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Although national statistics are not available, community-wide studies
suggest only a minority of patients have return of spontaneous circulation
(ROSC) after an out-of-hospital cardiac arrest. Of the estimated 350,000
to 450,000 out-of-hospital cardiac arrests, 100,000 patients have an at-
tempted resuscitation. Of these, 40,000 patients have ROSC and are admit-
ted to ICU. Half of these patients survive the hospitalization and another
half of this group survive without major neurologic sequelae. Therefore,
less than 3% of all patients who have out-of-hospital cardiac arrests have
ROSC, survive the hospitalization, and have a reasonable functional recov-
ery [1]. The fact that many patients who have ROSC ultimately die or fail to
have favorable neurologic recovery, suggests that processes that occur after
hospitalization, especially in an ICU, have an impact on survival and neu-
rologic recovery. This article addresses the acute care, with emphasis on
the cardiac and neurologic aspects, that patients who have postcardiac ar-
rest are provided in the cardiac ICU.

Dr. Geocadin is supported in part by National Institutes of Health (NIH) grants R44-
NS-38016 and RO1-HL-EB 71568 and Ms. Hartmann is supported in part by NIH grant
R44-NS-38016.

* Corresponding author. Johns Hopkins Hospital, 600 North Wolfe Street, Carnegie 568,
Baltimore, MD 21287.

E-mail address: sschulm@jhmi.edu (S.P. Schulman).

0733-8619/06/$ - see front matter © 2006 Elsevier Inc. All rights reserved.
doi:10.1016/j.ncl.2005.11.002 neurologic.theclinics.com


mailto:sschulm@jhmi.edu

42 SCHULMAN et al

The factors that influence survival in a prehospital setting are well
known, including whether or not the arrest is witnessed and the rapidity
in which resuscitative efforts, including defibrillation, are initiated. (See
the article by Ornato and Peberdy elsewhere in this issue for discussion of
these factors.) Much less is known about the factors that influence survival
and neurologic recovery during the first hours and days of ICU evaluation
and management of patients who have sudden cardiac death and who have
ROSC. In spite of the fact that there has been recent improved short-term
survival from out-of-hospital cardiac arrest to hospital admission, the hos-
pital survival rate with favorable neurologic outcomes has been unchanged
during the past several years [2].

The lack of national or worldwide guidelines results in marked variability
in the management of patients who have sudden cardiac death and ROSC and
who are admitted to an ICU. As anticipated, this variability affects outcome.
In a study from Sweden [3], a single emergency medical services unit admitted
to two hospitals, with similar prehospital care for sudden cardiac death. In
this observational series, 579 patients were admitted alive after cardiac arrest
to one hospital and 459 patients were admitted alive after cardiac arrest to
a second neighboring hospital during a concurrent time interval. Survival
was significantly different between the two hospitals. The hospital with im-
proved survival to discharge after ROSC for out-of-hospital cardiac arrest
had a more aggressive approach to patient management, including a higher
percentage of patients undergoing coronary angiography, echocardiography,
electrophysiologic studies, and stress testing. These data suggest that the
course of patients who have ROSC after an out-of-hospital cardiac arrest
and are admitted to an ICU is affected by the level of care when hospitalized.

Cardiac arrest: etiology and severity
Etiology of cardiac arrest

Autopsy studies show that most sudden death survivors have structural
heart disease, with atherosclerotic coronary artery disease by far the most
common underlying substrate, seen in approximately 80% of sudden death
victims [1,4,5]. In addition to atherosclerotic coronary disease, autopsy evi-
dence of plaque rupture in men and plaque erosion in women who have sub-
sequent coronary thrombosis is the underlying pathology in the majority of
cases of sudden cardiac death [6]. Given the frequent prevalence of coronary
disease, the majority of patients admitted to the ICU should undergo coro-
nary angiography to define the coronary anatomy with possible revasculari-
zation at some point during the hospitalization. The American Heart
Association and American College of Cardiology recommend coronary an-
giography in all survivors of sudden cardiac death [7]. The timing of coronary
angiography depends on whether or not there is evidence of acute myocardial
infarction or hemodynamic instability and the overall neurologic prognosis.
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In patients who do not have evidence of acute ST-segment elevation, myocar-
dial infarction, or cardiogenic shock, delay until a neurologic prognosis is de-
termined seems reasonable.

Other underlying pathologic substrates found in cardiac arrest victims are
listed in Box 1. These include nonischemic dilated cardiomyopathy; infiltra-
tive cardiomyopathies; primary electrical abnormalities, such as long QT
syndrome; presence of drugs that prolong the QT interval; electrolyte abnor-
malities; and toxins. In addition to cardiac substrates, there are several
other causes of sudden death and ventricular arrhythmias. These include
pulmonary causes, such as pulmonary embolism, respiratory arrest followed

Box 1. Underlying substrates for out-of-hospital cardiac arrest

1. Coronary artery disease
Acute myocardial infarction
Chronic ischemic cardiomyopathy
Coronary vasospasm or dissection
Anamolous coronary artery
2. Nonischemic heart disease
Dilated cardiomyopathy
Hypertrophic cardiomyopathy
Arrythmogenic right ventricular dysplasia
Infiltrative cardiomyopathy
Myocarditis
Valvular heart disease (aortic stenosis)
3. Primary electrical abnormalities
Long QT syndrome
Brugada syndrome
Wolff-Parkinson-White syndrome
Idiopathic ventricular tachycardia
4. Drug or toxin induced
Cocaine
Proarrhythmia from antiarrhythmic medications
QT interval-prolonging drugs, such as erythromycin
antibiotics and psychotropic medications
5. Electrolytic or metabolic
Thyrotoxicosis
Poisoning
Hypokalema, hypomagnesemia
6. Mechanical
Pulmonary embolism
Tension pneumothorax
Trauma
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by cardiac arrest from pneumonia, and so forth. In addition to mimicking
acute myocardial infarction, primary neurologic events, such as subarach-
noid hemorrhage, also can cause neurogenic cardiac injury leading to ven-
tricular fibrillation and cardiac arrest (Fig. 1) [8]. Because subsequent
therapy depends to a great degree on the cause of the cardiac arrest, such
as heparin for a pulmonary embolism, direct percutaneous coronary inter-
vention for ST-segment elevation myocardial infarction, an evaluation to
determine the underlying substrate of sudden cardiac death is important
in the early management of these patients.

