
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































632 Critical Care Neurology 

TABLE 41 .2 Comparative Features of Myasthenia Gravis 
and Guillain-Barre Syndrome 

Myasthenia Guillain-Barre 
Features Gravis Syndrome 

Ocular weakness Yes No 

Fluctuating weakness Yes No 

Bulbar weakness Yes Yes 

Deep tendon reflexes Intact Depressed 

Autonomic instabil ity No Yes 

Nerve conduction Normal Slowed 

I I .  NEUROMUSCULAR WEAKNESS 

The following is a description of clinical disorders that can 
produce life-threatening muscle weakness. 

A. M yasthenia Gravis 

Myasthenia gravis (MG) is an autoimmune disease produced 
by antibody-mediated destruction of acetylcholine receptors 
on the postsynaptic side of neuromuscular jLmctions ( 16). 

1. Predisposin9 Conditions 

a. MG can be triggered by major surgery or a concurrent 
illness. Thymic h1mors are responsible for up to 20% of 
cases, and hyperthyroidism is the culprit in 5% of cases. 

b. Several drugs can precipitate or aggravate MG (17). The 
principal offenders are antibiotics (e.g., arninoglyco­
sides, ciprofloxacin) and cardiac drugs (e.g., beta-adren­
ergic blockers, lidocaine, procainamide, quinidine). 

2. Clinical Features 

The weakness in MG typically worsens with activity and 
improves with rest. 
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a. Weakness i s  first apparent in the eyelids and extraocular 
muscles, and limb weakness follows in 85% of cases (18). 

b. Progressive weakness often involves the cl1est wall and 
diaphragm, and rapid progression to respiratory failure, 
called myastilenic crisis, occurs in 15-20% of patients (18). 

c. The defici t  in myasthenia is purely motor, and deep 
tendon reflexes are preserved (see Table 41 .2). 

3. Dia9nosis 

The diagnosis of MG is based on the following findings: 

a .  The characteristic pattern of muscle weakness; i.e., 
eyelid or extraocular muscle weakness made worse by 
repeated use. 

b.  Increased muscle sh·ength after the administration of 
edrophonium (Tensilon), an acetylchobnesterase inhib­
itor. 

c. The presence of acetylcholine receptor antibodies in 
the blood. These antibodies are fow1d in 85% of cases 
of MG (16), and their presence secures the diagnosis. 

4 .  Ii·eatment 

a. The first line of therapy is an acetylcholinesterase in­
hibitor like pyridostigmine (Mestinon), whicl1 is start­
ed at an oral dose of 60 mg every 6 hours and can be 
increased to 120 mg every 6 hours if necessary. Py­
ridostigmine can be given intravenously to treat myas­
thenic crisis: the IV dose is 1 /30th of the oral dose 
(19,20). 

b. lmmunotherapy is added if needed using either prednisone 
(1-1.5 mg/kg/day), azathioprine (1 to 3 mg/kg/day), or 
cyclosporine (2.5 mg/kg twice per day) (20). 

c. Surgical thymectomy is often advised in patients w1-
der 60 years of age to reduce the need for long-term 
immw10suppressive therapy (20). 

5 .  Advanced Cases 

In advanced cases requiring mechanical ventilation, clear-
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ing pathologic antibodies from the bloodstream by plas­
mapheresis or neutralizing the antibodies with im­
munoglobulin G (0.4 or 2 g/kg/ day N for 2 to 5 days) are 
equally effective therapies (18,20). However, plasmaphere­
sis produces a more rapid response (20). 

B. Guillain-Barre Syndrome 

The Guillain-Barre syndrome is an acute inflammatory demy­
elinating polyneuropathy that often follows an acute infectious 
illness (by 1 to 3 weeks) (21,22). An immune etiology is sus­
pected. 

1. Clinical Features 

a. The presenting features include paresthesias and sym­
metric limb weakness that evolves over a period of a 
few days to a few weeks. 

b. Progression to respiratory failure occurs in 25% of cases 
(21), and autonomic instability can be a feature in ad­
vanced cases (23). 

c. The condition resolves spontaneously in about 80% of 
cases, but residual neurologic deficits are common (21) .  

2 .  Diagnosis 

Some distinguishing features of Guillain-Barre syndrome 
are shown in Table 41.2. The diagnosis is based on clini­
cal presentation, nerve conduction studies (evidence of 
neuropathy), and cerebrospinal fluid aDalysis (elevated 
protein in 80% of cases) (21). 

3 .  1i·eatment 

Treatment is mostly supportive, but in cases with respira­
tory failure, plasmapheresis and intravenous immuno­
globulin G (0.4 g/kg/ day for 5 days) are equally effective 
in producing short-term improvement. Immm1oglobulin 
G is often preferred because it is easiest to administer. 
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C. Critical Illness Polyneuropathy & Myopathy 

Critical ilh1ess polynemopathy (CIP) and critical i lhwss my­
opathy (CIM) are secondary disorders and most often ac­
company severe sepsis and other conditions that trigger pro­
gressive systemic inflammation (see Chapter 33, Table 33.2) 
(24). Both disorders can occur in the same patient, and they 
usually become apparent when patients fail to wean from 
mechanical ventilation. 

1. Critical Illness Polyneuropathy 

a. CIP is a diffuse sensory and motor axonal neuropathy 
that is reported in at least 50% of patients with severe 
sepsis (24,25). The onset is variable, occmring from 2 
days to a few weeks after the onset of the inciting ill­
ness. 

b.  Nerve conduction studies are necessary to establish the 
diagnosis. 

c. There is no specific treatment. Complete recovery is 
expected in 50% of cases (26) and can take months. 

2 .  Critical Illness Myopathy 

a. CIM is a spectnun of muscle disorders. Predisposing 
conditions include systemic inflammation and pro­
longed treatment with steroids and neuromuscular 
blocking agents (25,27). CIM has also been reported in 
one-third of patients with status astlunaticus, particu­
larly those receiving high-dose steroids (27). 

b. The diagnosis of CIM is supported by electromyogra­
phy (shows evidence of myopathy) and muscle biopsy 
(shows atrophy and loss of myosin filaments) (27). 

c .  There is no treatment for CIM. If the precipitating con­
dition has resolved, most patients with CPM recover 
fully within a few months (27). 
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I I I .  NEUROMUSCULAR BLOCKERS 

A. General Features 

Drug-induced paralysis is occasionally needed to manage 
ventilator-dependent patients who are agitated and difficult 
to ventilate (28,29). However, this practice is frowned upon 
for reasons stated later. 

1 .  Mechanisms 

Neuromuscular blocking agents act by binding to acetyl­
choline receptors on the postsynaptic side of the neuro­
muscular junction. Once bound, there are two different 
modes of action. 

a. The depolarizing agents act like acetylcholine and pro­
duce a sustained depolarization of the postsynaptic 
membrane. 

b.  The nondepolarizing agents act by inlubiting depolariza­
tion of the postsynaptic membrane. 

B. Drugs 

A comparison of neuromuscular blocking drugs is shown in 
Table 41.3. All three agents in this table are nondepolarizing 
blockers. 

1. Pancuronium (Pavulon) has over 35 years of clinical use, 
but its popularity has dwindled because of its relatively 
long duration of action (1 to 2 hours) and its tendency to 
produce tachycardia. Although it can be given by contin­
uous infusion, pancuronium is usually given as intermit­
tent bolus doses (0.1 mg/kg every 1-2  hrs) to decrease 
the risk of drug accumulation. Dose adjustments are nec­
essary in renal failure. 

2. Rocuronium (Zemuron) is shorter acting than pancuro-
11ium and does not produce tachycardia in usual doses. 
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Dose reductions are necessary in liver failure. 

3. Cisatracurium (Nimbex) is also short acting and devoid 
of cardiovascular side effects. It is considered an im­
proved version of its parent drug atracurium because it 
generates less laudanosi.ne, a metabolite that can cause 
neuroexcitation (30). Dose adjustments are not necessary 
in renal and hepatic failure. 

TABLE 41 .3 Comparison of Neuromuscular Blocking Agents 

Pancuronium Rocuronium Cisatracurium 

Initial dose 0.1 0.6-1 .0 0.1 -2.0 
(mg/kg) 

Duration of effect 60- 1 00 30-40 35-50 
(min) 

Infusion 1 -2 1 0 - 1 2  2.5-3 
(µg/kg/min) 

Risk of tachycardia Yes Min imal No 

Dose adjustment in Yes No No 
renal failure 

Dose adjustment in No Yes No 
hepatic failure 

4. Succinylcholine (Anectine) is an ultra-short acting depo­
larizing agent, and is used only to facilitate endotracheal 
intubation. An intravenous dose of 1 -2 mg/kg produces 
paralysis within 60 seconds, and the effect lasts for about 
5 minutes. 

a. The depolarization of muscle cells leads to potassium ef­
flux, and this can raise the senun K• by about 0.5 mEq/L 
(31). 

b. Life-threatening hyperkalemia can occur when succinyl­
choline is given in the presence of denervation injmy 
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(e.g., head or spinal cord injury), rhabdomyolysis, hem­
orrhagic shock, thermal injury, and chronic immobility. 

C. Monitoring 

The standard method of monitoring drug-induced paralysis 
is to apply a series of four low-frequency (2 Hz) electrical 
pulses to the ulnar nerve at the forearm and observe for ad­
duction of the thumb. Total absence of thumb adduction is 
evidence of excessive block. The desired goal is 1 or 2 percep­
tible twitches, and the drug infusion is adjusted to achieve 
that endpoint (28). 

D. Disadvantages 

1. Paralysis is an extremely frightening and even painful 
experience, and it is imperative to keep patients heavily 
sedated during the entire period of paralysis. However, it 
is not possible to evaluate the adequacy of sedation while 
a patient is paralyzed. Patients often awaken while para­
lyzed (32), and this alone is reason enough to avoid pa­
ralysis whenever possible. 

2. Prolonged periods of paralysis can be associated with the 
following complications: 

a. Critical illness myopathy (described earlier). 

b.  Pneumonia (due to pooling of respiratory secretions in 
dependent lw1g regions). 

c. Venous thromboembolism (due to prolonged immobi­
lization). 

d. Pressure ulcers on the skin (also due to prolonged im­
mobilization). 
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The focus of this chapter is a cerebrovascular disorder that 
has suffered through a variety of poorly descriptive names 
like apoplexy, cerebrovascular accident (what accident?), 
stroke, and brain attack. Considering that this disorder is the 
third leading cause of death in the United States, and the 
leading cause of long-term disability (1 ,  2), it deserves a bet­
ter name. 

I. DEFINITIONS 

According to the National Institute of Neurological Dis­
orders and Stroke, stroke is "an acute brain disorder of vas­
cular origin accompanied by neurological dysfunction that 
persists for longer than 24 hours" (3). 

A. Types of Stroke 

Stroke is classified according to the immediate cause of brain 
injury; i .e . ,  ischemia or hemorrhage (1,3) . 

1 .  Ischemic stroke accounts for 80 to 88% of all strokes. 

a .  Throm.botic stroke accotmts for 80% of ischemic strokes 
and is caused by atherosclerotic disease. 

b. Embolic stroke accounts for 20% of ischemic strokes. 
Most emboli originate from thrombi in the left atrium 
(from atrial fibrillation) or left ventricle (from acute MI), 
but some originate from venous thrombi in the legs that 
reach the brain through a patent fora.men ovale (4). 

2. Hemorrhagic stroke accounts for 12-20% of all strokes. 

a .  Intracerebral hemorrhage accotmts for 75% of hemor-
641 
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rhagic strokes, and subaraclrnoid hemorrhage accow1ts 
for the remaining 25%. 

b. Epidural and subdural hematomas are not classified 
as strokes (3). 

B. Transient Ischemic Attack 

1 .  A transient ischemic attack (TIA) is an acute episode of 
focal loss of brain function that is caused by ischemia and 
lasts less than 24 hours (3). 

2. The one feature that distinguishes TIA from stroke is the 
reversibility of clinical symptoms. Reversibility of cerebral 
injury is not a distinguishing feature because one-third of 
TIAs are associated with cerebral infarction (5,6). 

II .  THE EVALUATION 

A. Avoiding Delays 

Prompt recognition of acute stroke is mandatory for the fol­
lowing reasons: 

1. Each minute of ongoing infarction causes the destruction 
of 1 .9 million neurons and 7.5 m.iles of myelinated nerves 
(7). 

2 .  The benefit of thrombolytic therapy in ischemic stroke is 
confined to the first 3 hours after symptom onset (Sa,Sb). 

B. Bedside Evaluation 

Stroke is primarily a clinical diagnosis (9). The presentation 
is characterized by one or more focal neurologic deficits 
corresponding to the region of brain injury. The clinical find-



Acute Stroke 643 

ings and corresponding regions of ischemic brain injury are 
shown in Figure 42. l .  

Cerebral Hemisphere 

Aphasia (left hemisphere, 90%) 
Contralateral: 

Hemiparesis 
Sensory Loss 
Spatial Neglect 
Homonymous Hemianopia 
Impaired Conjugate Gaze 

Subcortex 

Hemiparesis 
Dysarthria 
Ataxic hemiparesis 
Normal Cognition, 

Language, and Vision 

Cerebellum 

lpsilateral Limb Ataxia 
Gait Ataxia 

Brainstem 

Motor/Sensory Loss (all limbs) 
Crossed Signst 
Oysconjugate Gaze 
Nystagmus 
Ataxia 
Dysarthria 
Dysphagia 

FIGURE 42. 1 Nemologic abnormalities and corresponding areas of 
isd1emic brain injury. tSigns on same side of face and other side of body. 

1 .  Consciousness 

Most cerebral infarctions are lmilateral, and thus loss of 
consciousness is not a common finding (10). When focal 
neurologic deficits are accompanied by coma, the most 
likely diagnoses are intra.cerebral hemorrhage, massive 
cerebral infarction with cerebral edema, brai.nstem infarc­
tion, or nonconvulsive seizures. 
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2. Aphasia 

The left cerebral hemisphere is the dominant hemisphere 
for speech in 90% of subjects. 

a. Injury in the left cerebral hemisphere produces a condi­
tion known as aphasia, which is defined as a disturbance 
in the comprehension and/ or formulation of language. 

b. Patients with aphasia can have difficulty in verbal com­
prehension (receptive aphasia), difficulty in verbal ex­
pression (expressive aphasia), or both (global aphasia). 

3. Sensorimotor Function 

The hallmark of injury involving one cerebral hemisphere 
is weakness and sensory loss on the conh·alateral side of 
the face and body. 

a. The presence of hemiparesis supports the diagnosis of 
TIA or stroke, but is not specific for these conditions. 

b. Hemiparesis has also been described in metabolic en­
cephalopathy (11) and septic encephalopathy (12) .  

4. Other Findings 

a. As many as 50% of patients admitted for stroke will  
have swallowing dysfw1ction (13). 

b.  Fever (> 37.5°C) develops in 40% cases of acute stroke 
and usually appears in the first 24 hours after symp­
tom onset (14,15). 

c. Seizures are uncommon (5%) in the first 2 weeks after 
ischemic sh·oke (16). 

B. Diagnostic Evaluation 

1. Candidates for Thrombolytic Therapy 

If a stroke is suspected based on the bedside evaluation, 
further diagnostic evaluation is influenced by whether the 
patient is a candidate for thrombolytic therapy. Table 42.1 
shows a checklist that can be used to determine if throm­
bolytic therapy is appropriate for an individual patient. 
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TABLE 42.1 Checklist for Thrombolytic Therapy 

1 .  Check the indications below that apply: 
O Patient is 1 8  years of age or older 
O Time of symptom onset can be identified accurately 
0 Thrombolytic therapy can be started within 3 hrs of symptom onset 

2. If all the boxes in Step 1 are checked, then review the absolute 
contraindications below and check t11e ones that apply: 
O Head CT scan today shows intracranial bleeding 
O Head CT scan today shows no intracranial bleeding, but the 

clinical presentation is suspicious for subarachnoid hemorrhage 
O Head CT scan today shows multilobar infarction (hypodense area 

> 1 /3 the area of the cerebral hemisphere) 
O Any of the following within the past 3 months: intracranial or 

intraspinal surgery, serious head trauma, or a witnessed seizure 
O Witnessed seizure since the onset of symptoms 
O Blood pressure > 1 86 mm Hg (systolic or > 1 1 0  mm Hg (diastolic) 
O Arterial puncture at noncompressible site within past 7 days 

Risk of Hemorrhage 
O Evidence of active internal bleeding 
O Patient has arteriovenous malformation, aneurysm, or neoplasm 
O Prior history of intracranial bleeding 
O Laboratory evidence of a coagulopathy (e.g. ,  platelet count < 100,000/µL) 
O Patient on coumadin and INR � 1 .  7, or patient received heparin in 

past 48 hr and aPTI above normal range 

3. If none of the boxes in Step 2 is checked, review the relative con­
traindications below and check any that represent an unacceptable 
risk: 
0 Major surgery or serious trauma in past 14  days 
O Gastrointestinal or urinary tract bleeding within past 21 days 
O Acute Ml in past 3 months or post-Ml pericarditis 

0 Blood glucose <50 mg/dl or >400 mg/dl 
If all boxes in Step 1 are checked, and no boxes in Steps 2 and 3 
are checked, then give thrombolytic therapy. 
From 2005 American Heart Association Guidelines for Cardiopulmo­
nary Resuscitation and Emergency Cardiovascular Care. Part, Adult 
Stroke. Circulation 2005; 1 1 2 : 1V1 1 1 - 1 20. 



646 Critical Care Neurology 

1 .  Computed Tomo9rnphy 

a. The principal role of CT imaging in suspected sh·oke is 
to identify hemorrhage, which is an absolute con­
traindication to thrombolytic therapy (see Table 42.1 ) .  
The sensitivity of  CT scans for intracerebral hemor­
rhage is almost 100% (5) . 

b. CT imaging should not be used to confirm the diagno­
sis of ischemic stroke because one-half of cerebral 
infarcts are not apparent on CT scan (13), and the diag­
nostic yield is even less in the first 24 hours after 
symptom onset (5). Figure 42.2 demonstrates the non­
value of CT imaging in the early diagnosis of ischemic 
stroke (17) .  

2 .  Ma9netic Resonance Ima9in9 

Magnetic resonance imaging (MRI) can detect 90% of is-

FJGURE 42.2 The diagnostic yield from CT scans in acute isd1emic stroke. 
The CT image on the left was obtained within 24 homs after symptom 
onset and is unrevealing. The CT image on the right was obtained 3 days 
later in the same patient, and shows a large hypodense area (infarction) 
with mass effect in the left cerebral hemisphere. From Reference 17. 
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chemic strokes in the first 24 hours after symptom onset 
(5). Because of the superior diagnostic yield, MRI is like­
ly to replace CT imaging for the early evaluation of sus­
pected stroke. 

3. Echocardiography 

Echocardiography is useful in the following situations: 

a. When stroke is associated with atrial fibri l lation, acute 
MI, or left-sided endocarditis (to identify a source of 
cerebral embolism). 

b. When stroke occurs in patients with no risk factors, or 
in patients with venous thromboembolism (to identify 
a patent foramen ovale). 

III .  ANTITHROMBOTIC THERAPY 

A. ThrombolyticTherapy 

1 .  Thrombolytic therapy is indicated if it can be started 
within 3 hours of symptom onset and there are no con­
traindications (Sa,Sb). The absolute and relative contra­
indications for thrombolytic therapy are included in the 
checklist in Table 42.1 

2. Tissue plasminogen activator (tPA) is the only throm­
bolytic agent approved for use in acute stroke. The dose 
is 0.9 mg/kg infused over 1 hr, with a maximum dose of 
90 mg (lS) .  

B. Aspirin 

Aspirin is recommended for all cases of acute ischemic stroke 
(ml.less there are conh·aindications) (Sa, Sb, 1 3). 

a. When thrombolytic therapy is given, aspirin should be 
started on the following day. Otherwise, the first dose 
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of aspirin should be given after intracranial hemor­
rhage is ruled out by neuroimaging. 

b.  The recommended dose of aspirin is 160-300 mg ini­
tially (orally or per rectum), followed by 75-150 mg 
daily. 

C. Heparin 

1. Anticoagulation with heparin has been a traditional prac­
tice for patients with acute ischemic stroke who show pro­
gression of symptoms. Howeve1� the results of clinical tri­
als do not support this practice (19). 

2. The only role for heparin in acute ischernic stroke is for 
prophylaxis of venous thromboembolism (see Chapter 3). 

IV. MEDICAL MANAGEMENT 

The importance of medical management in acute ischernic 
sh·oke is demonstrated by reports showing that medical 
complications are responsible for close to 50% of deaths fol­
lowing acute stroke (2). The following is a brief description 
of the most troublesome medical problems in stroke victims. 

A. Hypertension 

1. An increase in blood pressure is common in acute stroke, 
but the pressure usually returns to baseline within a few 
days (20). 

2. Despite the transient nature of the rise in blood pressure, 
the American Stroke Association reconunends antihyper­
tensive h·eahnent in acute sh·oke if the systolic pressure is 
above 220 nun Hg or the diastolic blood pressure is above 
140 mm Hg (Sa, Sb). 
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3. The acute decrease in blood pressure should not exceed 
10-15% to avoid troublesome decreases in cerebral blood 
flow (cerebral autoregulation is impaired in acute stroke, 
so cerebral blood flow will vary directly with changes in 
cerebral perfusion pressure). 

4. For acute control, intravenous labetalol (10-20 mg) or 
nicardipine (5 mg/hr) is preferred because these agents 
tend to preserve cerebral blood flow (Sa, Sb) .  Sublingual 
nifedipine can produce a rapid fall in blood pressure, and 
should be avoided. 

B. Hyperglycemia 

1. Hyperglycemia is common li1 severe stroke and is as­
sociated with a poor neurologic outcome (21,22). 

2. Current guidelll1es recommend that blood glucose be 
kept below 300 mg/dL (Sa, Sb) .  Tighter glycemic control 
has been advocated (22), but care must be taken to avoid 
hypoglycemia, which can also worsen the neurologic 
outcome (Sa). 

C. Fever 

1 .  Patients who develop a fever li1 association with acute 
stroke have greater neurologic deficits and a higher mor­
tality (23,24). 

2. Current guidelll1es recommend antipyretic therapy for 
all patients with fever li1 the early period following acute 
sh·oke (Sa, Sb) .  

3. Acetaminophen is favored for antipyretic therapy (Sa, 
Sb, 25), but it can only be given orally or by rectal sup­
pository. The antipyretic dose is 325 to 650 mg every 4 to 
6 hours. 
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4. Intravenous antipyretic therapy is possible with ibupro­
fen (a nonsteroidal anti.inflammatory agent). An intra­
venous dose of 10 mg/kg (up to 800 mg) every 6 hours 
has been used in ICU patients with sepsis (26). 

5 .  Fever in the early period after ischemic stroke can be in­
fectious in origin (27), so the concern about fever should 
not end with antipyretic therapy. 
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ANALGESIA AND 
SEDATION 
Our principal role in caring for the sick is not to save lives 
(since this is impossible on a consistent basis) but to relieve 
pain and suffering. The analgesic and sedative drug regimens 
described in this chapter will allow you to serve in this role. 

I. OPIOIDS 

A. Overview 

Pain relief in ICU patients is achieved almost exclusively 
with opioids, which are natural derivatives of opium that pro­
duce their effects by stimulating discrete opioid receptors in 
the central nervous system (1,2) 

1. Stimulation of opioid receptors can produce a variety of 
beneficial and adverse effects (3) . 

a. The beneficial effects include analgesia, sedation, and 
euphoria. 

b. The adverse effects include respiratory depression, bra­
dycardia, hypotension, ru1d reduced bowel motility. 

2. The analgesic effects of opioids are accompanied by mild 
sedation but no amnesia (4). 

B. Intravenous Opioids 

The most frequently used intravenous opioids are morphine, 
fentanyl, and hydromorphone. A comparison of these agents 
is shown in Table 43. 1  (1,2,5). 

65 3 
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TABLE 43.1 Comparative Features of Intravenous Opioids 

Morphine Hydromorphone Fentanyl 

Loading dose 5 - 1 0  mg 1 - 1 .5 mg 50- 1 00 µg  

Onset of  action 1 0-20 min 5 - 1 5  min 1 -2 min 

Duration 2-3.5 hrs 2-3 hrs 30-60 min 
(after bolus) 

Infusion ratet 1 -5 mg/hr 0.2-0.5 mg/hr 50-350 µg/hr 

PCA 
Demand (bolus) 0.5-3 mg 0.1 -0.5 mg 1 5-75 µg 
Lockout interval 1 0-20 min 5-1 5 min 3-1 0 min 

Lipid solubi l ity x 0.2x 600x 

Active metabolites Yes Yes No 

Histamine release Yes No No 

Dose adjustment Decrease None Decrease 
in renal failure* 50% 50% 

tlnitial infusion rate. May need further adjustment. 

•From Aronoff GR, Bennet WM, Berns JS, et al., eds. Drug pre­
scribing in renal failure. 5th ed. Philadelphia: American College of 
Physicians, 2007:1 8-1 9. 

1. Morphine vs. Fentanyl 

Morphine is the most frequently used opioid in ICUs (6), 
but fentanyl may be preferred for the following reasons: 

a. Fentanyl is faster acting than morphine (because it is 
much more lipid soluble), which allows more rapid 
dose titration. 

b.  Morphine promotes the release of histamine, which can 
cause vasodilation and hypotension, but fentanyl is 
devoid of tlus effect (7). This makes fentanyl the better 
choice for patients with hemodynam.ic compromise. 

c. Opioids are metabolized in t11e liver, and their metabo-
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lites are excreted in the urine. Morphine has active me­
tabolites that can accwnu.late in patients with renal dys­
function (8), while fentanyJ has no active metabolites. 

2. Fentanyl Accumulation 

The only caveat for fentanyl is the tendency for the drug 
to accumulate in the brain (because of its high lipid solu­
bility), which can result in prolonged drug effects after 
just 4 hours of continuous infusion. For this reason, fen­
tanyl infusions may be less appealing for long-term pain 
control. Fentanyl dosing in renal failure may need adjust­
ment because of increased sensitivity to opioids. 

B. Meperidine 

1 .  Meperidine (Demerol, Pethidine) is an opioid analgesic 
with a significant risk of toxici ty. One of the products of 
meperidine metabolism (normeperidine) is slowly excret­
ed by the kidneys, and accwnulation of this metabolite 
produces neuroexcitation with agitation, deliriLun, and 
seizures (9). 

2 .  Accumulation of the toxic metabolite occurs with repeat­
ed dosing and is more likely to occur in ICU patients who 
often have renal dysfunction. As a result, the routine use 
of meperidine is not advised in ICU patients. 

3. Although meperidine has been favored over other opi­
oids for pain relief in cholecystitis a11d pancreatitis, ex­
perimental studies show that meperidine and morphine 
are equivalent in their ability to promote spasm of the 
sphincter of Oddi and increased intrabiliary pressure (10). 

4. Meperidine is still preferred for conh·ol of shivering. In the 
rewarming period following cardiac surgery, low doses of 
meperidine (25 mg IV) can stop shivering within minutes. 
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C. Patient-Controlled Analgesia 

For patients who are awake and aware of their surrolmd­
ings, patient-controlled analgesia (PCA) can achieve more ef­
fective pain control and greater patient satisfaction than tra­
ditional methods of opioid administration (11) .  

1 .  Method 

The PCA method uses an electronic infusion pump that 
can be activated by the patient. At the first sense of dis­
comfort, the patient presses a button cmmected to the 
pump and receives a bolus dose of the opioid. After each 
bolus, the pump is disabled for a mandatory time period 
called the lockout interval, to prevent overdosing. This 
interval is a flmction of the time to achieve peak drug 
effect (11) .  

2 .  PCA Regimens 

Table 43.l includes recommendations for PCA dosing, 
including the bolus drug doses and lockout intervals for 
each opioid. A loading dose may be needed at the start of 
PCA if the patient has not been receiving opioids. 

C. Adverse Effects 

There are a variety of adverse effects attributed to opioids, 
The following are the ones of most concern in the ICU. 

1. Respiratory Depression 

Opioids produce a centrally-mediated, dose-dependent 
decrease in both respiratory rate and tidal volLltne (12,13), 
but clinically significant respiratory depression and hy­
poxemia are surprisingly w1common (14). Troublesome 
respiratory depression is more likely in patients with sleep 
apnea syndrome or clu·onic hypercapnia (13). 

2. Cardiovascular F:ffects 

a. Opioids can cause a mild decrease in blood pressure 
and heart rate from reduced sympathetic activity (sed-
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ative effect) a11d increased parasympathetic activity, 
but these effects are usually mild and well tolerated, at 
least in the supine position (13). Some opioids (e.g., 
morphine) release histamine, and this can add to the 
hypotensive effect. 

b. Decreases in blood pressure can be pronoLmced in con­
ditions like hypovolemia or heart failure, where in­
creased sympathetic activity plays an important role in 
blood pressure support. 

c .  Opioid-induced hypotension usually responds to volume 
infusion and placing the patient in a supine position. 

3. Bowel Motility 

a. Reduced peristalsis from stimulation of opioid receptors 
in the bowel can lead to problems such as impaired tol­
erance to enteral feedings and postoperative ileus (15). 

b .  Opioid-induced bowel dysfunction might benefit from 
drugs that block opioid receptors in the bowel. One 
such drug is alvimopan, which has been shown to re­
duce the incidence of postoperative ileus when given 
orally in a dose of 6 to 12 mg tv-rice daily (beginning 2 
hours before surgery) (16). 

II. NON-OPIOID ANALGESIA 

The only non-opioid analgesic approved for parenteral use 
in the United States is ketorolac. 

A. Ketorolac 

Ketorolac is a nonsteroidal antiinflammatory drug (NSAID) 
that is 350 times more potent than aspirin as an analgesic 
(17). It does not cause resp.iratory depression, but other toxic 
effects limit its use (see later). It is usually given as an ad­
junct to opioids for postoperative analgesia and has an opi­
oid-sparing effect. 
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1 .  Dose Regimens 

Ketorolac can be given intravenously or by IM injection. 

a .  For patients 1mder 65 years of age, the initial dose is 30 
mg IV or 60 mg IM, followed by 30 mg (IM or IV) every 
6 hours (maxi.mum of 120 mg/day) for up to 5 days. 

b.  For patients 2". 65 years of age, under 50 kg, or with 
renal dysftmction, the initial dose is 15 mg IV or 30 mg 
IM, followed by 15 mg (IM or IV) every 6 homs (max­
i.mum of 60 mg/ day) for up to 5 days. 

c. Int::ramuscular injection of ketorolac can cause hematoma 
formation, and the IV route is preferred (18). Continuous 
IV infusion (5 mg/hr) produces the best results (18). 

d. Drug use should be limited to 5 days (see below). 

