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PREFACE

Harrison’s Principles of Internal Medicine (HPIM) provides a comprehensive
body of information important to an understanding of the biological and
clinical aspects of quality patient care. It remains the premier medical text-
book for students and clinicians. With the rapidly expanding base of medi-
cal knowledge and the time constraints associated with heavy patient-care
responsibilities in modern health care settings, it is not always possible to
read a comprehensive account of diseases and their presentations, clinical
manifestations, and treatments before or even immediately after encoun-
tering the patient. It was for these reasons, among others, that in 1988 the
Editors first condensed the clinical portions of HPIM into a pocket-sized
volume, Harrison’s Manual of Medicine. Similar to the prior seven editions,
this new edition of the Manual, drawn from the 18" edition of HPIM, pres-
ents the key features of the diagnosis, clinical manifestations, and treatment
of the major diseases that are likely to be encountered on a medical service.

The Editors stress that the Manual should not substitute for in-depth anal-
ysis of the clinical problem, but should serve as a ready source of well-crafted
and informative summaries that will be useful “on-the-spot” and that will
prepare the reader for a more in-depth analysis drawn from more extensive
reading at a later time. The Manual has met with increasing popularity over
the years; its popularity and value relate in part to its abbreviated format,
which has proven to be extremely useful for initial diagnosis, brief descrip-
tion of pathogenesis, and outline of management in time-restricted clinical
settings. The book’s full-color format will increase the speed with which
readers can locate and use information within its chapters. The Manual has
been written for easy and seamless reference to the full text of the 18" edition
of HPIM, and the Editors recommend that the full textbook—or Harrison’s
Online—be consulted as soon as time allows. As with previous editions,
this latest edition of the Manual attempts to keep up with the continual and
sometimes rapid evolution of internal medicine practices. In this regard,
every chapter has received a close review and has been updated from the
prior edition, with substantial revisions and new chapters provided where
appropriate. The format of the book has been further streamlined to reflect
more use of abbreviated text, with use of numerous tables and graphics to
help guide understanding and decisions at the point of care. In full recogni-
tion of the important role of digital information delivery in alleviating the
increasing time demands put on clinicians, the 18" edition of the Manual has
also been made available in portable format for the smartphone and tablet.

We would like to thank our friend and colleague Eugene Braunwald, MD
for his many contributions and years of wise advice in shaping the Manual
and indeed all the publications in the Harrison’s family.

Xv
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NOTICE

Medicine is an ever-changing science. As new research and clinical
experience broaden our knowledge, changes in treatment and drug
therapy are required. The authors and the publisher of this work have
checked with sources believed to be reliable in their efforts to provide
information that is complete and generally in accord with the standards
accepted at the time of publication. However, in view of the possibility
of human error or changes in medical sciences, neither the authors
nor the publisher nor any other party who has been involved in the
preparation or publication of this work warrants that the information
contained herein is in every respect accurate or complete, and they
disclaim all responsibility for any errors or omissions or for the results
obtained from use of the information contained in this work. Readers
are encouraged to confirm the information contained herein with other
sources. For example and in particular, readers are advised to check the
product information sheet included in the package of each drug they
plan to administer to be certain that the information contained in this
work is accurate and that changes have not been made in the recom-
mended dose or in the contraindications for administration. This
recommendation is of particular importance in connection with new
or infrequently used drugs.




SECTION 1 Care of the Hospitalized Patient

CHAPTER 1

Initial Evaluation and Admission Orders
for the General Medicine Patient

Pts are admitted to the hospital when (1) they present the physician with a
complex diagnostic challenge that cannot be safely or efficiently performed
in the outpatient setting; or (2) they are acutely ill and require inpatient
diagnostic tests, interventions, and treatments. The decision to admit a pt
includes identifying the optimal clinical service (e.g., medicine, urology,
neurology), the level of care (observation, general floor, telemetry, ICU),
and necessary consultants. Admission should always be accompanied by
clear communication with the pt and family, both to obtain information
and to outline the anticipated events in the hospital. Pts often have multiple
physicians, and based on the nature of the clinical problems, they should
be contacted to procure relevant medical history and to assist with clinical
care during or after admission. Electronic health records promise to
facilitate the communication of medical information among physicians,
hospitals, and other medical care providers.

The scope of illnesses cared for by internists is enormous. During a single
day on a typical general medical service, it is not unusual for physicians, espe-
cially residents in training, to admit ten pts with ten different diagnoses affect-
ing ten different organ systems. Given this diversity of disease, it is important
to be systematic and consistent in the approach to any new admission.

Physicians are often concerned about making errors of commission.
Examples would include prescribing an improper antibiotic for a pt with
pneumonia or miscalculating the dose of heparin for a pt with new deep
venous thrombosis (DVT). However, errors of omission are also common
and can result in pts being denied life-saving interventions. Simple exam-
ples include: not checking a lipid panel for a pt with coronary heart disease,
not prescribing an angiotensin-converting enzyme (ACE) inhibitor to a
diabetic with documented albuminuria, or forgetting to give a pt with an
osteoporotic hip fracture calcium, vitamin D, and an oral bisphosphonate.

Inpatient medicine typically focuses on the diagnosis and treatment of
acute medical problems. However, most pts have multiple medical problems
affecting different organ systems, and it is equally important to prevent
nosocomial complications. Prevention of common hospital complications,
such as DVT, peptic ulcers, line infections, falls, delirium, and pressure
ulcers, is an important aspect of the care of all general medicine pts.

A consistent approach to the admission process helps to ensure compre-
hensive and clear orders that can be written and implemented in a timely
manner. Several mnemonics serve as useful reminders when writing admis-
sion orders. A suggested checklist for admission orders is shown below; it

1
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includes several interventions targeted to prevent common nosocomial com-
plications. Computerized order entry systems are also useful when designed
to prompt structured sets of admission orders. However, these should not be
used to the exclusion of orders tailored for the needs of an individual pt.

Checklist mnemonic: ADMIT VITALS AND PHYSICAL EXAM

e Admit to: service (Medicine, Oncology, ICU); provide status (acute or
observation).

e Diagnosis: state the working diagnosis prompting this particular
hospitalization.

e MD: name the attending, resident, intern, student, primary care MD, and
consultants.

e Jsolation requirements: state respiratory or contact isolation and reason
for order.

e Telemetry: state indications for telemetry and specify monitor parameters.

Vital signs (VS): frequency of VS; also specify need for pulse oximetry

and orthostatic VS.

IV access and IV fluid or TPN orders (Chap. 2).

Therapists: respiratory, speech, physical, and/or occupational therapy needs.

Allergies: also specify type of adverse reaction.

Labs: blood count, chemistries, coagulation tests, type & screen, UA,

special tests.

e Studies: CT scans (also order contrast), ultrasounds, angiograms, endos-
copies, etc.

e Activity: weight bear/ambulating instructions, fall/seizure precautions
and restraints.

e Nursing Orders: call intern if (x/y/z), also order 1/Os, daily weights, and
blood glucose.

o Diet: include NPO orders and tube feeding. State whether to resume diet
after tests.

e Peptic ulcer prevention: proton-pump inhibitor or misoprostol for high-
risk pts.

e Heparin or other modality (warfarin, compression boots, support hose)
for DVT prophylaxis.

e Yank all Foley catheters and nonessential central lines to prevent iatro-
genic infections.

e Skin care: prevent pressure sores with heel guards, air mattresses, and RN
wound care.

e Incentive spirometry: prevent atelectasis and hospital-acquired pneumonia.

e (Calcium, vitamin D, and bisphosphonates if steroid use, bone fracture, or
osteoporosis.

e ACE inhibitor and aspirin: use for nearly all pts with coronary disease or
diabetes.

e Lipid panel: assess and treat all cardiac and vascular pts for hyperlipidemia.

e ECG: for nearly every pt >50 years at the time of admission.

e X-rays: chest x-ray, abdominal series; evaluate central lines and endotra-
cheal tubes.

e Advance directives: Full code or DNR; specify whether to rescind for any
procedures.

e Medications: be specific with your medication orders.
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It may be helpful to remember the medication mnemonic “Stat DRIP” for
different routes of administration (stat, daily, round-the-clock, IV, and prn
medications). For the sake of cross-covering colleagues, provide relevant
prn orders for acetaminophen, diphenhydramine, stool softeners or laxa-
tives, and sleeping pills. Specify any stat medications since routine medica-
tion orders entered as “once daily” may not be dispensed until the following
day unless ordered as stat or “first dose now.”

CHAPTER 2
Electrolytes/Acid-Base Balance

Disturbances of sodium concentration [Na*] result in most cases from
abnormalities of H,O homeostasis, which change the relative ratio of
Na* to H,O. Disorders of Na* balance per se are, in contrast, associated
with changes in extracellular fluid volume, either hypo- or hypervolemia.
Maintenance of the “effective circulating volume” is achieved in large part
by changes in urinary sodium excretion, whereas H,O balance is achieved
by changes in both H,O intake and urinary H,O excretion (Table 2-1).
Confusion can result from the coexistence of defects in both H,O and Na*
balance. For example, a hypovolemic pt may have an appropriately low
urinary Na* due to increased renal tubular reabsorption of filtered NaCl;
a concomitant increase in circulating arginine vasopressin (AVP)—part of
the defense of effective circulating volume (Table 2-1)—will cause the renal
retention of ingested H,O and the development of hyponatremia.

Il HYPONATREMIA

This is defined as a serum [Na*] <135 mmol/L and is among the most com-
mon electrolyte abnormalities encountered in hospitalized pts. Symptoms
include nausea, vomiting, confusion, lethargy, and disorientation; if severe
(<120 mmol/L) and/or abrupt, seizures, central herniation, coma, or death
may result (see Acute Symptomatic Hyponatremia, below). Hyponatremia is
almost always the result of an increase in circulating AVP and/or increased
renal sensitivity to AVP; a notable exception is in the setting of low solute
intake (“beer potomania”), wherein a markedly reduced urinary solute
excretion is inadequate to support the excretion of sufficient free H,O.
The serum [Na*] by itself does not yield diagnostic information regard-
ing total-body Na* content; hyponatremia is primarily a disorder of H,0
homeostasis. Pts with hyponatremia are thus categorized diagnostically
into three groups, depending on their clinical volume status: hypovolemic,
euvolemic, and hypervolemic hyponatremia (Fig. 2-1). All three forms of
hyponatremia share an exaggerated, “nonosmotic” increase in circulating
AVP, in the setting of reduced serum osmolality. Notably, hyponatremia is
often multifactorial; clinically important nonosmotic stimuli that can cause
a release of AVP and increase the risk of hyponatremia include drugs, pain,
nausea, and strenuous exercise.
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TABLE 2-1 OSMOREGULATION VERSUS VOLUME REGULATION

Osmoregulation ~ Volume Regulation

What is sensed  Plasma osmolality  “Effective” circulating volume

Sensors Hypothalamic Carotid sinus
0SMOreceptors  Agferent arteriole
Atria
Effectors AVP Sympathetic nervous system
Thirst Renin-angiotensin-aldosterone system
ANP/BNP
AVP
What is affected Urine osmolality Urinary sodium excretion
H,0 intake Vascular tone

Note: See text for details.

Abbreviations: ANP, atrial natriuretic peptide; AVP, arginine vasopressin; BNP, brain
natriuretic peptide.

Source: Adapted from Rose BD, Black RM (eds): Manual of Clinical Problems in Nephrology.
Boston, Little Brown, 1988; with permission.

Laboratory investigation of a pt with hyponatremia should include a
measurement of serum osmolality to exclude “pseudohyponatremia” due
to hyperlipidemia or hyperproteinemia. Serum glucose also should be mea-
sured; serum Na* falls by 1.4 mM for every 100-mg/dL increase in glucose,
due to glucose-induced H,O efflux from cells. Hyperkalemia may suggest
adrenal insufficiency or hypoaldosteronism; increased blood urea nitrogen
(BUN) and creatinine may suggest a renal cause. Urine electrolytes and
osmolality are also critical tests in the initial evaluation of hyponatremia.
In particular, a urine Na* <20 meq/L is consistent with hypovolemic hypo-
natremia in the clinical absence of a “hypervolemic,” Na*-avid syndrome
such as congestive heart failure (CHF) (Fig. 2-1). Urine osmolality <100
mosmol/kg is suggestive of polydipsia or, in rare cases, of decreased solute
intake; urine osmolality >400 mosmol/kg suggests that AVP excess is play-
ing a more dominant role, whereas intermediate values are more consistent
with multifactorial pathophysiology (e.g., AVP excess with a component of
polydipsia). Finally, in the right clinical setting, thyroid, adrenal, and pitu-
itary function should also be tested.

Hypovolemic Hyponatremia

Hypovolemia from both renal and extrarenal causes is associated with
hyponatremia. Renal causes of hypovolemia include primary adrenal insuf-
ficiency and hypoaldosteronism, salt-losing nephropathies (e.g., reflux
nephropathy, nonoliguric acute tubular necrosis), diuretics, and osmotic
diuresis. Random “spot” urine Na* is typically >20 meq/L in these cases but
may be <20 meq/L in diuretic-associated hyponatremia if tested long after
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FIGURE 2-1 The diagnostic approach to hyponatremia. See text for details. [From S Kumar, T Berl: Diseases of water metabolism, in Atlas of Diseases of the
Kidney, RW Schrier (ed). Philadelphia, Current Medicine, Inc, 1999, with permission.]
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administration of the drug. Nonrenal causes of hypovolemic hyponatremia
include GI loss (e.g., vomiting, diarrhea, tube drainage) and integumentary
loss (sweating, burns); urine Na* is typically <20 meq/L in these cases.

Hypovolemia causes profound neurohumoral activation, inducing systems
that preserve effective circulating volume, such as the renin-angioten-
sin-aldosterone axis (RAA), the sympathetic nervous system, and AVP
(Table 2-1). The increase in circulating AVP serves to increase the retention
of ingested free H,O, leading to hyponatremia. The optimal treatment of
hypovolemic hyponatremia is volume administration, generally as isotonic
crystalloid, i.e., 0.9% NaCl (“normal saline”). If the history suggests that
hyponatremia has been “chronic;” i.e., present for 48 h, care should be taken
to avoid overcorrection (see below), which can easily occur as AVP levels
plummet in response to volume-resuscitation; if necessary, the administra-
tion of desmopressin (DDAVP) and free water can reinduce or arrest the
correction of hyponatremia (see below).

Hypervolemic Hyponatremia

The edematous disorders (CHF, hepatic cirrhosis, and nephrotic syndrome)
are often associated with mild to moderate degrees of hyponatremia ([Na*] =
125-135 mmol/L); occasionally, pts with severe CHF or cirrhosis may present
with serum [Na*] <120 mmol/L. The pathophysiology is similar to that
in hypovolemic hyponatremia, except that “effective circulating volume”
is decreased due to the specific etiologic factors, i.e., cardiac dysfunction,
peripheral vasodilation in cirrhosis, and hypoalbuminemia in nephrotic
syndrome. The degree of hyponatremia is an indirect index of the associ-
ated neurohumoral activation (Table 2-1) and an important prognostic
indicator in hypervolemic hyponatremia.

Management consists of treatment of the underlying disorder (e.g.,
afterload reduction in heart failure, large-volume paracentesis in cirrhosis,
immunomodulatory therapy in some forms of nephrotic syndrome), Na*
restriction, diuretic therapy, and, in some pts, HZO restriction. Vasopressin
antagonists (e.g., tolvaptan and conivaptan) are also effective in normalizing
hyponatremia associated with both cirrhosis and CHE.

Euvolemic Hyponatremia

The syndrome of inappropriate ADH secretion (SIADH) characterizes most
cases of euvolemic hyponatremia. Other causes of euvolemic hyponatremia
include hypothyroidism and secondary adrenal insufficiency due to pitu-
itary disease; notably, repletion of glucocorticoid levels in the latter may
cause a rapid drop in circulating AVP levels and overcorrection of serum
[Na*] (see below).

Common causes of SIADH include pulmonary disease (e.g., pneumonia,
tuberculosis, pleural effusion) and central nervous system (CNS) diseases
(e.g., tumor, subarachnoid hemorrhage, meningitis); SIADH also occurs
with malignancies (e.g., small cell carcinoma of the lung) and drugs (e.g.,
selective serotonin reuptake inhibitors, tricyclic antidepressants, nicotine,
vincristine, chlorpropamide, carbamazepine, narcotic analgesics, anti-
psychotic drugs, cyclophosphamide, ifosfamide). Optimal treatment of
euvolemic hyponatremia includes treatment of the underlying disorder.
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H, O restriction to <1 L/d is a cornerstone of therapy, but may be ineffective
or poorly tolerated. However, vasopressin antagonists are predictably effec-
tive in normalizing serum [Na*] in SIADH. Alternatives include the coad-
ministration of loop diuretics to inhibit the countercurrent mechanism and
reduce urinary concentration, combined with oral salt tablets to abrogate
diuretic-induced salt loss and attendant hypovolemia.

Acute Symptomatic Hyponatremia

Acute symptomatic hyponatremia is a medical emergency; a sudden drop
in serum [Na*] can overwhelm the capacity of the brain to regulate cell vol-
ume, leading to cerebral edema, seizures, and death. Women, particularly
premenopausal women, are particularly prone to such sequelae; neuro-
logic consequences are comparatively rare in male pts. Many of these pts
develop hyponatremia from iatrogenic causes, including hypotonic fluids
in the postoperative period, prescription of a thiazide diuretic, colonoscopy
preparation, or intraoperative use of glycine irrigants. Polydipsia with an
associated cause of increased AVP may also cause acute hyponatremia, as
can increased H,O intake in the setting of strenuous exercise, e.g., a mara-
thon. The recreational drug Ecstasy [methylenedioxymethamphetamine
(MDMA)] can cause acute hyponatremia, rapidly inducing both AVP
release and increased thirst.

Severe symptoms may occur at relatively modest levels of serum [Na*],
e.g., in the mid-120s. Nausea and vomiting are common premonitory symp-
toms of more severe sequelae. An important concomitant is respiratory fail-
ure, which may be hypercapnic due to CNS depression or normocapnic due
to neurogenic, noncardiogenic pulmonary edema; the attendant hypoxia
amplifies the impact of hyponatremic encephalopathy.

TREATMENT  Hyponatremia

Three considerations are critical in the therapy of hyponatremia. First,
the presence, absence, and/or severity of symptoms determine the
urgency of therapy (see above for acute symptomatic hyponatremia).
Second, pts with hyponatremia that has been present for >48 h (“chronic
hyponatremia”) are at risk for osmotic demyelination syndrome, typically
central pontine myelinolysis, if serum Na* is corrected by >10-12 mM
within the first 24 h and/or by >18 mM within the first 48 h. Third,
the response to interventions, such as hypertonic saline or vasopressin
antagonists, can be highly unpredictable, such that frequent monitoring
of serum Na* (every 2-4 h) is imperative.

Treatment of acute symptomatic hyponatremia should include hyper-
tonic saline to acutely increase serum Na* by 1-2 mM/h to a total
increase of 4-6 mM; this increase is typically sufficient to alleviate acute
symptoms, after which corrective guidelines for “chronic” hyponatremia
are appropriate (see below). A number of equations and algorithms have
been developed to estimate the required rate of hypertonic solution; one
popular approach is to calculate a “Na* deficit,” where the Na* deficit =
0.6 x body weight x (target [Na‘] - starting [Na*]). Regardless of the
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method used to determine the rate of administered hypertonic saline,
the increase in serum [Na*] can be highly unpredictable, as the under-
lying physiology rapidly changes; serum [Na*] should be monitored
every 2-4 h during and after treatment with hypertonic saline. The
administration of supplemental O, and ventilatory support can also be
critical in acute hyponatremia, if pts develop acute pulmonary edema
or hypercapnic respiratory failure. IV loop diuretics will help treat acute
pulmonary edema and will also increase free H,O excretion by interfer-
ing with the renal countercurrent multiplier system. It is noteworthy that
vasopressin antagonists do not have a role in the management of acute
hyponatremia.

The rate of correction should be comparatively slow in chronic hypona-
tremia (<10-12 mM in the first 24 h and <18 mM in the first 48 h), so
as to avoid osmotic demyelination syndrome. Vasopressin antagonists
are highly effective in SIADH and in hypervolemic hyponatremia due to
heart failure or cirrhosis. Should pts overcorrect serum [Na*] in response
to vasopressin antagonists, hypertonic saline, or isotonic saline (in chronic
hypovolemic hyponatremia), hyponatremia can be safely reinduced or
stabilized by the administration of the vasopressin agonist DDAVP and
the administration of free H,O, typically IV D_W; again, close monitoring
of the response of serum [Na'] is essential to adjust therapy.

Il HYPERNATREMIA

This is rarely associated with hypervolemia, where the association is typi-
cally iatrogenic, e.g., administration of hypertonic sodium bicarbonate. More
commonly, hypernatremia is the result of a combined H,0O and volume
deficit, with losses of H,O in excess of Na*. Elderly individuals with reduced
thirst and/or diminished access to fluids are at the highest risk of hyperna-
tremia due to decreased free H,O intake. Common causes of renal H,O loss
are osmotic diuresis secondary to hyperglycemia, postobstructive diuresis,
or drugs (radiocontrast, mannitol, etc.); H,0 diuresis occurs in central or
nephrogenic diabetes insipidus (DI) (Chap. 51). In pts with hypernatremia
due to renal loss of H,O, it is critical to quantify ongoing daily losses in addi-
tion to calculation of the baseline H,O deficit (Table 2-2).

TREATMENT  Hypernatremia

The approach to correction of hypernatremia is outlined in Table 2-2.
As with hyponatremia, it is advisable to correct the H,O deficit slowly
to avoid neurologic compromise, decreasing the serum [Na*] over
48-72 h. Depending on the blood pressure or clinical volume status,
it may be appropriate to initially treat with hypotonic saline solu-
tions (1/4 or 1/2 normal saline); blood glucose should be monitored
in pts treated with large volumes of DW, should hyperglycemia
ensue. Calculation of urinary electrolyte-free H,O clearance is help-
ful to estimate daily, ongoing loss of free H,O in pts with nephrogenic
or central DI (Table 2-2). Other forms of therapy may be helpful in



Electrolytes/Acid-Base Balance [, V:\d I3 ;- 9

TABLE 2-2 CORRECTION OF HYPERNATREMIA
H,0 Deficit
1. Estimate total-body water (TBW): 50—60% body weight (kg) depending on
body composition

2. Calculate free-water deficit: [(Na* 140)/140] x TBW

3. Administer deficit over 48—72 h

Ongoing H,0 Losses
4. Calculate free-water clearance, C.H,0:

ceH20=v(1——UNa+UK\
\—

where V is urinary volume, U, is urinary [Na‘], U, is urinary [K*], and SNa
is serum [Na*].

Insensible Losses
5. ~10 mL/kg per day: less if ventilated, more if febrile

Total

6. Add components to determine H,0 deficit and ongoing H,0 loss; correct the
H,0 deficit over 48—72 h and replace daily H,0 loss.

selected cases of hypernatremia. Pts with central DI may respond
to the administration of intranasal DDAVP. Stable pts with nephro-
genic DI due to lithium may reduce their polyuria with amiloride
(2.5-10 mg/d) or hydrochlorothiazide (12.5-50 mg/d) or both in
combination. These diuretics are thought to increase proximal H,O
reabsorption and decrease distal solute delivery, thus reducing polyuria;
amiloride may also decrease entry of lithium into principal cells in the
distal nephron by inhibiting the amiloride-sensitive epithelial sodium
channel (ENaC). Notably, however, most pts with lithium-induced
nephrogenic DI can adequately accommodate by increasing their H,O
intake. Occasionally, nonsteroidal anti-inflammatory drugs (NSAIDs)
have also been used to treat polyuria associated with nephrogenic DI,
reducing the negative effect of local prostaglandins on urinary concen-
tration; however, the nephrotoxic potential of NSAIDs typically makes
them a less attractive therapeutic option.

POTASSIUM

Since potassium (K*) is the major intracellular cation, discussion of disor-
ders of K* balance must take into consideration changes in the exchange
of intra- and extracellular K* stores. (Extracellular K* constitutes <2% of
total-body K* content.) Insulin, B,-adrenergic agonists, and alkalosis tend to
promote K* uptake by cells; acidosis, insulinopenia, or acute hyperosmolality
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(e.g., after treatment with mannitol or D50W) promote the efflux or
reduced uptake of K*. A corollary is that tissue necrosis and the attendant
release of K* can cause severe hyperkalemia, particularly in the setting of
acute kidney injury. Hyperkalemia due to rhabdomyolysis is thus particu-
larly common, due to the enormous store of K* in muscle; hyperkalemia
may also be prominent in tumor lysis syndrome.

The kidney plays a dominant role in K* excretion. Although K* is trans-
ported along the entire nephron, it is the principal cells of the connecting
segment and cortical collecting duct that play a dominant role in K* excre-
tion. Apical Na* entry into principal cells via the amiloride-sensitive epithe-
lial Na* channel (ENaC) generates a lumen-negative potential difference,
which drives passive K* exit through apical K* channels. This relationship
is key to the bedside understanding of potassium disorders. For example,
decreased distal delivery of Na* tends to blunt the ability to excrete K*, leading
to hyperkalemia. Abnormalities in the RAA can cause both hypo- and
hyperkalemia; aldosterone has a major influence on potassium excretion,
increasing the activity of ENaC channels and thus amplifying the driving
force for K* secretion across the luminal membrane of principal cells.

Il HYPOKALEMIA

Major causes of hypokalemia are outlined in Table 2-3. Atrial and ventricular
arrhythmias are the most serious health consequences of hypokalemia. Pts with
concurrent Mg deficit and/or digoxin therapy are at a particularly increased risk
of arrhythmias. Other clinical manifestations include muscle weakness, which
may be profound at serum [K'] <2.5 mmol/L, and, if hypokalemia is sustained,
hypertension, ileus, polyuria, renal cysts, and even renal failure.

The cause of hypokalemia is usually obvious from history, physical exam-
ination, and/or basic laboratory tests. However, persistent hypokalemia may
require a more thorough, systematic evaluation (Fig. 2-2). Initial laboratory
evaluation should include electrolytes, BUN, creatinine, serum osmolality,
Mg, and Ca*, a complete blood count, and urinary pH, osmolality,
creatinine, and electrolytes. Serum and urine osmolality are required for

TABLE 2-3 CAUSES OF HYPOKALEMIA

|. Decreased intake
A. Starvation
B. Clay ingestion
II. Redistribution into cells
A. Acid-base
1. Metabolic alkalosis
B. Hormonal
1. Insulin

2. Increased B,-adrenergic sympathetic activity: post-myocardial
infarction, head injury
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TABLE 2-3 CAUSES OF HYPOKALEMIA (CONTINUED)

3. B,-Adrenergic agonists: bronchodilators, tocolytics
4. o-Adrenergic antagonists
5. Thyrotoxic periodic paralysis
6. Downstream stimulation of Na*/K*-ATPase: theophylline, caffeine
C. Anabolic state
1. Vitamin B,, or folic acid administration (red blood cell production)
2. Granulocyte-macrophage colony-stimulating factor (white blood cell
production)
3. Total parenteral nutrition
D. Other
1. Pseudohypokalemia
2. Hypothermia
3. Familial hypokalemic periodic paralysis
4. Barium toxicity: systemic inhibition of “leak” K* channels
lll. Increased loss
A. Nonrenal
1. Gastrointestinal loss (diarrhea)
2. Integumentary loss (sweat)
B. Renal
1. Increased distal flow and distal Na+ delivery: diuretics, osmotic diuresis,
salt-wasting nephropathies
2. Increased secretion of potassium
a. Mineralocorticoid excess: primary hyperaldosteronism [aldosterone-
producing adenomas (APAs)], primary or unilateral adrenal
hyperplasia (PAH or UAH), idiopathic hyperaldosteronism (IHA) due
to bilateral adrenal hyperplasia and adrenal carcinoma, familial
hyperaldosteronism (FH-I, FH-II, congenital adrenal hyperplasias),
secondary hyperaldosteronism (malignant hypertension,

renin-secreting tumors, renal artery stenosis, hypovolemia),
Cushing’s syndrome, Bartter’s syndrome, Gitelman’s syndrome

b. Apparent mineralocorticoid excess: genetic deficiency of
11B3-dehydrogenase-2 (syndrome of apparent mineralocorticoid
excess), inhibition of 113-dehydrogenase-2 (glycyrrhetinic/
glycyrrhizinic acid and/or carbenoxolone; licorice, food products,
drugs), Liddle’s syndrome [genetic activation of epithelial Na*
channels (ENaC)]

c. Distal delivery of nonreabsorbed anions: vomiting, nasogastric
suction, proximal renal tubular acidosis, diabetic ketoacidosis,
glue sniffing (toluene abuse), penicillin derivatives (penicillin,
nafcillin, dicloxacillin, ticarcillin, oxacillin, and carbenicillin)

3. Magnesium deficiency, amphotericin B, Liddle’s syndrome
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FIGURE 2-2 The diagnostic approach to hypokalemia. See text for details. BP, blood pressure; DKA, diabetic ketoacidosis; FHPP, familial hypokalemic pe-
riodic paralysis; FH-I, familial hyperaldosteronism type I; GI, gastrointestinal; HTN, hypertension; PA, primary aldosteronism; RAS, renal artery stenosis;
RST, renin-secreting tumor; RTA, renal tubular acidosis; SAME, syndrome of apparent mineralocorticoid excess; TTKG, transtubular potassium gradient.
[From Mount DB, Zandi-Nejad K: Disorders of potassium balance, in The Kidney, 8th ed, BM Brenner (ed). Philadelphia, Saunders, 2008; with permission.]
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calculation of the transtubular K* gradient (TTKG), which should be <3 in
the presence of hypokalemia (see also Hyperkalemia). Further tests such as
urinary Mg*" and Ca*" and/or plasma renin and aldosterone levels may be
necessary in specific cases.

TREATMENT  Hypokalemia

Hypokalemia can generally be managed by correction of the underlying
disease process (e.g., diarrhea) or withdrawal of an offending medica-
tion (e.g., loop or thiazide diuretic), combined with oral KCl supplemen-
tation. However, hypokalemia is refractory to correction in the presence
of Mg deficiency, which also should be corrected when present; renal
wasting of both cations may be particularly prominent after renal tubu-
lar injury, e.g., from cisplatin nephrotoxicity. If loop or thiazide diuretic
therapy cannot be discontinued, a distal tubular K-sparing agent, such as
amiloride or spironolactone, can be added to the regimen. Angiotensin-
converting enzyme (ACE) inhibition in pts with CHF attenuates
diuretic-induced hypokalemia and protects against cardiac arrhythmia.
If hypokalemia is severe (<2.5 mmol/L) and/or if oral supplementation
is not feasible or tolerated, IV KCl can be administered through a central
vein with cardiac monitoring in an intensive care setting, at rates that
should not exceed 20 mmol/h. KCI should always be administered in
saline solutions, rather than dextrose; the dextrose-induced increase in
insulin can acutely exacerbate hypokalemia.

Il HYPERKALEMIA

Causes are outlined in Table 2-4; in most cases, hyperkalemia is due to
decreased renal K* excretion. However, increases in dietary K* intake can
have a major effect in susceptible pts, e.g., diabetics with hyporeninemic
hypoaldosteronism and chronic kidney disease. Drugs that impact on
the renin-angiotensin-aldosterone axis are also a major cause of hyper-
kalemia, particularly given recent trends to coadminister these agents, e.g.,
spironolactone or angiotensin receptor blockers with an ACE inhibitor in
cardiac and/or renal disease.

The first priority in the management of hyperkalemia is to assess the
need for emergency treatment (ECG changes and/or K* 26.0 mM). This
should be followed by a comprehensive workup to determine the cause
(Fig. 2-3). History and physical examination should focus on medica-
tions (e.g., ACE inhibitors, NSAIDs, trimethoprim/sulfamethoxazole),
diet and dietary supplements (e.g., salt substitute), risk factors for
acute kidney failure, reduction in urine output, blood pressure, and
volume status. Initial laboratory tests should include electrolytes, BUN,
creatinine, serum osmolality, Mg**, and Ca*, a complete blood count,
and urinary pH, osmolality, creatinine, and electrolytes. A urine [Na‘]
<20 meq/L suggests that distal Na* delivery is a limiting factor in K*
excretion; volume repletion with 0.9% saline or treatment with furo-
semide may then be effective in reducing serum [K*] by increasing distal
Na* delivery. Serum and urine osmolality are required for calculation of
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TABLE 2-4 CAUSES OF HYPERKALEMIA

|. “Pseudo” hyperkalemia

A. Cellular efflux: thrombocytosis, erythrocytosis, leukocytosis, in vitro
hemolysis

B. Hereditary defects in red cell membrane transport

mm oo o W >

. Intra- to extracellular shift
. Acidosis
. Hyperosmolality; radiocontrast, hypertonic dextrose, mannitol
. B-adrenergic antagonists (noncardioselective agents)
. Digoxin and related glycosides (yellow oleander, foxglove, bufadienolide)
. Hyperkalemic periodic paralysis
Lysine, arginine, and e-aminocaproic acid (structurally similar, positively

charged)

G. Succinylcholine; thermal trauma, neuromuscular injury, disuse atrophy,
mucositis, or prolonged immobilization

H. Rapid tumor lysis
Inadequate excretion

A. Inhibition of the renin-angiotensin-aldosterone axis; T risk of hyper-
kalemia when used in combination

1.
2.

Angiotensin-converting enzyme (ACE) inhibitors

Renin inhibitors: aliskiren [in combination with ACE inhibitors or
angiotensin receptor blockers (ARBs)]

3. ARBs
4. Blockade of the mineralocorticoid receptor: spironolactone, epler-

enone, drospirenone

. Blockade of ENaC: amiloride, triamterene, trimethoprim, pentamidine,

nafamostat

B. Decreased distal delivery

1.
2.

Congestive heart failure
Volume depletion

C. Hyporeninemic hypoaldosteronism

1

. Tubulointerstitial diseases: systemic lupus erythematosus (SLE), sickle

cell anemia, obstructive uropathy

2. Diabetes, diabetic nephropathy
3. Drugs: nonsteroidal anti-inflammatory drugs, cyclooxygenase 2

(COX-2) inhibitors, beta blockers, cyclosporine, tacrolimus

4. Chronic kidney disease, advanced age
5. Pseudohypoaldosteronism type II: defects in WNK1 or WNK4 kinases
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TABLE 2-4 CAUSES OF HYPERKALEMIA (CONTINUED)

D. Renal resistance to mineralocorticoid

1. Tubulointerstitial diseases: SLE, amyloidosis, sickle cell anemia,
obstructive uropathy, post-acute tubular necrosis

2. Hereditary: pseudohypoaldosteronism type I: defects in the
mineralocorticoid receptor or ENaC

E. Advanced renal insufficiency with low GFR
1. Chronic kidney disease
2. End-stage renal disease
3. Acute oliguric kidney injury
F. Primary adrenal insufficiency
1. Autoimmune: Addison’s disease, polyglandular endocrinopathy

2. Infectious: HIV, cytomegalovirus, tuberculosis, disseminated fungal
infection

3. Infiltrative: amyloidosis, malignancy, metastatic cancer
4. Drug-associated: heparin, low-molecular-weight heparin

5. Hereditary: adrenal hypoplasia congenita, congenital lipoid adrenal
hyperplasia, aldosterone synthase deficiency

6. Adrenal hemorrhage or infarction, including in antiphospholipid
syndrome

the TTKG. The expected values of the TTKG are largely based on his-
toric data: <3 in the presence of hypokalemia and >7-8 in the presence
of hyperkalemia.

[K*]  xXOSM
TTKG = urine serum
[K*] X OSM

serum urine

TREATMENT  Hyperkalemia

The most important consequence of hyperkalemia is altered cardiac
conduction, with the risk of bradycardic cardiac arrest. Figure 2-4
shows serial ECG patterns of hyperkalemia; ECG manifestations of
hyperkalemia should be considered a true medical emergency and
treated urgently. However, ECG changes of hyperkalemia are notori-
ously insensitive, particularly in pts with chronic kidney disease; given
these limitations, pts with significant hyperkalemia (K* 26-6.5 mmol/L)
in the absence of ECG changes should also be aggressively managed.

Urgent management of hyperkalemia constitutes a 12-lead ECG,
admission to the hospital, continuous cardiac monitoring, and immediate
treatment. Treatment of hyperkalemia is divided into three categories:
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Y
[ Emergency therapy FL| K*>6.0 or ECG changes |«———{ Hyperkalemia (Serum K* 5.5 mmol/l) |——-| Pseudohyperkalemia? Yeo No further action
0

| No No |
1
Treat accordingly Yes Evidence of increased | History, physical examination | Evidence of Yes
and re-evaluate potassium load & basic laboratory tests transcellular shift and re-evaluate
[ No No
-Hypertonicity (e.g., mannitol)
|Decreased urinary K* excretion (<40 mmoI/day)l -Hyperglycemia
¥ -Succinylcholine
Decreased distal Urine Na* - -g-aminocaproic acid
| Na* delivery |¢—| Dbl |<—| Urine electrolytes | “Digoxin
[ -B-blockers
| TTKG | -Metabolic acidosis (non-organic)

-Arginine or lysine infusion

>8 <5 -Hyperkalemic periodic paralysis
Y -lnsulin
Reduced tubular flow | Reduced distal K* secretion (GFR >20 mi/min) I -Exercise

I 9a-Fludrocortisone I

Advanced kidney failure TTKG <8
| | Reduced ECV | (Tubular resistance)

(GFR <20 ml/min)

TTKG >8

Drugs Other causes

-Amiloride -Tubulointerstitial

-Spironolactone diseases High Low
-Triamterene -Urinary tract

-Trimethoprim obstruction ) ) . -Diabetes mellitus
-Pentamidine -PHA type | -Primary adrenal insufficiency -Acute GN

-Eplerenone -PHA type Il -Isolated aldosterone deficiency -Tubulointerstitial diseases
-Drospirenone -Sickle cell disease -Heparin/LMW heparin -PHA type Il

-Calcineurin -Renal transplant -ACE-I/ARB -NSAIDs

inhibitors -SLE -Ketoconazole -B-Blockers

FIGURE 2-3 The diagnostic approach to hyperkalemia. See text for details. ACE-I, angiotensin converting enzyme inhibitor; acute GN, acute glomerulonephritis;
ARB, angiotensin Il receptor blocker; ECG, electrocardiogram; ECV, effective circulatory volume; GFR, glomerular filtration rate; LMW heparin, low-molecular-weight
heparin; NSAIDs, nonsteroidal anti-inflammatory drugs; PHA, pseudohypoaldosteronism; SLE, systemic lupus erythematosus; TTKG, transtubular potassium gradient.
[From Mount DB, Zandi-Nejad K: Disorders of potassium balance, in The Kidney, 8th ed, BM Brenner (ed). Philadelphia, Saunders, 2008; with permission.]



Electrolytes/Acid-Base Balance [, V:\d I3 ;- 17

Normal

Mild
hyperkalemia

Moderate
hyperkalemia

Severe
hyperkalemia

FIGURE 2-4 Diagrammatic ECGs at normal and high serum K. Peaked T waves
(precordial leads) are followed by diminished R wave, wide QRS, prolonged P-R, loss
of P wave, and ultimately a sine wave.

(1) antagonism of the cardiac effects of hyperkalemia, (2) rapid reduc-
tion in [K*] by redistribution into cells, and (3) removal of K* from the
body. Treatment of hyperkalemia is summarized in Table 2-5.

Regulation of normal pH (7.35-7.45) depends on both the lungs and kid-
neys. By the Henderson-Hasselbalch equation, pH is a function of the ratio
of HCO," (regulated by the kidney) to Pco, (regulated by the lungs). The
HCO,/Pco, relationship is useful in classifying disorders of acid-base bal-
ance. Acidosis is due to gain of acid or loss of alkali; causes may be meta-
bolic (fall in serum HCO,") or respiratory (rise in Pco,). Alkalosis is due to
loss of acid or addition of base and is either metabohc (T serum [HCO,])
or respiratory ({ Pco L)

To limit the change in pH, metabolic disorders evoke an immediate com-
pensatory response in ventilation; full renal compensation for respiratory
disorders is a slower process, such that “acute” compensations are of lesser
magnitude than “chronic” compensations. Simple acid-base disorders con-
sist of one primary disturbance and its compensatory response. In mixed
disorders, a combination of primary disturbances is present.
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TABLE 2-5 TREATMENT OF HYPERKALEMIA

Mechanism Therapy Dose
Stabilize membrane  Calcium 10% Ca gluconate, 10 mL 1-3 min
potential over 10 min
Cellular K* uptake Insulin 10 U R with 50 mL of
D50, if blood sugar <250
B3,-agonist Nebulized albuterol,
10-20 mg in 4 mL saline
K* removal Kayexalate 30-60 g PO in 20%
sorbitol
Furosemide 20-250 mg IV
Hemodialysis

Onset

30 min

30 min

1-2h

15 min
Immediate

Duration
30-60 min

4-6h

2-4 h

4-6h

4-6h

Comments

Repeat in 5 min if persistent electrocardiographic
changes; avoid in digoxin toxicity.

Can repeat in 15 min; initiate D10W IV at 50-75 mL/h
to avoid rebound hypoglycemia.

Can be synergistic/additive to insulin; should not be
used as sole therapy; use with caution in cardiac
disease; may cause tachycardia/hyperglycemia.

May cause ischemic colitis and colonic necrosis,
particularly in enema form and postoperative state.

Depends on adequate renal response/function.
Efficacy depends on pretreatment of hyperkalemia
(with attendant decrease in serum K*), the dialyzer

used, blood flow and dialysate flow rates, duration,
and serum to dialysate K+ gradient.
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FIGURE 2-5 Nomogram showing bands for uncomplicated respiratory or metabolic
acid-base disturbances in intact subjects. Each confidence band represents the mean
+2 SD for the compensatory response of normal subjects or pts to a given primary
disorder. Ac, acute; chr, chronic; resp, respiratory; met, metabolic; acid, acidosis; alk,
alkalosis. (From Levinsky NG: HPIM-12, p. 290; modified from Arbus GS: Can Med
Assoc J 109:291, 1973)

The cause of simple acid-base disorders is usually obvious from his-
tory, physical examination, and/or basic laboratory tests. Initial laboratory
evaluation depends on the dominant acid-base disorder, but for metabolic
acidosis and alkalosis this should include electrolytes, BUN, creatinine,
albumin, urinary pH, and urinary electrolytes. An arterial blood gas (ABG)
is not always required for pts with a simple acid-base disorder, e.g., mild
metabolic acidosis in the context of chronic renal failure. However, con-
comitant ABG and serum electrolytes are necessary to fully evaluate more
complex acid-base disorders. The compensatory response should be esti-
mated from the ABG; Winter’s formula [P, = (1.5 x [HCO,]) + 8 2] is
particularly useful for assessing the respiratory response to metabolic acidosis.
The anion gap should also be calculated; the anion gap = [Na*] - ([HCO, ]+
[CI']) = unmeasured anions — unmeasured cations. The anion gap should



20 SECTION 1 Care of the Hospitalized Patient

be adjusted for changes in the concentration of albumin, a dominant
unmeasured anion; the “adjusted anion gap” = anion gap + ~2.5 x (4 -
albumin mg/dL). Other supportive tests will elucidate the specific form of
anion-gap acidosis (see below).

Il METABOLIC ACIDOSIS

The low HCO, in metabolic acidosis results from the addition of acids
(organic or inorganic) or from a loss of HCO,™; causes of metabolic acidosis
are classically categorized by presence or absence of an increase in the anion
gap (Table 2-6). Increased anion-gap acidosis (>12 mmol/L) is due to addition
of acid (other than HCI) and unmeasured anions to the body. Common causes
include ketoacidosis [diabetes mellitus (DKA), starvation, alcohol], lactic aci-
dosis, poisoning (salicylates, ethylene glycol, and methanol), and renal failure.