Cardiac arrest and brain injury

The duration of cardiac arrest as the clinical marker of global ischemia is
correlated highly with brain injury [9-12]. The precise duration of cardiac
arrest with the cessation of blood flow to the brain represents the primary
insult and is one of the most important clinical factors in determining the
severity of the brain injury [10,12]. During the Brain Resuscitation Clinical
Trials (BRCT), a duration of cardiac arrest of 6 minutes or longer and a
resuscitation time to achieve ROSC of 28 minutes or longer indicate poor
neurologic recovery. Shorter cardiac arrest times and resuscitation times, in-
dicating lesser injury, are associated with favorable outcomes. A European
study reports a similar observation of patients having favorable outcomes
with short cardiac arrest times (4.1 minutes) and unfavorable outcomes

Fig. 1. Electrocardiogram of a 50-year-old woman who presented to the emergency room with
an out-of-hospital cardiac arrest from ventricular fibrillation. She was resuscitated and the ini-
tial postresuscitation electrocardiogram is shown. She went to emergent cardiac catheterization
where an intra-aortic balloon pump was placed for cardiogenic shock. Coronary angiography
demonstrated normal coronary arteries in spite of the dramatic ST-segment elevation at the
time of angiography. Upon return to the coronary care unit, neurologic examination revealed
fixed and dilated pupils. An emergent head CT showed a massive subarachnoid hemorrhage.
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with cardiac longer arrest time (8.0 minutes) [11]. In the same study, a resus-
citation time leading to achieving ROSC with an average of 17 minutes was
more likely to result in a favorable outcome than resuscitation time greater
than 34.5 minutes [11].

Clinical evaluation
Cardiac and systemic evaluation

Postresuscitation cardiac examination should focus on blood pressure,
heart rate, and clinical evidence of hypoperfusion, such as cool extremities
and oliguria. Lung examination for edema also is important. Clinical car-
diogenic shock is evident with blood pressure less than 90 mm Hg, pulmo-
nary edema on examination, and evidence of hypoperfusion—all in the
setting of acute myocardial infarction. Finally, detection of heart murmurs,
such as aortic stenosis, and a comprehensive neurologic evaluation add im-
portant information. The ICU team and neurologist often work as a team in
the ecarly assessment of patients.

An electrocardiogram not only shows evidence of ischemia but also
should be evaluated for prolongation of the QT interval, delta waves in
Wolft-Parkinson-White syndrome, right ventricular overload seen with pul-
monary embolism, hypertrophy and pseudoinfarction pattern seen in hyper-
trophic cardiomyopathy, and low voltage pattern with atrial enlargement
seen with infiltrative cardiomyopathy.

Laboratory tests focusing on the cardiac cause, including standard electro-
lytes and magnesium, are determined and optimized. A toxicology screen
should be sent on many patients, if the diagnosis is not immediately evident.
Cocaine use is associated with cardiac arrest and myocardial infarction, the
treatment of which differs from the treatment of typical coronary artery dis-
ease [13]. After resuscitation, most patients have evidence of cardiac enzyme
elevation, including creatine kinase and troponin I or T. The sensitivity and
specificity of troponin to diagnose myocardial infarction after successful
ROSC in patients who have cardiac arrest are 96% and 80%, respectively [14].

For most patients admitted to an ICU after resuscitation for cardiac ar-
rest, an echocardiogram early in the hospital course often gives useful infor-
mation, such as overall left ventricular function; a wall motion abnormality
consistent with myocardial infarction; valvular abnormalities, such as aortic
stenosis; and the presence of a pericardial effusion. This information not only
gives the clinician information about the possible cause of the cardiac arrest
but also assists in management, particularly if hypotension is present.

Other potentially treatable conditions associated with cardiac arrest
include acidosis, toxins, cardiac tamponade, moderate to severe hypo-
thermia, hypoxia, poisoning, hyperkalemia, pulmonary embolism, and ten-
sion pneumothorax [1]. Routine testing, including examination, electrolytes,
blood gas, and chest radiograph, often results in a correct diagnosis.
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Another frequent diagnostic test obtained in the first 24 hours, depending on
the clinician’s index of suspicion, is CT imaging of the brain and lungs.

Neurologic evaluation

Many studies describe functional recovery in relation to the neurologic
clinical function of patients resuscitated from cardiac arrest [15-20]. Many
of the clinical findings of these studies are incorporated into the bedside
practice of prognosticating functional outcome in this patient population.
The interventions provided to patients in the studies describe the evolution
of neurologic recovery, because the vast majority of these patients were sub-
jected only to normothermic conditions. Therefore, the data derived from
a normothermic population can be applied properly only to patients who
are normothermic. With the development of effective therapies, such as hypo-
thermia (see the article by Bernard elsewhere in this issue) and other poten-
tial therapies still being studied (see the article by Popp and Bottiger
elsewhere in this issue), caution must be used when applying data from pre-
vious studies of dissimilar patient populations and interventions.

When evaluating neurologic injury in patients resuscitated from cardiac ar-
rest, a complete bedside neurologic evaluation is essential consisting of eval-
uation of mental status, which needs to address patients’ ability to arouse and
engage in a meaningful interaction with the examiner. The cranial nerves have
to be assessed appropriately in responsive and in unresponsive patients. Cra-
nial nerve function and sensorimotor and other reflexes may provide critical
insight into the extent of injury in unresponsive patients. Although the auto-
nomic system may be affected largely by the cardiac arrest, certain neurolog-
ically relevant manifestations of the autonomic system are worth observing,
such as the patterns of breathing, temperature, heart rate, and blood pressure.
Breathing patterns may indicate injury to specific areas of injury at the level of
the brainstem, whereas the occurrence of bradycardia and hypertension may
suggest intracranial pressure (ICP) elevation or Cushing’s reflex.

As clinical indicators of functional outcome, the neurological examina-
tion must be taken in the proper context of the overall clinical picture.
Parameters that may confound findings on physical examination as predic-
tors of poor outcome must be taken into consideration, however, including
medications, especially sedatives and illicit drugs used before arrest; hypo-
tension; focal cerebral ischemia; seizures; electrolyte abnormalities; hepatic
or renal failure; and acidosis.

In 1985, a landmark study was undertaken by Levy and colleagues de-
scribing the neurologic findings of patients who were comatose after resus-
citation after cardiac arrest [16]. A similar study was undertaken in 1994, in
the multicenter BRCT, in relation to the assessment of neurologic prognosis
in comatose survivors of cardiac arrest [18]. With more studies on this sub-
ject, Zandbergen and colleagues [15] provide a systematic review of the pre-
diction of poor outcome in anoxic-ischemic coma.
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In patients who are unresponsive after resuscitation from cardiac arrest,
several neurologic findings may show some predictive value for functional
outcomes at various times during the recovery period. Pupillary light reflex,
brainstem reflexes, and motor response to pain are the best studied and most
helpful clinical predictors of outcome [15,16,18]. In 1985, Levy and col-
leagues reported a 100% positive predictive value for predicting severe or
worse outcomes if the pupillary light reflex was absent on the initial exam-
ination after resuscitation [16]. Subsequent studies show that that lack of
pupillary light reflex immediately after resuscitation has a low specificity
and not always is indicative of poor outcome [18-20]. As the absence of
the pupillary light reflex in these patients becomes more persistent, especially
on or after 3 days, the likelihood of a poor outcome approaches 100% [15].
Brainstem dysfunction as manifested by the absence of two or more brain-
stem reflexes (pupillary light response, corneal reflex and occulocephalic
reflex) for more than 6 hours after arrest also are highly predictive of
poor outcome [15]. Lack of oculocephalic reflex after 8 hours is highly pre-
dictive of poor outcome and its specificity improves at 24 hours [17].