2.  Adverse Effects 

Ketorolac inhibits platelet aggregation and should not be 
used in patients with a high risk of bleeding (18). 

a .  When ketorolac is given for more than 5 days, there is an 
increased risk of bleeding (GI and operative site) (19). 

b.  Ketorolac inhibits renal prostaglandin synthesis and 
can impair renal ftmction, but the risk of renal toxicity 
is minimal if drug therapy does not exceed 5 days. 

III .  SEDATION WITH BENZODIAZEPINES 

Benzodiazepi.nes are popular sedatives in the ICU because 
they are generally safe to use, and the sedation is accompa­
nied by amnesia (20). 

A. General Features 

The following characteristics of benzodiazepines deserve men­
tion. 

1. All benzodiazepines are lipid soluble and will accumulate 
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in the brain with continued use. This produces prolonged 
(and unwanted) sedation after the drug is discontinued. 

2. The effective dose of benzodiazepines is lower in elderly 
patients and in patients with heart failure and hepatic in­
sufficiency. 

TABLE 43.2 Comparative Features of Intravenous 
Benzodiazepines 

Midazolam Lorazepam1 Diazepam2 

Loading dose (IV) 0.02-0.1  0.02-0.06 0.05-0.2 
(mg/kg) 

Onset of action 1 -5 min 5-20 min 2-5 min 

Duration 1 -2 hrs 2-6 hrs 2-4 hrs 
(after bolus) 

Maintenancet 0.04-0.2 0.01 -0.1 Rarely used 
infusion 
(mg/kg/hr) 

Dose adjustment Decrease None None 
in renal fai lure* 50% 

Use ideal body weight for dose calculations. 

1 Lorazepam (Abbott Labs) contains propylene glycol (830 mg/ml) 
2Diazepam (Abbott Labs) contains propylene glycol (400 mg/ml) 

Adapted from References 1 ,20-23. 

B. Drug Comparisons 

Three (of 13) benzodiazepines can be given intravenously: 
midazolam, lorazepam, and diazepam. The comparative prop­
erties of these agents are shown in Table 43.2. Because of the 
tendency to accumulate in fatty tissues, benzodiazepine dos­
ing should be based on ideal body weight (21) .  

1 .  Midazolam (Versed) is the benzodiazepine of choice for 
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short-term sedation because it has the fastest onset and 
shortest duration of action (21-23). Because of its short 
duration of action, midazolam is usually given by contin­
uous infusion. However, infusions of midazolam lasting 
longer than a few hours can produce prolonged sedation 
(because of rapid accumulation in the brain) (21 ) . 

2. Lorazepam (Ativan) has the slowest onset of action of the 
IV benzodiazepines. Because of its long duration of ac­
tion, lorazepam is used for prolonged sedation (e.g., ven­
tilator-dependent patients) (1) .  However, prolonged use 
of lorazepam carries a risk of propylene glycol toxicity 
(see next section). 

3. Diazepam (Valium) is the least favored of the IV benzo­
diazepines because of the risk for oversedation and pro­
pylene glycol toxicity (see next section). 

C. Adverse Effects 

Excessive dosing and accumulation of benzodiazepines can 
lead to hypotension, respiratory depression and excessive 
sedation (24). (See Chapter 46, Section II for more on benzo­
diazepine toxicity). The following are some additional con­
cerns. 

1. Propylene Glycol Toxicity 

Intravenous preparations of lorazepam and diazepam 
contain the solvent propylene glycol to enhance drug sol­
ubility. Prolonged administration of propylene glycol can 
produce a toxidrome characterized by agitation, meta­
bolic acidosis, hypotension, and seizures. 

a .  Propylene glycol toxicity has been reported in 19% to 
66% of ICU patients receiving high-dose lorazepam or 
diazepam for more than 2 days (25,26). 

b. Switching to midazolam will eliminate the risk of pro­
pylene glycol toxicity. 
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Abrupt termination following prolonged benzodiazepine 
administration can produce a withdrawal syndrome con­
sisting of agitation, disorientation, hallucinations, and sei­
zures (27). The risk of withdrawal is difficult to predict. 

3. Dru9 Interactions 

a. Several drugs can inhibit the metabolism of diazeparn 
and midazolam, including erythromycin, fluconazole, 
diltiazem, verapamil., and omeprazole (28). However, 
the only significant interaction may be the one between 
erythromycin and midazolam: these two drugs should 
not be used in combination. The metabolism of loraze­
pam is w1affected by other drugs (28). 

b. Theophylline antagonizes the sedative effect of benzo­
diazepines (possibly by blocking adenosine receptors), 
and IV aminophylline (110 mg over 5 min) has been 
used to promote awakening from benzodiazepine se­
dation (29). 

IV. OTHER SEDATIVES 

A. Propofol 

Propofol (Deprivan) is a rapidly-acting sedative that is used 
for induction and maintenance of general anesthesia. In the 
ICU, it can be used for short-term sedation (i.e., for proce­
dures), but more widespread use is not advised because of 
adverse effects. 

1 .  Preparation and Dosa9e 

a. Propofol is suspended in a 10% lipid emulsion that is 
almost identical to 10% lntralipid used in pa1·enteral 
nutrition formulas (and has the same energy yield of 
1 . 1  kcal/mL). 
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b. The bolus and inJusion doses of propofol are shown in 
Table 43.3 (30,31) .  Propofol should be dosed according 
to ideal body weight, and no dose adjusbnent is needed 
for renal failure or hepatic insufficiency (31 ) .  

2. Adverse Ejfects 

a. Propofol is well known for producing respiratory de­
pression, and the drug should be used only during 
controlled ventilation. 

b.  Decreased blood pressure is frequently observed fol­
lowing a bolus dose of propofol, and hypotension is 
most likely to occur in patients who are elderly, have 
heart failure, or are hypovolemic (31 ) .  

c. Anaphylactoid reactions to propofol are w1conunon but 
can be severe (31). 

d. The lipid emulsion can cause hypertriglyceridemia af­
ter prolonged use (>72 hrs). 

3. Prnpojol Infusion Syndrome 

Propofol can cause a rare but often lethal idiosyncratic re­
action characterized by the abrupt onset of bradycardia, 
heart failure lactic acidosis, hyperlipidemia, and rhab­
domyolysis (32). This is called tl1e propofol infusion syn­
drome, and it is usually associated with prolonged, high­
dose propofol infusions (>4-6 mg/kg/lu· for longer than 
24 to 48 hrs) .  The mortality is high (> 80%), even when 
the drug is discontinued. 

B. Dexmedetomidine 

Dexmedetomidine is a highly-selective exi-adrenergic agonist 
t11at produces sedation witl1out respiratory depression (33). 
The properties of this drug are shown in Table 43.3. Because 
of the short duration of action, dexmedetomidine is usually 
given by continuous infusion. 

1. Clinical Uses 

Due to the lack of respiratory depression, dexmetomidine 
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has been rec01mnended for sedation during weaning from 
mechanical ventilation (34). However, the 24-hour limit on 
drug use (see next section) limits the utility of this drug. 

2.  Adverse Effects 

Dexmedetomidine infusions can produce hypotension 
(30%), and bradycardia (8%) (33). There is also a risk for 
agitation and "sympathetic rebow1d" following drug with­
drawal. To minimize this risk, in£usions should not be con­
tinued for longer than 24 hours. 

TABLE 43.3 Intravenous Nonbenzodiazepine Sedatives 

Propofol1 Dexmedetomidine 

Loading dose 0.25-1  mg/kg 1 µg/kg over 1 O min 

Onset of action < 1  min 1 -3 min 

Time to arousal 1 0 - 1 5  min 6- 10  min 

Maintenance infusion 25-75 0.2-0.7 
(µg/kg/min) 
Respiratory depression Yes No 

Adverse effects Hypotension Hypotension 
Hyperl ipidemia Bradycardia 
Contamination/ Sympathetic 
Sepsis rebound 
Propofol Infusion 
syndrome 

1 Propofol dosage should be based on ideal body weight. 

Adapted from References 1 ,30-33. 

C. Haloperidol 

The advantage of haloperidol (Haldol) as a sedative is lack of 
cardiorespiratory depression. Intravenous delivery is not ap­
proved by the FDA, but IV haloperidol is safe and effective 
(35) and is recommended in the practice guidelines of the 
Society of Critical Care Medicine (1) .  
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TABLE 43.4 Intravenous Haloperidol for Sedation 

Severity of Anxiety 

Mild 

Moderate 

Severe 

1 .  Administer dose by IV push. 

2 .  Allow 1 0-20 minutes for response: 
a. If no response, double the drug dose, or 
b. Add lorazepam (1 mg) 

3. If still no response, switch to another sedative. 

Dose 

0.5-2 mg 

5 - 1 0  mg 

1 0-20 mg 

4. Give 25% of the initial dose every 6 hours to maintain seda­
tion. 

Adapted from References 1 ,35. 

Table 43.4 contains recorrm1endations on the N adminish·a­
tion of haloperidol. 

1. Clinical Uses 

a. Because of the delayed onset of action (10 to 20 min), 
haloperidol is not suitable for immediate control of anxiety. 

b. Haloperidol is preferred for sedation of the patient with 
delirium. 

c .  The lack of respiratory depression makes haloperidol 
well suited for sedation during weaning from mechan­
ical ventilation (35). 

2. Adverse Effects 

a. Exh·apyrnmidal reactions are a well-known side effect of 
haloperidol, but these reactions are uncommon when 
the drug is given intravenously (36). Haloperidol should 
not be used in patients with Parkinson's disease. 

b. Haloperidol prolongs the QT interval and can precipi­
tate a polymorphic ventricular tachycardia known as 
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torsades de pointes (see Chapter 15, Section VI). This ar­
rhytlm1 ia  has been reported in 3-4% of patients receiv­
ing intravenous haloperidol (37). As a result, haloperi­
dol should never be used in patients with a prolonged 
QT interval. 

c .  Another adverse effect of haloperidol is the neuroleptic 
malignant syndrome (38), ai1 idiosyncratic reaction that 
is described in Chapter 32, Section II-E. Unexplained 
fever in a patient receiving haloperidol should always 
raise suspicion for this disorder. 

V. INTERRUPTING SEDATIVE INFUS IONS 

Prolonged infusions of sedatives (and opioids) results in pro­
gressive drug accumulation and persistent sedation after the 
drug infusion is discontinued. This can delay weaning from 
mechanical ventilation and prolong the ICU stay. When pa­
tients have been maintained on sedative drug infusions for 
longer than 24 hours and are beginning to recover, daily 
interruptions of drug infusions until the patient begins to 
awaken are advised (39). 

TABLE 43.5 Modified Ramsay Scale for Scoring Sedation 

Score Description 

Anxious and agitated, or restless, or both 
2 Cooperative, orientated and tranqu i l  

3 Drowsy, but responds to commands 

4 Asleep, brisk response to light glabellar tap or loud 
auditory stimulus 

5 Asleep, sluggish response to light glabellar tap or loud 
auditory stimulus 

6 Asleep and unarousable 

Adapted from Reference 40. 
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A. Monitoring Sedation 

1 .  Current guidelines recommend routine monitoring of se­
dation (1), which reduces the risk of oversedation. 

2. The original scoring system for sedation, the Ramsay scale, 
is shown in Table 43.5 (40). This scale is well suited for eval­
uating oversedation because it has £om levels of sedation 
(score 3 to 6) but only one level of agitation (score = 1) .  

3. There are other more elaborate scoring systems for seda­
tion (41), but there is no evidence that they perform any 
better that the simple scoring system in Table 43.5. 

BEDSIDE APPROACH TO THE AGITATED PATIENT 

STEPWISE EVALUATION 

Step 1: Assess for Immediate 

Threat to Life 

Step 2: Assess Pain 

• Query patient about pain and 
assess for noxious stimuli. 

Step 3: Assess Anxiety 

• Query patient and assess for 
fear and anxiety. 

• If patient unable to communicate, 
go to Step 4. 

MANAGEMENT 

• ABC (Airway, Breathing, Circulation), etc. 

• Correct any identified causes. 

• If hemodynamically unstable: 

Fentanyl: 25-100 µg IV q 5-15 min 

Hydromorphone: 0.25-0. 75 mg IVP 
q 5-15 min 

• If hemodynamically stable: 

Morphine: 2-5 mg IV every 5-15 min 

I� 
• Correct any identified causes. 

• Provide verbal reassurance. 

• For acute agitation: 

Midazolam: 2-5 mg IV q 5-15 min 

Lorazepam: 1-4 mg IV q 1 0-20 min 

Propofol: 5 µg/kg/min and titrate 
q 5 min PRN 

FIGURE 43. I An organized approach to the patient with acute agitation. 
Adapted from Reference 1 .  
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VI.  THE AGITATED PATIENT 

A common scenario in the ICU is a nurse informing you that 
your patient has suddenly become agitated. The stepwise 
approach in Figure 43. 1  might prove useful in this situation. 
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This chapter presents the intravenous antibiotics you are most 
likely to use in the ICU. Each is presented in the order shown 
below. 

1 .  Aminoglycosides (gentamicin, tobramycin, amikacin) 

2. Anti£ungal agents (amphotericin B, fluconazole, capso­
fungin) 

3. Carbapenems (imipenem, meropenem) 

4. Cephalosporins (ceftriaxone, ceftazidime, cefepime) 

5. Fluoroquinolones (ciprofloxacin, levofloxacin, gatifloxa­
cin, moxifloxacin) 

6. Penicillins (pipericillin-tazobactam) 

7. Vancomycin and its replacements (linezolid, daptomycin) 

I. AMINOGLYCOSIDES 

The aminoglycosides include gentamicin (introduced in 
1966), tobramycin (introduced in 1975), and amikacin (intro­
duced in 1981). These drugs were once the antibiotics of 
choice for serious gram-negative infections, but their popu­
larity has waned because of renal toxicity (1) .  

A. Activity & Clinical Uses 

1. The aminoglycosides are active against aerobic gram-neg-
67 1 
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ative bacilli, and amikacin has the greatest activity (see 
Figme 44.1) (2). 

2. Aminoglycosides can be used to treat any serious infec­
tion caused by gram-negative bacilli, but their use is gen­
erally reserved for infections caused by Pseudomonas spe­
cies. 

Susceptibility Rate for Aerobic Gram-Negative Bacil l i 

70% 80% 90% 

Amikacin 90% 

lmipenem 89% 

Tobramycin 83% 

Ciprofloxacin 81 % 

Ceftazidime/Cefepime 78% 

Gentamicin 78% 

Pipericillin/tazobactam 78% 

FIGURE 44. 1 Antibiotic susceptibilities of aerobic gram-negative bacilli 
isolated from 35,790 culture specimens obtained from ICU patients. 
Adapted from Reference 2. 

B. Dosing 

1. Arn.inoglycoside dosing is based on body weight and renal 
function (see Table 44.1) (1,3). These drugs are poorly dis­
tributed in adipose tissue, so ideal body weight should be 
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used for normal or overweight patients, while actual body 
weight is more appropriate for underweight patients (1 ) .  

2. Once-daily dosil1g is preferred for aminoglycosides be­
cause these antibiotics have a concenh·ation-dependent 
bactericidal effect (1), so one large daily dose will pro­
duce more effective tissue concentrations than multiple 
smaller doses. 

3. The dose adjushnent in renal failure is achieved by in­
creasing the dosing il1terval (see Table 44.1), which pre­
serves the concentration-dependent bactericidal effects 
of these antibiotics. 

TABLE 44.1 Aminoglycoside Dose Recommendations 

Drug Usual Dose Renal Failuret HDt 

Amikacin 

Gentamicin 

Tobramycin 

1 5  mg/kg q24 h l 
5 mg/kg q24 h q48-72 h 

5 mg/kg q 24 h 

HD = hemodialysis. tFrom Reference 3.  

C. Adverse Effects 

1 /2 the normal 
dose after each 
dialysis 

1. Arnil1oglycosides are referred to as obligate nephrotoxins 
because renal impairment will eventually develop in all 
patients (1 ) .  The serum creatinine usually begil1s to rise 
after one week of drug therapy. 

a. Nephrotoxic effects are enhanced by hypovolemia, ad­
vanced age, renal ilnpafrment, hypokalernia, and concur­
rent therapy with loop diuretics and vancomycil1 (1,4). 

2. Amil1oglycoside-il1duced ototoxicity can produce irre­
versible hearil1g loss and vestibular damage, but these 
effects are almost never apparent clinically (1) .  
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3. Aminoglycosides can block acetylcholine release from 
presynaptic nerve terminals. This effect almost never 
produces muscle weakness de nova (5), but it can aggra­
vate the muscle weakness in myasthenia gravis (6). 

D. Comment 

Because of the substantial risk of renal damage, it's always 
wise to avoid using aminoglycosides whenever possible. Other 
less toxic antibiotics are available for effective gram-negative 
coverage (e.g., the carbapenems). 

I I .  ANTIFUNGAL AGENTS 

A. Amphotericin B 

Amphotericin B (AmB) is the most effective antifungal agent in 
clinical use, but is also the most toxic antiftmgal agent as well. 

1. Clinical Uses 

AmB is the drug of choice for all life-threatening fw1gal 
infections and for empiric antimicrobial therapy in neu­
tropenic patients with persistent fever. 

2. Dosage and Administration 

AmB is given once daily in an intravenous dose of 0.5 to 
1 mg/kg. The dose is initially delivered over a 4-hour 
time period, but this can be reduced to a one-hour infu­
sion if tolerated. The total AmB dose is 0.5 to 4 grams 
and is determined by the type and severity of the fungal 
infection. 

a. Central venous cannulation is preferred for AmB infu­
sions to reduce the risk of infusion-related phlebitis (7) . 

3. Irifusion-Related Injlammato1y Response 

Infusions of AmB are accompanied by fever, chills, nau­
sea, vomiting, and rigors in about 70% of instances (8) . 
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This reaction is most pronounced with the initial infu­
sion, and often diminishes in intensity with repeated in­
fusions. The following measures can reduce the intensity 
of this reaction (8) : 

a. Thirty minutes before the infusion, give acetamino­
phen (10 to 15 mg/kg orally) and diphenhydramine 
(25 mg orally or IV). If rigors are a problem, premed­
icate with meperidine (25 mg IV) . 

b. If the above regin1en does not give full relief, add hy­
drocortisone to the AmB infusate (0.1 mg/mL). 

4. Nephmtoxicity 

a. AmB produces an injury in the renal tubules that clini­
cally resembles a renal tubular acidosis (distal type), 
with increased urinary excretion of potassium and mag­
nesiwn (9). Hypokalemia and hypomagnesemia are 
common consequences. 

b.  Azotemia is reported in 30 to 40% of patients during 
daily infusions of ArnB (9). An increase in serum crea­
tinine above 3.0 mg/dL should prompt cessation of 
AmB infusions for a few days or a switch to the lipo­
somal AmB preparation, described next (8). 

5. Liposomal Amphotericin B 

Specialized lipid preparations of AmB have been devel­
oped to reduce binding to mamrnaliai1 cells (thereby re­
ducing the risk of renal injury). 

a. Clinical trials have shown that liposomal AmB (ArnBi­
some) is as effective as standard AmB but causes fewer 
cases of renal dysfunction (7,10). 

b. The daily dose of liposomal AmB is 5 mg/kg, which is 
5 times higher than the dose of standard ArnB (7). 

B. Fluconazole 

Fluconazole is a less toxic alternative to AmB for Candida in­
fections. 
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1 .  Activity &_ Clinical Uses 

a. Fluconazole is used to treat invasive candidiasis. (11 ) .  
It does not adequately cover Candida krusei, but this or­
ganism is involved in only 5 to 10% of cases of invasive 
candidiasis (12). 

b .  Fluconazole can be used alone in immw1ocompetent 
patients (10), and it can be used after an initial course 
of AmB in immunocompromised patients (12) .  

2. Dosing 

Fluconazole can be given orally or IV in a single daily 
dose of 400 to 800 mg (the same dose is used for oral and 
IV delivery). If the creatinine clearance is less than 50 
mL/min, the dose should be reduced by 50% (7) . 

3. Adverse Effects 

a. Fluconazole can impair the hep a tic metabolism of phe­
nytoin, cisapride (Propulsid), and the statins (lovas­
tatin, atorvastatin) (7). It should not be used with cis­
apride and the statins, and phenytoin doses should be 
adjusted according to serum phenytoin levels (7). 

b. Fluconazole is safe to use in most patients, but it has 
been implicated in cases of severe and even fatal he­
patic injury in HIV patients (13). 

C. Capsofungin 

1. Capsofungin may be superior to fluconazole for treating 
invasive candidiasis because it is active against all Can­
dida species, has fewer drug interactions, and does not 
require dose modification in renal failure (12). It has 
proven comparable to AmB for treating invasive candidi­
asis (14) and for empiric therapy of neutropenic patients 
with fever (12). 

2. For invasive candidiasis, the IV dose of capsofungin is 70 
mg initially, then 50 mg daily thereafter. 
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The carbapenems (im.ipenem and meropenem) have the broad­
est spectrum of activity of any antibiotics currently available (16). 

A. Imipenem 

Im.ipenem is the original carbapenem (introduced in 1985) 
and the one that has been studied the most. 

1. Activity &.. Clinical Uses 

a. Im.ipenem is active against all common bacterial path­
ogens except methicillin-resistant Staph. aureus (MRSA). 

b.  As demonstrated in Figure 44.1 ,  inupenem is one of the 
most active agents for aerobic gram-negative bacilli. It 
also provides good coverage for gram-positive cocci 
(including pneumococci, methicillin-sensitive Staph. 
aureus, and Staph. epiderrnidis), and anaerobes (includ­
ing Bacteroides fragilis and Enterococcus faecnlis). 

c. Irn.ipenem can be used for virtually any infection that 
does not involve MRSA. It can also be used as a single 
agent for empiric antibiotic coverage in neutropen.ic 
patients with fever (16) . 

2. Preparntion &.. Dosing 

a. Im.ipenem is inactivated by enzymes on proximal re­
nal tubules, so it is not possible to achieve high drug 
levels in urine. To overcome this problem, the com­
mercial preparation of imipenem (Prirnaxin) contains 
an enzyme inhibitor, cilastatin. 

b. The recommended dose of im.ipenem is 500 mg every 
6 hours (15) . The daily dose should be reduced 50% in 
renal insufficiency and 75% in renal failure (3). 

3. Adverse Effects 

The major adverse effect is generalized seizures, which 
occur in 1 .5% of patients (15). Contributing factors in-
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elude a history of seizure disorder, an intracranial mass, 
or renal failure. With appropriate dose adjustments in 
renal insufficiency, the incidence of imipenem-induced 
seizures is less than 1% (15). 

B. Meropenem 

1. Meropenem (introduced in 1996) is similar to imipenem 
in spectrum of antibacterial activity, but i t  does not produce 
seizures (15). 

2. The usual intravenous dose is 500 mg to 1 gram every 8 
hours, and a 50% daily dose reduction is required in re­
nal failure (3). 

C. Comment 

The carbapenems are ideal antibiotics because they are rela­
tively safe to use and they cover most ICU-associated pathogens 
except MRSA. Meropenem is favored by many because of the 
reduced seizure risk, but there is little risk of seizures with 
imipenem if the dose is adjusted for renal dysfunction. 

IV. CEPHALOSPORINS 

There are more tl1ai1 25 cephalosporins available for clinical 
use (17), but only a few are useful for treating serious infec­
tions in ICU patients. 

A. Useful Cephalosporins 

The cephalosporins that are used most often in the ICU are 
listed in Table 44.2, along with dosing recommendations for 
each drug. 

1. Cefazolin (Ancef) can be used to treat infections caused 
by susceptible strains of staphylococci. However, this 
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agent is not active against MRSA or Staph. epidermidis, 
and this limits its use in the ICU. 

2. Ceftriaxone (Rocephin) is used to treat serious communi­
ty-acquired pneumonias because it is active against peni­
cillin-resistant pneumococci and Hemophilus influenza. 

3 .  Ceftazidime (Fortaz) and cefepime (Maxipime) are used 
to treat infections caused by aerobic gram-negative bacil­
li, including Pseudomonas aeruginosa. Both of these agents 
have been recommended for empiric antibiotic coverage 
in neutropenic patients with fever (18). However, these 
agents are not the most active against common gram­
negative isolates (see Figure 44.1) .  

TABLE 44.2 Cephalosporin Dose Recommendations 

Drug Serious Infections Renal Failure* 

Cefazol in  

Ceftriaxone 

Ceftazid ime 

Cefepime 

'From Reference 3. 

B.Toxicity 

1 g every 6 h 

2 g every 1 2  h 

2 g every 8 h 

2 g every 8 h 

1 g every 24 h 

2 g every 1 2  h 

2 g every 48 h 

2 g every 24 h 

Cephalosporins are relatively free of serious adverse effects. 
There is a 5 to 15% incidence of cross antigenicity with penj­
cillin, so these agents should not be used in patients with a 
history of anaphylactic reactions to penicillin. 

V. FLUORO QUINOLONES 

The fluoroquinolones can be separated into early generations 
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(e.g., ciprofloxacin) and later generations (e.g., levofloxacin, 
gatifloxacin, and moxifloxacin) (19). 

A. Activity & Clinical Uses 

1. Ciprofloxacin was extremely popular when first intro­
duced (in 1987) because of its activity against aerobic 
gram-negative bacilli, including Pseudomonas aeruginosa. 
However, this activity has diminished over the years (see 
Figure 44.1), and ciprofloxacin is no longer considered a 
first-line agent for serious gram-negative infections. 

2. The newer fluoroquinolones (e.g., levofloxacin, gatiflox­
acin, moxifloxacin) retain the gram-negative coverage of 
ciprofloxacin (except less activity against P. aeruginosa), 
but provide added coverage for streptococci, pneumo­
cocci (including penicillin-resistant strains) and "atypi­
cal" organisms like Mycoplasma pneumoniae and Hemoph­
ilus influenza. 

a. These agents are used primarily for community-ac­
quired pneumonias and w1complicated urinary tract 
infections. 

b.  They can also be used for early-onset (within 5 days of 
admission) ventilator-associated pnewnonias in selected 
patients (see Chapter 34, Section III-A, and Table 34.3). 

c.  More widespread use of these antibiotics in the ICU is 
limited by the lack of activity against MRSA and the 
limited activity against P. aeruginosa. 

B. Dosing 

1. Table 44.3 shows the recommended intravenous doses 
for four fluoroquinolones. The newer agents have longer 
half-lives than ciprofloxacin and require only once-daily 
dosing. 
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2. Dose adjustments are required in renal failure for all the 
agents except moxifloxacin, which is metabolized in the 
liver. 

TABLE 44.3 Fluoroquinolone Dose Recommendations 

Drug Serious Infections Renal Failure* 

Ciprofloxacin 

Levofloxacin 

Gatifloxacin 

Moxifloxacin 

'From Reference 3. 

400 mg every 8 h 

500 mg every 24 h 

400 mg every 24 h 

400 mg every 24 h 

C. Adverse Effects 

400 mg every 1 8  h 

250 mg every 48 h 
200 mg every 24 h 

400 mg every 24 h 

1 .  Ciprofloxacin interferes with the hepatic metabolism of 
theophylline and warfari.n and can potentiate the actions 
of both drugs. The newer fluoroquinolones do not share 
these drug interactions (20). 

2. Neurotoxic reactions (confusion, hallucinations, sei­
zures) have been reported in 1 to 2% of patients receiving 
quinolones (21 ) .  

3. Prolongation of  the QT interval and polymorphic ventric­
ular tachycardia (torsades de pointes) have been reported in 
association with all quinolones except moxifloxacin (22). 

VI. THE PENICILLINS 

Penicillin use in the ICU is resh·icted mostly to the extended­
spectrum penicillins. 
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A. Extended-Spectrum Penicillins 

The penicillin analogues that are active against aerobic gram­
negative bacilli include the aminopenicillins (ampicillin and 
amoxicillin), the carboxypenicillins (carbenicillin and ticar­
cillin), and the ureidopenicillins (azlocillin, mezlocillin, and 
pipericillin). The latter two groups are active against P. aerug­
inosa (23) and are called antipseudomonal penicillins. The most 
widely used antipseudomonal penicillin is pipericillin, which 
is available in a combination product (see next). 

1. Pipericillin- Tazobactam 

Pipericillin is usually given in combination with tazobactam, 
a �-lactamase inhibitor that is synergistic with pipericillin. 
The pipericillin-tazobactam preparation (Zosy:n) contains pi­
pericillin in an 8:1 ratio with tazobactam. 

a. The recommended dose of pipericillin-tazobactam is 
3.375 grams (3 grams pipericillin and 375 mg tazobac­
tam) IV every 4 to 6 hours. In patients with renal im­
pairment, the dose should be reduced to 2.25 grams 
every 8 hours (24). 

c. Pipericillin-tazobactam is used mostly for urinaiy tract 
infections and intraabdorninal sepsis. It has also been rec­
ommended for empiric therapy of febrile neutropenia (18). 

VII. VANCOMYCIN 

Vancomycin is the most frequently used antibiotic in the 
ICU, but concerns about emerging resistance have prompted 
a general mandate to curtail its use. 

A. Activity & Clinical Uses 

1. Vancomycin is active against all grai11-positive cocci, in­
cluding all strains of Staphylococcus aureus (coagulase­
positive, coagulase-negative, methicillin-sensitive, meth-
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icillin-resistant) as well as aerobic and anaerobic strepto­
cocci (including pneumococcus and enterococcus) (25) .  

2. Vancomycin is the drug of choice for iniections caused by 
methicillin-resistant Staphylococcus aureus (MRSA), Staph­
ylococcus epidermidis, Enterococcus faecalis, and penicillin­
resistant pneumococci. 

3. As much as 2/3 of the vancomycin use in ICUs is not di­
rected at a specific pathogen, but is used for empiric an­
tibiotic coverage of gram-positive pathogens (26). 

B. Dosing 

1 .  The usual intravenous dose of vancomycin is 1 gram 
every 12 hours (29). Each dose must be infused slowly 
(no faster than 10 mg/ min) to prevent infusion reactions 
(see below). 

2. Dose reduction is necessary with impaired renal function 
and is accomplished by increasing the dosing interval. In 
renal insufficiency (creatinine clearance= 10 to 50 mL/min), 
the dosing interval is 1 to 3 days, and in renal failure (crea­
tinine clearance <10 mL/ rnin), the dosing interval is 4 to 7 
days (3). A supplemental dose after hemodialysis is not nec­
essary (3). 

3 .  Serum drug levels can be monitored to limit toxicity and 
maintain efficacy. Peak levels should be below 40 mg/L 
to reduce the risk of ototoxicity, and trough levels should 
be above 5 mg/L to maintain antibacterial activity (27). 

