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Ke y Points
1 Simple and inexpensive interventions in the ICU, such as the
utilization of checklists and strict attention to aseptic technique
during central venous catheterization, can result in substantial
improvements in patient outcomes.
2 Administration of high-dose corticosteroids to patients
presenting with traumatic brain injury is associated with 20%
increase in the relative risk of death.
3 Administration of thrombolytic therapy (rt-PA) to patients
presenting within 4.5 hours of onset of acute ischemic stroke
results in improved neurologic outcome.
4 Patients who are resuscitated from cardiac arrest due to ventricular
ibrillation have improved neurologic outcome and possibly
reduced mortality when treated with mild therapeutic hypothermia (32° to 34°C) for 12 to 24 hours after hospital admission.
5 In patients with severe sepsis or septic shock, early and aggressive
use of luid resuscitation, appropriate antibiotics, infectious
source control, and vasopressors/inotropes as needed improves
survival.
6 Separation from mechanical ventilation in patients who are recovering from respiratory failure is accelerated by respiratory
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therapy–driven protocols and daily trials of spontaneous
breathing.
Ventilation with low tidal volume (6 mL/kg) in patients with
acute lung injury and acute respiratory distress syndrome
reduces mortality, compared to traditional tidal volumes
(12 mL/kg).
Red blood cell transfusion in the ICU should be restricted
(transfusion threshold hemoglobin <7 g/dL) with the possible
exception of patients with a diagnosis of active bleeding,
early septic shock, acute myocardial infarction, or unstable
angina, or with primarily neurologic or neurosurgical
problems.
Nurse-driven sedation protocols and reduction of sedation
reduce the duration of mechanical ventilation and ICU length
of stay.
The incidence of ventilator-associated pneumonia (VAP) can
be reduced with strict hand washing during patient care and
semirecumbent positioning of the patient. Antibiotic therapy
of VAP should utilize a “de-escalating” strategy, and can be
limited to an 8-day course in uncomplicated cases.
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INTRODUCTION: ANESTHESIOLOgISTS
AND CRITICAL CARE MEDICINE

Although it seems certain that anesthesiologists will continue to
play an important role in Critical Care Medicine worldwide, in
the United States anesthesiology is currently at a crossroads in
regards to its continued involvement in Critical Care Medicine.
There are several forces that will shape the evolution of the specialty of Critical Care Medicine as a whole and the contribution
that anesthesiologists will make to this evolution: (1) Increasing
evidence that intensivists increase the quality of care and improve
outcomes; (2) business/economic factors, whereby employers,
insurers, and hospitals recognize the cost savings associated
with intensivists in the ICU, as exemplified by the Leapfrog Initiative (further discussed in the following section); and (3) the
aging population and increasing demand for critical care services,
which will result in a shortage of intensivists starting in 2007 that
will grow to a greater than 20% deficit by the year 2020, given
current training levels2 (Table 55-1). This prediction does not
take into account any additional demands placed on the healthcare system, if any, by the Leapfrog Initiative and thus is likely an
underestimate of the true future need for intensivists.
Given the above observations, it is clear that opportunities for
careers in Critical Care Medicine will be amply available in the
coming years. Anesthesiology as a specialty would seem ideally
suited to help satisfy the increasing demand for intensivists. Anesthesiologists are hospital based; have sound fundamental training
in physiology, pharmacology, invasive procedures, and monitoring; and have excellent historical and concurrent role models for
the anesthesiologist as intensivist. However, economic and lifestyle
incentives have recently dissuaded anesthesiology trainees from
pursuing further training and careers in Critical Care Medicine.

TAbLE 55-1. leaPfrog iCu PhysiCian
staffing (iPs) standard
Hospitals fulfilling the IPS standard will operate adult
and/or pediatric ICUs that are managed or comanaged by
intensivists who
1. Are present during daytime hours and provide clinical
care exclusively in the ICU
2. At other times can, at least 95% of the time,
i. return ICU pages within 5 min and
ii. arrange for an FCCS-certifieda nonphysician effector
to reach ICU patients within 5 min.
a

Fundamental Critical Care Support (course training to prepare nonintensivists
to manage the first 24 h of critical illness, sponsored by the Society of Critical
Care Medicine).
From: http://www.leapfroggroup.org/for_hospitals/leapfrog_hospital_survey_copy/
leapfrog_safety_practices/icu_physician_staffing

PERIOPERATIVE AND
CONSULTATIVE SERVICES

Historically, Critical Care Medicine evolved as a specialty nearly
simultaneously in Europe and North America, but has followed
strikingly different models in regards to the involvement of anesthesiologists. The first intensive care unit (ICU) in Europe may
have been located in Denmark in the 1950s, and concurrently the
first critical care physician, or “intensivist,” may well have been
an anesthesiologist.1 Anesthesiologists continued to play a defining role in the development of Critical Care Medicine in most of
Europe, Australia, New Zealand, Japan, and elsewhere and comprise the majority of intensivists in many countries around the
world today. In North America, anesthesiologists were also integral to the development of Critical Care Medicine as a specialty.
However, in contrast to other countries, in the United States anesthesiologists have played an ever-diminishing role in the specialty,
and today comprise a small minority of the intensivist workforce.2
Although it has been suggested that the first ICU in North
America was established at Johns Hopkins in 1923 to care for
postoperative neurosurgical patients, it was not until the late
1950s and early 1960s that true multidisciplinary ICUs began to
appear. The driving forces behind ICU development included
advances in surgical techniques, polio epidemics which resulted
in widespread respiratory failure, and later the recognition of
the acute respiratory distress syndrome (ARDS). Anesthesiologists played a natural role in the evolution of ICUs, given their
familiarity with surgical resuscitation and mechanical ventilation.
Early on, however, the concept of “intensivists” did not exist, and
patients were often managed by their primary physician (be it a
surgeon or an internist) and nurses, with formal or informal consultation given by specialists, including anesthesiologists.
In the early 1960s, the first Critical Care Medicine training
program was established at the University of Pittsburgh under
the direction of an anesthesiologist, Peter Safar. At this point,
the concept of “intensivist” was born; as defined by Dr. Safar, the
qualities and qualifications of such an individual should include
inquisitiveness, thoughtfulness, a high level of motivation, action
orientation, diplomacy, and scientific training. In the late 1960s,
a group including Dr. Safar and another anesthesiologist, Ake
Grenvik, were instrumental in inaugurating the Society of Critical Care Medicine (SCCM). Anesthesiologists working through
SCCM were instrumental in developing the board certification
process for Critical Care Medicine, and in 1986 the first Critical Care Medicine Certification examination was administered by
the American Board of Anesthesiology.3 From the 1960s until the
present, numerous anesthesiologists made important contributions to the development of the specialty, to critical care–related
research, and to improvements in the care of critically ill patients.
However, as of 2010 only about 1,300 anesthesiologists had completed the certification process in Critical Care Medicine in the
United States, and anesthesiologists comprised only 8% of adult
intensivists certified in the past 10 years.4

anesthesiology and critical care
medicine: the future
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Critical care services are currently not reimbursed at rates commensurate with surgical anesthesia, and critical care practice is
accurately perceived as more time-consuming and the workload
more unpredictable than an operating room–based practice. However, these factors may change in the coming years, as reimbursement for surgical anesthesia and critical care services equalize and
the lifestyle constraints associated with critical care are moderated
by creative organizational strategies, including the use of physician
extenders and other mechanisms for reducing the “24–7” workload. Lastly, the increase in the anesthesiology residency training
requirement to include 4 months of intensive care may imbue
trainees with a greater interest in Critical Care Medicine as a career
choice. As stated above, anesthesiology in the United States is at a
crossroads; with proper imagination, emphasis, support, and training the specialty can reassert itself as a leader in the ield of Critical
Care Medicine.

The Business Roundtable, a national association of CEOs of
Fortune 500 companies, formed the Leapfrog Group in 1999. The
Leapfrog Group is a coalition of over 150 purchasers and providers of healthcare beneits, including large companies such as General Motors, Motorola, and Merck and insurers such as Aetna.
The stated goal of the Leapfrog Group is to improve health care,
in particular by reducing deaths due to medical error. To accomplish this mission, the group formulated the Leapfrog Initiative, which includes a series of “safety standards” that healthcare
providers (largely hospitals) should strive for if they are to provide care for Leapfrog Group employees. Prompted by the data
associating intensivists with improved outcomes, the Leapfrog
Initiative included an ICU Physician Stafing (IPS) standard that
promotes the continuous involvement of intensivists in the care
of critically ill patients (Table 55-1).11 Less than 10% of hospitals
met this standard prior to its publication, and a recent survey suggests that there has been little improvement in compliance since
then.12,13 Reported barriers to implementation of the Leapfrog
Critical Care Medicine: A Systems
Initiative include lack of ICU directors, cost, loss of control and
and Evidence-based Approach
continuity in patient care, and loss of income.13 However, considerable cost savings as a result of Leapfrog Initiative implementaCritical care encompasses all disciplines of medicine. It is clearly
tion have been estimated which continues to provide additional
beyond the scope of a single chapter to provide detailed coverage
impetus for widespread adoption of these practices.14
of all aspects of critical illness, including physiology, pathophysi- 1
In addition to improved ICU stafing, other simple interology, and management of disease. In addition, many critical
ventions in the process of care have been shown to improve
care issues are commonly encountered by anesthesiologists that
outcomes. These include efforts to reduce errors of omission by
practice solely in the operating room and are covered in detail
utilizing checklists during procedures and patient rounds,15 and
elsewhere in this text. Thus, this chapter will focus on topics that
by explicitly outlining the daily goals of care during rounds.16
are relatively unique to the ICU, on therapeutic approaches, and
Such efforts incur little or no cost, may incur substantial beneits,
upon practices for which strong evidence exists, particularly when
but are severely underutilized in the United States at present.
supported by randomized controlled trials (RCTs).
Grading of levels of evidence and practice guidelines in an
effort to improve clinician conidence in recommendations has
neurologIc And neurosurgIcAl
become standard practice. Several different grading systems exist,
with no clear evidence that one is superior to another; furthercrItIcAl cAre
more, given uncertainty about the methodology of grading sys5
tems and their effects on patient outcomes, we have chosen not
to include “grades” or levels of evidence in this chapter.
neuromonitoring

Process of cAre In the Icu
The method by which care is delivered may affect outcomes
as much or more than the speciic interventions employed. For
example, care delivery models that reduce errors and encourage utilization of evidence-based practices may have a profound
effect on outcomes, in addition to reducing costs. A single adverse
event in the ICU may cost as much as $4,000 and increase length
of stay by 1 day.6 Additional data suggest that implementation
of evidence-based practices in the ICU is not consistent and that
more uniform implementation could save up to approximately
200,000 lives per year in the United States.7
As advances in medical and surgical therapeutics have increased
the complexity of care for an aging and increasingly ill population
of patients, it has become increasingly clear that the involvement
of intensivists in the management of the critically ill is desirable.
Several studies have suggested that mortality and other intermediate end points such as ICU length of stay can be reduced when
“high-intensity” physician stafing models that mandate management or comanagement by intensivists are used.8 These studies,
as summarized in a meta-analysis by Pronovost et al. and further
supported by two subsequent cohort studies,8–10 have provoked a
reconsideration of the ideal stafing model for ICUs in the United
States, particularly amongst the business community.

Several neuromonitoring devices used in the ICU setting may
help in assessing pathophysiologic processes and adjusting therapy. The following section will discuss some commonly used
neuromonitoring devices, including transcranial Doppler (TCD)
ultrasonography, brain tissue oxygenation (PbrO2), and microdialysis. Intracranial pressure (ICP) monitoring and jugular
venous oximetry are discussed in chapters on Standard Monitoring Techniques, Anesthesia for Neurosurgery, and Burns and
Trauma, and will not be discussed in detail here.

Transcranial Doppler Ultrasonography
TCD measures blood low velocities and can indirectly estimate
cerebral blood low, ICP, cerebral autoregulation, and intracranial
compliance. In patients with subarachnoid hemorrhage (SAH) or
traumatic brain injury (TBI) TCD can be used as a tool to identify vasospasm as low velocities through a given blood vessel tend
to increase during spasm. In patients with TBI, low velocities are
depressed, and impaired autoregulation and vascular reactivity are
common. In these patients, monitoring of TCD and jugular venous
oxygen saturation (SjO2) (see later) may be used to deine the optimum cerebral perfusion pressure (CPP).17 In addition, TCD indices may predict neurologic outcome in patients with TBI.18 While
anatomic variations preclude obtaining TCDs in all patients, the
major barrier to more widespread adoption of this modality is the
expertise required to obtain and interpret the data accurately.
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Microdialysis
Microdialysis uses a probe as an interface to the brain to continuously monitor the chemistry of a small focal volume of the
cerebral extracellular space. This method uses internally perfused
semipermeable membrane probes, which allow neurochemical
water-soluble substances to be collected outside the brain for further analysis. Like PbrO2 monitors, the catheter is typically placed
in a cerebral territory deemed to be at risk for further damage.
In patients with SAH this is the vascular territory associated with
the hemorrhage, in nonfocal TBI it is commonly the right frontal
lobe, and in focal TBI and ischemic stroke it is commonly the
penumbra region.29 The catheter allows measurement of energyrelated metabolites, neurotransmitters, inlammatory markers,
and exogenous substances such as drugs. The most commonly
measured substances in clinical practice are lactate, pyruvate, glucose, and glutamate.29 This monitoring modality thus provides
insight into the bioenergetic status of the brain. Increased lactate,
decreased glucose, and an elevated lactate/pyruvate ratio indicate
accelerated anaerobic metabolism. This metabolic pattern commonly occurs with cerebral ischemia or hypoxia, and increased
glycolysis in this setting is associated with a poor outcome. Extracellular excitatory amino acids such as glutamate may provide a
marker for secondary brain insults, as indicated by elevation during periods of hypoxia and intracranial hypertension. Like PbrO2
monitors, microdialysis catheters must be correctly positioned for
the information they produce to be useful. Further, metabolism
can be altered without changes of cerebral oxygenation and may
not correlate with high ICP or low CPP, and correlation between
microdialysis values and outcome is lacking.30

Diagnosis and Clinical Management of the
Most Common Types of neurologic Failure
Traumatic Brain injury
TBI is the leading cause of death from blunt trauma, with an
incidence of approximately 10/100,000 per year. With a proportion of 20% of deaths occurring in patients between the age of
5 and 45 years, TBI represents the leading cause of death in this
age group. The most powerful predictors of poor outcome from
injury through resuscitation are age >55 years, poor pupillary reactivity, postresuscitation Glasgow Coma Scale (GCS), hypotension,
hypoxia, and an unfavorable intracranial diagnosis as established by
radiologic features (e.g., CT scan). In addition, early hyperglycemia
(>200 mg/dL) is a reliable independent predictor of poor outcome.
The GCS (see the chapter on Burns and Trauma) is the most
widely used clinical measure of injury severity in patients with
TBI. The advantages of this scale are that it provides an objective method of measuring consciousness, it has high intra- and
interrater reliability across observers with a wide variety of experience, and it has an excellent correlation with outcome. However,
the GCS is unmeasurable in up to 25% to 45% of the patients at
admission and is inaccurate when only the partial score is used,
such as in patients with tracheal intubation whose verbal response
cannot be assessed. TBI qualiies as severe when the GCS is 8 or
less. The predictive value of the GCS at admission is about 69%
for good neurologic outcome and 76% for unfavorable outcome.
After 7 days these igures approximate 80% for both favorable
and unfavorable outcomes.31
Pupillary dilatation and light reactivity are also useful predictors of neurologic outcome. When both pupils are dilated and
unreactive, the likelihood of poor neurologic outcome or death is
as high as 90% to 95%. When both pupils are reactive, the likelihood of poor neurologic outcome is approximately 30% to 40%,
while the probability of good outcome is 50% to 70%.
Hypotension is a strong predictor of poor outcome in TBI.
Chesnut et al.32 reported that there was a 15-fold increased risk
of mortality in patients with early hypotension and an 11-fold
increase in mortality in patients with late hypotension.
Radiologic imaging is important in the diagnosis and in assessing the prognosis of patients with TBI. A number of computerized
tomography (CT scan)–based scoring systems have been developed and correlated with outcome, but the amount of midline
shift appears to be the single most predictive feature of outcome.
Subarachnoid blood, intraventricular blood, and diffuse axonal
injury patterns portend worse outcomes, while epidural hematomas generally have better outcomes.33 In addition, it should be
noted that about one-third to one-half of the patients present no
lesion at admission and develop new lesions secondarily, which is
associated with substantially worse neurologic outcome.
The goal of resuscitation in TBI and other types of brain injury
is to prevent continuing cerebral insult after a primary injury has
already occurred. The extent of the primary cerebral injury is usually determined by the mechanism of the trauma, the cause, and the
duration of cerebral ischemia. A primary insult is often associated
with intracranial hypertension and systemic hypotension, leading
to decreased cerebral perfusion and brain ischemia. Concomitant
hypoxemia aggravates brain hypoxia, especially in the presence
of hyperthermia, which increases brain metabolic demand. The
combined effect of these factors leads to secondary brain injury
characterized by excitotoxicity, oxidative stress, and inlammation.
The resulting cerebral ischemia may be the single most important
secondary event affecting outcome following a cerebral insult. Prevention of secondary injury is the main goal of resuscitative efforts.

PERIOPERATIVE AND
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Brain Tissue Oxygenation
Brain tissue oxygen pressure (PbrO2) measurements are performed by introducing a small, oxygen-sensitive catheter into
1 the brain tissue. The device monitors a very local area of the
brain tissue, and this technique is increasingly used for evaluation of cerebral oxygenation (normal PbrO2 values: 25 to
30 mm Hg).19 Monitoring may be performed in relatively
undamaged parts of the brain or, preferably, in the penumbra
region of an intracerebral lesion.20 Various studies have shown
that an increase in ICP and a decrease in CPP or arterial oxygenation, and hyperventilation may result in decreased PbrO2. This
monitoring modality has been shown to be helpful in detecting
intraoperative brain hypoxia during episodes of hyperventilation.21 In patients with TBI, ischemic episodes deined as PbrO2
<10 mm Hg for longer than 15 minutes in the irst week after
the injury were found to be associated with unfavorable neurologic outcome, and values of 0 (not responding to an oxygen challenge) are compatible with brain death.22 A PbrO2 of 15 mm Hg
or less has been recommended as a threshold to initiate treatment.23 Improvement in PbrO2 in response to increased CPP,
blood transfusion,24 initiation of barbiturate coma,25 and after
decompressive hemicraniectomy have all been observed.26
However, only retrospective observational studies have examined the effects of PbrO2 monitoring on outcomes after neurologic injury, with variable results reported.27,28 This may in part
be due to the fact that PbrO2 monitors are very focused in their
sampling territory, and data obtained from a monitor placed in
a nonrepresentative area of the cortex may not be generalizable
to the rest of the brain. A phase II, multicenter trial of PbrO2guided therapy of patients with TBI (BOOST-2) is currently
enrolling since 2011 and will hopefully provide more information about the inluence of this monitoring modality on patient
outcomes.
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tAble 55-2. icu ManageMent of patIents wIth severe traUMatIC
BraIn InjUry
Basic principles applied to all patients,
assuming initial surgical management

Refractory intracranial hypertension
Consider one or all of these interventions,
depending on individual circumstances

• Head elevation 30–45 degreesa
• CPP 50–70 Torr
• Euvolemia, vasopressors as needed
• ICP <20 Torr
• Mannitol, hypertonic saline
• CSF drainage
• SaO2 ≥95%; PaCO2 35–40 Torr
• Temperature ≤37°C
• Glucose <180 mg/dL
• Sedation and analgesia
• Early enteral nutrition
• Seizure, stress ulcer, and DVT prophylaxis
• Optimized hyperventilation with SjO2 and/or PbrO2
monitoring
• Barbiturate coma
• Mild therapeutic hypothermia (33°–35°C)
• Decompressive craniectomy

a

Unless contraindicated by spine injury, hemodynamic instability, or otherwise.
CPP, cerebral perfusion pressure; ICP, intracranial pressure; CSF, cerebrospinal luid; SaO2, arterial oxygen saturation; PaCO2,
arterial carbon dioxide tension; DVT, deep venous thrombosis; SjO2, jugular venous oxygen saturation; PbrO2, brain tissue oxygen
tension.

