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Abstract

Prognostication of patients who remain comatose following successful resuscitation after cardiac arrest has long posed a
challenge for the consulting neurologist. With increasing rates of early defibrillation, out-of-hospital cardiopulmonary resus-
citation, and expanding use of therapeutic hypothermia, prognostication in hypoxic—ischemic encephalopathy has become an
increasingly common consult for neurologists. Much of the data we previously relied upon for prognostication were taken
from patients who were not treated with therapeutic hypothermia. In this review, we examine useful prognostic tools and
markers, including the physical examination, evaluation of myoclonus, electroencephalogram monitoring, somatosensory-
evoked potentials, biochemical markers of neuronal injury, and neuroimaging. Neurologists must avoid overly pessimistic
prognostic statements regarding survival, awakening from coma, or future quality of life, as such statements may unduly
influence decisions regarding the continuation of life-sustaining treatment. Conversely, continuation of aggressive medical
management in a patient without any hope of awakening should also be avoided. Thus, an understanding of the utility and the
limitations of these prognostic tools in the era of therapeutic hypothermia is essential.
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Introduction The neurologist’s prognosis for survival, awakening from
coma, or future quality of life can strongly influence decisions
regarding the continuation of life-sustaining treatments. Regard-
less of the accuracy of the prognostic statement, patient’s
families are profoundly affected by these predictions. Accu-
racy in prognosis is thus nearly a moral imperative. Overly
pessimistic prognostic statements have the potential to create
a “self-fulfilling prophecy,” where test results that portend a
poor outcome influence treatment decision to the withdrawal
or withholding of life support. Thus, a poor prognosis can
lead to the withdrawal of life support in a patient who has the
potential for meaningful recovery and an acceptable func-
tional status.* Continuation of aggressive medical treatments
in a patient without any hope of awakening, or survival in

The annual estimated incidence of out-of-hospital cardiac arrest
(CA) is greater than 300 000 persons in the United States, with
an additional approximately 200 000 in-hospital CA." Survi-
vors of resuscitation have widely variable outcomes, ranging
from minimal motor and cognitive deficits with a return to inde-
pendent living to a persistent coma or death. Approximately
80% of the survivors of CA remain comatose for at least 1 hour”
and hypoxic—ischemic encephalopathy has become one of the
more common causes of persistent coma, along with traumatic
brain injury and stroke. The neurologist is frequently called
upon to predict the chances of awakening after CA and advise
on the utility of continued aggressive medical support. In 2006,
the American Academy of Neurology (AAN) published prac-
tice parameters for predicting outcome in comatose patients
following resuscitation from CA based upon data collected
between 1966 and 2006.3 However, the majority of studies ' Department of Neurology, Harborview Medical Center, Seattle, WA, USA
included in this practice parameter were completed before the .
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an unwanted severely impaired state has attendant emotional
and financial costs.

One goal of using standardized prognostic tests to
improve decision making after CA is to remove, or at least
ameliorate, physician bias that may overly influence the
course of a patient’s hospitalization and decisions to with-
draw life support. Approximately 5% of patients have a good
recovery following CA if they remain comatose by day 3 and
the probability of motor and cognitive deficits increases with
the time to awakening.’ This time course may be unchanged
in the setting of TH. In one small study, 91% of those who
eventually awaken following CA and treatment with TH do
so by day 3,° but prognostication among patients treated with
TH necessitates extreme caution. Therapeutic hypothermia
may alter the time course for the recovery of consciousness
through a direct mechanism or, alternatively, may increase
the use and decrease the therapeutic window of sedating
medications in the setting of TH.”"® The prognostic factors
and ancillary tests that are commonly used by neurologists
include the neurological examination, with a focus on brain
stem and motor responses, the presence or absence of myo-
clonus, biochemical laboratory studies, neuroimaging, and
electrophysiological studies, especially somatosensory-evoked
potentials (SSEPs) and electroencephalogram (EEG).