Motor response to painful stimuli consistently is shown to be a reliable
component of the physical examination of unresponsive patients [21,22].
Edgren and colleagues in 1994 [18] reported that lack of any motor response
to painful stimuli at 3 days after arrest was the best and only independent
predictor of poor outcome that could be identified.

Similar findings were reported [16] in patients who were unresponsive at
3 days and had no withdrawal or flexor motor response to pain. Investigators
have tested the predictive value of the Glasgow Coma Scale (GCS) and find
that a GCS score less than 5 for more than 2 to 3 days and the persistence of
a GCS score greater than 8 for more than 1 week also are predictors of poor
outcome [18,23]. GCS score reaches greatest specificity at 3 days [15].

Although 3 days is the traditional minimum time of observation in relation
to the absence of pupillary light reflex and motor response, a meta-analysis by
Booth and colleagues in 2004 reported that the absence of 5 clinical signs (ab-
sent corneal reflexes at 24 hours, absent pupillary response at 24 hours, absent
withdrawal response to pain at 24 hours, no motor response at 24 hours, and
no motor response at 72 hours) is sufficient to predict death or poor outcome
as early as 24 hours [24]. The investigators also suggest that although useful
signs occur at 24 hours after cardiac arrest, an earlier prognosis should not be
made by clinical examination alone [24].

The absence of findings (pupillary light reflex, brainstem reflex, and motor
response) may help determine poor functional outcome at 24 or 72 hours.
This information is used routinely to aid in the decision of level and duration
of care provided to these patients. The observation period is at least 24 hours;
therefore, these parameters may have no relevance to neuroprotective thera-
pies that ideally are provided acutely (within 24 hours) in the period of car-
diac arrest and resuscitation. Also, no clinical findings are widely validated
that provide health care providers with information that indicates the
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likelihood of a favorable outcome in patients. Therefore, there still is a need
to undertake research and identify early (within minutes or few hours of in-
jury) neurologic markers of brain injury and recovery. These markers, if iden-
tified, may aid in the development of more effective therapies.

Optimizing survival and functional outcome in the ICU

Coronary revascularization and reperfusion in survivors
of out-of-hospital cardiac arrest

Because the pathophysiology of cardiac arrest often involves plaque rup-
ture and thrombosis [6], and because many patients, after resuscitation from
cardiac arrest, evolve a myocardial infarction, emergent revascularization
may benefit certain patients. This may be beneficial particularly in improving
the left ventricular dysfunction that frequently is present after resuscitation.
This concept of emergent coronary revascularization was evaluated in a pro-
spective trial where a select group of out-of-hospital sudden death survivors
underwent emergent angiography and possible percutaneous coronary inter-
vention [25]. This study was conducted in Paris, France, where physicians
staffed the ambulances. Successfully resuscitated patients between 30 and
75 years of age were eligible if there was no obvious noncardiac cause and
the patients previously had been well. Of the 1762 cases of suspected out-
of-hospital sudden cardiac arrest cases responded to by the ambulance study
team, only 85 patients were eligible to be transferred for emergent cardiac
catheterization. The majority of patients were excluded because of failure
to resuscitate and fatal recurrent cardiac arrest while in transport. Of the
84 patients who underwent emergent angiography, 60 patients had significant
coronary disease, with coronary artery occlusion found in 40 patients, and
were treated with coronary angioplasty. The mean ejection fraction was signi-
ficantly depressed at 34%. The two independent predictors of coronary
artery occlusion on angiography in this select group of patients who had
out-of-hospital cardiac arrest were ST-segment elevation on the admission
electrocardiogram and chest pain before the arrest. The presence of one of
these predictors had positive and negative predictive values for coronary ar-
tery occlusion of 0.63 and 0.74, respectively. The presence of chest pain before
the arrest and ST-segment elevation on the electrocardiogram had a positive
predictive value of 0.87 and negative predictive value of 0.61. Nine of 85 pa-
tients who demonstrated an occluded coronary artery on angiography had
neither chest pain preceding the arrest nor ST-segment elevation on the ad-
mission electrocardiogram. Predictors of survival to hospital discharge in-
cluded absence of inotropic drug support during transport and successful
coronary angioplasty. A longer time from cardiac arrest to resuscitation
was associated with worse survival. The poor predictive value of clinical
and electrocardiographic data in predicting coronary occlusion on angio-
graphy is not surprising, given the frequent lack of history in comatose
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patients and the many other causes of cardiac arrest that may be associated
with significant ST changes [8]. One aspect of this study was that of the large
number of cardiac arrests screened, only 1 in 20 subjects were taken to cardiac
catheterization. This selection bias plus the lack of any data regarding
whether or not routine percutaneous coronary intervention improves neuro-
logic outcomes puts into question whether or not coronary angiography and
percutaneous coronary intervention should be performed on an emergent
basis in all patients surviving out-of-hospital cardiac arrests. As with any in-
dication for an invasive procedure, the risks and benefits need to be individ-
ualized before proceeding to angiography. If methodologies progress such
that an early and accurate determination that neurologic recovery in partic-
ular sudden death survivors is likely, a more aggressive approach to emergent
coronary angiography likely will evolve.

Patients who have ST-segment elevation on electrocardiogram with
hemodynamic compromise, such as cardiogenic shock, should be considered
for emergent coronary angiography. A randomized trial in patients who had
cardiogenic shock shows that an invasive approach with catheterization and
coronary revascularization improves short- and long-term outcomes [26].
Other survivors of cardiac arrest who have ROSC and who should be con-
sidered for early angiography with possible coronary revascularization in-
clude those who have ST-segment elevation within 12 hours of symptom
onset with evidence of or suggestion that neurologic recovery is likely.