Traumatized areas of the brain manifest impaired autoregulation and disruption of the blood–brain barrier. If space-occupying
lesions or edema are present, these will contribute to reduced brain
compliance, leading to increased ICP and a consequent deleterious
effect on cerebral blood low. The rationale for attempting to optimize CPP arises from the fact that cerebral regions surrounding
the primary lesion may be close to the ischemic threshold. Therefore, the goals of neuroresuscitation are oriented at restoration of
cerebral blood low by maintenance of adequate CPP, reduction of
ICP, evacuation of space-occupying lesions, initiation of therapies
for cerebral protection, and avoidance of hypoxia.
Unfortunately, the ICU treatment of TBI is hindered by a lack
of rigorous RCTs to prove beneit, or lack thereof, for many of the
management strategies utilized today. The Brain Trauma Foundation has published Guidelines for the Management of Severe
Traumatic Brain Injury and revised them as recently as 2007.23
However, only one recommendation in 15 subject areas reaches
“Level I,” meaning based on high-quality, randomized trials.
Thus, treatment is based largely on pathophysiologic principles
and uncontrolled trials. A general guideline for management of
patients with severe TBI appears in Table 55-2. Basic principles of
management of acute TBI, including osmotherapy, are discussed
further in the chapter on Trauma and Burns; sedation, hyperventilation, hypothermia, corticosteroids, and antiseizure prophylaxis
are discussed in further detail below.
Sedation of neurologically impaired patients should typically be achieved with short-acting sedatives to allow for frequent
assessment of neurologic examination.34 Although no studies have
investigated the effect of sedation on outcome in patients with neurologic disorders, a common practice is to provide sedation with
propofol, benzodiazepines, or dexmedetomidine in patients following TBI. These agents have favorable effects on cerebral oxygen
balance, although propofol is more potent in this regard. Undesirable effects of sedatives are those leading to a reduction in CPP
due to hemodynamic depression or to an increase in CBF accompanied by a simultaneous increase in ICP, a condition potentially
occurring, for example, with the use of ketamine.

Propofol rapidly penetrates the central nervous system and
has rapid elimination kinetics. Despite the induction of systemic
hypotension, propofol decreases cerebral metabolism resulting in
a coupled decline in cerebral blood low, with consequent decrease
in ICP. Propofol’s favorable pharmacologic and neurophysiologic
proile has led to its widespread use in neurointensive care, and
high-dose propofol has been advocated as a substitute for barbiturate therapy in patients with refractory intracranial hypertension.
However, prolonged (>24 hours), high-dose (>80 µg/kg/min)
propofol administration has been associated with lactic acidosis,
cardiac failure, and death (“propofol infusion syndrome”) in children and adults with TBI.35 Thus, the use of high-dose propofol to
control refractory intracranial hypertension is not recommended,
and barbiturates should be considered if ICP is not controlled by
moderate doses of propofol.
The mechanisms by which barbiturates exert their cerebral
protective effect appear to be mediated by a reduction in ICP via
alteration in vascular tone, reduction of cerebral metabolic rate,
and inhibition of free radical peroxidation. Although barbiturates are effective in reducing ICP, their routine use in TBI does
not appear beneicial and may in fact result in excess mortality
in patients with diffuse brain injury.36,37 This effect may in part
relate to the profound cardiovascular depressant effects of barbiturates. Based on one small randomized trial, barbiturates do
appear to reduce mortality in patients with refractory high ICP.38
Thus, high-dose barbiturate therapy may be considered in hemodynamically stable severe TBI patients with intracranial hypertension refractory to maximal medical and surgical ICP-lowering
therapy. In some patients pentobarbital may induce cerebral
hypoxia by reducing CBF in excess of metabolism, and therefore
SjO2 monitoring may be considered during barbiturate therapy.
The centrally acting α-2 agonist dexmedetomidine has both
sedative and analgesic effects. Its most desirable property is that
it can allow for a more interactive and awake patient than other
sedatives (see section on sedation later). While it has not been
studied speciically in brain-injured patients, Drummond et al.39
have shown that cerebral blood low–cerebral metabolic rate of
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Finally, it should be noted that use of albumin as luid replacement therapy in patients with TBI has been associated with
increased mortality in a subgroup analysis of an RCT comparing
saline and albumin.49 Routine albumin administration to patients
with TBI should be avoided (Table 55-2).

Subarachnoid Hemorrhage
The incidence of SAH in the United States varies from 7.5 to 12.1
cases per 100,000 population. SAH is most commonly caused by the
rupture of an intracranial aneurysm. Other causes of SAH include
trauma, vertebral and carotid artery dissection, dural and spinal
arteriovenous malformations, mycotic aneurysms, sickle cell disease, cocaine abuse, coagulation disorders, and pituitary apoplexy.
Aneurysmal SAH is associated with considerable morbidity and
mortality, with only one-third of the patients suffering from SAH
being functional survivors. The leading causes of death and disability are the direct effect of the initial bleed, cerebral vasospasm,
and rebleeding. The Report of the Cooperative Study of Intracranial Aneurysms and SAH estimated that 33% of the patients would
die before receiving medical attention.50,51 Although the number of
early deaths may not have changed substantially, the overall case
fatality rate of aneurysmal SAH has fallen over time, and although
there is geographic variation mortality is reported in the 40% to
50% range in most studies.52 Approximately 40% to 50% of patients
survive with good neurologic outcome after SAH (independence
as measured by the modiied Rankin scale).52 Severity of the initial
bleed is the most important determinant of SAH outcome.
At the time of aneurysm rupture, there is a critical reduction
in CBF due to increase in ICP toward arterial diastolic values. The
persistence of a no-low pattern is associated with acute vasospasm and swelling of perivascular astrocytes, neuronal cells, and
capillary endothelium. After SAH, injury to the posterior hypothalamus may stimulate release of norepinephrine (NE) from the
adrenal medulla and sympathetic cardiac efferent nerves. The
release of NE has been associated with ischemic changes in
the subendocardium (neurogenic stunned myocardium), cardiac
dysrhythmias, and pulmonary edema.
In survivors of the initial bleed, emphasis has been placed on
early aneurysm control with either surgery or interventional neuroradiology (coiling). Approximately 10% to 23% of unsecured
aneurysms will rebleed in the irst 2 weeks, most within the irst
6 to 12 hours after the initial hemorrhage, and rebleeding is associated with mortality approximating 80%. Early aneurysm occlusion substantially reduces the risk of this complication. With the
improvement of the operative management, delayed complications
have become increasingly important causes of death and disability.
Cerebral vasospasm after SAH is identiied by angiography in
up to 60% of patients and is correlated with the amount and location of subarachnoid blood. A reduction in cerebral blood low
associated with vessel narrowing is ultimately responsible for the
appearance of delayed ischemic neurologic deicits (DINDS).
DINDS occur in approximately one-third of patients suffering
from SAH. In a systematic review of the literature, Dorsch53 found
an overall death rate of 31% (vs. 17% in patients without vasospasm), permanent deicits in 35%, and good outcome in 34% of
the patients who developed symptomatic vasospasm. DINDS typically present as alteration in consciousness and/or transient focal
neurologic deicits that rarely occur within the irst 3 days after
aneurysm rupture, typically peak in 7 to 10 days, and resolve over
10 to 14 days. If severe, vasospasm can result in cerebral infarction
and persistent neurologic deicits, which contribute to considerable long-term morbidity.
TCD has been used to identify and quantify cerebral
vasospasm on the basis that blood low velocity increases as the
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oxygen (CMRO2) coupling remains intact in healthy volunteers
during dexmedetomidine infusion.
Although neuromuscular blockade may result in a fall in ICP,
the routine use of neuromuscular blockade is discouraged since
its use has been associated with longer ICU course, a higher incidence of pneumonia, and a trend toward more frequent sepsis
without any improvement in outcome.
Hyperventilation effectively reduces ICP by reducing CBF.
However, the role that hyperventilation should play in routine
management of TBI is not clear. Primarily, this is related to concerns that hyperventilation may lead to critically low CBF, resulting in worsening cerebral ischemia.40 In small randomized trials,
prophylactic hyperventilation has not proven to be beneicial in
TBI.41 In contrast, it has been proposed that “optimized hyperventilation” in the presence of “luxury perfusion” (excess CBF) may
increase global cerebral oxygen metabolism and help normalize
global cerebral glucose extraction. Cruz42 reported that an optimized hyperventilation strategy resulted in a reduction in mortality compared to CPP management in concurrent matched control
patients, although this was not a randomized trial. On the basis
of the available evidence, prolonged or prophylactic hyperventilation should be avoided after severe TBI, especially in the irst 24
hours after the injury. Hyperventilation may be necessary for brief
periods to reduce intracranial hypertension refractory to sedation,
osmotic therapy, and CSF drainage and should be guided by SjO2
and/or PbrO2.23 A marked fall in either of these values suggests a
harmful effect of hyperventilation and that it should be reduced
or discontinued.
Experimentally, hypothermia causes a reduction in cerebral
metabolism by decreasing all cell functions, both related to neuronal electric activity and those responsible for cellular integrity.
In addition, mild hypothermia has been shown to decrease the
release of substrates associated with tissue injury such as glutamate and aspartate. A meta-analysis of eight randomized trials
of the use of mild hypothermia (33° to 35°C) in patients with
TBI, and including 748 patients, indicated that despite a marginal
improvement in poor neurologic outcome, there was no mortality advantage and there was an increased risk of pneumonia.43 An
additional randomized trial of very early hypothermia published
subsequently again found no outcome beneit to hypothermia.44
Therefore, mild hypothermia should not be routinely induced in
patients with TBI, although it may be useful for rescue therapy of
patients with refractory intracranial hypertension. On the other
hand, immediate rewarming of TBI patients with spontaneous
hypothermia may further worsen outcome and should be done
with caution.45
2
Corticosteroids to reduce posttraumatic inlammatory injury
in TBI were advocated for 30 years or more, but without convincing evidence of beneit. The CRASH study, published in 2004,
prospectively randomized over 10,000 patients presenting with
acute TBI to receive high-dose methylprednisolone or placebo for
48 hours after hospital admission. Methylprednisolone administration was associated with an approximately 20% increase in the
relative risk of death at 2 weeks in the entire cohort, and detriment was evident across subgroups divided by severity and type of
injury.46 Thus, high-dose corticosteroids should not be administered as therapy for acute TBI.23 Likewise, intravenous magnesium
administration did not improve outcomes in patients with TBI
and might even have a negative effect in the treatment of signiicant brain injury.47
Anticonvulsants are effective at preventing early posttraumatic seizures within 7 days following head trauma. However,
the evidence does not indicate that prevention of early seizures
improves outcome following TBI.48 Seizures should therefore be
treated on an as-needed basis.
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diameter of the vessel decreases. Changes in measured velocities
(1) A syndrome of inappropriate antidiuretic hormone (SIADH),
over time may be more reliable than absolute values in predicting
which is associated with euvolemia or mild hypervolemia and
symptomatic vasospasm. Velocities greater than 200 cm/s have
an excess of free water, and (2) cerebral “salt wasting,” which is
been associated with a high risk of infarction but there is a poor
marked by depletion of sodium and water. The differentiation of
correlation between the TCD velocities and angiographic indthese two entities can be dificult but is theoretically important,
ings, especially for the posterior circulation.
in that SIADH is treated by free water restriction, and cerebral
Oral nimodipine (60 mg every 4 hours for 21 days) as prophysalt wasting with volume repletion and sodium administration.
laxis for cerebral vasospasm is recognized as an effective treatThus, assessment of intravascular volume status is a key compoment in improving neurologic outcome (reduction of cerebral
nent when deciding on the treatment regimen for hyponatremia
infarction and poor functional outcome) and mortality from
associated with SAH. Other medical complications are relatively
cerebral vasospasm in patients suffering from SAH.54 Because
common after SAH and include pneumonia, neurogenic pulmonary edema and acute lung injury (ALI), sepsis, gastrointestinal
angiographic studies did not demonstrate a difference in the fre(GI) bleeding, deep venous thrombosis (DVT), and pulmonary
quency of vasospasm compared with a placebo-treated group, the
embolism (PE).
beneits of nimodipine have been attributed to a cytoprotective
effect related to the reduced availability of intracellular calcium
and improved microvascular collateral low. No other pharmacoAcute ischemic Stroke
logic therapies to prevent or treat cerebral vasospasm have demonstrated effective results in clinical trials with the exception of
Although evidence indicates that the incidence of stroke has
statins. Tseng et al. conducted a meta-analysis of available studies
declined over the past 30 years, stroke remains one of the leadexamining the effect of statin therapy on outcomes in SAH and
ing causes of disability and death in the United States. Nearly
found a reduction in the risk of DINDS in those patients receiv90% of strokes can be attributed to an ischemic mechanism such
ing a statin. Further, statin therapy appeared safe and may reduce
as atherosclerosis, thrombosis, cardio-embolism, or hypotenthe incidence of vasospasm although the quality of evidence was
sion. Other major causes of stroke are intracerebral hemorrhage
insuficient to conclude this deinitively.55
and SAH.60 Unusual causes of stroke such as carotid artery disHypervolemic, hypertensive, and hemodilution (“triple-H”)
section, hypercoagulation syndromes, or infective endocarditis
therapy is one of the mainstays of prevention and treatment of
should be considered in younger patients without apparent risk
cerebral ischemia associated with SAH-induced vasospasm despite
factors. Transient ischemic attacks may precede stroke and thus
the lack of evidence for its effectiveness, especially for prophylactic
should be considered as a warning sign. The prognosis after
use.56 The rationale for hypervolemia is derived from the observastroke varies depending on the size and location of the lesion.
tion that hypovolemia is associated with poor outcomes after SAH
In patients with acute ischemic stroke, the duration of coma
and is often present because of blood loss and/or hypothalamic dysappears to be the most important predictor of outcome and sucfunction and secretion of natriuretic peptides. Volume expansion
cessful therapy.
is therefore considered beneicial to optimize the hemodynamic
Rapid clot lysis and restoration of circulation have been proproile. The rationale for hypertension derives from the concept
posed as measures to limit the extent of brain injury and improve
that a loss of cerebral autoregulation associated with vasospasm
outcome after stroke. In accordance with the American Heart
results in pressure-dependent cerebral blood low. Finally, hemoAssociation guidelines, systemic thrombolysis using IV alteplase
dilution is a consequence of hypervolemic therapy and is thought
(rt-PA) should be administered to patients presenting with acute
to optimize the rheologic properties of the blood and thereby to
ischemic stroke within 3 hours of symptom onset so long as no
improve microcirculatory low. There is no consensus with regard
to the goals of the therapy and it is unclear which component of 3 contraindications exist.61 A recent meta-analysis of trials including almost 3,700 patients found that the treatment window may
this therapy is necessary or suficient to treat vasospasm.57 Combe extended to 4.5 hours. In this analysis neurologic outcomes at
mon complications of treatment are pulmonary edema and myo90 days in those patients treated with rt-PA within 4.5 hours of
cardial ischemia. Since the blood–brain barrier may be disrupted,
symptom onset were better than those treated with placebo, but
aggravation of vasogenic edema or hemorrhagic infarction has
no mortality beneit was found.62 After 4.5 hours the risk of hemalso been described.58
orrhage (5% to 7% overall) appears to outweigh the beneits of
Interventional neuroradiology with the use of balloon angiotreatment. It is clear that earlier treatment leads to improved outplasty can reverse or improve vasospasm-induced neurologic
comes and that treatment should be initiated as soon as possible.
deicits if initiated early after the development of ischemic sympThere is no evidence that intra-arterial thrombolysis or
toms. Although observational data suggest a beneicial effect of
mechanical thrombectomy is superior or inferior to intravenous
angioplasty on long-term outcomes, these indings have not been
administration of rt-PA, but they may be considered in patients
conirmed in RCTs, and the risks of angioplasty include intimal
with large MCA territory ischemic strokes and in situations where
dissection, vessel rupture, ischemia, and infarction.
systemic rt-PA is contraindicated. Intravenous streptokinase,
Hydrocephalus is another cause of neurologic dysfunction after
aspirin, heparin, warfarin, ticlopidine, or other antithrombotic
SAH, occurring in 25% of patients surviving the hemorrhage. The
or antiplatelet aggregating drugs are generally not recommended
presence of blood in the ventricular system obstructs ventricular
within 24 hours of treatment with either systemic or arterial rt-PA.
drainage and CSF absorption sites (subarachnoid villi). Ventricular
Unfractionated heparin (UFH) and low-molecular-weight
drainage is usually successful in improving neurologic symptoms
heparin (LMWH) have not been shown to prevent stroke produe to hydrocephalus. A minority of patients will require a pergression or reduce the rate of stroke recurrence when adminismanent ventriculo-peritoneal shunt. Seizures also occur in 13% of
tered within 48 hours of the acute event, and therefore their use
patients with SAH and are more common in patients with a neuis not recommended. In general, heparin is only recommended
rologic deicit; thus, prophylactic anticonvulsant therapy should be
for early secondary prophylaxis in patients with suspected cardiac
considered, but consensus for its use is generally lacking.59
embolism. Aspirin 325 mg has been shown to reduce the risk of
A relatively common complication after SAH (10% to 34%)
early recurrent ischemic stroke and is recommended within 24 to
is hyponatremia. Hyponatremia usually develops several days
48 hours of stroke onset in most patients, but increases the risk
after the hemorrhage and is attributed to two main causes:
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of hemorrhagic stroke. The frequency of DVT in acute stroke is
cArdIovAsculAr And
reduced by anticoagulants, especially LMWH, but not by antiplatelet agents. However, it is unclear if the frequency of PE is also
heModynAMIc AsPects
reduced.
of crItIcAl cAre
The majority of patients with acute ischemic stroke present
with severe arterial hypertension. If intracerebral hemorrhage
is excluded, treatment of hypertension should be delayed since
Principles of Monitoring and Resuscitation
reduction of the perfusion pressure could compromise the viable
brain surrounding the ischemia (ischemic penumbra). HowShock states are associated with impairment of adequate oxygen
ever, severe hypertension (systolic blood pressure >220 mm Hg,
delivery resulting in decreased tissue perfusion and tissue hypoxia.
or mean arterial blood pressure of >130 mm Hg, or diastolic
It is important to emphasize that global hemodynamic moni>120 mm Hg) should be controlled because of increased risk of
toring may not relect regional perfusion or the peripheral tishemorrhagic transformation in anticoagulated patients or after
sue energy status. Occasionally, despite increased cardiac output
thrombolysis. Although there is no evidence for an optimal level
(CO) and oxygen delivery peripheral tissues suffer from hypoxia
of blood pressure, there is general consensus that the systolic
due to blood low maldistribution and uncoupling between oxypressure should not be lowered below 150 to 160 mm Hg. If the
gen delivery and oxygen utilization from mitochondrial dysfuncevent is accompanied by raised ICP due to cerebral edema, the
tion and energetic failure (cytopathic hypoxia).
principles of treatment of raised ICP discussed above with regard
Invasive monitoring in shock states provides insight into the
to TBI similarly apply. Cytotoxic brain edema usually occurs
circulatory status, organ perfusion, tissue microcirculation, and
24 to 96 hours after acute ischemic stroke, and osmotherapy
cellular metabolic status of the critically ill patient. Hemodyconstitutes the basis of ICP reduction. Steroids are of no value
namic monitoring ranges from the simple monitoring of ECG
in the treatment of ischemic stroke. Because hyperglycemia is
and pulse oximetry, to continuous arterial pressure measurement
associated with poor outcome in ischemic stroke, tight glucose
via an arterial catheter, the monitoring of cardiac illing pressures
control has been recommended by some. However, a randomized
with central venous or pulmonary artery catheters (PACs), to cartrial of glucose–potassium and insulin infusion that targeted nordiac echocardiography. Several experimental monitoring devices
moglycemia in patients with acute stroke failed to demonstrate a
detecting microenvironmental conditions at the tissue level are
mortality beneit at 90 days.63
under continuous investigation.
Space-occupying middle cerebral artery infarctions (malignant
MCA syndrome) and cerebellar infarctions have a high mortality
rate and, in selected cases where signs of intractable intracranial
Functional Hemodynamic Monitoring
hypertension are present, hemicraniectomy or decompressive
surgery of the posterior fossa, respectively, could be life saving 2
Pulmonary Artery Catheter
and improve outcome.64 Surgery seems to be less beneicial in
patients presenting with aphasia, in patients older than 50 years, 3 The PAC measures hemodynamic indices including central venous
pressure (CVP), pulmonary artery pressure and occlusion pressure
and in patients undergoing delayed surgery (greater than 24 hours
(PaOP), CO (thermodilution method), systemic vascular resisafter presentation).
tance (SVR) and pulmonary vascular resistance, and mixed venous
oxygen saturation (SvO2) and provides data for deriving oxygenAnoxic Brain injury
ation variables (oxygen delivery [DO2], consumption [VO2], and
extraction [O2ER]). The information provided by the PAC may
Anoxic brain injury most commonly occurs as a result of cardiac
assist in the differentiation of cardiogenic and noncardiogenic cirarrest, either in or out of the hospital. Of patients who survive their
culatory and respiratory failure and help guide luid, inotropic, and
initial cardiac arrest, in-hospital mortality ranges from approxivasopressor therapy. The technical and physiologic principles of
mately 50% to 90%, and a high percentage of survivors suffer
the PAC are discussed in detail in other chapters.
brain injury with signiicant long-term disability. The pathoDespite the theoretical beneits of pulmonary artery catheterizaphysiology of anoxic brain injury is multifactorial and includes
tion, there are few data to support a positive effect of PAC utilizaexcitatory neurotransmitter release, accumulation of intracellular
tion on mortality or other substantive outcome variables. Patient
calcium, and oxygen free radical generation. Unfortunately, pharpopulations including those with ARDS, congestive heart failure,
macologic therapies aimed at several of these pathways, including
and septic shock and high-risk surgical patients have all been the
barbiturates, benzodiazepines, corticosteroids, calcium channel
subject of investigations targeting the effect of PAC use on outantagonists, and free radical scavengers, have failed to improve the
come.67,68 These trials have all failed to show beneit. As a conseoutcome of anoxic brain injury.
quence of these studies questioning the beneits of the PAC, the
Mounting evidence supports a role for mild therapeutic hypo4
frequency of its use has substantially decreased in both medical and
thermia in anoxic brain injury. A Cochrane review in 2009 found
surgical patients.69
that available evidence supports the induction of mild hypotherThere is reason to believe that some or all of the following factors
mia (temperature 32° to 34°C) in survivors of out-of-hospital
may be responsible for the observed lack of beneit associated with
ventricular ibrillation/ventricular tachycardia arrest.65 HypoPAC use: (1) Device or procedure-related complications; (2) inacthermia was associated with a relative increase in patients with
curate data; (3) fundamentally incorrect assumptions about the
a favorable neurologic outcome (moderate disability or less) of
meaning of the measured data; (4) inappropriate decisions result40% to 50%, and in one study it was also associated with relaing from misinterpretation of the data; and (5) harmful effects of
tive 6-month mortality reduction by approximately 25%.66 Thus,
well-intended therapies. As an example of factor number 3, there
mild therapeutic hypothermia should be routinely applied to
is increasing evidence that CVP and PA pressure do not predict
comatose survivors of out-of-hospital cardiac arrest due to venthe hemodynamic response to intravenous luid administration in
tricular ibrillation; it should also be considered in other scenarnormal subjects or patients with shock.70,71 As an example of factor
ios, including in-hospital cardiac arrest and cardiac arrest due to
number 5, the ability to increase DO2 with luid resuscitation and
asystole and pulseless electrical activity.
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inotropic therapy in patients with septic shock identiies a better
prognosis. This observation led to a therapeutic strategy known
as “supraphysiologic resuscitation” to deined end points (cardiac
index >4.5 L/min, DO2 >600 mL/m2/min, and VO2 >170 mL/m2/
min) in patients with septic and surgical/trauma-related shock.
However, a large, randomized, prospective study found that this
approach was associated with increased mortality in patients with
septic shock, and this approach is no longer favored.72
As with all interventions, the decision to insert a PAC must
weigh the risks of monitoring against the potential beneits in
terms of adaptation of treatment to the information obtained
from the monitoring. While there are likely speciic patient populations and disease states that may beneit from this monitoring
modality, further research is necessary to deine these groups.
A somewhat less invasive and less costly alternative to placing
a PAC for the measurement of SvO2 is to measure central venous
oxygen saturation (ScvO2) via a iberoptic central venous catheter. ScvO2 is approximately 5 mm Hg higher than SvO2 in critically ill patients, but appears to correlate well with SvO2 during
changes in hemodynamic status.73 Targeting an ScvO2 >70% as a
component of early goal–directed therapy in patients with septic
shock has been associated with a reduction in mortality.74

