Question 7
Which of the following statements about complex vein repair are true?

 A. Complex vein repair should never be undertaken in the trauma patient.
 B. Complex vein repair should only be performed in the absence of major arterial 

injury.
 C. Complex vein repair should be used to improve venous return in unstable 

patients.
 D. Complex vein repair may prevent long-term limb dysfunction.
 E. Intraluminal venous shunting is an acceptable intraoperative temporising measure.

In the operating theatre, under general anaesthesia, the patient was placed in the 
supine position. The lower abdomen and both legs were prepared and draped widely 
and IV broad spectrum antibiotics were administered. Closer examination revealed 
that the left leg had sustained extensive injuries. The foot and distal calf were cold, 
pale and mottled. There was a compound injury to the left femur and tibia with 
complete disruption of the superficial femoral artery, superficial femoral vein and 
extensive injury to the sciatic nerve. It was decided that primary amputation of the 
left limb was required. On examination of the right leg there was complete disrup-
tion of the distal superficial/popliteal artery, a ragged laceration of the popliteal vein 
and significant bruising to branches of the sciatic nerve. There was a shrapnel injury 
to the right hand involving the thumb and middle finger.

Immediate surgical steps were as follows: (a) a proximal thigh tourniquet was 
placed on the left leg to arrest haemorrhage prior to formal amputation. The lacera-
tion to the right lower leg was then extended distally to facilitate exposure of the 
neurovascular structures. Control of the superficial femoral and below-knee popli-
teal artery was obtained and a careful distal embolectomy performed. A Javid shunt 
was then placed between the right superficial femoral artery and right below- knee 
popliteal vessel (Fig. 15.1). Significant bleeding from a large defect in the popliteal 
vein occurred following shunt insertion; this was repaired using a lateral suture. The 
long saphenous vein was harvested from the left leg, prior to performing above-
knee amputation. While the left above-knee amputation was being performed, the 
orthopaedic surgeons carefully assessed the right lower limb and placed a tempo-
rary fixation device traversing the right knee joint (Fig. 15.2). Having obtained bony 
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stability, with an external fixator device, the temporary intraluminal shunt was 
removed and a definitive bypass performed using reversed left long saphenous vein 
graft. Formal fasciotomy was performed of the right lower leg using a standard lat-
eral and medial approach; distal pulses were confirmed in the right foot. Further 
debridement of necrotic muscle was performed and the wound on the medial aspect 
was partially closed; the anterolateral wounds were debrided and irrigated, as were 
the fasciotomy sites, with sterile dressings being applied to both.

Fig. 15.1 Extended wound, medial aspect of right leg with a temporary intraluminal shunt 
between superficial femoral and below-knee popliteal arteries

Fig. 15.2 A multidisciplinary approach. Bony stabilization of right leg (after temporary intralu-
minal shunt placement) by the orthopaedic surgeons, simultaneous with left above-knee amputa-
tion by the vascular surgeons
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Question 8
In the absence of obvious haemorrhage, when is it appropriate to reinspect the 
wounds in the postoperative period?

 A. 1–2 h
 B. 4–6 h
 C. 12–16 h
 D. 24–48 h
 E. 5+ days

Postoperatively the patient was transferred to the intensive care unit where the 
right limb was elevated to reduce swelling. The right foot was left exposed to allow 
access for pedal pulses. Broad spectrum IV antibiotics were continued in addition 
to standard prophylaxis for deep vein thrombosis, and urine was checked for myo-
globinuria. The patient was returned to the operating theatre within 48 h for wound 
inspection and change of dressing. Eventually skin coverage of the right limb was 
obtained using a combination of split skin grafting and healing by delayed primary 
intention. Over the next few months the patient required complex orthopaedic sur-
gery including the use of an Ilizarov frame device (Fig. 15.3). He was fitted with an 
above-knee prosthesis for his left leg and is now fully independent (Fig. 15.4).

 Commentary

Lower limb injuries, due to penetrating trauma, can be devastating and occasionally 
may distract the clinician from less obvious but potentially life-threatening injuries 
to the head, neck and torso. It is important that some form of resuscitation protocol 
is followed such as the ATLS system to detect less obvious injuries. Time is of the 
essence when managing vascular injuries. While delays rarely occur in patients with 
obvious haemorrhage, it is the prompt instigation of life-saving measures and 

Fig. 15.3 Recovery. Healed traumatic and fasciotomy wounds after skin grafting; Ilizarov frame 
still in place
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ongoing diagnosis in parallel with transfer to the operating theatre for definitive care 
that reduces morbidity and mortality. [Q1: A, D]

The clinical manifestations of vascular injury have traditionally been divided 
into “hard” and “soft” signs (Table 15.1). [Q2: B, E]

In general, preoperative arteriography may be used in the following situations: 
[1] to confirm the site and extent of vascular injury in stable patients whose clinical 
signs and symptoms are equivocal; and [2] to exclude vascular injury in patients 

Fig. 15.4 Rehabilitation. An excellent result for limb salvage (right leg) and learning to function 
with a prosthesis (left)

Table 15.1 Signs of vascular injury. Updated

Hard signs Soft signs
Absent pulse Haematoma (small)
Bruit or thrill History of haemorrhage at scene
Haematoma (large or expanding) Peripheral nerve deficit
Distal ischaemia
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with no hard signs, but who are considered to be at risk because of the proximity of 
the injury. The majority of patients with penetrating extremity trauma and the pres-
ence of a single hard sign should be transferred directly to the operating theatre. 
Possible exceptions to this rule include stable patients with multiple levels of injury, 
extensive bone or soft tissue injury, blast or shotgun injuries, potential injuries to the 
subclavian or axillary arteries and the pre-existence of peripheral vascular disease. 
Some centres report excellent results with emergency room angiography [1] while 
recent advances in endovascular technique facilitate high-quality imaging in the 
operating theatre. [Q3: B, C]

Inadequate tissue perfusion due to major vessel disruption is aggravated by 
hypovolemic shock and associated bone and soft tissue injury. The resulting fall in 
tissue pO2 increases capillary membrane permeability, with increased exudation of 
fluid into the interstitial space. Compromised muscle fibres swell within the fascial 
compartments, causing further resistance to blood flow, and swelling becomes trau-
matic when arterial repair and restoration of flow brings about reperfusion injury. 
The degree of reperfusion injury depends on the duration of ischaemia, and is medi-
ated by the generation of free radicals, activation of neutrophils, and production of 
arachidonic acid metabolites. Eventually, the microvascular bed of the extremity 
may undergo widespread thrombosis [2]. It is generally accepted that a warm isch-
aemia time of more than 6–8 h makes limb survival unlikely. [Q4: C] To achieve 
optimal results from emergency vascular repair, and to avoid complications such as 
compartment syndrome or contracture due to prolonged warm ischaemia and reper-
fusion injury, surgical exploration should be undertaken expeditiously.

A patient with complex lower limb injuries should be placed in a supine position on 
an operating table suitable for on-table angiography, if required, when clinical stability 
has been reached. Some form of warming device should be employed to maintain ade-
quate body temperature. In lower limb trauma, both limbs should be prepared from 
umbilicus to toes; donor saphenous vein harvesting may be required from the contralat-
eral limb, particularly if ipsilateral venous injury is suspected. Careful attention should 
be given to correct hypothermia, blood loss, electrolyte imbalance and coagulopathy.

The principal aims of emergency vascular surgery are to control life-threatening 
haemorrhage and prevent end-organ ischaemia. [Q5: A, B] An assistant should con-
trol haemorrhage using a pressure dressing until the patient is prepared and draped 
appropriately. Haemorrhage control can be difficult if the proximal vessels are not 
immediately apparent, and the use of a cephalad incision through virgin territory 
may be a reasonable alternative to obtain rapid proximal control. Care should be 
taken when making additional incisions, particularly if it seems likely that plastic 
surgery will be required at a later date. When access to the proximal or distal vessel 
is difficult, temporary control can be gained by careful cannulation and inflation of 
an embolectomy catheter. It is important that the surgeon cooperates fully with the 
anaesthetist during surgery as it may be necessary to pack the wound for a few min-
utes to facilitate IV fluid resuscitation before proximal vascular control can be 
obtained. Complex lengthy operations should be avoided in unstable patients and 
damage limitation surgery should be considered in patients with significant meta-
bolic acidosis, coagulopathy and/or hypothermia.
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The use of a temporary intraluminal vascular shunt should be considered in the 
majority of limb vascular injuries and is particularly important in complex cases 
with associated bone and soft tissue injury.

Temporary shunts for arterial and venous injuries have been employed in Belfast 
since the late 1970s [2]. A considerable body of evidence continues to support the 
use of these intravascular shunts in the management of both penetrating and blunt 
major vascular trauma [3–6]. Before securing the shunt between the proximal and 
distal arteries, a careful embolectomy should be performed to remove any thrombus 
in the distal vessel. If a venous injury is encountered, then an additional shunt can 
be employed to facilitate venous return. In the absence of coagulopathy or ongoing 
haemorrhage we use IV heparin routinely. Recent evidence has shown clearly that 
delayed renewal of venous flow in combined arterial and venous injury compounds 
ischaemia-reperfusion injury and causes remote lung injury [7]. The advantages of 
shunting artery and vein are the early restoration of blood flow and venous return, 
respectively, thus avoiding the complications of prolonged ischaemia and ischaemia- 
reperfusion injury while ensuring that an optimal vascular repair can be 
performed.

In patients with concomitant fractures, accurate internal or external fixation of 
the fracture can be performed with the shunt secured carefully with sloops before 
definitive vascular repair is performed. This avoids the dilemma of unnecessary 
haste for both the orthopaedic and vascular surgeons, ensures that a vein graft will 
be of optimal length, and eliminates the risk of graft disruption during fracture 
manipulation. Autologous vein is our preferred bypass conduit in the majority of 
cases because of its durability and suitability in a potentially contaminated wound. 
Satisfactory results, however, have been reported using synthetic grafts and in criti-
cally ill, unstable patients this may be a preferable option [8].

The acute management of high energy limb trauma can be challenging and sig-
nificant morbidity and mortality can occur following failed attempts at limb salvage. 
A number of scoring systems have been devised in an attempt to assist the clini-
cian’s decision to either amputate or perform a limb-salvage procedure [9–13]. In 
each of the systems, a score is assigned based on a range of differing criteria includ-
ing patient age, “mechanism of injury”, time to treatment, degree of shock, warm 
ischaemia time and the presence of local injuries to the following structures: major 
artery, major vein, bone, muscle, nerve, skin, and degree of contamination. [Q6: E] 
All of these scoring systems demonstrate a much higher degree of specificity than 
sensitivity and are more useful in highlighting the patients who should be consid-
ered for a limb-salvage procedure, than identifying those who should proceed 
straight to primary amputation. Indeed a number of studies have challenged their 
use at all [14, 15].

It is the authors’ opinion that scoring systems can help the surgeon perform a 
detailed assessment of a complex limb injury. However, the decision to perform a 
primary amputation must be judged individually in each case. Extensive nerve inju-
ries have a particularly poor prognosis and it is important that such injuries, where 
possible, are documented before taking the patient to the operating theatre. The 
patient’s life should never be put at risk in a futile attempt to save a severely 
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compromised limb. Where possible, additional specialties such as orthopaedics and 
plastic surgery should be involved in the decision to perform a primary limb ampu-
tation, particularly in a case of upper limb trauma.

Venous injuries can be difficult to manage. Prior to World War II, the tradi-
tional treatment for lower extremity venous injuries was ligation. This custom 
was challenged by Debakey and Simeone [16] in 1946 with an analysis of WWII 
battle injuries. Since then a number of clinical and laboratory investigations have 
confirmed that ligation of major veins in conjunction with repair of a traumati-
cally injured arterial system leads to significantly poorer clinical outcomes, such 
as decreased function or even limb loss [17, 18]. Where possible vein repair 
should be attempted, particularly in the presence of significant lower limb arte-
rial injury, in an attempt to reduce venous hypertension and associated morbidity. 
While there are few data regarding the long-term outcome of venous repairs, it is 
the authors’ impression that maintaining venous patency, in the initial few days 
after injury, can significantly help reduce acute post-injury swelling. If the super-
ficial femoral vein requires ligation, it is important to maintain patency of the 
ipsilateral long saphenous and profunda femoris veins. Complex vein repair 
should never be attempted in unstable patients who have sustained major blood 
loss and have significant problems with hypothermia and coagulopathy. In more 
stable patients, however, temporary intraluminal venous shunting can facilitate 
the construction of larger calibre panel grafts obtained from the contralateral 
long saphenous vein. [Q7: D, E]

Postoperative management of patients with complex limb injuries is critically 
important. The majority of these patients have been transferred immediately to the 
operating theatre and it is important that a thorough search for occult injuries is 
performed on admission to the intensive care unit. These patients are at risk of 
developing multiple organ dysfunction syndrome as a result of their large transfu-
sion requirements and likely reperfusion injury sustained [19, 20]. It is important 
that the vascular surgeon communicates clearly with the staff in the intensive care 
unit regarding the presence or absence of distal pulses, to ensure that vascular repair 
remains patent. Young trauma patients with normal blood pressure and temperature 
should have a palpable distal pulse. If there is any doubt regarding the integrity of 
the vascular repair, the dressings should be removed and a careful assessment per-
formed by a vascular surgeon using handheld Doppler and/or portable ultrasound 
device.

Wounds should be reinspected 24–48  h after initial surgery and at that stage 
definitive plastic surgery may be required to obtain soft tissue and skin cover. [Q8: 
D] Some centres advocate a selective policy with regard to fasciotomy based on 
compartmental pressures, while many continue to advocate a more liberal policy 
based on clinical grounds. Prolonged ischaemia time, combined arteriovenous inju-
ries, complex injuries including bone and soft tissue destruction and crush injuries 
remain absolute indications for fasciotomy. The avoidance of compartment syn-
drome and restoration of limb function far outweigh the low morbidity associated 
with liberal use of fasciotomy. These patients are at significant risk of wound and 
other nosocomial infections and prolonged antibiotic use may be required.
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The management of patients with complex injuries can be difficult; however, 
timely surgery and the involvement of a multidisciplinary team can produce reward-
ing results. One possible criticism of the above care could be failure to use the great 
toe, from the amputated left lower limb, to replace the patient’s right thumb.
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Question 1
Which of the following interventions should be performed by the paramedics as 
their initial management?

 A. Reduction, splinting and immobilization of her right femur fracture
 B. Intravenous cannulation and bolus fluid administration
 C. High flow oxygen administration
 D. Administration of analgesia
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Case Report
A 19-year-old female was admitted to casualty following a road traffic collision. A 
witness of the incident reported that she was driving her car at approximately 
70 km/h in wet conditions and the car skidded off the road when she turned a sharp 
bend. She collided with a tree and there were no other passengers involved. She 
was found in her severely damaged car, drowsy and restrained by her seat belt and 
the dashboard. The car windscreen had a “bulls- eye” on the driver’s side and she 
had a laceration to her forehead, which was bleeding profusely. She complained of 
difficulty in breathing and pain in her chest, abdomen and an obviously deformed 
right leg. The paramedics attended the scene with the fire-service who helped 
extricate her form the wreckage then carefully immobilized her cervical spine.

She was immediately transported by helicopter to the nearest emergency 
department. There she was treated by the duty surgical trauma team.
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Primary examination in casualty revealed a patent airway as she was talking but 
she was short of breath. Her trachea was deviated to the right side, the left chest 
was hyper-resonant and devoid of breath sounds. Hemodynamically her heart rate 
was raised (109 beats/min) and blood pressure (120/75 mmHg) was within normal 
limits. Her abdomen was tender in the left hypochondrium and right femur had an 
open mid-shaft fracture. Routine trauma blood investigations were requested. 
Neurologically she was drowsy and becoming increasingly confused.

Question 2
Which is the most appropriate initial investigation required?

 A. Computerized tomography of her head and neck
 B. Plain radiographs of the pelvis and right femur
 C. Computerized tomography of her abdomen and pelvis
 D. Plain portable chest radiograph

Her heart rate further increased (120  beats/min) and blood pressure reduced 
(110/65 mmHg). She was visibly more confused and breathing was more labored, 
whilst her abdomen had also become distended. Hemodynamically she was a tran-
sient responder to a bolus intravenous fluid replacement.

Question 3
Which is the most appropriate immediate intervention required?

 A. Chest drain insertion
 B. Emergency laparotomy and damage control surgery
 C. Reduction, splinting and immobilization of her right femur fracture
 D. Diagnostic peritoneal lavage

Chest imaging revealed a widened mediastinum and left tension pneumothorax. 
Immediate left chest needle decompression revealed a “whoosh of air” and the tra-
chea centralized (Fig.  16.1). Consequently a left chest drain was inserted. The 
patient was becoming more confused and combative with a reducing Glasgow 
Coma Scale (GCS 7), so was intubated and sedated. Initial blood results revealed a 
low hemoglobin, however her hemodynamics had returned to values within normal 
ranges with a continuous fluid infusion and whole blood transfusion. A plain pelvic 
radiograph and clinical examination were normal.

Question 4
Which investigation or treatment should be performed next?

 A. Plain radiographs of the right femur then reduction, splinting and immobiliza-
tion of her right femur fracture

 B. Computerized tomography of head, neck, chest, abdomen and pelvis
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 C. Emergency laparotomy and damage control surgery
 D. Diagnostic angiography

Imaging revealed that she had suffered from polytraumatic injuries. She had 
bilateral cerebral contusions, left clavicle and cervical vertebra (Fig. 16.2) fractures, 
multiple rib fractures including the left first rib with a left hemo-pneumothorax and 
bilateral lung contusions. Her thoracic aorta was disrupted and a pseudoaneurysm 
of the proximal descending vessel had formed (Figs. 16.3 and 16.4). Her abdominal 
imaging revealed a liver laceration, large splenic hematoma and free abdominal 
fluid suggestive of bleeding. Her pelvis was normal but she had an open, displaced 
fracture of her right femoral shaft.

Clinically she was becoming increasing more difficult to ventilate, and was dete-
riorating hemodynamically. Her left chest drain continued to swing and bubble 
however blood was also still draining. Her abdomen had become more distended. 
She was in hypovolemic shock and was no longer responding to intravenous fluid 
and blood administration. Her right thigh wound was becoming more tense and 
swollen.

An arterial blood gas revealed that she was suffering a metabolic acidosis, with a 
raised lactate, and her hemoglobin level had further dropped. She was taken imme-
diately to the operating room.

She underwent an emergency laparotomy, splenectomy and packing of her liver. 
Her right femoral shaft fracture was debrided, irrigated, reduced then immobilized 
with a splint. An intracranial bolt was inserted for pressure measurements. The duty 
vascular surgeon was called to assess her transected thoracic aorta, he scrutinized 
the Computerized Tomographic chest imaging.

Fig. 16.1 Chest radiograph showing a widened mediastinum and left tension pneumothorax
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Question 5
Using Fig. 16.5 below, which is the correct list order of the commonest anatomical 
sites of traumatic aortic disruption starting with the most frequent to the least com-
mon in descending order?

 A. 1, 2, 3, 4
 B. 4, 2, 3, 1
 C. 3, 1, 2, 4
 D. 3, 1, 4, 2
 E. 1, 4, 2, 3

Fig. 16.2 MRI showing a cervical vertebral fracture
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Question 6
Which of the following is a favorable feature for thoracic endovascular aortic stent 
graft access?

 A. Tortuous iliac arteries
 B. Iliac diameter < 7 mm
 C. Suitable anatomy for conduit formation
 D. Patent femoral arteries
 E. Calcified iliac arteries

Fig. 16.3 CT scan reconstruction showing a disrupted 
thoracic aorta with a pseudoaneurysm of the proximal 
descending vessel
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Fig. 16.4 CT scan cross-sectional slice showing a disrupted thoracic aorta with a pseudoaneu-
rysm of the proximal descending vessel

1
2

3

4

1 = Ascending Aorta
2 = Innominate Artery
3 = Ligamentum arteriosum
4 = Lower descending aorta

Fig. 16.5 Anatomical 
sites of traumatic aortic 
disruption
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Question 7
Which of the following is a favorable feature for thoracic endovascular aortic stent 
deployment?

 A. Bovine aortic arch
 B. Aortic diameter < 18 mm
 C. Transection is proximal to left subclavian artery
 D. Patent vertebral arteries
 E. Acute angulated aortic arch

Answer = Q7: A&D
It was felt that her thoracic aorta was anatomically suitable for endovascular stent 

repair. There was an appropriate stent available in the hospital consignment to use for 
the procedure. Her condition was much better and her hemodynamics had returned 
to within normal limits with the use of inotropic support. The vascular surgeons 
requested that her systolic blood pressure be kept at approximately 100 mmHg.

She underwent successful endovascular stent repair of her transected thoracic 
aorta (Figs. 16.6 and 16.7) and was transferred to the intensive care unit. After a 
prolonged hospital stay she returned home and finally achieved independent living. 

Fig. 16.6 Angiographic 
imaging of successful 
endovascular stent repair of 
a transected thoracic aorta
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On discharge she was entered onto a thoracic endovascular aortic stent surveillance 
program.

Question 8
Which of the following are potential complications of thoracic aortic endovascular 
stent repair?

 A. Stroke
 B. Aortic rupture
 C. Paraplegia
 D. Aortic thrombosis
 E. Graft infolding
 F. Graft collapse

Question 9
What imaging modality is usually employed for thoracic aortic stent surveillance?

 A. Thoracic computerized tomography
 B. Chest radiography only
 C. Diagnostic subtraction angiography
 D. Intravascular ultrasound
 E. Echocardiography

Fig. 16.7 CT reconstruction of successful endovascular stent repair of her transected thoracic 
aorta
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 Commentary

Road traffic accidents are a common cause of trauma and resultant death for young 
persons. The injuries sustained are termed polytraumatic, as they occur to a number 
of anatomical and physiological systems. Deceleration injuries cause blunt trauma 
and the collision itself can result in penetrating injuries depending what impact is 
made with. In the case of the young female that we have presented, she collided 
with a stationary object. She was subjected to a sudden deceleration causing shear 
forces to her body and on impact she did not suffer from penetrating injuries, how-
ever did suffer crush injuries due to the vehicle’s compressive forces against the 
tree.

She suffered head, neck, thoracic (lung and great vessel), abdominal (hepatic and 
splenic) and long bone (femoral shaft) injuries. All of these in separation are life 
threatening, however the mortality is significantly greater if they occur simultane-
ously, as with this case.

When presented with such a patient suffering from polytraumatic injuries pre- 
hospital or in an emergency department, a clear and systematic approach to treating 
injuries in order of most life-threatening first should be adopted. A commonly used 
approach is the Advanced Trauma Life Support taught by the American College of 
Surgeons [1]. Initially a primary survey is conducted where the common “ABCDE” 
approach is adopted after cervical spine immobilization, as airway injuries (A) have 
a higher mortality than breathing (B), than circulatory (C), than disability/neuro-
logically (D) and then environmental/everything (E) else is treated last.

The correct answer to Question 1 is C (Q1 = C). Administration of high flow 
oxygen is beneficial to airway and breathing injuries and thus survival compared to 
the other options available. Answers A and B, address the circulatory system so 
would follow from airway control. Administration of analgesia is humane, however 
should not take priority over life-threatening injuries and interventions.

Once the primary survey has been conducted and problems encountered 
addressed as best as possible for the circumstance, transfer to an appropriate facility 
is necessary for definitive care. Continuous reassessment of the primary survey is 
compulsory to detect any evolving injuries and deterioration, especially on arrival at 
the appropriate facility. Our lady’s arrival to an emergency department at a trauma 
hospital in our case revealed a number of possible injuries which included airway 
compromise, abdominal and long bone trauma with an evolving head injury. These 
problems should be addressed immediately to save her life, this approach is termed 
“damage control.” It is advised that a multidisciplinary team approach to trauma 
should be adopted as there may be a number of synchronous pathologies of which 
many expert opinions would be beneficial to the patient’s survival.

Next, primary radiology is performed. This consists of plain chest and pelvic 
radiographs with or without cervical spine lateral view, if indicated. The appropriate 
answer to Question 2 is D (Q2 = D). Computerized tomography and long bone 
radiographs can be performed after the primary radiology.
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The patient began to deteriorate and hemodynamically started to display signs of 
hypovolaemic shock. Her heart rate rose and inversely her blood pressure dropped. 
She also showed signs of cerebral malperfusion by becoming more confused, com-
bative and drowsy. A reduction of consciousness (Glasgow coma scale of <8) should 
be treated by intubating the patient because the airway may be at risk of obstruction, 
thus our patient was eventually sedated and intubated.

It is important to note that this patient is young. Young victims and children often 
initially present with normal hemodynamics as they can compensate for blood loss due 
to an abundance of physiological reserve, compared to the elderly who usually also 
possess more comorbidities. However, they may show subtle signs of deterioration and 
then unexpectedly “crash” their hemodynamics. We know that she suffered from hypo-
volaemic shock as she was a transient responder to fluid administration, so she was 
volume depleted. The cause for this patient’s hypovolaemic shock could be due to poor 
oxygen delivery from her lung injuries and tension pneumothorax, her evolving perito-
neal bleeding, hemorrhage from her long bone fracture, which can be profuse, or head 
injury. Bleeding was further confirmed by clinical and investigative reassessment 
which showed a falling hemoglobin level and profound metabolic acidosis.

The most appropriate injury to address first was her tension pneumothorax with 
needle decompression then the insertion of a chest drain, so the answer to Question 
3 is A (Q3 = A). Addressing the circulatory injuries to the abdomen and long bones 
causing bleeding should follow.

Question 4 deals with appropriate diagnostic investigations in a stable patient in 
hypovolaemic shock responsive to fluid administration when the cause of bleeding 
is uncertain. Computerized tomography is often readily available in larger centers, 
but not to all. It offers a rapid cross-sectional multi-cavity imaging which can posi-
tively guide definitive management. It must be stressed that unstable patients should 
receive immediate treatment and not be investigated. Many patients have died due 
to inappropriate diagnostic imaging when “damage control” operative surgery is 
indicated. In this lady’s case, she was stable and there was a diagnostic uncertainty 
of the source of her bleeding. She had chest pathology displayed by her tension 
pneumothorax and widened mediastinum and hemothorax, as well as a tender, dis-
tending abdomen. She was also suffering from a head injury and neck injury, so 
answer B is correct (Q4 = B).

The computerized tomographical imaging demonstrated a number of her injuries 
in the thorax, abdomen, and head as well as a several bone fractures. She then went 
for operative treatment of her abdominal (liver and spleen) injuries and femoral 
shaft fracture.

Whilst “damage control” surgery was undertaken, the duty endovascular surgeon 
evaluated the thoracic aortic transection image reconstructions with particular inter-
ests to the vessels measurements and anatomical parameters. Some advocate that 
computerized tomographical angiography with contrast is best, however, if there is a 
true vascular traumatic transection, then contrast in a hematoma will obscure images.

An aortic transection is a laceration of all three layers of the vessel wall, not to 
be confused with aortic dissections, which are rarely, associated with trauma and 
usually longitudinal vessel wall tears. It is usually associated with rapid decelera-
tion and crush injuries from blunt trauma caused from high speed road traffic 
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collisions or falls from heights. Less frequently penetrating trauma such as stab 
wounds or gunshot injuries can cause transections. The majority of victims die 
immediately at the scene (80–90%) from exsanguination. Due to the rarity of suffer-
ers actually reaching hospital, most centers have little experience in treating these 
injuries. These factors in conjunction with subtle and vague clinical signs [2–5], 
thus reliant on imaging for diagnosis make the prognosis poor with a consequently 
high mortality. The concomitant non-aortic injuries can be numerous as with the 
case presented. Involvement with multiple rib fractures (78%), liver lacerations 
(61%), head injuries (42%), first rib fracture (42%), splenic lacerations (36%), heart 
lacerations (34%), sternal fractures (28%) and cervical spinal fractures (26%) are 
not uncommon [3, 6].

Traditionally, conventional surgical repair of the traumatic transected thoracic 
aorta has been the gold standard [3, 7], but carries a significant mortality and para-
plegia rate ranging from 15% to 30% in contemporary studies [3, 8, 9]. Endovascular 
treatment of the thoracic aortic was first described in 1991 [10] and has become 
favorable over conventional open surgical techniques for treating traumatic transec-
tions in the polytraumatised patients due to a much lesser mortality and morbidity 
rate [3, 11]. Physiologically these patients are particularly vulnerable and a quick 
non-invasive procedure would be preferential. There are no randomized control tri-
als of open vs. endovascular repair for traumatic aortic transections. There is an 
overwhelming abundance of mostly small case series [3, 12–29] and meta-analysis 
[30–33] of these series all generally concluding that endovascular techniques have 
a reduced mortality and morbidity compared to the alternatives. Endovascular aortic 
transection repair can be conducted more quickly under local anesthesia in a supine 
position percutaneously with some devices unlike open surgery which always 
requires general anesthetic, specific dual cuff intubating and lateral positioning in 
these polytraumatized subjects often with synchronous lung and cervical spine inju-
ries. Conventional surgery often requires aortic cross-clamping, significant blood 
loss and use of cardiopulmonary bypass which increase spinal ischemia and thus 
paraplegia rates [3, 16] as well as renal ischemia times and ischemic reperfusion 
syndromes. Open surgical series have higher stroke and paraplegia rates and conse-
quently have greater mortality and morbidity association. The post-operative pain, 
recovery [15], intensive care [13] and monitoring required is significantly greater 
for open surgical repair.

The consensus is that it will be very unlikely that a randomized control trial will 
be performed to definitively prove this superior benefit because from overwhelming 
current endovascular practice and preference, with such good results, a trial would 
be unethical [34]. In a number of these abundant case series, endovascular repair has 
been performed on sicker patients with higher severity score compared to conven-
tional surgery series, because these patients were deemed unfit for open repair. A 
suitable study would also require large numbers of patients to provide adequate 
statistical power which would be difficult with a prolonged study period due to the 
rare and acute nature of this traumatic disease.

The third management option which is discussed less by endovascular surgeons 
is the conservative medical treatment favored by physicians and intensivists. 
Accurate blood pressure control with short-acting beta-blockade such as esmolol or 
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labetalol, to achieve a systolic blood pressure of approximately 100 mmHg and a 
relative bradycardia, has been shown to be beneficial to polytraumatised patients 
with aortic transections, mediastinal hematoma and thus pseudoaneurysm forma-
tion (aortic rupture contained by adventitia or peri-aortic tissue). Similarly to 
patients with thoracic aneurysm rupture or acute dissections, medical management 
can be used as a stop gap whilst other injuries are addressed and definitive manage-
ment is planned. The rationale is that aortic wall stress and tension are decreased 
thus markedly reducing the risk of aortic rupture because wall tension is directly 
proportional to increases in pressure and inversely proportional to pulse rate [5]. 
Treatment can be delayed for days, weeks, infrequently months and on a few occa-
sions in the literature years [3, 5, 17, 23, 26, 35–37].

Question 5 is concerned with sites of thoracic traumatic transection and the cor-
rect answer is C (Q5 = C). The commonest site of injury is the aortic isthmus (93%) 
which is the portion of the proximal descending aorta between the left subclavian 
artery origin and ligamentum arteriosum [3, 30, 38]. Fixation and tethering by the 
ligamentum arteriosum is believed to be accountable for the high frequency of 
injury in this position. The remaining 7% of injuries exist in the ascending aorta and 
arch. The order injury frequency is first the ascending aorta, then avulsion of the 
innominate artery followed by the lower descending aorta [39]. These frequencies 
are correct for patients presenting to hospital, as mentioned earlier, the majority of 
patients with the injuries die instantly on scene and post-mortem investigations have 
showed a higher proportion who die suffer ascending aortic injuries. The percent-
ages listed above have been defined by the American Association for the Surgery of 
Trauma (AAST), who performed the first prospective multicenter observational 
study of traumatic transections in 274 patients [40].

There are a number of factors that determine suitability for thoracic endovascular 
aortic stent repair (TEVAR). These factors are highlighted in Question 6, where the 
correct answers for access are D (Q6 = C&D).

Access for stent device delivery is very important. Previous devices require deliv-
ery access of at least 20–26 Fr, and thus a minimal iliac diameter of 7.6–9.1 mm, 
however more recent advances and lower profile delivery devices now allow stents to 
be introduced via 16 french sheaths. Patent, straight, non-tortuous and non-calcified 
iliac and femoral arteries are favorable for endovascular delivery of the large stent 
devices. Despite endovascular techniques being considerably less invasive than con-
ventional open techniques, the older, first generation devices large and cumbersome, 
so always required femoral artery dissection and arterotomy. Thoracic stent devices 
are bigger than those used for abdominal aortic repair because the thoracic aorta is 
bigger and further away from the groin. As time progresses and investment in tech-
nology continues delivery systems have become more slim-line and percutaneous 
stent insertion is more frequently available. Imaging should include views of the iliac 
arteries to assess size, tortosity and composition, particularly for aneurysms, plaques 
and calcification. These features make access very difficult and can be a contraindi-
cation to this type of treatment due to poorer compliance. An alternative, which is 
underused in our opinion is endoconduit formation, however this makes the overall 
procedure more invasive. The common iliacs, upper limb and great vessels can be 
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used as a suitable conduit, if the anatomy is suitable and disease is minimum, to 
deliver the stent device.

Factors that are favorable for accurate and successful thoracic endovascular aor-
tic stent repair (TEVAR) and deployment are highlighted in Question 7, where the 
correct answers for access are A and D (Q6 = A&D).

Aortic size is very important. These groups of trauma patients are young and 
consequently have a tighter aortic curvature with smaller aortic and iliac diameters 
than patients suffering from other thoracic pathologies such as aneurysms, acute 
and chronic dissections [3, 15, 36, 41]. Device sizes are getting smaller with much 
innovative research but there is still a minimal size that can be treated, so this treat-
ment cannot be offered to all. The smallest currently available aortic stent is 21 mm 
in diameter. However, smaller stents with diameters of 18-22 mm exist that could be 
used to treat patients with 16–18 mm aortas. Recently these stents have been volun-
tarily recalled from the market because of increased reports of graft thrombosis and 
occlusions in the treatment of blunt thoracic aortic injury from observations and are 
being further assessed in more detail. Additionally of relevance to our patient is that 
the thoracic aorta of females is significantly smaller than males, so size and stent 
availability is particularly relevant to our young female patient in this case.

Stent availability has also been touched-upon. To offer an emergency thoracic 
endovascular service, one needs to have a wide range of stents and variety of differ-
ent sizes on consignment. For optimal fixation, stent grafts are commonly oversized 
by 10–15% compared with the landing zone aortic diameter [3] to enhance con-
formability and adherence within a vessel. However in trauma, there is the potential 
for stent undersizing due to the patient’s hypovolemia causing a relatively smaller 
aortic caliber and sympathetic overdrive causing vasoconstriction [3, 42]. There are 
a number of different manufacturers who have devices with particular advantages 
and disadvantages. To possess an inventory of equipment to suit all is costly, requires 
storage and needs regular cataloging and replacing.

Thoracic stents exist for treating aortic aneurysms and also for treating dissections 
[15, 38]. These two pathologies are distinctly different and thus require different 
devices to treat endovascularly. Traumatic thoracic transections are rare and thus there 
are few dedicated stents developed for these situations, such as the conformable GORE 
TAG™ stent. This device has recently been updated with an active control system that 
is a new enhanced delivery system that provides the surgeon with a controlled staged 
deployment of placement and angulation of the proximal stent-graft prior to full-diam-
eter expansion. One has to, by using best judgment and in-depth knowledge of avail-
able stent technology, rapidly assess what is best for the patient. For this reason a 
vascular specialist with endovascular training should plan these cases.

Despite the significantly smaller mortality and morbidity of endovascular stent 
repair over conventional surgery, TEVAR still is not without complications and 
should not be underestimated. Poor preparation and planning of measurements and 
sizings could lead to inadequate stent positioning. An inappropriately positioned 
stent can lead to stroke, paraplegia, graft infolding, graft collapse, aortic thrombosis 
and aortic rupture to name a few. Thus the answer to Question 8 is all of the avail-
able options (Q8 = A&B&C&D&E&F).
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The use of imaging for aortic vessel measurements and to locate the precise ana-
tomical position of the transection is vital. For successful stent deployment and fixa-
tion, one requires an appropriate proximal and distal stent landing zone. With the 
most common site of transection being adjacent to the ligamentum arteriosum, as 
previously mentioned, the distal landing zone is usually sufficient and not a prob-
lem. However, proximal landing zones require particular attention due to the left 
subclavian artery and other great vessels. A proximal landing zone distance of 
approximately 20 mm minimum is recommended, however with increased experi-
ence, boundaries are expanding and smaller distances are being attempted with cor-
respondingly good results. In some cases when the site of injury is close to the left 
subclavian artery, partial or total vessel coverage may be required. Conveniently, the 
arterial tree of this young group of effected patients contains little disease so nor-
mally the vertebral circulation to the posterior Circle of Willis is suitable for cere-
bral collateralization and thus perfusion. However, this may not be the case for an 
older patient suffering transection. If left subclavian coverage is required then 
simultaneous carotid-left subclavian vessel bypass may be indicated to prevent pos-
terior circulatory stroke, spinal cord ischemia or subclavian steal syndrome [43]. 
Peri-operatively, the physiological consequences of left subclavian artery coverage 
and thus occlusion can be tested by temporary balloon insufflation within the arte-
rial osteum. Some centers routinely bypass all patients for elective thoracic aneu-
rysm and dissection procedures prophylactically during the same operation 
simultaneously or in a staged alternative sitting [3, 12, 17, 36]. Their evidence for 
this hybrid technique is mostly extrapolated from the EUROSTAR (European 
Collaborators on Stent Graft Techniques for Thoracic Aortic Aneurysm and 
Dissection Repair) database and the UK Thoracic Aortic Data Registry [34, 44], 
which suggests a small complication rate (paraplegia and stroke rate in particular) 
for bypassing patients. Not all believe and practice this technique. Transections 
proximal to the left subclavian artery pose a challenge to primary endovascular 
treatments in the polytraumatised patient who requires a short operation and rapid 
vigorous re-warming and intensive resuscitation, but hybrid techniques can be con-
ducted such as carotid-carotid arterial bypass [3].

The “Bovine Aorta” which is present in 20% of the population, may cause par-
ticular difficulty. In this variant of aortic structure, the left subclavian artery origi-
nates from the innominate artery, thus there is usually an increased stent proximal 
landing zone length, but any coverage of the innominate origin requires a bypass.

The last anatomical consideration is to the aortic curvature. The lesser and greater 
aortic curves are exerted to different hemodynamic forces as are the proximal, mid-
dle and distal stent fabrics. Also consideration should be paid to the size discrepancy 
between ascending and descending aorta. The more curved aortic arch may not be 
ideal for the available devices in stock for these trauma patients and may compro-
mise the final outcome. The high pressures of blood jetted to a stent during deploy-
ment can make accurate millimeter positioning more difficult, so a systolic blood 
pressure of 100 mmHg is recommended and during actual stent deployment, some 
administer adenosine to temporarily cease cardiac activity and others use rapid car-
diac pacing. With such delirious consequences to mal-positioning, such as stent 
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collapse, proximal of distal migration, great vessel coverage and stroke, proximal 
dissection formation, incomplete stent opening, poor seals and endoleaks, these 
procedures require adequate intraoperative imaging, kit availability and staff with 
endovascular familiarity and thus expertise. To achieve all of this many vascular 
surgeons now advocate centralization of such endovascular services [45–48].

All patients with an abdominal aortic endovascular stent enter a local hospital 
surveillance program. Similar for all thoracic stented patients, they should undergo 
lifelong surveillance. The intention of long-term surveillance imaging is to detect 
endoleaks, occlusions, stent migration, fracture and collapse early and thus evoke 
early surgical repair [49]. In answer to the final Question 9, the most usual imaging 
technique employed for thoracic stent surveillance is A (Q9  =  A). Thoracic 
Computerized tomography, is the most common modality, however post-stent sur-
veillance is a popular research area and rapid advances include intravascular ultra-
sound, contrast ultrasound, virtual angiography as well as magnetic resonance 
imaging will possibly become common place in the future.

This is a controversial area as subjecting a young patient to this technique is 
attractive, but the long-term implications of lifelong yearly radiation exposure are 
unknown. Magnetic resonance imaging is particularly appealing in this younger 
group of patients because they require lifelong surveillance, for a longer duration, 
than the typical more elderly, stented aneurysm and dissection patients, thus the lack 
of radiation of this modality is highly attractive. Similarly the longevity of this new 
technology is undetermined. These young patients are still growing and correspond-
ing have developing aortic diameters. Does growth have an effect on stent stability 
and durability? Do stents degrade or migrate with time? The answers to these ques-
tions are awaited, but will not be available to us until long-term surveillance results 
from large series are available. Thus surveillance is necessary for this still relatively 
new technique. Lastly many series have found compliance with surveillance is poor 
in this young group of patients suffering traumatic transections, making data collec-
tion more difficult [3, 16].

This patient required a prolonged hospital stay due to her numerous multiple 
injuries and also for physical and psycho-social rehabilitation. For these reasons, 
this young group of patients need a multidisciplinary team input for their multiinju-
ries to provide a successful outcome.
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Question 1
Which of the following investigations would you order?

 A. Fasting plasma glucose.
 B. Urine glucose to make a diagnosis of diabetes mellitus.
 C. Fasting serum triglycerides.
 D. Fasting serum high-density lipoprotein cholesterol (HDL-C).
 E. Thyroid function tests.

Case Report
A 62-year-old man with intermittent claudication was referred for vascular 
risk factor modification. He had no history of myocardial infarction (MI) or 
stroke. He was smoking 20 cigarettes/day. His family history was negative for 
premature vascular events in first degree relatives. He was not taking any 
medication. He was advised to start aspirin 75 mg/day, but he stopped taking 
these tablets because of “stomach discomfort”. The patient’s total cholesterol 
was 228  mg/dL (5.9  mmol/L). His blood pressure required treatment with 
amlodipine and a thiazide diuretic. The patient eventually stopped smoking 
after referral to the smoking cessation clinic in our hospital.
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Question 2
What drug would you use as a first-line medication to treat this patient’s dyslipidaemia?

 A. Statins
 B. Fibrates
 C. Diet only
 D. Ezetimibe
 E. None of the above
 F. All of the above

Question 3
What are your target levels?

 A. LDL-C <70 mg/dL (<1.8 mmol/L)
 B. LDL-C <100 mg/dL (<2.6 mmol/L)
 C. Total cholesterol <200 mg/dL (<5.2 mmol/L)
 D. HDL-C >40 mg/dL (>1.0 mmol/L)
 E. Triglycerides <150 mg/dL (<1.7 mmol/L)

Question 4
What modifiable risk factors/medications would you like to address in a high-risk 
patient, as in this case?

 A. Smoking and lifestyle factors
 B. Antiplatelet agents
 C. Blood pressure
 D. Glucose
 E. Lipids
 F. Emergiing risk factors
 G. All of the above
 H. Other

Question 5
Renal function

 A. It is relevant to monitor renal function in this patient because:
 (a) About a third of patients with PAD also have atherosclerotic renal artery stenosis
 (b) The majority of patients with PAD patients also have parenchymal renal disease
 (c) Renal and vascular disease progress in parallel

 B. It is not important to monitor renal function in this patient.
 C. Statins exert a renoprotective action in patients with PAD.
 D. All of the above.
 E. Only A and C are correct.
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 Commentary

 A. Requesting a fasting glucose level is an essential test in all patients with vascular 
disease. In this case the fasting glucose was 87 mg/dL (4.8 mmol/L); this is 
satisfactory.

 Interpretation of fasting glucose values

There are three categories in which a patient can be placed relative to fasting  glucose 
levels:

• Normal: fasting glucose <100 mg/dL (<5.6 mmol/L).
• Impaired fasting glucose (IFG): fasting glucose 100–125  mg/dL 

(5.6–6.9 mmol/L).
• Diabetes mellitus: fasting glucose ≥126 mg/dL (≥7.0 mmol/L), or random glu-

cose ≥200  mg/dL (≥11.1  mmol/L), or 2-h glucose ≥11.1  mmol/L in an oral 
glucose tolerance test (the latter test is less often used nowadays).

Diagnosis of diabetes mellitus can also be made using glycated haemoglobin 
(HbA1c) levels ≥6.5% (48 mmol/mol) [1].

IFG is associated with an increased risk of vascular events and conversion to 
diabetes mellitus. Furthermore, a glucose level in the IFG range can be one of the 
features of the metabolic syndrome [2] (Table 17.1).

A target of HbA1c of <7.0% is recommended for the majority of adults with 
either type 1 or type 2 diabetes mellitus for the reduction in cardiovascular risk and 
microvascular complications [1]. Metformin is considered the first-line medication 
for type 2 diabetes, combined with lifestyle measures [1].

Table 17.1 Diagnostic features of metabolic syndromea

1. Abdominal obesity (elevated waist circumference):
    Men ≥102 cm (≥40 in.)
    Women ≥88 cm (≥35 in.)
2. Elevated triglyceride levels:
     ≥150 mg/dL (≥1.7 mmol/L) or on treatment
3. Reduced high-density lipoprotein cholesterol (HDL-C) level:
    Men <40 mg/dL (<1.0 mmol/L) or on treatment
    Women <50 mg/dL (<1.3 mmol/L) or on treatment
4. Elevated blood pressure: ≥130/≥85 mmHg or on treatment
5. Elevated fasting glucose: ≥100 mg/dL (≥5.6 mmol/L) or on treatment

aAccording to the National Cholesterol Education Program (NCEP) Adult Treatment Panel (ATP) 
III guidelines [2], any 3 or more of these 5 features are diagnostic of the metabolic syndrome. 
Other factors that may coexist in these patients include a family history of type 2 diabetes, South 
Asian ethnicity, decreased physical activity, smoking, increased high- sensitivity C-reactive protein 
level, microalbuminuria, elevated serum urate levels and evidence of fatty liver (abnormal levels of 
aminotransferases, ALT/AST). A new consensus definition of metabolic syndrome was proposed 
in 2009 [3]. The new definition interprets waist circumference by ethnicity.
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 B. This patient’s urine was tested when he was first seen in the outpatient clinic. 
The renal threshold for glucose is a plasma level of about 180–200 mg/dL (10–
11.1 mmol/L). Therefore, testing urine for glucose will not detect IFG or early/
mild diabetes. Clinicians must not rely on a urine glucose test to exclude IFG or 
early diabetes. In view of the plasma glucose value (see A, above), it is not sur-
prising that the urine glucose test was negative. However, testing the urine was 
an opportunity to exclude proteinuria and microalbuminuria, which are indica-
tors of renal impairment and vascular risk [1].

 C. This patient’s fasting triglyceride level was 141 mg/dL (1.6 mmol/L); this is 
satisfactory.

 Interpretation of fasting triglyceride values

There has been considerable confusion regarding the importance of triglycerides. 
There are several reasons for this, including:

• Interactions with other lipid variables: serum triglyceride and HDL-C levels are 
inversely related. HDL-C is an “atheroprotective” lipoprotein, although the 
Quality (functional capacity) of HDL may be at least as important as its Quantity 
(see below).

• Interactions with potential risk factors: elevated serum triglyceride levels are 
associated with impaired fibrinolysis and possibly elevated plasma levels of 
fibrinogen, plasminogen activator inhibitor-1 and factor VII. Both type 2 diabe-
tes and metabolic syndrome are associated with raised serum triglyceride levels. 
There is evidence that the combination of simvastatin with ezetimibe is more 
effective than simvastatin monotherapy in patients with diabetes in terms of 
reducing vascular events (IMPROVE-IT trial) [4]. A trial in patients with type 2 
diabetes without established vascular disease showed a beneficial effect of ator-
vastatin 10 mg/day (vs placebo) in reducing the risk of first cardiovascular events, 
including stroke [5]. Both diabetes and the metabolic syndrome are common in 
patients with peripheral arterial disease (PAD) [6]. Furthermore, both diabetes 
and PAD are considered as coronary heart disease (CHD) equivalents and need 
to be treated aggressively [1, 2].

• Triglyceride levels vary considerably within any individual: this variability 
includes the fact that fasting triglycerides may be considerably lower than non- 
fasting levels in some patients. There is evidence that postprandial triglyceride 
levels also predict vascular risk, but this measurement is not easily standardised. 
Assessment of triglyceride status is often represented by a fasting sample (12- to 
14-h overnight fast; water only allowed). Fasting as well as non-fasting serum 
triglyceride levels may be independent vascular risk factors [7, 8]. 
Hypertriglyceridaemia is often associated with secondary causes that aggravate 
the patient’s tendency to this type of dyslipidaemia (Table 17.2). These causes 
need to be addressed.
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Fasting triglyceride levels are defined in the NCEP ATP III guidelines [1, 2]:

• Borderline high: 150–199 mg/dL (1.7–2.2 mmol/L).
• Moderately elevated: 200–499 mg/dL (2.3–5.6 mmol/L).
• Severe hypertriglyceridaemia: ≥500 mg/dL (≥5.6 mmol/L).

According to these guidelines [1, 2], the treatment priority for cases with severe 
hypertriglyceridaemia shifts from low density lipoprotein cholesterol (LDL-C) to 
the triglyceride levels. This is because of the increased risk of acute pancreatitis 
associated with severe hypertriglyceridaemia [1, 2]. For milder hypertriglyceridae-
mia, the priority for treatment remains the LDL-C level [1, 2].

 D. The fasting HDL-C level in this patient was 46 mg/dL (1.2 mmol/L); this is 
satisfactory (especially for a man).

 Interpretation of fasting HDL-C values

A raised HDL-C level is a protective factor, whatever the levels of other lipid vari-
ables [1, 2, 9]. Women tend to have higher HDL-C levels. Recent guidelines recom-
mend that HDL-C levels should ideally be ≥40–50  mg/dL (≥1.0–1.3  mmol/L, 
depending on the sex) but they do not set any value as a treatment goal [1, 9]. 
Interestingly, the importance of pharmacologically raising HDL-C levels has been 
challenged based on recent trials demonstrating that increasing HDL-C fails to 
reduce cardiovascular events; this is probably because HDL function is also a key 
factor [9, 10]. Indeed, HDL-C concentration does not always reflect the atheropro-
tective properties of HDL, including its ability to mediate cellular cholesterol efflux 
and promote reverse cholesterol transport from the periphery to the liver [10].

 E. The thyroid function tests were normal.

Thyroid function should be routinely assessed in patients with dyslipidaemia. This is 
because hypothyroidism is not uncommon and it is associated with dyslipidaemia (see 
Table 17.2). There is also evidence showing that hypothyroid patients are more likely to 
have “muscle-related” side effects and increased levels of creatine kinase if they are 

Table 17.2 Secondary causes of hypertriglyceridaemia/hypercholesterolaemia

Excessive alcohol intake
Diabetes mellitus
Hypothyroidism
Some types of liver disease
Some types of renal disease
Obesity/diet
Drugs: β-blockers, thiazides, oestrogens, anabolic steroids, corticosteroids, tamoxifen, 
protease inhibitors, retinoids, ciclosporin
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given a statin [11]. Hypothyroidism can also be difficult to spot unless the clinical fea-
tures are obvious. Replacement with thyroxine is usually associated with a beneficial 
change in the lipid profile and body weight. Treating subclinical hypothyroidism 
remains an issue for debate [11]. In contrast, hyperthyroidism can be associated with 
acquired hypocholesterolaemia or improvement of lipid profiles. Overall, thyroid dys-
function should be corrected in order to accurately evaluate lipid profiles [11].

(Q1: A, C, D, E)

 F. The fasting LDL-C level in this patient was 155 mg/dL (4.0 mmol/L); this is not 
satisfactory.

 Interpretation of fasting LDL-C values

The main target for lipid-lowering treatment is the LDL-C level. Since PAD is 
 considered a CHD equivalent [1, 2, 12] (Table 17.3), the LDL-C target is <70 mg/dL 
(<1.8 mmol/L) for very high-risk patients [1], although more recent guidelines pro-
pose a LDL-C target of 50–55 mg/dL (1.3–1.4 mmol/L) [13, 14]. A full fasting (or 
non-fasting) lipid profile should be obtained before making any decision regarding 
treatment. In the case presented above, the fasting values were: total choles-
terol = 228 mg/dL (5.9 mmol/L), HDL-C = 46 mg/dL (1.2 mmol/L), LDL-C = 155 mg/
dL (4.0 mmol/L) and triglycerides = 141 mg/dL (1.6 mmol/L). The drug of choice is 
a statin to achieve the LDL-C target. Statins also improve HDL-C and triglyceride 
levels, although these latter effects may be relatively small. On the other hand, treat-
ment with fibrates, a widely used class of lipid-modifying agents, results in a substan-
tial decrease in plasma triglycerides and is usually associated with a moderate decrease 
in LDL-C and an increase in HDL-C [15]. Thus, fibrates are not used as a first-line 
medication for PAD. Fibrates could be used in combination with statins when there is 
mixed dyslipidemia; however, caution should be exercised due to the potential 
increased risk for myopathy and rhabdomyolysis. Ezetimibe is another lipid-modify-
ing agent that acts by decreasing cholesterol absorption in the small intestine. When 
combined with statins, it is effective in decreasing LDL-C leading to further reduction 
in cardiovascular outcomes [4]. In the presence of PAD, healthy diet and lifestyle 
changes are necessary modifications that complement medication use [1].

More recent statements [1, 12] have included chronic kidney disease (CKD) and 
autoimmune diseases (e.g. rheumatoid arthritis and psoriasis) as being associated 
with an increased risk of vascular events. Therefore, it is essential to assess kidney 

Table 17.3 CHD equivalents according to the NCEP ATP III guidelines [1, 2]

Peripheral arterial disease
Abdominal aortic aneurysm
Symptomatic carotid artery disease
Diabetes mellitus
Multiple risk factors conferring a calculated risk for a vascular event ≥20% over the next 
10 years
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function in this patient, especially since this can be impaired in patients with 
PAD. Moreover, statin use may improve kidney function in patients with PAD [16]. 
The role of CKD is discussed further below.

There is evidence that treatment with statins decreases morbidity and mortality 
and improves limb symptoms in patients with PAD [6, 17]. Furthermore, there is 
evidence that statins reduce the risk of stroke [17–19]. Rosuvastatin and atorvastatin 
are the most potent statins in terms of LDL-C reduction. Several studies have also 
shown that aggressive lipid lowering is associated with a reduced events related to 
atherosclerotic carotid artery disease [16]. Patients with PAD are likely to have some 
degree of carotid artery disease. PAD is also a strong predictor of the risk of stroke.

(Q2: A, Q3: A)

 Smoking and Other Lifestyle Factors

Smoking cessation is of paramount importance. The vast majority of PAD patients 
are, or have been, smokers. Furthermore, smoking is associated with adverse effects 
on several variables that predict vascular events. For example, smoking can lower 
serum HDL-C levels, raise serum triglyceride levels, increase insulin resistance, and 
elevate plasma fibrinogen concentrations [20]. Smoking may also predict the pro-
gression of PAD and graft occlusion after infrainguinal bypass surgery [21]. In 
PAD, quitting may improve claudication and reduce the risk of vascular events. 
There is a need to establish smoking cessation clinics to deliver specialist care [22]. 
All clinicians should try to motivate patients to quit by spending a few minutes 
stressing the importance of smoking cessation.

Other behavioural modifications are also essential [1]. Excessive alcohol con-
sumption should be avoided as it has been associated with increased cardiovascular 
morbidity and mortality [1]. Healthy diet (e.g. Dietary Approaches to Stop 
Hypertension, DASH diet) and normal weight should be encouraged to achieve 
better cardiometabolic profiles [1]. Furthermore, increasing physical activity is 
crucial to decrease cardiovascular risk; in general, it is recommended that individu-
als accumulate at least 30 min/day, 5 days/week of moderate intensity physical 
activity (i.e. 150  min/week) [1]. Specifically for patients with PAD, structured 
exercise therapy is considered an important element of care to decrease cardiovas-
cular risk, and improve functional status and quality of life, as well as reduce limb 
symptoms [23].

 Antiplatelet Agents

This patient could not tolerate aspirin. It is estimated that this problem arises in 
10–15% of patients who are prescribed aspirin. There are several alternatives:

• “Cover” aspirin with a proton pump inhibitor (e.g. omeprazole).
• Test for Helicobacter pylori infection and eradicate, if present.
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• Use clopidogrel: the effectiveness of clopidogrel is based on the findings of 
major trials (e.g. CAPRIE, CREDO and CURE), but there is no study specifi-
cally designed to assess the effectiveness of this drug in PAD [24]. However, in 
a post hoc analysis of the CAPRIE trial, patients with PAD had significantly 
fewer events on clopidogrel than on aspirin. Unfortunately, this conclusion is 
limited by the fact that PAD subgroup analysis was not included in the trial pro-
tocol [25].

Dual-antiplatelet therapy (aspirin and clopidogrel) is not generally recommended 
in patients with PAD; however, it may be reasonable to reduce the risk of limb- 
related events after lower extremity revascularization [23].

Due to his intolerance of aspirin, this patient was prescribed clopidogrel 75 mg/
day. He tolerated this antiplatelet agent without any problems.

Potential limitations associated with the use of aspirin and/or clopidogrel have 
inspired clinical investigation into several promising antiplatelet agents as potential 
additions or alternatives to standard therapy [26]. The candidates include prasugrel, 
which has a mechanism similar to that of clopidogrel but with superior pharmaco-
kinetics; ticagrelor, a non-thienopyridine that binds reversibly to the platelet P2Y 
[12] receptor; cangrelor, an intravenously administered analogue of ticagrelor; and 
various thrombin receptor antagonists [26]. Current evidence mainly derives from 
research in cardiac disease. Future studies will establish the role of these alternative 
therapeutic options in the treatment of PAD although there appears to be no superi-
ority of ticagrelor over clopidogrel in patients with PAD (EUCLID trial) [26, 27].

 Blood Pressure (BP)

Strict control of BP in high risk patients is essential (generally <140/90 mmHg) [12, 
28]. Importantly, if the patient has diabetes, the BP target becomes stricter 
(<130/80 mmHg); this is essential especially if proteinuria is present. In order to 
achieve these BP targets, there may be a need to use several antihypertensive drugs. 
Some general recommendations are appropriate for patients with PAD and hyperten-
sion to reduce the risk of MI, stroke, heart failure and cardiovascular mortality: [23]

• The use of angiotensin-converting enzyme (ACE) inhibitors or angiotensin- 
receptor blockers (ARBs) can be effective to reduce the risk of cardiovascular 
events in patients with PAD. An ACE inhibitor or an ARB (if an ACE inhibitor is 
not tolerated) is the first-line medication if diabetes mellitus is present.

• If an ACE inhibitor or ARB is used, the plasma/serum creatinine concentration 
should be monitored soon after starting treatment (initiate treatment at the lowest 
dose). This is because patients with PAD may also have atherosclerotic renal 
artery stenosis. Potassium should also be monitored as hyperkalaemia is a poten-
tial adverse effect of these medications.

• It would appear reasonable to use a cardioselective β-blocker in post-MI patients 
with PAD.
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• Some BP drugs exert beneficial or adverse effects on lipid levels, haemostatic 
factors and perhaps more importantly, the long-term risk of developing 
diabetes.

 Glucose Status

This topic was discussed above. There is now evidence that some newer glucose 
lowering drugs, i.e. empagliflozin (an inhibitor of sodium-glucose cotransporter 2) 
and liraglutide and semaglutide (glucagon-like peptide 1 analogues) can reduce vas-
cular events but they have not been specifically evaluated in patients with PAD [1].

 Lipids

This topic has been discussed above.

 Emerging Risk Factors

These factors [1, 2, 6, 23] include:

• Lipoprotein (a) (Lp(a)): there is evidence that Lp(a) is a marker of vascular risk 
[1, 28]. Raised Lp(a) levels may also predict the risk of restenosis after surgery 
for PAD [21]. Correcting hypothyroidism is associated with a fall in serum Lp(a) 
levels. Similarly, postmenopausal hormone therapy may reduce serum Lp(a) 
concentrations. There are, as yet, no intervention trials to show that lowering 
serum Lp(a) levels (e.g. by using high doses of nicotinic acid) is associated with 
fewer vascular events. Some lipid lowering drugs and apheresis can lower Lp(a) 
levels. There is ongoing research to develop an antisense treatment to specifically 
lower Lp(a) levels.

• Homocysteine: raised plasma levels of homocysteine are thought to predict vas-
cular risk possibly by acting synergistically with established risk factors. The 
link between homocysteine and PAD appears to be stronger than with CHD [6]. 
However, there is no evidence from intervention trials to show that lowering 
plasma homocysteine levels (e.g. by using folic acid, vitamin B12 or B6 supple-
ments) is associated with a reduced risk of vascular events.

• Haemostatic and fibrinolytic factors: plasma fibrinogen concentration may be a 
predictor of vascular risk. The levels of this coagulation factor also predict the 
progression of PAD and possibly the risk of restenosis following bypass surgery 
[21]. Plasma fibrinogen levels can be lowered by some fibrates used to treat dys-
lipidaemia. However, as with other emerging risk factors, no trial-based evidence 
is available to show that lowering fibrinogen levels is associated with a decreased 
risk of vascular events. There is less evidence linking fibrinolytic factors with 
vascular risk.
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• Markers of inflammation (e.g. high-sensitivity C-reactive protein, CRP): serum 
CRP levels predict the risk of a vascular event even when there is no overt vascu-
lar disease present or when lipid levels are “normal” [29]. However, it remains 
unknown whether CRP is solely a marker reflecting the inflammatory component 
of atherosclerosis or whether it is actually involved in its pathogenesis. 
 Nevertheless, lowering both CRP and LDL-C levels might be more beneficial in 
terms of reducing vascular risk than lowering each variable alone, irrespective of 
the presence of vascular disease [29, 30].

 Other Considerations

Cilostazol may be effective in improving limb symptoms and increasing walking 
distance in patients with PAD [23].

Furthermore, it is suggested that patients with PAD have an annual influenza vac-
cination [23].

(Q4: G)

 Renal Function

Renal function should be monitored in patients with PAD, because about 33% of these 
patients have atherosclerotic renal artery stenosis, and the majority have parenchymal 
renal disease [1, 6, 23]. It is therefore important to consider this diagnosis, especially 
if renal function tests are abnormal or proteinuria or microalbuminuria are present. 
There is evidence that renal and vascular disease progress in parallel [31, 32]. 
Increased plasma creatinine levels are associated with a higher risk of vascular events, 
even if these values are in the upper end of the reference range. Furthermore, impaired 
renal function may contribute to hyperuricaemia and hyperhomocysteinaemia [6, 33]. 
These variables may predict increased vascular risk. There is evidence that statins 
exert a renoprotective action in patients with CHD or PAD, while it is well established 
that ACE inhibitors and ARBs improve proteinuria and microalbuminuria [1, 14, 32].

(Q5: E)

 The future

New treatments are becoming available but their effectiveness needs to be specifically 
evaluated in PAD. Among these new evidence-based drugs it is worth mentioning that 2 
lipid lowering agents now have evidence for use in combination with statins. These are 
ezetimibe (a cholesterol absorption inhibitor) [4] and evolocumab (a monoclonal anti-
body that inhibits proprotein convertase subtilisin-kexin type 9, PCSK9 inhibitor); [34] 
with the help of these drugs it may be more likely to achieve LDL-C treatment goals.

Overall, PAD is a complex condition associated with multiple vascular risk fac-
tors that need to be aggressively controlled. Patient engagement and a multidisci-
plinary approach is necessary to provide optimal PAD management.
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Lower Limb Claudication Due to Iliac 
Artery Occlusive Disease

Marcus Brooks and Fabien Koskas

Question 1
Which of the following would be part of your initial management of this patient?

 A. A prescription for nicotine replacement therapy.
 B. A prescription for warfarin.
 C. A prescription for aspirin.
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Case Report
A 63-year-oldman presents with a history of worsening pain in his left buttock, 
thigh and calf on walking. During the preceding 3 months, following the introduc-
tion of a beta-blocker for newly diagnosed hypertension, the distance he could 
walk at a “normal” pace had reduced from 200 to 100 m. The pain ceased almost 
immediately after stopping walking and appeared again after the same interval. A 
systemic enquiry revealed recently diagnosed hypertension and life-long history of 
heavy smoking. He had never experienced cerebro- vascular or cardiac symptoms.

Clinical examination revealed sinus rhythm, full upper limb pulses, a dimin-
ished left femoral pulse and absent left popliteal and pedal pulses. The right leg 
pulses were normal. Both feet appeared well perfused. No bruits were audible 
in the abdomen or groins. The abdominal aorta was not aneurismal. Ankle 
pressure brachial indices were 0.74 on the left and 0.93 on the right at rest. On 
treadmill walking for 100 m the left ankle pressure fell to 0.49.
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 D. A prescription for a statin.
 E. Stopping the beta-blocker.

The clinical findings were sufficient to make the diagnosis of peripheral arterial 
disease (PAD). The patient was advised as to the risk of smoking and referred to the 
local smoking cessation clinic. Best medical therapy was instituted for PAD. It was 
decided not to investigate further at this stage but to review in 3 months. After 3 
months the patient had successfully managed to stop smoking and was taking the 
medication prescribed. His left leg claudication, however, had not deteriorated. He 
was also now complaining of erectile dysfunction. As the patient was shortly to be 
retiring and was an enthusiastic hunter he was very keen for any intervention that 
might improve his walking distance and impotence.

Question 2
How would you proceed with your management at this second clinic visit?

 A. No further intervention.
 B. A prescription for Cilostazol (Pletal™, Otsuka Pharmaceuticals Co.)
 C. Obtain arterial imaging to define the pattern of arterial disease.
 D. Enrolment of the patient in a supervised exercise programme.

Question 3
Which of the following is not an appropriate first line imaging modality?

 A. Duplex ultrasound.
 B. Contrast-enhanced CT scan (CTA).
 C. Contrast-enhanced magnetic resonance angiography (MRA).
 D. Intra-arterial digital subtraction contrast angiogram (IADSA).

The patient underwent an arterial duplex scan. This scan showed a significant 
stenosis at the left internal iliac artery origin and a short but tight stenosis of the 
proximal left external iliac artery. The contra-lateral iliac system was found to be 
free from significant disease, as were the femoral and popliteal arteries in both legs. 
The crural arteries were not formally assessed using duplex. This pattern of disease 
was confirmed on subsequent angiographic images (Fig. 18.1).

Question 4
Into which of the following TransAtlantic Inter-Society Consensus (TASC) catego-
ries would you put both the internal and external iliac artery lesions?

 A. TASC A
 B. TASC B
 C. TASC C
 D. TASC D
 E. TASC E
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Question 5
Which of the following would you consider as possible interventions?

 A. Aorto-bifemoral bypass graft.
 B. Left aorto-uni-iliac bypass graft.
 C. Right femoral to left femoral cross-over graft.
 D. Percutaneous transluminal angioplasty via a right common femoral puncture.
 E. Percutaneous transluminal angioplasty via a left common femoral puncture.

A percutaneous transluminal angioplasty was performed from the left groin 
under local anaesthesia. First a 4F sheath and pigtail catheter were used to obtain a 
diagnostic angiogram, as seen in Fig. 18.2. The angiogram was performed to visual-
ize the left iliac disease, but also the crural arteries which had not been imaged with 
duplex. The diagnostic angiogram confirmed the duplex findings and revealed nor-
mal runoff arteries below the knee. The sheath was therefore changed to 6F and 
systemic heparin given. A SOS OMNI® catheter was used to direct a guide wire 
across the bifurcation. The guide wire was then steered first into the internal iliac 
and then the external iliac arteries with balloon angioplasties performed.

Question 6
What size of balloon is likely to be needed to dilate the internal and external iliac 
arteries in this man?

 A. 2 mm
 B. 4 mm
 C. 7 mm
 D. 10 mm
 E. 12 mm

a b c

Fig. 18.1 Images from the digital subtraction angiogram showing (a) the renal arteries, infrarenal 
aorta and iliac bifurcation, (b) internal iliac and proximal external iliac stenoses, and (c) an oblique 
projection of the left iliac system
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A completion diagnostic angiogram confirmed a good result. The right femoral 
sheath was removed with manual pressure over the puncture site. The left leg pulses 
were restored by the procedure.

Question 7
Which of the following statements describe the optimal follow-up for this patient?

 A. Low-dose subcutaneous low-molecular-weight heparin (LMWH) for 3 months.
 B. Enrolment of the patient in a supervised exercise programme.
 C. Serial duplex scanning to detect recurrent stenosis before symptoms occur.
 D. No follow-up.

The patient had post angioplasty ABPI in the left leg of 0.97. His symptoms 
completely resolved. He was therefore not referred for supervised exercise. 
Eleven years later he returned complaining of the return of his left leg claudica-
tion and a recent onset of erectile dysfunction. In that time period he had re-
commenced smoking, but less than he had done previously. He had also undergone 
a coronary artery bypass graft for unstable angina. Two years following the 

Fig. 18.2 Angiogram performed for investigation of the patient’s erectile dysfunction and wors-
ening of left thigh and calf intermittent claudication
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bypass his angina had recurred. He continued to hunt but by now walking was 
difficult due to occasional angina attacks, breathlessness up hills and more 
recently pain in the left thigh and calf. On examination his left femoral pulse was 
weak, the distal pulses were absent in the left leg and a soft bruit was heard over 
the right femoral artery.

Question 8
What is the likely aetiology of this man’s erectile dysfunction?

 A. Advancing age.
 B. Side effect of his cardiac medication.
 C. Arterial insufficiency.
 D. Endocrine failure.

In view of the history of peripheral arterial disease with an internal iliac artery 
stenosis arterial insufficiency was considered the most likely cause for impotence; 
this is the most common cause of impotence in this age group. Another angiogram 
was requested, the angiogram shows that the left internal iliac artery has re-stenosed 
and the external iliac artery has progressed to an occlusion. The common femoral 
artery reforms from collaterals and the distal run-off (neither shown) was 
preserved.

Question 9
Into which of the following The TransAtlantic Inter-Society Consensus (TASC) cat-
egories would you put the new occlusion of the external iliac artery?

 A. TASC A
 B. TASC B
 C. TASC C
 D. TASC D
 E. TASC E

The patient insisted on being relieved from his symptoms “no matter what the 
risks”. Discussion with his cardiologist revealed that the most recent coronary 
angiogram showed that two of three vein grafts had occluded and that his left ven-
tricle function was poor (28% ejection fraction).

Question 10
Which of the following is your preferred intervention?

 A. Aorto-bifemoral bypass graft with revascularisation of both internal iliac 
arteries.

 B. Left aorto-uni-iliac bypass graft with revascularisation of the left internal iliac.
 C. Right femoral to left femoral cross-over graft.
 D. Percutaneous transluminal angioplasty.
 E. No intervention.
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The majority of iliac lesions, even occlusions, can now be treated with endovas-
cular therapies. Such an approach was certainly sensible in this man who’s cardiac 
history would put him at significant risk from open aortic surgery. A cross-over graft 
would relieve his claudication but would be unlikely to improve symptoms of 
impotence.

Question 11
When performing angioplasty in the iliac arteries which of the following are indica-
tions for stent insertion?

 A. Never.
 B. If there is a significant residual stenosis following angioplasty.
 C. When crossing an occlusion.
 D. Always.
 E. When treating a calcified plaque.

A percutaneous approach was attempted successfully. A diagnostic angiogram 
was first performed from the right side as in the first procedure. The left common 
femoral artery was then punctured under ultrasound guidance and a 6F sheath 
inserted. A hydrophilic guidewire was successfully passed across the external iliac 
occlusion. This lesion was primarily stented prior to angioplasty of the internal iliac 
artery stenosis, Fig. 18.3.

Following this procedure all left leg pulses were present with an ABPI of 1.0. 
Both the symptoms of impotence and claudication resolved.

 Commentary

The majority of patients with peripheral arterial disease smoke [1]. Cessation of 
smoking slows the rate of progression of peripheral arterial disease and reduces the 
risk of cardiac morbidity and mortality [2]. The prescription of nicotine replacement 
therapy is of benefit in patients who find it difficult to quit [3]. The benefit of exer-
cise for relieving the symptoms of intermittent claudication has long been recog-
nised [4]. The type and frequency of exercise to yield maximum benefit has been 
examined in a systematic review and Cochrane Collaboration Overview; advice 
alone is of little benefit but supervised exercise programmes (achieving maximal 
walking distance for at least 30 min three times a week) can achieve a 150% increase 
in walking distance or 6-min increase in walking time [5, 6]. A systematic review 
failed to show any association between beta-blockers and worsening claudication 
[7]. If the beta blocker is stopped another antihypertensive agent, such as a calcium 
channel blocker or ACE inhibitor, should be substituted for control of hypertension, 
as treating hypertension reduces the stroke risk by 38%, cardiovascular risk by 14% 
and peripheral vascular events by 14% [8]. A systematic review by the Anti-platelet 
Trialists Collaboration has proven the benefit of 75–1500 mg aspirin daily in achiev-
ing a 25% reduction in the risk of death, stroke or myocardial infarction [9]. A post- 
hoc subgroup analysis of patients with peripheral vascular disease in the CAPRIE 
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trial showed additional benefit for clopidogrel [10]. The additional benefit is small 
(196 patients on clopidogrel to prevent one death) and not justified except for the 
20% of patients who are aspirin intolerant. There is no evidence of benefit from 
warfarin [11]. It is also important to start the patient on statin therapy as this 

a b

c

Fig. 18.3 Images from the second intervention showing (a) retrograde passage of a hydrophilic 
guide wire across the occluded external iliac artery, (b) the technical result from angioplasty with 
stent placement in the external iliac artery and the guide wire now directed into the internal iliac 
artery and (c) the completion angiogram
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intervention has been shown to achieve an equivalent reduction in morbidity and 
mortality to aspirin [12, 13]. [Q1: A, C, D and (E)]

The patient returns having modified his risk factors and is no better. His claudica-
tion is affecting his quality of life. The options for management are persistence with 
unsupervised exercise, a supervised exercise programme, drug therapy or intervention 
(angioplasty or bypass). Cilostazol is the only drug shown to be effective at relieving 
the symptoms of intermittent claudication in a small randomised trial [14, 15]. 
However, it is expensive and the effect is shortlived. Intervention can only be consid-
ered once the anatomy of the underlying stenosis is known. As the presenting symp-
tom is intermittent claudication and the patient has a weak left femoral pulse with 
normal right leg pulses we suspect a single level left iliac stenosis. It was decided to 
image the lesion. [Q2: C, (B)]

The optimal imaging of aortoiliac lesions is dependent on the facilities available. It 
is preferable to first obtain non-invasive images to allow the approach to a lesion to be 
planned, ensure the appropriate equipment is available and obtain the appropriate 
patient consent. Duplex scanning has become a useful tool for non invasive evaluation 
of aortoiliac occlusive disease [16]. However, duplex in the aortoiliac segment is 
highly dependent on patient’s body habitus and experience of the operator. A helical 
multi-detector row (32 or 64 detectors) CT scanner can provide highquality cross-
sectional images of the aorta, iliac arteries and even arteries down to the feet. CT scans 
have the advantage to the surgeon of familiarity and show calcified vessel walls. The 
disadvantages of CTA are the risk of contrast-induced nephropathy, patient exposure 
to ionising radiation and the time it takes to reformat the images [17, 18]. Contrast-
enhanced magnetic resonance angiography (MRA) can also image the aortoiliac seg-
ment, Fig. 18.4. It is the investigation of choice in patients at risk of contrast-induced 

Fig. 18.4 Magnetic resonance angiogram (MRA) of another patient demonstrating occlusion of 
the right external iliac artery
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renal impairment. In a comparison of CTA and MRA in imaging the aorta and iliac 
segments, sensitivity and specificity for the detection of lesions were equivalent. CTA 
took longer to reformat and report; a greater proportion of patients expressed a prefer-
ence for CTA [19]. MRA is contraindicated in patients with pacemakers and ferro-
magnetic intracranial aneurysm clips. Intra-arterial digital subtraction angiography 
now has a limited diagnostic role in the aortoiliac segment. Angiography is invasive 
and is only performed if artefacts from previous implants (i.e. stainless steel stents) 
degrade threedimensional imaging, if direct pressure measurements across a stenosis 
are required or, as in this patient, as the first stage of an invasive procedure following 
non-invasive imaging. [Q3: D]

The left internal iliac origin and mid-third external iliac artery lesions are 
TransAtlantic Inter-Society Consensus (TASC) type A lesions, Fig. 18.5 [20]. [Q4: A]

The TASC consensus on the management of type A aorto iliac lesions 
(Recommendation 32) was for endovascular intervention, Table  18.1. Surgical 
options, endarterectomy or bypass, are reserved for longer stenoses (5–10 cm) or 
occlusions [20]. The reported primary technical success of angioplasty of type A 
lesions is 98–99% with 60–80% patency at 5 years [21]. The 5-year patency of open 
procedures is slightly better, 90% for aorto-bifemoral bypass, but the patient is 
exposed to the risks of death (2–3%), erectile dysfunction and graft infection [22]. 
It is a matter of personal preference whether a left or right percutaneous approach is 
used for the angioplasty as the lesion is mid-way between the aortic bifurcation and 
inguinal ligament. The internal iliac artery may be easier to approach from the 
contra- lateral side. [Q5: D or E]

In this case a contra-lateral approach was employed. The size of balloon used for 
angioplasty depends on the size of the native vessel. 2 and 4 mm balloons are used 
in the crural arteries, below the knee, and a 15 mm balloon is likely to rupture even 
a common iliac artery. In this patient a 7 mm balloon was used. [Q6: C]

a b

c d

Fig. 18.5 TASC II classification of aorto-iliac lesions
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The optimal management of patients following angioplasty has not been evalu-
ated in randomised control trials. The risks to the artery are thrombosis, myointimal 
hyperplasia and disease progression. All patients should already be on an antiplate-
let agent. Patients are formally heparinised during the procedure and for this short 
stenosis this is probably adequate. There is no evidence that postprocedure low- 
molecular- weight heparin, or for that matter any pharmacological agent (e.g. ticlop-
idine), is of benefit. Routine graft surveillance has been shown to improve the 
secondary patency of infra-inguinal vein bypass grafts [23]. Surveillance has not 
been evaluated following iliac angioplasty. The MIMIC Trial has shown that the 
benefit of angioplasty plus supervised exercise are additive for patients who have 
stopped smoking with iliac artery occlusive disease and mild to moderate intermit-
tent claudication [24]. As myointimal hyperplasia and disease progression both 
occur, it appears prudent, if not mandatory, to follow up patients. This can be done 
using clinical examination, arterial duplex or ankle brachial pressure index (ABPI) 
measurement. Clinical follow-up is cost-effective and in addition is a good way of 
enforcing a tight control of risk factors. [Q7: B]

Erectile dysfunction in this setting is probably due to arterial insufficiency result-
ing from progression of bilateral iliac occlusive disease. The association of erectile 
dysfunction with aortoiliac occlusive disease was first described in 1814 by Robert 
Graham [25]. However, it was Rene Leriche in 1940 who operated on a 29-year-old 
truck driver “who for two years had been suffering from claudicatio intermittens 
with severe cramps in the leg musculature already after a few hundred meters of 
walking, and cramp pains also at night. The last weeks before the operation he com-
plained of not being able to complete an intercourse, as both erection and ejacula-
tion was disturbed” [26]. [Q8: C]

Table 18.1 TASC II recommendations for management of aorto-iliac lesions

Type of 
lesion Treatment recommendations
TASC 
A

Percutaneous angioplasty, with stenting reserved for residual stenosis following 
treatment

TASC 
B

Percutaneous angioplasty, with stenting reserved for residual stenosis or intervention 
for occlusion

TASC 
C

Percutaneous angioplasty, with or without stenting. Surgery occasionally first choice 
in young ‘fit’ patient with bilateral disease; alternative unilateral angioplasty then 
either an ilio-femoral or femoral-femoral cross-over offers a less invasive alternative 
approach

TASC 
D

Open surgical reconstruction (aorto-(bi)femoral bypass or axillo-(bi)femoral bypass) 
may be indicated, especially an aorto-bi-femoral graft in a patient with aortic 
aneurysm or occlusion. Increasingly, however, TASC D lesions are managed with 
combined approach, as for TASC C, with even long CIA and/or EIA occlusions 
successfully re-canalised

TASC 
C/D

CFA disease generally responds poorly to angioplasty and requires surgical 
endarterectomy, again combined with a proximal angioplasty or surgical inflow 
procedure

AAA abdominal aortic aneurysm, CFA common femoral artery, CIA common iliac artery, EIA 
external iliac artery, IIA internal iliac artery (hypogastric artery)
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This patient has suffered disease progression in the intervening years. He has 
developed a very tight stenosis of the left internal iliac artery, a stenosis or the right 
internal iliac artery origin, and complete occlusion of the left external iliac. The left 
external iliac artery occlusion is classified as a TASC type C lesion [20]. [Q9: C]

The consensus in 1990, when the TASC guidelines were drawn up, was that 
definitive recommendations on how to treat such lesions must await more convinc-
ing evidence. This situation has not changed. The risks of open aortoiliac bypass 
surgery and endarterectomy have already been discussed. Remote iliac endarterec-
tomy using Moll ring strippers avoids an abdominal approach and pelvic dissection, 
has good published technical success rates (88–92%), and 3-year patency just below 
that of open endarterectomy (60%) [27, 28]. A potential development for the future 
is laparoscopic aortoiliac surgery [29]. In this patient a femoral-femoral cross-over 
graft is not advisable because contralateral lesions may impair the graft inflow and 
because this procedure would not address the internal iliac stenoses. Had the cardiac 
antecedents not been present, direct bilateral surgical antegrade revascularization of 
the lower limbs and one or both internal iliac arteries would have been an excellent 
solution. However, in the context of unreconstructable coronary artery disease and 
poor left ventricular function, such a solution is too invasive and carries too great a 
risk of cardiac death. On the other hand, surgical abstention, although not without 
justification, seems exaggerated because quality of life is often as important as its 
length among middle-aged and aged patients. [Q10: D]

Stenting is generally reserved for the primary treatment of occlusions to reduce 
the risk of distal embolisation. Stents are also used in management of lesions with a 
high risk of primary failure; eccentric calcified plaque, residual stenosis greater than 
50% or greater than 10 mmHg pressure gradient or if there is local dissection [30]. 
Stenting adds considerably to the cost of the procedure. In this patient, stents were 
placed into both the external and internal iliac arteries, because of the occlusion and 
a residual stenosis after angioplasty respectively. [Q11: B, C and possibly E]
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19Lower Limb Claudication Due to Bilateral 
Iliac Artery Occlusive Disease: The Case 
for Iliac Stenting and Femorofemoral 
Crossover Bypass

Jean-Baptiste Ricco and Olivier Page

Case Report
A 54-year-old man presents to your clinic complaining of bilateral rest pain of 
the toes and a past medical history of cramping pain in his calves when he 
walks. The patient had a 30-pack year smoking history and remains an active 
smoker. Clinical examination revealed an absent left femoral pulse and a 
diminished right femoral pulse. Popliteal and pedal pulses were absent on 
both sides. Bilateral carotid bruits were noted. Palpation of the abdominal 
aorta was normal. The patient was also moderately breathless on minimal 
exertion and had a chronic productive cough. The ECG was normal, a chest 
X-ray showed evidence for chronic obstructive pulmonary disease (COPD). 
FEV1 was 950  mL not enhanced after inhalation of bronchodilators. The 
patient was currently taking medications for hypertension and elevated 
cholesterol.

The patient had a Duplex-scan with measurements of the ABI that was 
0.40 on the right side and of 0.29 on the left. The Duplex showed an occlusion 
of the left external iliac artery and significant stenoses of the right common 
and external iliac arteries with occlusion of both superficial femoral arteries. 
The patient had also mild bilateral carotid artery stenosis.

The duplex scan was followed by digital percutaneous subtraction contrast 
angiography that showed an occlusion of the left external iliac artery and a 
significant stenosis of the right common and external iliac arteries. Severe 
occlusive lesions were also seen in both common femoral arteries (Figs. 19.1, 
19.2 and 19.3). The superficial femoral artery was occluded on both sides. 
Significant lesions of the crural arteries were also present (not shown).

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-65936-7_19&domain=pdf
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Fig. 19.1 Percutaneous angiography with brachial artery catheterization using the Seldinger tech-
nique. Early film sequence showing severe stenosis of the right common iliac artery, stenosis of the 
left common iliac artery and occlusion of the left external iliac and femoral arteries

Fig. 19.2 Percutaneous angiography showing a moderate stenosis of the right external iliac artery, 
that was found to be significant on color duplex with PSV > 3.5 m/s
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Question 1
Before discussing any surgical options, what kind of cardiac evaluation would you 
consider as appropriate in this case?

 A. ECG and transthoracic echocardiography
 B. Stress echocardiography
 C. Coronary computed tomography angiography (CCTA)
 D. Coronary angiography

This patient had no previous myocardial infarction and no clinical sign of myo-
cardial ischemia. The ECG and cardiac echography were considered as normal. No 
further cardiac evaluation was considered in this case. [Q2: A]

Question 2
Which of the following surgical options will you consider in this case?

 A. Aortobifemoral bypass (ABF) with distal anastomosis on both profunda femoris 
arteries

 B. Percutaneous bilateral iliac stenting with left external iliac recanalization
 C. Bilateral iliac stenting with left external iliac recanalization and bilateral femo-

ral bypass to the profunda

Fig. 19.3 Percutaneous angiography. Delayed film showing late revascularization of the profunda 
femoris arteries with occlusion of the right common femoral artery and significant disease of the 
left common iliac artery
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 D. Right iliac stenting with right femoral bypass to the profunda and crossover 
femorofemoral bypass to the left profunda

 E. Right iliac stenting with a right femoral to profunda endarterectomy with patch 
plasty and crossover femorofemoral bypass to the left profunda

An hybrid technique [Q3: D] was used in this case with stenting of the right common 
and external iliac arteries associated with a right bypass to the profunda and a crossover 
femorofemoral bypass to the left profunda. Option [Q3: E] was also considered as an 
alternative, but not used in this case, considering the extensive lesions in the right pro-
funda femoris artery. Option [Q3: C] was considered also as a possibility but impossible 
to achieve due to the extension of the iliac lesions into the left common femoral artery.

Question 3
Which of the following will be part of your follow-up management?

 A. Prescription of aspirin
 B. Prescription of statins
 C. Enrolment of the patient in a supervised exercise program
 D. Follow up at 6-month and then every year with a color duplex scan and ankle 

brachial index measurement
 E. Smoking cessation advice with psychological and specific drug therapy if 

needed
 F. All of the above

All of these options were offered to the patient who registered in a supervised 
exercise program but didn’t quit smoking completely. Rest pain disappeared, mild 
claudication with a walking distance of 600 m was considered as acceptable by the 
patient and improved gradually further.

 Commentary

This patient has a chronic critical limb ischaemia (CLI) caused by iliac and infraingui-
nal atherosclerotic disease. This most advanced form of peripheral arterial disease is 
associated with a high risk of cardiovascular events that include major limb loss, myo-
cardial infarction and death [1–4]. In these cases, the 5 year life expectancy is approxi-
mately 50% [5, 6]. Considering the high-risk nature of the CLI population, as well as 
the number of treatment options, precise risk evaluation is necessary in such a case.

 Clinical Assessment

We used in this case, the PREVENT III CLI Risk Score [7, 8] which is an easy to 
use risk stratification model developed to predict amputation free survival in patients 
with peripheral arterial disease. This relatively young patient (<75 years), who was 
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not on dialysis, had no tissue loss and no clinical coronary disease was considered 
as a low risk case (Score < 3) with a high probability to be alive at 1-year with intact 
lower limbs. In this case, cardiac evaluation was reduced to the minimum [Q1: A]. 
The main risk of this patient was the coexisting COPD. Preoperative preparation 
required in this case were [1] immediate smoking cessation, [2] inhaled bronchodi-
lators, [3] deep breathing maneuvers.

 Imaging Techniques

A color-duplex scan of the aortoiliac and limb arteries was done first to have a mor-
phological and hemodynamic evaluation of the arterial lesions [Q1: A]. Duplex 
provides a remarkably complementary package of anatomic and physiologic infor-
mation that is unrivaled by other modalities. As part of this evaluation, measurement 
of the ankle brachial index (ABI) is a simple and useful test that can be performed 
with a minimum of time. In this case an ABI of less than 0.5 with rest pain con-
firmed the diagnosis of CLI.

Current sophisticated duplex scanners provide three types of information: 
gray- scale B-mode imaging, color-flow imaging, and pulsed-Doppler spectral 
waveform analysis. Doppler velocity sampling is performed in all patent seg-
ments. The most widely recommended criterion for diagnosis of peripheral artery 
stenosis is a 100% peak systolic velocity step-up (velocity ratio ≥ 2) compared 
with a normal segment of artery proximal to the stenosis. Several investigators 
determined that this finding correlated closely with a 50% angiographic diameter 
reduction [9].

CT-scan with contrast media (CTA) provides high quality images of the 
aorta, and iliac arteries. But calcified lesions are difficult to analyze with CTA 
and femoropopliteal or tibial arteries are not well analyzed by CTA. In addition, 
CTA exposes the patient to ionizing radiations and contrast-induced 
nephropathy.

Contrast-enhanced magnetic resonance angiography (MRA) can also image the 
aortoiliac and limb arteries with comparable results to CTA. Disadvantages of MRI 
are its lack of wide availability particularly in France due to Health care budget 
constraints, contraindication in patients with cardiac pacemakers, and artifacts from 
stainless-steel components.

In summary, CTA is used routinely in patients with aortoiliac lesions, but in such 
a situation with multilevel arterial occlusive disease as shown by duplex scanning, 
we preferred a percutaneous angiography to have high-quality images of the femo-
ral arteries and distal run-off vessels.

 Revascularization Options

Taking into account the patient’s risk factors and the extent of arterial disease, the 
following options were available.
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 Aortobifemoral Bypass

ABF with distal anastomoses on to the profunda femoris arteries is an option for this 
relatively young patient with CLI. The patency rate of ABF is 85–90% at 5-year, 
and 70% at 10-year. ABF remains one of the most durable reconstruction in vascular 
surgery [10] and with proper patient selection, the operative mortality is an accept-
able 2%. However this patient had severe COPD which is a leading cause of post-
operative morbidity and mortality in aortic surgery. A less aggressive alternative 
was therefore sought.

 Iliac Angioplasty and Stenting

In this case, according to TASC II [11], right common and external iliac artery 
lesions could be classified as category B and the occluded left external iliac artery 
as category D. In addition, this patient had multiple stenoses involving the com-
mon femoral artery with an occlusion of the superficial femoral artery on both 
sides.

On the right side, we did the profunda revascularization first using an open tech-
nique, that will be described below. This bypass was followed by a primary stenting 
of the right common and external iliac arteries. In this case, the plaque on the right 
external iliac artery was not extending into the common femoral artery (CFA), leav-
ing an area relatively free of disease with the distal endpoint of the stent being above 
the inguinal ligament. On the left side, the presence of a significant CFA/EIA dis-
ease was defined by an absent femoral pulse and a 3× peak systolic velocity step-up 
across the diseased CFA artery with more than 80% luminal narrowing (B-mode 
imaging) extending proximally in the EIA and distally into the profunda. In this 
case, the distal endpoint of the iliac stent will have been located at the level of the 
CFA below the inguinal ligament with a potential risk of kinking. As for open sur-
gery, an adequate femoral outflow is necessary for aortoiliac angioplasty. We con-
sidered therefore that left iliac stenting was not appropriate in this patient and decide 
to use a crossover femorofemoral bypass to the left profunda with stenting of the 
right common and external iliac arteries.

 Iliac Stenting Combined with Profunda  
Femoris Artery Revascularization

Hybrid surgery with right iliac stenting and bilateral femoral revascularization 
appeared as the best solution in this case. The procedure was done in the operating 
room with the use of epidural anesthesia. On the right side, revascularization of the 
profunda was done first using an 8 mm diameter PTFE bypass (Fig. 19.4). Proximal 
anastomosis was done on the terminal portion of the external iliac artery, distal 
anastomosis was done on a non-diseased segment of the profunda femoris artery, 
3 cm distal to its origin. This bypass procedure was followed by a primary stenting. 
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The bypass was punctured with an 18-gauge needle, a 7F sheath was placed over the 
wire, through the bypass and iliac arteries. Stenting of the common and external 
iliac arteries was done using respectively a 8/60  mm stainless steel stent and a 
7/60 mm nitinol stent.

Regarding the profunda femoris artery revascularization, a right CFA endarterec-
tomy extending into the profunda is an alternative. In this case a longitudinal arteri-
otomy is created on the CFA and extended into the profunda. A standard 
endarterectomy is performed with the distal endarterectomy ending as a fine taper-
ing of the CFA lesion into the profunda femoris artery, and the proximal endpoint 
cut just proximal to the inguinal ligament. The arteriotomy is then closed with a 
standard elliptical polyester patch and running sutured anastomosis.

Considering the extensive lesions on the right profunda, we preferred in this case 
the use of a PTFE bypass to the profunda with a distal anastomosis on a non- 
diseased segment without the risk of flap or residual stenosis.

The crossover femorofemoral bypass was then constructed between the right 
iliofemoral bypass and the distal left profunda using a 8 mm polyester graft. The 
follow-up was uneventful. The right ABI increased from 0.45 to 0.70, and the left 
ABI increased from 0.28 to 0.65 and remained stable 3 years after the procedure. A 
CTA (Fig. 19.5) showed the result of the procedure.