C. Adverse Effects 

1. Red Man Syndrome 

Rapid infusions of vancomycin can be accompanied by 
vasodilation, flushing, and hypotension (red man sydrome) 
as a result of histamine release from mast cells (25). Slow-
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ing the infusion rate to less than 10 mg/min usually cor­
rects the problem. 

2. Ototoxicity 

Va.neomycin can cause reversible hearing loss for high-fre­
quency sounds when serum drug levels exceed 40 mg/L 
(27). Permanent deafness has been reported when senun 
levels exceed 80 mg/L (26). 

3 .  Nephrotoxicity 

Renal insufficiency is reported in 5% of patients receiving 
vancomycin (27). There is no apparent relationship to the 
dose of vancomycin, but the incidence is higher when 
aminoglycosides are given concurrently. Renal function 
usually returns to normal after stopping the drug. 

D. Vancomycin Replacements 

Over the last decade, there has been a steady rise in the pre­
valence of va.ncomycin-resistant stains of enterococci and 
staphylococci (particularly MRSA) (28). This has led to a 
search for antibiotics to replace vancomycin, particularly for 
the treatment of multidrug-resistant gram-positive organ­
isms. Two possible replacements a.re described next. 

1 .  Linezolid 

Linezolid (Zyvox) was introduced in 2000 to treat infec­
tions caused by multidrug-resista.nt gram-positive organ­
isms (29). It is intended for cases where vancomycin is 
ineffective or not tolerated but may become a replacement 
for vancomycin. One study comparing vancomycin and 
linezolid for tl1e treatment of MRSA pnewnonia showed 
better results with linezolid (30), probably because linezol­
id penetrates into respiratory secretions, while vanco­
mycin does not. 

a .  The intravenous dose is 600 mg every 12 hams, and no 
dose adjustment is needed in renal fa.ilme. 
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b. Linezolid can cause a pancytopenia i£ given for more 
than 2 weeks (29), and an optic neuropathy can appear 
(rarely) after one month of drug therapy (31) . 

2. Daptomycin 

Daptomycin (Cubicin) has proven successful in treating 
bacteremias caused by MRSA and coagulase-negative 
staphylococci (32). 

a. The intravenous dose is 4 to 6 mg/kg once daily (the 
higher dose is for bacterem.ias). The dosing interval 
should be increased to 48 homs in patients with im­
paired renal fwKtion (3). 

b. No serious side effects have been reported, but drug use 
has been limited. 
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HEMODYNAMIC 
DRUGS 
This chapter describes five drugs that are used for circulato­
ry support: dobutamine, dopamine, nitroglycerin, nitroprus­
side, and norepineplu"ine. Each is presented in alphabetical 
order. 

I. DOBUTAMINE 

Dobutamine is a synthetic catecholamine that is used to aug­
ment cardiac output. 

A. Actions 

1. Dobutamine is a potent �,-receptor agonist and a weak 
�i-receptor agonist: the �' stimulation produces positive 
i.notropic ru1d chronotropic effects, and the �1 stimulation 
produces peripheral vasodilation (1-3). 

2. As demonstrated in Figure 45.1 , dobutamine causes a 
dose-dependent increase in stroke volume (upper graph) 
accompru1ied by a decrease in cardiac filling pressure 
(lower graph) (4). Heart rate may be increased, decreased, 
or w1Chru1ged. 

3. Dobutamine-i.nduced increases in stroke output are ac­
compru1ied by proportional decreases in systemic vascu­
lar resistance; as a result, the arterial blood pressure usu­
ally remains unchanged (1,3). 

689 
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FIGURE 45.1 Effects of dobutamine and dopamine on stroke volume 
(upper graph) and left ventricular filling pressure (lower graph) in 
patients with severe heart failure. Adapted from Reference 4. 

B. Clinical Uses 

1 .  Dobutamine is used primarily for cases of decompensat­
ed systolic heart failure associated with a normal blood 
pressure. The drug is effective in both right-sided and 
left-sided systolic failure. 

2.  Because dobutamine does not raise the blood pressure, it 
is not recommended (at least as monotherapy) in cardio­
genic shock. 

3. Like all positive inotropic agents, dobutarnine is contra­
indicated in patients with hypertrophic cardiomyopathy (1) . 
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1. Dobutamine dosing is weight-based (there is no clear 
preference for ideal or actual body weight). The initial 
dose rate is 3 to 5 µg/kg/min, which is then titrated to 
achieve the desired cardiac output or stroke volume. 
(Dobutamine infusions require a pulmonary artery cath­
eter to monitor the desired endpoints). 

2. The usual dose range is 5 to 15 µg/kg/min (1), but high­
er dose rates may be needed, particularly in elderly pa­
tients (5). Dose rates as high as 200 µg/kg/min have been 
used safely (6). 

D. Adverse Effects 

The principal side effects of dobutamine are tachycardia and 
ventricular ectopic beats (1) .  

1 .  The tachycardia is usually mild. 

2. Malignant tachyarrhythmias are rare. 

I I .  DOPAMINE 

Dopamine is an endogenous catecholamine that serves as a 
neurotransmitter and a precursor for norepineplu·ine synthe­
sis. When given as an exogenous agent, dopamine activates 
a variety of receptors in a dose-dependent manner (see next) 
(7). 

A. Actions 

1. Low Dose Rates 

At low dose rates (:::; 3 �Lg/kg/min), dopamine selectively 
activates dopamine-specific receptors in the renal and 
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splanchnic circulations, resulting in increased blood flow 
in these regions (2). 

2. Intermediate Dose Rates 

At intermediate dose rates (3 to 10 µ.g/kg/min), dopa­
mine stimulates �-receptors in the heart and peripheral 
circulation, producing an increase in myocardial contrac­
tility, an increase in heart rate, and peripheral vasodila­
tion. The overall result is an increase in cardiac stroke out­
put, which is demonstrated in Figure 45.l (upper graph). 

3. High Dose Rates 

At high dose rates (>10 µg/kg/m.in), dopamine produces 
a progressive activation of a-receptors in the systemic 
and pulmonary circulations, resulting in progressive pul­
monary and systemic vasoconstriction. This vasopressor 
effect counteracts the cardiac stimulation produced by 
intermediate-dose dopamine. This is demonstrated in 
Figure 45.1  (upper graph), which shows the loss in aug­
mentation of stroke volume as the dose rate of dopamine 
is progressively increased. 

4. Wedge Pressure 

Dopamine causes a dose-dependent increase in the pul­
monary capillary wedge pressure, as shown in Figure 45.1 
(lower graph). This effect is believed to result from dopa­
mine-induced vasoconstriction in pulmonary veins. This 
ability to constrict pulmonary veins makes the pulmonary 
capillary wedge pressure an unreliable measme of left­
ventricular fill.i11g pressure during dopamine in.fusions. 
(See Chapter 8 for a description of the wedge pressure.) 

B. Clinical Uses 

1. Low-dose dopamine is often used in an attempt to in­
crease the glomerular filtration rate in acute renal failure, 
but this is inappropriate (see Chapter 25, Section II-B) . 
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2. Intermediate-to-high dose dopamine is used in situations 
where both cardiac stimulation and peripheral vasocon­
striction are desired. The classic example of this is cardio­
genic shock. 

3. Dopamine is also used to correct the hypotension in sep­
tic shock, but norepinephrine may be the preferred vaso­
pressor in this condition (see later). 

C. Dose Administration 

1. Because of its vasoconstrictor actions, dopamine should 
always be infused through large, cenh·al veins. 

2. Dopamine dosing is weight-based, and ideal body weight 
is preferred to actual body weight (2,7). The initial dose 
rate is usually 3 to 5 µg/kg/min, and dose rates are sub­
sequently increased to achieve the desired effect. 

a. Dose rates of 3 to 10 µg/kg/min are optimal for aug­
menting cardiac output. 

b.  Dose rates above 10 �Lg/kg/min are usually needed to 
raise the blood pressure. 

D. Adverse Effects 

1 .  Tachyarrhythmias are the most conunon adverse effect of 
dopamine infusions. Sinus tachycardia is common (7), 
but rarely is severe enough to prompt a change in drug 
or dose rate. Malignant tachyarrhythmias (e.g., multifo­
cal ventricular ectopics, ventricular tachycardia) can also 
occur but are 1mcommon. 

2. Other adverse effects of dopamine include: 

a. Gangrene of the digits (7). 

b. Increased intraocular pressure (8) . 

c. Delayed gastric emptying (9) .  
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I I I .  NITROGLYCERIN 

Nitroglycerin (NTG) is an organic nitrate (glyceryl trinitrate) 
that relaxes vascular smooth muscle and produces a general­
ized vasodilation. 

A. Actions 

1. Vasodilator Effects 

The conversion of NTG to nitric oxide is responsible for 
the relaxation of vascular smooth muscle (10). The vaso­
dilator effects are dose-dependent and involve both art­
eries and veins (11,12). 

a. Venous vasodilator effects are prominent at low dose 
rates ( <40 �Lg/min), and arterial vasodilator effects pre­
dominate at high dose rates ( > 200 µg/min). 

b .  At low dose rates, NTG produces a decrease in cardiac 
filling pressures with little or no change in cardiac out­
put. As the dose rate is increased through the interme­
diate dose range, the cardiac output begins to rise as a 
result of progressive arterial vasodilation. Further in­
creases in the dose rate will eventually produce a drop 
in blood pressure. 

2. Antiplatelet Effects 

Nitrates inhibit platelet aggregation, and nih·ic oxide is be­
lieved to mediate this effect as well (13). The antiplatelet 
actions of NTG have been proposed as the mechanism for 
the antianginal effects of the drug (13). 

B. Clinical Uses 

1. Intravenous NTG has two principal uses: 

a .  Augmenting cardiac output and reducing edema forma­
tion in patients with acute, decompensated heart failure. 

b. Relieving chest pain in patients with unstable angina. 
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c. Treating hypertensive emergencies (see Table 45.1 )  

2. NTG should not be used in patients who have taken a 
phosphodiesterase inhibitor for erectile dysfunction with­
in the past 24 hours (because of the risk of hypotension). 

TABLE 45.1 Vasodilator Therapy of Hypertensive Emergencies 

Drug Dose Regimen 

Esmolol 500 µg/kg loading dose over 1 min, then 
infuse at 25 - 50 µg/kg/min and increase by 
25 µg/kg/min every 1 0-20 min to a maximum 
of 300 µg/kg/min 

Labetalol 20 mg initial bolus, then infuse at 2 mg/min to 
maximum dose of 300 mg in 24 hrs 

Nitroglycerin Start at 5 µg/min and increase 5 µg/min every 
5-1 O min as needed 

Nitroprusside Start at 0.52 µg/kg/min and increase if needed 
to maximum rate of 2 µg/kg/min 

From Marik PE, Varon J.  Hypertensive crises. Chest 2007; 
1 31 : 1 949-1 962. 

C. Administration 

1. Adsorption to Plastic 

a. As much as 80% of the NTG in infusates can be lost by 
adsorption to  polyvinylchloride (PVC) in  standard in­
travenous infusion systems (12). 

b. NTG does not bind to glass or hard plastics like poly­
ethylene (PET), so drug loss via adsorption can be 
eliminated by using glass bottles and PET tubing. 

2. Dosing 

NTG should be started at a dose rate of 5 to 10 µg/ min. The 
rate is then increased in 5 µg/min increments every 5 min-
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utes until the desired effect is  achieved. The dose require­
ment should not exceed 100 µg/min in most patients. High 
dose requirements (> 350 µg/min) are often the result of 
drug loss via adsorption or nih·ate tolerance (see later). 

D. Adverse Effects 

1. Hemodynamics 

a. NTG-ind uced increases in cerebral blood flow can lead 
to increased intracranial pressure (14). 

b. In patients with ARDS, the vasodilation from NTG can 
increase inh·apulmonary shunt and aggravate hypox­
emia (15). 

c .  NTG-induced venodilation can promote hypotension 
in patients with hypovolemia or right heart failure. 

2. Methemoglobinemia 

The metabolism of NTG produces inorganic nitrites, and 
accumulation of nitrites can lead to methemoglobin for­
mation (by oxidizing the heme-bound iron moieties in  
hemoglobin). Howeve1� an increase in methemoglobin 
levels to clinically significant levels is an infrequent con­
sequence of NTG infusions, and requires excessive dose 
rates for prolonged periods of time (14). 

3. Solvent Toxicity 

NTG does not readily dissolve in aqueous solutions, and 
nonpolar solvents such as ethanol and propylene glycol 
are required to keep the drug in solution. These solvents 
can accumulate during prolonged infusions. 

a .  Both ethanol intoxication (16) and propylene glycol toxi­
city (17) have been reported as a result of NTG infusions. 

b. Propylene glycol toxicity may be more common than sus­
pected because this solvent makes up 30 to 50% of some 
NTG preparations (14). Signs of toxicity include agitation, 
coma, seizures, lactic acidosis, and hypotension. 
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1 .  Tolerance to the vasodilator and antiplatelet actions of NTG 
can appear after only 24 hours of continuous drug adminis­
tration (14). The underlying mechanism is unclear. 

2. The most effective measure for preventing or reversing 
nitrate tolerance is a daily drug-free interval of at least 6 
hours (14). 

IV. NITROPRUSSIDE 

Nitroprusside is a rapidly acting vasodilator that is favored 
for the treahnent of severe hypertension. The use of this drug 
should be resh·icted because of the risk of cyanide intoxica­
tion (see later). 

A. Actions 

1. The vasodilator actions of nitroprusside, like those of 
nitroglycerin, are mediated by nitric oxide (10). Nitro­
prusside dilates both arteries and veins, but it is less po­
tent than nitroglycerin as a venodilator and more potent 
as an arterial vasodilator. 

2. Nih·oprusside has variable effects on cardiac output when 
cardiac function is normal (18), but it augments cardiac 
output in decompensated heart failure (19). 

B. Clinical Uses 

1 .  The major use of nitroprusside is for hypertensive emer­
gencies (see Table 45.1) .  

2. Nitroprusside can also be used to treat decompensated 
heart failure (19) and is effective in treating heart failure 
due to aortic stenosis (20), a condition where vasodilato­
ry therapy is usually discouraged. 
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C. Dose Administration 

1. Thiosulfate must be added to the nitroprusside infusate 
to limit cyanide accumulation (see later). About 500 mg 
of thiosulfate should be added for every 50 mg of nitro­
prusside (21 ) .  

2. Nitroprusside should be started at a low dose rate (0.2 
µg/kg/min) and then titrated upward every 5 minutes to 
the desired result. 

3. Satisfactory conh·ol of hypertension usually requires dose 
rates of 2 to 5 �Lg/kg/min, but the dose rate should be kept 
below 3 µg/kg/min, if possible, to limit cyanide accumu­
lation (21) .  In renal failme, the dose rate should be kept 
below 1 µg/kg/rnin to limit thiocyanate accmnulation (21) .  

4. The maximum allowable dose rate is 10 µg/kg/min for 
10 minutes. 

Nitroprusside Molecule 

CN 
I /CN 

CN - Fe ( I l l ) - CN 
NO/ I 

' CN 

i 
5 CW 

\.. Thiosu11a1e ------- Thiocrnate 

Renal Excretion 

FIGURE 45.2 Med1an.ism for clearing the cyanide ions (CN-) released by 
n.i troprusside. 
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Cyanide accumulation is common during therapeutic in.fu­
sions of nih·oprusside (14,21,22). The origin of the cyanide is 
the nitroprusside molecule, which is a ferricyanide complex 
that contains 5 cyanide atoms bound to an oxidized iron core 
(see Figure 45.2). 

1 .  Cyanide Clearance 

When nitroprusside disrupts to release nitric oxide and 
exert its actions, the cyanide is released into the blood­
stream. The cyanide is normally cleared by the transfer of 
sulfur from a donor molecule (thiosulfate) to cyanide to 
form a thiocyanate compound, which is then cleared by 
the kidneys (see Figure 45.2). 

a .  Normally there is enough thiosulfate to detoxify 68 mg 
of nitroprusside (14). At a nitroprusside infusion of 2 
µg/kg/minute (therapeutic range) in an 80 kg adult, 
the 68 mg capacity is reached in 500 minutes (8.3 lu·s). 

b.  Once the capacity for cyanide removal is exceeded, the 
free cyanide will combine with the oxidized iron in cy­
tochrnme oxidase (which blocks the utilization of 02 in 
mitochondria). 

2. Cyanide Intoxication 

The signs of cyanide intoxication are shown in Table 45.2. 
One of the early signs is nitroprusside tachyphylaxis (14). 
Signs of impaired oxygen utilization (e.g., lactic acidosis) do 
not appear until the late stages of cyanide intoxication (23). 

a. Whole-blood cyanide levels can be used to donm1ent 
cyanide intoxication (see Table 45.2), but the results are 
not available for 3 to 4 hours. Therefore, immediate 
decisions about cyanide intoxication are often based on 
clinical signs. A gradual increase in the effective n itroprus­
side dose rate (tachyphylnxis) is an important early marker of 
cyanide accumulation. 
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3. Treatment 

Treatment of cyanide intoxication should begin with the 
inhalation of 1 00% oxygen. The Cyanide Antidote Kit (Eli 
Lilly & Co.) can be used as described in Table 45.2 (24). 
This kit uses: 1) nitrates and nitrites (which promote 
methemoglobin formation) to facilitate cyanide binding 
to methemoglobin, and 2) thiosulfate to clear cyanide 
from the bloodstream. 

TABLE 45.2 Diagnosis and Treabnent of Cyanide Intoxication 

Clinical Signs 

Laboratory Test 

Early Stages Behavioral changes 
Impaired 02 extraction 
Nitroprusside tachyphylaxis 

Late Stages Coma 

Toxicity 

Mild 

Severe 

Fatal 

Generalized seizures 
Lactic acidosis 

Blood Cyanide Level 

0.5-2.5 µg/mL 

> 2.5 µg/mL 

>3.0 µg/mL 

Cyanide Antidote Kit Amyl nitrate inhaler for one minute, or 
Sodium nitrite: 300 mg IV over 1 5  min plus 
Sodium thiosu lfate: 1 2.5 g IV over 1 5  min 

From References 1 4.,23,24. 

E. Thiocyanate Toxicity 

1 .  When renal ftmction is impaired, thiocyanate can accu­
mulate and produce a toxic syndrome that is distinct from 
cyanide intoxication. The clinical features include anxiety, 
pupillary constriction, tinnitus, hallucinations, and gener­
alized seizures (14,21). 
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2. The diagnosis is established by the serum thiocyanate 
level. Normal levels are below 10 rng/L, and levels above 
100 mg/L are associated with clinical toxicity (24). 

3 .  Thiocyanate intoxication can be treated by hemodialysis. 

V. NOREPINEPHRINE 

Norepinephrine is a vasopressor that promotes vasoconstric­
tion more readily than dopamine. 

A. Actions 

1. Norepinephrine is a prominent a-receptor agonist and a 
mild �,-receptor agon.ist. The overall effect is widespread 
systemic vasoconstriction with variable effects on cardiac 
output (25). 

2. The vasoconstrictor response to norepinephrine is usual­
ly accompanied by a decrease in organ blood flow, partic­
ularly in the kidneys. This is not the case in septic shock, 
where norepinephrine tends to preserve renal blood flow 
(17,26). 

B. Clinical Uses 

1. Norepinephrine is often used as a second-line vasopressor 
behind dopamine because of the greater tendency to pro­
mote vasoconsh·iction and hypoperfusion of vital organs. 

2. Norepi.nephrine may be the preferred vasopressor in septic 
shock because of the tendency to preserve renal blood flow. 

3. Despite the ability to correct hypotension, norepi.nephrine 
(like al l  vasopressors) does not improve smvival in septic 
shock or any other type of circulatory shock (27). 
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C. Dose Administration 

1. Because of its vasoconstrictor actions, norepinephrine should 
always be infused through a large, central vein. 

2. Norepinephrine infusions are started at a dose rate of 0.2 
µg/kg/rnin (10 to 20 µg/1nin for a 70 kg patient) and ti­
trated upward to the desired effect. 

3. The effective dose range is usually between 0.2 and 1 .3 
µg/kg/min. In refractory cases of hypotension, dose rates 
as high as 5 µg/kg/min may be required (27). 

D. Adverse Effects 

The most w1desirable side effect of norepinephrine is vaso­
constriction and organ hypoperfusion. However, whenever 
a vasoconstrictor drug is required to correct hypotension, it 
is often difficult to distinguish between adverse drug effects 
and adverse disease effects. 
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46 
PHARMACEUTICAL 
T OXINS & ANTIDOT ES 
This chapter describes the manifestations and management 
of overdose with the following pharmaceutical agents: acet­
aminophen, benzodiazepines, �-blockers, and opioids. Each 
is presented in alphabetical order. 

I .  ACETAMINOPHEN 

Acetaminophen is a popular analgesic that is included in 
over 600 commercial drug preparations. It is also a hepato­
toxin, and is the leading cause of acute liver failure in the United 
States (1) .  The general public seems unaware of acetami.no­
phen's toxic potential because almost one third of overdoses 
are unintentional (2). 

A. Toxic Metabolite 

The toxicity of acetaminophen is related to its hepatic metab­
olism. 

1 .  A small fraction (5- 15%) of acetaminophen is metabolized 
to a toxic metabolite that can promote oxidant i.njmy in he­
patic parenchymal cells. This metabolite is normally inac­
tivated by conjugation with glutathione, an intracellular 
antioxidant. 

2. The metabolic burden created by acetaminophen overdose 
can deplete hepatic glutath.ione reserves. When this occurs, 
the toxic metabolite accwnulates and promotes hepatocel­
lular injmy (4). 

705 
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B. Clinical Presentation 

The period following acetaminophen overdose can be divid­
ed into 3 stages (3,5,6). 

1. In the initial stage (the first 24 hours), symptoms are either 
absent or nonspecific (e.g., nausea), and there is no labora­
tory evidence of hepatic injmy. 

2. In the second stage (24-72 hoLu·s after drug ingestion), clin­
ical signs of toxicity continue to be minimal or absent, but 
laboratory evidence of hepatic injmy begins to appear. El­
evated aspartate aminotranferase (AST) is the most sensi­
tive marker of acetaminophen toxicity; the rise of AST pre­
cedes the hepatic dysfLmction, and peak levels are reached 
at 72-96 homs. 

3. In severe cases, a third stage (after 72-96 homs) occurs 
where there is clinical and laboratory evidence of pro­
gressive hepatic injury (e.g., encephalopathy, coagulopa­
thy). Death from hepatic injmy usually occurs within 3 to 
5 days. 

C. Prognostic Markers 

Patients often present within 24 homs of the toxic ingestion, 
when there are no manifestations of hepatic injury. The prin­
cipal task at this time is to identify patients who are likely to 
develop life-threatening hepatotoxicity. Two variables have 
prognostic value. 

1. Inaested Dose 

a. The hepatotoxic dose of acetaminophen can vary in in­
dividuals, but an ingested dose of 8 grams or higher is 
considered hepatotoxic (3-5). 

b. Chronic ethanol ingestion increases susceptibility to acet­
aminophen hepatotoxicity (4). 
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2. Plasma Drng Levels 

a. The most reliable predictor of hepatotoxicity is the plas­
ma acetaminophen level. 

b. The standard nomogram in Figure 46.1 predicts the 
risk of hepatotoxicity based on plasma acetaminophen 
levels at 4 to 24 hours after drug ingestion (4). A plas­
ma level that falls in the high-risk area (2':60% risk of 
hepatotoxicity) warrants treatment with N-acetylcys­
teine (see next). 
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FIGURE 46.1 Nomograi11 for predjcting the risk of of acetaminophen 
hepatotoxicity. From Reference 4. 

D. Activated Charcoal 

Acetaminophen is completely absorbed from the gastrointest­
inal tract in the first few hours after drug ingestion (5), and ac-
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tivated charcoal (1 g/kg body weight) is recommended only 
in the first 4 hours after toxic ingestion (5,7). 

E. Antidote Therapy 

The antidote for acetaminophen hepatotoxicity is N-acetyl­
cysteine (NAC), a glutathione surrogate that inactivates the 
toxic acetaminophen metabolite. 

1. Timing 

NAC is indicated only when therapy can be started with­
in 24 hours after acetaminophen overdose (4-6,8) . It is 
most effective when started in the first 8 hours after in­
gestion. 

TABLE 46.1 Treatment of Acetaminophen Overdose with 
N-Acetylcysteine (NAC) 

Intravenous Regimen1 

Use 20% NAC (200 mg/ml) for each of the doses below and 
infuse in sequence: 

1 .  1 50 mg/kg in 200 ml 05W over 60 min 

2. 50 mg/kg in 500 ml 05W over 4 hrs 
3. 1 00 mg/kg in 1 ,000 ml 05W over 16 hrs 

Total dose: 300 mg/kg over 21 hrs 

Oral Regimen2 

Use 1 0% NAC (1 00 mg/ml) and di lute 2:1 in water or juice to 
make a 5% solution (50 mg/ml). 

Initial dose: 1 40 mg/kg 
Maintenance dosage: 70 mg/kg every 4 hrs for 1 7  doses 

Total dose: 1 ,330 mg/kg over 72 hrs 

1 from Cumberland Pharmaceuticals, Acetadote Package Insert. 
2006. 

2from Reference 8. 
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2. Therapeutic Regimens 

NAC can be given inh·avenously or orally using the dos­
ing regimens shown in Table 46.1 .  Both regimens are con­
sidered equally effective (9), but the IV regimen is pre­
ferred because drug delivery is more reliable, and the 
treahnent is more agreeable to patients (see next). 

3. Adverse Fjfects 

a. Oral NAC has a very disagreeable taste (often described 
as rotten eggs) due to the sulfur content of NAC. This 
often incites vomiting, and a nasogastric tube may be 
required to complete the oral regimen. 

b. Oral NAC also produces diarrhea in about 50% of pa­
tients, but this resolves with continued therapy in over 
90% of patients (8,10). 

c. Intravenous NAC caJ1 trigger ru1aphylactic reactions 
(11) .  Although rare, fatal reactions have been reported 
in atopic patients (12) 

I I .  BENZODIAZEPINES 

Benzodiazepines are the second most frequently overdosed 
prescription drugs li1 the Unj ted States and are second only 
to analgesics as the leading cause of medication-related death 
(13). 

Overdose of benzodiazepi.nes can also occm in the ICU, where 
prolonged li1fusions of benzodiazepli1es can lead to trouble­
some drug accumulation (see Chapter 43, Section ID). 

A. Clinical Toxicity 

1. Benzodiazepli1es produce a dose-dependent depression 
li1 the level of consciousness. 

2. Respiratory depression is uncommon, but has been re-
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ported in ICU patients receiving prolonged infusions of 
benzodiazepi11es (14,15). 

B. Antidote Therapy 

The antidote for benzodiazepi11e overdose is flumazenil, a 
pure antagonist that bi11ds to benzodiazepi11e receptors i11 
the central nervous system but does not elicit agonist effects 
(16). Flumazenil is effective ill reversing the sedative effects 
of benzodiazepi11es, but it does not consistently reverse the 
respiratory depression (14,15). 

1. Dru9 Administrntion 

a. Flw11azenil is given as an intravenous bolus. The ini­
tial dose is 0.2 mg, and this can be repeated every few 
mi11utes if necessary to a cumulative dose of 1 mg. 

b. The response is rapid, with onset ill 1-2 mi11utes and 
peak effect at 6-10 mi11u tes. The effect lasts about one 
hour (16). 

c. Since flumazenil has a shorter duration of action than the 
benzodiazepines, recurrence of sedation is common. To 
avoid this risk, the bolus dose(s) of flumazenil can be fol­
lowed by a continuous infusion at 0.3-0.4 mg/hr (17). 

2. Adverse Reactions 

Flumazenil has few side effects. It can precipitate a benzodi­
azepine withdrawal syndrome in chronic users, but this is 
tmcomrnon (18). 

3 .  Use in the ICU 

Flurnazenil has been used to reverse oversedation from 
benzodiazepines ill ventilator-dependent patients (17), 
and this can hasten weaning from mechanical ventilation 
(19). However, illterruption of benzodiazepine illfusions 
to prevent drug acetm1ulation (see Chapter 43, Section V) 
is a better approach to the problem of oversedation. 
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III .  3-RECEPTOR ANTAGONISTS 

Like benzodiazepines, 0-blocker toxicity can origli1ate in the 
ICU as well as the community because 0-blockers are used to 
manage a number of conditions in ICU patients (e.g., hyper­
tension, tachyarrhythmias, and acute coronary syndromes). 

A. Clinical Toxicity 

1. Cardiovascular Toxicity 

a. The most common manifestations of 0-blocker toxicity 
are bradycardia and hypotension (20,21) . The brady­
cardia is usually sinus in origin and is well tolerated. 
The hypotension can be due to peripheral vasodilata­
tion (rerun blockade), or a decrease in cardiac output 
(01-receptor blockade). Sudden or refractory hypoten­
sion is an ominous sign (22). 

b. 0-blockers can also prolong atrioventricular (AV) con­
duction via a membrane-stabilizing effect that is i.nde­
penden t of 0-receptor blockade (23). 

2. Neurotoxicity 

Most 0-blockers are lipid soluble and acctm1ulate in lip­
id-rich organs like brain. As a result, 0-blocker overdoses 
are often accompanied by neurotoxic effects; i .e., de­
pressed consciousness and generalized seizures. These 
effects are the result of the membrane-stabilizing actions 
of 0-blockers, and are not caused by 0-receptor antago­
nism. 

B. Antidote Therapy 

The treatment of choice for reversing the cardiovascular de­
pression from 0-blockers is the regulatory hormone gluca­
gon. 
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Glucagon 

i 
Ca2+ 

Calcium 
Antagonists ---K 

Adenyl f 
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Contractile 
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Proteins 

FIGURE 46.2 The mechanism of action of drugs that affect the strength 
of carcliac contraction. Abbreviations: ATP = ade.nosi.ne h·iphosphate, 
cAMP = cyclic adenosine monophosphate, PDE= phosphodiesterase, 
AMP= adenosi.ne monophosphate. 

1 .  Mechanism of Action 

As shown in the diagram in Figure 46.2, glucagon acti­
vates receptors on the surface of the heart that are inde­
pendent of cardiac �-receptors but share the same mech­
anism of action. This allows glucagon to produce �-like 
effects that are independent of �-receptor blockade. 

2. Indications 

a. Glucagon is indicated for the treatment of hypo tension 
and symptomatic bradycardia associated with toxic 
exposure to �-blockers. 

b. Glucagon is not indicated for reversing the prolonged 
AV conduction or neurotoxicity in �-blocker overdose 
because these effects are not mediated by �-receptor 
blockade. 

c. When used appropriately, glucagon produces a favor­
able response in 90% of cases (24). 
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Glucagon is given as an IV bolus: the initial dose is 3 mg 
(or 0.05 mg/kg), and this can be followed by a second 
dose of 5 mg (or 0.07 mg/kg) if necessary (21,24,25). The 
effect ca11 be short-lived (5 minutes), and a favorable re­
sponse should be followed by a continuous infusion (5 
mg/hr). 