When interpreting the tests for prediction of outcome
following successful resuscitation after CA, it is imperative to
avoid falsely pessimistic predictions. The ancillary tests and
examination findings used for prognostication need to have
high positive predictive value with a low number of false
positives; that is, patients who are predicted to have a poor out-
come do, in fact, have a poor outcome. In practice, there are
no studies with a 100% positive predictive value and no false
positives. Thus, to avoid falsely pessimistic predictions, an
approach that relies on multiple ancillary tests may minimize
false-positive rate (FPR) and push specificity toward 100%.
Although these ancillary tests may accurately predict who will
not awaken, no test has been shown to reliably predict who is
likely to awaken or the quality of life of those that awaken.

Theory

The use of TH to improve neurologic function was first intro-
duced in the 1950s and more recently has been used in trau-
matic brain injury in the treatment of raised intracranial
pressure.” The use of deep hypothermia (<30°C) following
CA or traumatic brain injury is thought to improve outcome
by decreasing the metabolism of the brain and suppressing
inflammation. In the early years of TH, there were multiple
complications with high morbidity and mortality. This was
partly due to the lack of intensive care units, unreliable methods
for both cooling and rewarming patients, and cardiac arrhyth-
mias related to hypothermia.®'® Interest in hypothermia was
revived after animal studies showed positive outcomes in rats
treated with mild TH following reperfusion after CA.'" More
recent studies also revealed a more complicated mechanism,

including the reduction in both early hyperemia and delayed
hypoperfusion after CA.® The findings that mild hypothermia,
rather than the previously employed deep or moderate
hypothermia, could be utilized raised the possibility of an effec-
tive treatment with a better side effect profile.

In 2002, 2 seminal randomized controlled trials demon-
strated an improvement in neurologic outcome among
patients treated with mild hypothermia (32°C-34°C for
12-24 hours) following CA due to ventricular fibrillation or
pulseless ventricular tachycardia compared to patients
treated with normothermia.'*'® In an Australian study, a
favorable outcome, defined as survival with discharge to
home or to a rehabilitation facility, was reported in 49% of
the patients treated with TH compared to 26% of the patients
in the normothermia group.'® In a European multicenter trial,
a favorable neurologic outcome after 6 months, defined as
either good performance or moderate disability (cerebral
performance category of 1 or 2), was reported in 75% of the
patients treated with TH compared to 55% in the normother-
mia group.'? The European multicenter study also showed a
significant reduction in mortality after 6 months in patients
treated with TH. The benefit of mild TH following resuscita-
tion from CA appears to be restricted to patients with ventri-
cular fibrillation or pulseless ventricular tachycardia without
a clear benefit in patients with other initial cardiac arhyth-
mias.'* A recent study of prehospital TH, however, suggests
a trend toward a favorable outcome among patients with
pulseless electrical activity or asystole when the cause of
the arrest is related to a cardiac etiology.'®> Contraindications
for TH include patients with a premorbid coma or terminal
illness, initial presentation of hypothermia, coagulopathy,
or pregnancy.’

Although TH has become common in the early treatment
of comatose patients after CA, there continues to be uncer-
tainties surrounding technical aspects of treatment, including
the optimal degree of hypothermia,'® the speed and timing of
induction,'>!7 the technique used to achieve TH,'® sedation,
and analgesia.>'® Elements of the neurologic examination
can also be affected by TH due to changes in metabolism
of drugs® and an increased use of sedative medications.’