Fig. 19.4 Right iliofemoral bypass to the profunda femoris artery and crossover bypass
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 Rationale for Angioplasty of “Donor” Iliac Artery Prior 
to Femorofemoral Crossover Bypass

Successful femorofemoral crossover bypass is highly dependent on a hemodynami-
cally satisfactory donor iliac arterial system. Endovascular intervention for selected 
iliac artery lesions provides excellent short- and long-term results in terms of hemo-
dynamic improvement and patency. Several authors have now reported experience 
with transluminal balloon angioplasty prior to or concomitant with femorofemoral 
bypass [12, 13]. Results of these studies have supported the view that donor iliac 
artery balloon angioplasty with stenting in selected cases is associated with a satis-
factory hemodynamic outcome and patency rate. The results of balloon angioplasty 
have probably improved since those initial prior studies were published. AbuRahma 
and colleagues have shown that the likelihood of success with this approach is sub-
stantially higher if the dilated donor iliac artery lesion is short and in the common 
iliac artery [14]. Ricco et al. [15] published the long-term results of a multicentre 
randomized study on direct bypass versus crossover bypass for unilateral iliac artery 
occlusive disease. The objective of this trial was to compare late patency after direct 

Fig. 19.5 Contrast-enhanced CT scan (CTA) showing a patent right iliac stenting with revascular-
ization of the right profunda femoris artery and femorofemoral crossover bypass to the left pro-
funda femoris artery
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and crossover bypass in 143 good-risk patients with unilateral iliac occlusive dis-
ease not amenable to angioplasty. These patients with unilateral iliac artery occlu-
sive disease and disabling claudication were randomized into two surgical treatment 
groups, i.e., crossover bypass (n = 74) or direct bypass (n = 69). Iliac lesions TASC 
class [C in 87 (61%) patients and D in 56 (39%) patients], and superficial femoral 
artery (SFA) run-off were comparable in the two groups. Patients underwent yearly 
follow-up examinations using color flow duplex scanning with ankle-brachial sys-
tolic pressure index measurement. Median follow-up was 7.4 years. Primary end-
points were primary patency and assisted primary patency. Primary patency at 
5  years (Fig.  19.6) was higher in the direct bypass group than in the crossover 
bypass group [92.7 ± 6.1% vs. 73.2 ± 10%, p = 0.001]. Assisted primary patency 
and secondary patency at 5 years were also higher after direct bypass than crossover 
bypass [92.7 ± 6.1% vs. 84.3 ± 8.5%, p = 0.04 and 97.0 ± 3.0% vs. 89.8 ± 7.1%, 
p = 0.03 respectively]. Patency at 5 years after crossover bypass was significantly 
higher in patients presenting no or low-grade SFA stenosis than in patients present-
ing high-grade (≥50%) stenosis or occlusion of the SFA [74.0 ± 12% vs. 62.5 ± 19%, 
p = 0.04]. In both treatment groups, patency was comparable using PTFE and poly-
ester grafts. Overall survival was 59.5 ± 12% at 10 years. This study showed that 
late patency was higher after direct bypass than crossover bypass in good-risk 
patients with unilateral iliac occlusive disease not amenable to angioplasty. This 
randomized study shows that determination of the status of the donor iliac artery 
was a key element for successful crossover bypass (Fig. 19.7). As early as 1973, 
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Fig. 19.6 Primary patency of 69 direct (D) and 74 crossover (C) bypass procedures analyzed 
according to the Kaplan-Meier method. The number of patients at risk in each group at various 
intervals is indicated at the bottom of the figure. Results are expressed as percentage with 95% 
confidence interval (95% CI). Primary patency rates at 5 and 10  years were 71.8  ±  10% and 
55.6 ± 12% respectively in the crossover bypass group as compared to 92.7 ± 6% and 82.9 ± 13% 
respectively in the direct bypass group (p  =  0.001, hazard ratio: 4.1 with 95% CI: 1.8–6.7) 
(reprinted with permission from J.B. Ricco et al. J Vasc Surg. 2008;47:45–53)
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Porter et al. [16] acknowledged the frequency of some degree of contralateral iliac 
disease in patients with extensive unilateral iliac disease and became one of the first 
groups to recommend use of donor iliac angioplasty in combination with crossover 
bypass. Not surprisingly use of endovascular techniques that can provide excellent 
long-term results in selected iliac artery lesions has improved the outcome of cross-
over bypass in patients with a suboptimal donor iliac artery [17–20]. The experience 
of several authors [21, 22] has supported this view. In non-randomized studies com-
paring crossover femoral grafts with or without donor iliac balloon angioplasty, 
both Perler et al. [19] and Schneider et al. [20] concluded that patency of the cross-
over bypass in patients who underwent preliminary stenting of the iliac artery was 
comparable to that of patients whose donor iliac artery was normal. These findings 
clearly support the use of angioplasty at the same time as crossover bypass in eli-
gible patients with donor iliac lesions. Measurement of ABI also enabled us to com-
pare hemodynamics after crossover and direct bypass. This comparison indicated 
that the hemodynamic results of the two procedures were comparable.
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Fig. 19.7 Flowchart representing primary and secondary failures occurring in patients with cross-
over and direct bypass grafts. There were 30 primary failures of crossover bypass and eight pri-
mary failures of direct bypasses. Arterial flow was successfully maintained or restored by donor 
iliac angioplasty, thrombectomy, or femoral patch angioplasty in 20 failed crossover bypasses and 
in five failed primary direct bypasses. Secondary failures required ten aortobifemoral grafts and 
one new crossover femorofemoral graft. Two major amputations were required in patients with 
failed direct or crossover bypass and unreconstructable distal arterial disease (reprinted with per-
mission from J.B. Ricco et al. J Vasc Surg. 2008;47:45–53)
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 Occlusive Disease of the Common Femoral Artery, Profunda 
Orifice and Superficial Artery in Patients with Iliac Angioplasty

When the superficial femoral artery is occluded, iliac angioplasty is likely to suc-
ceed only if the profunda femoris artery is normal or revascularized and has devel-
oped collateral pathways to the popliteal artery with one or two tibial runoff. 
Construction of the crossover femorofemoral bypass was deemed necessary in this 
case because of the extensive left femoral artery lesions that render any attempt to 
left iliac endovascular recanalization quite hazardous with the distal end of the stent 
below the inguinal ligament. As said previously, it is important to have for both 
angioplasty and open surgery an adequate outflow. The use of such a combined 
approach to lower extremity revascularization is not new and many authors reported 
excellent long-term results after combined iliac angioplasty/stenting and profunda 
or distal revascularization [23]. [Q2: D]

 Supervision and Follow-up of the Patient

A follow-up visit at yearly intervals with duplex evaluation and a structured or 
supervised walking program are essential in patients operated for CLI. Three con-
cepts need to be explained to the patients: [1] A dedicated walking time should be 
tailored to each patient (e.g. 30–45 min, 3–5 days per week), [2] Walking instruc-
tions to walk at a comfortable pace and stop for a brief rest whenever leg pain 
becomes severe, [3] recording walking time, length and weight loss. This program 
should be associated with smoking cessation, use of statins and antiplatelet therapy 
[24]. [Q3: F]
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20Endovascular Management of Lower 
Limb Claudication due to Infra-Inguinal 
Disease

Robert R. Attaran and Carlos I. Mena-Hurtado

Question 1
Which of the following statements is NOT correct?

 A. The SFA stented segment is occluded with collateral flow through the profunda 
femoris.

 B. There is evidence of stent fracture.
 C. The anterior tibial artery is occluded.
 D. The reconstitution point is at the tibioproneal trunk.

Case Report
An 80-year-old man with known peripheral artery disease and prior left super-
ficial femoral artery (SFA) endovascular interventions comes to see you in 
clinic complaining of left calf heaviness from walking 100 yards. Medical 
history includes coronary artery disease, hypertension, diabetes and obesity. 
He cannot recall details but states that his last intervention was approximately 
3 years ago at another institution. He tells you that he has previously tried 
cilostazol but stopped taking it due to pedal edema and gastric upset.

On your physical examination both femoral pulses are palpable, the popli-
teal pulses are difficult to palpate due to habitus and the left pedal pulses are 
appreciable by hand-held Doppler only. You order a bilateral US Duplex arte-
rial study. The study reports restenosis in the left SFA.  As the patient is 
severely symptomatic you proceed with invasive angiography.
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Question 2
You get called to the emergency room to evaluate a lady with acute leg pain. The 
patient is a 74-year old diabetic woman who 20 months prior had been successfully 
treated for right leg claudication with right SFA angioplasty and stenting. On this 
evening she developed rapid onset right leg pain, worse below the knee. She denied 
numbness or paresthesia in the right leg.

On examination pedal pulses are not palpable but are appreciable with a hand- 
held Doppler. There is no weakness or sensory loss. You forego a CT scan and 
arrange for an urgent angiogram. Two angiographic images are show below. The 
micro-catheter shown in the second image passes through the stented segment very 
easily.

With this information, what has most likely transpired?

 A. Stent thrombosis with extension into the tibioperoneal trunk.
 B. In-stent restenosis.
 C. Stent-thrombosis.
 D. Stent-thrombosis with associated acute Rutherford score IIb.
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Question 3
(Continued case from Question 2)

Based on your findings you advance an ultrasonic thrombolysis device into the 
right SFA stent and infuse tissue plasminogen activator through it overnight. 
Intravenous heparin is administered as an infusion. The next morning you evaluate 
the patient at the bedside. She does not report rest pain. Pedal pulses have stronger 
Doppler signals. After approximately 16 h of ultrasonic thrombolysis you bring her 
back to the angiography suite and remove the catheter. You repeat the angiogram 
after administering intra-arterial nitroglycerin. Images are shown below.
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Based on the clinical history and the angiograms shown, which is the best 
answer:

 A. Further thrombolysis is warranted.
 B. No further intervention is warranted. Continue antiplatelet therapy.
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 C. The SFA stented segment should be treated with high pressure balloon 
inflations.

 D. The region distal to the stent should be treated.
 E. Commence apixaban therapy to prevent recurrent thrombosis.

Question 4
In your busy vascular clinic you evaluate a frail but active 82-year-old woman with 
a history of myocardial infarction, right coronary artery stent, hypertension, dyslip-
idemia and bilateral calf claudication (walking 200 yards). You send her for vascular 
imaging studies and ABIs. Imaging suggests left SFA stenosis of at at least 75% and 
ABI 0.7.

You recommend a trial of walking and cilostazol but 2 months later she returns 
to your clinic with slight worsening in her claudication, particularly on the left. The 
patient agrees to angiography with only minimally aggressive intervention. 
Contralateral angiography of the left SFA is shown.

 

There is diffuse disease within the left SFA but the most severely diseased seg-
ments are proximal. The distal segment has not filled with contrast yet, in this shot. 
The patient is free of significant popliteal disease and has 2-vessel runoff (occluded 
posterior tibial artery).

Which is the best option at this stage for this patient?
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 A. Directional atherectomy of the proximal SFA.
 B. Rotational atherectomy of the proximal SFA.
 C. Balloon angioplasty, including drug-coated balloons.
 D. Stent deployment.

Question 5
(continued case from question 4)

You proceed with balloon angioplasty. The proximal SFA is predilated with a 
5 × 60 mm balloon inflation for 3 min. Next you perform a 3-min inflation with a 
5 × 80 mm drug-coated balloon.

You then obtain two projections of the SFA as shown here, post balloon inflation. 
The first is AP, the second LAO.
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What do these projections demonstrate within the treated segment?

 A. SFA perforation.
 B. Type B dissection.
 C. Type C dissection.
 D. Type D dissection.
 E. Type E dissection.
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Question 6
You organize a quality improvement meeting within your interventional suite. One 
of the topics discussed is reduction of IV contrast utilization. Which of the follow-
ing strategies reduces IV contrast exposure to a patient being evaluated for periph-
eral artery disease?

 A. Selective or super-selective catheter placement during angiography.
 B. CO2 angiography.
 C. Vascular Duplex ultrasound.
 D. Dilution of contrast with saline.
 E. All of the above.

Question 7
In the same quality improvement meeting some staff raise concerns about stent 
fracture and safety. In regards to SFA stent fracture, which statement is NOT 
correct?

 A. Stent fracture rates are higher in longer segments.
 B. Interwoven nitinol stents are more prone to fracture.
 C. Stents within chronic total occlusions appear to fracture more.
 D. Overlapping stents may be more prone to fracture.

Question 8
A patient comes to you for a second opinion. He is a 67-year old man with Rutherford 
III claudication, severe mid-distal SFA stenosis with three-vessel runoff in his right 
leg. The patient is enquiring about surgical as opposed to endovascular treatments. 
Your literature search on this topic leads you to the following findings:

 A. Femoropopliteal bypass and endovascular techniques have equivalent patency at 
1 year.

 B. Femoropopliteal bypass and endovascular techniques have equivalent 30-day 
morbidity.

 C. Femoropopliteal bypass with an autologous vein has better patency than with 
polytetrafluoroethylene.

 D. Femoropopliteal bypass with a vein has equivalent patency below versus above 
the knee.

Answers
Question 1

Correct answer D. The left SFA has been previously stented and now appears 
flush occluded. Non-angiographic images show multiple areas of stent fracture 
(types IV-V). The presence of a metallic knee replacement precludes visualization 
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of the popliteal artery in this projection. The operators should have attempted a lat-
eral knee view with partial flexion. Nevertheless, flow is seen into the distal popli-
teal artery above the tibioperoneal trunk beyond the knee prosthesis. D is NOT a 
true statement and therefore the correct answer.

Question 2
Correct answer C. The patient’s acute presentation and stumped appearance of 

right SFA stent does suggest a stent thrombosis. However, a catheter injection below 
the knee does not suggest thrombus extension into the tibioperoneal trunk. The 
patient has no sensory deficit and Dopplerable pulses, so the Rutherford score is I 
(or at most, IIa). The leg is viable.

Question 3
Best answer D. Based on the history and angiography, the patient’s stents became 

thrombosed due to disease progression distal to the stented segment, impeding out-
flow. Medical therapy alone with antiplatelet or anticoagulant agents is not the best 
answer. In this case we utilized scoring balloon followed by drug-coated balloon 
therapy. Arterial outflow improved and the patient has experienced no claudication 
or recurrence to date. However, 3 monthly vascular ultrasound Duplex studies are 
performed for screening, to ensure no progression.

Question 4
The optimal answer at this point is C, balloon angioplasty. The area of interest is 

relatively focal and the patient has expressed an interest in a minimally aggressive 
option. Atherectomy, notwithstanding distal embolic protection filter use, increases 
the risk of embolization and is unnecessary in this short segment. A balloon angio-
plasty can be performed first and the residual stenosis or presence of dissection can 
be evaluated with repeat angiography. The FAST trial [1] comparing BMS to plain 
balloon suggested that in shorter SFA lesions (mean length 4.5  cm) there was a 
trend toward higher 12-month binary restenosis with balloon angioplasty, but not 
significantly so. Head-to-head comparison of balloon versus drug-coated balloon 
angioplasty by Tepe et al. [2] has demonstrated even lower clinically driven target 
vessel revascularization and better primary patency for drug-coated balloons.

Question 5
Correct answer C.  Type C dissection. Dissections following balloon or drug- 

coated balloon angioplasty are very common. In Levant 2, rates of SFA dissection 
were 72% with plain balloon angioplasty and 64% with drug coated balloons [3]. 
Data from the Thunder study appears to suggest that dissection, in particular flow- 
limiting, is associated with higher rates of restenosis [4, 5].

As was seen in this case, only a second view (in this case LAO) demonstrated an 
obvious flap.

The dissection grading system often utilized in PAD is one adopted from the 
NHLBI (National Heart Lung and Blood Institute) Criteria for coronary artery dis-
section [6].

Type A dissections are small radiolucent areas within the vessel lumen during 
contrast flow with little or no persistence of contrast after the dye has cleared.

Type B dissections are parallel tracts or a double lumen separated by a radiolu-
cent area during contrast injection, with little or no persistence after dye clearance.
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Type C dissections appear as contrast outside the vessel lumen, with persistence 
of contrast after dye has cleared from the lumen.

Type D dissections represent a spiral luminal filling defects, frequently with con-
trast staining of the dissected false lumen.

Type E dissections appear as new, persistent filling defects within the vessel 
lumen.

Type F dissections represent those resulting in total occlusion of the vessel lumen 
with loss of flow.
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The dissection in this setting could have been managed conservatively, with a 
prolonged balloon inflation, or with stenting. We opted to use the Tack device (Intact 
Vascular, Wayne, PA), which is a 6  mm length nitinol self-expanding device 
designed to tack down a dissection along selected points. Three tack devices were 
deployed and post-dilated with a 5  mm balloon. After device deployment (see 
below), the dissection improved.
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Question 6
Correct answer E.  All named strategies can reduce the utilization of IV 

contrast.
Question 7
Correct answer is B.  Interwoven nitinol stents appear to be more fracture 

resistant.
There are several biomechanical forces acting on the superficial femoral artery 

during movement. Flexion points as well as muscular forces can lead to 
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compression, torsion, elongation and flexion, among others. Stents in the SFA can 
fracture which may lead to in-stent thrombosis or restenosis [7–9]. The develop-
ment of self-expanding memory alloy stents, such as nitinol, has intended to reduce 
stent fracture rates. The nitinol Lifestent (Bard) showed a 3.1% one-year fracture 
rate in RESILIENT (mean lesion length 7.1 cm) [10]. In STELLA where the lesions 
were longer (mean length 22 cm) the Lifestent demonstrated a 17.7% one-year frac-
ture rate [11]. The Zilver PTX (Cook) drug-eluting stent demonstrated 2.1% frac-
ture rates at 1-year (mean lesion length 22.6 cm) [12].

The Supera stent (Abbott) is made of interwoven nitinol wires and appears to be 
more fracture resistant [13].

Stent overlap may lead to areas of vulnerability to fracture, over time. Lin et al. 
[14] prospectively evaluated 205 limbs that underwent SFA stenting. Stent fracture 
per limb was 26.8% at 24 months. Presence of CTO, stent length, vessel calcifica-
tion and number of stents were predictors of stent fracture. However, in this study, 
no clear link between stent fracture and restenosis was found.

Question 8
Correct answer is C.
A 2013 meta-analysis analyzed data from four randomized trials and six obser-

vational studies (n = 2817) comparing endovascular treatment of femoropopliteal 
artery disease versus open techniques [15]. Endovascular techniques had lower 
30-day morbidity. Femoropopliteal bypass surgery had better patency at 1, and 
3 years.

Another meta-analysis [16] revealed superior graft patency for a venous conduit 
compared to polytetrafluoroethylene at 5 years. Vein conduit 5-year patency was 
77.2% above the knee and 64.8% below the knee.

References

 1. Krankenberg H, et al. Nitinol stent implantation versus percutaneous transluminal angioplasty 
in superficial femoral artery lesions up to 10 cm in length: the femoral artery stenting trial 
(FAST). Circulation. 2007;116(3):285–92.

 2. Tepe G, et al. Drug-Coated Balloon versus Standard Percutaneous Transluminal Angioplasty 
for the Treatment of Superficial Femoral and/or Popliteal Peripheral Artery Disease: 12-Month 
Results from the IN.PACT SFA Randomized Trial. Circulation. 2015;131(5):495–502.

 3. Rosenfield K, for the LEVANT 2 Investigators, et al. Trial of a Paclitaxel-Coated Balloon for 
Femoropopliteal Artery Disease. N Engl J Med. 2015;373:145–53.

 4. Tepe G. Angioplasty of femoral-popliteal arteries with drug-coated balloons: 5-year follow-up 
of the THUNDER trial. JACC Cardiovasc Interv. 2015;8(1 Pt A):102–8.

 5. Tepe G, et  al. High-grade, non-flow-limiting dissections do not negatively impact long- 
term outcome after paclitaxel-coated balloon angioplasty: an additional analysis from the 
THUNDER study. J Endovasc Ther. 2013;20(6):792–800.

 6. Coronary Artery angiographic changes after PTCA: Manual of Operations NHBLI PTCA 
Registry 1985-6:9.

 7. Adlakha S, et  al. Stent fracture in the coronary and peripheral arteries. J Interv Cardiol. 
2010;23:411–9.

 8. Iida O, et al. Effect of exercise on frequency of stent fracture in the superficial femoral artery. 
Am J Cardiol. 2006;98:272–4.

20 Endovascular Management of Lower Limb Claudication due to Infra-Inguinal



246

 9. Scheinert D, et al. Prevalence and clinical impact of stent fractures after femoropopliteal stent-
ing. J Am Coll Cardiol. 2005;45(2):312–5.

 10. Laird JR, et al. Nitinol stent implantation versus balloon angioplasty for lesions in the superfi-
cial femoral artery and proximal popliteal artery: twelve month results from the RESILIENT 
randomized trial. Circ Cardiovasc Interv. 2010;3:267–76.

 11. Davaine JM, et al. One-year clinical outcome after primary stenting for trans-atlantic inter- 
society consensus (TASC) C and D femoropopliteal lesions (the STELLA “stenting long de 
l’artere femorale superficielle” cohort). Eur J Vasc Endovasc Surg. 2012;44:432–41.

 12. Bosiers M, et  al. Zilver PTX Single-Arm Study Investigators. The Zilver® PTX® Single 
Arm Study: 12-month results from the TASC C/D lesion subgroup. J Cardiovasc Surg. 
2013;54(1):115–22.

 13. Werner M, et al. Treatment of complex atherosclerotic femoropopliteal artery disease with a 
self-expanding interwoven nitinol stent: midterm results from the Leipzig SUPERA 500 regis-
try. EuroIntervention. 2014;10(7):861–8.

 14. Lin Y, et al. Stent fractures after superficial femoral artery stenting: risk factors and impact on 
patency. J Endovasc Ther. 2015;22(3):319–26.

 15. Antoniou GA, et al. A meta-analysis of endovascular versus surgical reconstruction of femo-
ropopliteal arterial disease. J Vasc Surg. 2013;57(1):242–53.

 16. Pereira CE, et al. Meta-analysis of femoropopliteal bypass grafts for lower extremity arterial 
insufficiency. J Vasc Surg. 2006;44(3):510–7.

R.R. Attaran and C.I. Mena-Hurtado



247© Springer International Publishing AG, part of Springer Nature 2018
G. Geroulakos, B. Sumpio (eds.), Vascular Surgery,  
https://doi.org/10.1007/978-3-319-65936-7_21

J. Starr, M.D., F.A.C.S. (*) • P. Vaccaro, M.D., F.A.C.S. 
Division of Vascular Diseases and Surgery, The Ohio State University, Columbus, OH, USA
e-mail: Jean.Starr@osumc.edu

21Endovascular Management of  
Non- Healing Leg Ulceration

Jean Starr and Patrick Vaccaro

Question 1
The best first step in her evaluation and/or management is:

 A. Operative debridement to eliminate necrotic tissue and bone and initiation of 
oral antibiotics, based on culture results.

 B. Lower extremity arterial Dopplers with waveforms.
 C. MRA of the lower extremities.
 D. Angiography with possible intervention.
 E. Start Cilostazol and a walking program.

Case Report
A 72 year old non-smoking female with a past medical history of hyperten-
sion, well-controlled diabetes, and stable coronary artery disease, status post 
CABG with bilateral great saphenous vein harvests, presents to her podiatrist. 
She developed an ulcer over the right first metatarsal head after wearing a new 
pair of shoes approximately 4 months ago. The wound is gradually getting 
larger, despite appropriate local wound care and off-loading procedures. She 
is referred to you for evaluation for arterial insufficiency.

Physical examination reveals normal and equal bilateral femoral pulses 
with no palpable distal pulses. There are well-healed, bilateral medial thigh 
incisions. The toes are pink with brisk capillary refill. There is diminished 
sensation to fine touch bilaterally, but normal motor function is noted. The 
ulcer base is pale with fibrinous debris. There is no foul odor or obvious 
cellulitis.
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The ankle-brachial indices are greater than one and a digital brachial index is 0.6 bilat-
erally. Upper thigh waveforms are multiphasic; popliteal and pedal waveforms are mono-
phasic. Exercise testing was not performed due to her inability to walk on a treadmill.

Question 2
Which of the following is true?

 A. ABIs correlate well with long-term survival in PAD patients.
 B. DBIs are an unreliable measure of PAD in diabetic patients due to small vessel 

calcification.
 C. A direct popliteal artery pressure measurement of greater than 50 mmHg helps 

to predict a positive outcome after angioplasty.
 D. A pulsus tardus waveform on a lower extremity arterial duplex examination cor-

relates with adequate arterial perfusion.

An aortogram with runoff was performed via the left femoral artery and showed 
a normal aortoiliac segment with a 20  cm left superficial femoral artery (SFA) 
occlusion and diffuse tibial stenoses with contiguous flow into the foot. The right 
superficial femoral artery showed three areas of focal stenosis with the proximal and 
mid lesions measuring 1 cm and the distal measuring 2 cm in length (Fig. 21.1). 

Fig. 21.1 Right SFA 
tandem stenoses
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The most distal lesion ended proximal to the adductor canal. The popliteal artery 
had no significant stenosis. The right posterior tibial and peroneal arteries were 
totally occluded and did not provide any collateral flow into the foot (Fig. 21.2). The 
anterior tibial artery had several areas of distal stenoses, all proximal to the ankle. 
The most severe was just above the ankle joint (Fig. 21.3). There was no complete 
pedal arch, but abundant collateral flow in the foot was present.

Question 3
The TASC (Trans-Atlantic Societal Classification) category of the superficial femo-
ral artery segment is best identified as:

 A. TASC A
 B. TASC B
 C. TASC C
 D. TASC D
 E. TASC E

Fig. 21.2 Distal popliteal 
and proximal tibial 
anatomy
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Question 4
The best treatment option for this patient is:

 A. Medical management with Cilostazol, Clopidigrel, and referral to a wound care 
center.

 B. Percutaneous revascularization of the femoral artery lesions, with distal syn-
thetic popliteal to anterior tibial bypass at the ankle.

 C. Percutaneous revascularization of the femoral and anterior tibial arteries.
 D. Right femoral to anterior tibial composite bypass graft.

Discussion with the patient occurred pre-procedurally in the office setting. She 
was offered concomitant intervention if deemed appropriate at the time and informed 
consent was obtained. The patient was given appropriate sedation and anticoagu-
lated with heparin. The diagnostic 5Fr sheath was exchanged for a 6Fr RDC angled 
guiding sheath. Cannulation of the contralateral common iliac was performed with 
the aid of a SOS catheter and 0.035 stiff hydrophilic guidewire under constant fluo-
roscopic guidance. The sheath was advanced to the right external iliac artery. 
Roadmap techniques and small amounts of contrast were used to cross the SFA 

Fig. 21.3 Distal anterior 
tibial stenoses
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lesions. An angled, hydrophilic coated 5Fr catheter was employed to assist in cross-
ing the stenoses. The tip of the guidewire was placed in the distal popliteal artery. A 
5 mm × 4 cm cryoplasty balloon was inflated at each diseased area with an adequate 
angiographic appearance and no evidence of dissection or other complication 
(Fig. 21.4).

Next, the 0.035 guidewire was exchanged for a 0.014 exchange length guidewire 
and the lesions in the anterior tibial artery were crossed. The stenoses were treated 
with a 2.5 mm × 5 cm balloon with good results and no complications (Fig. 21.5). 
The sheath was partially withdrawn and the left femoral artery was imaged. The 
access site was felt to be adequate for an arterial closure device which was placed 
without complication. The heparin was not reversed.

Following treatment, her post procedure anterior tibial ankle waveform was mul-
tiphasic. Her ulcer improved with a reduction in diameter, however the first metatar-
sal head was exposed. The patient underwent right first toe transmetatarsal 
amputation 2  weeks later which healed nicely. Six months later, routine lower 

Fig. 21.4 Result after SFA cryoplasty with improvement in all three stenoses
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extremity arterial non-invasive testing showed a flat right ankle PVR. The patient 
denied new ulceration or rest pain.

Question 5
The patient should be offered:

 A. Repeat angiogram and intervention if anatomically appropriate.
 B. Operative revascularization.
 C. Medical management with warfarin therapy and risk factor modification.
 D. Risk factor modification and protective orthotics.

Fig. 21.5 Results after PTA of distal anterior tibial artery
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 Commentary

Critical limb ischemia may include ischemic rest pain, non-healing ulcers, or gan-
grene, all of which may lead to limb loss if left untreated, and at the very least cause 
significant lifestyle changes. Initial evaluation should include lower extremity arte-
rial dopplers with waveforms which serve to give an idea of disease distribution and 
severity. Testing is non-invasive, inexpensive, and widely available. Non-invasive 
vascular testing, especially duplex imaging, may help to rule out more proximal 
occlusive disease, and allow less contrast to be used during angiography and inter-
ventional procedures [1]. Adding arterial duplex imaging may also help plan an 
interventional procedure by identifying target lesions. Additionally, a baseline 
ankle-brachial index (ABI) or waveform may be utilized to assess the adequacy of 
an intervention and is one means of following a patient’s vascular status over time, 
especially if there is a worsening in the clinical situation. [Q1: B]

Although magnetic resonance (MR) angiography may help delineate extent and 
location of disease, a pre-planned intervention obviously cannot be performed 
simultaneously. There are additional risks to patients with chronic kidney disease, 
related to Gadolinium administration. The most severe involves nephrogenic sys-
temic fibrosis which is characterized by thickening and tightening of the skin and 
subcutaneous tissues and can involve the skeletal muscle, lung, liver, testes, or myo-
cardium. The outcome can be fatal [2]. Adequate MR vascular imaging equipment 
and software are not uniform, nor widely available. Interpretation, especially with 
total occlusions, may be subjective as well. Advantages may include the avoidance 
of an iodinated contrast study if an intervention is not feasible or indicated. Exposure 
to a radiation source is also avoided. The local complications of a percutaneous 
procedure, including pseudoaneurysm formation, hematoma, arterial occlusion, and 
bleeding, are averted.

Computed tomographic angiography (CTA) is sometimes used as a minimally 
invasive diagnostic tool for the evaluation of vascular disease. Drawbacks include 
the inability to perform a concomitant intervention, as with MRA, the need for 
iodinated contrast with the known inherent risks, and the use of radiation. CTA has 
the additional disadvantage of difficulty imaging accurately in the presence of heav-
ily calcified lesions [3].

ABI’s have also been suggested for patients free from clinical signs and symp-
toms of vascular disease with other risk factors. They have been shown to corre-
late with long term survival. An ABI of <0.9 has been shown to have double the 
10 year overall mortality, cardiovascular mortality, and major coronary event rate 
[4]. Digital-brachial waveforms may be more reliable than ABI’s in patients with 
large vessel calcifications, such as is commonly found in diabetics [5]. Digital 
vessels are often spared calcification and therefore are compressible and allow 
non-invasive pressure measurements. Direct popliteal pressures may help predict 
the healing potential in patients undergoing below the knee amputation [6]. A 
pulsus tardus waveform indicates a more proximal obstruction and may arise due 
to a post- stenotic pressure drop or changes in post-stenotic vessel compliance. It 
is used most commonly for evaluation of renal artery stenosis [7]. [Q2: A]
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The initial TASC recommendations, originally published in 2000 [8], were more 
recently revised in 2007 by representatives from 16 different societies and all con-
cerned specialties [9]. In both TASC publications, anatomic criteria are grouped 
into four classifications as an effort to give clinical management guidelines based on 
severity of disease. Since the 2000 inception, more evidence has emerged in support 
of endovascular therapies and this has been incorporated into the latest recommen-
dations. The level of available evidence reviewed (level A, B, or C) was also ana-
lyzed by content experts and applied. The 2007 femoral artery criteria are listed in 
Fig. 21.6. Recommendations for intervention are described in Table 21.1. There are 
separate categories for iliac artery atherosclerotic disease. No recommendations for 
tibial occlusive disease are currently available. This patient’s SFA lesions are best 
categorized as TASC class B and an endovascular approach is recommended as the 
first line of treatment. There is no TASC class E category in any anatomic distribu-
tion. [Q3: B]

This patient’s critical limb threatening ischemia warrants timely intervention 
in order to prevent further tissue and potential limb loss. Restoration of direct flow 

Type A

Type C Type D

Type B

Lesion type Description

A

B

C

D

Single stenosis ≤10 cm in length

Single or multiple lesions in the absence of continous tibial vessels to improve inflow for a

Single occlusion ≤5 cm in length

Heavily calcified occlusion ≤15 cm in  lenghth

Recurrent stenoses or occlusions that need treatment after two endovascular interventions

Chronic total occlusion of popliteal artery and proximal trifurcation vessels

Single stenosis or occlusion ≤15 cm not involving the infrageniculate popliteal artery
Multiple lesions (stenoses or occlusions), each ≤ 5 cm

distal bypass

Single popliteal stenosis

Multiple stenoses or occlusions totaling > 15 cm with or without heavy calcification

Chronic total occlusions of CFA or SFA (>20 cm, involving the popliteal artery)

Fig. 21.6 TASC II infrainguinal classification
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to the area of ischemia is ideal and may provide better healing rates [10]. She has 
limited autogenous vein available, with potentially short segments of great saphe-
nous vein below the knee, small saphenous vein, and cephalic vein. Consideration 
should be given to obtaining non-invasive mapping of these venous segments. 
Distal tibial and pedal revascularization with prosthetic or composite grafts has 
poorer long term patency than autogenous bypasses, but there has been no direct 
comparison to endovascular intervention, solely for the infrapopliteal vascular 
bed. There is evidence that infrainguinal angioplasty may be a better first alterna-
tive for patients who are anatomically suitable and have a life expectancy less than 
2 years, especially when autogenous vein is unavailable [11]. There may be a high 
restenosis rate, but there is acceptable limb salvage rate in patients with limb 
threatening ischemia [12, 13]. This patient has limited autogenous vein and an 
appropriate primary intervention is percutaneous revascularization. Options 
include balloon angioplasty, cryoplasty, stenting, and atherectomy, in addition to 
other techniques. [Q4: C]

Consensus does not exist regarding the type of endovascular management for 
atherosclerotic infrainguinal disease. Balloon angioplasty was the first modality 
introduced and is still advocated by some for short segment, uncomplicated lesions. 
Nitinol stenting has recently shown superiority over simple balloon angioplasty but 
debate continues [14]. Covered stent placement has also gained in popularity with 
improved outcomes [15]. Unfortunately, stent fractures with diminished patency 
rates have limited universal adaptation of these practices. Forces on the SFA at the 
adductor canal, including compression, expansion, torsion, and flexion, adversely 
impact metallic devices. Mechanical limitations of current stent designs have led to 
new, longer stent designs which may increase long term patency rates. Development 
of better drug eluting stent and balloon technology may also help to improve 
outcomes.

Restenosis of stented arterial beds creates a future problem regarding manage-
ment of in-stent restenosis when it occurs. Plain and cutting balloon angioplasty, 
cryoplasty, and drug-eluting balloon technology may offer future solutions but cur-
rently only anecdotal data exist [16]. Research with bioabsorbable stent technology 
may lead to the elimination of long-term mechanical stent problems and may be a 
vector for drug delivery directly to diseased segments [17].

Other areas of concern for infrainguinal interventions include the common femo-
ral and popliteal arteries which lie at flexion points and the SFA origin where the 
major branch vessel, the profunda femoris, offers a significant source of collateral 
flow in cases of limb threatening ischemia. Laser, directional, and rotational 

Table 21.1 Preferred 
options for treating 
femoropopliteal lesions

Type of lesion Treatment recommendations
TASC A Endovascular therapy is the treatment of 

choice
TASC B Endovascular therapy is the preferred 

treatment
TASC C Surgery is preferred for good risk patients
TASC D Surgery is the treatment of choice
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atherectomy techniques have been devised as the primary procedure or for debulk-
ing diseased segments so that ballooning may be performed with fewer complica-
tions. Atherectomy may be a good adjunct in these problem areas and even in highly 
calcified segments where ballooning and stenting may not be feasible.

Patient treatment and management should not end at the completion of the inter-
ventional procedure. Risk factor modification, including diabetic and hypertensive 
control, statin therapy, smoking cessation, and addition of anti-platelet medication 
should be individualized for each patient. Personalized health care will continue to 
become an important aspect of vascular patient care, combining individual genomic 
information and clinical data with available health information technologies. More 
aggressive and earlier risk reduction may avert many of the late complications of 
vascular disease. Health care agencies have clearly begun to recognize the impor-
tance of individualized care [18].

Optimal wound treatment should be instituted and healing status closely moni-
tored. Patients should be educated about signs of deteriorating vascular status, 
including recurrent claudication or rest pain and development of new ulcerations. 
Non-invasive vascular testing may be a helpful addition to physical examination if 
there is a clinical change. Less circulation is needed to maintain intact skin, so once 
a wound heals, a decrease in arterial inflow may not necessarily require restoration. 
This patient is appropriately managed by close follow up, risk factor management, 
counseling, and protective orthotics. [Q5: D]
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22Bypass to the Popliteal Artery

Hisham Rashid

Case
A 56-year-old self-employed London tour guide complaining of recurring left 
calf claudication of about 60 yards. She requires rest for 5 min before she 
can walk again. Her symptoms have been progressing over the last 3 months 
and now she is not able to continue with her job. She is a known type II 
diabetic, with well controlled hypertension and hypercholesterolaemia. She 
denied any history suggestive of cerebro-vascular events and not known to 
suffer from ischaemic heart disease. She stopped smoking 10 years ago. She 
is on best medical therapy including aspirin, antihypertensive medication and 
a statin. Five years earlier she underwent an above knee femero-popliteal 
bypass for similar problems using her left greater saphenous vein after a failed 
angioplasty attempt. She was discharged a year after completing a success-
ful duplex graft surveillance program. Her right greater and lesser saphenous 
veins were treated with stripping and multiple phlebectomies for symptomatic 
varicose veins when she was 30-years old. She has tried Cilostazol in the past 
but without clinical improvement. She continues to exercise regularly but her 
walking distance has continued to decrease.

On examination, she had a full complement of regular pulses in her neck and 
arms without any bruits. The scars of her previous left femero-popliteal bypass 
could be seen as well as her varicose vein surgery on the right leg. Groin femo-
ral pulses were palpable bilaterally. No pulses could be felt on the left popliteal 
or pedal arteries. On the right side a popliteal pulse could be easily felt but the 
pedal pulses were not palpable. Laboratory studies have excluded underlying 
thrombophilia disorder that could explain her graft failure.
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Question 1: What Is the Available Diagnostic Imaging Modalities for this 
Patient?

 A. Digital subtraction angiograph (DSA)
 B. Magnetic resonance angiography (MRA)
 C. Duplex angiography
 D. Computerised tomography angiogram (CTA)

Duplex scan showed mild iliac disease without significant stenosis; occlusion of the 
left femero-popliteal bypass from its origin with confirmed occlusion of the super-
ficial femoral and popliteal arteries. The popliteal artery reconstitutes above the 
knee level with calcified crural vessels and occluded posterior tibial artery with 
monophasic damped waveform at the ankle level (Fig. 22.1). On the right side, she 
had occlusion of the anterior tibial artery. The crural vessels patency could not be 
confirmed due to the significant calcification.

The patient was also examined before and after exercise on a treadmill machine 
which demonstrated significant drop in the peak systolic velocities in the crural and 
pedal arteries post-exercise and damped arterial waveforms coupled with severe calf 
claudication requiring the termination of the test after walking 70 yards (Fig. 22.2). 
However, the ankle-brachial pressure index (ABPI) was persistently elevated before 
and after treadmill exercising due to arterial calcification.

Vein mapping showed absent greater saphenous veins bilaterally with absent 
right lesser saphenous vein and left varicose short saphenous vein with evidence of 
previous phlebitis.

Computerised tomography angiogram (CTA) performed to assess the run-off, 
confirmed the duplex results with patency of the left peroneal and anterior tibial 
arteries only and occlusion of the right anterior tibial artery.

A multi-disciplinary discussion confirmed angioplasty was not possible and a 
redo-femero-popliteal bypass will be required if indicated.

Question 2: What Are the Indications for Femero-Popliteal Bypass?

 A. Disabling claudication not responding to medical treatment and supervised 
exercise

 B. Critical leg ischaemia with tissue loss or rest pain
 C. Mild/moderate calf claudication
 D. Non-healing venous ulcer with occluded femero-popliteal arteries

Three-months later, due to the continuing severe disabling left calf claudication 
and failure of the best medical therapy in spite of her regular exercising, the patient 
agreed and consented for a redo-left femero-popliteal bypass knowing the risks and 
benefit for the surgery.
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Fig. 22.1 Schematic diagram of the preoperative duplex scan showing occlusion of the superficial 
femoral artery from its origin with reconstitution of the popliteal artery and monophasic damped 
waveform in the crural vessels. The posterior tibial artery is also occluded
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Question 3: What Are the Best Long-Term Conduits Used in Infra-Inguinal 
Bypass?

 A. Greater or lesser saphenous vein
 B. Arm veins
 C. Synthetic grafts pre-cuffed or combined with venous cuff or patch
 D. Cryo-venous graft

Due to the objection of the patient using her arm veins and the absence of other 
venous conduits, the patient underwent a redo above-knee femero-popliteal bypass 
using a heparin-bonded pre-cuffed expanded polytetrafluoroethylene (ePTFE). 
She had an un-eventual post-operative recovery and was discharged home a week 
later with a follow-up appointment in 3-months’ time. A pre-discharge duplex scan 

Fig. 22.2 Post-exercise duplex demonstrating significant drop in the peak systolic velocities in 
the peroneal arteries post-exercise and severely damped waveforms
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confirmed the graft functioning well with a peak systolic velocity of 75 cm/s with 
bisphasic blood flow in the graft, however, the graft could not be fully visualised 
along its full length due to the recent surgery. The below-knee popliteal artery had 
biphasic pulsatile flow (Figs. 22.3 and 22.4).

Question 4: What Antiplatelet or Anti-Coagulation Therapy may be 
Adjunctively Prescribed Following Femoro-Popliteal Bypass?

 A. Single antiplatelet therapy
 B. Dual antiplatelet therapy
 C. Oral anticoagulants
 D. Antiplatelet and oral anticoagulant

The patient was discharged home on clopidogrel and aspirin. A post-operative 
follow-up showed fully healed surgical wounds with mild leg swelling and the 
patient reported satisfactory clinical results. She has resumed normal activities and 
returned to work a month after surgery. The patient was interred into a duplex graft 
surveillance program.

Fig. 22.3 Postoperative duplex scan demonstrating strong pulsatile flow in the graft with PSV of 
75.9 cm/s
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Question 5: What Is the Role of Duplex Graft Surveillance Program in 
Infra-Inguinal Bypass?

 A. Improves graft patency
 B. Improves overall clinical outcome
 C. Improve cost-effectiveness

 Commentary

The majority of patients suffering from arterial claudication will be successfully 
managed medically with antiplatelet therapy, statins, Cilostazol, smoking cessation 
and supervised programmed exercise [1, 2]. However, the clinician needs to dif-
ferentiate between the management of supra and infra-inguinal disease since in the 
former, different endovascular strategies carry good short and long-term clinical 
results with acceptable risks compared to infra-inguinal disease. Imaging of the 
iliac arteries in these patients is extremely important to exclude treatable signifi-
cant disease.

Fig. 22.4 Post-operative duplex showing strong pulsatile flow in distal popliteal artery
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Several non-invasive diagnostic modalities are available when assessing patients 
with leg claudication (question 1). However, there is still significant variation in the 
selection of these modalities between different institutions [3, 4]. The author relies 
heavily on duplex scans in road-mapping the level and extent of the peripheral vas-
cular disease. In the majority of cases both supra and infra-inguinal disease could 
be examined with accuracy. This helps planning the treatment especially if supra- 
inguinal disease is suspected where iliac angioplasty will be the first stage of treat-
ing these patients. In uncertain cases, where the iliac arteries and the crural arteries 
could not be clearly visualised because of technical limitation including obesity or 
severe calcification, other non-invasive diagnostic modalities such as CTA or MRA 
can be extremely helpful. The author does not believe DSA should be used for the 
diagnosis of these patients unless it is part of a hybrid strategy offering angioplasty 
of the inflow arteries followed by bypass surgery as a synchronous or staged proce-
dure [Q1: B, C, D].

Treadmill exercising is important to assess the patient’s symptoms although most 
patients tends to show a longer walking distance on the treadmill compared to real 
life walking. This is also a very useful test to assess arterial claudication when spi-
nal canal stenosis is suspected. ABPI testing should be used carefully in patients 
with severe arterial calcification as in diabetic and renal failure patients that could 
give erroneous results due to the incompressibility of the crural arteries.

Surgical management of infra-inguinal disease in claudication is still controver-
sial (question 2). In selected cases where the symptoms are significantly disabling 
and not responding to best medical therapy and supervised programmed exercise, 
surgical bypass could be considered. The patient should be carefully counselled for 
the risks of surgery especially if venous conduit is not available for use for infra- 
genicular femero-popliteal bypass. Redo-bypass surgery for these cases should only 
be considered in patients with very severe symptoms with full knowledge of the risks 
including limb loss. In suitable cases, superficial femoral artery angioplasty with or 
without stenting could be considered [5]. There is supportive evidence that drug elut-
ing balloons or stents are superior compared to the standard ones [Q2: A, B, D].

Autologous venous conduits in infra-inguinal bypass grafts are superior to any 
other available synthetic or cryo-preserved conduits (question 3). The use of autol-
ogous greater saphenous vein has the best clinical and graft patency outcome com-
pared to the lesser saphenous or arm veins. Synthetic grafts caries the risk of early 
and late graft infection and sudden thrombosis of the graft and the run-off arteries. 
There is good evidence to support the use of synthetic grafts for above-knee femero- 
popliteal bypass showing comparable results to venous conduits.

The use of interposition venous cuffs, collars, patches or boots at the distal anas-
tomosis of below the knee infra-inguinal bypass has shown improved outcomes 
with the extra benefit of protecting the run-off arteries from thrombosis in the case 
of acute graft occlusion [6–12]. This benefit was shown in the Joint Vascular 
Research Group (JVRG) study in the UK. However, the Scandinavian Miller Collar 
Study (SCAMICOS), did not show a similar benefit in the long-term outcome of 
PTFE bypass using a vein collar. The SCAMICOS authors in a reanalysis of their 

22 Bypass to the Popliteal Artery



266

study speculated the difference in outcomes between the 2 randomized studies 
could be related to the gender and age of the patients. However, they concluded that 
this difference in outcomes is unlikely to depend on the disparity in sex and age of 
the study populations.

Pre-cuffed heparin-bonded ePTFE grafts has also shown good clinical outcomes 
in infra-genicular bypass similar to synthetic grafts with venous cuffs. Other syn-
thetic graft modifications including ring reinforcement, tapering, antibiotic impreg-
nation and heparin-bonded [13] add extra value in reducing the risk of graft occlusion 
and infection. The author makes all the effort to use autologous venous conduit 
when available [14], however, if synthetic grafts are needed, modified pre- cuffed 
grafts are used in all cases even in above knee femero-popliteal bypasses [Q3: A, B].

It is of paramount importance to continue with antiplatelet therapy in patients 
undergoing infra-inguinal bypass surgery [15] (question 4). It is good medical prac-
tice to exclude underlying thrombophilia disorder especially in patients undergoing 
redo-surgery. The use of dual antiplatelet therapy in patients undergoing infra- 
inguinal bypass surgery is common practice, however, there is no strong evidence to 
support this. The authors’ policy is to use dual antiplatelet therapy in patients under-
going; (1) distal infra-popliteal bypass using venous or synthetic conduits (2) below-
knee popliteal bypass using synthetic graft and (3) all redo-infra-inguinal bypass 
surgery. In selected patients with complex (pedal) or redo-distal bypasses especially 
with evidence of underlying thrombophilia disorder, warfarin and a single antiplate-
let therapy is used. Unfortunately, there is no available evidence yet to support the 
use of the new oral anticoagulants postoperatively in these patients [Q4: A, B, C, D].

The use of duplex graft surveillance program is still controversial (question 5). 
The rational is to identify failing grafts at risk of acute thrombosis and offer them 
timely treatment to avoid complete occlusion. This is judged by the change in the 
peak systolic velocity either dropping below 45  cm/s or significant increase of 
velocity across an area of stenosis more than 300 cm/s [16]. Although there are 
several studies supporting the use of this program in infra-inguinal bypass surgery, 
a controlled randomised trial by Davies et al. [17], showed that duplex surveillance 
program was not superior to clinical examination follow-up alone and there was an 
increased cost attached to this practice. The authors have been using graft surveil-
lance program for all patients undergoing infra-inguinal bypass surgery using 
venous or synthetic grafts. Although synthetic grafts do not usually develop stenosis 
in the mid-graft, but these grafts could still develop significant stenosis at the anas-
tomoses regions due to neo-intimal hyperplasia and to the inflow or run-of arteries 
due to progression of the disease [Q5: A].

The American College of Radiology recommendations for vein bypass surveil-
lance using different imaging modalities in symptomatic and asymptomatic patients 
[18] are summarised in Fig 22.5.

Unfortunately, due to financial constraints in most national health services, the 
authors offer this program for only 1 year post-bypass when the highest risk of graft 
failure occurs. Patients are only discharged from the program if they complete a full 
year without radiological or surgical intervention. In distal and ultra-distal bypasses, 
this program is extended as necessary due to the complexity of the procedure.
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Follow–up of Lower–Extremity Arterial Bypass Surgery

Infrainguinal vein graft. Asymptomatic patient. Surveillance.

Clinical Condition:

Variant 1:

Radiologic Procedure Rating

Rating Scale: 1,2,3 Usually not appropriate; 4,5,6 May be appropriate; 7,8,9 Usually appropriate
*Relative

Radiation Level

Comments RRL*

Ankle brachial index and single level
pulse volume recording

US lower extremity with Doppler

MRA lower extremity without and with
IV contrast

MRA lower extremity without IV contrast

CTA lower extremity with IV contrast

Arteriography lower extremity
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1

American College of Radiology
ACR Appropriateness Criteria®

Infrainguinal vein graft. Pain and/or swelling and/or ischemia and/or abnormal ankle
brachial index (ABI).

Variant 2:

Radiologic Procedure Rating

Rating Scale: 1,2,3 Usually not appropriate; 4,5,6 May be appropriate; 7,8,9 Usually appropriate
*Relative

Radiation Level

Comments RRL*

Ankle brachial index and single level
pulse volume recording

US lower extremity with Doppler

MRA lower extremity without and with
IV contrast

MRA lower extremity without IV contrast

CTA lower extremity with IV contrast

Arteriography lower extremity

9
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Fig. 22.5 The American College of Radiology recommendations for follow-up of asymptomatic 
and symptomatic patients with infra-inguinal vein bypass
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23Bypass to the Infrapopliteal Arteries 
for Chronic Critical Limb Ischemia

Enrico Ascher and Anil P. Hingorani

Question 1
Which of the following statements regarding chronic lower-extremity ischemia are 
wrong?

 A. If the patient refuses any intervention, then anticoagulation alone may be 
helpful

 B. The contralateral asymptomatic lower extremity should also undergo angiogra-
phy as there may be severe atherosclerotic disease there as well

Case Report
An 85-year-old male with a history of diabetes, hypertension, hypercholester-
olemia, coronary artery bypass, and active tobacco use presented with a gan-
grenous right first toe. The patient stated that he had no history of trauma to 
the area, and complained of rest pain in the foot. The patient had been in 
otherwise good health since his coronary artery bypass 12  years ago. On 
physical examination, the patient was in no physical distress. The patient had 
a well-healed median sternotomy scar. Auscultation of the heart revealed a 
regular rate without any murmurs. He was obese. Abdominal examination 
revealed no palpable masses. The patient had bilateral femoral and popliteal 
pulses but no pedal pulses. The patient had bilateral, well-healed scars from 
the greater saphenous vein harvest sites. The right gangrenous toe was dry 
without any evidence of infection.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-65936-7_23&domain=pdf
mailto:EAscher@maimonidesmed.org


270

 C. The treatment options remain unchanged if the patient presents with only rest 
pain, ischemic ulcer or claudication

 D. The patient cannot undergo revascularization without contrast arteriography as 
there are no other alternatives

The patient’s arterial duplex demonstrated moderate distal right superficial femoral 
artery disease. The ankle brachial indices (ABIs) and pulse volume recordings 
demonstrated findings consistent with moderately decreased perfusion at the calf 
level and severely decreased perfusion at the ankle and transmetatarsal levels. The 
cardiac review of systems was unremarkable, and a persantine thallium obtained 
6 months ago revealed no perfusion defects. Electrocardiogram (ECG), chest X-ray 
and routine preoperative blood tests were normal. Venous duplex mapping revealed 
inadequate veins (sclerotic and too small) in the bilateral upper and lower 
extremities.

Question 2
Preoperative medications/lifestyle changes that should be added to the patient’s 
regimen to reduce his overall cardiovascular risk based upon randomized prospec-
tive data include:

 A. Aspirin
 B. A statin
 C. Angiotensin-converting enzyme inhibitors
 D. Tobacco cessation
 E. A beta-blocker

Percutaneous angiogram of the right lower extremity demonstrated moder-
ate right distal superficial femoral artery stenosis with distal occlusion. The 
popliteal appeared to be severely diseased with occlusion of the tibioperoneal 
artery and proximal anterior tibial artery. The mid-anterior tibial artery recon-
stituted and ran down to the dorsalis pedis artery. No other vessels appeared to 
be adequate.

Question 3
What type of options would you consider for this lower extremity?

 A. Below-knee amputation
 B. Digital amputation
 C. Tibial bypass with expanded polytetrafluoroethylene (ePTFE) with a venous 

interposition or fistula
 D. Tibial bypass with cadaveric vein
 E. Sympathectomy
 F. Chelation therapy
 G. Subintimal angioplasty
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The patient underwent a successful bypass with ePTFE to the anterior tibial 
artery and did stop smoking after the procedure. The patient’s toe underwent 
autoamputation and the rest pain has resolved. He was followed up 2 years after the 
procedure with a patent bypass.

Question 4
What is the patient’s long-term prognosis in terms of mortality, graft patency, and 
limb salvage after successful bypass?

 A. The long-term mortality, patency, and limb salvage are about 20% and therefore 
are so poor that no intervention should be made.

 B. The mortality and patency are 50% at 4–5 years. The limb salvage is 70% at 
4 years. If the patient has a reasonable life expectancy and functional status, he 
should undergo the revascularization.

 C. The mortality, patency, and limb salvage rates are irrelevant in this age group.

Question 5
Which patients would you consider to be inoperable? What treatment options may 
be offered to this subset of patients?

 Commentary

Indications for revascularization to the tibial vessels are limited to ischemic ulcers, 
gangrene, and rest pain. The long-term patency of the bypass is affected directly by 
continued tobacco use, and the patient should be urged to stop smoking. Anticoagulation 
plays no role as the sole management of this patient. Even though the patient may 
have asymptomatic contralateral disease, there is no role for further investigation. 
Angiography may be used to visualize both inflow and outflow sites. In general, the 
most distal available inflow site is utilized to shorten the length of the graft. Time-
delayed imaging may be required to visualize the calf and foot arteries because of 
reduced flow. The use of magnetic resonance angiography (MRA) has proven to be 
beneficial in identifying patent lower-extremity arteries, particularly in view of the 
recent advances in imaging software and hardware [1–3]. Finally, high resolution 
duplex imaging has now become a viable alternative for visualization of inflow and 
outflow sites with the added advantages of cost reduction, fewer complications associ-
ated with angiography, and the ability to identify the least calcified artery segment 
[4–8]. However, both MRA and duplex imaging should only be used as preoperative 
imaging modalities after they have been validated at each center. [Q1: A, B, C, D]

Increasing focus on the perioperative and long-term management of patients 
with peripheral arterial disease has identified that all the factors listed in Question 2 
can significantly reduce the incidence of cardiovascular events in these patients. 
These data have been supported by large multicenter randomized prospective trials 
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[9, 10] Therefore, it becomes incumbent on the vascular surgeon to also consider 
these as part of the treatment plan when evaluating a patient with peripheral arterial 
disease. [Q2: A, B, C, D, E]

Evolution of vascular surgery techniques in the past decade, combined with the 
availability of an adequate venous conduit, has permitted a liberal and aggressive 
approach to salvage ischemic limbs caused by advanced atherosclerosis. This approach 
is epitomized by the construction of arterial bypasses to the terminal branches of tibial 
vessels [11]. However, significant numbers of patients continue to face the threat of a 
major amputation because of insufficient vein necessary to perform a totally autoge-
nous bypass to one of the infrapopliteal arteries. In these cases, less durable grafts 
made of prosthetic material must be used if limb salvage is to be attempted. 
Accordingly, several adjunctive techniques have been designed in an attempt to 
improve the poor patency results achieved with prosthetic bypasses. These include the 
administration of immediate and chronic anticoagulants [12], the construction of a 
vein patch or cuff at the distal anastomosis to prevent occlusion by intimal hyperplasia 
[13, 14], and the creation of an arteriovenous fistula to increase graft blood flow in 
high-outflow-resistance systems [15, 16]. Despite initial enthusiasm, the results using 
cadaveric vein have been poor and resulted in its very limited use [17, 18]. [Q3: C] If 
the popliteal artery had been not as diseased, an attempt at subintimal angioplasty 
with angiography or with duplex guidance may also be considered [19, 20].

The expected long-term mortality of this patient is 24–50% at 4–5 years and is 
due mostly to myocardial ischemia [21]. The expected patency of these techniques 
is 50–60% at 3–4 years [21–24]. The expected limb salvage rates are 70–80% at 
3–4 years [21–24]. [Q4: B]

Based on these data, we would suggest that there is no role for amputation or 
sympathectomy in this particular patient. However, if the patient had prohibitive 
cardiac risks, had nonreconstructable disease, or was already so neurologically 
impaired that the limb was not of any utility to the patient, then observation, primary 
amputation, hyperbaric oxygen therapy or perhaps experimental protocols involv-
ing angiogenesis factors may be in order. [Q5]
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24Popliteal Artery Entrapment

Luca di Marzo and Norman M. Rich

Question 1
What is the presentation of cases with popliteal artery entrapment?

 A. The patient is often sporty with muscular calves.
 B. The patient often complains of rest pain or necrosis.
 C. The patient often complains of mild symptoms with paraesthesia, cold foot and 

cramping after intensive physical training.
 D. Venous complains are often encountered.
 E. Symptoms due to arterial embolisation are often present.

The patient smoked 20 cigarettes a day. Her past medical history included pancreatitis 
when she was 12 years old and tonsillectomy when she was 19 years old. On physical 
examination, she appeared healthy, with both legs appearing athletic. Lower-limb pulses 
were normal, but bilateral pedal pulse reduction was noted after calf muscle contraction. 

Case Report
A 26-year-old female presented with a 6-year history of cold foot, paraesthe-
sia and cramping in both legs after intensive physical training. She was a 
recreational bodybuilder and complained of her symptoms mostly after sport-
ing activity. Symptoms subsequently became more severe, with cramping 
requiring 20 min to release after sport.
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A popliteal artery entrapment (PAE) was therefore suspected, and the patient was sent for 
noninvasive vascular evaluation. Doppler and color Doppler showed normal posterior 
tibial and popliteal recordings, with signal disappearance on both legs during calf muscle 
contraction. Doppler examination was conducted with the patient supine recording the 
posterior tibial artery during manouvre (Fig. 24.1). Color Doppler was performed, with 
the patient prone, and the sample volume placed in the popliteal artery. Muscular contrac-
tion of the calves showed an arterial occlusion on color flow imaging (Fig. 24.2).

Diagnosis of bilateral PAE was made. Arteriography was conducted to confirm the 
diagnosis: it showed normal popliteal arteries, with right severe stenosis and left occlusion 
during calf muscle contraction (Fig. 24.3). Magnetic resonance angiography (MRA) was 
attempted, which demonstrated bilateral popliteal occlusion during maneuver (Fig. 24.4).

Question 2
How will you make the diagnosis of PAE?

 A. Doppler can detect PAE.
 B. Arteriography is only carried out preoperatively to confirm results of ultrasound 

scans.
 C. MRA may be diagnostic in the hands of an experienced practitioner.

MANOEUVRE

MANOEUVRE

RIGHT

LEFT

Fig. 24.1 Continuous-wave Doppler recording the posterior tibial artery during manoeuvre
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Fig. 24.2 Color Doppler during muscular contraction of the calves, showing arterial occlusion

Fig. 24.3 Arteriography showing normal popliteal arteries, with right severe stenosis and left 
occlusion during calf muscle contraction

24 Popliteal Artery Entrapment
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 D. Duplex scanning can detect PAE.
 E. Angio-CT with last generation apparatus is able to detect PAE.

Question 3
Which of the following statements regarding angiograms of a patient with PAE are 
correct?

 A. Normal angiograms at rest are often encountered in entrapments.
 B. The angiograms show an occlusion or severe stenosis during calf muscles 

contractions.
 C. Three-vessel run-off is often encountered in PAE.
 D. An arterial occlusion is encountered in PAE diagnosed at a late stage.
 E. A post-stenotic aneurysm may be encountered.

The patient was considered for bilateral surgical treatment. A posterior approach 
to the popliteal fossa was made through a Z-shaped incision. The medial gastrocne-
mius muscle had a large accessory head with a lateral and cranial insertion, causing 
bilateral compression of the popliteal artery and vein. This head was resected on 
both legs, without any need for muscular reconstruction.

Fig. 24.4 MRA demonstrating bilateral popliteal occlusion during manoeuvre
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Question 4
Which of the following statements regarding the treatment of PAE are correct?

 A. Musculotendineous sectioning is the treatment of choice in patients with a nor-
mal popliteal artery.

 B. Vascular reconstruction should be limited to cases with stable arterial 
impairment.

 C. If vascular reconstruction is planned, then the use of autologous vein is 
mandatory.

 D. The posterior approach is recommended to expose all the structures causing 
compression.

 E. The structure causing PAE must be sectioned completely, as incomplete section-
ing may cause recurrence.

Question 5
Which of the following statements regarding the incidence of entrapment are 
correct?

 A. The medial gastrocnemius muscle is involved in almost 80% of cases of PAE.
 B. Venous entrapment is described more often than arterial entrapment.
 C. Venous entrapment is concomitant in 20% of cases of PAE.
 D. More than one structure may be the cause of arterial entrapment.
 E. Classification of arterial entrapment includes 12 different types.

The postoperative course was uneventful and the patient was discharged 5 days 
after surgery, returning back to normal activity after 3 weeks. Follow-up demon-
strated complete regression of symptoms. Ultrasound examinations (Doppler and 
color Doppler) showed normal popliteal flow with negative response to PAE maneu-
vers 1 month after surgery. The patient is now doing sport (swimming) again with-
out any further complaints.

 Commentary

The first case of PAE was treated surgically in 1959 in a 12-year-old boy complain-
ing of claudication after walking 300 m. At surgical exploration, Hamming [1] at 
Leyden University in The Netherlands found an occluded artery with an anomalous 
course medial to the medial gastrocnemius muscle. He transected the muscle and 
performed a successful popliteal artery thromboendarterectomy. A previous descrip-
tion of the disease was reported in 1879 by Stuart [2], a medical student at the 
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University of Edinburgh. During the dissection of an amputated leg of a 64-year-old 
man, he observed the popliteal artery coursing around the medial head of the gas-
trocnemius muscle and aneurysmal changes in the popliteal artery distal to the point 
of external muscular compression.

Since then, many case reports have been published. A few authors have pub-
lished small series [3–6]. Unfortunately, the papers that were collected were miss-
ing details and showed poor patient follow-up [7].

In Rome in 1998, the Popliteal Vascular Entrapment Forum was founded. 
Surgeons from around the world with the greatest experience in this field world 
were invited as founding members of the forum. Great effort was addressed to col-
lect different series with comparable criteria. The criteria established by the Society 
for Vascular Surgery (SVS) were reviewed and accepted, with some minor changes. 
Common opinion was to consider both arterial and venous entrapment as a common 
disease defined as vascular entrapment. The functional form of entrapment was dis-
cussed. This was first described by Rignault et al. [8] in 1985, and describes cases 
in which the anatomy of the popliteal fossa is normal. Symptoms are usually caused 
by hypertrophy of the muscles determining a compartment syndrome [8, 9]. 
Functional entrapment was included in the classification as type F (Table 24.1).

Popliteal artery entrapment is no longer a rare disease. It is encountered more 
and more often, particularly in young adults. Athletes practicing sports causing 
hypertrophy of the limb muscles are at higher risk due to an anomalous relationship 
of the popliteal artery and its surrounding musculotendineous structures. The artery 
is compressed each time the leg moves, causing peripheral ischaemia during inten-
sive exercise. With time, this intermittent arterial trauma may give rise to stable 
arterial damage, with occlusion or post-stenotic aneurysm. Early diagnosis and 
treatment play an important role in limiting surgical treatment to the sectioning of 
the structure causing the arterial compression. [Q1: A, C]

The diagnosis of PAE is based primarily on ultrasound scanning. Both continu-
ous- wave Doppler and color Doppler are able to detect the presence of an arterial 
compression due to entrapment. The manouvres to be performed are well described 
and are able to detect suspected cases [7]. Great care should be taken to suspect 
early cases of PAE in patients complaining of minor symptoms (paraesthesia, cold 
foot and cramping after intensive physical training). Arteriography is limited to 
cases with positive ultrasound examinations, and it requires great care in repeating 

Table 24.1 Classification of 
popliteal vascular entrapment

Type features

I Popliteal artery running medial to the medial head of 
gastrocnemius
II Medial head of gastrocnemius attached laterally
III Accessory slip of gastrocnemius
IV Popliteal artery passing below popliteal muscle and medial 
head of gastrocnemius
V Primary venous involvement
VI Variants
F Functional entrapment
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the manoeuvres to confirm the popliteal compression. Both Angio-CT and MRA 
may be diagnostic, but they need latest-generation apparatus and the input of a radi-
ologist with great experience in both the disease and the imaging method. [Q2: A, 
B, C, D, E] [Q3: True A, B, C, D, E]

Surgical treatment consists of sectioning the musculotendineous structure caus-
ing the entrapment. The anomalous structure needs to be sectioned entirely in order 
to avoid recurrence of the entrapment due to hypertrophy of the remaining anoma-
lous muscle. It is important to remember that complete exposure of the popliteal 
fossa is obtained through a posterior approach. The medial approach limits the view 
of the medial gastrocnemius muscle. In our opinion, this exposure should be limited 
to cases in which the arterial impairment is extended to the tibial vessels and a distal 
reconstruction needs to be planned. However, early diagnosis allows surgical treat-
ment to be limited to the muscle sectioning, which should be considered the first- 
choice treatment. When a popliteal severe stenosis, occlusion or aneurysm is 
present, then an arterial reconstruction is indicated. In this case, we recommend the 
use of autologous material to reconstruct the artery. This improves the long-term 
patency rate. Great effort should be paid for alternative vein preparation when the 
saphenous vein is unavoidable. [Q4: A, B, C, D, E]

The medial gastrocnemius muscle is often the cause of compression. However, 
more than 20 different anatomical variants have been described, and sometimes 
multiple and complex structures may be associated with the medial gastrocnemius 
muscle in causing PAE. The popliteal vein is involved in the compression in 20% of 
cases affected by PAE. Moreover, isolated popliteal vein entrapment is described 
with increasing frequency in the literature. [Q5: A, C, D]
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25Adventitial Cystic Disease 
of the Popliteal Artery

Bernard H. Nachbur and Jon Largiadèr

Question 1
What is the aetiology of this condition?

An angiogram (Fig. 25.1) showed a 3-cm long subtotal occlusion of the proximal 
popliteal artery suggesting medial compression, an eccentric form of occlusion 

Case Report
A 49-year-old female presented with a 3-week history of left calf intermittent 
claudication at 150 m, which had occurred suddenly and without preliminary 
herald signs. The patient was a nonsmoker and had no risk factors, such as 
hypertension, diabetes or hyperlipidaemia. She was engaged in regular sport-
ing activity, playing tennis all year round and skiing in the winter. She thought 
at first that it might be a strained muscle and would subside spontaneously. 
This did not happen and she sought medical advice.

At clinical examination, the popliteal and pedal pulses of the left leg were 
barely palpable and were absent after exercise. Angiological examination of the 
right leg was normal. The ankle systolic pressure at the right side was 128 mmHg 
with a slight rise to 132 mmHg after exercise. On the left side, ankle systolic 
pressure at rest was 88 mmHg with a post-exercise reduction to 58 mmHg. On 
duplex sonography, a 5-cm long polycystic swelling surrounding the left popli-
teal artery was found to be the cause of occlusion of the popliteal artery. The 
superficial femoral artery and the infrapopliteal arteries showed no trace of ath-
erosclerotic disease. Ultrasonography demonstrated that the content of the cyst 
was clear and homogeneous. No other cause for popliteal occlusion was found.
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reminiscent of an hourglass stenosis (scimitar sign). The top frame of the cross- 
section of the computed tomography (CT) scan performed at the same time shows 
an adventitial cyst of approximately 1.5 cm in diameter adjacent to the artery, actu-
ally within the arterial wall.

Fig. 25.1 Hourglass-shaped subtotal occlusion of the middle portion of the popliteal artery (scim-
itar sign) caused by compression by a cyst in the arterial wall, which can be seen in the top panel 
of the cross-section of the CT scans
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Question 2
Which of the following statements regarding adventitial cystic disease are correct?

 A. It affects only the popliteal artery.
 B. It can occur elsewhere, such as in arteries near the hip, wrist or ankle joints.
 C. It presents with initial signs of acute occlusive disease.
 D. It usually begins with intermittent claudication.
 E. It can be elicited by loss of pedal pulses during hyperextension of the leg.
 F. The cyst is calcified and contains atheromatous material.
 G. The cyst contains a viscous gelatinous fluid.

The popliteal artery was laid free posteriorly through a S-shaped popliteal inci-
sion. The arterial wall contained a cyst filled with a gelatinous mucoid yellowish 
substance. The occluded arterial segment was resected and replaced by interposition 
of a segment of saphenous vein. Figure 25.2 shows the popliteal artery before and 
after surgery with complete normalisation of patency.

Fig. 25.2 Popliteal 
adventitial cyst before and 
after segmental resection 
and interposition of a 
segment of autologous vein
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A 49-year-old woman complained of sporadic episodes of intermittent claudica-
tion of varying intensity [1]. At times, she could walk freely; at other times, after 
physical exercise with bending of the knee, intermittent claudication would occur 
after walking distances of 200–300 m. Angiography revealed only discrete semilunar 
narrowing of the middle portion of the popliteal artery, as shown in Fig. 25.3 (scimitar 
sign). At the time of this examination, the patient had hardly any complaints.

Question 3
Adventitial cystic disease of the popliteal artery can be diagnosed reliably by:

 A. Duplex coloured sonography.
 B. Injection of indium111 and scintigraphy.
 C. The semilunar sign (scimitar sign) or hourglass sign at angiography.
 D. A meniscus-shaped proximal occlusion at angiography.
 E. T2-weighted magnetic resonance imaging (MRI).

Fig. 25.3 Angiography of the popliteal 
artery, with a discrete semilunar deformity 
(arrow pointing to the scimitar sign). At the 
time of this angiography, the patient was in 
momentary clinical remission
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 F. Systolic bruit in the hollow of the knee.
 G. Intravascular ultrasound imaging.
 H. CT scanning.

Question 4
What are the treatment options?

The popliteal artery was laid free posteriorly through a popliteal incision. The 
arterial wall was surrounded by a 5-cm long polycystic tumour in the centre of 
which was a 3-mm wide stem that could be followed to the knee joint. A fine probe 
was introduced for injection of contrast medium. The cyst took the appearance of a 
Baker cyst, which was filled with a jelly-like yellowish mucoid substance. The cyst 
was found to be lying in the outer layers of the adventitia and was removed easily 
without causing any damage to the artery itself (Figs. 25.4 and 25.5).

Fig. 25.4 The whole extent of the 6-cm long cyst surrounding the popliteal artery
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The varying clinical presentation of intermittent claudication in this case can be 
explained by pressure changes occurring within the cyst during different physical 
activity [1]. Histologically, the wall of the cyst consisted of collagenous connective 
tissue covered on the inside by a single interrupted or several layers of cuboid cells 
akin to synovial mesothelium [2] (Fig. 25.6). The stem connecting with the knee 
joint had a similar structure. The lumen of both cyst and stem contained viscous 
basophil fluid; they are therefore best likened to ganglions.

 Commentary

Trauma has been ruled out overwhelmingly on the grounds that the disease would 
be seen predominantly in people engaged in competitive sports: this is not the case. 
All cases of adventitial cystic disease reported in the literature have occurred in 
nonaxial vessels during limb differentiation and development. It is therefore 

Fig. 25.5 The perivascular cyst being resected, with the artery remaining intact
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postulated that during limb bud development, cell rests derived from condensations 
of mesenchymal tissue destined to form the knee, hip, wrist or ankle joints are 
incorporated into the nearby and adjacent nonaxial vessels from vascular plexuses 
during the same stage of development, and in close proximity to the adjacent con-
densing joint structures [3]. It is postulated further that these cell rests are then 
responsible for the formation of adventitial cystic disease in adult life, when mucoid 
material secreted results in a mass lesion within the arterial or venous wall [3]. 
Figure 25.7 shows a row of cross-sections of a resected and totally occluded popli-
teal segment. In this case, the cyst is clearly in the midst of the arterial wall and does 
not appear to be located in the adventitia.

According to the hypothesis of Levien and Benn [3], popliteal adventitial cystic 
disease manifests itself in adults. Early cases manifest in the third decade, but most 
cases occur in the fourth and fifth decades; it occurs less frequently in later stages of 
life [4]. The male: female ratio is about 5:1. In summary, there is little doubt that 
popliteal cystic disease is congenital. [Q1]

Popliteal adventitial cysts are located mostly in outer levels, i.e. in the adventitia 
of the popliteal artery, but they may also occur in the common femoral artery adja-
cent to the hip joint along the iliofemoral axis, in locations near the elbow or the 
wrist, and in veins [5]. A total of 45 extrapopliteal localisations have been described. 
These extrapopliteal locations account for 20–25% of all cases of adventitial cystic 
disease. Carlsson et al. [6] have also observed adventitial cystic disease in the com-
mon femoral artery. [Q2: B, D, G]

Because of the sometimes varying degree of intermittent claudication or occa-
sional disappearance of symptoms, the disease can be mistaken for a popliteal entrap-
ment syndrome. Noninvasive techniques have vastly improved diagnosis. Duplex 
coloured scanning followed by T2-weighted MRI now appear to be the best choice. 
Both methods are capable of visualising the cyst surrounding the popliteal artery and 
ruling out the popliteal entrapment syndrome [4]. Koppensteiner et  al. [7] have 
shown that intravascular ultrasound imaging can reliably identify adventitial cystic 

Fig. 25.6 The wall of the cyst covered on the inside by a single interrupted or several layers of 
cuboid cells akin to synovial mesothelium
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disease as well. Digital subtraction angiography is necessary to define the degree of 
stenosis or the length of occlusion. Stenotic lesions have an hourglass appearance or 
present with a semilunar impression (the scimitar sign) [4]. [Q3: A, C, E, G, H]

Fig. 25.7 Cross-section through an artery with a large adventitial cyst and compression of the 
arterial lumen of the resected popliteal artery
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The treatment options depend on the degree of stenosis and whether the popliteal 
artery is occluded. In the case of total occlusion, most authors have resorted to total 
resection of the affected popliteal arterial segment with interposition either of autol-
ogous vein or ring-enforced polytetrafluoroethylene (PTFE) grafts. The initial suc-
cess rate is reportedly almost 90% [4].

If the cyst lies within the adventitia and surrounds and compresses the artery 
without having given rise to total occlusion, as in our second case, then the artery 
does not have to be resected if the cyst can be removed entirely [1]. Partial removal 
of the cyst is thought to bear the risk of recurrence [1]. If a connecting stem usually 
accompanied by a small collateral artery is present, then this should be resected at 
the level of the knee capsule to avoid recurrence [2]. The initial success rate in 68 
cases treated accordingly is 94% [4]; in our own experience, it was successful in 
case 2 described above [1].

There is the possibility of resecting only part of the artery, e.g. the medial vascu-
lar aspect that bears the cyst, and then replacing the wall defect with a vein patch. 
This approach has been used in a small number of patients, with success in three of 
four cases [4]. Percutaneous transluminal angioplasty (PTA) has been performed 
just once, and failed. PTA should therefore probably be discarded as an treatment 
option.

An interesting series of seven cases has been reported by Do et al. [8] They for-
warded a 14-gauge needle with real-time ultrasonic guidance transcutaneously 
directly into the cyst and aspirated its contents in cases presenting with stenosis only 
(but not in the presence of total occlusion). This was carried out on an outpatient 
basis, with a 100% success rate. Follow-up colour duplex sonography performed 
between 1 and 32 months after the procedure showed no recurrent stenosis [8].

While the method of percutaneous aspiration of a popliteal cyst guided by ultra- 
sonography is appealing because it can be done on an outpatient basis and mini- 
invasively, the question of recurrence is not settled since the cyst remains in place; 
hence the capacity to form mucinous substance remains and with it the possibility 
of recurrence. Although Do et al. know of no recurrence in their cases followed up 
for 1–32 months, there is a definite need for a more systematic long-term follow-up, 
which should be conducted in all cases in which the cyst has not been removed by 
resection.

There is the occasional report of percutaneous clot lysis of occluded popliteal 
arteries followed by aspiration of the contents of the cysts. This method was reported 
by Samson and Willis [9] to be successful, but its reliability has not been proven by 
others. There is hardly a valid contraindication against surgical removal of an 
occluded popliteal segment in the presence of occlusion, and this is probably the 
method of choice that offers the greatest chances for complete recovery.

Finally, there are reports of spontaneous resolution of the popliteal cysts [10, 11]. 
It must be assumed, therefore, that occasionally cysts can burst or their contents 
escape into the periarticular space. This mechanism has been surmised by Soury 
et al. [10].

In conclusion, the treatment of choice remains surgical resection, either of the 
cyst alone if it surrounds the artery or of the occluded segment if total occlusion and 
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appositional thrombosis has occurred. In this case, vein graft interposition should be 
performed. In expert hands, percutaneous transluminal aspiration has been shown to 
be efficacious. [Q4]
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of the two patients operated on by him at the University Hospital of Zurich.
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26The Obturator Foramen Bypass

Jørgen J. Jørgensen, Andries J. Kroese, and Lars E. Staxrud

Question 1
What is the most likely diagnosis at this stage?

 A. False aneurysm/pseudoaneurysm
 B. Infected Dacron graft
 C. Lymphadenitis
 D. Incarcerated inguinal or femoral hernia
 E. Incarcerated obturator hernia
 F. A-V fistula

Jørgen J. Jørgensen was deceased at the time of publication.

Case Report
A 62-year-old man presented with a 2-week history of continuous pain in the 
left lower abdomen radiating to the groin. For several weeks, he had com-
plained of general malaise, including tiredness and poor appetite, and diar-
rhoea once or twice per day. His general practitioner palpated a pulsating, 
tender mass in the left groin and referred him to the department of vascular 
surgery at the nearby university hospital. Three years previously, he had been 
operated upon with a Dacron aorto-bifemoral bypass for critical ischaemia 
and intermittent claudication in the left and right lower limbs, respectively. 
On admission, the patient was in a relatively good general condition, although 
his body temperature was 38.5 °C, pulse rate was 96 bpm, and blood tests 
showed an elevated sedimentation rate, C-reactive protein (CRP) and leuco-
cyte count. Palpation of the left iliac fossa was slightly painful. The inguinal 
swelling was covered by erythematous skin and was estimated to be approxi-
mately 4 cm in diameter.
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Based on the clinical signs and symptoms, treatment with broad-spectrum antibiot-
ics was started.

Question 2
Which of the following investigations should be considered to confirm the diagno-
sis, and in what order?

 A. Duplex scanning
 B. Arteriography
 C. Computed tomography (CT) scanning with aspiration of perigraft fluid for 

Gram staining and culture
 D. Magnetic resonance imaging (MRI)
 E. Leucocyte-labelled scintigraphy
 F. Surgical exploration

Ultrasonography revealed that the Dacron graft and femoral arteries were not 
pathologically dilated but that the anastomotic site was surrounded by fluid. Some 
of this perigraft fluid was aspirated and was found to contain coagulase-negative 
staphylococci (CNS). Antibiotic treatment was adjusted accordingly.

Question 3
Vascular graft infection in the groin may be primary treated without resecting the 
graft itself when there is:

 A. No signs of false aneurysm formation
 B. An infected anastomosis, but without bleeding
 C. A thrombosed graft
 D. No septicaemia
 E. An infected anastomosis with bleeding

MRI and CT scanning revealed that only the left limb of the bifurcation graft was 
infected, most likely only in the groin, involving the site of the anastomosis.

Question 4
What treatment options, in addition to antibiotics, are available for the management 
of an infected vascular graft in the groin?

 A. Excision with or without a revascularisation procedure.
 B. Repeated extensive wound debridement, and insertion of gentamicin mats.
 C. Debridement, skin closure, and insertion of a closed irrigation system.
 D. Debridement and muscle flap transposition.
 E. None; use long-term antibiotic treatment only.

Since the proximal limit of graft infection could not be ascertained, it was 
decided to operate on the patient with a partial graft resection. Because the 
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indication for primary operation had been critical ischaemia due to multilevel ath-
erosclerotic disease, revascularisation was planned. Therefore, a preoperative angi-
ography was performed, which showed signs of progressive atherosclerosis as 
compared with previous angiograms. The proximal part of the left superficial femo-
ral artery was occluded, whereas the distal part was patent. Of the crural arteries, 
only the posterior tibial was patent. The profunda femoral artery was patent but 
peripherally stenotic. In the right lower extremity, the superficial femoral artery was 
occluded, but the profunda artery and three crural arteries were patent, although 
partially stenotic. Based on these findings, an obturator foramen bypass (OFB) on 
the left side was planned.

Under general anaesthesia, an 8-mm ring-reinforced polytetrafluoroethylene 
(PTFE) graft was implanted as an OFB between the proximal part of the limb of the 
previously implanted Y-graft and the distal superficial femoral artery. During the 
same operation, the distal part of the infected graft was resected.

Question 5
What is the most common indication for an OFB procedure?

 A. Infected femoral (false) aneurysm
 B. Revascularisation in cases with extensive local trauma
 C. Tissue scarring in the groin subsequent to radical tumour surgery, radiation or 

burns
 D. Sciatic artery aneurysm exclusion
 E. Infection confined to the distal part of an aortofemoral bypass graft

Question 6
Describe briefly how you would perform an OFB procedure.

After a hypotensive period on the first postoperative day, the left lower limb 
showed clinical signs of increased ischaemia. Blood pressure at the ankle was 
60 mmHg and the ankle brachial pressure index (ABPI) was 0.4—slightly lower 
than preoperatively. Duplex scanning could not rule out a technical defect of the 
OFB, for example kinking. Therefore, an angiography via the right groin was per-
formed, which did not show any major technical defects. Subsequently anticoagula-
tion therapy was started.

Question 7
What is the least frequent complication of an OFB?

 A. Urinary bladder injury
 B. Injury of the obturator nerve and blood vessels
 C. Kinking of the graft due to erroneous transmuscular tunnelling
 D. Infection of the obturator graft
 E. Bleeding, thrombosis
 F. Injury of the internal iliac artery
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The further postoperative course was uneventful. Two weeks later, the patient 
was discharged with complaints of claudication in the left lower extremity and a 
walking distance of approximately 50 yards. Oral antibiotics were to be continued 
for 3 months and anticoagulation indefinitely.

Question 8
What alternative revascularisation procedures after removal of an infected vascular 
graft in the groin may be considered?

 A. Subintimal angioplasty of the native iliac artery
 B. Semi-closed endarterectomy (ring-stripping) of the iliac artery
 C. Axillofemoral bypass by lateral route
 D. Subvulvular bypass
 E. Subscrotal bypass
 F. Bypass with autologous vein

 Commentary

In patients with a vascular prosthesis anastomosed to the external iliac or common 
femoral artery, presenting with a painful tumor in the groin, the primary tentative 
diagnosis should be infected graft. Alternative diagnoses include non-infected false 
aneurysm, incarcerated inguinal, femoral or obturator hernia, lymphadenitis and 
A-V fistula. [Q1: B]

 Preoperative Measures

Even though positive cultures may be lacking, treatment with intravenous broad-
spectrum antibiotics, including those against anaerobic microorganisms, are initi-
ated on clinical suspicion of graft infection alone. Late vascular graft infections may 
be caused by CNS, low virulent bacteria that are often difficult to diagnose by stan-
dard techniques [1].

Preoperatively, it is crucial to obtain as much information as possible about the 
extent of graft infection. Duplex scanning ultrasonography is an appropriate first 
modality to evaluate perigraft or other groin masses. CT scanning is more effective 
in the diagnosis of aortic graft infection, especially when combined with aspiration 
of perigraft fluid for Gram staining and aerobic and anaerobic cultures [2]. MRI can 
be even more reliable [3]. However, optimal diagnostic accuracy may be obtained 
by combining CT or MRI with indium-labelled leucocyte scintigraphy [4]. Duplex 
scanning and arteriography do not play significant roles in establishing the diagno-
sis of a vascular graft infection, but they are used for diagnosing graft occlusion, 
false aneurysm formation and anastomotic bleeding, and for planning the revascu-
larisation procedure. In certain cases of inguinal graft infection, contrast sinography 

J.J. Jørgensen et al.



297

may be appropriate to investigate the extent of infection. Finally, when vascular 
graft infection is suspected despite negative diagnostic tests, surgical exploration of 
the graft is necessary to detect the presence of perigraft fluid or to confirm whether 
the graft is incorporated in tissue. It is generally accepted that firm in-growth of sur-
rounding tissue into the vascular prosthesis excludes the presence of graft infection. 
Although CT scanning and MRI can be very helpful in delineating the boundaries 
of infection preoperatively, the final judgement concerning the extent of infection is 
usually made intraoperatively. [Q2: A, C, D, E, F]

If only the distal part of the graft is infected, there are several therapeutic options 
in addition to antibiotics. [Q3: A, B, D] If the proximal part of the graft is also 
infected, then it should be removed entirely. If a revascularisation procedure is war-
ranted, then an extra-anatomic bi- or unilateral axillofemoral bypass may be estab-
lished, preferably as a first-stage procedure before the entire infected graft is 
removed.

In the majority of cases, for example if the graft is occluded and the limb is via-
ble, no vascular reconstruction is required [5]. In cases of limited infection, with no 
signs of anastomotic bleeding or septicaemia, then local treatment without graft 
resection may be attempted: wound debridement, irrigation, the use of gentamicin-
containing collagen mats, and muscle transposition may be alternative ways of 
treating inguinal vascular graft infections [6].[Q4: A, B, C, D]

If only the distal part of an aortofemoral prosthesis has to be removed, and revas-
cularisation is necessary, then OFB is a very good alternative. It is not a common 
operation and comprises less than 0.5% of all arterial reconstructions [7]. Since 
Shaw and Baue [8] introduced this procedure, published results of OFB rarely com-
prise more than 10–15 patients [7, 9–14]. However, vascular surgeons should be 
familiar with its indications and technique when addressing challenging revascu-
larisation problems in a hostile groin.

 The Concept of the Obturator Foramen Bypass

The rationale behind this operation is based on creating an arterial conduit from the 
aortoiliac segment to the superficial femoral, popliteal or deep femoral artery, 
depending on run-off conditions, while avoiding contaminated, infected or destroyed 
tissues in the groin. By routing the vascular graft through the obturator foramen, 
dorsally to the hip joint, in a layer between the adductor magnus and longus mus-
cles, the area of the femoral triangle is circumvented. Autologous saphenous vein 
has been shown to give satisfying results, reducing the danger of secondary graft 
infection [15]. However, since the saphenous vein may be too narrow and/or too 
short, in most cases an externally reinforced Dacron or PTFE graft is used, espe-
cially since these conduits offer greater resistance against compression and kinking. 
Under special circumstances, the obturator bypass can be performed as a cross-over 
ilioprofunda procedure using the contralateral iliac artery as the inflow site, the graft 
being routed through the prevesical space of Retzius [16].
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The main indication for this procedure (80% of cases) is infection confined to the 
distal iliac and inguinal part of an aortofemoral bypass graft [1]. Other indications 
include the need for a revascularisation procedure in cases of infected femoral aneu-
rysm, extensive local trauma [17], tissue scarring in the groin subsequent to radical 
tumour surgery, and/or therapeutic radiation or burns [18–20]. Over the last years an 
increasing number of infected pseudoaneurysms in the groin among drug addicts 
are observed. In need of revascularisation OFB should be considered [21]. Further, 
as the number of endovascular procedures with percutaneous femoral access has 
also risen over the last decades an increasing number of groin complications may be 
even more common in the future [14]. The obturator bypass has also been used in 
rare cases for revascularisation of sciatic artery aneurysm exclusion [22].[Q5: A, E]

 Obturator Foramen Bypass Technique

The patient lies in the prone position, usually with the hip and knee joints slightly 
flexed, abducted and externally rotated. Some surgeons prefer to have the hip joint 
overextended a little to facilitate the tunnelling manoeuvre through the obturator 
foramen. The operation is usually performed under general anaesthesia, sometimes 
combined with epidural anesthesia to relieve postoperative pain. In all cases, a uri-
nary catheter should be in place, since urinary bladder injury is a potential danger of 
this operation. [Q7]

If the indication for surgery is an infected prosthetic vascular graft in the groin, 
then it is an advantage to determine in advance whether a reconstruction is neces-
sary. Thus, the sterile part of the operation, establishing a new vascular conduit, can 
be done first [1]. The infected groin is sealed off with occlusive drape. Through a 
longitudinal paramedian incision or a curved, transverse lower abdominal incision, 
the proximal part of the graft is approached transperitoneally or retroperitoneally, 
respectively. Retroperitoneal access is a good alternative if one is certain that the 
infection is limited to the inguinal area. The involved graft limb is dissected proxi-
mally, close to the bifurcation. Firm incorporation of the graft in the surrounding 
tissue and a negative Gram stain of perigraft fluid indicate that the proximal part of 
the graft can be preserved [23]. The graft limb is then transected, and the distal part 
is closed by sutures and pushed down towards the inguinal ligament. The overlying 
peritoneum is oversewn to separate the proximal graft from the infectious area. A 
ringed PTFE graft of diameter 6 or 8 mm is anastomosed in an end-to-end (Fig. 26.1) 
or end-to-side fashion to the proximal limb of the bifurcation graft. By careful blunt 
and sharp dissection, and with the aid of a large-blade self-retaining retractor, the 
ureter and bladder are identified. The pelvic organs are pushed gently towards the 
midline, rendering access to the obturator foramen. The sharp edge of the opening 
in the obturator fascia is usually identified easily by digital palpation on the antero-
medial aspect of the foramen. This opening is dilated with long, slim grasping for-
ceps with a blunt tip, taking care not to damage the obturator artery, vein and nerve 
that curve around the posterolateral edge of the foramen. Alternatively, other designs 
of blunt tunnellers can be used. It is therefore prudent to lead the forceps through the 
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foramen bimanually, palpating where the tip of the forceps is to meet the fascial 
opening. We prefer tunnelling through the obturator foramen from below, in a plane 
anteriorly to the adductor magnus muscle and posteriorly to the pectineus, adductor 
longus and brevis muscles. Some surgeons choose to do this manoeuvre from the 
retroperitoneal space downwards [11]. The PTFE graft may be irrigated retrogradely 
with heparinised saline to ensure unrestricted flow.

Through an incision in the thigh, medial to the sartorius muscle, the femoropop-
liteal or profunda femoral artery is exposed for the distal anastomosis, which is 
usually performed in an end-to-side fashion. The profunda femoral artery is situated 
anteriorly to the adductor magnus and brevis muscles, covered partially by the 
adductor longus muscle. By retracting the superficial femoral vessels and the vastus 
medialis muscle laterally, a dense fascia between the adductor longus and the vastus 
medialis is exposed. This fascia is incised, thereby severing the attachment of the 
adductor longus to expose the profunda vessels. The overlying profunda vein is 
often divided and ligated to simplify the approach towards the profunda artery [24, 
25]. Rudich et al. report a case of postoperative thigh necrosis which may illustrate 
that ligation of the proximal popliteal artery above the distal anastomosis should be 
avoided in fear of insufficient collateral circulation [26].

After closing the abdominal and thigh incisions, the patient is redraped and the 
infected groin is exposed. Swabs are taken for bacterial culture. Necessary debride-
ment is performed, the infected anastomosis is excised, and the femoral artery is 
closed with a running monofilament suture. The infected graft is removed by 

Fig. 26.1 The principle of OFB (Reprinted from Kroese AJ and Rosen L [1] © 1996, with permis-
sion from Elsevier)
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withdrawing it under the inguinal ligament from the retroperitoneal space. Finally, 
the wound is irrigated lavishly before closing it over a suction catheter.

Perioperative complications occur in approximately 7% of cases [8, 12, 27]. 
Bleeding from obturator vessels can be prevented by adhering to sound surgical 
principles.

Perforation of the urinary bladder, vagina or sigmoid colon by faulty tunnel-
ling of the graft is a serious complication that may lead ultimately to loss of 
limb [28, 29].

Since the obturator bypass is threatened by infection, long-term postoperative 
antibiotic treatment is advised. Although the duration is debatable, a period of 
6–12 weeks can usually be agreed upon. Graft thrombosis may lead to severe isch-
aemic symptoms, and may even threaten the viability of the lower limb, since 
important collateral vessels in the inguinal region may have been sacrificed during 
the previous operation. Gluteus muscle necrosis may also compound this critical 
situation. Therefore, thrombectomy or thrombolysis of the thrombosed OFB graft 
should be attempted without delay. [Q7: F]

The obturator bypass in the management of infected vascular grafts seems to be 
a valuable procedure [12, 30]. However, long-term results with this operation in 
terms of patency, limb salvage and survival rates are difficult to evaluate because the 
studies are usually small and include cases with different indications for obturator 
bypass. However, the majority of patients suffer from symptomatic peripheral arte-
rial disease. In a review of the literature, perioperative mortality rates varied between 
zero and 14%. Survival rates after 1 and 5 years were 81% and 61%, respectively. 
Secondary patency rates for PTFE prostheses at 1 and 5 years were 71% and 52%, 
respectively. Short-term limb salvage rates up to 76–85% [1] and a 5-year salvage 
rate of 55% could be achieved [12]. Patel et al. report a graft patency of 80% and 
limb salvage rate of 60% at 5 years [14]. The results depend on the indication for 
operation and are better in patients without atherosclerosis. In patients with athero-
sclerosis, graft patency depends on factors such as run-off conditions and the pro-
gression of the underlying atherosclerosis.

There are several other options for revascularisation after the removal of an 
infected vascular graft in the groin, including semi-closed endarterectomy (ring-
stripping) or balloon angioplasty of the native iliac artery, axillofemoral bypass by 
lateral route avoiding the infected groin [31, 32], and subscrotal bypass [33]. 
However, the OFB gives better results than bypass through these alternative 
extraanatomical routes. If the groin is not grossly infected, then an autologous 
bypass of saphenous [34] or femoral vein [35] or thrombectomised femoral or 
iliac artery may be placed in situ without causing major problems, although the 
danger of future graft rupture is always present [36]. In addition, in situ revascu-
larisation with a rifampicin-impregnated graft may give satisfactory results 
[37].[Q8: A, B, C, E, F]

Although the obturator bypass procedure is not used frequently, it should be a 
part of the vascular surgeon’s armamentarium. It may be effective in solving a dif-
ficult revascularisation problem in the groin, if performed appropriately.
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27Diabetic Foot

Mauri J.A. Lepäntalo, Milla Kallio, and Anders Albäck

Question 1
What condition(s) are likely to be responsible for the foot problem?

 A. Infection
 B. Atherosclerotic macroangiopathy
 C. Diabetic microangiopathy
 D. Neuropathy

Case Report
A 54-year-old smoker with type 2 diabetes of 7 years duration had a minor 
abrasion to the lateral aspect of the left fifth toe. The patient was known to 
have hypertension, nephropathy and retinopathy, and he was overweight. His 
glycaemic control was good following recent addition of insulin to his oral 
medication. The superficial ulcer did not bother the patient, and it was initially 
followed up in his local healthcare centre. Two months later, the patient was 
referred to a community hospital because of infection and suspicion of osteo-
myelitis. He now had an infected ulcer lateral to the head of the fifth metatar-
sal, with a discharge. Plain X-ray films showed suspected osteomyelitis. 
Dorsalis pedis and posterior tibial pulses were reported to be present. The 
C-reactive protein (CRP) level was 31 mg/L, leucocytes 14.8 × 109/L, and 
blood glucose 12 mmol/L.
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Question 2
What is the simplest tool available in the surgery or outpatient clinic to detect 
osteomyelitis?

 A. Plain X-ray films.
 B. Clinical examination with blunt nasal probe.
 C. Magnetic resonance imaging.
 D. Computer tomography.

Question 3
What simple tools are available in the surgical outpatient clinic to assess 
angiopathy?

 A. Palpation of foot arterial pulses.
 B. Examination of audible signal with hand-held continuous wave Doppler.
 C. Ankle pressure measurement.
 D. Duplex scanning of lower extremity arteries.

Question 4
What simple tools are available in the surgery or outpatient clinic to assess 
neuropathy?

 A. Monofilament sensation testing.
 B. Achilles tendon reflex.
 C. Tuning fork testing.
 D. Electroneuromyography (ENMG).

The patient was admitted to the medical ward for treatment of his infected foot. 
Despite the administration of intravenous antibiotic treatment, later modified 
according to the results of bacterial cultures, the infection progressed. One week 
after admission, lateral and superficial plantar compartments were drained opera-
tively on the lateral side of the fifth metatarsal head and between the fourth and fifth 
metatarsal heads. Abundant pus was obtained, and the fifth metatarsal head was 
observed to be soft. The operative wound was left open. The infection seemed to 
subside, and the patient was discharged after a 16-day admission with oral clindamy-
cin treatment and local wound care.

Question 5
What major problems were neglected at this point?

 A. Presence of osteomyelitis.
 B. Presence of ischaemia.
 C. The wound was left without coverage with split thickness skin grafting.
 D. The weight-bearing wound area of the foot was not protected with a cast.
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Despite continuous antibiotic treatment and local treatment of the open lesion on 
the lateral aspect of the foot, the situation worsened over the next 2 months and the 
patient was readmitted to the hospital. The patient had fever and his CRP level was 
123 mg/L. The serum creatinine was 1.6 mg/dL. An immediate wound debridement 
and amputation of the fourth toe was performed, after which the patient was admit-
ted to a vascular surgical unit (Fig. 27.1). There was a faint popliteal pulse with no 
other pulses palpated distally. Ankle brachial indices (ABIs) were 1.35 and 1.21. 
The patient could not feel the touch of the monofilament on the plantar surface of 
the great toe or the first and fifth metatarsal heads.

Question 6
How would you further examine the circulation non-invasively or invasively?

 A. Toe pressure measurement.
 B. Ankle pressure measurements and pulse wave recordings.
 C. Treadmill test with pressure measurements.
 D. Duplex scanning of distal arteries.
 E. Magnetic resonance angiography.
 F. Digital subtraction angiography.

The toe pressures were 73 mmHg on the right side and 29 mmHg on the left side. 
A selective angiography was obtained the next day (Fig. 27.2).

Question 7
What angiographic findings typical of diabetes can you see?

 A. Normal aortoiliac segments.
 B. Haemodynamically non-significant occlusive disease of crural vessels.
 C. Significant occlusive disease of crural vessels.
 D. Severe occlusive disease of all foot vessels.
 E. Patent foot vessel.

a b

Fig. 27.1 Foot at the time of admission to the vascular unit
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Fig. 27.2 Angiography of the left lower limb
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Question 8
What treatment strategy would you prefer?