Arterial Pressure Waveform Analysis
4 In addition to static pressure measurements such as CVP and
PaOP, dynamic indicators of preload include respiratory variation in systolic pressure and pulse pressure, both of which can be
derived from the analysis of the waveform generated by a peripherally placed arterial catheter. In addition, techniques for deriving
stroke volume, CO, and intrathoracic blood volume are available.
These techniques present a less invasive approach to hemodynamic monitoring of critically ill patients.
The variation in systolic blood pressure and pulse pressure
during positive pressure ventilation (PPV) is highly predictive of
the response to intravascular luid administration in both normal
subjects and critically ill patients. During PPV there is an inspiratory reduction in right ventricular stroke volume due to decreased
venous return and a subsequent reduction in left ventricular
end-diastolic volume appearing during the expiratory phase of
the respiratory cycle. Therefore, the left ventricular stroke volume varies cyclically with ventilation and is paralleled by a similar variation in systolic blood pressure and pulse pressure; these
effects are exaggerated during absolute and relative hypovolemia.
Systolic and pulse pressure variations are superior predictors of
luid responsiveness (compared to static measures such as CVP
and PaOP) in patients with a variety of critical illnesses, including
septic shock, ALI, and following cardiac surgery.75
Analysis of the systemic arterial pulse contour allows derivation
of CO after initial calibration using an indicator-dilution technique. Two commercially available devices utilize either lithium
(injected through a peripheral IV; LiDCO) or thermal dilution
(injected through a central venous catheter; PiCCO) for initial
calibration. CO derived using pulse contour analysis correlates
well with thermodilution CO in a variety of conditions and has the
advantage of providing continuous measurement without necessitating the placement of a PAC. The PiCCO device also allows for
measurement of intrathoracic blood volume using transpulmonary
thermodilution; the latter may be a more accurate relection of preload than static central pressure measurements. Although further
validation of these techniques in critically ill patients is necessary,
the use of pulse contour analysis may potentially obviate the need
for pulmonary artery catheterization to measure CO, particularly
if combined with the measurement of ScvO2 as an indicator of the
balance between oxygen delivery and consumption.

Transesophageal Doppler sonography using a small probe in
a large nasogastric tube (6 mm) monitors descending aortic low
velocity continuously. When combined with the cross-sectional
area of the aorta it allows for less invasive monitoring of CO compared to the PAC. The disadvantages of this technique are that
it is inaccurate if not positioned correctly, it is easily dislodged,
and that it does not measure the supra-aortic output or the aortic
cross-sectional area directly. Instead, aortic cross-sectional area is
determined using a nomogram and assumed to remain constant
throughout systole.76 Two cases of intrabronchial displacement of
the probe have been reported.

Echocardiography
Echocardiography is an even less invasive hemodynamic monitoring tool, see Chapter 26. Both transthoracic echocardiography
(TTE), and transesophageal echocardiography (TEE) provide
accurate diagnostic information with regard to dynamic ventricular function, valvular anatomy, pericardial anatomy and intracardiac pressures. While TEE has long been used in the ICU, especially
in cardiac surgical patients, TTE use is becoming more widespread
as the size and cost of the equipment are coming down. The major
limitation of echocardiography is that it does not provide continuous monitoring and requires a high standard of training and
experience. However, a number of studies have now shown that
with very limited training practitioners can accurately and rapidly
perform focused cardiac examinations. Melamed et al. provided
intensivists with 2 hours of formal didactic training followed by
4 hours of hands-on training in focused point-of-care echocardiography. Using formal TTEs obtained by professional sonographers and interpreted by attending cardiologists as a gold standard, the intensivists were able to correctly identify ventricular
(dys)function more than 80% of the time.77 Ultrasound has the
additional beneit of being easily adapted to other uses in addition to cardiac assessment such as to guide placement of vascular
catheters, assessment of lung pleura and parenchyma, and venous
thrombosis detection. Although the role of echocardiography in
routine critical care management remains undeined, it has been
suggested that this technique can replace pulmonary arterial catheterization in the ICU without adversely affecting outcomes.78
However, it should be kept in mind that data on outcomes with
the use of focused echocardiography are lacking.

Definition and Types of Circulatory Failure
The common denominator of shock is circulatory instability
characterized by severe hypotension and inadequate tissue perfusion. Shock states are classiied according to the primary cause
of circulatory failure. Distributive or vasodilatory shock results
from a reduction in SVR, often associated with an increased CO,
whereas cardiogenic (left or right cardiac failure) and hypovolemic shock are low CO states usually characterized by increased
peripheral resistance. Obstructive shock, as the name suggests, is
characterized by an obstruction to CO such as may happen with
a tension pneumothorax or pericardial tamponade. The most
common forms of shock encountered in the ICU are cardiogenic,
septic (a form of distributive shock), and hypovolemic shock.
Despite extensive research and aggressive management, the mortality from shock remains staggeringly high; approximately 35%
to 40% of patients die within 28 days of the onset of septic shock,
and the mortality rate is 70% to 80% for patients with cardiogenic
shock. The mortality from hypovolemic shock is highly variable
and depends upon the etiology and the rapidity of recognition
and treatment. Cardiogenic and septic shock are discussed in
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in patients under age of 75 years.82 The addition of intra-aortic
balloon counterpulsation to PCI in acute STEMI did not reduce
infarct size or otherwise improve outcomes.83

Cardiogenic Shock

Septic Shock

The initiating event in cardiogenic shock is a primary pump failure. Heart failure may result from extensive myocardial infarction
(MI), cardiomyopathy, dysrhythmias, mechanical complications
(mitral regurgitation, ventricular septal defect), tamponade, and
so on. The pathophysiologic characteristics include a reduction
in contractility, usually accompanied by dilatation of cardiac
cavities and venous congestion. Determining the etiology of cardiogenic shock is of utmost importance as the treatment varies
considerably based on the underlying mechanism; β-blockers are
contraindicated in nonischemic ventricular failure exacerbations
and diuresis is frequently indicated, whereas in acute ischemic
ST elevation MI (STEMI) β-blockers are a mainstay of treatment
and there is little role for acute diuresis. A 12-lead ECG, serum
troponin measurements, B-type natriuretic peptide levels, and
TTE should be obtained in all patients presenting with heart
failure as this information is helpful in differentiating between
the various causes of heart failure.79 Absence of pulmonary congestion at initial clinical evaluation does not exclude a diagnosis
of cardiogenic shock due to predominant left ventricular failure and is not associated with a better prognosis. The onset of
pump failure is associated with two compensatory mechanisms:
A relex vasoconstriction in systemic vessels causing an increase
in left ventricular workload and myocardial oxygen demand,
and a redistribution of blood volume toward the heart and the
lungs. However, cardiogenic shock developing within 36 hours
of an acute MI has been associated with variably decreased SVRs,
possibly mediated by the presence of a systemic inlammatory
response.
Several studies have demonstrated that the incidence and
severity of left ventricular failure complicating acute MI were
directly related to the extent of ventricular mass necrosis. Consequently, therapy should minimize myocardial oxygen demand
and raise oxygen delivery to the ischemic area; this goal is complicated by the fact that many resuscitative approaches to correct
hypotension (preload augmentation, inotropes, and vasopressors; see later) increase myocardial oxygen consumption. In
patients without hypotension, pharmacologic vasodilatation
using nitrates or sodium nitroprusside may reduce myocardial
oxygen consumption and improve ventricular ejection by reducing left ventricular afterload and possibly produce a shift of blood
from the lungs to the periphery by reducing venous tone. B-type
natriuretic peptide (nesiritide) and fenoldopam have similar
effects, but have not shown any beneit in large randomized trials and are not recommended.80 When pharmacologic interventions are not suficient to restore hemodynamic stability, the use
of mechanical support with the insertion of intra-aortic balloon
pump counterpulsation and ventricular assist devices can help
unload the ventricles.
In patients with MI, coronary reperfusion can be achieved
with systemic thrombolysis or, preferably, primary percutaneous
coronary intervention (PCI). The American Heart Association/
American College of Cardiology guidelines recommend treatment of STEMI by PCI within 90 minutes of presentation or, if
not available, by thrombolytic therapy within 30 minutes of presentation.81 A randomized trial comparing emergency revascularization with primary PCI or coronary artery bypass surgery to a
regimen of thrombolysis did not demonstrate a mortality difference at 30 days. However, at 6 months and 1 year, there was a
signiicant mortality reduction with emergency revascularization

Septic shock is a form of distributive shock associated with the
activation of the systemic inlammatory response and is usually characterized by a high CO, low SVR, hypotension, and
regional blood low redistribution, resulting in tissue hypoperfusion. Other causes of distributive shock include acute spinal
cord injury, pancreatitis, burns, fulminant hepatic failure, multiple traumatic injuries, toxic shock syndrome, anaphylaxis and
anaphylactoid reactions, and drug or toxin reactions, including
insect bites, transfusion reactions, and heavy metal poisoning.
In patients with systemic infections, the physiologic response
can be staged on a continuum from a systemic inlammatory
response syndrome (SIRS), to sepsis, severe sepsis, and septic
shock (Table 55-3). The hemodynamic proile of septic shock
is inluenced by several sepsis-induced physiologic changes
including hypovolemia and vasodilatation, in addition to cardiac depression. Sepsis is associated with a global decrease in
cardiac contractility, and echocardiographic measurements of
the left ventricle size demonstrate an inability of the ventricle to
dilate in septic patients.84
In endotoxemia and sepsis, metabolic needs are increased
and the ability of the tissues to extract and utilize oxygen may be
impaired. Thus, a metabolic acidosis may be present despite normal levels of oxygen transport. A decrease in cellular O2 extraction capacity may result from factors other than hypoperfusion,
such as direct cellular damage by toxins and/or mediators or
maldistribution of blood low (cytopathic hypoxia). The impact
of impaired perfusion on organ function depends on individual
susceptibility to hypoxia. The peculiar anatomy and the microcirculatory structure of intestinal villi with their countercurrent
low mechanism render the supericial layers of the mucosa particularly vulnerable to ischemia. The GI tract has been implicated
as the “motor” of multiple organ dysfunction syndrome (MODS)
and “splanchnic resuscitation” has been advocated as a central
objective in patients with septic shock. Intramucosal pH and
PCO2 monitoring has been proposed as a technique to assess the
splanchnic metabolic state.
Though hypoperfusion is the dominant cause of lactic acidosis
in sepsis, various degrees of intermediary metabolic alterations
may contribute to the increased lactate production independent
of perfusion. Normally, lactate is cleared by the liver metabolic
activity via the Cori cycle. Subsequently, with the development
of liver perfusion impairment this organ may turn to a net lactate producer. Furthermore, the increase in the rate of glucose
metabolism may also occur due to inhibition of the step-limiting
enzyme, pyruvate dehydrogenase, for pyruvate to enter the Krebs
cycle. An increase in the relative proportion of inactive to active
enzyme results in pyruvate accumulation and lactate production.
MODS refers to the presence of altered organ function in an
acutely ill patient such that homeostasis cannot be maintained
without intervention.85 The exact pathophysiology of MODS is
not yet fully understood, although alterations in systemic hemodynamics, organ perfusion, and tissue microcirculation resulting
in tissue hypoxia play a role in initiating and maintaining the syndrome. MODS accounts for most deaths in the ICU.
While organ failure only qualiies a dichotomous event that
is either present or absent, organ dysfunction represents a continuum of physiologic derangements. Different severity scores
have been proposed to quantify the range of severity of MODS.
A commonly used score that correlates with a higher mortality in
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more detail in the following section; the causes and treatment of
traumatic shock, including hypovolemic and obstructive shock,
are discussed in the chapter on Trauma and Burns.
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tAble 55-3. defInItIons of sepsIs and organ faILUre
Clinical evidence of Infection:
Infection: Microbial phenomenon characterized by an inlammatory response to the presence of microorganisms or the invasion of normally sterile tissue by those organisms.
Bacteremia: The presence of viable bacteria in the blood.
systemic Inlammatory response syndrome (sIrs): Systemic inlammatory response to a variety of
severe clinical insults. The response is manifested by two or more of the following conditions:
Core temperature <36°C or >38°C.
Tachycardia >90 beats/min.
Tachypnea >20 breaths/min while breathing spontaneously, or PaCO2 <4.3 kPa.
White blood count >12,000 cells/mm3, <4,000 cells/mm3, or >10% immature forms
sepsis: The systemic response to infection. This systemic response is manifested by three or more of
the conditions described above (SIRS) and presented clinical or microbiologic evidence of infection.
severe sepsis: Sepsis associated with organ dysfunction, hypoperfusion, or hypotension.
Hypoperfusion and perfusion abnormalities may include, but are not limited to, lactic acidosis,
oliguria, or an acute alteration in mental status.
septic shock: Sepsis with hypotension, despite adequate luid resuscitation, along with the presence
of perfusion abnormalities that may include, but are not limited to, lactic acidosis, oliguria, or an
acute alteration in mental status. Patients who are on inotropic or vasopressor agents may not be
hypotensive at the time that perfusion abnormalities are measured.
sepsis-induced hypotension: A systolic BP of <90 mm Hg or a reduction of >40 mm Hg from
baseline in the absence of other causes for hypotension.
Multiple organ dysfunction syndrome: Presence of several altered organ function in an acutely ill
patient such that homeostasis cannot be maintained without intervention.
From American College of Chest Physicians/Society of Critical Care Medicine Consensus Conference: Deinitions for sepsis and
organ failure and guidelines for the use of innovative therapies in sepsis. Crit Care Med 1992;20:864, with permission.

