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Abstract

Before the use of hypothermia as a treatment for comatose post-cardiac arrest patients, several
prognostic variables were widely accepted as reliable and valid for the prediction of poor outcome.
Recent studies using hypothermia have reported on patients with recovery of consciousness in
spite of absent or extensor motor responses after 3 days, absent bilateral cortical N20 responses
after 24 hours, serum neuron-specific enolase levels greater than 33 pg/L, and early myoclonus
status epilepticus. Hypothermia and its associated use of sedative and paralytic agents may delay
neurologic recovery and affect the optimal timing of prognostic variables. Recent developments in
brain imaging may provide additional objective prognostic information and deserve further study.
Pending the results of future validation studies in patients treated with hypothermia, we
recommend that irreversible management decisions not be made based on a single prognostic
parameter, and, if there is uncertainty, these decisions be delayed for several days to allow for
repeated testing.
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Introduction

Cardiovascular disease is a leading cause of death, accounting for approximately one third
of all deaths annually in the United States [1]. About 295,000 people in the United States
have an out-of-hospital cardiac arrest (OHCA) each year and only 10% to 20% of those
affected survive [1]. Approximately 80% of patients with successful restoration of
spontaneous circulation after cardiopulmonary resuscitation (CPR) remain in a comatose
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state [2], and approximately one third of these regain consciousness [3]. However,
neurological sequelae are common in these survivors and vary from minor to severe
cognitive and motor impairments [4].

Accurate prediction of neurological outcome in comatose cardiac arrest patients is
paramount not only to assist families with decision making regarding withdrawal of life
support versus continued supportive care, but also to avoid the prolonged use of limited
health care resources when there is no chance of meaningful recovery. It is estimated that
the costs of CPR are $406,605 per life saved. Because only a minority of patients survives to
an independent lifestyle, many patients are taken off life support early even if they do not
meet specific criteria for poor outcome. Thus, early accurate prediction of neurological
outcome in these patients may not only save resources, but also lives, and is therefore a very
important health care issue.

Before the use of therapeutic hypothermia [5, 6], the prognostication of comatose patients
after cardiac arrest predominantly relied on the bedside neurological examination in
conjunction with electrophysiological testing. The 2006 American Academy of Neurology
(AAN) practice parameter for prediction of outcome in comatose survivors after CPR
provides useful prognostication guidelines [7]; however, these guidelines were based on
studies performed before the use of hypothermia and the authors rightfully urge caution in
the interpretation of various prognosticators in patients who have been treated with
hypothermia.

Survival from OHCA depends on a strong chain of survival [8], involving rapid emergency
medical services assistance, effective CPR, expedited transportation to a medical center, and
effective post-resuscitation care. As therapeutic hypothermia has been proven to be effective
in improving both survival and neurological outcome [5, 6], it should be considered standard
treatment for comatose post-cardiac arrest survivors [9, 10]. There are large interhospital
variations in survival after successful resuscitation from OHCA [11]. A recent policy
statement from the American Heart Association outlines the rationale for regional systems
of care for OHCA [12]. In the near future, post-cardiac arrest survivors will be directed to
“cardiac arrest centers” that offer therapeutic hypothermia. In this review, the current
knowledge of prognostic variables for patients in coma after cardiac arrest will be discussed.

Neurological Examination

For decades the bedside neurologic examination has been advocated as the “the gold
standard” for outcome prediction of comatose post-cardiac arrest survivors [13]. The authors
of the 2006 AAN practice parameter concluded that patients with absent pupillary or corneal
reflexes, or absent or extensor motor responses after 3 days after the cardiac arrest, or the
presence of myoclonus status epilepticus (SE) within the first day are highly likely to have a
poor outcome [7]. Poor outcome was defined as death or persisting unconsciousness after 1
month or unconsciousness or severe disability requiring constant nursing care after 6 months
[7]. Although the specificity for poor outcome of these variables was found to be high, they
have limited sensitivity: many patients who do not meet any of these criteria fare poorly as
well.