Rare and newly appreciated causes of anion-gap acidosis include D-lactic
acidosis, propylene glycol toxicity, and 5-oxoprolinuria (also known as
pyroglutamic aciduria). D-Lactic acidosis (an increase in the D-enantiomer
of lactate) can occur in pts with removal, disease, or bypass of the short
bowel, leading to increased delivery of carbohydrates to colon. Intestinal
overgrowth of organisms that metabolize carbohydrate to D-lactate results
in D-lactic acidosis; a wide variety of neurologic symptoms can ensue, with
resolution following treatment with appropriate antibiotics to change the
intestinal flora. Propylene glycol is a common solvent for IV preparations
of a number of drugs, most prominently lorazepam. Pts receiving high rates
of these drugs may develop a hyperosmolar anion-gap metabolic acidosis,
due mostly to increased lactate, often accompanied by acute kidney failure.
Pyroglutamic aciduria (5-oxoprolinuria) is a high anion-gap acidosis caused
by dysfunction of the y-glutamyl cycle that replenishes intracellular glutathi-
one; 5-oxoproline is an intermediate product of the cycle. Hereditary defects
in the y-glutamyl cycle are associated with 5-oxoprolinuria; acquired defects
occur in the context of acetaminophen therapy, due to derepression of the
cycle by reduced glutathione and overproduction of 5-oxoproline. Resolution
occurs after withdrawal of acetaminophen; treatment with N-acetyl cysteine
to replenish glutathione stores may hasten recovery.

The differentiation of the various anion-gap acidoses depends on the
clinical scenario and routine laboratory tests (Table 2-6) in conjunc-
tion with measurement of serum lactate, ketones, toxicology screens (if
ethylene glycol or methanol ingestion are suspected), and serum osmolality.
D-Lactic acidosis can be diagnosed by a specific assay for the D-enantiomer;
5-oxoprolinuria can be diagnosed by the clinical scenario and confirmed
by gas chromatographic/mass spectroscopic (GC/MS) analysis of urine, a
widely available pediatric screening test for inborn errors of metabolism
(typically “urine for organic acids”).

Pts with ethylene glycol, methanol, or propylene glycol toxicity may have an
“osmolar gap,” defined as a >10-mosm/kg difference between calculated and
measured serum osmolality. Calculated osmolality = 2 x Na* + glucose/18 +
BUNY/2.8. Of note, pts with alcoholic ketoacidosis and lactic acidosis may also
exhibit a modest elevation in the osmolar gap; pts may alternatively metabo-
lize ethylene glycol or methanol to completion by presentation, with an
increased anion gap and no increase in the osmolar gap. However, the rapid



TABLE 2-6 METABOLIC ACIDOSIS

Gap Acidosis Anion-Gap Acidosis
Diarrhea enterostomy Hx; T K*Drainage DKA Hyperglycemia, ketones
RF Early chronic kidney disease RF Late chronic kidney disease
RTA Lactic acidosis Clinical setting + T serum lactate
Proximal 1 K-, presence of other proximal (L-lactate)
tubular defects (Fanconi Syndrome)  ajconolic ketoacidosis ~ Hx; weak + ketones; + osm gap
Distal—hypokalemic 4 K*; hypercalciuria; UpH >5.5 Starvation Hx; mild acidosis; + ketones
Distal—hyperkalemic T K+; nl PRA/aldo; UpH >5.5 Salicylates Hx; tinnitus; high serum level; + ketones; + lactate
Distal—hyporeninemic T K+; | PRA/aldo; UpH <5.5 Methanol Large AG; concomitant respiratory alkalosis;
hypoaldosteronism retinitis; + toxic screen; + osm gap
Dilutional Massive volume expansion with saline
Ureterosigmoidostomy Obstructed ileal loop Ethylene glycol RF; CNS symptoms; + toxic screen; crystalluria;
+ 0sm gap
Hyperalimentation Amino acid infusion
Acetazolamide, NH,CI, lysine HCI,  Hx of administration of these agents p-lactic acidosis Small-bowel disease; prominent neuro symptoms
arginine HCI, sevelamer-HCI Propylene glycol IV infusions, e.g., lorazepam; + osm gap; RF

Pyroglutamic aciduria, Large AG; chronic acetaminophen
5-oxoprolinuria

Abbreviations: AG, anion gap; CNS, central nervous system; DKA, diabetic ketoacidosis; osm gap, osmolar gap; PRA, plasma renin activity; RF, renal failure; RTA, renal tubular
N acidosis; UpH, urinary pH.
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availability of a measured serum osmolality may aid in the urgent assessment
and management of pts with these medical emergencies.

Normal anion-gap acidosis can result from HCO," loss from the GI
tract. Diarrhea is by far the most common cause, but other GI conditions
associated with external losses of bicarbonate-rich fluids may lead to large
alkali losses—e.g., in ileus secondary to intestinal obstruction, in which
liters of alkaline fluid may accumulate within the intestinal lumen. Various
forms of kidney disease are associated with non-anion-gap acidosis due to
reduced tubular reabsorption of filtered bicarbonate and/or reduced excre-
tion of ammonium (NH,*). The early stages of progressive renal disease are
frequently associated with a non-anion-gap acidosis, with development of
an anion-gap component in more advanced renal failure. Non-anion-gap
acidosis is also seen in renal tubular acidosis or in the context of tubulointer-
stitial injury, e.g., after acute tubular necrosis, allergic interstitial nephritis, or
urinary tract obstruction. Finally, non-anion-gap acidosis due to exogenous
acid loads may occur after rapid volume expansion with saline-containing
solutions, the administration of NH,CI (a component of cough syrup), lysine
HCI, or treatment with the phosphate binder sevelamer hydrochloride.

Calculation of the urinary anion gap may be helpful in the evaluation
of hyperchloremic metabolic acidosis, along with a measurement of urine
pH. The urinary anion gap is defined as urinary ([Na‘] + [K*]) - [Cl'] =
[unmeasured anions] — [unmeasured cations]); the NH,* ion is the major
unmeasured urinary cation in metabolic acidosis, wherein the urinary
anion gap should be strongly negative. A negative anion gap thus suggests
GI losses of bicarbonate, with appropriate renal response and increased
NH," excretion; a positive anion gap suggests altered urinary acidification,
as seen in renal failure or distal renal tubular acidoses. An important caveat
is that the rapid renal excretion of unmeasured anions in anion-gap acido-
sis, classically seen in DKA, may reduce the serum anion gap and generate
a positive value for the urinary anion gap, despite the adequate excretion of
urinary NH,*; this may lead to misdiagnosis as a renal tubular acidosis.

TREATMENT Metabolic Acidosis

Treatment of metabolic acidosis depends on the cause and severity.
DKA responds to insulin therapy and aggressive hydration; close atten-
tion to serum [K'] and administration of KCI is essential, given that
the correction of insulinopenia can cause profound hypokalemia. The
administration of alkali in anion-gap acidoses is controversial and is
rarely appropriate in DKA. It is reasonable to treat severe lactic acidosis
with IV HCO, at a rate sufficient to maintain a pH >7.20; treatment of
moderate lactic acidosis with HCO, is controversial. IV HCO, is how-
ever appropriate to reduce acidosis in D-lactic acidosis, ethylene glycol
and methanol toxicity, and 5-oxoprolinuria.

Chronic metabolic acidosis should be treated when HCO,™ is <18-20
mmol/L. In pts with chronic kidney disease, there is some evidence that aci-
dosis promotes protein catabolism and may worsen bone disease. Sodium
citrate may be more palatable than oral NaHCO,, although the former
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should be avoided in pts with advanced renal insufficiency, as it augments
aluminum absorption. Oral therapy with NaHCO, usually begins with 650
mg tid and is titrated upward to maintain serum [HCO,].

Il METABOLIC ALKALOSIS

Metabolic alkalosis is due to a primary increase in serum [HCO, ], distin-
guished from chronic respiratory acidosis—with a compensatory increase in
renal HCO, reabsorption—by the associated increase in arterial pH (normal
or decreased in chronic respiratory acidosis). Administered, exogenous alkali
(HCO;, acetate, citrate, or lactate) may cause alkalosis if the normal capacity
to excrete HCO," is reduced or if renal HCO,™ reabsorption is enhanced. A
recently resurgent problem is “milk alkali syndrome;” a triad of hypercal-
cemia, metabolic alkalosis, and acute renal failure due to ingested calcium
carbonate, typically taken for the treatment or prevention of osteoporosis.
Metabolic alkalosis is primarily caused by renal retention of HCO," and
is due to a variety of underlying mechanisms. Pts are typically separated
into two major subtypes: Cl-responsive and Cl -resistant. Measurement
of urine CI- affords this separation in the clinical setting (Fig. 2-6). The
quintessential causes of Cl -responsive alkalosis are GI-induced from

Urine [CI]

<20 meg/L
| Chloride-responsive alkaloses I«—

Gastric fluid loss <30 meg/L >30 meg/L

Laxative abuse | Blood pressure I
Severe K* depletion

>20 meg/L

| Chloride-unresponsive alkaloses I

1

Nonreabsorbable anion delivery I

Diuretics* High

Posthypercapnea
a renin I

Villous adenoma
Low

Bartter’s or Gitelman's
syndrome, or Low/normal
diuretic abuse

High

—| Congenital chloridorrheal

Primary aldosteronism,
bilateral adrenal
hyperplasia, Liddle’s

High unilateral bormal

renal vein renin

Plasma cortisol

Yes No syndrome, GRA, licorice
Renovascular HTN | | Malignant or High Cushing's
JGA tumor accelerated HTN — oyn dror?qe
*After diuretic therapy

FIGURE 2-6 The diagnostic approach to metabolic alkalosis. See text for details.
GRA, glucocorticoid-remediable aldosteronism; HTN, hypertension; JGA, juxtaglo-
merular apparatus. [Modified from Dubose TD: Disorders of acid-base balance, in
The Kidney, 8th ed, BM Brenner (ed). Philadelphia, Saunders, 2008; with permission.)
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vomiting or gastric aspiration through a nasogastric tube, and renal-
induced from diuretic therapy. Hypovolemia, chloride deficiency, activation
of the renin-angiotensin-aldosterone axis, and hypokalemia play interrelated
roles in the maintenance of this hypochloremic or “contraction” alkalosis.
The various syndromes of true or apparent mineralocorticoid excess cause
Cl -resistant metabolic alkalosis (Fig. 2-6); most of these pts are hypokale-
mic, volume-expanded, and/or hypertensive.

Common forms of metabolic alkalosis are generally diagnosed from the his-
tory, physical examination, and/or basic laboratory tests. ABGs will help deter-
mine whether an elevated [HCO, ] is reflective of metabolic alkalosis or chronic
respiratory acidosis; ABGs are required for the diagnosis of mixed acid-base dis-
orders. Measurement of urinary electrolytes will aid in separating Cl"-responsive
and Cl -resistant forms. Urinary [Na*] may thus be >20 meq/L in Cl -responsive
alkalosis despite the presence of hypovolemia; however, urinary [Cl '] will be very
low. Notably, urinary [Cl'] may be variable in pts with diuretic-associated alka-
losis, depending on the temporal relationship to diuretic administration. Other
diagnostic tests—e.g., plasma renin, aldosterone, cortisol—may be appropriate
in Cl -resistant forms with high urinary [Cl'] (Fig. 2-6).

TREATMENT Metabolic Alkalosis

The acid-base disorder in Cl -responsive alkalosis will typically respond
to saline infusion; however, the associated hypokalemia should also be
corrected. Pts with true or apparent mineralocorticoid excess require
specific treatment of the underlying disorder. For example, hyperactive
amiloride-sensitive ENaC channels cause Liddle’s syndrome, which can
respond to therapy with amiloride and related drugs; pts with hyperal-
dosteronism may in turn respond to blockade of the mineralocorticoi-
dreceptor with spironolactone or eplerenone. Finally, severe alkalosis
in the critical care setting may require treatment with acidifying agents
such as acetazolamide or HCI.

Il RESPIRATORY ACIDOSIS

Respiratory acidosis is characterized by CO, retention due to ventilatory
failure. Causes include sedatives, stroke, chronic pulmonary disease, airway
obstruction, severe pulmonary edema, neuromuscular disorders, and cardio-
pulmonary arrest. Symptoms include confusion, asterixis, and obtundation.

TREATMENT  Respiratory Acidosis

The goal is to improve ventilation through pulmonary toilet and
reversal of bronchospasm. Intubation or noninvasive positive pressure
ventilation (NPPV) may be required in severe acute cases. Acidosis due
to hypercapnia is usually mild; however, combined respiratory and
metabolic acidosis may cause a profound reduction in pH. Respiratory
acidosis may accompany low tidal volume ventilation in ICU pts and
may require metabolic “overcorrection” to maintain a neutral pH.
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Il RESPIRATORY ALKALOSIS

Excessive ventilation causes a primary reduction in CO, and T pH in pneu-
monia, pulmonary edema, interstitial lung disease, and asthma. Pain and
psychogenic causes are common; other etiologies include fever, hypoxemia,
sepsis, delirium tremens, salicylates, hepatic failure, mechanical overven-
tilation, and CNS lesions. Pregnancy is associated with a mild respiratory
alkalosis. Severe respiratory alkalosis may acutely cause seizures, tetany,
cardiac arrhythmias, or loss of consciousness.

TREATMENT  Respiratory Alkalosis

Treatment should be directed at the underlying disorders. In psycho-
genic cases, sedation or a rebreathing bag may be required.

M “MIXED” DISORDERS

In many circumstances, more than a single acid-base disturbance exists.
Examples include combined metabolic and respiratory acidosis with car-
diogenic shock; metabolic alkalosis and anion-gap acidosis in pts with
vomiting and diabetic ketoacidosis; and anion-gap metabolic acidosis with
respiratory alkalosis in pts with salicylate toxicity. The diagnosis may be
clinically evident and/or suggested by relationships between the Pco, and
[HCO,] that diverge from those found in simple disorders. For example,
the Pco, in a pt with metabolic acidosis and respiratory alkalosis will be
considerably less than that predicted from the [HCO, ] and Winter’s for-
mula [P co,=(1.5x [HCO,]) + 8 +2].

In “simple” anion-gap acidosis, the anion gap increases in proportion
to the fall in [HCO,]. A lesser drop in serum [HCO,] than in the anion
gap suggests a coexisting metabolic alkalosis. Conversely, a proportionately
larger drop in [HCO,"] than in the anion gap suggests the presence of a
mixed anion-gap and non-anion-gap metabolic acidosis. Notably, however,
these interpretations assume 1:1 relationships between unmeasured anions
and the fall in [HCO,], which are not uniformly present in individual pts or
as acidoses evolve. For example, volume resuscitation of pts with DKA will
typically increase glomerular filtration and the urinary excretion of ketones,
resulting in a decrease in the anion gap in the absence of a supervening
non-anion-gap acidosis.

For a more detailed discussion, see Mount DB: Fluid and
Electrolyte Disturbances, Chap. 45, p. 341; and DuBose TD
Jr: Acidosis and Alkalosis, Chap. 47, p. 363, in HPIM-18. See
also Mount DB, Zandi-Nejad K: Disorders of potassium bal-
ance, in The Kidney, 9th ed, BM Brenner (ed). Philadelphia,
Saunders, 2011; and Ellison DH, Berl T. Clinical practice.
The syndrome of inappropriate antidiuresis. N Engl J Med
356:2064, 2007.
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CHAPTER 3

Diagnostic Imaging in
Internal Medicine

Clinicians have a wide array of radiologic modalities at their disposal to
aid them in noninvasive diagnosis. Despite the introduction of highly
specialized imaging modalities, radiologic tests such as chest radiographs
and ultrasound continue to serve a vital role in the diagnostic approach to
pt care. At most institutions, CT is available on an emergent basis and is
invaluable for initial evaluation of pts with trauma, stroke, suspected CNS
hemorrhage, or ischemic stroke. MRI and related techniques (MR angiog-
raphy, functional MRI, MR spectroscopy) provide remarkable resolution
of many tissues including the brain, vascular system, joints, and most large
organs. Radionuclide scans including PET (positron emission tomography)
can provide functional assessment of organs or specific regions within
organs. Combination of PET with MRI or CT scanning provides highly
informative images of the location and configuration of metabolically active
lesions, such as cancers.

This chapter will review the indications and utility of the most commonly
utilized radiologic studies used by internists.

Il CHEST RADIOGRAPHY (FIG. 3-1)

e Can be obtained quickly and should be part of the standard evaluation
for pts with cardiopulmonary complaints.

o Isable to identify life-threatening conditions such as pneumothorax, intra-
peritoneal air, pulmonary edema, pneumonia, and aortic dissection.

e Is most often normal in a pt with an acute pulmonary embolus.

e Should be repeated in 4-6 weeks in a pt with an acute pneumonic process
to document resolution of the radiographic infiltrate.

e Isused in conjunction with the physical exam to support the diagnosis of
congestive heart failure. Radiographic findings supporting the diagnosis
of heart failure include cardiomegaly, cephalization, Kerley B lines, and
pleural effusions.

e Should be obtained daily in intubated pts to examine endotracheal tube
position and the possibility of barotrauma.

o Helps to identify alveolar or airspace disease. Radiographic features of such
diseases include inhomogeneous, patchy opacities and air-bronchograms.

e Helps to document the free-flowing nature of pleural effusions. Decubitus
views should be obtained to exclude loculated pleural fluid prior to
attempts to extract such fluid.

Il ABDOMINAL RADIOGRAPHY

e Should be the initial imaging modality in a pt with suspected bowel
obstruction. Signs of small-bowel obstruction on plain radiographs
include multiple air-fluid levels, absence of colonic distention, and a
“stepladder” appearance of small-bowel loops.
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FIGURE 3-1 Normal chest radiograph-review of anatomy. 1. Trachea. 2. Carina.
3. Right atrium. 4. Right hemi-diaphragm. 5. Aortic knob. 6. Left hilum. 7. Left ven-
tricle. 8. Left hemi-diaphragm (with stomach bubble). 9. Retrosternal clear space.
10. Right ventricle. 11. Left hemi-diaphragm (with stomach bubble). 12. Left upper
lobe bronchus.
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Should not be performed with barium enhancement when perforated

bowel, portal venous gas, or toxic megacolon is suspected.

Is used to evaluate the size of bowel:

1. Normal small bowel is <3 cm in diameter.

2. Normal caliber of the cecum is up to 9 cm, with the rest of the large
bowel up to 6 cm in diameter.

ULTRASOUND

Is more sensitive and specific than CT scanning in evaluating for the
presence of gallstone disease.

Can readily identify the size of the kidneys in a pt with renal insuffi-
ciency and can exclude the presence of hydronephrosis.

Can expeditiously evaluate for the presence of peritoneal fluid in a pt
with blunt abdominal trauma.

Is used in conjunction with Doppler studies to evaluate for the presence
of arterial atherosclerotic disease.

e Is used to evaluate cardiac valves and wall motion.
e Should be used to localize loculated pleural and peritoneal fluid prior to

draining such fluid.

Can determine the size of thyroid nodules and guide fine-needle aspira-
tion biopsy.

Can determine the size and location of enlarged lymph nodes, especially
in superficial locations such as in the neck.

e s the modality of choice for assessing known or suspected scrotal pathology.
e Should be the first imaging modality utilized when evaluating the ovaries.

COMPUTED TOMOGRAPHY

CT delivers a substantially higher radiation dose than conventional radi-
ography; it should therefore be used judiciously.

CT of the brain should be the initial radiographic modality in evaluating
a pt with a potential stroke.

Is highly sensitive for diagnosing an acute subarachnoid hemorrhage
and, in the acute setting, is more sensitive than MRI.

CT of the brain is an essential test in evaluating a pt with mental status
changes to exclude entities such as intracranial bleeding, mass effect,
subdural or epidural hematomas, and hydrocephalus.

e Is better than MRI for evaluating osseous lesions of the skull and spine.
e CT of the chest should be considered in the evaluation of a pt with chest

pain to rule out entities such as pulmonary embolus or aortic dissection.
CT of the chest is essential for evaluating lung nodules to assess for the
presence of thoracic lymphadenopathy.

CT, with high-resolution cuts through the lungs, is the imaging modality
of choice for evaluating the lung interstitium in a pt with interstitial lung
disease.

Can be used to evaluate for presence of pleural and pericardial fluid and
to localize loculated effusions.

Is useful in a pt with unexplained abdominal pain to evaluate for condi-
tions such as appendicitis, mesenteric ischemia or infarction, diverticulitis,
or pancreatitis.
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CT of the abdomen is also the test of choice for evaluating for nephro-
lithiasis in a pt with renal colic.

Is the test of choice for evaluating for the presence of an abscess in the
chest or abdomen.

In conjunction with abdominal radiography, CT can help identify the
cause of bowel obstruction.

Can identify abdominal conditions such as intussusception and volvulus
in a pt with abdominal pain.

o Is the imaging modality of choice for evaluating the retroperitoneum.
e Should be obtained expeditiously in a pt with abdominal trauma to

evaluate for the presence of intraabdominal hemorrhage and to assess
injury to abdominal organs.

Il MAGNETIC RESONANCE IMAGING

Is more useful than CT in the evaluation of ischemic infarction, dementia,
mass lesions, demyelinating diseases, and most nonosseous spinal
disorders.

Provides excellent imaging of large joints including the knee, hip, and
shoulder.

Can be used, often with CT or angiography, to assess possible dissecting
aortic aneurysms and congenital anomalies of the cardiovascular system.
Cardiac MRI is proving useful to evaluate cardiac wall motion and for
assessing cardiac muscle viability in ischemic heart disease.

Is preferable to CT for evaluating adrenal masses such as pheochromo-
cytoma and for helping to distinguish benign and malignant adrenal
masses.

Is preferable to CT for evaluating pituitary lesions and parasellar
pathology.

Il RADIONUCLIDE IMAGING

Radionuclides can be used in the form of radioactive ions (iodide, gal-
lium, thallium) or radiolabeled substances with affinity for specific
tissues (radiopharmaceuticals, e.g., bisphosphonates, sestamibi, octreotide,
metaiodobenzylguanidine [MIBG], iodocholesterol, etc.), or in the form of
fluorodeoxyglucose for PET scanning.
Radionuclide scintigraphy can be combined/merged with CT or MRI for
precise anatomic localization of the radionuclide-imaged tissue.
Tomographic radionuclide scintigraphy (single photon emission com-
puted tomography, SPECT) is analogous to CT, using radionuclide emis-
sions instead of x-rays. It permits visualization of sequential slices that can
be computer-manipulated to yield a three-dimensional reconstruction.
PET is very useful for detection of metabolically active tissues, such as
cancers and their metastases, and has largely supplanted older modalities
of radionuclide scanning (e.g., gallium scintigraphy).
Radionuclide scans frequently ordered by the general internist are:
1. Bone scan to identify metastatic disease in bone or osteomyelitis
2. Sestamibi scans for preoperative localization of parathyroid adenomas
3. Thyroid scans (technetium or iodine) to identify hot or cold thyroid
nodules
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e Specialized radionuclide scans include thallium or sestamibi myocardial
perfusion scans, pulmonary ventilation/perfusion scans, octreotide
scans for neuroendocrine tumors, MIBG scans for pheochromocytoma,
iodocholesterol scans for adrenocortical adenomas, and whole-body
radioiodine scans for disseminated thyroid cancer.

e Radioiodine scanning of the thyroid can be used to obtain quantitative
information on iodine uptake by the thyroid, which is useful to differen-
tiate subacute thyroiditis from Graves’ disease.

CHAPTER 4

Procedures Commonly
Performed by Internists

Internists perform a wide range of medical procedures, although prac-
tices vary widely among institutions and by specialty. Internists, nurses,
or other ancillary health care professionals perform venipuncture for
blood testing, arterial puncture for blood gases, endotracheal intuba-
tion, and flexible sigmoidoscopy, and insert IV lines, nasogastric (NG)
tubes, and urinary catheters. These procedures are not covered here, but
require skill and practice to minimize pt discomfort and potential com-
plications. Here, we review more invasive diagnostic and therapeutic
procedures performed by internists—thoracentesis, lumbar puncture,
and paracentesis. Many additional procedures are performed by spe-
cialists and require additional training and credentialing, including the
following:

o Allergy—skin testing, rhinoscopy

e Cardiology—stress testing, echocardiograms, coronary catheterization,
angioplasty, stent insertion, pacemakers, electrophysiology testing and
ablation, implantable defibrillators, cardioversion

e Endocrinology—thyroid biopsy, dynamic hormone testing, bone den-
sitometry

e Gastroenterology—upper and lower endoscopy, esophageal manometry,
endoscopic retrograde cholangiopancreatography, stent insertion, endo-
scopic ultrasound, liver biopsy

e Hematology/Oncology—bone marrow biopsy, stem cell transplant, lymph
node biopsy, plasmapheresis

e Pulmonary—intubation and ventilator management, bronchoscopy

e Renal—kidney biopsy, dialysis

e Rheumatology—joint aspiration

Increasingly, ultrasound, CT, and MRI are being used to guide invasive
procedures, and flexible fiberoptic instruments are extending the reach into
the body. For most invasive medical procedures, including those reviewed
below, informed consent should be obtained in writing before beginning
the procedure.
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THORACENTESIS

Drainage of the pleural space can be performed at the bedside. Indications
for this procedure include diagnostic evaluation of pleural fluid, removal of
pleural fluid for symptomatic relief, and instillation of sclerosing agents in
pts with recurrent, usually malignant pleural effusions.

Il PREPARATORY WORK

Familiarity with the components of a thoracentesis tray is a prerequisite
to performing a thoracentesis successfully. Recent PA and lateral chest
radiographs with bilateral decubitus views should be obtained to document
the free-flowing nature of the pleural effusion. Loculated pleural effusions
should be localized by ultrasound or CT prior to drainage.

Il TECHNIQUE

A posterior approach is the preferred means of accessing pleural fluid.
Comfortable positioning is a key to success for both pt and physician. The
pt should sit on the edge of the bed, leaning forward with the arms abducted
onto a pillow on a bedside stand. Pts undergoing thoracentesis frequently
have severe dyspnea, and it is important to assess if they can maintain this
positioning for at least 10 min. The entry site for the thoracentesis is based
on the physical exam and radiographic findings. Percussion of dullness is
utilized to ascertain the extent of the pleural effusion with the site of entry
being the first or second highest interspace in this area. The entry site for
the thoracentesis is at the superior aspect of the rib, thus avoiding the inter-
costal nerve, artery, and vein, which run along the inferior aspect of the rib
(Fig. 4-1).

The site of entry should be marked with a pen to guide the thoracentesis.
The skin is then prepped and draped in a sterile fashion with the operator
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FIGURE 4-1 In thoracentesis, the needle is passed over the top of the rib to avoid
the neurovascular bundle. (From LG Gomella, SA Haist: Clinician’s Pocket Reference,
11th ed. New York, McGraw-Hill, 2007.)
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observing sterile technique at all times. A small-gauge needle is used to
anesthetize the skin, and a larger-gauge needle is used to anesthetize down
to the superior aspect of the rib. The needle should then be directed over
the upper margin of the rib to anesthetize down to the parietal pleura.
The pleural space should be entered with the anesthetizing needle, all the
while using liberal amounts of lidocaine.

A dedicated thoracentesis needle with an attached syringe should next
be utilized to penetrate the skin. This needle should be advanced to the
superior aspect of the rib. While maintaining gentle negative pressure, the
needle should be slowly advanced into the pleural space. If a diagnostic
tap is being performed, aspiration of only 30-50 mL of fluid is necessary
before termination of the procedure. If a therapeutic thoracentesis is being
performed, a three-way stopcock is utilized to direct the aspirated pleural
fluid into collection bottles or bags. No more than 1 L of pleural fluid
should be withdrawn at any given time, as quantities >1-1.5 L can result in
re-expansion pulmonary edema.

After all specimens have been collected, the thoracentesis needle should
be withdrawn and the needle site occluded for at least 1 min.

Il SPECIMEN COLLECTION

The diagnostic evaluation of pleural fluid depends on the clinical situa-
tion. All pleural fluid samples should be sent for cell count and differen-
tial, Gram stain, and bacterial cultures. LDH and protein determinations
should also be made to differentiate between exudative and transudative
pleural effusions. The pH should be determined if empyema is a diagnostic
consideration. Other studies on pleural fluid include mycobacterial
and fungal cultures, glucose, triglyceride level, amylase, and cytologic
determination.

Il POSTPROCEDURE

A postprocedural chest radiograph should be obtained to evaluate for a
pneumothorax, and the pt should be instructed to notify the physician if
new shortness of breath develops.

LUMBAR PUNCTURE

Evaluation of CSF is essential for the diagnosis of suspected meningeal
infection, subarachnoid hemorrhage, leptomeningeal neoplastic disease,
and noninfectious meningitis. Relative contraindications to LP include local
skin infection in the lumbar area, suspected spinal cord mass lesion, and a
suspected intracranial mass lesion. Any bleeding diathesis should also be
corrected prior to performing LP to prevent the possible occurrence of an
epidural hematoma. A functional platelet count >50,000/uL and an INR
<1.5 are advisable to perform LP safely.

Il PREPARATORY WORK

Familiarity with the components of a lumbar puncture tray is a prerequisite
to performing LP successfully. In pts with focal neurologic deficits or with
evidence of papilledema on physical exam, a CT scan of the head should be
obtained prior to performing LP.
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Il TECHNIQUE

Proper positioning of the pt is important to ensure a successful LP. Two dif-
ferent pt positions can be used: the lateral decubitus position and the sitting
position. Most routine LPs should be performed using the lateral decubitus
position (Fig. 4-2). The sitting position may be preferable in obese pts.
With either position, the pt should be instructed to flex the spine as much
as possible. In the lateral decubitus position, the pt is instructed to assume
the fetal position with the knees flexed toward the abdomen. In the sitting
position, the pt should bend over a bedside table with the head resting on
folded arms.

The entry site for an LP is below the level of the conus medullaris, which
extends to L1-L2 in most adults. Thus, either the L3-L4 or L4-L5 interspace
can be utilized as the entry site. The posterior superior iliac crest should
be identified and the spine palpated at this level. This represents the L3-L4
interspace, with the other interspaces referenced from this landmark. The
midpoint of the interspace between the spinous processes represents the
entry point for the thoracentesis needle. This entry site should be marked
with a pen to guide the LP. The skin is then prepped and draped in a ster-
ile fashion with the operator observing sterile technique at all times. A
small-gauge needle is then used to anesthetize the skin and subcutaneous
tissue. The spinal needle should be introduced perpendicular to the skin in
the midline and should be advanced slowly. The needle stylette should be
withdrawn frequently as the spinal needle is advanced. As the needle enters
the subarachnoid space, a “popping” sensation can sometimes be felt. If
bone is encountered, the needle should be withdrawn to just below the skin
and then redirected more caudally. Once CSF begins to flow, the opening
pressure can be measured. This should be measured in the lateral decubitus
position with the pt shifted to this position if the procedure was begun with
the pt in the sitting position. After the opening pressure is measured, the
CSF should be collected in a series of specimen tubes for various tests. At a
minimum, a total of 10-15 mL of CSF should be collected in the different
specimen tubes.

Once the required spinal fluid is collected, the stylette should be replaced
and the spinal needle removed.

Level of the iliac crests
|

FIGURE 4-2 Proper positioning of a pt in the lateral decubitus position. Note that
the shoulders and hips are in a vertical plane; the torso is perpendicular to the bed.
[From RP Simon et al (eds): Clinical Neurology, 7th ed. New York, McGraw-Hill, 2009.]
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Il SPECIMEN COLLECTION

Diagnostic evaluation of CSF is based on the clinical scenario. In general,
spinal fluid should always be sent for cell count with differential, protein,
glucose, and bacterial cultures. Other specialized studies that can be
obtained on CSF include viral cultures, fungal and mycobacterial cultures,
VDRL, cryptococcal antigen, oligoclonal bands, and cytology.

Il POSTPROCEDURE

To reduce the chance of a post-LP headache, the pt should be instructed
to lie prone for at least 3 h. If a headache does develop, bedrest, hydration,
and oral analgesics are often helpful. If an intractable post-LP headache
ensues, the pt may have a persistent CSF leak. In this case, consultation
with an anesthesiologist should be considered for the placement of a
blood patch.

PARACENTESIS

Removal and analysis of peritoneal fluid is invaluable in evaluating pts with
new-onset ascites or ascites of unknown etiology. It is also requisite in pts
with known ascites who have a decompensation in their clinical status.
Relative contraindications include bleeding diathesis, prior abdominal sur-
gery, distended bowel, or known loculated ascites.

Il PREPARATORY WORK

Prior to performing a paracentesis, any severe bleeding diathesis should be
corrected. Bowel distention should also be relieved by placement of a naso-
gastric tube, and the bladder should also be emptied before beginning the
procedure. If a large-volume paracentesis is being performed, large vacuum
bottles with the appropriate connecting tubing should be obtained.

Il TECHNIQUE

Proper pt positioning greatly improves the ease with which a paracentesis
can be performed. The pt should be instructed to lie supine with the head
of the bed elevated to 45°. This position should be maintained for ~15
min to allow ascitic fluid to accumulate in the dependent portion of the
abdomen.

The preferred entry site for paracentesis is a midline puncture halfway
between the pubic symphysis and the umbilicus; this correlates with
the location of the relatively avascular linea alba. The midline puncture
should be avoided if there is a previous midline surgical scar, as neovascu-
larization may have occurred. Alternative sites of entry include the lower
quadrants, lateral to the rectus abdominis, but caution should be used
to avoid collateral blood vessels that may have formed in pts with portal
hypertension.

The skin is prepped and draped in a sterile fashion. The skin, the sub-
cutaneous tissue, and the abdominal wall down to the peritoneum should
be infiltrated with an anesthetic agent. The paracentesis needle with an
attached syringe is then introduced in the midline perpendicular to the
skin. To prevent leaking of ascitic fluid, “Z-tracking” can sometimes be
helpful: after penetrating the skin, the needle is inserted 1-2 cm before
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advancing further. The needle is then advanced slowly while continuous
aspiration is performed. As the peritoneum is pierced, the needle will “give”
noticeably. Fluid should flow freely into the syringe soon thereafter. For a
diagnostic paracentesis, removal of 50 mL of ascitic fluid is adequate. For
a large-volume paracentesis, direct drainage into large vacuum containers
using connecting tubing is a commonly utilized option.

After all samples have been collected, the paracentesis needle should be
removed and firm pressure applied to the puncture site.

Il SPECIMEN COLLECTION

Peritoneal fluid should be sent for cell count with differential, Gram stain,
and bacterial cultures. Albumin measurement of ascitic fluid is also neces-
sary for calculating the serum-ascitic albumin gradient. Depending on the
clinical scenario, other studies that can be obtained include mycobacterial
cultures, amylase, adenosine deaminase, triglycerides, and cytology.

Il POSTPROCEDURE

The pt should be monitored carefully after paracentesis and should be
instructed to lie supine in bed for several hours. If persistent fluid leakage
occurs, continued bedrest with pressure dressings at the puncture site can
be helpful. For pts with hepatic dysfunction undergoing large-volume
paracentesis, the sudden reduction in intravascular volume can precipi-
tate hepatorenal syndrome. Administration of 25 g IV albumin following
large-volume paracentesis has been shown to decrease the incidence of
postprocedure renal failure. Finally, if the ascites fluid analysis shows
evidence of spontaneous bacterial peritonitis, then antibiotics (directed
toward gram-negative gut bacteria) and IV albumin should be adminis-
tered as soon as possible.

For a more detailed discussion, see Robbins E, Hauser SL:
Technique of Lumbar Puncture, Chap. e46, and the Clinical
Procedure Tutorial videos in Chaps. e54—e57 in HPIM-18.

CHAPTER 9
Principles of Critical Care Medicine

Il INITIAL EVALUATION OF THE CRITICALLY ILL PATIENT

Initial care of critically ill pts must often be performed rapidly and before a
thorough medical history has been obtained. Physiologic stabilization begins
with the principles of advanced cardiovascular life support and frequently
involves invasive techniques such as mechanical ventilation and renal replace-
ment therapy to support organ systems that are failing. A variety of severity-of-
illness scoring systems, such as APACHE (acute physiology and chronic health
evaluation), have been developed. Although these tools are useful for ensuring
similarity among groups of pts involved in clinical trials or in quality assurance
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monitoring, their relevance to individual pts is less clear. These scoring systems
are not typically used to guide clinical management.

Il SHOCK

Shock, which is characterized by multisystem end-organ hypoperfusion and
tissue hypoxia, is a frequent problem requiring ICU admission. A variety of
clinical indicators of shock exist, including reduced mean arterial pressure,
tachycardia, tachypnea, cool extremities, altered mental status, oliguria, and
lactic acidosis. Although hypotension is usually observed in shock, there is
not a specific blood pressure threshold that is used to define it. Shock can
result from decreased cardiac output, decreased systemic vascular resis-
tance, or both. The three main categories of shock are hypovolemic, car-
diogenic, and high cardiac output/low systemic vascular resistance. Clinical
evaluation can be useful to assess the adequacy of cardiac output, with nar-
row pulse pressure, cool extremities, and delayed capillary refill suggestive
of reduced cardiac output. Indicators of high cardiac output (e.g., widened
pulse pressure, warm extremities, and rapid capillary refill) associated with
shock suggest reduced systemic vascular resistance. Reduced cardiac output
can be due to intravascular volume depletion (e.g., hemorrhage) or cardiac
dysfunction. Intravascular volume depletion can be assessed through the
jugular venous pressure, changes in right atrial pressure with spontaneous
respirations, or changes in pulse pressure during positive pressure mechani-
cal ventilation. Reduced systemic vascular resistance is often caused by
sepsis, but high cardiac output hypotension is also seen in pancreatitis, liver
failure, burns, anaphylaxis, peripheral arteriovenous shunts, and thyro-
toxicosis. Early resuscitation of septic and cardiogenic shock may improve
survival; objective assessments such as echocardiography and/or invasive
vascular monitoring should be used to complement clinical evaluation and
minimize end-organ damage. The approach to the pt in shock is outlined
in Fig. 5-1.

Il MECHANICAL VENTILATORY SUPPORT

Critically ill pts often require mechanical ventilation. During initial
resuscitation, standard principles of advanced cardiovascular life sup-
port should be followed. Mechanical ventilation should be considered for
acute hypoxemic respiratory failure, which may occur with cardiogenic
shock, pulmonary edema (cardiogenic or noncardiogenic), or pneumonia.
Mechanical ventilation should also be considered for treatment of ventila-
tory failure, which can result from an increased load on the respiratory
system—often manifested by lactic acidosis or decreased lung compli-
ance. Mechanical ventilation may decrease respiratory work, improve
arterial oxygenation with improved tissue O, delivery, and reduce acido-
sis. Reduction in mean arterial pressure after institution of mechanical
ventilation commonly occurs due to reduced venous return from positive
pressure ventilation, reduced endogenous catecholamine secretion, and
administration of drugs used to facilitate intubation. Since hypovolemia
often contributes to postintubation hypotension, IV volume administra-
tion should be considered. The major types of respiratory failure are
discussed in Chap. 16.
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FIGURE 5-1 Approach to pt in shock. EGDT, early goal directed therapy; JVP, jugular
venous pulse.

TREATMENT  The Mechanically Ventilated Patient

Many pts receiving mechanical ventilation require treatment for pain
(typically with opiates) and for anxiety (typically with benzodiazepines,
which also have the benefit of providing amnesia). Less commonly,
neuromuscular blocking agents are required to facilitate ventilation
when there is extreme dyssynchrony between the pt’s respiratory efforts
and the ventilator that cannot be corrected with manipulation of the
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ventilator settings; aggressive sedation is required during treatment
with neuromuscular blockers. Neuromuscular blocking agents should
be used with caution because a myopathy associated with prolonged
weakness can result.

Weaning from mechanical ventilation should be considered when
the disease process prompting intubation has improved. Daily screen-
ing of intubated pts for weaning potential should be performed. Stable
oxygenation (at low PEEP levels), intact cough and airway reflexes, and
lack of requirement for vasopressor agents are required before consider-
ing a trial of weaning from mechanical ventilation. The most effective
approach for weaning is usually a spontaneous breathing trial, which
involves 30-120 min of breathing without significant ventilatory sup-
port. Either an open T-piece breathing system or minimal amounts
of ventilatory support (pressure support to overcome resistance of the
endotracheal tube and/or low levels of CPAP) can be used. Failure of a
spontaneous breathing trial has occurred if tachypnea (respiratory rate
>35 breaths/min for >5 min), hypoxemia (O, saturation <90%), tachy-
cardia (>140 beats/min or 20% increase from baseline), bradycardia
(20% reduction from baseline), hypotension (<90 mmHg), hyperten-
sion (>180 mmHg), increased anxiety, or diaphoresis develop. At the
end of the spontaneous breathing trial, the rapid shallow breathing index
(RSBI or f/VT), which is calculated as respiratory rate in breaths/min
divided by tidal volume in liters, can be used to predict weanability.
A f/VT <105 at the end of the spontaneous breathing test warrants a trial
of extubation. Daily interruption of sedative infusions in conjunction
with spontaneous breathing trials can limit excessive sedation and
shorten the duration of mechanical ventilation. Despite careful weaning
protocols, up to 10% of pts develop respiratory distress after extubation
and may require reintubation.

Il MULTIORGAN SYSTEM FAILURE

Multiorgan system failure is a syndrome defined by the simultaneous
dysfunction or failure of two or more organs in pts with critical illness.
Multiorgan system failure is a common consequence of systemic inflam-
matory conditions (e.g., sepsis, pancreatitis, and trauma). To meet the
criteria for multiorgan system failure, organ failure must persist for >24 h.
Prognosis worsens with increased duration of organ failure and increased
number of organ systems involved.

Il MONITORING IN THE ICU

With critical illness, close and often continuous monitoring of multiple
organ systems is required. In addition to pulse oximetry, frequent arte-
rial blood gas analysis can reveal evolving acid-base disturbances and
assess the adequacy of ventilation. Intra-arterial pressure monitoring is
frequently performed to follow blood pressure and to provide arterial blood
gases and other blood samples. Pulmonary artery (Swan-Ganz) catheters
can provide pulmonary artery pressure, cardiac output, systemic vascular
resistance, and oxygen delivery measurements. However, no morbidity or
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mortality benefit from pulmonary artery catheter use has been demon-
strated, and rare but significant complications from placement of central
venous access (e.g., pneumothorax, infection) or the pulmonary artery
catheter (e.g., cardiac arrhythmias, pulmonary artery rupture) can result.
Thus, routine pulmonary artery catheterization in critically ill pts is not
recommended.

For intubated pts receiving volume-controlled modes of mechanical
ventilation, respiratory mechanics can be followed easily. The peak air-
way pressure is regularly measured by mechanical ventilators, and the
plateau pressure can be assessed by including an end-inspiratory pause.
The inspiratory airway resistance is calculated as the difference between
the peak and plateau airway pressures (with adjustment for flow rate).
Increased airway resistance can result from bronchospasm, respiratory
secretions, or a kinked endotracheal tube. Static compliance of the respi-
ratory system is calculated as the tidal volume divided by the gradient
in airway pressure (plateau pressure minus PEEP). Reduced respiratory
system compliance can result from pleural effusions, pneumothorax,
pneumonia, pulmonary edema, or auto-PEEP (elevated end-expiratory
pressure related to insufficient time for alveolar emptying before the next
inspiration).