Therapeutic hypothermia alters pharmacokinetic and
pharmacodynamic parameters potentially resulting in smaller
therapeutic windows and, therefore, potential for drug toxi-
city, failure, and compromise of prognostic tests such as the
neurologic examination and electroencephalography.’-52%-2!
Various mechanisms are at play in the alteration. TH
decreases the clearance of drugs metabolized by the cyto-
chrome P450 enzyme system, which is involved in both
activation and detoxification of many drugs frequently used
following CA including, but not limited to, midazolam,
fentanyl, vecuronium, rocuronium, atracurium, propofol, phe-
nobarbital, pentobarbital, phenytoin, propranolol, and various
antimicrobials.?’ The effect of TH is thought to decrease the
activity of these enzymes from 7% to 22% per degree below
37°C.*° The result of the decreased enzyme activity can vary
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and is unpredictable. In animal models, impaired enzyme
activity during TH has been shown to increase the plasma
concentrations and decrease the clearance of fentanyl.”? In
clinical studies, patients with traumatic brain injury treated
with moderate hypothermia had significantly higher levels
of plasma propofol concentrations (up to 30%) as well as
prolonged action of neuromuscular blockade with atracur-
ium.?* The mechanisms for the changes in drug effects include
impaired clearance, change in the volume of distribution
(particularly in the setting of pH abnormalities commonly
seen after CA), and change in enzyme-binding affinities and
absorption.?’*! The lingering effects of medications may be
present as long as 72 hours following administration during
TH. Higher drug levels and prolonged effects of sedating or
paralytic drugs can confound the neurologic examination and
potentially result in less effective treatments, making monitor-
ing drug levels and avoidance of excess drug administration
more important.”

Physical Examination

The physical examination is typically the first prognostic
finding available to neurologists, and a number of examina-
tion findings at fixed time intervals have been shown to have
high positive predictive value for poor outcome. *** As TH is
often initiated in the prehospital setting or early in the hospi-
talization, many of these time intervals likely need to be
reassessed in patients treated with TH. The use of pharmaco-
logic paralysis and increased levels of sedation in TH makes
findings of the early physical examination either not inter-
pretable or unreliable.’

The parts of the neurologic examination most utilized in
the setting of hypoxic—ischemic encephalopathy are the brain
stem examination, including corneal reflex, oculocephalic and
pupillary response, and the motor response to painful stimula-
tion. Similar to other prognostic tests, the findings of the
examination have only been used to predict the chance of poor
prognosis; there are no clinical signs that have been found to
predict a good neurological outcome.

A meta-analysis of 11 studies and over 1900 patients
assessed the accuracy of the findings of the neurologic exam-
ination among comatose survivors of CA prior to the wide-
spread use of TH.>> Patients without corneal and pupillary
light reflexes at 24 hours and no motor response at 72 hours
had the poorest prognosis.>> In 2006, the Prognosis in Posta-
noxic Coma (PROPAC) study reported on 407 patients who
remained comatose for at least 24 hours following resuscita-
tion.”® The study found that the predictive value of absent
pupillary or corneal reflexes was 100% specific for a poor
outcome only at 72 hours with a 0% FPR (sensitivity
13%), whereas absent motor responses at this point had an
FPR of 5%.?® The lower specificity at earlier time periods
in PROPAC study patients after TH was in stark contrast
to the earlier findings in the AAN practice parameter.’ The
AAN practice parameter reported a 0% FPR and narrow

confidence intervals for poor outcome, defined as death or
coma after 1 month or death, coma, or severe disability after
6 months, in patients with an absence of pupillary or corneal
reflex within days 1 to 3 after resuscitation or with absent or
extensor motor responses after day 3.’

Others have also found higher FPR for brain stem exam-
ination findings among patients treated with TH. In a pro-
spective study of mortality at hospital discharge in 111
comatose survivors of CA treated with TH, incomplete brain
stem reflexes assessed within 72 hours after resuscitation
yielded an FPR of 8% —good functional outcome in 2 of
25 patients with at least 1 absent brain stem reflex.?” The
absence of motor response to pain was even more unreliable
within the first 72 hours, with an FPR for mortality of 24%—
survival in 11 of the 45 patients.”’ In another prospective
study of 85 survivors of CA with poor outcome defined as
death or vegetative state at 3 months, sedative medications
were found to be important prognostication confounders. In
this study, sedative medications were more frequently given
in patients treated with TH than in normothermic patients.’
The study reported that these physical examination variables
were accurate with no false positives if patients in sedation
within 12 hours of the 72-hour neurologic examination were
excluded. In this population, absent pupillary response at 72
hours accurately predicted poor prognosis in both TH and
normothermic patients with 0% FPR (sensitivity 43%).”
Although absent pupillary response at 72 hours after CA
is specific for poor prognosis, the sensitivity for this exami-
nation finding is low, limiting its importance. Finally, in a
retrospective study of 37 survivors of CA treated with TH
in which responsiveness at hospital discharge was assessed,
extensor or absent motor response was seen in 2 of the 14
patients who subsequently regained awareness, 1 of whom
was left with only minor disability.®® As a group, these
studies suggest that the recommendations from the AAN
practice parameters regarding examination findings should
be interpreted with caution when applied to patients treated
with TH.