Some small series and one underpowered randomized study of 35 pa-
tients who had out-of-hospital cardiac arrest evaluate whether or not throm-
bolytic therapy at the time of emergency room arrival improves outcomes
[27]. The premise for this provocative therapy rests on the role of thrombus
(coronary ischemia and pulmonary embolism) in the etiology of out-of-
hospital cardiac arrest. Although these small studies suggest a possible ben-
efit for some patients, a larger randomized placebo controlled trial shows no
benefit using the fibrinolytic agent, tissue plasminogen activator [28]. In this
study, 233 patients who had an out-of-hospital cardiac arrest and demon-
strated 1-minute or greater pulseless electrical activity, despite initiation of
standard cardiopulmonary resuscitation, were randomized to placebo or
a 100-mg dose of tissue plasminogen activator. The primary endpoint was
survival to hospital discharge, which occurred in one patient randomized
to fibrinolytic therapy compared with no patients randomized to placebo.
These data show the terrible outcomes in patients who have pulseless elec-
trical activity and no benefit for fibrinolytic therapy in this patient group.

Associated risk of brain hemorrhage post systemic thrombolysis

Thrombolysis, either local or systemic, after resuscitation from cardiac
arrest is a concern because of the potential increased risk of intracranial
bleeding. Several uncontrolled studies find thrombolysis safe for the brain.
A retrospective analysis reports on 68 patients who received systemic
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thrombolytics after resuscitation from cardiac arrest for presumed acute
myocardial infarction. Cardiac reperfusion was achieved in 71% of the pa-
tients treated. Intracranial hemorrhage was reported in only one patient,
whereas four others had bleeding outside the central nervous system [29].
A study of the use of intravenous thrombolytics as therapy for brain injury
after cardiac arrest currently is taking place in Europe. (See the article by
Popp and Bottiger elsewhere in this issue for discussion of this therapy.)

ICU therapy

After resuscitation from cardiac arrest, admitted patients generally are in-
tubated with varying degrees of mechanical ventilatory support and require
general supportive measures in the ICU, such as sedation, deep vein throm-
bosis prophylaxis, and stress gastritis prophylaxis. In the absence of ran-
domized clinical trials and treatment guidelines for many ICU conditions
in these patients, this article discusses considerations for management based
on existing literature and the authors’ own clinical experience.

Hemodynamic instability

Many patients, after resuscitation from cardiac arrest, have significant
hemodynamic lability. More than half of patients who are resuscitated re-
quire vasopressor support during the first 72 hours of their hospitalization
[30]. Many of the early deaths in the ICU result from circulatory collapse.
The cause of the hypotension often is multifactorial, including left ventri-
cular dysfunction and inappropriate peripheral vasodilatation. The peri-
pheral vasodilatation and left ventricular dysfunction result from the
global ischemia and reperfusion that occur after cardiac arrest and resusci-
tation [31]. During reperfusion from an ischemic episode, as occurs during
cardiac arrest, there is a dramatic release of oxygen-free radicals; activation
of cytokines, complement, and neutrophils; and activation of endothelial
surface adhesion molecules. Cytokine levels rise rapidly after resuscitation
from cardiac arrest. In a series of 61 patients who had out-of-hospital car-
diac arrest and ROSC, cytokine levels drawn on admission to the hospital
were markedly elevated and comparable to the levels seen in patients who
have septic shock [31]. In this study, cytokines, such as interleukin 6
(IL-6) and tumor necrosis factor o (TNF-a), correlate with the level of lactic
acid on admission. Nonsurvivors and patients requiring vasopressor support
had significantly higher levels of cytokines, such as IL-6 and TNF-a [31]. The
elevation of cytokines was independent of any evidence of infection. Endo-
thelial adhesion molecules for neutrophils also are up regulated rapidly after
total body ischemia and reperfusion that occurs with ROSC after cardiac
arrest [31]. Therefore, one mechanism of vasodilatory shock after ROSC
in many patients who have out-of-hospital cardiac arrest and are admitted
to an ICU is a systemic inflammatory response. This response is associated
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with marked elevation of cytokines, such as IL-6 and TNF-a, which predict
mortality. The correlation between lactic acid and cytokine levels suggests
that one cause of this systemic inflammatory response is whole-body ische-
mia and reperfusion that occurs in cardiac arrest survivors.

Also contributing to circulatory collapse after ROSC after cardiac arrest
is inappropriate nitric oxide expression and elaboration [32]. The expression
of inducible nitric oxide synthase (iNOS) that is stimulated by cytokines
contributes to the systemic inflammatory response and inappropriate vaso-
dilatation. Observations in patients who have cardiogenic shock complicat-
ing an acute myocardial infarction show that systemic vascular resistance
often is inappropriately low, whereas overall ejection fraction is not im-
paired horrendously [33]. After exposure to a variety of cytokines that are
produced after ischemia and reperfusion, iNOS is expressed by many cell
types. This can lead to toxic levels of nitric oxide and its metabolites,
such as peroxynitrite. High levels of nitric oxide and nitric oxide metabolites
directly inhibit myocardial function, suppress oxidative metabolism, reduce
responsiveness to catecholamines, and induce systemic vasodilatation. Ani-
mal models support a role for iNOS and elevated nitric oxide levels contri-
buting to the hemodynamic collapse seen in many patients who have ROSC
after cardiac arrest. Inhibition of nitric oxide synthase improves left ventri-
cular function in the ischemia and reperfusion mode [34]. Current human
trials with nitric oxide synthase inhibition are ongoing to determine whether
or not cardiogenic shock patients benefit from this therapy.

Hypotension

Transient left ventricular dysfunction, commonly present after ROSC
from cardiac arrest, also contributes to the hypotension and vasopressor
support often required in this patient population. This left ventricular dys-
function typically lasts 48 to 72 hours, followed by gradual improvement of
the cardiac output [30]. The dose of epinephrine required for resuscitation is
the primary factor that correlates best with postresuscitation left ventricular
transient dysfunction. These data suggest that high levels of catecholamines
cause transient left ventricular dysfunction or stunning and contribute to the
transient shock often present in this patient population. These data are sup-
ported by the transient left ventricular dysfunction or stunning recently
demonstrated in patients who have severe emotional stress [35]. Catechol-
amine concentrations in this population also are elevated, suggesting that
endogenous and exogenous catecholamines can cause transient myocardial
stunning, with improvement in left ventricular function during the next 48
to 72 hours.