Recommendations from the Surviving Sepsis Campaign, an
the ICU was developed by Marshall et al.86 This scoring system 5
international initiative aiming at improving outcomes in patients
assigns increasingly high values based on markers of increasing
with severe sepsis, propose a number of interventions (bundles)
respiratory, renal, cardiovascular, hepatic, hematologic, and cento guide management of patients with septic shock (Table 55-4).87
tral nervous system dysfunction.
Based on the etiology, MODS can be classiied as either primary or secondary. Primary MODS is the result of a well-deined
Management of Hypotension with Fluid
insult in which a primary organ dysfunction occurs early and can
Replacement Therapy
be directly attributable to the insult itself (e.g., ARDS due to pulmonary contusion). Secondary MODS represents an abnormal
Intravascular volume expansion is the irst line of therapy in most
host response (e.g., ARDS in patients with sepsis) and is the result
forms of shock. Appropriate clinical indicators of the response
of a systemic inlammatory response initiated by a primary insult
to a luid challenge (intravenous bolus of 250 to 1,000 mL crysinvolving another organ system.
talloids over 5 to 15 minutes) are heart rate (HR), blood pressure, and urine output as well as invasively acquired measures
including CVP, PaOP, systolic and pulse pressure variations, and
Clinical Management of Shock/Circulatory
CO. An increase in CO following volume expansion unmasks
an absolute or relative hypovolemic state (preload dependency).
Failure Based on Hemodynamic Parameters
Lack of change or a decrease in CO following volume expansion
suggests a euvolemic status, volume overload, or cardiac failure.
The mainstay of treatment of hemodynamic instability is correcThe choice of crystalloids versus colloids for volume expantion of hypotension and restoration of regional blood low with
sion has been debated for decades, without clear resolution. Two
intravascular volume expansion and vasopressors and/or inotrometa-analyses examined how the choice of crystalloid or colloid
pes. Adequacy of regional perfusion is usually assessed by evalusolutions affects survival in critically ill patients. Results from these
ating indices of organ function, including myocardial ischemia,
analyses were conlicting, demonstrating either noninferiority or
renal dysfunction (urine output and renal function tests), arteincreased mortality with the use of albumin-containing luids.88,89
rial lactate levels as an indicator of anaerobic metabolism, central
nervous system dysfunction as indicated by abnormal sensorium,
A multicenter, randomized, double-blind trial compared the effect
and hepatic parenchymal injury as determined by liver function
of luid resuscitation with 4% albumin or saline on mortality in
tests. However, these functional assessments of satisfactory organ
ICU patients.90 Outcomes were similar in both groups at 28 days.
perfusion may not allow rapid adjustments in therapy compared
Another trial in 537 patients with severe sepsis compared volume
to more direct continuous monitoring of global and/or regional
resuscitation with hetastarch to Ringer’s lactate; although there
perfusion. Therefore, additional end points of treatment consist
was no difference in mortality between groups, patients randomof mean arterial pressure and DO2, or some surrogate of the latter
ized to receive hetastarch had a higher risk of renal failure and the
need for renal replacement therapy (RRT).91 Additional evidence
(SvO2 or ScvO2).
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tAble 55-4. ManageMent of severe sepsIs and septIC shoCK
• Initiation of early goal–directed resuscitation during the irst 6 h after onset of sepsis
• Blood cultures to identity causative organisms before starting antibiotic therapy, and prompt
imaging studies performed identify potential source of infection
• Administration of empiric broad-spectrum antibiotics within 1 h of diagnosis, and reassessment of
appropriate therapy upon availability of microbiology results
• Control of source of infection
• Administration of either crystalloid or colloids as choice for luid resuscitation
• Fluid challenge to achieve adequate illing pressures, and reduction of rate of luids with rising illing
pressure and no improvement in tissue perfusion
• Use of norepinephrine or dopamine as irst-line vasopressors for a target mean arterial pressure
≥65 mm Hg
• Use of vasopressin at ixed rate as an adjunct to catecholamines
• Use of low dopamine for renal protection not recommended
• Consideration for dobutamine in low cardiac output states despite luid resuscitation
• Targeting supranormal values of oxygen delivery is not recommended
• Stress-dose steroid therapy for septic shock if blood pressure is poorly responsive to luid and
vasopressors
• Targeting a hemoglobin of 7–9 g/dL in the absence of tissue hypoperfusion, coronary artery disease,
or acute hemorrhage
• Appropriate use of fresh frozen plasma and platelets
• Use of low tidal volume, limitation of inspiratory plateau pressure, and application of at least a
minimal amount of positive end-expiratory pressure for ALI patients
• Elevation of the head of the bed to a semirecumbent position unless contraindicated
• Avoidance of routine use of pulmonary artery catheter in patients with ALI
• Use a conservative luid strategy for patients with acute lung injury who are not in shock
• Use of protocols for ventilation weaning and sedation/analgesia, with daily sedation interruption if
using continuous infusion sedation
• Avoidance of neuromuscular blockade
• Equivalence of continuous venovenous hemoiltration and intermittent hemodialysis
• Use of bicarbonate to correct arterial pH above 7.15 is not recommended
• Use of deep vein thrombosis and stress ulcer prophylaxis with H2 blockers or proton pump
inhibitors is recommended
• Consideration of limitation of life support when appropriate

continues to accumulate linking hetastarch administration to an
increased rate of renal failure.92 Thus, crystalloid appears at least as
good as colloid for luid resuscitation in the majority of critically ill
patients and may be safer overall.

Management of Shock with
vasopressors/inotropes
If patients remain persistently hypotensive despite volume expansion and markers of adequate preload, the use of vasopressors
and/or inotropic drugs is indicated. Pharmacologic agents include
adrenergic agonists with inotropic and vasoconstrictor effects
(NE, dopamine, dobutamine, epinephrine, phenylephrine); other
vasoconstrictors are vasopressin and nitric oxide synthase inhibitors. Select agents will be discussed below.

Norepinephrine
NE increases systemic arterial pressure by increasing SVR, with
variable effects on CO and HR. These effects are mainly mediated by α- and β-adrenergic receptor agonism. Older studies
comparing the hemodynamic and splanchnic effects of NE to
dopamine in patients with sepsis suggest that NE may improve

the oxygen supply–demand ratio in the splanchnic bed whereas
dopamine may have a deleterious effect on this relationship.
However, it should be noted that the hemodynamic parameters
targeted in this study were outside the range of what is currently
recommended.93
A more recent review of clinical trials comparing NE to
dopamine in over 2,000 patients with shock of all kinds found
a 28-day mortality beneit in patients treated with NE. While
the majority of patients had septic shock, when the septic shock
subgroup was analyzed the mortality beneit was no longer statistically signiicant. Dopamine was associated with more than
twice the risk of developing a cardiac dysrhythmia.94 A Cochrane
meta-analysis found similar results with a nonsigniicant trend
toward improved mortality in patients treated with NE compared to dopamine and an increased risk of dysrhythmias in the
dopamine group.95
A concern that NE may compromise renal perfusion has led
to some hesitancy to use this drug; however, the majority of
available evidence suggests that NE improves renal function in
volume-resuscitated, hypotensive patients with septic shock. It is
worth noting that the combination of excessively high doses of
any vasopressor with inadequate effective plasma volume expansion may reduce organ perfusion and should be avoided.

PERIOPERATIVE AND
CONSULTATIVE SERVICES

ALI, acute lung injury.
Adapted from: Dellinger RP, Levy MM, Carlet JM, et al. Surviving Sepsis Campaign: International guidelines for management of
severe sepsis and septic shock: 2008. Crit Care Med. 2008;36:296–327.
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Dopamine
Dopamine raises mean arterial pressure primarily by increasing cardiac index and less so by increasing SVR. These effects are
mediated by dopaminergic receptor agonism as well as by α- and
β-adrenergic receptor agonism. Dopamine does not have consistent selective dopaminergic effects on renal blood low, but rather
improves urine output by either improving overall hemodynamics, a direct diuretic effect, or decreasing the release of antidiuretic
hormone via baroreceptor responses.96 While some have advocated for the use of “renal dose” dopamine, a large randomized
trial and a meta-analysis comparing low-dose dopamine to placebo in critically ill patients found no differences in either renal
function tests or survival, and the use of low-dose dopamine is
therefore not recommended.97 In addition to the above concerns
regarding mortality, splanchnic perfusion, and dysrhythmias
with dopamine, there is evidence that dopamine may also have
pro-inlammatory actions and may suppress the innate immune
response.98

Dobutamine
Dobutamine is a β-1 and β-2 receptor agonist that demonstrates
potent inotropic and chronotropic effects and mild peripheral vasodilatation, with the ultimate effect of increasing oxygen
delivery and consumption. Dobutamine is the drug of choice in
patients with circulatory failure primarily due to cardiac pump
failure (cardiogenic shock). However, dobutamine should not be
used as irst-line single therapy when hypotension is present and
is frequently combined with other agents such as NE. In patients
with septic shock dobutamine may be useful in the presence of
impaired cardiac contractility with resulting inadequate CO and
oxygen delivery. Several studies show that dobutamine alone or
added to standard vasopressor regimens increases both oxygen
delivery and consumption in septic and elderly septic patients.99
In patients with septic shock, the combination of NE plus dobutamine resulted in increased gastric mucosal perfusion compared
to NE alone.100 Other studies comparing the effects of NE plus
dobutamine versus epinephrine or dopamine alone suggested an
improved balance between oxygen delivery and consumption with
the combination therapy.
Despite these physiologic beneits of dobutamine in septic
shock, detrimental effects have been observed when therapy
is oriented to supranormal CO, DO2, and VO2 in critically ill
patients, as discussed previously.72 Based on this and other studies, the use of aggressive strategies such as high-dose dobutamine
to drive cardiac index above a predeined “supraphysiologic”
level is not recommended as routine therapy in the critically ill.
In contrast, a clinical trial of early goal–directed therapy during the irst 6 hours of septic shock to maintain central venous
oxyhemoglobin saturation (ScvO2) of 70% or greater with volume resuscitation, packed red blood cell (RBC) transfusion to a
hematocrit of 30% and, if not suficient, with dobutamine up to
20 µg/kg/min demonstrated a 16% absolute reduction in 28-day
mortality compared to standard therapy. 74 It is not clear whether
the observed beneits of early goal–directed therapy were due to
the early initiation of treatment, achievement of the goal end
points, or speciic elements of treatment (e.g., blood transfusion or dobutamine). However, this early approach of increasing
oxygen delivery in septic shock patients by targeting an indicator of supply/demand relationship is substantially different from
the supraphysiologic resuscitation in general ICU populations
previously described.
In summary, dobutamine treatment is the irst line of treatment in patients with shock and decreased cardiac contractility
and performance. In patients with septic shock, dobutamine may

be useful as second-line agent, after adequate luid resuscitation
and if introduction of vasopressors has not restored suficient
levels of oxygen delivery, relected by an ScvO2 of >70% (which
approximates a mixed venous oxygen saturation, SvO2, of >65%)
and increased lactate clearance. However, further corroborating
data are necessary to determine the true beneits of early optimization of oxygen delivery. Targeting supranormal levels of oxygen
delivery and consumption is not recommended.

Epinephrine
Epinephrine is a β-1, β-2, α-adrenergic receptor agonist that exhibits a dose-related response. It increases arterial blood pressure by
increasing cardiac index through both inotropic and chronotropic
effects. It also increases SVR, DO2, and VO2. The increased VO2 is
via activation of metabolic pathways.
In patients with septic shock, epinephrine may reduce
splanchnic perfusion despite an increase in global hemodynamic
and oxygen transport. Compared with a combination of dobutamine and NE, epinephrine resulted in similar hemodynamic
proiles in patients with cardiogenic shock, but was associated
with a transient elevation in serum lactate levels compared to
the NE and dobutamine group.101 It was also associated with
an increase in HR and greater incidence of dysrhythmias. There
were similar indings of equivalency when dobutamine combined with NE was compared to epinephrine in patients with
septic shock.102
Lactate elevation with epinephrine therapy is observed consistently, but whether this relects a reduction in vital organ perfusion with resulting anaerobic metabolism, increased production
consequent to a thermogenic effect in skeletal muscle, or reduced
clearance remains to be deined. However, epinephrine treatment at best brings no additional beneit to other catecholamine
therapy in the management of patients with septic shock and may
increase dysrhythmias and lactate production.

Vasopressin
Vasopressin is a potent vasoconstrictor when administered in
low doses to patients in shock, particularly those with distributive
shock due to sepsis or hepatic failure, or with circulatory failure
following cardiopulmonary bypass.103 This may in part be related
to a relative deiciency of vasopressin in these settings. Vasopressin
may also be useful in resuscitation from cardiac arrest, particularly
if due to asystole, and is offered as an option in the current ACLS
algorithm for treatment of ventricular ibrillation.104
Vasopressin administration during shock typically results
in dramatically increased systemic blood pressure, with either
no effect or a mild decrease in CO, little change in HR, and no
effect on pulmonary vascular resistance. Although vasopressin
has the potential to reduce mesenteric and renal blood low, it
does not appear to do so when administered at low dose during
vasodilatory shock.105,106 In addition, vasopressin and its analogs
have been shown to improve urine output in the hepatorenal
syndrome, supporting a positive effect of vasopressin on renal
blood low in vasodilatory states. Clinical trials of vasopressin or
vasopressin analogues (terlipressin) have consistently demonstrated a catecholamine sparing effect of vasopressin in patients
with severe burns or septic shock, but a mortality beneit has not
been demonstrated.107–109 The largest of these trials conducted by
the Vasopressin and Septic Shock Trials Group (VASST) compared vasopressin to NE in over 700 patients.109 There was no
overall difference in 28- or 90-day mortality, but patients with
less severe septic shock (deined as baseline NE requirement of
<15 µg/min) did better with vasopressin. Based on these data,
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Additional Treatment Considerations for
Critically ill Patients with Septic Shock
Activated Protein C

Acute resPIrAtory fAIlure
Acute respiratory failure is characterized by a derangement in
pulmonary gas exchange or an imbalance between the work of
breathing and respiratory muscle capacity and is usually accompanied by hypoxemia and/or hypercapnia. Indeed, in some cases
respiratory failure may be caused by “nonrespiratory” issues, for
example, coma that results in the inability to protect the airway.
Acute respiratory failure is a relatively common phenomenon;
depending on the type of ICU, the majority of patients may be
mechanically ventilated at any given time, and virtually all critically ill patients are mechanically ventilated for some portion of
their ICU stay. Sufice it to say that the treatment of acute respiratory failure is primarily supportive and typically necessitates supplemental oxygen and often mechanical ventilation with or without airway intubation. Acute respiratory failure typically resolves
when the initiating condition is adequately treated. The following
sections will discuss the basic principles of mechanical ventilation, some of the more challenging types of respiratory failure,
and potential therapeutic approaches to respiratory failure.

Clinical or subclinical manifestations of intravascular disseminated coagulation and consumption coagulopathy are present
in essentially all patients with septic shock. The activation of
protein C is thought to be an important mechanism for modulating sepsis-induced consumption coagulopathy. The rationale
for replacing activated protein C relates to its anticoagulant
and proibrinolytic properties, which interrupt the consumption coagulopathy and are particularly effective at preventing
microvascular thrombosis. Drotrecogin-alfa, a human recombinant activated protein C, was approved by the Food and Drug
Administration (FDA) for treatment of patients with severe
sepsis as deined by an APACHE II score >25 based on results
Principles of Mechanical ventilation
from a single RCT. However, subsequent clinical trials and a
meta-analysis failed to show any mortality beneit. Based on
these indings Drotrecogin-alfa was removed from the market 5 Mechanical ventilation in the ICU is provided through the application of positive pressure to the airway; at its simplest, a preset
in October 2011.110
tidal volume (volume control) or inspiratory pressure (pressure
control) and rate provide a minimal minute ventilation. Any
Corticosteroids
breathing that the patient does above this set minute ventilation
Although high-dose corticosteroids for the treatment of septic
is either supported (continuous mandatory ventilation [CMV])
shock are of no beneit, lower doses, on the order of hydrocortior not (intermittent mandatory ventilation [IMV]). However,
sone 200 to 300 mg/day, can reduce dependency on vasopressors
ICU ventilators have become increasingly powerful and complex,
and expedite the resolution of shock, but they do not confer a
capable of delivering high inspiratory lows and utilizing micromortality beneit.111,112 Adrenal function testing prior to initiation
processors that simultaneously monitor and respond to multiple
of steroid therapy is not considered necessary to identify patients
characteristics of the respiratory circuit. Thus, ventilatory modes
with relative adrenal insuficiency, as the effects of corticosteroids
used today include pressure support ventilation, pressure conare similar irrespective of the test results. This issue is discussed in
trol ventilation, volume control ventilation, pressure-regulated
depth in the endocrinology section of this chapter.
volume control, high-frequency ventilation, proportional assist
ventilation, airway pressure release ventilation, synchronous IMV,
and others. In reality, despite strong regional, local, and individual
Treatment of Infection
biases, there is little evidence to suggest that the mode of mechaniIdentifying the source of the infection, source control, and early
cal ventilation contributes signiicantly to any major outcome
initiation of appropriate antibiotic therapy are critical priorimeasure, and the choice of mode is at this point largely one of clities in addition to hemodynamic support. Appropriate cultures
nician preference. Thus, this discussion will not dwell on speciic
should always be obtained before antimicrobial therapy is initimodes of ventilation.
ated. At least two blood cultures (one drawn percutaneously and
Mechanical PPV has been traditionally considered supportone drawn from a vascular access device) as well as urine, respiraive therapy that is applied until the initiating cause of respiratory, cerebralspinal luid, wound, and other luid collection cultory failure improves suficiently such that the patient can breathe
tures should be obtained. Diagnostic studies should be performed
without assistance. However, evidence suggests that mechanical
promptly to assist the identiication of the source of infection and
ventilation may be injurious in certain settings. Traditionally,
the causative organism, especially for foci amenable to source contidal volumes of 10 to 15 mL/kg were routinely used to ventilate
trol measures (e.g., abscess drainage). Empiric antibiotic therapy
patients in the ICU. The use of such “supraphysiologic” tidal volshould be started as soon as possible, within 1 hour of recogniumes (normal resting tidal volumes are 5 to 7 mL/kg) evolved
tion of sepsis, after appropriate culture collection. A retrospective
from the observation that the use of smaller-sized volumes was
review by Kumar et al.113 calculated that mortality may increase as
associated with the development of atelectasis and hypoxemia in
anesthetized patients in the operating room. However, large tidal
much as 7.6% for each hour if antibiotic treatment is delayed after
volumes can result in cardiovascular compromise, barotrauma,
identiication of sepsis. Initial empiric therapy should be broad
ventilator-induced (or ventilator-associated) lung injury (VILI or
enough and include one or more drugs that have activity against
VALI) and excess mortality, as discussed below.
the likely pathogens and which penetrate into the presumed site of
PPV results in increased intrathoracic pressure, which reduces
infection. After antibiotic susceptibility testing is available, restricvenous return, and in turn results in reduced CO and blood prestion of the number of antibiotics and narrowing the spectrum of
sure. In addition, PPV can result in alveolar over-distention and
antimicrobial treatment is appropriate. For a more detailed disalveolar rupture, which manifests as pneumothorax, pneumomecussion and speciic sites of infection, please refer to the section on
diastinum, and subcutaneous emphysema (barotrauma). Both of
nosocomial infection.