4. Adverse Effects 

a. Nausea and vomiting are common at glucagon doses 
above 5 mg/hr. 

b. Mild hyperglycemia is common and is due to gluca­
gon-induced glycogenolysis. 

c. Glucagon promotes the adrenal release of cated1olam­
ines, and this can raise the blood pressure in hypertensive 
patients. This response is exaggerated in pheochromocy­
toma, aJ1d glucagon is contraindicated in this condition. 

IV. OPIOIDS 

The adverse effects of opioid aJ1algesics are described in Chap­
ter 43 (see Section I-E). The material presented here focuses on 
the h·eatment of opioid intoxication with naloxone. 

A. Naloxone 

Naloxone is a pure opioid antagonist that binds to endoge­
nous opioid receptors but does not elicit agonist responses. 
It is most effective in blocking opioid receptors that are re­
sponsible for analgesia, sedation, and respiratory depression 
(26). 

1 .  Routes of Administration 

Naloxone is usually given as an inh·avenous bolus injec­
tion (onset 2-3 minutes). However, it can also be given 
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by intramuscular injection (onset 15 minutes) (27), by bo­
lus endotracheal injection (28), or by intralingual injec­
tion (29). 

2. Dosing Regimens 

Reversal of depressed consciousness usually requires small­
er doses of naloxone than reversal of the respiratory depres­
sion. The dosing reconunendations for naloxone in each of 
these conditions is shown in Table 46.2. 

TABLE 46.2 Naloxone Reversal of Opioid Intoxication 

For Depressed Consciousness: 

1 .  Administer 0.4 mg naloxone as an IV bolus. 

2. Repeat in 2 min, if necessary. 

3. A response should be apparent after the second dose if the 
depressed consciousness is opioid-related. 

4. For patients with known opioid dependency, reduce the bolus 
dose of naloxone to 0.1 or 0.2 mg. 

For Respiratory Depression: 

1 .  Administer 2 mg naloxone as an IV bolus. 

2 .  Repeat every 2 min if necessary to a total dose of 1 O mg.  

Naloxone Infusion: 
If there is a favorable response to naloxone, start a continuous infu­
sion: 
1 . Infuse naloxone for 6 hrs (in 250 ml isotonic saline) using an 

hourly dose that is 2/3 the strength of the effective dose. 

2. 30 min after the start of the infusion, give a bolus dose of naloxone 
using half the strength of the effective dose. This reduces the time 
to reach steady-state drug levels .. 

From References 18 and 30. 

3. Naloxone Infusion 

The effects of naloxone last about 60 to 90 minutes, which 
is less than the duration of action of most opioids. There-
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fore, a favorable response to naloxone should be followed 
by a continuous naloxone infusion. This infusion should 
adhere to the guidelines i11 Table 46.2 

4. Adverse Ejfects 

Naloxone has few side effects. The most common adverse 
effect is the opioid withdrawal syndrome (anxiety, 
abdominal cramps, and vomiting). Adverse effects that 
occur rarely include acute pulmonary edema and gener­
alized seizures (18). 
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Appendix 1 
UNIT S AND 
CONVERSIONS 
The Lmits of measurements in the medical sciences are taken 
from the metric system (centimeter, gram, second) and the 
Anglo-Saxon system (foot, pound, second).  The metric units 
were introduced dming the French Revolution and were re­
vised in 1960. The revised Lmits are called Systeme Interna­
tionale (SI) units and are currently the worldwide standard. 

Units of Measurement in the Systeme Internationale (SI) 

Basic SI Unit 
Parameter Dimensions (Symbol) Equivalencies 

Length L Meter (m) 1 inch= 2.54 cm 

Area L2 Square meter (m2) 1 square centimeter (cm2) 
= 1 04 m2 

Volume L3 Cubic meter (m3) 1 liter (L) = 0.001 mJ 
1 milli liter (ml)= 1 cubic 
centimeter (cm3) 

Mass M Kilogram (kg) 1 pound (lb)= 453.5 g 
1 kg = 2.2 lbs 

Density M/L3 Kilogram per cubic 1 kg/m3= 0.001 kg/dm3 
meter (kg/m3) Density of water= 

1 .0 kg/dm3 
Density of mercury = 
1 3.6 kg/dm3 

Velocity LIT Meters per second 1 mile per hour (mph) 
(m/sec) = 0.4 m/sec 

Acceleration LfT2 Meters per second 1 ft/sec2=0.03 m/sec2 

squared (m/sec2) 

Force M x (L!T2) Newton (N)= 1 dyne= 1 o-5 N 
kg x (m/sec2) 

(Continued) 

7 1 9  
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Units of Measurement in the Systeme Internationale (SI) (Continued) 
Basic SI Unit 

Parameter Dimensions (Symbol) Equivalencies 

Pressure M x (UT2) Pascal (Pa)=N/m2 1 kPa= 7.5 mm Hg 
L2 = 1 0.2 cm H20 

1 mm Hg = 1 x 1 0-9 torr 
(See conversion table 
for kPa and cm H20) 

Heat M x (UT2) x L Square meter (m2) 1 square centimeter 
(cm2) = 1 04 m2 

Temperature None Kelvin (K) 0°c = -273 K (See 
conversion table for 
°C and °F 

Viscosity M, 1/L, 1 fT  Newton x second Centipoise (cP) = 
per square meter 1 0-3 N • sec/m2 

(N • sec/m2) 

Amount of N Mole (mol)= Equivalent (Eq) = mol x 
a substance molecular weight valence 

in grams 

Converting Units of Solute Concentration 

1 .  For ions that exist freely in an aqueous solution, the concentration is ex­
pressed as mill iequivalents per liter (mEq/L). To convert to mill imoles per 
liter (mmol/L): 

mEq/L = mmol/L 
valence 

a. For a univalent ion like potassium (K•), the concentration in mmol/L is the 
same as the concentration in mEq/L. 

b. For a divalent ion like magnesium (Mg++), the concentration in mmol/L is 
one-half the concentration in mEq/L. 

2. For ions that are partially bound or complexed to other molecules (e.g., plas­
ma ca++), the concentration is usually expressed as milligrams per deciliter 
(mg/dl). To convert to mEq/L: 

mg/dl x 1 O x valence = mEq/L 
mol wt 

where mol wt is molecular weight, and the factor 1 O is used to convert 
decil iters (1 OD ml) to liters. 

EXAMPLE: ca++ has a molecular weight of 40 and a valence of 2, so a plas­
ma ca++ concentration of B mg/dl is equivalent to: (B x 1 0/40) x 2 = 4 mEq/L. 
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Converting Units of Solute Concentration (Continued) 
3. The concentration of uncharged molecules (e.g., glucose) is also expressed 

as mi l ligrams per deciliter (mg/dl). To convert to (mmol/L): 

mg/dl x 1 0  
= mmol/L 

mol wt 
EXAMPLE: Glucose has a molecular weight of 1 80, so a plasma glucose con­
centration of 90 mg/dl is equivalent to: (90 x 1 0/180) = 5 mmol/L. 

4. The concentration of solutes can also be expressed in terms of osmotic 
pressure, which determines the distribution of water in d ifferent fluid com­
partments. Osmotic activity in aqueous solutions (called osmolality) is 
expressed as mil l iosmoles per kg water (mosm/kg H20 or mosm/kg). The 
following formulas can be used to express the osmolality of solute concen­
trations (n is the number of nondissociable particles per molecule). 

EXAMPLE: 

mmol/L x n mosm/kg 

mEq/L 
x n 

valence 
mosm/kg 

mg/dl x 1 O x n = mosm/kg 
mol wt 

a. A plasma Na• concentration of 1 40 mEq/L has the following osmolality: 

1 40 
x 1 = 1 40 mosm/kg 

1 

b. A plasma glucose concentration of 90 mg/dl has the following osmolality: 

90 x 1 o x 1 = 5 mosm/kg 
1 80 

The sodium in plasma has a much greater osmotic activity than the glucose 
in plasma because osmotic activity is determined by the number of particles 
in solution and is independent of the size of the particles (i .e., one sodium ion 
has the same osmotic activity as one glucose molecule). 

Apothecary and Household Conversions 

Apothecary 

1 grain= 60 mg 

1 ounce= 30 mg 

1 fluid ounce = 30 ml 

1 pint= 500 ml 

1 quart= 947 ml 

Household 

1 teaspoonful = 5  ml 

1 tablespoonful =  15 ml 

1 wineglassful=60 ml 

1 teacupful =  1 20 ml 
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Temperature Conversions 

Corresponding Scales 

(oC) (oF) Conversions 

1 00 21 2 Conversions are based on the corresponding 

41 1 05.8 temperatures at the freezing point of water: 

40 1 04 0°C = 32°F 

39 1 02.2 and the temperature ranges (from freezing 

37 98.6 point to boiling point of water: 

36 96.8 1 00°C = 1 80°F or 5°C = 9°F 

35 95 The above relationships are then combined 

34 93.2 to derive the conversion formulas: 

33 91 .4 °F= (9/5°C) + 32 

32 89.6 °C=5/9 (°F - 32) 

31 87.8 

30 86 

0 32 

Pressure Conversions 

mm Hg kPa mm Hg kPa mm Hg kPa 

41 5.45 61 8.1 1 81 1 0.77 
42 5.59 62 8.25 82 1 0.91 
43 5.72 63 8.38 83 1 1 .04 
44 5.85 64 8.51 84 1 1 . 1 7  
45 5.99 65 8.65 85 1 1 .31 
46 6.1 2 66 8.78 86 1 1 .44 
47 6.25 67 8.91 87 1 1 .57 
48 6.38 68 9.04 88 1 1 .70 
49 6.52 69 9 . 18  89 1 1 .84 
50 6.65 70 9.31 90 1 1 .97 

51 6.78 71 9.44 91 1 2 . 1 0  
52 6.92 72 9.58 92 1 2.24 
53 7.05 73 9.71 93 1 2.37 
54 7 . 18  74  9.84 94 1 2.50 
55 7.32 75 9.98 95 1 2.64 
56 7.45 76 1 0. 1 1 96 1 2.77 
57 7.58 77 1 0.24 97 1 2.90 
58 7.71 78 1 0.37 98 1 3.03 
59 7.85 79 1 0.51 99 1 3 . 1 7  
6 0  7.98 80 1 0.64 1 00 1 3.90 

Kilopascal (kPa) = 0. 1 33 x mm Hg mm Hg = 7.5 x kPa 
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French Sizes 

French 
Outside Diameter* 

Size Inches mm Device 

1 0.01 0.3 Vascular catheters 
4 0.05 1 .3 
8 0 . 1 0 2.6 Small-bore feeding tubes 

1 0  0 . 1 3 3.3 
1 2  0.1 6 4.0 

1 4  0. 1 8  4.6 Nasogastric tubes 
1 6  0.21 5.3 
1 8  0.23 6.0 

20 0.26 6.6 Chest tubes 
22 0.28 7.3 
24 0.31 8.0 
26 0.34 8.6 
28 0.36 9.3 
30 0.39 1 0.0 
32 0.41 1 0.6 
34 0.44 1 1 .3 
36 0.47 1 2.0 
38 0.50 1 2.6  

'Diameters c a n  vary with manufacturers. However, a useful rule o f  thumb is OD (mm) x 3 = 

French size. 

Gauge Sizes 

Gauge 
Outside Diameter* 

Size Inches mm Device 

26 0.01 8 0.45 Butterfly devices 
25 0.020 0.50 
24 0.022 0.56 
23 0.024 0.61 

22 0.028 0.71 Peripheral vascular catheters 
21 0.032 0.81 
20 0.036 0.91 
1 9  0.040 1 .02 

1 8  0.048 1 .22 Central venous catheters 
1 6  0.040 1 .62 

1 4  0.080 2.03 Introducer catheters 
1 2  0.1 04 2.64 
1 0  0 . 128 3.25 

·oiameters can vary with manufacturers. 





2 
SELECT ED 
REFERENCE RANGES 

Reference Ranges for Selected Clinical Laboratory Tests 

Traditional 
Substance Fluid* Units x k = SI Units 

Aceto acetate P,S 0.3-3.0 mg/dl 97.95 3-30 µmol/L 

Alanine amino- s 0-35 U/L 0.01 6 0-0.58 µkat/L 
transferase (SGPT) 

Albumin s 4-6 g/dl 1 0  40-60 g/L 
CSF 1 1 -48 mg/dl 0.01 0.1 1 -0.48 g/L 

Aldo lase s 0-6 U/L 1 6.6 0 - 1 00 nkat/L 

Alkaline s (F) 30- 1 00 U/L 0.0 16  0.5-1 .67 µkat/L 
phosphatase (M) 45-1 1 5  U/L 0.75-1 .92 µkat/L 

Ammonia p 1 0-80 µg/dl 0.587 5-50 µmol/L 

Amylase s 0-1 30 U/L 0.01 6 0-2.1 7 µkat/L 

Aspartate amino- s 0-35 U/L 0.01 6 0-0.58 µkat/L 
transferase (SGOT) 

�-Hydroxybutyrate s <1 .0 mg/dl 96.05 < 1 00 µmol/L 

Bicarbonate s 22-26 mEq/L 1 22-26 mmol/L 

Bilirubin:Total s 0.1 - 1 .0 mg/dl 1 7.1 2 - 1 8 µmol/L 
Conjugated s .; 0.2 mg/dl .; 4  µmol/L 

Blood urea P,S 8 - 1 8  mg/dl 0.367 3.0-6.5 mmol/L 
nitrogen (BUN) 

Calcium:Total s 8.5-1 0.5 mg/dl 0.26 2.2-2.6 mmol/L 
Ionized p 2.2-2.3 mEq/L 0.49 1 .1 -1 .1 5  mmol/L 

Chloride P,S 95-1 05 mEq/L 1 95- 1 05 mmol/L 
CSF 1 20-130 mEq/L 1 20 - 1 30 mmol/L 
u 1 0-200 mEq/L 1 0-200 mmol/L 

Creatinine s 0.6-1 .5 mg/dl 0.09 0.05-0. 1 3  mmol/L 
u 1 5-25 mg/kg/24 h 0.009 0.1 3-0.22 mg/kg/24 h 

Cyanide: Nontoxic WB <5 µg/dl 3.8 < 19 µmol/L 
Lethal >30 µg/dl > 1 1 4  µmol/L 

(Continued) 
725 
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Reference Ranges for Selected Clinical Laboratory Tests (Continued) 
Traditional 

Substance Fluid* Units x k = SI Units 

Fibrinogen p 1 50-350 mg/dL 0.01 1 .5-3.5 g/L 

Fibrin split products s <1 0 µg/dL < 1 0  mg/L 

Glucose (fasting) p 70- 1 00 mg/dL 0.06 3.9-6.1 mmol/L 
CSF 50-80 mg/dL 2.8-4.4 mmol/L 

Lactate: Resting p < 2  mEq/L < 2  mmol/L 
Exercise s <4 mEq/L <4 mmol/L 

Lactate s 50- 1 50 U/L 0.01 7 0.82-2.66 µkat/L 
dehydrogenase (LDH) 

Lipase s 0-160 U/L 0.0 17  0-2.66 µkat/L 

Magnesium p 1 .8-3.0 mg/dL 0.41 0.8-1 .2 mmol/L 
1 .5-2.4 mEq/L 0.5 0.8- 1 .2 mmol/L 

Osmolality s 280-296 mosm/kg 1 280-296 mmol/kg 

Phosphate s 2.5-5.0 mg/dL 0.32 0.8- 1 .6 mmol/L 

Potassium P,S 3.5-5.0 mEq/L 1 3.5-5.0 mmol/L 

Total protein P,S 6-8 g/dL 1 0  60-80 g/L 
CSF < 40 mg/dL 0.01 <0 .4 mmol/L 
u < 1 50 mg/24 h 0.01 < 1 .5 g/24 h 

Sodium P,S 1 35-147 mEq/L 1 35-147 mmol/L 

Thyroxine: Total s 4-1 1 µg/dL 1 2.9 51 - 1 42 nmol/L 
Free 0.8-2.B mg/dL 0.49 1 0-36 pmol/L 

Tri iodothyronine (T3) S 75-220 ng/dL 0.01 5 1 2-3.4 nmol/L 

*?= Plasma, S=serum, U=urine, WB=whole blood, CSF= cerebrospinal fluid. 

Adapted from the New England Journal of Medicine SI Unit Conversion Guide. Waltham, MA; 
Massachusetts Medical Society, 1 992. 
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Reference Ranges for Vitamins and Trace Elements 

Traditional 
Substance Fluid* Units x k = SI Units 

Chromium s 0.14-0. 1 5  mg/ml 1 7.85 2.5-2.7 mmol/l 

Copper s 70- 1 40 µg/dl 0. 1 6  1 1 -22 µmol/l 

Folate RBC 1 40-960 ng/ml 2.26 31 7-21 69 nmol/l 

Iron s (M) 80- 1 80 µg/dl 0.1 8 (M) 1 4-32 µmol/l 
(F) 60- 1 60 µg/dl (F) 1 1  -29 µmol/l 

Ferritin P,S (M) 20-250 ng/ml (M) 20-250 µg/l 
(F) 1 0- 1 20 ng/ml (F) 1 0 - 1 20 µg/l 

Manganese WB 0.4-2.0 µg/dl 0.01 8 0.7-3.6 µmol/l 

Pyridoxine p 20-90 ng/ml 5.98 1 20-540 nmol/l 

Riboflavin s 2.6-3.7 µg/dl 26.57 70- 1 00 nmol/l 

Selenium WB 58-234 µg/dl 0.01 2 0.7-2.5 µmol/l 

Thiamine (total) p 3.4-4.8 µg/dl 0.003 98.6- 1 39 µmol/l 

Vitamin A P,S 1 0-50 µg/dl 0.349 0.35-1 .75 µmol/l 

Vitamin 812 s 200-1 ,000 pg/ml 0.737 1 50-750 pmol/l 

Vitamin C s 0.6-2 mg/dl 56.78 30- 1 00 µmol/l 

Vitamin D s 24-40 ng/ml 2.599 60-105 nmol/l 

Vitamin E P,S 0.78-1 .25 mg/dl 23.22 18-29 µmol/l 

Zinc s 70-120 µg/dl 0.1 53 1 1 .5-1 8.5 µmol/l 

*P= Plasma, S=serum, U=urine, WB=whole blood, RBC= red blood cell. 

Adapted from the New England Journal of Medicine SI Unit Conversion Guide. Waltham, MA; 
Massachusetts Medical Society, 1 992. 
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Desirable Weights for Adults* 

Height Males 

Feet Inches Small Frame Medium Frame Large Frame 

5 2 1 28 - 1 34 1 3 1 -141  1 38 - 1 50 

5 3 1 30 - 1 36 1 33-1 43 1 40-153 

5 4 1 32-1 38 1 35-145 1 42 - 1 56 

5 5 1 34-140 1 37 - 1 48 1 44- 1 60 

5 6 1 36 - 1 42 1 39 - 1 51 1 46- 1 64 

5 7 1 38 - 1 45 1 42- 1 54 1 49- 1 68 

5 8 1 40- 1 48 1 45-1 57 1 52-1 72 

5 9 1 42-151 1 48-160 1 55-1 76 

5 1 0  1 44 - 1 54 1 51 -1 63 1 58-180 

5 1 1  1 46-157 1 54-166 1 61 - 1 84 

6 0 1 49 - 1 60 1 57-1 70 1 64 - 1 88 

6 1 52-164 1 60-1 74 1 68 - 1 92 

6 2 1 55-168 1 64-1 78 1 72 - 1 97 

6 3 1 58-172 1 67-1 82 1 72-202 

6 4 1 62-176 1 71 - 1 87 1 81 -207 

Females 

4 1 0  1 02-1 1 1  1 09-1 21 1 1 2-13 1  

4 1 1  1 03- 1 1 3  1 1 1 -1 23 1 20-134 

5 0 1 04- 1 1 5  1 1 3-1 26 1 22-1 37 

5 1 1 06- 1 1 8  1 1 5-1 29 1 25 - 1 40 

5 2 1 08-1 21 1 1 8- 1 32 1 28 - 1 43 

5 3 1 1 1 - 1 24 1 21 - 1 35 1 31 - 1 47 

5 4 1 1 4- 1 27 1 24-1 38 1 34-151  

5 5 1 1 7- 1 30 1 27-141 1 37-1 55 

5 6 1 20-1 33 1 30-1 44 1 40-159 

5 7 1 23 - 1 36 1 33 - 1 47 1 43-163 

5 8 1 26-139 1 36-1 50 1 46 - 1 67 

5 9 1 29-1 42 1 39-1 53 1 49 - 1 70 

5 1 0  1 32-145 1 42-1 56 1 52-1 73 

5 1 1  1 35-148 1 45-159 1 55-1 76 

6 1 38- 1 51 1 48- 1 62 1 58-1 79 

•unclothed weights associated with the longest life expectancies. From the statistics bureau of 

the Metropolitan Life Insurance Company, 1 983. 
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Body Fluid Distribution in Healthy Adults 

Parameter Males Females 

Total body water 600 mUkg 500 mUkg 

Interstitial fluid 1 20 mUkg 1 00 mUkg 

Blood volume (BV) 70 mUkg 65 mUkg 

Erythrocyte volume 33 mUkg 27 mUkg 

Plasma volume 37 mUkg 38 mUkg 

Hematocrit 40-54% 37-47% 

From Documenta Geigy Scientific Tables, 7th ed. Basel, Switzeraland: JR Geigy SA, 1 970. 

Electrolyte Content of Body Fluids 

mEq/L 

Body Fluid Na+ K+ HC03- CL-

CSF 1 40 4 25 1 30 

Saliva 1 1 2  20 1 0-20 30 

Sweat 50 1 0  45 
Gastric 60 1 5  0.2 1 40 

Bile 1 40 6 30-50 90 

Pancreatic 1 30 6 1 00 60 

Small bowel 1 20 8 20-40 1 00 

Stool 30 60 20-60 40 

Peak Expiratory Flow Rates for Healthy Males 

mEq/L 

Age (yr) Ht: 60" 65" 70" 75" 

20 602 649 693 740 

25 590 636 679 725 

30 577 622 664 71 0 

35 565 609 651 695 

40 552 596 636 680 

45 540 583 622 665 

50 527 569 607 649 

(Continued) 



730 Appendices 

Peak Expiratory Flow Rates for Healthy Males (Continued) 
mEq/L 

Age (yr) Ht: 60" 65" 70" 75" 

55 51 5 556 593 634 

60 502 542 578 6 1 8  

65 490 529 564 603 

70 477 5 1 5  550 587 

Peak Flow (Umin) = [3.95 - (0.0151 x Age)] x Ht (cm) 

Regression equation from Leiner GC et al. Am Rev Respir Dis 1 963; 88:646. 

Peak Expiratory Flow Rates for Healthy Females 

mEq/L 

Age (yr) Ht: 55" 60" 65" 70" 

20 309 423 460 496 

25 385 41 8 454 490 

30 380 41 3 448 483 

35 375 408 442 476 

40 370 402 436 470 

45 365 397 430 464 

50 360 391 424 457 

55 355 386 4 1 8  451 

60 350 380 4 1 2  445 

65 345 375 406 439 

70 340 369 400 432 

Peak Flow (Umin) = [2.93 - (0.0072 x Age)] x Ht (cm) 

Regression equation from Leiner GC et al. Am Rev Respir Dis 1 963; 88:646. 



Appendix 3 73 3 

Evaluating Diagnostic Tests 

The following grid demonstrates the relationships between the results of a diag­
nostic test and the presence or absence of disease: 

Test is 
Positive 

Test is 
Negative 

Disease is 
Present 

True 
Positive 

False 
Negative 

a 

c 

Disease is 
Absent 

False 
Positive 

True 
Negative 

b 

d 

These relationships are used to derive the following measures of test performance. 

Parameter 

Sensitivity 

Positive 
Predictive Value 

Specificity 

Negative 
Predictive Value 

Derivation Description 

a Probability that the test is positive when the 
a + c disease is present 

a Probability that the disease is present when 
a + b  the test is positive 

d Probability that the test is negative when the 
d + b disease is absent 

d Probability that the disease is absent when 
d + c  the test is negative 





3 
ADDITIONAL 
FORMULAS 
This section includes formulas that deserve mention but are 
not included in any of the chapters. 

Measures of Body Size 

Ideal Body Weight* 

Males: IBW (kg) = 50 + 2.3 (Ht in inches - 60) 

Females: IBW (kg) = 45.5 + 2.3 (Ht in inches - 60) 

Body Mass lndext 

Body Surface Area 

Dubois Formulat 

BMI = __ W_t (�i n_lb_s�) _ 

Ht (in inches)2 x 703 

BSA (m2) = Ht (in cm) + Wt (in kg)0425 x 0.0071 84 

Jacobson Formula§ 

Ht (in cm) + Wt (in kg) - 60 

1 00 

'Devine BJ. Drug lntell Clin Pharm 1 974; 8:650. 

tMatz R. Ann Intern Med 1 993; 1 1 8:232. 

*Dubois EF. Basal metabolism in health and disease. Philadelphia: Lea & Febiger, 1 936. 

§Jacobson B. Medicine and clinical engineering. Englewood Cliffs, NJ: Prentice-Hall, 1 977. 

73 1 
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Drug Infusion Rates 

The following relationship defines the infusion rate of a drug solution that is needed 
to achieve a desired dose rate: 

where: 

Infusion Rate (mUmin) = 
DR (µg/min) 

C (µg/ml) 

DR is the dose rate of the drug 
C is the concentration of the drug in the infusion 

Because the volume infused per minute is often small, drug infusions are usually 
delivered through a microdrip apparatus (60 microdrops = 1 ml). To convert the 
infusion rate to microdrops per minute: 

microdrops/min = mUmin x 60 

Measures of Gas Exchange 

A. Alveolar-arterial P02 Gradient 

A-a P02 = [Fi02 x (P6 - Ptt,0) - (PaC02/RO)] - Pa02 
where: 

Fi02 = Fractional concentration of inhaled oxygen (0.2- 1 )  

P 6  = Barometric pressure (760 mm H g  at sea level) 

Ptt,o = Partial pressure of water vapor (47 mm Hg at 37°C) 

RO = Respiratory quotient (usually 0.8) 

PaC02 = Arterial PC02 
Pa02 = Arterial P02 

B. Dead Space Ventilation 

where: 

V N _ PaC02 - PEC02 
0 r -

PaC02 

PaC02 = Arterial PC02 
PEC02 = Mean expired PC02 



A 
Abciximab, as adjunct to reperfu­

sion therapy, 222, 2231 
Abdomen, sepsis from. See under 

Sepsis 
Abdominal abscess, 555 
Abscess, abdominal, 555 
Acalculous cholecystitis, 554 
ACE in.h.ibitors. See Angiotensin-

converting-enzyme in­
hibitors 

Acetaminophen 
as antipyretic, 202-203, 518, 649 
lactic acidosis and, 365 
tox.ic.i ty of, 705-709 

activated charcoal, 707-708 
antidote therapy, 708-709, 

7081 
clinical presentation, 706 
prognostic markers, 706-707, 

707/ 
toxic metabolite, 705 

Acetazolam.ide, for h·eatment of 
chloride-resistant alkalo­
sis, 388 

Acetoacetate 
alcoholic ketoacidosis and, 372 
diabetic ketoacidosis and, 367f 

368 
Acetylcholine, 636 
N-Acetylcysteine (NAC) 

mucolytic therapy with, 
320-321, 3201 

for treatment of acetaminophen 
toxicity, 708-709, 7081 

for treatment of contrast­
induced renal failure, 399 

Acid-base d.isorders, 350-351, 3511 
Acid-base interpretations, 

349-362, 354-357 

an.ion gap, 357-360, 359/ 
compensatory responses, eval­

uating, 356-357 
gap-gap, 360-361 
hydrogen ion concentration, 

349-350, 3501 
metabolic acidosis, evaluating, 

357 
predictive equations, 351-354, 

352/ 
metabolic acid-base disor­

ders, 352-353 
respiratory ac.id-base disor­

ders, 353-354 
primary acid-base disorder, 

identifying, 355-356 
scheme for, 354-357 
types of acid-base d isorders, 

350-351, 3511 
Acid-base parameters, 144-145 

arterial base deficit, 144-145 
blood lactate, 145 

Acidosis 
as cause of hyperkalemia, 434 
lactic. See Lactic acidosis 
metabolic. See Metabolic acido-

sis 
mixed metabolic alkalosis and 

respiratory, 356 
partially compensated respira­

tory, 356 
respiratory, 350, 3511, 352/, 354 

Acid-suppressing drugs, bowel 
sepsis and, 550 

ACLS. See Advanced life support 
Activated charcoal, after tox.ic in­

gestion of acetaminophen, 
707-708 

Acute aortic dissection, 227-229 
chest pain, 227 

735  
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Acute aortic dissection (continued) 
clinical findings, 227-228 
diagnosis, 228 
management, 228-229 
treating hypertension in, 228, 

2291 
Acute coronary syndromes 

(ACS), 209-232 
acute aortic dissection, 227-229, 

2291 
definitions, 209 
early complications, 224-227 

arrhythrnjas, 225 
cardiac pump failure, 

226-227, 2261 
mechanical, 224-225 

pathogenesis, 209-210 
reperfusion therapy, 214-220 

adjuncts to, 220-224, 2211, 
2231 

coronary angioplasty, 
219-220 

thrnmbolytic therapy, 
214-218, 215-2161 

routine measures, 210-214, 
2111 

angiotensin-converting­
enzyme inhibition, 2111, 
213-214 

antiplatelet therapy, 2111, 212 
P-receptor blockade, 2111, 

213 
relieving chest pain, 210-212, 

2111 
Acute heart fa l lure(s), 1 73-188 

B-type natriuretic peptide, 
178-179 

hemodynamic alterations, 
173-178 

progressive heart failuse, 
173-175, 174/, 1751 

right heart failure, 178 
systolic vs. diastolic heart 

failure, 175-178, l77t 
management strategies, 

179-186 
left-sided diastolic heart fal l­

use, 185-186 

left-sided systolic heart fail­
ure, 180-185, 181/ 

right heart fa i I u re, 186 
Acute hemolytic reactions, red 

blood cell transfusions 
and, 486-487 

Acute inflammatory demyelinat­
ing polyneuropathy, 634 

Acute interstitial nephritis (AIN), 
399-400 

drugs that can cause, 4001 
Acute lung injury, red blood cell 

transfusions and, 489-490 
Acute mitral regurgitation, 225 
Acute renal failure. See Oliguria 

and acute renal failure 
Acute respiratory alkalosis with 

secondary metabolic 
alkalosis, 357 

Acute respiratory distress syn­
drome (ARDS), 255-268, 
524, 537 

clinical manifestations, 257, 
257/ 

continuous positive airway 
pressure for, 312 

diagnosis, 258-260, 2581 
hydrostatic pulmonary edema 

vs., 258-260 
Jung recruitment in, 309/ 
management, 260-267 

blood transfusions, 265 
fluid management, 264-265 
low-volume ventilation, 

262-264, 2631 
misdirected, 266-267 
pharmacotherapy, 265-266 
ventilator-induced lw1g in-

jury, 260-261, 261/ 
mortality rate, 266/ 
pathogenesis, 255 
PEEP for, 310-311 
predisposing conditions, 