Brainstem Reflexes

Absence of one or more brainstem reflexes in the first few hours after return of spontaneous
circulation cannot be regarded as being specific for poor outcome, because some patients
who lack these reflexes early on may in fact regain consciousness in the ensuing days.
Conversely, patients who do not regain their brainstem reflexes in the absence of sedating
medications after 72 hours are unlikely to regain consciousness; however, the sensitivity for
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poor outcome of absent brainstem reflexes at this time point is low. Levy et al. [13] reported
a 12% sensitivity for prediction of poor outcome (defined as persistent vegetative state or
death) at the 72 hours’ time point for absent pupillary responses and 16% for absence of
corneal reflexes. None of the patients with absent pupillary reflexes or corneal reflexes after
3 days recovered to good functional outcome or moderate disability at 1 year. Although
Levy et al.'s [13] landmark paper published in 1985 greatly enhanced our ability to predict
outcome after hypoxic-ischemic brain injury caused by cardiac arrest, its results should be
applied with caution in the present time because critical care of comatose patients has
evolved considerably since then. Additionally, only 71% of Levy et al.'s [13] cohort had
cardiac arrest as the cause of their hypoxic-ischemic brain injury and none of the patients
received treatment with hypothermia.

The Brain Resuscitation Clinical Trials | Study Group found a sensitivity of 19% and a
false-positive rate (1-specificity) of 0% (95% CI, 0-25) for absent pupillary responses to
light at 72 hours in a study of 262 patients [14]. A more recent study conducted by
Zandbergen et al. [15] including 407 patients found a sensitivity for prediction of poor
outcome of absent pupillary reflexes of 22% and absent corneal responses at 72 hours of
28%, with a false-positive rate of 0%.

In a small retrospective study with 37 comatose post-cardiac arrest patients treated with
hypothermia, none of six patients without pupillary reflexes and none without corneal
reflexes at 72 hours after the arrest recovered awareness [16]; however, a recent prospective
study of 111 comatose patients after cardiac arrest treated with induced hypothermia found a
false-positive rate of the absence of one or more brainstem reflexes between 36 and 72 hours
of 4% (95% ClI, 1-15) for poor outcome, suggesting that hypothermia may affect the
validity of the brainstem examination [17+¢]. One caveat of this study is that patients were
examined “after passive rewarming and off sedation.” Because details on the use of sedative
medications (type, dose, and duration of use prior to the examination) are not reported, the
potential of a lingering effect of sedative agents on the neurological examination cannot be
excluded. A recent prospective study including 53 comatose post-cardiac arrest patients
treated with hypothermia showed that sedative agents were used within 12 hours or less
prior to the 72-hour examination in 83% of patients and that absent corneal reflexes were not
100% specific for poor outcome at this time point [18].

In summary, the absence of one or more brainstem reflexes at 72 hours used to be an
accurate indicator of poor outcome in comatose post-cardiac arrest survivors; however, the
validity of this finding is in question in patients treated with hypothermia and requires
further study.

Motor Response

Reports on the prognostic accuracy of the best motor response to noxious stimuli in post-
cardiac arrest patients have shown less consistent results. In general, the prognostic accuracy
of an impaired motor response is greater when it is assessed after 72 hours than after 24 or
48 hours after the arrest [7, 14, 15]. In Levy et al.'s [13] study, none of the 69 patients who
had flexor posturing, extensor posturing, or no motor response (M-score < 3) to noxious
stimuli 72 hours after the arrest recovered to a good neurological outcome.

A recent meta-analysis including 25 (prospective and retrospective) studies revealed that at
day 2 and 3 after the arrest the motor score (M-score < 3) predicts poor outcome with similar
accuracy as the somatosensory evoked potentials (SSEPs) [19]; however, as the authors
point out, these findings cannot necessarily be applied to patients treated with hypothermia.