Myoclonus

Myoclonus, shock-like movements arising from the central
nervous system, can be either positive with a brief contrac-
tion of muscles or negative with a loss of postural tone.*’
Myoclonus following CA is common and includes both post-
hypoxic myoclonus (PHM) and myoclonic status epilepticus
(MSE) also known as generalized status myoclonicus.?*3!
Myoclonus can be spontaneous or stimulus provoked in
either condition, rendering differentiating these drastically
different syndromes difficult (see Table 1). PHM occurs
mostly after a primary respiratory arrest and is thought to
originate from the sensory cortex though can also be subcorti-
cal.? The EEG can show generalized epileptiform discharges.
The prognosis in PHM is favorable with motor and cognitive



Cahill et al

147

Table I. Two forms of myoclonus after resuscitation from cardiac arrest (adapted from Longstreth, 2001)).

Postarrest Myoclonic Status

Posthypoxic Action Myoclonus

Symmetric jerking spontaneously and with stimulation
Onset during coma
Can occur with convulsions
Difficult to control with most medications
Effect of acute treatment unknown

Usually after cardiac arrest

Gone within a few days

Evidence of severe brain damage on physical examination and
ancillary tests

EEG often with burst suppression

Usually fatal outcome

Usually after respiratory arrest

Persists

No evidence of severe brain damage on physical examination
and ancillary tests

EEG often with generalized epileptiform discharges

Good cognitive recovery, variable motor disability

Abbreviation: EEG, electroencephalogram.

recovery, though with the potential of a persistent movement
disorder requiring antiepileptic therapy.>’

MSE is thought to originate in the brain stem and is seen in
the setting of severe brain injury, where the cerebral cortex is
incapable of generating organized epileptiform discharges
necessary for the development of seizures.®> MSE is a clinical
definition that is applied to comatose patients who develop 5
to 30 minutes of generalized and continuous myoclonus
within 24 hours after CA.***> MSE is considered an agonal
brain pattern®® with high morbidity and mortality. In a pro-
spective study of 114 adult survivors of CA, myoclonus
occurred in 35% of the patients, and MSE was diagnosed in
17% of these patients. Myoclonus alone did not portend a poor
outcome, but none of the patients with MSE regained con-
sciousness or survived to hospital discharge.’” Likewise, the
PROPAC study investigators*® and others*® have demon-
strated similar dismal outcomes following MSE. The AAN
practice parameter reports that MSE predicts a poor outcome
with a 0% FPR following a primary cardiac arrest.’®

In the setting of TH, however, survival among patients
with MSE has been reported. In a study of 24 patients with
electrographic and clinical evidence of status epilepticus
who were treated with TH after CA, 23 patients had myoclo-
nus and 1 patient returned to baseline with good functional
recovery. Myoclonus without ictal EEG changes, considered
reticular or brain stem myoclonus, occurred in 5 patients; all
of these patients died.*® In another case series of 3 patients
treated with TH who exhibited “massive myoclonus” within
4 hours after resuscitation, 2 patients recovered to their
prearrest baseline, whereas the third patient recovered with
moderate disability.35 The AAN practice parameter’s recom-
mendation to use myoclonus as a uniformly poor prognostic
indicator is, therefore, of limited utility in the era of TH.