In patients who have hypotension, a trial of volume expansion often is
beneficial. Although in certain situations, pulmonary artery catheterization
gives important information, routine management of hypotension with
a pulmonary artery catheter generally is not indicated [36,37]. Randomized
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trials in postsurgical patients, patients who are postmyocardial infarction,
and patients who have critical illness show no benefit and possible worse
outcome in those randomized to pulmonary artery catheterization com-
pared with conventional therapy [37]. This adverse outcome may result
from misinterpretation of the data from the pulmonary artery catheteriza-
tion or overuse of vasopressor medications that can worsen ischemia and
left ventricular function in patients who have depressed cardiac outputs. Se-
lective use instead of routine use of a pulmonary artery catheter should be
considered in patients who have ROSC and cardiogenic shock with hypo-
tension, pulmonary edema, and depressed left ventricular function. In pa-
tients who do not respond to volume and low-dose vasopressors,
placement of a pulmonary artery catheter also should be considered. If vaso-
pressors are required for refractory vasodilatory shock, combination ther-
apy with modest catecholamine infusion plus vasopressin is preferable to
high doses of catecholamines. In a study of 46 patients who had vasodila-
tory shock requiring norepinephrine, patients were randomized to the addi-
tion of vasopressin versus continued escalation of norepinephrine doses. The
former group had less tachycardia, fewer atrial arrhythmias, improved car-
diac output, and better markers of organ perfusion [38].

The impact of hypotension on the progression of neurologic injury may
affect functional outcome significantly. Persistent systemic hypotension
leading to cerebral hypoperfusion can worsen neurologic outcome and
should be avoided. Due to impairment of cerebral autoregulation in patients
after cardiac arrest the ideal mean arterial pressure (MAP) range for brain
preservation is not known [39]. Good functional neurologic recovery is
associated positively with higher spontaneous arterial blood pressure during
the first 2 hours after cardiac arrest [40].

Cardiac arrhythmia

Many patients admitted to an ICU have had an antiarrhythmic agent ini-
tiated either in the field or emergency department. A randomized trial shows
that an amiodorone bolus of 300 mg is superior to placebo in shock-
resistant ventricular fibrillation in patients suffering out-of-hospital cardiac
arrest [41]. An amiodorone bolus also is superior to lidocaine in producing
ROSC [42] and is the antiarrhythmic agent of choice in shock-resistant ven-
tricular fibrillation. In patients who receive amiodorone therapy for out-of-
hospital cardiac arrest with ROSC, there is a lack of randomized trial data
concerning length of therapy with an antiarrhythmic agent. Nevertheless,
continuing an intravenous infusion for 24 hours seems reasonable. There-
after, the amiodorone generally can be stopped and not resumed unless
recurrent and sustained ventricular arrhythmias become evident. Most
sudden death survivors have coronary artery disease, with myocardial in-
farction present in a large percentage of patients. In addition, an enhanced
adrenergic state contributes to ventricular fibrillation. Therefore, beta-
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blockade should be initiated on admission to an ICU, if blood pressure and
hemodynamics permit [43]. Beta-blockade is contraindicated in patients who
have cardiac arrest and ROSC and who also have hypotension, significant
bradyarrhythmias, and severe pulmonary edema.

Sepsis and temperature control

Sepsis occurs frequently in patients who have cardiac arrest. Two com-
mon sources of sepsis are aspiration during arrest and abdominal sepsis.
The latter arises from the bowel ischemia as a consequence of ischemia
and reperfusion. The majority of patients should have routine cultures per-
formed on admission. In patients who are hypotensive after ROSC, physi-
cians should consider the initiation of broad-spectrum antibiotics that
cover lung and bowel flora until further culture data are available and
hemodynamics improve.

As with sepsis, elevated body temperature occurs often. Increased body
temperature after cardiac arrest is associated with worse outcome and brain
death [44]. In a study of 40 patients, all 20 patients who had a peak axillary
temperature above 39° within the first 72 hours after cardiac arrest became
brain dead versus only 3 of 20 patients who had a peak temperature less
than 39°C [44]. Considerations related to the cause of temperature elevation
may have contributed significantly to the poor outcome, but with recent
evidence that hypothermia is beneficial, the prevention of hyperthermia
with routine antipyretics and cooling measures are important clinical inter-
ventions. In appropriate situations, therapeutic hypothermia can be insti-
tuted during the early period after cardiac arrest [45,46]. (See the article
by Bernard elsewhere in this issue for discussion of this therapy.)

Coagulopathy

Frequently contributing to the postarrest syndrome and also mimicking
sepsis is a coagulopathy. Many patients, after ROSC, have marked activation
of blood coagulation without adequate activation of endogenous fibrinolysis.
This can lead to microvascular thrombosis, resulting in further organ dys-
function [47]. The activation of the coagulation system also is related to the
large increase in cytokines seen in patients who have ROSC after cardiac ar-
rest. In a study of 67 patients admitted after out-of-hospital cardiac arrest
with ROSC, measures of cytokines and coagulation were obtained [47]. Pa-
tients had increased 1L-6, coagulation activity (elevated levels of thrombin-
antithrombin complex), reduced anticoagulation (depressed antithrombin,
protein C, and protein S), activated fibrinolysis (elevated plasmin-antiplasmin
complex), and inhibited fibrinolysis (increased plasminogen activator
inhibitor 1 levels). Activation of coagulation and fibrinolysis and reduced
anticoagulation at admission were more pronounced in nonsurvivors, in par-
ticular patients dying in hospital of refractory shock. These data suggest that
nearly all survivors of out-of-hospital cardiac arrest have a systemic
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coagulopathy present on admission to the ICU, such as coagulation activa-
tion, diminished anticoagulant factors, or increased fibrinolysis. The coagul-
opathy likely originates from cytokine up regulation of tissue factor, known
to be up regulated after cardiopulmonary resuscitation [48]. These coagula-
tion abnormalities also may contribute to the high early mortality seen in
those surviving out-of-hospital cardiac arrest. (See the article by Popp and
Bottiger elsewhere in this issue for discussion of management consideration
of this problem.)

Antiplatelet and anticoagulation therapies

Aspirin should be given on admission to the hospital and continued daily,
unless contraindicated or clinical data exist that patients do not have ob-
structive coronary artery disease [49]. Full-dose anticoagulation with hepa-
rin is another consideration for patients after sudden cardiac death with
ROSC. In general, patients who have possible or definite acute coronary
syndromes from plaque rupture are anticoagulated with heparin for
48 hours after admission to the hospital [50]. This therapy reduces recurrent
ischemic events. Initiation of full-dose anticoagulation depends on the
clinical suspicion of an acute plaque rupture event resulting in ischemia, ven-
tricular fibrillation, and sudden cardiac death. The bleeding risks of antico-
agulation with heparin (chest trauma from cardiopulmonary resuscitation)
versus the benefit of full-dose anticoagulation in patients who have acute
coronary syndrome need to be considered carefully by clinicians. Heparin
needs to be held until the coagulopathy, if present, resolves.