Curr Neurol Neurosci Rep. Author manuscript; available in PMC 2012 May 22.
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A recent study of 37 patients treated with therapeutic hypothermia describes that 2 of 14
patients with no motor response at day 3 regained awareness [16]. This suggests that early
abnormal or absent motor responses do not always predict poor outcome after hypothermia.
A prospective study of 72 post-cardiac arrest patients treated with hypothermia assessed the
predictive value of the motor response the first day after discontinuation of sedation [20].
The investigators found that an M-score greater than 3 on the first day after sedation was
stopped predicted favorable outcome (cerebral performance category [CPC] 1 and 2), with
100% specificity and 43% sensitivity [20]; however, the results of their study also
demonstrate that an M-score of 1 up to 4 days after discontinuation of sedation did not
invariably predict poor outcome in each patient. A Glasgow coma scale score of 4 at day 4
after sedation was discontinued predicted poor outcome, with a specificity of 95% and a
sensitivity of 47%.

Another prospective study of 111 comatose cardiac arrest survivors treated with
hypothermia found a false-positive mortality prediction of 24% for an M-score < 2 assessed
between 36 and 72 hours in predicting poor outcome [17¢¢]. The authors conclude that in
patients treated with hypothermia, the best motor response to painful stimuli is a less reliable
outcome predictor than in studies performed before the era of hypothermia summarized in
the 2006 AAN practice parameter [17++]. Whether the use of sedation is a confounder in
these studies remains uncertain.

In summary, the absence of a motor response to pain even up to 4 days after the arrest
cannot any longer be used as a single predictor of poor outcome in patients who have been
treated with hypothermia. Further studies are required to validate the prognostic accuracy of
this clinical examination finding in this context.

Myoclonus Status Epilepticus

Myoclonus SE has been defined as spontaneous, repetitive, unrelenting, generalized
multifocal myoclonus affecting the face, trunk, and extremities in comatose patients [7].
Myoclonus SE typically presents in the first day after the arrest. Many patients have
associated evidence of SE by electroencephalography (EEG), but this is not a requirement
for the diagnosis. Prior to the introduction of hypothermia, myoclonus SE was invariably
associated with a poor prognosis in patients with coma caused by a primary cardiac arrest
[21]. In rare instances good outcomes have been described in patients with myoclonus SE
after a cardiac arrest secondary to respiratory failure.

The prevalence of myoclonus SE following cardiac arrest varies between studies. In the
prospective cohort study by Zandbergen et al. [15] with 407 patients, status myoclonus was
observed in 4% of patients at 24 hours after the arrest and all of them had a poor outcome.
However, it should be noted that only 2% of patients included in this study received
hypothermia.

A retrospective study with 107 patients (of whom 59% were treated with hypothermia)
investigated the relationship between post-anoxic SE (including myoclonic SE and
nonconvulsive SE) and neurological outcome [22]. Post-anoxic SE was defined by EEG
characteristics only. Patients underwent EEG recording at least once in the first few days
after the arrest. EEG evidence of post-anoxic SE was present in one third of patients and an
independent and strong predictor for poor outcome [22]; however, three patients with post-
anoxic SE, all treated with hypothermia, regained consciousness and one was living
independently at 1 year.

A prospective study of the same group with 111 cardiac arrest patients treated with
hypothermia described myoclonus in 33% of patients [17<¢]. Two of these survived to 3 to 6
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months. In a separate report more details are described on three patients treated with
hypothermia who regained consciousness despite early myoclonus SE by clinical criteria
with an EEG correlate [23¢]. These patients had preserved brainstem reflexes, normal
cortical N20 responses by SSEPs, and reactive EEGs. All three patients received treatment
for the SE and improved to a CPC of 1, 2, and 3 at 6 months [23¢]. Conversely, a small
retrospective study with 37 patients treated with hypothermia after cardiac arrest described
that none of eight patients with myoclonus SE recovered awareness (false-positive rate of
0%; 95% CI, 0-40) [16].

In summary, the previous concept that myoclonus SE early after a circulatory arrest
invariably predicts poor outcome does not appear to hold true in patients treated with
hypothermia. Intact brainstem reflexes, preserved cortical responses by SSEP, and a reactive
EEG may identify a subset of these patients who have a chance of regaining consciousness.
Furthermore, early treatment of SE may favorably affect outcome and needs further study.
Both hypothermia and the accompanying use of sedating and paralyzing drugs can
masquerade clinical evidence of epileptiform activity. Therefore, pending larger studies,
routine EEG monitoring during hypothermia and pharmacologic treatment of epileptiform
activity should be considered.