Seizures and EEG

Seizures and status epilepticus are common following
CA,**3*373% though there remains no consensus on the optimal
timing for diagnosis and therapeutic management. The EEG

monitoring and evaluation is of unclear benefit in terms of
both prognostication and outcome, though continuing to be
an active area of research. Some inherent problems in EEG
monitoring include differences in interpretation between
readers,“o’41 lack of a unified classification system,‘u’43 and
the effect of medications and metabolic abnormalities on
the EEG. Questions also remain about the usefulness, or even
potential danger, in treating subclinical seizures and the
optimal timing of EEG monitoring.

In a study of 39 survivors of either primary cardiac or
respiratory arrest, a 5-level EEG grading system was created
in which higher grades portend a worse neurologic outcome.**
The classification scheme demonstrated a poor outcome in
most patients with grade IV or grade V EEG, though with
1 false-positive patient with a grade IV EEG and subsequent
recovery. Patients with grade I EEG were conscious at the
time of EEG recording, whereas grade II or III EEG patterns
had variable outcomes. The idea of a classification scheme
has been revisited numerous times,***>** though prognosti-
cation and antiepileptic medication therapy based on EEG
patterns remains of uncertain clinical value.

Certain EEG patterns, such as electrocerebral silence
(<20 wV), burst suppression, or generalized periodic com-
plexes on a flat background, have been associated with a
poor prognosis, though not uniformly, with an FPR of
3% for a poor outcome (death or persistent vegetative
state).® In a prospective case series of 34 comatose patients
after CA or severe hypotension, the presence of malignant
EEG patterns held a specificity of 71% for no recovery.*®
Status epilepticus has been associated with a high rate of
poor outcome, while seizures alone do not have a similar
prognostic value.’” In patients treated with TH, continuous
EEG monitoring is frequently used for evaluation of back-
ground activity or reactivity and for the detection of subcli-
nical seizures or nonconvulsive status epilepticus and to
distinguish seizures from myoclonic status epilepticus. In
addition, continuous EEG monitoring is being increasingly
used in patients undergoing TH to detect seizures during
induced paralysis or severe shivering, partly due to the
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higher risk of seizures during this period. A recent retro-
spective study of continuous EEG monitoring in 38 coma-
tose patients after CA revealed electrographic seizures in
23% of the patients, with 78% of seizures meeting criteria
for status epilepticus (defined as seizures lasting longer
than 30 minutes).>* In this study, the median onset of sei-
zures was 19 hours following CA, a period when most
patients treated with TH are typically under pharmacologic
paralysis or heavy sedation.*® In this study, a poor neuro-
logic outcome was seen in 94% of the patients with any
epileptiform activity and in 100% of the patients with elec-
trographic seizures. Another retrospective study of 54
patients undergoing TH after CA also showed a poor out-
come in patient with seizures or epileptiform discharges
despite treatment.*’ In yet another study, however, of 28
survivors of CA with status epilepticus (defined as clinical
and electrographic seizures lasting more than 5 minutes), 6
patients treated with TH improved beyond a vegetative
state.>® The authors report that certain patient characteris-
tics, seen in 11% of the patients, could predict awakening
after status epilepticus, including preserved brain stem
reflexes, preserved cortical SSEP responses, and EEG
background reactivity. Thus, although status epilepticus has
been shown to confer an independent risk factor for mortal-
ity in patients treated with hypothermia,*’” exceptions in the
literature should give pause to neurologists counseling fam-
ilies or decision makers regarding the presumed dire prog-
nosis in patients with seizure activity after CA.

It also remains unclear whether seizures and status epilep-
ticus represent devastating brain injury and an independent
poor prognostic indicator or a marker of severe though mod-
ifiable neurologic injury. Given the inherent limitations of
EEG monitoring, the use of this modality alone in prog-
nostic decision making is currently not recommended.
EEG monitoring is also not included in the AAN practice
parameters.3 A8

Somatosensory-Evoked Potentials

SSEP is used to evaluate an early cortical N20 response in
comatose patients following CA. A strength of SSEPs in
prognostication after CA is that the study is less affected by
sedating drugs than EEG or the neurologic examination. Lim-
itations include interrater reliability issues (both with tech-
nique and interpretation), the effects of focal abnormalities
along the somatosensory pathway, and potential effects of
TH on the distinction between bilateral absent or severely
reduced N20 amplitudes.