255-256, 2561 
Acute stroke, 641-652 

antithrombotic therapy, 
647-648 

embolic, 641 



evaluation, 642-647 
avoiding delays, 642 
bedside evaluation, 642-644 
diagnostic evaluation, 

644-647, 646/ 
hemorrhagic, 641-642 
isd1emic, 641, 643/ 
medical management, 648-650 
risk categories for emboUc, 

241-242 
risk of thromboembolism and, 

33-34 
tlu·ombotic, 641 
transient ischemic attack, 642 
types of stroke, 641-642 

Acute tubular necrosis (ATN), 392 
Additives, to total parenteral nu­

trition solutions, 595-596 
Adenosine, for treatment of AV 

nodal re-entrant tachycar­
dia, 245-246, 246t 

ADH. See Antidiuretic hormone 
Adhesive dressings, for in­

dwelling vascular 
catheters, 77 

Adjusted-dose warfarin, for 
tlu·omboprophylaxis, 391, 40 

Ad renal insufficiency, 603-605, 
606t 

clinical manifestations, 604 
pituitary fai I ure and, 624 
prevalence, 603 
rapid ACTH stimulation test, 

604, 6051 
steroid therapy, 605, 6061 

Adults. See also Men; Women 
body fluid d istribution in, 729 
daily energy requirements in, 

564, 5651 
desirable weights for, 728 
endogenous fuel stores in, 5671 

Advanced life support (advanced 
cardiac life support, 
ACLS), 191-199 

antiarrhythmic agents, 198-199 
defibrillation, 191-195, 192-193/ 
drug administration routes, 

195-196 

Index 737 

vasopressor drugs, 196-198, 
1971 

AEDs. See Automated external 
defibrillators 

Aerosol drug therapy for asthma, 
271-273 

intermittent vs. continuous, 
273-274, 274/ 

AF. See A trial fibri I la ti on 
AG. See Anion gap 
Age, body temperature and, 505 
Agitated patient, bedside ap-

proach to, 666/, 667 
AIN. See Acute interstitial neplu·i­

tis 
Ai rborne il lness, protective barri-

ers and, 8-10, 9f 
Airway patency, 189 
AKA. See Alcoholic ketoacidosis 
Albumin, anion gap and, 359-360 
Albumin solutions, 164-165 
Albuterol 

for treahnent of anaphylaxis, 
531 

for treahnent of asthma, 273, 
2751 

for treatment of chronic ob­
structive pulmonary dis­
ease, 277 

Alcoholic ketoacidosis (AKA), 
367/, 371-373 

Alcohol-related illness, hypomag­
nesemia and, 447 

Alcohol(s) 
as antiseptic agent, 2, 21 
toxic, 373-376 

Al imentary decontamination, 550, 
5511 

Alkali therapy 
for treatment of diabetic keto­

acidosis, 371 
for treahl1ent of lactic acidosis, 

366 
Alkalosis 

acute respiratory, with second­
ary metabolic alkalosis, 357 

as cause of ionized hypocal­
cemia, 459-460 
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Alkalosis (con tin11ed) 
metabolic. See Metabolic alkalo­

sis 
mixed respiratory acidosis and 

metabolic, 356 
partially compensated respira­

tory, 356 
respiratory, 350, 3511, 352/, 354 

Allergic reactions 
to latex, 6-7 
to platelet transfusions, 503 
to red blood cell transfusions, 

488-489 
Alteplase 

for restoring catheter patency, 
81, 811  

for thrnmbolytic therapy, 49, 
2161, 217, 218 

Altered consciousness, 613-614, 
615/ 

Alveolar-arterial P02 gradient, 
732 

Alveolar dead space, in venous 
thromboembolism, 43 

Alveolar disruption, 321-325 
clinical manifestations, 321 
pleural drainage system, 

323-325, 325/ 
pneumotl1orax, 321-323, 323f 

Alvimopan, to block opioid re­
ceptors in bowel, 657 

American Stroke Association, 
648 

Amikacin, 671 
for treatment of pneLunonia, 

5431 
Amino acid solutions, 591-593, 

5921 
Arninoglycosides, 671-674 

activity and clinical uses, 
671-672, 672f 

adverse effects, 673-674 
dosing, 672-673, 6731 
for treatment of pneumonia, 

5431 
Amiodarone 

for treatment of atrial fibrilla­
tion, 2401, 241 

for treatment of cardiac arrest, 
1971, 198 

for treatment of venh·icular 
tachycardia, 250 

Arnoxicillin-clavulanate, for treat­
ment of chronic obstruc­
tive pulmonary disease, 
2791 

Amphetamines, neuroleptic ma­
lignant syndrome and, 
5101 

Amphotericin 
drug fever and, 5091 
Ringer's solution and, 159 

Amphotericin B, 674-675 
for d igestive decontamination, 

551 1 
for disseminated candidiasis, 

93 
infusion-related inflanunatory 

response, 674-675 
liposomal, 675 
neplu-otoxicity of, 675 
for oral decontamination, 545 
for treatment of candiduria, 559 
for treatment of catheter-

related septicemia, 911  
Ampicillin 

Ringer's solution and, 159 
for treatment of catheter­

related septicemia, 911  
Ampicill in-sulbactam, for treat­

ment of abdominal 
abscess, 555 

Analgesia, 653-658 
non-opioid, 657-658 
opioids, 653-657 

adverse effects, 656-657 
intravenous, 653-655, 6541 
meperidine, 655 
patient-controlled analgesia, 

656 
Anaphylactic shock, 530, 531-532 
Anaphylaxis, 529-532 

anaphylactic shock, 530, 
531-532 

clinical presentation, 530 
management, 530-531 



response to platelet h·ansfu­
sions, 503 

in response to red blood cell 
transfusion, 489 

Ane1nia, 477-481 .  See nlso Eryth-
rocyte transfusions 

contributing factors, 478-479 
correcting, 153 
of critical i l lness, 477 
systemic oxygenation and, 

479-481, 480/ 
tolerance to, 480-481 

Anemia of chronk disease, 477 
Angina. See Unstable angina 
Angiotensin-converting-enzyme 

(ACE) inhibitors, for treat­
ment of acute cardiac syn­
dromes, 213-214 

An.ion gap (AG), 357-360 
defined, 358 
determinants of, 3601 
influence of albumin on, 

359-360 
interpreting, 358-359, 3591 
lactic acidosis and, 363 
reference range, 358 
reliability, 359 

Antiarrhythmic agents, for treat­
ment of cardiac arrest, 
1971, 198-199 

Antibiotic lock therapy, 90-92 
Antibiotic therapy 

as cause of acute interstitial 
nephritis, 4001 

drug fever and, 509 
magnesium deficiency and, 

446-447 
for oral decontamination, 545 
for treatment of catheter-related 

septicernia, 88-90, 89/ 
for h·eatment of chronic ob­

structive pulmonary dis­
ease, 278-279, 297, 2971 

for treatment of urinary tract 
infections, 557-558 

Anticholinergic agents, for treat­
ment of asthma, 274-276, 
2751 

Index 739 

Anticoagulation, 47-49, 481 
Antidiuretic hormone (ADH) 

diabetes insipid us and, 417-418 
in hyponatrernia, 421 

Antidotes 
for acetaminophen, 708-709, 

7081 
for benzodiazepines, 710 
for B-receptor antagonist toxic­

ity, 711-713 
Antiemetic agents, neuroleptic 

maligna11t syndrome and, 
5101 

Anti fungal agents, 674-676 
amphotericin B, 674-675 
capsofungin, 676 
fluconazole, 675-676 
for treatment of candiduria, 559 

Antimicrobial-impregnated 
catheters, 57 

Antirnicrobial ointment, for in­
dwell i11g vascular 
catheters, 78 

Antimicrobial therapy, 516, 
671-687 

aminoglycosides, 671-674, 6731 
antifungal agents, 671, 674-676 
carbapenems, 671, 677-678 
cephalosporiJlS, 671, 678-679, 

6791 
fluoroquinolones, 671, 679-681,  

6811 
penicillins, 671, 681-682 
for treatment of pneumonia, 

541-543, 541-544, 542-5431 
for treatment of severe sepsis 

and septic shock, 528 
vancomycin, 682-685 

vancomycin replacements, 
671, 684-685 

Antioxidant vitamins, 573 
Antiperistaltic agents, C. difficile 

colitis and, 553 
Antiplatelet effects, of nitroglyc­

erin, 694 
Antiplatelet therapy 

for treatment of acute cardiac 
syndromes, 2111, 212 
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Antiplatelet therapy (conlinued) 
for treatment of ah·ial fibrilla­

tion, 2421 
Antipseudomonal penicillins, 682 
Antipsychotic agents, neuroleptic 

malignant syndrome and, 
5101 

Antipyretic therapy, 516-518 
Antiretroviral drugs, indications 

for folJowing HIV expo­
sure, 121 

Antiseptic agents, 1-3, 21 
Antiseptics, 1 
Antithrombotic therapy, 47-49 

anticoagulation, 47-49, 481 
tlu·ombolytic therapy, 49 
for treatment of atrial fibrilla­

tion, 241-242, 2421 
for treatment of stroke, 647-648 

Antithyroid drugs, 610 
Apathetic thyrntoxicosis, 609 
Aphasia 

evaluation of stroke and, 644 
expressive, 644 
global, 644 
receptive, 644 

Apnea test, 621 
Apothecary and household con­

versions, 721 
ARDS. See Acute respiratory dis­

tress syndrome 
Argatroban, for treah11ent of hep­

arin-induced thrombocy­
topenia, 496, 4961 

Arginine, enteral tube feeding 
and, 582 

Arousal, 613, 6141 
Arrhythmias, 225 

in hypokaJemia, 431 
magnesium depletion and, 448 

Arterial base deficit, 144-145 
Arterial PC02, in spontaneous 

breathing trial, 337, 339/ 
Arterial pulse and pressure, mon­

itoring during CPR, 
1 99-201 ,  200/ 

Arteriovenous hemofiltration, 405 

Aspiration, in enteral tube feed­
ing, 588 

Aspirin 
as adjunct to reperfusion ther­

apy, 222 
as antipyretic, 518 
for treatment of acute cardiac 

syndromes, 212 
for treatment of stroke, 647-648 

Assist-control ventilation, 
301-303, 303/ 

Assisted ventilation, 302 
Asthma, acute exacerbations of, 

269-277 
drug therapy for, 271-277, 2751 

aerosol drug therapy, 
271-273, 274/ 

antichoL inergic agents, 
274-276 

beta-receptor agonists, 
273-274 

corticosteroids, 276-277 
management protocol, 27'2f 

intrinsic PEEP and, 327 
lactic acidosis and acute, 365 
peak expiratory flow rate, 

269-271, 270/ 
Atelectasis, 537 

fever and, 506-507 
Atenolol, for treatment of acute 

cardiac syndromes, 213 
ATN. See Acute tubular necrosis 
Atrial activity, cliagnosis of tachy­

cardia and, 235-236, 236/ 
Atrial fibrillation (AF), 233, 

237-243 
acute rate control, 239-241, 2401 
adverse consequences, 237-238 
antitlu-ombotic therapy, 

241-242, 2421 
DC cardioversion, 238 
lone, 237 
pharmacologic cardioversion, 

238-239 
predisposing factors, 237 
Wolff-Parkinson-White syn­

drome, 243 



Atrial fluttet� 233 
Atrial tachycardias, 233 
Atrial thrombosis, atrial fibrilla­

tion and, 238 
Atrium, catheter tip in right, 

73-74 
Atropine 

for treah11ent of cardiac arrest, 
197t, 199 

via endotracheaJ route, 196 
Autoimmune thyroiditis, 609 
Automated external defibrillators 

(AEDs), 195 
Automatisms, 627 
Autoh·ansfusion maneuver, 150 
AV dissociation, 248 
AV nodal re-entra11t tachycardia 

(AVT\TRT), 233, 236f 
245-247 

adenosine for, 245-246, 2461 
AVJ\.TJU. See AV nodal re-entrant 

tachycardia 
Awareness, 613, 6141 
Azathioprine, for treatment of 

myasthenia gravis, 633 
Azithromycin, for treahnent of 

chronic obstructive pul­
monary disease, 2791 

B 
Bncil/us nnthrncis, skin hygiene 

and, 3 
Bacterial respiratory infections, 

precautions for, 9/ 
Bacterial transmission, platelet 

transfusions and, 502 
Bncleroides frngilis, imipenem for, 

677 
BAL. See Bronchoalveolar 

lavage 
Bal loon, pulmonary artery 

catheter, 100-101 
Bal loon flotation method, 97 
Baroh·auma, 261 
Basal energy expenditure (BEE), 

564-565 

Index 741 

BEE. See Basal energy expendi­
ture 

Benzod iazepines 
adverse effects, 660-661 
drug comparisons, 659-660, 

6591 
drug interactions, 661 
sedation with, 658-661, 6591 
toxicity of, 709-710 
for treatment of delirium, 616 
for treatment of seizures, 

630-631 
P-agonist bronchod ilators, as 

cause of hypokalemia, 429 
P-hydroxybutyrate 

alcoholic ketoacidosis and, 
367f 372 

diabetic ketoacidosis and, 367f 
368 

P-receptor agonists 
as cause of hypophosphatemia, 

468 
for treahnent of asthma, 

273-274, 2751 
P-receptor antagonists (P-block­

ers) 
antidote therapy, 711-713 
as cause of hyperkalemia, 4341, 

435 
mi lrinone and, 183 
toxicity of, 711-713 
for treatment of acute aortic 

dissection, 229, 2291 
for treatment of atrial fibrilla­

tion, 239-240, 2401 
for treatment of hyperthy-

roid ism, 610 
P-receptor blockade, 213 
Biphosphonates, for treatment of 

hypercalcemia, 4651, 4.66 
Bleeding 

platelet transfusions and, 500 
thrombolytic therapy and, 

218 
Blood 

calcium and phosphorus in, 
4581 



742 Index 

Blood (conti1111ed) 
oxygen content of, 125-126, 

127t 
Blood-borne infections, 10-16 

hepatitis B virus, 13-15, 15t 
hepatitis C virus, 15-16 
HIV, 11-13, 12t 
needlestick injuries, 10 

Blood cultures, 515 
in evaluation of pneumonia, 

537 
quantitative, 86-87, 86t 

choice of methods, 87-88 
Blood lactate, 1 35-136, 145 

severe sepsis and, 135-136 
Blood loss, classification of, 

140-141 
Blood pressure, management of 

heart failure and, 182-184 
Bloodstream infections, 

pathogens in, 5131 
Blood transfusions. See nlso 

Erythrocyte transfusions; 
Platelet transfusions 

as cause of ionized hypocal­
cemia, 460 

treatment of acute respiratory 
distress syndrnme and, 
265 

Blood volume, 139, 1401 
BNP. See B-type natriuretic pep­

tide 
Body fluids 

distribution of, 139-140, 1401, 
729 

electrolyte content of, 729 
sodium concenh.·ation in lost, 

414t 
Body mass i.ndex, 731 
Body size, measures of, 731 
Body surface area, 731 
Body temperature. See nlso Fever 

normal, 505 
Body water, 139, 140t 
Body weight 

ideal, 659, 662, 693, 731 
predicted, 262, 288-289 

Bowel motility, opioids and, 657 

Bowel sepsis, 549-551 
gash·ic colonization, 549 
mucosa! disruption, 549-550 
preventive measures, 550, 551 t  

Brain death, 620-624 
diagnosis, 621-623, 6221 

apnea test, 621 
confirmatory tests, 623 
spontaneous movements, 623 

potential organ donor, 623--624 
Breathing, intrinsic PEEP and in­

creased work of, 328 
Bronchoalveolar lavage (BAL), 

539-540 
for distinguishing acute respi­

ratory distress syndrome 
and hydrostatic pul­
monary edema, 259-260 

without bronchoscopy, 540 
Bronchodilator aerosols, 271-273 
Bronchodilator responsiveness, 

294 
Bronchodilators 

for treatment of anaphylaxis, 
531 

for treatment of chronic ob­
structive pulmonary dis­
ease, 277-278 

Bronchoscopy 
bronchoalveolar lavage with­

out, 540 
fever and, 508 

B-type natriuretic peptide (BNP), 
178-179 

diagnostic value, 179 
role in ICU, 179 

BUN (blood urea nitrogen) /crea­
tinine ratio, 395-396 

Butyrophenones, neuroleptic ma­
lignant syndrome and, 
510t 

c 
Calcitonin, for treatment of hy­

percalcemia, 465-466, 465t 
Calcium, 457-467 

in blood, 458t 



hypercalcemia, 463-467, 4651 
ionized hypocalcemia, 459-463, 

461-4621 
in plasma, 457-459 
total vs. ionized, 457-458, 458f 

4581 
Calcium-channel blockers 

for treatment of AV nodal re­
entrant tachycardia, 247 

Wolff-Parkinson-Whjte syn­
drome and, 243 

Calcium d1Joride 
for treatment of hyperkalemia, 

437-438, 4381 
for treatment of ionized 

hypocalcemia, 462 
Calcium gluconate 

for h·eahnent of hypermagne­
semja, 454 

for treatment of io1ijzed 
hypocalcemia, 462 

Calcium oxalate, 373 
Calcium replacement therapy, 

461-463, 4621 
Caloric density, of feeding formu­

las, 578-579, 5791 
Calorie requirements, in enteral 

tube feeding, 583 
Calorimetry, indirect, 565-566 
Candida albicn11s, 5131, 557, 558 
Candida infections 

capsofungin for, 676 
fluconazole for, 675, 676 

Ca11dida krusei, 676 
Candida spp. 

as cause of catheter-related sep­
ticenija, 89, 911, 92 

skin hygiene and, 1 
Candidiasis, disseminated, 93-94 
Candiduria, 558-559 

a.ntifungal therapy for, 559 
Capillary hydrostatic pressure, 

wedge pressure vs., 
119-120 

Capsofu.ngin, 676 
for treatment of candiduria, 559 
for treahl1ent of catheter­

related septicemfa, 911 

Index 743 

for treatment of disseminated 
candidiasis, 93 

Carbapenems, 677-678 
i1rupenem, 677-678 
meropenem, 678 
for treahnent of pneumonia, 

543t 
Carbohydrates, 566 

tJijamine and metabolism of, 
570 

in total parenteral nutrition, 
597-598 

Carbon d ioxide retention, 
chronic, 381 

Cardiac arrest, 189-207 
induced hypothermia follow­

ing, 2031 
l i fe support 

advanced, 191-199 
basic, 189-191 

monitoring during CPR, 
1 99-202 

post-resuscitation concerns, 
202-205 

Cardiac fiUing pressures, 113-122, 
1141, 143-144 

reliabil i ty, 120-122 
venous pressures in the thorax, 

113-115 
wedge pressure, 116-120, 116f 

118/ 
Cardiac index (Cl}, 1051, 106 
Cardiac output 

continuous measuTements of, 
103-104 

intrinsic PEEP and reduced, 
328 

in PEEP, 310, 311/ 
phosphate depletion and, 

469 
promoting, 149-152, 151/ 
weaning from mecha1ijcal ven­

tilation and low, 
340 

Cardiac performance, during pos­
itive-pressure ventilation, 
285-287, 286/ 

Cardiac pump failure, 226-227 
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Cardiogenic pulmonary edema, 
258 

continuous positive airway 
pressure for, 312 

Cardiogenic shock, 693 
hemodynam.ic patterns in, 1101 
hemodynamic support for, 2261 
treatment of, 183 

Cardiopulmonary resuscitation 
(CPR), 189 

advanced life support, 191-199 
basic life support, 189-191 
monHoring d ming, 199-202 
post-resuscitation concerns, 

202-205 
Cardiovascular effects, of opioids, 

656-657 
Cardiovascular parameters, 

104-108, 1051 
cardiac index, 1051, 106 
central venous pressure, 104, 

1051 
pulmonary capillary wedge 

pressure, 105, 1051 
pulmonary vascular resistance 

index, 1051, 107-108 
stroke index, 1051, 106-107 
systemic vascular resistance 

index, 1051, 107 
Cardiovascular tox.icity, of beta­

b lockers, 711 
Cardioversion 

direct-current, 238 
pharmacologic, 238-239 
risk of embolism with, 242 

Carnitine, enteral tube feeding 
and, 582 

Catheter blood cultme, 88/ 
Catheter colonization, 84 
Catheter insertion techniques, 

62-63, 64/ 
Catheter-over-needle technique, 

62, 62/ 
Catheter position, of central ve­

nous catheters, 73-74 
Catheter-related septicemia, 84, 

85 
catheter tip cultures, 85-86, 861 

clinical features, 85 
empiric antibiotic coverage for, 

88-90, 89f 
persistent sepsis, 92-94 
quantitative blood cultures, 

86-88, 88f 
treatment of, 90-92, 9lt 

Catheters. See also Central venous 
catheters; Pulmonary ar­
tery catheters; Vascular 
catheters; Vascular 
catheters, ind welling 

flushing, 78 
heparin-bonded, 56-57 
multiJumen, 55 
peripherally-inserted central, 

61, 63-65 
volume infusion and size of, 

146-147, 147/ 
Catheter tip cultures, 85-86, 861 
CDC. See Centers for Disease 

Control and Prevention 
Cefazolin, 678-679, 6791 
Cefepime, 679, 6791 

for treatment of catheter­
related septicemia, 90 

for treatment of pnemnon.ia, 
5431 

Cefotaxime, for d.igestive decont­
arrti.nation, 55l t  

Ceftazidin1e, 679, 6791 
for treatment of catheter­

related septicentia, 90, 
911 

for treatment of gram-negative 
infections, 516 

for treatment of pneum01tia, 
5431 

for h·eatment of severe sepsis 
and septic shock, 528 

Cefh·iaxone, 679, 6791 
for treatment of pnemnon.ia, 

541, 5431 
Cefuroxime. for treatment of 

chronic obstructive pul­
monary disease, 2791 

Centers for Disease Control and 
Prevention (CDC) 



classification of catheter-related 
infection, 84 

hand washing guidelines, 41 
Central diabetes insipidus, 418 
Central pontine myelinolysis, 424 
Central venous catheters (CVCs), 

55-57, 561, 58/, 61 
antimicrobial-impregnated 

catheters, 57 
catheter position, 73-74 
heparin-bonded catheters, 

56-57 
multilwnen catheters, 55 
occlusion of, 80-83, 811 
replacing, 79-80 

Central venous oxirnetry 
catheters, 526 

Central venous oxygen saturation 
(Scv02), in severe sepsis 
and septic shock, 526-527 

Cenh:al venous pressure (CVP), 
104, 1051 

measuring, 114-115, 115/ 
Cephalosporins, 678-679 

dosing, 6791 
drug fever and, 5091 
toxicity, 679 
for treatment of pneumonia, 

5431 
Cerebral edema, replacing free 

water and risk of, 417 
Chest compressions, 190-191, 

200/ 
Chest pain 

in acute aortic dissection, 227 
relieving, 210-212 

Cliln111ydin p11e11111011ine, chronic ob­
structive pulmonary dis­
ease and, 278 

Chlarith.romycin, for treahnent of 
clu·onic obstructive pul­
monary disease, 2791 

Chlorhexid ine 
as antiseptic agent, 21, 3 
on catheters, 57 
insertion site decontamination 

with, 62 
regin1e, 545 

Index 745 

Chloride-resistant alkalosis, 385, 
3851 

management of, 388 
Chloride-responsive alkalosis, 

385, 3851 
ChlorpromaziJ1e, torsades de 

pointes and, 2521 
Chronic disease, anemia of, 477 
Chronic obsh·uctive pulmonary 

disease (COPD) 
acute exacerbations of, 277-279 

antibiotic therapy for, 
278-279, 2791 

bronchodilator therapy for, 
277-278 

corticosteroids fot� 278 
oxygen therapy for, 279 

continuous positive airway 
pressure for, 312 

intrinsic PEEP and, 327 
Chvostek's sign, 461 
CI .  See Cardiac index 
ClM. See Critical i l lness myopa­

thy 
ClP. See Critical illness polyneu­

ropathy 
Ciprofloxacin, 680, 681 1 

drug interactions, 681 
for h·eatment of pneumonia, 

5431 
for treatment of urinary tract 

infection, 558 
Circulatory shock, lactic acidosis 

and, 363-364, 364/ 
Cisapride, torsades de pointes 

and, 2521 
Cisatracurium, 637, 6371 
Clarithromycin, torsades de 

pointes and, 2521 
Cl iJ1ical laboratory tests, reference 

ranges, 725-726 
Clonic movement, 627 
Clopidogrel, for treahnent of 

acute cardiac sy:nd romes, 
212 

C/oslridin, 513 
C/oslridi11111 difficile, skin hygiene 

and, 3 
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Clostridiu111 difficile colitis, 551-553 
clinical presentation, 552 
diagnosis, 552 
pathogenesis, 551-552 
treatment, 553 

Clostridium difficile enterocolitis, 
en teral tube feeding and, 
589 

CNS drugs, as cause of acute in­
terstitial nephritis, 4001 

CNS stimulants, neuroleptic ma­
lignant syndrome and, 
510t 

Cocaine, neuroleptic malignant 
syndrome and, 5101 

Colistin, for oral decontamina­
tion, 545 

Colitis, Closlridium difficile, 
551-553 

Colloid fluids, 148, 150, 162-167 
albumin solutions, 164-165 
colloid osmotic pressure, 163 
comparative features of, 164t 
cons, 168 
crystalloid fluids vs., 151-152, 

164, 167-168 
dextrans, 166-167 
hydroxyethyl starch, 165-166 
pros, 167-168 
volume effects, 163-164 

Colloid osmotic pressure, 163 
Colloid resuscitation, 157-171 
Colon iza ti on 

ca thete1� 84 
gastric, 549 
oropharynx, 542-543, 544 

Coma, 616-620 
bedside evaluation, 617-619 
concli tions affecting pupils, 

6171 
duration following CPR, 205 
Glasgow coma score, 619-620, 

6201 
myxedema, 608 

Community-acquired pneumo­
nfa, 541 

Compensatory responses, 
350-351 

evaluating, 356-357 
Compliance, 290 

"static," 295 
thoracic, 295 
transthoracic, 293 

Compression stockings, 35 
Computed tomography, in evalu­

ation of stroke, 646, 646/ 
Conditionally essential nutrients, 

581-582 
Consciousness 

altered, 613-614, 614t 
evaluation of stroke and, 643 
states of, 613-614, 615/ 

Continuous positive airway pres­
sure (CPAP), 311-312 

Contrast-induced renal failure, 
398-399 

Controlled ventilation, 302 
Conversions. See Units and con­

versions 
Cooling blankets, 518  
COPD. See Ciu·onic obstructive 

pulmonary disease 
Coronary angioplasty, 219-220 

lytic therapy vs., 219 
Coronary perfusion pressure 

(CPP), 200-201 
Coronary steal syndrome, 182 
Corticosteroids 

for treahnent of asthma, 275t, 
276-277 

for treatment of chronic ob­
structive pulmonary dis­
ease, 278 

for treatment of severe sepsis 
and septic shock, 528 

Cost, of resuscitation fluids, 167t 
Coumadin 

interaction with sucralfate, 26 
for treatment of heparin­

induced thrombocytope­
nia, 496-497 

CoLmtercurrent exchange, 402 
CPAP. See Continuous positive 

airway pressure 
CPP. See Coronary perfusion pres­

sure 



CPR. See Cardiopulmonary resus­
citation 

Creatinine clearance, in evalua­
tion of renal failure, 3951, 
396 

Cricothyroidotomy, 317-318 
Critical closing pressure, 330 
Critical i llness, anemia of, 477 
Critical i l lness myopathy (CIM), 

341, 635 
Critical i l lness polyneuropathy 

(CIP), 341 , 635 
Critical oxygen delivery, 132 
Crystal loid fluids, 148, 150, 

157-161 
colloid fluids vs., 151-152, 164, 

167-168 
comparative features of, 1601 
cons, 168 
crystalloid distribution, 

157-158 
isotonic saline, 158-159 
lactated Ringer's solution, 

159-160 
normal pH fluids, 160-161 
for treatment of hypovolemic 

hypernatremia, 415 
Crystal loid resuscitation, 157-171 
Cuff-leak test, 343 
CVCs. See Central venous 

catheters 
CVP. See Central venous pressure 
Cyanide acctITT1ulation, nih·oprus­

side and, 698f 699-700, 7001 
Cyanide intoxication, 699-700, 7001 
Cyanide toxici ty, n.i troprusside 

and, 181-182 
Cyclosporine, for treatment of 

myasthenia gravis, 633 
Cytopath.ic hypoxia, 364, 529 
Cytoprotective agents, 231, 25-26 

D 
Daily nutrition requirements, in 

total parenteral nutrition, 
596 

Dalteparin, 38-39, 391 

Index 747 

Dantrolene sodium 
for treatment of malignant hy­

perthermia, 508 
for treatment of neuroleptic 

majjgnant syndrome, 511 
Daptomycin, 685 
DC cardioversion. See Direct­

current cardioversion 
D-din1ers, in venous tluomboem-

bolism, 42-43 
Dead space ventilation, 732 
Death, brain. See Brain death 
Decerebrate posturing, 619 
Decontamination, 1 

alimentary, 550, 5511 
gastrointestinal tract, 5511 
oral, 544-545 
oral digestive, 5511 

Decorticate posturing, 619 
DefibriUarion, 191-195, 192-193/ 

automated external defibrilla-
tors, 195 

technical considerations, 194 
timing, 191-193 

Delayed pneumothorax, 73 
Delirium, 614-616, 615/ 

characteristics, 614 
dementia vs., 615 
hypoactive, 615 
management, 616 
predisposing factors, 616 

Dementia, delirium vs., 615 
Depola1·izing agents, 636 
Dexamethasone, for treatment of 

adrenal insufficiency, 605, 
6061 

Dexmedetomidine, 662-663, 6631 
Dextrans, 166-167 
Dextrose solutions, 161-162, 591 ,  

5921 
ad verse effects, 162 
protein-sparing effect, 161 
volume effects, 161-162 