Il PREVENTION OF CRITICAL ILLNESS COMPLICATIONS

Critically ill pts are prone to a number of complications, including the
following:

o Sepsis—Often related to the invasive monitoring performed of critically
ill pts.

e Anemia—Usually due to chronic inflammation as well as iatrogenic
blood loss. A conservative approach to providing blood transfusions is
recommended unless pts have active hemorrhage.

e Deep-vein thrombosis—May occur despite standard prophylaxis with
SC heparin or lower extremity sequential compression devices and may
occur at the site of central venous catheters. Low-molecular-weight
heparins (e.g., enoxaparin) are more effective for high-risk pts than is
unfractionated heparin.

e GI bleeding—Stress ulcers of the gastric mucosa frequently develop in
pts with bleeding diatheses, shock, or respiratory failure, necessitating
prophylactic acid neutralization in such pts.

e Acute renal failure—A frequent occurrence in ICU pts, exacerbated by
nephrotoxic medications and hypoperfusion. The most common etiol-
ogy is acute tubular necrosis. Low-dose dopamine treatment does not
protect against the development of acute renal failure.

e Inadequate nutrition and hyperglycemia—Enteral feeding, when pos-
sible, is preferred over parenteral nutrition, since the parenteral route
is associated with multiple complications including hyperglycemia,
cholestasis, and sepsis. The utility of tight glucose control in the ICU is
controversial.

e JCU-acquired weakness—Neuropathies and myopathies have been
described—typically after at least one week of ICU care. These complica-
tions are especially common in sepsis.



40 SECTION 1 Care of the Hospitalized Patient

Il NEUROLOGIC DYSFUNCTION IN CRITICALLY ILL PATIENTS

A variety of neurologic problems can develop in critically ill pts. Most ICU pts
develop delirium, which is characterized by acute changes in mental status,
inattention, disorganized thinking, and an altered level of consciousness. Use
of dexmedetomidine was associated with less ICU delirium than midazolam,
one of the conventional sedatives. Less common but important neurologic
complications include anoxic brain injury, stroke, and status epilepticus.

Il LIMITATION OR WITHDRAWAL OF CARE

Withholding or withdrawing care commonly occurs in the ICU. Technological
advances have allowed many pts to be maintained in the ICU with little
or no chance of recovery. Increasingly, pts, families, and caregivers have
acknowledged the ethical validity to withhold or withdraw care when the
pt or surrogate decision-maker determines that the pt’s goals for care are no
longer achievable with the clinical situation.

For a more detailed discussion, see Kress JP, Hall JB:
Approach to the Patient With Critical lliness, Chap. 267,
p. 2196, in HPIM-18.

CHAPTER 6
Pain and Its Management

APPROACH TO THE Pai
PATIENT ain

Pain is the most common symptom that brings a pt to a physician’s
attention. Management depends on determining its cause, alleviating
triggering and potentiating factors, and providing rapid relief whenever
possible. Pain may be of somatic (skin, joints, muscles), visceral, or neu-
ropathic (injury to nerves, spinal cord pathways, or thalamus) origin.
Characteristics of each are summarized in Table 6-1.

NEUROPATHIC PAIN Definitions: neuralgia: pain in the distribution
of a single nerve, as in trigeminal neuralgia; dysesthesia: spontaneous,
unpleasant, abnormal sensations; hyperalgesia and hyperesthesia: exagger-
ated responses to nociceptive or touch stimulus, respectively; allodynia:
perception of light mechanical stimuli as painful, as when vibration
evokes painful sensation. Reduced pain perception is called hypalgesia or,
when absent, analgesia. Causalgia is continuous severe burning pain with
indistinct boundaries and accompanying sympathetic nervous system
dysfunction (sweating; vascular, skin, and hair changes—sympathetic
dystrophy) that occurs after injury to a peripheral nerve.

Sensitization refers to a lowered threshold for activating primary noci-
ceptors following repeated stimulation in damaged or inflamed tissues;



Pain and Its Management (W, 1AV 130 41

TABLE 6-1 CHARACTERISTICS OF SOMATIC AND NEUROPATHIC PAIN

Somatic pain
Nociceptive stimulus usually evident
Usually well localized
Similar to other somatic pains in pt's experience
Relieved by anti-inflammatory or narcotic analgesics
Visceral pain
Most commonly activated by inflammation
Pain poorly localized and usually referred
Associated with diffuse discomfort, e.g., nausea, bloating
Relieved by narcotic analgesics
Neuropathic pain
No obvious nociceptive stimulus
Associated evidence of nerve damage, e.g., sensory impairment, weakness
Unusual, dissimilar from somatic pain, often shooting or electrical quality

Only partially relieved by narcotic analgesics, may respond to antidepressants
or anticonvulsants

inflammatory mediators play a role. Sensitization contributes to tender-
ness, soreness, and hyperalgesia (as in sunburn).

Referred pain results from the convergence of sensory inputs from
skin and viscera on single spinal neurons that transmit pain signals to
the brain. Because of this convergence, input from deep structures is
mislocalized to a region of skin innervated by the same spinal segment.

CHRONIC PAIN The problem is often difficult to diagnose, and pts may
appear emotionally distraught. Several factors can cause, perpetuate,
or exacerbate chronic pain: (1) painful disease for which there is no
cure (e.g., arthritis, cancer, migraine headaches, diabetic neuropathy);
(2) neural factors initiated by a bodily disease that persist after the
disease has resolved (e.g., damaged sensory or sympathetic nerves);
(3) psychological conditions. Pay special attention to the medical history
and to depression. Major depression is common, treatable, and poten-
tially fatal (suicide).

Il PATHOPHYSIOLOGY: ORGANIZATION OF PAIN PATHWAYS

Pain-producing (nociceptive) sensory stimuli in skin and viscera activate
peripheral nerve endings of primary afferent neurons, which synapse on
second-order neurons in spinal cord or medulla (Fig. 6-1). These second-
order neurons form crossed ascending pathways that reach the thalamus
and are projected to the somatosensory cortex. Parallel ascending neurons
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FIGURE 6-1 Pain transmission and modulatory pathways. A. Transmission system
for nociceptive messages. Noxious stimuli activate the sensitive peripheral ending of
the primary afferent nociceptor by the process of transduction. The message is then
transmitted over the peripheral nerve to the spinal cord, where it synapses with cells
of origin of the major ascending pain pathway, the spinothalamic tract. The mes-

sage is relayed in the thalamus to the anterior cingulate (C), frontal insular (F), and

somatosensory cortex (SS). B. Pain-modulation network. Inputs from frontal cortex

and hypothalamus activate cells in the midbrain that control spinal pain-transmission
cells via cells in the medulla.

connect with brainstem nuclei and ventrocaudal and medial thalamic
nuclei. These parallel pathways project to the limbic system and underlie
the emotional aspect of pain. Pain transmission is regulated at the dorsal
horn level by descending bulbospinal pathways that contain serotonin,
norepinephrine, and several neuropeptides.
Agents that modify pain perception may act by reducing tissue inflam-
mation (NSAIDs, prostaglandin synthesis inhibitors), interfering with pain
transmission (narcotics), or enhancing descending modulation (narcotics
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and antidepressants). Anticonvulsants (gabapentin, carbamazepine) may be
effective for aberrant pain sensations arising from peripheral nerve injury.

TREATMENT  Pain (Table 6-2)

ACUTE SOMATIC PAIN

Moderate pain: usually treated effectively with nonnarcotic analgesics,
e.g., aspirin, acetaminophen, and NSAIDs, which inhibit cyclooxyge-
nase (COX) and, except for acetaminophen, have anti-inflammatory
actions, especially at high dosages. Particularly effective for headache
and musculoskeletal pain.

Parenteral ketorolac is sufficiently potent and rapid in onset to sup-
plant opioids for many pts with acute severe pain.

Narcotic analgesics in oral or parenteral form can be used for more
severe pain. These are the most effective drugs available; the opioid
antagonist naloxone should be readily available when narcotics are
used in high doses or in unstable pts.

Pt-controlled analgesia (PCA) permits infusion of a baseline dose
plus self-administered boluses (activated by press of a button) as
needed to control pain.

CHRONIC PAIN

Develop an explicit treatment plan including specific and realistic
goals for therapy, e.g., getting a good night’s sleep, being able to go
shopping, or returning to work.

A multidisciplinary approach that utilizes medications, counseling,
physical therapy, nerve blocks, and even surgery may be required to
improve quality of life.

Psychological evaluation is key; behaviorally based treatment para-
digms are frequently helpful.

Some pts may require referral to a pain clinic; for others, pharmaco-
logic management alone can provide significant help.

Tricyclic antidepressants are useful in management of chronic pain
from many causes, including headache, diabetic neuropathy, posther-
petic neuralgia, chronic low back pain, and central post-stroke pain.
Anticonvulsants or antiarrhythmics benefit pts with neuropathic pain
and little or no evidence of sympathetic dysfunction (e.g., diabetic
neuropathy, trigeminal neuralgia).

The long-term use of opioids is accepted for pain due to malignant
disease, but is controversial for chronic pain of nonmalignant origin.
When other approaches fail, long-acting opioid compounds such as
levorphanol, methadone, sustained-release morphine, or transdermal
fentanyl may be considered for these pts.

For a more detailed discussion, see Rathmell HP, Fields HL:
Pain: Pathophysiology and Management, Chap. 11, p. 93,
in HPIM-18.
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TABLE 6-2 DRUGS FOR RELIEF OF PAIN

Generic Name Dose, mg Interval Comments
Nonnarcotic analgesics: usual doses and intervals
Acetylsalicylic acid 650 PO q4h Enteric-coated preparations available
Acetaminophen 650 PO q4h Side effects uncommon
Ibuprofen 400 PO q4-6h Available without prescription
Naproxen 250-500 PO g12h Delayed effects may be due to long half-life
Fenoprofen 200 PO q4-6h Contraindicated in renal disease
Indomethacin 25-50 PO qs8h Gastrointestinal side effects common
Ketorolac 15-60 IM/IV g4—-6h Available for parenteral use
Celecoxib 100-200 PO q12-24h Useful for arthritis
Valdecoxib 10-20 PO q12-24h Removed from U.S. market in 2005
Parenteral
Generic Name Dose, mg PO Dose, mg Comments
Narcotic analgesics: usual doses and intervals
Codeine 30-60 q4h 30-60 g4h Nausea common
Oxycodone — 5-10 g4-6h Usually available with acetaminophen or aspirin
Morphine 5 q4h 30 g4h
Morphine sustained release — 15-60 bid to tid  Oral slow-release preparation
Hydromorphone 1-2 g4h 2-4 q4h Shorter acting than morphine sulfate
Levorphanol 2 q6-8h 4 6-8h Longer acting than morphine sulfate; absorbed well PO
Methadone 5-10 g6-8h  5-20 g6-8h Delayed sedation due to long half-life; therapy should not be initiated with >40 mg/

day and dose escalation should be made no more frequently than every 3 days



Meperidine 50-100 300 g4h Poorly absorbed PO; normeperidine a toxic metabolite; routine use of this agent is

q3-4h not recommended

Butorphanol — 1-2 gq4h Intranasal spray
Fentanyl 25-100 yg/h — 72-h transdermal patch
Tramadol — 50-100 g4-6h Mixed opioid/adrenergic action

__ Uptake Blockade  ggqative Anticholinergic Orthostatic Cardiac Ave. Dose, Range,
Generic Name 5-HT NE Potency Potency Hypotension Arrhythmia mg/d mg/d
Antidepressants?
Doxepin ++ + High Moderate Moderate Less 200 75-400
Amitriptyline ++++ ++ High Highest Moderate Yes 150 25-300
Imipramine ++++ ++ Moderate Moderate High Yes 200 75-400
Nortriptyline +++ ++ Moderate Moderate Low Yes 100 40-150
Desipramine +++ ++++ Low Low Low Yes 150 50-300
Venlafaxine +++ ++ Low None None No 150 75-400
Duloxetine +++ +++ Low None None No 40 30-60
Generic Name PO Dose, mg Interval Generic Name PO Dose, mg Interval
Anticonvulsants and antiarrhythmics?
Phenytoin 300 Daily/ghs Clonazepam 1 q6h
Carbamazepine 200-300 géh Gabapentin® 600-1200 qs8h
Oxcarbazepine 300 bid Pregabalin 150-600 bid

2Antidepressants, anticonvulsants, and antiarrhythmics have not been approved by the U.S. Food and Drug Administration (FDA) for the treatment of pain.
» “Gabapentin in doses up to 1800 mg/d is FDA approved for postherpetic neuralgia.
O Abbreviations: 5-HT, serotonin; NE, norepinephrine.
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CHAPTER 7
Assessment of Nutritional Status

Stability of body weight requires that energy intake and expenditures are
balanced over time. The major categories of energy output are resting
energy expenditure (REE) and physical activity; minor sources include the
energy cost of metabolizing food (thermic effect of food or specific dynamic
action) and shivering thermogenesis. The average energy intake is about
2800 kcal/d for men and about 1800 kcal/d for women, though these esti-
mates vary with age, body size, and activity level. Basal energy expenditure
(BEE), measured in kcal/d, may be estimated by the Harris and Benedict
formula (Fig. 7-1).

Dietary reference intakes (DRI) and recommended dietary allow-
ances (RDA) have been defined for many nutrients, including 9 essential
amino acids, 4 fat-soluble and 10 water-soluble vitamins, several minerals,
fatty acids, choline, and water (Tables 73-1 and 73-2, pp. 590 and 591,
in HPIM-18). The usual water requirements are 1.0-1.5 mL/kcal energy
expenditure in adults, with adjustments for excessive losses. The RDA for
protein is 0.6 g/kg ideal body weight, representing 15% of total caloric
intake. Fat should constitute <30% of calories, and saturated fat should
be <10% of calories. At least 55% of calories should be derived from
carbohydrates.

Il MALNUTRITION

Malnutrition results from inadequate intake or abnormal gastrointestinal
assimilation of dietary calories, excessive energy expenditure, or altered
metabolism of energy supplies by an intrinsic disease process.

Calculate BEE
* BEE (men) = 66.47 + (13.75 x W) + (5.00 x H) — (6.76 x A) kcal/d
¢ BEE (women) = 655.10 + (9.56 x W) + (1.85 x H) — (4.68 x A) kcal/d

Account for the stress of illness
* BEE x 1.1 for patients without significant physiologic stress
* BEE x 1.4 for patients with marked stress, such as sepsis or trauma

v

24-hour energy goal for feeding

FIGURE 7-1 Basal energy expenditure (BEE) calculation in kcal/d, estimated by the
Harris and Benedict formula. A, age in years; H, height in cm; W, Weight in kg.
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Both outpatients and inpatients are at risk for malnutrition if they meet
one or more of the following criteria:
e Unintentional loss of >10% of usual body weight in the preceding
3 months
o Body weight <90% of ideal for height (Table 7-1)
e Body mass index (BMI: weight/height? in kg/m?) <18.5

Two forms of severe malnutrition can be seen: marasmus, which refers
to generalized starvation that occurs in the setting of chronically decreased
energy intake, and kwashiorkor, which refers to selective protein malnutri-
tion due to decreased protein intake and catabolism in the setting of acute,
life-threatening illnesses or chronic inflammatory disorders. Aggressive

TABLE 7-1 IDEAL WEIGHT FOR HEIGHT

Height? Weight? Height Weight Height Weight Height Weight
145 51.9 166 64.0 140 44.9 161 56.9
146 52.4 167 64.6 141 45.4 162 57.6
147 52.9 168 65.2 142 45.9 163 58.3
148 53.5 169 65.9 143 46.4 164 58.9
149 54.0 170 66.6 144 47.0 165 59.5
150 54.5 171 67.3 145 47.5 166 60.1
151 55.0 172 68.0 146 48.0 167 60.7
152 55.6 173 68.7 147 48.6 168 61.4
153 56.1 174 69.4 148 49.2 169 62.1
154 56.6 175 701 149 49.8
155 57.2 176 70.8 150 50.4
156 57.9 177 71.6 151 51.0
157 58.6 178 72.4 152 51.5
158 59.3 179 73.3 153 52.0
159 59.9 180 74.2 154 52.5
160 60.5 181 75.0 155 53.1
161 61.1 182 75.8 156 53.7
162 61.7 183 76.5 157 54.3
163 62.3 184 77.3 158 54.9
164 62.9 185 781 159 55.5
165 63.5 186 78.9 160 56.2

A/alues are expressed in cm for height and kg for weight. To obtain height in inches, divide by
2.54. To obtain weight in pounds, multiply by 2.2.

Source: Adapted from GL Blackburn et al.: Nutritional and metabolic assessment of the hospi-
talized patient. J Parenter Enteral Nutr 1:11, 1977; with permission.
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nutritional support is indicated in kwashiorkor to prevent infectious com-
plications and poor wound healing.

Etiology

The major etiologies of malnutrition are starvation, stress from surgery or
severe illness, and mixed mechanisms. Starvation results from decreased
dietary intake (from poverty, chronic alcoholism, anorexia nervosa, fad
diets, severe depression, neurodegenerative disorders, dementia, or strict
vegetarianism; abdominal pain from intestinal ischemia or pancreatitis; or
anorexia associated with AIDS, disseminated cancer, heart failure, or renal
failure) or decreased assimilation of the diet (from pancreatic insufficiency;
short bowel syndrome; celiac disease; or esophageal, gastric, or intestinal
obstruction). Contributors to physical stress include fever, acute trauma,
major surgery, burns, acute sepsis, hyperthyroidism, and inflammation as
occurs in pancreatitis, collagen vascular diseases, and chronic infectious
diseases such as tuberculosis or AIDS opportunistic infections. Mixed
mechanisms occur in AIDS, disseminated cancer, chronic obstructive
pulmonary disease, chronic liver disease, Crohn’s disease, ulcerative colitis,
and renal failure.

Clinical Features

o General—weight loss, temporal and proximal muscle wasting, decreased
skin-fold thickness

o Skin, hair, and nails—easily plucked hair (protein); sparse hair (protein,
biotin, zinc); coiled hair, easy bruising, petechiae, and perifollicular hem-
orrhages (vit. C); “flaky paint” rash of lower extremities (zinc); hyper-
pigmentation of skin in exposed areas (niacin, tryptophan); spooning of
nails (iron)

e Eyes—conjunctival pallor (anemia); night blindness, dryness, and Bitot
spots (vit. A); ophthalmoplegia (thiamine)

o Mouth and mucous membranes—glossitis and/or cheilosis (riboflavin,
niacin, vit. B, pyridoxine, folate), diminished taste (zinc), inflamed and
bleeding gums (vit. C)

e Neurologic—disorientation (niacin, phosphorus); confabulation, cerebel-
lar gait, or past pointing (thiamine); peripheral neuropathy (thiamine,
pyridoxine, vit. E); lost vibratory and position sense (vit. B ,)

e Other—edema (protein, thiamine), heart failure (thiamine, phosphorus),
hepatomegaly (protein)

Laboratory findings in protein malnutrition include a low serum albumin,
low total iron-binding capacity, and anergy to skin testing. Specific vitamin
deficiencies also may be present.

For a more detailed discussion, see Dwyer J: Nutritional
Requirements and Dietary Assessment, Chap. 73, p. 588;
Russell RM and Suter PM: Vitamin and Trace Mineral
Deficiency and Excess, Chap. 74, p. 594; and Heimberger DC:
Malnutrition and Nutritional Assessment, Chap. 75, p. 605 in
HPIM-18.
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CHAPTER 8
Enteral and Parenteral Nutrition

Nutritional support should be initiated in pts with malnutrition or in those
at risk for malnutrition (e.g., conditions that preclude adequate oral feeding
or pts in catabolic states, such as sepsis, burns, or trauma). An approach for
deciding when to use various types of specialized nutrition support (SNS)
is summarized in Fig. 8-1.

ALGORITHM FOR IMPLEMENTATION OF SNS

| Is disease process likely to cause nutritional impairment? |

Does the patient have

PCM or is at risk for PCM? |

Would preventing or treating the malnutrition with
SNS improve the prognosis and quality of life?

What are the fluid, energy, mineral,
and vitamin requirements and can
these be provided enterally?

Risks and discomfort of SNS

outweigh potential benefits.
Explain issue to patient or
legal surrogate. Support patient
with general comfort measures
including oral food and liquid
supplements if desired.

through oral foods and
liquid supplements?

Can requirements be met

Does the patient require
total parenteral nutrition?

Request CVC, PICC
or peripheral catheter
plus enteral nutrition

Request
CVC or PICC

Nasally
inserted tube

Percutaneously
inserted tube

Keep under Request feeding tube Need for Need for
surveillance several months
with frequent weeks or years
calorie counts
and clinical * *
assessment Subclavian Tunneled
/ catheter or external catheter
Needed for Needed for PIcC or subcutaneous
several weeks months or years infusion port

FIGURE 8-1 Decision-making for the implementation of specialized nutrition support
(SNS). CVC, central venous catheter; PCM, protein-calorie malnutrition; PICC,
peripherally inserted central catheter. (Adapted from chapter in Harrison’s Principles

of Internal Medicine, 76e, by

Lyn Howard, MD.)
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Enteral therapy refers to feeding via the gut, using oral supplements or
infusion of formulas via various feeding tubes (nasogastric, nasoduodenal,
gastrostomy, jejunostomy, or combined gastrojejunostomy). Parenteral ther-
apy refers to the infusion of nutrient solutions into the bloodstream via a
peripherally inserted central catheter (PICC), a centrally inserted external-
ized catheter, or a centrally inserted tunneled catheter or subcutaneous port.
When feasible, enteral nutrition is the preferred route because it sustains
the digestive, absorptive, and immunologic functions of the GI tract, and
because it minimizes the risk of fluid and electrolyte imbalance. Parenteral
nutrition is often indicated in severe pancreatitis, necrotizing enterocolitis,
prolonged ileus, and distal bowel obstruction.

Il ENTERAL NUTRITION
The components of a standard enteral formula are as follows:

Caloric density: 1 kcal/mL

Protein: ~14% cals; caseinates, soy, lactalbumin

Fat: ~30% cals; corn, soy, safflower oils

Carbohydrate: ~60% cals; hydrolyzed corn starch, maltodextrin, sucrose
Recommended daily intake of all minerals and vitamins in >1500 kcal/d
Osmolality (mosmol/kg): ~300

However, modification of the enteral formula may be required based on
various clinical indications and/or associated disease states. After elevation
of the head of the bed and confirmation of correct tube placement, con-
tinuous gastric infusion is initiated using a half-strength diet at a rate of
25-50 mL/h. This can be advanced to full strength as tolerated to meet the
energy target. The major risks of enteral tube feeding are aspiration, diar-
rhea, electrolyte imbalance, warfarin resistance, sinusitis, and esophagitis.

Il PARENTERAL NUTRITION

The components of parenteral nutrition include adequate fluid (30 mL/kg
body weight/24 h for adults, plus any abnormal loss); energy from glucose,
amino acids, and lipid solutions; nutrients essential in severely ill pts, such
as glutamine, nucleotides, and products of methionine metabolism; and
electrolytes, vitamins, and minerals. The risks of parenteral therapy include
mechanical complications from insertion of the infusion catheter, catheter
sepsis, fluid overload, hyperglycemia, hypophosphatemia, hypokalemia,
acid-base and electrolyte imbalance, cholestasis, metabolic bone disease,
and micronutrient deficiencies.
The following parameters should be monitored in all pts receiving
supplemental nutrition, whether enteral or parenteral:
e Fluid balance (weight, intake vs. output)
e Glucose, electrolytes, BUN (daily until stable, then 2x per week)
e Serum creatinine, albumin, phosphorus, calcium, magnesium, Hb/Hct,
WBC (baseline, then 2x per week)
e INR (baseline, then weekly)
e Micronutrient tests as indicated

Il SPECIFIC MICRONUTRIENT DEFICIENCY
Appropriate therapies for micronutrient deficiencies are outlined in Table 8-1.



Transfusion and Pheresis Therapy [H; i\ ) 51

TABLE 8-1 THERAPY FOR COMMON VITAMIN AND MINERAL DEFICIENCIES

Nutrient Therapy

Vitamin A%2¢ 60 mg PO, repeated 1 and 14 days later if ocular changes;
30 mg for ages 6-11 months

15 mg PO qd x 1 month if chronic malabsorption
Vitamin C 200 mg PO qd
Vitamin D#¢  Encourage sun exposure if possible

50,000 units PO once weekly for 4-8 weeks, then
400-800 units PO qd

Substantially higher dose may be required in chronic
malabsorption

Vitamin E? 800-1200 mg PO qd
Vitamin K2 10mg IV x 1

1-2 mg PO qd or 1-2 mg IV weekly in chronic malabsorption
Thiamine® 100 mg IV qd x 7 days, followed by 10 mg PO qd

Niacin 100-200 mg PO tid for 5 days

Pyridoxine 50 mg PO qd, 100-200 mg PO qd if deficiency related to
medication

Zincb¢ 60 mg PO bid

2Associated with fat malabsorption.

"Associated with chronic alcoholism; always replete thiamine before carbohydrates in alcoholics
to avoid precipitation of acute thiamine deficiency.

°Associated with protein-calorie malnutrition.

“Therapy must be monitored by serum calcium measurements.

For a more detailed discussion, see Russell RM and Suter
PM: Vitamin and Trace Mineral Deficiency and Excess,
Chap. 74, p. 594; and Bistrian BR and Driscoll DF: Enteral and
Parenteral Nutrition Therapy, Chap. 76, p. 612, HPIM-18.

CHAPTER 9
Transfusion and Pheresis Therapy

TRANSFUSIONS

Il WHOLE BLOOD TRANSFUSION

Indicated when acute blood loss is sufficient to produce hypovolemia,
whole blood provides both oxygen-carrying capacity and volume expan-
sion. In acute blood loss, hematocrit may not accurately reflect degree of
blood loss for 48 h until fluid shifts occur.
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Il RED BLOOD CELL TRANSFUSION

Indicated for symptomatic anemia unresponsive to specific therapy or
requiring urgent correction. Packed red blood cell (RBC) transfusions may
be indicated in pts who are symptomatic from cardiovascular or pulmonary
disease when Hb is between 70 and 90 g/L (7 and 9 g/dL). Transfusion is
usually necessary when Hb is <70 g/L (<7 g/dL). One unit of packed RBCs
raises the Hb by approximately 10 g/L (1 g/dL). In the setting of acute
hemorrhage, packed RBCs, fresh-frozen plasma (FFP), and platelets in an
approximate ratio of 3:1:10 units are an adequate replacement for whole
blood. Removal of leukocytes reduces risk of alloimmunization and trans-
mission of cytomegalovirus. Washing to remove donor plasma reduces
risk of allergic reactions. Irradiation prevents graft-versus-host disease in
immunocompromised recipients by killing alloreactive donor lymphocytes.
Avoid related donors.

Other Indications

(1) Hypertransfusion therapy to block production of defective cells, e.g.,
thalassemia, sickle cell anemia; (2) exchange transfusion—hemolytic disease
of newborn, sickle cell crisis; (3) transplant recipients—decreases rejection
of cadaveric kidney transplants.

Complications (See Table 9-1)

(1) Transfusion reaction—immediate or delayed, seen in 1-4% of transfu-
sions; IgA-deficient pts at particular risk for severe reaction; (2) infection—
bacterial (rare); hepatitis C, 1 in 1,800,000 transfusions; HIV transmission,
1 in 2,300,000; (3) circulatory overload; (4) iron overload—each unit contains
200-250 mg iron; hemochromatosis may develop after 100 U of RBCs (less
in children), in absence of blood loss; iron chelation therapy with deferox-
amine indicated; (5) graft-versus-host disease; (6) alloimmunization.

Il AUTOLOGOUS TRANSFUSION

Use of pt’s own stored blood avoids hazards of donor blood; also useful
in pts with multiple RBC antibodies. Pace of autologous donation may be
accelerated using erythropoietin (50-150 U/kg SC three times a week) in
the setting of normal iron stores.

Il RED CELL EXCHANGE

The main goal of red cell exchange transfusions is to remove sickle cells and
replace them with normal red cells to interrupt the vicious cycle of sickling,
stasis, vasoocclusion, and hypoxia that propagate sickle cell crises. The
usual target is 70% hemoglobin A.

Il PLATELET TRANSFUSION

Prophylactic transfusions usually reserved for platelet count <10,000/pL
(<20,000/uL in acute leukemia). One unit elevates the count by about
10,000/pL if no platelet antibodies are present as a result of prior transfu-
sions. Efficacy assessed by 1-h and 24-h posttransfusion platelet counts.
HLA-matched single-donor platelets may be required in pts with platelet
alloantibodies.
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TABLE 9-1 RISKS OF TRANSFUSION COMPLICATIONS

Frequency, Episodes: Unit

Reactions

Febrile (FNHTR) 1-4:100
Allergic 1-4:100
Delayed hemolytic 1:1000
TRALI 1:5000
Acute hemolytic 1:12,000
Fatal hemolytic 1:100,000
Anaphylactic 1:150,000
Infections?

Hepatitis B 1:220,000
Hepatitis C 1:1,800,000
HIV-1, HIV-2 1:2,300,000
HTLV-I, HTLV-II 1:2,993,000
Malaria 1:4,000,000
Other complications

RBC allosensitization 1:100

HLA allosensitization 1:10
Graft-versus-host disease Rare

4nfectious agents rarely associated with transfusion, theoretically possible, or of unknown

risk include West Nile virus, hepatitis A virus, parvovirus B-19, Babesia microti (babesiosis),
Borrelia burgdorferi (Lyme disease), Anaplasma phagocytophilum (human granulocytic ehrli-
chiosis), Trypanosoma cruzi (Chagas’ disease), Treponema pallidum, and human herpesvirus 8.
Abbreviations: FNHTR, febrile nonhemolytic transfusion reaction; HTLV, human T lymphotropic
virus; RBC, red blood cell; TRALI, transfusion-related acute lung injury.

Il TRANSFUSION OF PLASMA COMPONENTS

Fresh frozen plasma (FFP) is a source of coagulation factors, fibrinogen,
antithrombin, and proteins C and S. It is used to correct coagulation factor
deficiencies, rapidly reverse warfarin effects, and treat thrombotic throm-
bocytopenic purpura (TTP). Cryoprecipitate is a source of fibrinogen,
factor VIII, and von Willebrand factor; it may be used when recombinant
factor VIII or factor VIII concentrates are not available.

THERAPEUTIGC HEMAPHERESIS

Hemapheresis is removal of a cellular or plasma constituent of blood; the
specific procedure is referred to by the blood fraction removed.
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Il LEUKAPHERESIS

Removal of WBCs; most often used in acute leukemia, esp. acute myeloid
leukemia (AML) in cases complicated by marked elevation (>100,000/uL)
of the peripheral blast count, to lower risk of leukostasis (blast-mediated
vasoocclusive events resulting in central nervous system or pulmonary
infarction, hemorrhage). Leukapheresis is replacing bone marrow aspiration
to obtain hematopoietic stem cells. After treatment with a chemotherapeutic
agent and granulocyte-macrophage colony-stimulating factor, hematopoi-
etic stem cells are mobilized from marrow to the peripheral blood; such cells
are leukapheresed and then used for hematopoietic reconstitution after high-
dose myeloablative therapy. A third emerging medical use of leukapheresis is
to harvest lymphocytes to use as adoptive immunotherapy.

Il PLATELETPHERESIS

Used in some pts with thrombocytosis associated with myeloproliferative
disorders with bleeding and/or thrombotic complications. Other treatments
are generally used first. Plateletpheresis also enhances platelet yield from
blood donors.

Il PLASMAPHERESIS

Indications

(1) Hyperviscosity states—e.g., Waldenstrom’s macroglobulinemia; (2) TTP;
(3) immune-complex and autoantibody disorders—e.g., Goodpasture’s syn-
drome, rapidly progressive glomerulonephritis, myasthenia gravis; possibly
Guillain-Barré, systemic lupus erythematosus, idiopathic thrombocytopenic
purpura; (4) cold agglutinin disease, cryoglobulinemia. In plasma exchange,
abnormal proteins are removed and normal plasma or plasma components
are replaced; useful in TTP to remove anti-ADAMTS13 antibody and pro-
vide normal ADAMTS13 levels.

For a more detailed discussion, see Dzieczkowski JS,
Anderson KC: Transfusion Biology and Therapy, Chap. 113,
p. 951, in HPIM-18.

CHAPTER 10
Palliative and End-of-Life Care

In 2008, 2,473,000 people died in the United States; death rates are declining.
Heart disease and cancer are the two leading causes of death and together
account for nearly half of all deaths. About 70% of deaths occur in people
who have a condition that is known to be leading to their death; thus,
planning for terminal care is relevant and important. An increasing fraction
of deaths are occurring in hospices or at home rather than in the hospital.
Optimal care depends on a comprehensive assessment of pt needs
in all four domains affected by illness: physical, psychological, social,
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and spiritual. A variety of assessment tools are available to assist in the
process.

Communication and continuous assessment of management goals are
key components to addressing end-of-life care. Physicians must be clear
about the likely outcome of the illness(es) and provide an anticipated
schedule with goals and landmarks in the care process. When the goals of
care have changed from cure to palliation, that transition must be clearly
explained and defended. Seven steps are involved in establishing goals:

1. Ensure that the medical information is as complete as possible and
understood by all relevant parties.

. Explore the pt’s goals while making sure the goals are achievable.

. Explain the options.

. Show empathy as the pt and the family adjust to changing expectations.
. Make a plan with realistic goals.

. Follow through with the plan.

NN A W

. Review and revise the plan periodically as the pt’s situation changes.

Il ADVANCE DIRECTIVES

About 70% of pts lack decision-making capacity in their final days. Advance
directives define ahead of time the level of intervention the pt is willing to
accept. Two types of legal documents can be used: the advance directive,
in which specific instructions from the pt may be made known; and the
durable attorney for health care, in which a person is designated as hav-
ing the pt’s authority to make health decisions on the pt’s behalf. Forms
are available free of charge from the National Hospice and Palliative Care
Organization (www.nhpco.org). Physicians also should complete these
forms for themselves.

Il PHYSICAL SYMPTOMS AND THEIR MANAGEMENT

The most common physical and psychological symptoms among terminally
ill pts are shown in Table 10-1. Studies of pts with advanced cancer have
shown that pts experience an average of 11.5 symptoms.

Pain
Pain is noted in 36-90% of terminally ill pts. The various types of pain and
their management are discussed in Chap. 6.

Constipation

Constipation is noted in up to 87% of terminally ill pts. Medications that
commonly contribute to constipation include opioids used to manage pain
and dyspnea and tricyclic antidepressants with their anticholinergic effects.
Inactivity, poor diet, and hypercalcemia may contribute. GI tract obstruc-
tion also may play a role in some settings.

Interventions Improved physical activity (if possible), adequate hydration;
opioid effects can be antagonized by the u-opioid receptor blocker methyln-
altrexone (8-12 mg SC daily); rule out surgically correctable obstruction;
laxatives and stool softeners (Table 10-2).


www.nhpco.org
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TABLE 10-1 COMMON PHYSICAL AND PSYCHOLOGICAL SYMPTOMS
OF TERMINALLY ILL PATIENTS

Physical Symptoms Psychological Symptoms

Pain Anxiety

Fatigue and weakness Depression
Dyspnea Hopelessness
Insomnia Meaninglessness
Dry mouth Irritability
Anorexia Impaired concentration
Nausea and vomiting Confusion
Constipation Delirium

Cough Loss of libido
Swelling of arms or legs

I[tching

Diarrhea

Dysphagia

Dizziness

Fecal and urinary incontinence
Numbness/tingling in hands/feet

Nausea

Up to 70% of pts with advanced cancer have nausea. Nausea may result
from uremia, liver failure, hypercalcemia, bowel obstruction, severe consti-
pation, infection, gastroesophageal reflux disease, vestibular disease, brain
metastases, medications (cancer chemotherapy, antibiotics, nonsteroidal
anti-inflammatory drugs, opioids, proton pump inhibitors), and radiation
therapy.

Interventions Treatment should be tailored to the cause. Offending medi-
cations should be stopped. Underlying conditions should be alleviated, if
possible. If decreased bowel motility is suspected, metoclopramide may
help. Nausea from cancer chemotherapy agents can generally be prevented
with glucocorticoids and serotonin receptor blockers like ondansetron or
dolasetron. Aprepitant is useful in controlling nausea from highly emeto-
genic agents like cisplatin. Vestibular nausea may respond to antihistamines
(meclizine) or anticholinergics (scopolamine). Anticipatory nausea may be
prevented with a benzodiazepine such as lorazepam. Haloperidol is some-
times useful when the nausea does not have a single specific cause.

Dyspnea
Up to 75% of dying pts experience dyspnea. Dyspnea exerts perhaps the
greatest adverse effect on the pt, often even more distressing than pain.
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TABLE 10-2 MEDICATIONS FOR THE MANAGEMENT OF CONSTIPATION

Intervention Dose Comment
Stimulant laxatives These agents directly stimulate
Prune juice 120240 mL/d peristalsis and may reduce
loni ion of .
Senna (Senokot)  2-8 tablets PO bid 3\;’0‘:;';?3102’:0” of water
Bisacodyl 5-15 mg/d PO, PR '

Osmotic laxatives These agents are not
absorbed. They attract and
retain water in the
gastrointestinal tract.

Lactulose 15-30 mL PO g4-8h Lactulose may cause
flatulence and bloating.
Magnesium 15-30 mL/d PO Lactulose works in 1 day,
hydroxide (Milk of magnesium products in 6 h.
Magnesia)
Magnesium citrate  125-250 mL/d PO
Stool softeners These agents work by
' . increasing water secretion
(Sco(gilgjcrg)docusate 300-600 mg/d PO and as detergents, increasing

water penetration into the
Calcium docusate  300-600 mg/d PO stool.

Work in 1-3 days.
Suppositories and

enemas
Bisacodyl 10-15 PR qd
Sodium phosphate PR qd Fixed dose, 4.5 0z, Fleet’s.
enema

It may be caused by parenchymal lung disease, infection, effusions, pul-
monary emboli, pulmonary edema, asthma, or compressed airway. While
many of the causes may be treated, often the underlying cause cannot be
reversed.

Interventions  Underlying causes should be reversed, where possible, as long
as the intervention is not more unpleasant (e.g., repeated thoracenteses) than
the dyspnea. Most often the treatment is symptomatic (Table 10-3).

Fatigue

Fatigue is nearly a universal symptom in terminally ill pts. It is often a direct
consequence of the disease process (and the cytokines produced in response
to that process) and may be complicated by inanition, dehydration, anemia,
infection, hypothyroidism, and drug effects. Depression may also contrib-
ute to fatigue. Functional assessments include the Karnofsky performance
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TABLE 10-3 MEDICATIONS FOR THE MANAGEMENT OF DYSPNEA

Intervention Dose Comments
Weak opioids For pts with mild dyspnea
Codeine (or codeine 30 mg PO g4h For opioid-naive pts
with 325 mg
acetaminophen)
Hydrocodone 5 mg PO g4h
Strong opioids For opioid-naive pts with
moderate to severe dyspnea
Morphine 5-10 mg PO g4h For pts already taking
30-50% of baseline opioids for pain or other
opioid dose g4h symploms
Oxycodone 5-10 mg PO g4h
Hydromorphone 1-2 mg PO g4h
Anxiolytics Give a dose every hour until
Lorazepam 0.5-2.0 mg PO/SL/v  the pt s relaxed, then
gh then g4—6h provide a dose for
int
Clonazepam 0.25-2.0 mg PO q12h maintenance

Midazolam 0.5 mg IV q15min

status or the Eastern Cooperative Oncology Group system based on how
much time the pt spends in bed each day: 0, normal activity; 1, symptomatic
without being bedridden; 2, in bed <50% of the day; 3, in bed >50% of the
day; 4, bedbound.

Interventions Modest exercise and physical therapy may reduce muscle
wasting and depression and improve mood; discontinue medications that
worsen fatigue, if possible; glucocorticoids may increase energy and enhance
mood; dextroamphetamine (5-10 mg/d) or methylphenidate (2.5-5 mg/d)
in the morning may enhance energy levels but should be avoided at night
because they may produce insomnia; modafinil and L-carnitine have shown
some early promise.

Depression

Up to 75% of terminally ill pts experience depression. The inexperienced
physician may feel that depression is an appropriate response to terminal
illness; however, in a substantial fraction of pts the depression is more
intense and disabling than usual. Pts with a previous history of depression
are at greater risk. A number of treatable conditions can cause depression-
like symptoms including hypothyroidism, Cushing’s syndrome, electrolyte
abnormalities (e.g., hypercalcemia), and drugs including dopamine block-
ers, interferon, tamoxifen, interleukin 2, vincristine, and glucocorticoids.
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Interventions Dextroamphetamine or methylphenidate (see above); sero-
tonin reuptake inhibitors such as fluoxetine, paroxetine, and citalopram;
modafinil 100 mg/d; pemoline 18.75 mg in the A.M. and at noon.

Delirium

Delirium is a global cerebral dysfunction associated with altered cognition
and consciousness; it is frequently preceded by anxiety. Unlike dementia,
it is of sudden onset, is characterized by fluctuating consciousness and
inattention, and may be reversible. It is generally manifested in the hours
before death. It may be caused by metabolic encephalopathy in renal or liver
failure, hypoxemia, infection, hypercalcemia, paraneoplastic syndromes,
dehydration, constipation, urinary retention, and central nervous system
spread of cancer. It is also a common medication side effect; offending
agents include those commonly used in dying pts including opioids, glu-
cocorticoids, anticholinergics, antihistamines, antiemetics, and benzodiaz-
epines. Early recognition is key because the pt should be encouraged to use
the periods of lucidity for final communication with loved ones. Day-night
reversal with changes in mentation may be an early sign.

Interventions  Stop any and all unnecessary medications that may have this
side effect; provide a calendar, clock, newspaper, or other orienting signals;
gently correct hallucinations or cognitive mistakes; pharmacologic inter-
ventions are shown in Table 10-4.

Il CARE DURING THE LAST HOURS

The clinical course of a dying pt may largely be predictable. Figure 10-1
shows common and uncommon changes during the last days of life.

TABLE 10-4 MEDICATIONS FOR THE MANAGEMENT OF DELIRIUM

Neuroleptics
Haloperidol 0.5-5 mg g2—12h, PO/IV/SC/IM
Thioridazine 10-75 mg q4-8h, PO
Chlorpromazine 12.5-50 mg q4-12h, PO/IV/IM
Atypical neuroleptics
Olanzapine 2.5-5 mg qd or bid, PO
Risperidone 1-3 mg q12h, PO
Anxiolytics
Lorazepam 0.5-2 mg q1-4h, PO/IV/IM
Midazolam 1-5 mg/h continuous infusion, IV/SC
Anesthetics

Propofol 0.3-2.0 mg/h continuous infusion, IV
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CLINICAL COURSES FOR TERMINALLY ILL
PATIENTS

v Y

Common clinical Uncommon clinical
course course

Semicomatose

Comatose

FIGURE 10-1 Common and uncommon clinical courses in the last days of terminally
ill pts. (Adapted from FD Ferris et al: Module 4: Palliative care, in Comprehensive Guide
for the Care of Persons with HIV Disease. Toronto: Mt. Sinai Hospital and Casey Hospice,
1995, www.cpsonline.info/content/resources/hivmodule/moduled4complete. paf))

Informing families that these changes might occur can help minimize the
distress that they cause. In particular, the physician needs to be sensitive to
the sense of guilt and helplessness that family members feel. They should
be reassured that the illness is taking its course and their care of the pt is
not at fault in any way. The pt stops eating because they are dying; they are
not dying because they have stopped eating. Families and caregivers should
be encouraged to communicate directly with the dying pt whether or not
the pt is unconscious. Holding the pt’s hand may be a source of comfort to
both the pt and the family member/caregiver. Table 10-5 provides a listing


www.cpsonline.info/content/resources/hivmodule/module4complete.pdf
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TABLE 10-5 MANAGING CHANGES IN THE PATIENT’S CONDITION
DURING THE FINAL DAYS AND HOURS

Family’s
Changes in Possible
the Patient’s Potential Reaction and
Condition Complication Concern Advice and Intervention
Profound Bedbound with Ptis lazy and Reassure family and
fatigue development of  giving up. caregivers that terminal
pressure ulcers fatigue will not respond to
that are prone to interventions and should
infection, malodor, not be resisted.
and pain, and Use an air mattress if
joint pain necessary.
Anorexia None Pt is giving Reassure family and
up; pt will caregivers that the pt is

suffer from  not eating because he or
hunger and  she is dying; not eating

will starve to  at the end of life does not
death. cause suffering or death.