A meta-analysis of over 1100 patients with SSEPs per-
formed early during anoxic coma found that bilaterally absent
N20 responses were predictive of not awakening with 100%
specificity.”> The sensitivity of SSEPs in this setting, how-
ever, was 42%. The PROPAC study also found that patients
with bilateral absent N20 after 24 hours of coma had a poor
outcome (death or persisting unconsciousness after one

month) with a 0% FPR (sensitivity 45%). Absent N20
responses were found in 246 of the 407 patients at 48 hours,
making this the most frequently found abnormal marker.*®
Other studies have also reported that the finding of bilaterally
absent N20 was uniformly predictive of a poor outcome.?>**®
Taken together, these studies led to the recommendation in the
2006 AAN practice parameters that bilateral absence of
cortical SSEP response with median nerve stimulation
recorded on days 1 to 3 or later after resuscitation could
accurately predict a poor outcome.® However, exceptions have
been reported where bilaterally absent SSEPs did not carry
such a dire prognosis. In one case, a 16-year-old boy who had
a CA and was not treated with TH had a good outcome despite
repeatedly absent cortical SSEP responses (at days 3 and 9).*’

The use of TH has also been shown to have effects on the
N20 response. In a prospective cohort study of 77 patients, all
13 (17%) patients who remained comatose after rewarming
with bilaterally absent N20 responses had a poor outcome
(0% FPR).*® Of note, one of these patients had bilaterally
absent N20 responses during hypothermia but intact responses
after rewarming suggesting that the SSEP study should not be
performed during TH.>® Others have also shown a dismal
prognosis in patients treated with TH with bilaterally absent
N20 responses.”’>! However, one clear exception emerged
in a retrospective study of 185 patients treated with TH. Of the
36 patients found to have bilaterally absent N20 responses, 35
patients either died or remained in a persistent vegetative
state but 1 patient regained consciousness and normal cogni-
tive function with accompanying recovery of bilateral N20
responses at both 9 days and 18 months after resuscitation.>

Biochemical Markers

Three biochemical markers have been evaluated for predicting
awakening: cerebrospinal fluid (CSF) creatine kinase BB
isoenzyme (CKBB) activity, serum and CSF neuron-specific
enolase (NSE), and serum S-100b. All of these biomarkers
act as indicators of cerebral injury and avoid many of the
issues of interpretation and interrater reliability inherent in
other prognostic variables. The AAN practice parameters
found strong evidence that NSE >33 ug/L at 1 to 3 days
following resuscitation could accurately predict poor out-
come but found insufficient evidence for utilization of
CKBB or S100b.?

The brain is rich in CKBB, which leaks from the cytoplasm
of neurons into the extracellular fluid after brain injury. The
levels of CKBB peak at 48 to72 hours after CA. In one retro-
spective study of 351 comatose patients following CA, CSF
CKBB sampled between 48 and 72 hours was strongly associ-
ated with neurologic prognosis, with a high specificity for
never awakening or never achieving independence following
awakening (using different cutoffs).>®

Neuron-specific enolase, a glycolytic enzyme predomi-
nantly found in neurons, is produced in both the central and
the peripheral nervous system. Serum NSE is the only
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biochemical marker that has been extensively studied in the
era of TH.? In the prospective PROPAC study where physi-
cians were blinded to biochemical marker results, NSE was
tested in 231 comatose patients at multiple time points follow-
ing CA, and levels greater than 33 ug/L at any time were uni-
formly associated with a poor neurologic outcome (0% FPR,
sensitivity 60%).2¢ In another prospective study of 111 coma-
tose survivors of CA treated with TH, all 17 patients with NSE
levels greater than 33 pg/L at 48 hours failed to recover con-
sciousness, and this cutoff was associated with other markers
of brain injury, including abnormalities on brain magnetic
resonance imaging (MRI) and absent responses on SSEPs.
Other studies, however, assessing the NSE cutoff value in the
setting of TH have noted exceptions. In a prospective study of
patients with CA treated with TH in which 12 of the 31
patients survived to hospital discharge, NSE levels > 33 ug/
L measured between days 1 to 3 were associated with a poor
outcome but with an FPR of 29.3%.%" Similarly, in a prospec-
tive study of CA survivors, serum NSE levels >33 ug/L
obtained less than 72 hours after the arrest were found to accu-
rately predict poor outcome in those not treated with TH but
found to have an unacceptably high FPR of 22% among
patients treated with TH. The highest reported NSE in a
patient with good outcome in this study was 85 ug/L. One
study of patients treated with TH following cardiopulmonary
arrest reported a cutoff of 43 ug/L to obtain a 0% FPR,>*
whereas another reported an NSE cutoff level of 78.9 ug/L
to achieve an FPR of 0%.” Therefore, the AAN practice para-
meter’s NSE cutoff level of 33 pg/L 1 to 3 days after resusci-
tation appears to be of limited utility in the setting of TH.