PERIOPERATIVE AND
CONSULTATIVE SERVICES

the Surviving Sepsis Campaign suggests that vasopressin at the
dose of 0.03 U/min may be added to NE with the expectation that
the effect on blood pressure be similar to that produced by NE.
The experts also propose that epinephrine should be the irst
choice alternative agent in septic shock that is poorly responsive
to NE or dopamine.
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these effects are ampliied in patients with obstructive lung disease
These dedicated noninvasive ventilators generate high gas low,
(asthma and chronic obstructive pulmonary disease; COPD). In
can cycle between a high inspiratory pressure and a lower expirathese patients, limitation of expiratory low leads to air trapping
tory pressure, and can sense and respond to patient inspiratory
and the development of intrinsic positive end-expiratory preseffort. Originally developed for home ventilation in patients with
sure (PEEP) or auto-PEEP. Air trapping results in alveolar overobstructive sleep apnea and chronic respiratory failure, newer
distention and increases the risk of barotrauma, and auto-PEEP
models are targeted for use in the ICU and incorporate monican contribute substantially to increased intrathoracic pressure
toring packages that allow assessment of delivered tidal volumes
and cardiovascular depression. Auto-PEEP cannot be detected
and respiratory patterns. However, there is no evidence that the
without holding exhalation for a prolonged interval (expiratory
type of ventilator used for NPPV affects patient outcome, and
pause) with both inspiratory and expiratory ventilator valves
the choice of equipment is typically based on availability and
closed; thus, auto-PEEP may not be appreciated unless speciifamiliarity.
cally investigated.
NPPV compared to standard therapy has been associated
The development of air trapping and auto-PEEP leads to sigwith improved outcomes in a variety of causes of respiratory failniicant morbidity and mortality in patients with obstructive lung
ure, including cardiogenic pulmonary edema, chronic obstrucdisease. Thus, the ventilatory strategy in these patients should
tive pulmonary disease (COPD), and ALI in immunosuppressed
focus on prolongation of expiratory time by limiting minute venpatients.118,119 Improved outcomes include the avoidance of endotilation through use of low tidal volumes (6 to 8 mL/kg or less)
tracheal intubation, a reduction in complications associated with
and a low rate (8 to 12 breaths per minute) and by reducing the
intubation including ventilator-associated pneumonia (VAP), and
inspiratory time of the respiratory cycle. Low minute ventilation is
reduced mortality. However, NPPV is not without risk and has been
often associated with hypercapnia and respiratory acidosis (“perassociated with increased complications in some studies, including
missive hypercapnia”); however, this does not appear to be harma higher rate of MI in patients with cardiogenic pulmonary edema,
ful, and the beneits of reduced air trapping and auto-PEEP far
and increased mortality in patients with respiratory failure after
outweigh any possible detriment. In order to decrease inspiratory
extubation.120,121 Therefore, NPPV is best and most safely utilized
time, the inspiratory low rate must increase, and this results in
when patient characteristics are ideal, including an awake, cooperaincreased peak airway pressure. However, most of the peak prestive patient (with the exception of rapidly reversible obtundation due
sure is dissipated in the endotracheal tube and large airways, and
to high PCO2), a low risk for regurgitation and aspiration of gastric
more importantly, end-expiratory, static or plateau, and mean aircontents, and a high likelihood that the process resulting in respiway pressures will fall with increased expiratory time. In order to
ratory failure is rapidly reversible. Further research including larger,
accomplish the above goals, deep sedation is often required. Rarely
randomized trials of NPPV is necessary to better deine the particular
is neuromuscular blockade required. The adoption of this type of
subgroups of patients who will beneit from this approach.
ventilatory strategy in the 1980s and 1990s was associated with a
“Weaning” from mechanical ventilation is better termed “libdramatic reduction in mortality due to acute, severe asthma and
eration” or “separation” from ventilation, as weaning implies that
respiratory failure, from as high as 23% to less than 5%.114
ventilation must be gradually withdrawn in order to allow respiratory muscle and patient adaptation to the process. In reality,
In contrast to barotrauma, VILI or VALI refers to microscopic
separation from mechanical ventilation is more a function of the
injury to the lung due to over-distention (volutrauma) and cyclic
resolution of the cause of respiratory failure, rather than the techreopening of alveoli (atelectrauma). VALI has been well demonnique used to withdraw ventilatory support. This is supported by a
strated in numerous experimental models and is histologically simstudy showing that daily trials of unassisted ventilation (“T-piece
ilar to the features seen in ALI of other causes, with diffuse alveolar
trials”) resulted in more rapid separation from ventilation than
damage (DAD) and increased microvascular permeability.115 In
other more gradual approaches, in particular IMV “weaning.”122
addition, VALI is associated with the systemic release of inlammaIn addition, the so-called “weaning parameters” are inadequate
tory mediators that may contribute to multiple organ failure. Clinically, patients felt to be at risk for VALI are those with abnormally 6 predictors of the success or failure of withdrawal of ventilatory
low recruitable lung volumes, in particular those with ALI and
support and add little to routine management. Thus, the proARDS. Thus, a “lung-protective” ventilatory strategy utilizing low
cess of separation from mechanical ventilation is expedited when
tidal volume ventilation has been proven to save lives when applied
respiratory therapy–driven protocols are used that focus on daily
to patients with ALI/ARDS (see later). In addition, accumulating
assessment of the ability to breathe without assistance, assuming
evidence suggests that the use of low tidal volume ventilation may
improvement of the inciting process, adequate oxygenation, and
reduce of risk of developing ALI/ARDS in critically ill patients.116,117
hemodynamic stability.123 Once the patient can breathe comfortably for 30 to 120 minutes without support, the trachea can be
In summary, although tidal volumes of 10 to 12 mL/kg may
extubated, assuming that there are no other precluding factors
still be indicated for some patients, in most cases an initial tidal
such as airway abnormalities and coma.
volume of 8 mL/kg is probably appropriate, and volumes as low
as 4 mL/kg may be appropriate in some cases. In addition, since
lung volumes correlate with height rather than weight, tidal volume selection should be based on predicted or ideal body weight,
Acute lung injury and Acute
rather than actual weight to avoid lung over-distention. Predicted
body weight (PBW) can be calculated from the formula: PBW =
Respiratory Distress Syndrome
50 + 2.3 (height [inches] − 60) (males) or 45.5 + 2.3 (height
[inches] − 60) (females).
ALI and ARDS are syndromes of acute, hypoxemic respiratory
Although mechanical ventilation generally implies airway
failure marked pathologically by DAD, with resulting increased
intubation, either translaryngeal or via tracheotomy, noninvasive
lung permeability and diffuse alveolar edema.124 ARDS can occur
positive pressure ventilation (NPPV) or continuous positive airas a result of direct injury to the lung (e.g., aspiration or pneuway pressure (CPAP) can be delivered via a tight sealing nasal
monia) or in association with extrapulmonary infection (sepsis)
or full-face mask. NPPV is applied using either standard ICU
or injury (e.g., multiple trauma). ARDS/DAD is associated with
ventilators (typically set to pressure support or pressure control
an inlammatory cell iniltration of the lung, increased systemic
modes, with or without PEEP) or specially designed ventilators
markers of inlammation, and progression through exudative,
that deliver CPAP or bi-level positive airway pressure (Bi-PAP).
ibroproliferative, and ibrotic phases of injury over days to weeks.
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Although ALI/ARDS appears to be a diffuse process by chest
X-ray, lung opaciication is surprisingly heterogeneous when the
tAble 55-5. the BerLIn defInItIon of the
lung is imaged by CT. Areas of dense opaciication are frequently
aCUte respIratory dIstress
conined to the posterior, dependent portion of the lung, leaving
syndroMe
a small, relatively normal, recruitable volume available for ventilation. This low recruitable lung volume has been termed the “baby
lung” and has important implications for ventilatory management
Timing
Within 1 week of a known clinical insult or
in ARDS, as discussed below.115
new or worsening respiratory symptoms
The treatment of ALI/ARDS is largely supportive and includes
Chest imaginga
Bilateral opacities—not fully explained by
aggressive
treatment of inciting events, avoidance of complieffusions, lobar/lung collapse, or nodules
cations,
and
mechanical ventilation. In regard to the latter, it is
Origin of edema Not fully explained by cardiac failure or
critical
that
tidal
volumes and static ventilatory pressures are miniluid overload. Need objective
mized
in
order
to
avoid further injury to the remaining relatively
7
assessment (e.g., echocardiography) if
uninjured
lung.
A
large, randomized, prospective trial found that
no risk factor present
a strategy that used tidal volumes of 6 mL/kg or less and mainOxygenation
tained static (plateau) airway pressure at ≤30 cm H2O resulted in
Mild
200 mm Hg <PaO2/FIO2 ≤300 mm Hg;
a relative mortality reduction of 22% when compared to a control
PEEP or CPAP ≥5 cm H2O
group ventilated with tidal volumes of 12 mL/kg.129 This approach
Moderate
100 mm Hg <PaO2/FIO2 ≤200 mm Hg;
was corroborated in a similar, smaller trial.130 This is the only
PEEP ≥5 cm H2O
intervention that has been unequivocally proven to reduce morSevere
PaO2/FIO2 ≤100 mm Hg with PEEP
tality in patients with ARDS.
≥5 cm H2O
Since ARDS is marked by high intrapulmonary shunt, hypoxemia
is relatively unresponsive to oxygen therapy. Thus, strategies
a
Chest radiography or computed tomography scan.
to
recruit
collapsed lung are necessary. This is most commonly
Adapted from Ranieri VM, Rubenfeld GD, Thompson BT, et al. Acute respiachieved by using PEEP. The optimal balance between PEEP and
ratory distress syndrome: the Berlin Deinition. JAMA. 2012;307:2526–2533.
FIO2 has long been debated, but at this point there is no strong evidence to favor either a “high PEEP, low FIO2” or a “minimal PEEP,
In order to better standardize the deinition of ARDS for
high FIO2” strategy.131 Other maneuvers to promote recruitment
epidemiologic and research purposes, in 1994 a joint Ameriof lung include the use of esophageal manometry to titrate PEEP
can–European Conference proposed criteria for characterizing
and tidal volume, recruitment maneuvers or sigh breaths, pressureARDS according to the severity of gas exchange abnormality.125
controlled ventilation, inverse ratio ventilation (prolonged inspiDespite some controversy, these criteria were generally accepted
ratory time), prone positioning, and high-frequency ventilation.
and used to guide research study design and enrollment for
Of these techniques, prone positioning has been the most rigornearly two decades.125 However, in 2012 a new consensus conously studied, and a meta-analysis of seven RCTs of patients with
ference proposed the “Berlin Deinition,” which eliminates the
ARDS and ALI found a mortality beneit to prone positioning in
distinction between “acute lung injury” and ARDS, and rather
patients with a P/F ratio <100. Because prone positioning is associcategorizes ARDS by severity based on the degree of hypoxemia
ated with an increased risk of endotracheal tube dislodgement and
(mild, moderate, severe; Table 55.5).126 The three categories are
pressure ulcers it is a therapy that should be reserved for “rescue”
associated with increasing mortality. In contrast to the previsituations when conventional strategies have failed.132
ous American-European Conference deinition, the Berlin DeiInhaled nitric oxide (iNO) also variably and transiently improves
nition of ARDS was empirically evaluated using patient-level
oxygenation in ALI/ARDS by improving blood low to ventilated
meta-analysis, and is thus better validated as a research and
alveoli. However, several randomized, prospective trials have
descriptive tool.
failed to show any relevant long-term outcome beneits associated
ALI/ARDS is highly prevalent in the ICU population and
with iNO administration to patients with ALI/ARDS.133,134 iNO
accounts for 10% to 15% of all ICU admissions.126 Of predisposing
may still be useful as “rescue” therapy in selected patients with
factors, sepsis carries the highest risk (approximately 30%) and is
severe, refractory hypoxemia, although its beneits in this setting
the most common cause of ALI/ARDS. Mortality associated with
have not been rigorously tested.
ARDS appears to have fallen over the past 20 years, although this
Given that ALI/ARDS is marked by high-permeability pulmoobservation is mainly conined to RCTs versus observational studnary edema, it is intuitive that administration of excessive luies.126,127 Moreover, ARDS mortality varies greatly with the popuids be avoided. Results from an RCT found that a conservative
lation of patients studied; for example, ARDS mortality in trauma
luid management strategy that emphasized diuresis resulted in
patients is in the 10% to 15% range, whereas mortality in medical
improved oxygenation and more ventilator-free days and days
ICU patients is as high as 60%. Patients with ARDS continue to
not in the ICU, but no signiicant difference in mortality comdie primarily as a result of associated conditions (sepsis, multiple
pared to liberal luid management.135 Another intervention
organ failure, etc.) and uncommonly die of hypoxemia per se.
to facilitate reduction of lung water in ALI and ARDS is coadClinically, ARDS and ALI are characterized by reduced static
ministration of albumin with furosemide.136 Although a small
thoracic (lung and chest wall) compliance and severe impairment
study suggested that administration of inhaled β-agonists might
of gas exchange, including high intrapulmonary shunt and dead
enhance lung water clearance in patients with ALI and ARDS, a
space fraction. These mechanics and gas exchange abnormalities
subsequent large RCT failed to show beneit to this therapy.137
create a challenge in terms of optimizing mechanical ventilation,
Multiple therapies have been tested in an effort to halt the
as maintenance of adequate oxygenation and CO2 elimination are
inlammatory and proliferative phases of injury, with mixed sucboth problematic. In addition, although the P/F ratio does not
cess. Corticosteroid administration to patients with ALI and ARDS
appear to predict mortality, high dead space fraction does and
has been associated with reduced mortality in two small randommay relect the extent of pulmonary vascular injury.128 Pulmoized trial and smaller case series and cohort studies.138,139 A large
nary hypertension often develops as the syndrome progresses and
RCT sponsored by the ARDS Network randomized patients
can complicate hemodynamic management.
between days 7 and 28 of ARDS onset to methylprednisolone versus
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placebo.140 Although there was no difference in 28-day mortality in
the intention-to-treat analysis, patients receiving steroids between
7 and 14 days after ARDS onset appeared to beneit, while those
starting treatment more than 14 days after ARDS onset appeared to
suffer harm. Furthermore, the group receiving methylprednisolone
had more ventilator-free days and shock-free days at day 28, in
addition to improved oxygenation and respiratory system compliance. Thus, it appears that patients with ARDS may beneit from
corticosteroid treatment within a narrow window of time, but further study is necessary before strong conclusions can be drawn.
Additional areas of controversy in the management of patients
with ALI and ARDS include the use of neuromuscular blockade and
extracorporeal membrane oxygenation (ECMO). Although the use
of neuromuscular blockade to facilitate mechanical ventilation of
patients with ALI and ARDS has generally been on the decline due
to fears of increased risk of critical illness myopathy, a French, multicenter trial that randomized patients with severe ARDS (P/F ratio
<150) to early treatment with cisatracurium versus placebo raises
some doubt about these fears.141 The cisatracurium-treated group
had a reduction in the hazard ratio for death, after adjustment,
compared to the placebo group, and there was no increase in ICUacquired paresis. Reservations about this approach remain, however, and further research is necessary before routine neuromuscular blockade for severe ARDS can be recommended.
The use of ECMO to support patients with severe ARDS had
a resurgence during the inluenza pandemic of 2009, with some
observational data suggesting a survival beneit to ECMO.142 In
addition, a UK-based multicenter trial randomized patients with
severe ARDS to consideration for ECMO at a specialized referral
center versus conventional treatment at their originating hospital.
Patients randomized to ECMO consideration had an increased
likelihood of disability-free survival at 6 months.143 Skepticism
remains regarding the widespread use of ECMO for management
of severe ARDS given the invasive nature of this approach, cost
considerations, and need for transfer to specialized centers.

Acute renAl fAIlure
Acute renal failure (ARF) is reported to occur in up to 66% of
critically ill patients. Unfortunately, the true incidence is dificult

to pinpoint due to variability in patient populations and the use of
multiple diagnostic criteria. In 2004, a consensus group proposed
standard criteria for classifying the severity of renal injury and the
associated outcomes. The criteria, known as the RIFLE criteria,
have been subsequently validated in several studies.144,145 These
criteria are expected to improve the ability to identify, study, and
treat renal failure in the ICU.145 (Table 55-6).
Despite these caveats regarding the diagnosis of ARF, the incidence appears to be fairly stable over the past 20 years.146 Moreover,
the hospital mortality associated with ARF requiring dialysis has
remained approximately 60% for nearly ive decades.146,147 This is
discouraging when one considers reductions in mortality in association with other organ failures over the same time interval. The reasons for the lack of improvement in outcome are unclear, but likely
include insensitive means for identifying patients with incipient renal
failure and lack of effective preventive and therapeutic measures.
In the ICU, ARF occurs due to prerenal causes and tubular injury (acute tubular necrosis [ATN]) in the vast majority of
cases.146 Other potential causes of ARF in the ICU include glomerulonephritis, vasculitis, interstitial nephritis, macro and microvascular disease (e.g., thrombotic thrombocytopenic purpura), toxins
(nonsteroidal anti-inlammatory drugs, cisplatin, aminoglycosides,
radiologic contrast, myoglobin, and hemoglobin), and urinary tract
obstruction. The initial evaluation of ARF should focus on identifying easily correctable causes; thus, urine sodium concentration and
fractional excretion of sodium can help identify prerenal azotemia,
urinalysis can identify possible glomerulonephritis or interstitial
nephritis, and ultrasonography can rule out postrenal or obstructive sources of ARF. In azotemic patients who have received diuretics, the fractional excretion of urea may be more sensitive than the
fractional excretion of sodium in detecting a prerenal cause.148
In incipient and established ARF, supportive care is the rule, with
the focus on maintenance of euvolemia, avoidance of renal toxins,
adjustment of medication doses, and monitoring of electrolytes and
acid–base status. Pharmacologic approaches to the prevention and
treatment of ARF have been uniformly disappointing; these include
low-dose dopamine,97 aniritide (recombinant atrial natriuretic peptide), and diuretics.149 The evidence supporting diuretic use has been
conlicting, but a meta-analysis showed no effect on outcomes.149
Nonetheless, diuretics should be administered with caution in
early ARF and in response to deined physiologic problems such as
hypervolemia or hyperkalemia until higher level evidence showing

tAble 55-6. rIfLe CLassIfICatIon of aCUte KIdney InjUry

Serum Creatinine
Riska
Injury
Failureb

Loss
End stage

Urine Output

↑ Serum Cr ≥1.5× baseline
<0.5 mL/kg/h for 6 h
↑ Serum Cr ≥2× baseline
<0.5 mL/kg/h for 12 h
<0.3 mL/kg/h for 24 h
↑ Serum Cr ≥3× baseline or
or anuria × 24 h
↑ ≥0.5 mg/dL if baseline
≥4 mg/dL
Complete loss of renal function for >4 weeks
End-stage renal disease

In-hospital Mortality
Odds Ratio
2.5
5.4
10.1

Some authors consider any increase in serum creatinine ≥0.3 mg/dL to qualify as meeting the risk criteria.
Some authors consider any patient requiring renal replacement therapy, even if the serum creatinine is normal, to meet the failure
criteria.
Adapted from: Bellomo R, Ronco C, Kellum J, et al. Acute renal failure-deinition, outcome measures, animal models, luid therapy, and information technology needs: The Second International Consensus Conference of the Acute Dialysis Quality Initiative
(ADQI) Group. Crit Care. 2004;8:R204–R212; Uchino S, Kellum JA, Bellomo R, et al. Acute renal failure in critically ill patients: A
multinational, multicenter study. JAMA. 2005;294:813–818.

a
b
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endocrIne AsPects of crItIcAl
cAre MedIcIne
glucose Management in Critical illness
Hyperglycemia is commonly encountered in critically ill patients
and occurs in both diabetics and nondiabetics. Hyperglycemia
results primarily because of increased glucose production and
insulin resistance caused by inlammatory and hormonal mediators that are released in response to injury. Hyperglycemia may
also be aggravated by various therapeutic and supportive interventions, including the use of corticosteroids and total parenteral
nutrition (PN). Although the risks of hyperglycemia for patients
with diabetes who are ketosis-prone have long been appreciated,
mounting evidence suggests that hyperglycemia is detrimental to
critically ill patients in a broader sense. Hyperglycemia is associated with increased risk of postoperative infection (wound and
otherwise) and poor outcome in patients with stroke or TBI.156
In addition, the blood glucose level is a risk factor for mortality in
diabetic patients admitted with acute MI.157
Given the above considerations, strict glycemic control in critically ill patients has been advocated as leading to multiple outcome beneits. A single RCT of surgical patients published in 2001
found that intensive insulin therapy (goal glucose <110 mg/dL)
reduced ICU mortality by approximately 50% compared to more
conventional therapy (goal glucose <215).158 Based largely on the
results of this one trial there was widespread adoption of protocols
to target blood glucose between 80 and 110 mg/dL. Unfortunately,
the beneits of the initial trial were not reproduced in multiple
subsequent trials, and in fact an increased risk of hypoglycemia
and associated harm have been observed.159 After an additional
large, multicenter, multinational RCT of intensive insulin therapy
(NICE-SUGAR study) showed increased mortality in the tight

glucose control group, the practice of maintaining blood glucose
between 80 and 110 mg/dL was widely abandoned.160 Current
serum glucose targets are somewhat variable, but most agree that
140 to 180 mg/dL is acceptable in most patients.