Forced feeding, whether
oral, parenteral, or enteral,
does not reduce symptoms
or prolong life.

Dehydration  Dry mucosal Pt will suffer ~ Reassure family and
membranes (see  from thirst caregivers that dehydration
below) and die of at the end of life does not

dehydration.  cause suffering because pts
lose consciousness before
any symptom distress.

IV hydration can worsen
symptoms of dyspnea by
pulmonary edema and
peripheral edema as well
as prolong dying process.

Dysphagia Inability to Do not force oral intake.
swallow oral Discontinue unnecessary
medications medications that may have
neegiegi for been continued, including
palliative care antibiotics, diuretics, anti-

depressants, and laxatives.

If swallowing pills is
difficult, convert essential
medications (analgesics,
antiemetics, anxiolytics,
and psychotropics) to oral
solutions, buccal, sublingual,
or rectal administration.

(continued )
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TABLE 10-5 MANAGING CHANGES IN THE PATIENT’S CONDITION
DURING THE FINAL DAYS AND HOURS (CONTINUED)

Family’s
Changes in Possible
the Patient’s  Potential Reaction and
Condition Complication  Concern Advice and Intervention
“Death Pt is choking Reassure the family and
rattle”— and caregivers that this is
noisy suffocating.  caused by secretions in
breathing the oropharynx and the pt

is not choking.

Reduce secretions with
scopolamine (0.2-0.4 mg
SC g4h or 1-3 patches
q3d).

Reposition pt to permit
drainage of secretions.

Do not suction. Suction
can cause pt and family
discomfort and is usually
ineffective.

Apnea, Ptis Reassure family and
Cheyne- suffocating.  caregivers that unconscious
Stokes pts do not experience
respirations, suffocation or air hunger.

dyspnea Apneic episodes are
frequently a premorbid
change.

Opioids or anxiolytics may
be used for dyspnea.

Oxygen is unlikely to
relieve dyspneic symptoms
and may prolong the dying
process.

Urinary or Skin breakdown Pt is dirty, Remind family and
fecal if days until death malodorous,  caregivers to use universal
incontinence and precautions.

Potential physlilcaIJI[y Frequent changes
transmission of ~ "EPeleNt. of bedclothes and
infectious agents bedding.

to caregivers Use diapers, urinary

catheter, or rectal tube
if diarrhea or high urine
output.
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TABLE 10-5 MANAGING CHANGES IN THE PATIENT’S CONDITION
DURING THE FINAL DAYS AND HOURS (CONTINUED)

Family’s
Changes in Possible
the Patient’s  Potential Reaction and
Condition Complication  Concern Advice and Intervention
Agitation or  Day/night Ptisin Reassure family and
delirium reversal horrible pain  caregivers that agitation
and going to  and delirium do not
have a necessarily connote
horrible physical pain.
Hurt self or death. Depending on the prognosis
caregivers and goals of treatment,

consider evaluating for
causes of delirium and
modify medications.

Manage symptoms

with haloperidol,
chlorpromazine, diazepam,
or midazolam.

Dry mucosal Cracked lips, Pt may be Use baking soda
membranes mouth sores, and malodorous, mouthwash or
candidiasis can  physically saliva preparation

also cause pain.  repellent. q15-30min.
Odor Use topical nystatin for
candidiasis.

Coat lips and nasal
mucosa with petroleum
jelly g60—90min.

Use ophthalmic lubricants
q4h or artificial tears
q30min.

of some changes in the pts condition in the final hours and advice on how
to manage the changes.

Additional resources for managing terminally ill pts may be found at the
following websites: www.epec.net, www.eperc.mcw.edu, www.capc.org, and
www.nhpco.org.

For a more detailed discussion, see Emanuel EJ: Palliative
and End-of-Life Care, Chap. 9, p. 67, in HPIM-18.


www.epec.net
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SECTION 2 Medical Emergencies

CHAPTER 11

Cardiovascular Collapse and
Sudden Death

Unexpected cardiovascular collapse and death most often result from
ventricular fibrillation in pts with acute or chronic atherosclerotic coro-
nary artery disease. Other common etiologies are listed in Table 11-1.
Arrhythmic causes may be provoked by electrolyte disorders (primarily
hypokalemia), hypoxemia, acidosis, or massive sympathetic discharge, as
may occur in CNS injury. Immediate institution of cardiopulmonary resus-
citation (CPR) followed by advanced life support measures (see below) is
mandatory. Ventricular fibrillation, or asystole, without institution of CPR
within 4-6 min is usually fatal.

TABLE 11-1 CARDIAC ARREST AND SUDDEN CARDIAC DEATH

Structural Associations and Causes

I. Coronary heart disease (chronic, or acute coronary syndromes)

IIl.  Myocardial hypertrophy (e.g., hypertrophic cardiomyopathy)

lll. Dilated cardiomyopathy

IV. Inflammatory (e.g., myocarditis) and infiltrative disorders

V. Valvular heart diseases

VI. Electrophysiologic abnormalities (e.g., Wolff-Parkinson-White syndrome)

VII. Inherited disorders associated with electrophysiological abnormalities
(e.g., congenital long QT syndromes, right ventricular dysplasia, Brugada
syndrome, catecholaminergic polymorphic ventricular tachycardia)

Functional Contributing Factors
| Transient ischemia
IIl.  Low cardiac output states (heart failure, shock)
lll.  Systemic metabolic abnormalities
A. Electrolyte imbalance (e.g., hypokalemia)
B. Hypoxemia, acidosis
IV. Neurologic disturbances (e.g., CNS injury)
V. Toxic responses
A. Proarrhythmic drug effects
B. Cardiac toxins (e.g., cocaine, digitalis intoxication)
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Il MANAGEMENT OF CARDIAC ARREST

Basic life support (BLS) must commence immediately (Fig. 11-1):

1. Phone emergency line (e.g., 911); retrieve automated external defibrillator
(AED) if quickly available.

2. If respiratory stridor is present, assess for aspiration of a foreign body
and perform Heimlich maneuver.

3. Perform chest compressions (depressing sternum 4-5 cm) at rate of 100
per min without interruption. A second rescuer should attach and utilize
AED if available.

FIGURE 11-1 Major steps in cardiopulmonary resuscitation. A. Begin cardiac
compressions at 100 compressions/min. B. Confirm that victim has an open airway.
C. Trained rescuers begin mouth-to-mouth resuscitation if advanced life support
equipment is not available. (Modified from J Henderson, Emergency Medical Guide,
4th ed, New York, McGraw-Hill, 1978.)
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4. If second trained rescuer available, tilt pts head backward, lift chin, and
begin mouth-to-mouth respiration (pocket mask is preferable to prevent
transmission of infection), while chest compressions continue. The lungs
should be inflated twice in rapid succession for every 30 chest com-
pressions. For untrained lay rescuers, chest compression only, without
ventilation, is recommended until advanced life support capability arrives.

5. As soon as resuscitation equipment is available, begin advanced life
support with continued chest compressions and ventilation. Although
performed as simultaneously as possible, defibrillation (=300 ] monopha-
sic, or 120-150 J biphasic) takes highest priority (Fig. 11-2), followed by
placement of IV access and intubation. 100% O, should be administered

VENTRICULAR FIBRILLATION OR PULSELESS
VENTRICULAR TACHYCARDIA

Immediate defibrillation within 5 minutes of onset;
60-90 seconds of CPR before defibrillation for delay >5 minutes

If return of circulation fails !

5 cycles of CPR followed by repeat shock; repeat sequence
twice if needed

If return of circulation fails !

Continue CPR, Intubate, I.V. Access

Epinephrine, 1 mg L.V. -or- Vasopressin, 40 units L.V; follow with
repeat defibrillation at maximum energy within 30-60 seconds
as required; repeat epinephrine

If return of
circulation fails |

y y

Epinephrine, T dose I | Antiarrhythmics I | NaHCO3, 1 mEqg/kg (T Kt) I

Amiodarone: 150 mg Magnesium sulfate:

over 10 min, 1 mg/min 1-2 gm V. (polymorphic VT)

Lidocaine: 1.5 mg/kg; Procainamide: 30 mg/min,

repeat in 3-5 min to 17 mg/kg (limited use-see text)
If return of i

circulation fails

Defibrillate, CPR: Drug —Shock —Drug —Shock

FIGURE 11-2 Management of cardiac arrest. The algorithm of ventricular fibrilla-
tion or hypotensive ventricular tachycardia begins with defibrillation attempts. If that
fails, it is followed by epinephrine or vasopressin and then antiarrhythmic drugs.
CPR, cardiopulmonary resuscitation. [Modified from Myerburg R. and Castellanos A.
Chap. 23, HPIM-18.]
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by endotracheal tube or, if rapid intubation cannot be accomplished, by
bag-valve-mask device; respirations should not be interrupted for more
than 30 s while attempting to intubate.

6. Initial IV access should be through the antecubital vein, but if drug
administration is ineffective, a central line (internal jugular or subcla-
vian) should be placed. IV NaHCO, should be administered only if there
is persistent severe acidosis (pH <7.15) despite adequate ventilation.
Calcium is not routinely administered but should be given to pts with
known hypocalcemia, those who have received toxic doses of calcium
channel antagonists, or if acute hyperkalemia is thought to be the trig-
gering event for resistant ventricular fibrillation.

7. The approach to cardiovascular collapse caused by bradyarrhythmias,
asystole, or pulseless electrical activity is shown in Fig. 11-3.

8. Therapeutic hypothermia (cooling to 32-34°C for 12-24 h) should be
considered for unconscious survivors of cardiac arrest.

H FOLLOW-UP

If cardiac arrest resulted from ventricular fibrillation in initial hours of
an acute MI, follow-up is standard post-MI care (Chap. 128). For other

Bradyarrhythmia/Asystole  Pulseless Electrical Activity

! !

| CPR, intubate, 1.V. access I

| Confirm asystole I | Assess blood flow I

| Identify and treat causes I
* Hypoxia * Hypovolemia ¢ Pulmonary embolus
¢ Hyper-/hypokalemia * Hypoxia ¢ Drug overdose
* Severe acidosis e Tamponade * Hyperkalemia
:=1 * Drug overdose * Pneumothorax e Severe acidosis
E ¢ Hypothermia * Hypothermia ¢ Massive acute M..
: v
Epinephrine  —  Atropine —  Sodium bicarbonate
5 1 mg LV. (repeat) 1 mg V. (repeat) 1 mEqg/kg I.V.
Y
P

| acing—External or pacing wire

FIGURE 11-3 The algorithms for bradyarrhythmia/asystole (left) or pulseless elec-
trical activity (right) are dominated first by continued life support and a search for
reversible causes. CPR, cardiopulmonary resuscitation; MI, myocardial infarction.
[Modified from Myerburg R. and Castellanos A. Chap. 23, HPIM-18.]
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survivors of a ventricular fibrillation arrest, further assessment, including
evaluation of coronary anatomy, and left ventricular function, is typically
recommended. In absence of a transient or reversible cause, placement of
an implantable cardioverter defibrillator is usually indicated.

For a more detailed discussion, see Myerburg RJ, Castellanos A:
Cardiovascular Collapse, Cardiac Arrest, and Sudden Cardiac
Death, Chap. 273, p. 2238, in HPIM-18.

CHAPTER 12
Shock

Il DEFINITION

Condition of severe impairment of tissue perfusion leading to cellular
injury and dysfunction. Rapid recognition and treatment are essential to
prevent irreversible organ damage and death. Common causes are listed in
Table 12-1.

Il CLINICAL MANIFESTATIONS

« Hypotension (mean arterial bp <60 mmHg), tachycardia, tachypnea,
pallor, restlessness, and altered sensorium.

« Signs of intense peripheral vasoconstriction, with weak pulses and cold
clammy extremities. In distributive (e.g., septic) shock, vasodilatation
predominates and extremities are warm.

o Oliguria (<20 mL/h) and metabolic acidosis common.

« Acute lung injury and acute respiratory distress syndrome (ARDS; see
Chap. 15) with noncardiogenic pulmonary edema, hypoxemia, and dif-
fuse pulmonary infiltrates.

APPROACH TO THE
PATIENT Shock

Obtain history for underlying causes, including cardiac disease (coronary
disease, heart failure, pericardial disease), recent fever or infection lead-
ing to sepsis, drug effects (e.g., excess diuretics or antihypertensives),
conditions leading to pulmonary embolism (Chap. 142), potential
sources of bleeding.

Il PHYSICAL EXAMINATION

Jugular veins are flat in oligemic or distributive (septic) shock; jugular venous
distention (JVD) suggests cardiogenic shock; JVD in presence of paradoxical
pulse (Chap. 119) may reflect cardiac tamponade (Chap. 125). Check for
asymmetry of pulses (aortic dissection—Chap. 134). Assess for evidence of
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TABLE 12-1 COMMON FORMS OF SHOCK

Oligemic shock
Hemorrhage

Volume depletion (e.g., vomiting, diarrhea, diuretic overusage,
ketoacidosis)

Internal sequestration (ascites, pancreatitis, intestinal obstruction)
Cardiogenic shock
Myopathic (acute MI, dilated cardiomyopathy)

Mechanical (acute mitral regurgitation, ventricular septal defect, severe
aortic stenosis)

Arrhythmic
Extracardiac obstructive shock
Pericardial tamponade
Massive pulmonary embolism
Tension pneumothorax
Distributive shock (profound decrease in systemic vascular tone)
Sepsis
Toxic overdoses
Anaphylaxis
Neurogenic (e.g., spinal cord injury)
Endocrinologic (Addison’s disease, myxedema)

heart failure (Chap. 133), murmurs of aortic stenosis, acute mitral or aortic
regurgitation, ventricular septal defect. Tenderness or rebound in abdomen
may indicate peritonitis or pancreatitis; high-pitched bowel sounds suggest
intestinal obstruction. Perform stool guaiac to rule out GI bleeding.

Fever and chills typically accompany septic shock. Sepsis may not cause
fever in elderly, uremic, or alcoholic pts. Skin lesions may suggest specific
pathogens in septic shock: petechiae or purpura (Neisseria meningitidis or
Haemophilus influenzae), ecthyma gangrenosum (Pseudomonas aerugi-
nosa), generalized erythroderma (toxic shock due to Staphylococcus aureus
or Streptococcus pyogenes).

Il LABORATORY

Obtain hematocrit, WBC, electrolytes, platelet count, PT, PTT, DIC screen,
electrolytes. Arterial blood gas usually shows metabolic acidosis (in septic
shock, respiratory alkalosis precedes metabolic acidosis). If sepsis sus-
pected, draw blood cultures, perform urinalysis, and obtain Gram stain and
cultures of sputum, urine, and other suspected sites.

Obtain ECG (myocardial ischemia or acute arrhythmia), chest x-ray
(heart failure, tension pneumothorax, pneumonia). Echocardiogram is
often helpful (cardiac tamponade, left/right ventricular dysfunction, aortic
dissection).
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TABLE 12-2 PHYSIOLOGIC CHARACTERISTICS OF FORMS OF SHOCK

Systemic

Cardiac Vascular Venous 0,
Type of Shock Output Resistance  Saturation
Hypovolemic A 4 T 4
Cardiogenic T 4 T l
Septic
Hyperdynamic ~ {T T 4 )
Hypodynamic T 4 4 T
Traumatic 4 T T 4
Neurogenic 4 4 4
Hypoadrenal 1T 4 =l 4

Abbreviations: CVP, central venous pressure; PCWP, pulmonary capillary wedge pressure.

Central venous pressure or pulmonary capillary wedge (PCW) pressure
measurements may be necessary to distinguish between different categories
of shock (Table 12-2): Mean PCW <6 mmHg suggests oligemic or distribu-
tive shock; PCW >20 mmHg suggests left ventricular failure. Cardiac output
(thermodilution) is decreased in cardiogenic and oligemic shock, and usu-
ally increased initially in septic shock.

TREATMENT  Shock (See Fig. 12-1).

Aimed at rapid improvement of tissue hypoperfusion and respiratory
impairment:

Serial measurements of bp (intraarterial line preferred), heart rate,
continuous ECG monitor, urine output, pulse oximetry, blood studies:
Hct, electrolytes, creatinine, BUN, ABGs, pH, calcium, phosphate, lac-
tate, urine Na concentration (<20 mmol/L suggests volume depletion).
Consider monitoring of CVP and/or pulmonary artery pressure/
PCW pressures in pts with ongoing blood loss or suspected cardiac
dysfunction.

Insert Foley catheter to monitor urine flow.

Assess mental status frequently.

Augment systolic bp to >100 mmHg: (1) place in reverse Trendelenburg
position; (2) IV volume infusion (500- to 1000-mL bolus), unless car-
diogenic shock suspected (begin with normal saline or Ringer’s lactate,
then whole blood, or packed RBCs, if anemic); continue volume
replacement as needed to restore vascular volume.

Add vasoactive drugs after intravascular volume is optimized;
administer vasopressors (Table 12-3) if systemic vascular resistance
(SVR) is decreased (begin with norepinephrine [preferred] or dopa-
mine; for persistent hypotension add phenylephrine or vasopressin).
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« If CHF present, add inotropic agents (usually dobutamine) (Table 12-3);
aim to maintain cardiac index >2.2(L/m?)/min [>4.0(L/m?)/min in
septic shock].

o Administer 100% (O intubate with mechanical ventilation if Po, <70
mmHg.

« If severe metabolic acidosis present (pH <7.15), administer NaHCO,.

o Identify and treat underlying cause of shock. Cardiogenic shock in
acute MI is discussed in Chap. 128. Emergent coronary revasculariza-
tion may be lifesaving if persistent ischemia is present.

Hypotension and/or Tachycardia

* Airway control
VS Unstable « Assure ventilation
HR >120 and/or SBP<90 « Augment circulation

VS Normalized
(crystalloid +/— blood)
Definitive W/U

Administer crystalloid +/— blood Consider cardiac dysfunction
* Hct >30 or tamponade
*CVP >15 *«ECHO
‘ « Treat appropriately

| VS unstable or acidosis worsens |—>| Insert PAC |<—t
¢ !

[ o1 <35, POWP <15 | | c1 <3.5; 15< PCWP <20 | [ o1 <3.5; PoWP >20 |
Administer crystalloid * Administer 500 mL crystalloid * Inotrope as indicated *
+/— blood boluses until preload - maximal CI * Consider ECHO
PCWP >15, Hct >30 (Starling’s curve)

Monitor Cl deterioration |

Maintain optimal PCWP*
* Crystalloid
* Blood (Hct >30)

FIGURE 12-1 An algorithm for the resuscitation of the pt in shock. *Monitor Svo,,
SVRI, and RVEDVI as additional markers of correction for perfusion and hypovolemia.
Consider age-adjusted CI. Svo,, saturation of hemoglobin with O, in venous blood;
SVRI, systemic vascular resistance index; RVEDVI, right-ventricular end-diastolic vol-
ume index. Cl, cardiac index in (L/min) per m?, CVP, central venous pressure; ECHO,
echocardiogram; Hct, hematocrit; HR, heart rate; PAC, pulmonary artery catheter;
PCWP, pulmonary capillary wedge pressure in mmHg; SBP, systolic blood pressure;
VS, vital signs; W/U, work up.
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TABLE 12-3 VASOPRESSORS USED IN SHOCK STATES®

Drug Dose Notes
Dopamine 1-2 pg/kg per min Facilitates diuresis

2—10 pg/kg per min Positive inotropic and chrono-
tropic effects; may increase
0, consumption as well as 0,
delivery; use may be limited by
tachycardia

10-20 pg/kg per min  Generalized vasoconstriction
(decrease renal perfusion)

Norepinephrine  0.5-30 pg/min Potent vasoconstrictor; moderate
inotropic effect; in septic shock
is thought to increase tissue
0, consumption as well as 0,
delivery; may be chosen over
dopamine in sepsis due to less
chronotropic and adverse effects;
may be useful in cardiogenic
shock with reduced SVR but
should generally be reserved for
refractory hypotension

Dobutamine 2—20 pg/kg per min Primarily for cardiogenic shock
(Chap. 128): positive inotrope;
lacks vasoconstrictor activity;
most useful when only mild
hypotension present and avoid-
ance of tachycardia desired

Phenylephrine  40-180 pg/min Potent vasoconstrictor without
inotropic effect; may be useful in
distributive (septic) shock

Vasopressin 0.01-0.04 U/min Occasionally used in refrac-
tory septic (distributive) shock;
restores vascular tone in
vasopressin-deficient states
(e.g., sepsis)

dsoproterenol not recommended in shock states because of potential hypotension and
arrhythmogenic effects.
Abbreviation: SVR, systemic vascular resistance.

SEPTIC SHOCK (SEE )

For a more detailed discussion, see Maier RV: Approach to
the Patient With Shock, Chap. 270, p. 2215, and Hochman JS,
Ingbar DH: Cardiogenic Shock and Pulmonary Edema,
Chap. 272, p. 2232, in HPIM-18.
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CHAPTER 13
Sepsis and Septic Shock

DEFINITIONS

Systemic inflammatory response syndrome (SIRS)—Two or more of the

following:

- Fever (oral temperature >38°C) or hypothermia (oral temperature
<36°C)

- Tachypnea (>24 breaths/min)

- Tachycardia (>90 beats/min)

- Leukocytosis (>12,000/uL), leukopenia (<4000/pL), or >10% bands;
may have a noninfectious etiology

o Sepsis—SIRS with a proven or suspected microbial etiology
o Severe sepsis—Sepsis with one or more signs of organ dysfunction
o Septic shock—Sepsis with hypotension (arterial blood pressure <90 mmHg

or 40 mmHg below pt’s normal blood pressure for at least 1 h despite
fluid resuscitation) or need for vasopressors to maintain systolic blood
pressure 290 mmHg or mean arterial pressure 270 mmHg

ETIOLOGY

Blood cultures are positive in 20-40% of sepsis cases and in 40-70% of
septic shock cases.

A single bacterial species accounts for ~70% of isolates in positive blood
cultures; the remainder are fungal or polymicrobial.

EPIDEMIOLOGY

The incidence of severe sepsis and septic shock in the United States
continues to increase, with >700,000 cases each year contributing to
>200,000 deaths.

Invasive bacterial infections are a prominent cause of death around the
world, especially among young children.

Sepsis-related incidence and mortality rates increase with age and
preexisting comorbidity, with two-thirds of cases occurring in pts with
significant underlying disease.

The increasing incidence of sepsis is attributable to the aging of the
population, longer survival of pts with chronic diseases, a relatively
high frequency of sepsis among AIDS pts, and medical treatments that
circumvent host defenses (e.g., immunosuppressive agents, indwelling
catheters, and mechanical devices).

PATHOPHYSIOLOGY

Local and Systemic Host Responses

Hosts have numerous receptors that recognize highly conserved micro-
bial molecules (e.g., lipopolysaccharide, lipoproteins, double-stranded
RNA), triggering the release of cytokines and other host molecules
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that increase blood flow and neutrophil migration to the infected site,
enhance local vascular permeability, and elicit pain.

Many local and systemic control mechanisms diminish cellular responses
to microbial molecules, including intravascular thrombosis (which pre-
vents spread of infection and inflammation) and an increase in anti-
inflammatory cytokines (e.g., IL-4 and IL-10).

Organ Dysfunction and Shock

Widespread vascular endothelial injury is believed to be the major
mechanism for multiorgan dysfunction.

Septic shock is characterized by compromised oxygen delivery to tissues
followed by a vasodilatory phase (a decrease in peripheral vascular resis-
tance despite increased levels of vasopressor catecholamines).

Il CLINICAL FEATURES

e Hyperventilation

e Encephalopathy (disorientation, confusion)

e Acrocyanosis and ischemic necrosis of peripheral tissues (e.g., digits) due

to hypotension and DIC

Skin: hemorrhagic lesions, bullae, cellulitis, pustules. Skin lesions may
suggest specific pathogens—e.g., petechiae and purpura suggest Neisseria
meningitidis, and ecthyma gangrenosum suggests Pseudomonas aeruginosa.
Gastrointestinal: nausea, vomiting, diarrhea, ileus, cholestatic jaundice

Major Complications

Cardiopulmonary manifestations

- Ventilation-perfusion mismatch, increased alveolar capillary perme-
ability, increased pulmonary water content, and decreased pulmonary
compliance impede oxygen exchange and lead to acute respiratory
distress syndrome (progressive diffuse pulmonary infiltrates and arte-
rial hypoxemia) in ~50% of pts.

- Hypotension: Normal or increased cardiac output and decreased sys-
temic vascular resistance distinguish septic shock from cardiogenic
and hypovolemic shock.

- The ejection fraction is decreased, but ventricular dilatation allows
maintenance of a normal stroke volume.

o Adrenal insufficiency: May be difficult to diagnose in critically il pts.
® Renal manifestations: oliguria or polyuria, azotemia, proteinuria, and

renal failure due to acute tubular necrosis

o Coagulopathy: thrombocytopenia
e Neurologic manifestations: polyneuropathy with distal motor weakness in

prolonged sepsis
Immunosuppression: Pts may have reactivation of HSV, CMV, or VZV.

Laboratory Findings

CBC: leukocytosis with a left shift, thrombocytopenia

Coagulation: prolonged thrombin time, decreased fibrinogen, presence
of D-dimers, suggestive of DIC. With DIC, platelet counts usually fall
below 50,000/pL.
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o Chemistries: metabolic acidosis, elevated anion gap, elevated lactate

levels

e LFTs: transaminitis, hyperbilirubinemia, azotemia, hypoalbuminemia

Il DIAGNOSIS

Definitive diagnosis requires isolation of the microorganism from blood
or a local site of infection. Culture of infected cutaneous lesions may help
establish the diagnosis.

TREATMENT  Sepsis and Septic Shock

Pts in whom sepsis is suspected must be managed expeditiously, if
possible within 1 h of presentation.

1.

Antibiotic treatment: See Table 13-1.

2. Removal or drainage of a focal source of infection

3.

a. Remove indwelling intravascular catheters; replace Foley and other
drainage catheters; drain local sources of infection.

b. Rule out sinusitis in pts with nasal intubation.

c. Image the chest, abdomen, and/or pelvis to evaluate for abscess.

Hemodynamic, respiratory, and metabolic support

a. Initiate treatment with 1-2 L of normal saline administered over
1-2 h, keeping the central venous pressure at 8-12 cmH,O, urine
output at >0.5 mL/kg per hour, and mean arterial blood pressure at
>65 mmHg. Add vasopressor therapy if needed.

b. If hypotension does not respond to fluid replacement therapy,
hydrocortisone (50 mg IV q6h) should be given. If clinical improve-
ment results within 24-48 h, most experts would continue hydro-
cortisone treatment for 5-7 days.

¢. Maintain oxygenation with ventilator support as indicated. Recent
studies favor the use of low tidal volumes—typically 6 mL/kg of
ideal body weight—provided the plateau pressure is <30 cmH,O.

d. Erythrocyte transfusion is recommended when the blood hemoglo-
bin level decreases to <7 g/dL, with a target level of 9 g/dL.

. Recombinant activated protein C (aPC) has been approved for treat-

ment of severe sepsis or septic shock in pts with APACHE II scores of
225 prior to aPC infusion; however, given the increased risk of severe
bleeding and uncertain performance in clinical practice, many experts
are awaiting the results of additional trials before recommending fur-
ther use of aPC.

. General support: Nutritional supplementation should be given to

pts with prolonged sepsis (i.e., that lasting >2-3 days), with available
evidence suggesting an enteral delivery route. Prophylactic heparin
should be administered to prevent deep-venous thrombosis if no
active bleeding or coagulopathy is present. Insulin should be used to
maintain the blood glucose concentration below ~150 mg/dL.
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TABLE 13-1 INITIAL ANTIMICROBIAL THERAPY FOR SEVERE SEPSIS WITH
NO OBVIOUS SOURCE IN ADULTS WITH NORMAL RENAL

FUNCTION
Clinical Condition Antimicrobial Regimens (IV Therapy)
Immunocompetent The many acceptable regimens include
adult (1) piperacillin-tazobactam (3.375 g q4—6h);

(2) imipenem-cilastatin (0.5 g gq6h) or meropenem
(1 g q8h); or (3) cefepime (2 g q12h). If the pt is
allergic to B-lactam agents, use ciprofloxacin

(400 mg q12h) or levofloxacin (500750 mg q12h)
plus clindamycin (600 mg g8h). Vancomycin

(15 mg/kg q12h) should be added to each of the
above regimens.

Neutropenia Regimens include (1) imipenem-cilastatin

(<500 neutrophils/uL) (0.5 g q6h) or meropenem (1 g q8h) or cefepime
(2 g q8h); (2) piperacillin-tazobactam (3.375 g q4h)
plus tobramycin (5—7 mg/kg q24h). Vancomycin
(15 mg/kg q12h) should be added if the pt has an
indwelling vascular catheter, has received quinolone
prophylaxis, or has received intensive chemotherapy
that produces mucosal damage; if staphylococci are
suspected; if the institution has a high incidence of
MRSA infections; or if there is a high prevalence of
MRSA isolates in the community. Empirical antifun-
gal therapy with an echinocandin (for caspofungin:
a 70-mg loading dose, then 50 mg daily) or a lipid
formulation of amphotericin B should be added if
the pt is hypotensive or has been receiving broad-
spectrum antibacterial drugs.

Splenectomy Cefotaxime (2 g q6-8h) or ceftriaxone (2 g q12h)
should be used. If the local prevalence of
cephalosporin-resistant pneumococci is high, add
vancomycin. If the pt is allergic to B-lactam drugs,
vancomycin (15 mg/kg q12h) plus either moxiflox-
acin (400 mg q24h) or levofloxacin (750 mg q24h)
or aztreonam (2 g q8h) should be used.

IV drug user Vancomycin (15 mg/kg q12h)

AIDS Cefepime (2 g q8h) or piperacillin-tazobactam
(3.375 g g4h) plus tobramycin (5—7 mg/kg q24h)
should be used. If the pt is allergic to B-lactam
drugs, ciprofloxacin (400 mg q12h) or levofloxacin
(750 mg q12h) plus vancomycin (15 mg/kg q12h)
plus tobramycin should be used.

Abbreviation: MRSA, methicillin-resistant Staphylococcus aureus.
Sources: Adapted in part from WT Hughes et al: Clin Infect Dis 25:551, 1997; and DN Gilbert
et al: The Sanford Guide to Antimicrobial Therapy, 2009.
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Il PROGNOSIS

In all, 20-35% of pts with severe sepsis and 40-60% of pts with septic shock
die within 30 days, and further deaths occur within 6 months. Prognostic
stratification systems (e.g., APACHE II) can estimate the risk of dying of
severe sepsis.

Il PREVENTION

Nosocomial infections cause most episodes of severe sepsis and septic
shock in the United States. Measures to reduce those infections could
reduce the incidence of sepsis.

For a more detailed discussion, see Munford RS: Severe
Sepsis and Septic Shock, Chap. 271, p. 2223, in HPIM-18.

CHAPTER 14
Acute Pulmonary Edema

Life-threatening, acute development of alveolar lung edema due to one or

more of the following:

1. Elevation of hydrostatic pressure in the pulmonary capillaries (left heart
failure, mitral stenosis)

2. Specific precipitants (Table 14-1), resulting in cardiogenic pulmonary
edema in pts with previously compensated heart failure or without previ-
ous cardiac history

3. Increased permeability of pulmonary alveolar-capillary membrane
(noncardiogenic pulmonary edema). For common causes, see Table 14-2.

TABLE 14-1 PRECIPITANTS OF ACUTE PULMONARY EDEMA

Acute tachy- or bradyarrhythmia

Infection, fever

Acute M

Severe hypertension

Acute mitral or aortic regurgitation

Increased circulating volume (Na* ingestion, blood transfusion, pregnancy)
Increased metabolic demands (exercise, hyperthyroidism)

Pulmonary embolism

Noncompliance (sudden discontinuation) of chronic CHF medications
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TABLE 14-2 COMMON CAUSES OF NONCARDIOGENIC PULMONARY EDEMA

Direct Injury to Lung
Chest trauma, pulmonary contusion Pneumonia

Aspiration Oxygen toxicity

Smoke inhalation Pulmonary embolism, reperfusion
Sepsis Multiple transfusions

Pancreatitis IV drug use, e.g., heroin
Nonthoracic trauma Cardiopulmonary bypass

High altitude pulmonary edema Reexpansion pulmonary edema

Neurogenic pulmonary edema

Il PHYSICAL FINDINGS

Pt appears severely ill, often diaphoretic, sitting bolt upright, tachypneic,
cyanosis may be present. Bilateral pulmonary rales; third heart sound may
be present. Frothy, blood-tinged sputum may occur.

Il LABORATORY

Early arterial blood gases show reductions of both Pao, and Paco,. With
progressive respiratory failure, hypercapnia develops with acidemia. CXR
shows pulmonary vascular redistribution, diffuse haziness in lung fields
with perihilar “butterfly” appearance.

TREATMENT  Acute Pulmonary Edema

Immediate, aggressive therapy is mandatory for survival. The following
measures should be instituted as simultaneously as possible for cardio-
genic pulmonary edema:

1. Administer 100% O, by mask to achieve Pao, >60 mmHg; if inad-
equate, use positive-pressure ventilation by face or nasal mask, and if
necessary, proceed to endotracheal intubation.

2. Reduce preload:

a. Seat pt upright to reduce venous return, if not hypotensive.

b. Intravenousloop diuretic (e.g., furosemide, initially 0.5-1.0 mg/kg);
use lower dose if pt does not take diuretics chronically.

c. Nitroglycerin (sublingual 0.4 mg x 3 q5min) followed by 5-10 ug/
min IV if needed.

d. Morphine 2-4 mg IV (repetitively); assess frequently for hypoten-
sion or respiratory depression; naloxone should be available to
reverse effects of morphine if necessary.

e. Consider ACE inhibitor if pt is hypertensive, or in setting of acute
MI with heart failure.
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f. Consider nesiritide (2-pg/kg bolus IV followed by 0.01 pg/kg
per min) for refractory symptoms—do not use in acute MI or
cardiogenic shock.

3. Inotropic agents are indicated in cardiogenic pulmonary edema
and severe LV dysfunction: dopamine, dobutamine, milrinone (see
Chap. 12).

4. The precipitating cause of cardiogenic pulmonary edema (Table 14-1)
should be sought and treated, particularly acute arrhythmias or infec-
tion. For refractory pulmonary edema associated with persistent
cardiac ischemia, early coronary revascularization may be life-saving.
For noncardiac pulmonary edema, identify and treat/remove cause
(Table 14-2).

For a more detailed discussion, see Schwartzstein RM:
Dyspnea, Chap. 33, p. 277; and Hochman JS, Ingbar D:
Cardiogenic Shock and Pulmonary Edema, Chap. 272, p. 2232,
in HPIM-18.

CHAPTER 15

Acute Respiratory Distress
Syndrome

Il DEFINITION AND ETIOLOGY

Acute respiratory distress syndrome (ARDS) develops rapidly and includes
severe dyspnea, diffuse pulmonary infiltrates, and hypoxemia; it typi-
cally causes respiratory failure. Key diagnostic criteria for ARDS include
(1) diffuse bilateral pulmonary infiltrates on chest x-ray (CXR); (2) Pao,
(arterial partial pressure of oxygen in mmHg)/F1o, (inspired O, fraction)
<200 mmHg; and (3) absence of elevated left atrial pressure (pulmonary
capillary wedge pressure <18 mmHg). Acute lung injury is a related but
milder syndrome, with less profound hypoxemia (Pao,/F10, <300 mmHg),
that can develop into ARDS. Although many medical and surgical condi-
tions can cause ARDS, most cases (>80%) result from sepsis, bacterial
pneumonia, trauma, multiple transfusions, gastric acid aspiration, and drug
overdose. Individuals with more than one predisposing factor have a greater
risk of developing ARDS. Other risk factors include older age, chronic alco-
hol abuse, metabolic acidosis, and overall severity of critical illness.

Il CLINICAL COURSE AND PATHOPHYSIOLOGY

There are three phases in the natural history of ARDS:

1. Exudative phase—Characterized by alveolar edema and leukocytic
inflammation, with subsequent development of hyaline membranes from
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diffuse alveolar damage. The alveolar edema is most prominent in the
dependent portions of the lung; this causes atelectasis and reduced lung
compliance. Hypoxemia, tachypnea, and progressive dyspnea develop,
and increased pulmonary dead space can also lead to hypercarbia. CXR
reveals bilateral, diffuse alveolar and interstitial opacities. The differen-
tial diagnosis is broad, but common alternative etiologies to consider are
cardiogenic pulmonary edema, pneumonia, and alveolar hemorrhage.
Unlike cardiogenic pulmonary edema, the CXR in ARDS rarely shows
cardiomegaly, pleural effusions, or pulmonary vascular redistribution.
The exudative phase duration is typically up to 7 days in length and usu-
ally begins within 12-36 h after the inciting insult.

. Proliferative phase—This phase typically lasts from approximately days
7 to 21 after the inciting insult. Although most pts recover, some will
develop progressive lung injury and evidence of pulmonary fibrosis.
Even among pts who show rapid improvement, dyspnea and hypoxemia
often persist during this phase.

. Fibrotic phase—Although the majority of pts recover within 3-4 weeks
of the initial pulmonary injury, some experience progressive fibrosis,
necessitating prolonged ventilatory support and/or supplemental O,.
Increased risk of pneumothorax, reductions in lung compliance, and
increased pulmonary dead space are observed during this phase.

TREATMENT ARDS

Progress in recent therapy has emphasized the importance of general
critical care of pts with ARDS in addition to lung protective ventilator
strategies. General care requires treatment of the underlying medical
or surgical problem that caused lung injury, minimizing iatrogenic
complications (e.g., procedure-related), prophylaxis to prevent venous
thromboembolism and GI hemorrhage, prompt treatment of infections,
and adequate nutritional support. An algorithm for the initial manage-
ment of ARDS is presented in Fig. 15-1.

MECHANICAL VENTILATORY SUPPORT Pts with ARDS typically require
mechanical ventilatory support due to hypoxemia and increased work
of breathing. A substantial improvement in outcomes from ARDS
occurred with the recognition that mechanical ventilator-related over-
distention of normal lung units with positive pressure can produce or
exacerbate lung injury, causing or worsening ARDS. Currently recom-
mended ventilator strategies limit alveolar distention but maintain
adequate tissue oxygenation.

It has been clearly shown that low tidal volumes (<6 mL/kg predicted
body weight) provide reduced mortality compared with higher tidal
volumes (12 mL/kg predicted body weight). In ARDS, alveolar col-
lapse can occur due to alveolar/interstitial fluid accumulation and loss
of surfactant, thus worsening hypoxemia. Therefore, low tidal volumes
are combined with the use of positive end-expiratory pressure (PEEP)
at levels that strive to minimize alveolar collapse and achieve adequate
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INITIAL MANAGEMENT OF ARDS

| Goals and Limits: |

Tidal volume < 6 mi’kg PBW
Plateau pressure < 30 cmH20
RR < 35 bpm

Initiate
volume/pressure-limited
ventilation

Flo,<0.6
Oxygenate PEEP < 10 cmH>0
SpO, 88 — 95%

pH > 7.30
RR <135 bpm

Minimize acidosis

MAP > 65 mmHg
Avoid hypoperfusion

FIGURE 15-1 Algorithm for the initial management of ARDS. Clinical trials have
provided evidence-based therapeutic goals for a step-wise approach to the early
mechanical ventilation, oxygenation, correction of acidosis and diuresis of critically
ill pts with ARDS.

oxygenation with the lowest Fio,. Use of PEEP levels higher than
required to optimize oxygenation has not been proven to be of ben-
efit. Measurement of esophageal pressures to estimate transpulmonary
pressure may help to identify an optimal level of PEEP. Other tech-
niques that may improve oxygenation while limiting alveolar distention
include extending the time of inspiration on the ventilator (inverse ratio
ventilation) and placing the pt in the prone position. However, these
approaches are not of proven benefit in reducing mortality from ARDS.

ANCILLARY THERAPIES Pts with ARDS have increased pulmonary vas-
cular permeability leading to interstitial and alveolar edema. Therefore,
they should receive IV fluids only as needed to achieve adequate cardiac
output and tissue O, delivery as assessed by urine output, acid-base sta-
tus, and arterial pressure. There is not convincing evidence currently to
support the use of glucocorticoids or nitric oxide in ARDS.

Il OUTCOMES

Mortality from ARDS has declined with improvements in general critical
care treatment and with the introduction of low tidal volume ventilation.
Current mortality from ARDS is 26-44%, with most deaths due to sepsis
and nonpulmonary organ failure. Increased risk of mortality from ARDS is
associated with advanced age, preexisting organ dysfunction (e.g., chronic
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liver disease, chronic alcohol abuse, chronic immunosuppression, and
chronic renal disease), and direct lung injury (e.g., pneumonia, pulmonary
contusion, and aspiration) compared with indirect lung injury (e.g., sepsis,
trauma, and pancreatitis). Most surviving ARDS pts do not have significant
long-term pulmonary disability.

For a more detailed discussion, see Levy BD, Choi AMK:
Acute Respiratory Distress Syndrome, Chap. 268, p. 2205,
in HPIM-18.

CHAPTER 16
Respiratory Failure

Il DEFINITION AND CLASSIFICATION OF RESPIRATORY FAILURE

Respiratory failure is defined as inadequate gas exchange due to malfunc-
tion of one or more components of the respiratory system.

There are two main types of acute respiratory failure: hypoxemic and
hypercarbic. Hypoxemic respiratory failure is defined by arterial O, satura-
tion <90% while receiving an inspired O, fraction >0.6. Acute hypoxemic
respiratory failure can result from pneumonia, pulmonary edema (cardio-
genic or noncardiogenic), and alveolar hemorrhage. Hypoxemia results
from ventilation-perfusion mismatch and intrapulmonary shunting.

Hypercarbic respiratory failure is characterized by respiratory acidosis
with pH <7.30. Hypercarbic respiratory failure results from decreased min-
ute ventilation and/or increased physiologic dead space. Common condi-
tions associated with hypercarbic respiratory failure include neuromuscular
diseases, such as myasthenia gravis, and respiratory diseases associated
with respiratory muscle fatigue, such as asthma and chronic obstructive
pulmonary disease (COPD). In acute hypercarbic respiratory failure, Paco,
is typically >50 mmHg. With acute-on-chronic respiratory failure, as is
often seen with COPD exacerbations, considerably higher Paco, values
may be observed. The degree of respiratory acidosis, the pt’s mental status,
and the pt’s degree of respiratory distress are better indicators of the need
for mechanical ventilation than a specific Paco, level in acute-on-chronic
respiratory failure. Two other types of respiratory failure are commonly
considered: (1) perioperative respiratory failure related to atelectasis; and
(2) hypoperfusion of respiratory muscles related to shock.