DI. See Diabetes insipid us 
Diabetes insipid us (DI), 417-418 

pituitary failure and, 624 
Diabetes mellitus, magnesium de­

ficiency and, 447 
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Diabetic ketoacidosis (DKA), 
366-371, 420 

as cause of hypophosphatemia, 
469 

clinical features, 367-368 
diagnosis, 368 
management, 368-371 ,  3691 
monitoring acid-base status, 

371 
pathogenesis, 366-367, 367/ 

Diagnostic tests, evaluating, 733 
Dialysis, for treatment of hyper­

calcemia, 467 
Diarrhea 

enteral tube feeding and, 
588-589 

secretory, 447 
Diastolic heart failure 

left-sided, 185-186 
systolic heart failure vs., 

175-178, 1771 
Diazepam, 6591, 660 

for treatment of seizures, 
630-631 

DIC. See Disseminated i.ntravas-
cular coagulation 

Diffusion, 402 
Digestive decontamination, 551t 
Digitalis 

as cause of hyperkalenua, 4341, 
435, 4381 

magnesium deficiency and, 447 
Digoxin 

interaction with sucralfate, 26 
Wolff-Parkinson-White syn­

drome and, 243 
Diltiazem 

for treatment of atrial fibrilla­
tion, 239, 2401 

for treatment of AV nodal re­
entra11t tachycardia, 247 

Diphenhydram.i.ne, for treatment 
of anaphylaxis, 530 

2,3-Diphosphoglycerate, in red 
blood cells, 483-484, 4841 

Direct-current cardioversion, 191 
Direct-current (DC) cardiover­

sion, 238 

Disinfectants, 1 
Disseminated candid.iasis, 93-94 
Disseminated intravascular coag-

ulation (DIC), 497-498, 
4981 

Dissolved oxygen, 126 
Diuretic therapy 

acute interstitial nephritis and, 
4001 

acute respiratory distress syn-
drome and, 264-265 

hyperkalemia and, 4341 
magnesium deficiency and, 446 
metabolic alkalosis and, 380 
for treatment of heart failure, 

182, 183, 184 
DKA. See Diabetic ketoacidosis 
D02. See Oxygen delivery 
Dobutamine, 689-691 

actions, 689, 690/ 
administration, 691 
adverse effects, 691 
clinkal uses, 690 
for treatment of acute heart fail­

ure, 1801, 182-183, 2261 
for treatment of severe sepsis 

and septic shock, 527 
Dopamine, 691-693 

ad verse effects, 693 
cli11jcal uses, 692-693 
dose adnlliustration, 693 
Jijgh dose rates, 692 
intermediate dose rates, 692 
low-dose rates, 691-692 
for h·eahnent of acute heart fa il­

ure, 1801 
for treatment of anaphylactic 

shock, 531-532 
for treatment of cardioge1uc 

shock, 2261 
treatment of oliguria and, 

397-398 
for treatment of severe sepsis 

and septic shock, 527 
wedge pressure, 692 

Doxycycline, for treatment of 
chronk obstructive pul­
monary disease, 2791 



Droperidol 
neuroleptic malignant syn­

drome and, 5101 
torsades de pointes and, 2521 

Drug administration routes, 
195-196 

Drug fever, 509, 5091 
Drug infusion rates, 732 
Drugs. See nfso individunl drug 

nnmes nnd cnlegories 
affecting pupils, 6171 
associated with acute intersti­

tial nephxitis, 4001 
associated with delirium, 616 
associated with hyperkalemia, 

4341, 435 
associated with hypocalcemia, 

460, 4611 
associated with myasthenia 

gravis, 632 
associated with nephrngenic 

diabetes insipid us, 418 
associated with neuroleptic 

malignant syndrome, 5101 
associated with seizures, 6291 
associated with torsades de 

poi.ntes, 251, 2521 
lactic acidosis and, 365 
magnesium deficiency and, 

446-447 
neuromuscular blocking, 

636-638, 6371 
Dubois formula, for body surface 

area, 731 
Dysoxia, 132 

E 
Echocardiography abnormalities 

hyperkalemia and, 436-437, 
436/, 4381 

hypokalemia and, 431 
stroke ai1d, 647 

ECV. See Extracellular volLUne 
Edema 

cardiogenic pulmonary, 258, 
312 

cerebral, 417 
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hydrostatic pulmonary, 
258-260 

laryngeal, 342-345, 344/ 
pulmonary, 537 

EDP. See End-diastolic pressure 
EdrophoniLUn, 633 
EDY. See End-diastolic voltm1e 
EF. See Ejection fraction 
Effective osmotic activity, 411 
Ejection fraction (EF), ventricular, 

177-178 
Electrolytes 

content of body fluids, 729 
magnesitm1 depletion and, 448 
in total parenteral nutrition, 

595 
Embolic stroke, 641 
Embolism, venous air, 71-72 
Emphysema 

pulmonary interstitial, 321 
subcutaneous, 321, 322 

Empiric antibiotic therapy 
for treatment of catheter­

related septicemia, 88-90, 
89f 

for treatment of minaxy tract 
infections, 557-558 

Empiric antimicrobial therapy, 
516 

for treatment of severe sepsis 
and septic shock, 528 

End-diastolic pressure (EDP), 122 
heart failme and, 176 

End-diastolic volLUne (EDV), 
120-122 

heart failure and, 1 76-177 
End-expiratory air flow, in intrin­

sic PEEP, 329 
End-expiratory occlusion, in in­

trinsic PEEP, 329 
End-expiratory pressure, during 

ventilator breath, 301 
Endocarditis, 92-93 

nosocomial, 514 
Endogenous fuel stores, 5671 
Endotracheal intubation, switch 

to tracheostomy, 317 
Endotracheal route, 196 
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Endotracheal tubes, 287, 315-316 
laryngeal damage, 316 
migration of, 315-316 
paranasal sinusitis, 316 

End tidal PC02, monitoring dur­
ing CPR, 201-202, 20lf 

Energy expenditures, daily, 
563-566 

basal, 564--565 
healthy adults, 564, 565t 
ICU patients, 564--565, 5651 
indirect calorimetry, 565-566 
oxidation of nutrient fuels, 

563-564, 5641 
predictive equations, 564--565, 

5651 
resting, 565-566 

Enhanced clearance, treatment of 
hyperkalemia and, 439 

Enhanced potassium cellular re­
lease, 434--435 

Enoxaparin 
as adjunct to reperfusion ther­

apy, 221 
dosage based on renal hmction, 

2211 
for h·eatrnent of venous throm­

boembolism, 38-39, 391 
Enteral tube feeding, 21, 577-590 

comphcations, 587-589 
aspiration, 588 
d iarrhea, 588-589 
tube occlusion, 587-588 

conditionally essential nutri­
ents, 581-582 

feeding formulas, 578-582 
caloric density, 578-579, 

5791 
lipid content, 580-581, 5811 
osmolality, 580 
protein content, 580 

feeding regimen, creating, 
582-585, 583t 

initiating, 585-587 
feeding tube insertion, 585, 

586/ 
gash·ic residuals, 586-587 
starter regimens, 587 

patient selection, 578 
trophic effects, 577-578 

Enterobacter, 5131 
Enterococci, 5131 

as cause of catheter-related sep­
ticemia, 88, 911 

Enlerococcus f11ecalis 
imipenem for, 677 
vancomycin for, 683 

Epilepsia partialis continua, 628 
Epinephrine 

lactic acidosis and, 365 
for treatment of anaphylactic 

shock, 531 
for treatment of anaphylaxis, 

530 
for treatment of asthma, 274 
for treatment of cardiac arrest, 

196-197, 1971 
for treatment of post­

extubation strido1� 
345-346 

via endotracheal route, 196-197 
Eptifibatide, as adjLmct to reper­

fusion therapy, 222, 2231 
Erytlu-ocyte products, 482-486 

leukocyte-poor red cells, 483 
packed cells, 482-483 
storage effects, 483-484, 4841 
washed red cells, 483 

Erytlu·ocyte h·ansfusions 
erythrocyte products, 482-486, 

4841, 485/ 
h«msfusion risks, 486-490, 487t 
transfusion trigget� 481-482 

Erytlu-ocyte transketolase assay, 
572-573 

Erythromycin 
midazolam and, 661 
torsades de pointes and, 2521 

Esche rich i11 coli 
as cause of catheter-related sep­

ticemia, 88 
as cause of ICU infections, 5131 
gastric acid suppression and, 

24, 25/ 
Esmalol, for treatment of atrial 

fibrillation, 240, 2401 



Esmolol, 6951 
in treahnent of acute aortic dis­

section, 229, 2291 
Essential h·ace elements 

daily requirements, 573-574, 
5731 

selenium, 574 
Ethylene glycol intoxication, 

373-375, 375/ 
Eu thyroid sick, 606-607 
Exhalation, duri.ng ventilator 

breath, 301 
Exit-site infection, 84 
Expressive aphasia, 644 
Extended-spectrum penicillins, 

682 
Extracellular volume (ECV), 

413-414 
for treabnent of hyponatremia, 

424 
Extrarenal potassiw11 loss, 430 
Extri.nsic PEEP, 326 

F 

adding to i.ntri.nsic PEEP, 330 
response to, 329 

Face masks, 8 
Failu.re to wean from mechanical 

ventilation, 339-341 
Famotidine (Pepcid), 22, 23t 
Feeding formulas, 578-582 

caloric density, 578-579, 5791 
immune-modulating, 581 1  
Lipid content, 580-581, 581 1 
osmolality, 580 
protein content, 580 

Feed ing tube i.nsertion, 585, 586/ 
Feeding tube occlusion, 

587-588 
Femoral vein, as venous access 

site, 661, 68-71 
anatomy, 68, 69/, 70/ 
benefits and risks, 70-71 
locating vessel, 68-69 

Femoral vei.n thrombosis, 83 
Fenestrated tracheostomy tube, 

344, 344/ 
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Fentanyl, 653, 6541 
accumulation of, 655 
morphine vs., 654-655 

Fever, 505-520 
as defense mechanjsm, 

516-517, 517/ 
defined, 506 
iatrogeruc, 511 
initial approach, 515-518 

antipyretic therapy, 516-518 
blood cultures, 515 
empi1·ic antimkrobial ther-

apy, 516 
non-hemolytic, 487-488 
noninfectious sources, 506-511,  

507t 
drug fever, 509-, 5091 
malignant hyperthermja, 

507-508 
neuroleptic malignant syn­

drome, 510-511, 5101 
pos top era ti ve fever, 506-507 

normal body temperature, 505 
nosocomial infections, 511-515, 

5121 
necrotizing wound, 513-514 
para.nasal sinusitis, 514 
prevalence and pathogens, 

511-512, 5131 
surgical wound, 512-513 

platelet transfusions and, 503 
stroke and, 649-650 
suppression of, post-CPR, 

202-203 
when fever is harmful, 517-518 

Flecainide, torsades de pointes 
and, 2521 

Flow rate, in vascular catheters, 
54 

Fluconazole, 675-676 
for treahnent of candidu ria, 

559 
for treahnent of catheter­

related septicemfa, 911  
Fluid management 

for treatment of acute respira­
tory d istress syndrome, 
264-265 
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Fluid management (continued) 
for treatment of djabetic keto­

acidosis, 3691, 370 
Fl umazenil, for benzod iazepine 

toxki ty, 710 
Fluoroquinolones, 679-681 

activity and clinical uses, 680 
adverse effects, 681 
dosing, 680-681, 6811 
interaction with sucralfate, 26 
for treatment of chronic 

obstructive pulmonary 
disease, 279t 

Flushing catheters, 78 
Focal seizures, 628 
Fomepizole, for treatment of eth­

ylene glycol intoxication, 
374, 375 

Fondaparinux 
dosing regimen, 40 
indications, 41 
for thromboprophylaxis, 40-41 

Fosphenytoin, for treatment of 
seizures, 631 

Fractional excretion of sodium, in 
evaluation of renal filllure, 
394 

Frnnk Stnrli11g Lnw of tile Henri, 120 
Free water deficit 

in hypovolemic hypernatremia, 
415-416 

replacing, 416-417 
in non-ketotic hyperglycemia, 

419-420 
Frend1 sizes, 53, 54t, 56t, 723 
Fuel stores, 5671 
Furosemide 

by continuous infusion, 
184-185 

magnesium deficiency and, 446 
truamine and, 570 
for treatment of heart failure, 

181, 182, 183, 184 
for treatment of hypercalcemia, 

464-465, 465t 
treatment of oliguria and, 

397-398 
Fusion beats, 248 

G 
Gap-gap, 360-361 
Gaps, 357 

anion, 357-360, 3591 
gap-gap, 360-361 

Gas exchange, measures of, 732 
Gastric acidity, reduced, 22-25, 

231, 241, 25/ 
gastric cytoprotection vs., 26-28 
hazards of gastric acid suppres­

sion, 24-25 
Gastric colonization, 549 
Gastric cytoprotection, 25-26 

reduced gastric activity vs., 
26-28 

Gastric residuals, in enteral tube 
feeding, 586-587 

Gastric secretion, metabolic alka­
losis and loss of, 379 

Gastrointestinal tract decontamj­
nation, 5511 

Gatifloxacin, 680, 6811 
torsades de pointes and, 2521 
for treatment of chrome ob­

structive pulmonary dis­
ease, 2791 

Gauge sizes, 53, 541, 561, 723 
Generalized seizures, 628 

Ln1ipenem and, 677-678 
General surgery 

risk of venous thromboem­
bolism and, 31-33, 321 

tlu-ornboprophyJaxis for� 341 
Gentarnkin, 671 

for h·eatrnent of pneumonia, 5431 
GFR. See Glornerular filtration rate 
Glasgow coma score, 205, 

619-620, 6201 
Global aphasia, 644 
Glomerular filh·ation rate (GFR), 

392, 396, 435 
Gloves, 5-7 

hand washing and, 6 
indications, 5-6 
latex allergy, 6-7 
recommendations for use in 

ICU, 71 
for vascula1· cannulation, 61 



Glucagon 
for treatment of anaphylactic 

shock, 531 
for treatment of beta-blocker 

toxicity, 711-713, 712/ 
Glucose loading, as cause of 

hypophosphatemia, 467 
Glutamine 

amino acid solutions enriched 
with, 593 

enteral tube feeding and, 582 
Glycemic control, post-CPR, 204 
Graded compression stockings, 

35 
Gram-negative aerobic bacilli 

as cause of catheter-related sep­
ticemia, 88, 911 

skin hygiene and, 1 
Grave's d isease, 609 
Guidewire technique, 63, 64/ 
Guillain-Barre syndrome, 6321, 

634 

H 
Hagen-Poisseuille equation, 54 

catheter size and infusion rate 
and, 146 

Haloperidol, 663-665, 664t 
neuroleptic malignant syn­

drome and, 510, 5101 
torsades de pointes and, 2521 
for treatment of delirium, 616 

Handwashing, 3-5, 41 
gloves and, 6 
before vascular cannulation, 61 

HBV. See Hepatitis B virus 
HCV. See Hepatitis C virus 
Heart disease, supra ventricular 

vs. ventricular tachycardia 
and primary, 248-249 

Heart failure. See also Acute heart 
faiJure(s) 

hemodynamic support for, 
2261 

left-sided diastolic, 185-186 
left-sided systolic, 180-185 
right, 186 

Hematocrit 

Index 753 

detecting blood loss and, 
142-143 

response to red blood cell 
transfusions, 484--485 

Hemodiafiltration, 405 
Hemodialysis, 402-404, 403/ 

advantages and disadvantages, 
404 

fever and, 508 
method, 402 
for treatment of ethylene glycol 

intoxication, 374-375 
for treatment of hyperkalemia, 

439 
for treatment of hyperrnagne­

semia, 454 
for treatment of hyperphos­

phatemia, 473 
vascular access, 402-403 

Hemodialysis catheters, 58-59, 
59/ 

Hemodynamic drugs, 689-704 
dobutamine, 689-691, 690/ 
dopamine, 691-693 
nitroglycerin, 694-697, 6951 
nitroprusside, 697-701 
norepinephrine, 701-702 

Hemodynamic profiles, 109 
Hemodynamics 

invasive, 143-144 
of nitroglycerin, 696 
potential organ donor and, 623 
of pulmonary artery catheters, 

104-109, 1051 
cardiovascular, 104-108, 105t 
oxygen transport, 1051, 

108-109 
Hemodynarnic support, for car­

diac pump failme, 
226-227, 2261 

Hemofiltration, 403/, 404--405 
advantages and disadvantages, 

405 
arteriovenous, 405 
method, 404 
vascular access, 404--405 
venovenous, 405 
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Hemoglobin 
detecting blood loss and, 

142-143 
phosphate depletion and, 469 
response to red blood ce!J 

transfusions, 484-485 
transfusion trigger, 481--482 

Hemoglobin-bound oxygen, 
1 25-126 

Hemolysis, hypermagnesemia 
and, 453 

He111opliilus inf111enzn 
ceftriaxone for, 679 
chronic obstructive pulmonary 

disease and, 278 
fluoroquinolones for, 680 
respiratory precautions for, 9/ 

Hemorrhage and hypovolemfa, 
1 39-156, 415 

body fluids and blood loss, 
139-141 

clinical evaluation, 141-145 
acid-base parameters, 

144-145 
hemoglobin and hematocrit, 

142-143 
invasive hemodynamics, 

143-144 
vital signs, 141-142, 1431 

resuscitation strategies, 149-154 
correcting anemia, 153 
end-points of resuscitation, 

153-154 
promoting cardiac output, 

149-152, 151/ 
resuscitation volume, 

152-153 
volwne infusion, 145-148 

catheter size, 146-147, 147/ 
type of resuscitation fluid, 

148, 149/ 
Hemorrhagic stroke, 641--642 
Heparin. See nlso Low-dose 

heparin; Low-molecuJar-
weight heparin 

as adjunct to reperfusion ther­
apy, 220-221, 2211 

for treatment of stroke, 648 

weight-based dosing regimen, 
481 

Heparin-bonded catheters, 56--57 
Heparin-induced thrombocytope­

nia (HJT), 494--497 
acute management, 495--496, 

4961 
clinical features, 494--495 
diagnosis, 495 
long-term management, 

496--497 
pathogenesis, 494 
risk factors, 495 

Heparinized flushes, 78 
Heparin Jock, 78 
Hepatic failure, amino acid solu­

tions for, 593 
Hepatic insufficiency, lactic acido­

sis and, 365 
Hepatitis B vaccine, 13-14 
Hepatitis B virus (HBV), 13-15 

management following possi­
ble exposure, 14, 151 

risk of h·ansmission, 14 
Hepatitis C virus (HCV), 15-16 

postexposure management, 
16 

risk of transmission, 16 
Hip surgery, thromboprophylaxis 

for, 391, 41 
Histamine blockers, for treatment 

of anaphylaxis, 530 
Histamine type-2 receptor 

antagonists (H2 blockers), 
22, 231 

dosage adjustment in renal in­
sufficiency, 241 

HJT. See Heparin-induced th rom­
bocytopenia 

HIV. See Human i.111.111.Lmodefi­
ciency virus 

Household and apothecary con­
versions, 721 

Human immunodeficiency virus 
(HIV), 1 1-13 

mucous membrane exposure, 
11  

percutaneous exposure, 11  



postexposure management, 
1 1-13, 121 

Hydrochloric acid infusion, for 
treatment of metabolic al­
kalosis, 387-388 

Hydrocortisone 
for treahnent of adrenal insuffi­

ciency, 605, 6061, 624 
for treatment of hypercalcemia, 

4651, 466 
for treatment of severe sepsis 

and septic shock, 528 
for treatment of thyroid storm, 

611 
Hydrogen ion concentration, 

349-350, 3501 
Hydromorphone, 653, 6541 
Hydrostatic pulmonary edema, 

acute respiratory distress 
syndrome vs., 258-260 

Hydroxyethyl starch (hetastarch), 
165-166 

Hypercalcemia, 463--467 
clinical manjfestations, 463--464 
etiologies, 463 
management, 464-467, 4651 

Hypercapnia 
permissive, 262, 290 
total parentera l nutrition and, 

600 
Hypercatabolism, amino acid so­

lutions for, 592-593 
Hyperchloremic metabolic acido­

sis, 159, 359 
Hyperglycemia 

dextrose solutions and, 162 
non-ketotic, 419--420 
stroke and, 649 
total parenteral nutrition and, 

599 
Hyperkalemia, 433--439 

acute management, 437--439, 
4381 

drugs that cause, 4341 
ECG abnormalities and, 

436-437, 436/ 
enhanced ceUuJar release, 

434-435 
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impaired renal excretion, 
435--436 

pseudohyperkalemja, 433--434 
Hyperlactatemia, 1 35-136 

stress, 364 
Hypermagnesemia, 452--454 

clinical manifestations, 453--454 
etiologies, 453 
management, 454 

Hypernatremia, 412--414. See nlso 
Hypovolemic hyperna­
tremja 

causes of, 412--413, 4121 
extracellular volume, 413--414 
management of, 413/ 

Hypernatremic encephalopathy, 
415 

Hyperphosphatemia, 472--473 
Hypertension 

stroke and, 648-649 
treating, in acute aortic d issec­

tion, 228, 2291 
vasodilator therapy of hyper­

tensive emergencies, 695t 
Hyperthermia, malignant, 

507-508 
Hyperthyroidism, 6071, 609-61 1  

apathetic thyrotoxjcosis, 609 
clinical manifestations, 609-610 
diagnosis, 610 
management, 610-611 
thyroid storm, 609-610 

Hypertonic, 411 
Hypertonjc and hypotonjc condi­

tions, 409--426 
diabetes insipidus, 417--418 
hypernah·emia, 412--414, 4121, 

413/ 
hyponatremfa, 420--425, 423/ 
hypovolemjc hypernatremia, 

414--417, 4141 
non-ketotic hyperglycemia, 

419--420 
osmotic activi ty, 409--411 

Hypertonkity, 415 
Hypertonic resuscitation, 169-170 
Hypervolemic hyponatremia, 422 
Hypoactive delirium, 615 
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Hypocalcemia 
ionized, 459-463, 461-4621 
magnesium depletion and, 448 

H ypokalemia, 428-433 
clinical manifestations, 430-431 
diagnostic approach, 430/ 
management, 431-433 
metabolic alkalosis and, 381 
potassium depletion, 429-430, 

4321 
refractory, 433 
transcellular shift, 428-429 

Hypomagnesemia. See also Mag­
nesium 

replacement protocols for, 
451-452 

Hyponatremia, 420-425 
changes in total body sodium 

and water in, 4121 
diagnostic approach, 421-422, 

423/ 
hypervolemic, 422 
hypovolemic, 421-422 
isovolemic, 422 
management, 424-425 
pseudohyponatremia, 420-421 
symptoms, 422-423 

Hypophosphatemia, 467-472 
clinical manifestations, 

469-471, 470/ 
etiologies, 467-469 
magnesium depletion and, 

448 
phosphorus replacement, 

471-472, 4711 
total parenteral nutrition a.nd, 

599 
Hypos, 372 
Hypotension, blood loss and, 142, 

1431 
Hypothermia, induced, following 

cardiac arrest, 2031 
Hypothyroidism, 606-609, 6071 

clinical manifestations, 607-608 
d iagnosis, 608 
euthyroid sick, 606-607 
management, 608-609 

Hypotonic, 411 

Hypoventilation, metabolic alka­
losis and, 383/, 392-383 

Hypovolernia. See Hemorrhage 
and hypovolemia 

Hypovolemic hypernatrernia, 
414-417 

consequences of hypo tonic 
fluid loss, 415 

free water rep lace men t, 
415-417 

volume replacement, 415 
H ypovolemic hyponatremia, 

421-422 
Hypovolemic shock, 141, 144 

end-points of volume resuscita­
tion, 153-154 

hemodynarnk patterns in, 
1101 

volume infusion and, 145-146 
Hypoxia, cytopathic, 364, 529 

IABP, for treatment of cardiogeruc 
shock, 2261 

Iatrogenic fever, 511 
Ibuprofen, as antipyretic, 518, 649 
lbutilide 

for pharmacologic cardiover­
sion, 239, 2401 

torsades de pointes and, 2521 
ICU patients, daily energy re­

quirements, 564-565, 5651 
Ideal body weight, 659, 662, 693, 

731 
Imipenem, 677-678 

for treatment of abdominal ab­
scess, 555 

for treatment of catheter­
related septicemia, 90, 911 

for treatment of pneumonia, 
5431 

for treatment of urinary tract 
infection, 558 

lnln1Lme-modulating enteral feed­
ing formulas, 5811 

Inunune suppression, transfu­
sions and, 490 



Immunoglobulin G 
for treatment of Guillain-Barre 

syndrome, 634 
for treatment of myasthenia 

gravis, 634 
Irnn1w1onuh·ition, 581 
IMV. See Intermittent mandatory 

ventilation 
Indirect calorimeh·y, 565-566 
Indwelling vascular catheter. See 

Vascular catheter, in­
dwelling 

Infarction, fever and, 511 
Infection control, 1-17 

blood-borne infections, 10-16 
enteral feeding and, 577-578 
protective barriers, 5-10 
skin hygiene, 1-5 

Infections. See also Infection con­
trol; Sepsis; Shock 

catheter-related, 83-94 
catheter tip cultmes, 85-86, 

86t 
clinical features, 85 
empiric antibiotic coverage, 

88-90, 89/ 
persistent sepsis, 92-94 
quantitative blood cultures, 

86-88, 88/ 
routes of, 83-84, 84/ 
treatment of catheter-related 

septicemia, 90-92, 911 
types of, 84 

inflammation and, 523. See also 
Inflammatory injury 

Infectious Disease Society of 
America, 558 

Inferior vena cava filters, to pre­
vent pulmonary emboliza­
tion, 50 

Inflammation 
anemia of critical i l lness and, 

478 
antioxidant vitamins and, 573 

Inflammatory injury, 521-524 
clinical conditions, 522 
malignant intravascular i.nflam­

mation, 522 
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multiorgan injmy, 523-524, 5241 
renal, 398 
systemic inflammatory re­

sponse syndrome, 
522-523, 5231 

Inflammatory response, anaphy-
laxis and, 529 

Infusion rate, of enteral tube feed­
ing, 584 

Inodilators, for treatment of heart 
failure, 182 

Inspiratory resistance, 295-296 
Insulin-dextrose therapy, for hy­

perkalernia, 439 
Insulin therapy 

for treatment of diabetic keto­
acidosis, 369, 3691 

for treatment of non-ketotic hy­
pergl ycernia, 420 

Intermittent mandatory ventila­
tion (IMV), 303-304 

Intermittent pneumatic compres­
sion (IPC) devices, 35 

Internal jugular vein, as venous 
access site, 661, 67-68 

anatomy, 67 
anterior approach, 67 
benefits and risks, 68 
posterior approad1, 67 

Intracardiac shunts, pulmonary 
artery catheter and, 103 

Intracellular organisms, in bron­
choalveolar lavage speci­
mens, 539-540 

lntraosseous (IO) route, 196 
lntravascular pressure, trans­

mural pressure vs, 113 
Intravenous route, 195-196 
Intrinsic positive end-expiratory 

pressure (intrinsic PEEP), 
190, 326-330, 326/ 

consequences, 328 
management, 329-330 
monitoring, 328-329 
pathogenesis, 326-327, 326/ 
predisposing factors, 327 

Introducer catheters, 57-58, 58/, 
147 
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Intubation 
h·acheaJ, 287-288 
translaryngeal, 342-343 

Inverse ratio ventilation (IRV), 
305-306, 306/ 

Iodide, for treatment of hyperthy­
roidism, 610-611 

Iodophors, as antiseptic agents, 
2-3, 21 

Ionized calciLUn, 457-458, 458/, 
4581 

Ionized hypocalcemia, 459-463, 
461-4621 

calcium replacement therapy, 
461-463, 4621 

clinical ma11jfestations, 461 
etiologies, 459-461, 461 1  

IO route. See Intraosseous route 
IpatropiLUn bromide 

for treatment of asthma, 275, 
2751 

for treatment of clu-onic ob­
structive pulmonary dis­
ease, 277-278 

IPC devices. See Intermittent 
pneumatic compression 
devices 

IRV. See Inverse ratio ventilation 
Ischemic stroke, 641, 643/ 
Isosthenuria, 394 
Isotonic, 411 
Isotonic saline, 158-159 

adverse effects, 159 
composition, 158-159 

Isovolem.ic hyponatremia, 
422 

J 
Jacobson formula, for body sur­

face area, 731 

K 
Ketoacidosis 

alcoholic, 367/, 371-373 
diabetic. See Diabetic ketoaci­

dosis 

Ketorolac, 657-658 
Klebsielln pne111nonine, 5131 

as cause of catheter-related sep­
ticemia, 88 

Knee surgery, thromboprophy­
laxis for, 391, 41 

L 
Labetalol 

for acute control of hyperten­
sion, 649, 6951 

in treatment of acute aortic dis­
section, 229 

Lactated Ringer's solution, 148, 
159-160 

adverse effects, 159-160 
composition, 159 
drug interaction, 159-160 

Lactate production, dextrose solu­
tions and enhanced, 162 

Lactic acidosis, 363-366 
alkali therapy, 366 
clinical presentation, 363 
D-lactic acidosis, 365-366 
etiologies, 363-365, 364/ 

D-Lactic acidosis, 365-366 
Laryngeal damage, 316 
Laryngeal edema, 342-345, 344/ 
Latex allergy, 6-7 
Lazarus' sign, 623 
LDUH. See Low-dose unfraction­

ated heparin 
Left-sided diastolic heart failme, 

185-186 
Left-sided systolic heart failure, 

180-185 
LepirudiJl, for treatment of he­

parin-induced thrnmbocy­
topenia, 495-496, 4961 

Leukocyte-poor red cells, 483 
Levofloxacin, 680, 6811 

torsades de pointes and, 2521 
for treahnent of du·onic ob­

structive pulmonary dis­
ease, 2791 

for treatment of pneumonia, 
541, 5431 



Levothyroxine, for treatment of 
hypothyroidism, 608-609 

Lidocaine 
for h·eatment of cardiac arrest, 

197t, 1 98 
for treatment of venh·icular 

tachycardia, 250 
via endotracheal route, 196 

Life support 
advanced, 191-199 
basic, 189-191 

airway patency, 189 
chest compressions, 190-191 
ventilation, 189-190 

Linezolid, 684-685 
lactic acidosis and, 365 
for MRSA or vancomycin­

resistant strains, 516, 528 
for treatment of catheter­

related septicemia, 91 1  
for treatment of  pneumonia, 

543, 5431 
for treatment of severe sepsis 

a11d septic shock, 528 
for treahnent of urinary tract 

infection, 558 
Linoleic acid, 567 
Lipid calories, in total parenteral 

nutrition, 598 
Lipid content, of feeding formu-

las, 580-581 ,  581 t 
Lipid emulsions, 593-594, 5941 
Lipids, 567 
Liposomal amphotericin B, 