Adrenal Function in Critical illness
The stress response to injury includes an increase in serum cortisol levels in most critically ill patients.161 However, adrenal insuficiency may also occur in critically ill patients for several reasons,
including inhibition of adrenal stimulation or corticosteroid synthesis by drugs or cytokines and direct injury to or infection of
the pituitary or adrenal glands.162 Thus, adrenal insuficiency has
been reported to occur with increased frequency in critically ill
patients with trauma, burns, sepsis, and other conditions in comparison with the general population.
The diagnosis of adrenal insuficiency in critical illness is complicated by limitations of commonly used tests of adrenal function. Cortisol is highly protein bound, and serum proteins, including albumin, are commonly depressed in critically ill patients.
Although total serum cortisol levels are low in critically ill patients
with hypoproteinemia, free cortisol levels are elevated.163 This
suggests that earlier reports that utilized total serum cortisol levels
in critically ill patients may have overestimated the incidence of
adrenal insuficiency. However, until free cortisol assays are more
widely available, the diagnosis of adrenal insuficiency in critical
illness must be based on clinical suspicion and total cortisol levels.
In addition to absolute adrenal insuficiency (low baseline cortisol and poor response to ACTH administration/stimulation) a
condition of relative adrenal insuficiency (deined as an increase in
serum cortisol of ≤9 µg/dL in response to ACTH administration,
independent of the baseline cortisol level) has been described in
patients in septic shock and with other illnesses. Low-normal baseline cortisol levels, high baseline cortisol levels, and a poor response to
ACTH are all predictors of increased mortality in critical illness.164,165
Although high-dose corticosteroids for the treatment of septic shock are of no beneit, evidence suggests that lower doses,
on the order of hydrocortisone 200 to 300 mg/day, can reduce
dependency on vasopressors and shorten the duration of shock.
Evidence for a mortality beneit is less clear with some trials showing improved mortality and others showing lack of eficacy.111,112
A meta-analysis of randomized and quasi-randomized trials
through 2008 and dating back to the 1950s suggests that low-dose
hydrocortisone (200 to 300 mg/day or equivalent) given for a
period of at least 4 days should be considered only in patients with
vasopressor-dependent septic shock as this was the only subgroup
showing any mortality beneit.166 There does not appear to be an
increased risk of gastric ulceration, superinfection, or neuromuscular weakness according to this analysis, but hypernatremia and
hyperglycemia are more common in patients receiving steroids.

Thyroid Function in Critical illness
Measures of thyroid function, including levels of thyrotropin
(TSH), T3, and T4, are deranged in the majority of critically ill
patients. Depression of T3 occurs within hours of injury or illness
and can persist for weeks. TSH levels may be normal initially, but
fall to inappropriately low levels as illness progresses. T4 levels are
also often low, but can be normal or high. Low hormone levels
may occur for a variety of reasons, including altered binding and
metabolism early in the course of illness, and depressed neuroendocrine function with more prolonged courses. In addition,
certain drugs, in particular the vasopressor dopamine, can depress
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beneit and safety is available. In the speciic setting of contrastinduced nephropathy, intravascular volume expansion with saline
or sodium bicarbonate prior to contrast administration appears
to be of beneit in preventing nephropathy and improving other
outcomes.150,151 However, prophylactic administration of N-acetyl
cysteine does not appear to reduce the risk of contrast-induced
nephropathy.152
Although hemodialysis (RRT) is typically considered a supportive measure in ARF, recent interest has focused on the potential for RRT to improve renal recovery and reduce mortality.
Research on RRT in the ICU has focused on the type and intensity
or dose of dialysis; the timing of initiation of RRT is also of interest, but has not been rigorously studied in this setting.
The intensity of RRT is determined by both the frequency of
treatment and the degree of solute clearance per time. Although
increased intensity of dialysis improves outcome in patients with
chronic end-stage renal disease, these beneits have not been
reproduced in patients with ARF in two large, randomized clinical trials.153,154 It appears that RRT three times per week is as effective as daily RRT so long as the prescribed RRT dose is delivered.
Continuous renal replacement therapy (CRRT) (including continuous venovenous hemoiltration and hemodialysis)
has long been known as a useful technique when hemodynamic
instability is present; in contrast to intermittent hemodialysis,
effective solute removal is possible with CRRT in the presence of
arterial hypotension. Despite this theoretical advantage to CRRT,
several studies, including a relatively large, multicenter RCT,
found no survival beneit to CRRT compared to intermittent
hemodialysis.155 The two techniques are considered equivalent.
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require a higher Hb concentration than unstressed individuals.
thyroid function through central mechanisms.167 Low thyroid
Historically, this was translated to a transfusion threshold at an
hormone levels, particularly for T3, correlate with the severity of
Hb concentration of approximately 10 g/dL.174 However, transfuillness and are associated with an increased risk of death.161
sion of RBCs is not without risks including infection, transfusionIt is controversial as to whether the observed abnormalities
related acute lung injury (TRALI), transfusion-associated circulain thyroid hormones represent an appropriate response to illtory overload (TACO), transfusion-related immunomodulation
ness or true hypothyroidism; thus, the terms “euthyroid sick syn(TRIM), microchimerism, and more (see the chapter on Hemodrome” and “nonthyroidal illness” have been coined to describe
stasis and Transfusion Medicine for a more complete discussion
thyroid function abnormalities in critical illness.168 Furthermore,
of transfusion risks).175 These negative effects of transfusion may
it is not clear whether replacement of thyroid hormones is indihelp explain why a large RCT of transfusion requirements in
cated or beneicial in critical illness. T3 administration to braincritical illness (the “TRICC” study) found that 30-day mortaldead organ donors appears to improve hemodynamic stability,
ity was not affected when a restrictive transfusion threshold (Hb
although randomized trials found minimal or no beneit to T3
<7 g/dL) was used, compared to a more conventional threshold of
or T4 administration in patients undergoing cardiopulmonary
<10 g/dL.176 Furthermore, a trend in mortality reduction favored
bypass and cardiac surgery.169 In addition, several small studies
the restrictive group, and various subgroups of patients (less than
have found no beneit to T3 or T4 administration to patients with
55 years of age and less severely ill by APACHE scoring) had a
a variety of critical illnesses. Larger, randomized prospective trisigniicantly lower mortality when they were transfused using the
als are necessary to deine the role of routine thyroid hormone
restrictive strategy. A similar trial in pediatric patients found no
supplementation in nonthyroidal illness.
mortality difference between restrictive and liberal transfusion
Importantly, true hypothyroidism may be present in the critistrategies, suggesting that a restrictive strategy is safe in critically
cally ill, particularly in the geriatric population, and should be
considered in the face of refractory shock, adrenal insuficiency, 8 ill children.177 These data strongly suggest that routine transfuunexplained coma, and prolonged, unexplained respiratory
sion of critically ill patients is not necessary and may be harmful
failure. True hypothyroidism is marked by an elevation of TSH
unless the Hb concentration is below 7 g/dL and are supported
(usually >25 mU/L) in the face of a low T4 level.
by observational studies that associate transfusion with increased
morbidity and mortality in critical illness.75 Unfortunately, data
collected from ICUs at multiple centers in the United States
since the publication of the TRICC study suggest that the transSomatotropic Function in Critical illness
fusion threshold remains substantially higher, at a mean Hb of
8.6 g/dL.171 More recent data from Canada reveal considerable
Growth hormone (GH) levels are low in prolonged critical illness,
heterogeneity in transfusion thresholds across centers.178
and it has been conjectured that deiciencies of GH and insulin-like
There are multiple possible reasons for the persistence of a
growth factor-1 (IGF-1) contribute to the muscle wasting seen in
161
high
transfusion threshold in the ICU. Although the TRICC study
acute illness. However, although small trials have found that GH
included a broad spectrum of critically ill patients, some groups
administration can attenuate muscle catabolism in critical illness,
were excluded (active bleeding) or underrepresented (neurologic
a large, randomized prospective trial found that administration
or neurosurgical injury). Furthermore, although a retrospective
of large doses of GH to critically ill patients resulted in increased
170
analysis of the TRICC data suggested that patients with coronary
mortality. Thus, GH administration during critical illness canartery disease did not beneit from more liberal transfusion unless
not be advocated at this time, although further exploration of the
they had unstable angina or acute MI, concern remains about the
beneits of smaller doses of GH may be warranted.
tolerance for anemia in this group of patients. Lastly, Hb is an
important determinant of oxygen delivery (DO2), and transfusion
is an integral component of goal-directed therapeutic strategies that
aim to optimize DO2 in early shock states.74 In the absence of these
AneMIA And trAnsfusIon
possible exclusions (active bleeding, acute neurologic injury, active
therAPy In crItIcAl Illness
myocardial ischemia, or the early resuscitation of septic shock)
restriction of blood transfusion to a threshold of <7.0 g/dL should
Anemia is a frequent if not obligate accompaniment of critical
be considered the standard of care and potentially life saving.
illness. The vast majority of patients admitted to the ICU are
Alternatives to the transfusion of red cells for treatment of
anemic at some point in their hospital stay, and more than oneanemia are not currently available for widespread use. Several
third of them will receive transfused blood.171,172 Importantly,
hemoglobin-based oxygen carriers (HBOCs) have been studied
both anemia (Hb < 9 g/dL) and the amount of transfused blood
in clinical trials involving trauma and surgery, but results have
are independently associated with mortality.171,172 However, this
been mixed, and none are currently FDA approved for use. Comassociation does not denote cause and effect, particularly for anepassionate use of HBOCs in patients who have refused blood
mia, which may just be a marker of the severity of illness.
transfusion for religious reasons has been reported.
The cause of anemia in critical illness is multifactorial and
Prevention of anemia in critical illness is an appealing alterrelated to blood loss from the primary injury or illness, iatrogenic
native to transfusion. One simple and potentially cost-saving
blood loss due to daily blood sampling, nutritional deiciencies
approach is to reduce the volume and frequency of blood draws
and marrow suppression.173 Given that approximately 13% of
in the ICU. As noted earlier, iatrogenic blood loss is a major factor
ICU patients may have iron, folate, or vitamin B12 deiciencies,
in the development of anemia of critical illness. Another potential
these parameters should be checked prior to blood transfusion.
approach is the administration of recombinant erythropoietin
Treatment of anemia in critical illness is the source of considand iron. A large RCT found that administration of recombierable debate. In unstressed subjects, severe anemia (Hb ≤ 5 g/dL)
nant erythropoietin to critically ill patients on day 3 of an ICU
is amazingly well tolerated due to physiologic compensations that
stay and every week thereafter reduced transfusion requirements
maintain oxygen delivery and extraction. However, it has long
signiicantly, without affecting mortality or other outcome varibeen assumed that critically ill patients have less eficient compenables.179 However, a subsequent RCT with a lower recommended
satory mechanisms and reduced physiologic reserve and thereby
transfusion threshold found no reduction in blood transfusion
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nutrItIon In the crItIcAlly
Ill PAtIent
Critical illness can lead to hypermetabolic states and if nutritional support is inadequate or delayed, patients are at immediate risk of malnutrition. Poor nutritional status is associated with increased mortality and morbidity among critically
ill patients. Therefore, appropriate nutrition is an important
aspect of critical care and adequate nutritional support should
be considered a standard of care. While over 200 formulas have
been promoted for predicting daily calorie requirements of the
critically ill patient, the American Society for Parenteral and
Enteral Nutrition (ASPEN) and SCCM guidelines do not specify
any speciic formula.181 It is acceptable to use a simple formula
based on the patient’s ideal body weight (25 to 30 kcal/kg/day),
of which 15% to 20% should be represented by proteins (1.2 to
2 g/kg/day). In the obese patient (BMI > 30), permissive underfeeding at a level 60% to 70% of ideal body weight–predicted
needs is acceptable.
Patient metabolic requirements should be established early
after ICU admission and enteral feeding tolerance evaluated without delay (within 24 hours of admission). Evidence suggests that
early enteral nutrition (EN) initiated within 4.4 hours after ICU
admission results in less organ dysfunction than delayed feeding
(36.5 hours after ICU admission).182 Feeding intolerance due to
high gastric residual volume can be improved by the administration of gastric prokinetic agents and positioning an enteric tube
postpyloric. However, a systematic review comparing gastric
versus postpyloric feeding did not suggest a clinical beneit from
postpyloric tube feeding with regard to pneumonia, ICU length
of stay, and mortality.183 There is some suggestion that intermittent enteral feeding, as opposed to a continuous feeding regimen,
is more likely to allow earlier attainment of the enteral calorie
goal.184
Most of the trials evaluating PN do not demonstrate any favorable impact on outcome. In fact, EN is associated with lower infection risk and PN is associated with increased rates of complications
and death. Therefore, EN is preferred over PN whenever possible because of its lower cost and less frequent complications.185
Although not rigorously investigated, in patients unable to tolerate
enteral feedings, PN may be considered. There has been considerable debate regarding the timing of initiation of PN, with Canadian
and American guidelines generally recommending delayed initiation, while European guidelines have recommended early initiation.181,186 A recent prospective randomized trial comparing initiation of PN at or before ICU day 2 with PN initiation at ICU day 8
showed the delayed initiation group had a decrease in infections,
shorter duration of mechanical ventilation, less need for RRT, and
a cost savings.187 However, it is unclear how long of a delay in initiating PN is acceptable, assuming that EN is contraindicated or not
tolerated despite vigorous attempts. Overall, strategies to optimize
delivery of EN (starting at the target rate, use of a feeding protocol
with a higher threshold of gastric residuals volumes, use of motility
agents, and use of small bowel feeding) and minimize the risks of

EN (elevation of the head of the bed) should be considered. There
are no studies that demonstrate a beneit from the use of supplemental PN in patients unable to tolerate adequate EN.185 Strategies
that maximize the beneit and minimize the risks of PN (hypocaloric dose, withholding lipids) should be considered.
Complications associated with enteral feedings include aspiration of gastric feeding, diarrhea, and luid and electrolyte imbalance. To prevent aspiration with gastric feeding, the head of the
patient’s bed should be raised 30 to 45 degrees during feeding;
jejunal access can be considered in patients with recurrent tube
feeding aspiration. Diarrhea is a common complication during
enteral feeding associated with many potential causes, including medications (antibiotics or sorbitol-containing products),
altered bacterial lora (Clostridium dificile), formula composition
(including osmolality), infusion rate, hypoalbuminemia, bacterial contamination of the enteral luid, and the patient’s related
conditions. To prevent or reduce diarrhea all potential etiologies
should be considered and corrected. Exchanging a polymeric formula with iber with a more expensive elemental amino acid diet
may improve feeding tolerance. However, animal studies demonstrated that elemental diets promote bacterial overgrowth and
may result in greater bacterial translocation.
Among special formulations, immunonutrition has been
hypothesized to inluence infectious morbidity and mortality in
critically ill patients via a beneicial effect on GI immunologic function. This effect appears to be much greater in surgical patients,
such as those with burns and in trauma. Speciic enteral formulations, particularly those with high concentrations of glutamine,
nucleotides, omega-3 fatty acids, and antioxidants, have the strongest data to support their use. The beneicial effects in medical ICU
patients are less well established, and two recent RCTs found no
beneit to nutritional supplementation with immunomodulatory
agents in patients with ALI.188,189 Two meta-analyses suggest that
the administration of supplemental antioxidant micronutrients
(selenium, zinc, and vitamins A, C, and E) may be associated with
increased survival, although the overall quality of trials included in
the meta-analyses is poor.190,191

sedAtIon of the crItIcAlly
Ill PAtIent
Critically ill patients are often deeply sedated, in part due to
concerns for patient comfort, but also because of potential beneits afforded by a reduction in the sympathoadrenal response to
injury. In addition, complications associated with under-sedation
include ventilator dyssynchrony, patient injury, agitation, anxiety,
stress disorders, and, possibly, unplanned tracheal extubation.
That said, the bulk of available evidence from observational and
randomized trials suggests that practices that favor light sedation,
bolus administration versus continuous infusion of sedatives, and
that promote daily trials of awakening in ICU patients result in a
variety of beneits, including a shortened duration of mechanical
ventilation and decreased time in the ICU.192–197 Beyond lengthening the duration of mechanical ventilation, other complications
associated with over-sedation include excessive cardiovascular
and respiratory depression and infectious complications.198
The depth of sedation may also play a role in long-term
outcomes after discharge from the ICU and hospital. Increasing evidence suggests that patients admitted to the ICU are at
risk of developing symptoms of posttraumatic stress disorders,
and of experiencing delusional memories. Approximately twothirds of ICU patients have amnesia for the entire ICU course, and
high-dose sedative administration is associated with both lack of