Il MODES OF MECHANICAL VENTILATION

Respiratory failure often requires treatment with mechanical ventila-
tion. There are two general classes of mechanical ventilation: noninvasive
ventilation (NIV) and conventional mechanical ventilation. NIV, admin-
istered through a tightly fitting nasal or full-face mask, is widely used in
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acute-on-chronic respiratory failure related to COPD exacerbations. NIV
typically involves a preset positive pressure applied during inspiration and
a lower pressure applied during expiration; it is associated with fewer com-
plications such as nosocomial pneumonia than conventional mechanical
ventilation through an endotracheal tube. However, NIV is contraindicated
in cardiopulmonary arrest, severe encephalopathy, severe GI hemorrhage,
hemodynamic instability, unstable coronary artery disease, facial surgery
or trauma, upper airway obstruction, inability to protect the airway, and
inability to clear secretions.

Most pts with acute respiratory failure require conventional mechanical
ventilation via a cuffed endotracheal tube. The goal of mechanical ventila-
tion is to optimize oxygenation while avoiding ventilator-induced lung
injury. Various modes of conventional mechanical ventilation are com-
monly used; different modes are characterized by a trigger (what the venti-
lator senses to initiate a machine-delivered breath), a cycle (what determines
the end of inspiration), and limiting factors (operator-specified values for
key parameters that are monitored by the ventilator and not allowed to
be exceeded). Three of the common modes of mechanical ventilation are
described below; additional information is provided in Table 16-1.

e Assist-control ventilation: The trigger for a machine delivered breath is the
pt’s inspiratory effort, which causes a synchronized breath to be delivered.
If no effort is detected over a prespecified time interval, a timer-triggered
machine breath is delivered. Assist control is volume-cycled with an
operator-determined tidal volume. Limiting factors include the minimum
respiratory rate, which is specified by the operator; pt efforts can lead to
higher respiratory rates. Other limiting factors include the airway pressure
limit, which is also set by the operator. Because the pt will receive a full
tidal breath with each inspiratory effort, tachypnea due to nonrespiratory
drive (such as pain) can lead to respiratory alkalosis. In pts with airflow
obstruction (e.g., asthma or COPD), auto-PEEP can develop.

e Synchronized intermittent mandatory ventilation (SIMV): As with
assist-control, SIMV is volume-cycled, with similar limiting factors.
As with assist-control, the trigger for a machine-delivered breath can
be either pt effort or a specified time interval. However, if the pt’s next
inspiratory effort occurs before the time interval for another mandatory
breath has elapsed, only their spontaneous respiratory effort (without
machine support) is delivered. Thus, the number of machine-delivered
breaths is limited in SIMV, allowing pts to exercise their inspiratory
muscles between assisted breaths.

e Pressure-support ventilation (PSV): PSV is triggered by the pt’s inspira-
tory effort. The cycle of PSV is determined by the inspiratory flow rate.
Because a specific respiratory rate is not provided, this mode of ventila-
tion may be combined with SIMV to ensure that an adequate respiratory
rate is achieved in pts with respiratory depression.

Other modes of ventilation may be appropriate in specific clinical situa-
tions; for example, pressure-control ventilation is helpful to regulate airway
pressures in pts with barotrauma or in the postoperative period from
thoracic surgery.



TABLE 16-1 CLINICAL CHARACTERISTICS OF COMMONLY USED MODES OF MECHANICAL VENTILATION
Independent Variables ~ Dependent Variables  Trigger/Cycle

Ventilator Mode (Set by User) (Monitored by User)  Limit Advantages Disadvantages

ACMV (assist-control  Flo, Peak airway pressure  Pt/timer Timer backup Not useful for weaning
mandatory ABG
ventilation) Minute Ventilation
Tidal volume Pressure limit  Pt-vent synchrony
Ventilator rate Plateau pressure Potential for dangerous respira-
Level of PEEP Mean airway pressure Pt controls minute  tory alkalosis
Inspiratory flow pattern  I/E ratio ventilation
Peak inspiratory flow
Pressure limit
SIMV (synchronized ~ Same as for ACMV Same as for ACMV Same as for Timer backup is Potential dyssynchrony
intermittent ACMV useful for weaning
mandatory Comfort from
ventilation) spontaneous breaths
PSV (pressure- Flo, Tidal volume Inspiratory flow Assures synchrony  No timer backup; may result in
support ventilation)  Inspiratory pressure level Respiratory Rate Pressure limit ~ Good for weaning hypoventilation
PEEP Minute Ventilation
Pressure limit
NIV Inspiratory and Tidal Volume Pressure limit Pt control Discomfort and bruising from mask
(noninvasive expiratory pressure levels Respiratory Rate Inspiratory flow Leaks are common
ventilation) Flo, I/E Ratio Hypoventilation

Minute Ventilation

g Abbreviations: |/E, inspiration/expiration; Flo,, inspired O,; PEEP, positive end-expiratory pressure.
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Il MANAGEMENT OF MECHANICALLY VENTILATED PATIENTS

General care of mechanically ventilated pts is reviewed in Chap. 5, along
with weaning from mechanical ventilation. A cuffed endotracheal tube is
often used to provide positive pressure ventilation with conditioned gas.
A protective ventilation approach is generally recommended, including
the following elements: (1) target tidal volume of approximately 6 mL/kg
of ideal body weight; (2) avoid plateau pressures >30 cm H,O; (3) use
the lowest fraction of inspired oxygen (Flo,) to maintain arterial oxygen
saturation 290%; and (4) apply PEEP to maintain alveolar patency while
avoiding overdistention. After an endotracheal tube has been in place for an
extended period of time, tracheostomy should be considered, primarily to
improve pt comfort and management of respiratory secretions. No absolute
time frame for tracheostomy placement exists, but pts who are likely to
require mechanical ventilatory support for >2 weeks should be considered
for a tracheostomy.

A variety of complications can result from mechanical ventilation.
Barotrauma—overdistention and damage of lung tissue—typically occurs
at high airway pressures (>50 cm H,0). Barotrauma can cause pneumome-
diastinum, subcutaneous emphysema, and pneumothorax; pneumothorax
typically requires treatment with tube thoracostomy. Ventilator-associated
pneumonia is a major complication in intubated pts; common pathogens
include Pseudomonas aeruginosa and other gram-negative bacilli, as well as
Staphylococcus aureus.

For a more detailed discussion, see Celli BR: Mechanical
Ventilatory Support, Chap. 269, p. 2210; and Kress JP and
Hall JB: Approach to the Patient With Critical lliness, Chap.
267, p. 2196, in HPIM-18.

CHAPTER 17
Confusion, Stupor, and Coma

APPROACH TO THE . .
PATIENT Disorders of Consciousness

Disorders of consciousness are common; these always signify a disorder
of the nervous system. Assessment should determine whether there is
a change in level of consciousness (drowsy, stuporous, comatose) and/
or content of consciousness (confusion, perseveration, hallucinations).
Confusion is a lack of clarity in thinking with inattentiveness; delirium
is used to describe an acute confusional state; stupor, a state in which
vigorous stimuli are needed to elicit a response; coma, a condition of
unresponsiveness. Pts in such states are usually seriously ill, and etio-
logic factors must be assessed (Tables 17-1 and 17-2).
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TABLE 17-1 COMMON ETIOLOGIES OF DELIRIUM

Toxins

Prescription medications: especially those with anticholinergic properties,
narcotics, and benzodiazepines

Drugs of abuse: alcohol intoxication and alcohol withdrawal, opiates,
ecstasy, LSD, GHB, PCP, ketamine, cocaine

Poisons: inhalants, carbon monoxide, ethylene glycol, pesticides
Metabolic conditions

Electrolyte disturbances: hypoglycemia, hyperglycemia, hyponatremia,
hypernatremia, hypercalcemia, hypocalcemia, hypomagnesemia

Hypothermia and hyperthermia
Pulmonary failure: hypoxemia and hypercarbia
Liver failure/hepatic encephalopathy
Renal failure/uremia
Cardiac failure
Vitamin deficiencies: B, ,, thiamine, folate, niacin
Dehydration and malnutrition
Anemia
Infections

Systemic infections: urinary tract infections, pneumonia, skin and soft tis-
sue infections, sepsis

CNS infections: meningitis, encephalitis, brain abscess
Endocrinologic conditions

Hyperthyroidism, hypothyroidism

Hyperparathyroidism

Adrenal insufficiency
Cerebrovascular disorders

Global hypoperfusion states

Hypertensive encephalopathy

Focal ischemic strokes and hemorrhages: especially nondominant parietal
and thalamic lesions

Autoimmune disorders

CNS vasculitis

Cerebral lupus
Seizure-related disorders

Nonconvulsive status epilepticus

Intermittent seizures with prolonged postictal states
Neoplastic disorders

Diffuse metastases to the brain

(continued)
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TABLE 17-1 COMMON ETIOLOGIES OF DELIRIUM (CONTINUED)

Gliomatosis cerebri
Carcinomatous meningitis
Hospitalization
Terminal end-of-life delirium

Abbreviations: CNS, central nervous system; GHB, y-hydroxybutyrate; LSD, lysergic acid
diethylamide; PCP, phencyclidine.

Il DELIRIUM

Delirium is a clinical diagnosis made at the bedside; a careful history and
physical exam are necessary, focusing on common etiologies of delirium,
especially toxins and metabolic conditions. Observation will usually reveal
an altered level of consciousness or a deficit of attention. Attention can be
assessed through a simple bedside test of digits forward—pts are asked to
repeat successively longer random strings of digits beginning with two dig-
its in a row; a digit span of four digits or less usually indicates an attentional
deficit unless hearing or language barriers are present. Delirium is vastly
underrecognized, especially in pts presenting with a quiet, hypoactive state.

A cost-effective approach to the evaluation of delirium allows the history and
physical exam to guide tests. No single algorithm will fit all pts due to the large
number of potential etiologies, but one step-wise approach is shown in Table 17-2.

Management of the delirious pt begins with treatment of the under-
lying inciting factor (e.g., pts with systemic infections should be given
appropriate antibiotics, and electrolyte disturbances judiciously corrected).
Relatively simple methods of supportive care can be quite effective, such
as frequent reorientation by staff, preservation of sleep-wake cycles, and
attempting to mimic the home environment as much as possible. Chemical
restraints exacerbate delirium and should be used only when necessary to
protect pt or staff from possible injury; antipsychotics at low dose are usu-
ally the treatment of choice.

Il COMA (SEE TABLE 17-3)

Because coma demands immediate attention, the physician must employ an
organized approach. Almost all instances of coma can be traced to widespread
abnormalities of the bilateral cerebral hemispheres or to reduced activity of the
reticular activating system in the brainstem.

History

Pt should be aroused, if possible, and questioned regarding use of insulin,
narcotics, anticoagulants, other prescription drugs, suicidal intent, recent
trauma, headache, epilepsy, significant medical problems, and preceding
symptoms. Witnesses and family members should be interviewed, often by
phone. History of sudden headache followed by loss of consciousness suggests
intracranial hemorrhage; preceding vertigo, nausea, diplopia, ataxia, hemi-
sensory disorder suggest basilar insufficiency; chest pain, palpitations, and
faintness suggest a cardiovascular cause.
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TABLE 17-2 STEPWISE EVALUATION OF A PATIENT WITH DELIRIUM

Initial evaluation

History with special attention to medications (including over-the-counter
and herbals)

General physical examination and neurologic examination
Complete blood count
Electrolyte panel including calcium, magnesium, phosphorus
Liver function tests, including albumin
Renal function tests
First-tier further evaluation guided by initial evaluation
Systemic infection screen
Urinalysis and culture
Chest radiograph
Blood cultures
Electrocardiogram
Arterial blood gas
Serum and/or urine toxicology screen (perform earlier in young persons)
Brain imaging with MRI with diffusion and gadolinium (preferred) or CT
Suspected CNS infection: lumbar puncture after brain imaging

Suspected seizure-related etiology: electroencephalogram (EEG) (if high
suspicion, should be performed immediately)

Second-tier further evaluation
Vitamin levels: B, ,, folate, thiamine

Endocrinologic laboratories: thyroid-stimulating hormone (TSH) and free T,
cortisol

Serum ammonia
Sedimentation rate

Autoimmune serologies: antinuclear antibodies (ANA), complement levels;
p-ANCA, c-ANCA

Infectious serologies: rapid plasmin reagin (RPR); fungal and viral serologies
if high suspicion; HIV antibody

Lumbar puncture (if not already performed)
Brain MRI with and without gadolinium (if not already performed)

Abbreviations: c-ANCA, cytoplasmic antineutrophil cytoplasmic antibody; p-ANCA,
perinuclear antineutrophil cytoplasmic antibody.

Immediate Assessment

Acute respiratory and cardiovascular problems should be attended to
prior to the neurologic assessment. Vital signs should be evaluated, and
appropriate support initiated. Thiamine, glucose, and naloxone should be
administered if the etiology of coma is not immediately apparent. Blood
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TABLE 17-3 DIFFERENTIAL DIAGNOSIS OF COMA

1. Diseases that cause no focal or lateralizing neurologic signs, usually with
normal brainstem functions; CT scan and cellular content of the CSF are
normal

a. Intoxications: alcohol, sedative drugs, opiates, etc.

b. Metabolic disturbances: anoxia, hyponatremia, hypernatremia, hyper-
calcemia, diabetic acidosis, nonketotic hyperosmolar hyperglycemia,
hypoglycemia, uremia, hepatic coma, hypercarbia, Addisonian crisis,
hypo- and hyperthyroid states, profound nutritional deficiency

c¢. Severe systemic infections: pneumonia, septicemia, typhoid fever,
malaria, Waterhouse-Friderichsen syndrome

. Shock from any cause

. Postseizure states, status epilepticus, subclinical epilepsy
Hypertensive encephalopathy, eclampsia

. Severe hyperthermia, hypothermia

. Concussion
Acute hydrocephalus

2. Diseases that cause meningeal irritation with or without fever, and with
an excess of WBCs or RBCs in the CSF, usually without focal or lateralizing
cerebral or brainstem signs; CT or MRI shows no mass lesion

a. Subarachnoid hemorrhage from ruptured aneurysm, arteriovenous
malformation, trauma

b. Acute bacterial meningitis
c¢. Viral encephalitis

d. Miscellaneous: fat embolism, cholesterol embolism, carcinomatous and
lymphomatous meningitis, etc.

3. Diseases that cause focal brainstem or lateralizing cerebral signs, with or
without changes in the CSF; CT and MRI are abnormal

a. Hemispheral hemorrhage (basal ganglionic, thalamic) or infarction (large
middle cerebral artery territory) with secondary brainstem compression

. Brainstem infarction due to basilar artery thrombosis or embolism
. Brain abscess, subdural empyema
. Epidural and subdural hemorrhage, brain contusion
. Brain tumor with surrounding edema
Cerebellar and pontine hemorrhage and infarction
. Widespread traumatic brain injury
. Metabolic coma (see above) with preexisting focal damage

Miscellaneous: Cortical vein thrombosis, herpes simplex encephalitis,
multiple cerebral emboli due to bacterial endocarditis, acute hemorrhagic
leukoencephalitis, acute disseminated (postinfectious) encephalomyelitis,
thrombotic thrombocytopenic purpura, cerebral vasculitis, gliomatosis
cerebri, pituitary apoplexy, intravascular lymphoma, etc.

= ST a Tt oo a
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Abbreviations: CSF, cerebrospinal fluid; RBCs, red blood cells; WBCs, white blood cells.
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should be drawn for glucose, electrolytes, calcium, and renal (BUN, cre-
atinine) and hepatic (ammonia, transaminases) function; also screen for
presence of alcohol and other toxins, and obtain blood cultures if infection
is suspected. Arterial blood-gas analysis is helpful in pts with lung disease
and acid-base disorders. Fever, especially with petechial rash, suggests
meningitis. Examination of CSF is essential in diagnosis of meningitis and
encephalitis; lumbar puncture should not be deferred if meningitis is a
possibility, but CT scan should be obtained first to exclude a mass lesion.
Empirical antibiotic and glucocorticoid coverage for meningitis may be
instituted until CSF results are available. Fever with dry skin suggests heat
shock or intoxication with anticholinergics. Hypothermia suggests myx-
edema, intoxication, sepsis, exposure, or hypoglycemia. Marked hyperten-
sion occurs with increased intracranial pressure (ICP) and hypertensive
encephalopathy.

Neurologic Examination

Focus on establishing pt’s best level of function and uncovering signs that
enable a specific diagnosis. Comatose pt’s best motor and sensory function
should be assessed by testing reflex responses to noxious stimuli; carefully
note any asymmetric responses, which suggest a focal lesion. Multifocal
myoclonus indicates that a metabolic disorder is likely; intermittent twitch-
ing may be the only sign of a seizure.

Responsiveness

Stimuli of increasing intensity are applied to gauge the degree of unre-
sponsiveness and any asymmetry in sensory or motor function. Motor
responses may be purposeful or reflexive. Spontaneous flexion of elbows
with leg extension, termed decortication, accompanies severe damage to
contralateral hemisphere above midbrain. Internal rotation of the arms with
extension of elbows, wrists, and legs, termed decerebration, suggests damage
to midbrain or diencephalon. These postural reflexes occur in profound
encephalopathic states.

Pupillary Signs

In comatose pts, equal, round, reactive pupils exclude mid-brain damage
as cause and suggest a metabolic abnormality. Pinpoint pupils occur in
narcotic overdose (except meperidine, which can cause midsize pupils),
pontine damage, hydrocephalus, or thalamic hemorrhage; the response to
naloxone and presence of reflex eye movements (usually intact with drug
overdose) can distinguish these. A unilateral, enlarged, often oval, poorly
reactive pupil is caused by midbrain lesions or compression of third cranial
nerve, as occurs in transtentorial herniation. Bilaterally dilated, unreactive
pupils indicate severe bilateral midbrain damage, anticholinergic overdose,
or ocular trauma.

Ocular Movements

Examine spontaneous and reflex eye movements. Intermittent horizontal
divergence is common in drowsiness. Slow, to-and-fro horizontal movements
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suggest bihemispheric dysfunction. Conjugate eye deviation to one side
indicates damage to the pons on the opposite side or a lesion in the frontal
lobe on the same side (“The eyes look toward a hemispheral lesion and away
from a brainstem lesion”). An adducted eye at rest with impaired ability
to turn eye laterally indicates an abducens (VI) nerve palsy, common in
raised ICP or pontine damage. The eye with a dilated, unreactive pupil is
often abducted at rest and cannot adduct fully due to third nerve dysfunc-
tion, as occurs with transtentorial herniation. Vertical separation of ocular
axes (skew deviation) occurs in pontine or cerebellar lesions. Doll’s head
maneuver (oculocephalic reflex) and cold caloric-induced eye movements
allow diagnosis of gaze or cranial nerve palsies in pts who do not move
their eyes purposefully. Doll's head maneuver is tested by observing eye
movements in response to lateral rotation of head (this should not be per-
formed in pts with possible neck injury); full conjugate movement of eyes
occurs in bihemispheric dysfunction. In comatose pts with intact brainstem
function, raising head to 60° above the horizontal and irrigating external
auditory canal with cool water causes tonic deviation of gaze to side of
irrigated ear (“cold calorics”). In conscious pts, it causes nystagmus, vertigo,
and emesis.

Respiratory Patterns

Respiratory pattern may suggest site of neurologic damage. Cheyne-Stokes
(periodic) breathing occurs in bihemispheric dysfunction and is common
in metabolic encephalopathies. Respiratory patterns composed of gasps or
other irregular breathing patterns are indicative of lower brainstem damage;
such pts usually require intubation and ventilatory assistance.

Radiologic Examination

Lesions causing raised ICP commonly cause impaired consciousness. CT or
MRI scan of the brain is often abnormal in coma but may not be diagnostic;
appropriate therapy should not be postponed while awaiting a CT or MRI
scan. Pts with disordered consciousness due to high ICP can deteriorate
rapidly; emergent CT study is necessary to confirm presence of mass effect
and to guide surgical decompression. CT scan is normal in some pts with
subarachnoid hemorrhage; the diagnosis then rests on clinical history com-
bined with RBCs or xanthochromia in spinal fluid. CT, MR, or conventional
angiography may be necessary to establish basilar artery stroke as cause of
coma in pts with brainstem signs. The EEG is useful in metabolic or drug-
induced states but is rarely diagnostic; exceptions are coma due to seizures
or herpesvirus encephalitis.

Il BRAIN DEATH

This results from total cessation of cerebral function while somatic func-
tion is maintained by artificial means and the heart continues to pump.
It is legally and ethically equivalent to cardiorespiratory death. The pt is
unresponsive to all forms of stimulation (widespread cortical destruc-
tion), brainstem reflexes are absent (global brainstem damage), and
there is complete apnea (destruction of the medulla). Demonstration of
apnea requires that the Pco, be high enough to stimulate respiration,
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while Po, and bp are maintained. EEG is isoelectric at high gain. The
absence of deep tendon reflexes is not required because the spinal cord
may remain functional. Special care must be taken to exclude drug
toxicity and hypothermia prior to making a diagnosis of brain death.
Diagnosis should be made only if the state persists for some agreed-
upon period, usually 6-24 h.

For a more detailed discussion, see Josephson SA, Miller BL:
Confusion and Delirium, Chap. 25, p. 196, in HPIM-18. and
Ropper AH: Coma, Chap. 274, p. 2247, in HPIM-18.

CHAPTER 18
Stroke

Sudden onset of a neurologic deficit from a vascular mechanism: 85% are
ischemic; 15% are primary hemorrhages [subarachnoid (Chap. 19) and
intraparenchymal]. An ischemic deficit that resolves rapidly is termed
a transient ischemic attack (TIA); 24 h is a commonly used boundary
between TIA and stroke whether or not a new infarction has occurred,
although most TIAs last between 5 and 15 min. Recently proposed new
definitions classify all brain infarctions as strokes regardless of dura-
tion of symptoms. Stroke is the leading cause of neurologic disability
in adults; 200,000 deaths annually in the United States. Much can be
done to limit morbidity and mortality through prevention and acute
intervention.

Il PATHOPHYSIOLOGY

Ischemic stroke is most often due to embolic occlusion of large cerebral
vessels; source of emboli may be heart, aortic arch, or other arterial lesions
such as the carotid arteries. Small, deep ischemic lesions are most often
related to intrinsic small-vessel disease (lacunar strokes). Low-flow strokes
are seen with severe proximal stenosis and inadequate collaterals challenged
by systemic hypotensive episodes. Hemorrhages most frequently result
from rupture of aneurysms or small vessels within brain tissue. Variability
in stroke recovery is influenced by collateral vessels, blood pressure,
and the specific site and mechanism of vessel occlusion; if blood flow is
restored prior to significant cell death, the pt may experience only transient
symptoms, i.e., a TIA.

Il CLINICAL FEATURES

Ischemic Stroke

Abrupt and dramatic onset of focal neurologic symptoms is typical of
ischemic stroke. Pts may not seek assistance on their own because they
are rarely in pain and may lose appreciation that something is wrong
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(anosognosia). Symptoms reflect the vascular territory involved (Table 18-1).
Transient monocular blindness (amaurosis fugax) is a particular form
of TIA due to retinal ischemia; pts describe a shade descending over the
visual field.

TABLE 18-1 ANATOMIC LOCALIZATION IN STROKE

Signs and Symptoms

Cerebral Hemisphere, Lateral Aspect (Middle Cerebral A.)
Hemiparesis

Hemisensory deficit

Motor aphasia (Broca’s)—hesitant speech with word-finding difficulty and
preserved comprehension

Sensory aphasia (Wernicke’s)—anomia, poor comprehension, jargon speech
Unilateral neglect, apraxias

Homonymous hemianopia or quadrantanopia

Gaze preference with eyes deviated toward side of lesion

Cerebral Hemisphere, Medial Aspect (Anterior Cerebral A.)

Paralysis of foot and leg with or without paresis of arm
Cortical sensory loss over leg

Grasp and sucking reflexes

Urinary incontinence

Gait apraxia

Cerebral Hemisphere, Posterior Aspect (Posterior Cerebral A.)

Homonymous hemianopia

Cortical blindness

Memory deficit

Dense sensory loss, spontaneous pain, dysesthesias, choreoathetosis

Brainstem, Midbrain (Posterior Cerebral A.)

Third nerve palsy and contralateral hemiplegia
Paralysis/paresis of vertical eye movement
Convergence nystagmus, disorientation

Brainstem, Pontomedullary Junction (Basilar A.)

Facial paralysis

Paresis of abduction of eye
Paresis of conjugate gaze
Hemifacial sensory deficit
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TABLE 18-1 ANATOMIC LOCALIZATION IN STROKE (CONTINUED)

Brainstem, Pontomedullary Junction (Basilar A.)

Horner’s syndrome

Diminished pain and thermal sense over half body (with or without face)
Ataxia

Brainstem, Lateral Medulla (Vertebral A.)

Vertigo, nystagmus

Horner’s syndrome (miosis, ptosis, decreased sweating)

Ataxia, falling toward side of lesion

Impaired pain and thermal sense over half body with or without face

Lacunar Syndromes (Small-Vessel Strokes)

Most common are:

Pure motor hemiparesis of face, arm, and leg (internal capsule or pons)
Pure sensory stroke (ventral thalamus)

Ataxic hemiparesis (pons or internal capsule)

Dysarthria—clumsy hand (pons or genu of internal capsule).

Intracranial Hemorrhage

Vomiting and drowsiness occur in some cases, and headache in about one-
half. Signs and symptoms are often not confined to a single vascular terri-
tory. Etiologies are diverse but hypertension-related is the most common
(Table 18-2). Hypertensive hemorrhages typically occur in the following
locations:

Putamen: Contralateral hemiparesis often with homonymous hemianopia.
Thalamus: Hemiparesis with prominent sensory deficit.

Pons: Quadriplegic, “pinpoint” pupils, impaired horizontal eye movements.
Cerebellum: Headache, vomiting, gait ataxia.

A neurologic deficit that evolves gradually over 5-30 min strongly suggests
intracerebral bleeding.

TREATMENT  Stroke

Principles of management are outlined in Fig. 18-1. Stroke needs to
be distinguished from potential mimics, including seizure, migraine,
tumor, and metabolic derangements.

e Imaging. After initial stabilization, an emergency noncontrast head
CT scan is necessary to differentiate ischemic from hemorrhagic
stroke. With large ischemic strokes, CT abnormalities are usually
evident within the first few hours, but small infarcts can be difficult to
visualize by CT. CT or MR angiography (CTA/MRA) and perfusion
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TABLE 18-2 CAUSES OF INTRACRANIAL HEMORRHAGE

Cause
Head trauma

Hypertensive
hemorrhage

Transformation

Location

Intraparenchymal:
frontal lobes,
anterior temporal
lobes;
subarachnoid
Putamen, globus
pallidus, thalamus,
cerebellar
hemisphere, pons

Basal ganglion,

of prior ischemic subcortical

infarction

regions, lobar

Metastatic brain  Lobar

tumor

Coagulopathy

Drug

Arteriovenous
malformation

Aneurysm

Amyloid angi-
opathy

Cavernous
angioma

Dural arteriove-
nous fistula
Capillary
telangiectasias

Any

Lobar,
subarachnoid

Lobar, intraventric-
ular, subarachnoid

Subarachnoid,
intraparenchymal,
rarely subdural

Lobar

Intraparenchymal

Lobar,
subarachnoid

Usually brainstem

Comments

Coup and contrecoup injury during
brain deceleration

Chronic hypertension produces
hemorrhage from small (~100 pm)
vessels in these regions

Occurs in 1-6% of ischemic
strokes with predilection for large
hemispheric infarctions

Lung, choriocarcinoma, melanoma,
renal cell carcinoma, thyroid, atrial
myxoma

Uncommon cause; often associated
with prior stroke or underlying
vascular anomaly

Cocaine, amphetamine, phenylpropa-
nolamine

Risk is ~2—4% per year for bleeding

Mycotic and nonmycotic forms of
aneurysms

Degenerative disease of intracranial
vessels; linkage to Alzheimer’s
disease, rare in pts <60 years
Multiple cavernous angiomas linked
to mutations in KRIT1, CCM2, and
PDCD10 genes

Produces bleeding by venous
hypertension

Rare cause of hemorrhage

may help reveal vascular occlusions and tissue at risk for infarction.
Diffusion-weighted MRI has a high sensitivity for identifying isch-
emic stroke even minutes after onset.

ACUTE ISCHEMIC STROKE Treatments designed to reverse or lessen
tissue infarction include: (1) medical support, (2) thrombolysis and
endovascular techniques, (3) antiplatelet agents, (4) anticoagulation,
and (5) neuroprotection.
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ALGORITHM FOR STROKE AND TIA MANAGEMENT

Stroke or TIA
ABCs, glucose

Ischemic stroke/ Obtain brain Hemorrhage
TIA, 85% imaging 15%
Consider thrombolysis/ Consider BP
thrombectomy lowering

[} [}
Establish cause I Establish cause I
| | | }

Atrial Carotid Hyperten- J Other,

Other, Aneurysmal
64% SAH, 4%

T 1

fibrillation, | |disease, . o o
17% 2% sive ICH, 7% 4%

Consider Cg;i'd?r Tre?fti Clip or coil Consider Trer;lfti
warfarin 0 specitic (Chap. 19) surgery specitic
stent cause cause

{

Deep venous thrombosis prophylaxis
Physical, occupational, speech therapy
Evaluate for rehab, discharge planning

Secondary prevention based on disease

FIGURE 18-1 Medical management of stroke and TIA. Rounded boxes are diagno-
ses; rectangles are interventions. Numbers are percentages of stroke overall. ABCs,
airway, breathing, circulation; BP, blood pressure; CEA, carotid endarterectomy; ICH,
intracerebral hemorrhage; SAH, subarachnoid hemorrhage; TIA, transient ischemic
attack.

MEDICAL SUPPORT Optimize perfusion in ischemic penumbra sur-

rounding the infarct.

¢ Blood pressure should never be lowered precipitously (exacerbates the
underlying ischemia), and only in the most extreme situations should
gradual lowering be undertaken (e.g., malignant hypertension with
bp > 220/120 or, if thrombolysis planned, bp > 185/110 mmHg).

e Intravascular volume should be maintained with isotonic fluids as
volume restriction is rarely helpful. Osmotic therapy with mannitol
may be necessary to control edema in large infarcts, but isotonic
volume must be replaced to avoid hypovolemia.

e In cerebellar infarction (or hemorrhage), rapid deterioration can
occur from brainstem compression and hydrocephalus, requiring
neurosurgical intervention.



98 CYSw i [o] W2 Medical Emergencies

THROMBOLYSIS AND ENDOVASCULAR TECHNIQUES

o Ischemic deficits of <3 h duration, with no hemorrhage by CT cri-
teria, may benefit from thrombolytic therapy with IV recombinant
tissue plasminogen activator (Table 18-3).

e Based on recent data, IV rtPA is used in some centers for deficits of
3-4.5 h duration, but is not yet approved for this window in the U.S.
and Canada.

TABLE 18-3 ADMINISTRATION OF INTRAVENOUS RECOMBINANT TISSUE
PLASMINOGEN ACTIVATOR (rtPA) FOR ACUTE ISCHEMIC
STROKE (AIS)?

Indication Contraindication

Clinical diagnosis of stroke  Sustained BP >185/110 mmHg despite
treatment

Onset of symptoms to time  Platelets <100,000; HCT <25%; glucose <50
of drug administration <3 h  or >400 mg/dL

CT scan showing no hemor-  Use of heparin within 48 h and prolonged PTT,
rhage or edema of >1/3 of  or elevated INR
the MCA territory Rapidly improving symptoms
Age >18 years Prior stroke or head injury within 3 months;
Consent by pt or surrogate  Prior intracranial hemorrhage
Major surgery in preceding 14 days
Minor stroke symptoms
Gastrointestinal bleeding in preceding 21 days
Recent myocardial infarction
Coma or stupor

Administration of rtPA

Intravenous access with two peripheral IV lines (avoid arterial or central line
placement)

Review eligibility for rtPA

Administer 0.9 mg/kg IV (maximum 90 mg) IV as 10% of total dose by bolus,
followed by remainder of total dose over 1 h

Frequent cuff blood pressure monitoring
No other antithrombotic treatment for 24 h

For decline in neurologic status or uncontrolled blood pressure, stop infusion,
give cryoprecipitate, and reimage brain emergently

Avoid urethral catheterization for >2 h

“See Activase (tissue plasminogen activator) package insert for complete list of contraindica-
tions and dosing.

Abbreviations: BP, blood pressure; HCT, hematocrit; INR, international normalized ratio; MCA,
middle cerebral artery; PTT, partial thromboplastin time.



Stroke [H VAN L] 99

e Ischemic stroke from large-vessel intracranial occlusion results in
high rates of morbidity and mortality; pts with such occlusions may
benefit from intraarterial thrombolysis (<6 h duration) or embolec-
tomy (<8 h duration) administered at the time of an urgent cerebral
angiogram at specialized centers.

ANTIPLATELET AGENTS
e Aspirin (up to 325 mg/d) is safe and has a small but definite benefit
in acute ischemic stroke.

ANTICOAGULATION
e Trials do not support the use of heparin or other anticoagulants
acutely for pts with acute stroke.

NEUROPROTECTION

e Hypothermia is effective in coma following cardiac arrest but has
not been adequately studied in pts with stroke. Other neuroprotec-
tive agents have shown no benefit in human trials despite promising
animal data.

STROKE CENTERS AND REHABILITATION
e Pt care in comprehensive stroke units followed by rehabilitation
services improves neurologic outcomes and reduces mortality.

ACUTE INTRACEREBRAL HEMORRHAGE

e Noncontrast head CT will confirm diagnosis.

e Rapidly identify and correct any coagulopathy.

e Nearly 50% of pts die; prognosis is determined by volume and loca-
tion of hematoma.

e Stuporous or comatose pts generally are treated presumptively for
elevated ICP. Treatment for edema and mass effect with osmotic
agents may be necessary; glucocorticoids not helpful.

e Neurosurgical consultation should be sought for possible urgent
evacuation of cerebellar hematoma; in other locations, data do not
support surgical intervention.

Il EVALUATION: DETERMINING THE CAUSE OF STROKE

Although initial management of acute ischemic stroke or TIA does not depend
on the etiology, establishing a cause is essential to reduce risk of recurrence
(Table 18-4); particular attention should be on atrial fibrillation and carotid
atherosclerosis as these etiologies have proven secondary prevention strategies.
Nearly 30% of strokes remain unexplained despite extensive evaluation.

Clinical examination should be focused on the peripheral and cervi-
cal vascular system. Routine studies include CXR and ECG, urinalysis,
CBC/platelets, electrolytes, glucose, ESR, lipid profile, PT, PTT, and
serologic tests for syphilis. If a hypercoagulable state is suspected, further
studies of coagulation are indicated.

Imaging evaluation may include brain MRI (compared with CT,
increased sensitivity for small infarcts of cortex and brainstem); MR or
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TABLE 18-4 CAUSES OF ISCHEMIC STROKE

Common Causes Uncommon Causes

Thrombosis
Lacunar stroke (small vessel)
Large vessel thrombosis
Dehydration
Embolic occlusion
Artery-to-artery
Carotid bifurcation
Aortic arch
Arterial dissection
Cardioembolic
Atrial fibrillation
Mural thrombus
Myocardial infarction
Dilated cardiomyopathy
Valvular lesions
Mitral stenosis
Mechanical valve
Bacterial endocarditis
Paradoxical embolus
Atrial septal defect
Patent foramen ovale
Atrial septal aneurysm
Spontaneous echo contrast

Hypercoagulable disorders
Protein C deficiency
Protein S deficiency
Antithrombin Il deficiency
Antiphospholipid syndrome
Factor V Leiden mutation?
Prothrombin G20210 mutation?
Systemic malignancy
Sickle cell anemia
[-Thalassemia
Polycythemia vera
Systemic lupus erythematosus
Homocysteinemia
Thrombotic thrombocytopenic purpura
Disseminated intravascular coagulation
Dysproteinemias
Nephrotic syndrome
Inflammatory bowel disease
Oral contraceptives
Venous sinus thrombosis®
Fibromuscular dysplasia
Vasculitis
Systemic vasculitis [PAN, granuloma-
tosis with polyangiitis (Wegener’s),
Takayasu’s, giant cell arteritis]
Primary CNS vasculitis
Meningitis (syphilis, tuberculosis,
fungal, bacterial, zoster)
Cardiogenic
Mitral valve calcification
Atrial myxoma
Intracardiac tumor
Marantic endocarditis
Libman-Sacks endocarditis
Subarachnoid hemorrhage vasospasm
Drugs: cocaine, amphetamine
Moyamoya disease
Eclampsia

Chiefly cause venous sinus thrombosis.

“May be associated with any hypercoagulable disorder.
Abbreviations: CNS, central nervous system; PAN, polyarteritis nodosa.
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CT angiography (evaluate patency of intracranial vessels and extracranial
carotid and vertebral vessels); noninvasive carotid tests (“duplex” stud-
ies, combine ultrasound imaging of the vessel with Doppler evaluation of
blood flow characteristics); or cerebral angiography (“gold standard” for
evaluation of intracranial and extracranial vascular disease). For suspected
cardiogenic source, cardiac echocardiogram with attention to right-to-left
shunts, and 24-h Holter or long-term cardiac event monitoring indicated.

Il PRIMARY AND SECONDARY PREVENTION OF STROKE

Risk Factors

Atherosclerosis is a systemic disease affecting arteries throughout the body.
Multiple factors including hypertension, diabetes, hyperlipidemia, and family
history influence stroke and TIA risk (Table 18-5). Cardioembolic risk fac-
tors include atrial fibrillation, MI, valvular heart disease, and cardiomyopathy.
Hypertension and diabetes are also specific risk factors for lacunar stroke
and intraparenchymal hemorrhage. Smoking is a potent risk factor for all
vascular mechanisms of stroke. Identification of modifiable risk factors and
prophylactic interventions to lower risk is probably the best approach to stroke
overall.

TABLE 18-5 RISK FACTORS FOR STROKE

Relative Risk Number Needed to Treat?
Relative  Reduction with Primary Secondary

Risk Factor Risk Treatment Prevention  Prevention
Hypertension 2-5 38% 100-300 50-100
Atrial fibrillation ~ 1.8-2.9  68% warfarin, 20-83 13

21% aspirin
Diabetes 1.8-6 No proven effect
Smoking 1.8 50% at 1 year,

baseline risk

at 5 years post

cessation
Hyperlipidemia 1.8-2.6 16-30% 560 230
Asymptomatic 2.0 53% 85 N/A
carotid stenosis
Symptomatic 65% at 2 years N/A 12
carotid stenosis
(70-99%)
Symptomatic 29% at 5 years N/A 77
carotid stenosis
(50-69%)

Number needed to treat to prevent one stroke annually. Prevention of other cardiovascular
outcomes is not considered here.
Abbreviations: N/A, not applicable.
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TABLE 18-6 CONSENSUS RECOMMENDATION FOR ANTITHROMBOTIC
PROPHYLAXIS IN ATRIAL FIBRILLATION

CHADS2 Score? Recommendation

0 Aspirin or no antithrombotic
1 Aspirin or warfarin INR 2.5
>1 Warfarin INR 2.5

“CHADS?2 score calculated as follows: 1 point for age > 75 years, 1 point for hypertension,

1 point for congestive heart failure, 1 point for diabetes, and 2 points for stroke or TIA; sum of
points is the total CHADS?2 score.

Source: Modified from DE Singer et al: Chest 133:546S, 2008; with permission.

Antiplatelet Agents

Platelet antiaggregation agents can prevent atherothrombotic events,
including TIA and stroke, by inhibiting the formation of intraarterial
platelet aggregates. Aspirin (50-325 mg/d) inhibits thromboxane A, a
platelet aggregating and vasoconstricting prostaglandin. Aspirin, clopido-
grel (blocks the platelet ADP receptor), and the combination of aspirin plus
extended-release dipyridamole (inhibits platelet uptake of adenosine) are
the antiplatelet agents most commonly used. In general, antiplatelet agents
reduce new stroke events by 25-30%. Every pt who has experienced an
atherothrombotic stroke or TIA and has no contraindication should take
an antiplatelet agent regularly because the average annual risk of another
stroke is 8-10%. The choice of aspirin, clopidogrel, or dipyridamole plus
aspirin must balance the fact that the latter are more effective than aspirin
but the cost is higher.

Embolic Stroke

In pts with atrial fibrillation, the choice between anticoagulant or aspirin
prophylaxis is determined by age and risk factors; the presence of any risk
factor tips the balance in favor of anticoagulation (Table 18-6).

Anticoagulation Therapy for Noncardiogenic Stroke

Data do not support the use of long-term warfarin for preventing athero-
thrombotic stroke for either intracranial or extracranial cerebrovascular
disease.

Carotid Revascularization

Carotid endarterectomy benefits many pts with symptomatic severe (>70%)
carotid stenosis; the relative risk reduction is ~65%. However, if the periop-
erative stroke rate is >6% for any surgeon, the benefit is lost. Endovascular
stenting is an emerging option; there remains controversy as to who should
receive a stent or undergo endarterectomy. Surgical results in pts with
asymptomatic carotid stenosis are less robust, and medical therapy for reduc-
tion of atherosclerosis risk factors plus antiplatelet medications is generally
recommended in this group.
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For a more detailed discussion, see Smith WS, English JD,
Johnston SC: Cerebrovascular Diseases, Chap. 370, p. 3270,
in HPIM-18.

CHAPTER 19
Subarachnoid Hemorrhage

Excluding head trauma, the most common cause of subarachnoid hem-
orrhage (SAH) is rupture of an intracranial (saccular) aneurysm; other
etiologies include bleeding from a vascular malformation (arteriovenous
malformation or dural arterial-venous fistula), infective (mycotic) aneurysms,
and extension into the subarachnoid space from a primary intracerebral
hemorrhage. Approximately 2% of the population harbor aneurysms, and
25,000-30,000 cases of aneurysmal rupture producing SAH occur each year
in the United States; rupture risk for aneurysms <10 mm in size is 0.1% per
year; for unruptured aneurysms, the surgical morbidity risk far exceeds the
percentage.

Il CLINICAL PRESENTATION

Sudden, severe headache, often with transient loss of consciousness at
onset; vomiting is common. Bleeding may injure adjacent brain tissue and
produce focal neurologic deficits. A progressive third nerve palsy, usually
involving the pupil, along with headache suggests posterior communicating
artery aneurysm. In addition to dramatic presentations, aneurysms can
undergo small ruptures with leaks of blood into the subarachnoid space
(sentinel bleeds). The initial clinical manifestations of SAH can be graded
using established scales (Table 19-1); prognosis for good outcome falls as
the grade increases.

I INITIAL EVALUATION

e Noncontrast CT is the initial study of choice and usually demonstrates
the hemorrhage if obtained within 72 h. LP is required for diagnosis of
suspected SAH if the CT is nondiagnostic; xanthochromia of the spinal
fluid is seen within 6-12 h after rupture and lasts for 1-4 weeks.

e Cerebral angiography is necessary to localize and define the anatomic
details of the aneurysm and to determine if other unruptured aneurysms
exist; angiography should be performed as soon as possible after the
diagnosis of SAH is made.

e ECG may reveal ST-segment and T-wave changes similar to those asso-
ciated with cardiac ischemia; caused by circulating catecholamines and
excessive discharge of sympathetic neurons. A reversible cardiomyopa-
thy producing shock or congestive heart failure may result.

e Studies of coagulation and platelet count should be obtained, and rapid
correction should ensue if SAH is documented.
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TABLE 19-1 GRADING SCALES FOR SUBARACHNOID HEMORRHAGE

World Federation of

Neurosurgical Societies
Grade Hunt-Hess Scale (WFNS) Scale

Mild headache, normal mental status, GCS? score 15, no motor
no cranial nerve or motor findings deficits

Severe headache, normal mental sta- GCS score 13—14, no motor
tus, may have cranial nerve deficit deficits

Somnolent, confused, may have cra-  GCS score 13—14, with motor

nial nerve or mild motor deficit deficits

Stupor, moderate to severe motor GCS score 7—12, with or with-
deficit, may have intermittent reflex out motor deficits

posturing

Coma, reflex posturing or flaccid GCS score 3—6, with or with-

out motor deficits

Glasgow Coma Scale: See Table 20-2.