Electroencephalography

Electroencephalography has been studied extensively in comatose post-cardiac arrest
patients prior to the use of hypothermia [24]. In general, early recovery of cortical activity
and EEG reactivity correlate with good outcome, whereas clinical evidence of seizures and
EEG evidence of generalized epileptiform activity correlate with poor outcome [25]. Prior to
the introduction of hypothermia, several EEG patterns have been strongly associated with
poor outcome, most notably generalized suppression (< 20 V), burst-suppression pattern
with generalized epileptiform activity, and generalized periodic complexes on a flat
background; however, none of these EEG patterns predicts poor outcome with certainty [7].

Scollo-Lavizzari and Bassetti [26] conducted a meta-analysis of 408 comatose cardiac arrest
patients who had EEG recordings 6 hours or more after resuscitation. The authors found
meaningful neurological recovery in 79% of patients with dominant normal alpha activity
and 0% in patients with alpha coma, low-voltage delta activity, periodic-generalized
phenomena with low-voltage background activity, and a very flat or isoelectric EEG (< 20
iLV). Forty-three percent of patients with predominant theta-delta activity had a good
outcome.

Continuous or serial EEG monitoring is likely to provide more accurate prognostic
information than a single EEG recording. In a series of 231 patients who underwent
sequential EEG monitoring starting immediately after resuscitation, 74% of patients with
and 30% of patients without electrocortical activity on the initial EEG regained
consciousness [27]. Incomplete EEG recovery on sequential EEG recordings was associated
with poor outcome.

Electroencephalographic monitoring is cheap and easy to perform at the bedside, but an
important disadvantage is its susceptibility to sedative drugs, metabolic derangements, and
hypothermia. Rundgren et al. [28] assessed the prognostic value of amplitude-integrated
EEG (aEEG) patterns in 95 post-cardiac arrest patients treated with hypothermia. Thirty-one
patients had continuous aEEG patterns at the beginning of the recording and 62 after return
to normothermia. The presence of a continuous aEEG pattern strongly correlated with
neurologic recovery: 29 of 31 (90%) patients with a continuous aEEG pattern at the
beginning of the recording and 54 of 62 (87%) patients with a continuous aEEG pattern after
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return to normothermia regained consciousness, supporting the view that aEEG may have
prognostic value in the setting of hypothermia.

In summary, EEG is noninvasive and easy to use even in unstable patients, but its
widespread application as a prognostic test for comatose post-cardiac arrest patients has
been hampered by the lack of a universally accepted classification system and its
susceptibility to drugs and metabolic disorders. Recent advances in quantitative EEG
analysis and continuous bedside recordings may overcome some of these limitations [29,
30]. Preliminary studies in post-cardiac arrest patients treated with hypothermia suggest a
potential use of continuous EEG recording as a prognostic test in this setting, but further
validation studies are needed.

Somatosensory Evoked Potentials

SSEPs are elicited by electric stimulation of the median nerve and test the integrity of the
afferent sensory pathways including activation of the primary cortical somatosensory area
(N20 peak). Based on a meta-analysis of eight studies, the 2006 AAN practice parameter
reports an excellent predictive value for poor outcome of bilateral absence of N20 responses
with an overall false-positive rate of 0.7% (95% Cl, 0.1-3.7) and a pooled sensitivity of 46%
[7]. In the largest of the eight studies bilateral absence of cortical N20 responses consistently
predicted poor outcome in the 383 patients who were tested at least once between 24 and 72
hours after the arrest with a false-positive rate of 0% (95% ClI, 0-17) [15]. Treating
physicians were blinded to the 24- and 48-hour SSEP results, but not to the 72-hour ones,
and the percentage of patients with a poor outcome in the study was high at 87%, factors
that may have overestimated the prognostic accuracy of bilateral absent N20 peaks for poor
outcome.