Seizures and myoclonus

Seizures and myoclonus are common after cardiac arrest, occurring in
approximately one third of patients [51]. (See the article by Koenig and
colleagues elsewhere in this issue for discussion of these clinical problems.)
Clinical or electrographic seizure activity persisting more than 30 to
60 minutes usually, but not invariably, is associated with poor outcome
[52-55]. Status epilepticus, the persistence of a seizure activity, often is con-
sidered a predictor of poor outcome, as is persistent myoclonus. Caution
must be taken, however, in characterizing epileptic and myoclonic activity
properly after arrest. Postanoxic myoclonus (Lance-Adams syndrome), pre-
viously regarded as a predictor of poor outcome, may improve as neurologic
status improves [56]. (See the article by Venkatesan and Frucht elsewhere in
this issue for description of this clinical condition.) Postanoxic myoclonus
tends to be more common in patients who have respiratory causes of arrest.
A state of status myoclonus, however, defined as more than 30 minutes of
myoclonic activity associated with burst suppression on electroencephalo-
gram (EEG) [53], which occurs commonly after cardiac arrest, is considered
an indicator of extremely poor prognosis, and treatment with antiepileptics
tends not to influence short-term or long-term outcomes [53,57]. Status
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myoclonus tends to last only a few days. Differentiation between these two
states can be difficult, but it is important to identify the difference. EEG
monitoring and repeated evaluation may be helpful. Myoclonic status epi-
lepticus, defined as myoclonic jerks merging with tonic-clonic seizures and
lasting more than 30 minutes, is associated with failure to recover conscious-
ness [17], although some investigators question this [58].

Seizures can delay the recovery of consciousness after cardiac arrest, and
subclincial status epilepticus can depress the neurologic examination falsely
and can be a cause for persisting unresponsiveness. An EEG should be ob-
tained if seizures are suspected. Once seizures are found to occur, they
should be treated aggressively to optimize recovery. Reports on the use of
prophylactic antiepileptics therapy are limited, however, and not well clari-
fied in the literature.

Cerebral edema and intracranial pressure elevation

Global cerebral ischemia may lead to brain edema. In one study, up to
47% of patients resuscitated from out-of-hospital arrest showed cerebral
edema on head CT at day 3 [59]. In another study, more patients (92%)
who had cerebral edema on head CT were noted among those who had pri-
mary respiratory arrest [59]. Cerebral edema can quantified objectively by
the degree of obliteration gray matter—white matter demarcation by brain
CT scan [60]. Torbey and colleagues find that the progressive loss of gray
matter—white matter demarcation as a reflection of brain injury is associated
with poor outcome [60]. In these reports, brain edema is a marker of brain
injury and associated with poor neurologic outcomes. (See the article by
Geraghty and Torbey elsewhere in this issue for a detailed discussion of
this approach at prognostication.)

Several small studies have attempted to define the occurrence of intra-
cranial pressure elevation after resuscitation from cardiac arrest. In a study
of ICP monitoring starting as early as 3 hours for a period of 2 to 7 days,
ICP persistently remained below 20 mm Hg in five of the six patients. ICP el-
evation to 57 mm Hg was noted in one patient who had seizure activity. Al-
though the study was limited by sample size, the absence of intracranial
pathology or seizures made ICP elevation unlikely [61]. Another study showed
that ICP elevation was associated with delayed hyperemia by transcranial
Doppler ultrasound after resuscitation from cardiac arrest [62]. Therefore,
the use of acute hyperventilation and mannitol therapy may be beneficial at
the time of ICP elevation. These therapies are used successfully in other pathol-
ogies, but their use in edema related to global ischemia is not well described.
Use of steroids does not provide benefit and can lead to adverse outcomes [63].

Hyperglycemia

Elevated serum glucose is associated with unfavorable outcome after
global ischemia from cardiac arrest [63,64]. Serum glucose elevation is
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believed to be a marker of the severity of injury. In a series of 145 nondia-
betic patients evaluated after witnessed ventricular fibrillation cardiac arrest,
a strong association between high median blood glucose levels during
24 hours and poor neurologic outcome was found [65].

Elevation of serum glucose after acute neurologic injury may be harmful,
therefore treatment of hyperglycemia in patients who have nonlacunar
stroke, and global ischemia is advocated [66]. In the absence of controlled hu-
man trials showing the benefit of glucose control in patients resuscitated from
cardiac arrest, some insights may be taken from the general critical care liter-
ature. Although the precise effect of elevated glucose on neurologic injury of
patients who have postcardiac arrest remains not well defined, tight glucose
control is associated with improved survival and outcome in patients who
are critically ill [67]. Until a dedicated controlled clinical trial in the specific
area is undertaken, glucose monitoring in the ICU is strongly suggested,
and providing tight control may provide benefits to patients who have post-
cardiac arrest.

Age and systemic complications

Many victims of cardiac arrest are elderly and have serious underlying
comorbidities [9]. A review of noncardiac complications in cardiac arrest
survivors notes that the most frequent complications are pneumonia, elec-
trolyte abnormalities, and gastrointestinal hemorrhage in approximately
45%:; followed by seizures and elevated liver enzymes in approximately
28%:; and septicemia, acute renal failure, and acute respiratory distress syn-
drome in approximately 5% to 7% of patients [68]. Although advanced age
(older than 65) is a risk factor for decreased overall survival after cardiac
arrest, age is not an independent risk factor for poor neurologic outcome
[12]; therefore, age consideration should be taken into account as plans
for therapy are undertaken.

Future directions in the ICU

Much of the injury resulting in hemodynamic instability, cardiac dysfunc-
tion, and brain injury results from ischemia and reperfusion injury. Animal
models demonstrate that many therapies given before ischemia and reper-
fusion improve outcomes. Naturally, pretreatment is impossible in patients
after cardiac arrest. Several therapies currently in clinical trial may improve
cardiac function in the setting of ischemia and reperfusion [69]. Certainly,
therapies already demonstrated to reduce reperfusion injury, such as hypo-
thermia, need to be applied more widely. Future technologies that assess
neurologic prognosis more readily and accurately will assist in patient
selection for early coronary angiography. Continued research in the identi-
fication of high-risk patients for sudden cardiac death may result in better
preventative strategies [70].



INTENSIVE CARE AFTER RESUSCITATION FROM CARDIAC ARREST 57

Reference

[1] Eisenberg MS, Mengert JT. Cardiac resuscitation. N Engl J Med 2001;344:1304-13.

[2] Peberdy MA, Ornato JP. Post-resuscitation care: is it the missing link in the Chain of
Survival? Resuscitation 2005;64:135-7.

[3] EngdahlJ, Abrahamsson P, Bang A, et al. Is hospital care of major importance for after out-
of-hospital cardiac arrest? Resuscitation 2000;43:201-11.

[4] Spector PS. Diagnosis and management of sudden cardiac death. Heart 2005;91:408—13.