TREATMENT  Subarachnoid Hemorrhage

ANEURYSM REPAIR

Early aneurysm repair prevents rerupture.

The International Subarachnoid Aneurysm Trial (ISAT) demon-
strated improved outcomes with endovascular therapy compared to
surgery; however, some aneurysms have a morphology not amenable
to endovascular treatment, and therefore surgery is still an important
treatment option for some pts.

MEDICAL MANAGEMENT

Closely follow serum electrolytes and osmolality; hyponatremia
(“cerebral salt wasting”) frequently develops several days after SAH,
and supplemental oral salt plus IV normal saline or hypertonic saline
may be used to overcome renal losses.

Anticonvulsants may be begun until the aneurysm is treated, although
most experts reserve this therapy only for pts in whom a seizure has
occurred.

Blood pressure should be carefully controlled, while preserving cere-
bral blood flow, in order to decrease the risk of rerupture until the
aneurysm is repaired.

All pts should have pneumatic compression stockings applied to
prevent pulmonary embolism; unfractionated heparin administered
subcutaneously for deep-vein thrombosis prophylaxis can be initiated
immediately following endovascular treatment and within days
following craniotomy and surgical clipping.
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HYDROCEPHALUS

e Severe hydrocephalus may require urgent placement of a ventricular
catheter for external CSF drainage; some pts will require permanent
shunt placement.

e Deterioration of a SAH pt in the first hours to days should prompt
repeat CT scanning to evaluate ventricular size.

VASOSPASM

e The leading cause of mortality and morbidity following initial rupture;
may develop by day 4 and continue through day 14, leading to focal
ischemia and possibly stroke.

e Medical treatment with the calcium channel antagonist nimodipine
(60 mg PO q4h) improves outcome, probably by preventing ischemic
injury rather than reducing the risk of vasospasm.

e Cerebral perfusion can be improved in symptomatic vasospasm by
increasing mean arterial pressure with vasopressor agents such as phen-
ylephrine or norepinephrine, and intravascular volume can be expanded
with crystalloid, augmenting cardiac output and reducing blood viscos-
ity by reducing the hematocrit; this so-called “triple-H” (hypertension,
hemodilution, and hypervolemic) therapy is widely used.

o If symptomatic vasospasm persists despite optimal medical therapy,
intra-arterial vasodilators and angioplasty of the cerebral vessels can
be effective.

For a more detailed discussion, see Hemphill JC III, Smith WS,
and Gress DR: Neurologic Critical Care, Including Hypoxic-
Ischemic Encephalopathy and Subarachnoid Hemorrhage.
Chap. 275, p. 2254, in HPIM-18.

CHAPTER 20

Increased Intracranial
Pressure and Head Trauma

INCREASED INTRACRANIAL PRESSURE

A limited volume of extra tissue, blood, CSE or edema can be added to
the intracranial contents without raising the intracranial pressure (ICP).
Clinical deterioration or death may follow increases in ICP that shift intra-
cranial contents, distort vital brainstem centers, or compromise cerebral
perfusion. Cerebral perfusion pressure (CPP), defined as the mean arterial
pressure (MAP) minus the ICP, is the driving force for circulation across
capillary beds of the brain; decreased CPP is a fundamental mechanism of
secondary ischemic brain injury and constitutes an emergency that requires
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immediate attention. In general, ICP should be maintained at <20 mmHg
and CPP should be maintained at 260 mmHg.

Il CLINICAL FEATURES

Elevated ICP may occur in a wide range of disorders including head trauma,
intracerebral hemorrhage, subarachnoid hemorrhage (SAH) with hydro-
cephalus, and fulminant hepatic failure.

Symptoms of high ICP include drowsiness, headache (especially a constant
ache that is worse upon awakening), nausea, emesis, diplopia, and blurred vision.
Papilledema and sixth nerve palsies are common. If not controlled, then cerebral
hypoperfusion, pupillary dilation, coma, focal neurologic deficits, posturing,
abnormal respirations, systemic hypertension, and bradycardia may result.

Masses that cause raised ICP also distort midbrain and diencephalic
anatomy, leading to stupor and coma. Brain tissue is pushed away from
the mass against fixed intracranial structures and into spaces not normally
occupied. Posterior fossa masses, which may initially cause ataxia, stiff
neck, and nausea, are especially dangerous because they can both compress
vital brainstem structures and cause obstructive hydrocephalus.

Herniation syndromes (Fig. 20-1) include:

e Uncal: Medial temporal lobe displaced through the tentorium, compress-
ing the third cranial nerve and pushing the cerebral peduncle against the
tentorium, leading to ipsilateral pupillary dilation, contralateral hemipa-
resis, and posterior cerebral artery compression.

T L R S

FIGURE 20-1 Types of cerebral herniation. A. uncal; B. central; C. transfalcial;
D. foraminal.
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e Central: Downward displacement of the thalamus through the tento-
rium; miotic pupils and drowsiness are early signs.

o Transfalcial: Cingulate gyrus displaced under the midline falx, leading to
anterior cerebral artery compression.

e Foraminal: Cerebellar tonsils displaced into the foramen magnum, causing
medullary compression and respiratory arrest.

TREATMENT Increased Intracranial Pressure

e A number of different interventions may lower ICP, and ideally the
selection of treatment will be based on the underlying mechanism
responsible for the elevated ICP (Table 20-1).

e With hydrocephalus, the principal cause of elevated ICP is impaired
CSF drainage; in this setting, ventricular drainage of CSF is likely to be
sufficient.

TABLE 20-1 STEPWISE APPROACH TO TREATMENT OF ELEVATED
INTRACRANIAL PRESSURE*

Insert ICP monitor—ventriculostomy versus parenchymal device general
goals: maintain ICP <20 mmHg and CPP >60 mmHg For ICP >20-25 mmHg
for >5 min:

1. Drain CSF via ventriculostomy (if in place)
2. Elevate head of the bed; midline head position

3. Osmotherapy—mannitol 25-100 g g4h as needed (maintain serum
osmolality <320 mosmol) or hypertonic saline (30 mL, 23.4% NaCl bolus)

4. Glucocorticoids—dexamethasone 4 mg q6h for vasogenic edema from
tumor, abscess (avoid glucocorticoids in head trauma, ischemic and hem-
orrhagic stroke)

5. Sedation (e.g., morphine, propofol, or midazolam); add neuromuscular
paralysis if necessary (pt will require endotracheal intubation and
mechanical ventilation at this point, if not before)

6. Hyperventilation—to Paco, 30-35 mmHg

7. Pressor therapy—phenylephrine, dopamine, or norepinephrine to maintain
adequate MAP to ensure CPP > 60 mmHg (maintain euvolemia to minimize
deleterious systemic effects of pressors)

8. Consider second-tier therapies for refractory elevated ICP
a. High-dose barbiturate therapy (“pentobarb coma”)
b. Aggressive hyperventilation to Paco, <30 mmHg
¢. Hypothermia
d. Hemicraniectomy

*Throughout ICP treatment algorithm, consider repeat head CT to identify mass lesions
amenable to surgical evacuation.

Abbreviations: CPP, cerebral perfusion pressure; CSF, cerebrospinal fluid; MAP, mean arterial
pressure; Paco,, arterial partial pressure of carbon dioxide.
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FIGURE 20-2 Intracranial pressure and brain tissue oxygen monitoring. A ventricu-
lostomy allows for drainage of cerebrospinal fluid to treat elevated intracranial pres-
sure (ICP). Fiberoptic ICP and brain tissue oxygen monitors are usually secured using
a screwlike skull bolt. Cerebral blood flow and microdialysis probes (not shown) may
be placed in a manner similar to the brain tissue oxygen probe.

o If cytotoxic edema is responsible, as in head trauma or stroke, use of
osmotic diuretics such as mannitol or hypertonic saline is an appropri-
ate early step.

e Elevated ICP may cause tissue ischemia; resulting vasodilatation can
lead to a cycle of worsening ischemia. Paradoxically, administration
of vasopressor agents to increase mean arterial pressure may actually
lower ICP by increasing perfusion; therefore, hypertension should be
treated carefully, if at all.

o Free water should be restricted.

e Fever should be treated aggressively.

e Hyperventilation is best used for only short periods of time until a
more definitive treatment can be instituted.

e ICP monitoring is an important tool to guide medical and surgical
decisions in selected pts with cerebral edema (Fig. 20-2).

After stabilization and initiation of the above therapies, a CT scan (or

MRY, if feasible) is performed to delineate the cause of the elevated ICP.

Emergency surgery is sometimes necessary to decompress the intracra-

nial contents in cerebellar stroke with edema, surgically accessible tumor,

and subdural or epidural hemorrhage.

HEAD TRAUMA

Almost 10 million head injuries occur annually in the United States, about
20% of which are serious enough to cause brain damage.
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TABLE 20-2 GLASGOW COMA SCALE FOR HEAD INJURY

Eye opening (E) Verbal response (V)

Spontaneous 4 Oriented 5
To loud voice 3 Confused, disoriented 4
To pain 2 Inappropriate words B
Nil 1 Incomprehensible sounds 2

Nil 1

Best motor response (M)

Obeys

Localizes

Withdraws (flexion)
Abnormal flexion posturing
Extension posturing

Nil

— N W s~ o1

Note: Coma score = E + M + V. Pts scoring 3 or 4 have an 85% chance of dying or remain-
ing vegetative, while scores >11 indicate only a 5-10% likelihood of death or vegetative state
and 85% chance of moderate disability or good recovery. Intermediate scores correlate with
proportional chances of recovery.

Il CLINICAL FEATURES

Head trauma can cause immediate loss of consciousness. If transient and
accompanied by a short period of amnesia, it is called concussion. Prolonged
alterations in consciousness may be due to parenchymal, subdural, or epi-
dural hematoma or to diffuse shearing of axons in the white matter. Skull
fracture should be suspected in pts with CSF rhinorrhea, hemotympanum,
and periorbital or mastoid ecchymoses. Glasgow Coma Scale (Table 20-2)
useful for grading severity of brain injury.

APPROACH TO THE q
PATIENT Head Injury

Medical personnel caring for head injury pts should be aware that:

e Spinal injury often accompanies head injury and care must be taken to
prevent compression of the spinal cord due to instability of the spinal
column.

e Intoxication is a frequent accompaniment of traumatic brain injury;
when appropriate, testing should be carried out for drugs and alcohol.

e Accompanying systemic injuries, including ruptures of abdominal
organs, may produce vascular collapse or respiratory compromise
requiring immediate attention.

MINOR CONCUSSIVE INJURY The pt with minor head injury who is alert
and attentive after a short period of unconsciousness (<1 min) may have
headache, dizziness, faintness, nausea, a single episode of emesis, diffi-
culty with concentration, or slight blurring of vision. Such pts have usually
sustained a concussion and are expected to have a brief amnestic period.
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TABLE 20-3 GUIDELINES FOR MANAGEMENT OF CONCUSSION IN SPORTS

Severity of Concussion

Grade 1: Transient confusion, no loss of consciousness (LOC), all symptoms
resolve within 15 min.

Grade 2: Transient confusion, no LOC, but concussive symptoms or mental
status abnormalities persist longer than 15 min.
Grade 3: Any LOG, either brief (seconds) or prolonged (minutes).

On-Site evaluation

1. Mental status testing
a. Orientation—time, place, person, circumstances of injury
b. Concentration—digits backward, months of year in reverse order

¢. Memory—names of teams, details of contest, recent events, recall of
three words and objects at 0 and 5 min

. Finger-to-nose with eyes open and closed
. Pupillary symmetry and reaction
. Romberg and tandem gait

. Provocative testing—40-yard sprint, 5 push ups, 5 sit ups, 5 knee bends
(development of dizziness, headaches, or other symptoms is abnormal)

[S20 = NSV \ ]

Management guidelines

Grade 1: Remove from contest. Examine immediately and at 5-min
intervals. May return to contest if exam clears within 15 min. A second
grade 1 concussion eliminates player for 1 week, with return contingent
upon normal neurologic assessment at rest and with exertion.

Grade 2: Remove from contest, cannot return for at least 1 week. Examine at fre-
quent intervals on sideline. Formal neurologic exam the next day. If headache or
other symptoms persist for 1 week or longer, CT or MRI scan is indicated. After

1 full asymptomatic week, repeat neurologic assessment at rest and with exercise
before cleared to resume play. A second grade 2 concussion eliminates player for
at least 2 weeks following complete resolution of symptoms at rest or with exer-
tion. If imaging shows abnormality, player is removed from play for the season.

Grade 3: Transport by ambulance to emergency department if still unconscious
or worrisome signs are present; cervical spine stabilization may be indicated.
Neurologic exam and, when indicated, CT or MRI scan will guide subsequent
management. Hospital admission indicated when signs of pathology are present
or if mental status remains abnormal. If findings are normal at the time of the
initial medical evaluation, the athlete may be sent home, but daily exams as an
outpatient are indicated. A brief (LOC for seconds) grade 3 concussion eliminates
player for 1 week, and a prolonged (LOC for minutes) grade 3 concussion for

2 weeks, following complete resolution of symptoms. A second grade

3 concussion should eliminate player from sports for at least 1 month following
resolution of symptoms. Any abnormality on CT or MRI scans should result in
termination of the season for the athlete, and return to play at any future time
should be discouraged.

Source: Modified from Quality Standards Subcommittee of the American Academy of
Neurology: The American Academy of Neurology Practice Handbook. The American Academy
of Neurology, St. Paul, MN, 1997,
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After several hours of observation, these pts can be accompanied home
and observed for a day by family or friends. Persistent severe headache
and repeated vomiting are usually benign if the neurologic exam remains
normal, but in such situations radiologic studies should be obtained and
hospitalization is justified.

Timing of return to contact sports depends on the severity of concus-
sion and examination; this common sense approach is not guided by
adequate data (Table 20-3).

Older age, two or more episodes of vomiting, >30 min of retrograde
or persistent anterograde amnesia, seizure, and concurrent drug or alco-
hol intoxication are sensitive (but not specific) indicators of intracranial
hemorrhage that justify CT scanning; it is appropriate to be more liberal
in obtaining CT scans in children.

INJURY OF INTERMEDIATE SEVERITY Pts who are not comatose but who
have persistent confusion, behavioral changes, subnormal alertness,
extreme dizziness, or focal neurologic signs such as hemiparesis should
be hospitalized and have a CT scan. A cerebral contusion or subdural
hematoma is often found. Pts with intermediate head injury require medi-
cal observation to detect increasing drowsiness, respiratory dysfunc-
tion, pupillary enlargement, or other changes in the neurologic exam.
Abnormalities of attention, intellect, spontaneity, and memory tend to
return to normal weeks or months after the injury, although some cogni-
tive deficits may be persistent.

SEVERE INJURY Pts who are comatose from onset require immediate
neurologic attention and often resuscitation. After intubation (with care
taken to avoid deforming the cervical spine), the depth of coma, pupillary
size and reactivity, limb movements, and Babinski responses are assessed.
As soon as vital functions permit and cervical spine x-rays and a CT scan
have been obtained, the pt should be transported to a critical care unit.
CT scan may be normal in comatose pts with axonal shearing lesions in
cerebral white matter.

The finding of an epidural or subdural hematoma or large intracere-
bral hemorrhage requires prompt decompressive surgery in otherwise
salvageable pts. Subsequent treatment is probably best guided by direct
measurement of ICP. The use of prophylactic anticonvulsants has been
recommended but supportive data is limited.

For a more detailed discussion, see Hemphill JC Smith
WS Gress DR: Neurologic Critical Care, Including Hypoxic-
Ischemic Encephalopathy and Subarachnoid Hemorrhage,
Chap. 275, p. 2254; Ropper AH: Concussion and Other
Head Injuries, Chap. 378, p. 3377; and Ropper AH: Coma,
Chap. 274, p. 2247; in HPIM-18.
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CHAPTER 21
Spinal Cord Compression

APP':,OA‘}(:E,I?T"E Spinal Cord Compression

Initial symptoms, focal neck or back pain, may evolve over days to
weeks. These are followed by various combinations of paresthesias,
sensory loss, motor weakness, and sphincter disturbance evolving over
hours to several days. Partial lesions may selectively involve one or more
tracts and may be limited to one side of the cord. In severe or abrupt
cases, areflexia reflecting spinal shock may be present, but hyperreflexia
supervenes over days to weeks. With thoracic lesions, a sensory level to
pain may be present on the trunk, indicating localization to the cord at
that dermatomal level.

In any pt who presents with spinal cord symptoms, the first prior-
ity is to exclude treatable compression by a mass. Compression is
more likely to be preceded by warning signs of neck or back pain,
bladder disturbances, and sensory symptoms prior to development
of weakness; noncompressive etiologies such as infarction and hem-
orrhage are more likely to produce myelopathy without antecedent
symptoms.

MRI with gadolinium, centered on the clinically suspected level, is
the initial diagnostic procedure. (CT myelography may be helpful in
pts who have contraindications to MRI.) It is often useful to image the
entire spine to search for additional clinically silent lesions. Infectious
etiologies, unlike tumor, often cross the disc space to involve adjacent
vertebral bodies.

Il NEOPLASTIC SPINAL CORD COMPRESSION

Occurs in 3-5% of pts with cancer; epidural tumor may be the initial
manifestation of malignancy. Most neoplasms are epidural in origin and
result from metastases to the adjacent spinal bones. Almost any malignant
tumor can metastasize to the spinal column with lung, breast, prostate,
kidney, lymphoma, and plasma cell dyscrasia being particularly frequent.
The thoracic cord is most commonly involved; exceptions include prostate
and ovarian tumors, which preferentially involve the lumbar and sacral
segments from spread through veins in the anterior epidural space. The
most common presenting symptom is localized back pain and tenderness
followed by symptoms of neurologic compromise. Urgent MRI is indicated
when the diagnosis is suspected; up to 40% of pts with neoplastic cord
compression at one level are found to have asymptomatic epidural disease
elsewhere, so the entire spine should be imaged. Plain radiographs will miss
15-20% of metastatic vertebral lesions.
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TREATMENT  Neoplastic Spinal Cord Compression

« Glucocorticoids to reduce edema (dexamethasone, up to 40 mg daily)
can be administered before the imaging study if the clinical suspicion
is high, and continued at a lower dose until radiotherapy (generally
3000 cGy administered in 15 daily fractions) is completed.

o Early surgery, either decompression by laminectomy or vertebral body
resection, should be considered as a recent clinical trial indicated that sur-
gery followed by radiotherapy is more effective than radiotherapy alone
for pts with a single area of spinal cord compression by extradural tumor.

o Time is of the essence in treatment; fixed motor deficits (paraplegia or
quadriplegia) once established for >12 h do not usually improve, and
beyond 48 h the prognosis for substantial motor recovery is poor.

o Biopsy is needed if there is no history of underlying malignancy; a
simple systemic workup including chest imaging, mammography,
measurement of prostate-specific antigen (PSA), and abdominal CT
may reveal the diagnosis.

Il SPINAL EPIDURAL ABSCESS

Presents as a triad of pain, fever, and progressive limb weakness. Aching
pain is almost always present, either over the spine or in a radicular pattern.
The duration of pain prior to presentation is generally <2 weeks but may be
several months or longer. Fever is usually present along with elevated white
blood cell count, sedimentation rate, and C-reactive protein. Risk factors
include an impaired immune status (diabetes mellitus, HIV, renal failure,
alcoholism, malignancy), intravenous drug abuse, and infections of the
skin or other soft tissues. Most cases are due to Staphylococcus aureus; other
important causes include gram-negative bacilli, Streptococcus, anaerobes,
fungi, and tuberculosis (Pott’s disease).

MRI localizes the abscess. Lumbar puncture (LP) is required only if
encephalopathy or other clinical signs raise the question of associated
meningitis, a feature found in <25% of cases. The level of the LP should be
planned to minimize risk of meningitis due to passage of the needle through
infected tissue.

TREATMENT  Spinal Epidural Abscess

o Decompressive laminectomy with debridement combined with long-
term antibiotic treatment.

o Surgical evacuation is unlikely to improve deficits of more than several
days’ duration.

 Broad-spectrum antibiotics should be started empirically before sur-
gery and then modified on the basis of culture results and continued
for at least 4 weeks.

« With prompt diagnosis and treatment, up to two-thirds of pts experi-
ence significant recovery.
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Il SPINAL EPIDURAL HEMATOMA

Hemorrhage into the epidural (or subdural) space causes acute focal or radicu-
lar pain followed by variable signs of a spinal cord disorder. Therapeutic anti-
coagulation, trauma, tumor, or blood dyscrasia are predisposing conditions;
rarely complication of LP or epidural anesthesia. Treatment consists of prompt
reversal of any underlying bleeding disorder and surgical decompression.

For a more detailed discussion, see Gucalp R and Dutcher J:
Oncologic Emergencies, Chap. 276, p. 2266; and Hauser SL
and Ropper AH: Diseases of the Spinal Cord, Chap. 377,
p. 3366, in HPIM-18.

CHAPTER 22

Hypoxic-Ischemic
Encephalopathy

Results from lack of delivery of oxygen to the brain because of hypotension
or respiratory failure. Most common causes are MI, cardiac arrest, shock,
asphyxiation, paralysis of respiration, and carbon monoxide or cyanide
poisoning. In some circumstances, hypoxia may predominate. Carbon
monoxide and cyanide poisoning are termed histotoxic hypoxia since they
cause a direct impairment of the respiratory chain.

Il CLINICAL MANIFESTATIONS

Mild degrees of pure hypoxia (e.g., at high altitude) cause impaired judgment,
inattentiveness, motor incoordination, and, at times, euphoria. However, with
hypoxia-ischemia, such as occurs with circulatory arrest, consciousness is lost
within seconds. If circulation is restored within 3-5 min, full recovery may
occur, but with longer periods permanent cerebral damage usually results. It
may be difficult to judge the precise degree of hypoxia-ischemia, and some
pts make a relatively full recovery even after 8—10 min of global ischemia. The
distinction between pure hypoxia and hypoxia-ischemia is important, since a
Pao, as low as 2.7 kPa (20 mmHg) can be well tolerated if it develops gradu-
ally and normal blood pressure is maintained, but short durations of very low
or absent cerebral circulation may result in permanent impairment.

Clinical examination at different time points after an insult (especially
cardiac arrest) helps to assess prognosis (Fig. 22-1). The prognosis is better
for pts with intact brainstem function, as indicated by normal pupillary
light responses, intact oculocephalic (doll's eyes) reflexes, and oculoves-
tibular (caloric) and corneal reflexes. Absence of these reflexes and the
presence of persistently dilated pupils that do not react to light are grave
prognostic signs. A uniformly dismal prognosis is conveyed by the absence
of a pupillary light reflex or absence of a motor response to pain on day 3
following the injury. Bilateral absence of the cortical somatosensory evoked
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PROGNOSTICATION ALGORITHM OF OUTCOME

| Coma I

| Exclude major confounders |
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No br'alnstem reflexes at Yes Brain death
any time (pupil, cornea, — testi
X esting
oculocephalic, cough)
or
Day 1 Yes Poor . FOE: /R
Myoclonus, status epilepticus outcome °
(0-8.8)
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Day 1-3 Yes FPR
SSEP L, '?OO’ | 0.7%
absent N20 responses™ outcome (0-3.7)
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Day 1-3 Yes Poor FOPO/R
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Day 3
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FIGURE 22-1 Prognostication of outcome in comatose survivors of cardiopulmonary
resuscitation. Numbers in parentheses are 95% confidence intervals. Confounders
could include use of sedatives or neuromuscular blocking agents, hypothermia ther-
apy, organ failure, or shock. Tests denoted with an asterisk (*) may not be available
in a timely and standardized manner. SSEP, somatosensory evoked potentials; NSE,
neuron-specific enolase; FPR, false-positive rate. [From EFM Wijdicks et al: Practice
parameter: Prediction of outcome in comatose survivors after cardiopulmonary
resuscitation (an evidence-based review). Neurology 67:203, 2006; with permission.]

potentials (SSEP) in the first several days also conveys a poor prognosis,
as does a very elevated serum level (>33 pg/L) of the biochemical marker
neuron-specific enolase (NSE). Usefulness of SSEP and NSE often limited:
difficult to obtain in a timely fashion; need for expert interpretation (SSEP);
and lack of standardization (NSE measurements). Whether administration
of mild hypothermia after cardiac arrest will alter the usefulness of these
clinical and electrophysiologic predictors is unknown.
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Long-term consequences include persistent coma or vegetative state,
dementia, visual agnosia, parkinsonism, choreoathetosis, ataxia, myoclo-
nus, seizures, and an amnestic state. Delayed postanoxic encephalopathy is
an uncommon phenomenon in which pts appear to make an initial recov-
ery following an insult and then have a relapse with a progressive course
often characterized by widespread demeylination on imaging studies.

TREATMENT Hypoxic-Ischemic Encephalopathy

o Initial treatment is directed at restoring normal cardiorespiratory
function. This includes securing a clear airway, ensuring adequate
oxygenation and ventilation, and restoring cerebral perfusion, whether
by cardiopulmonary resuscitation, fluids, pressors, or cardiac pacing.

« Mild hypothermia (33°C), initiated as early as possible and contin-
ued for 12-24 h, may improve outcome in pts who remain comatose
after cardiac arrest, based on trials in pts whose initial rhythm was
primarily ventricular fibrillation or pulseless ventricular tachycar-
dia. Potential complications include coagulopathy and an increased
risk of infection.

 Anticonvulsants are not usually given prophylactically but may be
used to control seizures.

 Posthypoxic myoclonus can be controlled with clonazepam
(1.5-10 mg/d) or valproate (300-1200 mg/d) in divided doses.

« Myoclonic status epilepticus within 24 h after a hypoxic-ischemic
insult portends a universally poor prognosis, even if seizures are
controlled.

« Severe carbon monoxide intoxication may be treated with hyper-
baric oxygen.

For a more detailed discussion, see Hemphill JC Ill, Smith
WS, Gress DR: Neurologic Critical Care, Including Hypoxic-
Ischemic Encephalopathy and Subarachnoid Hemorrhage,
Chap. 275, p. 2254, in HPIM-18.

CHAPTER 23
Status Epilepticus

Defined as continuous seizures or repetitive, discrete seizures with impaired
consciousness in the interictal period. The duration of seizure activity to
meet the definition has traditionally been 15-30 min. A more practical
definition is any situation requiring the acute use of anticonvulsants; in
generalized convulsive status epilepticus (GCSE), this is typically when
seizures last >5 min.
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Il CLINICAL FEATURES

Has numerous subtypes: GCSE (e.g., persistent, generalized electrographic
seizures, coma, and tonic-clonic movements), and nonconvulsive status
epilepticus (e.g., persistent absence seizures or focal seizures, confusion, or
partially impaired consciousness, and minimal motor abnormalities). GCSE
is obvious when overt convulsions are present, but after 30-45 min of unin-
terrupted seizures, the signs may become increasingly subtle (mild clonic
movements of the fingers; fine, rapid movements of the eyes; or paroxysmal
episodes of tachycardia, pupillary dilatation, and hypertension). EEG may
be the only method of diagnosis with these subtle signs; therefore, if a pt
remains comatose after a seizure, EEG should be performed to exclude
ongoing status epilepticus. GCSE is life-threatening when accompanied by
cardiorespiratory dysfunction, hyperthermia, and metabolic derangements
such as acidosis (from prolonged muscle activity). Irreversible neuronal
injury may occur from persistent seizures, even when a pt is paralyzed from
neuromuscular blockade.

M ETIOLOGY

Principal causes of GCSE are antiepileptic drug withdrawal or noncompli-
ance, metabolic disturbances, drug toxicity, CNS infections, CNS tumors,
refractory epilepsy, and head trauma.

TREATMENT OF GENERALIZED TONIC-CLONIC STATUS EPILEPTICUS IN ADULTS

I
Lorazepam 0.1-0.15 mg/kg IV over 1-2 min |__| Additional emergent drug therapy
(repeat x 1 if no response after 5 min) may not be required if seizures

stop and the etiology of status
1 epilepticus is rapidly corrected

Fosphenytoin 20 mg/kg PE IV 150 mg/min
or phenytoin 20 mg/kg IV 50 mg/min

1 Seizures continuing

Consider valproate

25 mg/kg IV in pts. Fosphenytoin 7-10 mg/kg PE IV 150 mg/min
normally taking or phenytoin 7-10 mg/kg IV 50 mg/min

valproate and who may

be subtherapeutic Seizures continuing

Consider valproate
25 mg/kg IV

No immediate access to ICU

_>| Phenobarbital 20 mg/kg IV 60 mg/min

Admit lseizures continuing
to ICU

| Phenobarbital 10 mg/kg IV 60 mg/min

IV anesthesia with propofol or
midazolam or pentobarbital

FIGURE 23-1 Pharmacologic treatment of generalized tonic-clonic status epilepticus
in adults. The horizontal gray bars indicate the approximate duration of drug infusions.
IV, intravenous; PE, phenytoin equivalents.
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TREATMENT  Status Epilepticus

GCSE is a medical emergency and must be treated immediately.

« Firstattend toany acute cardiorespiratory problems or hyperthermia.

o Perform a brief medical and neurologic exam, establish venous
access, and send labs to screen for metabolic abnormalities includ-
ing anticonvulsant levels if pt has a history of epilepsy.

« Anticonvulsant therapy should then begin without delay (Fig. 23-1)

o In parallel, it is essential to determine the cause of the seizures to
prevent recurrence and treat any underlying abnormalities.

The treatment of nonconvulsive status epilepticus is somewhat less
urgent since the ongoing seizures are not accompanied by the severe
metabolic disturbances of GCSE; however, evidence points to local
cellular injury in the region of the seizure focus, so the condition
should be treated as promptly as possible using the general approach
for GCSE.

Il PROGNOSIS

The mortality rate is 20% in GCSE, and the incidence of permanent neuro-
logic sequelae is 10-50%.

For a more detailed discussion, see Lowenstein DH: Seizures
and Epilepsy, Chap. 369, p. 3251, in HPIM-18.

CHAPTER 24

Diabetic Ketoacidosis and
Hyperosmolar Coma

Diabetic ketoacidosis (DKA) and hyperglycemic hyperosmolar state (HHS)
are acute complications of diabetes mellitus (DM). DKA is seen primarily in
individuals with type 1 DM and HHS in individuals with type 2 DM. Both
disorders are associated with absolute or relative insulin deficiency, volume
depletion, and altered mental status. The metabolic similarities and differ-
ences in DKA and HHS are summarized in Table 24-1.

DIABETIC KETOACIDOSIS

M ETIOLOGY

DKA results from insulin deficiency with a relative or absolute increase
in glucagon and may be caused by inadequate insulin administration,
infection (pneumonia, urinary tract infection, gastroenteritis, sepsis),
infarction (cerebral, coronary, mesenteric, peripheral), surgery, trauma,
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TABLE 24-1 LABORATORY VALUES IN DIABETIC KETOACIDOSIS (DKA)
AND HYPERGLYCEMIC HYPEROSMOLAR STATE (HHS)
(REPRESENTATIVE RANGES AT PRESENTATION)

Glucose,” mmol/L (mg/dL) 13.9-33.3 (250-600)  33.3-66.6
(600-1200)°

Sodium, meq/L 125-135 135-145
Potassium,? meq/L Normal to T? Normal
Magnesium? Normal® Normal

Chloride? Normal Normal

Phosphate? Normal to 1° Normal

Creatinine, pmol/L (mg/dL)  Slightly T Moderately T
Osmolality (mOsm/mL) 300-320 330-380

Plasma ketones? ++++ 45

Serum bicarbonate,? meg/L <15 megq/L Normal to slightly
Arterial pH 6.8-7.3 >7.3

Arterial Pco,, mmHg 20-30 Normal

Anion gap? ) Normal to slightly T

[Na — (CI + HCO,)], meq/L

4 arge changes occur during treatment of DKA.

"Although plasma levels may be normal or high at presentation, total-body stores are usually
depleted.

dLarge changes occur during treatment

drugs (cocaine), or pregnancy. A common precipitating scenario is the pt
with type 1 DM who erroneously stops administering insulin because of
anorexia/lack of food intake caused by a minor illness, followed by lipolysis
and progressive ketosis leading to DKA.

Il CLINICAL FEATURES

The initial symptoms of DKA include anorexia, nausea, vomiting, poly-
uria, and thirst. Abdominal pain, altered mental function, or frank coma
may ensue. Classic signs of DKA include Kussmaul respirations and an
acetone odor on the pts breath. Volume depletion can lead to dry mucous
membranes, tachycardia, and hypotension. Fever and abdominal tender-
ness may also be present. Laboratory evaluation reveals hyperglycemia,
ketosis (B-hydroxybutyrate > acetoacetate), and metabolic acidosis (arterial
pH 6.8-7.3) with an increased anion gap (Table 24-1). The fluid deficit is
often 3-5 L and can be greater. Despite a total-body potassium deficit, the
serum potassium at presentation may be normal or mildly high as a result
of acidosis. Similarly, phosphate may be normal at presentation despite
total body phosphate depletion. Leukocytosis, hypertriglyceridemia, and
hyperlipoproteinemia are common. Hyperamylasemia is usually of salivary
origin but may suggest a diagnosis of pancreatitis. The measured serum
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sodium is reduced as a consequence of osmotic fluid shifts due to hyper-
glycemia [1.6-meq reduction for each 5.6-mmol/L (100-mg/dL) rise in the

serum glucose].

TREATMENT Diabetic Ketoacidosis

The management of DKA is outlined in Table 24-2.

TABLE 24-2 MANAGEMENT OF DIABETIC KETOACIDOSIS

1. Confirm diagnosis ( plasma glucose, positive serum ketones, metabolic
acidosis).

2. Admit to hospital; intensive-care setting may be necessary for frequent
monitoring or if pH <7.00 or unconscious.

3. Assess: Serum electrolytes (K+, Na*, Mg?, CI, bicarbonate, phosphate)
Acid-base status—pH, HCO,-, Pco,, B-hydroxybutyrate Renal function
(creatinine, urine output)

4. Replace fluids: 2-3 L of 0.9% saline over first 1-3 h (10—-15 mL/kg per
hour); subsequently, 0.45% saline at 150-300 mL/h; change to 5%
glucose and 0.45% saline at 100—200 mL/h when plasma glucose reaches
14 mmol/L (250 mg/dL).

5. Administer short-acting insulin: IV (0.1 units/kg) or IM (0.3 units/kg), then
0.1 units/kg per hour by continuous IV infusion; increase 2- to 3-fold if
no response by 2—4 h. If initial serum potassium is <3.3 meg/L, do not
administer insulin until the potassium is corrected to >3.3 meg/L. If the
initial serum potassium is >5.2 meg/L, do not supplement K+ until the
potassium is corrected.

6. Assess pt: What precipitated the episode (noncompliance, infection,
trauma, infarction, cocaine)? Initiate appropriate workup for precipitating
event (cultures, chest x-ray, ECG).

7. Measure capillary glucose every 1-2 h; measure electrolytes (especially
K*, bicarbonate, phosphate) and anion gap every 4 h for first 24 h.

8. Monitor blood pressure, pulse, respirations, mental status, fluid intake
and output every 1-4 h.

9. Replace K*: 10 meg/h when plasma K+ <5.0-5.2 meg/L, ECG normal,
urine flow and normal creatinine documented; administer 40-80 meg/h
when plasma K* <3.5 meg/L or if bicarbonate is given.

10. Continue above until pt is stable, glucose goal is 150-250 mg/dL,

and acidosis is resolved. Insulin infusion may be decreased to
0.05-0.1 units/kg per hour.

11. Administer intermediate or long-acting insulin as soon as pt is eating.
Allow for overlap in insulin infusion and SC insulin injection.

Abbreviations: ECG, electrocardiogram.

Source: Adapted from M Sperling, in Therapy for Diabetes Mellitus and Related Disorders,
American Diabetes Association, Alexandria, VA, 1998; and AE Kitabchi et al: Diabetes Care
29:2739, 2006.
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HYPERGLYCEMIC HYPEROSMOLAR STATE
M ETIOLOGY

Relative insulin deficiency and inadequate fluid intake are the underlying
causes of HHS. Hyperglycemia induces an osmotic diuresis that leads to
profound intravascular volume depletion. HHS is often precipitated by a
serious, concurrent illness such as myocardial infarction or sepsis and com-
pounded by conditions that impede access to water.

Il CLINICAL FEATURES

Presenting symptoms include polyuria, thirst, and altered mental state, rang-
ing from lethargy to coma. Notably absent are symptoms of nausea, vomit-
ing, and abdominal pain and the Kussmaul respirations characteristic of
DKA. The prototypical pt is an elderly individual with a several week history
of polyuria, weight loss, and diminished oral intake. The laboratory features
are summarized in Table 24-1. In contrast to DKA, acidosis and ketonemia
are usually not found; however, a small anion gap may be due to lactic acidosis,
and moderate ketonuria may occur from starvation. Prerenal azotemia is
typically present. Although the measured serum sodium may be normal or
slightly low, the corrected serum sodium is usually increased [add 1.6 meq
to measured sodium for each 5.6-mmol/L (100-mg/dL) rise in the serum
glucose]. HHS, even when adequately treated, has a significant mortality rate
(up to 15%), which is in part explained by comorbidities and pt age.

TREATMENT  Hyperglycemic Hyperosmolar State

The precipitating problem should be sought and treated. Sufficient IV
fluids (1-3 L of 0.9% normal saline over the first 2-3 h) must be given to
stabilize the hemodynamic status. The calculated free water deficit (usually
9-10 L) should be reversed over the next 1-2 days, using 0.45% saline ini-
tially then 5% dextrose in water. Overly rapid fluid replacement should be
avoided to prevent worsening of neurologic status. Potassium repletion is
usually necessary. The plasma glucose may drop precipitously with hydra-
tion alone, though insulin therapy with an IV bolus of 0.1 units/kg followed
by a constant infusion rate (0.1 units/kg per hour) is usually required. If the
serum glucose does not fall, the insulin infusion rate should be doubled.
Glucose should be added to IV fluid and the insulin infusion rate decreased
when the plasma glucose falls to 13.9 mmol/L (250 mg/dL). The insulin
infusion should be continued until the pt has resumed eating and can be
transitioned to a subcutaneous insulin regimen.

For a more detailed discussion, see Powers AC: Diabetes
Mellitus, Chap. 344, p. 2968, in HPIM-18.
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CHAPTER 25
Hypoglycemia

Glucose is an obligate metabolic fuel for the brain. Hypoglycemia should be
considered in any pt with confusion, altered level of consciousrniess, or seizures.
Counterregulatory responses to hypoglycemia include insulin suppression and
the release of catecholamines, glucagon, growth hormone, and cortisol.

The laboratory diagnosis of hypoglycemia is usually defined as a
plasma glucose level <2.5-2.8 mmol/L (<45-50 mg/dL), although the
absolute glucose level at which symptoms occur varies among individuals.
For this reason, Whipple’s triad should be present: (1) symptoms consis-
tent with hypoglycemia, (2) a low plasma glucose concentration measured
by a method capable of accurately measuring low glucose levels (not a
glucose monitor), and (3) relief of symptoms after the plasma glucose
level is raised.

M ETIOLOGY

Hypoglycemia occurs most commonly as a result of treating pts with dia-
betes mellitus. Additional factors to be considered in any pt with hypogly-
cemia are listed below.

1. Drugs: insulin, insulin secretagogues (especially chlorpropamide, repa-
glinide, nateglinide), alcohol, high doses of salicylates, sulfonamides,
pentamidine, quinine, quinolones

2. Critical illness: hepatic, renal, or cardiac failure; sepsis; prolonged starvation

3. Hormone deficiencies: adrenal insufficiency, hypopituitarism (particu-
larly in young children)

4. Insulinoma (pancreatic  cell tumor), B cell hyperplasia (nesidioblastosis;
congenital or after gastric or bariatric surgery)

5. Other rare etiologies: Non-p cell tumors (large mesenchymal or epithelial
tumors producing an incompletely processed IGF-II, other nonpancre-
atic tumors), antibodies to insulin or the insulin receptor, inherited enzy-
matic defects such as hereditary fructose intolerance and galactosemia.

Il CLINICAL FEATURES

Symptoms of hypoglycemia can be divided into autonomic (adrenergic: pal-
pitations, tremor, and anxiety; cholinergic: sweating, hunger, and paresthe-
sia) and neuroglycopenic (behavioral changes, confusion, fatigue, seizure,
loss of consciousness, and, if hypoglycemia is severe and prolonged, death).
Signs of autonomic discharge, such as tachycardia, elevated systolic blood
pressure, pallor, and diaphoresis are typically present in a pt with hypogly-
cemia awareness but may be absent in a pt with pure neuroglycopenia.

Recurrent hypoglycemia shifts thresholds for the autonomic symptoms
and counterregulatory responses to lower glucose levels, leading to hypo-
glycemic unawareness. Under these circumstances, the first manifestation
of hypoglycemia is neuroglycopenia, placing pts at risk of being unable to
treat themselves.
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ALGORITHM APPROACH TO PATIENT

| Suspected/Documented Hypoglycemia I
]
' }
| !

Treated with Clinical clues Apparently healthy
« Insulin * Drugs

« Sulfonylurea * Organ failure -
Fasting glucose

* Other secretagogue * Sepsis
* Hormone

deficiencies

l * Non-p-cell tumor | ["_55 mg/dL | [ 255 mg/dL |
Adjust regimen * Previous gastric ‘
surgery

Document l
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. Provide adequate
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underlying cause

Extended fast

| 7 Insulin, Whipple's triad H <55 mg/dL | [ 255 mg/dL |

) l

!
T C-peptide I 1 C-peptide I Mixed meal |

Exogenous | | Whipple’s No Whipple’s
insulin triad triad

Likely factitious | Reactive Hypoglycemia | _ |

hypoglycemia excluded

Insulinomal [Autoimmune l [ Sulfonylurea l

FIGURE 25-1 Diagnostic approach to a pt with suspected hypoglycemia based on
a history of symptoms, a low plasma glucose concentration, or both. AB+, positive
for antibodies against insulin or the insulin receptor; SU+, positive for sulfonylurea.

l DIAGNOSIS

Diagnosis of the hypoglycemic mechanism is critical for choosing a treat-
ment that prevents recurrent hypoglycemia (Fig. 25-1). Urgent treatment
is often necessary in pts with suspected hypoglycemia. Nevertheless, blood
should be drawn at the time of symptoms, whenever possible before the
administration of glucose, to allow documentation of the glucose level.
If the glucose level is low and the cause of hypoglycemia is unknown,
additional assays should be performed on blood obtained at the time of a
low plasma glucose. These should include insulin, proinsulin, C-peptide,
sulfonylurea levels, cortisol, and ethanol. In the absence of documented
spontaneous hypoglycemia, overnight fasting or food deprivation during
observation in the outpatient setting will sometimes elicit hypoglycemia
and allow diagnostic evaluation. An extended (up to 72 h) fast under careful
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TABLE 25-1 DIAGNOSTIC INTERPRETATION OF HYPOGLYCEMIA

Glucose, C- Urine or

mmol/L Insulin, Peptide, Proinsulin, Plasma
Diagnosis (mg/dL) pU/mL pmol/L  pmol/L  Sulfonylurea
Nonhypoglycemic >2.2 (>40) <3 <200 <5 No
Insulinoma <25 (<45 =3 >200 >5 No
Exogenous insulin <2.5 (<45) >32 <200 <5 No
Sulfonylurea <25 (<45) >3 >200 >5 Yes
Non-insulin <25 (<45) <3 <200 <5 No
mediated

Often very high.

supervision in the hospital may otherwise be required—the test should be
terminated if plasma glucose drops below 2.5 mmol/L (45 mg/dL) and the
pt has symptoms.