S100b, an astroglial and Schwann cell protein, is elevated
in brain injury, and tests for the protein are commercially
available. The PROPAC study found that the levels of
S100b >0.7 ug/L were associated with a 0% FPR (sensitivity
35%) at 72 hours but a higher FPR at 24 and 48 hours,
making this test more time dependent than NSE.?® In a pro-
spective study of patients treated with TH, levels of S100b
were elevated among those that remained unconscious
compared to those who regained consciousness and a cutoff
level of >0.5 ug/L was necessary to have a 0% FPR on day 3
(sensitivity 75%).>*

Neuroimaging

The use of neuroimaging in CA prognostication remains an
area of active and promising research, though currently it has
not yet been validated as a reliable tool for accurate predic-
tions of neurologic outcome. Most patients who remain coma-
tose after resuscitation from CA undergo a head computed
tomography (CT) and sometimes a brain MRI. Certain ima-
ging findings, such as diffuse cerebral edema or loss of
gray—white differentiation, are presumed to portend a worse
neurologic outcome. An evaluation of CT scans obtained
within 72 hours of CA found that a decrease in whole brain
or putamen Hounsfield units correlated with worse outcome.>®

The authors reported that the combination of a decrease in
whole brain Hounsfield units with the clinical data of day 3
Glasgow coma scale was 100% specific for a poor outcome
(modified Rankin scale of <4) with 73% sensitivity.’® In a
study of 25 comatose patients following CA for whom a CT
scan was obtained within 48 hours, a difference in the gray
matter to white matter ratio of <1.18 Hounsfield units at
the level of the basal ganglia was predictive of death (0%
FPR in 12 patients but with a wide confidence interval of
0%-22%).>" Also, similar studies have had a low interrater
reliability.>®

Brain MRI is frequently unremarkable despite other
abnormal prognostic variables. One study has suggested that
widespread early and persistent MRI changes are predictive
of a poor outcome.’” A small study found that no patient with
extensive cortical abnormalities obtained a neurologic out-
come better than vegetative state.°® In this study, the most
frequently affected areas were the occipital, parietal, and
frontal lobes though many different patterns of injury were
observed.®® One study of the quantitative diffusion-
weighted imaging (DWI) analysis found that the ideal time
window for obtaining brain MRI for prognostication follow-
ing CA was between 49 and 108 hours, the period when DWI
abnormalities were most prominent.®' Another group simi-
larly reported that early MRI had fewer apparent diffusion
coefficient (ADC) changes than those imaging done between
24 and 96 hours.®® In this study, 61% of the patients were
treated with TH, but all brain MRI studies were completed
when patients were normothermic. Patients who had more
than 10% of brain volume with an ADC value less than the
threshold value of 650 x 107° to 700 x 10~° mm®/s had a
poor outcome with 81% sensitivity and 0% FPR.®' There
were, however, wide confidence intervals in the FPR,
suggesting that more studies are needed for brain MRI to
be considered a reliable prognostic tool.