 A. No possibilities for reconstruction. Choose the best medical treatment, then wait 
and see.

 B. No possibilities for reconstruction. Foot-level amputation up to bleeding 
tissue.

 C. Below-knee amputation.
 D. Possible acute debridement, reconstruction to pedal artery, and further wound 

excision later.
 E. No wound excision and reconstruction to pedal artery until the wounds are 

clean.

Question 9
If you consider vascular reconstruction, what would be your preferred inflow site in 
this patient?

 A. Common femoral artery.
 B. Superficial femoral artery.
 C. Popliteal artery.

A popliteopedal reconstruction was made 5 days after admission to the vascular 
surgical unit. The great saphenous vein was used in situ with the supragenicular 
popliteal artery as an inflow vessel. Despite achieving an acceptable initial flow of 
51 mL/min, the graft thrombosed the next day and a thrombectomy and a revision 
of the graft was made. A narrow segment below the knee was replaced with a 
reversed proximal great saphenous vein under angioscopic control. A flow of 
110 mL/min was measured with transit time flowmetry.

Question 10
Which of the following methods are adequate for intraoperative control?

 A. Angiography alone.
 B. Doppler alone.
 C. Flowmetry alone.
 D. Flowmetry with a method giving morphological information.
 E. Intraoperative duplex scanning alone.

The postoperative ABI was 0.97. Wound excision and three-ray amputation of 
the lateral toes were performed 2 days after revascularisation. The patient was dis-
charged 2 weeks after admission and transferred to the community hospital. Split 
thickness skin grafting was performed there. The patient was discharged home with 
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a heel-sandal (an offloading shoe in which the body weight is borne only by the 
heel), antibiotic treatment for one more week, and local wound care. The healing of 
the wound progressed well. Six weeks after the vascular reconstruction, the patient 
was prescribed insoles. He also used a silicon piece correcting the position of the 
second toe (Fig. 27.3).

At 1-year follow-up, ABI was greater than 1.3/0.91 and toe pressures were 
65/55  mmHg. Duplex surveillance findings indicated a possible vein graft 
stenosis.

Question 11
What are the findings indicating vein graft stenosis in the duplex examination?

 A. Midgraft peak systolic velocity (PSV) of less than 45 cm/s.
 B. V2/V1 ratio greater than 3 (V2, PSV at the site of the maximum stenosis; V1, 

PSV in the normal graft adjacent to the stenosis).
 C. Maximum PSV greater than 300 cm/s.
 D. End-diastolic flow velocity (EDV) greater than 20 cm/s.

A control angiography was performed, but no severe stenosis was found 
(Fig. 27.4).

a

b

Fig. 27.3 Foot at 1-year follow-up
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Fig. 27.4 Control angiography after 1-year follow-up
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 Commentary

This case illustrates the problems related to delayed diagnosis and treatment of 
diabetic neuroischaemic foot. The aetiology of diabetic foot ulceration and infec-
tion is multifactorial. Our patient evidently had infection and also neuropathy. 
Neuropathy often abolishes sensation, and an unpleasant odour and discharge may 
be the first signs of infection to the patient, especially if the lesion is situated on the 
plantar aspect of the foot. The role of microangiopathy in diabetic foot is not con-
firmed, but ischaemia due to atherothrombotic disease often plays a major role [1]. 
[Q1: A, B, D]

The simplest method is to examine the ulcer with a blunt nasal probe. If it hits the 
bone, then osteomyelitis is most likely. The diabetic wounds should be classified 
systematically according to a precise system, such as the Armstrong classification 
(Table 27.1), which takes into account both the depth of the lesions and the presence 
of ischaemia and infection [2]. Plain X-ray films are of limited value and magnetic 
resonance imaging (MRI) is the most reliable tool for diagnosis of osteomyelitis [3]. 
[Q2: B]

The patient was reported to have palpable distal pulses at one time but not at 
another time. Furthermore, the popliteal pulse was reported to be palpable and ABI 
to be normal. Palpation of foot pulses is not a fully reproducible observation, and 
they may be considered normal if both tibialis posterior and dorsalis pedis pulses 
are clearly felt [4]. If either is not palpated, non-invasive evaluation is necessary. It 
is far more difficult to palpate the popliteal pulse, and it has been suggested that if 
an inexperienced palpator feels the popliteal pulse, this indicates an aneurysm. 
Systolic pressure measurements taken at the level of the ankle by a Doppler device 
are the most common non-invasive method for assessment of atherothrombotic dis-
ease. However, the results may be biased due to the presence of mediasclerosis, 
which is present in 15–40% of diabetics [5]. Incompressible arteries may allow the 
signal to be heard in cuff pressures as high as the patient tolerates. In patients with 

Table 27.1 Classification of diabetic foot lesions by grading and staging according to the depth 
of the lesion and the presence of infection and ischaemia, as proposed by Armstrong et al. [2] 
Updated

Depth
Grade 0: pre- or post-ulcerative site which has healed
Grade I: superficial wound through the epidermis or epidermis and dermis which does not 
penetrate to tendon, capsule or bone
Grade II: wound which penetrates to tendon or capsule
Grade III: wound which penetrates to bone or joint
Infection and ischaemia
Stage A: clean wound
Stage B: non-ischaemic infected wound
Stage C: ischaemic non-infected wound
Stage D: ischaemic infected wound to tendon, capsule or bone
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mediasclerosis, the ABI typically exceeds 1.15 [6]. The audible Doppler signals 
may help the examiner, as an open inflow channel gives high-pitched biphasic sig-
nals but collateral flow around an occlusion usually gives only a low-pitched mono-
phasic murmur. [Q3: A, B, C]

Symptoms of neuropathy include loss of sensation, hyperaesthesia and burning, 
and aching pain, which are often worse at night [7]. Many patients with severe neu-
ropathy are asymptomatic. Achilles tendon reflex, monofilament sensation testing and 
128-Hz tuning fork testing are other recommended clinical tests [8]. [Q4: A, B, C]

The primary diagnostic work-up in this case was clearly deficient. The patient 
obviously had osteomyelitis, which would have necessitated prompt drainage and 
amputation. Furthermore, the role of ischaemia should also have been evaluated and 
corrected within 3–5 days after proper drainage. [Q5: A, B]

The Doppler-derived pressures were clearly pseudohypertensive due to the arte-
rial wall stiffness. Pseudohypertension affects digital arteries far less frequently, and 
therefore toe pressures are more reliable. A pulse volume recording at the ankle can 
also help to detect mediasclerosis. Another method is to measure systolic blood 
pressure at the ankle with Doppler but without an occluding cuff—the pole test [9]. 
The examiner listens to the Doppler signals of the supine patient while the foot is 
elevated gradually until the signals disappear. The scale in the pole gives the pres-
sure at the ankle (0.75 × pressure (cm) equals the pressure (mmHg)). In centres 
where duplex scanning of distal arteries can be done by trained validated examiners 
this method would preferably be the next investigation. Magnetic resonance angiog-
raphy is also a method of choice if high-quality images are available and especially 
when the patient suffers from marked nephropathy. On the other hand in centres 
where technically demanding endovascular procedures can be done during diagnos-
tic contrast angiography this is—as in our case—the primary imaging technique. 
[Q6: A, B, D, E, F]

Atherosclerotic changes in diabetes are typically situated in femoral and crural 
arteries, or only in crural arteries, in contrast to non-diabetic patients who tend to 
have the first symptoms from the obliteration of the aortic bifurcation. Despite prox-
imal crural artery occlusion, the pedal arteries may be patent, as was the dorsalis 
pedis artery in this patient. [Q7: A, C, E]

The treatment strategy is affected strongly by the presence and severity of infec-
tion. A superficial ulceration may be only the tip of the iceberg. There may be pen-
etration, hidden to the eye, into deep tissues. Vigorous debridement must be carried 
out to establish the degree of penetration and to remove all necrotic tissue [3]. 
Fulminant infection may necessitate guillotine amputation. The bypass can often be 
performed 3–5  days after debridement. If ischaemia plays a major role and the 
infection is quiescent, then revascularisation can, in selected cases, be performed 
first. Vascular reconstruction can be performed in as many as 90% of diabetic 
patients with peripheral arterial disease [10]. The best outflow vessel in continuity 
with the foot should be selected [11]. Diabetes is not considered to affect the out-
come of graft patency, although female diabetic patients are reported to have worse 
outcome regarding patency and leg salvage [12]. In limbs with large tissue defects, 
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a microvascular free muscle flap transfer can be used for defect coverage in con-
junction with long bypass [13]. [Q8: D]

Short bypasses do well if the inflow artery is not compromised, as in our patient. 
Although the above-knee popliteal artery gave better results as the inflow vessel 
than the below-knee popliteal artery in our own series [14], the question is not set-
tled. [Q9: C]

Angiography is the gold standard for intraoperative monitoring. The accuracy of 
flowmetry is affected strongly by the reproducibility of the method. In contrast to 
older methods, transit-time flowmetry, which does not require information on the 
diameter of the vessels, has proven to be very accurate [15]. Despite this, it gives 
only flow values and does not inform about the morphology. The present case 
clearly shows how the typically narrow segment of the great saphenous vein below 
the knee was missed despite good flow during the initial hyperaemia. In this area, 
there was an intimal tear caused by the valvulectomy catheter. Unfortunately, an 
angioscope was not used in the first operation. An angioscope visualises the inner 
surface of the vessel, whereas intravascular ultrasound is better for detecting changes 
within the vessel wall. Doppler and duplex may be used for intraoperative monitor-
ing as well. Doppler gives only haemodynamic information, whereas duplex gives 
a combination of anatomical and haemodynamic information. There is no best 
method for intraoperative monitoring, but the optimal method would be to have both 
haemodynamic and morphological information. [Q10: A, D, E]

As there is a 30% risk of developing neointimal hyperplasia and graft stenosis 
within the first postoperative year, duplex surveillance is considered an essential 
part of postoperative care. All the suggested duplex criteria are indicative of vein 
graft stenosis, but none of them can be 100% sensitive in detecting stenosis [16]. 
Our case demonstrates that using liberal duplex criteria, false positive findings are 
easily encountered as the angiography was deemed normal. [Q11: A, B, C, D]
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28Chronic Visceral Ischemia

George Geroulakos

Question 1
Which is the likely diagnosis for our patient on the basis of the available informa-
tion so far?

 A. Cancer of the pancreas
 B. Peptic ulcer
 C. Subacute intestinal obstruction secondary to adhesions
 D. Mesenteric angina
 E. Cancer of the large bowel

Case Report
A 68-year-old woman presented with a 19-month history of generalized 
abdominal pain. Initially, she experienced the pain following meals, but sub-
sequently the pain became persistent. Over this period of time, she lost 12 kg 
in weight. For the last few months before admission, she started having diar-
rhea once to twice per day. There was no blood or mucus in the stool. Her past 
medical history included partial gastrectomy 17 years earlier for benign dis-
ease. On examination, the patient looked cachectic. Her abdomen was slightly 
distended, and the bowel sounds were increased. There was a high-pitched 
epigastric bruit. Routine blood tests were normal.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-65936-7_28&domain=pdf
mailto:g.geroulakos@imperial.ac.uk
mailto:ggeroulakos@med.uoa.gr


318

Fecal fat measurement was 17.6 g/day (normal value <6 g/day). Gastroscopy was per-
formed, which showed features compatible with atrophic gastritis. This was followed by 
computed tomography (CT) scanning of the abdomen, which reported that the pancreas 
could not be defined well as a result of paucity of retroperitoneal fat. In addition, CT 
showed non-specific thickening of the small-bowel loops. Endoscopic retrograde chole-
cystopangreatography (ERCP) was performed, which ruled out pancreatic pathology. A 
small-bowel enema did not demonstrate any significant findings. A colonoscopy was 
performed, which showed two isolated ulcers in the ascending colon (Fig. 28.1) and 
raised the possibility of ischaemic colitis. Figure 28.2 shows the lateral aortogram of our 
patient, and demonstrates an occlusion of the coeliac artery and 95% stenosis of the 
superior mesenteric artery. A diagnosis of chronic visceral ischaemia was made.

Question 2
Which of the following statements regarding chronic visceral ischaemia is correct?

 A. It has a marked male preponderance.
 B. As described in our patient, it usually takes more than 1 year from the first pre-

sentation of the symptoms until the final diagnosis is made.
 C. It presents clinically as an undiagnosed malignancy.
 D. Symptoms occur when at least one of the three visceral arteries has significant 

disease.
 E. It may cause malabsorption.

The patient underwent antegrade revascularisation, via a ninth rib extraperitoneal 
thoracoabdominal approach, of the coeliac artery and the revascularisation, superior 
mesenteric artery. An 8-mm Dacron graft was used approach, as a conduit.

Question 3
Which of the following statements regarding the management of this patient are false?

 A. The best patency can be achieved using a venous conduit.
 B. Revascularisation of the coeliac artery was unnecessary, and equally good 

results could have been achieved with revascularisation of only the superior 
mesenteric artery.

Fig. 28.1 Colonoscopic view of an isolated ulcer in the ascending colon in a patient with chronic 
visceral ischemia

G. Geroulakos



319

 C. Surgical revascularisation should not have been considered in this elderly, frail 
patient because it has an excessive mortality rate of about 30% in most series.

 D. Conservative treatment with long term chronic parenteral nutrition would best 
serve the patient.

The postoperative recovery of the patient was uneventful. She was discharged 
home on the eighth postoperative day. Six months later, she was asymptomatic and 
had gained 5 kg in weight. However, at 12 months the patient presented to the out-
patient clinic with recurrent postprandial abdominal pain. A duplex examination 
showed that the graft to superior mesenteric artery anastomosis had more than 60% 
stenosis and the graft to coeliac artery anastomosis was occluded.

Question 4
What would you advise your patient?

 A. Reoperation aiming to revascularise the coeliac artery and place a patch on the 
graft to superior mesenteric artery anastomosis.

 B. Angioplasty and stenting of the graft to superior mesenteric artery 
anastomosis.

Fig. 28.2 Lateral aortogram demonstrating occlusion of the coeliac artery and a 95% stenosis of 
the superior mesenteric artery
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 C. Conservative management advising the patient to take small and frequent meals.
 D. Start the patient on Cilostazol 100 mg twice per day.

The patient underwent angioplasty and stenting of the graft to superior mesen-
teric artery anastomosis with an excellent technical and clinical result. Twenty-four 
months following this procedure the patient remains asymptomatic.

 Commentary

As described in our patient, the clinical picture of chronic visceral ischaemia 
includes abdominal pain with or without diarrhea and weight loss. The diagnosis of 
chronic visceral ischaemia is in doubt if the patient has no significant decrease in 
total body mass. The abdominal pain occasionally radiates to the back. The pain of 
visceral ischaemia has similarities to that of carcinoma of the stomach, pancreatic 
carcinoma and peptic ulceration. Diarrhea may be explained by the increased motil-
ity of the bowel induced by the ischaemia; it may also be secondary to malabsorp-
tion. [Q1: A, B, D, E]

Other symptoms that may be seen include nausea and vomiting, which have been 
associated with gastric motility disorders caused by ischaemia [1]. An epigastric 
bruit may or may not be present. Our group and others have reported a marked 
female patient distribution of this condition [2–4]. The reason for this peculiar sex 
distribution remains undetermined. However, it has been suggested that it could be 
the result of the inclusion of cases of Takayasu’s aortitis in reports of atherosclerotic 
chronic visceral ischaemia [5]. Takayasu’s aortitis closely mimics atherosclerosis of 
the abdominal aorta and has a marked female predominance. The time from the 
onset of symptoms to diagnosis is usually more than 12 months [6]. The diagnosis 
of chronic visceral ischaemia is a clinical one. As shown clearly in our case, contrast 
studies, abdominal ultrasound, endoscopy and CT are not essential to the diagnosis 
but will prove important in eliminating other sources of abdominal discomfort. In 
all instances, lateral views of biplane aortography demonstrate visceral occlusive 
lesions compatible with the diagnosis. As a result of an abundant network of col-
lateral vessels, clinical symptoms are present when at least two of the three visceral 
arteries have significant disease. There are known asymptomatic cases with all three 
visceral arteries thrombosed, thus emphasizing the fact that chronic visceral isch-
aemia cannot be diagnosed exclusively on the basis of X-rays. [Q2: B, C, E]

Techniques of revascularisation include transection and reimplantation, bypass 
grafting, endarterectomy and balloon angioplasty with or without stent placement. 
There is no consensus regarding the best surgical approach for the treatment of 
chronic visceral ischaemia. This condition is encountered infrequently, and it is 
unlikely that a single center can treat enough patients and accumulate sufficient 
experience to develop principles of treatment by demonstrating significant differ-
ences between the various mesenteric revascularisation strategies. Bypass grafting 
is the most common type of visceral revascularisation performed; it may originate 
from several different locations, including the supracoeliac aorta, the infrarenal 
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aorta and the common iliac arteries. Regardless of the bypass technique used, the 
status of the donor artery is critical to success [7]. The distal thoracic aorta is usually 
free of atherosclerotic disease and is an excellent origin of a short antegrade bypass 
to the superior mesenteric artery. The bypass is placed in the direction of normal 
blood flow, thus reducing anastomotic turbulence. In addition, this design elimi-
nates the possibility of kinking and thrombosis by compression or traction from the 
overlying intestinal mesentery, which may be observed with retrograde grafts origi-
nating from the infrarenal aorta or the iliac arteries. The distal portion of the tho-
racic aorta may be approached from the abdomen through division of the crura [8].

There is no uniform agreement about the graft material of choice. In early reports, 
vein grafts had patency rates inferior to synthetic grafts [9, 10]. More recent reports 
described the use of either autogenous veins or prosthetic grafts with excellent long- 
term function and no difference in patency rates [11, 12]. In our case, we used syn-
thetic Dacron bypass because it is always available, spares the patient from the 
morbidity of one or more incisions for the harvesting of the vein, and provides good 
early and long-term results. Aorto-superior mesenteric artery bypass alone is usually 
sufficient to provide good symptomatic relief as a result of the extensive collateral 
circulation, even when all three visceral arteries are occluded. Hollier et al. [13] have 
shown that complete revascularisation in multivessel disease resulted in a late recur-
rence of 11%, while when one of three visceral stenotic vessels was revascularised 
the recurrence rate was 50%. They concluded that it is preferable to revascularise as 
many vessels as possible to provide the best chance of long-term relief. Most recent 
series report an acceptable operative mortality rate ranging from 3 to 8%.

Our patient could have been considered for angioplasty of the superior mesenteric 
artery. During the last decade the number of mesenteric revascularisations has 
increased tenfold and in most centers angioplasty and stenting has become the pri-
mary treatment modality, reserving open surgical bypass only to patients who fail 
open endovascular treatment. A review comparing surgical and endovascular revas-
cularization for chronic mesenteric ischaemia concluded that surgical treatment has 
superior long-term patency and requires fewer reinterventions. However it is more 
invasive with greater morbidity and mortality compared to endovascular treatment 
[14]. A meta-analysis of mortality after open and endovascular revascularization 
published recently in the 2017 clinical practice guidelines of the European Society of 
Vascular Surgery showed lower mortality from endovascular treatment (odds ratio 
0.48, confidence intervals 0.28–0.81) [15] There is no evidence that either enteral or 
parenteral nutrition of patients with chronic visceral ischaemia provides benefits, 
despite symptoms of malnutrition and weight loss [15]. [Q3: False A, B, C, D]

Recurrent visceral ischaemia is not uncommon after primary visceral revasculari-
sation for chronic visceral ischaemia. In a large series of 109 patients who underwent 
primary visceral revascularisation at the University of California, San Francisco over 
a period of 38 years, 19 patients had recurrent visceral ischemia, 12 (11%) patients 
had recurrent chronic visceral ischemia, and seven (6.4%) had acute visceral ischemia 
[16]. The minimally invasive nature of the endovascular techniques and the increased 
complication rate of reoperations renders the endovascular approach a reasonable first 
option in properly selected patients with recurrent symptoms [17].[Q4: B]
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29Acute Mesenteric Ischemia

Jonathan S. Refson and George Geroulakos

Question 1
Which of the following is the most unlikely diagnosis?

Case Report
A 78-year-old woman presented to the emergency department with a 12-h his-
tory of sudden-onset abdominal pain. She had vomited after the pain started, and 
she had also had two episodes of diarrhoea. Until this time, she had been well, 
although she was known to be in atrial fibrillation and took digoxin 125 mg daily.

On examination, she was distressed and obviously in pain. Baseline observations 
revealed a pulse of 110 bpm, irregularly irregular, blood pressure of 95/60 mmHg, 
respiratory rate of 28 breaths/min, and temperature of 37.3 °C. Her chest was clear, 
heart sounds were normal (irregular rhythm), and the jugular venous pressure was 
not elevated. Abdominal examination was unremarkable, with a soft abdomen and 
minimal tenderness despite severe pain, and normal bowel sounds.

The investigations shown in Table 29.1 were performed by the admitting 
surgeon.

Electrocardiogram (ECG) revealed atrial fibrillation with no other acute 
changes. Erect chest X-ray revealed normal lung fields and no free gas under 
the diaphragm. Abdominal radiography was unremarkable except for minimal 
small-bowel distension.
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 A. Acute ulcerative colitis
 B. Pancreatitis
 C. Mesenteric venous thrombosis (MVT)
 D. Acute mesenteric ischaemia (AMI)
 E. Diabetic ketoacidosis

Question 2
What are the most common causes of AMI?

 A. Renal failure
 B. Atrial fibrillation
 C. Multi-organ failure
 D. Anti-phospholipid syndrome
 E. Atherosclerotic disease

Question 3
Which of the following tests are of use in the acute management of a patient with 
AMI?

 A. Echocardiography
 B. Lateral-view mesenteric angiography
 C. Thyroid function tests (TFTs)
 D. Non-contrast computed tomography (CT) scanning
 E. Mesenteric vessel duplex Doppler

Table 29.1 Investigations performed by the admitting surgeon updated

Investigation Finding
Urinalysis
Biochemistry

No abnormality
Na+ 139 mmol/L
K+ 4.6 mmol/L
Creatinine 112 mmol/L
Glucose 6.1 mmol/L
Amylase 2000 IU/L

Haematology Haemoglobin 12.3 g/dL
White cell count 27,000
Platelets 235,000

Arterial blood gas pH 7.2L
pCO2 3.2 kPa
pO2 9.4 kPa
HCO3

− 17 mmol/L
Base excess −8
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At this point, the patient was taken to the high-dependency unit, where the 
following measures were undertaken: high-flow oxygen therapy by mask (15 L/
min), continuous ECG monitoring, central venous pressure (CVP) monitoring, 
urinary catheter inserted to monitor urinary flow hourly, and infusion of 4 L of 
fluid resuscitation. Intravenous broad-spectrum antibiotics and an anticoagulant 
dose of intravenous heparin were also given. After 2  h of resuscitation, the 
patient’s blood pressure was 130/85  mmHg, pulse 100  bpm and CVP +8  cm 
water. She was still in a lot of pain despite 10 mg of diamorphine, and she was 
still tachypnoeic. Repeat blood gas and blood count investigations were as in 
Table 29.2.

Because the patient was persistently acidotic with an elevated white count and 
in severe pain, she was taken to the operating theatre for an emergency laparot-
omy. Almost the entire small bowel and most of the large bowel were found to be 
ischaemic but viable. There was a pulse in the proximal superior mesenteric artery 
(SMA) but nothing was palpable beyond the origin of the middle colic vessel.

Question 4
What operative options are available to achieve restoration of flow to the bowel?

 A. Full heparinisation
 B. Catheter thrombectomy
 C. Axillofemoral bypass
 D. Mesenteric bypass with a vein graft
 E. Mesenteric bypass with prosthetic graft

Clot was removed successfully from the SMA. However, despite the majority of 
the bowel receiving a good blood supply, several areas remained dusky in 
appearance.

Question 5
What features of the bowel’s appearance determine whether it is viable?

 A. The presence of peristalsis
 B. Lack of foul odour from the peritoneal cavity

Table 29.2 Repeat blood 
gas and blood count 
investigations. Updated

Investigation Finding
Haematology Haemoglobin 10.2 g/dL

White cell count 37,000 × 109/L
Platelets 235 × 109/L

Arterial blood gas pH 7.19
pCO2 3.1 kPa
pO2 49.4 kPa
HCO3

− 11 mmol/L
Base excess −15
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 C. Serosal sheen
 D. Mesenteric pulsation
 E. Active bleeding from the cut surface of the bowel at the time of resection

Question 6
Having determined that an area of the bowel is non-viable, what action should you 
take?

 A. Revascularise the bowel, then remove that which is non-viable
 B. Remove the non-viable bowel, then revascularise the remaining bowel
 C. Resect all non-viable bowel and primarily anastomose ends; then close the 

abdomen
 D. Close the abdomen and start the patient on an intravenous infusion of 

diamorphine
 E. Resect all non-viable bowel and exteriorise viable ends; plan relook 

laparotomy

 Commentary

The incidence of AMI is approximately 1/100,000 in the UK and USA [1, 2]. AMI 
is a life-threatening vascular emergency. It accounts for 0.1% of emergency admis-
sions [3], and based on several large series it has a mortality of between 60 and 
100% [3–7]. Females are affected twice as often as males, and the median age at 
presentation is 70 years [6].

The clinical presentation is often not as clear-cut as described in the case above. 
However, some if not all of the described features will be present. One must have a 
high index of clinical suspicion in anyone aged over 55  years who presents with 
abdominal pain out of proportion to the physical signs elicited on abdominal examina-
tion [8]. The diagnosis should also be considered in patients with known peripheral 
arterial disease and abdominal pain. The triad of abdominal pain, a cardiac source of 
embolus and gut emptying, as described by Klass [9], make AMI the most likely diag-
nosis. In addition to this triad, the finding of a marked leucocytosis, metabolic acidosis 
elevated D-dimer [a] and hyperamylasaemia are also suggestive of AMI. D-dimer has 
been found to be a consistent highly sensitive early marker, but the specificity is low. 
The high sensitivity, approaching 100%, makes it an excellent exclusion test, but 
many other conditions are associated with high d-dimer values. Hence, a normal 
d-dimer at presentation most probably excludes acute SMA occlusion [38]. There is 
common agreement that lactate is a marker of general deterioration, systemic hypo-
perfusion, and death, no matter the cause. According to the 2017 ESVS guidelines for 
the management of the diseases of the mesenteric arteries and veins, elevated L lactate 
measurement is not recommended to diagnose or rule out acute occlusive mesenteric 
ischaemia [38].  It is also not unusual for there to have been a history of previous 
embolic events [8]. Pancreatitis can be difficult to differentiate from AMI, and lapa-
rotomy is indicated if suspicion of AMI is aroused. [Q1: E]
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Defining the aetiology of AMI is important as the different causes have different 
treatments. The most common presentation, as described in our case, is of superior 
mesenteric embolus; this accounts for about 50% of all cases [3, 5–7]. The usual 
source for these clots is the atria in patients in atrial fibrillation or the ventricle if the 
patient has recently sustained a myocardial infarction. Another potential source of 
emboli is atheroma from the aortic wall following radiological procedures in which 
catheters and guidewires have been passed up the aorta. The consequence of such an 
event can be catastrophic, as the mesenteric circulation has not had time to develop 
a collateral circulation.

The next most frequent aetiology is SMA thrombosis, which accounts for 
between 25 and 50% of cases [3, 5–7]. This results from progression of atheroma-
tous disease at the origin of the SMA. It is important to note that a long-standing 
stenosis may have caused symptoms of chronic mesenteric ischaemia in the months 
before its ultimate occlusion [10]. Therefore, in a patient with pre-existing symp-
toms of mesenteric ischaemia, sudden onset of abdominal pain should be regarded 
as AMI until proven otherwise.

Non-occlusive mesenteric ischaemia (NOMI), first described by Ende in 1958 
[11], is the next most frequently encountered condition, occurring in about 20% of 
cases [3, 5, 6]. In this situation, the patient is often critically ill from another cause 
and the mesenteric ischaemia is due to vasoconstriction leading to reduced flow in 
the splanchnic circulation. This may be due to cardiogenic shock, hypovolaemia or 
vasoconstricting inotropes. Even after reversal of shock, mesenteric hypoperfusion 
may persist for several hours [12, 13].

MVT is the least common cause and accounts for about 5% of AMI [14–16]. The 
thrombotic process is thought to start in the superior mesenteric vein and spreads to 
the portal vein; the inferior mesenteric vein is usually spared. The onset of symp-
toms is more insidious and may have a history of several days. It is caused by the 
same provoking factors that one finds in any thrombotic situation: sluggish flow, 
clotting abnormality and vessel wall damage (Virchow’s triad). It is associated most 
commonly with hypercoagulable states, abdominal trauma or intra-abdominal sep-
sis [17–20]. The diagnosis is often made at laparotomy and encompasses a spectrum 
of severity from segmental mesenteric venous thrombosis to the entire portal vein 
being thrombosed. [Q2: B, E]

Diagnostic confirmation of AMI poses a dilemma. Should one delay in order to 
confirm a suspicion and risk converting a salvageable situation into a non- salvageable 
one? [21] There is little evidence on which to base sound advice. However, if the 
patient is cardiovascularly stable with minimal symptoms, and one has prompt 
access to angiography, then this provides accurate diagnosis (Fig.  29.1). Some 
authors recommend colour-flow duplex at the bedside during the resuscitation phase 
[22, 23]; this procedure is less time-consuming than angiography, but it requires 
considerable skill that is not always available. Furthermore, good views are often 
hampered by obesity and/or overlying bowel gas.

Transthoracic echocardiography is useful in identifying a cardiac source for 
emboli and may help in making the decision regarding postoperative anticoagula-
tion. However, it is not as sensitive as transesophageal echo in searching for left 
atrial emboli and may waste valuable time.
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Contrast-enhanced CT may be of use in identifying mesenteric venous thrombo-
sis [24]. This will not prevent laparotomy as bowel resection may well be necessary. 
If there is clear evidence of peritonism and a high index of suspicion for AMI, then 
the patient should be resuscitated rapidly and this should be followed by urgent 
laparotomy. [Q3: B, E]

In order to answer Question 4, one has to be confident of the aetiology of AMI. In 
our case, there is embolus in the SMA. The abdomen should be approached through 
a long midline incision, which will afford excellent exposure. Having entered the 
abdomen, a quick survey of the viscera and extent of ischaemia should give some 
information on the aetiology of the AMI (see below). At this point, the main aim of 
surgery is to restore flow to the ischaemic viscera if viable. In order to do this, the 
transverse mesocolon is elevated and the ligament of Treitz identified and the fourth 
part of the duodenum mobilised. The root of the mesentery is palpated to feel for the 
SMA pulse. If, as in our case, the AMI is due to an embolic event, then a proximal 
SMA pulse should be palpable and the duodenojejunal flexure and proximal few 
centimetres of jejunum should be viable. The emboli usually lodge at a variable site 
3–8 cm from the origin of the SMA, usually at the point where the middle colic 
artery arises [6, 8, 21] (Fig. 29.2a, b).

In order to expose the SMA, the inferior leaflet of the mesocolon is entered 
along the course of the vessel and a 5-cm section of artery is dissected out and 

Fig. 29.1 Narrowed atherosclerotic aorta with no coeliac or superior mesenteric filling
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slung with Silastic sloops. At this point, if the patient has not been heparinised 
previously, then they should be given an intravenous dose of 5000  units of 
unfractionated heparin. A longitudinal arteriotomy is made in the cleared SMA 
(on the left margin of the vessel, to permit easier graft placement, should a 
bypass be necessary) [21], and a size 3 or 4 Fogarty embolectomy catheter is 
passed up and down the vessel to retrieve the embolus. Once adequate backward 
and forward flow has been achieved, the vessel should be flushed with heparin-
ised saline; the arteriotomy can then be closed primarily or with a patch (depend-
ing on size), using a 6/0 or 7/0 Prolene suture.

At this point, the anaesthetist should be warned that you are about to reperfuse 
the viscera. Metabolites that have accumulated in the ischaemic viscera will pass 
rapidly from the mesenteric venous circulation into the systemic circulation, which 
can precipitate circulatory collapse and, over several hours, result in the develop-
ment of systemic inflammatory response syndrome (SIRS). There is no point in 
revascularising dead bowel; indeed, this is dangerous. Irrefutably dead bowel should 

a

b

Fig. 29.2 (a, b) Patchy mid-gut infarction due to atherosclerotic occlusion of superior mesenteric 
artery (SMA)
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be removed before revascularisation. It is important to note that if, on opening the 
abdomen, the entire small bowel is black and irreversibly ischaemic, then the most 
appropriate thing to do is close the abdomen and keep the patient comfortable with 
morphine: death will usually follow within a matter of hours.

In the event that there is no pulse palpable at the SMA origin, then the revascu-
larisation strategies are similar to those for chronic visceral ischaemia (see Chap. 
25). In this case, attempts at thrombectomy will fail as the catheter will not cross the 
occlusion. The options available are retrograde bypass from the infrarenal aorta to 
the SMA, antegrade bypass from the supracoeliac aorta (with concomitant revascu-
larisation of the coeliac trunk if it is occluded), aortomesenteric endarterectomy, or 
side-to-side anastomosis between the SMA and aorta. Prosthetic material should be 
avoided since transmural migration of bacteria is likely to contaminate the graft. 
Also, if the lower aorta and iliac systems are heavily calcified, then it may be better 
to select the supracoeliac aorta for the inflow site of the bypass. The use of a tempo-
rary shunt for immediate reperfusion while the bypass is being constructed seems 
sensible [21].

At this point in the procedure, the viscera need to be inspected again and any 
dubiously viable bowel resected. If the patient is otherwise young and fit, then it 
may be better to resect all the necrotic bowel, exteriorise the remaining ends, and 
consider long-term total parenteral nutrition or small-bowel transplantation. If there 
is no evidence of arterial compromise and a pulse is palpable in the SMA, then one 
should suspect either NOMI or MVT.

NOMI usually results in widespread patchy ischaemia. Treatment entails resec-
tion of obviously non-viable bowel, attempting to be as conservative as possible. 
The remaining bowel must be inspected at a second-look laparotomy 24–48 h later. 
During surgery, several strategies have been described to improve mesenteric flow: 
a combination of systemic dopamine and an opiate epidural [25], papaverine infu-
sion (30–60 mg/h) into the SMA either via direct puncture fine bore or angiographi-
cally placed catheter [13, 26, 27]. At relook laparotomy, the extent of the ischaemia 
should be reassessed; treatment may need to be abandoned if the gangrene is pro-
gressing. Mortality of this condition is depressingly high at 70–80% despite the 
therapeutic measures outlined above [13].

The classic laparotomy findings in MVT are ascites and swollen omentum with 
bowel infarction. Like NOMI, MVT is managed by resection of non-viable bowel, 
which is most frequently sharply demarcated and found in the mid-small bowel. 
Again, second-look laparotomy is mandatory. Anticoagulation with heparin and 
then warfarin is mandatory in view of the high incidence of recurrent 
MVT. Investigation of any underlying prothrombotic disorder along with long-term 
anti-coagulation improves survival [28, 29].

Thrombolysis has been used successfully in MVT in two studies where the diag-
nosis had been established by non-invasive means and peritoneal signs had not 
developed [30, 31]. Venous thrombectomy has also been reported to be successful 
in a handful of cases [19, 32–34]. This procedure is likely to be difficult, as the 
peritoneum is usually oedematous. [Q4: B, D]
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The classic features of ischaemia are oedema, loss of peristalsis, loss of surface 
sheen, staining of the serosa, absent mesenteric pulsation, or frank gangrene with or 
without perforation (Fig. 29.3). The decision at surgery is, after revascularisation 
(providing it was appropriate or feasible), how much small bowel to resect. Once 
there is good flow to the viscera, then reversibly ischaemic segments should declare 
themselves viable and the rest will need to be resected. Other adjuncts to inspection 
and palpation are continuous-wave Doppler, pulse oximetry and fluorescein dye 
[35]. The next question is whether to exteriorise or anastomose the open ends of the 
bowel. The arguments against exteriorising are that many stomata may be necessary 
and they do not guarantee that the intervening segments may not subsequently 
become ischaemic; however, this is extremely safe and avoids the complication of a 
necrotic anastomosis. Performing primary anastomoses and leaving the abdomen 
open and covering it with a see-through bag (a cut-open bag of saline) [36] allows 
direct visualisation of the viscera at all times; second-look laparotomy can then be 
planned on the appearance of the gut [37]. If all looks well by 72 h and the patient’s 
condition is stabilising, then they can be returned to theatre for planned abdominal 
closure. [Q5: A, C, E], [Q6: B, E]

The short-term management of these cases is demanding on staff and time, but if 
best results are to be achieved, then no short cuts can be taken.

AMI is a treatable vascular emergency. It requires a high index of clinical suspi-
cion, rapid aggressive resuscitation and diagnostic manoeuvres to determine the 
specific underlying cause. This will allow a prompt, directed revascularisation pro-
cedure after optimisation of cardiac performance, or correction of a hypercoagula-
ble state. This effort is directed at maximising the amount of salvageable bowel. 
These strategies are the cornerstones for a successful outcome in this life- threatening 
vascular catastrophe.

Fig. 29.3 Gut showing features of fixed staining
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Question 1
Which of the following statements support your suspicion that the patient has reno-
vascular disease contributing to his poorly controlled blood pressure?

 A. Longstanding hypertension
 B. There is difficulty in controlling the blood pressure with three different anti- 

hypertensive drugs
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Case Report
A 55-year-old male is referred for investigation of lower limb claudication 
pains. His past medical history includes long standing hypertension and a 
previous myocardial infarction 3 years previously with subsequent coronary 
angioplasty and stenting. He is a life long smoker, but rarely takes any alco-
hol. His symptomatic claudication arises after walking for approximately 
200 m on the level. He is receiving an angiotensin converting enzyme inhibi-
tor (ACE-I), which, according to the General Practitioner’s letter, was com-
menced about 2 months before referral, and he also receives a diuretic and a 
calcium antagonist at full dosage to optimize his blood pressure. On examina-
tion he is noted to have bilateral ilio-femoral bruits but palpable pedal pulses. 
His blood pressure remains sub-optimally controlled at 170/90 mmHg. He is 
commenced on an alpha-blocker (Doxazosin).

Following the clinic visit you review his blood results and notice that there 
has been a deterioration in his renal function with the serum creatinine increas-
ing from 120 to 180 μmol/L and estimated glomerular filtration rate (eGFR) 
decreasing from 58 to 36 mL/min since the time of referral.
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 C. There was a relatively rapid deterioration of renal function between the time of 
referral and the first clinic visit

 D. He is an arteriopath with symptoms of lower limb claudication pains

Question 2
What would be the most appropriate investigation(s) to decide whether the hyper-
tension has a renovascular origin?

 A. Direct intra-arterial angiography
 B. Renography with captopril provocation
 C. Magnetic resonance angiography (MRA)
 D. Computerized tomography angiogram (CTA)
 E. Duplex ultrasound of the renal arteries

In this patient, magnetic resonance imaging showed diffuse aorto-iliac disease. 
There was a 90% stenosis with post stenotic dilatation at the ostium of the left renal 
artery and the kidney was 10 cm in length. On the right hand side there were two 
renal arteries, the smaller of these exhibited a 50% renal artery stenosis (RAS). The 
kidney measured 11 cm in length.

In view of the deterioration in renal function and the poorly controlled hyperten-
sion it is decided to stop the ACE-inhibitor and to proceed to intervention.

Question 3
What is the most appropriate revascularization approach for the renal artery stenosis?

 A. Aortorenal bypass
 B. Thromboendarterectomy
 C. Percutaneous transluminal angioplasty (PTA) with stent
 D. PTA alone
 E. Nephrectomy

Question 4
Which are the most frequent serious complications seen after renal artery PTA?

 A. Arterial rupture
 B. Occlusion
 C. Cholesterol microembolisation
 D. Contrast-related Acute kidney injury
 E. Groin haematoma

The patient underwent percutaneous angioplasty with bare-metal stent place-
ment in the left renal artery. The right renal artery was not amenable to endovascular 
intervention. The procedure progressed without complications and the patient was 
sent home the day after treatment in good condition.
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He was reviewed again after 2 weeks at which stage his creatinine had improved 
to 140  μmol/L (eGFR 49  mL/min). His blood pressure (165/90) control had 
improved to some extent.

Question 5
Which of the following would be most appropriate for his future management?

 A. Regular clinic review with attention to medical control of blood pressure, and 
vasculoprotective therapy

 B. Repeat renal artery imaging with possible repeat left renal artery stenting
 C. Right renal artery PTA and stenting
 D. Surgical revascularization of the left kidney

 Commentary

Renovascular disease is common, and atheromatous renovascular disease (ARVD) 
accounts for 90% of renal artery stenosis (RAS) in western populations. The remain-
der is mainly due to fibromuscular disease (FMD) which usually presents as hyper-
tension in younger patients.

There has been a steady increase in the number of patients diagnosed with ARVD 
in the last two decades [1]. ARVD is a disease of ageing just as is the case with other 
traditional macrovascular atheromatous diseases, and it is strongly associated with 
coronary artery disease (CAD), congestive cardiac failure, aorto-iliac and more dis-
tal peripheral vascular disease (PVD) and cerebrovascular disease. The finding of 
ARVD during investigation and management of one of these other vascular diseases 
can be of detrimental prognostic importance [2, 3]. For example, 15–30% of patients 
with CAD have evidence of ARVD, with RAS >50% detectable in about 5% [4]. A 
close relationship exists between the number of diseased CAD vessels and severity 
of RAS [4]. In turn, prospective observational studies have shown that the presence 
and severity of RAS confer a negative impact upon survival in these CAD patients 
[5]. Due to anatomic proximity, aorto-iliac disease is very frequently associated 
with ARVD, most studies showing that around 40–45% of patients referred for 
investigation of PVD have the disease [6].

ARVD can be identified in about 2% of selected hypertensive populations [7]. 
Conversely, around 90% of patients with ARVD have hypertension, but whether this 
hypertension is the direct result of ARVD, rather than simply an association, is often 
difficult to determine. A strict definition of “renovascular hypertension” necessi-
tates that the hypertension is cured or substantially improved following correction 
of the RAS (usually with revascularization). Renovascular hypertension has been 
listed as the primary cause of end stage renal disease (ESRD) in 5.2% [8] of the US 
dialysis population. With an increasingly ageing population, the incidence of ARVD 
is likely to continue to rise, as will the related cardiological and renal burden on the 
healthcare system.

Clinical features which would lead a clinician to suspect ARVD include:
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• Patients with cardiovascular risk factors, e.g., smokers, type 2 diabetics, evidence 
of atheroma in other vascular beds

• Rapid onset of hypertension in young people (FMD)
• Rapid deterioration of previously well-controlled essential hypertension
• Malignant/accelerated hypertension or hypertensive crises
• Three-drug- (or more) resistant hypertension
• Hypertension and deteriorated renal function
• Impaired renal function on commencement of renin angiotensin blocking (RAB) 

therapy (ACE inhibitors, angiotensin receptor blockers or renin inhibitors)
• Flash pulmonary oedema
• Epigastric, flank or back bruit
• Discrepancy of >1.5 cm between kidney sizes on imaging

In our patient, the presence of concomitant vascular disease and marked smoking 
history provided a higher suspicion for ARVD. The sudden deterioration in renal 
function with RAB and poorly controlled hypertension supported investigation for 
renovascular hypertension. [Q1: B, C, D]

Many radiological techniques have been used to investigate the presence of 
RAS. All these methods have their advantages and disadvantages. The three most 
commonly used radiological methods are magnetic resonance angiography (MRA), 
computerized tomography angiography (CTA) and duplex sonography as they are 
non-invasive and they can provide a reasonable estimation of the degree of RAS. The 
most appropriate radiological method will depend on availability, and the patient’s 
level of kidney function—due to the risks posed by nephrogenic systemic fibrosis 
(NSF) and contrast induced nephropathy in those with severe renal dysfunction (see 
below). The various investigational methods are briefly considered below:

 MRA

Advantages: Contrast enhanced MRA with gadolinium (Gd) provides a non- 
invasive, rapid and accurate investigation of the degree of RAS [9–11] with high 
specificity and sensitivity (Fig. 30.1). MR imaging (MRI) has the potential to assess 
the functional and morphological characteristics within the renal parenchyma.

Disadvantages: Gd-enhanced MRI was implicated in causing cases of NSF in 
patients with moderate to severe renal impairment [12, 13], the condition being 
characterized by skin thickening, systemic fibrosis and even death. Guidance from 
the UK Commission on Human Medicines recommends that certain types of Gd 
containing agents should not be used in patients with advanced CKD with the result 
that MRA is now performed with caution in patients in CKD stages 4 and 5 [14]. 
Other contraindications to MR imaging include patients with metallic implants such 
as pacemakers, and claustrophobia.

C. Chrysochou and P.A. Kalra



339

 CTA

Advantages: CTA can acquire a large amount of data in a relatively short time. It has 
similar sensitivity/specificity to MRA for detection of RAS (Fig. 30.2).

Disadvantages: The disadvantages of CTA are the need to use significant amounts 
of potentially nephrotoxic iodinated contrast which may result in contrast nephropa-
thy in those with low GFR. Patients are also exposed to relatively high doses of 
ionizing radiation, and the presence and degree of RAS can often be obscured by 
heavily calcified vessels.

 Intra-arterial Angiography

Advantages: Accurate assessment of the degree of RAS. Usually only employed to 
confirm the presence of RAS at a renal angioplasty procedure.

Disadvantages: This is an invasive procedure and the most costly investigative 
method for ARVD. It provides only 2-D images and also poses a risk of contrast 
nephropathy.

Fig. 30.1 Magnetic resonance angiography image showing a tight stenosis on the left side (white 
arrow) and a shrunken kidney downstream to the stenosis
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 Duplex Ultrasonography (DU)

Advantages: DU is sensitive for the detection of RAS and the doppler waveforms 
obtained can provide an indication of distal and intra-renal arteriosclerosis. Color or 
power Doppler and the use of ultrasonic contrast agents are more promising in func-
tional assessment, but are still experimental innovations.

Disadvantages: Studies are time consuming, operator dependent and have been 
shown to be subject to wide intra- and inter-observer variations.

Intra-arterial Doppler: allows assessment of distal vascular disease using intra- 
renal blood flow velocity measurements [15]. However, it is an invasive procedure 
which is not generally applicable in clinical practice.

Captopril renography: is now an outdated technique rarely used to detect func-
tionally significant RAS except in true renovascular hypertension with normal renal 
function. Its diagnostic usefulness is limited in CKD.  Captopril renography has 
been shown to be inferior to CTA and MRA in detecting RAS in meta-analyses of 
these techniques [16].

The most appropriate radiological techniques for Question 2 would be options 
C, D or E. Our patient underwent an MRA.

Fig. 30.2 CTA with red arrow indicating area of stenosis (Courtesy of Dr. Alistair Cowie, 
Radiology Department, Salford Royal Hospital)
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 Treatment

One of the major priorities in the management of ARVD is to improve blood pres-
sure to reduce cardiovascular burden and prevent renal decline. However, the treat-
ment of ARVD has been the subject of much debate in recent years, particularly 
because of the possibility that renal revascularization therapy might improve patient 
outcomes. In the past there has been limited high-quality evidence regarding out-
comes after revascularization, but in the latter part of 2009 the initial results of the 
ASTRAL trial were published, a study which recruited over 800 patients [17].

 Medical Treatment

ARVD is part of a diffuse vascular disease process and extra-renal vascular pathol-
ogy is the major contributor to poor outcome. Cardiovascular protection forms the 
mainstay of treatment. Lifestyle changes include smoking cessation. Patients should 
receive an anti-platelet agent and a statin [18]. Anti-hypertensive medication should 
be titrated aiming for a blood pressure of <130/80, although this can be a hard target 
to achieve given the long-standing nature of the hypertension and arterial stiffness 
seen in some cases. Patients often require combinations of several antihypertensive 
drugs for effective blood pressure control. Where possible, the addition of RAB is 
recommended. This may appear controversial as guidelines recommend caution 
with ACE-I/ARB use in patients with bilateral RAS or a solitary functioning kidney 
with RAS because potentially an acute reduction in GFR may occur due to an 
ACE-I/ARB—induced reduction of glomerular hydrostatic pressure. However, with 
careful titration of doses and checking of renal function (7–10 days post ACE-I/
ARB introduction and after each dose increment), such serious complications can 
be detected early. An increase of creatinine of >25% over baseline would be regarded 
as a reason to stop the drugs. Revascularization is emerging a means of allowing 
continuation of these beneficial drugs when renal functional deterioration is 
observed, although studies are still awaited in this regard. Other benefits to RAB 
include reduction of proteinuria [19] and left ventricular hypertrophy [20], both 
significant independent predictors of mortality in ARVD (as in patients with other 
causes of CKD).

 Revascularization

Renal revascularization procedures are performed in 16% of newly diagnosed 
ARVD cases [1]. Over the course of the last two decades the availability of endovas-
cular techniques has increased accessibility of patients to revascularization, and 
now <2% of all procedures are surgical (compared to 35% in 1992 [21]). There are 
certain indications for renal revascularization procedures which have a wide con-
sensus of support (albeit, non-evidence-based). These include:
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• Prevention or treatment of life threatening flash pulmonary oedema [22–24]
• Relief of critical stenosis in order to preserve renal mass
• Acute occlusion that has resulted in acute kidney injury (AKI) [25, 26] (Fig. 30.3a, b)
• Renovascular hypertension resistant to multiple medications [27]

a

b

Fig. 30.3 (a) Left main renal artery pre-revascularization. (b) Post-angioplasty/stent insertion 
with restoration of renal artery patency and flow (Courtesy of Dr. Nicholas Chalmers, Radiology 
Department, Manchester Royal Infirmary)

C. Chrysochou and P.A. Kalra



343

Outside of these indications, studies have shown a variable benefit of revascular-
ization over conservative medical management, in terms of hypertension control 
and especially renal functional outcome. Until recently there has been a lack of 
adequately powered randomized controlled trials to detect a difference, and in other 
studies the patient phenotype has been inconsistent. The Angioplasty and Stent for 
Renal Arterial Lesions (ASTRAL) [17] trial reported its initial findings in 2009, it 
being the largest UK randomized control trial to date comparing medical treatment 
to revascularization with medical therapy in 806 patients with anatomically signifi-
cant ARVD. Over an average follow-up period of 34 months, no renal functional 
(the primary end-point), systolic or diastolic blood pressure, cardiovascular event or 
mortality benefit was provided by revascularization with medical therapy, compared 
to medical therapy alone, in a clinically relevant, but relatively asymptomatic ARVD 
population. The US-based Cardiovascular outcomes in Renal Atherosclerotic 
lesions (CORAL) trial randomized 947 patients to either stenting and best medical 
therapy or best medical therapy alone. The initial design of CORAL aimed to over-
come the flaws that were observed in ASTRAL; only patients with haemodynami-
cally confirmed severe renal artery stenosis and a systolic BP of 155 mmHg or 
higher despite use of at least 2 antihypertensive agents were originally intended to 
be recruited. The degree of stenosis was standardized by means of an angiographic 
‘core lab’ evaluation and trans-lesional gradient measurement, and severe stenosis 
was defined as either > 80% stenosis or 60–80% stenosis with a trans-lesional sys-
tolic pressure gradient of at least 20 mmHg. However, these inclusion criteria had to 
be relaxed due to slow patient recruitment. By the end of the study average angio-
graphic stenosis was 67%, similar to that in ASTRAL, and only 20% of patients had 
>80% stenosis. Average eGFR at recruitment in CORAL was 58ml/min/1.73m2 
with an under-representation of patients with uncontrolled hypertension, rapidly 
deteriorating renal function or recurrent flash pulmonary oedema. After a median 
follow-up of 43 months, revascularization did not confer any clinical benefit over 
medical therapy on its own [28].

Within this population there is no doubt that some patients will have shown 
improvements in renal function and blood pressure control, and further analyses 
will be directed at assessing whether a series of clinical and investigational charac-
teristics would reliably identify this subgroup. The minority of patients who do 
improve in this way after revascularization are classed as having a “functionally 
significant” RAS, but also, importantly, they have renal parenchyma which has not 
been irretrievably damaged by prior ischaemic and hypertensive stresses.

Our patient underwent percutaneous left renal artery angioplasty and stenting. 
[Q3: C] Currently, stent supported angioplasty has widely replaced plain balloon 
angioplasty of RAS because of the superior short and long term angiographic results 
of stenting [25, 29–31], especially with far lower rates of re-stenosis seen in athero-
sclerotic ostial lesions, which might occur because of elastic recoil or plaque resis-
tance. Other benefits include a reduction in renin and angiotensin production [31] 
and larger luminal dilatation. Furthermore, endovascular techniques reduce the 
operative morbidity and mortality of open surgical repair [32]. Technical 
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developments such as drug eluting stents [33], and distal protection devices (e.g., a 
balloon or filter placed distally during intervention to capture atheromatous and 
thrombotic debris before it reaches the renal capillary bed), may increase the safety 
and effectiveness of revascularization. Patients receiving both glycoprotein IIb/IIIa 
inhibitors and embolic protection devices have less occurrence of platelet-rich 
emboli in distally placed filters [34]. These measures are not widely used, and dete-
rioration in renal function may still continue despite their use [35].

Even endovascular revascularization is a procedure which may carry significant 
risk. Complications may occur in up to 25% of patients [36], most of which are 
minor, such as groin bruising and haematoma over the percutaneous wound entry 
site, or temporary deterioration of renal function, presumably due to contrast- 
induced injury. However, in ASTRAL 6.8% of patients suffered serious complica-
tions of revascularization including major renal arterial abnormailities 
(peudoaneurysm formation, thrombosis and occlusion, renal artery dissection), cho-
lesterol emboliztion and even death. [Q4: D, E]

A range of surgical options are available to treat RAS and these include aortic 
graft and renal bypass, aorto-renal bypass, aorto-renal endarterectomy and extra- 
anatomical bypass. At least 70% of patients who undergo surgical repair have con-
comitant aortic disease, and most clinicians would now recommend surgery for 
RAS when this is accompanied by more complex aorto-renal disease. The results 
after surgical revascularization are uncertain because of positive reporting bias and 
the presence of many relatively small case series in the literature. Nevertheless, one 
retrospective study of 222 patients from 1974 to 1987, encompassing a mean fol-
low- up of 7.4 years, showed an operative mortality of 2.2%, hypertension improve-
ment in 72.4% and preservation of renal function in 71.3% [37].

 Prognosis

The presence of ARVD is associated with a guarded prognosis. The strong presence 
of other co-morbid cardiovascular disease is reflected in the high incidence of car-
diovascular events [38, 39] and death. In fact, the risk of death is almost six times 
greater than that of progressing onto renal replacement therapy (RRT) [1]. Patients 
who do require RRT have a poor life expectancy [8, 40]. However, with improve-
ment in management (e.g., blood pressure control and statin use), the natural ten-
dency of RAS lesions to progress over time is controllable [18]. In the ASTRAL 
study, insights were provided that suggest that cardiovascular risk management is 
having an effect upon reducing mortality in ARVD.  The annual mortality in 
ASTRAL was around 8% for all patients (mean age 70 years), which is half that of 
the 16.3% noted in the previous largest epidemiological cohort of ARVD patients (a 
5% random sample of the US Medicare population involving patients aged 
>67 years) who had been studied in 2001–2002 [1]. About 85% of ASTRAL patients 
were receiving a statin at 1 year follow-up, and 80% were receiving anti-platelet 
therapy. The focus of management during follow up of this patient would include 
lifestyle modification advice, control of blood pressure and monitoring of renal 
function. [Q5: A]
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31Midaortic Syndrome

James C. Stanley and Jonathan L. Eliason

Question 1
What would be the definitive manner of imaging his aorta and its branches?

 A. Ultrasonography
 B. Computed tomographic arteriography (CTA)
 C. Magnetic resonance angiography (MRA)
 D. Conventional arteriography (Digital subtraction angiography)

Case Report
A 15-year-old boy with neurofibromatosis-1 (NF-1) was recognized to have 
severe hypertension when being screened for a school athletic team. His blood 
pressure was 225/110 mmHg. His only complaint was lower extremity fatigue 
with modest physical activity. A continuous systolic bruit that did not vary 
with respiration was noted in his epigastrium. There was a femoral-radial 
artery pulse delay. He had palpable pedal pulses, with good capillary fill in his 
toes. The left border of cardiac dullness was 8 cm to the left of the mid-sternal 
line with a sustained apical impulse. There were no cardiac murmurs. An elec-
trocardiogram documented mild left ventricular hypertrophy. His chest film 
revealed a slightly enlarged heart. There was no rib-notching to suggest col-
lateral vessels due to a thoracic aortic coarctation. His basic blood chemistries 
and urinalysis were normal. Prior to his referral to our hospital he had under-
gone an attempted percutaneous transluminal angioplasty (PTA) of the right 
renal artery. Failure of the renal PTA and refractory hypertension led to his 
admission for further study and therapy.
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Conventional aortography was chosen to best define his vascular anatomy because of its 
greater definition of small arteries. It documented an abdominal aortic narrowing begin-
ning at the CA level and extending below the renal arteries, as well as ostial narrowings of 
both renal arteries, the celiac artery (CA) and superior mesenteric artery (SMA) (Fig. 31.1).

Deep abdominal ultrasonography prior to his referral had documented abnormal 
mid-abdominal aortic, bilateral renal artery, CA, and SMA velocities, all of which 
exceeded 300 cm/s, compared to a 125 cm/s velocity in the infrarenal aorta. The 

a

c

b

Fig. 31.1 Angiographic images suggesting (a) suprarenal aortic narrowing (long arrow) and abnor-
mal proximal renal arteries (short arrows), with a large mesocolic vessel (hollow arrow) suggesting 
either SMA or aortic narrowing or both. Magnification images (b) define bilateral renal artery ostial 
stenoses (short arrows) with irregular mural aneurysms, a midabdominal aortic narrowing (long 
arrow) and a proximal SMA dilation (white arrow), presumed to be poststenotic. Lateral aortography 
(c) confirmed the narrowing of the aorta (bracket) and proximal SMA stenosis (arrow)
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anatomic detail of the splanchnic and renal circulation revealed by ultrasonography 
was limited. Similarly, an MRA obtained before the failed PTA did not clearly 
delineate the suspected anatomic extent of his aortic branch narrowings.

Question 2
What are the preferred treatment options in managing this patient’s aortic disease?

 A. Thoracoabdominal bypass
 B. Patch aortoplasty
 C. Aggressive medical therapy with a polypharmacy including ACE inhibitors and 

diuretics
 D. Percutaneous ballon angioplasty with stenting
 E. A thoracoabdominal bypass was performed with a 16 mm ePTFE graft.

Question 3
How would you treat the bilateral renal and splanchnic arterial stenotic disease in 
this patient?

 A. Aortic implantation of the normal renal and mesenteric arteries beyond their 
stenotic segments

 B. Renal or mesenteric bypasses with an internal artery graft
 C. Renal or mesenteric bypasses with a vein graft
 D. Balloon angioplasty

The left renal artery and SMA distal to their proximal stenotic segments were 
transected, spatulated, and reimplanted onto the adjacent infrarenal aorta. The right 
renal artery was reconstructed with an iliorenal bypass.

Question 4
How would you treat the renal and splanchnic arterial disease?

 A. At the same time the aortic coarctation is being repaired?
 B. At a different time than the aortic repair?
 C. BWith anti-inflammatory agents (immunosuppressants)?
 D. With anti-thrombotic agents (ASA, clopidogrel)?

Treatment of the renal artery and SMA narrowings occurred at the same time as 
the aortic repair.

Question 5
What are appropriate follow-up studies after the aortic coarctation repair?

 A. Ultrasonography and exercise ankle brachial indices
 B. CTA
 C. MRA
 D. Conventional catheter-based arteriography
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The patient underwent a conventional aortogram prior to discharge on postopera-
tive day 6, to confirm the reconstruction’s adequacy (Fig. 31.2). His abnormal pre-
operative lower extremity perfusion pressures (bilateral ABI of 0.75) became 
normal postoperatively (bilateral ABI of 1.1).

 Commentary

Coarctation of the abdominal aorta is a rare disease causing hypertension and 
encompassing many different etiologies and diverse methods of treatment [1–22]. 
Given that essential hypertension in childhood for all practical purposes is nonexis-
tent, evidence of sustained blood pressure elevations refractory to simple drug inter-
ventions should raise the suspicion of a secondary form of hypertension. Furthermore, 
the presence of NF-1 and its known association with arterial stenoses would raise a 
suspicion of the midaortic syndrome. These later patients often have coexisting 
splanchnic and renal artery occlusive disease.

Aortic Coarctation Character: An earlier collective review of 119 patients iden-
tified suprarenal coarctations in 11%, intrarenal coarctations in 54%, infrarenal 
coarctations in 25%, and diffuse aortic hypoplasia in 12% [8]. A contemporary 
series of 53 patients from the University of Michigan, revealed 69% suprarenal, 
23% intrarenal, and 8% infrarenal abdominal aortic coarctations. The latter reflects 

a b

Fig. 31.2 Postoperative AP aortography (a) documenting satisfactory appearance of thoracoab-
dominal bypass (white arrow), aortic implantations of the SMA (long arrow) and left renal artery 
(long arrow), as well as a right iliorenal bypass (short arrows). Lateral aortography (b) confirmed 
satisfactory implantation of the SMA (short arrow) onto the hypoplastic segment of the midab-
dominal aorta (long arrow)
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a more contemporary classification of aortic coarctation, based upon the most supe-
rior level of the narrowing [17]. Indeed, it is the most cephalic extent of the disease 
that defines the complexity of the aortic reconstruction, with considerable differ-
ences if the CA and SMA are involved, compared to the renal arteries alone. Most 
aortic coarctations are diminutive vessels, often with an hour-glass narrowing rep-
resenting a lack of growth in developmental lesions or circumferential contraction 
in cases of an inflammatory aortitis. Such morphologic changes are best identified 
by detailed imaging. [Q1]

Associated Renal and Splanchnic Arterial Disease: Nearly 80% of patients with 
abdominal aortic developmental lesions have been reported to have renal artery ste-
noses [8], a finding consistent with the recent Michigan series in which 87% had 
renal artery narrowings or occlusions [17]. Splanchnic arterial occlusive disease has 
been previously reported to affect 22% of patients with abdominal aortic coarcta-
tions [8]. The true incidence of splanchnic arterial involvement may be much 
greater, in that lateral aortograms were not routinely obtained in evaluating many of 
these patients. The more complete imaging in the recent Michigan series revealed 
62% to have CA or SMA stenoses and occlusions, with both vessels involved in 
82% of these cases [17]. Suprarenal or infrarenal coarctations, when distant from 
the CA and SMA, are less likely to be associated with stenotic branch disease, com-
pared to more centrally located abdominal aortic coarctations. Presence of these 
branch narrowings are best defined by detailed imaging. [Q1]

Pathogenesis: Many abdominal aortic coarctations appear related to events 
occurring around the 25th day of fetal development. At that time the two embryonic 
dorsal aortas fuse and lose their intervening wall to form a single vessel. Overfusion 
of the two embryonic dorsal aortae or their failure to fuse with subsequent oblitera-
tion of one of these vessels would predictably result in an aortic narrowing [23]. 
Developmental overfusion of the two primitive dorsal aortas receives support in 
patients with decreased aortic diameters who have single origins of the lumbar 
arteries [17, 24].

Multiple renal arteries to one or both kidneys in nearly half of the patients exhib-
iting suprarenal and intrarenal abdominal aortic coarctations exceeds the 25–35% 
observed in the general population and also supports a developmental etiology of 
these narrowings [8, 16]. Normal aortic development occurs at approximately the 
same embryonic time that the multiple metanephric arteries involute, leaving a sin-
gle renal artery. Dominance of this single renal artery is alleged to result from its 
obligate hemodynamic advantage over adjacent metanephric vessels. It is likely that 
if aortic narrowings exist, flow disturbances will occur in the vicinity of this prin-
ciple renal artery and diminish its hemodynamic advantage, allowing persistence of 
adjacent metanephric channels. The fact that aortic narrowings distant from the 
renal arteries are less likely to be associated with multiple renal arteries lends fur-
ther credence to this developmental hypothesis [8, 16, 17, 25].

Viral-mediated events may impede transition of fetal mesenchymal tissue to vas-
cular smooth muscle or alter its organization and growth in utero, and also result in 
developmental aortic narrowings. Certain viruses, including rubella, are cytocidal 
and inhibitory to cell replication, with intimal fibroplasia and aortic hypoplasia 
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occurring as a consequence [26–29]. In fact, fibroproliferative intimal disorders 
have been documented in the aorta and large elastic arteries of 16.5% of patients 
exhibiting the congenital rubella syndrome [28].

Patients with NF-1 exhibit an unusually high frequency of arterial abnormali-
ties, including developmental abdominal aortic coarctations and renal artery steno-
ses [30]. Because of the protean nature of NF-1 and infrequent genetic analyses of 
patients with abdominal aortic coarctation, the exact frequency of this disease 
among these individuals is unknown. Nevertheless, 29% of the recent Michigan 
series’ patients carried a diagnosis of NF-1 [17]. The primary vascular pathology 
in neurofibromatosis appears to be related to abnormal smooth muscle growth, not 
entrapment or invasion of the arterial wall by neural elements [31, 32]. Similar 
events may affect patients with the Alagille syndrome [33], and Williams’ syn-
drome [34].

Panaortitis with adventitial or periadventitial fibrosis and associated inflamma-
tory cell infiltrates, suggesting an active or chronic aortitis, is another well recog-
nized cause of abdominal aortic coarctations. The proposition that most abdominal 
aortic coarctations are a variant of an inflammatory aortitis like Takayasu’s disease 
is quite controversial and not supported by histological findings [21, 35]. This cause 
of aortic narrowings, suspected in only 8% of the recent Michigan series [17], is 
encountered much more often in the subcontinent populations of Asia and South 
America.

Clinical Manifestations: Most patients with midaortic syndrome present with 
uncontrolled hypertension due to suprarenal or intrarenal aortic coarctations, and 
coexisting renal artery stenoses in many cases. Changes in pulsatile flow and pres-
sure across renal stenoses or aortic narrowings are responsible for renin-angiotensin 
system activation and subsequent blood pressure elevations. This form of renovas-
cular hypertension is usually resistant to simple pharmacologic control. An occa-
sional patient reports exercise-related lower extremity fatigue, but true claudication 
is rare. Associated splanchnic arterial occlusive disease affects a majority of those 
aortic narrowings, yet symptomatic intestinal ischemia is very uncommon [17, 36]. 
In the recent Michigan series, more than half the patients manifest splanchnic occlu-
sive lesions, yet only 6% experienced intestinal angina [17].

Abdominal aortic coarctations usually cause signs or symptoms during the first 
or second decade of life, yet an earlier review noted that patients had reached a 
mean age of 22 years before the diagnosis was actually confirmed [8]. Untreated, 
this entity has been associated with stroke, progressive left ventricular hypertrophy 
with congestive heart failure and flash pulmonary edema, and less often with renal 
insufficiency [37]. In one review, 55% of untreated patients died at a mean age of 
34 years [8].

Clear anatomic imaging is essential to establishing a correct diagnosis of mid-
aortic syndrome. [Q1] Deep abdominal ultrasonography may provide evidence of 
narrowed vessels with documented increases in velocity blood flow. Ultrasonography 
may useful for screening, but it is inadequate at providing precise information about 
the character and location of stenotic disease in small arteries. [Q1: A] MRA is 
noninvasive and may give an accurate accounting of aortic and aortic branch 
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disease. However, a severe stenosis may be suggested by MRA when such is not 
present, because of the phase-drop out phenomenon associated with turbulent blood 
flow. This often occurs in the face of arterial tortuosity, without the presence of an 
actual arterial narrowing. [Q1: C] Thus, either multi-slice CTA or catheter-related 
conventional digital subtraction arteriography are the favored examinations when 
assessing the disease pattern in patients with midaortic syndrome. [Q1: B, D]

Treatment Options: The two procedures most commonly performed in treating 
aortic coarctations remain open interventions [17]. Patch aortoplasty, when techni-
cally feasible has recently become a common means of treating isolated abdominal 
aortic coarctations. [Q2: B] Thoracoabdominal bypass may be favored in certain 
patients having too narrow or too lengthy of a coarctation segment to allow easy 
placement of a patch, as well as in certain patients having complex disease affecting 
the renal and splanchnic arteries. [Q2: A]

Thoracoabdominal bypass grafts usually originate from the distal thoracic aorta 
above the diaphragm or from the supraceliac aorta at the diaphragmatic hiatus, 
being passed behind the left kidney to the distal aorta [17]. In some patients, aortic 
exposure may be facilitated by a thoracoabdominal incision through the left sixth or 
seventh intercostals space extending from the posterior axillary line across the cos-
tal margin, onto the abdomen, in either an oblique fashion to the right of the umbi-
licus or as a midline incision to just above the pubis. In younger children and 
adolescents, a transverse supraumbilical abdominal incision has been used most 
often, extending laterally to the posterior axillary lines, combined with medial rota-
tion of the viscera, allowing access to the abdominal aorta from its supraceliac level 
at the aortic hiatus to the origin of the iliac arteries. [Q2: A]

Dacron graft knitted or woven thoracoabdominal grafts have been used in the 
distant past, with expanded Teflon grafts used more often in recent years because of 
their greater stability regarding postimplantation dilatation [17]. Graft diameter 
should be chosen to be as big as possible, short of being so large that excessive 
luminal thrombus would accumulate. In children, the intent is to oversize grafts 
compared to the aorta, with anticipated growth otherwise resulting in a graft too 
small to maintain normal distal pressures and flow. In the ideal circumstance, one 
should use a graft whose size would not represent a kinetic energy-consuming con-
striction as the patient grows into maturity. This means having a conduit at least 
60% or 70% the size of the adult aorta. This translates into using 8–12 mm grafts in 
young children, 12–16 mm grafts for early adolescents, and 14–20 mm grafts in late 
adolescents and adults [17]. In the very young child, use of large conduits may not 
be possible. Graft length is considered a non-issue in older children and adoles-
cents, with axial growth from the diaphragm to pelvis being minimal after age 9 or 
10 in late childhood. [Q2: A]

Patch aortoplasty is usually undertaken when the coarctation segment is short 
and has a large enough diameter to allow completion of an anastomosis without 
an overlap of sutures from the opposing sides of the patch [17]. Whenever pos-
sible, patches in children should be made sufficiently large enough, similar to 
thoracoabdominal graft sizing, so as to not be constrictive with growth into adult-
hood, yet not so generous as to risk development of an extensive lining of 
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unstable thrombus. Expanded Teflon graft material is again favored over-fabri-
cated Dacron graft material, because of the latter’s propensity for dilatation years 
after implantation. [Q2: B]

Endoluminal stenting of select abdominal aortic coarctations may be considered 
in some patients. [Q2: C] Current endovascular technologies appear to allow the 
safe treatment of focal stenoses, excluding tight fibrotic narrowings, remote from 
the CA, SMA, and renal arteries. Percutaneous transluminal angioplasty of an 
abdominal aortic coarctation was first reported in 1983 [13]. Subsequent case 
reports described the transition to stenting in these cases [1, 6]. In fact, early and late 
failures of balloon angioplasty alone suggest that stent placement is necessary to 
overcome the significant recoil of these often hypoplastic and highly fibrotic aortic 
narrowings [7, 10, 17, 38]. The authors remain cautious at accepting the long-term 
benefits of endoluminal treatment of abdominal aortic coarctation in any patient, 
except adults with very focal narrowings distant from their renal arteries. Given the 
high frequency with which the renal and splanchnic arteries are affected in abdomi-
nal aortic coarctation, especially in the younger-growing patient, the number of 
lesions amenable to endovascular repair may be limited. [Q2: C]

Reoperations after repairs of abdominal aortic coarctation are infrequent, but 
may be required for anastomotic narrowings or if a patient outgrows the adequacy 
of the primary procedure. The fact that nearly 10% of the currently reported cases 
in the Michigan series required late secondary operations supports the importance 
of life-long follow-up of these patients [17]. Aneurysmal aortic deterioration in the 
region of a patch in one of the patients in that series, many years after the initial 
reconstruction and 2 years after she completed her only pregnancy, deserves note. 
The effect of gestational hormones and blood pressure increases during pregnancy 
may be relevant, in that pregnancy-related aortic diameter increases of 1.5 cm or 
more have been observed at the site of thoracic aortic coarctation repairs in nearly 
10% of those undergoing such an intevervention [39]. Although this finding may not 
be directly extrapolated to abdominal aortic coarctation repairs, it does justify close 
surveillance of those patients who subsequently become pregnant. [Q5]

Division and reimplantation of the normal renal artery beyond an ostial stenosis 
onto the adjacent aorta become an important means of renal revascularization in 
these patients [17, 37]. [Q3: A] In these circumstances, the transected renal artery is 
usually spatulated anteriorly and posteriorly to create a generous anastomotic ori-
fice. An oval aortotomy is best made with an aortic punch, being a little more than 
twice the diameter of the renal artery being implanted. This will provide a suffi-
ciently large anastomosis so an anastomotic narrowing would not evolve as the 
child grows. These anastomoses are usually performed using interrupted monofila-
ment sutures in young patients. However, a continuous suture is often used in older 
adolescents with large renal arteries. Most implantations of the renal artery are into 
a normal infrarenal segment of the aorta. Medial mobilization of the kidney may be 
necessary to ensure that there is no tension on the implanted renal artery. Implantation 
of a renal artery branch or accessory renal artery into a nondiseased adjacent main 
or segmental renal artery also involves spatulation of the segmental vessel and com-
pletion of the anastomosis using monofilament sutures. Implantation of a renal 
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artery into the superior mesenteric artery may be undertaken when implantation 
elsewhere is deemed hazardous. [Q3: A]

Aortorenal bypass with the internal iliac artery used as a free graft has become 
preferred when a bypass is required [17, 37]. [Q3: B] The excised internal iliac 
artery usually includes its inferior branches, which are incised to create a large 
common orifice for the aortic anastomosis. Distal anastomoses from the renal 
artery to the graft are completed after spatulation of both the iliac artery and renal 
artery to increase the anastomotic circumference. Such ovoid anastomoses were 
less likely to develop late strictures and are usually completed with interrupted 
sutures in very young children, although a continuous suture may be used in recon-
structing larger renal arteries. Aortorenal bypasses with vein grafts were standard 
during the first decade of this experience, but because more than half these con-
duits undergo aneurysmal deterioration, they have not been favored during the past 
25 years [17, 36]. However, when no other alternative exists vein grafts may be 
used with a knitted Dacron sleeve placed about them so as to limit the expected 
graft expansion. [Q3: C]

Irreparable renal disease is often the reason for performance of a nephrectomy. 
Nonsalvageable kidneys exist when radionuclide renal imaging confirms marked 
loss of renal function to less than 10% of total renal function, associated with 
diminutive- sized kidneys 2–3  cm in length due to loss of parenchymal tissue. 
Irreparable renal disease also includes kidney’s exhibiting multiple intrarenal aneu-
rysms not amenable to any form of open reconstruction, in situ or ex vivo. In the 
aforenoted circumstances, and in the presence of a normal contralateral kidney, 
nephrectomy is reasonable.

The role of PTA in treating pediatric renovascular hypertension remains contro-
versial. Failure after PTA for developmental disease might be anticipated, given the 
excessive elastic tissue in many stenoses, which would predictably contribute to 
early post-dilation recoil, as well as the minute caliber of these diseased vessels that 
might lead to their disruption [37]. Nevertheless, a small number of recent reports 
suggest success with catheter-based interventions [20]. It is of note that if the dis-
ease being treated is a quiescent inflammatory aortoarteritis, then more salutary 
outcomes might follow PTA than would be the case if developmentally hypoplastic 
renal arteries are being treated. However, even in the former setting, recurrent ste-
noses are frequent. [Q3: D]

Simultaneous or staged aortic and visceral artery reconstructions depend on the 
clinical relevance of the nonaortic disease as well as the proximity of the aortic 
reconstruction to the affected aortic branches. [Q4] Certainly, renal artery stenoses 
and secondary renovascular hypertension justify an aggressive reconstructive 
approach. A mandate to reconstruct the CA or SMA applies only to symptomatic 
cases. Nevertheless, a relative indication to prophylactically reconstruct these ves-
sels exists when performance of an aortoplasty or renal revascularization would 
make a subsequent CA or SMA revascularization exceedingly difficult. [Q4: A] 
When the aortic reconstruction was distant from the CA or SMA, such as with tho-
racoabdominal bypass, a concomitant splanchnic revascularization is less likely to 
be performed. [Q4: B]
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Long-term follow-up of patients undergoing surgical treatment of their abdomi-
nal aortic coarctation is warranted. At a minimum, noninvasive assessments of 
lower extremity blood flow with exercise ankle-brachial indices are recommended. 
[Q5: A] Imaging with MRA studies or CTA should be obtained if any evidence of 
diminished blood flow exists. [Q5: B, C] More detailed imaging with conventional 
arteriography is appropriate if blood pressure increases occur in those who have 
undergone concomitant renal artery reconstructions or whose renal blood flow is 
dependent upon their aortic reconstruction. [Q5: D]

Abdominal aortic coarctation represents a complex vascular disease, often com-
plicated by coexisting renal and splanchnic arterial disease. Individualized treat-
ment is dependent on the pattern of the anatomic lesions, patient age, and anticipated 
growth potential. Salutary outcomes following carefully performed operative ther-
apy are anticipated in more than 90% of patients.
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32Superior Mesenteric Artery Dissection

Seon-Hee Heo and Young-Wook Kim

Case Report
A 56-year-old male visited an emergency department with sudden onset 
severe abdominal pain. Abdominal pain developed 4 days prior and he had 
been hospitalized at another hospital. The abdominal pain was severe (numeric 
rating scale, 8/10), and included steady epigastric pain that had lasted for 5 h 
before pain killer administration at the hospital. Thereafter he suffered from 
epigastric discomfort, in particular after meals. He was a social drinker and 
quit smoking 4 years prior after 30 years of cigarette smoking. There was no 
recent history of peptic ulcer symptoms, heavy alcohol drinking, blunt 
abdominal trauma, arrhythmia or past history of abdominal surgery, or aortic 
angiography.

Vital signs at the time of initial presentation were blood pressure (BP) of 
135/93 mmHg (not on antihypertensive medication), pulse rate (PR) of 73/
min, respiratory rate (RR) of 20/min, and body temperature (BT) of 
38.1 °C. On physical examination, there was no evidence of jaundice and the 
abdomen was soft and not distended but with mild tenderness at the epigas-
trium. Blood test showed no abnormalities in cardiac enzymes, serum biliru-
bin, amylase, lipase, and serum electrolytes except leukocytosis (WBC, 
15,520/μL, segmented neutrophil 83%) and increased C-reactive protein 
(CRP) levels (18.48  mg/dL). Urinalysis, chest x-ray, and echocardiogram 
were unremarkable. Plane abdominal x-ray (Fig.  32.1) was unremarkable 
except mild, segmental dilatation of the small bowel.
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Question 1
What other diagnostic modality would you recommend to help make a diagnosis for 
this patient? (Answer C).

 A. Gastric endoscopy.
 B. Colonoscopy.
 C. Contrast-enhanced abdominal CT.
 D. Hepatobiliary ultrasonography.
 E. Catheter aortography.

An initial contrast-enhanced abdominal CT scan was obtained at other hospital. We 
found a long narrowing of the proximal superior mesenteric artery (SMA) and 
occlusion of the mid-SMA (Fig. 32.2). At the hospital, the patient was treated with 
fasting, intravenous fluid therapy, anticoagulation with intravenous heparin and 
antibiotics (Ceftriaxon and metronidazole). After 3 days of fasting and medical 
treatment, abdominal pain markedly improved and the patient was allowed to 
intake fluid.

Fig. 32.1 Simple abdominal supine x-ray of the patient was unremarkable except for mild, seg-
mental distension of the small bowel
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Question 2
What condition do you suspect as the most likely cause of the long segmental nar-
rowing and occlusion of the SMA?

(Answer C).

 A. SMA embolism.
 B. SMA thrombosis.
 C. SMA dissection.
 D. SMA spastic narrowing.
 E. Vasculitis involving SMA.

Question 3
Which one is NOT correct regarding clinical features of SMA dissection? (Answer D).

 A. Most common clinical features is sudden onset of severe abdominal pain.
 B. Symptom may be subtle.
 C. Abdominal pain usually subsides after fasting for a few days.
 D. More prevalent in female patients.
 E. Though the risk of bowel gangrene is very low, abdominal pain may persist a 

week or longer.

Question 4
What is the most likely underlying cause of spontaneous SMA dissection? (Answer E).

 A. Hypertension.
 B. Smoking.
 C. Hyperlipidemia.

a b

Fig. 32.2 Contrast-enhanced abdominal CT images showing narrowing of proximal SMA and 
occlusion of mid SMA: (a) narrowing (arrow) of proximal SMA on axial view; (b) Segmental 
occlusion (arrows) of mid SMA on sagittal view of CT scan
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 D. Connective tissue disease.
 E. Unknown but anatomy of SMA may attribute to the development of spontane-

ous SMA dissection.

Question 5
Which one is correct regarding an optimal management of spontaneous SMA dis-
section? (Answer D).

 A. Most of SISMAD patients eventually require SMA intervention.
 B. Open surgical treatment is better than endovascular treatment in terms of 

outcome.
 C. In most cases, explorative laparotomy is recommended to confirm bowel 

gangrene.
 D. Most patients with SISMAD can be conservatively managed while SMA inter-

vention is considered only for selected patients.
 E. Antithrombotic therapy including anticoagulant or antiplatelet therapy is 

required for all SISMAD patients.

Question 6
How often does the abdominal symptom recur following pain resolution by conser-
vative treatment for symptomatic patients with spontaneous SMA dissection? 
(Answer D).

 A. Almost all.
 B. 70–80%.
 C. 30–40%.
 D. 20%.
 E. Less than 10%.

Two months after hospital discharge, the patient developed recurrent abdominal 
pain and vomiting. Follow-up abdominal CT angiography showed recanalization of 
the occluded segment of the SMA. The recurrent abdominal pain was resolved with 
3 days of conservative management. Thereafter, during the follow-up period of 42 
months, there was no episode of recurrent abdominal symptoms. On the follow-up 
CT images, the SMA dissection lesion showed remodeling with minimal residual 
narrowing (Fig. 32.3).

Question 7
Following are indications for primary interventional treatment for symptomatic 
SISMAD. Which one is NOT correct? (Answer D).

 A. Prolonged unrelieved abdominal pain.
 B. Symptomatic patients with short life expectancy due to coexisting disease.
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 C. Clinical features of bowel ischemia.
 D. SMA dissection with SMA occlusion (type III SISMAD).
 E. Contraindication to anticoagulation.

Question 8
Which one is NOT correct among following descriptions regarding the late result of 
conservative treatment for patients with SISMAD?

(Answer C).

 A. Bowel gangrene is rare even in patients with SMA occlusion.
 B. Late onset abdominal symptoms may be caused by ischemic bowel stricture.
 C. Aneurysmal change is a common complication in SISMAD patient.
 D. Complete remodeling of SMA can occur in about 1/4 of SISMAD patients.
 E. SMA remodeling can occur in patients with SMA occlusion.

 Commentary

 Introduction

SMA narrowing or occlusion can occur due to embolism, atherosclerotic stenosis 
and thrombosis, arterial spasm, vasculitis or SMA dissection. Spontaneous isolated 
superior mesenteric artery dissection (SISMAD) is a rare cause of acute abdominal 

a Initial CT angiogram
b CT angiogram at 

2 months later
c CT angiogram at 4 months later  

Fig. 32.3 Follow-up CT angiography showing partial remodeling of SMA dissection: (a) Initial 
CT angiogram shows narrowing of proximal SMA and occlusion of mid-SMA (type III SISMAD); 
(b) Follow-up CT angiogram at 2 months showed recanalization of occluded SMA; (c) CT angio 
at 4 months showed remodeling of SMA
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pain [1–6]. Development of advanced imaging technology, in particular abdominal 
computed tomography (CT) scan, appears to have increased detection of SISMAD 
[7]. [Q1: C]

Figure 32.1 shows long smooth narrowing of proximal SMA and occlusion of 
mid SMA on contrast-enhanced CT scan. Though this CT image did not show the 
typical double lumen sign of SMA, relevant SISMAD and clinical features as well 
as follow-up CT images were considered all together. [Q2: C]

 Aetiology

There is little known about the cause of spontaneous isolated SMA dissection 
(SISMAD). One Chinese group reported familial cases of SISMAD with genetic 
heterogeneity of chromosome locus 5q13–14 [7].

When we compared frequencies of atherosclerotic risk factors between concomi-
tant aortic and SMA dissection and patients with SISMAD, atherosclerotic risk fac-
tors such as hypertension were significantly less common in SIAMAD patients [3].

Some authors suggested arterial wall pathology such as fibromuscular dysplasia, 
cystic medial necrosis, arterial mediolysis, adventitial inflammation, disruption of 
the internal elastic lamina, penetrating arterial ulcer, pseudoaneurysm, and aneu-
rysm as SISMAD [8] causes and other authors described various connective tissue 
diseases as possible SISMAD causes. However, the specific underlying cause of 
SISMAD has not been identified yet.

The “shear stress injury” hypothesis may explain the development of SISMAD 
[9]. This hypothesis assumes that abnormal shear stress can develop at a proximal 
SMA segment such as between a fixed (under the pancreas body) segment and a 
relatively unfixed (in the mesenteric root) segment. Using a computer simulation 
model, we found abnormal mechanical stresses to the anterior wall of the SMA at 
the transition zone from a fixed to a relatively unfixed segment [10]. [Q4: E]

 Diagnosis
Most SISMAD patients typically show the double lumen sign (Fig.  32.4) on 
contrast- enhanced CT scan, which is the diagnostic tool of choice for 
SISMAD. Current CT image reconstruction techniques make it possible to assess 
length, location, luminal narrowing or occlusion, and entry and reentry sites of the 
arterial dissection. This imaging technique can be used to follow up morphologic 
features of SMA dissection and to classify the angiographic features of SISMAD [3, 
10]. Angiographic classification of SISMAD is usually based on the patency of true 
and false lumens, presence of entry and reentry sites and presence of outflow from 
the false lumen of the dissected segment [3, 7, 10]. We recently suggested a modi-
fied angiographic classification for SISMAD (Fig. 32.5) and tested whether they 
could predict the clinical course of SISMAD patients. Symptomatic patients were 
more common in type II and III compared to type I but there was no significant dif-
ference in severity or duration of abdominal pain, frequency of recurrent abdominal 
pain or requirement of interventional treatment between the angiographic types.
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In practice, catheter-based arteriography is not recommended for the diagnosis 
of SISMAD. It is performed very selectively for the purpose of SMA interventional 
treatment.

 Clinical Features
SISMAD is more prevalent in males in their 50s [3, 4] and atherosclerotic risk fac-
tors were found in only 30% of SISMAD patients [3, 4]. The most common 
SISMAD clinical feature was sudden onset of severe abdominal pain. This abdomi-
nal pain is considered to be due to mesenteric nerve irritation or compression sec-
ondary to SMA dissection rather than mesenteric ischemia. Pain usually localizes to 
the epigastric or periumbilical areas. In 89.5% of patients, initial abdominal symp-
toms subsided within 7 days (median, 4; range, 1–7) after onset. About 80% of 
patients presented with severe abdominal pain (>7 or 8/10 on visual analogue scale 
[VAS]), but it was not related to meals in 84% of patients [4]. [Q3: D]

 Treatment
Treatment options for patients with SISMAD include conservative management, 
endovascular treatment (SMA stenting) and open surgical treatment. Open surgical 
treatment is not recommended in current practice unless bowel gangrene has devel-
oped. There is still a debate between primary SMA stenting and conservative treat-
ment as a primary treatment for SISMAD patients. While some authors [4, 5, 11] 
have proposed conservative treatment, others [12, 13] have recommended primary 

a b

Fig. 32.4 Diagnosis of superior mesenteric artery (SMA) dissection with the characteristic find-
ing of a “double lumen sign” of the SMA on axial view of contrast enhanced computed tomogra-
phy (CT) images (a) and/or occlusion of dissected segment of SMA on sagittal view of computed 
tomography (CT) images (b)
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SMA stenting for symptomatic patients with SISMAD. No prospective study has 
yet been performed to test whether conservative or endovascular treatment is more 
efficacious, durable, and safer for SISMAD patients.

Conservative treatment requires close patient observation regarding develop-
ment of bowel ischemia, and includes fasting, intravenous fluid therapy or total 
parenteral nutrition therapy until oral intake available, and pain control with 

Fig. 32.5 Spontaneous SMA dissection angiographic types. (Heo SH et al. Journal of Vasc Surg. 
Apr. 2017)
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intravenous NSAID or narcotic analgesics. After pain relief, patients are allowed to 
progress from sips of water to regular food step by step.

Various treatment algorithms have been proposed for patients with SISMAD [5, 
11, 14, 15]. Li et al. [14] suggested conservative treatment in stable patients with 
patent true lumen flow, endovascular treatment in cases of true lumen stenosis and 
occlusion, and surgical treatment when endovascular therapy failed or there were 
signs of bowel infarction or arterial rupture. Cho et al. [15] recommended antico-
agulant therapy for patients with symptomatic SISMAD with luminal SMA narrow-
ing. Kim et  al. [5] also recommended conservative treatment, unless persistent 
abdominal pain or peritonitis signs were present. Most proposed treatment algo-
rithms recommend conservative treatment for uncomplicated SISMAD, while inter-
ventional treatment is generally recommended in cases of persistent abdominal 
pain, dissection progression, aneurysmal change of the arterial lesion, rupture, or 
bowel gangrene. [Q5: A, B]

Each treatment strategy has specific advantages and disadvantages. For example, 
conservative treatment is noninvasive and does not leave foreign material in the 
artery. However, conservative treatment carries potential risks for progression of 
arterial dissection, SMA occlusion resulting in bowel gangrene, aneurysmal change, 
and SMA rupture. Moreover, conservative treatment can take longer to achieve 
symptom relief compared to SMA stent placement. SMA stenting can promptly 
improve SMA blood flow and also reduces the risk of dissection progression. 
However, SMA stenting is associated with the risk of procedure-related complica-
tions, can occlude collateral branches of the SMA, and can result in late develop-
ment of stent-related complications such as stent thrombosis or stent restenosis [12, 
13, 16, 17]. [Q5: D]

The concept of anticoagulation therapy for patients with arterial dissection origi-
nated from experiences with patients experiencing spontaneous dissection of the 
carotid artery but no consensus has been reached with respect to anticoagulation 
therapy in the context of SISMAD management. The primary purpose of anticoagu-
lation therapy in patients with SISMAD is to reduce the risk of bowel ischemia 
secondary to SMA thrombotic occlusion at the diseased SMA arterial segment 
showing distal low flow. In our experience, among the patients who underwent con-
servative therapy, 27(32%) were treated with antithrombotic therapy and anticoagu-
lant or antiplatelet agents. In contrast, 56 patients (68%) were not treated with 
antithrombotic therapy. No significant differences in clinical or morphologic 
changes were observed between the two groups. Thereafter, we did not routinely 
use antithrombotic agents, but used therapeutic doses of low-molecular weight hep-
arin only for patients with occluded or severely compromised SMA flow, consider-
ing the potential risk of anticoagulation can lead to further subintimal hemorrhage 
at the SMA dissection site.

Various surgical treatments such as combined SMA thrombectomy, intimectomy 
and patch angioplasty; SMA interposition graft, and aorto-SMA bypass have been 
reported [18–22]. In SISMAD patients, open surgery is technically demanding due 
to a thin dissected SMA wall, risk of distal or proximal progression of the arterial 
dissection, and difficult proximal control of the SMA. In our current practice, open 
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surgery is not used for patients with SISMAD unless there is presence of bowel 
gangrene or late bowel stricture. [Q7: D]

 Long Term Outcomes of Conservative Management
In our experience of 116 patients with SISMAD, 76% were symptomatic and 24% 
were asymptomatic when SMA dissection was detected. Among symptomatic 
patients, 4% showed prolonged unrelieved abdominal symptoms while 96% experi-
enced improved abdominal symptoms after conservative treatment (Fig. 32.6).

Of the 83 symptomatic patients managed with conservative treatment, 96% 
showed pain resolution, while 4% experienced prolonged pain, including one 
patient with bowel gangrene. Among the patients who experienced initial pain 
relief, 20% showed late recurrence of abdominal pain. Recurrent abdominal symp-
toms were relieved with conservative management in 88% of the patients, while 2 
(12%) patients required surgery to treat late-onset bowel stricture [Q6: D]. Follow-up 

SISMAD (N=116)

Symptomatic (n=88, 76%) Asymptomatic (n=28, 24%)

Primary intervention (n=5, 6%):

Open surgery* (n=3), SMA stenting (2)

Conservative treatment†

(n=83, 94%)
Periodic follow-up

Abdominal pain relief
(n=80, 96%)

Prolonged, unrelieved
abdominal pain (n=3, 4%)

No recurrent
abdominal pain

No recurrent pain
(n=64, 80%)

Recurrent abdominal
symptoms (n=16,

20%)

SMA stenting (n=1)
SMA thrombo-intimectomy (n=1)

Refused treatment (n=1)

Pain relief with
conservative

treatment (n=14, 88%)

Required bowel resection
due to bowel stricture

(n=2, 12%)

*Open surgery included 3 retrograde aorto-SMA bypasses and 1 thrombo-intimcctomy and
SMA vein patch closure.

†Conservative treatment denotes bowel rest only (n=56) or treatment with antithrombotic
therapy (n=27: anticoagulation, n=14; antiplatelet therapy, n=13).

Fig. 32.6 Long-term results of the treatments of spontaneous isolated superior mesenteric artery 
dissection (SISMAD). (Heo SH et al. Journal of Vasc Surg. Apr. 2017)
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examinations (n = 102) by CT angiography of the SMA revealed no change in 34%, 
partial or complete remodeling in 63%, aneurysmal change in 2%, and dissection 
progression in 1% of the patients. No SMA ruptures occurred during the follow-up 
period. Analysis of clinical features and morphologic changes by angiographic type 
revealed that symptomatic patients were more likely to have angiographic type II or 
III than type I. However, no significant differences in abdominal symptom recur-
rence were observed among the types. Angiographic remodeling was more frequent 
in type III, whereas “no change” was more frequent in type I. [Q8: C]
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Question 1
If the patient had been found to have varices before any bleeding episode, she would 
benefit from which of the following?

 A. Endoscopic treatment: sclerotherapy or band ligation.
 B. Transjugular intrahepatic portal systemic shunt (TIPS).
 C. Non-cardioselective beta-blocker.
 D. A surgical shunt.

The patient re-presents 1 year prior to her current admission with a further vari-
ceal bleed documented at endoscopy, which required five units of PRBC. The acute 
episode of bleeding was managed with variceal banding, and the patient underwent 
a course of banding on an outpatient basis. She had no encephalopathy at that time, 
but did develop some ascites for a short period that responded to salt restriction, 
Aldactone, and Lasix. Over this past year, her liver function tests have been stable 
with her bilirubin at 1.0, albumin at 3.5, and a normal prothrombin time.

Y.Y.L. Yang, M.D., Ph.D. 
San Francisco, CA, USA 
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Case Report
A 37-year-old woman with a history of hepatitis C, cirrhosis, and esophageal 
varices presented with hematemesis and melena. The patient had a history of 
a prior esophageal variceal bleeding episode 7 years ago, which required 
transfusion of four units of packed red blood cells (PRBC) and had been 
treated with endoscopic sclerotherapy. She was placed on nadolol at that time.
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Question 2
An episode of acute variceal bleeding usually requires which of the following?

 A. ICU admission with hemodynamic monitoring, blood, blood products, and fluid 
resuscitation.

 B. An emergency portacaval shunt.
 C. A transjugular intrahepatic portal systemic shunt.
 D. Endoscopic therapy with sclerosis and/or band ligation.
 E. Pharmacologic therapy.

At the present admission the patient is alert and oriented with no evidence of enceph-
alopathy. She has well-preserved muscle mass on examination and is not clinically jaun-
diced. Her abdomen shows minimal ascites, with no hepatomegaly, but evidence of 
splenomegaly. Her laboratory studies showed a hemoglobin of 7 g/dL, AST 24, alkaline 
phosphatase 84, albumin 2.6, bilirubin 3.4, and international normalized ratio (INR) 1.6. 
She was receiving blood transfusion when examined and octreotide infusion at 50 μg/h. 
Esophagogastroduodenoscopy showed clot over an esophageal varix with evidence of 
other non-bleeding varices in both the distal esophagus and gastric fundus.