[5] Pinto DS, Josephson JE. Sudden death. In: Hurst’s the heart, 11th edition. McGraw-Hill
Medical Publishing Divison.

[6] Naghavi M, Libby P, Falk E, et al. From vulnerable plaque to vulnerable patient. Circula-
tion 2003;108:1664-72.

[7] Scanlon JP, Faxon DP, Audet AM, et al. ACC/AHA guidelines for coronary angiography.
J Am Coll Cardiol 1999;33:1756-824.

[8] Hirsch G, Heldman AW, Wittstein IS, et al. ST-segment elevation in an unresponsive
patients. Circulation 2003;208:165.

[9] Grubb N. Managing out-of-hospital cardiac arrest survivors: 1. neurological perspective.
Heart 2001;85:6-8.

[10] BRCT-1. Neurological recovery after cardiac arrest: effect of duration of ischemia. Crit Care
Med 1985;13:930-1.

[11] Berek K, Lechleitner P, Luef G, et al. Early determination of neurologic outcome after pre-
hospital cardiopulmonary resuscitation. Stroke 1995;26:543-9.

[12] Rogove HJ, Safar P, Sutton-Tyrrell K, et al. Old age does not negate good cerebral outcome
after ardiopulmonary resuscitation: analyses from the brain resuscitation clinical trials. The
Brain Resuscitation Clinical Trial I and II Study. Crit Care Med 1995;23:18-25.

[13] Lange RA, Hillis LD. Cardiovascular complications of cocaine use. N Engl J Med 2001;345:
351-8.

[14] Mullner M, Hirschl MM, Herkner J, et al. Creatine kinase-MB fraction and cardiac troponin
T to diagnose acute myocardial infarction after cardiopulmonary resuscitation. J Am Coll
Cardiol 1996;28:1220-5.

[15] Zandbergen EGJ, Haan EJ, Hijdra A. Systematic review of prediction of poor outcome in
anoxic-ischemic coma with biochemical markers of brain damage. Intensive Care Med
2001;27:1661-7.

[16] Levy DE, Caronna JJ, Singer BH, et al. Predicting outcome from hypoxic-ischemic coma.
JAMA 1985;10:1420-6.

[17] Jorgensen EO, Holm S. Prediction of neurological outcome after cardiopulmonary resusci-
tation. Resuscitation 1999;41:145-52.

[18] Edgren E, Hedstrand U, Kelsey S, et al. Assessment of neurological prognosis in comatose
survivors of cardiac arrest. BRCT 1 [comments]. Lancet 1994;343:1055-9.

[19] Jorgensen EO. Course of neurological recovery and cerebral prognostic signs during cardio-
pulmonary resuscitation. Resuscitation 1997;35:9-16.

[20] Steen-Hansen JE, Hansen NN, Vaagenes P, et al. Pupil size and light reactivity during
cardiopulmonary resuscitation: a clinical study. Crit Care Med 1988;16:69-70.

[21] Willoughby JO, Leach BR. Relation of neurological findings after cardiac arrest to outcome.
Br Med J 1974;3:437-9.

[22] Bertini G, Margheri M, Giglioli C, et al. Prognostic significance of early clinical manifesta-
tions in postanoxic coma: a retrospective study of 58 patients resuscitated after prehospital
cardiac arrest. Crit Care Med 1989;17:627-33.

[23] Mullie A, Verstringe P, Buylaert W. Predictive value of Glasgow Coma score for awakening
after out-of-hospital cardiac arrest. Lancet 1988;1:137-40.

[24] Booth CM, Boone RH, Tomlinson G, et al. Is this patient dead, vegetative, or severely neu-
rologically impaired? Assessing outcome for comatose survivors of cardiac arrest. JAMA
2004;291:870-9.



58 SCHULMAN et al

[25] Spaulding CM, Joly LM, Rosenberg A, et al. Immediate coronary angiography in survivors
of out-of-hospital cardiac arrest. N Engl J Med 1997;336:1629-33.

[26] HochmanJS, Sleeper L, Webb J, et al. Early revascularization in acute myocardial infarction
complicated by cardiogenic shock. N Engl J Med 1999;341:625-34.

[27] Fatovich DM, Dobb GJ, Clugston RA. A pilot randomized trial of thrombolysis in cardiac
arrest (the TICA trial). Resuscitation 2004;61:309-13.

[28] Abu-Laban RB, Christenson JM, Innes GD, et al. Tissue plasminogen activator in cardiac
arrest with pulseless electrical activity. N Engl J Med 2002;346:1522-8.

[29] Voipio V, Kuisma M, Alaspaa A, et al. Thrombolytic treatment of acute myocardial infarc-
tion after out-of-hospital cardiac arrest. Resuscitation 2001;49:251-8.

[30] Laurent I, Monchi M, Chiche JD, et al. Reversible myocardial dysfunction in survivors of
out-of-hospital cardiac arrest. J Am Coll Cardiol 2002;40:2110-6.

[31] Adrie C, Adib-Conquy M, Laurent I, et al. Successful cardiopulmonary resuscitation after
cardiac arrest as a “sepsis-like”” syndrome. Circulation 2002;106:562-8.

[32] Hochman JS. Cardiogenic shock complicating acute myocardial infarction. Circulation
2003;107:2998-3002.

[33] Picard MH, Davidoff R, Sleeper LA, et al. Echocardiographic predictors of survival and
response to early revascularization in cardiogenic shock. Circulation 2003;107:279-84.

[34] Schulz R, Wambolt R. Inhibition of nitric oxide synthesis protects the isolated working rab-
bit heart from ischemia-reperfusion injury. Cardiovasc Res 1995;30:432-9.

[35] Wittstein IS, Thiemann DR, JAC, et-al. Neurohumoral features of myocardial stunning due
to sudden emotional stress. 2003;352:539-48.

[36] Cohen MG, Kelly RV, Kong DF, et al. Pulmonary artery catheterization in acute coro-
nary syndromes: insights from the GUSTO IIb and GUSTO III trials. Am J Med 2005,
118:482-8.

[37] Richard C, Warszawski J, Anguel N, et al. Early use of the pulmonary artery catheter and
outcomes in patients with shock and respiratory distress syndrome. JAMA 2003;290:
2713-20.

[38] Dunser MW, Mayr AJ, Ulmer H, et al. Arginine vasopressin in advanced vasodilatory
shock: a prospective, randomized, controlled study. Circulation 2003;107:2313-9.

[39] Sundgreen C, Larsen F, Herzog T, et al. Autoregulation of cerebral blood flow in patients
resuscitated from cardiac arrest. Stroke 2001;32:128-32.

[40] Mullner M, Sterz F, Binder M, et al. Arterial blood pressure after human cardiac arrest and
neurological recovery. Stroke 1996;27:59-62.