Interpretation of fasting test results is shown in Table 25-1.

TREATMENT  Hypoglycemia

The syndrome of hypoglycemic unawareness in pts with diabetes mel-
litus is reversible after as little as 2 weeks of scrupulous avoidance of
hypoglycemia. This involves a shift of glycemic thresholds for sym-
pathetic autonomic symptoms back to higher glucose concentrations.

Acute therapy of hypoglycemia requires administration of oral glu-
cose or, if unavailable, rapidly absorbable sugar (e.g., fruit juice), or
25 g of a 50% solution IV followed by a constant infusion of 5% or 10%
dextrose if parenteral therapy is necessary. Hypoglycemia from sulfo-
nylureas is often prolonged, requiring treatment and monitoring for
24 h or more. SC or IM glucagon can be used in diabetics. Prevention
of recurrent hypoglycemia requires treatment of the underlying cause of
hypoglycemia, including discontinuation or dose reduction of offend-
ing drugs, treatment of critical illnesses, replacement of hormonal
deficiencies, and surgery of insulinomas or other tumors. Diazoxide or
octreotide therapy can be used to control hypoglycemia in inoperable
metastatic insulinoma or nesidioblastosis. Treatment of other forms
of hypoglycemia is dietary, with avoidance of fasting and ingestion of
frequent small meals.

For a more detailed discussion, see Cryer PE, Davis SN:
Hypoglycemia, Chap. 345, p. 3003, in HPIM-18.
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CHAPTER 26
Infectious Disease Emergencies

APPROACH TO THE : . .
PATIENT Infectious Disease Emergencies

o Acutely ill febrile pts require emergent attention and must be appro-
priately evaluated and treated at presentation to improve outcome. A
quick assessment of general appearance provides a subjective sense of
whether the pt is septic or toxic.

o History: Although presenting symptoms are frequently nonspecific,
the physician should elicit the following elements of a directed his-
tory to help identify risk factors for particular infections:

- Onset and duration of symptoms, changes in severity or rate of
progression over time

- Host factors (e.g., alcoholism, IV drug use) and comorbid condi-
tions (e.g., asplenia, diabetes, HIV infection)

- Potential nidus for invasive infection (e.g., recent URI or influ-
enza, trauma, burn, surgery, foreign body)

- Exposure history (e.g., travel, pets, diet, medication use, vaccina-
tion history, sick contacts, menstruation history, sexual contacts)

o Physical examination: A complete physical examination should be
performed, with particular attention to general appearance, vital
signs, skin and soft tissue exam, and neurologic evaluation (including
mental status).

o Diagnostic workup: should be initiated rapidly, preferably before anti-
biotics are given

- Bloodwork: cultures, CBC with differential, electrolytes, BUN,
creatinine, LFTs, blood smear examination (for parasitic or tick-
borne diseases), buffy coat

— CSF cultures if meningitis is possible. If focal neurologic signs,
papilledema, or abnormal mental status is noted, administer anti-
biotics after blood culture samples are obtained, perform brain
imaging, and then consider LP.

- CT or MRI to evaluate focal abscesses; cultures of wounds or
scraping of skin lesions as indicated

- No diagnostic procedure should delay treatment for more than
minutes.

o Treatment: Empirical antibiotic therapy (Table 26-1) is critical.

- Adjunctive therapy (e.g., glucocorticoids or IV immunoglobulin)
may reduce morbidity and mortality rates for specific conditions.
Dexamethasone for bacterial meningitis must be given before or
with the first dose of antibiotic.
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TABLE 26-1 COMMON INFECTIOUS DISEASE EMERGENCIES

Clinical Possible

Syndrome Etiologies
Sepsis without a clear focus

Septic shock

Streptococcus spp.
Overwhelming post- Streptococcus pneumoniae,
splenectomy sepsis
meningitiais
Babesiosis Babesia microti (U.S.), B. divergens
(Europe)

Pseudomonas spp., gram-negative
enteric bacilli, Staphylococcus spp.,

Haemophilus influenzae, Neisseria

Treatment

Vancomycin (1 g q12h) plus
Gentamicin (5 mg/kg per day)
plus either
Piperacillin/tazobactam
(3.375 g g4h)

or

Cefepime (2 g q12h)

Ceftriaxone (2 g q12h) plus
Vancomycin (1 g q12h)

Either.

Clindamycin (600 mg tid)

plus

Quinine (650 mg tid)

or:

Atovaquone (750 mg q12h) plus
Azithromycin (500-mg loading
dose, then 250 mg/d)

Comments

Adjust treatment when culture data become
available. Drotrecogin alfa (activated)? or low-
dose hydrocortisone and fludrocortisone® may
improve outcome in pts with septic shock.

If a B-lactam—sensitive strain is identified,
vancomycin can be discontinued.

Atovaquone and azithromycin are as effective as
clindamycin and quinine and are associated with
fewer side effects. Treatment with doxycycline
(100 mg bid ) for potential co-infection with
Borrelia burgdorferi or Anaplasma spp. may be
prudent.
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Sepsis with Skin Findings
Meningococcemia N. meningitidis

Rocky Mountain spot-  Rickettsia rickettsii
ted fever (RMSF)

Purpura fulminans S. pneumoniae, H. influenzae,
N. meningitidis

Erythroderma: toxic Group A Streptococcus,

shock syndrome Staphylococcus aureus

Sepsis with Soft Tissue Findings

Necrotizing fasciitis Group A Streptococcus,
mixed aerobic/anaerobic flora,
CA-MRSA?

Penicillin (4 mU g4h)
or
Ceftriaxone (2 g q12h)

Doxycycline (100 mg bid)

Ceftriaxone (2 g q12h) plus
Vancomycin (1 g q12h)
Vancomycin (1 g q12h) plus
Clindamycin (600 mg q8h)

Vancomycin (1 g q12h) plus
Clindamycin (600 mg q8h) plus
Gentamicin (5 mg/kg per day)

Consider protein C replacement in fulminant
meningococcemia.

If both meningococcemia and RMSF are being
considered, use ceftriaxone (2 g q12h) plus
doxycycline (100 mg bid9) or chloramphenicol
alone (5075 mg/kg per day in four divided
doses). If RMSF is diagnosed, doxycycline is the
proven superior agent.

If a B-lactam—sensitive strain is identified,
vancomycin can be discontinued.

If a penicillin- or oxacillin-sensitive strain is iso-
lated, these agents are superior to vancomycin
(penicillin, 2 mU g4h; or oxacillin, 2 g g4h). The
site of toxigenic bacteria should be debrided;

IV immunoglobulin can be used in severe cases.’

Urgent surgical evaluation is critical. If a penicillin-
or oxacillin-sensitive strain is isolated, these
agents are superior to vancomycin (penicillin,

2 mU g4h; or oxacillin, 2 g g4h).

(continued)
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TABLE 26-1 COMMON INFECTIOUS DISEASE EMERGENCIES (CONTINUED)

Clinical Possible

Syndrome Etiologies Treatment Comments

Sepsis with soft tissue findings

Clostridial myonecrosis ~ Clostridium perfringens Penicillin (2 mU g4h) plus Urgent surgical evaluation is critical.

Clindamycin (600 mg q8h)
Neurologic infections

Bacterial meningitis S. pneumoniae, Ceftriaxone (2 g q12h) If a B-lactam—sensitive strain is identified,
N. meningitidis plus vancomycin can be discontinued. If the pt is
Vancomycin (1 g q12h) >50 years old or has comorbid disease, add

ampicillin (2 g q4h) for Listeria coverage.
Dexamethasone (10 mg q6h x 4 days) improves
outcome in adult pts with meningitis (especially
pneumococcal) and cloudy CSF, positive CSF
Gram’s stain, or a CSF leukocyte count >1000/mL.

Brain abscess, sup- Streptococcus spp., Staphylococcus  Viancomycin (1 g q12h) plus Urgent surgical evaluation is critical. If a penicillin-
purative intracranial Spp., anaerobes, gram-negative Metronidazole (500 mg q8h) plus  or oxacillin-sensitive strain is isolated, these
infections bacilli Ceftriaxone (2 g q12h) agents are superior to vancomycin (penicillin,
4 mU g4h; or oxacillin, 2 g q4h).
Cerebral malaria Plasmodium falciparum Artesunate (2.4 mg/kg IV at 0, Do not use glucocorticoids. Use IV quinidine if
12, and 24 h; then once daily)’ IV quinine is not available. During IV quinidine
or treatment, blood pressure and cardiac function

Quinine (IV loading dose of 20 mg  should be monitored continuously and blood glu-
salt/kg; then 10 mg/kg q8h) plus  cose monitored periodically.
Doxycycline (100 mg IV q12h)
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Spinal epidural abscess Staphylococcus Vancomycin (1 g q12h) plus
spp., gram-negative bacilli Ceftriaxone (2 g q24h)

Focal infections

Acute bacterial S. aureus, B-hemolytic streptococci,  Ceftriaxone (2 g q12h) plus
endocarditis HACEK group,? Neisseria spp., Vancomycin (1 g q12h)
S. pneumoniae

Surgical evaluation is essential. If a penicillin- or
oxacillin-sensitive strain is isolated, these agents
are superior to vancomycin (penicillin, 4 mU g4h;
or oxacillin, 2 g q4h).

Adjust treatment when culture data become
available. Surgical evaluation is essential.

“Drotrecogin alfa (activated) is administered at a dose of 24 pg/kg per hour for 96 h. It has been approved for use in pts with severe sepsis and a high risk of death as defined by

an Acute Physiology and Chronic Health Evaluation Il (APACHE II) score of >25 and/or multiorgan failure.

"Hydrocortisone (50-mg IV bolus q6h) with fludrocortisone (50-ug tablet daily for 7 days) may improve outcomes of severe sepsis, particularly in the setting of relative adrenal

insufficiency.

“Tetracyclines can be antagonistic in action to B-lactam agents. Adjust treatment as soon as the diagnosis is confirmed.

The optimal dose of IV immunoglobulin has not been determined, but the median dose in observational studies is 2 g/kg (total dose administered over 1-5 days).

*Community-acquired methicillin-resistant S. aureus.

In the United States, artesunate must be obtained by the Centers for Disease Control and Prevention. For pts diagnosed with severe malaria, full doses of parenteral antimalarial

treatment should be started with whichever recommended antimalarial agent is first available.

9Haemophilus aphrophilus, H. paraphrophilus, H. parainfluenzae, Aggregatibacter (formerly Actinobacillus) actinomycetemcomitans, Cardiobacterium hominis, Eikenella corrodens,

and Kingella kingae.
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Il SPECIFIC PRESENTATIONS (TABLE 26-1)

Sepsis without an Obvious Focus of Primary Infection

1. Septic shock: A primary site of infection may not be evident initially.

2. Overwhelming infection in asplenic pts
a. Most infections occur within 2 years after splenectomy, with ~50%

mortality.

b. Encapsulated organisms cause the majority of infections; Streptococcus
pneumoniae is the most common isolate.

3. Babesiosis: A history of recent travel to endemic areas raises the possibil-
ity of this diagnosis.

a. Nonspecific symptoms occur 1-4 weeks after a tick bite and can prog-
ress to renal failure, acute respiratory failure, and DIC.

b. Asplenia, age >60 years, underlying immunosuppressive conditions,
infection with the European strain Babesia divergens, and co-infection
with Borrelia burgdorferi (Lyme disease) or Anaplasma phagocytophilum
are risk factors for severe disease.

4. Tularemia and plague can produce typhoidal or septic syndromes with
mortality rates ~30% and should be considered in the appropriate epide-
miologic setting.

5. Viral hemorrhagic fevers: zoonotic viral illness from animal reservoirs
or arthropod vectors (e.g., Lassa fever in Africa, hantavirus hemorrhagic
fever with renal syndrome in Asia, Ebola and Marburg virus infections
in Africa, and yellow fever in Africa and South America). Dengue is the
most common arboviral disease worldwide; dengue hemorrhagic fever
is the more severe form, with a triad of hemorrhagic manifestations,
plasma leakage, and platelet counts <100,000/uL. Mortality is 10-20%
but approaches 40% if dengue shock syndrome develops. Supportive care
and volume replacement therapy are life-saving.

Sepsis with Skin Manifestations
1. Maculopapular rashes: usually not emergent but can occur in early
meningococcemia or rickettsial disease
2. Petechiae: warrant urgent attention when accompanied by hypotension
or a toxic appearance
a. Meningococcemia: Young children and their household contacts are
at greatest risk; outbreaks occur in schools, day-care centers, and mili-
tary barracks.
i. Petechiae begin at ankles, wrists, axillae, and mucosal surfaces and
progress to purpura and DIC.
ii. Other symptoms include headache, nausea, myalgias, altered
mental status, and meningismus.
iii. Mortality rates are 50-60%; early treatment initiation may be
life-saving.
b. Rocky Mountain spotted fever: A history of a tick bite and/or travel or
outdoor activity can often be ascertained.
i. Rash appears by day 3 (but never develops in 10-15% of pts). Blanching
macules become hemorrhagic, starting at wrists and ankles and spread-
ing to legs and trunk (centripetal spread), then palms and soles.
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ii. Other symptoms include headache, malaise, myalgias, nausea,
vomiting, and anorexia. In severe cases, hypotension, encephalitis,
and coma can ensue.

c. Other rickettsial diseases: Mediterranean spotted fever (Africa, south-
western and south-central Asia, southern Europe) is characterized by
an inoculation eschar at the site of the tick bite and has a mortality rate
of ~50%. Epidemic typhus occurs in louse-infested areas, usually in a
setting of poverty, war, or natural disaster; mortality rates are 10-15%.
In scrub typhus (southeastern Asia and western Pacific), the etiologic
organism is found in areas of heavy scrub vegetation (e.g., riverbanks);
1-35% of pts die.

3 Purpura fulminans: cutaneous manifestation of DIC with large ecchy-
motic areas and hemorrhagic bullae. It is associated primarily with
Neisseria meningitidis but can also be associated with S. pneumoniae and
Haemophilus influenzae in asplenic pts.

4. Ecthyma gangrenosum: hemorrhagic vesicles with central necrosis and
ulceration and a rim of erythema seen in pts with septic shock due to
Pseudomonas aeruginosa or Aeromonas hydrophila

5. Bullous or hemorrhagic lesions: can be caused by Escherichia coli and
organisms in the genus Vibrio (V. vulnificus and other noncholera vibrios
from seawater or contaminated raw shellfish), Aeromonas, and Klebsiella,
particularly in pts with liver disease

6. Erythroderma: diffuse sunburn-like rash, often associated with toxic
shock syndrome (TSS, defined by clinical criteria of hypotension, multi-
organ failure, fever, and rash) in acutely ill pts; more common in staphy-
lococcal TSS than streptococcal TSS

Sepsis with a Soft Tissue/Muscle Primary Focus
1. Necrotizing fasciitis: characterized by extensive necrosis of the SC tissue
and fascia; typically caused by group A streptococci

a. Exam is notable for high fever and pain out of proportion to physical
findings; the infected area is red, hot, shiny, and exquisitely tender.
Lessening of pain in the absence of treatment is an ominous sign that
represents destruction of peripheral nerves.

b. Risk factors: trauma, varicella, childbirth, and comorbid conditions
(e.g., diabetes, peripheral vascular disease, IV drug use)

c. Mortality rates are ~100% without surgery, >70% in the setting of TSS,
and 15-34% overall.

2. Clostridial myonecrosis: often associated with trauma or surgery, with
massive necrotizing gangrene developing within hours of onset

a. Spontaneous cases are associated with Clostridium septicum infection
and underlying malignancy.

b. Pain and toxic appearance are out of proportion to physical findings.
Pts are apathetic and may have a sense of impending doom.

c. Skin overlying the affected area is mottled, bronze-brown in color,
and edematous. Crepitus may be present. Bullous lesions may drain
serosanguineous fluid with a mousy or sweet odor.

d. Mortality rates are 12% for myonecrosis of extremities, 63% for myo-
necrosis of the trunk, and >65% for spontaneous myonecrosis.
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Neurologic Infections with or without Septic Shock

1. Bacterial meningitis: Most cases in adults are caused by S. pneumoniae
(30-50%) or N. meningitidis (10-35%).

a. Classic triad of headache, meningismus, and fever in only one-half to
two-thirds of pts

b. Blood cultures positive in 50-70% of pts

c. Predictors of a poor outcome include meningitis due to S. pneumoniae,
coma, respiratory distress, hypotension, CSF protein >2.5 g/L, CSF
glucose <10 mg/dL, peripheral WBC count <5000/pL, and serum Na*
<135 mmol/L.

2. Brain abscess: often present without systemic signs. Presentations are
more consistent with a space-occupying lesion in the brain.

a. 70% of pts have headache and/or altered mental status, 50% have focal
neurologic signs, and 25% have papilledema.

b. Lesions arise from contiguous foci (e.g., sinusitis or otitis) or hema-
togenous infection (e.g., endocarditis).

c. >50% of cases are polymicrobial, involving both aerobic (primarily
streptococcal) and anaerobic organisms.

d. Mortality is low, but morbidity is high (30-55%).

3. Intracranial and spinal epidural abscesses (ICEAs and SEAs): ICEAs are
rare in the United States, but SEAs are on the rise. Both are more com-
mon in areas with limited access to health care.

a. ICEAs are typically polymicrobial and present as fever, mental status
changes, and neck pain.

b. SEAs are typically due to hematogenous seeding (with staphylococci
most commonly isolated) and present as fever, localized spinal tender-
ness, and back pain.

4. Cerebral malaria: should be urgently considered in pts who have recently
traveled to endemic areas and present with a febrile illness and neuro-
logic signs
a. Fulminant Plasmodium falciparum infection is associated with fever

>40°C, hypotension, jaundice, ARDS, and bleeding. Nuchal rigidity
and photophobia are rare.

b. Unrecognized infection results in a 20-30% mortality rate.

Focal Syndromes with a Fulminant Course
1. Rhinocerebral mucormycosis: presents as low-grade fever, dull sinus
pain, diplopia, impaired mental status, chemosis, proptosis, hard-palate
lesions that respect the midline, and dusky or necrotic nasal turbinates;
generally occurs in pts with immunocompromising conditions
2. Acute bacterial endocarditis: presents as fever, fatigue, and malaise
within 2 weeks of infection and is associated with rapid valvular destruc-
tion, pulmonary edema, and myocardial abscesses
a. Etiologies include Staphylococcus aureus, S. pneumoniae, Listeria
monocytogenes, Haemophilus spp., and streptococci of group A, B, or G.
b. Although Janeway lesions (hemorrhagic macules on the palms or
soles) can be seen, other embolic phenomena (e.g., petechiae, Roth’s
spots, splinter hemorrhages) are less common.
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c. Features can include rapid valvular destruction, pulmonary edema,
hypotension, myocardial abscesses, conduction abnormalities and
arrhythmias, large friable vegetations, and major arterial emboli with
tissue infarction.

d. Mortality rates are 10-40%.

3. Inhalational anthrax: of increasing concern, given the potential of
Bacillus anthracis as a bioterrorism agent
a. Clinical symptoms are nonspecific, but chest x-rays show mediastinal
widening, pulmonary infiltrates, and pleural effusions.

b. Hemorrhagic meningitis occurs in 38% of pts.

c. Urgent antimicrobial therapy is needed, ideally with a multidrug regi-
men in the prodromal period.

4. Avian influenza (H5N1): occurs primarily in Southeast Asia after expo-
sure to poultry. Pts can rapidly develop bilateral pneumonia, ARDS, and
multiorgan failure, culminating in death. Human-to-human transmis-
sion is rare.

5. Hantavirus pulmonary syndrome: occurs primarily following rodent
exposure in rural areas of the southwestern United States, Canada, and
South America.

a. A nonspecific viral prodrome can rapidly progress to pulmonary
edema, respiratory failure, myocardial depression, and death.

b. In an appropriate epidemiologic setting, the early onset of thrombocy-
topenia may distinguish this syndrome from other febrile illnesses.

For a more detailed discussion, see Barlam TF, Kasper DL:
Approach to the Acutely lll Infected Febrile Patient, Chap.
121, p. 1023, in HPIM-18.

CHAPTER 27
Oncologic Emergencies

Emergencies in the cancer pt may be classified into three categories: effects
from tumor expansion, metabolic or hormonal effects mediated by tumor
products, and treatment complications.

STRUCTURAL/OBSTRUCTIVE ONCOLOGIC EMERGENCIES

The most common problems are superior vena cava syndrome; pericar-
dial effusion/tamponade; spinal cord compression; seizures (Chap. 193)
and/or increased intracranial pressure; and intestinal, urinary, or biliary
obstruction. The last three conditions are discussed in Chap. 276 in
HPIM-18.
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Il SUPERIOR VENA CAVA SYNDROME

Obstruction of the superior vena cava reduces venous return from the head,
neck, and upper extremities. About 85% of cases are due to lung cancer;
lymphoma and thrombosis of central venous catheters are also causes. Pts
often present with facial swelling, dyspnea, and cough. In severe cases, the
mediastinal mass lesion may cause tracheal obstruction. Dilated neck veins
and increased collateral veins on anterior chest wall are noted on physical
exam. Chest x-ray (CXR) documents widening of the superior mediasti-
num; 25% of pts have a right-sided pleural effusion.

TREATMENT  Superior Vena Cava Syndrome

Radiation therapy is the treatment of choice for non-small cell lung
cancer; addition of chemotherapy to radiation therapy is effective in
small cell lung cancer and lymphoma. Symptoms recur in 10-30% and
can be palliated by venous stenting. Clotted central catheters producing
this syndrome should be removed and anticoagulation therapy initiated.

Il PERICARDIAL EFFUSION/TAMPONADE

Accumulation of fluid in the pericardium impairs filling of the heart
and decreases cardiac output. Most commonly seen in pts with lung or
breast cancers, leukemias, or lymphomas, pericardial tamponade may also
develop as a late complication of mediastinal radiation therapy (constrictive
pericarditis). Common symptoms are dyspnea, cough, chest pain, orthop-
nea, and weakness. Pleural effusion, sinus tachycardia, jugular venous
distention, hepatomegaly, and cyanosis are frequent physical findings.
Paradoxical pulse, decreased heart sounds, pulsus alternans, and friction
rub are less common with malignant than nonmalignant pericardial dis-
ease. Echocardiography is diagnostic; pericardiocentesis may show serous
or bloody exudate, and cytology usually shows malignant cells.

TREATMENT  Pericardial Effusion/Tamponade

Drainage of fluid from the pericardial sac may be lifesaving until a definitive
surgical procedure (pericardial stripping or window) can be performed.

Il SPINAL CORD COMPRESSION

Primary spinal cord tumors occur rarely, and cord compression is most
commonly due to epidural metastases from vertebral bodies involved with
tumor, especially from prostate, lung, breast, lymphoma, and myeloma pri-
maries. Pts present with back pain, worse when recumbent, with local ten-
derness. Loss of bowel and bladder control may occur. On physical exam,
pts have a loss of sensation below a horizontal line on the trunk, called
a sensory level, which usually corresponds to one or two vertebrae below
the site of compression. Weakness and spasticity of the legs and hyperac-
tive reflexes with upgoing toes on Babinski testing are often noted. Spine
radiographs may reveal erosion of the pedicles (winking owl sign), lytic or
sclerotic vertebral body lesions, and vertebral collapse. Collapse alone is not
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FIGURE 27-1 Management of cancer pts with back pain.

a reliable indicator of tumors; it is a common manifestation of a more com-
mon disease, osteoporosis. MRI can visualize the cord throughout its length
and define the extent of tumor involvement.

TREATMENT  Spinal Cord Compression (See Fig. 27-1)

Radiation therapy plus dexamethasone, 4 mg IV or PO q4h, is successful
in arresting and reversing symptoms in about 75% of pts who are diag-
nosed while still ambulatory. Surgery results in better recovery rates but
may be extensive (vertebral body resection with spine stabilization). Only
10% of pts made paraplegic by the tumor recover the ability to ambulate.

EMERGENT PARANEOPLASTIC SYNDROMES

Most paraneoplastic syndromes have an insidious onset (Chap. 83).
Hypercalcemia, syndrome of inappropriate antidiuretic hormone secretion
(SIADH), and adrenal insufficiency may present as emergencies.

Il HYPERCALCEMIA

The most common paraneoplastic syndrome, hypercalcemia occurs in about
10% of cancer pts, particularly those with lung, breast, head and neck, and
kidney cancer and myeloma. Bone resorption mediated by parathyroid
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hormone-related protein is the most common mechanism; interleukin 1
(IL-1), IL-6, tumor necrosis factor, and transforming growth factor  may
act locally in tumor-involved bone. Pts usually present with nonspecific
symptoms: fatigue, anorexia, constipation, weakness. Hypoalbuminemia
associated with malignancy may make symptoms worse for any given serum
calcium level because more calcium will be free rather than protein bound.

TREATMENT  Hypercalcemia

Saline hydration, antiresorptive agents (e.g., pamidronate, 60-90 mg IV
over 4 h, or zoledronate, 4-8 mg IV), and glucocorticoids usually lower
calcium levels significantly within 1-3 days. Treatment effects usually last
several weeks. Treatment of the underlying malignancy is also important.

H SIADH

Induced by the action of arginine vasopressin produced by certain tumors
(especially small cell cancer of the lung), SIADH is characterized by hypona-
tremia, inappropriately concentrated urine, and high urine sodium excretion
in the absence of volume depletion. Most pts with SIADH are asymptomatic.
When serum sodium falls to <115 meq/L, pts may experience anorexia,
depression, lethargy, irritability, confusion, weakness, and personality changes.

TREATMENT  SIADH

Water restriction controls mild forms. Demeclocycline (150-300 mg PO
tid or qid) inhibits the effects of vasopressin on the renal tubule but has
a slow onset of action (1 week). Treatment of the underlying malignancy
is also important. If the pt has mental status changes with sodium levels
<115 meq/L, normal saline infusion plus furosemide to increase free
water clearance may provide more rapid improvement. Rate of cor-
rection should not exceed 0.5-1 meq/L per h. More rapid change can
produce fluid shifts that lead to brain damage.

Il ADRENAL INSUFFICIENCY

The infiltration of the adrenals by tumor and their destruction by hemor-
rhage are the two most common causes. Symptoms such as nausea, vomiting,
anorexia, and orthostatic hypotension may be attributed to progressive cancer
or to treatment side effects. Certain treatments (e.g., ketoconazole, aminoglu-
tethimide) may directly interfere with steroid synthesis in the adrenal.

TREATMENT  Adrenal Insufficiency

In emergencies, a bolus of 100 mg IV hydrocortisone is followed by
a continuous infusion of 10 mg/h. In nonemergent but stressful cir-
cumstances, 100-200 mg/d oral hydrocortisone is the beginning dose,
tapered to maintenance of 15-37.5 mg/d. Fludrocortisone (0.1 mg/d)
may be required in the presence of hyperkalemia.
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TREATMENT COMPLICATIONS

Complications from treatment may occur acutely or emerge only many years
after treatment. Toxicity may be either related to the agents used to treat the
cancer or from the response of the cancer to the treatment (e.g., leaving a per-
foration in a hollow viscus or causing metabolic complications such as tumor
lysis syndrome). Several treatment complications present as emergencies.
Fever and neutropenia and tumor lysis syndrome will be discussed here; others
are discussed in Chap. 276 in HPIM-18.

Il FEVER AND NEUTROPENIA

Many cancer pts are treated with myelotoxic agents. When peripheral
blood granulocyte counts are <1000/pL, the risk of infection is substantially
increased (48 infections/100 pts). A neutropenic pt who develops a fever
(>38°C) should undergo physical exam with special attention to skin lesions,
mucous membranes, IV catheter sites, and perirectal area. Two sets of blood
cultures from different sites should be drawn and a CXR performed, and any
additional tests should be guided by findings from the history and physical
exam. Any fluid collections should be tapped, and urine and/or fluids should
be examined under the microscope for evidence of infection.

TREATMENT  Fever and Neutropenia

After cultures are obtained, all pts should receive IV broad-spectrum anti-
biotics (e.g., ceftazidime, 1 g q8h). If an obvious infectious site is found,
the antibiotic regimen is designed to cover organisms that may cause the
infection. Usually therapy should be started with an agent or agents that
cover both gram-positive and -negative organisms. If the fever resolves,
treatment should continue until neutropenia resolves. Persistence of
febrile neutropenia after 7 days should lead to addition of amphotericin
B (or another broad spectrum antifungal agent) to the antibiotic regimen.

Il TUMOR LYSIS SYNDROME

When rapidly growing tumors are treated with effective chemotherapy
regimens, the dying tumor cells can release large amounts of nucleic acid
breakdown products (chiefly uric acid), potassium, phosphate, and lactic
acid. The phosphate elevations can lead to hypocalcemia. The increased
uric acid, especially in the setting of acidosis, can precipitate in the renal
tubules and lead to renal failure. The renal failure can exacerbate the
hyperkalemia.

TREATMENT  Tumor Lysis Syndrome

Prevention is the best approach. Maintain hydration with 3 L/d of saline,
keep urine pH > 7.0 with bicarbonate administration, and start allopu-
rinol, 300 mg/m? per day, 24 h before starting chemotherapy. Once che-
motherapy is given, monitor serum electrolytes every 6 h. If after 24 h,
uric acid (>8 mg/dL) and serum creatinine (>1.6 mg/dL) are elevated,
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rasburicase (recombinant urate oxidase), 0.2 mg/kg IV daily, may lower
uric acid levels. If serum potassium is >6.0 meq/L and renal failure
ensues, hemodialysis may be required. Maintain normal calcium levels.

For a more detailed discussion, see Finberg R: Infections in
Patients With Cancer, Chap. 86, p. 712; Jameson JL, Longo
DL: Paraneoplastic Syndromes: Endocrinologic/Hematologic,
Chap. 100, p. 826, and Gucalp R, Dutcher J: Oncologic
Emergencies, Chap. 276, p. 2266, in HPIM-18.

CHAPTER 28
Anaphylaxis

Il DEFINITION

A life-threatening systemic hypersensitivity reaction to contact with an aller-
gen; it may appear within minutes of exposure to the offending substance.
Manifestations include respiratory distress, pruritus, urticaria, mucous mem-
brane swelling, gastrointestinal disturbances (including nausea, vomiting,
abdominal pain, and diarrhea), and vascular collapse. Virtually any allergen
may trigger an anaphylactic reaction, but among the more common agents are
proteins such as antisera, hormones, pollen extracts, Hymenoptera venom, and
foods; drugs (especially antibiotics); and diagnostic agents such as IV contrast
material. Atopy does not seem to predispose to anaphylaxis from penicillin or
venom exposures. Anaphylactic transfusion reactions are covered in Chap. 9.

Il CLINICAL PRESENTATION

Time to onset is variable, but symptoms usually occur within seconds to
minutes of exposure to the offending antigen:

e Respiratory: mucous membrane swelling, hoarseness, stridor, wheezing
o Cardiovascular: tachycardia, hypotension
e Cutaneous: pruritus, urticaria, angioedema

Il DIAGNOSIS

Made by obtaining history of exposure to offending substance with subse-
quent development of characteristic complex of symptoms.

TREATMENT  Anaphylaxis

Mild symptoms such as pruritus and urticaria can be controlled by admin-
istration of 0.3-0.5 mL of 1:1000 (1.0 mg/mL) epinephrine SC or IM, with
repeated doses as required at 5- to 20-min intervals for a severe reaction.

An 1V infusion should be initiated for administration of 2.5 mL of
1:10,000 epinephrine solution at 5- to 10-min intervals, and volume
expanders such as normal saline, and vasopressor agents, e.g., dopa-
mine, if intractable hypotension occurs.



Bites, Venoms, Stings, and Marine Poisonings [H AL WA 139

Epinephrine provides both a- and B-adrenergic effects, resulting in
vasoconstriction and bronchial smooth-muscle relaxation. Beta blockers
are relatively contraindicated in persons at risk for anaphylactic reactions.

The following should also be used as necessary:

o Antihistamines such as diphenhydramine 50-100 mg IM or IV

 Nebulized albuterol or aminophylline 0.25-0.5 g IV for bronchospasm

o Oxygen

o Glucocorticoids (medrol 0.5-1.0 mg/kg IV); not useful for acute
manifestations but may help alleviate later recurrence of hypotension,
bronchospasm, or urticaria.

« For antigenic material injected into an extremity consider: use of a
tourniquet proximal to the site, 0.2 mL of 1:1000 epinephrine into the
site, removal of an insect stinger if present.

Il PREVENTION

Avoidance of offending antigen, where possible; skin testing and desensiti-
zation to materials such as penicillin and Hymenoptera venom, if necessary.
Individuals should wear an informational bracelet and have immediate
access to an unexpired epinephrine kit.

For a more detailed discussion, see Austen KF: Allergies,
Anaphylaxis, and Systemic Mastocytosis, Chap. 317, p. 2707,
in HPIM-18.

CHAPTER 29

Bites, Venoms, Stings,
and Marine Poisonings

MAMMALIAN BITES

e Each year, there are ~300 dog and cat bites per 100,000 population in the
United States, with most bites inflicted by pet animals.

e The microflora of bite wounds typically reflects the oral flora of the bit-
ing animal.

e Bites from many different animals can transmit rabies and tularemia.

Il DOG BITES

¢ Epidemiology: Dogs bite >4.7 million people per year, causing 80% of all
animal bites; 15-20% of dog bites become infected.

e Bacteriology: includes aerobic and anaerobic organisms, such as
B-hemolytic streptococci; Eikenella corrodens; Capnocytophaga canimorsus;
and Pasteurella, Staphylococcus, Actinomyces, and Fusobacterium species
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e Clinical Features: typically manifest within 8-24 h after the bite as local
cellulitis with purulent, sometimes foul-smelling discharge. Systemic
spread (e.g., bacteremia, endocarditis, brain abscess) can occur. C. cani-
morsus infection can present as sepsis syndrome, DIC, and renal failure,
particularly in pts who are splenectomized, have hepatic dysfunction, or
are otherwise immunosuppressed.

Il CAT BITES

¢ Epidemiology: Cat bites and scratches result in infection in >50% of cases.

e Bacteriology: includes organisms similar to those involved in dog bites.
Pasteurella multocida and Bartonella henselae, the agent of cat-scratch
disease, are important cat-associated pathogens.

e Clinical Features: P. multocida infections can cause rapidly advanc-
ing inflammation and purulent discharge within a few hours after the
bite. Dissemination (e.g., bacteremia, pneumonia) may occur. Because
of deep tissue penetration by narrow, sharp feline incisors, cat bites are
more likely than dog bites to cause septic arthritis or osteomyelitis.

Il OTHER NONHUMAN MAMMALIAN BITES

e Old World monkeys (Macaca species): Bites may transmit herpes B virus
(Herpesvirus simiae), which can cause CNS infections with high mortal-
ity rates.

o Seals, walruses, polar bears: Bites may cause a chronic suppurative infec-
tion known as seal finger, which is probably due to Mycoplasma species.

e Small rodents (and their predators): Bites may transmit rat-bite fever,
caused by Streptobacillus moniliformis (in the United States) or Spirillum
minor (in Asia).

— Rat-bite fever occurs after the initial wound has healed, a feature
distinguishing it from an acute bite-wound infection.

o S. moniliformis infections manifest 3-10 days after the bite as fever,
chills, myalgias, headache, and severe migratory arthralgias followed by a
maculopapular rash involving the palms and soles. Disease can progress
to metastatic abscesses, endocarditis, meningitis, and pneumonia.

- Haverhill fever is an S. moniliformis infection acquired from contami-
nated milk or drinking water and has manifestations similar to those
described above.

o 8. minor infections cause local pain, purple swelling at the bite site,
and associated lymphangitis and regional lymphadenopathy 1-4
weeks after the bite, with evolution into a nonspecific systemic illness.

Il HUMAN BITES
e Epidemiology: Human bites become infected 10-15% of the time.

- Occlusional injuries are inflicted by actual biting; clenched-fist injuries
result when the fist of one individual strikes the teeth of another and
are particularly prone to serious infection.

- Clenched-fist injuries are more common and typically result in more
serious infections (e.g., septic arthritis, tenosynovitis).

e Bacteriology: See Table 29-1.
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TABLE 29-1

Biting
Species
Dog

Cat

Human,
occlusional

Human,
clenched-
fist
Monkey

MANAGEMENT OF WOUND INFECTIONS FOLLOWING ANIMAL AND HUMAN BITES

Commonly Isolated
Pathogens

Staphylococcus
aureus, Pasteurella
multocida, anaerobes,
Capnocytophaga cani-
morsus

P multocida, S. aureus,
anaerobes

Viridans streptococci,
S. aureus, Haemophilus
influenzae, anaerobes
As for occlusional plus
Eikenella corrodens

As for human bite

Preferred Antibiotic(s)?

Amoxicillin/clavulanate
(250-500 mg PO tid)
or ampicillin/sulbactam
(1.5-3.0 g IV g6h)

Amoxicillin/clavulanate
or ampicillin/sulbactam
as above

Amoxicillin/clavulanate
or ampicillin/sulbactam
as above
Ampicillin/sulbactam as
above orimipenem
(500 mg qg6h)

As for human bite

Alternative in Penicillin-
Allergic Pt

Clindamycin (150-300 mg PO
qid) plus either TMP-SMX (1 DS
tablet PO bid) or ciprofloxacin
(500 mg PO bid)

Clindamycin plus TMP-SMX as
above or a fluoroquinolone

Erythromycin (500 mg PO qid)
or a fluoroquinolone

Cefoxitin®

As for human bite

Prophylaxis
Advised for
Early Uninfected
Wounds

Sometimes?

Usually

Always

Always

Always

Other Considerations
Consider rabies prophylaxis.

Consider rabies prophylaxis.
Carefully evaluate for joint/
bone penetration.

Examine for tendon, nerve,
or joint involvement.

Examine for tendon, nerve,
or joint involvement.

For macaque monkeys,
consider B virus prophylaxis
with acyclovir.

(continued)
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~>  TABLE 29-1 MANAGEMENT OF WOUND INFECTIONS FOLLOWING ANIMAL AND HUMAN BITES (CONTINUED)

Prophylaxis
Advised for
Biting Commonly Isolated Alternative in Penicillin- Early Uninfected
Species Pathogens Preferred Antibiotic(s)? Allergic Pt Wounds Other Considerations
Snake Pseudomonas Ampicillin/sulbactam Clindamycin plus TMP-SMX as  Sometimes, Antivenin for venomous
aeruginosa, Proteus as above above or a fluoroquinolone especially with  snake bite
spp., Bacteroides venomous
fragilis, Clostridium snakes
spp.
Rodent Streptobacillus Penicillin VK (500 mg Doxycycline (100 mg PO bid) Sometimes —

moniliformis, Leptospira PO qid)
spp., P multocida

2Antibiotic choices should be based on culture data when available. These suggestions for empirical therapy need to be tailored to individual circumstances and local conditions.
IV regimens should be used for hospitalized pts. A single IV dose of antibiotics may be given to pts who will be discharged after initial management.

“Prophylactic antibiotics are suggested for severe or extensive wounds, facial wounds, and crush injuries; when bone or joint may be involved; and when comorbidity is present (see text).
“May be hazardous in pts with immediate-type hypersensitivity reaction to penicillin.

Abbreviations: DS, double-strength; TMP-SMX, trimethoprim-sulfamethoxazole.
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TREATMENT Mammalian Bites

o Wound management: Wound closure is controversial in bite injuries.
After thorough cleansing, facial wounds are usually sutured for cosmetic
reasons and because the abundant facial blood supply lessens the risk of
infection. For wounds elsewhere on the body, many authorities do not
attempt primary closure, preferring instead to irrigate the wound copi-
ously, debride devitalized tissue, remove foreign bodies, and approximate
the margins. Delayed primary closure may be undertaken after the risk
of infection has passed. Puncture wounds due to cat bites should be left
unsutured because of the high rate at which they become infected.

o Antibiotic therapy: See Table 29-1. Antibiotics are typically given for
3-5 days as prophylaxis or for 10-14 days as treatment for established
infections.

o Other prophylaxis: Rabies prophylaxis (passive immunization with
rabies immune globulin and active immunization with rabies vac-
cine) should be given in consultation with local and regional public
health authorities. A tetanus booster for pts immunized previously but
not boosted within 5 years should be considered, as should primary
immunization and tetanus immune globulin administration for pts
not previously immunized against tetanus.

VENOMOUS SNAKEBITES

o Epidemiology: Worldwide, 1.2-5.5 million snakebites are sustained each
year, with 421,000-1,841,000 envenomations and 20,000-94,000 deaths.
- Bite rates are highest in temperate and tropical climates where popula-

tions subsist by manual agriculture.
- Differentiation of venomous from nonvenomous snake species can be
difficult; color pattern is notoriously misleading.

e Clinical Features: Snake venoms are complex mixtures of enzymes and
other substances that promote vascular leaking, cause tissue necrosis,
affect the coagulation cascade, inhibit peripheral nerve impulses, and
impair organ function.

- Specific presentations differ somewhat with the particular snake species.
- Systemic symptoms may include hypotension, pulmonary edema, hemor-
rhage, altered mental status, or paralysis (including muscles of respiration).

e Prognosis: The overall mortality rate for venomous snakebite is <1%
among U.S. victims who receive antivenom; most U.S. snakebite-related
deaths are caused by eastern and western diamondback rattlesnakes.

TREATMENT Venomous Snakebites

FIELD MANAGEMENT

o Get the victim to definitive care as soon as possible.

o Splint a bitten extremity and keep it at heart level to lessen bleeding
and discomfort.
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Avoid incisions into the bite wound, cooling, consultation with tradi-
tional healers, tourniquets, and electric shock.

If the offending snake is reliably identified and known to be primarily
neurotoxic, pressure immobilization (wrapping of the entire limb in a
bandage at a pressure of 40-70 mmHg for upper limbs or 55-70 mmHg
for lower limbs) may be used. The victim must be carried to medical
care, as walking will disperse venom from the bite site regardless of its
anatomic location.

HOSPITAL MANAGEMENT

Monitor vital signs, cardiac rhythm, urine output, and O, saturation
closely, and watch for evidence of cranial nerve dysfunction (e.g., ptosis),
which may precede difficulty swallowing or respiratory insufficiency.
Note the level of swelling and the circumference of the affected limb
every 15 min until swelling has stabilized.

Treat shock initially with isotonic saline (20-40 mL/kg IV); if hypoten-

sion persists, try 5% albumin (10-20 mL/kg IV) and vasopressors.

Begin the search for appropriate, specific antivenom early in all cases

of known venomous snakebite. In the United States, round-the-clock

assistance is available from regional poison control centers.

1. Any evidence of systemic envenomation (systemic symptoms or
signs, laboratory abnormalities) and significant, progressive local
findings (e.g., swelling that crosses a joint or involves more than half
of the bitten limb) are indications for antivenom administration.

2. Treating physicians should seek advice from snakebite experts
regarding indications and dosing of antivenom. The duration of
antivenom administration depends on the offending snake species,
but multiple doses are not effective in reversing bite responses that
have already been established (e.g., renal failure, established paraly-
sis, necrosis).

3. Worldwide, antivenom quality varies; rates of anaphylactoid reac-
tion can exceed 50%, prompting some authorities to recommend
pretreatment with IV antihistamines (diphenhydramine, 1 mg/kg
to a maximum of 100 mg; and cimetidine, 5-10 mg/kg to a maxi-
mum of 300 mg) or even a prophylactic SC or IM dose of epineph-
rine (0.01 mg/kg, up to 0.3 mg). CroFab, an antivenom used in the
United States against North American pit viper species, poses a low
risk of allergy elicitation.