Question 3
Which of the following studies are important in evaluation and management decisions?

 A. Calculation of Child’s score.
 B. Calculation of MELD score.
 C. Endoscopy.
 D. Doppler ultrasound.
 E. Angiography.

Question 4
Which of the following statements are accurate in prevention of recurrent variceal 
bleeding?

 A. All patients require portal decompression.
 B. First-line treatment is with endoscopic band ligation and a beta-blocker.
 C. Variceal decompression can only be achieved with a surgical shunt.
 D. Liver transplant is good treatment for variceal bleeding in patients with end- 

stage liver disease.

Question 5
Decompression of gastroesophageal varices:

 A. Can be achieved equally well with surgical shunt or TIPS.
 B. Should only be used for patients who have failed endoscopic and pharmacologic 

therapy for bleeding varices.
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 C. Improves survival in patients with bleeding varices when compared to endo-
scopic therapy.

 D. Is best achieved by liver transplant for all patients with variceal bleeding.

The patient presented in this case had recurring bleeding episodes through first- 
line treatment and was therefore a candidate for decompression. Evaluation with 
angiography and ultrasound showed patent splenic and portal veins and a normal 
left renal vein (Figs. 33.1, 33.2, 33.3 and 33.4). The patient had an elective distal 
splenorenal shunt (DSRS) for variceal decompression. She was in hospital for 7 
days, and was discharged following shunt catheterization (Fig. 33.5) and documen-
tation of patency. Follow-up over the next 4 years showed some progression of her 
hepatitis C, but no further episodes of variceal bleeding.

 Commentary

The case presented illustrates several important points:

• Prophylactic management of gastroesophageal varices, strictly speaking, is prior 
to the first bleeding episode. The risk of bleeding in a patient with cirrhosis is 
approximately 30%. Once they have had one bleeding episode, the risk of 
rebleeding rises to 75% without active therapy. Non-cardioselective beta- 
blockade with propranolol or nadolol is the preferred treatment for true prophy-
laxis for medium or large size varices. [Q1: C]

Fig. 33.1 Splenic artery injection. The catheter is in the splentic artery and is injected with 
contrast
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Fig. 33.2 Splenic vein. The contrast is followed as it flows out of the splenic vein and then cepha-
lad in the portal vein. There is a significant umbilical vein (double shadow with the portal vein) and 
a small left gastric vein (off the splenic vein) filling on this study. The second, more caudal catheter 
is positioned within the left renal vein to aid preoperative determination of the spatial relationship 
between the splenic and left renal veins

Fig. 33.3 Normal left renal vein. This study has been performed via the right jugular vein, and 
demonstrates the left renal vein as it heads cephalad towards the inferior vena cava
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Fig. 33.4 Circumaortic left renal vein. A circumaortic left renal vein, present in 20% of the popu-
lation, does not prevent construction of a DSRS. The superior and anterior component is always 
larger and can be used for the shunt. More problematic is a totally retroaortic vein, found in 4% of 
the population, which runs transversely and is more fixed in the retroperitoneum, making exposure 
of the anastomosis more difficult. These patients are better served with a splenocaval shunt

Fig. 33.5 Postoperative catheterization of the distal splenorenal shunt (DSRS). The tip of the 
catheter lies within the mobilized splenic vein, and the first bend marks the splenorenal anastomo-
sis. The skin staples mark the extended left subcostal incision
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• Acute variceal bleeding is an emergency situation with a high mortality if not 
appropriately managed. Appropriate monitoring, pharmacologic therapy, and 
endoscopic diagnosis and treatment are the mainstays of treatment of an acute 
bleeding episode. It is a very small percentage of patients who do not have their 
bleeding controlled with the above measures and come to an emergency decom-
pression. [Q2: A, D]

• The evaluation of the patient after an acute bleeding episode should assess the 
varices (endoscopy), the vascular anatomy (ultrasound and angiography) 
(Figs. 33.1, 33.2, 33.3 and 33.4), and the liver disease (Child’s class and MELD 
score). [Q3: A, B, C, D, E]

• When a patient has had an acute bleeding episode, their risk of rebleeding is over 
70% if they have no specific treatment. The initial approach to treatment is to 
reduce the portal hypertension with a non-cardioselective beta-blocker, and to 
deal with the bleeding varices directly with endoscopic therapy. The majority of 
patients do not need variceal decompression at this stage. If the patient obviously 
has advanced to end-stage liver disease, a transplant evaluation is in order, and 
appropriate candidates should move forward with that treatment. [Q4: B, D]

• When patients have recurrent bleeding through first-line treatment they may 
need decompression of their gastroesophageal varices. Surgical therapy will do 
this well in 95% of patients, while the success rates of radiologic shunts in the 
literature are not this high. Decompression of varices does not improve the sur-
vival of patients compared to other first-line treatment options. Liver transplant 
provides excellent variceal decompression, but its use is dictated by end-stage 
disease rather than variceal bleeding. [Q5: B]

• Addendum (2017). The management of variceal bleeding as a complication of 
portal hypertension has evolved since this chapter was first published. The suc-
cessful management of the patient described with DSRS is now of historic inter-
est as this operation is very rarely performed now [1]. The increased understanding 
of the pathophysiology of portal hypertension, its pharmacologic, endoscopic 
and radiologic management combined with the ability to sometimes reverse liver 
damage has brought new options to many patients [2]. These improvements, 
often foreshadowing the path to liver transplant have dramatically altered the 
management of these patients [3].

 General Considerations

The major complications of portal hypertension are variceal bleeding, ascites, and 
progressive hepatic dysfunction. Ascites and encephalopathy are signs of decom-
pensation, and as a general guideline, are only effectively managed by liver trans-
plant. Not all patients with these clinical endpoints may be suitable candidates for 
transplant. In contrast, variceal bleeding can occur in patients who have well- 
preserved liver function and therefore have a wider range of treatment options 
available.

The etiology of portal hypertension may be presinusoidal, as in portal vein 
thrombosis; sinusoidal, as in cirrhosis; and rarely, post sinusoidal, as in Budd-Chiari 
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syndrome. Much the most common etiology in the USA and Europe is cirrhosis, 
with approximately 90% of patients having this etiology. The evaluation of the 
patient with suspected portal hypertension includes an endoscopy to assess size and 
extent of varices with risk factors for bleeding. Larger varices with red color signs 
are at increased risk of bleeding or of rebleeding. Laboratory tests should assess 
liver function, and overall disease status. Non-specific tests include bilirubin, pro-
thrombin time, albumin, and liver enzymes. Recently documented is the importance 
of serum creatinine in assessing overall severity of disease and prognosis. The two 
standard methods for assessing this are the Child–Pugh score (Table 33.1), and the 
Model for Endstage Liver Disease (MELD score—Table 33.2). Other laboratory 
studies that are important relate to the etiology with hepatitis panels, alpha- 
fetoprotein as a marker for hepatocellular carcinoma, and specific markers for meta-
bolic diseases such as hemochromatosis and Wilson’s disease.

Imaging studies are important in evaluation, with ultrasound used to assess the 
liver morphology, and Doppler evaluation for liver vasculature. Patency of the main 
vessels and direction of flow can be assessed well with Doppler ultrasound. 
Angiography is still indicated for patients being considered for surgery. Accurate 
assessment of the splenic, portal, and left renal veins is important for DSRS, and 
may further elucidate details that are not seen on ultrasound. Liver biopsy is occa-
sionally indicated in some patients for clarification of etiology and to delineate the 
activity of the liver disease process.

Management of portal hypertension falls in to three broad groups:

• Prophylactic treatment.
• Management of an acute variceal bleed.
• Prevention of recurrent variceal bleeding.

Table 33.1 Child–Pugh classification

Parameter
1 
Point 2 Points 3 Points

Serum bilirubin (mg/dL) <2 2–3 >3
Albumin (g/dL) >3.5 2.8–3.5 <2.8
Prothrombin time (↑s) 1–3 4–6 >6
(INR) <1.7 1.71–2.24 >2.25
Ascites None Controlled medically Controlled poorly or 

uncontrolled
Encephalopathy None 1–2 3–4

Classification: A, 5–6 points; B, 7–9 points; C, 10–15 points
INR international normalized ratio

Table 33.2 MELD score for 
stratification of liver disease 
severity

Score = 0.957 × loge creatinine (mg/dL)
+ 0.378 × loge bilirubin (mg/dL)
+ 1.120 × loge INR

INR international normalized ratio
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Prophylactic treatment is indicated for moderate or large size varices to reduce 
the risk of an initial bleed. Varices are present in 30–60% of patients with cirrhosis. 
Thirty percent of patients with varices will bleed from them. After an initial bleed, 
20–50% will rebleed in the first week, and 75–80% will rebleed within a year. The 
mortality of an acute bleeding episode is approximately 25%. To reduce the risk of 
this initial bleed, the goal is to reduce portal pressure to <12 mm Hg or by 20% from 
the baseline. This is best achieved with a non-cardioselective beta-blocker (pro-
pranolol, nadolol) [4]. Other treatments, such as endoscopic therapy, TIPS, or surgi-
cal shunt are not indicated for prophylaxis. There are currently further ongoing 
trials looking at band ligation for patients with large varices where this might be an 
appropriate method for prophylaxis [5]. [Q1: C]

Management of an acute variceal bleed involves resuscitation, pharmacologic 
reduction of variceal pressure, and endoscopic therapy [6]. Resuscitation requires 
careful monitoring and enough blood volume and transfusion to maintain blood 
pressure, but not over-transfuse and precipitate a vicious cycle of further bleeding. 
Octreotide is the drug of choice for pharmacologic pressure reduction and is given 
as a continuous infusion of 50 μg/h. Endoscopic therapy is combined with endo-
scopic evaluation and it best done with banding of varices if visibility is adequate. 
Occasionally, direct sclerotherapy injection may be required to stop acute bleeding. 
In the <10% of patients who do not have their acute bleeding controlled with such 
measures, or in whom early significant rebleeding occurs, early decompression is 
occasionally required. This can best be achieved with TIPS at the current time.

Prevention of recurrent variceal bleeding has to take in to account the risk of 
rebleeding, and the underlying liver disease. First-line treatment to prevent rebleed-
ing is with a course of endoscopic banding in conjunction with pharmacologic ther-
apy to reduce portal pressure with non-cardioselective beta-blocker [6]. This 
combination will reduce the risk of rebleeding to approximately 20%. Banding has 
been shown to be considerably better than sclerotherapy in terms of bleeding con-
trol and fewer complications. However, mortality is not significantly different in the 
randomized trials that compared banding to sclerotherapy. Concurrent with this 
first-line treatment, assessment and management of the underlying liver disease is 
important. At this time, assessment as to whether the patient is headed for transplant 
now or in the foreseeable future is important. If this is the case, more invasive thera-
pies are precluded, transplant evaluation should be completed, and the patient 
should be appropriately listed. In this population, transplant has significantly 
improved the outcome of patients with Child’s class C cirrhosis who have end-stage 
disease, and have variceal bleeding.

For better-risk patients who have recurrent bleeding through first-line treat-
ment, variceal decompression may be indicated. The current options are with a 
radiologic shunt (TIPS) [7]. or with a surgical shunt such as a DSRS [8], or some 
type of portacaval shunt. The literature data indicates that the rebleeding rate with 
TIPS is in the 15–20% range. Rebleeding with surgical shunts is in the 5% range. 
However, TIPS can be achieved in a much less invasive fashion compared to the 
major surgery required for a surgical shunt. Two randomized trials have compared 
TIPS to surgical shunt. Rosemurgy et al. [9] compared TIPS to an 8-mm H-graft 
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interposition portacaval shunt. They showed notably lower rebleeding in the sur-
gical shunt group, significantly less need for transplant, but no difference in mor-
tality. They concluded that surgical shunt was preferable to TIPS. Henderson et al. 
[10] have compared TIPS to DSRS in Child’s class A and B patients. They showed 
no significant difference in rebleeding between DSRS (6%) and TIPS (9%) in this 
trial; however, the TIPS group had an 82% reintervention rate to maintain decom-
pression and this excellent control of bleeding. The encephalopathy rates were not 
significantly different in the two groups, and neither was survival. The conclusion 
from this trial is that bleeding can be equally efficaciously managed with TIPS or 
DSRS with no difference in survival or encephalopathy; however, significantly 
more reintervention is required in patients managed with TIPS. This trial is sum-
marized in Table 33.3.

Have covered stents improved TIPS outcome? A multicenter prospective ran-
domized trial in Europe [11] has shown a significantly lower dysfunction with 
covered stents, with a particular advantage in control of ascites in that trial. Survival 
was not significantly different with covered or uncovered TIPS stents (Table 33.4).

 Conclusion
The management path for the patient outlined in this chapter reflect management 
of variceal bleeding over a decade ago. Some of the principles still apply:

• Teamwork is important: hepatologists, endoscopists, radiologists and surgeons 
all play roles in management of these patients. The surgeon’s role is now almost 
exclusively in transplant when indicated.

Table 33.3 Data for DSRS versus TIPS randomized trial [10]

Results DSRS n = 73 TIPS n = 67 p

Rebleeding 4 (5.5%) 6 (9%) NS
Reintervention 8 (11%) 55 (82%) <0.0001
Encephalopathy
Single event 36 (50%) 34 (50%) NS
Multiple events 18 (25%) 17 (25%) NS
Survival
2-year 81% 88% NS
5-year 64% 60% NS

TIPS transjugular intrahepatic portal systemic shunt, DSRS distal splenorenal shunt

Table 33.4 Data for covered versus uncovered TIPS—European trial [11]

Results PTFE Uncovered p

“Dysfunction” 5 (15%) 18 (44%) <0.001
Bleeding 2/19 (11%) 4/29 (14%) NS
Ascites 1/20 (5%) 8/12 (67%) <0.05
Reintervention 6/39 (15%) 22/41 (54%) <0.05
Survival 27/39 (69%) 22/41 (54%) NS

TIPS transjugular intrahepatic portal systemic shunt
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• The basic principles of patient evaluation and workup still apply: some of the 
technology has advanced, for example in vascular imaging.

• A progressive staged approach to management is still the rule for many of these 
patients who have an underlying progressive disease. But even this is changing 
as hepatitis C now becomes a curable disease.
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Question 1
What should the next step in this patient’s evaluation be?

 A. Counseling with respect to the nature of carotid territory ischaemic attacks
 B. Start the patient on an antiplatelet drug, such as aspirin, and a statin
 C. Counsel the patient with respect to the importance of refraining from cigarette 

smoking and careful control of blood pressure
 D. Obtain bilateral carotid duplex scanning
 E. All of the above

The patient underwent a bilateral carotid duplex scan. [Q1: D] The scan demon-
strated a category 60–79% right carotid bulb stenosis. The plaque characteristic was 

Case Report
A 72-year-old white male was referred for evaluation and management fol-
lowing the finding of an asymptomatic carotid bruit, picked up on routine 
physical examination by his primary-care physician. The patient was asymp-
tomatic with respect to ocular or hemispheric ischaemic events. His risk fac-
tors included a 30-year history of smoking one pack of cigarettes a day, which 
he quit a year ago. He had hypertension that was controlled well by two drugs. 
He had no history of coronary artery disease, diabetes mellitus, or symptoms 
of peripheral vascular disease. On physical examination, his temporal pulses 
were equal. His carotid pulses were full and equal, but there was a loud bruit 
over the right carotid bifurcation. His femoral, popliteal, dorsalis paedis and 
posterior tibial pulses were normally palpable bilaterally.
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one of mixed consistency, a mildly irregular surface, and minimal calcification. The 
left carotid bulb showed a category 20–59% stenosis. Both vertebral arteries were 
imaged with normal antegrade flow velocities.

Question 2
What would be appropriate management for this patient?

 A. Elective carotid endarterectomy
 B. Full Coumadin anticoagulation
 C. Aspirin antiplatelet management, a statin, and risk factor control

The patient was placed on aspirin antiplatelet therapy, begun on a statin [1], 
counseled regarding the importance of good blood pressure control including the 
use of a beta blocker or ACE inhibitor, and given an appointment for a return visit 
in 6 months time for a repeat carotid duplex scan to see whether there was any evi-
dence of progression. The patient was also counseled regarding the importance of 
calling the vascular service should he develop ocular or hemispheric transient isch-
aemic attacks within the 6-month interval before his return appointment. [Q2: C]

The patient did quite well for the next 4 months; then one afternoon, he noted the 
onset of an episode of numbness and weakness of his left hand. The hand was not 
totally paralyzed, but it was clearly numb, weak and uncoordinated. This cleared 
completely within a period of 10 min. The patient thought that this might have been 
related to his arm position and chose to do nothing further until the next day, when 
the same event occurred. At this point, he called his physician and was advised to 
return immediately. An emergent carotid duplex scan was ordered. The scan now 
showed progression to a category 80–99% stenosis with plaque once again of mixed 
consistency.

Question 3
What is the best management for this patient?

 A. Clopidogrel antiplatelet therapy
 B. Full Coumadin anticoagulation
 C. Schedule elective carotid endarterectomy 1 month from now
 D. Urgent right carotid endarterectomy

The patient now had two clear indications for proceeding with carotid endarter-
ectomy: the onset of symptoms in the territory of the carotid lesion, and progression 
of the lesion to an 80–99% stenosis. Two additional decisions also had to be consid-
ered: the timing of operation and whether brain imaging was indicated. In view of 
the fact that the patient had an appropriate carotid artery lesion, and the symptoms 
were typical for hemispheric transient ischaemic events in the distribution of the 
carotid lesion, information gained from brain imaging such as computed tomogra-
phy (CT) or magnetic resonance imaging (MRI) would be of limited value. 
Therefore, the cost/benefit ratio for brain imaging was clearly unfavorable. The 
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timing of carotid endarterectomy was urgent. The patient had a new onset of tran-
sient ischaemic attacks and evidence of plaque progression. Therefore, the patient 
was now at highest risk of a hemispheric stroke. The optimum management for this 
patient would be emergent admission to the hospital and rapid evaluation for opera-
tion, including the patient’s cardiac status [2, 3]. While this was taking place, it 
would be appropriate to start the patient on intravenous heparin anticoagulation. 
Once cleared from a cardiac standpoint, plans should be made to proceed with oper-
ation either that day or the next morning. [Q3: D]

The patient was admitted as an emergency to the hospital and started on intrave-
nous heparin with a loading dose of 5000 units and a continuing dose of 1000 units/h. 
He was seen in cardiology consultation, an electrocardiogram (ECG) was obtained 
and a stress-echo study was performed. In the absence of any symptoms of coronary 
disease, a relatively normal ECG, and a stress-echo study showing a 55% ejection 
fraction, the patient was cleared for operation.

Question 4
What should the next step in this patient’s management be?

 A. Aortic arch angiogram with selected carotid arteriograms
 B. Magnetic resonance angiogram (MRA)
 C. CT angiogram
 D. Proceed with operation on the basis of a duplex scan of diagnostic quality in an 

accredited laboratory

The patient was taken to the operating room the next morning. Before this, EEG 
electrodes were placed for intraoperative monitoring. An arterial line was placed for 
blood pressure monitoring, and general anaesthesia was administered. A vertical 
incision along the anterior border of the sternomastoid muscle was made. The facial 
vein was divided, and the common carotid, carotid bifurcation, internal and external 
carotid arteries were fully mobilized. There was a posterior plaque present in the 
common carotid artery, which was nonocclusive. The major plaque build-up was in 
the bulb of the internal carotid artery, which went a short distance beyond the bulb 
into the internal carotid artery distally. Beyond this point, the vessel was circumfer-
entially soft. The distal internal carotid artery was somewhat collapsed, and no dis-
tal pulse was noted. Since the patient had experienced only transient symptoms and 
not a completed stroke, it was our plan to use an internal shunt only if there were 
electroencephalogram (EEG) changes with trial clamping. A bolus of 5000 units of 
heparin was administered, and the internal, external and common carotid arteries 
were clamped. The EEG was observed: there were no changes. The amplitude and 
frequency of the EEG wave form were maintained. A longitudinal arteriotomy was 
made in the common carotid artery and extended through a very tight carotid steno-
sis. The plaque within the carotid bulb showed evidence of recent intraplaque haem-
orrhage. As we passed through the plaque, we emerged into an unencumbered 
internal carotid artery distally. A bifurcation endarterectomy was then performed 
with clean endpoints in the internal, external and common carotid arteries. The 
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intimectomised surface was then irrigated with heparinised saline, and small bits of 
medial debris were removed carefully. The intimal endpoint was adherent to the 
media. Once we were satisfied that there was no evidence of intimal flap and all of 
the loose bits of medial debris were removed, attention was turned to closure.

Question 5
Closure of the arteriotomy should be:

 A. A primary, carefully placed closure with 6–0 prolene
 B. Closure with a patch angioplasty

The patient’s arteriotomy was closed with a patch angioplasty using a collagen- 
impregnated knitted Dacron patch that was cut to length and beveled at each end. 
Upon completion of the closure, blood flow was begun first to the external then to the 
internal carotid artery. Excellent pulsation in all vessels was noted. We then carried 
out a completion angiogram by placing a small needle in the patch and injecting con-
trast into the carotid bifurcation using a portable cine-fluoro unit. The carotid bifurca-
tion was imaged, and there was an excellent technical result with no evidence of 
residual stenosis or intimal flap. Intracranial imaging was also carried out, and excel-
lent flow into the carotid siphon and the anterior and middle cerebral arteries was 
confirmed. After meticulous haemostasis was achieved, a 7.0-mm Jackson Pratt drain 
was placed in the wound and brought out through a separate stab wound. The platys-
mal layer was closed with an absorbable suture, and the skin was closed with a subcu-
ticular absorbable suture. An adhesive plastic dressing was applied directly to the 
skin, and the patient was returned to the recovery room. The patient awoke at his 
neurological baseline with no evidence of cerebral or cranial nerve deficit. His blood 
pressure was monitored carefully and was noted to be stable at 150/80 mmHg.

Question 6
After an appropriate stay in the recovery room, to where should the patient be 
transferred?

 A. An intensive care unit with continual monitoring overnight
 B. A step-down unit with 3:1 nursing coverage and monitoring capability
 C. The patient should be left in the recovery room overnight
 D. A regular hospital room

Since the patient was neurologically intact and was maintaining his normal blood 
pressure, he was transferred to a regular hospital room for routine overnight care. 
The patient spent an uneventful night in a regular hospital room. The following 
morning, we removed the dressing and drain. The patient was ambulatory and on a 
regular diet and was discharged home on the first postoperative day [4]. This man-
agement is typical of the so-called “fast-track” management of carotid bifurcation 
disease. Patients are usually admitted electively on the morning of operation, 
undergo carotid endarterectomy, spend a period of 2–3  h of observation in the 

W.S. Moore



389

recovery room, transfer to a regular hospital room, and are discharged the following 
morning. Thus, carotid endarterectomy has become extremely cost-effective in the 
overall medical economic environment. The patient was instructed to return for a 
routine visit in 3 weeks. At that time, we obtained a right carotid duplex scan to 
confirm the result of carotid endarterectomy and to establish a new baseline for 
future comparison. The next visit will be in 6 months, at which time a bilateral 
carotid duplex scan will be performed. The objective will be to look for evidence of 
intimal hyperplasia and recurrent stenosis on the side of operation as well as to 
document whether there is any progression of disease on the contra lateral, non 
operative side. If that test is unremarkable, then the next study will be at the 1-year 
anniversary. We will then see the patient on a yearly basis and obtain a bilateral 
carotid duplex scan as a part of that visit.

 Commentary

Many decisions concerning recommendation to perform carotid endarterectomy are 
based upon the symptomatic status of the patient and the degree of stenosis, as mea-
sured by a percentage, in the carotid artery. The NASCET and ECST trials have 
clearly demonstrated the value of carotid endarterectomy over medical management 
in symptomatic patients with hemodynamically significant carotid stenoses. It is 
also well documented that the risk of stroke is greatest within the immediate time 
frame following the onset of hemispheric TIAs, and gradually diminishes during the 
course of a year. For this reason, patients and their physicians should be advised to 
consider the onset of TIAs as an urgent if not emergent indication for workup and 
intervention. All of the randomized trials have reported their data and have estab-
lished a baseline threshold stenosis as an appropriate indication for carotid endarter-
ectomy. While this would appear to be a very tangible and straightforward method 
of quantifying a carotid stenosis, confusion has developed because there are at least 
two different techniques for measuring percent of carotid stenosis: the North 
American method and the European method. The North American method was first 
described in a publication by Hass et al. as part of the Extracranial Arterial Occlusive 
Disease Study of the 1960s [5]. This method was used in the Veterans Administration 
Asymptomatic Carotid Stenosis trial and the Asymptomatic Carotid Atherosclerosis 
Study (ACAS), and was subsequently adopted by North American Carotid 
Endarterectomy Trial (NASCET) as their method of measurement. The North 
American method utilizes the following formula: percentage stenosis = 1 − R/D, 
where R is the minimal residual lumen diameter in millimeters, and D is the diam-
eter of the normal internal carotid artery, distal to the bulb, where the walls of the 
artery become parallel. In contrast, the European method, which has been used in 
European trials, including the European Carotid Surgery Trial (ECST) trial, uses the 
following formula: percentage stenosis = 1 − R/B, where R again is the minimal 
residual lumen diameter in millimeters, and B is the projected diameter of the 
carotid bulb. Since the bulb is not visualized on a carotid arteriogram of a patient 
with carotid stenosis, a theoretical line is drawn outlining the bulb, emphasising the 
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atheromatous burden within the bulb. Because of these two different methods, per-
centage stenoses as expressed in the European literature are not equal to percentage 
stenosis as measured by the North American method. For example, a 60% stenosis 
European is equal to an 18% stenosis North American; 70% stenosis European 
equals 40% stenosis North American; 80% stenosis European equals 61% stenosis 
North American; and 90% stenosis European equals 80% stenosis North American. 
Thus, when reading a specific article relating to carotid stenosis, it is important to 
determine which method of measurement is used in order to appropriately follow 
the recommendations made by the authors. The conservative management of an 
asymptomatic patient with moderate carotid stenosis includes the use of a statin and 
either an ACE inhibitor or a Beta blocker. The SPARCL study has clearly demon-
strated the role of medical management in the primary prevention of stroke.

The management of patients with asymptomatic high-grade carotid stenosis has 
been controversial. However, following publication of ACAS and subsequent vali-
dation in the ACST study, the approach to management of patients who are asymp-
tomatic has received more universal acceptance. The findings of the ACAS trial 
demonstrated that there was a 53% relative risk reduction of stroke in patients who 
underwent carotid endarterectomy for lesions producing at least a 60% diameter- 
reducing stenosis, by angiography, when compared with medical management 
alone [6]. It was also pointed out that a 60% diameter-reducing stenosis by angiog-
raphy is not the same as a 60% stenosis as measured by duplex scan, since the 
duplex scan criteria for stenosis are concerned with carotid bulb measurement rather 
than a stenosis as compared with the diameter of the distal internal carotid artery. It 
is generally accepted that a 60% diameter-reducing stenosis of the internal carotid 
artery, by angiography, usually corresponds to a duplex scan finding of an 80–99% 
stenosis [6]. The ACST study performed in the UK found almost identical results 
[7]. One of the emerging issues concerning the management of asymptomatic 
patients with hemodynamically significant stenoses has been the improvement in 
medical management of these patients with the use of statin drugs. While statins 
were available during the later part of the ACAS trial and during the ACST trial, 
their use was not mandated as a part of medical management for either the control 
or the intervention group. Statins in combination with beta blockers or ACE inhibi-
tors have clearly been shown to have a beneficial effect in reducing stroke morbidity 
and mortality in patients with carotid bifurcation disease who are treated medically 
alone or who undergo operation. While a post hoc analysis in the ACST trial failed 
to show any difference in result between those who were and were not on statins 
with respect to the benefit of carotid endarterectomy, there is clearly the need to 
repeat the asymptomatic trials in which modern medical management is used in 
both the control and intervention groups. Nevertheless, there is observational evi-
dence that the risk of stroke in asymptomatic patients on optimal medical manage-
ment is declining and intensive medical management may be as effective, and 
perhaps less risky, than carotid endarterectomy [8]. For this reason, the Carotid 
Revascularization and Medical Management for Asymptomatic Carotid Stenosis 
Trial(CREST 2) was initiated [9]. It is my recommendation that patients with 
asymptomatic high grade carotid stenosis be encouraged to participate in the 
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CREST 2 trial. If the patient is unwilling or unable to be a trial participant, then the 
current level 1 data would suggest that carotid endarterectomy continues to be a 
reasonable option in well selected patients.

While this approach will result in many patients receiving CEA who may never 
have had a stroke, there is still no reliable way to differentiate in advance those 
patients who will and those who will not have a stroke in the future. Clearly this 
information needs to be discussed with the patient and the treatment plan selected 
on the basis of preference and comfort level of the individual patient.

Patients with carotid artery disease who develop symptoms of hemispheric or 
monocular transient ischaemic events, or who have had a stroke with good recovery, 
are clearly good candidates for carotid endarterectomy providing that they have a 
diameter-reducing stenosis of 50% or greater by angiography. This is now accepted 
uniformly and has been well established by prospective randomized trials in both 
North America and the UK [4, 10, 11].

The work-up of patients with carotid bifurcation disease for operation used to 
require the performance of a contrast angiogram to confirm the lesion, establish the 
degree of stenosis, and evaluate the intracranial circulation for other pathology, such as 
a stenosis of the carotid siphon or an aneurysm of the intracranial branches. As the 
quality and accuracy of carotid duplex scanning has improved in accredited laborato-
ries throughout the world, the practice of using carotid duplex scan data as the sole 
imaging requirement before endarterectomy has proliferated. Most centers also require 
a confirmatory study such as an MRA or CTA before proceeding with operation. In our 
own unit, the accuracy of carotid duplex scanning in our laboratory is continually com-
pared with the operative findings at the time of carotid endarterectomy. Initially, the 
carotid duplex scan data were compared with angiography. As our level of comfort 
with carotid duplex scanning has increased, contrast angiography has essentially been 
eliminated in our protocol. The only time we resort to additional contrast imaging is 
when the carotid duplex scan data and the clinical picture fail to correlate.

If the patient has equal upper-extremity blood pressures, as well as good and 
equal quality pulses in the carotid artery bilaterally, then the likelihood of the patient 
harboring a lesion at the level of the aortic arch is quite small. The only other pathol-
ogy that might be missed in the absence of a contrast carotid angiogram is the rare 
occurrence of an intracranial lesion. It has been our practice to carry out completion 
angiography following carotid endarterectomy on the operating table. When the 
completion study is performed, we always make an effort to examine the intracranial 
circulation as well. To date, after many hundreds of carotid endarterectomy without 
angiography, there have only been two instances in which significant intracranial 
arterial pathology has been found. One was a small intracranial aneurysm measuring 
less than 10 mm; the other was a siphon stenosis, which, had it been known preopera-
tively, would not have changed the indication for carotid endarterectomy. Based 
upon this experience, we routinely carry out carotid endarterectomy on the basis of 
duplex scan alone. However, this duplex scan must be performed in our own labora-
tory, as we are unwilling to accept data from other laboratories as the sole basis for 
proceeding with operation. While there are many excellent laboratories that provide 
reliable data, we routinely cross-check data from outside laboratories with a test in 
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our own laboratory. Since duplex scanning is relatively inexpensive, and since it has 
become a substitute for expensive studies associated with morbidity and mortality, 
such as contrast angiography, it is our opinion that this additional cost is money well 
spent [12]. Contrast angiography, while a longstanding gold standard, is expensive, 
promotes patient anxiety, and is associated with neurological morbidity and mortal-
ity. In the ACAS, where angiography was required before carotid endarterectomy, 
the risk of the angiogram with respect to stroke morbidity and mortality was equal to 
the risk of the operation itself [4]. MRA, while noninvasive, tends to be less accurate 
than a well-performed carotid duplex scan. MRA of the carotid bifurcation will fre-
quently overestimate the percentage of stenosis and will lead to unnecessary opera-
tion in many instances. CT angiography, while more accurate, requires a large 
intravenous contrast bolus to perform the study. [Q4: D]

Another controversy in the management of patients with carotid bifurcation dis-
ease concerns the question of whether a carotid arteriotomy should be closed primar-
ily or with a patch angioplasty. For many years, we routinely closed arteriotomies 
primarily when the vessel appeared to be of good calibre. A retrospective review of 
our data suggested that this had been a good practice in that our incidence of resteno-
sis had been quite low. Many retrospective comparisons as well as prospective trials 
have shown inconclusive data concerning the merit of patch angioplasty versus pri-
mary closure. However, recently, a prospective trial in patients scheduled for staged 
bilateral carotid endarterectomy in whom one side was primarily closed and the sec-
ond side closed with patch angioplasty conclusively demonstrated that those sides 
closed with patch angioplasty were associated with a statistically lower incidence of 
restenosis and complication. Based upon these convincing data, it is now our practice 
to routinely close all arteriotomies with a patch angioplasty [13]. [Q5: B]

Other surgeons have modified their surgical practice to perform the operation 
using eversion endarterectomy, thus avoiding a longitudinal arteriotomy. For those 
surgeons who are experienced with this technique, and in properly selected patients, 
this also appears to be a satisfactory alternative. The postoperative monitoring of the 
patients is important in ensuring the best outcome for these patients. In the past, it 
had been our practice to monitor patients routinely in the intensive care unit. 
However, with a retrospective review of our experience, the likelihood of having an 
untoward event requiring intensive-care nursing in a patient who was neurologically 
intact and with a normal blood pressure was extremely low. Therefore the cost/
benefit advantage of intensive care unit utilization was clearly not there. We now 
routinely send patients to a regular hospital room. To date, there have been no 
untoward incidents that have led us to regret this policy. [Q6: D]

References

 1. Goldstein LB, Amarenco P, Lamonte M, et al. Relative effects of statin therapy on stroke and 
cardiovascular events in men and women: secondary analysis of the Stroke Prevention by 
Aggressive Reduction in Cholesterol Levels (SPARCL) study. Stroke. 2008;39(9):2444–8.

W.S. Moore



393

 2. Johnston SC. Transient ischemic attack: a dangerous harbinger and an opportunity to inter-
vene. Semin Neurol. 2005;25:362–70.

 3. Rothwell PM, Giles MF, Flossmann E, et al. Simple score(ABCD) to identify individuals at 
high early risk of stroke after transient ischaemic attack. Lancet. 2005;366:29–36.

 4. Moore WS, Barnett HJ, Beebe HG, et al. Guidelines for carotid endarterectomy: a multidisci-
plinary consensus statement from the ad hoc committee, American Heart Association. Stroke. 
1995;26:188–201.

 5. Hass WK, Fields WS, et al. Joint study of extracranial arterial occlusion. II. Arteriography, 
techniques, sites, and complications. JAMA. 1968;203(11):961–8.

 6. Executive Committee for the Asymptomatic Carotid Atherosclerosis Study (ACAS). 
Endarterectomy for asymptomatic carotid artery stenosis. JAMA. 1995;273:1421–8.

 7. Asymptomatic Carotid Surgery Trial Collaborators. The MRC Asymptomatic Carotid Surgery 
Trial (ACST): carotid endarterectomy prevents disabling and fatal carotid territory strokes. 
Lancet. 2004;363:1491–502.

 8. Abbott AL. Medical(non-surgical) intervention alone is now best for prevention of stroke asso-
ciated with asymptomatic severe carotid stenosis: results of a systematic review and analysis. 
Stroke. 2009;40(10):e573–83.

 9. Moore WS. Issues to be addressed and hopefully resolved in the CREST 2 trial. Angiology. 
2016;67(5):408–10.

 10. North American Symptomatic Carotid Endarterectomy Trial Collaborators. Benefit of carotid 
endarterectomy in patients with symptomatic moderate or severe stenosis. N Engl J Med. 
1998;339:1415–25.

 11. European Carotid Surgery Trialists Collaborative Group. Randomized trial of endarterectomy 
for recently symptomatic carotid stenosis: final results of the MRC European Carotid Surgery 
Trial. Lancet. 1998;351:1379–87.

 12. Chervu A, Moore WS.  Carotid endarterectomy without arteriography. Personal series and 
review of the literature. Ann Vasc Surg. 1994;8:296–302.

 13. AbuRahma AF, Robinson PA, Saiedy S, Richmond BK, Khan J. Prospective randomized trial of 
bilateral carotid endarterectomies: primary closure versus patching. Stroke. 1999;30:1185–9.

34 Management of Carotid Bifurication Disease



395© Springer International Publishing AG, part of Springer Nature 2018
G. Geroulakos, B. Sumpio (eds.), Vascular Surgery,  
https://doi.org/10.1007/978-3-319-65936-7_35

M.-P. F.M. Vrancken Peeters, M.D. • J.M. Hendriks, M.D. • E.V. Rouwet, M.D. • Marc 
R.H.M. van Sambeek, M.D. • H. van Urk, M.D. • H.J.M. Verhagen, M.D., Ph.D. (*) 
Department of Vascular Surgery, Erasmus University Medical Center,  
Rotterdam, The Netherlands
e-mail: h.verhagen@erasmusmc.nl

35The Carotid Body Tumor

Mark-Paul F.M. Vrancken Peeters, Johanna M. Hendriks, 
Ellen V. Rouwet, Marc R.H.M. van Sambeek, Hero van Urk, 
and Hence J.M. Verhagen

Question 1
What is the most likely diagnosis that caused the swelling in the neck?

 A. Enlarged lymph mode
 B. Paraganglioma
 C. Aneurysm of the carotid artery
 D. Goitre of the right thyroid lobe
 E. Cystic neck lesion

Case Report
A 63-year old female was referred to our hospital because she had a mass on 
the right side of the neck. The swelling had slowly progressed in a couple of 
months. Besides problems with swallowing there were no other complaints. 
Her previous medical history was unremarkable and she could not remember 
any family members with similar lesions. Physical examination showed a 
non-tender mass with a diameter of around 6 cm located just anterior of the 
sternocleidomastoid muscle in the anterior triangle of the neck. The mass was 
mobile in a back-forward direction but could not be moved in a cranial-caudal 
direction. No signs of cranial nerve deficits were detected. An ultrasound 
examination showed a highly vascularized structure in the bifurcation between 
the internal and external carotid artery (Fig. 35.1).
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Question 2
Which of the following examinations is preferable to confirm the diagnosis? Rank 
in order of which is the best method.

 A. Needle biopsy
 B. Magnetic Resonance Imaging (MRI)
 C. Contrast-enhanced angiography
 D. Somatostatin receptor scintigraphy (SMS-scan)
 E. Angiography

The diagnosis of carotid body tumor was confirmed by MRI (Fig.  35.2) and 
SMS-scan (Fig. 35.3). The lesion in the neck was measured 5.3 by 4.4 by 4.1 cm. 
The scans also revealed a similar vascularized mass near the aortic arch and one in 
the tympanic space of the middle ear. Because of the size of the tumor and the dif-
ficulty with swallowing, we decided to treat the patient.

Question 3
What are the possible complications due to the surgical excision of such a large 
mass in this area?

 A. Horner’s syndrome
 B. Vocal cord paralysis
 C. Paresis of the mandibular branch of the trigeminal nerve
 D. Ipsilateral tongue paresis
 E. All of the above

Fig. 35.1 An ultrasound of a carotid body tumor

M.-P. F.M. Vrancken Peeters et al.



397

Fig. 35.2 A magnetic resonance imaging of a carotid body tumor, measuring 5.3 by 4.4 cm. Note 
the angulation of the carotid arteries due to the mass in between the bifurcation

Fig. 35.3 A somatostatin 
receptor scintigraphy. 
Abnormally high uptake is 
monitored in the head and 
neck region indicating the 
presence of a carotid body 
tumor
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Question 4
Which of the following statements is correct?

 A. A Shamblin I tumor can always be removed without cranial nerve damage
 B. A Shamblin III tumor can never be removed without cranial nerve damage
 C. When the carotid body tumor is growing, encasement of the carotid arteries 

takes place
 D. When a Shamblin III tumor is removed, the carotid bifurcation needs to be replaced
 E. The chances of cranial nerve damage is not dependent of the size of the carotid 

body tumor

Question 5
What could be the best treatment option in this particular case?

 A. Surgical excision
 B. Selective embolization
 C. Radiation therapy
 D. Chemotherapy
 E. Combination of these treatment modalities

The risk of complications with the surgical excision of such a large carotid body 
tumor is relatively high. Therefore, we first embolized the side branches of the 
external carotid artery and the thyrocervical trunk that feed the carotid body tumor, 
to let the tumor shrink in size (Fig. 35.4). After 1 year, the carotid body tumor had 
decreased in size to 4 by 3.5 by 3 cm. The smaller the size of the tumor, the more 
likely that resection of the tumor can be performed with minimal morbidity.

 Commentary

Paragangliomas are usually benign tumors from a collection of anatomically dis-
persed neuroendocrine organs associated with the autonomic nervous system and 
characterized by morphologically and cytochemically similar neurosecretory cells 
derived from the neural crest [1]. The paraganglia play an important role in homeo-
stasis, either by acting directly as chemical sensors or indirectly by secreting cate-
cholamines in response to stress. The paragangliomas are generally divided into two 
groups, those occurring in the head and neck region and those occurring elsewhere, 
with the adrenal medulla being the most frequent site. The most common locations 
of paraganglia in the head and neck region are the carotid bifurcation, the vagal 
nerve, the jugular foramen, and the tympanic space of the middle ear. The carotid 
body tumors (glomus caroticum), tumors in the carotid bifurcation, are the most 
common type of head and neck paraganglioma.

The carotid body is a small highly vascularized, ellipsoid structure located in the 
adventitia of the bifurcation of the common carotid artery [2]. The carotid body func-
tions as an oxygen sensor and stimulates the cardiopulmonary system in hypoxia 
through afferent input by way of the glossopharyngeal nerve to the medullary reticular 
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formation [3]. Carotid body tumors can develop spontaneously and can be induced by 
chronic hypoxia. The latter includes living at high altitudes and certain medical condi-
tions (patients with chronic obstructive pulmonary disease, cyanotic heart diseases) 
[4–6]. Familial cases are frequently bilateral or multifocal and have an earlier age of 
detection [7]. The inheritance pattern of paraganglioma is autosomal dominant modi-
fied by maternal genomic imprinting [8]. Five genetic loci have been identified [8–12]. 
The majority of the tumors are benign but local expansion can cause cranial nerve defi-
cits and invasion of local structures such as the skull base and the parapharyngeal 
space. Malignancy is observed in about 5% of cases [13]. Malignancy cannot be 
defined on the basis of unique histological criteria of the tumor itself, but only by the 
presence of metastases, mostly in regional lymph nodes [14].

 Clinical Presentation

Carotid body tumors can be distinguished from other diseases, such as enlarged lymph 
nodes, aneurysms of the carotid artery, goitre of the right thyroid lobe, and cystic neck 
lesions by a detailed history and physical examination. Although carotid body tumors 
can occur at any age, they typically present themselves between the third and sixth 
decades of life [15]. The presence of an asymptomatic palpable mass, slowly growing 
in the anterior triangle of the neck, must raise suspicion for this diagnosis. In addition 
to this mass, the patient may present with cranial nerve deficit like hoarseness, tongue 
paresis, and dysphagia. Hormone production, like catecholamine secretion by the 
tumor, is generally present in only 5% of patients [13] and can cause hypertension.

Fig. 35.4 Contrast angiography of the procedure, in which the feeding vessels to the carotid body 
tumor were coiled and a covered stent was placed in the common and internal carotid artery. In this 
way, the tumor was abolished from having access to the blood supply
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On physical examination, the pulsatile mass can be moved laterally, but not verti-
cally because of adherence to the carotid artery. A bruit may be heard over the mass, but 
this is a rare condition. Special attention should be made to the two most damaged 
cranial nerves in the case of a carotid body tumor: Paresis of the hypoglossal nerve 
causes tongue dysfunction and paresis of the vagal nerve causes hoarseness. [Q1: B]

A duplex ultrasound is usually performed to differentiate between a carotid body 
tumor and other possible diseases (Fig.  35.1). For further investigation magnetic 
resonance imaging (MRI) is the preferred method to visualize the circumscript mass 
at or above the carotid bifurcation (Fig. 35.2). Also, other locations of paraganglioma 
in the head and neck region can be identified with this imaging technique. [Q2; B, D] 
Use of contrast material usually shows a “salt and pepper” appearance caused by 
vessels with signal-voids within the tumor tissue. This shows the marked vascular-
ization of the tumor which may help to differentiate them from other tumors with less 
vessels. If a paraganglioma is present, at least at one occasion the plasma and urine 
levels of catecholamines should be checked.

A somatostatine receptor scintigraphy (Fig. 35.4) is a nuclear scan that uses an 
injected radiolabeled somatostatin analogue octreotide. Somatostatin receptor scin-
tigraphy can be used to detect paragangliomas as they contain somatostatin receptor 
carrying tissue. The patient receives an intravenous injection of this substance and 
imaging takes place after 24 and 48 h. Somatostatin receptor scintigraphy has a 
much higher sensitivity for paraganglioma than a MIBG scan [16]. [Q2: B, D] If a 
carotid body tumor is suspected, fine needle aspiration should not be performed and 
certainly an incision biopsy should be avoided in all cases. The diagnosis of a 
carotid body tumor is difficult to make on fine needle aspiration and both proce-
dures can give rise to unnecessary complications such as massive bleeding.

 Treatment

The preferred treatment for carotid body tumors is either conservative or surgical. 
Excision is the preferred definitive treatment, although the postoperative morbidity 
rate as quoted in the literature is rather high. Morbidity includes cranial nerve dys-
function, mostly of nerves X and XII, but also other nerves can be damaged like the 
glossopharyngeal nerve, the facial nerve or the sympathetic nervous system. [Q3: 
E] Tumor size is important as larger tumors have a higher incidence of complica-
tions [17]. Postoperative mortality should not exceed 2–5% and occurs only in large 
tumors, while mortality is negligible in small tumors. Damage to the wall of the 
carotid artery, especially in the bifurcation, which is difficult to repair because the 
vessel wall is very thin as a result of dissection in the subadventitial space, may 
force the surgeon to clamp the internal carotid artery, sometimes leading to isch-
aemic stroke and death.

In 1972, Shamblin proposed a surgical classification for carotid body tumors 
based on their tendency to encase the carotid arteries. Shamblin group I are small 
tumors with minimal attachments to the carotid vessels. Surgical excision can be 
performed without difficulty and the percentage of cranial nerve damage is very 
low. Shamblin group II tumors are larger and partially encase the carotid arteries, 
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while Shamblin group III tumors are very large tumors that completely encase the 
carotid arteries. The percentage of cranial nerve damage in Shamblin II tumors is 
around 7% [17]. In Shamblin III tumors, it is sometimes even necessary to sacrifice 
the carotid bifurcation to be replaced by a venous or synthetic interposition graft in 
order to reconstruct the carotid artery [18]. [Q4: C]

Embolization of the feeding branches of the external carotid artery or other main 
arteries can be performed a few days prior to surgery with the intention to decrease 
blood loss during operation. Although, this is an area of continuing controversy, some 
groups claim that embolization decreases blood loss during the operation [19–21]. 
Others have not found the embolization procedure helpful and they warn of the 
increased risk of stroke caused by emboli to the brain through collateral pathways [22, 
23]. Embolization has also been used in the past as an alternative treatment option in 
very high-risk patients who probably would not tolerate surgical excision [24]. In our 
patient, 1 year after the embolization procedure the tumor was still shrinking in size 
and we still have not operated this patient and resected the carotid body tumor. The risk 
of waiting even longer is the ability of these tumors to recruit new vessels so that perfu-
sion and size will increase after a while. We are very hesitant to believe that emboliza-
tion alone will be a definitive solution for these kind of tumors. [Q5: 5]

Radiation therapy is infrequently used as a treatment option for carotid body 
tumors. Radiotherapy is, however, a good alternative to surgery, especially for large, 
fast growing tumors, which are not eligible for surgery. Radiotherapy is effective in 
arresting growth, but it normally does not result in complete eradication of the 
tumor [25]. There is no evidence showing that chemotherapy might be effective 
against carotid body tumors.

 Summary

Paragangliomas are slowly growing, benign tumors. The carotid body tumor is the 
most common type in the head and neck region. The diagnosis is suspected from the 
patient’s history and physical examination. Ultrasound and MRI can usually con-
firm the diagnosis, while a somatostatin receptor scintigraphy is a reliable method 
for detecting multiple tumors and tumors at others locations. If the carotid body 
tumor is small and there is no documented growth, a wait-and-see policy is justified. 
A fast growing or large tumor should be treated surgically, cranial nerve dysfunction 
being the most common postoperative complication.
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36Vertebrobasilar Ischemia: Embolic 
and Low-Flow Mechanisms

Ramon Berguer

Question 1
The work-up of this patient presenting with symptoms of vertebrobasilar ischemia 
and MR evidence of infarction in the posterior circulation territory must include:

 A. CT scan of the brain
 B. Carotid-vertebral duplex
 C. Electroencephalogram (EEG)
 D. Arteriogram
 E. Echocardiogram

Case Report
A 51-year-old male experienced over a period of 6 months a major stroke and 
several transient ischemic attacks (TIAs) of vertebrobasilar distribution. The 
original episode consisted of loss of balance, loss of coordination, and loss of 
the left visual field while driving a bus, which resulted in a road accident. 
Since then, he had experienced four additional episodes of aphasia and para-
paresis lasting for 4–5 h. A diagnosis of vertebral artery dissection was made 
at the local hospital and he was placed on Coumadin. Concomitant diagnoses 
were hypertension, non-insulin-dependent diabetes, and hypercholesterol-
emia. In spite of adequate international normalized ratio (INR) levels, his 
symptoms continued and he was referred to us.

On admission, magnetic resonance imaging (MRI) showed right occipital 
and left cerebellar infarctions (Fig. 36.1).

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-65936-7_36&domain=pdf
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Question 2
The etiology of infarction in the posterior circulation territory is:

 A. Distal embolization of atheromatous material from vertebral or basilar artery 
lesions

 B. Arrhythmia
 C. Bilateral carotid disease in patients with absent vertebral arteries
 D. Traumatic or spontaneous dissection of the vertebral artery
 E. Transient drop in central aortic pressure in a patient with severe bilateral steno-

ses of both vertebral arteries

An arteriogram showed a 60% stenosis in the fourth portion of the right vertebral 
artery, and a tenuous, incomplete (dissected) left vertebral artery, which, at the level 
of C1, became a normal artery and, higher up, joined with the opposite vertebral 
artery (Fig. 36.2). A diagnosis of embolizing dissection of the left vertebral artery 
was made. Because the dissection was not responsive to medical therapy, the patient 
underwent a bypass from the left internal carotid to the left (suboccipital) vertebral 
artery using a saphenous vein [1]. The proximal vertebral site of the embolizing dis-
section was ligated above C1, immediately below the distal anastomosis of the 
carotid-vertebral bypass (Fig. 36.3). The patient did well from this operation and 
stopped having symptoms. His anticoagulation was discontinued. He remains 
asymptomatic after 5 years of follow-up.

Fig. 36.1 MRI showing cerebellar and brainstem infarctions
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Fig. 36.2 Arteriogram: dissection of the left vertebral artery, which is occluded from its origin to 
C4 (lower arrow), dissected and partially occluded from C4 to C1 (between arrows), and normal 
distal to C1 (Reprinted from Berguer [1], © 1999, with permission from The Society for Vascular 
Surgery)

Fig. 36.3 Postoperative carotid arteriogram showing a saphenous 
vein bypass from the distal cervical internal carotid to the vertebral 
artery beyond C1 (Reprinted from Berguer [1], © 1999, with 
permission from The Society for Vascular Surgery)

36 Vertebrobasilar Ischemia: Embolic and Low-Flow Mechanisms



406

Question 3
Once the objective diagnosis of vertebral artery dissection is made in a patient with 
vertebrobasilar symptoms the next step is:

 A. Anticoagulation with heparin, then Coumadin
 B. Stenting of the dissection followed by antiplatelet therapy
 C. Surgical bypass of the dissected segment with ligation of the proximal vertebral 

artery

 Commentary

Dissection of the vertebral artery may occur spontaneously or result from trauma 
[2–6]. The traumatic event is usually an exaggerated extension or rotation of the 
neck as may occur during sports and deceleration injuries. Clinical presentation of 
dissection of the vertebral artery starts with pain over the posterolateral aspect of the 
neck irradiating to the nuchal area. There may be an interval of several days between 
the initial pain, announcing the dissection, and the development of clinical symp-
toms. The latter are ischemic manifestations of the dissection and appear in 60–90% 
of patients after an interval of several days, usually 1–2 weeks. In order to visualize 
the lesion, a carotid-vertebral duplex would not provide a discriminating datum to 
help in the decision on the management of our patient because it could only detect 
a concomitant carotid atheroma, which has never been shown to be the source of 
infarction in the cerebellum or brain stem. The dissected segment of the artery can 
be visualized by MRA, CTA or arteriography. The latter will provide in addition the 
information about the carotid arteries that you would have derived from the carotid- 
vertebral duplex. [Q1: D, E] [Q2: A, D] The visualization of the target territories 
(brain stem, cerebellum and often occipital lobes) is best done with MRI. The dense 
bone surrounding the brain stem creates resolution artifacts in the CT scan.

The treatment of symptomatic vertebral artery dissection is empirical with systemic 
anticoagulation. Patients with posterior fossa symptoms should undergo MRI before 
starting anticoagulation to rule out a subarachnoid hemorrhage. The latter may occur fol-
lowing dissection and rupture of the fourth (intracranial) segment of the vertebral artery.

Anticoagulation is empirically used for the treatment of symptomatic dissection 
because the ischemia that follows is usually the consequence of embolization from 
the double channel, not a low-flow effect. The fear of distal extension of the dissec-
tion with anticoagulants has prompted some leading experts to give antiplatelet 
therapy to patients with local symptoms (pain) and evidence of dissection but with-
out central manifestations of ischemia (central nervous system deficits or MR evi-
dence of infarction). Patients with massive infarction are not anticoagulated to avoid 
intraparenchymal bleeding. There is no indication for wire-catheter-stent manipula-
tion of a dissected vertebral. In patients who are anticoagulated appropriately and 
continue to have intermittent symptoms, the dissected vertebral artery is considered 
to be the source of emboli. [Q3: A] In these circumstances, and if technically fea-
sible, the dissected segment is excluded and bypassed [7, 8].
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 Vertebrobasilar Ischemia: Low-Flow Mechanism

A 62-year-old woman with a healthy lifestyle presented with a history of dimming 
of the visual field and passing out when she turned her head to the extreme right. 
Three months before, she had been evaluated elsewhere with a history suggestive of 
amaurosis fugax and bouts of imbalance and vertigo when she turned her head to the 
right. A carotid endarterectomy had been performed at another institution.

She continued to have severe vertebrobasilar symptoms with head turning. She 
had a myocardial revascularization 20 years ago, at which point he stopped 
smoking.

On examination, the patient appeared healthy, with normal and equal 
(124/80 mmHg) blood pressure in both brachial arteries. Neurological examination 
under resting conditions was normal. Her neck was silent. When her head was 
turned to the right, the patient developed dimming of vision, loss of balance, and a 
sensation of passing out. The arteriogram available from the previous operation car-
ried out elsewhere showed a clearly dominant large left vertebral artery, but we 
could not see clearly the distal segment of the vessel. The right vertebral artery was 
small and diseased severely to a preocclusive level throughout its second segment. 
There was no evidence of posterior communicating arteries. Because the symptoms 
were repetitive and induced posturally, the patient was scheduled for a dynamic 
arteriogram. First, we obtained a view with a selective subclavian injection of the 
dominant left vertebral in the neutral position, which was normal. Following this, 
the patient’s head was turned to the right; when she became symptomatic, the con-
trast injection was repeated (Fig. 36.4). This revealed a severe compression of the 
vertebral artery as it crossed over the posterior lamina of C1, the segment known as 
the pars atlantica.

The patient underwent exploration of the suboccipital space with dissection and 
exposure of the vertebral artery where it crossed the lamina of C1. The compression 
mechanism was between the sharp upper edge of the lamina and the occipital bone. 
A laminectomy was carried out to provide space for the artery to pass from the exit 
of the transverse foramen of C1 to the foramen magnum without bony compression 
(Fig. 36.5). The artery was examined by palpation and direct duplex interrogation; 
we could find no element of plaque or stenosis in the lumen once the artery was 
freed and the laminectomy completed. The patient became asymptomatic. Full- 
range motion of the neck no longer caused syncope or vertigo.

Question 1
Which of the following statements regarding posturally induced symptoms is true?

 A. The mechanism for ischemia is the restriction of flow by external compression 
of the artery.

 B. The mechanism for ischemia is embolization from the damaged wall (dissec-
tion) or thrombus overlying the endothelial lining of the artery at the site of 
trauma.

 C. Both mechanisms may exist.
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Question 2
Which of the following statements are correct?

 A. When dynamic symptomatic compression of the vertebral artery is demon-
strated, angioplasty (with or without stent) is never indicated.

Fig. 36.4 Selective injection of a left subclavian artery while the patient is experiencing symp-
toms with her head turned to the right. The single, dominant vertebral artery is severely com-
pressed above C1 in its pars atlantica

R. Berguer
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 B. Angioplasty of a stenosed or dissected vertebral artery at the suboccipital level 
is likely to result in rupture of the artery or formation of an arteriovenous 
fistula.

 C. Angioplasty and stenting of the distal vertebral artery is successful in stenosing 
lesions caused by external compression.

 Commentary

In patients with low-flow ischemia secondary to extrinsic compression of the artery, 
the clinical picture is repetitive and can be induced by manipulating the patient’s 
head in the trigger position. Those patients who develop vertigo and nystagmus 
immediately as the head is moved to a particular trigger position should be consid-
ered as having Benign Positional Vertigo caused by an osteolith displaced in one of 
the semicircular canals [9]. Patients with symptoms occurring with head rotation or 
extension generally experience symptoms a few seconds after inducing the trigger 
posture should have a dynamic arteriogram to show the anatomic lesion (extrinsic 
compression) at the same time as the patient experiences symptoms. Patients with 
low-flow symptoms (repetitive) and no evidence of embolization (negative MRI) 
may show deformity/compression of one vertebral artery but a normal contralateral 
vertebral artery during head rotation or extension. If the contralateral, undisturbed 
artery is of normal size and empties normally into the basilar artery, then the role of 
the compression of one vertebral artery causing the symptoms is doubtful. The 

Fig. 36.5 Three-dimensional reconstruction of a CT scan of the craniocervical junction. The 
lamina of C1 has been removed
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suboccipital approach permits access to the vertebral artery from the transverse pro-
cess of C2 to the foramen magnum. The techniques used to relieve compression at 
the suboccipital level are laminectomy, or laminectomy plus bypass. Vertebrobasilar 
ischemia of postural origin is generally the consequence of mechanical compression 
of the vertebral artery by osteophytes (and occasionally ligaments) in its extracra-
nial trajectory. The mechanism for symptoms is generally low flow in a dominant 
vertebral artery that cannot be compensated for by flow from a contralateral hypo-
plastic or absent vertebral artery. This compression is seen very rarely in the first 
segment (origin–C6) caused by the tendon of the longus colli. External compression 
by vertebral osteophytes is usually observed in the second and third segments of the 
artery. In the second segment (C6–C2), the artery is usually compressed by osteo-
phytes, and the symptoms generally appear with rotation of the neck. In the third 
segment (C2–C0), the compression occurs in the pars atlantica of the artery between 
C1 and the foramen magnum. The artery is compressed between the sharp upper 
edge of the lamina of C1 below and the occipital ridge above when the head is 
rotated in hyperextension. [Q1: C]

The ischemic symptoms are usually the consequences of low flow through a 
dominant vertebral artery because of complete or near-complete occlusion at the 
latter by compressing osteophyte. Less frequently, the ischemic effects may be 
embolic from the mural thrombi that develop at the site of repetitive trauma on the 
artery by the offending osteophyte. In other cases, the artery may dissect at the point 
of repetitive traumatic compression, which may result in occlusion and/or distal 
embolization. Symptoms in patients with vertebrobasilar ischemia from the low- 
flow mechanism are repetitive and can be reproduced every time the neck is brought 
to the trigger position. Patients with vertebrobasilar ischemia of embolic origin usu-
ally present with a clinical stroke or TIA in different areas. MRI in the low-flow 
group is usually normal, but in the embolic group it may show cerebellar, brainstem 
or occipital infarctions. An arteriogram is needed to outline precisely the point of 
compression and to discern the possibility of a dissection and/or tandem lesions. It 
is also important to outline the entire course of the opposite vertebral artery to estab-
lish whether it is complete, normal or hypoplastic, and whether at the time of the 
provocative dynamic arteriogram the opposite vertebral artery fills the basilar artery 
normally while the patient has symptoms. The latter would suggest that the mecha-
nism of symptoms is not low flow.

There is no role for angioplasty, with or without stent, in the treatment of extrin-
sic compression of the vertebral artery. Balloon dilation of the thin-walled vertebral 
artery against the hard bony prominence of an osteophyte is likely to result in the 
rupture of the arterial wall and the formation of a false aneurysm or an arteriovenous 
fistula. If the compression of the vertebral artery is limited to the V2 segment (C6–
C2), then the single or multiple elements of compression are bypassed by recon-
structing the artery to the level of C1. This is done through an anterior approach [8]. 
In dynamic compression at the suboccipital level, the approach is posterior [1] and 
the treatment consists of a laminectomy, with or without bypass. If a bypass is cho-
sen at this level its inflow is obtained from the high cervical carotid. The latter is 
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exposed by moving aside the cranial nerves that block access to the internal carotid 
when approached posteriorly. [Q2: A, B]
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37Takayasu’s Arteritis Associated 
with Cerebrovascular Ischemia

Duk-Kyung Kim and Young-Wook Kim

Case Report
A 12-year old Korean girl was presented with neck pain and transiently 
dimmed vision. One year before presenting, the patient developed fever, mal-
aise and bilateral neck pain followed by right leg claudication. More recently, 
she experienced dimming of the visual field in both eyes, aggravated when 
facing upwards. She did not have episodes of imbalance, loss of coordination, 
diplopia or vertigo. She did not complain of dyspnoea, angina or abdominal 
angina. Her right arm blood pressure (BP) was 99/54 mmHg but the left arm 
BP was not checkable. A cardiac examination was normal. Both carotid pulses 
and the right brachial pulse were weak. The left brachial pulse, right popliteal 
and right dorsalis pedis pulses were not palpable. Bruit was audible over both 
carotid arteries and in the supraclavicular, infraclavicular and epigastric area. 
Neurology disclosed no abnormalities. Basal laboratory examinations 
revealed a white blood count of 9700 × 103/μL, erythrocyte sedimentation rate 
(ESR) 66 mm/h, high sensitivity C-reactive protein (hsCRP) 1.19 mg/dL, pro-
tein/albumin 7.3/3.8  g/dL, creatinine 0.53  mg/dL and pro-brain-type natri-
uretic peptide (proBNP) 18.3 pg/mL.
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Question 1
Which of the patient’s findings does not fulfill diagnostic criteria of Takayasu’s 
arteritis (TA)?

 A. Age at disease onset <40 years
 B. Claudication of extremities
 C. Elevated ESR and CRP
 D. Systolic blood pressure (SBP) difference > 10 mmHg between arms
 E. Bruit over subclavian arteries

Based on her clinical findings, she was diagnosed with Takayasu arteritis.

Question 2
The work-up of this patient presenting with TA must include:

 A. Conventional angiography
 B. Duplex ultrasonography of the carotid artery and lower limb arteries
 C. Computed tomography (CT) angiography of the aorta
 D. Magnetic resonance imaging (MRI) and magnetic resonance (MR) angiography 

of the brain

Carotid duplex ultrasonography showed diffuse wall thickening (Fig. 37.1) and 
severe segmental stenosis of both common carotid arteries. There were diffuse 30% 

Fig. 37.1 Duplex ultrasonography showing long, smooth, homogenous concentric thickening of 
the proximal portion of the left common carotid artery. IJV internal jugular vein, CCA common 
carotid artery
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stenosis of the right innominate artery, occlusion of the distal portion of the right 
subclavian artery, 70% stenosis of the proximal portion of the left subclavian artery 
and total occlusion after the origin of the left vertebral artery. Duplex ultrasonogra-
phy of the lower extremity arteries revealed long segmental occlusion of the right 
superficial femoral artery and the right anterior tibial artery. CT angiography of the 
thoracoabdominal aorta disclosed wall thickening of the aortic arch and proximal 
supratruncal branches, total occlusion of the superior mesenteric artery and well- 
developed collaterals from the inferior mesenteric artery. Brain MRI demonstrated 
no findings of acute infarction. MR angiography disclosed further findings with 
stenosis of proximal portion of the right internal carotid artery (Fig. 37.2).

Question 3
Which of the following statements is false regarding BP of the patient?

 A. The patient’s true BP is 99/54 mmHg.
 B. In patient with TA, BP should be measured in all four extremities.
 C. Renovascular hypertension is the most common cause of hypertension in 

patients with TA.
 D. Atypical coarctation of the aorta can be a cause of high BP of the upper 

extremities.

Fig. 37.2 Magnetic resonance (MR) angiography showing vascular involvement in the aortic arch 
branches. There were total middle occlusion of the right subclavian artery, focal osteal stenosis 
with post-stenotic dilatation and diffuse long segmental severe stenosis of the right common 
carotid artery. There were irregular margins of the proximal portion and near total occlusion of the 
mid portion of the left common carotid artery. The patient also had severe proximal stenosis and 
total occlusion of the left subclavian artery after the origin of the left vertebral artery and severe 
proximal stenosis of the left vertebral artery

37 Takayasu’s Arteritis Associated with Cerebrovascular Ischemia
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Measurements of BP in the four extremities by Doppler plethysmography were 
as follows: right arm SBP 73  mmHg, left arm SBP 58  mmHg, right ankle SBP 
82 mmHg and left ankle SBP 139 mmHg. In our patient, both subclavian arteries are 
occluded and the right superficial femoral artery is occluded as well. No significant 
stenosis was present in the descending thoracic and abdominal aorta. Only left ankle 
BP reflects true SBP, which means she is normotensive.

Question 4
In patients with TA involving arch vessels, intervention is indicated in the case of:

 A. Severe stenosis of the left subclavian artery without subclavian steal syndrome
 B. Severe symptomatic stenosis
 C. Frequent episodes of visual dimming
 D. Recurrent episodes of transient ischaemic attack (TIA)
 E. Severe dizziness

Because of her neurologic symptoms suggesting amaurosis fugax, and severe 
narrowing of all three cervical arteries, intervention to restore cerebral circulation 
was planned to lessen her cerebral ischaemic symptoms. Disease activity affects the 
long-term patency of any bypass or angioplasty procedure. Evaluation of disease 
activity of TA was performed.

Question 5
In patients with TA, disease activity can be assessed by:

 A. Presence of constitutional symptoms such as fever, malaise, arthralgia
 B. Elevation of ESR or CRP level
 C. Carotid tenderness (carotodynia)
 D. Wall thickening or mural enhancement seen by CT or MR angiography
 E. Increased uptake on positron emission tomography (PET)

In addition to the patient’s systemic symptoms of fever and malaise, both the 
ESR and CRP level were high and carotodynia was present. Carotid CT angiogra-
phy showed concentric diffuse wall thickening, hyperenhancement of mural wall 
and a hypoattenuating inner ring of the artery (Fig. 37.3). An (18F) fluorodeoxyglu-
cose (F-18 FDG) PET-CT scan showed moderate increase of uptake in the right 
proximal common carotid artery, left proximal and mid-common carotid artery and 
the aortic arch (Fig. 37.4). After prescription of prednisolone (0.5 mg/kg/day) and 
aspirin (100 mg/day), her systemic symptom improved. After 6 months of steroid 
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therapy, ESR and CRP dropped to 23 mm/h and 0.37 mg/dL, respectively. Her neck 
pain had disappeared. However, she experienced more frequent and severe visual 
dimming, which limited her daily activities. Dimming of the visual field made her 
walk looking downwards and sunlight exaggerated the amaurosis fugax. Follow-up 
CT angiography of the carotid arteries showed progression of stenosis of the left 
common carotid artery and the proximal left vertebral artery. She had severe long 
segmental lesions of three cervical arteries with a narrowed right innominate artery 
supplying the patent right vertebral artery (Figs. 37.5 and 37.6a).

a b

c

Fig. 37.3 Computed tomographic (CT) angiography. (a) Focal osteal stenosis is shown with post- 
stenotic dilatation and diffuse long segmental severe stenosis of the right common carotid artery. 
There were irregular margins of the proximal portion and skipped lesions of near total occlusion of 
the proximal and mid-portion of the left common carotid artery. (b) Concentric wall thickening of 
both common carotid arteries with mural enhancement and low attenuation of the inner concentric 
ring. This probably represents low attenuation of the intima between the enhanced outer wall of the 
aorta and intraluminal opacified blood. (c) Thickened wall of the aortic arch
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Question 6
In this stage, what kind of intervention do you recommend?

 A. Anti-coagulation with heparin, then warfarin
 B. Balloon angioplasty of the left vertebral artery
 C. Stenting of both common carotid arteries followed by dual anti-platelet therapy
 D. Bypass surgery to restore the cerebral blood flow
 E. Carotid endarterectomy

We decided to perform bypass surgery for the revascularization of arch vessels 
with diffuse involvements.

a

b

Fig. 37.4 Positron emission tomography (PET) scanning utilizing radioactively labelled (18F) 
fluorodeoxyglucose (F-18 FDG)-CT showing mild FDG uptake of (a) the aortic arch wall 
(SUVmax = 2.7) (arrow heads) and (b) the left common carotid artery (SUVmax = 2.7) (arrow)

D.-K. Kim and Y.-W. Kim



419

Question 7
What surgical treatment would you recommend for this patient?

 A. Ascending aorta-to-left carotid bypass
 B. Ascending aorta-to-bicarotid bypass
 C. Descending thoracic aorta-to-left carotid bypass
 D. Right axillary-to-left carotid bypass

In this patient, the ascending aorta did not show FDG uptake on 18-FDG PET 
scans whereas CT angiography and duplex ultrasonography showed intimomedial 
thickening of the right proximal internal carotid artery. We decided to perform 
ascending aorta-to-left-carotid bypass using an external ring-supported polytetra-
fluoroethylene (PTFE) graft (Fig. 37.7b).

Fig. 37.5 Diagram 
showing lesions in the 
aortic arch and aortic arch 
branches of the patient
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a b

Fig. 37.6 Three-dimensional volume-rendered CT angiography image showing (a) pre-operative 
and (b) post-operative findings of aortic arch branches. The external ring-supported polytetrafluo-
roethylene (PTFE) graft from the ascending aorta to the left internal carotid artery is shown

a b c

Fig. 37.7 Diagram showing progression of vascular lesions in the aortic arch branches in patients 
with Takayasu arteritis. (a) The initial vascular lesions frequently occur in the left middle or proxi-
mal subclavian artery. (b, c) As the disease progresses, the left common carotid, vertebral, brachio-
cephalic, right middle or proximal subclavian artery, right carotid and vertebral arteries and aorta 
might also be affected (Adapted from Ref. [25])
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Question 8
What complications can occur after carotid reconstructive surgery in this patient?

 A. Intracranial hemorrhage
 B. Anastomotic restenosis
 C. Anastomotic aneurysm
 D. All of above

The patient’s post-operative course was uneventful and she had complete resolu-
tion of the visual symptom. She reported considerable improvement in her daily 
activities. Six months later, a follow-up CT angiography revealed patency of the 
aorto–monocarotid bypass. She was placed on prednisolone (15 mg/day), metho-
trexate (15 mg/week) and clopidogrel (75 mg/day) postoperativerly. Her ESR/CRP 
values remained within upper normal limits. Patency of the bypass was confirmed 
by CT angiography during a 2-year follow-up.

 Commentary

TA is a chronic vasculitis of the aorta and its major branches, with unknown aetiol-
ogy. Women are affected in 80–90% of cases, with an age of onset usually between 
10 and 40 years. It is common in Asia and Mexico but rare in Europe and North 
America. The rarity of the disease results in low clinical awareness in Western coun-
tries. The American College of Rheumatology has established diagnostic criteria for 
TA (Table 37.1) [1]. [Q1] Our patient’s clinical findings fulfill five out of six diag-
nostic criteria. The early diagnosis of TA can be difficult because early symptoms 
such as fatigue, malaise, weight loss, arthralgia and low-grade fever are non- specific. 

Table 37.1 American College of Rheumatology (1990) criteria for the diagnosis of Takayasu’s 
arteritis

1.  Age at disease onset <40 years: Development of symptoms or findings related to TA at 
age < 40 years

2.  Claudication of extremities: Development and worsening of fatigue and discomfort in 
muscles of one or more extremity while in use, especially the upper extremities

3.  Decreased brachial artery pulse: Decreased pulsation of one or both brachial arteries
4.  BP difference > 10 mmHg: Difference of >10 mmHg in systolic BP between arms
5.  Bruit over the subclavian arteries or aorta: Bruit audible on auscultation over one or both 

subclavian arteries or the abdominal aorta
6.  Arteriogram abnormalities: Arteriographic narrowing or occlusion of the entire aorta, its 

primary branches or large arteries in the proximal upper or lower extremities, not caused by 
arteriosclerosis, fibromuscular dysplasia or similar causes; the changes are usually focal or 
segmental

For purposes of classification, a patient shall be said to have TA if at least three of these six criteria 
are present. The presence of any three or more criteria yields a sensitivity of 90.5% and a specific-
ity of 97.8% (Adapted from Ref. [1].)
BP blood pressure (systolic; difference between arms)
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However, careful examination of the arteries at an early stage can detect a weak 
pulse, BP discrepancy between the arms, or bruits over the neck, supraclavicular 
and infraclavicular areas, or the abdomen. This early systemic phase is followed by 
a late chronic ischaemic phase in which vascular lesions progress slowly over years 
or decades (Fig. 37.7) with the development of collateral circulation. The incidence 
of ischaemic symptoms is relatively low compared with arteriosclerosis, despite the 
extensive steno-occlusive vasculopathy. Detection of bruits or decreased pulses in a 
young woman narrows the differential diagnosis to TA. The differential diagnosis 
includes giant cell arteritis, atherosclerosis and fibromuscular dysplasia. [Q1].

Clinical manifestations of TA include systemic symptoms such as fatigue, weight 
loss and low-grade fever, myalgia and arthralgia. Vascular inflammation may lead to 
pain such as carotodynia. Most symptoms, however, are the result of ischaemia to 
organs supplied by stenotic vessels. Patients may have TIAs or strokes, visual aber-
ration, symptoms of vertebrobasilar insufficiency, limb claudication, angina or 
renovascular hypertension, among others [2]. TA should be ruled out in young 
female patients with hypertension. Aortic regurgitation, prevalent in Korea and 
Japan, is often associated with aortic root dilation [3].

Laboratory results reflect the underlying inflammatory process but are mostly 
non-specific. A normochromic normocytic anaemia suggestive of a chronic disease 
is present in most patients. The white blood cell count is usually normal or mildly 
elevated. Acute phase reactants, such as an elevated ESR and increased serum CRP, 
are a reflection of the inflammatory process. Although the blood tests are not always 
precise or reliable indicators of disease activity, they are most frequently used blood 
test to assess disease activity of TA. [Q1: C]

With contrast angiography, primary arteriographic abnormalities are smooth- 
walled, tapered, focal or narrowed areas with some areas of dilation. Collateral cir-
culation is often prominent because of the chronic nature of the disease. Arteriography 
can define the location and appearance of the arterial lesion and might also allow a 
subsequent therapeutic approach through the same arterial puncture. [Q2: A] 
However, it does not evaluate mural changes and is an invasive test associated with 
some risks. Therefore, if a therapeutic intervention is not anticipated, a less invasive 
imaging technique may be preferred. CT angiography or MRI of the aorta can reveal 
the mural changes as well as luminal changes in evaluating large arteries [4, 5]. At 
present, CT or MRI scans appear to be definitive for most patients. [Q2: C, D] 
When diagnosing or evaluating TA, we start with duplex ultrasonography of the 
carotid artery because duplex scan is non-invasive, has no risk and could disclose 
luminal and mural changes of the aortic arch branches. [Q2: B] Duplex ultrasonog-
raphy is particularly useful for the assessment of the common carotid arteries, dis-
playing a resolution of 0.1–0.2  mm [6]. In patients with TA, the typical lesion 
identified by ultrasonography is a long, smooth, homogenous concentric thickening 
of the arterial wall in contrast to an atherosclerotic plaque shown to be non- 
homogenous, often calcified and associated with an irregular wall [7].

Although imaging is optimal at the common carotid and vertebral arteries, 
assessment of the proximal subclavian and distal internal carotid arteries is limited 
by overlying tissues.
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Underlying systemic hypertension is often missed, as the BP measured in the 
upper extremities may underestimate the true BP, as a consequence of the subcla-
vian/axillary artery involvements. [Q3: A] It is important to measure BP in all four 
extremities. [Q3: B] Hypertension develops in more than one half of cases because 
of renovascular hypertension caused by the narrowing of the renal artery, and by 
narrowing and decreased elasticity of the aorta and branches. [Q3: C] In the case of 
atypical coarctation of the aorta, the upper arm BP is elevated. [Q3: D] In rare 
patients with TA, BP measurements from all four extremities are falsely low because 
of stenosis or occlusion of extremity arteries combined with atypical coarctation. In 
such patients, adequate control of BP could be judged by the absence of left ven-
tricular hypertrophy or hypertensive retinopathy. If such a patient has a mitral regur-
gitation, left ventricular systolic pressure (equal to aortic systolic pressure) can be 
estimated by mitral regurgitant Doppler flow.

TA usually involves the proximal neck vessels with diversion of the distal flow or 
collateral filling of distal vessels. Changes in cerebral haemodynamics in relation to 
occlusive cerebral vascular lesions are not fully understood. Visual disturbances, 
such as blurring or visual dimming, occur in 8–13% of patients with TA. Permanent 
loss of vision is unusual in this disease. Stroke and TIAs occur in 5 and 20% of 
cases, respectively [8]. Carotid stenosis and occlusion are frequently asymptomatic, 
and isolated subclavian stenosis seldom requires revascularization because of the 
general adequacy of the collateral circulation. [Q4: A] Therefore, it is uncertain 
when it might be appropriate to revascularize any stenosis of the arch vessels. Our 
indications of supra-aortic artery revascularizations are symptomatic stenosis 
>70%, severe dizziness or ocular symptom, episodes of stroke or TIA. [Q4: B, C, 
D, E] Occlusive lesions of all four cervical arteries usually have disabling symp-
toms. Only a minority of patients needs intervention in arch vessels. In the Mayo 
Clinic, over 27 years, 6% of all patients with TA (16/251) required a bypass of the 
arch vessels for cerebral ischaemia [9]. For the last 15 years in our institute, 7% of 
patients with TA (15/205) needed arch vessel bypass operations.

Ideally, interventions should be performed when the disease is inactive to mini-
mize the risks of restenosis or anastomotic dehiscence. A recent study using serial 
angiography found that intervention performed on patients with stable disease and 
post-interventional treatment with immunosuppressive drugs were independent 
variables determining the maintenance of arterial patency [10]. Therefore, con-
trolling disease activity is important before performing any revascularization. 
However it is not always possible to follow the principle due to urgency of 
intervention.

Clinical, laboratory and imaging findings of the patient suggested that she has 
moderately active arteritis. In the early active phase, arterial stenosis might reverse 
and ischaemic symptoms can improve in response to immunosuppressive therapy. 
Evaluation of disease activity in patients with TA is challenging. Clinical features 
do not correlate with acute-phase reactants in ~50% of cases. Imaging modalities do 
not always correlate with clinical and laboratory parameters. Up to 45% of patients 
in clinical remission have histological evidence of active disease. Lesions progress 
with regard to further stenosis or dilatation even in the absence of active disease. 
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The most commonly used criteria of disease activity are NIH criteria (Table 37.2) 
[11]. [Q5] However, NIH criteria are not validated. Surgical biopsy specimens from 
clinically inactive patients showed histologically active disease in 44% of patients. 
The hsCRP level and mural changes evaluated by CT and MRI were not included in 
the criteria. Recently, mural changes in CT or MRI have been reported to predict 
disease activity and response to immunosuppressive therapy. The mural changes 
indicative of an active TA lesion in CT angiography are a thickened arterial wall 
with mural enhancement and a poorly attenuated ring on delayed phase images [4, 
12]. MRI also has the potential to offer a means for assessment of disease activity. 
Contrast-enhanced MRI showing arterial wall thickening or mural enhancement 
indicates disease activity [13]. Vascular wall oedema demonstrated by T2-weighted 
MRI, in the absence of other clinical evidence of active disease, does not appear to 
be an indicator of active disease [14]. However, CT or MRI application to evaluate 
disease activity in patients with TA needs to be further explored in prospective stud-
ies, with data to date limited. [Q5: D] F-18 FDG PET can now be used to image the 
aorta and great vessels [15]. F-18 FDG PET might be useful in the early diagnosis 
of TA, as well as for the assessment of disease activity and response to medical 
treatment. F-18 FDG PET when co-registered with CT better localizes inflamma-
tory activity in the vessel wall of patients with TA showing weak F-18 FDG accu-
mulation [16]. [Q5: E]

Percutaneous transluminal angioplasty or bypass grafts might be considered in 
late cases when irreversible arterial stenosis has occurred and significant ischaemic 
symptoms are present. Angioplasty is preferable when the lesions are amenable to 
catheter-based therapy. However, percutaneous intervention is less likely to be suc-
cessful because TA lesions of the cervical arteries are characteristically long, typi-
cally fibrotic and non-compliant, which needs higher balloon inflation pressure with 
increased risk of rupture and dissection. Angioplasty is more useful to dilate focal 
discrete lesions of coronary or renal arterial stenosis. [Q6: B] Even in this case, bal-
loon angioplasty was preferable than stenting because of the higher restenosis rate 
when there is continued inflammation of a dilated lesion. [Q6: C] Restenosis is less 
likely following bypass surgery than angioplasty when performed after initiation of 
treatment, or if revascularization is followed by anti-inflammatory therapy. In this 
patient, we decided to perform bypass surgery for the revascularization of arch ves-
sels with diffuse involvements. [Q6: D]

Table 37.2 The NIH criteria for the definition of active disease in patients with Takayasu’s 
arteritis

1.  Systemic features such as fever, arthralgia (no other causes)
2.  Increased erythrocyte sedimentation rate (men ≥15 mm/h, women ≥20 mm/h)
3.  Features of vascular ischaemia or inflammation, such as claudication, diminished or absent 

pulse, bruit, vascular pain (carotodynia), asymmetric BP in either upper or lower limbs
4.  Typical angiographic features

New onset or worsening of two or more features indicates “active disease.”
BP blood pressure (Adapted from Ref. [11])
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Endarterectomy or patch angioplasty is not usually selected because of the long 
segment involvement of the disease and technical difficulties of these procedures for 
patients with TA. [Q6: E] Therefore, arterial bypass is commonly recommended for 
patients with cerebrovascular insufficiency caused by TA. Two key points in carotid 
artery revascularization surgery for TA are the need to perform surgery in a quies-
cent phase of the disease, and selecting disease-free segments for anastomosis. 
Accordingly, it is important to determine the degree of activity of the vasculitis and 
co-existing morbidities such as renovascular hypertension. The clinician must select 
the target artery(s) to be revascularized, and determine the optimal site for the inflow 
artery for the bypass surgery and bypass conduit before the operation. In patients 
with co-existing severe uncontrolled renovascular hypertension caused by co- 
existing renal artery stenosis, we recommend renal artery intervention first before 
carotid artery reconstruction, to avoid cerebral hyperperfusion syndrome after 
carotid surgery. For this purpose, renal artery angioplasty is often recommended.

In patients with bilateral common carotid artery occlusion, some prefer to per-
form unilateral carotid reconstruction while others recommend bilateral carotid 
revascularizations. The proponents of unilateral carotid revascularization for 
patients with bilateral common carotid occlusion argue for the hypothetical advan-
tage of a lower risk of cerebral hyperperfusion syndrome compared with bilateral 
carotid revascularization. [Q7: A] Proponents of bilateral carotid reconstruction 
argue for the expected advantages of greater cerebral blood flow after surgery com-
pared with unilateral carotid reconstruction and a lower risk of recurrent cerebro-
vascular insufficiency when one of the grafts is occluded. [Q7: B] However, there 
has been no comparative study between unilateral and bilateral carotid artery recon-
structions in patients with TA.

To select an optimal site of the proximal anastomosis free of an active lesion, 
easy access and the risk of late progression of the disease should be considered in 
patients with TA. Operative findings and pre-operative imaging studies (contrast- 
enhanced CT, contrast angiography, ultrasonography, MRI and PET scans) are used 
for the selection of the disease-free inflow artery.

The ascending aorta is often selected as an inflow artery during carotid artery 
reconstruction because involvement of disease is relatively uncommon at this segment 
of the aorta, and the risk of late development of anastomotic stenosis is lower than in 
cases using an aortic branch (e.g., the subclavian or axillary artery) as an inflow artery. 
[Q7: C, D] However, in patients with critical brain ischaemia, partial clamping of the 
ascending aorta can further compromise cerebral blood flow. To avoid this potential 
risk, the descending aorta can be selected as an inflow site for carotid revasculariza-
tion surgery [17]. Regarding the bypass conduit, some recommend autogenous vein 
grafts [18, 19], while others prefer to use prosthetic grafts [20, 21].

Two categories of complication can develop after carotid artery reconstruction in 
patients with TA. One involves neurologic complications, which can occur during 
the operation or early post-operative period. The other category of late complica-
tions which are associated with the graft material, anastomosis site or progression 
of vasculitis. Most patients who undergo carotid revascularization have multiple 
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and extensive extracranial carotid and vertebral artery occlusive lesions. During the 
operation, further ischaemia of brain can develop from neck tilting and aortic and 
carotid artery clamping. However, most patients can tolerate the surgery owing to 
extensive collateral circulation in the neck.

Cerebral hyperperfusion syndrome (CHS) can develop after carotid artery recon-
struction in patients with severe brain ischaemia. It is believed that CHS results 
from a sudden increase of cerebral blood flow in conditions of impaired cerebral 
autoregulation, to maintain constant intracranial pressure. Symptoms of CHS may 
occur up to several weeks after revascularization but usually occur within the first 
few days. Clinically, patients with CHS present with an ipsilateral headache, con-
vulsion, a neurological deficit (hemiparesis, hemiplegia, dysarthria or visual distur-
bance) or a facial oedema. The most catastrophic event of CHS is intracerebral 
haemorrhage. In patients who are undergoing carotid endarterectomy, longstanding 
hypertension, diabetes mellitus and severe brain ischaemia are known as risk factors 
of CHS [22]. To prevent CHS, pre- and post-operative BP control is extremely 
important. According to Tada et al. [18], there was a lower incidence of cerebral 
hyperperfusion syndrome after using autogenous pantaloon vein grafts. [Q8: A]

As late complications, anastomotic restenosis, graft thrombosis, anastomotic 
false aneurysms and graft infections can occur. [Q8: B, C] Among these, an anasto-
motic aneurysm is one of the well-known complications after surgical treatment of 
patients with TA. Miyata et al. [23] reported that anastomotic aneurysms can occur 
at any time after operations for TA. They reported that the mean time before devel-
oping an anastomotic aneurysm was 9.8 years (range 1.6–30 years) and that the 
cumulative incidence was 6%, 12% and 19% at 10, 20 and 30 years after various 
forms of bypass surgery among patients with TA, respectively. They found that the 
only risk factor for the development of anastomotic aneurysms was the presence of 
an aneurismal lesion at the time of surgery. They recommended life-long follow-up 
for patients with TA who undergo arterial surgery. However, most (18/22) of the 
aneurysms occurred in an early series in which silk suturing was used for the arterial 
anastomosis. In recent series, anastomotic false aneurysms developed in only 1.8% 
and 3.5% of patients at 10 and 20 years, respectively. To prevent this complication, 
some authors have recommended reinforcement of the anastomotic suture line with 
the use of a Teflon felt strip [24]. We do not use any adjuvant surgical procedure to 
prevent anastomotic aneurysms. However, we consider that the post-operative mon-
itoring of disease activity and pharmacologic treatment of active disease are very 
important for all patients with TA who undergo surgical intervention. [Q8: C]
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38Neurogenic Thoracic Outlet Syndrome 
and Pectoralis Minor Syndrome

Richard J. Sanders

Case Report
A 30-year-old woman presented with complaints of pain in her neck, right 
shoulder, right trapezius, right anterior chest wall, right axilla, right arm, 
elbow, and forearm; occipital headaches every other day; numbness and tin-
gling in all fingers of the right hand, worse in the fourth and fifth fingers; 
aggravation of her symptoms when elevating her arms, especially to comb or 
blow dry her hair or drive a car; weakness of her right hand and dropping cof-
fee cups; and coldness and color changes in her right hand. The symptoms had 
been present for 1 year and began following a rear-end collision.

Her history began 1 year ago when her automobile was sitting still at a traf-
fic light and another vehicle hit her from the rear. She wore a seat belt and 
recalled going forward and backward, but did not recall what happened to her 
neck at the time of the accident. She had no immediate symptoms. On the next 
day she awoke with a sore neck and pain above her shoulder blades. A few 
days later, she began noticing headaches in the back of her head that radiated 
forward to behind her eyes, and the neck soreness became progressively pain-
ful. Two or three weeks later, pain developed in the right shoulder area and 
down the right arm. Several weeks later, numbness and tingling developed in 
the fingers of the right hand, more noticeable in the ring and baby fingers. 
Because of severe, persistent right shoulder pain, arthroscopic repair of the 
right shoulder had been performed 6 months ago with partial improvement of 
her shoulder pain, but no change in any of her other symptoms.

Her occupation was a legal secretary. Since the accident, although she had 
been able to return to work, she was now able to work only 4 h a day. She could 
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Question 1
What is the most common cause of neurogenic thoracic outlet syndrome (TOS)?

 A. Neck trauma
 B. Cervical rib
 C. Anomalous bands
 D. Abnormal first rib
 E. All of the above

On physical examination there was supraclavicular tenderness over the right sca-
lene muscles but no tenderness over the left scalenes; tenderness over the right chest 
wall just below the right clavicle and in the right axilla but no such tenderness on the 
left side; a positive Tinel’s sign over the right brachial plexus and a negative sign 
over the left; and reproduction of arm and hand symptoms with pressure over the 
right scalene muscles, but no such symptoms with pressure over the left scalene 
muscles. Head rotation and head tilting each caused pain in the contralateral hand 
and arm when turning and tilting to the left side. This did not occur when rotating 
and tilting to the right side.

Abducting the arms to 90° in external rotation (AER position) reproduced the 
right arm and hand symptoms within 15 s while no symptoms developed on the left 
side. The upper limb tension test (ULTT), modified from Elvey, was positive on the 
right side in the first position with symptoms worse in the second and third posi-
tions. The ULTT was negative on the left side.

Pectoralis minor muscle block, injecting 4 mL of 1% lidocaine into the right 
pectoralis minor muscle 3 cm below the clavicle, resulted in partial improvement 
of symptoms at rest, loss of tenderness over the right chest wall and in the right 
axilla. The ULTT was improved, but she still had some symptoms, partially 
reduced.

Scalene muscle block, injecting 4  mL of 1% lidocaine into the right anterior 
scalene muscle, resulted in further significant improvement in most of her physical 
findings.

not type for more than 10 min, because the pain and numbness in her right 
hand was too uncomfortable. At home she could do light housework only. She 
could not vacuum, wash windows or floors, or lift heavy laundry baskets. 
Diagnostic studies to date included cervical spine X-rays, which were normal, 
and an electromyography/nerve conduction velocity (EMG/NCV) study, 
which revealed very mild nonspecific changes in the ulnar nerve distribution, 
but was close to normal.

Treatment to date included 6 months of physical therapy with the follow-
ing modalities: heat, massage, ultrasound, neck stretching exercises, and 
posture.
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Question 2
The diagnostic criteria for neurogenic TOS (NTOS) include which of the 
following?

 A. History of neck trauma.
 B. Paresthesia in the hand involving all five fingers, more frequently in the fourth 

and fifth.
 C. Pain in the neck, shoulder, and upper extremity.
 D. Occipital headaches.
 E. Scalene muscle tenderness and duplication of symptoms in the 90° AER 

position.
 F. Cut-off of the radial pulse on Adson’s or 90° AER positioning.
 G. Positive response to the scalene muscle block.
 H. The ULTT is comparable to straight leg raising in the lower extremity and is an 

excellent test for TOS.

Question 3
The diagnostic criteria for neurogenic pectoralis minor syndrome (NPMS) include 
which of the following?

 A. History of tenderness or pain in the anterior chest wall below the clavicle
 B. Tenderness in the right axilla and below the right clavicle
 C. Occipital headaches
 D. Paresthesia in the hand involving the thumb, index and middle fingers
 E. Severe weakness in the right arm

She was continuing neck stretching exercises at home on a daily basis emphasizing 
doing each stretch slowly, holding each stretch for a minimum of 15 s, and performing 
no more than three repeats at each session. She also was performing pectoralis minor 
stretches in an open doorway, holding her hand on each door jam as she dropped her 
body forward. In spite of this treatment, there was no improvement in her symptoms.

Question 4
Which of the following conditions can coexist with NTOS or require differentiation 
from it?

 A. Carpal tunnel syndrome
 B. Biceps/rotator cuff tendinitis or impingement syndrome
 C. Cervical spine disease-disc, arthritis, spinal stenosis, cervical spine strain, Detc
 D. Ulnar nerve entrapment at the elbow (cubital tunnel syndrome)
 E. Pectoralis minor syndrome
 F. Fibromyalgia
 G. Brachial plexus injury
 H. Brain tumor
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Question 5
The indications for surgical decompression of the thoracic outlet areas are:

 A. Failure of conservative treatment after a trial of at least 3 months
 B. All other associated conditions have been recognized and treated as completely 

as possible
 C. Symptoms are interfering with work, sleep, recreation, or activities of daily 

living
 D. All of the above

Because of persistent symptoms in spite of adequate conservative therapy, and 
because she was partially disabled at work and at home, a supraclavicular anterior 
and middle scalenectomy, brachial plexus neurolysis, and first rib resection were 
performed along with a pectoralis minor tenotomy via a separate incision in the 
axilla.

Question 6
Which surgical procedures are acceptable to decompress the thoracic outlet area?

 A. Transaxillary first rib resection
 B. Supraclavicular anterior and middle scalenectomy with brachial plexus 

neurolysis
 C. Supraclavicular anterior scalenectomy with or without brachial plexus 

neurolysis
 D. Supraclavicular anterior and middle scalenectomy, first rib resection, and bra-

chial plexus neurolysis
 E. All of the above

Question 7
What are the major complications of TOS surgery?

 A. Brachial plexus traction injury
 B. Phrenic nerve injury
 C. Subclavian artery injury
 D. Subclavian vein injury
 E. Long thoracic nerve injury
 F. Second intercostal brachial cutaneous nerve injury (transaxillary approach only)
 G. Thoracic duct injury (left side, supraclavicular approach only)
 H. Supraclavicular nerve injury (supraclavicular approach only)
 I. Horner’s syndrome (supraclavicular approach only)
 J. Pneumothorax
 K. All of the above
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She tolerated surgery well, had no postoperative complications, and was dis-
charged from the hospital on the second postoperative day. After 4 weeks of conva-
lescence at home, she returned to work, 4 h a day. After 1 month she was able to 
resume her job on a full-time basis. While most of her symptoms had improved, she 
still noticed occasional paresthesia in her hand and pain in her right shoulder when 
working for long periods. Her headaches were completely gone. She was pleased 
with her improvement from surgery even though she was not back to normal.

Question 8
What are the long-term results of surgical decompression of the thoracic outlet 
area?

 A. 90% success
 B. 75% success
 C. 60% success
 D. 40% success
 E. None of the above

 Commentary

There are three types of thoracic outlet syndrome (TOS): arterial, venous, and 
neurogenic.

NTOS comprises more than 95% of all TOS cases and is the most difficult to 
diagnose and treat. The etiology of NTOS in most patients is either a hyperexten-
sion neck injury or repetitive stress at work. The mechanism of neck injury from 
repetitive stress is a little obscure, but it probably comes from the worker’s hands 
being occupied in one place so that the worker is constantly rotating his/her neck 
back and forth to perform the job or talk to people. Holding a telephone between ear 
and shoulder while typing is also a common form of neck strain. While some TOS 
patients have cervical ribs or congenital cervical bands, these are regarded as predis-
posing conditions and seldom are the primary cause. These patients usually do not 
develop symptoms until they experience some form of neck trauma.