PERIOPERATIVE AND
CONSULTATIVE SERVICES

in association with erythropoietin administration.180 Interestingly, there was a reduction in mortality in trauma patients who
received erythropoietin compared to placebo. This may relect
nonerythropoietic effects of this agent given the lack of effect on
blood transfusion. Given the current high cost of erythropoietin,
it is not a cost-effective alternative at this time for general use in
critically ill patients, although further investigation of its utility in
trauma patients is warranted.
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recall and development of PTSD.199,200 Furthermore, follow-up
Adverse effects unique to hypnotic–anxiolytic drugs include a
of patients enrolled in RCTs have found that sedation regimens
hyperosmolar acidosis due to the diluent mixed with lorazepam
that promote light sedation or daily awakening are not associated
(propylene glycol) and the potentially lethal “propofol infusion
with increased long-term cognitive, psychological, or functional
syndrome.”35 Both of these complications can be avoided by minproblems.197,201,202
imizing the administered dose of the respective agent.
Dexmedetomidine is a unique sedative agent for several reasons:
Several factors such as interindividual variability, changes over
(1) Mechanistically, it is an α-2 adrenergic receptor agonist, similar
time, severity of disease, intensity of painful stimuli, drug interactions, and organ dysfunction inluence the analgesic and sedative
to clonidine, (2) it provides sedation without inducing unresponneeds of ICU patients. Therefore, it is important to titrate medisiveness or coma, (3) it has some analgesic effect, and (4) it has little
cations according to established therapeutic goals and revaluate
effect on respiratory drive. Dexmedetomidine has been effectively
sedation requirements frequently. Several scales are available to
used as a single agent or in combination with other drugs in postassess sedation levels over time. The most commonly used are the
surgical and medical ICU patients. Two RCTs comparing dexmeRamsay sedation scale, the sedation–agitation scale and the Richdetomidine to lorazepam and midazolam infusions, respectively,
mond agitation–sedation scale. Features common to all of these
suggest that dexmedetomidine administration may be associated
scales are the grading of sedation over different depths and allowwith a lower risk of delirium development.210,211 However, the
ance for indicators of agitation. There is no evidence that one
acquisition costs of dexmedetomidine are high, it is currently FDA
scale is superior to another at this time, although the Richmond
approved for use for only up to 24 hours, and there is insuficient
agitation–sedation scale has been more rigorously prospectively
evidence to recommend its routine use at the current time.212
validated for reliability and validity.203
Morphine and fentanyl are the most commonly used opioids
Confusion and agitation are common in ICU patients and may
to provide analgesia in the ICU. Morphine should be avoided in
have unfavorable consequences on patient outcome. Patients expepatients with renal failure due to active metabolites that accumuriencing agitation have been reported to have a higher incidence
late in the presence of impaired renal elimination.
of major complications, higher admission to rehabilitation centers,
Delirium in the ICU is commonly treated with antipsyand increased duration of hospital stay. Agitation is also a predicchotic agents such as haloperidol, and, more recently, newer
tive factor for mortality. Agitation needs to be distinguished from
antipsychotics such as olanzapine, quetiapine, risperidone, and
delirium, which is very common in ICU patients and equally assoziprazadone. However, a small feasibility study found that schedciated with increased length of stay, morbidity, and mortality.204
uled haloperidol or ziprazadone was not superior to placebo in
reducing delirium in mechanically ventilated ICU patients.213 On
Delirium can be dificult to diagnose in ICU patients since features
of delirium, such as altered status of consciousness, are shared
the other hand, another small pilot study found that quetiapine
with several disorders typical of ICU patients. The distinguishadministration (50 mg enterally twice daily) was superior to plaing characteristics of delirium include acute onset and luctuatcebo plus as-needed haloperidol in reducing delirium in critically
ing course, inattention, disorganized thinking, and altered level of
ill patients.214 Larger studies are necessary to determine the true
consciousness. Structured screening instruments are available and
beneits of antipsychotic agents in the prevention and treatment
recommended for the diagnosis of delirium in the ICU.205,206
of delirium in critically ill patients.
Neuromuscular blockade may be occasionally indicated in ICU
Nonpharmacologic and pharmacologic means can be used to
patients with severe TBI or respiratory failure (see previous disprovide comfort and safety to ICU patients. The former include
cussion under ALI/ARDS section), but routine use is discouraged
verbal and written communication, frequent reorientation, mainbecause of concerns that this practice may predispose to critical illtenance of a day–night cycle, noise reduction, and ensuring ventiness polyneuropathy and myopathy (see section on acquired neulation synchrony. A randomized trial comparing continuous sedaromuscular disorders in critical illness) and because of an increased
tion to no sedation combined with nonpharmacologic techniques
risk of nosocomial pneumonia in patients receiving these agents.
including those described above found an increase in ventilatorIn summary, sedation and analgesia should be provided in the
free days and a trend toward reduced ICU mortality in the no- 9
ICU population to ensure patient comfort and safety. In estabsedation group.196
lishing treatment algorithms, analgesia should be prioritized
Pharmacologic agents include hypnotics–anxiolytics, opiover sedation. Titration and assessment of analgesia and sedation
oids, and antipsychotics. Hypnotics most commonly used are
should be an integral part of ICU monitoring so that over- and
propofol, midazolam, and lorazepam; each of these drugs has its
under-sedation can be avoided. The establishment of nurseown particular advantages, but there are insuficient data at this
guided sedation protocols and daily interruption of sedation have
time to suggest a difference in relevant patient outcomes among
been shown to be effective in reducing the length of mechanical
them. A prospective, randomized, nonblinded trial compared a
ventilation and ICU stay.
continuous infusion of lorazepam, midazolam, and propofol in
trauma patients.207 Midazolam appeared to be the most titratable drug, with the lowest incidence of over- and under-sedation.
Lorazepam was the most cost-effective choice for sedation despite
coMPlIcAtIons In the Icu:
the observation that over-sedation occurred twice as often with
detectIon, PreventIon,
lorazepam when compared to propofol or midazolam. A metaanalysis including 27 randomized trials comparing propofol
And therAPy
versus midazolam suggested that tracheal extubation occurred
earlier with the use of propofol for patients who were ventilated
for a duration shorter than 36 hours.208 However, no differences
nosocomial infections
were found with regard to the ICU length of stay or mortality.
Greater levels of hypotension and elevated triglyceride levels were
Nosocomial infections are a major source of morbidity and
observed with the use of propofol. Since then, an open label ranmortality in the critically ill. At some level, nosocomial infections
domized trial found that continuous infusion of propofol was
are unavoidable and occur because of the nature of intensive care:
associated with shorter length of mechanical ventilation and ICU
Patients are critically ill with altered host defenses, they require
stay compared to intermittent lorazepam administration.209
invasive devices (endotracheal tubes, intravascular catheters, etc.)
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primarily relied on invasive techniques to diagnose VAP suggest
an incidence greater than 15% at 1 week of ICU stay and greater
than 20% at 2 weeks.218
Although the mortality in patients with VAP ranges between
30% and 70%, the attributable mortality (the number of patients
who die because of VAP rather than with VAP) is more dificult
to pinpoint. This may be due to differences in the type of ICU,
patient factors, diagnostic techniques across studies, or differences in the virulence of the causative pathogens. Thus, although
earlier work suggested an attributable mortality of VAP greater
than 40%,220 more recent and rigorously conducted work suggests that the effect of VAP on mortality is minimal.221
VAP can be categorized as “early-onset,” occurring within
the irst 48 to 72 hours of intubation/ventilation, or “late-onset,”
occurring thereafter. Early-onset VAP is generally caused by
organisms such as Haemophilus inluenzae, Streptococcus pneumoniae, methicillin-sensitive Staphylococcus aureus, and other relatively antibiotic-sensitive oral lora that enter the trachea around
Sinusitis
the time of intubation. Late-onset VAP is associated with more
virulent and antibiotic-resistant organisms such as methicillinRadiographic sinusitis is common in critically ill patients with
resistant S. aureus, Pseudomonas aeruginosa, and Acinetobacter.
indwelling oral and nasal tubes. Nasal intubation confers a greater
In general, early-onset organisms are associated with zero or low
risk than oral intubation of radiographic sinusitis, occurring in
attributable mortality, whereas late-onset organisms, particuapproximately 95% and 25% of patients with nasal and oral tubes
larly Pseudomonas and Acinetobacter species, are associated with
after 1 week of intubation, respectively.216 Several reports suggest
higher mortality.220
that approximately 10% of radiographically diagnosed sinusitis
There are a number of interventions that can reduce the inciis infected as determined by quantitative cultures, although the 10
dence of VAP, some of which are relatively simple and inexpenincidence may be much higher. van Zanten et al.217 reported that
sive and others which are more costly and/or associated with
bacterial sinusitis was responsible for 16% of fevers of unknown
some risk. The simplest and least expensive and yet very effective
origin in a surgical ICU. The organisms cultured from sinuses
interventions are strict hand washing between patients and semirepresent those that are responsible for other nosocomial infecrecumbent positioning of the patient (head height at 30 degrees
tions, particularly VAP (staphylococcal species, enteric gramor greater from horizontal). These practices should be rigorously
negative bacteria, and non-lactose–fermenting gram-negative
applied in all ICUs (granted that semirecumbent positioning is
rods such as Pseudomonas and Acinetobacter). Bacterial sinusitis
not possible in all patients).
may predispose to the development of VAP, possibly because of
A somewhat more controversial subject involves the use of
micro-aspiration of infected secretions.
prophylaxis to prevent GI bleeding. As mentioned earlier, acidPrevention of sinusitis should focus on efforts to improve
suppression therapies have been associated with an increased
sinus drainage, including semirecumbent positioning and avoidrisk of VAP because they allow bacterial overgrowth in the stomance of nasal tubes. Bacterial sinusitis should be considered in
ach. Further, the risk of signiicant GI bleeding is very low in the
patients with unexplained fever and leukocytosis in the ICU. If
ICU, even in high-risk patients (those with coagulopathy or on
radiographic sinusitis is documented, any nasal tubes should be
mechanical ventilation). Thus, GI prophylactic therapy should be
removed, and nasal irrigation and short-term administration
reserved for only these high-risk patients, and sucralfate should
of nasal decongestants should be considered. If the patient is
be considered as an alternative agent to acid-suppressive regiseverely ill, broad-spectrum antibiotic coverage should be considmens despite its potentially reduced effectiveness.
ered. If these maneuvers do not result in resolution of signs and
Somewhat more expensive interventions to reduce VAP that
symptoms of infection in 2 to 3 days, and in the absence of infecmay be useful in certain patients include subglottic suctioning and
tion elsewhere, otolaryngologic consultation and consideration of
oscillating beds.222 Intermittent subglottic suctioning using spesinus drainage procedures should be undertaken.
cially designed tracheal tubes has been shown to reduce the incidence of VAP in several small studies and may reduce the duraventilator-associated Pneumonia
tion of mechanical ventilation and length of ICU stay.223 However,
these tubes are more expensive than conventional tracheal tubes,
Endotracheal intubation and mechanical ventilation increase the
and their cost-effectiveness has not been established, particularly
risk of nosocomial pneumonia, thus the term ventilator-assoif their use is instituted in all intubated patients. Oscillating beds
ciated pneumonia or VAP. The likelihood of developing VAP
have been shown to reduce the incidence of VAP in surgical popuincreases with the duration of mechanical ventilation, although
lations and patients with neurologic injury. However, these beds
the incremental risk may fall over time from a high of 3% per day
are very costly and cannot be recommended for routine use. 222 In
in the irst week of intubation/ventilation to 1% per day after 15
patients who do not tolerate semirecumbent positioning because
days in the ICU.218 The quoted incidence of VAP is dependent
of fractures, hemodynamic instability, or otherwise, the use of
on the criteria used to diagnose pneumonia (clinical vs. invasive
oscillating beds should be considered.
technique); as discussed below, traditional clinical criteria are
Given that gastric and oropharyngeal colonization with resislikely both insensitive and nonspeciic and may lead to a falsely
tant organisms appears to be a risk factor for the development
high or low incidence of VAP. For example, in a study comparof VAP, intervention to “decontaminate” these sites has been
ing an invasive diagnostic technique to traditional clinical criteria
investigated. Selective digestive decontamination (SDD) typically
in patients suspected of having VAP, only 50% of the patients in
involves the application of a mix of nonabsorbable antimicrobial
the invasive group met criteria for VAP compared to the cliniagents, such as polymyxin, amphotericin, and aminoglycoside, in
cal diagnostic group.219 Given this caveat, studies that solely or
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for support, monitoring, and therapy that provide portals of
entry for infectious organisms, and they receive therapies that
increase the risk of infection (glucocorticoids, PN). On the other
hand, many nosocomial infections are preventable with relatively
simple interventions.215 This became more inancially relevant
in the United States in 2008, when the Center for Medicare and
Medicaid Services (CMS) ceased reimbursing hospitals for preventable complications, one of which includes catheter-related
urinary tract infection (UTI).
Several types and sources of infections are relatively unique
to ICU care and should be included in the differential diagnosis
when signs suggestive of infection arise. These infections include
sinusitis, VAP, intravascular catheter-associated bacteremia,
catheter-associated UTI, and invasive fungal infection. The diagnosis, prevention, and treatment of these will be discussed in the
following section.
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paste form to coat the oropharynx and as an elixir applied orally
and via a nasogastric tube to decontaminate the GI tract, with
tAble 55-7. eMpIrIC therapy of ventILatoror without the concomitant administration of systemic antibiotassoCIated pneUMonIa
ics. SDD does reduce the incidence of VAP and has been associated with variable mortality reduction in some studies. SDD is
also associated with the development of antibiotic resistance, and
Common Organisms
Antibiotics
concerns regarding the long-term impact of resistance have limearly-onset vap
ited the widespread adoption of SDD.222 However, more limited
Enteric gram-negative rods
β-lactam/β-lactamase
oral decontamination with chlorhexidine appears to reduce VAP
• Escherichia coli
inhibitor combination,
224
rates without leading to excess antibiotic resistance.
• Enterobacter species
or second-generation
An additional and important approach to reduce the overall
• Proteus species
cephalosporin, or
mortality from VAP involves reinement of the diagnostic process
• Klebsiella species
luoroquinolone
and limitation of antibiotic therapy to avoid the development of
•
Haemophilus
inluenzae
antibiotic resistance. As mentioned earlier, an invasive diagnostic
• Methicillin-sensitive
strategy is likely more accurate than traditional clinical criteria to
Staphylococcus aureus
diagnose VAP. Invasive strategies typically involve collection of
• Streptococcus pneumoniae
bronchial–alveolar specimens using lavage or protected brushes
Late-onset or severe earlyand then quantitating bacterial growth in the laboratory. Thus,
onset vap
VAP is diagnosed only when bacteria are seen within bronchoalAbove, plus:
β-lactam/β-lactamase
veolar cells microscopically or when bacterial growth exceeds spe• Pseudomonas aeruginosa
inhibitor combination,
ciic thresholds (≥104 colony-forming units/mL for bronchoal• Acinetobacter species
or third- or
veolar lavage and ≥103 colony-forming units/mL for protected
• Methicillin-resistant
fourth-generation
brush specimens). Specimens have typically been obtained bronStaphylococcus aureus
cephalosporin, or
choscopically, although data suggest that specimens obtained by
(MRSA)
luoroquinolone
direct aspiration through the tracheal tube are comparable to
plus
bronchoscopic specimens, suggesting it is quantitation of bacteaminoglycoside, or
rial growth rather than the “invasiveness” of the technique that is
second, structurally
important.225 The important adjunct to this diagnostic approach
unrelated agent with
is that although antibiotics may be started at the time clinical criantipseudomonal activity
teria for pneumonia are met and quantitative cultures are sent,
plus
they are stopped if the threshold values for VAP are not reached.
vancomycin or linezolida
A moderately sized RCT of invasive versus noninvasive strategies to diagnose and treat VAP found that the invasive approach
a
If likelihood of MRSA is high.
resulted in a mortality reduction at 14 days and a trend toward
mortality reduction at 28 days.219 In addition, the invasive stratdays.227 However, patients who had VAP caused by non-lactose–
egy was associated with less multiple organ failure and reduced
fermenting gram-negative rods (including Pseudomonas) had a
antibiotic use. Surprisingly, the invasive strategy did not result in
higher infection recurrence rate if they received an initial 8-day
a reduced incidence of emergence of resistant bacteria, although
course of therapy. It is unclear whether intermediate courses of
the incidence of Candida growth was reduced. A more recent
therapy would have avoided infection recurrence. Thus, it is reaRCT sponsored by the Canadian Critical Care Trials Group did
sonable to choose an 8-day course of therapy for many patients
not conirm the beneits found in the previous RCT; however,
with VAP; however, if there is an inadequate early clinical
several methodologic weaknesses reduce the generalizability of
response or infection with non-lactose–fermenting gram-negathis study.226 Thus, the data favor the use of an invasive strategy
tive rods a longer course should be considered.
to diagnose VAP when and if possible.
It is clear that delay in treatment of nosocomial infections
including VAP is associated with increased mortality. Thus, treatCatheter-related Blood Stream infections
ment should not be delayed pending diagnostic evaluation; rather
treatment should be started after culture specimens are sent if the 6 Catheter-related blood stream infection (CRBSI) as strictly
deined by the Center for Disease Control (CDC) includes the folclinical suspicion of VAP is high. Antibiotics can then be narrowed
lowing criteria: (1) Clinical suspicion of catheter-related infection
in spectrum or discontinued depending on the results from quan(including low likelihood of infection elsewhere) plus (2) positive
titative cultures after 48 to 72 hours. This approach is known as
culture of blood drawn from the catheter or of a segment of cath“de-escalating therapy” and is designed to ensure adequate antieter plus (3) matching positive blood culture drawn from another
biotic treatment up front, but avoid overuse of antibiotics in the
site, preferably by direct venotomy or arterial puncture. Given this
long run.220 Antibiotic selection should be predicated on hospital
strict deinition, the incidence of CRBSI is less than 5% in most
bacterial growth and resistance patterns. In general, for patients
studies. However, the incidence of bacteremia is affected by several
with early-onset VAP, antibiotics can be relatively narrow in specfactors, including the conditions and technique of insertion, type
trum and limited to a single agent; for late-onset VAP, broader
and location of catheter, and the duration of catheterization and
spectrum antibiotics should be initiated and include agents from
can vary widely from study to study. The attributable mortality of
two different classes directed toward resistant gram-negative
CRBSI is approximately 11%, which is much lower than that for
organisms and in many cases an agent directed against methicillinprimary bacteremia or bacteremia associated with another site of
resistant S. aureus (Table 55-7).
infection.228 The cost associated with a CRBSI is quite high and has
The optimal duration of antibiotic therapy for VAP is not well
been estimated between $22,000 and $54,000.229
deined. A recent meta-analysis found that 8 days of antibiotic
Catheter infection is more likely when placement occurs under
therapy was effective for treatment of VAP in terms of mortalemergency conditions and is reduced by the use of strict aseptic
ity and recurrent infections and resulted in more antibiotic-free
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Urinary Tract infection
The urinary tract is the second most common source of infection in the ICU, with infections occurring in up to one-third
of patients. The incidence of UTI increases with the duration