Data on the prognostic accuracy of SSEPs in post-cardiac arrest patients treated with
hypothermia are limited. A pilot study reported accurate poor outcome prediction by
bilateral absence of recordable N20 peaks during hypothermia with 26% sensitivity [31]. All
13 patients with absent SSEPs during hypothermia had a poor outcome. Another study
described poor outcome in all 33 patients with absent SSEPs after hypothermia, but treating
physicians were not blinded to the SSEP results [17+¢]. In contrast, a recent study reported
recovery of consciousness in two post-cardiac arrest patients treated with hypothermia with
absent or minimally detectable cortical N20 responses on day 3 after the arrest. Both patients
regained normal cognitive function [32¢].

In summary, SSEPs are very useful as a prognostic test in comatose post-cardiac arrest
patients because of the high specificity for poor outcome, ease of use, low cost, and the
minimal influence of drugs and metabolic derangements on the test result. A limitation is the
relative low sensitivity for poor outcome. Because the large majority of studies supporting
the robust prognostic accuracy of SSEPs were conducted before the use of hypothermia,
further investigation of their prognostic accuracy is pivotal in prospective studies with
patients treated with hypothermia and with investigators blinded to the test result (avoiding a
self-fulfilling prophecy).

Biochemical Markers of Cerebral Injury

Biochemical markers of central nervous system injury are generally easily obtainable and
may be an objective measure of brain damage, unaffected by sedatives or clinician
interpretation [33-36]. Neuron-specific enolase (NSE) is an isomer of enolase, a
cytoplasmic glycolytic neuronal enzyme present in neurons and neuroendocrine cells.
Astroglial S100 protein is a glial cellular calcium-binding protein. Increased levels of serum
NSE and S100 protein have been detected in patients with different causes of central
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nervous system injury [35]. Both markers also have been investigated in several pilot studies
of comatose post-cardiac arrest patients yielding substantial differences in false-positive
rates and sensitivities for poor outcome [15, 37].

In the prospective study by Zandbergen et al. [15], serum NSE levels were determined in
231 comatose post-cardiac arrest patients at 24, 48, and 72 hours after the arrest [7]. An NSE
level greater than 33 g/L at any of the three time points was detected in 60% of patients
and predicted poor outcome with a false-positive rate of 0% (95% CI, 0-3). The false-
positive rate of serum S100 levels was 5% at a cut-off level of 0.7 ng/L [7, 15]. Based on
the results of this study, the 2006 AAN practice parameter for prediction of outcome in
comatose survivors after CPR states that “Serum NSE levels > 33 pg/L at days 1 to 3 post
CPR accurately predict poor outcome (recommendation level B).” However, the large
majority of patients in Zandbergen et al.'s [15] study were not treated with hypothermia.

Although it is evident that serum levels of NSE and S100 protein are often increased after
cardiac arrest, the optimal timing of sampling and the best cut-off levels for prognostication
of poor outcome remain topics for debate. Comatose post-cardiac arrest patients have been
reported to have regained consciousness in spite of serum NSE levels of 85 pg/L within the
first 3 days [18, 38, 39], and cut-off values as high as 80 pg/L have been proposed to
accurately predict poor outcome, with 100% specificity and 63% sensitivity [39]. It also
remains uncertain whether serum NSE or S100 protein is more accurate for prognostication.
In the study by Zandbergen et al. [15], NSE performed better than S100 protein in the first 3
days. In contrast, a multicenter prospective study performed in Japan with 80 comatose post-
cardiac arrest patients (56% treated with hypothermia) found an S100 protein cut-off value
of 0.05 pg/L at 24 hours to be 100% specific and 100% sensitive for poor outcome, whereas
NSE cut-off levels of 39.8 pg/L at 24 hours achieved a specificity of 100% and a sensitivity
of 72% [40]. The authors concluded that S100 protein is superior to NSE for early prediction
of neurological outcome following cardiac arrest.