4. A trial of acetylcholinesterase inhibitors should be undertaken for
pts with objective evidence of neurologic dysfunction, as this treat-
ment may cause neurologic improvement in pts bitten by snakes
with postsynaptic neurotoxins.

Elevate the bitten extremity once antivenom administration has been

initiated.

Update tetanus immunization.

Observe pts for muscle-compartment syndrome.
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o Observe pts with signs of envenomation in the hospital for at least
24 h. Pts with “dry” bites should be watched for at least 8 h because
symptoms are commonly delayed.

MARINE ENVENOMATIONS

e Much of the management of envenomation by marine creatures is support-
ive in nature. Specific marine antivenom can be used when appropriate.

Il INVERTEBRATES

e Etiology: Injuries from cnidocysts (stinging cells) of hydroids, fire coral,
jellyfish, Portuguese man-of-wars, and sea anemones cause similar clini-
cal symptoms that differ in severity. Other invertebrates (e.g., sea sponges,
annelid worms, sea urchins) have spines that can inflict painful stings.

e Clinical Features: Pain (prickling, burning, and throbbing), pruritus,
and paresthesia develop immediately at the site of the bite. Neurologic,
GI, renal, cardiovascular, respiratory, rheumatologic, and ocular symp-
toms have been described.

TREATMENT Marine Invertebrate Envenomations

o Decontaminate the skin immediately with vinegar (5% acetic acid).
Rubbing alcohol (40-70% isopropanol), baking soda, papain (unsea-
soned meat tenderizer), lemon or lime juice, household ammonia,
olive oil, or sugar may be effective, depending on the species of the
stinging creature.

o Shaving the skin may help remove remaining nematocysts.

o After decontamination, topical anesthetics, antihistamines, or steroid
lotions may be helpful.

o Narcotics may be necessary for persistent pain.

o Muscle spasms may respond to diazepam (2-5 mg titrated upward as
needed) or IV 10% calcium gluconate (5-10 mL).

I VERTEBRATES

e Etiology: Many marine vertebrates, including stingrays, scorpionfish
(e.g., lionfish and stonefish), marine catfish, and horned venomous
sharks are capable of envenomating humans.

o Clinical Features: depend on the offending fish

- Stingrays: represent both an envenomation and a traumatic wound.
The venom causes immediate, intense pain that may last up to 48 h.
The wound often becomes ischemic and heals poorly. Systemic effects
can include weakness, dysrhythmias, hypotension, paralysis, and rare
deaths.

- Stonefish: Because of the neuromuscular toxicity of the venom, stings
may be life-threatening, and death may occur within 6-8 h. Local pain
is immediate and intense and may last for days. Systemic effects are
similar to those of stingray envenomations.
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TREATMENT Marine Vertebrate Envenomations

o Immerse the affected part immediately in nonscalding hot water
(113°F/45°C) for 30-90 min or until there is significant pain relief.
Repeated hot-water therapy may help with recurrent pain.

« Explore, debride, and vigorously irrigate the wound after local/regional
anesthetics are given.

» Antivenom is available for stonefish and serious scorpionfish enven-
omations. In the United States, contact the nearest regional poison
control center for assistance.

o Leave wounds to heal by secondary intention or to be treated by
delayed primary closure.

o Update tetanus immunization.

 Consider empirical antibiotics to cover Staphylococcus and Streptococcus
species for serious wounds or envenomations in immunocompromised
hosts. Coverage should be broadened to include Vibrio species if the
wound is primarily closed.

MARINE POISONINGS
Il CIGUATERA

e Epidemiology: the most common fish-associated nonbacterial food
poisoning in the United States, with most cases occurring in Florida and
Hawaii
- Almost exclusively involves tropical and semitropical marine coral

fish common in the Indian Ocean, the South Pacific, and the
Caribbean Sea

- 75% of non-Hawaiian cases involve barracuda, snapper, jack, or
grouper.

e Pathogenesis: Ciguatera syndrome is associated with at least five toxins
that originate in photosynthetic dinoflagellates and accumulate in the
food chain. Three major ciguatoxins—CTX-1, -2, and -3—are found
in the flesh and viscera of ciguateric fish, are typically unaffected by
external factors (e.g., heat, cold, freeze-drying, gastric acid), and do not
generally affect the fish (e.g., odor, color, or taste).

e Clinical Features: Virtually all pts are affected within 24 h; most
experience symptoms within 2-6 h. The diagnosis is made on clinical
grounds.

- Symptoms can be numerous (>150 reported) and include diarrhea,
vomiting, abdominal pain, neurologic signs (e.g., paresthesias, weak-
ness, fasciculations, ataxia), maculopapular or vesicular rash, and
hemodynamic instability.

- A pathognomonic symptom—reversal of hot and cold tactile perception—
develops within 3-5 days and can last for months.

- Death is rare.
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TREATMENT  Ciguatera Poisoning

« Therapy is supportive and based on symptoms.

o Cool showers, hydroxyzine (25 mg PO q6-8h), or amitriptyline
(25 mg PO bid) may ameliorate pruritus and dysesthesias.

 During recovery, the pt should avoid ingestion of fish, shellfish, fish
oils, fish or shellfish sauces, alcohol, nuts, and nut oils.

Il PARALYTIC SHELLFISH POISONING

o Etiology: induced by ingestion of contaminated filter-feeding organisms
(e.g., clams, oysters, scallops, mussels) that concentrate water-soluble,
heat- and acid-stable chemical toxins
- The best-characterized and most frequently identified paralytic shell-

fish toxin is saxitoxin.
— Paralytic shellfish toxins cannot be destroyed by ordinary cooking.

e Clinical Features: Oral paresthesias (initially tingling and burning, later
numbness) develop within minutes to hours after ingestion of contami-
nated shellfish and progress to involve the neck and distal extremities.
Flaccid paralysis and respiratory insufficiency may follow 2-12 h later.

TREATMENT  Paralytic Shellfish Poisoning

o If pts present within hours of ingestion, gastric lavage and stomach
irrigation with 2 L of a 2% sodium bicarbonate solution may be of
benefit, as may administration of activated charcoal (50-100 g) and
non-magnesium-based cathartics (e.g., sorbitol, 20-50 g).

o The pt should be monitored for respiratory paralysis for at least 24 h.

Il SCOMBROID

e Etiology: histamine intoxication due to bacterial decomposition of inad-
equately preserved or refrigerated scombroid fish (e.g., tuna, mackerel,
saury, needlefish, wahoo, skipjack, and bonito)

- This syndrome can also occur with nonscombroid fish (e.g., sardines,
herring, dolphinfish, amberjack, and bluefish).

- Affected fish typically have a sharply metallic or peppery taste but may
be normal in appearance and flavor.

- Because of uneven distribution of decay within the fish, not all people
who eat an affected fish will become ill.

e Clinical Features: Within 15-90 min of ingestion, pts present with flush-
ing (exacerbated by ultraviolet exposure), pruritus, urticaria, angioneu-
rotic edema, bronchospasm, GI symptoms, and hypotension.

- Symptoms generally resolve within 8-12 h.

- May be worse in pts concurrently taking isoniazid because of inhibi-
tion of GI tract histaminase
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TREATMENT  Scombroid Poisoning

« Treatment consists of antihistamine (H, or H,) administration.
o If bronchospasm is severe, an inhaled bronchodilator or injected epi-
nephrine may be used.

ARTHROPOD BITES AND STINGS

[l TICK BITES AND TICK PARALYSIS

e Epidemiology: Ticks are important carriers of vector-borne diseases
(e.g., Lyme disease, babesiosis, anaplasmosis, ehrlichiosis) in the United
States.

o Etiology: While ticks feed on blood from their hosts, their secretions
may produce local reactions, transmit diverse pathogens, induce a febrile
illness, or cause paralysis. Soft ticks attach for <1 h; hard ticks can feed
for >1 week.

o Clinical Features: Except for tick-borne diseases, most manifestations of
tick bites are self-limited following tick removal.

— Tick-induced fever, associated with headache, nausea, and malaise,
usually resolves <36 h after the tick is removed.

- Tick paralysis is an ascending flaccid paralysis due to a toxin in tick saliva
that causes neuromuscular block and decreased nerve conduction.

e Weakness begins in the lower extremities <6 days after the tick’s
attachment and ascends symmetrically, causing complete paralysis
of the extremities and cranial nerves.

e Deep tendon reflexes are decreased or absent, but sensory exami-
nation and LP yield normal findings.

e Tick removal results in improvement within hours; failure to

remove the tick may lead ultimately to respiratory paralysis and
death.

TREATMENT  Tick Bites and Tick Paralysis

o Ticks should be removed with forceps applied close to the point of
attachment.

o The site of attachment should be disinfected.

o Tick removal within 36 h of attachment usually prevents transmission of
the agents of Lyme disease, babesiosis, anaplasmosis, and ehrlichiosis.

Il SPIDER BITES

Recluse Spider Bites

Epidemiology: Brown recluse spiders occur mainly in the southern
and midwestern United States, and their close relatives are found in the
Americas, Africa, and the Middle East. These spiders only infrequently bite
humans, typically if threatened or pressed against the skin.
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Clinical Features

e Most bites by the brown recluse spider result in only minor injury with
edema and erythema, although severe necrosis of the skin and SC tissue
and systemic hemolysis may occur.

e Within hours, the site of the bite becomes painful and pruritic, with
central induration surrounded by zones of ischemia and erythema.

e Fever and other nonspecific systemic symptoms may develop within
3 days of the bite.

e Lesions typically resolve within 2-3 days, but severe cases can leave a
large ulcer and a depressed scar that take months or years to heal.

e Deaths are rare and are due to hemolysis and renal failure.

TREATMENT  Recluse Spider Bites

« Initial management includes RICE (rest, ice, compression, elevation);
administration of analgesics, antihistamines, antibiotics, and tetanus
prophylaxis should be undertaken as indicated.

o Immediate surgical excision of the wound is detrimental and should
be avoided.

Widow Spider Bites

Epidemiology: Black widow spiders, recognized by a red hourglass mark-
ing on a shiny black ventral abdomen, are most abundant in the southeast-
ern United States. Other Latrodectus species are present in other temperate
and subtropical parts of the world.

Pathogenesis: Female widow spiders produce a potent neurotoxin that
binds irreversibly to nerves and causes release and depletion of acetylcho-
line and other neurotransmitters from presynaptic terminals.

Clinical Features

e Within 60 min, painful cramps spread from the bite site to large muscles
of the extremities and trunk.

e Extreme abdominal muscular rigidity and pain may mimic peritonitis,
but the abdomen is nontender.

e Other features are similar to that of acetylcholine overdose (e.g., excessive
salivation, lacrimation, urination, and defecation; GI upset; and emesis).

e Although pain may subside within the first 12 h, it can recur for weeks.

e Respiratory arrest, cerebral hemorrhage, or cardiac failure may occur.

TREATMENT  Widow Spider Bites

« Treatment consists of RICE and tetanus prophylaxis.

o Because of questionable efficacy and the risk of anaphylaxis and serum
sickness, antivenom use should be reserved for severe cases involving
respiratory arrest, refractory hypertension, seizures, or pregnancy.
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SCORPION STINGS

Epidemiology: Only ~30 of the ~1000 species of scorpions produce poten-
tially lethal venoms, causing >5000 deaths worldwide each year. Among
scorpions in the United States, only the bark scorpion (Centruroides sculp-
turatus or C. exilicauda) produces a potentially lethal venom.

Clinical Features: The severity of symptoms depends on the particular
scorpion species. For the U.S. bark scorpion, symptoms progress to maxi-
mal severity in ~5 h and typically subside within 1-2 days.

e Bark scorpion: Swelling generally is not apparent, and tapping on
the affected area (the tap test) can accentuate pain, paresthesia, and
hyperesthesia. Cranial nerve dysfunction and skeletal muscle hyper-
excitability develop within hours. Complications include tachycardia,
arrhythmias, hypertension, hyperthermia, rhabdomyolysis, acidosis,
and occasional fatal respiratory arrests.

e Outside the United States, scorpion envenomations can cause mas-
sive release of endogenous catecholamines with hypertensive crises,
arrhythmias, pulmonary edema, and myocardial damage.

TREATMENT  Scorpion Stings

o Stings of nonlethal species require at most ice packs, analgesics, or
antihistamines.

 In severe envenomations, aggressive supportive care should include
pressure dressings and cold packs to decrease the absorption of venom.

o A continuous IV infusion of midazolam helps control agitation and
involuntary muscle movements.

o C. sculpturatus antivenom is available as an investigational drug only
in Arizona and has not been approved by the FDA. The benefit of
scorpion antivenom has not been established in controlled trials.

HYMENOPTERA STINGS

Epidemiology: The hymenoptera include bees, wasps, hornets, yellow
jackets, and ants. About 100 deaths from hymenoptera stings occur annu-
ally in the United States, nearly all due to allergic reactions to venoms. An
estimated 0.4-4.0% of the U.S. population exhibits immediate-type hyper-
sensitivity to insect stings.

Clinical Features

e Uncomplicated stings cause pain, a wheal-and-flare reaction, and local
edema that subside within hours.

e Multiple stings (e.g., from wasps, hornets, ants) can lead to vomiting,
diarrhea, generalized edema, dyspnea, hypotension, rhabdomyolysis,
renal failure, and death.

e Large (>10-cm) local reactions progressing over 1-2 days are not
uncommon; while they resemble cellulitis, they are in fact hypersensitivity
reactions. Such reactions recur on subsequent exposure but are seldom
accompanied by anaphylaxis.
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e Serious reactions occur within 10 min (and rarely >5 h) after the sting
and include upper airway edema, bronchospasm, hypotension, shock,
and death.

TREATMENT  Hymenoptera Stings

« Stingers embedded in skin should be removed promptly by grasping
with forceps or scraping with a blade or fingernail.

o The site should be disinfected and ice packs applied to slow the spread
of venom.

o Elevation of the bite site and administration of analgesics, oral antihis-
tamines, and topical calamine lotion may ease symptoms.

« Large local reactions may require a short course of glucocorticoids.

o Anaphylaxis is treated with epinephrine hydrochloride (0.3-0.5 mL
of a 1:1000 solution, given SC q20-30min as needed). For profound
shock, epinephrine (2-5 mL of a 1:10,000 solution by slow IV
push) is indicated. Pts should be observed for 24 h for recurrent
anaphylaxis.

« Pts with a history of allergy to insect stings should carry a sting kit and
seek medical attention immediately after the kit is used. Adults with a
history of anaphylaxis should undergo desensitization.

For a more detailed discussion, see Madoff LC, Pereyra F:
Infectious Complications of Bites, Chap. €24 in HPIM-18;
and Auerbach PS, Norris RL: Disorders Caused by Venomous
Snakebites and Marine Animal Exposures, Chap. 396,
p. 3566; and Pollack RJ: Ectoparasite Infestations and
Arthropod Bites and Stings, Chap. 397, p. 3576, in HPIM-18.

CHAPTER 30
Hypothermia and Frostbite

HYPOTHERMIA

Hypothermia is defined as a core body temperature of <35°C and is classi-
fied as mild (32.2°-35°C), moderate (28°-32.2°C), or severe (<28°C).

H ETIOLOGY

Most cases occur during the winter in cold climates, but hypothermia may
occur in mild climates and is usually multifactorial. Heat is generated in
most tissues of the body and is lost by radiation, conduction, convection,
evaporation, and respiration. Factors that impede heat generation and/or
increase heat loss lead to hypothermia (Table 30-1).
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TABLE 30-1 RISK FACTORS FOR HYPOTHERMIA

Age extremes
Elderly
Neonates

Environmental exposure
Occupational
Sports-related
Inadequate clothing
Immersion

Toxicologic and pharmacologic
Ethanol

Endocrine
Diabetes mellitus
Hypoglycemia
Hypothyroidism
Adrenal insufficiency
Hypopituitarism
Neurologic
Cerebrovascular accident
Hypothalamic disorders
Parkinson’s disease

Phenothiazines Spinal cord injury
Barbiturates Multisystem
Anesthetics Trauma
Neuromuscular blockers Sepsis
Antidepressants Shock
Insufficient fuel Hepatic or renal failure
Malnutrition Burns and exfoliative dermatologic disorders
Marasmus Immobility or debilitation

Kwashiorkor

Il CLINICAL FEATURES

Acute cold exposure causes tachycardia, increased cardiac output, peripheral
vasoconstriction, and increased peripheral vascular resistance, tachypnea,
increased skeletal muscle tone, shivering, and dysarthria. As body temperature
drops below 32°C, cardiac conduction becomes impaired, the heart rate slows,
and cardiac output decreases. Atrial fibrillation with slow ventricular response
is common. Other ECG changes include Osborn (J) waves. Additional mani-
festations of hypothermia include volume depletion, hypotension, increased
blood viscosity (which can lead to thrombosis), coagulopathy, thrombocyto-
penia, DIC, acid-base disturbances, and bronchospasm. CNS abnormalities
are diverse and can include ataxia, amnesia, hallucinations, hyporeflexia, and
(in severe hypothermia) an isoelectric EEG. Hypothermia may mask other
concurrent disorders, such as an acute abdomen, drug toxicity, or spinal cord
injury. Hypothermia in the ICU setting (sepsis, etc.) is a poor prognostic sign.

Il DIAGNOSIS

Hypothermia is confirmed by measuring the core temperature, preferably
at two sites. Since oral thermometers are usually calibrated only as low as
34.4°C, the exact temperature of a pt whose initial reading is <35°C should
be determined with a rectal thermocouple probe inserted to 215 cm and
not adjacent to cold feces. Simultaneously, an esophageal probe should be
placed 24 cm below the larynx.
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TREATMENT  Hypothermia

Cardiac monitoring and supplemental oxygen should be instituted, along
with attempts to limit further heat loss. Mild hypothermia is managed by
passive external rewarming and insulation. The pt should be placed in a
warm environment and covered with blankets to allow endogenous heat
production to restore normal body temperature. With the head also cov-
ered, the rate of rewarming is usually 0.5°-2.0°C/h. Active rewarming is
necessary for moderate to severe hypothermia, cardiovascular instability,
age extremes, CNS dysfunction, endocrine insufficiency, or hypothermia
due to complications from systemic disorders. Active rewarming may
be external (forced-air heating blankets, radiant heat sources, and hot
packs) or internal (by inspiration of heated, humidified oxygen warmed to
40°-45°C, by administration of IV fluids warmed to 40°-42°C, or by
peritoneal or pleural lavage with dialysate or saline warmed to 40°-45°C).
The most efficient active internal rewarming techniques are extracorpo-
real rewarming by hemodialysis and cardiopulmonary bypass. External
rewarming may cause a fall in blood pressure by relieving peripheral vaso-
constriction. Volume should be repleted with warmed isotonic solutions;
lactated Ringer’s solution should be avoided because of impaired lactate
metabolism in hypothermia. If sepsis is a possibility, empirical broad-
spectrum antibiotics should be administered after sending blood cultures.
Atrial arrhythmias usually require no specific treatment. Ventricular
fibrillation is often refractory. Only a single sequence of 3 defibrillation
attempts (2 J/kg) should be attempted when the temperature is <30°C;
defibrillation can be reattempted after the temperature has risen above
30°C. Since it is sometimes difficult to distinguish profound hypothermia
from death, cardiopulmonary resuscitation efforts and active internal
rewarming should continue until the core temperature is >32°C or cardio-
vascular status has been stabilized.

FROSTBITE

Frostbite occurs when the tissue temperature drops below 0°C. Clinically,
it is most practical to classify frostbite as superficial (involves skin only) or
deep (involves deep tissues, muscle, and bone). Classically, frostbite is ret-
rospectively graded like a burn (first- to fourth-degree) once the resultant
pathology is demarcated over time.

Il CLINICAL FEATURES

The initial presentation of frostbite can be deceptively benign. The symp-
toms always include a sensory deficit affecting light touch, pain, and
temperature perception. Deep frostbitten tissue can appear waxy, mottled,
yellow, or violaceous-white. Favorable presenting signs include some
warmth or sensation with normal color. Hemorrhagic vesicles reflect a
serious injury to the microvasculature and indicate third-degree frostbite.
Differential diagnosis of frostbite includes frostnip (superficial freezing of
skin without tissue destruction) as well as chilblain (pernio) and immersion
(trench) foot, both of which occur at temperatures above freezing.
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TABLE 30-2 TREATMENT FOR FROSTBITE

Before Thawing

Remove from
environment

Prevent partial
thawing and
refreezing

Stabilize core
temperature and
treat hypothermia

Protect frozen
part—no friction
or massage

Address medical or
surgical conditions

During Thawing

Consider parenteral
analgesia and ketorolac

Administer ibuprofen,
400 mg PO

Immerse part in
37°-40°C (99°-104°F)
(thermometer-
monitored) circulating
water containing an
antiseptic soap until
distal flush (10—-45 min)

Encourage pt to gently
move part

If pain is refractory,
reduce water
temperature to
35°-37°C (95°-99°F)
and administer
parenteral narcotics

After Thawing

Gently dry and protect part;
elevate; pledgets between
toes, if macerated

If clear vesicles are intact,
aspirate sterilely; if broken,
debride and dress with
antibiotic or sterile aloe
vera ointment

Leave hemorrhagic vesicles
intact to prevent desicca-
tion and infection

Continue ibuprofen 400
mg PO (12 mg/kg per day)
q8-12h

Consider tetanus and

streptococcal prophylaxis;
elevate part

Hydrotherapy at 37°C
(99°F)
Consider phenoxybenza-

mine or thrombolysis in
severe cases

TREATMENT

Frosthite

A treatment protocol for frostbite is summarized in Table 30-2. Frozen
tissue should be rapidly and completely thawed by immersion in cir-
culating water at 37°-40°C. Thawing should not be terminated pre-
maturely due to pain from reperfusion; ibuprofen, 400 mg, should be
given, and parenteral narcotics are often required. If cyanosis persists
after rewarming, the tissue compartment pressures should be monitored
carefully. Pts with parts showing no flow on *™Tc scintiscan may be
candidates for tissue plasminogen activator (tPA).

For a more detailed discussion, see Danzl DF: Hypothermia
and Frosthite, Chap. 19, p. 165, in HPIM-18.
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CHAPTER 31
Altitude lliness

HIGH-ALTITUDE ILLNESS i
Il EPIDEMIOLOGY

o Altitude illness is likely to occur at >2500 m and has occurred even at
1500-2500 m.
e 100 million persons travel to high-altitude locations each year.

Il CLINICAL SYNDROMES

Acute Mountain Sickness (AMS), Including HACE
AMS represents a clinical continuum of neurologic disease, of which high-
altitude cerebral edema (HACE) is the most severe form.

o Risk factors: rate of ascent, history of high-altitude illness, exertion

- Lack of physical fitness is not a risk factor.
- Exposure to high altitude within the preceding 2 months may be protective.
- Pts >50 years old may be less likely to develop AMS than younger pts.
e Pathophysiology: Although the exact mechanisms remain unknown,
hypoxic cerebral vasodilatation and altered permeability of the blood-
brain barrier contribute to cerebral edema in AMS.
¢ Clinical manifestations
- Nonspecific symptoms (headache, nausea, fatigue, and dizziness) with
a paucity of physical findings, developing 6-12 h after ascent to a high
altitude
- HACE: encephalopathy whose hallmarks are ataxia and altered con-
sciousness with diffuse cerebral involvement but generally without
focal neurologic deficits
o Retinal hemorrhages and, less commonly, papilledema may be seen.
 Retinal hemorrhages occur frequently at >5000 m irrespective of
the presence of symptoms of AMS or HACE.
e Prevention: Gradual ascent with acclimation is the best measure to pre-
vent AMS.
- At >3000 m, a graded ascent of <300 m each day is recommended.
- Taking an extra day for acclimation after 3 days of gain in sleeping
altitude is helpful.
- Pharmacologic prophylaxis is warranted when the pt has a history of
AMS or when flight to a high-altitude location is required.
e Acetazolamide (125-250 mg PO bid) or dexamethasone (8 mg/d in
divided doses), administered 1 day before ascent and continued for
2-3 days, is effective.
o Gingko biloba is ineffective for prevention of AMS.
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TREATMENT  Acute Mountain Sickness
See Table 31-1.
e Prognosis: With AMS, the pt may reascend gradually to a higher alti-

tude after symptoms abate. In HACE, reascent after a few days is not
advisable.

TABLE 31-1 MANAGEMENT OF ALTITUDE ILLNESS

Condition Management

Acute mountain sickness  Discontinuation of ascent

(AMS), mild Treatment with acetazolamide (250 mg q12h)
Descent?

AMS, moderate? Immediate descent for worsening symptoms
Use of low-flow oxygen if available
Treatment with acetazolamide (250 mg q12h)
and/or dexamethasone (4 mg q6h)°
Hyperbaric therapy?

High-altitude cerebral Immediate descent or evacuation

edema (HACE)

Administration of oxygen (2—4 L/min)

Treatment with dexamethasone (8 mg PO/IM/IV;
then 4 mg q6h)

Hyperbaric therapy if descent is not possible
High-altitude pulmonary  Immediate descent or evacuation
edema (HAPE) Minimization of exertion while pt is kept warm

Administration of oxygen (4—6 L/min) to bring
0, saturation to >90%

Adjunctive therapy with nifedipine¢ (30 mg,
extended-release, q12h)

Hyperbaric therapy if descent is not possible

Categorization of cases as mild or moderate is a subjective judgment based on the severity
of headache and the presence and severity of other manifestations (nausea, fatigue, dizziness,
insomnia).

No fixed altitude is specified; the pt should descend to a point below that at which symptoms
developed.

Acetazolamide treats and dexamethasone masks symptoms. For prevention (as opposed to
treatment), acetazolamide (125-250 mg q12h) or—when acetazolamide is contraindicated,
as in sulfa allergy—dexamethasone (4 mg q12h) may be used.

In hyperbaric therapy, the pt is placed in a portable altitude chamber or bag to simulate
descent.

“Nifedipine (30 mg, extended-release, q12h) is also effective for the prevention of HAPE, as is
salmeterol (125 mg inhaled bid), tadalafil (10 mg bid), or dexamethasone (8 mg bid).



Altitude lliness  H A IS 8T 157

High-Altitude Pulmonary Edema (HAPE)

HAPE is primarily a pulmonary problem and not necessarily preceded by AMS.

e Risk factors: rapid rate of ascent, history of HAPE, respiratory tract
infections, cold environmental temperatures, male sex, abnormalities
of the cardiopulmonary circulation leading to pulmonary hypertension
(e.g., patent foramen ovale, mitral stenosis, 1° pulmonary hypertension)

o Pathophysiology: noncardiogenic pulmonary edema characterized by
patchy pulmonary vasoconstriction that leads to overperfusion in some
areas. Hypoxia-induced impairment of nitric oxide release may play a role
in vasoconstriction.

e Clinical manifestations: reduction in exercise tolerance greater than
that expected at the given altitude; dry, persistent cough with blood-
tinged sputum; tachypnea and tachycardia at rest

- Chest x-rays may reveal patchy or localized opacities or streaky inter-
stitial edema.

- Kerley B lines or a bat-wing appearance typically is not seen.
e Prevention
- Gradual ascent with acclimation is the best measure to prevent HAPE.
- Pharmacologic prophylaxis with sustained-release nifedipine (30 mg
PO qd or bid) is effective for pts who have a history of HAPE or who
must ascend rapidly.

TREATMENT  High-Altitude Pulmonary Edema

See Table 31-1.

e Prognosis: Pts may reascend slowly a few days after symptoms resolve.
The architecture of the lung is well preserved, with rapid reversibility of
abnormalities.

Other High-Altitude Problems
e Sleep impairment
- Increased periodic breathing and changes in sleep architecture (e.g.,
increased time in lighter sleep stages) lead to poor-quality sleep.

- Acetazolamide (125 mg PO ghs) decreases hypoxemic episodes and
alleviates sleeping disruptions caused by excessive periodic breathing.

e Gl issues: abdominal bloating, distension, and excessive flatus can result
from decreased atmospheric pressure. Diarrhea is not associated with
high altitude but may indicate bacterial or parasitic infection, which is
common in many high-altitude locations in the developing world.

e High-altitude cough: Hypoxia and bronchoconstriction (due to cold
and exercise) lead to a debilitating cough that is sometimes severe
enough to cause rib fractures, especially above 5000 m.

e High-altitude neurologic events unrelated to “altitude illness™: Even
without other symptoms of AMS, transient ischemic attacks, strokes,
subarachnoid hemorrhage, transient global amnesia, delirium, and cra-
nial nerve palsies can occur, particularly in pts with few traditional risk
factors for these conditions.
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Il PREEXISTING MEDICAL CONDITIONS

Few medical conditions influence susceptibility to altitude illness, and no
evidence-based guidelines exist regarding the advisability of high-altitude
travel by pts with these conditions.

Cardiac disease: Pts with ischemic heart disease, previous myocardial
infarction, angioplasty, and/or bypass surgery should have an exercise
treadmill test. A strongly positive treadmill test is a contraindication for
high-altitude trips. Pts with poorly controlled arrhythmias also should
avoid high-altitude travel.

Asthma: Severely asthmatic pts should be cautioned against ascending to
high altitudes.

Pregnancy: Although there are no relevant data, it is unadvisable for
pregnant women to travel to altitudes >3000 m, given the steep drops in
oxygen saturation at these altitudes.

Sickle cell disease: High altitude is one of the rare environmental expo-
sures that occasionally provoke a crisis in persons with the sickle cell
trait, even at 2500 m.

Diabetes mellitus: Trekking at high altitudes may enhance sugar uptake.
Pts taking insulin may require lower doses on trekking/climbing days
than on rest days.

Chronic lung disease: Pts with preexisting pulmonary hypertension
should be discouraged from ascending to high altitudes. If such travel is
necessary, treatment with sustained-release nifedipine (20 mg PO bid)
should be considered.

Chronic kidney disease: Acetazolamide should be avoided by pts with
preexisting metabolic acidosis and by pts with a glomerular filtration rate
(GFR) <10 mL/min; the dose of acetazolamide should be adjusted if the
GFR is <50 mL/min.

DECOMPRESSION SICKNESS (DCS)

DCS is caused by the formation of bubbles from dissolved inert gas (usu-
ally nitrogen) during or after ascent (decompression) from a compressed
gas dive.

Incidence: 1:10,000 recreational dives. Risk factors are deeper and longer
dives and too rapid of an ascent.
Pathophysiology: Bubbles may form within tissues themselves, leading
to symptoms by mechanical distraction of pain-sensitive or functionally-
important structures. Bubbles also appear in the venous circulation
where they can incite inflammatory and coagulation cascades, damage
endothelium, activate formed elements of blood such as platelets, and
cause symptomatic vascular obstruction (also in arterial beds when a
patent foramen ovale is present).
Clinical manifestations: Most cases present with mild symptoms of
pain, fatigue, and minor neurologic illnesses such as patchy paresthe-
sias. Pulmonary and cardiovascular manifestations can be life-threatening
including dyspnea, chest pain, arrhythmia, coagulopathy, and hypotension.
Diagnosis
- Based on integration of findings and examination of the dive profile
while correlating relationship of symptoms temporally to the dive.
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TREATMENT  Decompression Sickness

Horizontal positioning to prevent bubble entry into the cerebral circula-
tion, IV fluids, and 100% oxygen. Definitive treatment with hyperbaric
oxygen administered in a compression chamber with stepwise decom-
pression over variable periods adjusted to treatment response. If recovery
is complete, diving can be resumed after a period of at least 1 month; if
residual symptoms exist, diving is discouraged.

For a more detailed discussion, see Basnyat B, Tabin G:
Altitude lliness, Chap. €51; and Bennett MH, Mitchell SJ:
Hyperbaric and Diving Medicine, Chap. €52 in HPIM-18.

CHAPTER 32

Poisoning and Drug
Overdose

Poisoning refers to the development of dose-related harmful effects fol-
lowing exposure to chemicals, drugs, or other xenobiotics. Overdosage is
exposure to excessive amounts of a substance normally intended for con-
sumption (a pharmaceutical) or an illicit drug. Chemical exposures result
in an estimated 5 million requests in the United States for medical advice
or treatment each year, and about 5% of victims require hospitalization.
Overall mortality is low (<1% of exposures); suicide attempts account for
most serious or fatal poisonings (1-2% mortality). Up to 30% of psychiatric
admissions are prompted by attempted suicide via overdosage.

Carbon monoxide is the leading cause of death from poisoning.
Acetaminophen toxicity is the most common pharmaceutical agent caus-
ing fatalities. Other drug-related fatalities are commonly due to analgesics,
antidepressants, sedative-hypnotics, neuroleptics, stimulants and street drugs,
cardiovascular drugs, anticonvulsants, antihistamines, and asthma therapies.
Nonpharmaceutical agents implicated in fatal poisoning include alcohols and
glycols, gases and fumes, cleaning substances, pesticides, and automotive prod-
ucts. The diagnosis of poisoning or drug overdose must be considered in any pt
who presents with coma, seizure, or acute renal, hepatic, or bone marrow failure.

The correct diagnosis can usually be reached by history, physical exam,
and routine and toxicologic laboratory evaluation. All available sources
should be used to determine the exact nature of the ingestion or exposure.
The history should include the time, route, duration, and circumstances
(location, surrounding events, and intent) of exposure; name of chemical(s)
involved, time of onset, nature, and severity of symptoms; relevant past
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medical and psychiatric history. The Physicians Desk Reference, regional
poison control centers, and local/hospital pharmacies may be useful for
identification of ingredients and potential effects of toxins.

The diagnosis of poisoning in cases of unknown etiology primarily relies
on pattern recognition. The first step is a physical exam with initial focus on
the pulse, blood pressure, respiratory rate, temperature, and neurologic sta-
tus and then characterization of the overall physiologic state as stimulated,
depressed, discordant, or normal (Table 32-1).

Examination of the eyes (for nystagmus, pupil size, and reactivity), neu-
romuscular status (for tremors, dyskinesia, rigidity, dystonia), abdomen (for
bowel activity and bladder size), and skin (for burns, bullae, color, warmth,
moisture, pressure sores, and puncture marks) may narrow the diagnosis to a
particular disorder. The pt should also be examined for evidence of trauma and
underlying illnesses. When the history is unclear, all orifices should be exam-
ined for the presence of chemical burns and drug packets. The odor of breath
or vomitus and the color of nails, skin, or urine may provide diagnostic clues.

Initial laboratory studies should include glucose, serum electrolytes, serum
osmolality, BUN/creatinine, LFTs, PT/PTT, and ABGs. An increased anion-
gap metabolic acidosis is characteristic of advanced methanol, ethylene glycol,
and salicylate intoxication, but can occur with other agents and in any poison-
ing that results in hepatic, renal, or respiratory failure; seizures; or shock. An
increased osmolal gap—the difference between the measured serum osmolal-
ity (determined by freezing point depression) and that calculated from the
serum sodium, glucose, and BUN of >10 mmol/L—suggests the presence of
a low-molecular-weight solute such as an alcohol, glycol, ketone, unmeasured
electrolyte, or sugar. Ketosis suggests acetone, isopropyl alcohol, or salicylate
poisoning. Hypoglycemia may be due to poisoning with (3-adrenergic blockers,
ethanol, insulin, oral hypoglycemic agents, quinine, and salicylates, whereas
hyperglycemia can occur in poisoning with acetone, B-adrenergic agonists,
calcium channel blockers, iron, theophylline, or the rodenticide Vacor.

Radiologic studies should include a chest x-ray to exclude aspiration or
ARDS. Radiopaque densities may be visible on abdominal x-rays. Head CT
or MRI is indicated in stuporous or comatose pts to exclude structural lesions
or subarachnoid hemorrhage, and LP should be performed when CNS infec-
tion is suspected. The ECG can be helpful in pointing to a poisoning agent:
Bradycardia and A-V block may occur with poisoning by o.-adrenergic ago-
nists, antiarrhythmic agents, beta blockers, calcium channel blockers, cholin-
ergic agents (carbamate and organophosphate insecticides), cardiac glycosides,
lithium, or tricyclic antidepressants. QRS- and QT-interval prolongation
may be seen with antidepressant and other membrane-active drug exposure.
Ventricular tachyarrhythmias may be observed with exposure to cardiac
glycosides, fluoride, methylxanthines, sympathomimetics, antidepressants,
and agents that cause hyperkalemia or potentiate the effects of endogenous
catecholamines (e.g., chloral hydrate, aliphatic and halogenated hydrocarbons).
Toxicologic analysis of urine and blood (and occasionally of gastric contents
and chemical samples) may be useful to confirm or rule out suspected poison-
ing. Although rapid screening tests for a limited number of drugs of abuse are
available, comprehensive screening tests require 2-6 h for completion, and
immediate management must be based on the history, circumstantial evidence,
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TABLE 32-1 DIFFERENTIAL DIAGNOSIS OF POISONING BASED ON PHYSIOLOGIC STATE

Stimulated

Sympathetics Sympathomimetics

Ergot alkaloids
Methylxanthines
Monoamine oxidase inhibitors
Thyroid hormones

Anticholinergics
Antihistamines
Antiparkinsonian agents
Antipsychotics
Antispasmodics
Belladonna alkaloids
Cyclic antidepressants
Muscle relaxants
Mushrooms and plants

Hallucinogens
Cannabinoids (marijuana)
LSD and analogues
Mescaline and analogues
Mushrooms
Phencyclidine and analogues

Withdrawal syndromes
Barbiturates

Depressed

Sympatholytics
o,,-Adrenergic antagonists
o,-Adrenergic agonists
ACE inhibitors
Angiotensin receptor blockers
Antipsychotics
B-Adrenergic blockers
Calcium channel blockers
Cardiac glycosides
Cyclic antidepressants

Cholinergics
Acetylcholinesterase inhibitors
Muscarinic agonists
Nicotinic agonists

Opioids
Analgesics
Gl antispasmodics
Heroin

Sedative-hypnotics
Alcohols
Anticonvulsants
Barbiturates

Discordant

Asphyxiants
Cytochrome oxidase inhibitors
Inert gases
Irritant gases
Methemoglobin inducers
Oxidative phosphorylation
inhibitors

AGMA inducers
Alcohol (ketoacidosis)
Ethylene glycol
Iron
Methanol
Salicylate
Toluene

CNS syndromes
Extrapyramidal reactions
Hydrocarbon inhalation
Isoniazid
Lithium
Neuroleptic malignant syndrome
Serotonin syndrome
Strychnine

Normal

Nontoxic exposure
Psychogenic illness
Toxic time bombs
Slow absorption
Anticholinergics
Carbamazepine
Concretion formers
Extended-release phenytoin
sodium capsules (Dilantin
Kapseals)
Drug packets
Enteric-coated pills
Diphenoxylate-atropine (Lomotil)
Opioids
Salicylates
Sustained-release pills
Valproate
Slow distribution
Cardiac glycosides
Lithium
Heavy metals
Salicylate

(continued)
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Stimulated Depressed Discordant Normal

Benzodiazepines Benzodiazepines Membrane-active agents Valproate

Ethanol GABA precursors Amantadine Toxic metabolite

Opioids Muscle relaxants Antiarrhythmics Acetaminophen

Sedative-hypnotics Other agents Antihistamines Carbon tetrachloride

Sympatholytics GHB products Antipsychotics Cyanogenic glycosides
Carbamazepine Ethylene glycol
Cyclic antidepressants Methanol
Local anesthetics Methemaoglobin inducers
Opioids (some) Mushroom toxins
Orphenadrine Organophosphate insecticides
Quinoline antimalarials Paraquat

Metabolism disruptors
Antineoplastic agents
Antiviral agents
Colchicine
Hypoglycemic agents
Immunosuppressive agents
MAQ inhibitors
Heavy metals
Salicylate
Warfarin

Abbreviations: ACE, angiotensin-converting enzyme; AGMA, anion-gap metabolic acidosis; CNS, central nervous system; GABA, y-aminobutyric acid; GHB, y-hydroxybutyrate; Gl,
gastrointestinal; LSD, lysergic acid diethylamide; MAO, monoamine oxidase.
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physical exam, and routine ancillary tests. Quantitative analysis is useful for
poisoning with acetaminophen, acetone, alcohols (including ethylene glycol),
antiarrhythmics, anticonvulsants, barbiturates, digoxin, heavy metals, lithium,
salicylate, and theophylline, as well as for carboxyhemoglobin and methemo-
globin. Results can often be available within an hour.

The response to antidotes may be useful for diagnostic purposes.
Resolution of altered mental status and abnormal vital signs within minutes
of IV administration of dextrose, naloxone, or flumazenil is virtually diag-
nostic of hypoglycemia, narcotic poisoning, and benzodiazepine intoxica-
tion, respectively. The prompt reversal of acute dystonic (extrapyramidal)
symptoms following an IV dose of benztropine or diphenhydramine con-
firms a drug etiology. Although physostigmine reversal of both central and
peripheral manifestations of anticholinergic poisoning is diagnostic, it may
cause arousal in pts with CNS depression of any etiology.

TREATMENT  Poisoning and Drug Overdose

Goals of therapy include support of vital signs, prevention of further absorp-
tion, enhancement of elimination, administration of specific antidotes, and
prevention of reexposure. Fundamentals of poisoning management are
listed in Table 32-2. When the type of poison is unknown or uncertain,
blood and urine specimens for toxicologic studies should be obtained if
possible before treatment is started. Treatment is usually initiated before
routine and toxicologic data are known. All symptomatic pts need large-
bore IV access, supplemental Oz, cardiac monitoring, continuous observa-
tion, and, if mental status is altered, 100 mg thiamine (IM or IV), 1 ampule
of 50% dextrose in water, and 4 mg of naloxone along with specific antidotes
as indicated. Unconscious pts should be intubated. Activated charcoal may
be given PO or via a large-bore gastric tube; gastric lavage requires an oro-
gastric tube. Severity of poisoning determines the management. Admission
to an ICU is indicated for pts with severe poisoning (coma, respiratory
depression, hypotension, cardiac conduction abnormalities, arrhythmias,
hypothermia or hyperthermia, seizures); those needing close monitoring,
antidotes, or enhanced elimination therapy; and those with progressive
clinical deterioration or significant underlying medical problems. Suicidal
pts require constant observation by qualified personnel.

SUPPORTIVE CARE  Airway protection is mandatory. Gag reflex alone is
not a reliable indicator of the need for intubation. Intubation is required
in all pts with CNS depression or seizures to prevent aspiration of gastric
contents. Need for O, supplementation and ventilatory support can be
assessed by measurement of ABGs. Drug-induced pulmonary edema is
usually secondary to hypoxia, but myocardial depression may contribute.
Measurement of pulmonary artery pressure may be necessary to establish
etiology. Electrolyte imbalances should be corrected as soon as possible.

Adequate cardiovascular function and organ perfusion is necessary
for elimination of toxin and pt recovery. If hypotension is unresponsive
to volume expansion, pressors such as norepinephrine, epinephrine or
dopamine may be required. In severe cases, intra-aortic balloon pump or
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TABLE 32-2 FUNDAMENTALS OF POISONING MANAGEMENT

Supportive Care

Airway protection Treatment of seizures
Oxygenation/ventilation Correction of temperature abnormalities
Treatment of arrhythmias Correction of metabolic derangements
Hemodynamic support Prevention of secondary complications

Prevention of Further Poison Absorption
Gastrointestinal decontamination Decontamination of other sites

Gastric lavage Eye decontamination
Activated charcoal Skin decontamination
Whole-bowel irrigation Body cavity evacuation
Dilution

Endoscopic/surgical removal

Enhancement of Poison Elimination
Multiple-dose activated charcoal Extracorporeal removal

Diuresis Hemodialysis

Alteration of urinary pH Hemoperfusion

Chelation Hemofiltration
Plasmapheresis
Exchange transfusion

Hyperbaric oxygenation

Administration of Antidotes
Neutralization by antibodies Metabolic antagonism

Neutralization by chemical bi