of bladder catheterization.215,235 The responsible organisms are
similar to those causing other nosocomial infections and include
staphylococcal species, Enterococcus, enteric gram-negative bacteria, and non-lactose–fermenting gram-negative bacteria such
as Pseudomonas. Bacteriuria is associated with bacteremia about
5% of the time. Similar to other ICU-acquired infections, UTIs
are associated with increased mortality, although the attributable
mortality is not clear.
Prevention of ICU-acquired UTIs includes using careful hand
washing and aseptic technique during catheter insertion and
minimization of catheterization duration. The use of silver alloy
and antibiotic-coated catheters may also reduce the incidence of
UTI, although the evidence is insuficient at this point to recommend general use of coated catheters.236

invasive Fungal infections
Invasive fungal infection in nonneutropenic patients is caused by
Candida species in the vast majority of cases, is increasingly common in the ICU population, and accounts for 5% to 10% of all
blood stream infections in the ICU.228,237 In addition, although
fungal infection is not usually associated with pneumonia in a general ICU population, recent studies suggest that Aspergillus may
be a common cause of VAP in patients with varying degrees of
immunosuppression.238 Other than neutropenia, risk factors for
Candida blood stream infection include the presence of central
venous catheters, uremia and dialysis-dependent renal failure, and
administration of PN, multiple broad-spectrum antibiotics, and
steroids. In addition, colonization of multiple sites by Candida
is a risk factor for the development of fungemia.239 The attributable mortality due to Candida blood stream infection is high,
approaching 40%, and mortality appears to be much higher in
medical versus surgical ICU patients. Invasive Candida infection
is also associated with increased duration of mechanical ventilation, and ICU and hospital length of stay.
In addition to simple blood stream infection, Candida species
are associated with UTI, postoperative peritonitis, and disseminated blood-borne infection. Candida is frequently cultured from
the urine of catheterized patients, and candiduria is associated
with the development of blood stream infection. True Candida
peritonitis is also dificult to separate from contamination of culture specimens, but given that the mortality associated with Candida peritonitis is approximately 50%, treatment is warranted if
clinical signs suggest infection. Disseminated blood-borne infection can result in endophthalmitis, endocarditis, and hepatic and
pulmonary abscesses, is likely to occur when initial treatment
of candidemia is delayed, and is associated with a high mortality. Lastly, although Candida is frequently grown from sputum
cultures, true Candida pneumonia is unlikely. However, sputum
colonization is a risk factor for blood stream infection.
Candida albicans is responsible for approximately 50% of
invasive Candida infections in critically ill patients. Candida tropicalis, Candida paraisopolis, Candida glabrata, and Candida krusei account for the remainder, in descending order of frequency.
Speciation is important as C. glabrata and, particularly, C. krusei
are resistant to treatment with the most commonly used therapeutic agent luconazole.
Prevention of invasive Candida infection involves avoidance
of risk factors, including limitation of intravascular catheterization, PN, and antibiotic administration. Prophylactic therapy with
luconazole is effective at reducing the risk of invasive Candida
infection in high-risk patients, but this strategy has been studied
most extensively in the neutropenic population. Prophylactic luconazole appears to increase the incidence of invasive infection
with more resistant species, such as C. glabrata and C. krusei; thus,
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technique with full barrier precautions. This includes pre-insertion
hand washing, full gown and gloves, and the use of a large barrier drape.230 In addition, skin cleansing with chlorhexidine is more
effective than other agents at reducing catheter-related infection.
Attention to these practices can dramatically reduce catheterrelated infection.229,231,232 These simple interventions should be
considered as standards of care and are recommended by the CDC.
Catheter-related infection and bacteremia increase with the
duration of catheterization, particularly for durations of greater
than 2 days. However, routine catheter replacement at 3 or 7 days
does not reduce the incidence of infection and results in increased
mechanical complications. Thus, routine guide wire exchange of
catheters is not recommended.
Catheters coated with either antiseptics (chlorhexidine and silver sulfadiazine) or antibiotics (rifampin and minocycline) reduce
bacterial colonization of catheters as well as bacteremia. This effect
becomes manifest only after days 5 to 6 of the catheter being in
place; thus the CDC recommends the use of antimicrobial-coated
catheters in patients with an expected duration of catheterization
of greater than 5 days, particularly if the local rate of catheterrelated infection is high.233 Ultimately, a key component of strategies to reduce catheter-related infection is to limit the duration of
insertion, and the need for continued central venous catheterization should be reviewed every day.229,231 Catheter-related infection
is insertion site dependent, increasing in frequency from subclavian to internal jugular to femoral vein sites. In addition, infection
appears to be less likely for arterial than venous catheters.
Catheter-related venous thrombosis occurs commonly, and
is associated with an increased risk of infection. Routine lushing of catheter ports with heparin reduces both the incidence of
thrombosis and infection. However, heparin solutions contain
antimicrobial preservatives and it is unclear if the heparin or the
preservative is responsible for the beneicial effect. In addition,
heparin may induce thrombocytopenia. Therefore, the CDC does
not recommend the routine use of heparin lushing.233
Organisms commonly responsible for catheter-related bacteremia include S. epidermidis and S. aureus, enteric gram-negative
bacteria, P. aeruginosa and Acinetobacter, and occasionally Enterococcal species. Note that although coagulase-negative staphylococci
are commonly isolated from blood cultures in the ICU, they are
likely responsible for true infection in a minority of cases.234 When
catheter-related bacteremia is conirmed, the offending catheter
should be removed and appropriate antibiotics continued for a
minimum of 7 days; longer courses should be considered for S.
aureus bacteremia given the predilection for this organism to cause
endocarditis. Suspected catheter-related infections can be addressed
by sending screening cultures drawn through the catheter and from
a peripheral site; guide wire exchange of the catheter with culture of
the intracutaneous segment and tip can also be considered in this
situation, but should a catheter-associated infection be conirmed,
the catheter should be removed, not exchanged. Depending on the
patient’s severity of illness, a strong suspicion of catheter-related
bacteremia should trigger the institution of broad-spectrum
antibiotic coverage, including coverage for methicillin-resistant
staphylococcal species and non-lactose–fermenting gram-negative
rods, until culture results return, with subsequent de-escalation of
therapy. Similar to VAP, early appropriate antibiotic coverage of
catheter-related bacteremia will likely reduce mortality, although
this has not been systematically studied.
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prophylactic therapy should be reserved for only the high-risk
patient.240
Candida grows slowly in blood culture medium, and invasive
infection can be indolent, making diagnosis of invasive candidiasis
dificult. Serologic and molecular tests can be directed at detection
of cell wall components. Other Candida antigens and antibodies
against these components are available but lack sensitivity and are
not widely clinically available. Thus, a high level of suspicion for
invasive Candida infection in critically ill patients is necessary, particularly in patients with multiple risk factors, including multiple
site colonization. “Preemptive” therapy should be considered in
patients with a high likelihood of invasive Candida infection while
awaiting blood culture results, as delay in treatment is associated
with increased mortality. Unfortunately, many cases of invasive
candidiasis are identiied only at autopsy.237
Documented Candida blood stream infection should be
treated aggressively, with therapy started promptly (or preemptively, as described above), and continued for at least 2 weeks after
the last positive blood culture. An ophthalmologic examination
is warranted in patients with documented or suspected blood
stream infection, as patients with endophthalmitis may require
longer courses of therapy. Intravascular catheters that are potential sources of blood stream infection should be removed.
It is not clear that routine treatment of candiduria is warranted, as candiduria often clears without treatment or with
discontinuation of the bladder catheter; in addition, candiduria
often recurs after initially successful antifungal therapy.241 However, if candiduria is associated with signs of systemic infection,
antifungal treatment should be considered; a similar approach
can be taken when Candida is cultured from the peritoneal space.
Organisms sensitive to the azole derivative luconazole cause
the majority of invasive Candida infections in the ICU, and luconazole is the irst-line treatment given its reasonable eficacy and
limited toxicity. Infections caused by resistant organisms such as
C. glabrata and C. krusei may respond to newer-generation azoles
such as voriconazole, and this is a reasonable therapeutic approach
in the hemodynamically stable patient. Echinocandins such as
caspofungin, micafungin, and anidulafungin are another class
of antifungal agents with broad-spectrum activity and seemingly
limited toxicity that are the treatment of choice in the unstable
patient. Amphotericin B is generally reserved for refractory, lifethreatening infections due to its toxicity. The reader is directed
elsewhere for a more detailed discussion of antifungal agents.240

Stress Ulceration and gastrointestinal
Hemorrhage
Gastric mucosal breakdown with resulting gastritis and ulceration
(“stress ulceration”) can lead to GI bleeding in the ICU. Clinically signiicant GI bleeding is that which results in hemodynamic
instability and/or a sudden fall in hematocrit that results in blood
transfusion. The incidence of clinically signiicant stress-related
GI bleeding was once felt to be quite high (20% or greater), but
more recent studies suggest that the incidence is much lower and
is less than 5% in high-risk patients and less than 1% for lowrisk patients.242 The major risk factors for stress-related GI bleeding are mechanical ventilation and coagulopathy; secondary risk
factors amongst mechanically ventilated patients include renal
failure, thermal injury, and possibly head injury, although the
latter two factors have not been recently evaluated.242–244 EN may
protect against signiicant GI bleeding.244
Agents used to prevent stress ulceration and GI bleeding
include methods to suppress acid production such as H2 receptor antagonists (H2RAs) and proton pump inhibitors (PPIs) and

cytoprotective agents such as sucralfate. However, the agent of
choice (and whether any prophylaxis is beneicial or indicated) is
somewhat controversial for the following reasons: (1) Although
ranitidine was shown to be more effective than sucralfate in preventing clinically signiicant GI bleeding in high-risk patients in
a large, randomized prospective trial, the incidence of bleeding
with both agents was quite low (1.7% vs. 3.8%).245 Furthermore,
a meta-analysis suggested that neither ranitidine nor sucralfate is
superior to placebo in reducing clinically important bleeding.246
(2) Acid suppression may favor gastric colonization with enteric
lora, which may in turn increase the risk of nosocomial pneumonia. Multiple small, randomized trials suggested a higher incidence
of VAP when ranitidine was compared to sucralfate, and in the
above-quoted large trial there was a trend toward increased VAP
in the ranitidine group. An increase in the incidence of C. dificile
colitis in patients treated with PPIs has also been reported. (3) It
appears that stress ulcer prophylaxis is more widely used than necessary, is often administered to low-risk patients, and results in an
overall cost that may be higher than the beneit. Thus, although
stress ulcer prophylaxis, predominantly with H2RAs, is commonly used in critically ill patients, the utility of this intervention
is unclear.
PPIs are very effective at suppressing gastric acid production
and have been shown to be as effective as ranitidine and cimetidine at reducing stress ulcer–related bleeding in the ICU. In addition, PPIs may be more effective than ranitidine in preventing
rebleeding due to stress ulceration.247 However, PPIs cannot be
recommended for routine use as prophylactic agents due to insuficient data and cost considerations. In addition, PPIs also have
the potential to increase the risk of VAP, given their effective
suppression of gastric acid secretion.

venous Thromboembolism
Venous thromboembolism (VTE) occurs frequently in critically
ill patients, with incidences of DVT of 10% to 30% and PE of 1.5%
to 5%. However, the reported incidence varies widely depending
on the study design, tests used to detect DVT, and the patient
population studied. Virtually all critically ill patients have one or
more risk factors for VTE; risk factors can be grouped according to their importance as described by Anderson and Spencer.248
Determination of VTE risk is important in that it will help in
choosing prophylactic therapy and in determining the level of
suspicion for VTE in individual patients (Table 55-8).
In addition to classic lower extremity DVT, upper extremity
DVT occurs with increased frequency in the ICU population. This
is directly associated with the use of central venous catheters in the
subclavian and internal jugular sites. Upper extremity DVT can
result in pulmonary embolism in up to two-thirds of cases, with
occasional fatalities. Catheter-related thrombosis is also associated
with increased risk of catheter-associated infection and bacteremia. Finally, upper extremity DVT is associated with considerable long-term morbidity, particularly related to postthrombotic
syndrome.249
The literature supporting prophylactic measures to prevent
VTE in the ICU population is relatively poor and marked by small,
heterogeneous studies. In addition, studies supporting VTE prophylaxis in the ICU generally show differences only in intermediate end points, such as asymptomatic DVT, with no differences
in the incidence of PE or death. This is particularly true for VTE
prophylaxis in patients with traumatic injury and makes evidencebased recommendations for prophylaxis dificult. Finally, the risks
of VTE prophylaxis, including heparin-induced thrombocytopenia and bleeding, must be weighed when considering prophylaxis
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Strong risk factors (odds ratio >10)
Fracture (hip or leg)
Hip or knee replacement
Major trauma
Spinal cord injury
Moderate risk factors (odds ratio 2–9)
Arthroscopic knee surgery
Central venous lines
Chemotherapy
Congestive heart or respiratory failure
Hormone replacement therapy
Malignancy
Oral contraceptive therapy
Paralytic stroke
Pregnancy/postpartum
Previous venous thromboembolism
Thrombophilia
Weak risk factors (odds ratio <2)
Bed rest >3 days
Immobility due to sitting (e.g., prolonged car or air travel)
Increasing age
Laparoscopic surgery (e.g., cholecystectomy)
Obesity
Pregnancy/antepartum
Varicose veins
From: Anderson FA Jr, Spencer FA. Risk factors for venous thromboembolism.
Circulation. 2003;107:I9–16, with permission.

in the ICU population. Nonetheless, it is generally agreed that
high-risk patients without contraindications should receive prophylaxis with LMWH, and that patients with low-to-moderate
risk should receive low-dose UFH. Patients with contraindications to LMWH or UFH should probably receive prophylaxis with
mechanical devices (serial compression devices), although there
is no compelling evidence to suggest that they are effective in the
ICU population.250 In patients at high risk for DVT and contraindications to anticoagulation the preventative placement of a vena
cava ilter may be considered, although there are little data to support this practice. To reduce central venous catheter–associated
thrombosis and infection, catheter tips should be positioned in
the superior vena cava and catheters may be lushed with a dilute
heparin solution. Heparin bonding of catheters may also reduce
local thrombosis. Importantly, it should be recognized that the
incidence of VTE in patients receiving pharmacologic prophylaxis
remains substantial, ranging between 5% and 30% depending on
the therapy and population studied.
Given the high incidence of asymptomatic DVT in critically ill
patients, a high index of suspicion for VTE must be maintained
in the ICU. However, despite the high incidence of DVT, routine
screening studies for DVT do not appear to improve clinical outcomes in the ICU. Thus, VTE should be considered in critically
ill patients in the face of relatively nonspeciic indings, such as
unexplained tachycardia, tachypnea, fever, asymmetric extremity
edema, and gas exchange abnormalities, including high dead space
ventilation. Compression Doppler ultrasonography is the most
commonly utilized test for diagnosis of DVT and has good positive
and negative predictive value compared to contrast venography251;
helical computerized tomography of the chest (CT) has supplanted

radionuclide ventilation–perfusion scanning as the primary test
for the diagnosis of PE.252,253 CT scanning can also be extended to
include the extremities to diagnose DVT. However, ventilation–
perfusion scanning and/or pulmonary angiography may have
utility in speciic circumstances, including in the presence of renal
insuficiency (concerns about contrast-induced nephrotoxicity)
or equivocal results on CT scan. In addition, pulmonary angiography may be the test of choice when the likelihood of PE is high and
anticoagulation is contraindicated, necessitating immediate placement of a vena cava ilter. Although low D-dimer levels have a high
negative predictive value in ruling out VTE in outpatients, this test
appears to have less utility in the ICU setting due to the frequent
occurrence of high levels in critically ill patients.254
The mainstay of treatment for VTE is heparin, which should
be started prior to conirmatory studies if clinical suspicion is
high. LMWH may be superior to UFH in eficacy with comparable rates of bleeding for the treatment of VTE; the choice of
drug should be based on clinical circumstances and availability.
The advantages of UFH in the ICU population are its titratability
and rapid reversibility, which may be desirable in patients at high
risk for bleeding. In patients with PE and hemodynamic instability, thrombolytic therapy should be considered if not contraindicated. Although the data supporting thrombolytic therapy
for treatment of PE are limited, patients with massive PE and/or
shock are likely to beneit from thrombolysis; patients with more
subtle signs of instability, including right ventricular dilation,
may also beneit.255
For patients who have contraindications to anticoagulation or
who have recurrent PE despite anticoagulation, vena cava ilters
can be placed in the SVC or IVC, depending on DVT location.
Ultimately, given the long-term thrombotic complications associated with these devices, patients with vena cava ilters should be
anticoagulated when no longer contraindicated, and the devices
should be removed when they are no longer required.

Acquired neuromuscular Disorders
in Critical illness
Neuromuscular abnormalities developing as a consequence of
critical illness can be found in the majority of patients hospitalized in the ICU for a week or more. The spectrum of illness ranges
from isolated nerve entrapment with focal pain or weakness, to
disuse muscle atrophy with mild weakness, to severe myopathy
and/or neuropathy with associated severe, prolonged weakness.
Although various studies have attempted to distinguish neuropathic from myopathic syndromes, resulting in a bewildering list
of associated acronyms, it is likely that there is considerable overlap between the two in terms of risk factors, presentation, and
prognosis.256
Prospective studies have shown that 25% to 36% of patients
receiving intensive care are weak by clinical evaluation; electrodiagnostic studies (nerve conduction and electromyography) suggest that neuromuscular abnormalities are present in 42% to 47%
of patients in the ICU for 7 days or more and in 68% to 100%
of patients with sepsis or the SIRS. In addition to sepsis, factors
strongly associated with the development of ICU-acquired neuromuscular abnormalities include duration of illness and hyperglycemia. Although corticosteroid and neuromuscular blocking
drug administration have also been associated with ICU-acquired
neuromuscular abnormalities, these agents do not consistently
appear as risk factors, and their ultimate role in the pathogenesis
of this problem is as yet undeined.257
ICU-acquired neuromuscular abnormalities can result in
severe weakness with laccid quadriplegia that lasts for weeks or
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months and likely prolong the duration of mechanical ventilation
and ICU stay and hospitalization and provide a signiicant impediment to long-term functional recovery from critical illness.258,259
In addition, acquired weakness in the ICU may be a signiicant
contributor to ICU and hospital mortality.
Prevention of acquired neuromuscular disorders in the ICU
centers on avoidance or minimization of contributory risk factors, including high-dose steroids, prolonged neuromuscular
blockade, and hyperglycemia. In regards to the latter, the only
prospectively proven intervention for prevention of polyneuropathy as deined by electrophysiologic testing is tight glycemic
control utilizing intensive insulin therapy (goal glucose <110 mg/
dL).158,260 In addition, efforts to reduce the risk of infection and
ICU length of stay including rigorous hand washing and infection
control procedures, semirecumbent positioning, careful aseptic
technique and barrier protection for central venous catheter
placement, and lung-protective ventilation will likely result in
a reduction in the incidence and ramiications of ICU-acquired
neuromuscular abnormalities.
The diagnosis of ICU-acquired neuromuscular abnormalities
should be entertained in all critically ill patients with unexplained
weakness; electrodiagnostic studies can help conirm the diagnosis and rule out other, potentially treatable causes of weakness
such as Gullain–Barré syndrome. Muscle biopsy is conirmatory in cases of myopathy, but given its invasive nature, biopsy
is not warranted outside of research settings. Unfortunately, no
treatment for ICU-acquired neuromuscular abnormalities has
been identiied; avoidance of potentially contributing agents
and aggressive physical therapy are warranted. Discharge planning should include the potential need for long-term nursing and
rehabilitative care.
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