[41] Kudenchuk PJ, Cobb LA, Copass MK, et al. Amiodorone for resuscitation after out-of-
hospital cardiac arrest due to ventricular fibrillation. N Engl J Med 1999;341:871-8.

[42] Dorian P, Cass D, Schwartz B, et al. Amiodorone as compared with lidocaine for shock-
resistant ventricular fibrillation. N Engl J Med 2002;346:884-90.

[43] Hjalmarson A. Effects of beta-blockade on sudden cardiac death during acute myocardial
infarction and the post-infarction period. Am J Cardiol 1997;80:35j-9;.

[44] Takasu A, Saitoh D, Kaneko N, et al. Hyperthermia: is it an ominous sign after cardiac
arrest? Resuscitation 2001;49:273-7.

[45] Group THACA. Mild therapeutic hypothermia to improve the neurologic outcome after
cardiac arrest. N Engl J Med 2002;346:549-56.

[46] Bernard SA, Gray TW, Buist MD, et al. Treatment of comatose survivors of out-of-hospital
cardiac arrest with induced hypothermia. N Engl J Med 2002;346:557-63.

[47] Adrie C, Monchi M, Laurent I, et al. Coagulopathy after successful cardiopulmonary resus-
citation following cardiac arrest. J Am Coll Cardiol 2005;46:21-8.

[48] Grando S, Nanzaki S, Morimoto Y, et al. Tissue factor and tissue factor pathway in-
hibitor levels during and after cardiopulmonary resuscitation. Thromb Res 1999;96:
107-13.

[49] Baigent C, Collins R, Appleby P, et al. ISIS-2: 10 year survival among patients with sus-
pected acute myocardial infarction in randomised comparison of intravenous streptokinase,



INTENSIVE CARE AFTER RESUSCITATION FROM CARDIAC ARREST 59

oral aspirin, both, or neither. The ISIS-2 (Second International Study of Infarct Survival)
Collaborative Group. BMJ 1998;316:1337-43.

[50] Blankfield RP. Benefit of heparin plus aspirin vs aspirin alone in unstable angina. JAMA
1996;276:1873-4.

[51] Longstreth WT. Neurologic complications of cardiac arrest. In: Aminoff MJ, editor. Neurol-
ogy and general medicine. Philadelphia: Churchill Livingstone; 2001. p. 51-70.

[52] Celesia GG, Grigg MM, Ross E. Generalized status myoclonus in acute anoxic and toxic-
metabolic encephalopathies. Arch Neurol 1988;45:781-4.

[53] Krumholz A, Stern BJ, Weiss HD. Outcome from coma after CPR: relation to seizures and
myoclonus. Neurology 1988;38:401-5.

[54] Arnoldus EPJ, Lammers GJ. Postanoxic coma: good recovery despite myoclonic status. Ann
Neurol 1995;38:697-8.

[55] Wijdicks EFM, Parisi JE, Sharbrough FW. Prognostic value of myoclonus status in coma-
tose survivors of cardiac arrest. Ann Neurol 1994;35:239-43.

[56] Werhahn KJ, Brown P, Thompson PD, et al. The clinical features and prognosis of chronic
posthypoxic myoclonus. Mov Disord 1997;12:216-20.

[57] Krumholz A, Berg A. Further evidence that for status epilepticus “one size fits all”” doesn’t
fit. Neurology 2002;58:515-6.

[58] Goh WC, Heath PD, Ellis SJ, et al. Neurologic outcome prediction in a cardiorespiratory
arrest survivor. Br J Anaesth 2002;88:719-22.

[59] Morimoto Y, Kemmotsu O, Kitami K, et al. Acute brain swelling after out-of-hospital
cardiac arrest: pathogenesis and outcome. Crit Care Med 1993;1:104-10.

[60] Torbey MT, Selim M, Knorr J, et al. Quantitative analysis of the loss of distinction between
gray and white matter in comatose patients after cardiac arrest. Stroke 2000;31:2163-7.

[61] Sakabe T, Tateishi A, Miyauchi Y, et al. Intracranial pressure following cardiopulmonary
resuscitation. Intensive Care Med 1987;13:256-9.

[62] Lida K, Satoh H, Arita K, et al. Delayed hyperemia causing intracranial hypertension after
cardiopulmonary resuscitation. Crit Care Med 1997;25:971-6.

[63] Jastremski M, Sutton-Tyrrel K, Vaagenes P, et al. Glucocorticoid treatment does not im-
prove neurological recovery following cardiac arrest. Brain Resuscitation Clinical Trial I
study group. JAMA 1989;262:3427-30.

[64] Longstreth WT, Inui TS, Cobb LA, et al. Neurologic recovery after out-of-hospital cardiac
arrest. Ann Intern Med 1983;98:121-32.

[65] Mullner M, Sterz F, Binder M, et al. Blood glucose concentration after cardiopulmonary
resuscitation influences functional neurological recovery in human cardiac arrest survivors.
J Cereb Blood Flow Metab 1997;17:430-6.

[66] Kagansky N, Levy S, Knobler H. The role of hyperglycemia in acute stroke. Arch Neurol
2001;58:1209-12.

[67] van den Berghe G, Wouters P, Weekers F, et al. Intensive insulin therapy in the critically ill
patients. N Engl J Med 2001;345:1359-67.

[68] Bjork RJ, Snyder BD, Campion BC, et al. Medical complications of cardiopulmonary arrest.
Arch Intern Med 1982;3:500-3.

[69] Bolli R, Becker L, Gross G, et al. Myocardial protection at a crossroads. Circulation 2004;
95:125-34.

[70] Solomon SD, Zelenkofske S, et al. Sudden death in patients with myocardial infarction and
left ventricular dysfunction, heart failure, or both. N Engl J Med 2005;352:2581-8.



	Intensive Care After Resuscitation from Cardiac Arrest: A Focus on Heart and Brain Injury
	Cardiac arrest: etiology and severity
	Etiology of cardiac arrest
	Cardiac arrest and brain injury

	Clinical evaluation
	Cardiac and systemic evaluation
	Neurologic evaluation

	Optimizing survival and functional outcome in the ICU
	Coronary revascularization and reperfusion in survivors of out-of-hospital cardiac arrest
	Associated risk of brain hemorrhage post systemic thrombolysis

	ICU therapy
	Hemodynamic instability
	Hypotension
	Cardiac arrhythmia
	Sepsis and temperature control
	Coagulopathy
	Antiplatelet and anticoagulation therapies
	Seizures and myoclonus
	Cerebral edema and intracranial pressure elevation
	Hyperglycemia
	Age and systemic complications

	Future directions in the ICU
	Reference