Few studies have evaluated serum NSE and S100 protein levels after cardiac arrest with
induced hypothermia. An elegant study of 68 patients randomized to hypothermia and
normothermia demonstrated that the cut-off values for NSE and S100 serum levels between
24 and 48 hours predictive of poor outcome (with > 95% specificity) were higher in the
hypothermia group (31.2 pg/L and 0.49 pg/L) than in the normothermia group (13.3 pg/L
and 0.23 pg/L) [41]. In an unblinded study with slightly over a 100 patients treated with
hypothermia and sampled at 2, 24, 48, and 72 hours after the arrest, an NSE value of greater
than 28 pg/L at 48 hours (100% specificity and 67% sensitivity) was a superior predictor for
poor outcome than an S100 protein level greater than 0.51 pg/L at 24 hours (96% specificity
and 62% sensitivity) [42]. Another unblinded study of 90 post-cardiac arrest patients treated
with hypothermia demonstrated that an NSE level greater than greater than 33 pg/L at 48
hours predicted poor outcome with 100% specificity and 43% sensitivity [43].

In summary, the main serum markers of cerebral injury that have been investigated in
comatose post-cardiac arrest patients for prognostication purposes are serum NSE and S100
protein. Because NSE is also present in platelets and red blood cells, hemolysis increases
serum values and may result in false-positive test results. Thus, NSE levels derived from
hemolyzed blood samples should not be used for prognostication purposes. Many studies
used retrospective study designs, included small patient numbers, did not use rigorous
blinding, and were performed before the use of hypothermia. Variable cut-off points for
poor outcome have been identified across studies, which may be due to differences in
laboratory assays and processing, different time points of data acquisition, and variations in
definitions of poor outcome. Recent data suggest that serum cut-off levels predictive of
outcome differ between patients treated with hypothermia and those not treated with
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hypothermia. There are currently insufficient data on the predictive accuracy of NSE and
S100 protein in post-cardiac arrest patients treated with hypothermia to advise their routine
use in clinical practice; however, the results of these biomarker values may, in conjunction
with other test results, indicate an increased likelihood of the presence of irreversible brain
injury and help guide clinical decision making. Further study of their clinical utility in
properly designed studies is needed.

Neuroimaging

Cranial CT and brain MRI have become essential tools in the diagnosis, management, and
prognostication of patients with acute brain injuries and have also been studied as an adjunct
in post-cardiac arrest prognostication. An unenhanced brain CT scan may demonstrate loss
of distinction between gray and white matter, the severity of which (quantified by the ratio
in Hounsfield units of gray matter to white matter) was found to be predictive of death in a
study of 25 comatose post-cardiac arrest patients imaged within 48 hours after the event
[44]. Inamasu et al. [45] studied the CT scans of 75 comatose post-cardiac arrest patients
immediately after resuscitation and found that both loss of gray and white matter distinction
and the presence of sulcal effacement were correlated with poor outcome. Both studies were
retrospective, unblinded, and performed in patients who were not treated with hypothermia.

Brain MRI studies in comatose post-cardiac arrest patients suggest that widespread cortical
abnormalities on diffusion-weighted imaging (DWI1) or fluid-attenuated inversion recovery
(FLAIR) are associated with poor outcome [46, 47]. A retrospective study of 80 patients (14
patients treated with hypothermia) showed that whole-brain apparent diffusion coefficients
(ADCs) were lower in poor outcome than in good outcome patients [48]. In a prospective
quantitative brain MRI study of comatose post-cardiac arrest survivors, 86% of patients
were able to undergo brain MRI [49¢]. The study included 51 patients (61% treated with
hypothermia) with 62 MRIs and showed that patients with more than 10% of brain volume
below 650 x 108 mm2/sec on the ADC map did not regain consciousness. The same group
showed that brain DWI MRI changes in comatose post-cardiac arrest patients are region-
and time-dependent. DWI changes are most apparent between 2 and 5 days after the arrest,
and cortical structures, in particular the occipital and temporal lobes, and the putamen
exhibit the most profound ADC reductions in poor outcome patients [49+, 50]. Figure 1
shows an example of a post-cardiac arrest patient with severe brain MRI changes who died 5
days after the arrest. Berek et al. [51] evaluated the use of magnetic resonance spectroscopy
(MRS) as a prognostic indicator in 30 post-cardiac arrest patients. The presence of a lactate
peak on MRS correlated with death or severe disability at 1 month [51].