Although first rib resection has become a standard form of therapy for neuro-
genic TOS, the first rib is rarely the cause of the symptoms. The pathology is tight-
ness and scarring of the scalene muscles [1]. Rib resection is successful because the 
anterior and middle scalene muscles must be divided in order to remove the rib. 
Thus, by necessity, first rib resection includes scalenotomy and it is probably the 
latter that relieves the symptoms. [Q1: A]

The diagnosis of neurogenic TOS is by history and physical examination. This is 
not a diagnosis of exclusion. The typical history includes some type of neck trauma, 
although the patient does not always remember the incident, especially if there was 
no litigation involved. It is the job of the examiner to thoroughly ask about neck 
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trauma. The symptoms usually include pain, paresthesia, and weakness in the upper 
extremity, but over 75% of patients also complain of neck pain and occipital head-
aches. The latter symptoms are not the result of brachial plexus compression; rather, 
they result from stretch injuries to the scalene muscles and referred pain to the back 
of the head. Most commonly paresthesia involves all five fingers of the hand, 
although it tends to involve the ulnar side of the hand and forearm more often than 
the radial side. The significant physical findings are scalene muscle tenderness, a 
positive Tinel’s and positive Spurling’s sign over the scalene muscles, and duplica-
tion of symptoms with the arms in the 90° AER position. A cut-off of the radial 
pulse in either the Adson’s or 90° AER position is not a reliable sign in establishing 
a diagnosis. Up to 60% of normal people cut off their pulses in these dynamic posi-
tions while most NTOS patients do not cut off their pulses [2]. Not every patient will 
exhibit all of these criteria, but a diagnosis can be established if the majority of these 
criteria have been met [3]. The upper limb tension test (ULTT) is comparable to 
straight leg raising in the lower extremity. It is performed by having the patient 
abduct the arms to 90° with elbows extended, then dorsi-flex the wrists, followed by 
tilting the head, ear to shoulder, to each side. A positive response is onset of pain and 
paresthesia in the hand and arm [4]. [Q2: A, B, C, D, E, G, H]

Pectoralis minor syndrome was described over 60 years ago but was forgotten by 
most clinicians. Its recognition has recently been revived and it appears to be pres-
ent in the majority of patients being seen for NTOS. It’s symptoms of paresthesia 
and pain in the upper extremity are similar to those of NTOS. However, neck pain 
and occipital headaches are not due to pectoralis minor compression. Important 
signs on physical examination are tenderness over the pectoralis minor muscle just 
below the clavicle and tenderness in the axilla. In contrast from NTOS, patients with 
NPMS usually don’t have much arm weakness, have very little neck pain, and more 
often have paresthesia in the first three fingers, although all five can be involved. 
NPMS frequently accompanies NTOS as a form of double crush syndrome [5]. 
Surgery for the two conditions can be performed together [6, 7]. [Q3: A, B, D]

All symptoms of NTOS are nonspecific. Other conditions that also exhibit simi-
lar symptoms include abnormalities of the shoulder, elbow, wrist, and parascapular 
muscles. It is quite common for NTOS to coexist with some of these other condi-
tions. [Q4: A, B, C, D, E, F, G]

In less than 1% of patients with NTOS, atrophy of hand muscles supplied by the 
ulnar nerve exists. In these patients, EMG studies demonstrate typical findings of 
ulnar neuropathy [8]. Otherwise, EMG and NCV studies are either normal or reveal 
nonspecific changes. Unfortunately, once atrophy develops, it is usually nonrevers-
ible [9]. At this stage, surgery can relieve pain and paresthesia, but not weakness.

Conservative therapy is always indicated first and is effective in the majority of 
patients [10]. Surgery should be regarded as a last resort. There are a variety of 
modalities of therapy for NTOS patients, the most important being home exercises, 
including neck stretching, abdominal breathing, and posture correction. After being 
instructed by a physical therapist the patient carries out the program on a daily basis 
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at home. Hands-on therapy by a physical therapist is indicated for some of the asso-
ciated diagnoses that coexist with TOS. Because neck traction, weights, resistance 
exercises, and strengthening exercises tend to make TOS symptoms worse, we do 
not recommend them for NTOS patients.

Some patients are refractory to all forms of physical therapy. If there is no 
improvement after several months of exercises, the patient’s options are to either 
live with the symptoms or consider surgical decompression of the thoracic outlet. To 
be a candidate for surgery, in addition to failing conservative therapy after a trial of 
several months, the patient should have had all associated diagnoses treated and the 
symptoms should be partially or totally disabling. [Q5: D]

That there is more than one acceptable surgical procedure from which to choose 
indicates that no one operation has proved itself to be greatly superior to any other.

In 1972, after performing transaxillary first rib resection [11] for several years, 
we were disappointed to find the long-term success rate was just under 70%. We 
then changed to supraclavicular anterior and middle scalenectomy with brachial 
plexus neurolysis but were again disappointed to discover the success rate was iden-
tical to transaxillary first rib resection. The next choice of procedure was supracla-
vicular anterior and middle scalenectomy plus first rib resection through the same 
supraclavicular incision [12, 13]. With this combined operation our early results 
were a few percentage points better than the first two operations, but the difference 
was not statistically significant. Other observers who have compared scalenectomy 
alone to scalenectomy with first rib resection have also not noted statistically sig-
nificant differences between the two [14–16]. Finally, some surgeons still perform 
just anterior scalenectomy with neurolysis and report results that are similar to the 
more extensive procedures [17, 18]. [Q6: E]

Major complications occur from all operations to decompress the thoracic outlet 
area regardless of the surgical approach. Injury to the subclavian artery and vein, 
brachial plexus, phrenic nerve, and long thoracic nerve are the most common seri-
ous complications. Less common are injuries to the thoracic duct and cervical sym-
pathetic chain. Injuries to cutaneous nerves from either transaxillary or 
supraclavicular approaches are common. Plexus injury occurs from excessive trac-
tion, which at the time may not seem excessive. Plexus injury can also occur when 
a clamp on the subclavian artery to control bleeding accidentally includes a nerve of 
the plexus.

Plexus injury makes symptoms worse in 1% of patients. The incidence of tempo-
rary phrenic nerve injury during supraclavicular approaches is 10% because the 
phrenic nerve is often in the middle of the field and is very sensitive to even mild 
retraction [16]. [Q7: K]

The results of surgery are about the same for all procedures. The biggest variable 
is etiology. When the etiology is an auto accident related injury, the 1-year success 
rate is 75–80%; when the etiology is repetitive stress at work or a work injury, the 
success rate is 15% lower [15, 16, 19]. [Q8: B (for auto accident etiology), C (for 
work related and repetitive stress etiology)]

38 Neurogenic Thoracic Outlet Syndrome and Pectoralis Minor Syndrome



438

References

 1. Sanders RJ, Jackson CGR, Banchero N, Pearce WH. Scalene muscle abnormalities in trau-
matic thoracic outlet syndrome. Am J Surg. 1990;159:231–6.

 2. Gergoudis R, Barnes RW. Thoracic outlet arterial compression: prevalence in normal persons. 
Angiology. 1980;31:538–41.

 3. Sanders RJ, Haug CE.  Thoracic outlet syndrome: a common Sequela of neck injuries. 
Philadelphia: Lippincott; 1991. p. 71–84.

 4. Sanders RJ, Hammond SL. Diagnosis of thoracic outlet syndrome. J Vasc Surg. 2007;46:601–4.
 5. Upton ARM, McComas AJ.  The double crush in nerve-entrapment syndromes. Lancet. 

1973;2:359–62.
 6. Sanders RJ. Pectoralis minor syndrome. In: Eskandari MK, Morasch MD, Pearce WH, Yao 

JST, editors. Vascular surgery: therapeutic strategies. Shelton: People’s Medical Publishing 
House; 2009. p. 149–60.

 7. Sanders RJ, Rao NM. The forgotten pectoralis minor syndrome. 100 operations for pectoralis 
minor syndrome alone or accompanied by neurogenic thoracic outlet syndrome. Ann Vasc 
Surg. 2010;24:701–8.

 8. Gilliatt RW, Willison RG, Dietz V, Williams IR. Peripheral nerve conduction in patients with a 
cervical rib and band. Ann Neurol. 1978;4:124–9.

 9. Green RM, McNamara MS, Ouriel K. Long-term follow-up after thoracic outlet decompres-
sion: an analysis of factors determining outcome. J Vasc Surg. 1991;14:739–46.

 10. Novak CB, Collins ED, Mackinnon SE. Outcome following conservative management of tho-
racic outlet syndrome. J Hand Surg Am. 1995;20A:542–8.

 11. Roos DB.  The place for scalenectomy and first rib resection in thoracic outlet syndrome. 
Surgery. 1982;92:1077–85.

 12. Sanders RJ, Pearce WH. The treatment of thoracic outlet syndrome: a comparison of different 
operations. J Vasc Surg. 1989;10:626–34.

 13. Sanders RJ, Cooper MA, Hammond SL, Weinstein ES. Neurogenic thoracic outlet syndrome. 
In: Rutherford RB, editor. Vascular surgery. 5th ed. Philadelphia: Saunders; 1999. p. 1184–200.

 14. Cheng SWK, Reilly LM, Nelken NA, et al. Neurogenic thoracic outlet decompression: ratio-
nale for sparing the first rib. Cardiovasc Surg. 1995;3:617–23.

 15. Thomas GI.  Diagnosis and treatment of thoracic outlet syndrome. Perspect Vasc Surg. 
1995;8:1–28.

 16. Sanders RJ, Hammond SL. Complications and results of surgical treatment for thoracic outlet 
syndrome. Chest Surg Clin N Am. 1999;9:803–20.

 17. Razi DM, Wassel HD. Traffic accident induced thoracic outlet syndrome: decompression with-
out rib resection, correction of associated recurrent thoracic aneurysm. Int Surg. 1993;78:25–7.

 18. Gockel M, Vastamaki M, Alaranta H. Long-term results of primary scalenotomy in the treat-
ment of thoracic outlet syndrome. J Hand Surg Br. 1994;19B:229–33.

 19. Ellison DW, Wood VE.  Trauma-related thoracic outlet syndrome. J Hand Surg Br. 
1994;19B:424–6.

R.J. Sanders



439© Springer International Publishing AG, part of Springer Nature 2018
G. Geroulakos, B. Sumpio (eds.), Vascular Surgery,  
https://doi.org/10.1007/978-3-319-65936-7_39

Acute Axillary/Subclavian Vein 
Thrombosis

Torbjørn Dahl, Hans O. Myhre, and Jarlis Wesche

Question 1
What further diagnostic investigations would you prefer in this patient?

 A. Pletysmography
 B. Venography
 C. Duplex scanning
 D. Magnetic resonance phlebography
 E. Computed tomography (CT) scanning
 F. X-ray of the chest and thoracic outlet
 G. Venous pressure measurements
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Case Report
A 34-year-old male motor mechanic was admitted with a 3-day history of 
severe swelling of the right arm. He had been undertaking physical activity, 
including weightlifting, training for about 1.5 h four times a week. There was 
no history of trauma. The patient felt discomfort, but no severe pain in the 
arm. The superficial veins were distended. The color of the hand and forearm 
was slightly cyanotic. The pulses in the radial and ulnar arteries were palpa-
ble. No bruits could be heard along the brachial, supraclavicular or axillary 
arteries. The rest of the examination was without remarks. The patient did not 
use any medication.
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Venography revealed a thrombosis of the axillary/subclavian veins (Fig. 39.1). The 
brachiocophalic vein was patent. There were no signs of skeletal deformities.

Question 2
Which of the following conditions could lead to axillary/subclavian vein 
thrombosis?

 A. Venous-access catheters
 B. Callus from fractured clavicle or rib
 C. Local tumor/malignancy
 D. Radiotherapy
 E. Trauma to the vein caused by repeated strenuous exercise

Question 3
Which therapy would you recommend in the acute (2–3 days) phase?

 A. Resection of the first rib
 B. Balloon angioplasty of the subclavian vein
 C. Stenting of the subclavian vein
 D. Thrombolysis
 E. Systemic Heparin
 F. Thrombectomy

Fig. 39.1 DSA venogram showing occlusion of the right subclavian vein, but contrast passage to 
the superior caval vein via jugular/supra clavicular collateral veins (note it’s relation to the thoracic 
outlet)
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Question 4
Following thrombolytic therapy for axillary/subclavian vein thrombosis, what per-
centage of complete lysis can you expect provided the patient is treated within 3 
days after start of symptoms?

 A. 10%
 B. 25%
 C. 40%
 D. 60%
 E. 80%

Question 5
A control venography revealed a stenosis of the axillary/subclavian vein at the tho-
racic outlet. There was no residual thrombotic material. At 3 months’ follow-up the 
patient still had pain and discomfort in the arm when going back to his job as a 
motor mechanic. Which of the following alternatives of treatment would you rec-
ommend at this stage?

 A. Repeated attempt of thrombolytic therapy
 B. Balloon angioplasty and stenting of the subclavian artery
 C. Continued oral anticoagulation therapy
 D. Relief of the thoracic outlet by resection of the first rib including venolysis
 E. Direct reconstruction of the vein

 Commentary

In patients with acute axillary/subclavian vein thrombosis, it is important to sepa-
rate so-called primary from secondary thrombosis. Primary thrombosis is also 
known as Paget–Schroetter’s syndrome, which is induced by strenuous activity of 
the arm or venous compression at the thoracic outlet predisposing for thrombosis 
formation [1–4]. The term “effort thrombosis” is also used for this condition. Men 
are affected more often than women, and the incidence is higher in the veins of the 
dominant arm. Secondary axillary/subclavian vein thrombosis could be caused by 
venous-access catheters, pacemaker wires, malignancies, radiotherapy or compres-
sion from local tumor formation. Secondary thrombosis is also seen as a complica-
tion of thrombophilia and in patients with dialysis fistulas [5]. [Q2: A, B, C, D, E] 
The preferred therapy may be different in the two groups, and in general a more 
conservative attitude is justified in patients with secondary thrombosis. These 
patients often have a limited life expectancy due to serious comobidities, such as 
cardiac disease or malignancy, which would also represent a contraindication to 
thrombolytic therapy. In addition, there is often less need for extensive activity of 
the upper extremities in this group of patients. There is usually a rich venous col-
lateral network, and therefore phlegmasia coerulea dolens of the arm is extremely 
rare. It may occasionally be connected with hypercoagulability or malignancies.
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Complications following axillary/subclavian vein thrombosis are swelling, pain and 
discomfort in the arm prohibiting work or daily-life activities. Furthermore, it has been 
reported that up to 10% of the patients with axillary/subclavian vein thrombosis 
develop pulmonary emboli and that it is more common than usually appreciated [5, 6].

In patients with primary axillary/subclavian vein thrombosis, duplex scanning 
can be performed as a supplement to the clinical examination [6]. However, duplex 
scanning is operator dependent. If the examination is negative, then venography has 
to be performed anyway. Three-dimensional gadolinium-enhanced magnetic reso-
nance phlebography technique has been applied successfully [7]. However, venog-
raphy, preferably by contrast injection via the basilic vein, is still the gold standard 
in these cases. The guide-wire could be advanced into the thrombus to investigate if 
it is soft enough for lysis. A chest X-ray including the thoracic outlet to investigate 
the possibility of bony deformation is also indicated. [Q1: B, C, F]

D-dimer levels are usually elevated in patients with thrombus. The patient should 
also be evaluated thoroughly for thrombophilia and blood tests should include a 
blood count, tests for decreased levels of anti-thrombin (III), protein C and protein S 
deficiencies, activated protein C (APC) resistance, antiphospholipid antibodies 
(lupus anticoagulans) and anticardiolipin antibodies. Contraceptive drugs can cause 
axillary subclavian vein thrombosis due to a decrease in the anti-thrombin levels.

As soon as the diagnosis has been established, systemic heparinisation is administered 
[8]. This should be followed by local thrombolysis using recombinant tissue plasminogen 
activator (rt-PA) unless there are contraindications [9–14]. [Q3: D, E] At introduction of 
the guidewire, the resistance will indicate the age of the thrombosis and the possibility of 
obtaining lysis of the thrombotic occlusion. The catheter for application of the thrombo-
lytic agent should be placed within the thrombosis. Usually, a dose of 5 mg rt.-PA is given 
as a bolus, followed by infusion of 0.01 mg/kg body weight/h for 24–72 h.

Although the most favorable results are obtained in patients with less than 1 
week’s duration of symptoms [10], an attempt at thrombolysis could be justified 
even if the symptoms have lasted for 1 month. [Q4: E]

After thrombolysis, a repeat venography is performed to evaluate whether any 
intrinsic or extrinsic obstructions of the blood flow are present. Often a defect is 
located close to the costoclavicular ligament. Together with hypertrophic anterior 
scalene and subclavius muscles, this ligament could cause external compression of 
the vein. Intrinsic venous stenosis is thought to be due to repetitive trauma damag-
ing venous valves or the endothelium, or producing thickening of the vein wall or 
intraluminal synechiae, predisposing to thrombosis.

After thrombolysis the patient should be on oral anticoagulation for 3 months, 
depending on the preferred time for thoracic outlet decompression. Some centers pro-
ceed with more radical surgery soon after thrombolysis [11, 15, 16]. By allowing a 3 
month period of oral anticoagulation, the clinical status could be reevaluated. If the 
patient is asymptomatic at follow-up, we do not recommend further treatment [13].

If the patient is symptomatic and there is a residual stenosis of the subclavian vein 
caused by either internal or external pathological structures, then the stenosis should 
not be treated by balloon angioplasty or stenting primarily [11–13, 15, 17]. Whenever 
these treatment modalities are applied before relief of the thoracic outlet, recurrence 
of the symptoms will inevitably occur. Furthermore, fracture of the stents has been 
described because of the “scissors effect” caused by the narrow thoracic outlet [18]. 
Decompression of the thoracic outlet is obtained by resection of the first rib, 
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including the distal part of the anterior and middle scalene muscles and fibrous struc-
tures adhering to the first rib. Venolysis is also a part of the procedure. [Q5: D]

The surgical approach for relieving the thoracic outlet is controversial: However, 
most surgeons prefer a transaxillary approach. In cases where reconstruction of the 
vein is indicated a paraclavicular approach can be used [3, 5, 11, 15, 16, 19, 20]. After 
thoracic outlet surgery, a venous obstruction can be treated with balloon angioplasty 
preferably without stenting. Finally, in rare cases, direct reconstruction by endovenec-
tomy and patch angioplasty may be indicated for relief of intravenous obstructions [3].

In summary the most effective sequence to restore venous patency and reduce 
rethrombosis seems thus to include local thrombolytic therapy, 3 months of oral anti-
coagulation, and then transaxillary first-rib resection with venolysis in patients who 
have significant symptoms at this stage. Thereafter, occasionally percutaneous trans-
luminal angioplasty (PTA) or venous reconstruction may be indicated [21, 22, 23]. 
Following such a staged multidisiplinary treatment (Fig. 39.2) the disability rate fol-
lowing acute axillary/subclavian trombosis has been significantly reduced [19].

Acute axillary/subclavian
vein thrombosis
Screening for thrombophilia

Venography

Primary thrombosis

Heparin (systemic)

Heparin/oral anticogulation

Secondary thrombosis
Consider
conservative treatment

Thrombolytic therapy

Control venography

Oral anticoagulation and
observation for 3 months

Asymptomatic

Asymptomatic

Symptomatic

Symptomatic

Operative relief
of thoracic outlet
(1.rib resection)

Conservative
management

Conservative
management

Venous obstruction

Balloon angioplasty or
venous reconstruction

Fig. 39.2 Algorithm for treatment options in acute axillary/subclavian vein thrombosis
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40Raynaud’s Phenomenon

Ariane L. Herrick

Question 1
Which symptoms suggest that this is not primary (idiopathic) Raynaud’s 
phenomenon?

 A. Onset of Raynaud’s phenomenon age 18 years
 B. The feet were affected as well as the hands
 C. Development of digital ulcers

Case Report
A 38-year-old female patient presented to the rheumatology clinic with a 
3-week history of a painful fingertip ulcer. The pain was so severe that it was 
keeping her awake at night. For 20 years (since her teens) her hands had been 
turning white then purple in the cold weather, going red (with tingling) when 
rewarming. Her feet also felt cold. Her family doctor had told her that this was 
Raynaud’s phenomenon, which was very common. However, each winter her 
symptoms seemed to be worsening, and even a slight temperature change 
would bring on an attack. The previous winter she had had some finger ulcers 
which had, however, been less painful than the current one and which had 
healed spontaneously. Also of concern to her was that for 6 months the skin of 
her fingers had felt tight, and she had recently been experiencing some diffi-
culty swallowing, with heartburn. There was no past medical history of note. 
She had smoked five cigarettes a day for 2 years. There was no history of 
chemical exposure nor of use of vibratory equipment.
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 D. The skin of the fingers felt tight
 E. She was a smoker

On examination she had a healing ulcer at the tip of the left middle finger (Fig. 40.1). 
The fingertip was extremely tender. She had mild skin thickening of the fingers 
(sclerodactyly) but elsewhere the skin was normal. She had digital pitting of the 
right index and middle fingers. There were no other abnormal findings.

Question 2
What investigations would you perform?

 A. Full blood count and erythrocyte sedimentation rate (ESR)
 B. Angiography
 C. Testing for antinuclear antibody (ANA)
 D. Testing for anticentromere antibody
 E. Nailfold capillaroscopy

Full blood count and ESR were normal. On immunological testing she was 
strongly ANA positive (titre 1/1000) and she was anticentromere antibody positive. 
Chest X-ray showed no cervical rib. Hand X-rays were normal. Nailfold micros-
copy was abnormal, showing widened, dilated loops with areas of avascularity 
(Fig. 40.2).

Question 3
What is the diagnosis?

 A. It would be better to put. Limited cutaneous systemic sclerosis (previously often 
termed CREST [calcinosis, Raynaud’s, oesophageal dysmotility, sclerodactyly, 
telangiectases]).

 B. Hyperviscosity state, for example secondary to malignancy
 C. Extrinsic vascular compression

Fig. 40.1 Fingertip ulcer in a patient with systemic sclerosis
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 D. Atherosclerosis
 E. Buerger’s disease

Question 4
Which of the following are true of systemic sclerosis (also termed “scleroderma”):

 A. Digital pitting is a characteristic feature.
 B. Males are more commonly affected than females.
 C. The two subtypes—limited cutaneous and diffuse cutaneous—are separated on 

the basis of the extent of the skin involvement.
 D. Raynaud’s phenomenon often precedes the diagnosis of limited cutaneous sys-

temic sclerosis by many years.
 E. Anticentromere antibody is a risk factor for severe digital ischaemia requiring 

amputation.

The diagnosis of limited cutaneous systemic sclerosis was explained to the 
patient. She was told that her Raynaud’s phenomenon and her upper gastrointestinal 
symptoms were most likely related, and that some checks of her cardiorespiratory 
function would be arranged on a routine basis.

Question 5
How would you have treated her Raynaud’s phenomenon had you seen her 6 months 
previously, when there was no digital ulceration?

 A. Avoidance of cold exposure.
 B. Low dose prednisolone.
 C. Stop smoking.
 D. Nifedipine (sustained release).
 E. Biofeedback.

Fig. 40.2 Typical appearances on nailfold microscopy in systemic sclerosis—several capillary 
loops are dilated, with areas of avascularity

40 Raynaud’s Phenomenon



448

The patient was prescribed nifedipine (sustained release) and a course of flu-
cloxacillin. When reviewed 1 week later, the fingertip had deteriorated and some of 
the tissue had become necrotic, with surrounding erythema.

Question 6
What would you do now?

 A. Admit to hospital for intravenous prostanoid therapy.
 B. Intravenous antibiotics.
 C. Debridement of the ulcer.
 D. Cervical sympathectomy.
 E. Anticoagulation.

The patient was admitted for intravenous antibiotic therapy, intravenous pros-
tanoid infusions, and a surgical opinion. The fingertip was debrided. The patient 
was discharged home 6 days later, with instructions to dress warmly, avoid cold 
exposure, and to seek medical advice early should any further ulcers develop.

 Commentary

Raynaud’s phenomenon—episodic digital ischaemia usually in response to cold 
exposure or stress—can be either primary (idiopathic) or secondary to a number of 
different diseases/conditions, including connective tissue disease (most characteris-
tically systemic sclerosis), external vascular compression (as with a cervical rib), 
vibration exposure, hyperviscosity, drug treatment (for example beta-blockers, 
ergotamine) and occupational chemical exposure. The terminology is confusing: 
primary Raynaud’s phenomenon was previously termed “Raynaud’s disease”, and 
secondary Raynaud’s phenomenon “Raynaud’s syndrome”. However, “primary 
Raynaud’s phenomenon” and “secondary Raynaud’s phenomenon” are now the pre-
ferred terms [1].

The pathophysiology of Raynaud’s phenomenon (either primary or secondary) is 
poorly understood. Raynaud’s phenomenon can occur because of abnormalities in 
vascular structure, vascular function, or the blood itself [2]. These are interdepen-
dent and may occur together, as in systemic sclerosis when structural vascular prob-
lems inevitably impair vascular function, and platelet and white blood cell activation, 
together with impaired fibrinolysis, are also thought to contribute to pathophysiol-
ogy. It is generally accepted that primary Raynaud’s phenomenon is mainly vaso-
spastic and does not progress to irreversible tissue damage. In contrast, Raynaud’s 
phenomenon secondary to connective tissue disease such as systemic sclerosis is 
associated with structural vascular abnormality, and patients often develop ulcer-
ation, scarring, and even gangrene necessitating amputation.

The vascular surgeon is likely to encounter patients with Raynaud’s phenomenon 
for two main reasons:
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 1. Diagnosis. Why does this patient have episodic digital ischaemia?
 2. Treatment of a critically ischaemic digit, or of severe Raynaud’s phenomenon 

unresponsive to medical therapy.

The onset of primary Raynaud’s phenomenon is most commonly in the teens or 
twenties: onset in later years should always raise the suspicion of an underlying 
cause. Women are more commonly affected. For Raynaud’s phenomenon to be pri-
mary, there should be no clinical features of underlying connective tissue disease or 
other disease/disorder (including absence of digital pitting or sclerodactyly), there 
should be no digital ulceration or gangrene, the ESR should be normal, testing for 
ANA negative (titre <1/100) and the nailfold capillaries should be normal [1]. [Q1: 
C, D] In the absence of any worrying features in the history and examination, the 
usual investigation screen therefore comprises a full blood count and ESR, testing 
for ANA, nailfold capillaroscopy and, if there is any question of a cervical rib, a 
chest or thoracic outlet X-ray. Anaemia and/or a high ESR may indicate an underly-
ing connective tissue disease or other illness. However, a normal haemoglobin level 
and ESR (as in our patient) do not exclude a diagnosis of systemic sclerosis, in 
which the vascular abnormalities are primarily non-inflammatory [3]. In primary 
Raynaud’s phenomenon, the nailfold capillaries should be fairly regular “hair-pin” 
loops as opposed to the abnormal dilated loops, with areas of loop drop-out, that are 
characteristic of systemic sclerosis [4].

Other investigations are indicated by the history and examination. For example, 
if there is sclerodactyly (scleroderma of the fingers) and/or digital pitting (Fig. 40.3), 
which are both characteristic of systemic sclerosis, then anticentromere antibodies 
and antibodies to topoisomerase (anti-Scl-70 antibodies) should be looked for. 
These antibodies are highly specific for systemic sclerosis [5]. If there is any ques-
tion of a proximal vascular obstruction (absent peripheral pulses) then angiography 
should be considered, but in the majority of patients with systemic sclerosis and 
digital ischaemia this is not necessary. [Q2: A, C, D, E]

Fig. 40.3 Digital pitting in a patient with systemic sclerosis
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Systemic sclerosis, similarly to primary Raynaud’s phenomenon, is more com-
mon in women than in men. There are two main subtypes of systemic sclerosis—
limited and diffuse cutaneous—defined on the basis of the extent of the skin 
involvement. In patients with limited cutaneous disease (previously termed CREST), 
only the skin of the extremities and face is thickened, whereas in those with diffuse 
cutaneous disease there is proximal skin thickening, involving proximal limbs and/
or trunk [6]. The patient described has clinical features typical of limited cutaneous 
disease: Raynaud’s phenomenon preceding the diagnosis of systemic sclerosis by a 
number of years, sclerodactyly, digital pitting, and upper gastrointestinal problems. 
[Q3: A] Patients with limited cutaneous disease typically have more severe digital 
vascular disease than patients with diffuse cutaneous disease, and anticentromere 
antibody is predictive of severe digital ischaemia [7]. [Q4: A, C, D, E]

Treatment of Raynaud’s phenomenon is initially conservative—keeping warm, 
avoiding cold exposure, and refraining from smoking (smoking is a risk factor for 
severity of digital ischaemia in patients with systemic sclerosis [8]). If these mea-
sures do not suffice, then a vasodilator is prescribed, usually a calcium channel 
blocker [9, 10]. There is no role for steroid therapy in most patients with systemic 
sclerosis (and steroids are relatively contraindicated in patients with diffuse cutane-
ous disease). Biofeedback has gained considerable attention but was not found to be 
effective in a randomised trial of primary Raynaud’s phenomenon [11]. [Q5: A, C, 
D] If a patient has very severe digital ischaemia, with or without digital ulceration, 
then the patient should be admitted for intravenous prostanoids [12] and, if there is 
any question of infection, then intravenous antibiotics are also indicated.

The vascular surgeon is likely to be called to see a patient with severe Raynaud’s 
(often in the context of systemic sclerosis) because of either non-healing ulcer-
ation or because of very severe (sometimes critical) ischaemia. The reduced blood 
supply impairs ulcer healing. Debridement often aids healing. However, a propor-
tion of patients come to amputation. Some patients have calcinosis at the site of 
the ulceration, and so this may be a complicating factor (Fig. 40.4). Severe isch-
aemia often coexists with ulceration. Cervical sympathectomy is no longer 

Fig. 40.4 Digital pulp calcinosis in a patient with systemic sclerosis—there is a risk that this 
deposit will ulcerate
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advocated for upper limb Raynaud’s phenomenon. Recently digital sympathec-
tomy has attracted interest for the treatment of severe digital ischaemia in patients 
with systemic sclerosis [10, 13]. Digital sympathectomy is unlikely to be indi-
cated at this stage in our patient, unless things do not settle with intravenous 
prostanoids, antibiotics and debridement. At present there is no evidence base for 
anticoagulation in patients with systemic sclerosis and digital ischaemia and/or 
ulceration although the possibility of an underlying coagulopathy, for example 
antiphospholipid syndrome, should always considered in patients presenting with 
digital ischaemia. [Q6: A, B, C]

Finally, although the vascular abnormalities in systemic sclerosis are predomi-
nantly microvascular, an increased prevalence of large vessel disease in patients 
with systemic sclerosis has recently been reported [14]. Thus the possibility of a 
proximal obstruction should always be considered in patients with systemic sclero-
sis presenting with an ischaemic digit.
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Question 1
What should be the first investigation?

 A. Intra-arterial digital subtraction angiography (DSA).
 B. Duplex ultrasound scan of the aortic graft.
 C. 99Technetium-labelled leucocyte scan.
 D. CT angiography of the graft.
 E. Erythrocyte sedimentation rate (ESR).

A duplex scan showed an occluded left limb of the aortic graft with patent common 
femoral arteries. There was no evidence of any stenosis of the left common femoral 
artery but a perigraft fluid collection was noted around the intra-abdominal portion 
of the graft.

Case Report
A 66-year-old man, an ex-smoker with hypertension and hypercholesterolae-
mia, had undergone a Dacron bifurcated aortic graft and bilateral ureteric 
stents for an inflammatory aortic aneurysm with ureteric obstruction at 
another hospital 4 years previously. The left limb of the graft had been anas-
tomosed to the common femoral artery and the right limb to the common iliac 
bifurcation. Postoperatively he had suffered a mild groin wound infection, 
which had healed with antibiotics. At follow-up he complained of left calf and 
thigh claudication. On examination, he appeared generally well with a mid-
line abdominal scar and a left vertical groin scar. He had good right femoral 
pulse but an absent left femoral pulse.
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Question 2
What further investigations should be performed?

 A. CT scan of the graft.
 B. Digital subtraction angiography.
 C. 99Technetium-labelled leucocyte scan.
 D. Erythrocyte sedimentation rate.
 E. Aspiration of the collection.

A CT scan confirmed the presence of fluid and gas around the intra-abdominal 
portion of the graft and the occlusion of the left limb, indicating graft infection 
(Fig. 41.1). Digital subtraction angiography (Fig. 41.2) confirmed the occluded left 
limb of the aortic graft and showed a stenosis at the origin of the right graft limb, 
presumably as a result of external compression. Aspiration of the perigraft collec-
tion would have allowed preoperative bacterial culture but was considered to be too 
difficult to perform safely.

Question 3
Having confirmed the presence of infection what is the best option for 
management?

 A. Prolonged antibiotic therapy.
 B. Drainage of the perigraft pus under anaesthesia.
 C. Insertion of gentamicin beads.
 D. Excision of the graft.
 E. Excision of the graft with in situ replacement with an antibiotic bonded graft.
 F. Graft excision and extra-anatomical prosthetic bypass.
 G. Graft replacement with autologous vein.
 H. Graft replacement with an aortic allograft.

Fig. 41.1 CT scan of aortic graft showing fluid and a gas bubble around the graft
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In situ replacement with autologous vein was chosen because of the reduced risk 
of persistent infection.

Question 4
Which autologous veins may be used for aortoiliac or aortofemoral graft 
replacement?

 A. Long saphenous vein.
 B. Cephalic vein.
 C. Femoropopliteal vein.
 D. Iliac vein.

Femoropopliteal vein was used as it is ideally suited to supra-inguinal graft 
replacement as it is relatively thick-walled, is of adequate diameter and has suffi-
cient length.

Question 5
What further preoperative investigations should be performed?

 A. Plain abdominal X-ray.
 B. Bone scan.
 C. MRI scan of the abdomen.
 D. Duplex scan of the femoral veins.
 E. Repeat abdominal ultrasound scan.

Fig. 41.2 Intra-arterial digital subtraction angiography (DSA) of the aortoiliac region
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A duplex scan of the femoral veins confirmed that they were patent and of ade-
quate calibre. The patient was operated on electively on the next available operating 
list.

Question 6
What other preoperative preparations should be undertaken?

 A. Routine full blood count.
 B. Urea and electrolyte estimation.
 C. Chest X-ray and electrocardiogram (ECG).
 D. Compression stockings.
 E. Subcutaneous heparin.
 F. Combination antibiotic therapy.

Routine blood investigations, chest X-ray and ECG were all performed, and in 
view of the magnitude of the procedure, echocardiogram and lung function tests 
were also ordered. They were all satisfactory. Because the bacteriology of the infec-
tion was not known preoperatively in this patient, intravenous combination antibac-
terial therapy with teicoplanin, ciprofloxacin, co-amoxiclav and metronidazole was 
given immediately before surgery.

Question 7
How should the operation be performed?

 A. Laparotomy, excision of the aortic graft, harvesting of the femoral veins and 
graft replacement.

 B. Harvesting of femoral veins followed by laparotomy, excision of the infected 
graft and replacement with femoral vein.

 C. Laparotomy and exposure of the infected graft, then femoral vein harvest fol-
lowed by graft replacement.

The anaesthetised patient was catheterised, prepared and draped so that the 
abdomen and both legs were exposed. First, both superficial femoral veins were 
simultaneously dissected out by two operative teams and the branches divided 
between clips from the profunda femoris vein to the knee joint. The femoral veins 
were left in situ whilst the abdomen was opened, exposing the graft and obtaining 
control of the proximal infrarenal aorta and the right common iliac bifurcation. 
The graft was encased in fibrous tissue, making dissection difficult and hazardous. 
The underlying prosthesis showed poor tissue incorporation and there was a local-
ised abscess between the graft and the duodenum, which was evacuated and cul-
tured. The left groin was exposed, obtaining control of the common femoral 
artery, its branches and the profunda femoris artery. After systemic heparinisation, 
the vessels were clamped and the infected graft excised and sent for culture. The 
graft bed was washed repeatedly with povidone iodine and hydrogen peroxide. 
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One femoral vein was excised, reversed and inserted end-to-end from the infrare-
nal aorta to the right common iliac artery bifurcation using 4/0 polypropylene 
sutures. Size discrepancy at the aortic anastomosis was overcome by “fishmouth-
ing” the end of the vein to prevent the angulation associated with spatulation 
(Fig. 41.3). The other femoral vein was reversed and anastomosed end to side to 
the intra-abdominal part of the vein graft and to the left common femoral artery 
(Fig. 41.4). Both veins were led through a fresh tunnel and surrounded by greater 

Fig. 41.3 “Fishmouthing” the femoral vein to equalise diameter with the aorta

Fig. 41.4 Femoral vein reconstruction from the infrarenal aorta (a) to the right iliac (b) and left 
common femoral artery (c). The right ureter (d) overlies the right limb of the graft
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omentum to avoid contact with the bed of the infected graft. The arterial anasto-
moses were covered by gentamicin- impregnated collagen foam and the wounds 
were closed with suction drainage. Antibiotic prophylaxis and low molecular 
weight heparin were continued postoperatively. Despite the copious pus around 
the graft, no organisms were grown in the laboratory. Combination antibiotic ther-
apy was stopped after 7 days but co- amoxiclav was continued empirically for a 
further 5 weeks.

Question 8
If the patient had presented with an exposed prosthetic graft in the groin how would 
this have altered management?

 A. Prolonged antibiotic therapy.
 B. Use of vacuum dressings.
 C. Simple coverage with a muscle flap without graft replacement.
 D. Addition of a muscle flap to graft replacement with autologous vein.

Exposed grafts present a difficult problem for achieving skin closure and the 
addition of a local muscle flap in the groin to graft replacement with autologous 
(femoropopliteal) vein is the most certain method of cure. The author’s preference 
is a rectus femoris flap for this (Fig. 41.5).

Question 9
What complications might occur following this operation?

 A. Anastomotic haemorrhage.
 B. Graft rupture.
 C. Femoral deep vein thrombosis (DVT).
 D. Limb swelling.
 E. Seroma in the thigh.
 F. Intestinal obstruction.
 G. Wound infection.

The patient had the most common complication of this operation, which was a 
large seroma in the left thigh and a smaller one in the right thigh despite prolonged 
suction drainage. These were aspirated repeatedly and resolved after 3 weeks, 
although in other cases reoperation and reinsertion of a drain may be required. 
Intestinal obstruction is no more common following this operation than other 
abdominal procedures.

The patient otherwise made a good recovery and was discharged from hospital 
at 14 days. The graft and pus swabs were sterile so most of the antibiotics were 
stopped at 1 week but the co-amoxiclav was continued for 6 weeks on empirical 
grounds.
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Question 10
What routine follow-up investigations should be performed?

 A. Abdominal CT scan.
 B. Abdominal ultrasound.
 C. Graft duplex scans.
 D. Abdominal X-ray.
 E. Erythrocyte sedimentation rate.

Routine 3-monthly duplex scans were performed over 1 year for vein graft sur-
veillance. The patient remains well without further intervention at 5 years.

a

b

Fig. 41.5 Rectus femoris muscle flap to cover a femoral anastomosis. (a) After mobilisation of 
the rectus femoris muscle (the femoral anastomosis is obscured by a sheet of gentamicin- 
impregnated collagen foam). (b) The muscle now overlies the anastomosis
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 Commentary

Aortic graft infection is thankfully rare, occurring in 1–5% of reconstructions [1], 
but is one of the most feared complications in vascular surgery because of its high 
mortality and morbidity [2]. In a UK multicentre audit of 55 graft infections 31% 
died, 33% underwent amputation and only 45% left hospital alive without amputa-
tion [3]. If left untreated there is a high risk of graft occlusion and anastomotic 
haemorrhage, which may lead to aorto-enteric fistula. Prompt curative treatment is 
therefore wise in patients sufficiently fit to withstand major surgery.

Graft infection may present at any time from a few days to many years after 
surgery. It can follow a wound infection, particularly in the groin where wound 
breakdown may result in exposure of the graft, or it may present later with a peri-
graft fluid collection or sinus at the femoral anastomosis. Infection of wholly intra- 
abdominal grafts may present with backache and fever but more often remain 
undetected until anastomotic haemorrhage or graft thrombosis occurs. Duplex ultra-
sound scanning or CT angiography is wise in all cases of graft thrombosis not only 
to confirm the occlusion but also to demonstrate any perigraft fluid which would 
indicate graft infection. [Q1: B, D]

The most common causative organism is Staphylococcus aureus in most series 
and such infections tend to present in the early postoperative period. Methicillin- 
resistant strains (MRSA) are said to be particularly virulent and have been associ-
ated with a high mortality in some series [3–5]. Staphylococcus epidermidis 
infections tend to be less virulent and often present many years later. They produce 
a slime or biofilm around the graft or occasionally thin pus. Isolation of Staph. epi-
dermidis is more difficult and may require agitation of the extirpated graft with 
ultrasound to release it for culture. Other infections are caused by coliforms, 
Salmonella, Serratia, Pseudomonas, enterococci, streptococci or Bacteroides [6]. 
Gram-negative organisms may be more likely to present with anastomotic haemor-
rhage [7]. In many cases no causative organism can be isolated despite obvious 
infection. Possible causes of this are previous antibiotic administration or failure to 
isolate Staphylococcus epidermidis.

A preoperative diagnosis of graft infection is usually secured by ultrasound fol-
lowed by CT or MRI. Aspiration of the perigraft fluid may secure a bacteriological 
diagnosis prior to surgery, although in many cases the responsible organism cannot 
be isolated. Fluid is often present in the aneurysmal sac after aortic aneurysm replace-
ment and can be seen in smaller quantities around an aorto-bifemoral prosthesis per-
formed for occlusive disease on ultrasound or CT for a few weeks after surgery. 
However, persistence of fluid around an aortic prosthesis for more than 3–6 months 
after surgery is highly suggestive of infection. Similarly, perigraft gas may be present 
for up to 10 days after surgery but indicates infection beyond this time [8, 9].

If a groin abscess develops in relation to an aorto-bifemoral graft, aspiration 
under aseptic conditions in the clinic will confirm the presence of graft infection and 
may provide preoperative bacteriology. Perigraft fluid or gas may be absent in low- 
grade chronic infection or if a sinus in one or other groin allows the pus to escape. 
Exploration of a sinus under anaesthesia will demonstrate a connection with the 
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infected graft and gently passing a bougie alongside the graft will determine whether 
or not the infection is confined to the anastomosis. If there is no sinus or perigraft 
fluid, a 99technetium-labelled leucocyte scan may demonstrate increased activity 
over an infected graft [10]. However, this investigation has poor sensitivity and 
specificity and is only useful for chronic graft infection as increased leucocyte 
adherence is demonstrated by most prostheses for up to 6 months after insertion. 
The ultimate diagnosis of graft infection is made at operation by the lack of tissue 
incorporation into knitted Dacron or polytetrafluoroethylene (PTFE) prostheses and 
the presence of perigraft pus from which organisms may be cultured. Preoperative 
angiography is helpful for operative planning by delineating the vascular anatomy 
but adds no useful information about the presence of graft infection. [Q2: A, B]

There are multiple treatment options: Antibiotic therapy may buy time, but is 
rarely curative because the graft acts as a foreign body rendering the responsible 
organisms inaccessible to antibiotics. There have been occasional reports of suc-
cessful treatment by drainage of the abscess around the graft followed by irrigation 
with antibiotic or iodine solutions [11–13] or implantation of gentamicin- 
impregnated beads or foam but these are anecdotal [14, 15]. Simple excision of an 
aortic graft is unwise unless it has already occluded without critical ischaemia as 
subsequent limb loss or severe lower body ischaemia is likely. Excision of the 
infected graft with debridement and replacement with a rifampicin-bonded or silver- 
impregnated graft has been advocated [16–20] but most would reserve this for 
chronic low-grade infections because of the risk of reinfection of the new graft. 
Despite their in vitro effectiveness [21] encouraging individual series, there is no 
convincing clinical evidence that either rifampicin-bonding or silver-impregnated 
Dacron grafts are less susceptible to reinfection after replacement of infected grafts. 
Moreover, randomised clinical studies have failed to show that either rifampicin- 
bonding or silver impregnation prevents primary infection in vascular grafts, 
although these studies were somewhat underpowered [22, 23].

An alternative approach, which avoids direct reimplantation of prosthetic mate-
rial, is in situ replacement with fresh or cryopreserved aortic allografts. The reported 
results have been variable but in all series there have been instances of early or late 
graft disruption or aneurysm formation particularly with fresh allografts and when 
used for aorto-enteric fistula [24–29].

Until the last 5 years, the mainstay of treatment has been excision of the graft 
with extra-anatomical reconstruction. For infected aortoiliac grafts reconstruction 
can be performed with an axillo-bifemoral or bilateral axillofemoral grafts. 
However, in those patients with infected aorto-bifemoral grafts, the lower anasto-
mosis must be performed at the level of the superficial femoral or popliteal artery to 
avoid placing the new graft in an infected field. Good results can be obtained with 
this approach but there remains a 10–15% risk of graft reinfection [2, 30–32]. If this 
option is used, the extra-anatomic bypass should be performed before graft excision 
to reduce the risk of irreversible limb ischaemia and amputation [2].

More recently, Claggett [33, 34] and Nevelsteen [35, 36] independently advo-
cated aortic replacement with femoropopliteal veins for infected grafts. 
Femoropoliteal veins are much wider and thicker-walled than long saphenous or 
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arm veins and have adequate length, making them ideal for aortoiliac reconstruc-
tion. Iliac veins are too short and their excision would result in severe limb swelling. 
Results were excellent with reduced mortality, limb loss and reinfection rates. 
Subsequently other authors have confirmed the effectiveness of this approach in 
eliminating reinfection, with mortality and amputation rates similar to or lower than 
reports using other techniques [37, 38]. This is now recognised as the procedure of 
choice in most situations. The procedure is demanding and may take several hours 
to perform but can be made easier by the use of two or more operative teams work-
ing together. Femoral veins may be harvested even after the removal of the long 
saphenous vein but it is generally advised that the profunda femoris vein should be 
left intact and that the popliteal vein should not be removed below the knee joint 
[39, 40]. Fears of venous morbidity from femoral vein harvest have not been borne 
out in practice although Valentine reported an 18% incidence of prophylactic or 
therapeutic fasciotomy for compartment syndrome [41]. However, neither 
Nevelsteen [42] nor the present author has found this necessary. Femoral vein har-
vest should be the initial step in the operation to avoid prolonged abdominal expo-
sure or aortic clamping. Partial graft replacement is best avoided, as the remaining 
graft usually requires later replacement [43]. [Q3: E, F, G, H] [Q4: C] [Q7: B] If 
femoropopliteal aortic reconstruction is planned, it is wise to perform a preoperative 
venous duplex scan of the legs to confirm that the femoral veins are patent and of 
adequate calibre (1 cm). [Q5: D]

Whichever technique is used, the importance of adequate debridement, antisep-
tic washouts and drainage cannot be overstressed. Combination antibiotic cover 
(beginning immediately preoperatively) to cover any cultured organism and the 
common pathogens is essential to eliminate infection and prevent catastrophic 
haemorrhage from anastomotic breakdown. Routine preoperative investigations 
such as full blood count, urea and electrolyte estimation, chest X-ray and ECG are 
indicated. Compression stockings are used by some surgeons after femoropopliteal 
vein harvest to limit ankle swelling but cannot be used intraoperatively. Subcutaneous 
heparin is used postoperatively but not preoperatively as systemic heparinisation is 
used routinely on aortic clamping. [Q6: A, B, C, F]

In cases where a prosthetic graft has been exposed in the groin or the tissues 
overlying a femoral anastomosis are deficient, a local muscle flap is wise to protect 
the new femoral anastomosis. [Q8: D] A sartorius rotation flap may be used pro-
vided the graft does not extend in front of the inguinal ligament as in femoral- 
femoral or axillofemoral grafts [44–46]. Gracilis and rectus abdominis flaps or 
omental pedicles have also been described [47–52]. A rectus femoris flap is very 
quick and easy to prepare and will cover any femoral anastomosis with ease [38]. In 
occasional localised low-grade graft infections with exposure of the prosthesis in 
the groin, a simple muscle flap may be successful without excision of the graft but 
there is a high rate of recurrent infection.

Despite the magnitude of the procedure, graft replacement with femoral vein 
gives excellent results with reported mortalities in the region of 10%, amputation 
rates of 10% and no reinfection. Possible complications include anastomotic haem-
orrhage, iliac venous thrombosis, limb swelling, seroma, intestinal obstruction and 
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wound infection. Limb swelling usually occurs but is rarely excessive and is easily 
controlled by elevation provided the profunda femoris vein is preserved and the 
popliteal vein is not harvested below the knee. Since the deep veins have been 
excised, lower limb DVT is unlikely. Wound and graft infection or anastomotic 
haemorrhage is similarly infrequent provided adequate antibiotic cover is used. 
[Q9: A, D, E, F, G]

Routine duplex surveillance of the aortofemoral vein grafts is wise as late graft 
stenosis due to intimal hyperplasia is common [38]. [Q10: C]

References

 1. Seeger JM. Management of patients with prosthetic graft infection. Am Surg. 2000;66:166–7.
 2. Yeager RA, Porter JM. Arterial and prosthetic graft infection. Ann Vasc Surg. 1992;5:485–91.
 3. Naylor AR, Hayes PD, Darke S, on behalf of the Joint Vascular Research Group. A prospective 

audit of complex wound and graft infections in Great Britain and Ireland: the emergence of 
MRSA. Eur J Vasc Endovasc Surg. 2001;21:289–94.

 4. Nasim A, Thompson MM, Naylor AR, et al. The impact of MRSA on vascular surgery. Eur J 
Vasc Endovasc Surg. 2001;22:211–4.

 5. Murphy GJ, Pararajasingam R, Nasim A, et al. Methicillin-resistant Staphylococcus aureus 
infection in vascular surgical patients. Ann R Coll Surg Engl. 2001;83:158–63.

 6. Selan L, Pasariello C. Microbiological diagnosis of aortofemoral graft infections. Eur J Vasc 
Endovasc Surg. 1997;14(Suppl A):10–2.

 7. Hicks RJC, Greenhalgh RM. The pathogenesis of vascular graft infection. Eur J Vasc Endovasc 
Surg. 1997;14(Suppl A):5–9.

 8. Orton DF, LeVeen RF, Saigh JA, et al. Aortic prosthetic graft infections: radiologic manifesta-
tions and implications for management. Radiographics. 2000;20:977–93.

 9. Spartera C, Morettini G, Petrassi C, et al. Role of magnetic resonance imaging in the evalu-
ation of aortic graft healing, perigraft fluid collection, and graft infection. Eur J Vasc Surg. 
1990;4:69–73.

 10. Liberatore M, Iurilli AP, Ponzo F, et al. Aortofemoral graft infection: the usefulness of 99mTc- 
HMPAO- labelled leucocyte scan. Eur J Vasc Endovasc Surg. 1997;14(Suppl A):27–9.

 11. Almgren B, Eriksson I. Local antibiotic irrigation in the treatment of arterial graft infections. 
Acta Chir Scand. 1981;147:33–6.

 12. Morris GE, Friend PJ, Vassallo DJ, et al. Antibiotic irrigation and conservative surgery for 
major aortic graft infection. Vasc Surg. 1994;20:88–95.

 13. Voboril R, Weberova J, Kralove H. Successful treatment of infected vascular prosthetic grafts in the 
groin using conservative therapy with povidone-iodine solution. Ann Vasc Surg. 2004;18:372–5.

 14. Nielsen OM, Noer HH, Jorgensen LG, Lorentzen JE. Gentamicin beads in the treatment of 
localised vascular graft infection – long term results in 17 cases. Eur J Vasc Surg. 1991;5:283–5.

 15. Holdsworth J. Treatment of infective and potentially infective complications of vascular bypass 
grafting using gentamicin with collagen sponge. Ann R Coll Surg Engl. 1999;81:166–70.

 16. Bandyk DF, Novotney ML, Johnson BL, et al. Use of rifampicin-soaked gelatin-sealed polyes-
ter grafts for in situ treatment of primary aortic and vascular prosthetic infections. J Surg Res. 
2001;95:44–9.

 17. Naylor AR. Aortic prosthetic infection. Br J Surg. 1999;86:435–6.
 18. Hayes PD, Nasim A, London NJM, et  al. In situ replacement of infected aortic grafts 

with rifampicin- bonded prostheses: the Leicester experience (1992–1998). J Vasc Surg. 
1999;30:92–8.

 19. Zegelman M, Gunther G. Infected grafts require excision and extra-anatomic reconstruction. 
Against the motion. In: Greenhalgh RM, editor. The evidence for vascular and endovascular 
reconstruction. London: WB Saunders; 2002. p. 252–8.

41 Aortofemoral Graft Infection



466

 20. Batt M, Magne JL, Alric P, et al. In situ revascularization with silver-coated polyester grafts to 
treat aortic infection: early and midterm results. J Vasc Surg. 2003;38:983–9.

 21. Hardman S, Cope A, Swann A, et al. An in vitro model to compare the antimicrobial activity 
of silver-coated versus rifampicin-soaked vascular grafts. Ann Vasc Surg. 2004;18:308–13.

 22. Sardelic F, Ao PY, Taylor DA, Fletcher JP. Prophylaxis against Staphylococcus epidermidis 
vascular graft infection with rifampicin-soaked, gelatin-sealed Dacron. Cardiovasc Surg. 
1996;4:389–92.

 23. Earnshaw JJ, Whitman B, Heather BP, on behalf of the Joint Vascular Research Group. Two- 
year results of a randomized controlled trial of rifampicin-bonded extra-anatomic Dacron 
grafts. Br J Surg. 2000;87:758–9.

 24. Vogt PR, Brunner-LaRocca HP, Lachat M, et al. Technical details with the use of cryopre-
served arterial allografts for aortic infection: influence on early and midterm mortality. J Vasc 
Surg. 2002;35:80–6.

 25. Verhelst R, Lacroix V, Vraux H, et al. Use of cryopreserved arterial homografts for manage-
ment of infected prosthetic grafts: a multicentre study. Ann Vasc Surg. 2000;14:602–7.

 26. Noel AA, Gloviczki P, Cherry KJ Jr. United States cryopreserved aortic allograft registry. 
Abdominal aortic reconstruction in infected fields: early results of the United States cryopre-
served aortic allograft registry. J Vasc Surg. 2002;35:847–52.

 27. Teebken OE, Pichlmaier MA, Brand S, et al. Cryopreserved arterial allografts for in situ recon-
struction of infected arterial vessels. Eur J Vasc Endovasc Surg. 2004;27:597–602.

 28. Gabriel M, Pukacki F, Dzieciuchowicz L, et al. Cryopreserved arterial allografts in the treat-
ment of prosthetic graft infections. Eur J Vasc Endovasc Surg. 2004;27:590–6.

 29. Kieffer E, Gomes D, Chiche L, et al. Allograft replacement for infrarenal aortic graft infection: 
early and late results in 179 patients. J Vasc Surg. 2004;39:1009–17.

 30. Quinones-Baldrich WJ, Hernandez JJ, Moore WS. Long-term results following surgical man-
agement of aortic graft infection. Arch Surg. 1991;126:507–11.

 31. Yeager RA, Taylor LM Jr, Moneta GL, et al. Improved results with conventional management 
of infrarenal aortic infection. J Vasc Surg. 1999;30:76–83.

 32. Seeger JM, Pretus HA, Welborn MB, et  al. Long-term outcome after treatment of aortic 
graft infection with staged extra-anatomic bypass grafting and aortic graft removal. Surgery. 
2000;32:451–9.

 33. Clagett GP, Valentine RJ, Hagino RT.  Autogenous aortoiliac/femoral reconstruction from 
superficial femoral-popliteal veins: feasibility and durability. J Vasc Surg. 1997;25:255–70.

 34. Gordon LL, Hagino RT, Jackson MR, et al. Complex aortofemoral prosthetic infections: the role 
of autogenous superficial femoropopliteal vein reconstruction. Arch Surg. 1999;134:615–21.

 35. Nevelsteen A, Lacroix H, Suy R. Autogenous reconstruction with lower extremity deep veins: 
an alternative treatment of prosthetic infection after reconstructive surgery for aortoiliac dis-
ease. J Vasc Surg. 1995;22:129–34.

 36. Daenens K, Fourneau I. Nevelsteen a ten-year experience in autogenous reconstruction with 
the femoral vein in the treatment of aortofemoral prosthetic infection. Eur J Vasc Endovasc 
Surg. 2003;25:240–5.

 37. Brown PM, Kim VB, Lalikos JF, et al. Autologous superficial femoral vein for aortic recon-
struction in infected fields. Ann Vasc Surg. 1999;13:32–6.

 38. Gibbons CP, Ferguson CJ, Fligelstone LJ, Edwards K.  Experience with femoro-popliteal 
veins as a conduit for vascular reconstruction in infected fields. Eur J Vasc Endovasc Surg. 
2003;25:424–31.

 39. Coburn M, Ashworth C, Francis W, et al. Venous stasis complications of the use of the super-
ficial femoral and popliteal veins for lower extremity bypass. J Vasc Surg. 1993;17:1005–9.

 40. Wells JK, Hagino RT, Bargmann KM, et  al. Venous morbidity after superficial femoral- 
popliteal vein harvest. J Vasc Surg. 1999;29:282–91.

 41. Modrall JG, Sadjadi J, Ali AT, et al. Deep vein harvest: predicting need for fasciotomy. J Vasc 
Surg. 2004;39:387–94.

 42. Nevelsteen A, Baeyens I, Daenens K, et al. Regarding “Deep vein harvest: predicting need for 
fasciotomy”. J Vasc Surg. 2004;40:403.

C.P. Gibbons



467

 43. Becquemin JP, Qvarfordt P, Kron J, et al. Aortic graft infection: is there a place for partial graft 
removal? Eur J Vasc Endovasc Surg. 1997;14(Suppl A):53–8.

 44. Sladen JG, Thompson RP, Brosseuk DT, Kalman PG, Petrasek PF, Martin RD. Sartorius myo-
plasty in the treatment of exposed arterial grafts. Cardiovasc Surg. 1993;1:113–7.

 45. Galland RB. Sartorius transposition in the management of synthetic graft infection. Eur J Vasc 
Endovasc Surg. 2002;23:175–7.

 46. Gomes MN, Spear SL.  Pedicled muscle flaps in the management of infected aortofemoral 
grafts. Cardiovasc Surg. 1994;2:70–7.

 47. Thomas WO, Parry SW, Powell RW, et al. Management of exposed inguinofemoral arterial 
conduits by skeletal muscular rotational flaps. Am Surg. 1994;60:872–80.

 48. Meland NB, Arnold PG, Pairolero PC, Lovich SF. Muscle-flap coverage for infected periph-
eral vascular prostheses. Plast Reconstr Surg. 1994;93:1005–11.

 49. Calligaro KD, Veith FJ, Sales CM, et al. Comparison of muscle flaps and delayed second-
ary intention wound healing for infected lower extremity arterial grafts. Ann Vasc Surg. 
1994;8:31–7.

 50. Illig KA, Alkon JE, Smith A, Rhodes JM, et al. Rotational muscle flap closure for acute groin 
wound infections following vascular surgery. Ann Vasc Surg. 2004;18:661–8.

 51. Colwell AS, Donaldson MC, Belkin M, Orgill DP. Management of early groin vascular bypass 
graft infections with sartorius and rectus femoris flaps. Ann Plast Surg. 2004;52:49–53.

 52. Morasch MD, Sam AD 2nd, Kibbe MR, et al. Early results with use of gracilis muscle flap 
coverage of infected groin wounds after vascular surgery. J Vasc Surg. 2004;39:1277–83.

41 Aortofemoral Graft Infection



469© Springer International Publishing AG, part of Springer Nature 2018
G. Geroulakos, B. Sumpio (eds.), Vascular Surgery,  
https://doi.org/10.1007/978-3-319-65936-7_42

D. Bergqvist, M.D., Ph.D., F.R.C.S. 
Department of Surgery, Uppsala University Hospital, Uppsala, Sweden
e-mail: david.bergqvist@surgsci.uu.se

42Aortoenteric Fistulas

David Bergqvist

Question 1
What is the time interval between aortic surgery and the presentation of an aortoen-
teric fistula?

 A. It usually occurs in the first 48 h following aortic surgery.
 B. It typically presents within the first month following the operation.

Case Report
A 63-year-old smoking woman presented with severe intermittent claudica-
tion for a couple of years. Her walking distance had gradually decreased to 
around 50–100 m. She had previously been healthy and very active. At inves-
tigation, she had no femoral pulses and a bilateral ankle brachial index of 0.6. 
Further evaluation with angiography showed an aortic occlusion at the level 
of the renal arteries, and she was reconstructed with an aorto-bi-iliac polyester 
graft (16 × 8 mm) after local proximal aortic endarterectomy. The proximal 
anastomosis was made end to end, and the iliac end to side. Polypropylene 
sutures were used. The operation was somewhat technically difficult, with the 
proximal anastomosis having to be redone; the duration of surgery was 3.5 h 
with a blood loss of around 800 mL. The immediate postoperative course was 
uneventful. After 3 years, the patient had distal septic microembolization in 
the left leg with an abscess around the left distal graft limb. This was extir-
pated, the wound was drained and a femoral–femoral cross-over graft was 
inserted. She was put on antibiotics for 6 months.

Five years after the aortic operation, she had melaena and a decrease in 
hemoglobin.
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 C. It may only occur in the first 5 years following the placement of the aortic 
 synthetic graft.

 D. It may present at any time during the lifetime of the patient after the placement 
of the synthetic aortic graft.

The patient was investigated at her primary health care centre with gastroscopy 
and colon enema, with negative results. After 2 months, she again had melaena; 
after further melaena 3 months later, she was referred to the hospital. On this occa-
sion, she also had slight back pain and low-grade fewer.

Question 2
What is meant by herald bleeding?

 A. A bleeding where the etiology cannot be determined
 B. Small bleeding(s) before a large one from a major artery
 C. A “warning” bleeding before a fatal one
 D. A small haematemesis before a maelena

A gastroscopy showed a very distal duodenal “ulcer” with a green colored (bile 
stained) graft in the bottom (Fig. 42.1). A computed tomography (CT) scan showed 
fluid around the proximal part of the graft, with some gas bubbles.

Question 3
How will you rule out the presence of an aortoenteric fistula?

 A. Gastroscopy
 B. Computerized tomography
 C. Magnetic resonance imaging
 D. Barium enema or barium swallow and follow-through
 E. None of the above

Fig. 42.1 Gastroduodenoscopy showing the dacron graft in the bottom of an ulceration, the graft 
being bile stained
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Question 4
Which part of the bowel is involved in an aortoenteric fistula?

 A. Duodenum
 B. Jejunum
 C. Ileum
 D. Appendix
 E. Any of the above could be involved

Following a diagnosis of a secondary aortoenteric fistula, and with the patient 
being circulatory stable, an axillo-bifemoral polyester graft was inserted. During the 
same period of anesthesia, the old aortic graft was extirpated. A duodenorraphy was 
made, and the aortic stump, which was about 2 cm below the renal arteries, was 
sutured and covered with omental tissue.

Question 5
Which treatment options are not to be recommended?

 A. Stent grafting the anastomosis
 B. Wait and see if the patient starts bleeding again
 C. Extirpation of the aortic graft and then an axillofemoral reconstruction
 D. Axillofemoral reconstruction and then extirpation of the aortic graft
 E. In situ reconstruction with a new graft

The patient recovered and she left hospital after 12 days. After 10 months, she 
had melaena again and was admitted to hospital. Based on her previous history, a 
CT-scan was ordered, but suddenly she developed abdominal and back pain and a 
large gastrointestinal bleeding, both haematemesis and melaena, and went into 
chock. She died before any treatment could be given. Autopsy showed a blow out of 
the aortic stump with a fistula to the duodenum and also bleeding into the retroperi-
toneal space.

 Commentary

The term “aortoenteric fistula” means a communication between aorta and some 
part of the gastrointestinal tract. It is rarely primary; most often, it is seen secondary 
to reconstructive vascular surgery, that is, secondary aortoenteric fistula. In the 
majority of cases it is seen after aortic graft insertion. It has also been reported after 
stent-grafting [1] and also after simple aortic suture [2]. The majority of fistulas 
(about 75%) involve the duodenum, but any part of the gastrointestinal tract may be 
involved. [Q4: E] A few patients have more than one fistula. In exceptional cases it 
can occur after other abdominal operations or radiation treatment. It is an emergent 
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situation and should always be suspected in patients with an aortic reconstruction 
presenting with a gastrointestinal bleeding. It can occur at any time postoperatively, 
which means that the patient with an aortic graft is at risk developing a fistula for 
their entire lifetime. Thus, the true incidence of this condition cannot be established 
until all patients in a risk population have died. The longest interval reported is more 
than 20 years. Often there is a delay of several years. [Q1: D] During a period of 21 
years in Sweden, there are indications that the incidence has decreased to around 
0.5% after abdominal aortic operations [3].

Two factors have been considered of major etiological importance: mechanical 
stress from the pulsating graft, which is in continuous contact with the intestine, and 
the presence of a low-grade infection. In patients with an aortoenteric fistula, there 
is often a history of complicated and troublesome primary graft operation or infec-
tious problems in the postoperative course. The three most common findings at 
surgery are suture line contact with the bowel, pseudoaneurysn rupturing into the 
intestine, and graft body erosion of the intestine. To avoid the complications, atrau-
matic surgical technique is important, avoiding bowel trauma and large hematomas. 
The surgeon should try to cover the graft to avoid direct contact between the graft 
and the bowel.

The main symptom is gastrointestinal hemorrhage, which can range from mild 
melaena with anemia to a profuse, immediately fatal haematemesis. Often, this 
large bleeding is preceded by small “herald” bleedings, which are an important 
warning symptom. [Q2: C] About half of the patients also have septic symptoms of 
varying severity. In some patients, septic symptoms dominate, and the bleeding may 
even be occult.

There is often a long delay between onset of symptoms and final diagnosis. In 
some patients with a large initial bleeding, the diagnosis is established at autopsy. 
The cardinal importance of a high degree of clinical suspicion for obtaining a cor-
rect diagnosis must be emphasized. Unfortunately, there is no specific diagnostic 
test. At gastroduodenoscopy, it is important to scrutinize the whole duodenum down 
to the ligament of Treitz. Observation of a bile-stained graft is obviously pathogno-
monic. Endoscopy is also important to reveal other sources of bleeding. CT, MR 
and angiography may be helpful in showing pseudoaneurysm or fluid outside the 
graft, sometimes with gas in it. Conventional radiological methods for gastrointes-
tinal examination are rarely helpful. One great problem is that the absence of abnor-
malities does not exclude the diagnosis. Exploratory laparotomy is indicated in 
patients with massive bleeding or where diagnostic efforts have been negative and 
the patient is still bleeding. [Q3: E].

The management is difficult. Total removal of all old graft material and revascu-
larization seems to give the best results [4]. Just closing the fistula locally always 
leads to recurrence and the mortality is close to 100% and cannot be recommended 
[5]. It seems optimal to start with an extra-anatomical revascularization of the 
extremities and thereafter removal of the graft. Some authors recommend a delay of 
a few days between the two procedures [6]; this is possible when the hemorrhage is 
under control. In emergency situations, an abdominal exploration with closure of the 
fistula and graft removal is vital, but this may lead to a delayed revascularization with 
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profound limb ischemia. When the graft is removed, the problem is how to deal with 
the aortic stump, which must be closed, preferably with double sutures. This may, 
however, not be possible if the distance to the renal arteries is too short. The stump is 
preferably covered with some vascularized tissue, and most frequently an omental 
pedicle has been used. Some authors advocate removal of the graft and an in situ 
reconstruction with expanded polytetrafluorethylene (ePTFE) graft or an antibiotic-
bonded polyester graft (often with rifampicin) [7, 8] or in situ autologous vein [2, 9]. 
Table 42.1 summarizes the treatment options for the invasive management of aorto-
enteric fistula. [Q5: B] Recently a new therapeutic option has become available and 
that is endovascular repair. This is especially attractive as a bridging procedure bring-
ing a hemodynamically unstable patient into a stage where graft removal and recon-
struction can be made in a controlled way [10]. In very fragile patients endovascular 
treatment may also be the only and final solution of a serious problem.

The prognosis is poor, with a high postoperative mortality, often several compli-
cations should the patient survive, and a risk for aortic stump blow out, which very 
few patients survive. Results have improved over recent years, but aortoenteric fis-
tula still is a very serious and challenging complication [10]. The 5-year survival 
rate is between 50 and 60% [3, 7, 10].

References

 1. Bergqvist D, Bjorck M, Nyman R. Secondary aortoenteric fistula after endovascular aortic 
interventions: a systematic literature review. J Vasc Interv Radiol. 2008;19:163–5.

 2. Moore RD, Tittley JG. Laparoscopic aortic injury leading to delayed aortoenteric fistula: an 
alternative technique for repair. Ann Vasc Surg. 1999;13:586–8.

 3. Bergqvist D, Bjorkman H, Bolin T, et al. Secondary aortoenteric fistulae – changes from 1973 
to 1993. Eur J Vasc Endovasc Surg. 1996;11:425–8.

 4. Nagy SW, Marshall JB. Aortoenteric fistulas. Recognizing a potentially catastrophic cause of 
gastrointestinal bleeding. Postgrad Med. 1993;93:211–212, 215–216, 219–222.

Table 42.1 Treatment options for the invasive 
management of aortoenteric fistula
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43The Optimal Conduit for Hemodialysis 
Access

Frank T. Padberg Jr and Robert W. Zickler

Question 1
At this juncture the physician’s most appropriate course of action is:

 A. Refer the individual to a surgeon for hemoaccess.
 B. Refer the individual to a nephrologist to refine diagnosis and initiate specialty 

care. It is not time to initiate dialysis.
 C. Refer the individual to a nephrologist who will refine diagnosis, and determine 

if there is a reversible cause for the renal insufficiency.
 D. Refer the individual to a nephrologist who will evaluate the etiology of the renal 

insufficiency and determine if there is a reversible cause. If not, a surgeon skilled 
in the construction of durable hemoaccess should be consulted.

 E. Refer the individual to a nephrologist to commence dialysis with a central 
venous catheter.

Case Report
A 42-year-old type 1 diabetic of normal weight has recently progressed to 
chronic renal disease. Insulin-dependent diabetes mellitus (DM) has been 
managed by the same primary care physician for the preceding 12 years; glu-
cose control has never been a problem in this cooperative and well-educated 
individual. The renal failure was initially managed with appropriate adjust-
ments to diet and medications; the presumptive diagnosis is diabetic nephrop-
athy. Recent laboratory tests demonstrate a creatinine of 4.1, a blood urea 
nitrogen of 94, a potassium of 4.8, mild proteinuria, and a creatinine clearance 
of 20 mL/min.
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Question 2
A nephrology work-up finds no reversible cause and the patient’s immune status 
precludes any further consideration of transplantation. The patient is referred for 
construction of a hemoaccess. The most appropriate action is to perform a clinical 
vascular examination with specific attention to:

 A. The pedal pulses and examination of the foot; extensive arterial occlusive dis-
ease is common in diabetic patients and infection would complicate any hemo-
access procedure.

 B. The radial pulses and superficial venous anatomy. Book the operating room and 
proceed to construct an access in the upper extremity, guided by your clinical 
examination.

 C. The radial pulses and superficial venous anatomy supplemented by a duplex 
ultrasound (DU) study. Book the operating room and proceed to construct an 
access in the upper extremity guided by these findings.

 D. Immediate hemoaccess placement. Simultaneous placement of an arteriovenous 
fistula (AVF) and a central venous catheter.

Question 3
Preoperative DU examination should include all except one of the following:

 A. Both upper extremities.
 B. Size and location of the arteries.
 C. Location of the brachial bifurcation.
 D. Assessment of the axillary and subclavian veins.
 E. At least one lower extremity.
 F. Size and location of the superficial veins.
 G. Evaluation of the superficial veins for evidence of prior scarring.

The patient is right hand dominant. Non-invasive examination demonstrated the 
findings given in the caption to Fig. 43.1.

Right: Cephalic (diameter 3.3 mm) and basilic (diameter 3.5 mm) veins course 
through both the forearm and upper arm to their junctions with the axillary and bra-
chial veins respectively; however, both superficial forearm veins demonstrate post-
thrombotic changes in the forearm. The brachial artery (diameter 4.2 mm) bifurcates 
into a radial (diameter 2.8 mm) and ulnar (diameter 2.7 mm) artery 3 cm below the 
antecubital crease; the palmar arches are intact. The deep venous structures are normal 
from the forearm veins through visualization of the axillary and subclavian veins.

Left: The basilic vein is post-thrombotic and thickened in the forearm; it has a 
normal 3.5-mm diameter lumen just below the elbow continuing into its junction 
with the brachial vein at mid-humerus. The cephalic vein (diameter 3.5 mm) has a 
normal luminal surface, extends to the wrist, is superficial, communicates with the 
proximal basilic at the antecubital junction, and remains patent into its junction with 
the axillary vein. The brachial artery (diameter 4.2  mm) bifurcates into a radial 
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(diameter 2.8 mm) and ulnar (diameter 2.7 mm) artery at mid-humerus; the palmar 
arches are intact. The deep venous structures are normal from the forearm veins 
through visualization of the axillary and subclavian veins.

Question 4
Which procedure would be the best option for this individual?

 A. Left brachial to basilic transposition AVF in the arm.
 B. Right radial to basilic transposition AVF in the forearm.
 C. Left brachial to median antecubital vein forearm loop graft (PTFE).
 D. Left internal jugular (IJ) tunneled, cuffed dual lumen hemodialysis catheter.
 E. Left radial to cephalic AVF.

Fig. 43.1 Duplex ultrasound: The patient is right hand dominant. Non-invasive examination dem-
onstrated the following findings. Top diagram: left arm bottom diagram: right arm red = arterial 
anatomy blue = superficial veins Dotted blue = diseased vein as described in text

43 The Optimal Conduit for Hemodialysis Access



480

Question 5
Which of the following best describes when this new hemoaccess is considered 
mature enough to begin puncture for hemodialysis?

 A. The wound is securely healed, the sutures have been removed, and there is a 
palpable thrill.

 B. The wound is securely healed, the sutures have been removed, and there is a 
palpable thrill. At 2 weeks, a duplex examination demonstrates unobstructed 
flow, but the walls of the conduit appear to be relatively thin.

 C. The wound is securely healed, the sutures have been removed, and there is a 
palpable thrill. At 8 weeks, a duplex examination demonstrated that there was 
unobstructed flow and the walls of the conduit have thickened measurably.

 D. The wound is securely healed, the sutures have been removed, and there is a 
palpable thrill. At 6 weeks, a duplex examination demonstrates an equal volume 
of flow through both the fistula vein and a large branch vein at the site of the 
thrill.

 E. Two weeks.

Your initial hemoaccess has functioned well for 6.4 years, but the hemodialysis 
staff has noted increasing difficulty obtaining adequate flows for the external 
machine circuit; arterial pressures were low at 70 mm Hg and venous pressures 
elevated to 350 mm Hg. You are asked to consider revision or a new hemoaccess.

A new duplex examination demonstrates progressive stenosis of the distal radial 
artery, and multiple sites of localized thrombosis extending into the upper arm 
cephalic vein. You determine that there is no role for angioplasty of the lengthy arte-
rial stenosis or the multiple venous lesions. With the exception of the appropriate 
postoperative changes, the remainder of the examination is unchanged from that 
described in Fig. 43.1.

Question 6
Which is the best option to maintain hemodialysis?

 A. Right radial to basilic transposition AVF in the forearm.
 B. Right forearm loop graft (PTFE).
 C. Left forearm loop graft (PTFE).
 D. Left radial (antecubital) to basilic transposition AVF in the arm.
 E. Left IJ tunneled, cuffed dual lumen hemodialysis catheter.

A new hemoaccess is constructed and an excellent thrill achieved. During initial 
maturation, hemodialysis is continued via the original left arm hemoaccess. 
Fortunately, the original left hemoaccess provides sufficient flow for adequate inter-
val hemodialysis, but 6 weeks later has spontaneously thrombosed. Dialysis using 
the new hemoaccess is successful and the hemoaccess functions well for thrice 
weekly puncture.

Two years later you are again contacted to evaluate this individual. One year 
previously, an uneventful coronary bypass was performed. Subsequently, following 
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an episode of syncope, and tachyarrhythmia, a permanent defibrillator was installed 
on the left anterior chest wall 2 months ago (Fig. 43.2).

The patient is complaining of an obviously swollen left arm.

Question 7
What is wrong?

 A. The patient’s heart failure has worsened from a combination of a fixed heart rate 
and the increased output demanded for the hemoaccess.

 B. Edema is a result of lymphatic disturbance from defibrillator implantation.
 C. The patient is hypercoagulable and has thrombosis of the superior vena cava 

(SVC).
 D. Unilateral swelling results from continuously increasing flow in the hemoaccess 

and enlargement of the arterial anastomosis.
 E. The transvenous electrodes have induced a stenosis or obstruction of the left 

subclavian vein.

Question 8
The best treatment for this condition is?

 A. Begin strong diuresis to counter the right heart failure.
 B. Place the arm in a sling and elevate it to reduce the existing edema from the 

operation. The patient is reassured that edema following pacemaker insertion of 
these devices is usually self-limited and will soon resolve.

 C. The defibrillator is removed and replaced in the right subclavian vein.
 D. A fistulagram/venogram is performed. This will determine the etiology of the 

edema and may offer an opportunity for interventional therapy.
 E. A hypercoagulable work-up is obtained.

Fig. 43.2 The chest X-ray was taken at the time of the referral for arm edema
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All of the interventions aimed at reducing the left arm edema are unsuccessful, 
and the patient is discharged home. After multiple attempts, the dialysis staff reluc-
tantly admit they are no longer able to reliably cannulate the left arm AVF. You are 
again asked to consider revision or a new hemoaccess.

A new DU is obtained. The appropriate postoperative findings are noted; otherwise, 
the relevant arm anatomy is unchanged from the initial survey as shown in Fig. 43.1.

Question 9
The optimal hemoaccess for this individual now is:

 A. Right forearm loop graft (PTFE). Ligation of left hemoaccess.
 B. Left IJ tunneled, cuffed dual lumen hemodialysis catheter. Ligation of left 

hemoaccess.
 C. Right IJ tunneled, cuffed dual lumen hemodialysis catheter. Ligation of left 

hemoaccess.
 D. Left femoral to femoral loop graft (PTFE). Ligation of left hemoaccess.
 E. Left femoral tunneled, cuffed dual lumen hemodialysis catheter.
 F. Right brachial-cephalic transposition.

The left arm symptoms resolve, and the new access functions well for 2.6 addi-
tional years. However, dilation begins to appear in two sites most commonly used 
for the tri-weekly puncture for hemodialysis. Duplex examination of the larger dis-
cerns the presence of a large pseudoaneurysm with a 0.6-mm neck communicating 
with the lumen of hemoaccess. The individual reports several recent episodes of 
prolonged difficulty achieving hemostasis after removal of the access needles. 
During duplex interrogation, a thrombotic plug is dislodged. Pulsatile bleeding 
ensues, which is controlled with 30–45 min of direct compression.

Question 10
The best treatment option at this time is:

 A. Ligation of the hemoaccess.
 B. Revision by primary closure of the pseudoaneurysm.
 C. Revision with placement of an interposition, prosthetic segment.
 D. Removal of the hemoaccess.
 E. Continued, but close, observation of the patient with treatment initiated if the 

bleeding recurs.

After loss of the above hemoaccess, a new autogenous AVF was available for 
construction in the right arm, which remained functional until the patient’s demise 
3 years later.
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 Commentary

 Question 1

The first order of business is to determine whether the individual has a reversible 
condition such as obstructive uropathy, drug-induced acute tubular necrosis, or 
another nephrotoxic condition. Commencement of hemoaccess would be unneces-
sary at this time since the individual has minimal symptoms; however, the degree of 
renal insufficiency is sufficient to predict that it will likely be required within sev-
eral months to a year. Since some access procedures require several months before 
they are usable, an experienced surgical specialist should be contacted to construct 
the hemoaccess, if the nephrologist confirms that the individual has chronic pro-
gressive renal insufficiency [1]. [Q1: D]

Urgent or immediate hemodialysis is not indicated and because of the associated 
morbidity, catheter placement is contraindicated in the absence of acute renal fail-
ure. Likewise, it is inappropriate to refer directly to the surgical specialist without 
determining the cause of the renal insufficiency, whether it is reversible, and whether 
the individual should be placed on the eligibility list for transplantation. Simply 
referring the individual to the nephrologist is not wrong, but the best option includes 
the diagnostic evaluation, management of treatable etiologies, and consideration for 
hemoaccess assuming that commencement of hemodialysis is imminent within sev-
eral months to a year. It is clear that early nephrology consultation is of benefit, from 
the perspective of directing appropriate therapy [2–5]. Likewise, early consideration 
of hemoaccess options facilitates preservation of vascular assets and reduces the 
incidence of catheter placement and the subsequent morbidities.

 Question 2

The complete clinical vascular examination is an important adjunct to surgical plan-
ning and may direct the surgeon to either upper extremity; clearly the non-dominant 
upper extremity is preferred, unless a preferred access option is only available in the 
dominant extremity. While reliance on the clinical examination alone may be accu-
rate in many cases, experience currently suggests that valuable information is con-
tributed by the non-invasive ultrasound survey [6–9].

While reliable DU examinations may not be available in all practice situations, it 
does provide the “best” option by decreasing the likelihood of unsuccessful opera-
tions while increasing the options for autologous conduit. Additional information 
from the duplex examination may reveal proximal vein occlusion, visible superficial 
veins which are post-phlebitic, arterial abnormalities (location of the brachial 

43 The Optimal Conduit for Hemodialysis Access



484

bifurcation, occlusive disease, inadequate palmar arch collateralization, large 
branch veins, and relative size of the arteries and veins).

An added reason for preoperative DU survey is that the diabetic population is the 
group most likely to harbor asymptomatic upper extremity arterial occlusive dis-
ease. It is unknown whether this is the reason, but functional patency of hemoaccess 
is usually reduced in the diabetic population [8, 10, 11]. In obese patients the lack 
of visible superficial veins may be countered by duplex examination; the depth of 
the veins precludes clinical identification and may mask prior thromboses. The 
depth of an otherwise acceptable vein is an important consideration and may man-
date transposition to a more superficial site. Failure to identify superficial upper 
extremity veins on clinical examination is not an acceptable rationale for commenc-
ing access at a lower extremity site; even if no superficial veins are available, a 
prosthetic graft can usually be constructed between the artery and one of the deep 
veins in the upper extremity.

As before, there is still no indication for immediate dialysis, so that placement of 
a catheter at the time of the permanent access is not indicated in this clinical sce-
nario. [Q2: C]

 Question 3

The list includes all of the usual information needed for proper operative planning. 
The goal is to construct the most durable hemoaccess from autogenous tissue. When 
acceptable options exist only in the dominant upper extremity, it is selected; thus, 
both arms should be studied.

Adequate arterial inflow is essential for the fistula or graft to function properly. 
Failure was universal with an arterial diameter < 1.6 mm in one study [9]. A more 
commonly accepted criterion is >2.0 mm diameter. Although upper extremity ath-
erosclerotic occlusive disease is uncommon in the arm, diabetics are the group most 
likely to have diseased arteries, and thus it should be considered for this patient. 
While all vascular laboratories may not subscribe to this position, no palpable pulses 
were described in the core scenario such that some reassurance is needed regarding 
adequate arterial flow.

A key function of the preoperative duplex examination is to determine the accept-
ability of the superficial vein network of the forearm and arm. In addition to location 
and diameter, identification of large branches, occluded segments, scarring, other 
post-thrombotic changes, and depth of vein below the skin are all critical to success. 
Failure was also universal when preoperative DU identified stenotic vein segments 
[9]. Identification of acceptable veins may increase substantially [6]. Vein diameters 
of less than 2.5–3 mm are generally considered unacceptable, but since there is little 
data to support this recommendation, the practice guidelines did not incorporate a 
recommendation for a minimum venous diameter [7]. Complete evaluation of 
superficial upper extremity veins should include the forearm basilic vein [6, 12]. 
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Transposition of the basilic vein is usually necessary whether in the forearm or 
upper arm, and any vein that is too deep (greater than 0.5–1.0 cm) may need to be 
transposed before anastomosis.

Central vein stenoses or occlusions are usually due to prior central vein catheter-
izations, but the surgeon should also be wary of transvenous wires from implanted 
pacemakers or defibrillators [1, 13, 14]. Forty percent of patients with known sub-
clavian vein catheterization had moderate to severe subclavian vein stenoses that 
were clinically silent [15].

In the absence of an autogenous option, the surgeon should still be informed 
regarding the best location for the first graft. The anatomic variant of a high brachial 
bifurcation occurs in ∼10% of individuals. This anatomic variant may preclude 
placement of a prosthetic graft at a given site, but should have little adverse effect 
on an autogenous AVF.

Routine evaluation of the lower extremity is unnecessary, but may be considered 
when upper extremity sites have been completely exhausted. [Q3: E]

 Question 4

This is a complex issue and the correct answer [Q4: E] is derived from a combina-
tion of experience and the recommendations of the United States Kidney Dialysis 
Outcomes Quality Initiative (K-DOQI). The best answer is a combination of the 
“best” choices summarized from the principles of all autogenous, most distal, non- 
dominant extremity. Thus, since almost all options are really open for this individ-
ual, the non-dominant, radiocephalic AVF is the best first choice; a potential 
collateral benefit is communication with (and arterialization of) the proximal basilic 
vein. Recognition of problems causing failure to mature are the major impediment 
to wider utilization of this modality [1, 8–10, 16]. Failure to mature a forearm AVF 
may occur in 34–53%, and may be less attractive in the elderly, the diabetic, and 
female patients [8, 9].

The proximal options of brachial and cephalic anastomoses and transpositions 
have experienced a higher incidence of arterial steal and ignore the basic principle 
of progression from distal to proximal [1]. The forearm loop graft was equated with 
the proximal brachial transposition by K-DOQI, but current initiatives more 
emphatically encourage autogenous fistula [5, 16].

Catheter access is to be avoided if at all possible, and is clearly not indicated in 
this situation; multiple autogenous options are available and commencement of 
dialysis is not emergent [4, 5, 13, 14].

A left radiocephalic AVF serves the dual purpose of increasing lifetime site 
options, and allows the distal AVF to develop more proximal veins for subsequent 
autogenous hemoaccess options. A forearm vein transposition is available, but 
because the distal forearm vein is post-thrombotic, the proximal vein would com-
bine with transposition of an upper arm vein as well [12, 17].
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 Question 5

Although this is a common clinical question, informed decisions are difficult since 
there is a paucity of concrete data. There is little data to support any course of 
action, and the correct answer is based upon opinion [1]. [Q5: C] Clearly a healed 
wound, a palpable thrill, and unobstructed flow are essential. Two weeks is gener-
ally considered early for an AVF, and the minimum recommended interval is 6–8 
weeks. For prosthetic grafts, 2–3 weeks is usually satisfactory, as long as the edema 
has resolved sufficiently to identify the outline of the graft. Since the functional 
patency is so low, a prosthetic AV graft should not be inserted until dialysis is immi-
nent [1].

A period of 6–8 weeks is an arbitrary interval often used in practice and sup-
ported by K-DOQI. However, if at all possible, a longer interval is preferable, since 
a matured access is more likely to provide durable function.

A large branch vein within 5 cm of the arteriovenous anastomosis can prevent 
maturation, by diversion and diffusion of fistula flow and should be ligated [9].

Thickening of the wall is one of the few indicators of arterialization in the con-
duit walls and would therefore be desirable, but there is no data to support this 
course of action, or to guide the obvious question of how thick? In reality, the pro-
gression of the individual’s renal disease will likely be the best guide. If early refer-
ral can be achieved, urgent commencement of dialysis becomes a moot question and 
the hemoaccess is ready for use when the time arrives [1].

 Question 6

The best option again emphasizes the principles of most distal site, autogenous if 
possible, and in this instance the recruitment of additional vein collaterals from the 
long-standing prior left radiocephalic AVF [17, 18]. [Q6: D] The initial DU exami-
nation specifically noted the communication from the cephalic feeding the basilic 
system; the proximal forearm basilic has a good size and does not exhibit post- 
thrombotic changes from this point into its termination in the brachial veins. Thus, 
the transposition of the proximal basilic vein, which may already be arterialized, is 
the preferred choice [17, 18]. The arterial inflow for this may be the proximal fore-
arm radial artery if the vein length is satisfactory; if not the high bifurcation would 
still make the inflow from the radial the best choice. Even though the diameter of the 
artery would be less than the usual brachial diameter, this should not present a prob-
lem for construction of an autogenous fistula.

The brachial arterial variant would compromise the inflow to a left forearm loop 
prosthetic graft and even a brachial to axillary prosthetic graft in the arm.

The right forearm loop graft would be an acceptable alternative, except that there 
are good autogenous alternatives bilaterally. It moves the access to the dominant 
upper extremity and fails to take advantage of the previously arterialized proximal 
venous channels.
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Any right forearm transposition is inappropriate because both veins have evi-
dence of prior thrombosis.

Central catheter access is to be avoided if at all possible. Multiple autogenous 
options are available and dialysis can be maintained in the interval with the existing, 
but poorly functioning left radiocephalic AVF.  By mobilizing a proximal basilic 
vein segment that has already been exposed to arterialized fistula flow, the time for 
maturation may be reduced [1]. The arm will need to be observed for possible arte-
rial steal, in which case the failing AVF may need to be sacrificed and a hemoaccess 
catheter inserted until the new left radiobasilic transposition has matured satisfacto-
rily [13].

 Questions 7 and 8

The presence of subclavian vein electrodes in the subclavian vein is the inciting fac-
tor for subclavian vein thrombosis or stenosis whether for pacing or defibrillation. 
[Q7: E] Symptoms from acute subclavian vein thrombosis are often expressed for 
only a short time in patients without an AVF. Edema will be severely and continu-
ously exacerbated from the additional limb blood flow of the AVF [13, 14]. Often 
the edema becomes chronic, and precludes accurate puncture of an ipsilateral 
access. Untreated venous hypertension from this combination may produce the typ-
ical symptoms of venous stasis: edema, hyperpigmentation and even ulceration. 
Therefore any treatment must include ligation of the access.

Although lymphatic disruption from an infraclavicular pocket incision is possible, 
this would be so rare as to be remarkable. The electrodes are usually inserted indi-
rectly and do not require surgical exposure of the vein; this reduces the likelihood of 
injury to the lymphatic channels in the axillary-subclavian vascular sheath. Localized 
swelling in the pocket would be a more likely complication than arm swelling.

There is no evidence for hypercoagulability. Since the electrodes pass through 
the SVC, obstruction there is theoretically possible. However, the absence of con-
tralateral upper extremity edema or a swollen head fails to suggest SVC thrombosis. 
Replacing the device on the right complicates the issue immeasurably. In addition 
to incurring a real risk of SVC obstruction, it also places the remaining (right) upper 
extremity at risk for problems with subsequent hemoaccess.

The combination of a high flow AVF with probable subclavian vein obstruction 
suggests a rather poor prognosis for the left arm radiobasilic AVF. Thus, investiga-
tion of the etiology with a fistulagram and venogram is appropriate. [Q8: D] A DU 
should also be obtained, but since central vein visualization is poor it is inadequate 
to confirm the suspected diagnosis. Although unlikely, it is entirely possible that the 
device has nothing to do with the venous obstruction and that the outflow vein of the 
AVF may be stenotic from an intimal hyperplastic response in a different anatomic 
location more amenable to a salvage procedure. If this is a subclavian thrombosis, it 
may be a good opportunity to consider thrombolysis. However, even if the vein 
could be reopened, a subclavian vein angioplasty and/or stent has not proven a 
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durable solution in this anatomic site [13]. Finally, thrombolysis carries a small but 
real risk of intracranial hemorrhage, which would be less acceptable without a real 
benefit. Removal of the electrodes would be complicated and risky. Unfortunately, 
if the obstruction is not well collateralized, the left arm should be excluded from 
future access options [1, 13, 14, 18].

 Question 9

The best choice is the right forearm loop prosthetic graft. [Q9: A] Either an IJ or 
femoral catheter site has significant clinical negatives, and fails to offer a durable 
solution in the face of numerous better options.

The right brachial to cephalic is probably a better option, but as presented in the 
question, ligation of the contralateral symptomatic radiobasilic AVF is not accom-
plished. As presented in the question, ligation of the contralateral symptomatic 
radiobasilic AVF is not accomplished. More importantly, the two proximal transpo-
sition options remain available for construction of subsequent hemoaccess.

Ligation of the left radiobasilic AVF is essential to control the venous obstructive 
symptoms. While a jugular vein turn-down would offer preservation of the left 
radiobasilic AVF, there is not likely to be sufficient length to reach a non- thrombosed 
segment of axillary vein. A prosthetic extension to the jugular is another alternative. 
Adequate central outflow from the jugular would need to be assured by venography 
before further consideration of either option [14, 19].

 Question 10

Although there is very little data to provide a clear answer to this clinical problem, 
the best choice and DOQI recommendation is prosthetic interposition. [Q10: C] It 
preserves a functioning access in someone who has already lost the use of the con-
tralateral upper extremity to venous outflow obstruction [1, 20, 21].

Ligation solves the bleeding problem but sacrifices the access. Removal may 
subsequently be required, but is not essential at this juncture. Revision with primary 
closure of the aneurysm is unattractive since the tissues and graft material are friable 
and usually destroyed by the repetitive puncture. Close observation is doomed to 
fail with a real risk of bleeding and hemorrhage.

Although prosthetic interposition is the appropriate choice, this option is not 
without complications. Our own experience identified an increased incidence of 
infection, and good material to anastomose may require bypass of lengthy segments 
[22]. Recent introduction of the covered stent is an attractive, but expensive and 
unproven option. Percutaneous access, control of the neck of the pseudoaneurysm, 
and retention of hemoaccess function are currently offset by limited clinical data, 
and high expense [13, 23].
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 Comment

The initial use of distal sites, and judicious consumption of the available autogenous 
assets facilitated construction of several different hemoaccess sites during this 
patient’s 14-year odyssey with hemodialysis. Problems such as these are common 
and require forethought and ingenuity for successful cumulative function and mini-
mization of major complications.
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44Acute Ischemia of the Upper Extremity 
Following Graft Arteriovenous Fistula

Miltos K. Lazarides and Vasilios D. Tzilalis

Question 1
Which of the following is the order of preference for placement of a permanent 
angioaccess in new patients requiring chronic haemodialysis?

 A. (1) A brachio-cephalic AV fistula. (2) A wrist radial-cephalic AV fistula. (3) An 
AV PTFE bridge graft or a transposed brachial-basilic AV fistula. (4) A cuffed, 
tunnelled central venous catheter

 B. (1) A wrist radial-cephalic AV fistula. (2) A brachio-cephalic AV fistula. (3) An 
AV PTFE bridge graft or a transposed brachial-basilic AV fistula

 C. (1) A wrist radial-cephalic AV fistula. (2) A transposed brachial-basilic AV fis-
tula. (3) A brachio-cephalic AV fistula. (4) An AV PTFE bridge graft

Case Report
A 65-year-old woman with end-stage renal disease and insulin-dependent dia-
betes was admitted for access construction in order to start haemodialysis. 
There was a lack of suitable veins to construct an arteriovenous (AV) fistula, 
and the patient underwent placement of a 6-mm polytetrafluoroethylene 
(PTFE) AV bridge graft between the brachial artery and the axillary vein in 
the left arm.
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Question 2
Which of the following statements represent advantages of the autologous AV fistu-
las over AV grafts?

 A. Excellent long-term patency once established
 B. Lower complication rate
 C. Short lag time from construction to maturation
 D. Easy to correct surgically when thrombosed

Immediately after surgery, the patient complained of numbness of the left hand with 
slight pain of the fingers. On examination the left radial pulse, which had existed 
previously, was absent, and the fingers were cold and cyanotic. Evaluation of the 
patient in the vascular laboratory with forearm Doppler pressure measurement 
revealed an index of 0.3. Interestingly the left forearm segmental pressure index was 
normalized after manual compression of the graft, while the left radial pulse reap-
peared with this maneuver. The evaluation confirmed an obvious hemodynamic 
“steal.” The patient’s condition deteriorated within a few hours; she developed 
severe, acute, painful weakness of the hand, wrist-drop, and minimal ability to flex 
the wrist.