675 
Lithium, neuroleptic malignru1t 

syndrome and, 510t 
LMWH. See Low-molecular­

weight heparin 
Lone atrial fibrillation, 237 
Loop diuretics, magnesium defi­

ciency and, 446 
LorazepM1, 659t, 660 

for treahnent of seizures, 630 
Low-dose heparin 

complications, 37 
dosing regimen, 36 
indications, 36 
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for thromboprophylaxis, 36-37, 
371 

Low-dose unfractionated heparin 
(LDUH), for thrombopro­
phylaxis, 34t 

Low-molecular-weight heparin 
(LMWH) 

as adjunct to reperfusion ther­
apy, 220-221 

in antithrombotic therapy, 
47-48 

risk of heparin-induced throm­
bocytopenia and, 495 

for thromboprophylaxis, 341, 
38-40, 391 

Low-volume ventilation, 288-290 
for acute respiratory distress 

syndrome, 262-264, 2631 
PEEP during, 311 
protocol for initiating, 2891 

Lugol's solution, iodide added to, 
611 

Lung inflation, during ventilator 
breath, 300 

Lung injury, red blood cell 
transfusions and acute, 
489-490 

Lung mechrulics, 290-296 
inspiratory resistance, 295-296 
mechanical properties of the 

lungs, 290 
practical applications, 293-294, 

294/ 
proximal airway pressures, 

291-293, 291/, 292t 
thoracic compliance, 295 

Lung recruitment, 309-310, 309/ 
Lung scan, for evaluation of ve­

nous thromboembolism, 
45-46 

Lusitropic effects, 186 

M 
Magnesium, 443-456 

hypermagnesemia, 452-454 
magnesiwn balance, 443-445, 

4441, 445/ 
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Magnesium (continued) 
magnesium deficiency. See 

Magnesium deficiency 
preparations, 450-451, 4511 
reference ranges for, 4441 
serum, 443-444 
thiamine and, 571 
for treatment of cardiac arrest, 

1971, 198-199 
for treahnent of multifocal 

atrial tachycardia, 243-244 
for treatment of torsades de 

pointes, 252 
urinary, 444, 445/ 

Magnesium deficiency, 445-452 
as cause of ionized hypocal-

cem.ia, 459 
clinical manifestations, 447-449 
diagnosis, 449-450 
incidence, 445 
magnesium preparations, 

450-451 ,  451 1  
magnesium retention test, 4491, 

450 
markers of, 4461 
predisposing conditions, 

445-447 
refractory hypokalemia and, 

433 
replacement protocols, 451-452 

Magnesium preparations, 
450-451 ,  4511 

Magnesium retention test, 4491, 
450 

Magnesiwn sulfate, 450-451, 4511 
Magnetic resonance imaging, in 

evaluation of stroke, 
646-647 

Malignant hyperthermia (MH), 
507-508 

Malignant intravascular inflam­
mation, 398, 522 

Masks, face, 8 
vascular cam1ulation and, 61 

Maximum inspiratory pressure, 
335-336 

MDls. See Metered-dose inhalers 
Mean arterial pressure, 200 

Measurement 
of body size, 731 
of gas exchange, 732 
Lmits of, in Systeme Interna­

tionale, 719-720 
Mechanical complications, of 

acute cardiac syndromes, 
224-225 

Mechanical compression devices, 
for thromboprophylaxis, 
341, 35 

graded compression stockings, 
35 

pneumatic compression de­
vices, 35 

Mechanical ventilation, 283-297. 
See also Positive-pressure 
breathing; Ventilator­
dependent patient 

discontinuing, 333-347 
failure to wean, 339-341, 

339/, 341/ 
identifying candidates, 

333-336, 334-3351, 336/ 
post-extubation period, 

345-346 
spontaneous breathing trials, 

336-338 
tracheal decannulation, 

342-345, 344/ 
initiating, 287-290, 2891 
monitoring lung mechanics, 

290-296, 291/, 2921, 
294/ 

positive-pressure ven tila ti on, 
283-287, 284/, 286/ 

Membrane antagonism, hyper­
kalemia and, 437-438 

Men 
body fluid distribution in, 729 
body fluid volumes in, 139, 

1401 
creatinine clearance in, 3951 
desirable weights in, 728 
normal peak flow rates for, 270, 

270/ 
normal range of values for red 

cell parameters in, 4781 



peak expiratory flow rates for, 
729-730 

Meningitis, nosocomial, 515 
Mentation d isorders, 613--625 

brain death, 620-624, 6221 
coma, 616-620, 6171, 618/, 

6201 
delirium, 614-616, 615/ 
states of consciousness, 

613-614, 6141 
Meperidine, 655 
Meropenem, 678 

for treatment of catheter-re­
lated septicemia, 90, 911 

for treatment of gram-negative 
infections, 516 

for treatment of pneumonia, 
542, 5431 

for treatment of severe sepsis 
and septic shock, 528 

for treatment of urinary tract 
infection, 558 

Metabolic acid-base d isorders, 
350, 3511, 352-353, 352/ 

Metabolic acidosis, 350, 3511, 352/, 
353 

anion gap of, 358-359 
hyperchloremic, 359 
mixed, 361 
primary, 355 

Metabolic alkalosis, 350, 3511, 
352/, 353, 361, 379-389 

chloride-resistant, 385, 3851 
chloride-responsive, 385, 3851 
classification of, 384-385, 3851 
hypoventilation, 382-383, 

383/ 
management of, 386--388 
neurologic manifestations, 382 
origins of, 379-382 
systemic oxygenation, 383-384, 

384/ 
Metaclopramide, neuroleptic ma­

l ignant syndrome and, 
5101 

Metered-dose inhalers (MDis), 
271-273 

nebulizers vs., 273, 274/ 
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Metformin, lactic acidosis and, 
365 

Methadone, torsades de pointes 
and, 2521 

Methanol intoxication, 375-376, 
375/ 

Methemoglobinemia, of nitro­
glyce1in, 696 

Meth ici l l in-resistant Slnphylococ­
ws n11re11s (MRSA) 

antibiotics for, 516, 528, 542, 683 
vancomycin for, 683 

Methimazole, for treatment of hy­
perthyroidism, 610 

Methylprednisolone 
for treatment of acute respira­

tory distress syndrome, 
265 

for treatment of adrenal insuffi­
ciency, 6061 

for treatment of anaphylaxis, 
531 

for treatment of astluna, 2751, 
276 

for treatment of duonic ob­
structive pulmonary dis­
ease, 278 

Metoclopramide, for treatment of 
gastric resid uaJs, 586-587 

Metoprolol 
for treahnent of acute cardiac 

syndromes, 213 
for treatment of atrial fibrilla­

tion, 240, 2401 
for treatment of mu1tifoca1 

atrial tachycardia, 244 
Metronidazole, for treatment of C. 

difficile colitis, 553 
MG. See Myasthenia gravis 
MH. See Malignant hyperthermfa 
Midazolam, 659--660, 6591 

erythromycin and, 661 
Migration, of indwelling endotra­

cheal tubes, 315-316 
Mill wheel murn1ur, 72 
MiJrinone, for treatment of acute 

heart failure, 1801, 1 82-183, 
1 86 
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Minocycline, on catheters, 57 
Mitra! regurgitation, acute, 225 
Mixed metabolic and respiratory 

acid-base disorder, 355 
Mixed respiratory acidosis and 

metabolic alkalosis, 356 
Morphine, 653, 654t 

fentanyl vs., 654-655 
for relief of chest pain, 

210-212 
Mortality rate 

acute respiratory distress syn­
drome, 255 

multiorgan injury, 524 
severe sepsis and septic shock, 

525, 525/ 
tracheostomy, 318 
ventilator-assisted pneurnon.ia, 

536 
Movement d isorders, 627-640 

neuromuscular blockers, 
636-638, 637t 

neuromuscular weakness, 
632-635 

critical illness polyneuropa­
thy and myopathy, 635 

Guillain-Barre syndrome, 
632t, 634 

myasthenia gravis, 632-634, 
6321 

seizures, 627-632 
acute management, 630-631, 

630/ 
predisposing conditions, 629, 

6291 
types of, 627-629 

Movements 
associated with seizures, 627 
spontaneous, brain death and, 

623 
Moxifloxacin, 680, 6811 

for treahnent of chronk ob­
structive pulmonary dis­
ease, 279t 

for treahnent of pneumonia, 
541 

MRSA. See Methkillin-resistant 
Stnpilylococws nureus 

Mucociliary clearance, 319 
Mucolytic agent, 320 
Mucolytic therapy, 320-321 

with N-acetylcysteine, 3201 
Mucosa! disruption, 549-550 
Multifocal atrial tachycardia, 

243-244 
Multilobar pneumonia, 258 
Multi. lumen catheters, 55 
Multiorgan injmy, 523-524 

mortality rate, 524 
Muscle weakness, hypophos­

phatemia and, 469-470 
Myasthen.ia gravis (MG), 632-634, 

6321 
advanced cases, 633-634 
dinical features, 632-633, 632t 
diagnosis, 633 
predisposing conditions, 632 
treatment, 633 

M yasthen.ic crisis, 633 
Mycobncteri11111 tuberrnlosis, respi­

ratory precautions for, 9f 
Mycoplas111n p11e11mo11ine, fluoro­

quinolones for, 680 
Myocardial infarction. See nlso 

Non-ST-segment elevation 
myocardial infarction 

risk of thrornboembolism and, 
33 

Myoclonic movement, 627 
Myoglobi.nuric renal failure, 

400-401 
Myopathy 

critical illness, 341 
steroids and, 276 

Myxedema coma, 608 

N 
NAC. See N-Acetylcysteine 
NafciJJ.in, for treatment of 

catheter-related sep­
ticemia, 91t 

Naloxone, for opioid toxicity, 
713-715, 7141 

Narrow QRS complex tachycar­
dias, 233, 235, 236/ 



ational lnstitute of Neurological 
Disorders and Stroke, 641 

Nebulizers, 271 
metered-dose inhalers vs., 273, 

274/ 
Necrotizing wound infections, 

513-514 
Needles, safety-engi11eered, 10 
Needlestick injuries, 10 

risk of HCV infection from, 16 
risk of HIV infection from, 11  

Neisserin 111eningitidis, respiratory 
precautions for, 9/ 

Neplu·ogenic d iabetes insipidus, 
418 

Neph.rotoxicity 
amphotericin B and, 675 
vancomycin and, 684 

Nesiritide, for treatment of heart 
failure, 185 

Neuroleptic malignant syndrome 
(NMS), 510-511, 5101, 665 

Neurologic findings 
in magnesium depletion, 

448-449 
in metabolic alkalosis, 382 

Neu.rologic outcome, post-CPR, 
204-205 

Neuromuscular blockers, 636--638 
disadvantages, 638 
drugs, 636-638, 637t 
mechanisms, 636 
monitoring, 638 

Neuromuscular excitability, ion­
ized hypocalcemia and, 
461 

Neuromuscular weakness 
critical illness polyneuropathy 

and myopathy, 635 
Guillain-Barre syndrome, 6321, 

634 
myasthenia gravis, 632-634, 

6321 
weaning from mechanical ven­

tilation and, 341 
Neuromuscular weakness syn­

dromes, risk of th.rom­
boembolism and, 33-34 

/ 
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Neurotoxici ty, of beta-blockers, 
711 

Nicardipine, for acute conh·oi of 
hypertension, 649 

Nitrate tolerance, nitroglycerin 
and, 697 

Nih·ogen balance, 568-569 
enteral tube feeding and, 584 
nonprotein calories and, 569, 

569/ 
Nitroglycerin (NTG), 694-697, 

6951 
actions, 694 
administration, 695-696 
ad verse effects, 696 
clinical uses, 694-695 
nitrate tolerance, 697 
for relief of chest pain, 210 
for tream1ent of acute heart fail­

ure, 1801, 181, 182, 183, 1 86 
vasodilator therapy of hyper­

tensive emergencies, 6951 
Nitroprusside, 6951, 697-701 

actions, 697 
clinical uses, 697 
cyanide accumulation, 698/, 

699-700, 7001 
dose administration, 698 
lactic acidosis and, 365 
thiocyanate toxici ty, 700-701 
for treatment of acute aortic 

dissection, 2291 
for treatment of acute heart fail­

ure, 1801, 181-182 
NKH. See Non-ketotic hyper­

glycemia 
NMS. See Neuroleptic malignant 

syndrome 
Non-depolarizing agents, 636 
Non-hemolytic fever, red blood 

cell transfusions and, 
487-488 

Non-ketotic hyperglycemia 
(NKH), 419-420 

Non-opioid analgesia, 657-658 
Nonprotein calories, 566 

in enteral tube feeding, 583-584 
Nonprotein intake, 566-567, 5671 
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Non-recruitable lung, 309 
Non-STEMJ. See Non-ST-segment 

elevation myocardial in­
farction 

onsterile gloves, 5-6 
Non-ST-segment elevation myocar­

dial infarction (non-STEMI), 
209. See nlso Acute coronary 
syndromes 

heparin for, 220 
platelet glycoprotein inhibitors 

for, 223-224 
Norepinephrine, 701-702 

for treahnent of anaphylactic 
shock, 532 

for treatment of severe sepsis 
and septic shock, 527 

Normal body temperature, 505 
Nosocomial infections, 511-515 

endocarditis, 514 
meningitis, 515 
necrotizi.ng wound, 51 3-514 
para nasal sinusitis, 514 
prevalence and pathogens, 

511-512, 512-513t 
spontaneous bacterial peritoni­

tis, 515 
surgical wound, 512-513 

NS Aills 
as antipyretic, 518 
as cause of acute interstitial 

nephritis, 4001 
as cause of hyperkalemia, 4341 

NTG. See Nitroglycerin 
Nucleoside reverse transcriptase 

inhibitors, lactic acidosis 
and, 365 

Nutrient fuels, oxidation of, 
563-564, 5641 

utritional requirements, 563-576 
conditionally essential, 581-582 
d a ii y energy expenditure, 

563-566, 564-5651 
essential trace elements, 

573-574 
daily requirements, 573--574, 

5731 
selenium, 574 

0 

substrate requirements, 
566-569 

nonprotein intake, 566-567, 
5671 

protein intake, 567-569 
vitamin requirements, 570-573 

antioxidant vitamins, 573 
daily, 570, 571 1 
thiamine deficiency, 570-573, 

5721 

Obligate nephrotox.ins, 673 
Occlusion of catheters, 80-83, 811 

restoring patency, 80-82, 81t  
sources of obstruction, 80 

Occult PEEP, 327 
Ocular reflexes, evaluation of 

coma and, 618, 618/ 
OcuJocephalic reflex, 618, 618/ 
Oculovestibular reflex, 618, 618/ 
02ER. See Oxygen extraction ratio 
OLiguria and acute renal failure, 

391-407 
acute interstitial nephritis, 

399-400, 4001 
categories, 391-393 
causes of, 391-393, 3921 
contrast-induced renal faiJme, 

398-399 
definition, 391 
evaluation, 393-397 
inu11ediate concerns, 397-398 
inflammatory renal injury, 

398 
myoglobinmic renal failure, 

400-401 
prerenaJ azotemia vs., 3931 
renal replacement therapy, 

401-405 
hemodialysis, 402-404, 403/ 
hemofiltration, 403/, 404-405 

Omega-3 fatty acids, in feeding 
formulas, 581 

Omeprazole (Prilosec), 23, 231 
Opioids, 653-657 

ad verse effects, 656-657 



intravenous, 653-655, 6541 
meperidine, 655 
patient-controlled analgesia, 

656 
toxicity of, 713-715, 7141 

Opioid-sparing effect, 657 
Oral anticoagulation, for treat­

ment of atrial fibriUation, 
2421 

Oral decontamination, 544-545 
colonization of oropharynx, 544 
digestive, 551 1 
regimens, 544-545 

Organ donor, potential, 623-624 
hemodynamics, 623 
pituitary failure, 624 

Organjc acidoses, 363-378 
alcoholic ketoacidosis, 371-373 
diabetic ketoacidosis, 366-371, 

367/, 3691 
lactic acidosis, 363-366, 364/ 
toxic alcohols, 373-376, 375/ 

Organic anions, metabolic alkalo­
sis and administration of, 
381-382 

Organ injury 
clinical consequences of inflam­

matory, 5241 
multiorgan, 523-524 

Oropharynx, colonization of, 
542-543, 544 

Orthopedic surgery, risk of ve­
nous thromboembolism 
and, 33 

Osmolali ty, 410 
of feed ing formulas, 580 

Osmolarity, 410 
Osmotic activity, 409-411 

definjtions, 409-410 
effective, 411 
of plasma, 410-411 

Ototoxicity, vancomycin and, 684 
Overfeeding, weaning from me­

chanical ventilation and, 
340-341,  341/ 

Oxaci l l in, for treatment of 
catheter-related sep­
ticemia, 91 1  
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Oxidation of nutrient fuels, 
563-564, 5641 

Oxidative energy production, hy­
pophosphatemia and, 469, 
470/ 

Oxygen, in blood, 125-126, 1271 
dissolved, 126 
hemoglobin-bound, 125-126 
total content, 126 

Oxygenation. See Systemic oxy­
genation 

Oxygen consumption, oxygen up­
take and, 128 

Oxygen delivery (002), 1051, 108, 
127-128, 1281 

critical, 132 
effect of red blood cell transfu­

sion on, 485, 485/ 
relation to oxygen uptake, 

131-133, 133/ 
Oxygen extraction 

role of, 131 
tissue oxygenation and, 134 
transfusion trigger and, 482 

Oxygen extraction ratio (02ER), 
1051, 109, 130-131 

Oxygen therapy, for chronic 
obstructive pulmonary 
disease, 279 

Oxygen transport 
anemia and, 479-480 
response to red blood ceU 

transfusions, 485-486, 485/ 
severe sepsis and septic shock 

and, 528-529, 529/ 
Oxygen transport parameters, 

1051, 108-109 
oxygen delivery. See Oxygen 

delivery 
oxygen extraction ratio, 1051, 

109 
oxygen uptake. See Oxygen up­

take 
Oxygen uptake (V02), 1051, 

108-109, 108-110,128-131 
ca !cu lated, 128-129 

measured vs., 129-130, 1301 
control of, 131-133, 133/ 
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Oxygen uptake (continued) 
effect of red blood cell transfu-

sion on, 485-486, 485/ 
hypovolemia and, 144 
measured, 129 
relation to oxygen delivery, 

131-133, 133/ 
tissue oxygenation and, 134 

Oxyhemoglobi.n dissociation, 
phosphate depletion and, 
469 

p 
Packed cells, 148, 150, 482-483 
Parnidronate, for treatment of hy-

percalcemfa, 4651, 
466 

Pancreatic enzyme, for treatment 
of feeding tube occlusion, 
588 

Pancreatitis, as cause of ionized 
hypocalcemia, 460 

Pancuronjurn, 636, 6371 
Pantoprazole, 23, 231 
ParaJ1asal sinusitis, 316, 514 
Parenteral therapy, for asthma, 

273-274 
Paroxysmal supraventricuJar 

tachycardia (PSVT), 
244-247 

AV nodal re-entrant tachycar­
dia, 245-247, 2461 

Partial (focal) seizures, 628 
Partially compensated respiratory 

acidosis, 356 
Partially compensated respiratory 

alkalosis, 356 
Pnsleurelln 11111/tocidn, influence of 

temperature on, 517/ 
Pathogens 

in bloodstream infections, 5131 
in nosocornial infections, 511, 

5131 
in ventilator-assisted pneumo-

1ua, 535, 5361 
Patient-controlled analgesia 

(PCA), 656 

Patient selection, for enteraJ tube 
feeding, 578 

PCA. See Patient-controlled anal­
gesia 

PCV. See Pressure-controlled ven­
tilation 

PCWP. See Pulmonary capillary 
wedge pressure 

Peak airway pressure, during 
ventilator breath, 
300-301 

Peak expiratory flow rate (PEFR), 
269-271, 270/ 

for healthy females, 730 
for healthy males, 729-730 

Peak flow mete1� 269 
Peak pressure, 291, 294/ 
PEEP. See Positive end-expiratory 

pressure; 
PEFR. See Peak expiratory flow 

rate 
Pelvis, sepsis from. See under Sep­

sis 
Penjciilins, 681-682 

a.ntipseudomonal, 682 
drng fever and, 5091 
extended-spectrum, 682 

Pentamidine, torsades de pointes 
and, 2521 

Pentobarbital, for treatment of re­
fractory status epilepticus, 
631 

Peripheral blood culture, 88/ 
Peripherally-inserted central 

catheters (PICCs), 61, 
63-65 

Peripheral vein catheters, 55 
replacing, 79 

Peripheral veins, for venous ac­
cess, 63 

Permissive hypercaprua, 262, 290 
pH, re1ationsrup to hydrogen ion 

concentration in arterial 
blood, 350, 3501 

Pharmaceutical toxins and anti-
dotes, 705-717 

acetanU.nophen, 705-709, 
7081 



benzodiazepines, 709-710 
beta-receptor antagonists, 

711-713, 712/ 
opioids, 713-715, 7141 

Pharmacologic cardioversion, 
238-241, 2401 

Phenothiazines, neuroleptic ma­
lignant syndrome and, 
5101 

Phenytoin 
drug fever and, 5091 
interaction with sucralfate, 

26 
for treatment of seizures, 631 

pH fluids, normal, 160-161 
Phlebotomy, anemia and, 478-479 
Phosphate, for treatment of dia-

betic ketoacidosis, 3691, 
370-371 

Phosphate-binding agents, as 
cause of hypophos­
phatemia, 468 

Phosphorus, 457, 467-473 
in blood, 4581 
hyperphosphatemia, 472-473 
hypophosphatemia, 467-472 

Phosphorus replacement, 
471-472, 4711 

PICCs. See Peripherally-inserted 
central catheters 

Pipericillin, 682 
Pipericillin-tazobactarn, 682 

for h·eatment of gram-negative 
infections, 516 

for treatment of pneumonia, 
5431 

for treahnent of severe sepsis 
and septic shock, 528 

Pituitary failure, potential organ 
donor and, 624 

Plasma 
calciwn in, 457-459, 4581 
osmotic activity of, 410-411 

Plasma D-dirner levels, in venous 
thromboernbolism, 42-43 

Plasma exchange, for treatment of 
thrornbocytic thrombocy­
topenia purpura, 499 

Plasmapheresis 
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for treatment of Guillain-Barre 
syndrome, 634 

for h·eatment of myasthenia 
gravis, 634 

for treatment of thrombocytic 
thrombocytopenia pur­
pura, 499 

Plasma retention ratio, 152-153 
Plasma volume, 140, 1401 
Plateau pressure, 291-292, 294/ 
Platelet glycoprotein inhibitors, as 

adjLmct to reperfusion 
therapy, 222-224, 2231 

Platelet transfusions, 501-503 
complications, 502-503 
contraindications, 499-500 
random donor platelets, 501 
response to transfused 

platelets, 501-502 
transfusion trigger, 499-501 

Pleural drainage system, 323-325, 
325/ 

Pleural evacuation, 322-323 
Pleur-Evac Chest Drainage 

System, 323-325 
Plicamycin, for treatment of hy­

percalcemia, 4651, 466-467 
Pneumatic compression devices, 

35 
Pneumocyslis jiroveci pneumoniae, 

322 
Pneumomediastinum, 321 
Pneumonia, ICU-acquired, 

535-547 
antimicrobial therapy, 541-544, 

5421 
duration of, 544 
empiric, 541-543, 5431 

clinical features, 535-536 
clinical manifestations, 536-537 
community-acquired, 541 
diagnostic evaluation, 537-541 

blood cultures, 537 
bronchoalveolar lavage, 

539-540 
choosing culture method, 

540-541 
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Pneumonia, ICU-acqu ired 
(continued) 

protected specimen brush, 
539 

tracheal aspirates, 537-538, 
5381 

oral decontamination, 544--545 
pathogens in, 513t, 536t 
ventilator-assisted, 535-536, 

536t 
Pneumoperitoneum, 321 
Pneumothorax, 72-73, 321-323, 

323/ 
delayed, 73 
tension, 322 

Polymyxin, for oral decontamina­
tion, 545 

Polymyxin E, for digestive decon­
tamination, 551t 

Polyneuropathy, critical illness, 
341 

Positive end-expiratory pressure 
(PEEP), 115, 263-264, 
307-311 

cardiac performance, 310, 311/ 
clinical uses of, 311-311 
extrinsic, 326, 329, 330 
featmes, 307-308, 308/ 
intrinsic, 190, 326-330, 326/ 
during low-volume ventilation, 

290 
lung recruitment, 309-310, 309/ 
occult, 327 

Positive-pressure breathing, 
299-313. See nlso Positive 
end-expiratory pressure 

assist-control ventilation, 
301-303, 303/ 

assisted ventilation, 302 
continuous positive airway 

pressure, 311-312 
controlled ventilation, 302 
i.ntermittent mandatory ventila­

tion, 303-304, 303/ 
inverse ratio ventilation, 

305-306, 306/ 
pressure-controlled ventilation, 

305, 306/ 

pressure-modulated ventila­
tion, 305-307, 306/ 

pressure-supported ventilation, 
306f 307 

ventilator breath, 299-301, 300/ 
Positive-pressure ventilation, 

283-287 
cardiac performance, 285-287, 

286/ 
pressure-volLUne relationships, 

283-284, 284/ 
pressure vs. volrnne control, 

284--285 
Post-extubation stridor, 345-346 
Postoperative fever, 506-507 
Postrenal obstruction, 392t, 393 
Potassitun, 427--441 

deficits in hypokalemfa, 
429--430, 4321 

distribution of, 427--428, 428/ 
hyperkalemia, 433--439, 434t, 

436f 438t 
hypokalemia, 428--433, 4321 
total body vs. serum, 427, 428/ 
for treatment of diabetic ke-

toacidosis, 3691, 370 
Potassi tun chloride, for treatment 

of metabolic alkaJosis, 387 
Potassium depletion, 429--430 
Povidone-iodine, 2 

insertion site decontamination 
with, 62 

PPls. See Proton prnnp i11hibi tors 
Predicted body weight, 262, 

288-289 
Prednisone 

for treatment of adrenal insuffi­
ciency, 6061 

for treatment of anaphylaxis, 
531 

for treatment of astlm1a, 276 
for treatment of chronic ob­

structive pulmonary dis­
ease, 278 

for treatment of rnyasthenia 
gravis, 633 

Prerenal azoternia, 396 
acute renal failure vs., 3931 



Prerenal conditions, 391, 3921 
Pressure, volume vs., 1 20-121 
Pressure control, volume control 

vs.' 284--285 
Pressure-controUed ventilation 

(PCV), 305, 306/ 
Pressure conversions, 722 
Pressure-modulated ventilation, 

305-307, 306/ 
inverse ratio ventilation, 

305-306, 306/ 
pressure-controlled ventilation, 

305, 306/ 
pressure-supported ventilation, 

306/, 307, 337 
Pressure-supported ventilation 

(PSV), 306/, 307, 337 
Pressure-volume curves, in sys­

tolic and diastolic heart 
failure, 174/, 175-177 

Pressure-volume relationships, 
283-284, 284/ 

Primary metabolic acidosis, 355 
Procainamide 

drug fever and, 5091 
torsades de pointes and, 2521 

Prochlorperazine, neuroleptic 
malignant syndrome and, 
5101 

Progressive heart failure, 173-175, 
174/, 1751 

cardiac performance in, 1751 
Propofol, 661-662, 6631 

lactic acidosis and, 365 
Propofol infusion syndrome, 662 
Propranolol, for treatment of hy­

perthyroidism, 610 
Propylene glycol, 631 

lactic acidosis and, 365 
Propylene glycol toxicity, 660 
Propylthiouracil, for treatment of 

hyperthyroidism, 610 
Protected specimen brush (PSB), 

539, 540 
Protective barriers, 5-10 

airborne illness, 8-10, 9/ 
gloves, 5-7, 7tt 
masks, 8 
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Protective dressings, for in­
dwelli.ng vascular 
catheters, 77 

Protein content, of feeding formu­
las, 580 

Protein intake, 567-569 
of enteral tube feeding, 584--585 
estimating daily protei.n needs, 

567-568 
nitrogen balance, 568-569 
nitrogen balance and nonpro­

tein calories, 569, 569/ 
Protein requirements, dai ly, in en­

tera I tu be feeding, 583 
Protein-sparing effect, of dextrose 

solutions, 1 61 
Proton pump inhibitors (PPis), 

22-24, 231 
Proximal airway pressures, 

291-293, 29lf, 292t 
PSB. See Protected specimen 

brush 
Pseudohyperkalemia, 433-434 
Pseudohyponatremia, 420-421 
Pseudomembranous enterocolitis, 

551 
Pseudo111onns, aminoglycosides 

and, 672 
Pse11do111onns nemginosn 

as cause of catheter-related sep­
ticemia, 88, 91t  

as cause of ICU infections, 513t, 
514 

as cause of pneumonia, 535, 
536t, 542, 543 

ceftazid ime for, 679 
ciprofloxacin for, 680 
penicillins for, 682 

PSV. See Pressure-supported ven­
tilation 

PSVT. See Paroxysmal supraven­
tricular tachycardia 

Psychogenic polydipsia, 422, 423/ 
Pulmonary angiography, for eval­

uation of venous throm­
boembolism, 47 

Pulmonary artery catheters, 59, 
97-111 
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Pulmonary artery catheters 
(conti1111ed) 

applications, 109-110 
hemodynamic profiles, 109, 

1101 
oxygen uptake, 109-110 

design, 97-98, 98/ 
hemodynamic parameters, 

104-109, 105t 
cardiovascula1� 104-108, 1051 
oxygen transport, 1051, 

108-109 
placement, 98-101, 100/ 
principle, 97 
thermodiJution, 101-104, 102/ 

Pulmonary artery occlusion pres­
sure, 116-120 

capillary hydrostatic pressure 
vs., 119-120 

checking for accuracy, 118-119 
principle of, 117-118, 118/ 
wedge pressure tracing, 