In summary, brain CT and MRI hold promise as useful prognostic adjuncts in patients with
hypoxic-ischemia brain injury caused by cardiac arrest. Imaging studies have the advantage
to be relatively objective and unaffected by sedative drugs and metabolic derangements.
From a practical point of view, it is easier to obtain a brain CT in these patients with
potential hemodynamic instability and the presence of metallic hardware or pacemakers.
Conversely, MRI provides more detailed information and may have greater prognostic
accuracy. Both CT and MRI require further validation studies in large prospective patient
cohorts treated with hypothermia.

Conclusions

Before the routine use of hypothermia as a treatment for patients in coma after cardiac
arrest, several prognostic variables were widely accepted as reliable and valid for the
prediction of poor neurological outcome. Recent studies in patients who have been treated
with hypothermia call the validity of some of these variables into question, and have
described patients who regained consciousness, sometimes with good neurological outcome,
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in spite of absent or extensor motor responses after 3 days, absent bilateral cortical N20
responses by SSEP after 24 hours, serum NSE levels greater than 33 pg/L within 3 days,
and early myoclonus SE. Treatment with hypothermia and its associated use of sedative and
paralytic agents may alter the natural history of neurologic recovery and the optimal timing
for assessment of these parameters for prognostication. Therefore, there is an urgent need for
additional large prospective validation trials for each of these prognostic variables. Recent
developments in brain imaging provide new, objective and potentially more sensitive
markers of early global ischemic brain injury and deserve further study.

Pending the results of future validation studies in patients treated with hypothermia, caution
should be exhibited in making irreversible management decisions based on the results of a
single prognostic parameter. If there is uncertainty, it is reasonable to delay such decisions
for several days allowing for repeated testing. A proposed algorithm for prognostication of
outcome for comatose post-cardiac arrest patients treated with hypothermia is shown in
Figure 2. Eventually, a quantitative prognostic outcome model incorporating multiple
variables will likely prove to be most powerful in accurate prognostication and in guiding
decision making in regard to continuation or withdrawal of life support in these patients.
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Figure 1.

Brain MRI showing the diffusion-weighted imaging (DWI1), apparent diffusion coefficient
(ADC), and fluid-attenuated inversion recovery (FLAIR) sequences of a 50 year-old woman
who had been resuscitated for 18 minutes for a ventricular fibrillation cardiac arrest. At 72
hours after the event she had no motor response to pain, intact brainstem reflexes, a peak
NSE value greater than 130 pg/L, and bilaterally absent N20 responses by somatosensory
evoked potential. The MRI was obtained 81 hours after the arrest and shows widespread
areas of reduced diffusion and increased T2 signal involving the entire cortex, the basal
ganglia, and the thalamus. Five days after the arrest she died after supportive care was
withdrawn.
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Figure2.
Algorithm for prognostication of outcome for comatose post-cardiac arrest patients treated
with hypothermia. cEEG—continuous electroencephalography; EEG—
electroencephalography; NSE—neuron-specific enolase; ROSC—return of spontaneous
circulation; SSEP—somatosensory evoked potentials.
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Obtain prognostic variables

Hypothermia if no contraindications
Clinical examination

Head CT

cEEG

Re-warming and wean sedation
and paralytic agents as tolerated

Serum NSE

cEEG

Clinical examination

Normothermia and discontinue
sedation as tolerated

Clinical examination

Serum NSE

cEEG

Normothermia and discontinue
sedation as tolerated

Clinical examination

Serum NSE

SSEP, MRI, and cEEG if still
comatose

Variables associated with,
but not invariably predictive
of, poor outcome

Loss of gray-white matter differentiation
and sulcal effacement on CT

. EEG with generalized suppression (< 20 pV),

burst-suppression pattern with generalized
epileptiform activity, generalized periodic
complexes on a flat background,

and nonreactive EEG

. Status myoclonus
. Highly elevated serum NSE levels

. Absent or extensor motor response to

painful stimulation > 72 hours
(while off sedation for > 12 hours)

. Absence of brainstem reflexes with

normothermia > 72 hours
(while off sedation for > 12 hours)

Absent SSEP > 72 hours

. Widespread areas of reduced

diffusion in the cortex on MRI > 48 hours