Question 3
Which of the following statements regarding the incidence of steal after proximal 
access construction is correct?

 A. The incidence of asymptomatic steal after proximal access construction, 
detected in the vascular laboratory, is rare.

 B. Clinically obvious mild ischaemia after the construction of a proximal AV fis-
tula occurs in about 10% of cases.

 C. Severe ischaemia necessitating surgical correction complicates 2–4% of patients 
following a proximal AV fistula.

Question 4
Which of the following are indications for surgical correction of steal after proximal 
access construction?

 A. Absence of ipsilateral preoperative existed radial pulse
 B. Severe symptoms (rest pain, paralysis, wrist-drop)
 C. Abnormal forearm segmental pressure index measurement
 D. Abnormal ipsilateral nerve conduction studies
 E. Reversal of flow in the distal artery in colour-flow duplex imaging

Urgent surgical correction was performed. Under local anaesthesia, a small seg-
ment of saphenous vein was harvested. The brachial artery was ligated just distal to 
the take-off of the graft. A vein bypass was constructed from the brachial artery 
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4–5 cm proximally to the inflow of the graft to a point distal to ligation (Fig. 44.1). 
Complete relief of symptoms occurred immediately postoperatively. The recovery 
of the patient was uneventful. She was discharged home on the third postoperative 
day with a palpable left radial pulse and a patent AV graft.

Question 5
Which of the following are acceptable corrective options for limb-threatening steal 
following proximal access construction?

 A. Percutaneous transluminal angioplasty
 B. Flow reduction procedures (banding, plication or tapering of the AV fistula)
 C. AV fistula closure
 D. The DRIL (distal revascularization interval ligation) procedure

 Commentary

Construction of an AV fistula provides a sufficiently superficial arterialized vein that 
can be punctured with ease while its flow is high enough to permit efficient dialysis. 
Post-dialysis compression of a matured thick-wall arterialized vein in order to stop 
bleeding can be obtained readily and reliably.

The classic first-choice site for an AV fistula construction is between the radial 
artery and the cephalic vein at the wrist, as introduced by Brescia et al. [1] in 1966. 
If the cephalic vein at the wrist or forearm is not usable, then the next alternative is 
to move to the antecubital fossa. The AV fistula can be constructed at this site 
between the median cubital vein and the brachial artery. The superficial cephalic 

a

b

Fig. 44.1 (a) The operation before the creation of the corrective procedure. (b) The corrective 
procedure with ligation of the artery just distal to the AV graft take-off and the venous bypass from 
a point proximal to the inflow to a point just distal to ligation (DRIL procedure). A brachial artery, 
AV axillary vein, BV basilic vein, G arteriovenous PTFE graft, VG vein graft
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vein provides enough length of vein suitable for haemodialysis venipunctures. 
Alternatively, if the cephalic vein is not usable, then the brachial artery can be anas-
tomosed to the basilic vein of the upper arm. However, the latter is situated under 
the deep fascia in the arm, and mobilisation and transposition to a subcutaneous new 
position is always necessary. When an autologous AV fistula either at the wrist or 
the elbow cannot be created, then an AV graft using synthetic material bridging an 
artery and a vein in the upper extremity (either forearm or arm) is the next choice. 
Grafts may be placed in straight, looped or curved configurations. AV grafts and 
fistulas are created in the lower extremity only rarely, as they are prone to infection 
at this site.

The order of preference for placement of AV fistulas in patients requiring chronic 
haemodialysis according to dialysis outcomes quality initiative (DOQI) guidelines 
established by the United States Kidney Foundation is [2]:

 1. A wrist radial-cephalic AV fistula.
 2. An elbow (brachial-cephalic) AV fistula.

If it is not possible to establish either of these types of fistula, then access may be 
established using:

 3. An AV graft of synthetic material (PTFE grafts are preferred over other synthetic 
material).

 4. A transposed brachial-basilic vein fistula.

Cuffed, tunnelled central venous catheters should be discouraged as permanent 
vascular access. [Q1: B]

Recognising the superiority of the autologous AV fistulas over grafts, DOQI 
guidelines recommend an aggressive strategy increasing the number of native fistu-
las. DOQI guidelines suggest that autologous AV fistulas should be constructed in at 
least 50% of all new patients electing to receive haemodialysis as their initial form of 
renal replacement therapy [2]. Bridge AV grafts should be reserved for those patients 
whose vein anatomy does not permit the construction of an autologous AV fistula [3, 
4]. Autologous fistulas, especially distal ones at the wrist, present a lower complica-
tion rate compared with other access options [5]. A vein must be matured before use 
for vascular access. The time required for maturation of an autologous fistula varies 
among patients. It is not correct to use a fistula within the first month after its con-
struction. Premature cannulation may result in a higher incidence of haematoma for-
mation, with associated compression of the still soft-wall vein, leading to thrombosis. 
Allowing the AV fistula to mature for 3–4 months may be ideal [2].

In contrast, PTFE AV grafts need a shorter maturation time and can be used 
approximately 14 days after placement. Within this period, an attempt to cannulate the 
still oedematous arm may lead to graft laceration from inaccurate needle insertion. An 
AV graft may be considered matured when swelling of the subcutaneous tunnel has 
reduced to the point that its course is easily palpable. Additionally, after the first 2 
weeks, fibrous tissue formation round the graft is able to seal the holes caused by each 
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needle puncture. PTFE grafts are easily thrombectomised, with a reported unassisted 
patency following thrombectomy at 6 months close to 50% [6]. In contrast, autolo-
gous fistulas when thrombosed are difficult to salvage [2]. [Q2: A, B]

The reversal of flow after creation of an AV fistula in the distal artery beyond the 
fistula and before the point of entry of collateral vessels has been characterised as 
steal. This is caused by a pronounced pressure drop in the distal artery, while pres-
sure increases with increasing distance away from the fistula as a consequence of 
inflow from arterial collaterals [7]. Steal occurs in more than 90% of proximal AV 
fistulas—when the arterial anastomosis is at the brachial artery—but in most 
patients, the collateral vasculature is adequate to maintain distal flow, and severe 
ischaemia does not develop in the hand [8, 9]. Clinically obvious mild ischaemia 
from steal occurs in about 10% of patients. The presentation is coldness and numb-
ness of the hand, and the symptoms resolve spontaneously within 1 month [8]. The 
term “steal” is used inappropriately for this condition in many reports because it 
means reversal of flow and not any of its potential ischaemic sequelae. A wide spec-
trum of symptoms and signs may occur, however, such as paraesthesias and sensory 
loss, weakened or absent distal pulse, muscle weakness and wrist-drop, rest pain 
usually getting worse during dialysis, muscle atrophy and—if left untreated—digi-
tal gangrene. The reported rate of steal-induced severe ischaemia necessitating 
immediate surgical treatment is 2.7–4.3% [8, 9]. In contrast to proximal AV fistulas, 
the incidence of symptomatic steal following distal radiocephalic AV fistulas is rare, 
at a rate of 0.25% [10]. [Q3: B, C]

Clinical signs and symptoms of steal syndrome do not differ from those of leg 
ischaemia. Therefore it can be classified according to Fontaine’s classification: 
stage I, reduced wrist-brachial pressure index, coldness of the hand or no symp-
toms; stage II, intermitted pain during haemodialysis; stage III, continuous isch-
aemic rest pain; and stage IV, ulceration and necrosis. Stages I and II should be 
closely observed and treated conservatively (e.g., wearing gloves) [11].

In most reports, the indication for surgical correction of steal is based on clinical 
grounds only [8, 9]. Low segmental pressure, as measured by Doppler, distal to the 
fistula is not an indication per se for surgical correction of steal. Additionally, 
absence of a radial pulse is a common finding in approximately one-third of patients 
following proximal access creation [9]. A corrective surgical procedure is indicated 
when proven haemodynamic steal causes severe stage III and/or stage IV ischaemic 
symptoms early after access construction (rest pain, paralysis, cyanosis of digits, 
wrist-drop). Mild ischaemic symptoms that persist beyond 1 month from access 
creation should be observed closely. When these “mild” symptoms are present for a 
long time, there is always a threat of irreversible neurological impairment, termed 
“ischaemic monomelic neuropathy.” This is a serious and disabling complication 
causing sensorimotor dysfunction without tissue necrosis [12]. Abnormal deterio-
rated nerve conduction studies in the presence of even mild ischaemia are an indica-
tion for surgical correction of steal [9]. [Q4: B, D]

Several catheter-based and surgical techniques have been used to correct steal- 
induced ischaemia. Arterial stenoses proximal to the AV fistula are eligible for per-
cutaneous transluminal angioplasty and may augment blood flow to the periphery 
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with relief of symptoms. However, such proximal inflow stenoses contribute to steal 
syndrome in only 20% of patients who have distal extremity ischaemia [13]. In the 
vast majority of cases (80%) steal is caused by discordant vascular resistance and a 
poorly formed arterial collateral network. A variety of surgical techniques have 
been applied to correct limb-threatening steal including fistula closure with simple 
ligation, various flow reduction techniques (banding, placation or tapering) and the 
DRIL (distal revascularization interval ligation) procedure introduced by Schanzer 
et al. [14] Ligation provides immediate improvement but requires creation of a new 
access. Banding–plication techniques improve distal perfusion, but it is difficult to 
determine the required amount of stenosis to eliminate steal while allowing a flow 
sufficient to sustain patency of the graft. Flow reduction procedures are attractive 
options in high-flow AV fistulas (>1500 mL/min) [15]. In patients with normal flow 
through their AV fistulas often concomitant arteriosclerotic disease causes insuffi-
cient collateral perfusion. In these cases the DRIL procedure is the treatment of 
choice. With the DRIL a ligature (placed distal to the take-off of the graft) elimi-
nates the reversal of flow, while the bypass (from a point proximal to the inflow to a 
point just distal to ligation) re-establishes flow to the limb (Fig. 44.1). Recent reports 
support the efficacy of this technique [16, 17]. [Q5: A, B, C, D]
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45Amputations in an Ischemic Limb
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Question 1
The most common cause of major lower extremity amputation in the United States 
is:

 A. Trauma
 B. Complications secondary to diabetes mellitus
 C. Neoplasm
 D. Acute limb ischemia
 E. Vascular bypass graft failure

Case Report
A 70 year old white male hospitalized for pneumonia is discovered to have a 
Stage IV heel ulcer on his left foot by the nursing staff. The patient describes 
no pain at the site of the ulcer, and has no previous history of sores on his 
lower extremities. He denies a history of diabetes, but states that he has been 
having progressive difficulty lately in walking distances due to cramps in his 
calves bilaterally. His past medical history is significant for hypertension and 
stable angina, for which he takes nitrates and a beta-blocker. His only previ-
ous surgery was a right inguinal herniorrhaphy 30 years ago. He admits to a 
50 pack-year tobacco history, and still smokes.The ulcer appears to have a 
dark base on examination, with mild malodorous discharge. His heart rate is 
84 bpm, blood pressure is 140/70 mmHg, and he is afebrile on examination. 
He is alert, awake, and normally conversant, but states that his prolonged 
bedrest has reduced his normal willingness to get out of bed and ambulate.
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Physical examination reveals that the femoral and popliteal pulses are palpable 
bilaterally, but the pedal pulses are absent. Doppler exam reveals a faintly monopha-
sic dorsalis pedis (DP) signal and absent posterior tibital (PT) signal on the left foot, 
while biphasic signals are present at the DP and PT on the right. Bedside pressure 
exams reveal an ankle-brachial index of 0.2 on the left, 0.5 on the right.

The eschar on the ulcer is uncapped, and the remainder of the wound is debrided 
(Fig. 45.1). Tissue samples and swabs are sent for bacterial culture and sensitivity 
assays. A CT angiogram is ordered for the patient.

Question 2
In anticipating the results of the angiogram, what is true about primary and second-
ary amputation in the treatment of chronic limb ischemia?

 A. Primary amputation is the most common form of initial therapy in the treatment 
of chronic limb ischemia.

a

b

Fig. 45.1 (a) Left heel ulcer after uncapping of eschar and debridement of nonviable tissues. Note 
the pink base of the ulcer with backbleeding from the wound bed. (b) Plain film of the left foot. 
The radiolucency of the left heel reflects the ulcerated tissue; no appreciable osteomyelitis is 
evident
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 B. Overwhelming infection is the most common cause of secondary amputation.
 C. Early graft occlusion always results in a secondary amputation within the first 

year after arterial reconstruction.
 D. Primary amputation is indicated when extensive gangrene has compromised the 

foot to such a degree that it cannot be salvaged.
 E. All of the above.
 F. None of the above.

Question 3
If the results of the angiogram preclude vascular reconstruction and the wound 
remains non-healing, which of the following would be the single best non-invasive 
method to determine the level of appropriate amputation?

 A. Pulse volume recordings/segmental systolic blood pressure measurements.
 B. Transcutaneous oxygen pressure measurements.
 C. Skin fluorescein uptake/radiotracer injection.
 D. Skin thermography.
 E. Clinical assessment of popliteal pulses, skin temperature, dependent rubor.
 F. There is no test that can reliably predict primary healing by itself.

While awaiting angiography, the Vascular Surgery resident is alerted to a sudden 
deterioration in the patient’s condition. The patient has become febrile, hypotensive, 
and tachycardic. He is awake, but delirious. Examination of the left foot reveals 
frank purulence from the wound, expressible with manual pressure on the dorsal 
forefoot. The Achilles tendon appears grossly infected with extensive loss of struc-
tural integrity. There is no crepitance on palpation.

Question 4
Which of the following is the most appropriate initial intervention at this time?

 A. IV antibiotics and medical management alone
 B. IV antibiotics, below-the-knee amputation (BKA) with flap (non-staged)
 C. IV antibiotics, ankle disarticulation in expectation of a staged BKA or above- 

the- knee amputation (AKA)
 D. IV antibiotics, immediate above-the-knee amputation
 E. IV antibiotics, debridement, and vascular reconstruction

The patient is started on broad spectrum IV antibiotics and is taken urgently to 
the operating room for an ankle disarticulation under general anesthesia. He is extu-
bated post-operatively after an initial stay in the ICU for resuscitation and recovers 
from sepsis adequately on the surgery ward. The amputated stump appears to be 
draining adequately without signs of expanding cellulitis. One week later, he returns 
to the operating room for his staged amputation.
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Question 5
Which of the following is true regarding the relative advantages and disadvantages 
of a below-the-knee amputation as compared to an above-the-knee amputation in 
elderly patients?

 A. Most patients who undergo unilateral AKA do not achieve independent 
ambulation.

 B. Patients who undergo BKA experience a 10–40% increase in energy expendi-
ture above their normal baseline when ambulating.

 C. Proximal amputations are associated with a higher probability of primary 
healing.

 D. The rehabilitative advantages of BKA over AKA are negligible in patients who 
are unable to ambulate due to their comorbid conditions.

 E. All of the above.

Question 6
Which of the following factors and complications are NOT associated with below- 
knee stump failure necessitating revision and/or a more proximal amputation?

 A. Intrinsic wound infection/sepsis
 B. Trauma to the residual limb
 C. Wound edge necrosis/ischemia
 D. Stump ulceration
 E. Early ambulation and weight-bearing on the stump

Question 7
Advantages of a customizable removable immediate postoperative prosthesic after 
BKA include which of the following?

 A. Rigid support to control or prevent joint flexion contracture
 B. Accelerated wound healing and stump maturation
 C. Minimizing postsurgical edema and pain
 D. Decreasing inactivity by assisting in early ambulation
 E. Decreased need for postoperative follow-up
 F. Protection from trauma

The patient recovers well on the vascular ward post-operatively. His wounds 
appear to be healing well without signs of infection (Fig. 45.2a); his pain is well- 
managed on oral narcotics, but he states that he has reduced sensation on the skin over 
his residual limb. He begins physical therapy in the hospital, but has initial resistance 
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a

b

Fig. 45.2 The patient at his post-discharge clinic follow-up appointment. (a) The well-healed left 
BKA stump without complications. (b) The patient demonstrating independent ambulation with 
his BK prosthesis
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to getting out of bed due to deconditioning. Though he makes significant progress 
toward walking while in the hospital, he is discharged to a short-term rehabilitation 
facility after consultation with the physical and occupational therapy team (Fig. 45.2b).

Question 8
Which of the following statements regarding the post-operative care of amputation 
patients is false?

 A. For optimal patient recovery, a combination of good amputation level selection 
and early ambulation rehabilitation is necessary.

 B. The patient is best treated by a multidisciplinary team that includes the vascular 
surgeon, a prosthetist, physical therapy, and mental health professionals as 
warranted.

 C. The 5 year life expectancy of diabetic patients is less than 50% after major lower 
extremity amputation.

 D. Patient education and contralateral foot care are key for continued patient 
well-being.

 E. Elderly patients commonly ambulate after bilateral above-knee amputations.

 Commentary

The performance of major lower extremity amputations is an important field of 
expertise for the vascular surgeon. Unfortunately, the necessity of amputation has 
come to carry a negative connotation of “failure” of our reconstructive therapies in 
relationship to the treatment of chronic extremity ischemia. Instead, as physicians 
and surgeons, the need to perform an amputation when indicated should be viewed 
as an opportunity to maximize a patient’s potential functional recovery, post- 
operative quality of life, and independence [1, 2].

In the 2007 update to the Trans-Atlantic Inter-Society Consensus Document on 
Management of Peripheral Artery Disease (TASC II), the reported aggregate inci-
dence of major lower extremity amputations from large population or nation-wide 
data is 120–500 per million people per year, with a ratio near 1:1 between above- 
knee (AKA) and below-knee (BKA) amputations. Continuing debate occurs as to 
the impact of increasing numbers of revascularization procedures on amputation 
rates in patients with chronic limb ischemia (CLI). Recent data from Sweden, 
Denmark and Finland demonstrate a significant decrease in amputations for CLI 
with the increased availability and use of both endovascular interventions and surgi-
cal revascularization and data from the UK demonstrates a plateau in major amputa-
tion that may reflect increasingly successful limb salvage [3]. At the time of the 
TASC II study, older US studies had shown no positive impact of revascularization 
procedures on amputation rates. However, more recent studies of Medicare B claims 
between 1996 and 2006 have shown trends in congruence with the European stud-
ies, namely a marked decrease in total lower extremity amputations with increasing 
numbers of vascular interventions [4].
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The leading causes of amputation vary widely between countries, influenced 
heavily by their socioeconomic and political situation. Countries with a recent or 
ongoing history of conflict may experience trauma as the most common cause of 
major amputation, whereas vascular and metabolic disease tends to dominate in the 
sedentary populations of developed countries. As a single disease entity, diabetes 
mellitus and its attendant complications are the leading cause of non-traumatic 
lower extremity amputation in the United States [5]. [Q1: B] Globally, diabetes 
mellitus is associated with an estimated 25–90% of all amputations [6]. A 2002 
analysis of discharged patients from United States hospitals showed that the under-
lying pathology leading to amputations were dominated by far by vascular diseases 
including diabetic complications (82.0%), followed by trauma (16.4%), with ampu-
tations for neoplasm (0.9%) and congenital causes (0.8%) trailing behind [7].

Generally, the indications for lower extremity amputation in the setting of vascu-
lar disease include overwhelming infection of the foot that threatens patient life, rest 
pain in claudicants that cannot be controlled, and situations in which extensive 
necrosis has destroyed the foot. However, the advent of modern vascular surgical 
reconstruction strategies and improvements in endovascular techniques have mark-
edly reduced the role of primary amputation, defined as the performance of amputa-
tion prior to revascularization attempts, in the treatment of peripheral vascular 
disease. Vascular reconstruction remains the mainstay of chronic limb ischemia 
therapy; on initial presentation of CLI, 50% of patients are initially treated with a 
revascularization procedure, 25% with primary amputation, and 25% undergo med-
ical management [3]. Currently, the indications for primary amputation in the set-
ting of vascular disease are limited to those situations where arterial reconstruction 
is contraindicated. This includes patients in whom the burden of peripheral vascular 
disease does not allow for bypass grafting (i.e., “no target for bypass”), those who 
have gangrene to such an extent that it would not permit the salvage of a useful 
extremity even if vascular reconstruction is successful, and those who have prohibi-
tive comorbid states such as advanced CHF. [Q2: D] Patients with chronic limb 
ischemia who are nonambulatory pose a dilemma. Due to their preoperative condi-
tion, and often possessing flexion contractures due to their ischemic disease or pain, 
vascular reconstruction usually produces a limb that is neither stable nor useful; 
primary amputation may be appropriate for this population [3].

Despite the focal role of arterial reconstruction in the treatment of chronic limb 
ischemia, the surgeon must be sensitive to the possibility of futility in repeated treat-
ment and the need for secondary amputation in achieving the best clinical outcome. 
The indications for secondary amputation include early graft occlusion with fruit-
less attempts to attain a patent reconstruction, exhaustion of interventional possibili-
ties in restoring flow, or the event in which the limb continues to deteriorate despite 
the presence of a patent reconstruction [3, 8]. Indeed, the most common causes of 
secondary amputation are unreconstructable vascular disease (60%) and persistent 
infection of the lower extremity despite aggressive vascular reconstruction [3]. In a 
review of 2306 lower extremity bypass procedures by the Vascular Study Group of 
Northern New England, 8% of the cases were found to require secondary amputa-
tion within 1 year post-intervention; 17% of these amputations were performed in 
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the setting of a patent graft. While graft occlusion was not found to be a definitive 
amputation requiring event, 42% of those with early graft occlusion eventually had 
a major lower extremity amputation. Independent risk factors associated with ampu-
tation in this population included nonambulatory status preoperatively, dialysis 
dependence, diabetes mellitus, a tarsal target for the bypass graft, and preoperative 
housing in a nursing home [9].

Given the societal, economic, and personal impact of an amputation to a patient, 
amputees report that they are willing to undergo multiple, repeated, and potentially 
painful interventions in an attempt at limb salvage rather than undergoing an early 
amputation [10]. The increasing use of endovascular techniques to treat peripheral 
vascular lesions has shown a potential to avoid amputation for these patients. As 
cited above, the decade between 1996 and 2006 saw a significant decrease in the 
rate of amputation. This same period also witnessed a substantial growth in Medicare 
B claims for endovascular intervention. It is estimated that, in conjunction with 
bypass surgery, this period coincided with a doubling in the total number of vascular 
procedures performed [4]. Likewise, endovascular specific techniques such as sub-
intimal angioplasty could potentially salvage limbs that would otherwise have 
undergone primary amputation [11].

Appropriate selection of the level of amputation is critical to the formation of an 
amputation stump that can be well healed and allow for functional rehabilitation. 
For the vascular surgeon, a badly chosen distal level can lead to the feared compli-
cation of a “creeping amputation,” whereas an overly proximal cut would greatly 
hamper rehabilitation possibilities for the patient. However, no single noninvasive 
clinical test has been demonstrated to reliably predict primary healing in the isch-
emic amputee, particularly when dealing with below-knee amputations. [Q3: F] 
Objective evaluation of skin blood flow at the desired level of amputation is the best 
means to anticipate primary healing. Clinical assessment includes a pulse exam, 
looking for palpable pulses above the level of the proposed amputation, the pres-
ence or absence of dependent rubor, venous filling, skin temperature as assessed by 
the palm of the hand, and signs of infection at the site of incision [12]. Segmental 
Doppler systolic blood pressure measurements have been used for decades, but its 
use is hampered in distal amputation measurement by the calcification of arteries, 
and data defining a lower limit of systolic blood pressures at the popliteal artery for 
successful healing have been inconsistent, ranging from below 50 mmHg to as high 
as 70 mmHg. Skin injections of radiotracer dyes have been studied since the 1980s, 
but are highly subject to operator variability in injection level and factors affecting 
blood flow such as cardiac function, body temperature, and ambient temperature 
that proved difficult in providing standardization. In the case of fluorescein injec-
tion, cardiac arrest has been described following injection. There is little work to 
support the independent use of skin thermography alone in determining incision 
level [13].

Much literature has been produced to support the use of transcutaneous oxygen 
pressure measurements (TcPO2) in determining amputation level. This method uti-
lizes a heated Clark electrode to overcome the limitations of skin injection dyes in 
a test that is both simple and inexpensive to perform. Early experiments found high 
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correlations of TcPO2 with ischemic rest pain, intermittent claudication, and tissue 
loss compared to normal controls. Like the blood pressure tests, attempts to estab-
lish a lower limit threshold to predict primary healing has varied widely, from a 
TcPO2 25 to 40 mmHg. Nonetheless, this method may have the highest potential for 
reaching significance as an adjunctive test in clinical practice, as higher TcPO2 lev-
els are consistently associated with improved rates of primary healing, and the 
method can be adapted to be used preoperative, intraoperatively, and postopera-
tively for continued evaluation [13, 14].

Given the absence of a “gold standard” method, the surgeon is best served using 
his or her clinical judgment, with the optional conjunction of tests the surgeon feels 
comfortable with to augment that judgment.

In a patient with extensive gangrene or active infection, the surgeon must follow 
basic surgical principles regarding control of a contaminated field. The patient with 
evidence of tissue loss in conjunction with peripheral vascular insufficiency is par-
ticularly vulnerable to infection in ischemic areas, and can have profound difficulty 
clearing disease in these locations as well. Control of infection and restoration of 
perfusion when limb salvage is realistic is essential.

The patient described above demonstrates ongoing septic shock; while he was 
initially hospitalized for pneumonia, the frank purulence from his wound and evi-
dence of deep space infection of his foot suggest that his left lower extremity is the 
infectious focus. Beginning broad spectrum antibiotics is a prudent initial step in his 
treatment. However, given his known vascular compromise in his affected foot, it is 
unreasonable to expect medical management alone would be adequate to treat his 
infection and sepsis. The wound was previously debrided for necrotic tissue to a 
clean base; at this stage, the deep space infection of the foot suggests that simple 
debridement would not be sufficient. While the initial goal for this patient was limb 
salvage, loss of the Achilles tendon to disease in conjunction with the extensive 
infection of the foot makes the possibility of a functional foot unlikely despite 
revascularization. High importance should be placed on avoidance of wound infec-
tion, a complication with disastrous consequences for the patient. The most effica-
cious surgical intervention in this situation is an ankle disarticulation or guillotine 
amputation at the level of the malleoli in order to clear diseased tissue, reduce final 
amputation wound infection, and improve overall outcomes. [Q4: C] This incision 
should be no higher than a few centimeters proximal to the malleoli despite more 
proximal cellulitis, without flaps to allow for adequate drainage while treatment is 
continued with dressing changes and antibiotics. Completion amputation should be 
delayed until 1 week after the disarticulation to allow for sepsis clearance [8].

When planning an amputation level, the surgeon must weigh competing surgical 
factors favoring wound healing with the desires of the patient and rehabilitation team 
for a highly conservative amputation. The advantages of a BKA, in comparison to an 
AKA, are most noticeable when considering the postoperative recovery and rehabili-
tation of the patient. Though factors such as presurgical fitness, mental status, and age 
weigh into the potential of a patient to ambulate after amputation, the presence of a 
preserved knee joint greatly favors positive outcomes. Amputees who have undergone 
a BKA achieve post-surgical bipedal amputation rates up to 80%, as opposed to 
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38–50% patient who have had an AKA.  Similarly, while all amputees experience 
increased energy expenditure when compared to a non-amputated control during 
ambulation, BKA patients only face a 10–40% increase, as opposed to a greater than 
60% increase after an AKA [15]. These findings are summarized in Table 45.1.

The primary disadvantage of a BKA when compared to an AKA in the setting of 
peripheral vascular disease is the decreased potential for primary healing. It is often 
quoted in surgical dogma that, with clinical determination of amputation level, a 
BKA has an 80% rate of uninterrupted primary healing, while an AKA chosen 
under the same guidelines has a rate of primary healing of at least 90% [16, 17]. 
More recent data from the TASC II study confirms an overall rate of 75% of BKA 
stump healing: a primary healing rate of 60% is found among patients after a BKA, 
with an additional 15% of patients achieving secondary healing while preserving 
their BKA residual limb. Additionally, 15% of BKA patients require conversion to 
AKA in the early postoperative period, while an estimated 10% succumb to periop-
erative death [3].

In light of the post-surgical well-being of the patient, the data clearly supports 
the preservation of a functional knee joint whenever feasible. However, there are 
many patients in whom essential medical conditions leave an initial AKA as the best 
clinical option. In patients who have had chronic ischemic damage, the surgeon may 
find ischemia in areas precluding a BKA, or discover irreversible tissue injury dur-
ing the open amputation, signified by noncontractile gray muscle or severe knee 
flexion contracture or rigidity; BKA in these patients may be futile, result in a non-
functional knee joint that may not heal and would require further surgery. Another 
group in which AKA may be more clinically appropriate include patients who fail 
to walk or would not be expected to ambulate post-operative due to underlying 
comorbidities; examples of these patients include the elderly afflicted with severe 
dementia, those debilitated by the sequelae of severe or multiple cerebral vascular 
accidents, and people who are experiencing end-stage pulmonary or cardiac dys-
function [17, 18]. Due to their bedridden status, severe knee contracture would 
inevitably result, predisposing to the formation of pressure ulcers on the residual 
limb that would necessitate revision to an AKA [17]. [Q5: E]

Table 45.1 Energy expenditure and ambulation rates as a function of amputation level

Amputation level
Post-recovery ambulation 
rate (%)

Energy expenditure above non- 
amputated patient (%)

Hip disarticulation 0–10 (vascular patients) 82
Above-the-knee 
amputation

38–50 63

Knee disarticulation 31 (prosthesis fitting rate) 71.5
Below-the-knee 
amputation
Long stump 10
Short stump 80 40
Syme amputation n/a 43

Adapted from [15]
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The patient described in the case scenario, though reporting symptoms consis-
tent with claudication, still possesses a reasonable expectation of ambulation due to 
his pre-hospitalized functional status. A BKA would be an appropriate choice for 
his completion amputation.

Healing is a particularly complex concern for vascular and diabetic amputees, as 
the underlying medical comorbidities and the issues of local tissue ischemia that 
resulted in the pathology necessitating surgery will heavily weigh on the success of 
recuperation. Wound infection is the most serious complication that frequently 
requires an above-knee revision of the residual limb; infection greatly reduces reha-
bilitation potential, increases hospitalization length, and can be life-threatening. 
Intrinsic infection from tissues used to create the stump are more common than new 
extrinsic infections in this patient population [8]. Antibiotic regimens should be 
tailored to preoperative cultures and sensitivities from infected wound beds as the 
clinical timecourse allows. A statistical regression of a small UK population of 
BKA failures yielded an increased odds ratio of 14 toward AKA revision over non-
infected residual limbs; similarly, postoperative limb trauma was shown to contrib-
ute significantly to a need for revision or AKA [19]. Wound edge necrosis in 
isolation does not necessarily require an AKA, its presence signifies local ischemia 
that may hamper adequate wound healing. The presence of necrosis and ulcerations 
on the stump also predispose to infection and concurrent sepsis [8, 19]. While a 
poor-fitting prosthetic or dressing can contribute to pressure ulcer formation on the 
residual limb, early ambulation and weight-bearing are highly encouraged and asso-
ciated with increased success rates of post-surgical rehabilitation. [Q6: E]

In carefully selected populations, conversion to an AKA and its consequent dis-
tractions from the patient’s quality of life can be avoided by a revision of the 
BKA. Recent initial studies suggest that these patients generally have failure sec-
ondary to a history of minor trauma to the stump while possessing a palpable popli-
teal pulse, as opposed to a failure due to inadequate tissue perfusion. Eighty-six 
percent of these patients were able to ambulate postoperatively, while 0% of their 
matched AKA controls achieved that goal [20].

While the gold standard for dressing of a post-below-the-knee amputation has 
long been a bulky, rigid dressing, evolving technologies in the field of prosthetics 
has created an expanding role for the use of immediate postoperative prosthesis 
(IPOP). Modern use of IPOP is first cited in the early 1960s and 1970s with variable 
healing rates; Moore cites a primary healing rate of 62–75% with a 100% rehabilita-
tion rate in amputees who were ambulatory prior to surgery [21]. These early 
designs were non-removable cylindrical casts that had to be cut for wound observa-
tion and recreated for additional use thereafter. Currently, IPOP is not the standard 
of treatment; concerns cited may stem from this legacy, as they include unfamiliar-
ity with the technique, the need for frequent wound monitoring, and fear of placing 
a hard cast on a vascularly compromised limb. The purpose and results attributed to 
IPOP use include controlling or preventing knee flexion contracture, minimizing 
postsurgical edema and pain, providing psychological benefit of early ambulation, 
reducing phantom pain and the effects of inactivity through controlled weight bear-
ing and ambulation, and protecting the residual limb from trauma. [Q7: A, C, D, F] 
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In addition, IPOP use is also associated with assistance (but not acceleration) in 
wound healing and residual limb maturation. Experience through the last decade 
with the removable IPOP has demonstrated not only the ability for frequent wound 
examination for the surgeon, but benefit to the physical therapist in allowing for 
strengthening and range of motion exercises, and to the prosthetist in allowing for 
adjustments for residual limb volume loss and assisting in limb shaping [15, 22]. 
Bulky rigid or semirigid dressings also possess many of the same advantages in the 
avoidance of wound complications and preventing the development of flexion con-
tracture at the knee. Advocates of these dressings cite concerns about inhibiting the 
patient’s movement in bed during the initial hours of recovery [8]. However, the 
unique advantage of the IPOP is the speedy path to rehabilitation and ambulation in 
the capable patient.

Healing from surgery is only the first hurdle for the amputee; recovery and reha-
bilitation is the focus of surgical therapy in these patients. In order to maximize the 
patient’s chances for independent ambulation, adequate surgical recovery with 
appropriate amputation level selection must be combined with early ambulation. 
This can be maximized in BKA patients with the use of an IPOP. However, if the 
surgical team chooses to utilize rigid bulky dressings, rehabilitation for the patient 
should begin on the first postoperative day by getting the patient out of bed and 
encouraging weight bearing on the intact contralateral leg; by postoperative day 4 
or 5, most patients will be ready for pylon and foot fitting and travel to physical 
therapy for more intense rehabilitation. Though amputees experience the dangers of 
atelectasis and pulmonary embolism associated with prolonged bedrest common to 
surgical patients, muscle atrophy in the upper body and remaining lower extremity 
can profoundly complicate mobility and must be avoided with an aggressive reha-
bilitative routine [8]. Ultimately, the ability to achieve independent survival is 
directly related to patient survival. In a series of 2616 Veterans Administration 
patients who underwent major lower extremity amputation, those who achieved 
even marginal independence had a 6 month survival rate of at least 91%; patients 
who remained totally dependent on assistance had only a 73.5% 6 month survival 
rate. Unfortunately, 36% of all patients in this population were never able to recu-
perate beyond total dependence on assistance. Those that were able to achieve 
higher levels of independence tended to be younger, have undergone fewer proce-
dures, and carried less comorbidities [23].

Despite the most ambitious of rehabilitation protocols, about 80% of BKA 
patients and less than 50% of AKA patients achieve ambulation (Table 45.1) [15]. 
These results drop dramatically when amputation is bilateral; it is uncommon for 
bilateral amputees to regain ambulation after surgery, regardless of their age. Even 
in young, otherwise healthy patients, it is rare for bilateral amputees to achieve nor-
mal gait [8]. [Q8: E]

On follow-up after hospital discharge and rehabilitation, patients tend to report 
relatively high scores on subjective quality-of-life (QoL) measures. A 2008 study 
confirmed that predictors of decreased QoL scores include symptoms of depression, 
decreased mobility with prosthetics, number of prosthetic problems, increasing 
number of comorbidities, and less social support and daily social activity. Among 
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these factors, depression was found to have the single largest impact on reported 
QoL [24]. Further study on depression in amputees found a rate of 17–20% at 
1–3 years after surgery, compared to a 23% rate prior to admission and 2% at dis-
charge. The post-surgical depression was found to be associated with baseline 
depression at admission and significant comorbidities, but not with length of hospi-
tal stay, wearing of the prosthetic, or dysvascular disease as the cause of amputation 
[25]. The therapy team can make the greatest impact on the quality of life of ampu-
tees by ensuring adequate mental health resources are available to the patient.

Regrettably, the morbidity and mortality profile of patients who have undergone 
major limb amputation is poor. Aggregate data from the TASC II study demon-
strated that at 2  years after BKA, only 40% of patients were found to be fully 
mobile. Another 15% had undergone conversion to AKA, 15% required a contralat-
eral amputation, and 30% were dead [3]. A series of 954 amputation from Beth 
Israel Deaconess found a median survival after AKA of 20 months, and 52 months 
after BKA; the presence of diabetes mellitus as a comorbidity showed a significant 
difference of survival at 60 months on the Kaplan-Meier curve of 30%, as opposed 
to 60% in non-diabetics [26]. Data from the Netherlands showed a 62% survival 
after amputation at 1 year, which dropped to 50% at 2 years and 29% at 5 years [27]. 
In a VA patient retrospective, a 7 year survival rate of 39% was noted; major causes 
of death in amputees were found to include congestive heart failure, myocardial 
infarction, respiratory failure, disseminated cancer, overwhelming sepsis, stroke, 
and renal failure [28]. Additional factors contributing to early mortality post- 
amputation in a West Virginia case series included advanced age, low albumin lev-
els, undergoing an AKA, and the lack of previous cardiac intervention [29]. A rate 
of BKA to AKA conversion of 12–17% was reiterated in the two series from the 
Veterans Administration and the Netherlands [27, 28]. Mortality within the first 
decade after amputation is significant; the etiology of death usually is the result of 
underlying medical issues that contributed to the need for amputation.

With the proper attention of a vascular surgeon and a multidisciplinary team, an 
amputation does not have to signify the failure of treatment. Rather, it should be 
seen as the first step toward functional recovery and regaining a quality of life com-
parable to the patient’s pre-pathologic state. In many cases, amputation surgery may 
be preferable to extended distal bypass or multiple revisions of a below-knee bypass 
if the support infrastructure is available post-operatively. Continuing advances in 
prosthetic technology have the potential to improve patient outcomes in terms of 
energy expenditures, recovery of ambulatory ability, and gait improvement. It is 
incumbent on the vascular surgeon to remain actively engaged in the post-operative 
care of the amputee.
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Case Report
A 10-year-old girl presented with a history of recurrent painful swelling of the 
left knee with mild ecchymosis. The latest episode of tender swelling of soft 
tissue along the left knee was preceded by a direct blow to the area during a 
ball game. In addition, she has had an abnormally grown left lower limb with 
scattered multiple soft tissue masses throughout the limb since birth.

• Physical examination revealed diffuse swelling of the entire left limb, which 
was longer and larger than the opposite limb and more pronounced along 
the foot and lower leg. The swollen limb had slightly increased firmness on 
palpation throughout its entire length except for the soft tissue mass areas.

• Multiple soft tissue masses were easily compressible and scattered from the 
dorsum of foot to the upper thigh; their diameters varied between 2 and 8 cm.

• Similar lesions were also noticed at the left perineum, left labia, left lower 
abdomen, and left flank. Diffuse swelling along the medial side of left foot 
collapsed spontaneously when the foot was elevated.

• Further evaluation of the skeletal system revealed the left lower extremity 
to be 5.0 cm longer—3.0 cm longer in the tibia and 2.0 cm longer in the 
femur—in total length than the right lower extremity, accompanied by pel-
vic tilt and compensatory scoliosis of the lower spine.

• However, the patient had minimal limitation of her daily activities except 
for moderate limping.

• Family history and past history were unremarkable except for a vague his-
tory of cellulitis along the affected limb.
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Question 1
What is the most fundamental problem on which clinician should focus in order to 
establish the proper diagnosis and treatment of this condition?

 A. Scoliosis with pelvic tilt
 B. Abnormal long-bone growth with length discrepancy
 C. Abnormal swelling of lower limb with scattered soft tissue tumors
 D. Mechanical problem of knee joint with symptoms

Question 2
What is the most basic laboratory test required to verify the nature of the problem?

 A. Lumbosacral spine assessment
 B. Radiologic assessment of bone length discrepancy
 C. Duplex ultrasonography for the hemodynamic assessment
 D. Locomotive test including gait evaluation

Question 3
Which of the following non-invasive studies could be most useful in the clinical 
diagnosis of the disease complex in our patient?

 A. Volumetric assessment of limb size
 B. Special radiologic study of epiphyseal plate of abnormally long bone
 C. Magnetic resonance imaging (MRI) study of soft tissue masses
 D. Transarterial lung perfusion scintigraphy
 E. Bone scan

Question 4
Which of the following non-invasive tests is not appropriate to assist in the differen-
tial diagnosis for the extremity lesions in our patient?

 A. Whole-body blood-pool scintigraphy (WBBPS)
 B. Computed tomography (CT) scan
 C. Radionuclide lymphoscintigraphy
 D. Transarterial lung perfusion scintigraphy (TLPS)
 E. Lymphangiography (lymphography)

 Clinical Evaluation

This patient underwent a thorough investigation of the nature and extent of the con-
genital vascular malformation (CVM) involved.
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A combination of various non- to minimally-invasive studies were performed to 
confirm the clinical impression of venolymphatic malformation (VLM): duplex 
ultrasonography, whole-body blood-pool scintigraphy (WBBPS), magnetic reso-
nance image (MRI) study, transarterial lung perfusion scintigraphy (TLPS), and/or 
radionuclide lymphoscintigraphy.

The primary hemodynamic impact and the secondary musculoskeletal impact of 
the venous malformation (VM) were assessed as the main CVM lesion in addition 
to the extent/degree of each component of the VM, truncular (T) and extratruncular 
(ET) form, involved in the extremity.

A thorough skeletal evaluation of the long-bone growth discrepancy of the lower 
extremity and the degree of pelvic tilt with its compensatory scoliosis was also 
made with conventional bone X-rays.

The TLPS assessment was performed substituting arteriographic investigation of 
the lower extremity for the possible hidden micro-arteriovenous malformation 
(AVM) lesion, which was marginally indicated due to an unusually increased venous 
flow by the isolated VM lesion alone on the duplex scan under the normally devel-
oped and functioning deep vein system.

An ascending phlebography was also performed together with the percutaneous 
direct-puncture phlebography as a therapeutic guide; mandatory confirmation of the 
presence of a normal deep vein system of the lower extremity was made before 
starting the treatment to the infiltrating ET-form lesion of the VM.

The final diagnosis confirmed extensive involvement of the VM as an infiltrating 
type of the ET form causing serious clinical impact directly to the venous system 
hemodynamically as well as to the skeletal system to induce abnormal long-bone 
growth of the left lower extremity. A moderate degree of venectasia as a T form of 
VM along the left femoral-popliteal vein segment was also found, by WBBPS, MRI 
and duplex scan, and subsequently confirmed by separate ascending phlebography.

A venectasia of the femoral vein was assessed to have a limited clinical signifi-
cance at this stage in comparison to the ET-form lesions of the VM.

The lymphatic malformation (LM) component which is mixed with the ET form of 
VM, was confirmed as the ET form, giving minimum and limited clinical impact so 
that a conservative management/observation was instituted for this LM component.

Therefore, the ET-form lesions of VM along the knee region were selected for 
active treatment as a priority; this was followed by the ankle and foot lesions.

The primary indication to initiate the treatment immediately was that these 
lesions were potentially limb-threatening (e.g., hemarthrosis) due to their proximity 
to the joints with increased vulnerability to repeated trauma, especially as a cause of 
her knee symptoms.

The treatment was further indicated to arrest/slow down their impact on abnor-
mal long-bone growth.

Multiple infiltrating ET lesions of the VM along the knee region, which is surgi-
cally not amenable, were selected for ethanol sclerotherapy as independent therapy. 
Multisession ethanol sclerotherapy was given using the absolute ethanol in the range 
of 80 to 100% concentration in calculated dosage—not exceeding 1.0 mg/kg of body 
weight as maximum dose per session—by direct puncture technique under general 
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anesthesia. Close cardiopulmonary monitoring during the procedure was ensured to 
control and/or prevent transient pulmonary hypertension by the unavoidable spillage 
of ethanol into the systemic circulation from the lesion during treatment.

The symptomatic lesions along the knee with recurrent painful swelling following 
minor injuries were controlled well without complication/morbidity and substantially 
reduced the risk of intra-articular bleeding and subsequent hemarthrosis. Subsequently, 
the ET-form VM lesions at the foot and ankle underwent surgical excision following 
preoperative multisession ethanol and N-butyl cyanoacrylic glue embolosclerother-
apy with much reduced perioperative morbidity to improve foot function.

Following successful control of multiple VM lesions along the knee, ankle, and 
foot with priority as a potentially limb-threatening condition, other VM lesions, 
scattered throughout the lower extremity, were also treated with absolute ethanol to 
assist further attempts to arrest the abnormal long-bone growth of the lower extrem-
ity. The abnormal long-bone growth is attributed to these VM lesions scattered 
within the muscular structure of the lower extremity in the extensive infiltrating type 
of ET, with significant impact on the venous circulation along the epiphyseal plate.

In addition to the multisession embolosclerotherapy as independent and/or adjunct 
perioperative therapy to the VM lesions, the conservative supportive measures to 
improve and/or maintain overall venous function have been supplemented with the use 
of a graded compression above-knee stocking to prevent chronic venous insufficiency.

The final decision for the T-form lesion was left femoral-popliteal venectasia, but 
it was decided to defer treatment until urgent treatment of the ET form of the VM 
was finished, but to keep it under close observation. It might eventually require 
treatment (e.g., venorrhaphy, venous bypass) to prevent development of venous 
thromboembolism when significant venous flow/volume reduction should occur 
following successful control of the ET form of VM lesions. The hemodynamic con-
sequences of the treatment of such extensive ET-form lesions directly affect total 
venous blood volume through the deep vein system.

The LM component in this patient was treated only with complex decongestive 
therapy (CDT) in order to prevent full development of lymphedema. The infiltrating 
ET form of LM detected together with the ET form of VM has been shown to put extra 
burden on the marginally normal lymph-conducting system on lymphoscinti- graphic 
evaluation. Therefore, continuous surveillance for aggressive preventive measurement 
of local to systemic cellulitis along this ET form of LM lesions is mandated.

This patient will continue to be managed by the multidisciplinary team of the 
CVM Clinic at regular intervals for her entire lifetime, through periodical follow-up 
assessment of the treatment results and the natural course of the untreated lesions.

Question 5
What is the first priority in the management of this patient?

 A. Correction of scoliosis
 B. Correction of bone length discrepancy
 C. Control of abnormal hemodynamic status of lower extremity by vascular lesions
 D. Correction of gait with physical therapy and shoe adjustment
 E. Biopsy of the soft tissue mass
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Question 6
Which of the following is not an indication for the treatment of venous 
malformation?

 A. Lesion located near to the limb threatening region
 B. Life threatening lesion
 C. Symptomatic lesion
 D. Lesion with complication
 E. All the lesions regardless of their condition

Question 7
What is the International Society for the Study of Vascular Anomaly (ISSVA) rec-
ommended and most popular strategy with respect to limb length discrepancy?

 A. Immediate surgical intervention to the epiphyseal plate to arrest further abnor-
mal growth of the affected bone

 B. Conservative treatment of limb length discrepancy only with physical therapy 
and shoe adjustment

 C. Hemodynamic control of venous malformation as a priority whenever possible
 D. Corrective surgery of bone for length discrepancy with the unaffected limb as a 

priority
 E. None of the above

Question 8
What is the current trend of therapeutic strategy for venous malformation lesions in 
the lower extremity?

 A. Surgical excision of the vascular lesions and related procedure only
 B. Transarterial embolotherapy only
 C. Transvenous sclerotherapy only
 D. Multidisciplinary approach with surgical therapy and embolosclerotherapy
 E. Percutaneous direct puncture sclerotherapy only

Question 9
What is the general consensus on invasive investigations (e.g., arteriography; phle-
bography) for venous malformation?

 A. There is no indication for invasive investigation for the diagnosis and treatment 
of venous malformation.

 B. Invasive investigations are indicated in every suspected case of venous malfor-
mation for the confirmation of the diagnosis.

 C. Invasive investigation can be reserved for the therapeutic regimen as a road map 
and/or occasional differential diagnosis.
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 D. Invasive investigation should be used only for the follow-up assessment.
 E. None of the above.

Question 10
What is the most important precondition for the treatment of venous malformation 
in the lower extremity?

 A. History of deep vein thrombosis
 B. Combined lymphatic malformation
 C. Vascular-bone syndrome: length discrepancy of the long bone
 D. Existence of deep vein system
 E. Skin lesion with ulcer and necrosis

Question 11
What has to be included in the differential diagnosis of venous malformation?

 A. Lymphatic malformation
 B. AV shunting malformation
 C. Infantile hemangioma
 D. Capillary malformation
 E. All of the above

 Commentary

Congenital vascular malformation (CVM) is regarded as one of the most difficult 
diagnostic and therapeutic enigmas in the practice of medicine. Vascular surgeons 
often take this vascular malformation quite casually without any specific knowl-
edge, and this cavalier approach can end in failure. Clinical presentations of the 
CVMs are extremely variable, ranging from an asymptomatic birthmark to a life- 
threatening condition. This variability in the clinical presentation has been a major 
challenge to even the most experienced clinicians [1, 2]. Many attempts to control 
this ever-challenging problem, especially in the twentieth century, were led by sur-
geons alone, but with mostly disastrous results because of poorly planned and over-
aggressive surgical treatment carried out on the basis of limited knowledge [3, 4]. 
Recently, a multidisciplinary approach was introduced with a new concept based on 
Hamburg classification [5, 6]. The Hamburg classification gives excellent clinical 
applicability with minimum confusion because the new terminology itself provides 
substantial information on the anatomico-pathophysiological status of vascular 
malformation; it has become the most fundamental rationale for the advanced con-
cept of vascular malformation [7–9] (Table 46.1). It classifies complex groups of 
various vascular malformations based on the predominant type: VM, LM, AVM, 
and combined form which is mostly hemolymphatic malformation (HLM). The VM 
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is the most common type of CVM together with LM and they often combine 
together to make the clinical condition quite complicated.

When this HLM consists of only two components, that is, VM and LM, it is 
grouped separately as VLM which is almost equivalent to Klippel–Trenaunay syn-
drome, where our patient belongs.

The new Hamburg classification provides critical information relating to recur-
rence based on precise information of embryonal stage when the developmental 
arrest has occurred [9, 10].

When this developmental arrest occurs in an early stage of embryonal life, it remains 
with mesenchymal cell characteristics so it is grouped as ET form; when it occurs in 
the later stage of embryogenesis, it is grouped as T form with lack of mesenchymal cell 
characteristics, which is extremely crucial for the clinical management.

Table 46.1 Hamburg classification of congenital vascular malformation: 1988 consensus with 
modification

Species Anatomical form
Predominantly: Truncular forms:
Arterial defects Aplasia or obstruction

Dilatation
Extratruncular forms:
Infiltrating
Limited

Predominantly: Truncular forms:
Venous defects Aplasia or obstruction

Dilatation
Extratruncular forms:
Infiltrating
Limited

Predominantly: Truncular forms:
Arteriovenous (AV) shunting defects Deep AV fistula

Superficial AV fistula
Extratruncular forms
Infiltrating
Limited

Combined: Truncular forms:
Vascular defects Arterial and venous

Hemolymphatic
Extratruncular forms
Infiltrating hemolymphatic
Limited hemolymphatic

Predominantly: Truncular forms:
Lymphatic defects Aplasia or obstruction

Dilatation
Extratruncular forms:
Infiltrating
Limited
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This patient presented with the most common clinical manifestation of CVM, 
with various findings related to the venous malformation (VM) as primary lesion as 
well as its secondary phenomena since birth (Fig. 46.1). Among many clinical find-
ings, this patient presented with multiple, scattered, soft tissue mass lesions along 
the lower extremity, extending from the toe to flank, which provide the necessary 
clues to initiate proper investigation of VM as the etiology of this condition [11, 12]. 
[Q1: C]

Relatively firm diffuse swelling of the entire left lower extremity, in addition to 
the abnormal long-bone growth with length discrepancy, may give further clues to 
the investigation on the combined nature of VM and LM as the cause of the vascular- 
bone syndrome [13, 14].

Fig. 46.1 Clinical 
appearance of the patient, 
with extensive VM lesions 
scattered along the left 
lower extremity from toe to 
thigh, with extension to the 
perineum, labia, lower 
abdomen and flank, left
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The VM in particular has a significant incidence of secondary abnormal long- 
bone growth with subsequent bone length discrepancy. In addition, it is also known 
to have a relatively high incidence of combined LM, which is still called Klippel–
Trenaunay syndrome [15, 16].

Of the many clinical clues this patient presented with that suggested VM among 
various CVMs, immediate collapse of the bulging soft lesion along the foot upon 
elevation was the most important.

Therefore, hemodynamic assessment of the lower extremity along the scattered 
soft tissue tumors has to be the starting point for the work-up of proper diagnosis 
and treatment of this disease complex; duplex ultrasonographic study provides most 
of the essential hemodynamic information and an excellent guideline for further 
management (Fig. 46.2). [Q2: C]

a

b

Fig. 46.2 (a) Sonographic identification of the communicating/draining vein between VM lesion 
and deep vein system. (b) Sonographic assessment of the VM lesion located superficially in the 
lower extremity
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Further study to assess scoliosis with pelvic tilt and/or abnormal long-bone 
growth with length discrepancy may be carried out once primary diagnosis of the 
vascular malformation has been made. In this case report, the patient presented 
recurrent episodes of tender swelling of the left knee following minor trauma. This 
was probably due to the bleeding/leaking from the VM lesion near to the knee joint 
to the surrounding soft tissue. A detailed evaluation of the knee joint itself can be 
deferred until the basic evaluation of VM, presented as soft tissue swelling along the 
knee joint, is completed with MRI, WBBPS, and duplex ultrasonography [17, 18]. 
This approach will delineate the accurate relationship of this VM lesion to the peri-
articular structure including the joint space, and the potential risk of inducing hem-
arthrosis by repeated bleeding following trauma.

Radiological assessment of lumbosacral spine together with long-bone length 
discrepancy should be made after hemodynamic assessment to identify the extent of 
VM, starting with duplex scan as the most basic laboratory test [19].

Although duplex ultrasonographic study can provide most of the crucial first-line 
hemodynamic information about vascular malformation, MRI of T1 and T2 images 
is the most valuable non-invasive study for clinical diagnosis, and has become the 
new gold standard for the diagnosis, especially for the VM [17] (Fig. 46.3). [Q3: C]

MRI study of the soft tissue along the entire left lower extremity extending from 
toe to the torso can confirm the clinical diagnosis of VM already made preliminarily 
by ultrasonographic study. MRI can provide precise delineation of the anatomical 
relationship of the malformation lesion with its surrounding tissues like muscle, 
tendon, nerve, vessels, and bone from the foot to the retroperitoneal, pelvic, and 
gluteal regions. In addition to the duplex scan and MRI study in this patient, various 
non-invasive tests are needed for further differential diagnosis.

Lymphoscintigraphic study based on radioisotope-tagged sulfur colloid is indi-
cated to assess lymphatic function and the lymph-conducting system in general and 
rule out chronic lymphedema due to the T form of LM [20, 21].

The extremity involved was felt to be firmer than usual for a VM-affected leg, 
with general diffuse swelling throughout the entire length of the lower limb; this 
finding suggested primary lymphedema combined with venous stasis so that further 
evaluation of the lymphatic function is indicated with radionuclide lymphoscintig-
raphy. The lymphatic function assessment of this patient with lymphoscintigraphy 
has shown the marginal status of the lymphatic system and its vulnerability to fur-
ther insult by the ET form of LM.

WBBPS based on radioisotope-tagged red blood cell pooling is also indicated as 
one of three basic tests for the diagnosis of VM. This relatively new investigation is 
very sensitive in detecting abnormal blood pooling throughout the body (Fig. 46.4). 
It can be used not only as a practical test to assess treatment results but also as a 
screening test for hidden vascular malformation. It also has a unique role in the dif-
ferentiation between venous and lymphatic malformation [22, 23].

CT scanning also has practical value in providing information on the relationship of 
vascular malformation to its surrounding skeletal and soft tissue of the lower extremity.

Transarterial lung perfusion scintigraphy (TLPS) can provide crucial informa-
tion on possible involvement of a micro-, if not, macro-AVM lesion to the VM 
(Fig. 46.5).
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a

b

Fig. 46.3 (a) ET form of the VM in diffuse infiltrating status mostly confined within subcutane-
ous soft tissue, and T form of lesion along the deep vein system as femoral-popliteal venectasia. 
(b) ET form of the VM lesion, infiltrating into foot muscle structure as well as sole soft tissue
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AVM involvement is a critical condition for the management strategy of VM; the 
VLM in particular is seldom combined with the AVM, especially in micro-AVM, 
which can be overlooked by conventional arteriography alone. Positive confirmation 
of no existence of micro-AVM is extremely important before the initiation of the 
treatment to the symptomatic VM lesions, especially when it is combined with LM.

ANTERIOR ANTERIOR 70% POSTERIOR POSTERIOR 70%

Fig. 46.4 Extensive abnormal blood pooling by the ET lesions and T lesion of the VM, diffusely 
involving entire lower extremity

Basal image
injected dose  (mCi)  : 2.35
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Percentile shunt  = 0.78
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Fig. 46.5 TLPS investigation of arteriovenous (AV) shunting status in lower extremity to assess 
potential risk of the AVM lesion involved to the VM lesion. Normal TLPS finding with no evidence 
of micro-AV shunting can rule out AVM without further investigation by arteriography

B.-B. Lee



531

The TLPS can therefore provide necessary guidance for the further invasive 
study of arteriography [24, 25].

However, classical lymphangiography (or lymphography) using oil-based contrast 
material is no longer performed for the screening lymphatic function because of the 
potential risk of further damaging the lymphatic vessel with the procedure. [Q4: E]

Once the final diagnosis of a combination of VM and LM has been made, then 
the next decision should be whether treatment is indicated. In view of the abnormal 
long-bone growth involvement to this vascular malformation, immediate treatment 
of this particular VM is generally preferred.

Treatment priority should be given to the primary etiology, i.e., vascular malfor-
mation. Therefore, the control of abnormal hemodynamic status of the lower 
extremity secondary to the VM should have priority [26, 27]. [Q5: C]

All the other clinical problems secondary to this primary lesion, including sco-
liosis with pelvic tilt, abnormal long-bone growth with bone length discrepancy, and 
abnormal gait, can be deferred while treatment is aimed at the VM itself [5, 6, 26]. 
Not all the VM lesions are indicated or feasible for treatment. In general, VM lesions 
located near limb-threatening regions (e.g., proximity to the joint space) or poten-
tially life/critical function-threatening regions (e.g., proximity to the airway), symp-
tomatic lesions, and/or lesions with complications are generally considered for 
treatment [5, 11]. [Q6: E]

There is significant controversy over how to manage limb-length discrepancy as 
the secondary phenomenon of the VM in the lower extremity. Surgical intervention 
directly to the epiphyseal plate to arrest further abnormal growth of the affected long 
bone has brought mixed results, with further controversy on its long-term value [13, 
14]. Therefore, general the consensus on this issue of vascular-bone syndrome 
accepted by most ISSV A members these days is to endorse a new strategy to control 
the hemodynamic abnormality of VM first, since hemodynamic impact/stimulation 
by the VM lesions to the intraosseous tissue along the epiphyseal plates is known to 
be the cause of abnormal long-bone growth [14, 26]. The strategy based on conserva-
tive treatment only with physical therapy and shoe adjustment until the long-bone 
growth is completed is also not acceptable due to increasing morbidity in gait and 
spine, as well as the unpredictable outcome of late correction. Meanwhile, too 
aggressive an approach with early correction of long-bone discrepancy has also been 
abandoned due to significant difficulty in achieving good long-term results. [Q7: C]

The traditional surgical approach of removing the entire lesion is still theoreti-
cally acceptable if the lesion is located in a surgically accessible area and localized 
enough to be completely removable with limited or no morbidity. However, this 
condition is generally very rare and for most VM lesions there will be significant 
morbidity with a surgical approach aimed at complete removal of the lesion.

Therefore, a multidisciplinary approach that combines traditional surgical ther-
apy with newly introduced embolosclerotherapy utilizing various emboloscleroag-
ents is the treatment strategy of choice [5, 6, 8]. This can substantially reduce overall 
treatment-related morbidity with good long-term therapy results [11, 12].

A lesion located along the surgically inaccessible area and/or with prohibitively 
high surgical morbidity is generally treated with sclerotherapy alone. The current 
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trend in the management of VM of the lower extremity involves a multidisciplinary 
approach combining surgical therapy, sclerotherapy, and/or embolotherapy, when-
ever feasible [5, 27]. [Q8: D]

Most of the diagnosis of VM in the lower extremity in particular can be made 
efficiently on the basis of non-invasive studies. However, classical invasive studies, 
including arteriography and phlebography, are still considered to be the gold stan-
dard for the management of all vascular malformations, but they are generally 
reserved for use as a road map for the final therapeutic regimen (Fig. 46.6). These 
invasive imaging techniques are also used to rule out hidden micro-AVM combined 
with the VM, especially when TLPS findings indicate a high possibility of a micro-
 AV shunting condition [6, 8, 25]. [Q9: C]

Numerous emboloscleroagents have been tested for the treatment of VM; most 
recently, absolute ethanol has been accepted as the scleroagent of choice not only 
for VM but also for AVM, with excellent long-term outcome with no recurrence 
when treated properly [11, 12, 25, 28–30]. However, this has significant side effects, 
resulting in various acute and/or chronic complications/morbidity, such as deep vein 
thrombosis, pulmonary embolism, nerve palsy, and various degrees of skin to soft 
tissue damage from bullae to full thickness necrosis. Therefore, the selection of 
ethanol as the scleroagent to treat VM has to be based on the risk involved of 

Fig. 46.6 Percutaneous direct puncture phlebographic findings of the ET-form lesions of VM in 
the thigh; it may become a road map for the subsequent endovascular management with embolo/
sclerotherapy
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recurrence, acute morbidity during the therapy, and long-term sequelae of the treat-
ment [6]. In order to treat VM of the lower extremity safely, careful hemodynamic 
assessment of the deep vein system is also mandatory, including confirmation of the 
existence of a normal deep vein system. This is crucial before treatment of the 
T-form lesion of VM, the marginal (lateral embryonic) vein in particular. Once the 
deep vein system is properly documented, proper treatment of VM can be initiated. 
[Q10: D] However, all the other issues raised in Question 10, including history of 
deep vein thrombosis, combined LM, and history of skin damage during previous 
sclerotherapy, will also require careful assessment to improve overall safety of the 
planned treatment.

Differential diagnosis with other forms, T or ET forms, as well as other kinds of 
vascular malformation, VM. LM, VLM, or AVM, is mandatory, in view of their dif-
ferent behavior with different clinical impact. This is particularly important for the 
ET form of various vascular malformations whose behavior is totally unpredictable. 
The ET form retains the original evolutional ability of mesenchymal cells, in con-
trast to the T form, so that it can grow when the condition/stimulation should meet 
(e.g., trauma, surgery, pregnancy, hormone therapy) [10]. Regarding the VM of the 
lower extremity, precise differential diagnosis of other conditions such as LM or 
AVM is extremely important, because the treatment strategy is substantially differ-
ent [6, 27]. Besides, initial differential diagnosis for VM, like any vascular malfor-
mation, should start from the infantile (neonatal) hemangioma which also belongs 
to the vascular anomaly together with the vascular malformation. Hemangioma is a 
true vascular tumor and not a vascular malformation, possessing distinctively differ-
ent pathophysiology, anatomico-histology, and clinical behavior [1, 31]. [Q11: E] 
The clinical significance of capillary malformation is not understood properly yet, 
but it should be included in the evaluation of any vascular malformation although 
the modified Hamburg classification did not include it in the classification of vari-
ous CVMs, due to the lack of clinical significance for the vascular surgeon [32].
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47Klippel-Trenaunay Syndrome

Magdiel Trinidad-Hernandez and Peter Gloviczki

Question 1
Which of the following is not a characteristic finding in patients with KTS?

 A. High-flow arteriovenous shunting
 B. Long bone hypertrophy
 C. Lateral varicosity
 D. Port wine nevus

Case Report
A 38-year-old woman with the diagnosis of Klippel-Trenaunay Syndrome 
(KTS) presents with severe pain over venous malformations on the left thigh 
and severe hyperhidrosis of the left leg and foot. She has a history of pulmo-
nary embolism at age 17. Otherwise, she is healthy and compliant with the use 
of compression garments. The diagnosis of KTS was made soon after birth 
because of the port wine stains, slightly larger and longer leg and lateral vari-
cose veins of her left leg. Physical examination shows a port wine nevus on 
the left buttock with varicose veins and soft tissue hypertrophy along the 
anterolateral aspect of the left leg and thigh. These areas are tender to palpa-
tion and leg elevation eases their appearance. Hyperhidrosis behind the knee 
and dorsum of the foot and in the interdigital spaces is obvious. Limb length 
discrepancy is 1 cm. The remainder of the exam is unremarkable.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-65936-7_47&domain=pdf
mailto:gloviczki.peter@mayo.edu


536

No bruits or thrills were detected during the physical examination. If arteriovenous 
shunting is suspected further studies should be performed to characterize the anom-
aly. These include segmental limb pressures and ankle-brachial indices.

Question 2
The patient’s pain is affecting her quality of life and she seeks surgical treatment. 
What conditions should be present prior to offering any type of surgical 
procedure?

 A. Duplex ultrasound showing valvular incompetence and absence of DVT
 B. Patent deep venous system
 C. Sufficient collateral circulation
 D. Outflow plethysmography without evidence of venous obstruction

The patient underwent a complete venous duplex ultrasound with valvular compe-
tence evaluation and magnetic resonance venography (MRV) (Fig. 47.1a, b). The deep 
venous system was found to be patent. Only mild left popliteal vein incompetence was 
encountered. The MRV confirms a patent and normal deep venous system. A large lat-
eral vein perforates the fascia and gives rise to multiple varicosities in the lower thigh.

Question 3
What treatment options are suitable for this patient?

 A. Vein stripping and phlebectomy
 B. Endovenous closure
 C. Sclerotherapy
 D. Lumbar sympathectomy

The patient underwent lumbar sympathectomy, a temporary IVC filter place-
ment, and ambulatory phlebectomy with ligation of the perforating embryonic vein 
and avulsion and excision of varicose veins and venous malformations of the left 
leg. There was no long lateral vein for treatment with endovenous closure. The 
operation was uneventful. The hyperhidrosis resolved and the limb swelling and 
pain improved. She continues to wear compression garments.

A 13-year-old boy with KTS presents for follow-up. He was first evaluated at 
6 years of age when the diagnosis was made. Since then, he has been managed con-
servatively with elastic compression stockings. He has a prominent lateral vein with 
varicose veins of the right lateral leg and thigh. There are venular blebs in the lateral 
leg that occasionally bleed. There is a 1.5 cm limb discrepancy. He has never had 
cellulitis nor has he suffered thromboembolism. Otherwise, he is healthy. The 
patient is seeking surgical treatment for his varicose veins.
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a

b

Fig. 47.1 (a) Magnetic resonance venography of the left thigh demonstrates low flow venous 
malformation of the lateral left thigh. There is a dilated lateral superficial vein and a dilated pro-
funda femoris vein visible. Soft tissue hypertrophy are present in the lateral portion of the thigh. 
(b) A large lateral perforator vein is connected to multiple congenital varicose veins in the distal 
thigh
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Question 4
What are the indications for treatment in patients with KTS?

 A. Bleeding
 B. Refractory venous ulcers
 C. Soft tissue infection
 D. Acute thromboembolism

Although the patient has not developed venous ulcers, infection or thromboem-
bolism he has suffered from mild bleeding episodes and has significant pain. He is 
a candidate for varicose vein surgery.

Question 5
What tests should be performed to evaluate this patient prior to surgical 
intervention?

 A. Outflow plethysmography and exercise plethysmography (calf muscle pump 
function) with and without thigh tourniquets

 B. MRV
 C. Ascending venogram
 D. Duplex scanning

a b

Fig. 47.2 (a) Ascending venogram demonstrates large lateral embryonic vein connected to mul-
tiple incompetent perforating veins in the right leg. The popliteal vein appears to be hypoplastic. 
(b) The lateral embryonic vein drains into the deep femoral vein
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Ascending venogram demonstrates a large and distended lateral embryonic vein 
arising from multiple perforators in the leg and draining into the deep femoral vein 
(Fig. 47.2a, b). The paired popliteal veins are hypoplastic.

Question 6
What are the expected findings in outflow plethysmography?

 A. The application of a tourniquet will decrease venous outflow.
 B. The application of a tourniquet will have minimal effect on venous outflow.
 C. Tourniquet use will not be helpful for the evaluation of this patient.

Outflow plethysmography demonstrated moderate right side venous obstruction 
in this patient. However, when a tourniquet was applied to the thigh and below the 
knee the venous outflow became severely obstructed (Fig. 47.3). This is strong evi-
dence that the superficial veins are the primary route of venous drainage in the right 
limb.

Question 7
What are the expected findings on exercise plethysmography?

 A. Normal calf ejection fraction in the left limb
 B. Reduced calf ejection fraction in the right limb
 C. Both
 D. Neither

Exercise plethysmography demonstrated a normal left calf ejection fraction. The 
right calf ejection fraction is severely reduced. The patient was encouraged to con-
tinue wearing elastic compression stockings. He will be evaluated again in 1 year. 
This may be enough time for the deep venous system to develop.

Fig. 47.3 Venous outflow plethysmography shows mild obstruction in the right limb. After tour-
niquet application there is a severe decrease in outflow
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 Commentary

 Clinical Presentation

The triad of capillary malformation with port wine nevus, long bone hypertrophy, 
and lateral varicosity characterizes KTS (Fig. 47.4) [1]. These lesions are frequently 
of lateral distribution and rarely cross the midline. Typically, one lower extremity is 
involved, but bilateral presentation or upper extremity involvement is possible. 
Occasionally, capillary or venous malformations can cause bleeding and cellulitis in 
patients with poor skin coverage. The same can occur through defects in the mucosa. 
Pelvic involvement with venous malformation may present with rectal bleeding or 
hematuria [2]. The hallmark of venous malformations in KTS is persistence of 
embryonic veins. The lateral marginal vein of Servelle has been the most typical 

Fig. 47.4 Characteristic triad of KTS: port wine stains, lateral varicose veins, and slightly longer 
extremity
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finding [3]. Another persistent embryonic vein is the sciatic vein [4]. The deep 
venous system may be anomalous. It may be hypoplastic, atretic, or much less fre-
quent, non-existent. The deep venous valves may be hypoplastic or absent. [Q1: A]

 Evaluation

Diagnostic tests in KTS should focus on the evaluation of the type, extent, and 
severity of the malformation. The absence of a clinically significant arteriovenous 
shunt should be confirmed. A thorough physical examination is complemented by 
color duplex of the venous system. This test can detect anomalies such as atresia, 
hypoplasia, and aneurysms of the deep veins. In addition, duplex can confirm 
patency and incompetence of deep, superficial, and perforator veins.

Plain X-rays of the long bones (scanogram) are helpful to measure length of 
bones. Magnetic resonance imaging can differentiate between muscle, bone, fat, 
and vascular tissue. Contrast venography can be performed through multiple injec-
tions in the limb. A tourniquet can be used to force contrast into the deep system to 
visualize it. Venography is frequently the only test that can help estimate the degree 
of deep venous occlusion and the presence of sufficient collateral circulation to 
permit excision or ablation of large incompetent superficial embryonic veins [5]. 
[Q5: A, B, C, D]

Strain gauge or air plethysmography has been utilized to compare the limbs of 
patients with KTS and normal controls. The limbs of patients with KTS are charac-
terized by complex reflux patterns, severe valvular incompetence, calf muscle pump 
impairment, and venous hypertension [6]. [Q6: A] [Q7: C]

 Treatment

Absolute indications for treatment in KTS include hemorrhage, infections, acute 
thromboembolism or refractory venous ulcers. Relative indications include pain, 
functional impairment, swelling due to chronic venous insufficiency, limb asym-
metry or major cosmetic reasons. [Q4: A, B, C, D]

The management is mostly conservative. The mainstay has been compression 
therapy in the form of elastic garments, non-elastic bandages, and intermittent 
pneumatic compression. For venous swelling and chronic lymphedema physical 
therapy using massage treatment and physical decongestive therapy has been used 
with good success. The psychological impact caused by a visible deformity of KTS 
should not be underestimated. Participation of patients and families in support 
groups is strongly encouraged [7].

Intervention is reserved for selectively symptomatic patients with KTS. A care-
ful evaluation must precede any intervention. The extent of malformations and 
patency of the deep system must be assessed. High ligation of the incompetent 
marginal vein, invagination stripping of long superficial veins and ambulatory phle-
bectomy through stab wounds are the most commonly used techniques, although 
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endovenous thermal ablation is gaining popularity and can be used in patients who 
do not have the lateral vein immediately under the skin. Tumescent anesthesia can 
be used to carefully separate the distance between the skin and the treated vein. 
[Q2: A, B, C, D]

Lumbar sympathectomy is helpful for occasional severe hyperhidrosis in these 
patients. The placement of a temporary IVC filter is indicated in patients with a his-
tory of pulmonary thromboembolism.

The use of subfascial endoscopic perforator surgery in patients with large incom-
petent perforating veins and venous ulcers has been useful and some patients benefit 
from deep venous reconstructions. Limb exsanguination with Esmarque bandage 
and tourniquet use help to reduce intraoperative blood loss during varicose vein 
avulsion or SEPS [8].

Endovenous therapies have included sclerotherapy and embolotherapy with 
alcohol, sodium tetradecyl sulfate, and polidocanol. Serial sclerotherapy with alco-
hol has excellent results in 75–90% of patients with low-flow malformations accord-
ing to Burrows [9]. However, caution should be used in malformations close to 
peripheral nerves. Foam sclerotherapy with Polidocanol or Sodium Tetradecyl sul-
fate is being used with success with increasing frequency [1, 10]. [Q3: A, B, C, D]
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48Deep Venous Thrombosis
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Question 1
What are the risk factors that predispose to DVT?

Question 2
What is the clinical presentation of a patient with anti-thrombin III (ATIII) 
deficiency?

Question 3
Regarding antiphospholipid antibody (APA) syndrome, which of the following is 
not correct?

 A. Procainamide has been associated with the development of APA syndrome.
 B. Thrombotic complications associated with APA syndrome are limited to the 

venous system.

Case Report
A 67-year-old male had a history of a right calf deep venous thrombosis 
(DVT) following a flight from California to New York. He was treated on that 
occasion with anticoagulation with unfractionated heparin then Coumadin for 
3 months. Recently, he was diagnosed with sigmoid cancer. He is now on 
postoperative day 3 from exploratory laparotomy, sigmoid colectomy and 
extensive lysis of adhesions. Although he was haemodynamically stable, he 
required a transfusion of three units of blood. DVT prophylaxis for the peri-
operative period included graded knee-high compressive stockings and inter-
mittent pneumatic compression (IPC).
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 C. Long-term anticoagulation has been recommended in managing APA syndrome, 
maintaining the international normalized ratio (INR) at 3 or higher.

 D. Recurrent venous and arterial thrombosis is a major feature of the APA syndrome.

Question 4
Regarding Factor V Leiden gene mutation, which of the following is/are correct?

 A. Factor V Leiden mutation is an important risk factor for pulmonary embolism 
and DVT during pregnancy or use of oral contraceptives.

 B. Factor V Leiden mutation is associated with an increased risk of myocardial 
infarction and angina.

 C. Hyperhomocystinaemia increases the risk of Factor V Leiden carriers having 
any Venous Thromboembolic Episodes (VTE) from 2% to 10%.

 D. A single-point mutation in the gene coding for coagulation Factor V results in 
the formation of a Factor V molecule that is not inactivated properly by activated 
protein C (APC).

Question 5
Which of the following statements are true concerning prophylaxis for DVT?

 A. There are many prospective randomised studies supporting the efficacy of 
graded compression stockings in preventing DVT in patients with malignancy.

 B. IPC is as effective as low-dose unfractionated heparin (LDUH) in reducing the 
risk of DVT.

 C. LDUH and low-molecular-weight heparin (LMWH) are most effective in pre-
venting DVT.

 D. Dextran is an excellent alternative to LDUH in preventing DVT.

On the fifth postoperative day, the patient began complaining of mild left calf pain and 
swelling. On physical examination, his lower extremities were warm with normal pulses. 
The left calf was mildly swollen with slight tenderness. A venous duplex of the lower 
extremity revealed thrombosis of the left popliteal, posterior tibial and peroneal veins.

Question 6
Which of the following statements regarding perioperative DVT is/are correct?

 A. In general surgery, the overall incidence of DVT as assessed by labelled fibrino-
gen uptake (FUT) is 25%.

 B. In surgical patients with malignant disease, the incidence of postoperative DVT 
is 60%.

 C. The incidence of postoperative DVT after total hip replacement is 45–55%.
 D. Major trauma patients have a low risk for DVT.
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 E. Patients undergoing elective neurosurgical procedures have a 20–25% incidence 
of DVT documented by radioisotopic scanning.

The patient was started on a therapeutic regimen of LMWH (enoxaparin) 1 mg/
kg every 12 h and a daily dose of Coumadin. The patient’s baseline coagulation 
profile was normal and his platelet count was 190,000.On day 3 of anticoagulation, 
his INR was 2.2 and his platelet count dropped to 67,000.

Question 7
Regarding heparin-induced thrombocytopoenia (HIT), which of the following is/are 
correct?

 A. It is caused by IgM antibodies that recognise the complex of heparin and platelet 
factor 4.

 B. The peak incidence occurs 4–14 days after initiation of heparin.
 C. It occurs more commonly with unfractionated heparin than with LMWH.
 D. It can be treated by reducing the dose of LMWH.
 E. Argatroban and hirudin are acceptable agents used for the treatment of HIT.

LMWH was discontinued and the patient started on Argatroban. On the tenth 
postoperative day, the patient started complaining of left flank pain and his haemo-
globin level dropped to 6 g/dL. A computed tomography (CT) scan of his abdomen 
revealed a 6 × 7-cm retroperitoneal haematoma. Because of the haematoma, antico-
agulation was discontinued and an inferior vena cava (IVC) filter inserted.

Question 8
Which of the following are acceptable indications for an IVC filter?

 A. Complication or contraindication to anticoagulation in a patient diagnosed with 
a pulmonary embolism

 B. Recurrent thromboembolism despite therapeutic anticoagulation
 C. Acute iliofemoral DVT
 D. Recurrent pulmonary embolism with pulmonary hypertension

Question 9
Regarding thrombolysis for acute DVT, which of the following is/are correct?

 A. Studies show no difference in lysis capability between anticoagulation and lytic 
therapy.

 B. Randomised studies support lytic therapy for all lower-extremity DVT.
 C. Patients with iliofemoral DVT treated with catheter-directed thrombolysis have 

a better quality of life than patients treated with anticoagulation alone.
 D. Lytic agents are more effective when delivered by catheter-directed intrathrom- 

bus infusion rather than systemic intravenous infusion.
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 Commentary

The natural history of DVT has been described well in the literature. Complications 
of venous thromboembolism continue to be a major cause of death and morbidity 
each year. In the USA, there are approximately 50,000–200,000 deaths each year 
secondary to pulmonary embolism. Fifty-two percent of patients with DVT develop 
pulmonary embolism [1], most of which occur from the proximal venous segments 
of the lower extremities.

Patients with proximal DVT had a pulmonary embolism incidence of 66%, 
whereas tibial thrombi had a 33% incidence [1]. Multiple studies have shown a 50% 
reduction in fatal pulmonary embolism when prophylaxis with LDUH is used [2]. 
Moreover, natural history studies have shown that the long-term morbidity of post- 
thrombotic syndrome (PTS) is significant following DVT. PTS has been reported in 
33–79% of patients following proximal DVT and 2–29% of patients with calf 
DVT. Masuda et al. [3] reported valve reflux in 30% of individuals with calf DVT 
followed for 3 years. Furthermore, they reported that 23% of patients with calf DVT 
have ongoing pain and swelling of the affected extremity.

Thus, proper prophylaxis, early diagnosis and appropriate therapy are of para-
mount importance in preventing the short- and long-term complications of DVT.

An understanding of the risk factors for DVT is helpful for appropriate DVT 
prophylaxis. These risk factors include prior DVT/pulmonary embolism, prolonged 
immobilisation or paralysis, malignancy, major surgery (especially abdominal, hip 
and lower-extremity surgery), age over 40 years, and severe heart disease. There are 
also hypercoagulable states that predispose to thrombosis. Haematological abnor-
malities include protein C and protein S deficiency, Factor V mutation, disorders of 
plasminogen activation and antiphospholipid antibodies.

Lupus anticoagulant and HIT are also associated with DVT. Proteins C and S are 
part of the naturally occurring balance of coagulation that prevents thrombosis by 
inactivating Factors Va and VIIIa. Deficiency of these factors leads to an increased 
risk of thrombosis. Proteins C and S, like Factors II, VII, IX and X, depend on vita-
min K. Because of the shorter half-life of protein C, a transient hypercoagulable 
state can be induced early in the course of treating patients with a warfarin com-
pound due to the acute reduction in protein C level. A search for an underlying 
hypercoagulable disorder should be undertaken in patients with recurrent DVT or 
unexplained arterial or graft occlusion.

Chronic warfarin therapy may reduce the level of proteins C and S by 30–50%; 
therefore, these levels should be measured after the patient has discontinued warfa-
rin. Indefinite oral anticoagulation is indicated in patients with confirmed deficiency. 
[Q1]

ATIII is an important naturally occurring anticoagulant that inhibits the enzy-
matic activation of thrombin and other naturally occurring clotting factors. The het-
erozygous form of ATIII deficiency is asymptomatic and may affect 1  in 2000 
people. A chronic deficiency of ATIII can occur with protein loss in nephrotic syn-
drome, liver disease, sepsis and Disseminated Intravascular Coagulation (DIC). 
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When complications occur, heparin followed by Coumadin is the treatment of 
choice. [Q2]

APA is a heterogeneous group of circulating autoantibodies directed primarily 
against negatively charged phospholipid compounds. These antibodies interfere 
with the thromboplastin reaction against the activated platelet. Recurrent venous 
and arterial thrombosis is a major feature of APA syndrome. Thrombosis associated 
with APA syndrome has occurred in diverse anatomic locations, causing a wide 
spectrum of clinical manifestations. DVT and pulmonary embolism are common 
complications of APA [4]. Similarly, arterial thrombosis involving carotid [5], 
hepatic, splenic, mesenteric and retinal arteries causing infarction has occurred. 
APA syndrome should be suspected in young patients with stroke or arterial 
occlusion.

APA syndrome has been associated with multiple medications. However, pro-
cainamide has been implicated more commonly than other drugs [6].

The diagnosis should be suspected based on the clinical presentation or the unex-
plained prolonged PTT. Diagnostic tests for APA syndrome include serology testing 
for APA and clotting assays. The primary treatment remains anticoagulation, main-
taining an INR at or above 3.0 [7, 8]. [Q3: B]

Protein C is one of the key regulatory proteins for coagulation cascade. APC 
cleaves and inactivates Factors Va and VIIIa. A single-point mutation in the gene 
coding for Factor V results in the formation of a Factor V molecule that is not inac-
tivated properly by APC [9]. Factor V Leiden mutation is an important risk factor 
for pulmonary embolism and DVT, especially during pregnancy or oral contracep-
tive use [10].

Hyperhomocystinaemia increases the relative risk of a Factor V leiden carrier 
having any VTE [11]. There is no increased risk of myocardial infarction or angina 
in patients with Factor V Leiden mutation [12]. [Q4: A, C, D]

Among the available methods of DVT prophylaxis, LDUH and LMWH are the 
most effective in reducing DVT as assessed by FUT [13]. LDUH was the first anti- 
thrombotic agent evaluated in early randomised studies. LDUH, dextran, IPC and 
graded elastic stockings also significantly reduce the incidence of postoperative 
DVT [13].

LDUH given subcutaneously (5000 U) every 8 or 12 h started preoperatively and 
continued postoperatively for 7 days has been shown to decrease the incidence of 
DVT from 25% to 8% [14]. Moreover, these studies have shown a 50% reduction of 
fatal pulmonary embolism when patients are treated with LDUH.  LMWH and 
LDUH have been shown to be equally effective in preventing DVT in general sur-
gery patients [14].

Advantages of LMWH include improved bioavailability, once-daily dosing, and 
a lower incidence of HIT [15].

IPC is an attractive method of DVT prophylaxis since there are no observed 
complications. This device provides intermittent compression lasting 10 s/min with 
insufflation pressures of 35–40 mmHg. In a trial comparing IPC with LDUH, both 
agents were effective in reducing lower-extremity DVT in high-risk patients [16].
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Graded compression stockings decrease the risk of DVT, but data are limited 
regarding the effect on the prevention of DVT and pulmonary embolism. There are 
no randomised trials on the use of these stockings alone in high-risk patients, 
although current recommendations suggest the use of more effective methods. 
Fifteen to twenty percent of patients will not receive benefit from elastic stockings 
because of their leg shape or size. Dextran has not been shown to be as effective as 
either LMWH or LDUH in preventing DVT; however, it may reduce the incidence 
of pulmonary embolism. Disadvantages of dextran include its high price, risk of 
anaphylaxis, potential for volume overload, and need for intravenous access. It is 
also contraindicated in patients with impaired renal and cardiac function. [Q5: B, C]

The incidence of DVT in general surgery patients has been well established. 
Overall, the incidence of DVT was 25% in general surgery patients not receiving 
prophylaxis. In patients with other risk factors, i.e., malignancy, the risk of DVT is 
29%. Overall, the risk of pulmonary embolism is 1.6% while the risk of fatal pul-
monary embolism is 0.8% [13].

Patients undergoing major orthopaedic surgery of the lower extremity are at high 
risk of postoperative DVT, despite improved techniques and early mobilisation. The 
incidence of postoperative DVT after total hip replacement is 45–57%, with the risk 
of proximal DVT being 23–36% [17]. The incidence of pulmonary embolism in this 
group is 6–30% and that of fatal pulmonary embolism is 3–6%. Because many pul-
monary embolisms are asymptomatic, and because of the high incidence of DVT in 
the postoperative period, proper prophylaxis is mandatory [18].

DVT and pulmonary embolism are considered common complications after 
major trauma. A recent study using a venographic endpoint demonstrated that major 
trauma patients (injury severity score >9) have an exceptionally high risk of venous 
thromboembolism (58%). This study also revealed that there is a greater than 50% 
incidence of DVT in the major trauma subset [19].

Pulmonary embolism is the most frequent reason for death following spinal cord 
injury. Clinically recognised DVT and pulmonary embolism occur in only 15% and 
5% of cases, respectively [20]. However, the incidence of DVT in patients with 
acute spinal cord injury by venography has been reported to be between 18% and 
100%, with an average of 40%. The incidence of fatal pulmonary embolism is 4.6%, 
with the greatest risk occurring in the first 2–3 months after spinal-cord injury [21]. 
[Q6: A, C, E]

Approximately 2–5% of patients exposed to heparin will develop HIT. This is 
caused by IgG antibodies that recognise complexes of heparin and platelet factor 4, 
leading to platelet activation via platelet Fc gamma IIa receptors. Formation of a 
procoagulant, platelet-derived microparticles generates thrombin and makes 
patients especially vulnerable to venous thromboembolism [22, 23].

When examined directly, the clot appears white due to the concentration of fibrin 
and platelets. HIT should be suspected if a patient develops DVT or pulmonary 
embolism while receiving heparin, especially if the platelet count drops below 35%. 
HIT usually develops between the 4th and 14th days after initiation of heparin, 
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although a rapid fall in platelet count can occur in response to heparin if the patient 
has had recent heparin exposure.

HIT occurs much more commonly with unfractionated heparin than with LMWH 
[15]. Upon recognition of HIT, heparin should be discontinued; however, appropriate 
anticoagulation should be continued to avoid a thrombotic complication, which has 
been observed in up to 50% of patients within 30 days of the diagnosis of HIT [15].

Current treatment options include lepirudin [24], argatroban and danaparoid. 
Lepirudin is recombinant hirudin (r-hirudin) and is approved for the treatment of 
patients with HIT. It is a potent direct thrombin inhibitor and is given in a bolus dose 
of 0.4 mg/kg/min followed by an infusion of 0.2 mg/kg/h, but the dosage should be 
adjusted in patient with renal dysfunction. Argatroban is a synthetic peptide that 
binds to and inhibits thrombin. It is given in doses of 0.5–4 μg/kg/min and has the 
advantage of normal excretion (hepatic) in patients with impaired renal function. 
Danaparoid is a mixture of heparan sulphate and dermatan sulphate, which inhibits 
thrombin generation indirectly via inhibition of Factor Xa, with some direct anti- 
thrombin activity as well. The disadvantage of danaparoid includes a 10–20% 
in vitro cross-reactivity with HIT antibodies and long half-life. [Q7: B, C, E]

IVC filters are intended to prevent pulmonary emboli following filter insertion. 
Anticoagulation should be continued whenever possible to prevent further thrombo-
sis [25, 26]. The primary indication for the insertion of an IVC filter is the occur-
rence of a complication of or contraindication for anticoagulation therapy. Less 
frequent indications for the insertion of an IVC filter are recurrent thromboembo-
lism despite adequate anticoagulation therapy and chronic recurrent pulmonary 
embolism with pulmonary hypertension.

Finally, IVC filters have been used for pulmonary embolism prophylaxis in 
patients with proximal DVT who are at high risk for bleeding and selected trauma 
patients (pelvic fracture) who are at high risk for VTE and cannot be managed with 
effective prophylaxis. [Q8: A, B, D]

Restoring patency by eliminating the thrombus in the deep venous system is the 
ideal goal of therapy for acute DVT. Many reports have shown that lysis can be 
achieved and patency restored with thrombolysis, and that long-term sequelae occur 
less often with successful treatment [27]. Systemic thrombolytic therapy for lower- 
extremity DVT is associated with a 40–60% success rate. While recanalisation is 
better than standard anticoagulation, the increased risk of bleeding complications 
has reduced enthusiasm for thrombolysis.

It has been shown that patients with iliofemoral DVT treated with catheter- 
directed thrombolysis have better functioning and wellbeing than patients treated 
with anticoagulation alone [28]. Currently, it is recommended that lytic agents be 
delivered via catheter-directed technique into the thrombus. Thrombolytic therapy 
is recommended for patients with iliofemoral DVT and selected patients with 
infrainguinal DVT who are severely symptomatic due to multilevel thrombosis. 
[Q9: C, D]
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49Endothermal Ablation of Varicose Veins

Cassius Iyad N. Ochoa Chaar and Afsha Aurshina

Question 1
At this point, what other information would you like to obtain?

 A. What where the circumstances of the motor vehicle accident?
 B. Does the patient have family history of VV?
 C. Was the diagnosis of deep vein thrombosis (DVT) entertained by the PCP and 

was there any duplex ultrasound (DU) performed?
 D. Was the patient compliant with the compression stocking, and did he wear the 

appropriate stocking?

Case Report
A 48-year-old male was referred by his primary care physician (PCP) for 
evaluation of varicose veins (VV) in his right leg. The patient noted the vari-
cosities first in his twenties. Initially, he was not concerned with the cosmetic 
appearance and decided not to seek medical attention. The VV became pro-
gressively more prominent. He started to complain of right leg pain and 
fatigue associated with mild edema 6  months prior to referral. The pain 
increased during the day and was unbearable in the evening after work. The 
patient works as a barber and needs to stand most of the day. His past medical 
history is significant for a motor vehicle accident 10 years ago. He only takes 
NSAIDs occasionally to relieve his leg pain. The patient finally decided to 
seek medical attention. His PCP prescribed him compression stockings that 
he used for 3 months with minimal improvement.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-65936-7_49&domain=pdf
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The patient recalled the car accident. He was a front seat passenger and the car was hit 
on his side at a moderate speed. He remembers receiving a CT scan. The doctors told 
him his only injury was a rib fracture on the right side. He did not require hospitaliza-
tion and was ambulating the same day. The patient has two sisters with VV that were 
first noticed during pregnancy but did not require surgical intervention. He denies 
receiving an ultrasound recently. He shows you the compression stockings which were 
fitted by the same company you routinely refer your patients to. He tells you: “I wear 
those socks as soon as I wake up in the morning and take them off before sleeping.”

Question 2
Which statement(s) is/are true regarding VV?

 A. VV are extremely common and are present in 90% of the population.
 B. Risk factors are age, female sex hormones, and hereditary.
 C. Most patients present because of leg pain.
 D. Venous ulcers typically occur over the metatarsal heads and other weight bear-

ing areas of the foot.

Question 3
Which of the following statement(s) is/are true regarding compression stockings?

 A. Stockings decrease venous reflux and leg swelling but increase veno-muscular 
efficiency.

 B. Prescription of stockings is classified according to the pressure level required—
Class 1 stockings exert the least sub-bandage pressure (14–21 mmHg).

 C. The classification of compression stockings is internationally standardized.
 D. The application of compression stockings is safe and has no reported complications.
 E. The treatment of VV with compression stockings as first line modality is sup-

ported by level 1 evidence.

You examine the patient and you notice significant dilatation along the antero- 
medial aspect of the right thigh and leg as shown in Fig. 49.1. There is no ulceration 
or pigmentation. The left leg is normal.

Question 4
How would you like to proceed with the evaluation? What would be your imaging 
modality of choice?

 A. Hand held Doppler to assess reflux.
 B. DU to assess venous valve function
 C. CT venogram of the abdomen and lower extremities to assess flow through the veins
 D. Gated MRA of the lower extremities to assess pattern of low in the veins relative 

to the cardiac cycle

You obtain a DU that does not show evidence of DVT. Examination of the super-
ficial veins demonstrates reflux in the right great saphenous vein (GSV) for 5.177 s 
as show in Fig. 49.2.
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Fig. 49.1 Patient’s right leg with VV upon presentation

Fig. 49.2 Ultrasound examination of the right GSV. The probe on the vein shows flow towards the 
heart (star) with compression of the calf, followed by flow in the reverse direction (double arrow) 
for 5177 ms because of incompetent valves
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Question 5
What is the best treatment modality for this patient?

 A. High Ligation and Stripping
 B. Endovenous thermal ablation
 C. Foam sclerotherapy

Initially the patient asks you to explain to him what would be the most conserva-
tive treatment modality. He has a conservative mentality and does not want to “try 
anything new.”

Question 6
The True statement(s) about high ligation and stripping is (are):

 A. High ligation without stripping predisposes patient to recurrence.
 B. High ligation and stripping of the small saphenous vein (SSV) is associated with 

a higher rate of complications as compared with high ligation alone.
 C. High ligation and stripping is no longer the gold standard of treatment of VV 

after the introduction of endoluminal therapy.
 D. The improvement in quality of life with VV surgery is comparable to the improve-

ment that patients with billiary colic get after laparoscopic cholecystectomy.

After explaining what an open procedure entails, you explain to the patient the 
different endothermal options. He finds endothermal treatment appealing and elects 
to proceed with RFA. After obtaining informed consent, the patient’s right leg is 
prepped and draped in a sterile manner. The patient is initially positioned in supine 
reverse Trendelenburg to enhance venous pressure and widen the GSV. A 7F sheath 
is placed in the GSV and the RFA catheter is placed at the saphenofemoral junction 
and visualized by the duplex ultrasound to be 2.5 cm from the saphenofemoral junc-
tion (SFJ). The patient is then placed in the Trendenlenberg position and again using 
ultrasound guidance, 500 cc of tumescent anesthesia is infused circumferentially 
along the course of the vein, The catheter tip position is again verified to be 2.5 cm 
from the SFJ (Fig. 49.3).

The tip of the RFA catheter has a temperature probe that drops from body tem-
perature to around 25 °C when sufficient tumescence is around the vein. Treatment 
occurs in segmental fashion with the probe (7 or 3 cm) heating up to 120 °C in incre-
ments of 20 s cycle. The catheter is pulled back and the vein is treated sequentially. 
You examine the treated vein with DU and find it devoid of flow with evidence of 
thrombosis of the entire treatment length. The absence of extension of thrombosis 
into the superficial femoral vein through the SFJ is confirmed. There is no evidence 
of DVT with good flow observed within the common femoral vein. A thigh high 
compression stocking is applied to the right lower extremity for 2 days. The patient 
is recommended to continue using compression stockings for 1 month.
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Question 7
Which statement(s) is/are true about tumescent anesthesia?