116-117 
Pulmonary capillary wedge pres­

sure (PCWP), 99, 105, 1051 
for d istinguishing acute respi­

ratory distress syndrome 
and hydrostatic pul­
monary edema, 258-259 

dopamine and, 692 
right heart failure and, 186 

Pulmonary edema, 537 
cardiogenic, 258, 312 
hydrostatic, 258-260 

Pulmonary embolism 
clinical and laboratory findings 

in patients with, 42t 
fever and, 511 

Pulmonary interstitial emphy­
sema, 321 

Pulmonary vascular resistance 
index (PVRI), 1051, 
107-108 

Pupils, evaluation of coma and, 
617, 6171 

Purpura fulminans, 497 
PVRI. See Pulmonary vascular re­

sistance index 

Pyridostigmine, for treatment of 
myasthenia gravis, 633 

Pyridoxine, for treatment of eth­
ylene glycol intoxication, 
375 

Q 
QRS duration, in diagnosis of 

tachycardia, 233 
QT interval, torsades de pointes 

and, 251 
Qual itative cultures of tracheal 

aspirates, 537-538 
Quantitative cultures 

blood, 86-87, 86t 
choice of methods, 87-88 

bronchoalveolar lavage, 539 
tracheal aspirate, 538, 538t, 540 

Quinidine 
interaction with sucralfate, 26 
torsades de pointes ru1d, 252t 

Quinolones, for treatment of 
pneumonia, 541, 5431 

R 
Radiography 

for diagnosis of acute respiratory 
distress syndrome, 257/ 

for diagnosis of pneumothorax, 
72-73 

Radionuclide !wig scan, for eval­
uation of venous throm­
boembolism, 45-46 

Ramsay scale for scoring seda­
tion, 665t, 666 

Random donor platelets, 501 
Ranitidine 

interaction with sucralfate, 26 
reasons to avoid gastric acid 

suppression with, 27-28 
stress ulcer prophylaxis with, 

22, 231, 26-28, 27/ 
Rapid ACTH stimulation test, 

604, 6051 
Rapid-shallow breathing index 

(RSBl), 334-335 



Reactive central nervous system 
magnesium deficiency, 449 

Readiness criteria, for discontinu­
ing mechanical ventilation, 
333, 3341 

Receptive aphasia, 644 
Recruitable lw1g, 309 
Red cell parameters, normal 

range of values, 4781 
Red cells, washed, 483 
Red man syndrome, 683-684 
REE. See Resting energy expendi-

t1.1re 
Reference ranges, 725-730 

body fluid distribution in 
healthy adults, 729 

clin ical laboratory tests, 
725-726 

desirable weights for adults, 
728 

electrolyte content of body flu­
ids, 729 

peak expiratory flow rates for 
healthy females, 730 

peak expiratory flow rates 
for healthy males, 729-730 

vitan1ins and trace elements, 
727 

Refractory hypokalemia, 433 
Refractory status epilepticus, 631 
Renal disorders, 392, 398-401. See 

also Oliguria and acute 
renal failure 

acute interstitial nephritis, 
399-400, 4001 

contrast-induced renal failure, 
398-399 

inflammatory renal injw-y, 398 
myoglobinuric renal failure, 

400-401 
Renal excretion, impaired, hyper­

kalemia and, 435-436 
Renal failure, 392, 3921. See also 

Oliguria and acute renal 
failure 

amino acid solu tions for, 593 
ionized hypocalcemia and, 

460 

Index 771 

Renal function, quantitative as­
sessment of, 3951 

Renal i11sufficiency 
hypermagnesemia and, 453 
magnesium replacement and, 

452 
Renal potassium loss, 429-430 
Renal replacement therapy (RRT), 

401-405 
hemodialysis, 402-404, 403/ 
hemofiltration, 404-405 

Renal ultrasoLmd, in evaluation of 
rena I fa ii ure, 396-397 

Reocclusion, thrombolytic ther­
apy and, 218 

Reperfusion therapy, 214-220 
adjuncts to, 220-224 
for cardiac pump failure, 227 
coronary angioplasty, 219-220 
thrombolytic therapy, 214-218, 

215-2161 
Replacement fluids, for hy­

pokalemia, 431-432 
Respirators, 8 
Respiratory acid-base disorders, 

350, 3511, 352f 353-354 
Respiratory acidosis, 350, 3511, 

352f 354 
Respiratory aJkalosis, 350, 35lt, 

352f 354 
as cause of hypophosphaternia, 

468 
Respiratory depression, opioids 

and, 656 
Respiratory distress, bedside 

evaluation of, 293 
Respiratory precautions, for air­

borne illness, 9/ 
Respiratory secretions, 318-319 

clearing, 318-321, 3201 
Resting energy expenditt.u·e 

(REE), 565-566 
Resuscitation. See also Colloid flu­

ids; Crystalloid fluids 
end-points of, 153-154 
hypertonic, 169-170 

Resuscitation fluids 
cost comparison for, 1 671 
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Resuscitation fluids (continued) 
efficacy of, 150-151 
flow characteristics, 148, 149/ 
types of, 148 

Resuscitation strategies, 149-154 
correcting anemia, 153 
end-points of resuscitation, 

153-154 
promoting cardiac output, 

149-152, 151/ 
resuscitation volume, 152-153 

Resuscitation volume, estimating, 
152-153 

RetepJase, for tJu·ombolytic ther­
apy, 49, 2161, 217, 218 

Rhabdomyolysis, as cause of hy-
perkalemia, 434 

Rifarnpin, on catheters, 57 
Right heart failure, 178, 186 
Right ventricular end-diastolic 

volume (RVEDV), right 
heart failure and, 186 

Risk categories, for embolic 
stroke, 241-242 

Rocuronium, 636-637, 6371 
Roll-plate method, of catheter-tip 

cultures, 85-86, 861 
R-R intervals, diagnosis of tachy­

cardia and wUforrnity of, 
234-235 

RRT. See Renal replacement ther­
apy 

RSBI. See Rapid-shallow breath­
ing index 

RVEDV. See Right ventricular 
end-diastolic volume 

s 
Safety-engi.neered needles, 10 
Saline, tracheal injections of, 

319-320 
Saline infusion 

for treatment of hypercalcemia, 
464 

for treatment of metabolic alka­
losis, 386 

Saline solutions, 148 

SBT. See Spontaneous breathing 
trial 

Secretions, clearing 
mucolytic therapy, 320-321, 

3201 
respi.ratory secretions, 318-319 
tracheal injections of saline, 

319-320 
Secretory diarrhea, magnesium 

deficiency and, 447 
Sedation, 658-669 

agitated patient, 666/, 667 
with benzodiazepiJ1es, 658-661, 

6591 
dexmedetomidi.ne, 662-663, 

6631 
haloperidol, 663-665, 6641 
interrupting sedative infusions, 

665-666 
monitoring, 6651, 666 
propofol, 661-662, 6631 

Seizures, 627-632 
acute management, 630-631, 

630/ 
generalized, 628 
imipenem and generalized, 

677-678 
lactic acidosis and, 365 
partial (focal), 628 
predisposing conditions, 629, 

6291 
temporal lobe, 628 
types of, 627-629 

Seldinger technique, 63, 64/ 
Selenium, 5731, 574 
Semipermeable dressings, for i.n-

d welling vascular 
catheters, 77 

Sensorimotor function 
evaluation of coma and, 

618-619 
evaluation of stroke and, 644 

Sepsis, 522. See also Severe sepsis 
and septic shock 

from abdomen and pelvis, 
549-561 

abdomiJ1al abscess, 555 
acalculous cholecystitis, 554 



bowel, 549-551 
Closlridiuni difficile colitis, 

551-553 
urinary tract infections, 

556-559, 5571 
as cause of ionized hypocal­

cemia, 459 
gastric acid suppression and, 

28 
lactic acidosis and, 364 
persistent, 92-94 

Sepsis syndrome, acute respira­
tory d istress syndrome 
and, 256 

Septic shock, 28, 522 
Serial dilution method, of 

catheter-tip cultures, 86, 
861 

Serum magnesium, 443-444 
Serum potassium, 427, 428/ 

d1anges in, 427-428 
Severe sepsis and septic shock, 

522, 525-529 
blood lactate and, 135-136 
corticosteroids, 528 
early goal-directed therapy, 

525-527, 5261 
empiric antimicrobial therapy, 

528 
oxygen transport, 528--529, 529/ 

Shock. See nlso Severe sepsis and 
septic shock 

anaphylactic, 530, 531-532 
cardiogenic, llOI, 183, 2261, 

693 
circulatory, 363-364, 364/ 
hemodynamic patterns in, 1 101 
hypovolemic, llOI, 141, 144, 

145-146, 153-154 
vasogenic, 1 101 

SJ. See Stroke index; Systeme In­
ternationale 

SIA DH. See Syndrome of inappro-
priate ADH 

Sinusitis, paranasal, 316, 514 
Si.nus tachycardia, 233 
SrRS. See Systemic inflammatory 

response syndrome 

Index 773 

Skin hygiene, 1-5 
antiseptic agents, 1-3 
handwashing, 3-5 
soap and water, 1 

Sleep apnea, continuous positive 
airway pressure for, 312 

Soap and water, skin hygiene 
and, 1 

Society of Critical Care Medicine, 
506, 663 

Sodium, in lost body fluids, 4141 
Sodium deficit, treatment of hy­

ponatremia and, 425 
Sodium iodide, 611 
Sodium polystyrene suLfonate, for 

hyperkalemia, 439 
Solute concentrations, converting 

w1its of, 720-721 
Solvent drag, 404 
Solvent toxicity, nitroglycerin 

and, 696 
Sorbitol, diarrhea and, 588-589 
Sotalol, torsades de pointes and, 

2521 
Spinal cord injuries, risk of 

thromboembolism and, 33 
Spiral CT angiography, for evalu­

ation of venous throm­
boembolism, 46-47 

Spontaneous bacterial peritonitis, 
515 

Spontaneous breathing trial 
(SBT), 336-338, 339/ 

identifying patients fo1� 
333-336, 334--3351 

Spontaneous movement, brain 
death and, 623 

Spore-forming organisms, anti­
septic agents and, 3 

SRMI. See Stress-related mucosa I 
iJ1jury 

Standard amino acid solutions, 592 
Slnphylococrns n11re11s 

as cause of catheter-related sep­
ticemia, 89 

as cause of endocarditis, 92 
as cause of ICU infections, 5131, 

514 
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Staphylococcus a11re11s (conli1111ed) 
as cause of pneumonia, 535, 

5361, 541 
imipenem fo1� 677 
skin hygiene and, 1 
vancomycin f01� 682 

Staphylococrns epiderlllidis, 5131 
as cause of catheter-related 

septicemia, 88, 90, 911, 92 
imipenem for, 677 
skin hygiene and, 1 
vancomycin for, 683 

"Static" compliance, 295 
Status epilepticus, 629 
STEM!. See ST-segment elevation 

myocardial infarction 
Sterile gloves, 5 

for vascular cam1ulation, 61 
Steroid therapy 

for treatment of acute respira­
tory d istress syndrome, 
265 

for treatment of adrenal insuffi­
ciency, 605, 6061 

for treatment of anaphylaxis, 531 
for treatment of laryngeal 

edema, 344-345 
Streptococcus p11e11111011iae, chronic 

obstructive pulmonary 
disease and, 278 

Streptokinase, 2161, 217 
Stress hyperlactemia, 364 
Stress-related mucosa] injury 

(SRMI), 19-29 
clinical manifestations, 20 
pathogenesis, 19 
predisposing conditions, 20-21 
preventive measures, 21-28 

en teral tube feedings, 21 
gastric cytoprotection, 25-26 
gastric cytoprotection vs. re-

duced gastric acidity, 
26-28 

reduced gastric acidity, 
22-25, 231, 241, 25/ 

Stress ulcers, 19. See also Stress­
related mucosa[ injury 

indications for prophylaxis, 201 

Stridor, post-extubation, 345-346 
Stroke. See Acute stroke 
Stroke index (SI), 1051, 106-107 
ST-segment elevation myocardial 

infarction (STEMI), 209. 
See also Acute coronary 
syndromes 

heparin for, 220 
Subclavian vein, as venous access 

site, 65-66, 661 
Subclavian vein thrombosis, 

82-83 
Subcutaneous emphysema, 321, 322 
Substrate solutions, 591-596 

additives, 595-596, 5951 
amino acid solutions, 591-593, 

5921 
dextrose solutions, 591, 5921 
lipid emulsions, 593-594, 5941 

Succinylcholine, 637-638 
Sucralfate 

as cause of hypophosphatemia, 
468 

drug interaction, 26 
for stress ulcer prophylaxis, 231, 

25-27, 27/ 
for treatment of hyperphos-

phatemia, 472-473 
Superior vena cava syndrome, 82 
Supply-dependent, 132 
Suppurative thrombosis, 92 
Supraventricular tacl1ycardia 

(SVT), 233 
ventricular tachycardia vs., 

247-249, 248/ 
Surgery, risk of venous thrombo­

embolism and, 31-33, 321 
Surgical masks, 8 
Surgical wound infections, 

512-513, 5121 
Sv02. See Venous oxygen satura­

tion 
SVRI. See Systemic vascular re­

sistance index 
Syndrome of inappropriate ADH 

(SIADH), 422, 423/ 
Systeme Internationale (SI), 

719-720 



Systemic inflammatory response 
syndrome (SIRS), 522-523 

diagnostic criteria, 5231 
significance, 523 

Systemic oxygenation, 125-137 
anemia and, 479-481, 480/ 
control of oxygen uptake, 

131-133 
as end-point of volume resusci­

tation, 154 
metabolic alkalosis and, 

383-384, 384/ 
systemic oxygen traJ1sport, 

125-131 
oxygen content of blood, 

125-126, 1271 
oxygen delivery, 1 27-128, 

1281 
oxygen extraction, 130-131 
oxygen uptake, 128-130 

tissue oxygenation, 133-136, 
1331 

blood lactate, 135-136 
oxygen transport parame­

ters, 134-135 
Systemic oxygen transport, 

144 
Systemic vascular resistance 

index (SVRI), 1051, 
1 07 

Systolic heart failure 
diastolic heart failure vs., 

1 75-178, 1771 
left-sided, 180-185 

T 
TA. See Trad1eal aspirates 
Tachyarrhythmias, dopamine in-

fusions and, 693 
Tachycardias, 233-254 

atrial fibrillation, 237-243 
acute rate control, 239-241,  

2401 
adverse consequences, 

237-238 
anti thrombotic therapy, 

241-242, 2421 
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DC cardioversion, 238 
pharmacologic cardiover­

sion, 238-239 
predisposing factors, 237 
Wolff-Parkinson-White syn­

drome, 243 
diagnostic approach, 233-236, 

234/ 
atria 1 activity, 235-236, 236/ 
QRS duration, 233, 234/ 
uniformity of R-R intervals, 

234-235 
multifocal ah·ial tachycardia, 

243-244 
paroxysmal supraventricular 

tachycardia, 244-247 
AV nodal re-entrant tachy­

cardia, 245-247, 2461 
features, 244-245 

torsades de pointes, 250-252 
drugs that can trigger, 2521 

ventricular tachycardia, 
247-250 

acute management, 249-250, 
249/ 

supraventricuJar tachycardia 
vs., 247-249, 248/ 

Temperature conversions, 722 
Temporal lobe seizures, 628 
Tenecteplase, 2161, 217, 218 
Tension pnelllnothorax, 322 
Terbutaline, for treatment of 

asthma, 274 
Tetracycline, interaction with su­

cralfate, 26 
Theophylline 

benzod iazepines and, 661 
ciprofloxacin and, 681 
sucralfate and, 26 

Therapeutic hypothermia, 
203-204, 2031 

Thermodilution, 101-104, 102/ 
confoLmding conditions, 103 
continuous cardiac output 

measurements, 103-104 
method, 101 
technical considerations, 102 
variability, 103 
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Thiamine, for treatment of ethyl­
ene glycol intoxication, 375 

Thiamine deficiency, 570-573 
carbohydrate metabolism, 570 
clinical manifestations, 571-572 
diagnosis, 572-573 
laboratory evaluation of thi-

amine status, 5721 
lactic acidosis and, 364-365 
predisposing factors, 570-571 

Thiazide dimetics, magnesium 
deficiency and, 446 

Thienopyridines, for treatment of 
acute cardiac syndromes, 
212 

Thiocyanate toxicity, 700-701 
Thiopental, Ringer's solution 

and, 159 
Thioridazine, torsades de pointes 

and, 2521 
Thoracic compliance, 295 
Thoracic pressure, 113-115 

end of expiration, 1 14  
positive-end-expiratory pres­

sure, 115 
spontaneous va1·iations, 115 

Thorax, venous pressures in, 
113-115 

Thrombocytic thrombocytopenfa 
purpura (TIP), 498-499 

Thrornbocytopenia, 493-504 
defined, 493 
etiologies, 493-499, 4941 

disseminated i.ntravascular 
coagulation, 497-498, 4981 

heparin-induced thrombocy­
topenia, 494-497, 4961 

thrombotic thrombocytope­
nia pu1·pura, 498-499 

platelet transfusions, 501-503 
transfusion trigger, 499-501 

Thrombolytic agents, 2161, 
217-218 

Thrombolytic therapy, 49, 214-218 
bleeding and, 218 
candidates for, 644, 6451 
contrai.ndications to, 2151 
coronary angioplasty vs., 219 

fibrinolytic agents, 2161, 
217-218 

indications, 214-215 
reocclusion and, 218 
timing, 215-216 
for treahnent of stroke, 644, 

6451, 647 
Thromboprophylaxis, 35-41, 371 

adjusted-dose warfarin, 391, 40 
after hip and knee surgery, 41 
fondaparinux, 40-41 
for general surgery, 341 
for hip ai1d k.nee surgery, 391 
low-dose heparin, 36-37, 371 
low-molecular-weight heparin, 

341, 371, 38-40, 391 
mechanical compression de­

vices, 341, 35 
Thrombosis 

femoral vein, 83 
subclavian vein, 82-83 
suppurative, 92 

Thrombotic occlusion, 81-82 
Thrombotic stroke, 641 
Thyroid dysfunction. See Hyper­

thyroidism; Hypothy­
roidism 

Thyroid storm, 609-610 
treatment of, 611 

Thyroxine, interaction with su­
cralfate, 26 

TIA. See Transient ischernic attack 
Ticlod ipi.ne, for treahnent of acute 

cardiac syndromes, 212 
Tidal volume, 288 

in spontaneous breathing trial, 
338, 339f 

Tirofiban, as adjwict to reperfu­
sion therapy, 222, 2231 

Tissue factor, 497 
Tissue oxygenation, 133-136 

blood lactate, 135-136 
clinical markers of tlu·eatened 

or impaired, 1331 
oxygen transport parameters, 

134-135 
Tissue plasmi.nogen activator 

(tPA) 



for treabnent of acute coronary 
syndromes, 216t, 217 

for treatment of stroke, 647 
Tobramycin, 671 

for digestive decontamination, 
5511 

for oral decontamination, 545 
for treabnent of pneumonia, 

543t 
Tonicity, 411 
Tonic movement, 627 
Torsades de pointes, 250-252 

etiologies, 251 
features, 250-251 
fluoroquinolones and, 681 
haloperidol and, 665 
magnesium depletion and, 448 
management, 198, 251-252, 

2521 
Total body potassium, 427, 

428/ 
Total inspiratory resistance, 295 
Total oxygen content, 126 
Total parenteral nutrition (TPN), 

591-601 
creating a regimen, 596-599 

carbohydrate calories, 
597-598 

daily requirements, 596 
lipid calories, 598 
TPN orders, 598-599 
volume of mixture, 597 

hypophosphatemia and, 467, 
468/ 

metabolic complications, 
599-600 

hypercapnia, 600 
hyperglycemia, 599 
hypophosphatemia, 599 

substrate solutions, 591-596 
additives, 595-596, 5951 
amino acid solutions, 

591-593, 5921 
dextrose solu tions, 591 ,  5921 
lipid emulsions, 593-594, 

5941 
thiamine and, 571 
trophic effects, 577 
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Toxic alcohols, 373-376 
ethylene glycol intoxication, 

373-375, 375/ 
methanol intoxication, 375-376, 

375/ 
Toxic megacolon, 552 
Toxins. See Pharmaceutical toxins 

and antidotes; Toxic alco­
hols 

tPA. See Tissue plasminogen 
activator 

T-piece trials, 337 
TPN. See Total parenteral nutri­

tion 
Trace elements 

reference ranges, 727 
i.n total parenteral nutrition, 

5951, 596 
Tracheal aspirates (TA), 537-538, 

540 
qualitative cultures, 537-538 
quantitative cultures, 538, 5381, 

540 
Tracheal decarn1ulation, 342-345, 

344/ 
Tracheal injections of saline, 

319-320 
Tracheal intubation, 287-288 
Tracheostomy, 317-318, 343 
TRALL See Transfusion-related 

acute lung injury 
Transcellular shift, 428-429 

treatment of hyperkalemia a.nd, 
439 

Transfusion-related acute lung in­
jury (TRALl), 489 

Transh1sions. See Erythrocyte 
transfusions; Platelet 
transfusions 

Transfusion trigger 
for erythrocyte transfusion, 

481-482 
for platelet transfusion, 

499-500 
Transient ischemic attack (TlA), 

642 
Translaryngeal intubation, 

342-343 
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Translocation, 550 
Transmural pressure, 115/ 

intra vascular pressure vs., 113 
Transthoracic compliance, 293 
Transthoracic pressures, 292 
Trawna, risk of venous throm-

boembolism and, 33 
Trendelenburg position, 150 
Tricuspid regurgitation, pul­

monary artery catheter 
and, 103 

Trophic effects, of enteral tube 
feeding, 577-578 

Trousseau's sign, 461 
TTP. See Tlu-ombotic tlu-ombocy­

topenia purpura 
Tubercle bacillus, respirators to 

block transmission of, 8 

u 
Ulcers, stress, 19. See also Stress­

related mucosa! injury 
Unfractionated heparin 

as adjunct to reperfusion ther­
apy, 220- 221 

in antithrombotic therapy, 47 
risk of heparin-induced tlu-om­

bocytopenia and, 495 
Units a11d conversions, 719-723 

apothecary and household con-
versions, 721 

French sizes, 723 
gauge sizes, 723 
measmement in the SI, 719-720 
pressure, 722 
solute concentration, 720-721 
temperature, 722 

Unstable angina (UA), 209. See 
also Acute coronary syi1-
dromes 

heparin for, 220 
platelet glycoprotein inhibitors 

for, 223-224 
Upper extremity venous access 

si tes, 63-65 
Urinary magnesiLun, 444, 445/ 

Urinary h·act infection (UTI), 
556-559 

candidmia, 558-559 
diagnostic criteria, 556, 5571 
empiric antibiotics, 557-558 
pathogens in, 5131 

Urine cultures, 556 
Urine m.icroscopy 

in evaluation of renal failure, 
395 

in evaluation of minary tract 
infection, 556 

Urine osmolality, in evaluation of 
renal failure, 394-395 

Urine sodiw11, in evaluation of 
renal failure, 393-394 

Urticaria, 489, 503 
UTI. See Urinary tract infection 

v 
Valsartan, for treatment of acute 

cardiac syndromes, 214 
Vancomyci.n, 682-685 

activity and clinical uses, 
682-683 

ad verse effects, 683-684 
dosing, 683 
drug fever and, 5091 
for MRSA, 516, 528 
replacements, 684-685 
for treahnent of C. difficile coli­

tis, 553 
for treatment of catheter­

related septicemia, 90, 9 l t  
for treatment of pneumonia, 

542, 5431 
for treatment of severe sepsis 

and septic shock, 528 
for treatment of minary tract 

infection, 558 
Vancomycin-resistant strains, an­

tibiotics for, 516, 528 
VAP. See Ventilator-assisted pneu-

1nonja 
Vascular cannulation preparation, 

61-62 



Vascular catheters, 53-60 
central venous catheters, 55-57, 

561, 58/ 
features, 53-54 
flow rate determinants, 54 
hemodialysis catheters, 58-59, 

59/ 
introducer catheters, 57-58, 58/ 
peripheral vein catheters, 55 
pulmonary artery catheters, 59 
size of, 53, 541 
types of, 55-59 

Vascular catheters, indwelling, 
77-96 

catheter-related infections, 
83-94 

catheter tip cultures, 85-86, 
861 

clinical features, 85 
empiric antibiotic coverage, 

88-90, 89/ 
persistent sepsis, 92-94 
quantitative blood cultures, 

86-88, 88/ 
routes of, 83-84, 84/ 
treatment of catheter-related 

septicemia, 90-92, 9lt  
types of, 84 

occluded, 80-83, 811  
routine care, 77-80 

antimicrobial ointment, 
78 

dressings, 77 
flushing catheters, 78 
replacing central venous 

catheters, 79-80 
replacing peripheral venous 

catheters, 79 
Vasodilator effects, of nitroglyc­

erin, 694 
Vasodilators 

for treatment of acute aortic 
dissection, 229, 2291 

for treatment of heart failure, 
2261 

Vasogenic shock, hemody:namic 
patterns in, 1101 

Vasopressin 

Index 779 

for treatment of cardiac arrest, 
197-198, 1971 

for treatment of diabetes in­
sipid us, 418 

for treatment of severe sepsis 
and septic shock, 527 

via endotracheal route, 196 
Vasopressors 

for treatment of cardiac arrest, 
196-198, 1971 

for treatment of severe sepsis 
and septic shock, 527 

Vena cava, catheter tip against 
wall of, 74 

Venipuncture sites, 515 
Venous access, establishing, 61-75 

catheter insertion technjques, 
62-63, 64/ 

catheter position, 73-74 
pneurnothorax, 72-73 
preparation for vascular carn1u-

lation, 61-62 
venous access sites, 63-71 

femoral vein, 66t, 68-71,  69f, 
70/ 

internal jugular vein, 661, 
67-68 

subclavian vein, 65-66, 661 
upper extremity, 63-65 

venous air embolism, 71-72 
Venous access si tes, 63-71 

femoral vein, 661, 68-71, 69/, 70/ 
internal jugular vein, 661, 67-68 
subclavian vein, 65-66, 661 
upper extremity, 63-65 

Venous air embolism, 71-72 
Venous blood gases, monitoring 

during CPR, 202 
Venous oxygen saturation (Sv02), 

134-135 
Venous pressures in the thorax, 

113-115, 1141 
Venous thromboembolism (VTE), 

31-52 
antithrombotic therapy, 47-49, 

481 
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Venous thromboembolisrn (VTE) 
(contin ued) 

diagnostic approach, 41-47, 
421 

clinkal evaluation, 42-44, 44/ 
pulmonary angiography, 47 
radionuclide llmg scan, 

45-46 
spiral CT angiography, 46-47 
venous ultrasound, 44-45 

inferior vena. ca.va filters, 50 
patient at risk, 31-34, 321, 341 
tluomboprophylaxis, 35-41, 

371, 391 
Venous thrombosis, 82-83 

femoral vein thrombosis, 83 
subcla.vian vein tluombosis, 

82-83 
Venous ultrasound, for evaluation 

of venous tluomboem­
boLism, 44-45 

Venovenous hernofiltration, 405 
Ventilation. See nlso Mechanical 

ventilation; Positive-
pressure breathing 

cardiopulmonary resuscitation, 
189-190 

Ventilator, breathing tluough, 
336-337 

Ventilator-assisted pneumon.ia 
(YAP), 535-536. See nlso 
Pnellffionia 

Ventilator breath, 299-301, 300/ 
Ventilator-dependent patient, 

315-331 
alveolar disruption, 321-325, 

323/, 325/ 
clearing secretions, 318-321 ,  

3201 
indwelling endotracheal tubes, 

315-316 
intrinsic PEEP, 326-330, 326/ 
tracheostomy, 317-318 

Ventilator-induced llmg injury, 
260-261 ,  261/, 288 

Ventricular compliance, 1 22 
Ventricular ejection fraction, 

1 77-178 

Ventricular emptying, during 
positive-pressure ventila­
tion, 285-286 

Ventricular end-diastolic volume, 
measuring, 120-121, 121/ 

Ventricular fibrillation (V-Fib) 
defibrillation for, 191,  192-1 94/ 
drugs for treatment of, 1 98 
therapeutic hypothermia and, 

203 
Ventricular filli11g, during posi­

tive-pressure ventilation, 
285 

Ventricular free wall rupture, 225 
Ventricular septa.I rupture, 225 
Ventricular tachycardia (VT, 

V-Tach), 247-250 
a.cute management, 198, 

249-250, 249/ 
defibrillation for, 191,  192-193/ 
supra.ventricular tachycardia. 

vs., 247-249, 248/ 
therapeutic hypotherrn.ia and, 

203 
VerapamiJ, for treatment of multi­

focal atrial tacllycardia, 
244 

V-Fib. See Ventricular fibrillation 
Viruses, respiratory precautions 

for, 9/ 
Vitamins 

c, 573 
E, 573 
reference ranges, 727 
requirements, 570-573 

antioxidant vitamins, 573 
daily requirements, 570, 571 1 
thiamine deficiency, 570-573, 

5721 
in total parenteral nutrition, 595 

V02• See Oxygen uptake 
Volume, pressure vs., 1 20-121 
Volume control, pressure control 

vs., 284-285 
Volume deficits, correcting in 

oliguria, 397 
Volume depletion, metabolic a.1-

kalosis and, 380-381 



Volume effects 
of albumin solutions, 

164-165 
of colloid fluids, 163-164 
of dextra11s, 167 
of dextrose solutions, 161 
of hydroxyethyl starch, 165-166 
of hypertonk resuscitation, 169 

Volume infusion, 145-148 
catheter size, 146-147, 147/ 
for treatment of contrast­

induced renal failure, 399 
type of resuscitation fluid, 148 

Volume replacement, in hypov­
olemic hypernah·emia, 415 

Volume resuscitation 
for treahnent of anaphylactic 

shock, 531 
for treatment of severe sepsis 

and septic shock, 526-527 
Volutrauma, 261 
VT. See Ventricular tachycardia 
V-Tach. See Ventricular tachycar-

dia 
VTE. See Venous thromboem­

bolism 

w 
Warfarin 

i11 a11tithrombotic therapy, 49 
ciprofloxacin and, 681 
for th.romboprophylaxis, 39t, 40 

Washed red cells, 483 
Water intoxication, 422 
Wedged blood P02, 119 
Wedge pressure (pulmonary ar­

tery occlusion pressure), 
116-120 

capillary hydrostatic pressure 
vs., 119-120 

Index 781 

checki11g for accuracy, 118-119 
principle of, 117-118, 1 18/ 
wedge pressure tracing, 

116-117 
Wedge pressure (pulmonary cap­

illary wedge pressure), 99, 
105, 105t 

for distinguishing acute respi­
ratory distress syndrome 
and hydrostatic pul­
monary edema, 258-259 

dopamine and, 692 
right heart failure and, 186 

Weights, desirable, for adults, 728 
Wide QRS complex tachycardia, 

235 
Withdrawal syndrome, benzodi­

azepines and, 661 
Wolff-Parkinson-White (WPW) 

syndrome, 243 
Women 

body fluid distribution in, 
729 

body fluid volumes in, 139, 
140t 

creatinine clearance in, 3951 
desirable weights in, 728 
normal peak flow rates for, 270, 

270/ 
normal range of values for red 

cell parameters in, 4781 
peak expiratory flow rates for, 

730 
WPW syndrome. See Wolff­

Parkinson-White syn­
drome 

z 
Zoledronate, for treatment of hy­

perca lcemia, 465t, 466 