 A. It is a unique type of anesthesia used only with EVLT.
 B. It is administered around the vein and helps prevent conduction of heat to sur-

rounding tissue.
 C. It increases the efficacy of treatment by compressing the vein and causing 

vasospasm.
 D. It is associated with a small increase in nerve injury because of the increase in 

tissue pressure.

Question 8
Which of the following is/are characteristic of RFA and laser?

 A. Thermal ablation (laser or RFA) is more effective than high ligation and strip-
ping for treatment of VV.

 B. The ideal position of the catheter tip should be right at the SFJ to accomplish 
complete thrombosis of the dilated GSV and prevent recurrence.

 C. There is no significant difference in the effectiveness of the different laser wave-
lengths (810, 980, 1320, and 1470 nm) used.

 D. DVT can occur from extension of thrombosis into the deep system. Most clots 
resolve within 3 months and do not lead to pulmonary embolization (PE).

Fig. 49.3 DU showing the tip of the probe in the GSV (white arrow) positioned at 2.5 cm distal 
to the Saphenofemoral Junction (SFJ) (red arrow) and the tumescent anesthesia around (blue 
arrow)
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Question 9
The statement(s) that is/are correct about RFA is (are):

 A. RFA relies on direct contact of the catheter with vessel wall.
 B. The initial studies on RFA were performed using the VNUS Closure device with 

a continuous catheter pullback technique.
 C. Body Mass Index (BMI) and catheter pullback rate are predictors of failure of 

RFA.
 D. The RFA probe typically heats the vein wall to a temperature of 250 °C for suc-

cessful obliteration.

The patient presents for follow up 1 week after the procedure. DU shows oblit-
eration of the GSV and a competent proximal GSV (Fig. 49.4). There is no evidence 
of DVT. The large dilated vessels did not show however complete resolution exter-
nally. He returns 3  months later asking for removal of the residual varices. You 
proceed with stab avulsions in the operating room resulting in complete resolution 
of the VV.

 Commentary

During the evaluation of a patient with VV and chronic venous insufficiency, one 
should always keep in mind the possibility of postphlebetic syndrome. Therefore 
inquiry about history of venous thromboembolism specially with a provoking 
event such as a car accident is important. It is also important to review prior imag-
ing, work up, and therapy. [Q1-A-D: T] Lower limb varicose veins are the most 
common of all the vascular disorders. VV are visible dilatations involving pre-
dominantly the two major superficial veins of the lower extremities: the GSV and 

Fig. 49.4 DU showing complete obliteration of the treated segment (white arrow). The proximal 
GSV is patent (red arrow) and there is no extension of the thrombosis into the deep system
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the SSV. VV affects 40% of men and 32% of women [1] with severe venous insuf-
ficiency in 20% of the population in employment [2]. [Q2-A: F] Risk factors asso-
ciated with the development of chronic venous disease including age, obesity, 
family history and ethnicity [3]. There is a very high familial predisposition to vari-
cose veins. The risk in offspring is 90% if both parents are affected, 20% if neither 
are affected and 45% if one parent is affected [4]. A number of studies have high-
lighted that women have a two to three times high risk for development of varicose 
veins than men do [5]. Most women have increase in symptoms during pregnancy.
It has been suggested that physiologically enhanced levels of progesterone and 
estrogen may have a degenerative effect on the venous system [6]. [Q2-B: T] 
Patient with varicose veins seek treatment mostly for cosmetic reasons. [Q2-C: F] 
Some patients present with pain especially at the end of the day after standing for 
long periods of time and causing excess engorgement of their varicosities. They 
may also complain of leg cramping and a sensation of heaviness. Lower extremity 
swelling is sometimes associated with VV. Overlying skin changes may occur and 
consist of brown discoloration, lipodermatosclerosis, If left untreated, the venous 
reflux tends to be progressive, often leading to frank ulceration. They are usually 
located low on the medial ankle over a perforating vein, or along the course of the 
great or small saphenous veins; they can occur more proximally on the leg if pre-
cipitated by trauma, but never in the forefoot or above the level of the knee. Arterial 
ulcers occur more commonly in the weight bearing areas such as on the toes and 
the metatarsal heads. [Q2-D: F]

Compression stocking is the first line treatment for VV despite the lack of level 
1 evidence as recently reviewed by Palfreyman and Michaels [7]. It is also the estab-
lished treatment for venous ulcers. [Q3-E: F] Compression stockings improve 
venous return, reduce edema, increases veno-muscular efficiency and stimulates 
healthier granulation of tissue within venous ulcers [8]. [Q3-A: T] The classifica-
tion of stockings is according to the different levels of compression they exert. Class 
1 has the lowest sub-bandage pressure between 14 and 21 mmHg. [Q3-B: T] At 
present, there is still no internationally agreed classification and varies between dif-
ferent countries [9]. [Q3-C: F] In the United States, Class 1, 2, and 3 stockings exert 
15–20, 20–30, and 30–40 mmHg respectively. There is no consensus whether thigh 
or knee length is better. The class prescribed depends on the size and shape of the 
leg as well as the level of activity of the patient. It is essential that all medical staff 
involved in the use of compression therapy are aware of the different classification 
systems that exist, to avoid patients from receiving the wrong type of stockings and 
worsening their conditions [9]. Poorly fitted stockings can cause tissue necrosis, 
fungal infection, contact dermatitis and potentially amputation especially in patients 
with arterial insufficiency. [Q3-D: F] It is safer to measure an ABI on elderly 
patients before prescribing stockings [7].

The diagnosis of varicose veins and chronic venous disease is suggested by pres-
ence of typical symptoms (leg pain, fatigue, edema) and confirmed by the presence 
of venous reflux, which is diagnosed by duplex ultrasound as retrograde or reversed 
flow of greater than 0.5 s [10–12]. Other than venous reflux at the saphenofemoral 
and saphenopopliteal junction, DU also helps to look for incompetent perforators 
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and rule out DVT. Ultrasound is the imaging modality of choice. Hand held doppler 
does not provide quantitative measurement. Cross sectional imaging with CT veno-
gram or MRA is useful in ruling out iliac vein compression which has been increas-
ingly recognized as a contributing factor to venous insufficiency. However, they 
have no role for assessing venous valve function which is the most common cause 
of varicose veins. [Q4B: T]

Surgical treatment of VV underwent a dramatic evolution with the introduction 
of endoluminal therapy. Thermal ablation initially with laser and then with radio-
frequency has virtually replaced stripping as a less invasive treatment that can be 
administered in the office with a rapid recovery. A randomized controlled trial 
compared surgical stripping, laser thermal ablation, and foam sclerotherapy of the 
great saphenous vein for the treatment of patients with venous insufficiency. 
Thermal ablation and stripping had comparable success at 6 months (93.6% and 
91.9%) superior to foam sclerotherapy (67.6%). Laser therapy had the lowest com-
plication rate (1.0%) compared to foam sclerotherapy (6.2%) and stripping (7.1%) 
[13]. [Q5-B: T]

High ligation and stripping is not the gold standard for treatment of reflux in the 
GSV. The American Venous forum and the Society for Vascular Surgery recom-
mend thermal ablation (laser or radiofrequency) over stripping for treatment of the 
GSV [14]. [Q6-C: T] High ligation alone is not sufficient and predisposes patients 
to recurrence as shown by the group from Gloucestershire. [Q6-A: T] They fol-
lowed 100 patients that underwent high ligation with and without routine stripping 
of the GSV. Patients undergoing high ligation only had significantly higher rates of 
recurrence at 5 years [15] and 11 years [16]. O’Hare et al. examined surgical treat-
ment of SSV varicosities in 234 legs in 219 patients. Patients that had stripping in 
addition to SPJ ligation had significantly lower incidence of SPJ reflux at 1 year 
(13%) as compared to patients who had isolated SPJ ligation (32%). The complica-
tion rate was comparable between the two groups [17]. [Q6-B: F] High ligation and 
stripping remains an effective treatment of VV. The improvement in quality of life 
is remarkable and comparable to the improvement in quality of life of patients with 
billiary colic who undergo laparoscopic cholecystectomy [18]. [Q6-D: T]

Tumescent anesthesia is the injection of a solution of local anesthetic around the 
VV to be treated with an endothermal modality. [Q7-A: F] The injection is done 
under DU guidance between the perivenous fascia to avoid inadvertent injection 
into the vein or injury to adjacent nerves or arteries. The amount of tumescence 
anesthesia depends on the length of the vein to be treated. Large volume of fluid 
should be used especially with the SSV to separate it from the sural nerve. The 
injection facilitates the dissection of the vein from the surrounding soft tissue. It 
also provides a cooling area to minimize thermal injury on the surrounding tissue 
protecting neighboring structures and overlying skin by acting as a heat sink. [Q7- 
B: T; 7-D: F] In addition to providing prolonged analgesia lasting to the postopera-
tive period, tumescence compresses the vein and induces vasospasm maximizing 
the effect of the thermal energy on the vascular wall [19, 20]. [Q7-C: T]

RFA relies on the introduction of a catheter into the dilated vein under DU guid-
ance. The tip of the catheter is a laser fiber placed at least 2.5  cm distal to the 
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junction of the superficial vein with the deep venous system. [Q8-B: F] Studies sug-
gest that increasing the ablation distance from 2  cm to greater than or equal to 
2.5 cm peripheral to deep venous junction may result in diminished rate of endo-
thermal heat induced thrombosis (EHIT) formation [21]. After confirmation of the 
location of the tip, energy is delivered to denature collagen in the vessel wall and 
denude the endothelium. Eventually, the vessel contracts and gets obliterated by 
fibrosis. The optimal wavelength of the laser used is a subject of ongoing research. 
Laser wavelengths reported include 810, 940, 980, 1064, 1320 and 1470 nm [22]. 
Laser systems with emission wavelengths of 1320 and 1470 nm have their main 
absorption in water compared to hemoglobin and thus were reported with reduced 
post-treatment pain and ecchymosis compared to shorter wavelength lasers [23]. 
Successful endovenous ablation using a 1470 nm laser has been reported by Pannier 
et al. [24]. The design of the fibre tip also probably has a substantial effect on the 
early postoperative course. Kabnick et  al. concluded that a jacket-tip laser fibre 
produces a more tolerable procedure, with less ecchymosis and postoperative pain 
[25]. [Q8-C: F]

Rasmussen et al. conducted a randomized trial comparing EVLT of GSV with 
high ligation and stripping. Both procedures were performed in an office setting 
with tumescent anesthesia. The success rates and the complication rates for the two 
procedures were comparable. The only difference was that patients undergoing high 
ligation and stripping had increased postoperative pain and bruising [26]. In a meta- 
analysis by Pan Y. et al., 13 studies including a total of 2245 limbs showed similar 
results. EVLT with SFJ ligation and stripping had comparable efficacy in abolishing 
reflux and had comparable safety profile. The duplex-detected and clinical recur-
rence was similar between both conventional surgery and EVLT after 1 and 2 years. 
However fewer complications were observed with EVLT compared to high ligation 
and stripping, including bleeding and hematoma, wound infection and paraesthesia 
[27]. [Q8-A: F] In a study by Darwood et al., they observed patients returned to 
normal activity and resumed work earlier after EVLT. The authors did not do a cost 
analysis but postulated that earlier return to normal activity (5  days earlier) and 
work (13 days earlier) might confer a socioeconomic advantage to EVLT [28].

Endovenous techniques for treatment of VV can be complicated by DVT and 
occasionally PE. Thus, most specialists recommend follow up DU within a week of 
the procedure. The imaging can document success of the procedure and detect the 
presence of DVT resulting from clot extension into the deep system. To avoid this 
complication, most vascular surgeons leave the proximal 2.5  cm of the GSV 
untreated. The incidence of DVT is less than 1% in most series with occasional PEs 
[29]. [Q8-D: T] The use of perioperative DVT prophylaxis with heparin products 
may help decrease the incidence of thrombosis but is not a universal practice.

The application of RFA is analogous to EVLT and is performed in an outpatient 
setting with local tumescence anesthesia. A catheter is introduced in the dilated veins 
with an electrode extending from the tip. A generator delivers the radiofrequency 
energy necessary to keep the vein wall heated to 120 °C. [Q9-D: F] The catheter 
contains a feedback mechanism that evaluates vein wall impedance and adjusts the 
energy delivered to keep the temperature at a set target. Heat causes collagen 
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remodeling, contraction of the vessel wall and proliferation of fibroblasts leading to 
complete occlusion of the vein. [Q9-A: T] Emptying the vein from blood by putting 
the patient in Trendelenburg and compression are crucial since the effectiveness of 
the treatment relies on the contact with the vein wall. The first catheter used for RFA 
is the VNUS closure system (VNUS Medical Technologies Inc., San Jose, CA, 
USA). It allows direct contact with the vein wall, requires a continuous pullback 
technique at about 3 cm/min, but can be increased with higher temperature settings. 
[Q9-B: T] In 2006, VNUS introduced the ClosureFast segmental ablation catheter. 
The new catheter allows RFA of a 7 cm segment of superficial vein in energy cycles 
of 20 s without continuous pull-back. The temperature is maintained at 120 °C dur-
ing an energy cycle. The advantage is a faster and more consistent ablation [30]. 
Merchant et  al. reported the largest series of patients undergoing RFA. They fol-
lowed 1006 patients (1222 limbs) up to 5 years and reported occlusion rate of 87.2% 
at the end of the follow up period. Linear regression showed that BMI and speed of 
catheter pullback were predictors of failure [31]. [Q9-C: T] Figure 49.5 shows a 
contemporary algorithm for the treatment of superficial venous reflux.

Clinical diagnosis of varicose veins

Duplex ultrasound scan evaluation of the lower limb(s) involved

Superficial venous reflux + at
the SFJ or the SPJ

Conservative Management Surgical Management

a. Leg elevation/ exercise

b. Compression therapy

c. Ulcer wound management

Endovenous
thermal ablation:
EVLT or RFA

a.High ligation and stripping

b. Ultrasound guided Foam
Sclerotherapy

c. Mechanochemical
endovenous ablation

d. Endovenous sealing

Rule out deep vein thrombosis, and look for
incompetent perforators.

Fig. 49.5 Treatment algorithm for superficial venous reflux

C.I.N. Ochoa Chaar and A. Aurshina



565

References

 1. Evans C, Lee A, Fowkes F, Ruckley C. Prevalence of varicose veins and chronic venous insuf-
ficiency in men and women in the general population: Edinburgh Vein Study. J Epidemiol 
Community Health. 1999;53(3):149–53.

 2. Moore W. Vascular and endovascular surgery: a comprehensive review. 7th ed. Philadelphia: 
Saunders, Elsevier; 2006. p. 857.

 3. Scott TE, LaMorte WW, Gorin DR, Menzoian JO. Risk factors for chronic venous insuffi-
ciency: a dual case-control study. J Vasc Surg. 1995;22:622–8.

 4. Cornu-Thenard A, Boivin P, Baud JM, DeVincenzi I, Carpentier PH. The epidemiology of 
chronic venous diseases. Phlebology. 2000;15:2–18.

 5. Cesarone MR, Belcaro G, Nicolaides AN, Geroulakos G, Griffin M, Incandela L, et al. “Real” 
epidemiology of varicose veins and chronic venous diseases: the San Valentino Vascular 
Screening Project. Angiology. 2002;53:119–30.

 6. Ropacka-Lesiak M, Kasperczak J, Breborowicz GH. Risk factors for the development of venous 
insufficiency of the lower limbs during pregnancy—part 1. Ginekol Pol. 2012;83:939–42.

 7. Palfreyman SJ, Michaels JA. A systematic review of compression hosiery for uncomplicated 
varicose veins. Phlebology. 2009;24(Suppl 1):13–33.

 8. Hafner A, Sprecher E. In: Bolognia JL, Jorizzo JL, Schaffer JV, editors. Dermatology. 3rd ed. 
Philadelphia: Elseiver; 2012. p. 2572.

 9. Hague A, Pherwani A, Rajagopalan S. Role of compression therapy in pathophysiology of the 
venous system in lower limbs. Surgeon. 2017;15:40–6.

 10. Porter JM, Moneta GL.  Reporting standards in venous disease: an update. International 
Consensus Committee on chronic Venous disease. J Vasc Surg. 1995;21(4):635.

 11. Coleridge-Smith P, Labropoulos N, Partsch H, Myers K, Nicolaides A, Cavezzi A. Duplex 
ultrasound investigation of the veins in chronic venous disease of the lower limbs-UIP consen-
sus document part 1. Basic principles. Eur J Vasc Endovasc Surg. 2006;31(1):83.

 12. Labropoulos N, Tiongson J, Pryor L, Tassiopoulos AK, Kang SS, Ashraf Mansour M, Baker 
WH. Definition of venous reflux in lower-extremity veins. J Vasc Surg. 2003;38(4):793.

 13. Brittenden J, Cotton SC, Elders A, Ramsay CR, et al. A randomized trial comparing treatments 
for varicose veins. N Engl J Med. 2014;371(13):1218–27.

 14. Gloviczki P, Comerota AJ, Dalsing MC, Eklof BG, et al. The care of patients with varicose 
veins and associated chronic venous diseases: clinical practice guidelines of the Society for 
Vascular Surgery and the American Venous forum. J Vasc Surg. 2011;53(5 Suppl):2S–48S.

 15. Dwerryhouse S, Davies B, Harradine K, Earnshaw JJ.  Stripping the long saphenous vein 
reduces the rate of reoperation for recurrent varicose veins: five-year results of a randomized 
trial. J Vasc Surg. 1999;29(4):589–92.

 16. Winterborn RJ, Foy C, Earnshaw JJ. Causes of varicose vein recurrence: late results of a ran-
domized controlled trial of stripping the long saphenous vein. J Vasc Surg. 2004;40(4):634–9.

 17. O’Hare JL, Vandenbroeck CP, Whitman B, et al. A prospective evaluation of the outcome after 
small saphenous varicose vein surgery with one-year follow-up. J Vasc Surg. 2008;48(3):669–
73. discussion 674

 18. Sam RC, Darvall KA, Adam DJ, Silverman SH, Bradbury AW. A comparison of the changes 
in generic quality of life after superficial venous surgery with those after laparoscopic chole-
cystectomy. J Vasc Surg. 2006;44(3):606–10.

 19. Ramon RJP, Eekeren v, Boersma D, et  al. Update of endovenous treatment modalities for 
insufficient saphenous veins—a review of literature. Sem Vasc Surg. 2014;27(2):118–36.

 20. Bhayani R, Lippitz J. Varicose veins. Dis Mon. 2009;55(4):212–22.
 21. Sadek M, Kabnick LS, Rockman CB, et  al. Increasing ablation distance peripheral to the 

saphenofemoral junction may result in a diminished rate of endothermal heat induced throm-
bosis. J Vasc Surg Venous Lymphat Disord. 2013;1(3):257–62.

 22. Van den Bos R, Arends L, Kockaert M, et al. Endovenous therapies of lower extremity vari-
cosities: a meta analysis. J Vasc Surg. 2009;49(1):230–9.

49 Endothermal Ablation of Varicose Veins



566

 23. Almeida J, Mackay E, Javier J, Mauriello J, Raines J. Saphenous laser ablation at 1470 nm 
targets the vein wall, not blood. Vasc Endovasc Surg. 2009;43(5):467–72.

 24. Pannier F, Rabe E, Maurins U. First results with a new 1470 nm diode laser for endovenous 
ablation of incompetent saphenous veins. Phlebology. 2009;24:26–30.

 25. L.S.  Kabnick, J.A.  Caruso. Are there differences between bare,covered or diffusion fibers 
for endovenous treatment of the great saphenous vein? Veith symposium; 2008. http://www.
veithsymposium.com/pdf/aim/1980.pdf

 26. Rasmussen LH, Bjoern L, Lawaetz M, Blemings A, Lawaetz B, Eklof B. Randomized trial 
comparing endovenous laser ablation of the great saphenous vein with high ligation and strip-
ping in patients with varicose veins: short-term results. J Vasc Surg. 2007;46(2):308–15.

 27. Pan Y, Zhao J, Mei J, et al. Comparison of endovenous laser ablation and high ligation and 
strippins for varicose vein treatmemt: a meta-analaysis. Phlebology. 2012;29(2):109–19.

 28. Darwood RJ, Theivacumar N, Dellagrammaticas D, Mavor AI, Gough MJ. Randomized clini-
cal trial comparing endovenous laser ablation with surgery for the treatment of primary great 
saphenous varicose veins. Br J Surg. 2008;95(3):294–301.

 29. Mozes G, Kalra M, Carmo M, Swenson L, Gloviczki P. Extension of saphenous thrombus into 
the femoral vein: a potential complication of new endovenous ablation techniques. J Vasc Surg. 
2005;41(1):130–5.

 30. Gohel MS, Davies AH. Radiofrequency ablation for uncomplicated varicose veins. Phlebology. 
2009;24(Suppl 1):42–9.

 31. Merchant RF, Pichot O, Closure Study Group. Long-term outcomes of endovenous radiofre-
quency obliteration of saphenous reflux as a treatment for superficial venous insufficiency. J 
Vasc Surg. 2005;42(3):502–9. discussion 509

C.I.N. Ochoa Chaar and A. Aurshina

http://www.veithsymposium.com/pdf/aim/1980.pdf
http://www.veithsymposium.com/pdf/aim/1980.pdf


567© Springer International Publishing AG, part of Springer Nature 2018
G. Geroulakos, B. Sumpio (eds.), Vascular Surgery,  
https://doi.org/10.1007/978-3-319-65936-7_50

C.R. Lattimer, MBBS, FRCS, MS, FdIT, PhD (*) • M. Azzam 
Josef Pflug Vascular Laboratory, Ealing Hospital NHS Trust, Middlesex, UK 

Imperial College, West London Vascular and Interventional Centre, London, UK
e-mail: c.lattimer09@imperial.ac.uk; dr.azzam@yahoo.co.uk

50Ultrasound Guided Foam Sclerotherapy 
for the Management of Recurrent 
Varicose Veins

Christopher Richard Lattimer and Mustapha Azzam

Question 1
Which of the following are recurrent varicose veins?

 A. Varicose veins draining into a neovascularisation following crossectomy.
 B. Residual veins after incomplete phlebectomies.
 C. Remaining varicosities after endovenous laser ablation.
 D. Remaining varicosities after foam sclerotherapy.
 E. Primary short saphenous varicosities after a GSV strip.

The patient had already undergone surgical treatment for his varicose veins in the 
same leg so he has recurrences.

Case Report
A 67-year old man presented with left leg discomfort and gaiter pruritus 
which interfered with his retirement lifestyle. His symptoms were worse after 
prolonged standing and towards the end of the day. Below knee graduated 
elastic compression (GCS) stockings provided him with some relief. He suf-
fered with poliomyelitis at 12 years old which caused leg muscle wasting. 
Seven years previously he had his left great saphenous vein (GSV) stripped to 
the knee with multiple phlebectomies. This alleviated similar symptoms but 
resulted in persistent ankle edema.
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Question 2
Which single investigation is the most useful in the management of recurrent vari-
cose veins and why?

 A. CT venography
 B. Venous duplex
 C. Air plethysmography
 D. Contrast venography
 E. MR venography

A venous duplex scan demonstrated a large varicosity 5 mm in diameter in the 
calf which was fed by an incompetent medial calf perforating vein. There was no 
communication with the below knee GSV remnant which was patent, 1  mm in 
diameter and without reflux. All deep veins were patent and without reflux.

Question 3
The treatment aims can best be described as:

 A. Prophylaxis against venous ulceration
 B. Normalisation of calf muscle pump function
 C. Improvement on quality of life (QoL)
 D. Improvement of cosmetic appearance
 E. Removal of all incompetent duplex derived abnormalities

The patient was told that he had recurrent varicose veins and that his symptoms 
were typical. Therefore, treating them was likely to improve his condition. He was 
warned that he may require further injections to completely eradicate his varicose 
veins, and of the possibility of a DVT and/or PE risk of less than 1%. Varying 
degrees of sclerophlebitis with pain, post inflammatory hyperpigmentation (PIH) 
and induration were mentioned as possible side effects.

Question 4
Why is foam better than liquid sclerotherapy?

 A. It acts through a transmural chemical injury to the vein wall.
 B. It causes thrombosis of the injected vein.
 C. It is detectable on ultrasound.
 D. It acts through improved endothelial contact.
 E. Foam is compressible, while liquids are not.

Question 5
What is the recommended maximum amount of foam that can be injected in a single 
treatment session?

 A. 10 mL.
 B. 12 mL.

C.R. Lattimer and M. Azzam
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 C. 16 mL.
 D. 24 mL.
 E. The volume depends on the size of the varicose reservoir on ultrasound.

The patient was scanned by ultrasound whilst standing, to confirm the extent of 
superficial venous reflux and determine a suitable site for cannulation. A medial calf 
perforating vein was identified and marked with a pen (Fig. 50.1). The patient was 
positioned supine and a distal part of the varicosity was cannulated with a 21 gauge 
butterfly needle and secured with tape. A high thigh GCS stocking was partially 
applied over the foot and ankle and the leg was elevated to empty the veins. The leg 
was then injected with foam under ultrasound guidance. After 5 mL, syringe resis-
tance increased and the injection was stopped because the foam was seen to fill all 
the target veins. Digital pressure was applied over the perforating vein for 2 min and 
the patient remained resting for a further 10 min (Fig. 50.2). The rest of the stocking 
was applied and the waist attachment was secured.

Question 6
Which of the following methods may improve the efficacy of foam?

 A. Type of gas used.
 B. Multiple small dose injections.

Fig. 50.1 The varicosity distends as foam is injected up to the site of the perforating vein (marked)

Fig. 50.2 The treated varicosity is isolated between a partially applied stocking and direct digital 
pressure on the perforating vein

50 Ultrasound Guided Foam Sclerotherapy for the Management of Recurrent
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 C. Gas/liquid ratio.
 D. Leg elevation.
 E. Elastic compression bandaging.

Foam was prepared in 6 mL aliquots by agitating 1.2 mL of 1% liquid sodium 
tetradecylsulphate (STD Pharm®) with 4.8 mL of air in separate 5 mL syringes con-
nected by a partially opened three way stopcock. The syringes were alternately 
depressed in rapid succession several times immediately prior to injection.

Question 7
Suggest a possible cause for ankle edema after great saphenous vein stripping and 
why this complication may be avoided by using foam for recurrences?

The ankle edema could have been related to a DVT following the last operation 
but there was no evidence of this on the venous duplex examination.

Question 8
Place the following complications and side effects of foam in ascending order of 
incidence?

 A. Headache
 B. Deep vein thrombosis
 C. Induration and skin discolouration/hyperpigmentation
 D. Pulmonary embolism
 E. Visual disturbance

There were no side effects at the time of injection. At 3 week follow up there was 
induration and mild hyperpigmentation along the course of the treated varicosity but 
no tenderness or concerns from the patient. His symptoms had all resolved and the 
ankle edema had disappeared. This may have been related to wearing a GEC stock-
ing, in addition. A 3 week venous duplex scan demonstrated complete obliteration. 
The femoral, popliteal and deep calf veins were all patent.

Question 9
Common patterns of recurrence after surgical treatment of varicose veins arise from 
which of the following?

 A. Anterior accessory saphenous vein (AASV).
 B. Strip tract revascularisation
 C. Groin neo-vascularisation
 D. Small saphenous vein
 E. Pelvic venous reflux

Examples of recurrences are illustrated below (Figs. 50.3, 50.4, and 50.5).
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Question 10
Recurrent varicose veins are best treated using.

 A. Foam sclerotherapy.
 B. Revision groin surgery
 C. Endothermal ablation to the refluxing sources
 D. à la carte
 E. A combination of endothermal ablation and foam sclerotherapy

Fig. 50.3 Varicose veins 
arising from an 
incompetent anterior 
accessory saphenous vein 
after stripping of the great 
saphenous vein
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 Commentary

Ultrasound guided foam sclerotherapy (UGFS) has become an effective and safe 
treatment option for symptomatic recurrent varicose veins. A single sclerotherapy 
session is adequate in over half of the patients. Over an 18  month period with 

Fig. 50.4 Varicose veins arising along the great saphenous vein distribution after stripping of the 
great saphenous vein

Fig. 50.5 Ultrasound appearance of a groin neo-vascularisation
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repeated sessions, 87% of legs may achieve immediate elimination of all varicosi-
ties. Potential complications such as deep vein thrombosis or systemic side-effects 
are rare. However, the superficial nature of recurrences predispose to sclerophlebitis 
which may cause symptoms in a few patients [1].

Recurrent varicose veins following open surgery range from 20% to 80% and 
may appear between 5 and 20 years [2]. A formal definition of recurrence is impre-
cise. An international consensus meeting defined recurrent varicose veins after sur-
gery (REVAS) as the presence of varicose veins in a lower limb previously treated 
surgically for varices with or without adjuvant therapies. This definition is clinical 
and includes “true” recurrences, residual veins and varicose veins as a consequence 
of disease progression [2]. However, only “true” recurrence and not residual veins 
or an incomplete treatment strategy have been used as the definition in this chapter. 
[Q1: A] Foam sclerotherapy is administered both as a primary therapy as well as an 
adjuvant treatment. Recurrence after foam sclerotherapy would be correct as a term 
only if the patient completed the treatment. Several treatment sessions with foam 
may be required. The term recurrence should not be used between treatment ses-
sions. The presence of varicies after interventional treatment (PREVAIT) is an 
update on REVAS which now includes endovenous techniques [3].

Venous duplex imaging should be considered mandatory and the gold standard 
in the investigation of recurrent varicose veins. It provides anatomical information 
and demonstrates the source of reflux feeding the varicosities. It assesses the super-
ficial, saphenous, perforating and deep veins [4]. It is also an essential examination 
in the classification of surgical recurrences [5, 6]. [Q2: B] A CT or MR venography 
are rarely necessary but may be helpful when there is a lack of reflux identified on 
duplex scanning and/or venous obstruction is suspected. Non-thrombotic iliac vein 
lesions (NIVLs) were published in 1908 by McMurrich [7] and later accredited to 
May and Thurner [8] and Cockett [9]. Air plethysmography (APG) is a non-invasive 
investigation in the quantification of global venous reflux and obstruction in units of 
mL/s [10–12]. This test may be helpful in the assessment of patients with complex 
symptoms and concomitant pathologies. Contrast venography is the most invasive 
of all the tests but is useful in the assessment of the deep venous system in patients 
with the post-thrombotic syndrome (PTS) or deep venous obstruction prior to stent 
insertion.

The aim of any individual treatment should be to eradicate the disease and 
improve the quality of life (QoL) during the everyday activities of a patient. The 
treatment of recurrent varicose veins is no exception. [Q3: C] Questionnaires, both 
generic and venous disease specific are complimentary and advocated as a reporting 
standard [13]. Patient satisfaction depends on the success of treating the presenting 
complaint in parallel with the patients expectations and the potential side-effects or 
complications of any proposed treatment. The Aberdeen varicose vein questionnaire 
(AVVQ) has been validated as a measurement of disease specific health outcome in 
patients with varicose veins and is scored from 0 to 100 [14].

The mechanism of action of foam is through a chemical injury to the venous 
endothelium resulting in a chemical phlebitis. Although the injury is directed at the 
endothelial cells, the inflammation is transmural. Adequate compression is required 
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to prevent luminal thrombosis and subsequent thrombophlebitis. Foam is far more 
effective than liquid because of the increased surface area provided by the micro 
bubbles which make contact with the venous endothelium. However, foam must be 
prepared fresh immediately prior to injection because it is rapidly deactivated by 
blood proteins [15]. [Q4: C, D, E] Its compressible nature and the surface tension 
force of the bubbles hamper onward flow thereby increasing the residence time 
within veins.

Current European safety recommendations limit foam administration to 10 mL 
per session [16]. [Q5: A] This is 2 mL less than the recommended maximum in 
2004 [17]. Despite this advice, serious complications can still occur after an injec-
tion of only 10 mL as illustrated in a 52 year old woman with a patent foramen ovale 
who suffered a TIA for 30 min [18]. When the volume of the injected foam becomes 
excessive, stroke is possible [19].

The foam is prepared using the three way tap technique described by Tessari 
[20]. A vigorous movement is required over a partially occluded three way tap to 
ensure maximal agitation of liquid and gas. The foam should be used immediately 
before the micro bubbles have a chance of uniting and enlarging. The sclerosant is 
usually polidocanol or sodium tetradecylsulphate which are both detergents. With 
large caliber straight veins a long catheter combined with tumescence may be used 
to facilitate foam delivery and encourage venous collapse [21]. There is evidence 
that the physiological gas carbon dioxide is safer than air with a reduction in overall 
side-effects from 39% to 11% [22]. [Q6: A] Multiple small-dose injections have 
been shown to reduce the passage of sclerosant foam into the deep veins using ultra-
sound inspection immediately post sclerotherapy [23]. [Q6: B] The optimum ratio 
of gas to liquid is 4:1 although a large range of ratios are used. [Q6: C] Leg eleva-
tion is advised prior to injection to empty the superficial venous reservoir and reduce 
the amount of blood contact which can de-activate foam [15, 24]. [Q6: D] A high 
thigh GEC stocking applied for 2–3 weeks has been shown to be more effective and 
cheaper than compression bandaging with a reduction in thrombophebitis [25]. 
[Q6: E] Our protocol is to apply a thigh-length GEC stocking with waist attachment 
at the time of sclerotherapy and instruct the patient to wear this continuously for 
2 weeks, and only during the day on the third week.

Ankle edema is part of the staging and severity in venous disease and may be 
related to venous insufficiency [26, 27]. Edema after surgical treatment however 
raises the possibility of a DVT or lymphatic compromise. Conventional varicose 
vein surgery has been shown to cause lymphatic damage [28]. It is likely that this 
may contribute to ankle edema and lymphedema in predisposed patients. Foam 
sclerotherapy has not been shown to cause lymphatic disruption and subsequent 
lymphedema. Its use in recurrent disease will prevent this complication by remov-
ing the need for redo groin surgery. [Q7]

The incidence of complications and side effects are as follows: headache (4.2%), 
deep vein thrombosis (under 1%), induration/pigmentation (17.8%), pulmonary 
embolism (under 1%) and visual disturbance (1.4%) [29]. [Q8: D, B, E, A, C] The 
incidence of a patent foramen ovale is 27% [30] which may explain the presence of 
left sided heart micro bubbles after foam treatment in several patients [31]. The 
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sclerosant is likely to be deactivated by the time any bubbles reach the heart. 
However, the clinical significance of micro-bubble migration and correlation with 
transient neurological complications remains unclear.

Recurrent varicose veins can appear throughout the leg from many different sites 
[32]. Following a GSV strip they can occur from a groin neo-vascularisation, which 
reconnects the sapheno-femoral junction to the remaining saphenous trunks like the 
anterior or posterior accessory saphenous vein. Recurrences along a previously 
stripped GSV may develop because the normal saphenous tribuaries are deprived of 
a saphenous drainage route and subsequently these tributaries dilate over time. The 
perineum is frequently a source of reflux when the pelvic veins are incompetent. 
[Q9: A, B, C, D, E]

The treatment of recurrent varicose veins depends on the anatomical sites of 
recurrence and their hemodynamic properties. Foam is suitable for most recur-
rences, especially for tributaries below the knee. However, a “one size fits all” prin-
ciple is not realistic because there are so many variations in recurrent disease. For 
this reason an à la carte treatment is recommended, with foam sclerotherapy as the 
predominant option. [Q10: D]
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51Venous Ulcers Associated with Deep 
Venous Insufficiency

Seshadri Raju

Case Report
A 46-year-old female schoolteacher and non-smoker presented with an ulcer on 
the medial side of the ankle. The ulcer had persisted for the past year despite 
compressive dressings at a hospital wound care center. Ulcers in the same general 
area had occurred intermittently in the past but had healed with local wound care 
and dressings. The ulcer was very painful, particularly with dependency of the leg 
(7/10 over a visual analogue scale) and frequently at night. The patient had made 
a habit of elevating her legs during the day whenever feasible, and to sleep with 
her legs elevated on a pillow at night. She had been using a nonsteroidal anti-
inflammatory drug once or twice a day at work for pain relief, but lately a narcotic 
prescribed by her physician was required for sleep at night. Even so, on some 
nights, she had to “walk off” the pain for 20–30 min before she could fall asleep. 

Past medical history: She had been hospitalized on two occasions during the 
past year for cellulitis of the leg, which required intravenous antibiotics. Her 
saphenous vein was stripped 15 years ago when the ulcer initially appeared. 
This resulted in healing of the ulcer but it recurred 2 years later. During adoles-
cence, she sustained a closed tibial fracture of the same extremity during a ski 
accident and was in a plaster cast and crutches for several weeks. Family his-
tory: No one in the family had varicose veins or deep venous thrombosis.

Examination: The patient was found to be healthy except for the affected 
extremity, which had a large 5 Ð 10-cm indolent ulcer on the medial aspect of 
the lower third of the leg. The ulcer bed had clean granulation tissue with 
serous drainage. The ulcer was surrounded by a broader area of hyperpigmen-
tation in the “gaiter” area. No obvious varicosities or “blow outs” were noted. 
Good pedal pulses were present.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-65936-7_51&domain=pdf
mailto:rajumd@earthlink.net


578

Question 1
Which of the following is least likely in this patient?

 A. “Primary” deep vein valve reflux
 B. Post-thrombotic syndrome
 C. Popliteal artery entrapment
 D. Recurrent saphenous reflux from neovascularization
 E. Perforator incompetence

The patient was referred to the vascular laboratory, where a detailed duplex 
venous examination was performed. Extensive reflux throughout the deep venous 
system in the affected extremity was found. Both the femoral and popliteal valves 
were refluxive, with valve closure times of 7 s and 6 s, respectively. The great saphe-
nous was confirmed absent with no evidence of tributary or collateral reflux around 
the short sapheno-femoral stump. Neovascularization was not detectable. No sig-
nificant perforator reflux was found, and the short saphenous vein was not refluxive. 
The deep venous system was widely patent without evidence of prior thromboses. 
Air-plethysmography (APG) results were as follows: venous filling index (VFI90) 
7 mL/s; venous volume (VV) 135 mL; ejection fraction (EF) 60%; residual volume 
fraction (RVF) 48%.

Based on the above findings and the clear failure of conservative therapy to heal 
the ulcer, surgical intervention was discussed with the patient. She consented to this 
approach. Other preoperative work-up included a hypercoagulation profile and 
ascending and descending venography.

Question 2
Which of the following statements is true?

 A. Duplex is more specific than descending venography in assessing reflux.
 B. Valve closure time (VCT) is a reliable quantitative measure of reflux.
 C. Venous filling index (VFI90) with APG correlates best with ambulatory venous 

pressure.
 D. Absence of varicosities or “blow outs” on physical examination rules out neo-

vascularization or perforator reflux as a significant source of reflux.
 E. Palpable pedal pulses rule out arterial insufficiency as the etiology in patients 

with painful leg ulcer.

The patient underwent internal valvuloplasty (Kistner technique) of the femoral 
vein valve under general anesthesia. Postoperative recovery was uneventful. DVT 
prophylaxis included low-molecular-weight heparin (LMWH) started preopera-
tively and continued until discharge, intraoperative intravenous heparin (5000 units), 
and daily warfarin sodium. Pneumatic compression was started during surgery and 
continued postoperatively when not ambulatory. She was discharged on 5 mg war-
farin with instructions to the local physician to maintain the international normal-
ized ratio (INR) at or above 2.5 for 6 weeks, after which the dosage could be lowered 
for a target INR of 1.7–2.0. The patient was instructed to wear elastic stockings for 
at least 6 weeks on a daily basis, after which she could adjust the usage as desired.
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The patient was seen on follow-up at 6 weeks, at which time the surgical incision 
was well healed and the ulcer had become epithelialized to 90% of the original sur-
face area. She requested and was granted permission to go back to full-time work. 
When seen in follow-up at 4 months, the patient reported that the ulcer had healed 
completely 2 weeks after the first clinic visit and had remained healed since. She 
was free of pain and had abandoned regular use of her stockings. She found it neces-
sary to use them only occasionally when she expected her day to be more strenuous 
than usual. Physical examination revealed good-quality skin coverage over the pre-
vious ulcer, and the limb was free of edema. Interval follow-up duplex examination 
showed competence of the repaired femoral valve with valve closure time of 0.4 s. 
Popliteal valve reflux was unchanged. Postoperative APG showed that the VFI90 
had been nearly normalized at 2.3 mL/s. Other values were essentially unchanged 
from preoperative levels.

Question 3
Which of the following is not true?

 A. Postoperative DVT (30 day) is relatively rare after valve reconstruction proce-
dures for correction of “primary” valve reflux.

 B. Arm swelling occurs infrequently after axillary vein harvest for valve 
reconstruction.

 C. Valve reconstruction is contraindicated in post-thrombotic veins.
 D. Saphenous vein ablation can be safely undertaken in chronic deep venous 

obstruction (secondary saphenous varix).
 E. In combined obstruction/reflux, stent placement to correct the obstruction alone 

often results in healing of stasis ulceration.

 Commentary

The differential diagnosis of venous ulcers includes ischemic ulcers, diabetic foot 
ulcers, ulcers related to vasculitis from hypertension or other causes, ulcers related 
to connective tissue disorders (rheumatoid arthritis, scleroderma, etc.), neuropathic 
ulcers, Marjolin’s ulcer, and numerous other conditions that are clinically quite rare. 
Popliteal vein (not artery) entrapment is a rare cause of venous ulcers. [1] The clini-
cal features of venous ulcers are so characteristic and obvious that a positive diag-
nosis can be made on the basis of clinical examination alone in all but a few cases. 
When doubt exists, or when combined pathologies are suspected, a punch biopsy of 
the skin should be performed without hesitation to clarify the situation. Relevant 
testing for specific connective tissue, immunological or hematological conditions 
may be required in some cases. Venous ulcers are differentiated quite easily from 
arterial (ischemic) ulcers in most instances. The former are indolent and recurring 
with episodes of healing and breakdown and are generally confined to the gaiter 
area of the leg. In contrast, the arterial ulcer is progressive without periods of remis-
sion and has a wider distribution in the leg with characteristic gangrenous or isch-
emic appearance devoid of granulation tissue and covered with necrotic tissue. 
There is seldom the surrounding hyperpigmentation or dermatitis that occurs so 
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commonly with venous ulcers. Palpable pedal pulses virtually rule out ulcers of 
ischemic origin, with the notable exception of diabetic foot ulcers and less common 
entities in which vasculitis or small-vessel disease is often implicated (e.g., collagen 
disorders such as scleroderma and rheumatoid arthritis). It is usually possible, how-
ever, to narrow down the possibilities by a combination of clinical features (history, 
appearance and location of the ulcer), skin biopsy, and specific testing directed 
toward suspected non-venous pathology. Ankle/arm arterial index and toe pressure 
measurements may be required in some cases to clarify the issue. Because of their 
wide prevalence, venous ulcers can and do occur in combination with the other 
pathologies listed above. To establish the presence of venous ulcers in concert with 
other nonvenous pathology, it is necessary to confirm that significant reflux is pres-
ent based on venous duplex examination and venous hemodynamic tests such as 
ambulatory venous pressure measurement and/or air plethysmography. In combined 
arterial/venous ulcers, treatment should be directed initially towards improving 
arterial perfusion.

However obvious the diagnosis, patients with venous ulcers should be evaluated 
through a detailed assessment protocol to assess severity and form a base for later 
outcome assessment. Use of CEAP classification [2] and venous clinical severity 
scoring [3] provides a standardized format to accomplish this. Quality-of-life 
assessment methodologies [4] in venous disease have been validated and provide a 
way for outcome assessment from the patient’s perspective. [Q1: C]

Many patients with chronic venous insufficiency will not volunteer information 
such as relief of leg pain with leg elevation and stocking use, night leg cramps and 
restless legs, or their developed habit of sleeping with the leg elevated at night, 
unless specifically asked. Perhaps because of the chronicity of the condition, these 
details have become an integral part of their daily lives and may not be mentioned 
as complaints without direct questioning. Even potentially important information, 
such as previous attacks of cellulitis or “phlebitis” that occurred years or decades 
ago and required hospitalization and a period of anticoagulant treatment may not be 
forthcoming unless specifically inquired, because the patient has forgotten the epi-
sode or does not consider it relevant to their current condition. Besides solidifying 
the diagnosis of venous ulcer, such information may be important in narrowing 
down the differential diagnosis in doubtful cases or combined pathologies. For 
example, ischemic rest pain at night is often relieved by hanging the leg over the 
side of the bed at night, whereas patients with venous pain seldom resort to this 
practice. Pain of claudication (arterial or venous) worsens with ambulation, whereas 
patients with limb pain from venous reflux have often learned to “walk off” their 
nocturnal pain. Venous claudication is estimated to occur in about 15% of patients 
with chronic venous insufficiency. Climbing up stairs is particularly difficult for 
these patients. Pain out of proportion to clinical signs is a characteristic of deep 
venous pathology. Pain, nocturnal leg cramps or restless legs may be the only clini-
cal feature(s) in some patients. Recording the level of pain preoperatively by a 
visual analogue scale [5] is a simple reliable tool in severity assessment. The type 
and frequency of analgesic use (narcotic, non-narcotic, non-steroidal) is also useful. 
Past and current list of medications, particularly estrogen-type hormones and anti-
coagulants/platelet inhibitors, are relevant parts of the history and useful informa-
tion in future management.
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Limb swelling is a frequent manifestation of venous disease. It is hard to quan-
tify by examination except in very gross terms. Plethysmographic techniques 
including the commonly used limb circumference measurement are unreliable as 
swelling is quite variable during the day with the extent of orthostasis. Patients’ own 
perception of limb swelling is strongly influenced by the degree of accompanying 
pain. Patients themselves may not be aware of swelling obvious to the examiner if 
painless; conversely, even mild swelling, when painful, may be rated as severe by 
the patient. For these reasons, quantification of swelling either by history or by 
examination is subject to considerable variance and error. Although some clinical 
features are described as unique to lymphedema in texts, differentiation of venous 
from lymphatic swellings on clinical grounds alone is generally not possible. 
Furthermore, the two pathologies frequently coexist. Lymphatic dysfunction 
appears to be secondary to venous obstruction in many cases; relief of venous 
obstruction can reverse the lymphatic dysfunction. [6] A thorough venous investiga-
tion is essential even when lymphoscintigraphy is abnormal.

The investigation of venous ulcers is directed toward positive establishment of 
venous etiology, identification of regional pathology, and assessment of hemody-
namic severity. Hypercoagulability work-up provides guidance to the institution of 
anticoagulation, its duration and intensity. Duplex examination has replaced venog-
raphy as the primary investigation for both screening and definitive assessment of 
chronic venous insufficiency. Overall accuracy of duplex ultrasound is superior to 
that of descending venography in the assessment of reflux [7, 8]. Duplex examina-
tion in the erect position yields more accurate results than does examination in the 
sitting or recumbent position [9]. Quick inflation/deflation cuffs with pressures set 
for various levels provide for standardized compression maneuvers and allow mea-
surement of valve closure times; reflux is present when these exceed threshold val-
ues for the various valve stations. Disappointingly, valve closure times do not 
correlate with clinical or hemodynamic severity of reflux [10] and cannot be used in 
a quantitative way as originally hoped. The size and location of perforators can be 
assessed by duplex and is superior to physical examination. Patency of venous 
structures can be confirmed positively and post-thrombotic changes can be identi-
fied. Despite evolving refinement, duplex remains a largely qualitative morphologic 
technique.

Descending venography can document reflux through valve stations. The best 
results are obtained when the test is performed in the near-erect position with stan-
dardized Valsalva maneuver [11]. Comparison with duplex has led to the realization 
that the test, though sensitive, is not very specific. Descending venography is easily 
combined with transfemoral ascending venogram for assessment of the iliac veins, 
which may not visualize adequately by pedal injections of contrast. Even trans-
femoral venogram is only about 50% sensitive for detection of iliac vein obstruc-
tions [12]. Intravascular ultrasound (IVUS) is the gold standard for assessment of 
iliac veins for stent placement [13].

Ambulatory venous pressure is a global test of venous function. About 25% of 
patients with venous stasis ulceration have normal ambulatory venous pressure 
measurement parameters. Factors other than venous reflux, such as compliance, 
ejection fraction and arterial inflow, affect ambulatory venous pressure [14]. The 
latter factors are often abnormal in patients with chronic deep venous insufficiency. 
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Consequently, ambulatory venous pressure often improves after valve reconstruc-
tion surgery but complete normalization is less frequent [15]. Measurement of 
ambulatory venous pressure via the dorsal foot vein has been believed to accurately 
reflect deep venous pressure changes with calf exercise. Recent data throw consid-
erable doubt on this long-held assumption [16].

Air-plethysmography is a non-invasive test of calf venous pump and can be used 
to assess surgical outcome [17]. Residual volume correlates with ambulatory venous 
pressure. However, venous filling index (VFI90) has been a more consistent index 
of reflux with normalization after corrective surgery [18, 19].

Venous endothelial injury that occurs with deep venous surgery takes about 
6 weeks to heal [20]. Patients should be anticoagulated adequately during this vul-
nerable period. With proper management, the thromboembolic complication rate is 
surprisingly low [21]. Patients who have suffered from previous bouts of thrombo-
embolism and those with known hypercoagulable abnormalities are under increased 
risk of recurrent thrombosis and are candidates for long-term or even permanent 
anticoagulation. [Q2: A]

Once thought a rarity, primary deep venous reflux comprises about 30–40% of 
all deep venous reflux in centers active in deep venous reconstruction. Differentiating 
“primary” deep venous reflux from secondary or post-thrombotic reflux is problem-
atic. The presentation and clinical features may be similar. Negative history for prior 
DVT may be unreliable as some thromboses are silent; and others might have been 
overlooked, ascribing limb pain to trauma or orthopedic surgery that initiated it. 
Preoperative venography is a poor guide, and surgical exploration of the valve sta-
tion is often the final arbiter [22]. Some patients with primary reflux develop actual 
distal thrombosis that can be recurrent. Correction of proximal reflux in this group 
of patients may alleviate these recurrent symptoms [23]. Conversely, deep venous 
thrombosis initiates by unknown mechanisms eventual development of reflux in 
adjacent and remote valve stations [24].

Correction of primary deep venous reflux by internal valvuloplasty was first 
described by Kistner in 1964. Subsequently, he described an external technique as 
well. A variety of open and closed techniques for correction of primary and post- 
thrombotic deep venous reflux are currently in use [25, 26]. The internal valvulo-
plasty technique has provided excellent results [21, 23, 27–29] and remains the 
standard. The newer techniques provide a wider choice that may be more appropri-
ate in certain circumstances, and yield clinical results similar to the original internal 
technique [21, 30]. Direct valvuloplasty may be feasible in some cases of post- 
thrombotic reflux where the valves have escaped destruction [22, 31]. Axillary vein 
valve transfer is the standard commonly used for correction of post-thrombotic 
reflux. It can be used with some modifications even in trabeculated veins with sur-
prisingly good long-term patency and clinical success [32]. Arm swelling after axil-
lary vein harvest is rare. [Q3: C]

The recent introduction of vein stent technology has decreased the number of 
valve reconstructions in our institution. Surprisingly, stent application appears to 
yield excellent clinical results in a broad spectrum of symptomatic chronic venous 
disease patients, including those with severe associated reflux [33]. This finding 
portends a major paradigm shift in the treatment of chronic venous disease. In the 
last three centuries the diagnosis and treatment of chronic venous disease had 
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focused on the reflux component. It appears that the prevalence and importance of 
obstructive component present in iliac veins had been underestimated in the past 
[34]. This is mainly due to deficiencies of traditional diagnostic modalities. The 
diagnostic sensitivity of venography even using transfemoral injection of contrast is 
only about 50% in frontal projections [12, 33]. Higher diagnostic yield may be 
obtained by using biplane projections (Fig. 51.1). Specialized duplex techniques are 
required for examination of iliac veins [35] and are not routinely carried out in most 
institutions.

Post-thrombotic syndrome is now known to be due to a combination of obstruc-
tion and reflux in the majority of patients [37]; iliac obstructive lesions are com-
monly present. Use of intravascular ultrasound (IVUS) has shown Cockett’s 
syndrome (alias May–Thurner syndrome, iliac vein syndrome) is surprisingly fre-
quent in “primary” reflux as well [36]. These lesions may be extrinsic compression, 
intrinsic webs and membranes or often a combination. The generic term “Non- 
thrombotic iliac vein lesion (NIVL)” has been suggested instead for this reason [36]. 
They are thought to result from injury of repetitive pulsations of the proximate artery 
[12]. Lesions have been detected in all age groups, both sexes, both sides of the limb 
and in distal as well as proximal iliac vein segments. Retro inguinal lesions may also 
be present in some patients. Iliac vein lesions are pathogenic in about 30–40% of 
patients without associated reflux [33]. Absence of reflux or presence of only trivial 
reflux (e.g. single station segmental reflux) by duplex examination in the context of 
symptoms should prompt investigation of the iliac vein segment [38]. Modern imag-
ing techniques have shown such lesions to be present in over half the general popula-
tion [39], most remaining silent during lifetime. The very high incidence (>90%) of 
these lesions in symptomatic limbs suggests a “permissive” role [36] allowing symp-
tom expression when additional pathology such as trauma, infection, venosclerosis 
or onset of reflux is superimposed. Permissive lesions are known to play a role in 

Fig. 51.1 Proximal and distal NIVL. Notice appearance and disappearance of the lesions as the 
projection is rotated from frontal to oblique lateral [36]
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many disease processes such as, for example, patent foramen ovale (PFO) associated 
stroke. PFO in silent form is present in about 25% of the general population and 
becomes symptomatic when paradoxical embolus occurs.

Correction of the obstructive component with stent placement in thrombotic and 
non-thrombotic cases results in excellent relief of pain and swelling and improve-
ment in quality of life measures. Long-term cumulative stent patency rate is excel-
lent (93% in 603 limbs at 6 years in one series) [8–10]. Stent occlusions are exclusive 
to postthrombotic limbs and very rare in primary disease.

Even totally occluded iliac veins (Fig. 51.2) and even more extensive occlusions 
of the inferior vena cava can be successfully recanalized and stented [40–42]. 

Fig. 51.2 Percutaneous recanalization of occluded iliac vein. Dilation of the recanalized channel 
and its IVUS appearance prior to stenting are shown [40]
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Venous stasis ulcers are generally believed to be the result of reflux, not obstruction. 
Yet this relatively simple percutaneous outpatient stent technique results in healing 
of about 60% of venous stasis ulceration [43], even when the associated reflux 
remains uncorrected. Iliac vein stent placement is currently the first choice in most 
highly symptomatic patients resistant to compression, whether primary or post-
thrombotic in origin. Stent deployment does not preclude later open surgery (reverse, 
often not the case) such as valve reconstruction or venous bypass if the stent were 
to fail. It is often combined with percutaneous laser ablation of the saphenous vein 
when refluxive [44]. Saphenous ablation can be carried out safely, even in the pres-
ence of chronic deep venous obstruction (secondary varix) [45].
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Case Report
A 59-year-old female secretary was referred for evaluation and treatment of a 
non-healing painful ulcer on the medial aspect of her right lower leg. The ulcer 
had been recurrent almost every year for the past 9 years, often healing during 
the winter season. She had since early childhood been overweight (currently 
87 kg, 170 cm, body mass index 30) and had difficulty in using compression 
stocking. She was otherwise healthy. She had two children, the first child born 
when she was 32 year of age and her second child 2 years later. After the birth 
of her second child she began to notice varicose veins on the lower leg on both 
sides and she often felt tiredness and heaviness in the leg in the afternoon. 
There was no history of deep venous thrombosis. She had been on birth control 
pills for 10 years and was currently on hormone replacement therapy because 
of severe postmenopausal symptoms. She had been treated at a local dermato-
logical clinic for the past 2 years and was now being evaluated by a vascular 
surgeon. Clinical evaluation showed that she had 5 × 5 cm well- granulated 
ulceration above the right median malleolus which was surrounded by brown-
ish leathery skin. She had slight swelling of the right leg with large varicosities 
below the knee. The left leg had large varicosities below the knee but no swell-
ing or skin changes. Doppler examination revealed clear reflux in the groin that 
could be followed over both great saphenous veins (GSV) down the thigh. A 
possible minimal reflux was also noted in the popliteal fossa on the right side, 
although it was difficult to confirm this when the Doppler examination was 
repeated. Foot arteries were palpable on the dorsum of the foot on both sides.
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Question 1
What should be the next step in this patient evaluation?

 A. Measurement of ankle-brachial index.
 B. Duplex ultrasound scanning of the venous system.
 C. Plethysmography.
 D. Ascending phlebography.
 E. Biopsy of the ulcer.

Doppler measurement revealed a normal ankle/brachial index with systolic blood 
pressure 130 in both legs and right arm. Duplex ultrasound scanning of the venous 
system performed with the patient in 60° reversed-Trendelenburg position, using 
pneumatic cuff with automatic inflation/release on the lower leg to evaluate the 
reflux, showed bilateral reflux in the GSV, from the common femoral vein down to 
below knee, as well as two incompetent perforator veins on the medial aspect of 
the right calf with a diameter of 4 mm. The diameter of the GSV at the groin was 
12 mm on the right side and 9 mm on the left side. The reflux time exceeded 4 s in 
both GSV, with peak reverse flow velocity more than 30 cm/s. Reflux less than 
0.5 s was noted in the lesser saphenous vein on right side. No reflux was present in 
the deep veins except for minimal reflux in the common femoral vein with reflux 
duration of approximately 1 s on the right side. There were no signs of post-throm-
botic changes.

Question 2
How should this patient be classified?

 A. Leg ulcer
 B. Varicose ulcer
 C. C6, S, Ep, As, p, d, Pr
 D. C2, 3, 4b, 5, 6, S, Ep, As, p, d, Pr2, 3, 11, 18

The patient was classified according to the CEAP (clinical, (a)etiological, ana-
tomical, pathophysiological) classification based on history and results of duplex 
ultrasound.

Question 3
Which of the following is not regarded as a risk factor for venous ulcer?

 A. Diabetes
 B. Essential hypertension
 C. Smoking
 D. Overweight
 E. Resistance to activated protein C
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Question 4
What would be appropriate management for the right leg in this patient?

 A. Conservative treatment with below-knee compression bandage, rest and leg 
elevation

 B. High ligation and stripping of GSV to below knee, with local extirpation of vari-
cose veins

 C. High ligation of GSV with extirpation of varicose veins
 D. Obliteration of GSV using laser or radiofrequency heating with local extirpation 

of varicose veins
 E. Sclerotherapy with or without foam

Question 5
How should the incompetent perforator veins be managed?

 A. Subfascial endoscopic perforator surgery (SEPS)
 B. Ligation through Linton-Cockett incisions
 C. Disregard them
 D. Ligation through small skin incisions
 E. Duplex-guided sclerotherapy

Question 6
How should the left leg be managed?

 A. Observation
 B. Sclerotherapy
 C. High ligation and stripping of GSV and local extirpation of varicose veins
 D. Obliteration of GSV using laser or radiofrequency heating and local extirpation 

of varicose veins

The patient was treated with four-layer compression therapy until the operation 
day, which was postponed for 4 months. The ulcer and the swelling both decreased 
during this period; the ulcer measured 2 × 2 cm the day before operation. Both the 
right and the left leg GSV were treated with the closure method using radiofre-
quency derived heating, and varicose veins on the lower leg were extirpated through 
multiple small incisions. Intraoperative duplex ultrasound scanning revealed that 
both GSV were occluded with no sign of reflux and the deep veins were patent with 
no sign of deep venous thrombosis. No specific treatment was performed for the 
incompetent perforator veins. The patient was discharged the same day after 
uneventful postoperative recovery and was scheduled for new duplex ultrasound 
scanning after 7 days. The postoperative duplex ultrasound scanning was normal, 
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with no sign of deep venous thrombosis, and the remnant of GSV was occluded. 
The patient continued with four-layer bandaging and went back to work on the fifth 
day after operation. The ulcer was healed at the last visit, which was 4 weeks later. 
Treatment with compression stocking during the daytime was planned for another 
6 months.

 Commentary

Investigation of both the arterial and the venous system is mandatory in cases of 
non-healing ulcer on the leg. Although Doppler examination had only revealed a 
clear reflux in GSV it is worthwhile to continue with duplex ultrasound scanning 
as deep venous incompetence and post-thrombotic changes can otherwise be 
overlooked. This is especially important when reflux is noted at the back of the 
knee where it is difficult with certainty to differentiate between deep venous reflux 
in the popliteal vein and reflux in the small saphenous vein. Although the history 
(no claudication or rest pain, no diabetes) and the location of the ulcer (medial 
aspect of lower leg) strongly suggest a venous ulcer, sometimes an arterial com-
ponent is also present that might reduce the ability of the ulcer to heal. Palpable 
pulse on the dorsum of the foot (dorsalis pedis) or behind the medial malleolus 
(posterior tibial artery), as was evident in this case, almost rules out an arterial 
component. Although plethysmography can estimate the overall venous function 
it is not mandatory as a first line of investigation. Obtaining an ascending phle-
bography is also not necessary as it does not add any information that duplex 
ultrasound scanning does not provide and it is also an invasive method with the 
risk of complications. Non-healing ulcer with unusual appearance should be con-
sidered for other etiology and investigated with biopsy in the early stage of evalu-
ation. [Q1: A, B]

The old concept that the majority of venous ulcers are due to previous deep 
venous thrombosis [1, 2] has been altered during the last 30 years when duplex 
ultrasound studies have shown the importance of primary reflux in all venous 
segments [3–7]. Superficial venous incompetence is often noted to be the sole 
pathology in patients presenting with non-healing venous ulcer [8]. Formerly the 
venous ulcer was often judged as being related to a post-thrombotic condition 
without any objective diagnosis. Because of the benign course of varicose veins 
in the majority of patients with superficial venous incompetence, the need for 
thorough evaluation is often neglected. Formerly used classifications of chronic 
venous disease used the term varicose ulcer if varicose veins were present, or 
post-thrombotic ulcer if they were less evident or if there was a previous history 
of deep venous thrombosis. The importance of classification, based on findings 
from duplex ultrasound scanning, has become more evident during the last 
decades as treatment and prognosis is largely dependent on the background his-
tory and the results of clinical investigation. CEAP (clinical, (a)etiological, ana-
tomical, pathophysiological) classification has gained more acceptance as the 
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“gold standard” for classifying all aspects of venous pathology such as clinical 
class, etiological background, anatomical distribution and pathophysiological 
findings (Table  52.1). There is a clear correlation between the CEAP clinical 
class and the venous function as measured by plethysmography (foot volumetry), 
indicating that the clinical classification has a realistic meaning concerning the 
functional evaluation of venous disease. The duration of reflux in venous seg-
ments, on the other hand, does not correlate with clinical class, but the peak 
reverse flow velocity is significantly higher in patients with skin changes/ulcer 
(C4–C6) [9]. The basic part of CEAP indicates the highest clinical class (C6, 
active venous ulcer) and the anatomical distribution in superficial, perforator or 
deep system (As, p, d) with reflux (Pr). S is added behind clinical class to indi-
cate that the patient is symptomatic. The basic classification is sufficient for most 
clinical doctors. [Q2: C, D] The detailed version of CEAP is used when more 
information is needed as in longitudinal studies comparing treatment alternatives 
(Table 52.2) [10]. Some medical conditions are clearly a risk factor for venous 
ulcer while others are less important. Venous ulcers are overrepresented in 

Table 52.1 CEAP classification

Clinical classification
C0: No visible or palpable signs of venous disease
C1: Telangiectases or reticular veins
C2: Varicose veins
C3: Edema
C4a: Pigmentation and/or eczema
C4b: Lipodermatosclerosis and/or atrophie blanche
C5: Healed venous ulcer
C6: Active venous ulcer
S: Symptoms including ache, pain, tightness, skin irritation, heaviness, muscle cramps, as well 
as other complaints attributable to venous dysfunction
A: Asymptomatic
Etiological classification
Ec: Congenital
Ep: Primary
Es: Secondary (post-thrombotic)
En: No venous etiology identified
Anatomic classification
As: Superficial veins
Ap: Perforator veins
Ad: Deep veins
An: No venous location identified
Pathophysiological classification
Pr: Reflux
Po: Obstruction
Pr,o: Reflux and obstruction
Pn: No venous pathophysiology identifiable
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patients with diabetes although it is not clear if it is the venous pathology or if it 
is the diabetic microangiopathy that is the reason for this. Neither essential 
hypertension nor smoking is a proven risk factor for venous ulcer. The preva-
lence of varicose veins is increased in overweight individuals but the role of 
obesity is less clear when it comes to the risk of developing skin changes or ulcer. 
The apparent association between overweight and varicose veins in women sug-
gests that it is a risk factor even in the more severe form of chronic venous dis-
ease [11–13]. In a consecutive series of 272 patients with chronic venous disease 
investigated with duplex ultrasound scanning, 58% of patients with healed or 
open ulcer (C5–C6) had body mass index >30 kg/m2 (obese) as compared to 15% 
of those with varicose veins but without skin changes or ulcer [14]. [Q3: A, B, 
C] Most thrombophilic conditions are risk factors for deep venous thrombosis 
and venous ulceration, as is resistance to activated protein C [15]. The prevalence 
of thrombophilia is high in patients with venous ulceration despite no history or 
duplex ultrasound findings of deep venous thrombosis [16].

Surgical treatment is mandatory in cases of isolated superficial incompetence as 
the likelihood of ulcer recurrence otherwise will remain high. Conservative treat-
ment alone with below-knee compression had not been successful in keeping the 
ulcer healed, but it is important to continue with compression therapy while the 
ulcer is open and for some time after operation. Four-layer bandage is effective in 
healing venous ulcer [17]. Obliteration of the GSV, using laser or radiofrequency, 
down to below the knee, with local extirpation of varicose veins, is the method of 

Table 52.2 Advanced CEAP

Same as basic CEAP with the addition that any of 18 named venous segments can be utilized 
as locators for venous pathology
Superficial veins:
    1. Telangiectases/reticular veins
    2. Great saphenous vein above knee
    3. Great saphenous vein below knee
    4. Small saphenous vein
    5. Non-saphenous veins
Deep veins:
    6. Inferior vena cava
    7. Common iliac vein
    8. Internal iliac vein
    9. External iliac vein
    10. Pelvic: gonadal, broad ligament veins, other
    11. Common femoral vein
    12. Deep femoral vein
    13. Femoral vein
    14. Popliteal vein
    15. Crural: anterior tibial, posterior tibial, peroneal veins (all paired)
    16. Muscular: gastrocnemial, soleal veins, other
    17. Perforating veins, thigh
    18. Perforating veins, calf
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choice. It decreases the risk of ulcer recurrence and has a low incidence of nerve 
damage to the saphenous nerve. Stripping of the vein from the groin to the ankle 
increases the risk of damage to the saphenous nerve (5% vs. 29%), although the 
recurrence rate is still the same [18]. Just doing high ligation without stripping the 
vein is not recommended as the recurrence rate is significantly higher [19].  
Follow-up time up to 10 years after endovenous thermal ablation (laser, radiofre-
quency) indicates that the methods are durable. [Q4: D]

The varicose veins on the lower leg are dealt with by using multiple stab inci-
sions and bringing them out using hooks. The cosmetic results are better and the risk 
of nerve damage is less. Care should be taken not to operate close to the ulcer area 
as healing problems and infection are more common if the incisions are made in 
damaged skin.

Even though the role of surgery in venous ulcer disease has been unclear [20], a 
randomized controlled study comparing surgery with compression therapy, to com-
pression therapy alone, could clearly show a significantly lower recurrence rate in 
the surgically treated group [21]. Altogether 500 patients with open or recently 
healed ulcer (6 months) were included in the study. The healing rate was similar 
during the study period, but 12-month ulcer recurrence rates were significantly 
reduced in the surgically treated group or 12%, compared to the compression- only 
group where the ulcer recurrence rate was 28%.

The pathophysiology behind venous ulcer is mainly reflux as opposed to obstruc-
tion or occlusion. In a study on a consecutive series of 98 legs with an open venous 
ulcer, 85% of the extremities had some form of superficial venous incompetence 
that might be treated with a simple operation on the superficial venous system. 
Axial reflux in the superficial (great saphenous vein) or the deep veins (femoral 
down to popliteal level) was present in 79% of the legs. [22] Incompetent perforator 
veins and their role in chronic venous disease have been debated for years [23]. 
Incompetent perforator veins have been implicated as an important factor in the 
formation and recurrence of venous ulcers. This view is mainly based on clinical 
reports of excellent ulcer healing following the interruption of incompetent perfora-
tors. There is substantial evidence that subfascial endoscopic perforator surgery 
(SEPS) is effective in interrupting perforator veins, and it can be done without major 
wound complications that were often seen after the open subfascial Linton proce-
dure [24–27]. Also, the ulcer healing rate after venous procedures that included 
SEPS has been satisfying [24, 25]. Patients undergoing surgery for incompetent 
perforator veins almost always have surgery simultaneously on the superficial 
venous system and therefore it is difficult to judge the actual contribution of the 
incompetent perforator to the venous dysfunction. There is also evidence that reflux- 
eliminating surgery on one part of the venous system can abolish reflux in another 
part [28–30]. Operations on superficial veins have been shown to eliminate con-
comitant reflux in perforators [31]. Disregarding the incompetent perforator veins in 
patients with superficial venous incompetence seems therefore to be appropriate. 
The low incidence of isolated perforator incompetence in patients with active 
venous ulcer does indicate that they are less important than previously thought [8]. 
The main indication (although not proven yet) for treating them is in patients with 
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primary venous incompetence with recurrent ulceration despite optimal treatment 
of the superficial venous incompetence. The method of choice for treatment is then 
SEPS, mainly because of the low risk of wound complication. The use of sclero-
therapy for the purpose of obliterating perforators is still under evaluation although 
the technique seems to be promising. [Q5: A, C]

The indication for treating varicose veins in legs without skin changes or ulcer is 
less clear. The decision of recommending treatment for asymptomatic legs with vari-
cose veins has to be judged individually; often it is the patient’s preference that will 
decide. The cosmetic results of sclerotherapy on local varicose veins are poor if the 
refluxing GSV is left in place. The risk of future problems with skin changes or ulcer 
is increased when axial reflux is present in the GSV, as was the case with this patient, 
and that might be a sufficient reason to recommend even surgery for the asymptom-
atic left leg. A simultaneous operation on both legs in an otherwise healthy person 
does not seem to add any risk to the operation. If a catheter-based ablation is used to 
obliterate the GSV it is feasible to treat both legs at the same time as one catheter can 
then be used to treat both legs as the catheter is expensive. [Q6: A, D]
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53Ileofemoral Venous Thrombosis
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Case Report
A 66-year-old female presented to the emergency department with two-day 
history of left lower extremity pain and swelling. The pain was described as 
moderate, localized on the left thigh, groin, and ipsilateral flank. Symptoms 
were aggravated by standing and walking. She also reported diffuse swelling 
of the entire left limb and mild redness. There was minimal relief at home 
with ice packs and leg elevation. She denied fever, chills, chest pain, shortness 
of breath, diaphoresis, back pain, leg weakness, tingling or numbness. There 
was no history of deep venous thrombosis (DVT), thrombophilia, bleeding 
disorders, malignancy or recent trauma. Her medical history includes severe 
osteoporosis, mitral valve prolapse, breast fibroadenoma, and benign liver 
cyst. A laparoscopic partial hepatectomy and liver cyst fenestration procedure 
were performed 4 weeks prior to the onset of her symptoms. She was ambu-
lating immediately after the surgery. Medications included raloxifene and 
vitamins. Her father had history of myocardial infarction and stroke. There 
was no family history of DVT or clotting disorders.

On physical examination, she was in non-acute distress with normal 
blood pressure and slightly tachycardic (heart rate 104 beats per minute). 
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Fig. 53.1 Duplex ultrasound findings consistent with left limb acute DVT extending to the 
EIV. There is absence of color flow in the EIV in longitudinal (A1) and cross-sectional view (A2), 
the EIV produced no Doppler signal (A3). The FV is non compressible (B1); no color flow (B2) or 
Doppler signal (B3) was detected

Her legs appeared warm and well perfused with good capillary refill and 
palpable pulses bilaterally. No collateral superficial veins, signs of celluli-
tis, or open ulcerations were detected. There was diffuse swelling of the 
entire left leg extending to the groin and mild localized tenderness to 
 palpation along the femoral vein. The rest of the exam was unremarkable.

Laboratory tests showed an elevated D-dimer of 4686 ng/mL, while the 
results of complete blood count, complete metabolic panel, coagulation stud-
ies, lactic acid, and urinalysis revealed no abnormalities.

A venous duplex study of the left lower extremity was performed and 
showed acute DVT in the common femoral, femoral, deep femoral and proxi-
mal popliteal veins. The calf veins were patent. No DVT was seen in the 
contralateral limb (Fig.  53.1). An iliocaval duplex was ordered to rule out 
proximal extension of the thrombus. The ultrasound confirmed acute DVT 
extension into the left external iliac vein. The inferior vena cava, left common 
iliac, and internal iliac veins were patent (Fig. 53.2).

A diagnosis of provoked proximal acute DVT of the left lower extremity was 
made. Recent surgery and use of raloxifene were considered inciting factors.
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Question 1
What is the first line treatment option in this patient?

 A. Inferior vena cava (IVC) filter placement to prevent pulmonary embolism (PE)
 B. Pharmaco-mechanical thrombectomy (PMT)
 C. Application of compression stocking to prevent post-thrombotic syndrome 

(PTS)
 D. Discontinue raloxifene and initiate anticoagulation
 E. Consult a hematologist

Raloxifene was discontinued and anticoagulation was initiated with unfractioned 
heparin drip, which was titrated to an activated thromboplastin time of 60–90 s.

Question 2
Along with systemic anticoagulation, management of ileofemoral deep venous 
thrombosis (IFDVT) may include:

 A. Surgical venous thrombectomy
 B. Catheter-directed thrombolysis (CDT)
 C. Pharmaco-mechanical thrombectomy (PMT)
 D. All of the above

Fig. 53.2 Duplex ultrasound was performed to evaluate the suprainguinal veins. Normal color 
flow was filling the distal IVC and left CIV (A1), pulse-wave Doppler demonstrated adequate 
velocities and respiratory phasicity in the distal IVC (A2) and left CIV (A3). Similarly, normal 
color flow was detected in the left CIV, IIV and proximal EIV (B1). Absence of flow in the distal 
EIV is demonstrated by using color (B2), and spectral Doppler images (B3)
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Different treatment options were discussed with the patient, including anticoagu-
lation, venous thrombectomy and thrombolysis with venous angioplasty and stent-
ing if necessary. There were no contraindications for thrombolysis and the patient 
consented to proceed with treatment.

Two days after the onset of her symptoms, the left popliteal vein was accessed 
with ultrasound guidance and a venogram was performed. Venography showed a 
patent left femoral vein with no evidence of thrombus. The left common femoral 
vein was occluded with collaterals seen proximally. The left external iliac and com-
mon iliac veins were also occluded with cross-over collaterals to the right iliac 
system. A thrombus extending approximately 2–3 cm into the IVC was also seen 
(Fig. 53.3).

Due to the thrombus extension into the IVC, the decision was taken to perform 
CDT without mechanical thrombectomy. Utilizing an angled Glidewire (Terumo 
Medical Corporation, Somerset, New Jersey) and angled glide catheter (Terumo 
Medical corporation, Somerset, New Jersey) the occlusion was transverse. The 
angled glide catheter was removed and a 5F Uni-Fuse 30  cm infusion catheter 
(AngioDynamics, Latham, New York) was inserted over the wire and positioned 
within the thrombus from the distal IVC to the common femoral vein. The thrombus 
was pulse-sprayed with 8 mg of t-PA and a t-PA infusion was initiated at 1 mg per 
hour. Heparin was infused through the side flush of the 7-French sheath at 
500 units/h. The sheath as well as the catheter were secured to the posterior aspect 
of the popliteal fossa.

After 24 h on CDT, a follow-up venogram was performed.

 

FV 
DFV 

CFV 

a b c d

Fig. 53.3 Diagnostic venogram. (a) FV showed no filling defects, suggesting proximal migration 
of the thrombus. (b) The FV, DFV, and distal CFV are patent; however, the proximal CFV is 
occluded with reconstitution of collaterals (arrows) proximally. (c) The EIV and CIV are also 
occluded with cross-over collaterals (arrow) to the right iliac system. (d) Thrombus extending 
approximately 2–3 cm into the IVC (arrow)
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Question 3
Which blood vessel is identified by the white arrow in Fig. 53.4?

 A. A duplicated IVC
 B. Left ovarian vein
 C. Inferior epigastric vein
 D. Ascending lumbar vein
 E. Hemiazygos vein

Venography showed a widely open femoral vein with areas of spasm and some 
residual thrombus into the left external iliac vein. Residual thrombus was present in 
the common iliac vein with collateral flow through cross pelvic veins as well as into 
the ascending lumbar vein [Q3: D] (Fig. 53.4). The venographic findings suggested 
a proximal left common iliac vein obstruction. An intravascular ultrasound (IVUS) 
was performed from the level of the access site to the mid IVC using a 0.035 IVUS 
catheter (Philips Volcano, San Diego, California). The femoral vein was small in 
size with no evidence of thrombus. There was residual thrombus within the proxi-
mal common femoral, distal external iliac and common iliac veins. A stenotic seg-
ment >50% was found in the proximal left common iliac vein where the right 
common iliac artery was crossing over with residual thrombus. There appeared also 
to be some narrowing (<50%) within the proximal external iliac vein (Fig. 53.5).

Fig. 53.4 Follow-up venogram showed an occluded left common iliac vein with retrograde filling 
of inferior iliac vein, cross pelvic collaterals and ascending lumbar vein
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Question 4
What is the next step in management?

 A. Discontinue CDT and continue anticoagulation
 B. Continue CDT for an additional 24 h.
 C. PMT for residual thrombus, venous angioplasty and stenting
 D. Surgical bypass

Mechanical thrombectomy of the common iliac vein, common femoral and distal 
external iliac vein was performed using the AngioJet system (Boston Scientific, 
Corporate, MA, U.S.A). Subsequently, a repeat IVUS demonstrated complete reso-
lution of the thrombus and persistent significant stenosis within the left common 
iliac vein (approximately 50% area reduction). This was treated with a 
16 mm × 60 mm Wallstent (Wallstent™, Boston Scientific, Corporate, MA, U.S.A) 
which was deployed in the area of stenosis and few millimeters into the IVC. The 
stent was dilated with a 14 mm × 40 mm Mustang balloon (MustangTM, Boston 
Scientific, Corporate, MA, U.S.A.). Venogram showed a widely patent stent with 
absent filling of collaterals (Fig. 53.6). A repeat IVUS showed no residual stenosis 
and correct placement of the stent (Fig. 53.7).

IVC
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Fig. 53.5 Intravascular ultrasound showed residual thrombus within the left common iliac vein 
and a stenotic segment in the proximal left common iliac vein where the right common iliac artery 
was crossing over
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a b c
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Fig. 53.6 Follow-up exam after mechanical thrombectomy. (a) Balloon angioplasty of the left 
CIV showed mild waist (arrow). (b) Balloon dilatation of the deployed Wallstent was performed. 
(c) The 16 mm × 60 mm Wallstent was deployed in the area of stenosis and few millimeters into 
the IVC. (d, e and f) Completion venogram demonstrated no evidence of residual stenosis. The 
venous reflux with crossover filling via collaterals had resolved
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Fig. 53.7 A repeat intravenous ultrasound showed no residual stenosis and correct placement of 
the stent

Fig. 53.8 Post-procedure duplex ultrasound. Well positioned stent with no filling defect and good 
blood flow

Question 5
What is the appropriate anticoagulation management of this patient?

 A. Aspirin and Plavix
 B. Coumadin for 1 year
 C. NOAC for 3 months
 D. LMWH for 6 weeks

A day after procedure a follow-up duplex ultrasound revealed patency of the 
stent (Fig.  53.8). She was discharged home on rivaroxaban for 3 months. At a 
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4-week follow-up appointment the left leg edema had resolved. There were no signs 
of post-thrombotic syndrome (Villalta score: 2).

 Commentaries

Venous thromboembolism (VTE) is a major global health problem affecting approx-
imately 1 in 1000 adults annually. VTE can manifest as DVT in two-thirds or as PE 
in one-third of all cases [1]. Both DVT and PE are associated with a high morbidity 
and mortality. About 10–30% of people with these conditions will die within 1 
month of diagnosis and 33% will have a recurrence within 10 years [2]. Most DVT 
affect the lower limbs and can be anatomically divided into proximal (popliteal, 
femoral, deep femoral and iliac veins) and distal (posterior tibial, peroneal, anterior 
tibial, gastrocnemius and soleal). Proximal lower extremity DVT (LEDVT) is con-
sidered more clinically relevant because of its higher complication rate. Acute PE, 
the most serious complication of DVT originate from the proximal veins approxi-
mately in 90% of the patients [3]. Other complications of DVT include paradoxical 
emboli with the resultant ischemic stroke or embolization to a peripheral artery, 
PTS, and recurrence. DVT can be further categorize in unprovoked or idiopathic 
and provoked or secondary based on the presence of risk factors for thrombosis. 
About one-half of all DVT have an underlying risk factor [4]. It is well-recognized 
that multiple risk factors when present simultaneously have an additive effect for 
thrombosis [5]. Triggering elements for DVT in our patient were recent surgery and 
concurrent use of a selective estrogen receptor modulating drug (raloxifene).

Signs and symptoms of DVT possess a low sensitivity and specificity, therefore 
a definitive diagnosis requires the assistance of selective imaging modalities. Pain 
and tenderness are present in 50% and 75% of patients respectively. Other symp-
toms may include swelling (most specific) and skin color changes. Systematic 
examination of the lower limbs could reveal paleness, cyanosis or reddish purple 
skin discoloration, pain over the deep veins, pitting edema, palpable cords and col-
lateral non varicose superficial veins [6]. Extensive IFDVT may lead to phlegmasia 
alba dolens (paleness, coldness and weak or absence distal pulses) or phlegmasia 
cerulea dolens (severe pain, swelling, cyanosis and petechial rash). These clinical 
conditions are rare bit, if untreated are associated with an amputation rate of 50% 
and mortality rates between 25% and 40% [7]. Leg pain, tenderness along the femo-
ral vein, diffuse swelling, and mild erythema were seen in our patient. There are 
several clinical prediction scores to improve the diagnosis of LEDVT. Kafeza et al. 
[8] in a systematic review, summarizes the applicability and limitations of most of 
these rules. Among all the criteria, the classic or modified Wells score is the most 
widely used. Our case was considered of high risk for DVT based on Wells score of 
4, thus a duplex ultrasound (DUS) was ordered.

The DUS confirmed the diagnosis of a multilevel acute proximal DVT involving 
the proximal popliteal vein as well as the femoral, deep femoral, common femoral 
and external iliac veins (Figs. 53.1 and 53.2). Ultrasound has become the first line 
imaging study in the diagnostic of LEDVT because of its high sensitivity and speci-
ficity, accessibility, and safety. Abnormalities to look for include lack or non- 
compressibility of the vein, filling defects or no color flow, absence of augmentation 
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and aphasic or monophasic waveforms on spectral Doppler. Venography, magnetic 
resonance imaging (MRI), computed tomography (CT) are not considered first 
choice studies.

The aim of therapy of any type of DVT is to prevent PE, thrombus propagation, 
recurrence and PTS. Immediate anticoagulation is the mainstay treatment unless a 
contraindication exist [Q1: D]. Barrit et al. [9] in 1960 published the first random-
ized trial that compared anticoagulation versus non-anticoagulation therapy in the 
treatment of PE, they reported a significant reduction in mortality and recurrence. 
Prompt anticoagulation therapy is crucial in many cases. The National Institute for 
Health and Care Excellence (NICE) guidelines recommend initiation of anticoagu-
lation in people with suspected DVT if diagnostic investigations are expected to 
take longer than 4 h to decrease the risk of PE [10], similarly, the American College 
of Chest Physicians (ACCP) guidelines published in 2012 advocate for 12-h dose 
low molecular weight heparin (LMWH) injection while awaiting confirmatory tests 
in cases with high clinical suspicion. No treatment until test results are available is 
a more judicious approach in patients with high risk of bleeding [11]. Patients with 
contraindication to anticoagulation are candidates for IVC filter placement to pre-
vent PE with initiation of anticoagulation once there is no longer a 
contraindication.

Although anticoagulant drugs play a substantial role in the prevention of PE, 
thrombus propagation and recurrence of DVT, the incidence of PTS remains high. 
PTS affects approximately 50% of cases after a first episode of LEDVT [12], and it 
is characterized by persistent leg pain, swelling, hyperpigmentation, skin indura-
tion, and venous ulceration. Patients with IFDVT tend to develop more severe forms 
of PTS. [13] PTS not only impact patients physically, but also their psychosocial 
well-being and economic status. A population-based cross-sectional study by Utne 
et al. [14] in 2016, evaluated health related quality of life (HRQoL) as a long term 
outcome in 254 patients with history of one or more DVT using generic (EQ-5D) 
and disease specific (VEINES-QOL/Sym) questionnaires. Additionally, a statistical 
analysis of sociodemographic and clinical variables as possible predictors for 
impaired HRQoL was done. Patients with previous DVT scored significantly lower 
on all dimensions of EQ-5D compared with 122 people in a control group with no 
history of DVT (p  <  .001). Multiple logistic regression analysis found PTS and 
obesity as independent predictors of reduced quality of life using both the VEINES- 
QOL and VEINES Sym questionnaires.

Delis et al. [15] in 2004 evaluated clinical and hemodynamic outcomes of IFDVT 
in 39 patients treated with anticoagulation. Forty-one limbs (two cases had bilateral 
IFDVT) with previous IFDVT had a significant clinical impairment compared with 
37 limbs without venous thrombosis. The median CEAP and the VCSS were 3 
classes and 5 points higher respectively in the limbs with previous IFDVT com-
pared to the control limbs. Both superficial and deep venous reflux were detected in 
81% of limbs with prior IFDVT, this was only seen in 19% of the control limbs. 
Forty-three percent of patients developed venous claudication in the affected limb.

A prospective study aimed to evaluate physiologic changes in 20 patients with 
IFDVT treated with anticoagulation only, detected a progressive deterioration of 
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venous reflux and impaired muscle pump function at 5 years in 95% and 50% of 
cases respectively, while 15% developed a venous leg ulcer [16]. In an attempt to 
improve patient outcomes strategies for early thrombus removal have been offered 
in selected patients [Q2: D]. The goals of such interventions (CDT, PMT, or surgi-
cal venous thrombectomy) are directed to restore vein lumen patency and maintain 
valve function, consequently preventing residual obstruction and reflux, risk factors 
strongly correlated with ambulatory venous hypertension and PTS. [17] Patients 
that would potentially benefit the most include: IFDVT, acute thrombus, active 
patients, good life expectancy, no contraindication to lysis or anticoagulation.

Several studies comparing CDT with anticoagulation are available. Elsharawy 
et al. [18] randomised 35 patients to either CDT followed by anticoagulation or to 
anticoagulation alone, results from DUS and plethysmography at 6 months revealed 
a better patency rate in patients treated with CDT (72% vs. 12%, p <  .001), and 
higher venous reflux in patients treated with anticoagulants (41% vs. 11%, p = .04). 
The CaVent study, published in Lancet in 2012, evidenced a lower rate of PTS at 24 
months in patients treated with additional CDT compared with anticoagulation only 
(ARR 14.4%, NNT 7). Additionally, a higher number of vein patency after 6 months 
occurred in the CDT group [19].

Improvement in vein patency, and reduction in PTS results in improvement on 
HRQOL. A retrospective analysis by Camerota et al. [20] in 2000 compared HRQoL 
measures in two treatment groups (68 CDT, 30 anticoagulation only), after 6 months 
the CDT group had a lower incidence of PTS (p  =  .006), and a better HRQoL 
(p = .038) which correlated with successful lysis based on venography.

Although CDT provides a better outcome compared with anticoagulation alone 
in the management of IFDVT, it has been associated with bleeding complications in 
up to 10% of cases in some reports [19, 21]. PMT is a safe and effective procedure 
that may has been associated with lower bleeding complication because of lower 
dose of thrombolytic and shorter infusion time [22]. A reduction in ICU, total hos-
pital length of stay, and hospital costs has been reported in patients treated with 
PMT compared with CDT [23]. Additionally, PMT may offer a lower risk of 
PTS. Huang et al. [24] compared two group of patients with IFDVT treated with 
either PMT or CDT. PTS was assessed using the Villalta score. A significant lower 
scores were detected in the PMT group (PMT 2.1 ± 3.0 vs. CDT 5.1 ± 4.1, p = .030) 
at 1-year follow-up.

Presently, there are no randomised controlled trials to evaluate outcomes of PMT 
versus anticoagulation in the management of people with IFDVT [25]. The 
ATTRACT study is a multicenter trial that will determine if the use of PMT in 
patients with IFDVT prevents PTS. The primary outcome of the study is that PMT 
reduces the incidence of PTS within 2 years by one-third. Secondary outcomes 
include severity of PTS, DVT recurrence, prevalence of valvular reflux and residual 
thrombus, cost-effectiveness, major bleeding, and death. Results will be available 
by 2017 [26].

Our protocol in the management of acute IFDVT is presented in Fig. 53.9. We 
routinely employ both multiplanar venography (MPV) and IVUS to identify and 
characterize stenosis or occlusions in the common iliac, external iliac and common 

53 Ileofemoral Venous Thrombosis



610

femoral veins. Along with PMT, percutaneous transluminal angioplasty (PTA) and 
stenting is performed in cases with a cross-sectional area reduction of at least 50% 
based on IVUS [Q4: C]. IVUS possesses a higher sensitivity in the detection of 
clinically relevant ileofemoral venous outflow obstruction compared with 
MPV. Gagne et al. [27] in a prospective, multicenter trial (VIDIO study) compared 
MPV vs. IVUS in 100 patients with suspected ileofemoral venous outflow disease. 
IVUS detected more lesions than MPV (124 vs. 66, p < .0001) and was more reli-
able in terms of the degree of stenosis. The use of IVUS altered the management in 
most cases. Self-expanding stents are preferred for residual stenotic or obstructing 
lesions of the iliac veins after PMT or CDT. A success rate of 94%, using self- 
expanding stents, was reported by Park et al. [28] in a retrospective analysis pub-
lished in Phlebology in 2014. Stenting was associated with a low complication 
(3.9%) and high patency rate (84.3%), recurrent thrombotic events were seen in 
7.8% of cases followed for 24 months.

No
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*May deliver limited does of thrombolytics locally using a percutaneous mechanical thrombectomy device – (ie Angiojet)
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Fig. 53.9 Algorithm in the management of ileofemoral deep venous thrombosis
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Three months of anticoagulation is prescribed for provoked IFDVT cases 
[Q5: C], according to the recommendations by the ACCP guidelines [29]. The use 
of graduated compression stockings in the prevention of PTS is controversial. 
Several studies have favored their usage [30], whereas a more recent study, reported 
no benefits [31]. We encourage our patients to wear 20–30 mmHg elastic compres-
sion stockings early in the course of the disease and for a minimum of 2 years, until 
further scientific evidence exists.
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Iliofemoral Deep Venous Thrombosis 
During Pregnancy

Anthony J. Comerota

Question 1
At this point, what would be your next course of action?

 A. Obtain an immediate ventilation/perfusion lung scan.
 B. Perform a venogram.
 C. Start intravenous heparin at 100 mg/kg bolus followed by a continuous infusion 

at 15 mg/kg/h; or, an injection of subcutaneous enoxaparin at 1 mg/kg.
 D. Maintain the patient at bed rest until the duplex is completed. If the duplex con-

firms deep vein thrombosis (DVT), begin treatment with heparin.
 E. Perform an echocardiogram.
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Case Report
A 24-year-old female who was 32 weeks pregnant presented to the emergency 
department at 7 p.m. with a swollen, painful left lower extremity. Her left leg 
had become progressively more symptomatic during the past 48 h. During the 
past 24  h, she began feeling lethargic, had slight shortness of breath, and 
began to experience right chest discomfort with deep breathing.

Upon physical examination, her heart rate was 106/min, respiratory rate 
was 18/min, and blood pressure was 112/70. Her lungs were clear, and her 
abdomen was appropriate for her gestational age.

She had a swollen left leg from the foot to the inguinal ligament, which had 
a bluish hue. She had pain upon palpation of the left femoral vein. Her arterial 
examination was normal.

A venous duplex was ordered and scheduled to be performed in approxi-
mately 3 h.
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The patient had an intravenous line started and a bolus of unfractionated heparin 
was given, followed by a continuous infusion. Four hours later, the venous duplex 
examination demonstrated venous thrombosis in the posterior tibial vein, popliteal 
vein, femoral vein, proximal great saphenous vein, common femoral vein, and 
external iliac vein to the visible limit of the examination. The veins of the right 
lower extremity were normal. The patient asks, “What can I expect if treated with 
continued anticoagulation?”

Question 2
You tell the patient that she has iliofemoral and infrainguinal deep vein thrombosis, 
and with continued anticoagulation

 A. She will do much better following delivery if she remains anticoagulated for 1 
year.

 B. She faces a 15–40% likelihood of venous claudication at 5 years.
 C. She faces a 90% likelihood of venous insufficiency and 15% likelihood of 

venous ulceration.
 D. It is difficult to predict the natural consequences of her disease.

Question 3
This patient’s father has long suffered with post-thrombotic chronic venous insuf-
ficiency, and she expresses a strong desire to avoid post-thrombotic complications.

However, she does not want to accept the risks of bleeding associated with 
thrombolytic therapy; therefore, she asks for your treatment recommendation. Your 
best recommendation to this patient would be

 A. Intravenous heparin for 5 days, followed by oral anticoagulation with a warfarin 
compound.

 B. Heparin (unfractionated or low-molecular-weight) until the delivery, followed 
by warfarin anticoagulation.

 C. Rheolytic thrombectomy.
 D. Catheter-directed thrombolysis.
 E. Operative venous thrombectomy.

Because of her painful lower extremity and her concern for post-thrombotic 
complications, the patient requested that the thrombus be removed. She was reluc-
tant to accept the potential bleeding complications of catheter-directed thromboly-
sis, and the attending radiologist was reluctant to treat with catheter-directed lysis. 
Therefore, venous thrombectomy was planned.
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Question 4
The next appropriate step is

 A. Obtain a ventilation/perfusion scan or spiral CT scan of the chest to evaluate for 
suspected pulmonary embolism.

 B. Obtain a contralateral iliocavagram prior to taking the patient to the operating 
room.

 C. Take the patient directly to the operating room and perform the procedure in 
order to avoid progressive deterioration.

 D. Anticoagulate overnight and proceed with operative thrombectomy the next day.

The patient was anticoagulated with intravenous heparin overnight. The next 
morning a contralateral iliocavagram was performed (Fig. 54.1) prior to taking the 
patient to the operating room. A large volume of nonocclusive thrombus was found 
throughout the infrarenal vena cava.

Question 5
In light of the findings on the cavagram, what is the best next step?

 A. Abandon operative venous thrombectomy and anticoagulate.
 B. Perform an AngioJet mechanical thrombectomy of the vena cava and iliofemo-

ral venous system.

Fig. 54.1 A contralateral iliocavagram demonstrates a large volume of nonocclusive thrombus in 
the vena cava. Note fetal skeleton in normal position
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 C. Perform a pulmonary arteriogram to confirm/exclude pulmonary embolism.
 D. Obtain an echocardiogram.
 E. Insert a suprarenal vena caval filter and proceed with venous thrombectomy 

under fluoroscopic guidance.

The patient was presumed to have had a pulmonary embolism. A echocardio-
gram failed to show right ventricular dysfunction, an enlarged right ventricle, tricus-
pid insufficiency, or elevated pulmonary artery pressures. Because of the potential 
risk of dislodging nonocclusive thrombus during the venous thrombectomy, a 
removable suprarenal vena caval filter was inserted (Fig. 54.2).

Fig. 54.2 X-ray demonstrates suprarenal vena caval filter in proper position

A.J. Comerota



617

Question 6
Important considerations during thrombectomy include

 A. Shield the fetus from all X-ray exposure.
 B. Perform the venous thrombectomy under fluoroscopic guidance.
 C. Monitor the fetus throughout the procedure.
 D. Let the nonocclusive thrombus in the vena cava remain undisturbed and perform 

a thrombectomy of the iliofemoral venous system only.

The patient was taken to the operating room for a venous thrombectomy with 
fluoroscopic guidance and fetal monitoring. A cut-down was performed on the left 
common femoral and femoral veins, with exposure of the saphenofemoral junction. 
A longitudinal venotomy was performed at the level of the saphenofemoral junc-
tion, followed by protrusion of a large amount of acute thrombus. The leg was raised 
and a tight rubber bandage applied with minimal extrusion of the infrainguinal 
thrombus. Attempts to pass a catheter from the inguinal ligament distally into the 
femoral vein and attempts to pass a guidewire distally were unsuccessful.

Question 7
The next appropriate step would be

 A. Perform iliofemoral and caval thrombectomy with AV fistula, leaving the 
infrainguinal thrombus.

 B. Abandon thrombectomy and anticoagulate.
 C. Perform an infrainguinal venous thrombectomy aided by a cut-down on the left 

posterior tibial vein.

A cut-down on the posterior tibial vein was performed. Following a posterior 
tibial venotomy, a no. 3 Fogarty catheter was passed upwards through the throm-
bosed venous system, exiting the common femoral venotomy. This catheter was 
used to guide a no. 4 Fogarty catheter distally through the venous valves by placing 
both catheter tips within a 14-gauge Silastic intravenous catheter sheath after the 
hub was amputated. Following a mechanical balloon catheter thrombectomy, the leg 
was flushed using a bulb syringe with a large volume of heparin/saline solution, 
which flushed additional thrombus from the common femoral venotomy. After 
clamping the femoral vein, the deep venous system was then filled with 300 mL of 
a dilute recombinant tissue plasminogen solution (6 mg rt.-PA in 300 mL).

The iliofemoral and vena caval thrombectomy was performed under fluoroscopic 
guidance, filling the balloon with contrast to ensure that the suprarenal caval filter 
was not dislodged. After completing the thrombectomy, an operative iliocavagram 
was performed to assess the adequacy of thrombectomy and to ensure unobstructed 
venous drainage into the vena cava. An iliac vein stenosis was observed.
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Question 8
The appropriate next step is

 A. Close the venotomy and anticoagulate, since a common iliac vein stenosis is 
frequently observed due to normal vascular anatomy.

 B. Close the venotomy and perform an AV fistula.
 C. Perform angioplasty and insert a self-expanding stent if recoil occurs.
 D. Operatively expose the common iliac vein and perform an endovenectomy and 

transpose the vein above the right common iliac artery.

A balloon angioplasty catheter was placed into the lesion and an angioplasty 
performed. The iliac vein was dilated to 14  mm without evidence of recoil 
(Fig. 54.3).

Question 9
Now that patency has been restored to the infrainguinal and iliofemoral venous 
systems, are there any additional techniques that can be performed to reduce risk of 
rethrombus?

 A. An AV fistula, using the end of the proximal saphenous vein sewn to the side of 
the superficial femoral artery.

 B. The saphenous vein should not be used for AV fistula, since it represents col-
lateral drainage from the leg in the event of recurrent thrombosis.

 C. Placement of a catheter into the posterior tibial vein for anticoagulation with 
unfractionated heparin.

 D. Elevate the legs and avoid ambulation for the next 4–5 days.
 E. Therapeutic anticoagulation.

An arteriovenous fistula (AVF) using the proximal saphenous vein anastomosed 
to the superficial femoral artery increases flow velocity through the iliofemoral 
venous system, reducing the risk of rethrombosis. A thrombectomy of the proximal 
great saphenous vein was required in this patient, as is often the case. Since the goal 
of the AVF is to increase venous blood flow velocity, the size of the anastomosis is 
limited to 3.5–4 mm in order to avoid a steal and avoid venous hypertension. A 
small piece of PTFE is wrapped around the saphenous AVF and looped with a 2-cm 
piece of O-Prolene, which is left in the subcutaneous tissue (Fig. 54.4). This will 
serve as a guide should the AVF require closure.

However, since the AVF is small, it is considered permanent and closure is not 
anticipated. To further reduce the risk of rethrombosis, a heparin infusion catheter 
(pediatric feeding tube) is placed into the proximal posterior tibial vein and brought 
out through a separate stab wound adjacent to the lower leg incision. Infusing unfrac-
tionated heparin through this catheter to achieve a therapeutic PTT ensures a high 
concentration of heparin in the target vein, a concentration much higher than would be 
achieved if the patient was treated with standard intravenous anticoagulation through 
an arm vein. A monofilament suture is looped around the catheter in the posterior 
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tibial vein and brought out through the skin and secured with a sterile button. This is 
used to occlude the vein after 5–6 days when the catheter is removed following full 
oral anticoagulation with warfarin. In the case of this pregnant patient, intravenous 
anticoagulation through the leg veins was maintained for 4 days, after which she was 
converted to subcutaneous enoxaparin at 1  mg/kg every 12  h. The catheter was 

a

b

Fig. 54.3 (a) A completion phlebogram following iliofemoral thrombectomy shows stenosis of 
the left common iliac vein. (b) Balloon dilation corrects the lesion without evidence of recoil, 
providing unobstructed venous drainage into the vena cava
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removed and the patient discharged. The patient was maintained on subcutaneous 
enoxaparin 1 mg/kg twice a day until she delivered a healthy baby 6 weeks later.

Question 10
The patient does not wish to breastfeed her baby. What is your best recommendation 
for ongoing therapy?

 A. Six more weeks of Lovenox.
 B. Oral anticoagulation for 6–12 months.
 C. Patients’ risk for recurrence is determined by the amount of residual thrombus. 

If there is no residual thrombus on venous duplex, additional anticoagulation is 
unnecessary.

 D. Stop anticoagulation and start aspirin.

Fig. 54.4 The construction of the arteriovenous fistula (AVF) using a large side branch of the 
great saphenous vein sutured end-side to the superficial femoral artery. Note sleeve of PTFE 
wrapped around the AVF and looped with a 2-cm piece of O-monofilament suture. The purpose of 
this is to assist in operative closure should obliteration of the AVF become necessary
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Question 11
What is your recommendation regarding a thrombophilia evaluation?

 A. It is not necessary to perform an expensive thrombophilia evaluation since this 
was a DVT of pregnancy.

 B. Defer the thrombophilia evaluation until after the patient discontinues 
anticoagulation.

 C. Since this patient will be on indefinite anticoagulation, a thrombophilia evalua-
tion is not necessary.

 D. Perform tests not affected by anticoagulation and complete the evaluation after 
anticoagulation has been discontinued.

An abbreviated thrombophilia evaluation of: lupus anticoagulant, antiphospholipid/
anticardiolipin antibody, factor V Leiden, prothrombin gene mutation, and homocysteine 
was negative. The remainder of the thrombophilia evaluation will be completed in 1–2 
years, at which time it is anticipated that the patient’s Coumadin will be discontinued.

 Commentary

In 2008, it was recognized by the ACCP guidelines on antithrombotic therapy for 
venous thromboembolism1 that iliofemoral deep venous thrombosis represents a 
condition with a uniquely high incidence of post-thrombotic morbidity [1–3].

This patient’s presentation was clinically consistent with iliofemoral deep venous 
thrombosis associated with a pulmonary embolism. The adventitia of the femoral 
vein is innervated with sensory nerves; therefore, pain on palpation of the femoral 
vein as a result of its distension is a frequent physical finding. The femoral vein 
distends as a result of the associated venous hypertension and thrombosis, and there 
may be an associated inflammatory response.

Patients presenting during off hours to the emergency department who are at 
high clinical risk of a venous thromboembolic condition should be anticoagulated 
[Q1: C] until a definitive diagnosis is made [4]. A ventilation/perfusion (V/Q) 
lung scan is not performed in this patient because she is pregnant and the clinical 
probability of a pulmonary embolism is high. Likewise, a CT angiogram is not 
performed because of the excessive amount of radiation. The likelihood of the 
venous duplex demonstrating acute DVT is also high. This patient’s treatment will 
not be altered by the V/Q scan or CTA findings. There is appropriate reluctance to 
expose the pregnant patient to a radioisotope or the radiation of a CTA. Standard 
ascending phlebography is not necessary, since the clinical presentation and 
venous duplex will establish the diagnosis with a high degree of accuracy. Once 
anticoagulation is established, it is not necessary and actually counterproductive 
to maintain the patient at bed rest [5]. An echocardiogram is advisable in all 
patients who have the diagnosis of pulmonary embolism to evaluate its impact on 
right ventricular function; however, it is not necessary in this patient to perform 
an “off hours” echocardiogram since the patient can be adequately treated until 
the next business day.
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This patient’s thrombus extends from the posterior tibial vein to the external iliac 
vein, as documented on venous duplex. The natural history of these patients is one 
of significant post-thrombotic morbidity. [Q2: B, C] Akesson and colleagues [2] 
demonstrated that within 5  years of anticoagulation for iliofemoral deep venous 
thrombosis, 95% of patients had documented venous insufficiency, 15% had venous 
ulceration, and 15% suffered with venous claudication. Delis et al. [3] studied in 
greater detail a similar but larger cohort of patients with iliofemoral deep venous 
thrombosis and performed exercise testing. They demonstrated that 40% developed 
symptoms of venous claudication. While pregnancy is an induced hypercoagulable 
state, delivery of the present patient’s child is not known to alter the natural history 
of the patient’s acute venous thrombosis. In order to reduce the high risk of post- 
thrombotic sequelae, a strategy of thrombus removal should be considered. 
Operative venous thrombectomy [Q3: E] is the best recommendation in light of the 
fact that the patient does not wish to face any risk of bleeding with thrombolytic 
therapy. Rheolytic thrombectomy is in its early stages, and to date has not been 
shown to be effective by itself in the absence of incorporating a plasminogen activa-
tor [6]. Oral anticoagulation during pregnancy is not recommended. Although this 
patient is in her third trimester and warfarin embryotrophy is not a concern, the 
potential exaggerated coagulopathy of the fetus due to its immature liver and poten-
tial fetal bleeding complications during delivery as a result of passage through the 
birth canal make oral anticoagulation inadvisable. Heparin anticoagulation until 
delivery followed by oral anticoagulation is commonly offered to these patients; 
however, their post-thrombotic morbidity is high.

A decision was made to proceed with venous thrombectomy. Patients can be 
anticoagulated overnight and the operation performed the next business day. Venous 
thrombectomy does not need to be performed as an “emergency operation.” [Q4: B, 
D] In all patients in whom a venous thrombectomy is performed, it is important to 
know the proximal extent of thrombus, particularly whether there is thrombus in the 
inferior vena cava. Therefore, a contralateral iliocavagram is performed prior to the 
iliofemoral venous thrombectomy. As mentioned earlier, it is assumed that this 
patient has had a pulmonary embolism and the radiation exposure of a CT scan or a 
V/Q scan is unnecessary, since their results are unlikely to change this patient’s 
management. However, in the non-pregnant patient, a spiral CT scan of the head, 
chest, abdomen, and pelvis would be performed. The rationale for CT scanning is 
that approximately 50% of patients with proximal DVT will have an asymptomatic 
pulmonary embolism. Up to 25% of these patients will develop subsequent pulmo-
nary symptoms [7]. When the symptoms surface during anticoagulation, the symp-
toms are often misinterpreted as “failure” of anticoagulation, when in reality it is the 
natural evolution of the patient’s initially asymptomatic (undiagnosed) pulmonary 
embolism. The proximal extent of thrombus in the vena cava or iliac veins often can 
be identified, as well as screening for associated intra-abdominal, retroperitoneal, or 
pelvic pathology.

The patient was treated with anticoagulation overnight. Before going to the oper-
ating room a contralateral iliocavagram was performed. Information regarding the 
proximal extent of thrombus is particularly important, since the details of thrombus 
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extension may alter the procedure. Nonocclusive thrombus in the vena cava is con-
cerning because of its potential for fragmentation and embolization. This author 
believes that most of these patients should be protected against potential emboliza-
tion during the procedure. This can be accomplished either with a suprarenal vena 
caval filter, as was inserted in this patient, since it was presumed that she already 
had suffered a symptomatic pulmonary embolism. Alternatively, suprathrombus 
balloon occlusion during the caval thrombectomy can be performed. This patient 
also underwent a preoperative echocardiogram (which was normal) to evaluate the 
impact of her presumed pulmonary embolism on right ventricular function. 
Echocardiography should be performed in all patients with pulmonary embolism, 
since it is a predictor of chronic thromboembolic pulmonary hypertension, and 
patients who have rightsided abnormalities should be considered for thrombolytic 
therapy or mechanical thromboembolectomy. [Q5: D, E].

During the operative procedure, fluoroscopy is used to guide the placement of 
the balloon catheter so as not to dislodge the vena caval filter. Fluoroscopy is also 
used to assess the success of thrombectomy and to evaluate for underlying venous 
lesions and their correction (Fig. 54.3). Since the fetus is well developed by the third 
trimester, the risk to the fetus from modest X-ray exposure is low. Fetal monitoring 
is routinely performed throughout the procedure. The monitoring devices must be 
checked so as not to interfere with appropriate imaging of the venous system during 
the procedure. Shielding of the fetus would obscure the iliac veins and distal vena 
cava. [Q6: B, C] Previous descriptions of iliofemoral venous thrombectomy focus 
only on the iliofemoral venous system. An occluded infrainguinal venous system 
reduces venous return through the thrombectomized iliofemoral veins, and leaves 
substantial thrombus burden infrainguinally with its resultant post-thrombotic 
sequelae. Current techniques of infrainguinal venous thrombectomy allow the pro-
cedure to be performed successfully following a cut-down on the posterior tibial 
vein [8].[Q7: C] Therefore, contemporary venous thrombectomy should be viewed 
much the same as arterial thrombectomy, that is, removing as much thrombus from 
the venous circulation as is physically and pharmacologically possible, correcting 
any underlying lesion, and perform mechanical and pharmacological maneuvers to 
avoid recurrent thrombosis.

An iliac venous stenosis observed on completion phlebography is common. 
Correcting the underlying iliac vein stenosis is considered an important part of the 
procedure (Fig. 54.3). This is performed under fluoroscopic guidance and if recoil 
occurs, a self-expanding stent is used to maintain unobstructed venous drainage 
from the iliac venous system into the vena cava. [Q8: C] Direct endophlebectomy 
of the iliac vein lesion and transposition above the right common iliac artery is a 
large operation, which has been replaced by the relatively simple balloon dilation 
and stenting.

Following successful thrombectomy of the infrainguinal and iliofemoral venous 
systems and correction of any underlying iliac vein stenosis, prevention of recurrent 
thrombosis is paramount. There are mechanical and pharmacologic measures 
which, if used, minimize recurrence. These include the construction of a femoral 
AV fistula using the end of the transected proximal saphenous vein (or a large side 
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branch) anastomosed to the side of the proximal superficial femoral artery 
(Fig. 54.4). Frequently, the proximal saphenous vein must undergo a thrombectomy 
to restore its patency. The saphenous vein is not a collateral pathway of venous 
drainage for patients with iliofemoral venous thrombosis. On occasion, it may be a 
collateral drainage pathway for patients with infrainguinal DVT. Since the infrain-
guinal venous system had patency restored, that is not an issue in this patient. The 
AV fistula is constructed to increase venous velocity in the iliofemoral veins; how-
ever, it should not increase venous pressure. Limiting the size of the anastomosis to 
approximately 4  mm usually accomplishes this goal. Pressure monitoring of the 
common femoral vein before and after flow is initiated through the AVF is impor-
tant. If the venous pressure increases, one must suspect a proximal (iliac vein) ste-
nosis or excessive flow through the AVF, either (or both) of which should be 
corrected.

An additional, effective adjunctive technique is the placement of a catheter into 
the posterior tibial vein, which is used to anticoagulate the patient with unfraction-
ated heparin postoperatively. A pediatric feeding tube is inserted into the posterior 
tibial vein and brought out through a separate stab wound in the skin adjacent to the 
lower leg incision. This small catheter is used for postoperative anticoagulation with 
unfractionated heparin. Targeting a therapeutic PTT ensures a high concentration of 
heparin in the diseased vein, which should substantially reduce the risk of recur-
rence. In the author’s experience, when these adjunctive techniques have been used, 
no patient has experienced rethrombosis. [Q9: A, C, E]. Following delivery, women 
can be anticoagulated with Coumadin, even if they wish to breastfeed [9]. Warfarin 
is not excreted in the breast milk. Among the options, oral anticoagulation for 6–12 
months is the most appropriate. [Q10: B] While it is true that residual thrombus 
increases the risk of recurrent thrombosis [10], and it appears that she has little if 
any residual thrombus, it would be inappropriate to treat this patient with less than 
a full course of anticoagulation.

Since this patient had extensive venous thrombosis and a positive family history, 
an underlying thrombophilia is suspected and the author would extend the duration 
of anticoagulation to 1 year or more. In patients on extended or indefinite anticoagu-
lation, repeat evaluation for risk versus benefit is performed at least every 6 months. 
A thrombophilia evaluation is appropriate in this patient. A complete thrombophilia 
evaluation cannot be performed while the patient is on anticoagulation, since anti-
thrombin III, proteins C and S, and factor VIII will be affected. However, lupus 
anticoagulant, antiphospholipid antibody, factor V Leiden, prothrombin gene muta-
tion, and homocysteine levels can be obtained during anticoagulation and, if posi-
tive, may play a role in the subsequent management of this patient. [Q11: D].
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Superior Vena Cava Syndrome
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Question 1
Which condition is likely to be responsible for these symptoms?

 A. Bilateral critical carotid artery stenosis
 B. Superior vena cava syndrome related to recurrence of the lymphoma.
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Case Report
A 28 year old plumber presented with 11 year history of worsening head and 
neck symptoms. In the year 2000 he was diagnosed with anaplastic large cell 
lymphoma of the neck and axillae. He was treated with 6 cycles of chemo-
therapy. Five separate Hickman lines were used, three were right sided and two 
were left sided. Over the years he developed worsening exercise tolerance and 
gradually he became unable to perform the physical demands of his job. He 
complained of dull headaches, he developed worsening fascial and neck swell-
ing and on three different occasions he had epistaxis. Bending forward for 
5–10 min after manual exercise, precipitated presyncopal symptoms and on 
two occasions he lost consciousness. For the last 6 months prior to his outpa-
tient visit he stopped working because of the severity of his symptoms. On 
examination the patient had a plythoric engorged face. There were varicose 
veins visible over the sternum and the right anterior axillary line. There were 
also scars on the anterior chest wall from previous Hickman line insertions.
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 C. Superior vena cava syndrome secondary to benign stenosis caused by the 
Hickman lines.

 D. Large Shamblin III carotid body tumour secreting catecholamines.

Question 2
How would you investigate this patient?

 A. Chest plain radiography
 B. Duplex ultrasonography
 C. Computed Tomography (CT) scanning
 D. Magnetic resonance imaging venography.
 E. Venography
 F. All the above, except venography

a

b

Fig. 55.1 (a) MRI venography demonstrates a type IV superior vena cava syndrome with exten-
sive occlusion of the SVC, innominate subclavian veins with chest wall and epigastric venous 
collaterals. (b) Venography demonstrates a patent internal jugular vein with occlusion and collater-
als at its opening in the brachiocephalic vein
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A contrast CT scanning of the chest and abdomen did not demonstrate a recur-
rence of his lymphoma. MRI venography is shown on Fig. 55.1. Duplex ultrasound 
of the neck veins showed that the internal jugular vein was bilaterally patent.

Question 3
Taking into account the history, physical examinations and imaging:

 A. The MRI venography shows that the patient has Type 1 superior vena cava 
syndrome

 B. The optimal approach is endovascular as the patient has a previous history of 
malignancy and limited life expectancy

 C. Open surgical treatment is associated with a high mortality rate that would be 
inappropriate for a 28 year old patient.

 D. The best approach would be to intensify the conservative treatment.
 E. All of the above are incorrect

A preoperative Duplex scanning of the left femoral vein was performed and was 
a fully patent 9  mm diameter vein with no postthrombotic changes. The patient 
underwent an internal jugular to superior vena cava bypass with the central anasto-
mosis at the level the azygos opened on the patent short stump of the superior vena 
cava (Fig. 55.2).

Question 4
Which of the following cannot be used as conduit in open surgical management of 
the SVC syndrome?

 A. The great saphenous vein
 B. A 20 mm diameter Dacron graft
 C. A spiral venous graft
 D. The femoral vein

Fig. 55.2 Operative image. The patient underwent an internal jugular to superior vena cava 
bypass with the central anastomosis at the level the azygos opened on the patent short stump of the 
superior vena cava. The femoral vein was used as conduit
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 E. A PTFE graft
 F. Human allografts

The femoral vein was harvested from the left leg and was used as a conduit for 
the procedure. He had a dramatic improvement of his symptoms. His headaches 
resolved, the plythoric appearance of his face cleared and the boundaries of his neck 
became visible again. Six months following the operation he was able to return back 
to full professional activities.

 Discussion

Superior vena cava syndrome (SVCS) is the collection of clinical symptoms and 
signs resulting from obstruction of blood flow through the superior vena cava (SVC). 
Symptoms of the syndrome vary mainly according to the speed of onset of the 
obstruction to flow. When obstruction develops slowly and progressively, a collateral 
circulation develops and symptoms are mild or absent. Clinical signs include cyano-
sis, plethora, distention of and missing positional emptying of subcutaneous vessels, 
and edema of the upper extremities, head, and neck. Edema of the larynx and phar-
ynx can cause dyspnea, stridor, cough, hoarseness, and dysphagia. A more serious 
complication is cerebral edema, presenting with; headache, confusion, and, possibly, 
coma. Cough, dyspnea, and orthopnea are common symptoms and may mimic con-
gestive heart failure or pericardial disease. Intrathoracic malignancies are responsi-
ble for 60–85% of SVCS cases. SVC obstruction is the presenting symptom of a 
previously undiagnosed tumor in up to 60% of these cases [1]. Non-small- cell lung 
cancer is the most common malignant cause of SVCS, accounting for 50% of all 
cases, followed by small-cell lung cancer (25%) and non-Hodgkin lymphoma (10%) 
[1]. Some cases are related to benign causes, including mediastinal fibrosis, post-
radiation therapy and secondary to placement of central venous catheter, pacemakers 
and defibrillators [2]. Approximately 19,000 cases of SVCS occur every year in the 
United States, with increasing frequency concomitant to the increased use of intrave-
nous devices [3]. Benign etiologies may now comprise up to 40% of cases [4].

The pathology of SVCS results from a thrombosis or a stenosis of the SVC and is an 
important cause of morbidity in patients with central venous catheters, pacemakers and 
defibrillators. Thrombosis is a relatively frequent complication after central venous cath-
eterization and its overall incidence ranges from 0 to 13% [2]. There are catheter related 
factors predisposing to thrombosis including the number and duration of previous cath-
eter placements, the position of the tip and the catheter material. Cancer patients receiv-
ing chemotherapy through an intravenous catheter port also have an increased risk of 
SVC thrombosis because of their innate hypercoagulability as well as the corrosive 
nature of the chemotherapy products introduced into the catheter. [Q1: B]

Imaging investigation of a patient with clinical suspicion should begin with chest 
radiography. Chest Radiography may show signs of the development of collateral 
circulation: opacity above the right stem bronchus related to a dilation of the arch of 
the azygos, sub-aortic opacity or “aortic nipple” corresponding to the dilation of the 
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left superior intercostal vein [5]. It may also indicate the etiology of SVCS such as 
tumoral masses or implantable venous devices including central venous catheters, 
defibrillators and pacemakers. Color duplex ultrasonography is helpful in the diagno-
sis of SVCS. Bilateral internal jugular and subclavian vein patency is examined with 
color duplex ultrasound. Additionally the SVC patency may be evaluated by the anal-
ysis of Doppler spectra of the subclavian and internal jugular veins [6]. The reversal 
of the flow of the collateral veins attests to the steal syndrome of the SVC: the internal 
thoracic vein has the same direction of flow as its satellite artery [7]. The regression of 
this abnormal flow is used to assess the efficacy of the treatment, in particular endo-
vascular, of the SVCS. While bilateral upper extremity venography is still the gold 
standard, currently computerized tomography and magnetic resonance imaging are 
more frequently used to make the diagnosis. CT scanning reveals the characteristics 
of the SVC obstruction and can provide useful information regarding its aetiology: 
impairment of the vein wall (post-radiation stenosis, friction of central venous cathe-
ters), extrinsic compression (lymph nodes, tumors) and thrombosis (venous stasis, 
hypercoagulability). Magnetic resonance imaging may be an alternative, although this 
is a long examination, difficult to obtain in often dyspnoeic patients with SVCS, not 
able to bear the dorsal decubitus position [8]. [Q2: F]

There are four types of SVCS (I–IV) according to Stanford and Doty [9]. In type 
I there is high-grade SVC stenosis but a normal direction of blood flow through the 
SVC and azygos veins. There is also an increased collateral circulation through the 
hemiazygos and accessory hemiazygos veins. In type II there is a > 90% stenosis or 
occlusion of the SVC. This is associated also with a normal direction of blood flow 
through the azygos vein. In type III there is occlusion of the SVC with retrograde 
flow in both azygos and hemiazygos veins. In type IV there is extensive occlusion 
of the SVC, innominate and azygos veins with chest wall and epigastric venous col-
laterals [9].

Management of the SVCS is usually multidisciplinary. Treatment strategy 
depends on the etiology of the syndrome, the urgency, and the results of the CT 
scan. General measures, including a semi-sitting position facilitate venous drainage. 
In patients with suspected intrathoracic malignancy, treatment should be delayed 
until the results of the histology are obtained [10]. Anticoagulant treatment and 
corticotherapy are usually prescribed. However, the efficacy of corticotherapy has 
not been proved [10, 11]. When the histology predicts good tumoral response (small 
cell carcinoma, lymphoma and germ cell tumors), the chemotherapy may induce 
rapid improvement of the symptoms of SVCS [12]. Treatment with radiotherapy 
may also be effective after a few weeks. However, in case of a recurrence, symp-
toms of the SVCS may be worse because of the occlusion of the collaterals, caused 
by post-radiation fibrosis and thrombosis [3, 13].

Surgical treatment of the SVCS may vary accord to its etiology and the regional 
referral strategy. Open surgical repair of SVCS is effective, with durable long-term 
patency. Endovascular repair has emerged as the first-line treatment within the last 
decade. In a recent review article regarding treatment of benign SVCS we observed 
that patients who underwent endovascular treatment mainly suffered from SVCS 
caused by central venous catheters and pacemakers, while in the group of open 
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repair the most common cause was mediastinal fibrosis. Patients with indwelling 
catheters and pacemakers were treated mostly with angioplasty and stenting. 
Endovascular treatment of SVCS was safe and effective in these patients with low 
rates of technical failure. However regular follow-up and reinterventions were 
required to maintain patency and achieve long-term clinical success. Patients treated 
with open repair usually presented with more extensive disease: 44.2% of the 
patients in the open group presented with type IV SVCS in contrast to 13.3% of the 
patients of the endovascular group. Type IV SVCS represents extensive occlusion of 
SVC, innominate and azygos veins with chest wall and epigastric venous collater-
als. In these cases it seems that surgical reconstruction is the most appropriate treat-
ment [14]. Open surgical repair remains also an excellent choice for patients who 
are not suitable for endovascular repair or in whom the endovascular repair fails. 
However surgical reconstruction in our meta-analysis was associated with a signifi-
cant incidence of complications before discharge. Fifteen percent of the patients 
underwent reoperation, most commonly for graft thrombosis or stenosis. Both treat-
ments were associated with regression of the symptoms in the majority of the 
patients (Fig.  55.3). However, this may vary in degree with differences between 
partial and complete regression. Long-term patency is the main concern in the set-
ting of benign SVC obstruction. In order to maintain a long-term result a significant 
number of reoperations were necessary in patients of both groups: 26.6% of patients 
who were treated endovascularly and 31.1% of the patients treated with surgery 
underwent a secondary procedure during follow up. In the majority of cases the 
secondary intervention was endovascular [14]. [Q3: F]

The most commonly used type of graft for open repair of SVCS is spiral saphe-
nous vein graft. Other types of grafts include ePTFE, femoral vein, human allografts 
and reversed saphenous vein. In most cases a straight interposition or bypass graft 
is constructed with the distal anastomosis performed to the internal jugular vein or 
the innominate vein and the proximal anastomosis most often to the right atrial 
appendage. In some cases a bifurcated graft is anastomosed with limbs to the inter-
nal jugular vein and the brachiocephalic vein [15]. The spiral saphenous graft can 
be constructed in different diameters and lengths according the method described 
by Doty et al. [16]. The length of saphenous vein to be removed is determined by 
the ratio of the desired graft diameter to the average diameter of the distended 
saphenous vein according to the following formula: Length of saphenous vein 
required in cm = (innominate vein diameter in mm/average saphenous vein diame-
ter in mm) X the distance to right atrial appendage. The vein is first opened and then 
wrapped around a thoracostomy tube in a spiral fashion. Continuous stitches of 7–0 
polypropylene suture are used to join the edges of the graft. Most spiral saphenous 
grafts used were from 9.5 to 15.0 mm in diameter. Spiral saphenous vein graft has 
better long term patency than ePTFE grafts in benign SVC obstruction [17]. 
Although graft patency and clinical results were significantly poorer with ePTFE 
compared to vein, ePTFE remains the best prosthetic material for use in the venous 
system [18]. Spiral vein bypass grafting is preferable to grafting with reversed 
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saphenous vein because its small diameter may be insufficient as a conduit resulting 
in incomplete relief of the symptoms.

Finally, autologous femoral vein can also be used to replace the SVC. A disad-
vantage of the femoral vein is that it cannot be adjusted to the dimensions of the 
inflow vein. The femoral vein is usually smaller than the internal jugular vein and 
the SVC. Another disadvantage is that its length may not be sufficient in which case 
a bilateral harvest may be required. Also the venous drainage of the leg may be 
impaired after removal of the femoral vein with persistent leg oedema and the devel-
opment of skin changes. However in our case, we have used the femoral vein with 
good results and without any complications from the leg. [Q4: B]

a

b

Fig. 55.3 (a, b) Postoperative CT scan demonstrates good patency of the graft. The patient had an 
impressive regression of the symptoms and returned to his normal activities
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56Management of Chronic Lymphedema 
of the Lower Extremity

Byung-Boong Lee and James Laredo

Question 1
Which of the following would you deter in your first step towards managing the 
situation?

 A. Initiation of the differential diagnosis
 B. Resuscitation
 C. Blood cultures before the antibiotic administration
 D. Anticoagulation
 E. Thorough investigation on the cause of sepsis (Answer: D)

The past history reveals that she was born with a swelling of the left lower leg, 
including her toes but did not receive any treatment. Before she reached her men-
arche she developed a similar swelling on her right side starting from the mid-thigh 
region downwards. Initially her limb swellings were relieved by nocturnal elevation 
but soon improvements diminished following recurrent local sepsis.

Case Report
A 19 year old female was brought in to the Emergency Room (ER) in a “sep-
tic shock” condition with massively swollen bilateral lower limbs (Fig. 56.1).

This patient was well known to the ER staff for many years with recurrent 
episodes of systemic sepsis often triggered by local cellulitis and/or erysipelas 
involving one of her swollen limbs. The intervals between her sepsis got 
shorter lately and the control of her sepsis became more difficult, to manage.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-65936-7_56&domain=pdf
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Question 2
What is the most probable cause of her bilateral lower limb swellings?

 A. Chronic deep vein thrombosis
 B. Congenital vascular malformation, probably of lymphatic origin
 C. Early stage of cardiac failure
 D. Early stage of anasarca from congenital hypothyroidism
 E. Secondary chronic lymphedema, probably from filariasis infection (Answer: B)

The patient neglected medical care until puberty, and her limb condition deterio-
rated steadily following repeated episodes of sepsis through the year. The pitting 

Fig. 56.1 The clinical photo shows 19 years old female in a bed-ridden condition at the ICU after 
successful resuscitation from the septic shock. Massively swollen bilateral lower extremities is due 
to the primary lymphedema in the end stage complicated with recurrent sepsis
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nature of her swelling was now replaced with a rubbery firm leg, which became 
massively swollen during the last few months.

Examination in the ER revealed extremely swollen bilateral limbs. There was a 
resolving patch of redness along the left buttock but no clear evidence of infection. 
A shallow decubitus ulcer (3.0 × 3.0 × 0.5  cm) was identified in right presacral 
region without evidence of invasive infection.

This ulcer recently developed lately when the patient became bed-ridden second-
ary to the debilitating swelling of her lower limbs (Fig. 56.1).

The patient was promptly resuscitated to stabilize her condition. Due to her labile 
vital signs however, the patient required admission to the intensive care unit for 
further management.

Question 3
What is the next stage of her management?

 A. Parenteral antibiotic administration
 B. Immediate application of compression bandages
 C. Immediate application of sequential pneumatic compression therapy
 D. Radical debridement of the decubitus ulcer
 E. Absolute bed rest under full anticoagulation (Answer: A)

Following the control of systemic sepsis, the management of her limb swelling 
remained a challenge especially since she gained over 40 kg from 55 to 99 kg fol-
lowing abandoned therapy.

Question 4
What is the most appropriate way to reduce her massive swelling and improve her 
mobility?

 A. Vigorous application of high pressure compression therapy
 B. Weight control regimen with strict dietary control
 C. Immediate plan for the surgical excision of swollen tissue
 D. Timed initiation of complex decongestive therapy
 E. Angioplasty and/or stent insertion to iliac vein stenosis (Answer: D)

Question 5
What is the most frequent and potentially serious risk involved in the management 
of massive edema?

 A. Acute tissue gangrene
 B. Acute pulmonary thromboembolism
 C. Acute pulmonary edema
 D. Acute limb paralysis
 E. Acute deep vein thrombosis (Answer: C)
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Following successful management of her crisis, further investigations and assess-
ments of her swollen limbs were carried out to establish a long term care plan. A 
home maintenance care regimen was also prescribed.

Question 6
Which of the following tests would not be needed in general for diagnosis and 
assessment?

 A. Oil contrast lymphography/lymphangiography
 B. Duplex assessment of the deep venous system
 C. Volume measurements
 D. Radionuclide lymphoscintigraphy
 E. Magnetic Resonance Imaging study (Answer: A)

Question 7
The aim of the investigations on the current condition include all of the following 
EXCEPT?

 A. Clinical and laboratory staging of the edematous limb
 B. Assessment of deep vein status of the lower extremity
 C. Selective investigation on the iliac vein stenosis/occlusion
 D. Assessment for the possibility of coexisting vascular malformation
 E. Patient compliance to maintain her care (Answer: C)

Question 8
What is the most essential and reliable part of the therapy in general?

 A. Diet
 B. Compression bandage
 C. Exercise
 D. Bed rest with leg elevation
 E. Anticoagulation (Answer: B)

Despite the rigorous home care regimen, her current limb condition continued to 
deteriorate. Physical therapy became increasingly difficult with very limited 
response. Her leg became much firmer and more frequent episodes of aborted and/
or full blown cellulitis occurred through the year.

Question 9
What kind of the treatment can be instituted as a supplement to her current physical 
therapy?

 A. Mercury bath-combined microwave therapy
 B. Cross-femoral bypass surgery to relieve venous hypertension
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 C. Thromboembolectomy of the iliac-femoral vein
 D. Reconstructive surgery to restore lymph transport
 E. Excisional surgery to remove overgrown fibrosclerotic tissue (Answer: E)

Treatment failure, despite a full year of maximum conventional care, was 
accepted as the indication of additional treatment by the multidisciplinary team.

Question 10
What is NOT an essential part for the treatment in such an advanced stage?

 A. Encouraging patient compliance to maintain physical therapy
 B. Multidisciplinary team approach to improve quality of life
 C. Repeated assessments of lymphatic function with lymphography
 D. Active mobilization for better social and psychological rehabilitation
 E. Vigorous control and prevention of infection (Answer: C)

 Commentary

The clinical history of this young lady illustrates how primary lymphedema pro-
gresses when timely appropriate care is neglected.

Her left lower limb swelling since the birth should have been recognized as a 
primary lymphedema until proven otherwise. A basic assessment of her clinical 
appearance should not have been delayed especially after the contralateral limb 
went down the same path of the swelling as a ‘precox’ type [1–8].

It would have ideal for basic investigations to confirm primary lymphedema 
when both limbs got involved. Focused management combined with active preven-
tion of infection could then have been started at a much earlier point.

With early aggressive management, her lymphedema condition would have not 
reached such an advanced stage so quickly with such life-threatening sepsis.

If lymphedema advances to a late stage, a simple edematous condition of the soft 
tissue becomes a fibrosclerotic one. This will then resist conventional treatments 
such as manual lymphatic drainage (MLD)-based complex decongestive therapy 
(CDT) [9–14]. Hardened local tissue becomes a harbinger for infection which often 
advances to systemic sepsis.

Sepsis is the most serious complication as it is a potentially life-threatening. This 
often leads a vicious cycle with more tissue damage and subsequent vulnerability 
condition to recurrent sepsis/infection [15–18].

This young lady is a typical example of advanced lymphedema (Fig. 56.1).
Neglect care without regular CDT accelerated the deterioration of her tissues 

provoking local sepsis and septic shock prior to her emergency admission.
Prompt management of septic shock is warranted with appropriate resuscitation 

to stabilize her vital signs. Antibiotics should be given as soon as possible after the 
blood culture specimen is obtained and continued parenterally until suitable selec-
tion of culture-sensitive antibiotics. Once the patient condition is stabilized, the 
diagnosis of her primary condition should be initiated. For an appropriate 
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differential diagnosis on such limb swellings, not only the local causes but also the 
regional and systemic causes should be included, especially if there is any doubt on 
currently established diagnosis.

In addition, a thorough investigation on the cause of sepsis should be repeated 
(e.g., fungal infection: tinea pedis). [Q1: D]

Limb swelling since birth along the left lower leg and toes and subsequently on 
the right lower limb, gives ample evidence for primary lymphedema as her diagno-
sis. Nevertheless the causes of secondary lymphedema should also be ruled out 
regardless of age of onset.

Primary lymphedema represents a “truncular” type of lymphatic malformation 
(LM) [19–22] since the majority have associated congenital structural abnormalities 
of the lymphatic system (e.g., aplasia, hypoplasia, hyperplasia).

LMs are a common form of congenital vascular malformations (CVMs) [23–26] 
either as an independent (predominant) lesion or as a combined condition with other 
CVMs: venous malformations (VMs) [27–30], arterio-venous malformations 
(AVMs) [31–34], and/or capillary malformations (CMs).

The diagnosis and management of primary lymphedema should therefore con-
sider such coexistence with other CVMs, including the extratruncular LM (e.g., 
Klippel-Trenaunay Syndrome) [35–38] (Fig. 56.2).

A basic understanding on the LM as a CVM, including its embryological back-
ground is required in order to lead appropriate investigations on primary lymphedema.

Like other CVMs, these LMs are also classified into two different groups [39–
41] depending upon the embryological stage of developmental arrest: extratruncular 
and truncular LM’s.

Extratruncular LMs are also known as “lymphangiomata”—and they are embry-
onic tissue remnants as a result of developmental arrest/defect occurring in the “ear-
lier” stage of lymphangiogenesis. Mesenchymal cell characteristics are maintained 
with the evolutionary potential to grow when stimulated (Fig. 56.3).

In contrast truncular lesions are a result of developmental arrest/defect at the “later” 
stage of lymphangiogenesis and lack these critical embryonic characteristics [42, 43].

Following stabilization from septic shock, the treatment of sepsis should start 
with parenteral antibiotic administration while searching for the source of the infec-
tion. Compression therapy with MLD-based CDT or a pneumatic compression 
device is contraindicated until the sepsis is under full control. Early ambulation is 
recommended to control decubitus development. [Q3: A]

Vigorous application of high pressure compression therapy should be deferred 
until the cardiovascular system is fully stabilized. CDT is under close observation 
when the overall cardiovascular condition can afford the additional loading of mobi-
lized edema fluid. [Q4: D]

Rapid fluid mobilization from a massively swollen limb is dangerous soon after 
septic shock. If the forceful evacuation of fluid from the interstitial space is too 
effective, massive influx into the intravascular space will accompany a high risk of 
acute pulmonary edema. [Q5: C]
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Fig. 56.2 The clinical photo (a) belonging to another patient shows typical appearance of Klippel- 
Trenaunay syndrome (KTS) involving the left lower extremity; entire left lower limb swelling is 
not only due to the primary lymphedema caused by the lymphatic malformation (LM) but also by 
coexisting venous malformation (VM) as well. MR Image (b) depicts typical soft tissue swelling 
along the lower limb as a hall mark of the chronic lymphedema. However, as the whole body blood 
pool scintigraphy (c) demonstrates, there are two VM lesions, truncular-marginal vein- as well as 
extratruncular VM involving to the left lower limb to accentuate the swelling. The radionuclide 
lymphoscintigraphy (d) confirms advanced lymphatic dysfunction due to the primary lymph-
edema, displaying extensive dermal backflow along the left lower limb due to a lack of normal 
clearance condition/lymphatic transportation. Therefore, whenever the “primary” lymphedema is 
encountered as the cause of limb swelling, possible coexisting of another congenital vascular mal-
formations (CVMs) should be ruled out first. Because, the majority of the primary lymphedema 
represents the clinical manifestation of the truncular LM

a b
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d

Fig. 56.2 (continued)
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In order to provide an appropriate treatment strategy for long term care, a full 
assessment can be achieved based on a combination of basic non- to less-invasive 
tests [44–46]: Radionuclide lymphoscintigraphy (LSG) [47–49], Duplex ultrasono-
graphic assessment [50–52], Limb volume measurement [53–55], and Magnetic 
Resonance Imaging (MRI) study [56–58]. Although the MRI is NOT essential for 
the investigation of primary lymphedema caused by the truncular LM itself, the 
MRI may give not only additional information on the lymphedema status as well as 
coexisting CVMs like extratruncular VM’s and/or LM’s. [Q6: A]

Oil contrast lymphography [59, 60] is invasive and not needed for the diagnosis. 
Due to the risk of further damaging the lymph vessels it’s use is now strictly limited 
as a special indication for the selection of surgical reconstruction candidates.

Such investigations to provide the critical information needed to set up a ade-
quate home maintenance care regimen following discharge from acute care.

Accurate information on the clinical and laboratory stage of the lymphedema 
[46, 61] is important for the selection of the right therapy. Abnormalities of the deep 

a b

Fig. 56.3 Clinical photo (a) shows diffuse swelling along the upper thigh extended to the groin, 
which is due to the extratruncular LM, different from the truncular LM causing the primary lymph-
edema. This extratruncular LM, often called as “lymphangioma,” is the outcome of developmental 
arrest/defect from the “early” stage of lymphangiogenesis. Therefore, it possesses a mesenchymal 
cell characteristic to grow when the condition should meet (e.g., hormone, menarche, pregnancy, 
trauma, surgery). As shown in MRI (b), this extratruncular lesion in upper thigh is extended to the 
pelvic cavity affecting entire pelvic soft tissue and the left lower limb lesion/swelling is a tip of the 
iceberg. The lesion is now complicated with the lymphatic leakage and sepsis
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venous system would affect the response to therapy. Coexisting CVMs may also 
give a profound impact to the overall management.

Finally, an accurate evaluation on self-motivation to maintain care is absolutely 
essential since the life-time commitment to CDT based home maintenance therapy 
is totally depending on patient compliance [18, 44]. [Q7: C]

CDT [9–14] remains a main stay of contemporary treatment of chronic lymph-
edema although it does not cure the condition. It is the most effective means to 
prevent the progress of the condition. Among various components of CDT, MLD is 
the most essential part together with compression bandage [62, 63]. MLD is a phys-
iological means to stimulate paralyzed lymph vessels to restore peristalsis and 
relieve lymph stasis. Although MLD lacks theoretical evidence, it is now accepted 
as an effective therapy in the early stages of lymphedema (Fig. 56.4).

Fig. 56.4 Two clinical photos (a and b) show a clinical condition of another/different patient with 
primary lymphedema before (a) and after (b) the CDT instituted, showing how effective this 
MLD-based CDT is. As displayed by the radionuclide lymphoscintigraphy (LSG) (c and d), the 
pre-CDT LSG (c) shows extensive dermal backflow due to the lymph stasis in the soft tissue while 
the post-CDT LSG (d) demonstrates excellent response of the lymph stasis to the CDT

a b
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In contrast the sequential pneumatic compression-therapy (SIPC) [64–66] 
remains controversial due to risk of selective transfer of the fluid component out of 
the interstitial tissue leaving the protein component of the lymph behind to precipi-
tate progressive tissue damage.

Among the many different components of CDT, compression bandage therapy 
remains the most effective and proven component. These recommendations are based on 
the grading according to scientific evidence [67], where compression therapy belongs to 

c

d

Fig. 56.4 (continued)
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Table 56.1 Guidelines 6.3.0 of the American venous forum on lymphedema: medical and physi-
cal therapy

No. Guideline

Grade of 
recommendation (1, 
we recommend; 2, 
we suggest)

Grade of 
evidence (A, 
high quality; B, 
moderate 
quality; C, low 
or very low 
quality)

6.3.1 To reduce lymphedema we recommend 
multimodal complex decongestive therapy 
that includes manual lymphatic drainage; 
multilayer short-stretch bandaging; 
remedial exercise; skin care; and 
instruction in long-term management

1 B

6.3.2 To reduce lymphedema, we recommend 
short-stretch bandages that remain in place 
for longer than 22 h/day

1 B

6.3.3 To reduce lymphedema we recommend 
treatment daily, a minimum of 5 days per 
week, and continue until normal anatomy 
or a volumetric plateau is established

1 B

6.3.4 To reduce lymphedema we suggest 
compression pumps in some patients

2 C

6.3.5 For maintenance of lymphedema we 
recommend an appropriately fitting 
compression garment

1 A

6.3.6 For maintenance of lymphedema in 
patients with advanced (stages II or III) 
disease we recommend using short-stretch 
bandages during the night. Alternatively, 
compression devices may substitute for 
short-stretch bandages

1 B

6.3.7 For remedial exercises we recommend 
wearing compression garments or bandages

1 C

6.3.8 For cellulitis or lymphangitis we 
recommend antibiotics with superior 
coverage of gram-positive cocci, 
particularly streptococci. Examples include 
cephalexin, penicillin, clindamycin, 
cefadroxii

1 A

6.3.9 For prophylaxis of cellulitis in patients 
with more than three episodes of infection 
we recommend antibiotics with superior 
coverage of gram-positive cocci, 
particularly streptococci, at full strength for 
1 week/month, examples include 
cephalexin, penicillin, clindamycin, 
cefadroxil

1 C
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1C or 2A. 1C represents a strong recommendation based on low- quality evidence where 
as 2A is a weak recommendation based on high-quality evidence (Table 56.1). [Q8: B]

However, when CDT-based conservative therapy fails, despite maximum care, 
surgical therapy is generally considered as a supplemental regimen to improve its 
efficacy of the CDT [68, 69].

Reconstructive surgery [70–74] is generally aimed at the early stages of the 
lymphedema where the paralyzed lymph vessels can be rescued before they become 
permanently damaged by chronic lymphatic hypertension. Methods to repair a dam-
aged lymph transport system and restore lymphatic function include lymphatico- 
venous anastomosis, lymphatico-lymphatic bypass, lymphatico-lymphatic 
segmental interposition, and free lymph node transplantation.

In advanced lymphedema however, there are no more salvageable lymphatic ves-
sels remaining and therefore, it is too late for reconstructive surgery.

Since overgrown fibrosclerotic tissue is a known harbinger for t recurrent sepsis 
(e.g., cellulitis/erysipelas) (Fig.  56.5). Excisional surgery [18, 44, 75] and [76] 
would improve not only the efficacy of CDT but also the overall risk of sepsis 
thereby improving quality of life. Although surgery remains as a valid option to 
assist CDT, current evidence-based recommendations still classify this as 2C 
(Table 56.2).

Liposuction [77, 78] obliterates the epifascial compartment by a selective 
removal of excessive adipose tissue. This procedure is not indicated for advanced 

a

b

Fig. 56.5 Two clinical photos (a and b) depict extensive cellulitis involving two different sites of 
the limb through recurrent episodes. This condition is potentially life threatening condition to war-
rant immediate control to prevent systemic sepsis. Along the end stage of the lymphedema, such 
recurrent infections become a major challenge and would become an indirect indication for the 
excisional surgery to reduce the fibrosclerotic tissue as a major harbinger of the recurrent 
infection
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lymphedema. In end stage lympedema entire tissues become fibrosclerotic with 
very limited fat tissue available for liposuction.

Therefore, excisional surgery remains the only viable option among the various 
surgical treatment modalities in end stage disease. All candidates for the excisional 
surgery, require mandatory postoperative CDT with a life-time. The guarantee of 
satisfactory outcome of the surgery should not be expected without appropriate 
postoperative CDT [18, 44]. [Q9: E]

This patient met the indication for excisional surgery in order to improve the 
efficacy of CDT, this followed the documented failure of CDT alone despite maxi-
mum care for 2 years. A modified Homan-Auchincloss procedure [79, 80] was 
implemented to remove, the entire skin and soft tissues including the muscle fascia, 
to facilitate lymph absorption through the deep system. An excellent surgical out-
come was maintained with a postoperative CDT regimen during the follow up 
period of 4 years (Fig. 56.6).

A multidisciplinary team approach should always be organized to support surgi-
cal therapy. This should improve quality of life provided patient compliance is good 
enough for maintenance CDT.

Active mobilization for better social and psychological rehabilitation should 
accompany CDT in order to provide an incentive to the patient to remain on 
therapy.

Vigorous control and prevention of infection should always remain the ultimate 
goal for end stage lymphedema. [Q10: C]

Table 56.2 Guidelines 6.4.0 of the American venous forum on principles of surgical treatment of 
chronic lymphedema

No. Guideline

Grade of 
recommendation (1, 
we recommend; 2, we 
suggest)

Grade of evidence 
(A, high quality; 
B, moderate 
quality; C, low or 
very low quality)

6.4.1 All interventions for chronic 
lymphedema should be preceded by at 
least 6 months of non-operative 
compression treatment

1 C

6.4.2 We suggest excisional operations or 
liposuction only to patients with late 
stage non-pitting lymphedema, who fail 
conservative measures

2 C

6.4.3 We suggest microsurgical lymphatic 
reconstructions in centers of excellence 
for selected patients with secondary 
lymphedema, if performed early in the 
course of the disease

2 C
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Fig. 56.6 (a) photo illustrates the magnitude of the excisional surgery to remove entire soft tissue 
together with the skin, which all became sclerotic; Homan-Auchincloss technique was modified 
and excision was further extended to remove the muscle fascia as well to promote the absorption 
of the lymph by the deep lymphatic system. (b) photo demonstrates the surgical specimen showing 
the staging excision for the optimum amount of the tissue removal. Clinical photo (c) shows clini-
cal outcome of the surgery 6 months later, achieving the goal of effective mobilization from the bed 
and increased efficacy of the postoperative CDT. This approach delivered improved quality of life 
with better social/physical/psychological adaptation

a

b
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c

Fig. 56.4 (continued)
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57

Case Report
A 59 year old woman presented with an 8 year history of edema of the left 
arm. Initially, the edema appeared in the upper arm. The patient was treated 
with combined decongestive physiotherapy (manual and mechanical lym-
phatic drainage), bandaging and exercises three to four times over a 12 month 
period. Despite these measures, the edema later extended to the forearm and 
hand (Fig. 57.1). In the months preceding her admission she developed several 
episodes of erysipeloid lymphangitis and pain. There were no warts or wounds 
on the skin. Her past medical history included lumpectomy with axillary 
lymphadenectomy and radiotherapy for left breast cancer. There was no sug-
gestion of local recurrence on routine follow-up.

Initially, the edema had a rhizomelic distribution. It was hard to the touch and 
did not pit. There were no dystrophic or dyschromic skin lesions, except for 
signs of acute reticular erysipeloid lymphangitic attacks caused by Gram- 
positive Staphylococci. A lymphangioscintigram was performed, which showed 
features compatible with lymphatic impairment in the left arm (Fig. 57.2). This 
was followed by lymphangio-magnetic resonance imaging (MRI) of the arm 
and hemithorax which showed no signs of loco-regional recurrence but con-
firmed lymph stasis, predominantly in the epifascial compartment. Dilated 
medial arm lymphatic collectors, interrupted at the proximal third of the arm, 
were also demonstrated. A Duplex of the left subclavian and axillary veins was 
normal. A diagnosis of chronic secondary lymphoedema was made.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-65936-7_57&domain=pdf
mailto:campisicorradino@tin.it


658

Fig. 57.1 Patient before 
treatment

Fig. 57.2 Lymphangioscintigram before microsurgery. Evident dermal back flow (arrows)
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Question 1
How would you classify lymphoedema?

 A. Primary (congenital) and secondary (acquired)
 B. Phlebo-lymphoedema and lipo-lymphoedema

Question 2
Which of the following statements regarding the diagnosis of lymphoedema are 
correct?

 A. Lymphangiography is currently the best diagnostic investigation for all types of 
lymphoedema.

 B. Duplex has an important role in determining the correct treatment.
 C. Lymphangioscintigraphy is the most popular non-invasive first-line 

investigation.
 D. It is difficult to diagnose early lymphoedema.
 E. Lymphangio-MRI offers precise morphological imaging on edema distribution 

and topography of dilated lymphatic pathways, without requiring contrast.

The patient underwent microsurgical lymphatic-venous anastomoses in the prox-
imal third of the volar surface of the arm using 8/0 nylon sutures (Fig. 57.3).

Fig. 57.3 Lymphatic- 
venous anastomoses seen 
through the operating 
microscope (30×). Arrows 
indicate anastomoses and 
blue dye inside the vein 
(direct evidence of 
patency)
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Question 3
Which of the following statements regarding the management of lymphoedema are 
correct?

 A. Microsurgery can reduce edema in all patients, but the best outcome is seen in 
patients operated on in the second and third stages.

 B. Elastic graded compression garments are an important adjunct to optimize long- 
term results.

 C. Surgical intervention is not indicated in the advanced stages of lymphoedema.
 D. Microsurgical lymphatic-venous anastomoses are used more frequently than 

reconstructive microsurgical methods.
 E. Microsurgery cannot be applied in primary lymphoedema.

The postoperative recovery was uneventful. The patient was discharged home 
the fifth postoperative day. The incidence of lymphangitic attacks decreased sig-
nificantly. A reduction of arm volume was seen within 3 days of the operation, and 
further improvements were observed at medium and longterm follow-up, particu-
larly between the first and the fifth years after surgery. From the fifth year onwards, 
the clinical condition of the arm stabilized (Fig. 57.4). Lymphangioscintigraphy at 
10 years demonstrated that the lymphatic-venous anastomoses remained patent 
(Fig. 57.5).

Fig. 57.4 Long-term 
clinical outcome after 
microsurgery
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Question 4
What are the long-term results of derivative and reconstructive microsurgery for 
lymphoedema?

 A. Long term results are better in the early stages.
 B. Long term results are better for derivative than reconstructive microsurgery.
 C. Long term results depend mainly on the surgical technique.

Question 5
Which of the following statements are true?

 A. It is not possible to prevent secondary lymphoedema.
 B. Arm Reverse Mapping (ARM) is able to identify arm lymphatics.
 C. The Lymphatic Microsurgical Preventive Healing Approach (LYMPHA) offers 

the possibility of a primary surgical approach in the prevention of secondary 
lymphoedema.

Fig. 57.5 Lymphangioscintigram performed after microsurgery shows the patency of the 
lymphatic- venous anastomoses more than 10 years after the operation. Site of LVA (arrow)
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 Commentary

Lymphoedema is a significant worldwide problem. It can be divided into primary 
and secondary. Primary lymphoedemas do not have any recognizable cause (idio-
pathic), although triggering etiological factors can often be found. Lymphoedemas 
that present at birth (congenital) are included in this category. These can be 
hereditary- familial (Nonne-Milroy’s disease), and are often associated with chro-
mosomal abnormalities. Other primary lymphoedemas, may have an early or late 
onset, which can be triggered by minor trauma, infection or surgery. In females, the 
predisposing factors are often thought to be alterations in neurohormonal status 
(neuroendocrine lymphoedema).

Primary lymphoedemas can also be due lymphatic or lymph node dysplasia, hypo-
plasia or even hyperplasia, with increased lymph production, either together or in 
combinations. In most cases of hypoplasia, lymph node involvement is demonstrated 
and leads to the progressive secondary alteration of lymphatic vessels. This pattern is 
similar to that seen with secondary lymphoedemas resulting from lymphoadenectomy 
with or without radiotherapy [1]. Approximately 90% of all primary lymphoedemas 
are characterized by hypodysplastic alterations involving lymph nodes and lymphat-
ics. This is characterized by a diminished ability to form an adequate collateral circu-
lation in response to trauma, infection or surgery. In a further 8–10% of primary 
lymphoedemas, an increase in the number and size of lymphatic collectors can be 
demonstrated and are associated with lymphatic and lymph nodal dysplasia [2].

Disorders in lymphogenesis often contribute to altered lymphodynamics. 
Increased lymph formation may result from pre-existing arterio-venous malforma-
tions, arterio-venous fistulae or angiodysplasias. In contrast, reduced or absent pro-
duction of lymph can result from, agenesis, hypoplasia, or impaired permeability of 
lymphatics, and is very rare. Lymphodynamic disorders also include gravitational 
and chylous reflux pathologies. Lymph backflow (reflux) can be caused by insuffi-
cient anti-gravitational structures, normally represented by valves, the reticular 
myoelastic layer of the lymphatic walls, and the lymph node architecture.

The etiology of secondary lymphoedema can generally be identified in the 
patient’s history or physical examination. This can be secondary to trauma, infec-
tion, inflammation, infestation (filarial), radiotherapy, surgery, paralysis or neopla-
sia. Secondary lymphoedemas often have some congenital predisposition. Arm 
lymphoedema secondary to breast carcinoma treatment, for example, occurs in 
5–35% of patients, depending on whether axillary surgery is associated with radio-
theraphy [3]. This is more likely to occur when there is no deltoid pathway [4]. The 
deltoid route allows the drainage of lymph from the arm directly into the supracla-
vicular lymph nodes. The axillary nodes are therefore bypassed because of the con-
genital presence of an alternative route. With preoperative lymphoscintigraphic 
studies, both ipsilateral and contralateral arms can be compared to enable patients 
with a higher risk of developing secondary lymphoedema to be identified. Based on 
these observations, Tosatti’s classification of lymphoedemas (Fig. 57.6), proposed 
more than 30 years ago [5], remains valid. [Q1: A]

The differentiation between lymphoedema and phleboedema is by a history and 
clinical examination, paying attention to the time and conditions of onset, location, 
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evolution, extent and volume of the edema. Lymphoedema is hard to the touch, 
while venous edema is soft and pits under finger compression. This difference 
reflects the underlying pathophysiology: stagnant lymph in the subcutaneous con-
nective tissue is an excellent culture medium for fibroblasts. These mature into 
fibrocytes and form dense fibrosclerotic tissue.

Lymphoedema typically begins proximally, whereas venous edema affects the 
distal part of the lower limbs with the notable exception of phlegmasia dolens, 
caused by acute deep thrombophlebitis of the iliofemoral veins. Unlike phlebo-
edema, lymphoedema does not usually evolve into dystrophic and dyschromic skin 
lesions or ulcers. It is more likely, however, to be complicated by acute reticular 
erysipeloid lymphangitis, caused by Gram-positive cocci infections. Mixed types of 
lympho-phleboedema may also exist, with predominance of either the venous or 
lymphatic component. These include stage III postphlebitic syndrome and angio-
dysplasias with arteriovenous shunting, as seen in Mayall’s syndrome [6].

Currently, lymphangioscintigraphy and conventional oil contrast lymphography are 
the most suitable investigations of lymphatic and chylous edemas. 
Lymphangioscintigraphy is the most popular method used in screening lymphoedemas 
[7, 8] as it is a non-invasive way of imaging both superficial and deep lymphatic circu-
lations. Since it is non-invasive, it can easily be repeated in patients, especially after 
microsurgery. A small tracer dose of 99mtechnetium adsorbed in colloid spherules (col-
loid sulfide, rhenium, dextran) is injected. The lymphotropic nature of these substances 
permits visualization of the preferential lymphatic pathways with a gamma-camera. 
This allows measurements of the flow rate and lymph node uptake. Tracer clearance 
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Fig. 57.6 Classification of chronic lymphoedema of the limb according to Tosatti
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evaluations are a useful measure of lymphodynamics especially in early lymphoedema 
[9]. Direct lymphangiography [10] is preferred, however, in the study of gravitational 
reflux and chylous edema of the lower limb and external genitalia especially if a surgi-
cal intervention is proposed [11, 12]. In this examination, ultrafluid “Lipiodol” is 
injected into a lymphatic collector, isolated with a microsurgical technique, on the dor-
sum of the both feet. This type of investigation is minimally invasive and, if performed 
according to well-established standards, has minimal complications. Rare adverse 
reactions include pulmonary micro embolism, especially in the presence of peripheral 
lymphovenous fistulas, or contrast allergy. Infection at the site of skin incision, acute 
lymphangitis and lymphorrhea may also occur. Direct lymphangiography can also be 
performed in children. It enables a morphological and functional study of the superfi-
cial and the deep lymphatic circulations to take place [12].

Computer tomography (CT), ultrasonography, and lymphangio-MRI may also 
provide information on lymphatic and chylous dysfunction. Indirect lymphangiog-
raphy [13] is performed using a dermo-hypodermic injection of a water-soluble 
contrast medium (“Iotasul”) and is useful to clarify aetio-pathological aspects of 
primary lymphoedemas. Fluorescent micro-lymphography [14] can be helpful in 
assessing the status of the superficial dermal lymphatics, which reflects peripheral 
lymphatic function. The conventional Houdack-McMaster dye test with the injec-
tion of a highly lymphotropic vital stain (Patent Blue V) is used today as a rapid 
preliminary investigation before direct lymphangiography and microsurgery. Recent 
studies by Olszewski [15] and Campisi et al. [16] have developed a system to mea-
sure endolymphatic pressure and lymphatic flow rate. These parameters, together 
with a venous pressure assessment, help to measure the lymph-venous pressure gra-
dient which is essential prior to microsurgical treatment. With this method, a lym-
phatic vessel is isolated and cannulated at the lower third of the leg’s medial surface. 
Changes in the flow and pressure can be recorded during microsurgery, elevation 
and dependency, at rest and under dynamic conditions. These studies have shown 
that a lymphatic-venous pressure gradient is essential to achieve good medium and 
long term results after microsurgery. [Q2: B, C, E]

Manual lymphatic drainage has been shown to be a highly effective treatment in 
the conservative management of lymphoedema [17–19]. This followed by the appli-
cation of bandaging and eventually graded compression stockings. The use of inter-
mittent compression pneumatic devices is usually complementary to manual 
lymphatic drainage and may contribute to further reduction of the lymphoedema. 
Pharmacotherapy includes the use of antibiotics, particularly penicillin [20], anti- 
inflammatory drugs, and benzopyrones [21]. The positive effect of benzopyrones 
was described by Casley-Smith et al. [21], but their role in the treatment of lymph-
oedemas has yet to be clarified.

Thirty years ago, only the most severe cases of elephantiasis were treated surgi-
cally, mainly to achieve a reduction in volume. The most popular surgical methods 
were those proposed by Charles [22] (total resection of skin-lipid layers), Thompson 
[23] (drainage with scarred subfascial skin flap), and Servelle [24] (total surface 
lymphangectomy). They were highly destructive and invasive operations and as 
such they could not be recommended in less advanced or initial stages or in child-
hood disease [25]. More recently, microsurgical lymphatic-venous and lymph 
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node- venous anastomoses were introduced for the management of lymphoedema 
resistant to conservative treatment [26, 27]. These techniques are beneficial in sec-
ondary, as well as primary lymphoedemas [28]. Early intervention is possible, even 
in children, where lymphatic-capsule-venous anastomoses are preferred [29].

Lymphostatic disease may be associated with venous impairment such as varices, 
superficial thrombophlebitis, deep venous thrombosis and post-phlebitic sequelae. 
These conditions are a contraindication to traditional lymphatic-venous anastomoses. 
Novel reconstructive lymphatic surgery techniques however provide hope for these 
patients [30]. This includes segmental autotransplantation of lymphatic collectors [31] 
for the treatment of unilateral lymphoedema or the personally described method of 
interposition autologous venous grafting or lymphatic-venous- lymphatic plasty [32].

The clinical use of microvascular lymphatic or lymph nodal flaps [33, 34] is still 
under evaluation. They may provide future treatment options in refractory second-
ary lymphoedema and for the primary lymphoedemas which cannot benefit from 
microsurgical techniques.

Elastic stockings are usually worn for an average period of 1–5 years after micro-
surgery according to the stage of the pathology at the time of operation. The stockings 
aim to prevent the closure of anastomoses because a rapid reduction of edema, pres-
sure and flow is expected as a result of the improved drainage [35]. [Q3: A, B, D]

Patients are followed up at 1, 3, 6 and 12 months post surgery and then annually 
for 5 years. Lymphatic microsurgery results in improvement in more than 80% of 
cases. Better outcomes have been observed in patients undergoing prophylactic 
microsurgery (at stages II and III; see Fig. 57.7). The frequency of lymphangitic 

Lymphoedema Staging

STAGE I

STAGE II

STAGE III

A. “Latent” lymphedema, without clinical evidence of edema, but with impaired
lymph transport capacity (provable by lymphoscintigraphy) and with initial immuno-
histochemical alterations of lymph nodes, lymph vessels and extracellular matrix

A. “Increasing” lymphedema, with vanishing lymph transport capacity, relapsing
lymphangitic attacks, fibroindurative skin changes, and developing disability

A. Properly called “elephantiasis”, with scleroindurative
pachydernitis,papillomatous lymphostatic verrucosis, no lymph transport capacity and
life-threatening disability.

B. “Column shaped” limb fibrolymphedema, with lymphostatic skin chages,
suppressed lymph transport capacity and worsening diability

B. “Extreme elephantiasis” with total disability 

B. “Initial” lymphedema, totally or partially decreasing by rest and draining position,
with worsening impairment of lymph transport capacity and of immuno-histochemical
alterations of lymph collectors, nodes and extracelluar matrix.

Fig. 57.7 Recent clinical staging of lymphoedema, including functional disability and pathologi-
cal findings
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attacks also decreases. The reduction in edema volume is seen within the first three 
postoperative days, and a further decrease is observed between the first and fifth 
years after operation. From the fifth year onwards, the clinical condition of the limb 
tends to remain static and this effect is maintained for more than 10 years after sur-
gery. Lymphangioscintigraphy provides evidence that the flow through the venous 
grafts parallels the clinical improvement [36]. [Q4: A, C]

Early identification, diagnostic lymphangioscintigraphy [37] and prophylactic 
treatment of high risk patients has been suggested as a means of preventing second-
ary lymphoedema [38, 39]. These include patients undergoing oncological lymph-
adenectomies, particularly in combination with radiotherapy. Microsurgery is a 
reasonable option on lymphoedemas that are expected to show unrelenting progres-
sion [40]. The Arm Reverse Mapping (ARM) technique allows the precise identifi-
cation of arm lymphatics and lymph nodes. Selective preservation is therefore 
possible but at a risk of leaving behind undetected metastatic disease. Since both 
arm lymphatics and breast efferents drain into the common axillary basin, its 
removal may interrupt the lymphatic flow from the arm. If a microsurgical lymphatic- 
venous anastomosis (LVA), is performed immediately after nodal excision this 
problem may be avoided. A LVA is a surgical technique proposed for selected 
patients with operable breast cancer requiring an axillary dissection. Blue dye is 
injected into the arm lymphatics and a simultaneous LVA is then performed between 
these and an axillary vein branch (Lymphatic Microsurgical Preventive Healing 
Approach—LY.M.P.H.A.) (Fig. 57.8) [41]. [Q5: B, C]

L Y. M. P. H. A.

Arm Lymphatics

Vein

Fig. 57.8 LYMPHA technique for surgical primary prevention of arm lymphedema during axil-
lary nodal dissection
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Left carotid subclavian bypass

intraoperative angiography, 74–75
pre-deployment angiogram, 75

Left common iliac artery
aortic dissection, 85
stenosis, 216
and thrombectomy, 95
thrombosis, 94

Left kidney perfusion restoration, 95
Left leg ischaemia, 84
Left renal artery, 84, 85, 349
Left thoracotomy, 65
Left ventricular (LV) hypertrophy, 59–60
Leg elevation, 574
Lepirudin, 551
Lesions

along knee, 522
diabetic foot and, 310
of VM, 522

Ligation
bleeding and, 488
of brachial artery, 492, 493
femoral vein, 167
VV, 558, 562

Limb
exsanguination, 542
ischemic, amputations

below-the-knee amputation, advantages 
and disadvantages of, 504

causes, 507
chronic limb ischemia, primary and 

secondary amputation, 502–503, 507
creeping, 508
energy expenditure and ambulation 

rates, 510
factors and complications, 504
initial intervention, 503
IPOP, 511–512
major lower extremity amputation, 

501–502, 506
morbidity and mortality profile, 513
post-operative care, 506
QoL measures, 512–513
societal, economic, and personal 

impact, 508
systolic blood pressure measurements, 

508
TcPO2, 508–509
Vascular Surgery resident, 503
well-healed left BKA stump without, 

504–506, 511

length discrepancy of, 520
Limb injury postoperative  

management, 167
Limb ischemia, 253, 269–272

initial evaluation, 253
ischemic rest pain, 253
non-healing ulcers, 253
patient’s critical threatening, 254

Limb muscle hypertrophy, 280
Limb salvage, 164, 166
Limb swelling, 156, 581

lower extremity, 642
Limited cutaneous disease, 450
Linear regression, 564
Lipids, 197
Lipoprotein (Lp), 197
Liposuction, 649–650
Liver disease stratification, 378
Local infection, 122
Local muscle flap, 464
Lovenox, 620
Low-dose unfractionated heparin (LDUH) 

treatment, 549
Lower extremity

amputation, 501–502, 506, 507
chronic lymphedema

American venous forum, 648
bilateral lower limb swellings, cause of, 

638–639
CDT, 646–647
clinical and laboratory stage of, 

645–646
clinical history, 641
diagnosis and assessment, 640
edema, frequent and potentially serious 

risk, 639
excisional surgery, 649, 651–652
Homan-Auchincloss procedure, 650
investigations, 640, 645
limb swelling, 642
liposuction, 649–650
management, 637–641
massive swelling and mobility 

improvement, 639
multidisciplinary team approach, 650
oil contrast lymphography, 645
primary lymphedema, 642
reconstructive surgery, 649
SIPC, 647
surgical treatment, 650
therapy, 640

ischaemia of, 97, 146
limb swelling, 642
primary lymphedema, 642
swelling, 561
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Lower extremity DVT (LEDVT), 607
Lower limb blast injury, 159–168

angiography and, 160
assessment of, 166
care for, 159
fractures and, 166
placement for, 165
surgery and, 160

Lower limb claudication
bilateral iliac artery occlusive disease, 

215–225
digital percutaneous subtraction, 215
duplex scan, 215
exercise program, 218
management, 218
revascularization, 219
risk stratification model, 218
superficial femoral artery, 215

endovascular management (see Infra-
inguinal disease)

iliac artery occlusive disease
aorto-bifemoral bypass, 209
arterial duplex scan, 202
balloon angioplasties, 203
beta blocker, 206
clinical follow-up, 210
diagnostic angiogram, 203, 204
digital subtraction angiogram, 203
distal embolisation, 211
endovascular therapies, 206
hydrophilic guidewire, 206, 207
imaging modality, 202
internal and external iliac, 203
occasional angina attacks, 205
patient management, 201–202
statin therapy, 207–208
stent insertion, 206, 211
transluminal angioplasty, 203, 205

Lower limb ulcer, 589
Lower limb varicose veins, 560
Low-molecular-weight heparin  

(LMWH), 578
Lumbar sympathectomy, 536, 542
Lumbosacral neuritis, 137
Lumen stenosis, 367
Lupus anticoagulant, 548
Lymphangiography, 520, 531, 659, 664
Lymphangioscintigram, 658, 661
Lymphatic defects, 525
Lymphatic disruption, 487
Lymphatic drainage, 664
Lymphatic dysfunction, 581, 664
Lymphatic malformation (LM), 521, 531
Lymphatic-venous anastomoses  

microsurgery, 659

Lymphoedema, 657–666
classification of, 659, 663
clinical appearance of, 660
congenital, 662
derivative surgery for, 661
description of, 663
diagnosis of, 659
forms of, 662
long-term microsurgery outcome for,  

660
management of, 660
vs. phleboedema, 663
postoperative recovery for, 660
primary, 662
reconstructive surgery for, 661
secondary, 662

etiology of, 662
prevention of, 666

staging of, 665
treatment advances for, 664

Lymphogenesis disorders, 662
Lymphography, 531, 545
Lymphoscintigraphic study, 528
Lymphostatic disease, 665

M
Magnetic resonance angiography (MRA)

aortic dissection, 88
bilateral popliteal occlusion, 278
carotid bifurcation disease, 391, 392
endothermal ablation, 562
EVAR, 42
lower limb claudication, 208–209
midaortic syndrome, 352–353
renovascular hypertension, 338–339
TA, 415
TAAA, 64

Magnetic resonance imaging (MRI)
aortic dissection, 88
carotid bifurcation disease, 386
carotid body tumor, 396, 397, 400, 401
cervical vertebral fracture, 172
congenital vascular malformation, 521
diabetic foot, 310
obturator foramen bypass, 296
preoperative cardiac risk assessment and 

management, 13
renovascular hypertension, 338
TAAA, 64
Takayasu’s arteritis, 422, 424
thoracoabdominal aortic aneurysm, 65
vertebrobasilar ischemia, 406

Magnetic resonance venography (MRV), 536, 
537
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Malperfusion syndrome, 98
Management of carotid bifurcation disease, 

385–392
Manual lymphatic drainage, 641, 664
Marfan syndrome, 109
Massive haemoptysis, 63
Mayall’s syndrome, 663
Mediastinal hematoma, 180
Melaena, 470–472
Mesenteric venous thrombosis (MVT), 327, 

330
Metabolic acidosis, 178
Metabolic syndrome features, 191
Metallic knee replacement, 240–241
Microsurgery

elastic stockings after, 665
lymphangioscitigram after, 661
lymphangioscitigram before, 659
lymphoedema long-term outcome from, 

660
Midaortic syndrome

aortic coarctation, 350, 352, 356
aortorenal bypass, 355
clinical manifestations, 352
deep abdominal ultrasonography, 352
endoluminal stenting, 354
follow-up studies, 349–350
imaging, 347–348, 352, 356
implantation, 354–355
long-term follow-up, 356
MRA, 352–353
NF-1, 352
oval aortotomy, 354
panaortitis with adventitial/periadventitial 

fibrosis, 352
patch aortoplasty, 353–354
pathogenesis, 351
PTA, 355
renal and splanchnic arterial disease 

treatment, 349, 351
renal artery stenoses and secondary 

renovascular hypertension, 355
thoracoabdominal bypass grafts, 353
treatment options, 349, 353
ultrasonography, 352
viral-mediated events, 351

Midline laparotomy, 54
Moderate intermittent claudication (MIMIC) 

trial, 210
Modifiable risk factors/medications, 190
Mortality predictive factors, 23
Motor function, 63
Multiplanar venography (MPV), 609–610
Muscle flap, 461

Myocardial infarctions (MI), 19, 206, 217
anastomotic aneurysm and, 119
arterial embolism and, 151
beta-blockers and, 9
PAD and, 189
perioperative, 4
Stanford B dissection, 86

Myocardial ischemia, 7, 8, 13
prolonged, 7
TAAA, 64

Myointimal hyperplasia, 210
Myopathic statin use, 5

N
Nailfold microscopy, 447
Neo-intimal hyperplasia, 266
Neonatal hemangioma, 533
Nephrogenic systemic fibrosis (NSF), 253, 

338
Nephrology work-up, 478
Neurofibromatosis-1 (NF-1), 350, 352
Neurogenic thoracic outlet syndrome, 

431–437
aetiology of, 435
atrophy of hand muscles and, 436
coexisting conditions and, 434
diagnosis of, 435
diagnostic criteria of, 433
therapy for, 435
treatment of, 431–432, 435

Neurological function, patient, 63
Nicotine replacement therapy, 206
Nifedipine, 447
Non-healing leg ulceration, 247–256

evaluation/management, 247
optimal wound treatment, 256
patient treatment and management, 256
risk factor modification, 256
treatment, 250

Nonne-Milroy’s disease, 662
Non-occlusive mesenteric ischaemia (NOMI), 

327, 330
Non-thrombotic iliac vein lesion (NIVL), 583
Normochromic normocytic anaemia, 422
North American Carotid Endarterectomy Trial 

(NASCET), 389

O
Obesity, 137, 227
Obturator foramen bypass (OFB), 293–300

angiography of, 295
complications of, 298, 300
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concept of, 297–298
indications for, 297, 298
performance of, 297
perioperative complications of, 300
postoperative antibiotic treatment of, 300
preoperative measures for, 296–297
principle of, 299
retroperitoneal access for, 298
technique of, 298–300

Occluded iliac vein, 584
Occlusive disease

aortoiliac
duplex scanning, 208
erectile dysfunction, 210
magnetic resonance angiogram, 208

bilateral iliac artery
digital percutaneous subtraction, 215
duplex scan, 215
exercise program, 218
management, 218
revascularization, 219
risk stratification model, 218
superficial femoral artery, 215

classification of acute, 144
of common femoral artery, 225
diagnosis of arterial, 146
embolic, 144
of iliac, 146
iliac artery

aorto-bifemoral bypass, 209
arterial duplex scan, 202
balloon angioplasties, 203
beta blocker, 206
clinical follow-up, 210
diagnostic angiogram, 203, 204
digital subtraction angiogram, 203
distal embolisation, 211
endovascular therapies, 206
hydrophilic guidewire, 206, 207
imaging modality, 202
internal and external iliac, 203
occasional angina attacks, 205
patient management, 201–202
statin therapy, 207–208
stent insertion, 206, 211
transluminal angioplasty, 203, 205

profunda orifice, 225
thrombotic, 144

Oil contrast lymphography, 645, 663
Open surgical repair (OSR), 75, 76, 99, 631, 
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Optimal conduit, 477–489

hemoaccess, 477
distal sites of, 486

hemodialysis and, 480
loss of, 482
optimal, 482

hemodialysis
hemoaccess and, 480
immediate, 483
thrombosis and, 480

hemodialysis access
AVF and, 478
nephrology work-up for, 478
optimal conduit for, 477–479
options for, 483–489

options for, 481–489
treatment options for, 479

Osteomyelitis
detection of, 304
presence of, 304

Outflow plethysmography, 539
Oval aortotomy, 354

P
PAD See Peripheral arterial disease
PAE See Popliteal artery entrapment
Paget-Schrötter syndrome, 441
Palpable pedal pulses, 580
Panaortitis with adventitial/periadventitial 

fibrosis, 352
Para-aortic tissue, 87
Paraesthsia, 86
Paragangliomas, 398
Paraplegia, 66, 79

delayed-onset, 67
permanent, 68

Partial thromboplastin time (PTT), 63
Patch angioplasty

and carotid bifurcation disease, 388, 392
Takayasu’s arteritis, 425

Patch aortoplasty, 353–354
Patent aortorenal venous graft, 115
Patent foramen ovale (PFO), 584
Pedal revascularization, 255
Pelvic organs, 298
Percutaneous angiogram, 270
Percutaneous angiography with brachial artery 

catheterization, 216, 217
Percutaneous angioplasty, 336
Percutaneous aspiration thrombolectomy, 155
Percutaneous transluminal angioplasty (PTA), 

424
abdominal aortic coarctation, 354
local anaesthesia, 203
midaortic syndrome, 355
renal artery stenosis, 336
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Percutaneous transluminal coronary 
angioplasty (PTCA), 7

Perforator vein management, 591
Perioperative morbidity, 4
Peripheral arterial disease (PAD), 189–198

diagnosis, 202
internal iliac artery, 205
long-term management of, 271
medical therapy, 202
perioperative management of, 271
renal function and, 190, 198
risk factors for, 197–198
smoking, 206

Peripheral artery aneurysm, 109
Peripheral embolism, 154
Peripheral vascular disease (PVD), 337, 510

in CAPRIE trial, 206–207
pre-existence, 165
risk factor for, 7
treatment, 265

Peritoneum, 298, 330
Permanent paraplegia, 68
Permissive hypotensive strategy, 53
Phleboedema, 663
Phlebography

ascending, 521
of common iliac vein, 619
control, 441
thrombolysis, 442

Physical therapy, 432, 437, 512, 531, 640–641, 
648

Pitting
digital, 446, 449, 450
edema, 607

Plethysmographic techniques, 581
Plexus injury, 437
Pneumatic compression, 578
Pneumonia, 64, 509
Polidocanol, 542
Polytraumatic injuries, 171
Popliteal adventitial cystic disease, 283–292

aetiology, 283–284
angiography, semilunar deformity, 286
autologous vein, 285
clinical presentation, 288
diagnosis, 286–287
digital subtraction angiography, 290
hourglass-shaped subtotal occlusion, 284
limb differentiation and development, 288
mucoid material secretion, 289
noninvasive techniques, 289
percutaneous transluminal angioplasty, 291
perivascular cyst, 288
S-shaped popliteal incision, 285

stenotic lesions, 290
synovial mesothelium, 289
treatment, 287, 291
ultrasonic guidance, 291
vein graft interposition, 292

Popliteal artery, 259–266
diagnostic imaging, 260
disruption of, 161
embolic occlusion of, 155
femoro-popliteal bypass

antiplatelet/anti-coagulation therapy, 
263

heparin-bonded pre-cuffed expanded 
polytetrafluoroethylene, 262

indications, 260
medical therapy, 260
post-exercise duplex, 260, 262
preoperative duplex scan, 260,  

261, 263
infra-inguinal bypass, 262

antiplatelet therapy, 266
autologous venous conduits, 265
duplex graft surveillance program, 264
surgical management, 265
synthetic grafts, 265

knee, 104 see also Femoro-popliteal 
bypass; Infra-inguinal bypass

Popliteal artery aneurysm, 103–111
anti-coagulation, 111
asymptomatic, 110
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contralateral, 103
diagnosis of, 110
diagnostic tests, 103
distal embolization/acute thrombosis, 110
emergency repair, 105
endovascular exclusion, 107
endovascular repair, 110, 111
endovascular stent grafting, 110
genicular branches, 104
indications for repair, 110
infra-renal abdominal, 103
medial approach, 110
open repair, 110
peripheral, 103
rupture of, 110
symptoms of, 110
treatment of, 104, 106, 108, 110

Popliteal artery entrapment (PAE), 275–281, 
289

angiograms, 278
arterial reconstruction, 281
arteriography, 276
bilateral pedal pulse reduction, 275
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bilateral surgical treatment, 278
calf muscle contraction, 275, 277
classification, 280
continuous-wave Doppler, 276, 277
diagnosis, 276, 280
Doppler examination, 276
functional form, 280
incidence, 279
magnetic resonance angiography, 276
medial gastrocnemius muscle, 281
medical history, 275
muscular compression, 279
popliteal vein, 281
surgical treatment, 280
and trauma, 109
treatment, 278–279
ultrasound, 279, 280

Popliteal artery thromboendarterectomy, 279
Popliteal pulse, 305
Popliteal Vascular Entrapment Forum, 279
Popliteopedal reconstruction, 307
Population screening, 37

AAA and, 22
Portal hypertension

aetiology of, 379
complications of, 380

Positron emission tomography (PET), 418
Posterior tibital (PT) signal, 502
Post-implantation syndrome, 78
Postoperative hypoperfusion, 67
Postoperative retriperitoneal bleeding, 87
Post-thrombotic chronic venous insuffiency, 

614
Post-thrombotic sequelae, 622
Post-thrombotic syndrome, 583
Pregnancy

and AVF, 618
and heparin, 615
IFDVT during, 613–624

anticoagulants and, 621
overnight anticoagulation for, 622–623
pulmonary embolism and, 622
venous thrombectomy and, 622

Preoperative angiographic localization, artery 
of Adamkiewicz, 66

Preoperative cardiac risk assessment for 
abdominal aortic aneurysm, 3–16

Preoperative coronary revascularization, 6
Preoperative duplex ultrasound examination, 

484
Preoperative measures, OFB, 296–297
PREVENT III CLI Risk Score, 218
Primary arteriographic abnormalities, TA, 422
Primary axillary/subclavian thrombosis, 442

Primary deep venous reflux, 582
Primary lymphedema, lower extremity, 642
Primary lymphoedema, 662
Primary varicose veins

indications for treatment of, 595
treatment of, 594

Profunda femoral artery exposure, 299
Prophylactic management

of gastroesophageal varices, 375–378
of moderate to large varices, 379–380

Prosthetic interposition, 488
Prosthetic pulsating, mechanical stress on, 472
Prosthetic vascular reconstructions, 121
Protein C, 549
Proximal access construction, steal incidence 

and, 492
Proximal reflux, correction of, 582
Pulmonary dysfunction, 65
Pulmonary embolism, 74

iliofemoral DVT and, 616, 621
spinal cord injury and, 550

Pulmonary microvascular injury, 65
Pulmonary neoplasm, TAAA, 64
Pulsatile bleeding, 482
Pulsatile mass, 53

bilateral groin and, 119
Pump techniques, 66
PVD See Peripheral vascular disease

Q
Quality-of-life (QoL), 512–513

R
Radiobasilic AVF, 487
Radiocephalic AVF, 485
Radiofrequency derived heating, 591
Radiotracer dyes, skin injections of, 508
Rapid fluid mobilization, 642
Raynaud’s phenomenon, 445–451

onset of primary, 449
pathophysiology of, 448
symptoms of, 445
treatment of, 450
types of, 449
vascular surgery for, 450

Recombinant hirudin, 551
Rectus femoris muscle flap, 461
Recurrent varicose veins, 567

ankle edema, causes, 570, 574
APG, 573
contrast venography, 573
CT/MR venography, 573
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Recurrent varicose veins (cont.)
European safety recommendations, 574
foam

complications and side effects, 570, 
574

vs. liquid sclerotherapy, 568
mechanism of action, 573–574
methods, 569–570
recommended maximum amount of, 

568–569
three way tap technique, 574

investigation, 568
leg elevation, 574
multiple small-dose injections, 574
patterns, 570
treatment, 568, 571, 574
UGFS, 572–573
ultrasound, 572
venous duplex, 573
venous duplex scan, 568

Recurrent varicose veins after surgery 
(REVAS), 573

Renal arterial disease, 349, 351
Renal artery aneurysm (RAA), 113–117

aetiology of, 114
arterial hypertension and, 116, 117
complications of, 116
management of, 116
rare causes of, 116
rupture of, 116
spontaneous course of, 114
symptoms of, 116

Renal artery repair (RAR)
indications of, 117
method of, 117

Renal artery stenosis (RAS), 337, 355
AAA and, 21
pulsus tardus waveform, 253
revascularization approach, 336

Renal disease, 486
Renal function

and blood pressure, 95
deterioration of, 84
PAD and, 190, 198
statins and, 190, 198

Renal infarcts, 137
Renal insufficiency, 23
Renal replacement therapy (RRT), 344
Renal vein, 379
Renovascular hypertension

ARVD, 337
clinical features, 337–338
complications, 336–337
contribution, 335–336

CTA, 339, 340
definition, 337
duplex ultrasonography, 340
intra-arterial angiography, 339
management, 337, 340
medical treatment, 341
MRA, 338–339
origin, 336
prognosis, 344
radiological techniques, 338
renal artery angioplasty and  

stenting, 343
renal artery stenosis, revascularization 

approach, 336
revascularization, 341–344
surgical options, 343–344

Reperfusion injury, 65
Reperfusion syndrome, 153

risk of, 156
Rethrombosis risk, 618
Retrograde Seldinger technique, 68
Retro inguinal lesions, 583
Retroperitoneal access, 298
Retroperitoneal approach, 65
Retroperitoneal bleeding, 87
Retrosternal pain, 83
Revascularization

diabetic foot and, 311
of infected groin graft, 298, 299
limb swelling and, 156
preoperative coronary, 6
renovascular hypertension, 341–344
of tibial vessels, 271

RFA catheter, 558, 560, 562–563
application, 563–564
characteristic, 559

Rib fractures, 171
Right hand dominance, 478
Right iliofemoral bypass

crossover bypass, 221
profunda femoris artery, 221

Rochester trial, 147
Ruptured abdominal aortic aneurysm  

(rAAA), 49–56
common complications of, 56
complications after repair of, 52
CT scan and, 3
endovascular repair approach for, 51
intraoperative risk factors of, 53
open repair of, 55
optimal treatment for, 52–53
perioperative management of, 51
preoperative measures for, 53–54
prognosis factors of, 50
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symptoms of, 49, 52, 53
ultrasound and, 51

Rupture risk, 30, 38
Rutherford III claudication, superficial femoral 

artery, 240
Rutherford score, 241

S
Saphenofemoral junction (SFJ), 558, 563
Saphenous ablation, 585
Saphenous vein

AVF and, 618
harvest of, 165

Scalene muscles, 432
Sciatic nerve disruption, 161
Sclerodactyly, 446, 449–450
Scleroderma, 447

of the fingers, 449–450
Scoliosis

assessment of, 528
CVM and, 522
treatment of, 531

Secondary abnormal long-bone growth, 527
Secondary lymphoedema, 662–663

etiology of, 662
Seldinger technique, 216
Selective renal perfusion, 65
Septic shock, 509, 641
Sequential pneumatic compression-therapy 

(SIPC), 647
Sequential reperfusion of intercostal vessels, 

66
Serial sclerotherapy, 542
Seroma, 460
Shunt

intraluminal, 162
use of, 166

Javid, 161
Sigmoid cancer, 545
Sinus rhythm, 50
Smoking history, 19

carotid bifurcation disease and, 385
cessation and, 195
TAAA, 64

Society for Vascular Surgery (SVS), 280
Sodium Tetradecyl sulfate, 542
Soft signs, 164
Somatostatin receptor scintigraphy, 396, 397, 

400
Spinal cord dysfunction, 62
Spinal cord injury, 550
Spinal cord ischemia, 73, 76, 79, 97
Spinal fluid drainage placement, 94

Splanchnic arterial stenotic disease, 349, 351
Splenic artery injection, 375
Splenic vein, 376
Splenorenal shunt, 377
Spontaneous isolated superior mesenteric 

artery dissection (SISMAD)
causes, 363
conservative treatment, 363
primary interventional treatment for, 

362–363 see also Superior 
mesenteric artery (SMA) dissection

Stanford A dissection, 83
complications with, 84

Stanford B dissection, 83
Staphylococcus aureus graft infection, 462
Staphylococcus epidermidis graft infection, 462
Statins, 10–11

benefits of perioperative use of, 10
beta-blockers and, 7
limb ischemia and, 270
myopathy and, 5
pleiotropic effects of, 10
renoprotective actions of, 198
stroke risk and, 195
therapy with, 5
use of, 5
vascular surgery and, 6

Steal
clinical signs of, 495
correction of, 495
induced ischaemia, 495
proximal access construction and, 495
surgical correction of, 495

Stenosis
arterial insufficiency, internal iliac artery, 205
of axillary/subclavian vein, 441
of carotid artery, 386
central vein, 485
iliac vein, 617
of subclavian vein, 443
of vein graft, 308

Stent graft, 21
endovascular, 52

Sterilization, 463–465
STILE trials, 148
Stroke

hemispheric, 387
risk factors, 79
statins and, 198
TEVAR, 79

Subclavian vein
electrodes, 481
occlusion of, 440
residual stenosis of, 443
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Subfascial endoscopic perforator surgery,  
542

Superficial femoral artery (SFA), 143
angioplasty and stenting, 231–232
aortogram, 248
arterial non-invasive testing, 251–252
balloon/drug-coated balloon angioplasty, 

238, 241
biomechanical forces, 244
contralateral angiography, 237
cryoplasty balloon, 251
disease of, 270
endovascular interventions, 227
focal stenosis, 248
in-stent thrombosis/restenosis, 245
intravenous heparin, 233
post procedure anterior tibial ankle 

waveform, 251
roadmap techniques, 250–251
stent overlap, 245
Supera stent (Abbott), 245
tandem stenoses, 248
ultrasonic thrombolysis, 233–236

Superficial femoral vein dissection, 458
Superficial ulcer, 303
Superficial vein operations, 595
Superficial venous insufficiency, 589–596
Superficial venous reflux, treatment  

algorithm, 564
Superior mesenteric artery (SMA),  

325, 348
abdominal pain, 359
aetiology, 326–327, 364
angiographic types, 366
anticoagulation therapy, 367
causes, 361–362
clinical features, 361, 365
contrast-enhanced CT scan, 360–361, 

364–365
diagnosis, 360–361, 364–365
follow-up CT angiography, 362, 363
long term outcomes, 368–369
management, 362, 365–368
occlusion of, 329
open surgery, 367–368
treatment algorithms, 367
vital signs, 359

Superior vena cava syndrome (SVCS)
bilateral upper extremity venography, 631
chest radiography, 630
clinical signs, 630
color duplex ultrasonography, 630–631
history, physical examinations and 

imaging, 629
imaging investigation, 630–631

investigation, 628
long-term patency, 632
management, 629–631
open repair, graft type, 632
pathology, 630
surgical treatment, 631
symptoms, 627
types, 631

Supraceliac balloon occlusion, 55
Supraceliac clamp, 52
Supraclavicular tenderness, 432
Supracoeliac aortic clamping, 67
Suprarenal vena cava filter, 616
Surgery

blast injury and, 160
for decompression of thoracic outlet areas, 

434
for lymphoedema, 662
steal correction and, 495
thrombolysis and, 147
for ulcers, 594
vascular techniques and, 271–272

Symptomatic knee lesions, 522
Symptomatic SISMAD, primary interventional 

treatment, 362–363
Synthetic Dacron bypass, 321
Syphilitic aneurysms, 64
Systemic heparinisation, 442
Systemic inflammatory response syndrome 

(SIRS), 329
Systemic sclerosis, 447

digital pulp calcinosis and, 450
fingertip ulcer and, 446
limited cutaneous, 447
pitting and, 449
primary Raynaud’s phenomenon, 450
vascular abnormalities and, 451

T
Takayasu’s arteritis (TA), 320

anastomotic aneurysms, 426
BP, 415–416, 423
carotid duplex ultrasonography,  

414–415
carotid stenosis and occlusion, 423
CHS, 426
clinical manifestations, 422
complications, 421, 425
contrast angiography, 422
CT angiography, 417
diagnostic criteria of, 414, 421
disease activity, assessment, 416
Duplex ultrasonography, 414
endarterectomy/patch angioplasty, 425
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F-18 FDG PET-CT scan, 416, 424
imaging, 414–415, 422
intervention, 416, 418
MRA, 415
MRI, 422, 424
NIH criteria, 424
normochromic normocytic anaemia, 422
percutaneous transluminal angioplasty/

bypass grafts, 424
PET, 418
primary arteriographic abnormalities, 422
proximal neck vessels involvement, 423
surgical treatment, 419–420
systemic hypertension, 423

Temporal pulse, 385
Thoracic aneurysm, 71–80

endovascular management, 71–80
extra-anatomic debranching procedures, 80

Thoracic aortic injury
blood pressure control, 179–180
bolus intravenous fluid replacement, 170
chest imaging, 170
endovascular stent repair, 175, 176
immediate intervention, 170
initial management, 169
medical treatment, 179
physical and psycho-social rehabilitation, 

183
primary examination, 169
primary radiology, 177
pseudoaneurysm, 173, 174
pseudoaneurysm formation, 180
stent availability, 181
stent deployment, 175
stent device delivery, 180
surgical repair, 179
treatment, 170–171
vascular traumatic transection, 178

Thoracic endovascular aortic stent repair 
(TEVAR), 173, 180, 181

aortic coverage, 78
chest cavity, 76
devices, 77
under general anesthesia, 75
intra-operative complications, 73
and open surgical repair, 75
spinal cord ischemia, 73, 79
stroke, 79

Thoracic outlet areas
decompression of

indications for, 434
major complications of, 437

surgical decompression of, 443
long-term results of, 435
physical therapy and, 437

surgical procedures for, 434
Thoracic outlet syndrome (TOS)

coexisting conditions with, 434
neurogenic, 431–437

cause of, 432
complications of, 434
conservative therapy for, 436–437
diagnosis of, 435
diagnostic criteria of, 433

plexus injury and, 437
types of, 435

Thoracic stent devices, 180, 181
Thoracic stent graft, 77, 94
Thoracoabdominal aortic aneurysm (TAAA), 

59–68
cardiac complications, 65
chest and back pain, 64
management schemes, 62
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