In a study where independent, blinded investigators eval-
uated brain MRI studies of patients with CA, differences in
DWI data of individual brain structures were noted between
good and poor outcome patients. Specifically, investigators
found that good outcome patients more often demonstrated
increased DWI involving the temporal and occipital lobes,
corona radiata, and hippocampus, whereas poor outcome
patients more often demonstrated DWI restriction in
cortical structures, the occipital and temporal lobes, and the
putamen.®® Another small study of 80 consecutive patients
with CA, however, found a 100% specificity for poor prog-
nosis (modified Rankin Scale greater than 4) among the 18
patients with bilateral hippocampal hyperintensities on DWI
imaging.**

Diffusion and perfusion MRI has also been examined in
a small study of 20 comatose CA survivors. Similar to the
other previously discussed studies, this study found that most
patients with larger amounts of diffusion changes on MRI did
not survive (16 of 20).°> Of the 8 patients that underwent per-
fusion imaging, all 4 of the patients who died showed
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markedly increased perfusion. The hyperperfusion may rep-
resent reactive hyperemia that has been associated with
diffusion restriction or, alternatively, may be an independent
measurement that could be used for prognostication.®’
Further research is needed before any conclusions can be
drawn from the study, and the role of diffusion and perfusion
MRI in the setting of TH remains unclear.

Multimodal Approach

One of the roles of the neurohospitalist may be to eschew
uninformed prognostication while also helping families with
substituted decision making. Some have argued that at least 2
predictors of poor neurologic outcome are needed before
concluding that the prognosis is poor for recovery of
conscious awareness.>*°® In a Swiss study with a prospective
arm of 74 patients, the 3 patients with status epilepticus who
regained consciousness all had preserved brain stem
responses, reactive background EEG, and preserved cortical
SSEPs. The authors concluded that the combination of these
3 findings, which occurred in a minority of patients with
postanoxic status epilepticus, were strongly associated with
neurologic recovery. However, one potential limitation of
the study was the concern for a self-fulfilling prophecy, as
a decision to withdraw supportive care was made by the
research team in patients with bilaterally absent cortical
SSEPs and brain stem reflexes or persistent status epilepticus
for more than 1 day despite antiepileptic treatment.

In another study by the same group, comatose survivors of
CA were evaluated while off sedation immediately after TH
by neurologic examination, EEG, and SSEPs. With neurolo-
gic recovery assessed at 3 and 6 months, the authors found an
FPR of 4% in patients with incomplete brain stem response
though an FPR of 0% when the examination finding was
in combination with 1 of 3 other negative predictors (early
myoclonus, unreactive EEG, or absent cortical SSEPS).27
The confounding effects of sedative medications on the find-
ings of neurologic examination, especially the evaluation of
brain stem reflexes and motor response, have also been
reported.” Others have found improved sensitivity of poor
outcome by combining the use of NSE and S100B levels.>*

Discussion

With the increasing rates of early defibrillation, out-of-
hospital CPR, and expanding use of TH, prognosis after
CA has become an increasingly common consult for neurol-
ogists. Oftentimes, the discussion about what the patient
might consider an acceptable quality of life is uncertain even
to the patient’s representative, as such conversations have
not occurred prior to the CA. The ancillary prognostic tests
are limited with high specificity for not only awakening but
also providing information about quality of life or recovery
of independent function. Further complicating this picture
in the era of TH is the increasing number of false positives

reported among the findings of prognostic tests and neurolo-
gic examination. In our opinion, prognostication and deci-
sion making after CA should be delayed until multiple
ancillary tests, including brain MRI, SSEPs, EEG, or any
biochemical markers, can be obtained and when the neurolo-
gic examination can be performed with patients off from all
sedative medications for a reasonable amount of time. Given
the limitations of each prognostic test, a multimodal
approach is needed to avoid any falsely negative predictions.
For this reason, at our institution, we typically recommend
continued life-sustaining treatment for a minimum of 3 days
in order to best ensure accurate predictions. In patients
treated with TH, we recommend a longer time period, typi-
cally 2 to 3 days after achieving normothermia and after
cessation of all sedative medications, before presenting
family or legal decision makers with the results of all prog-
nostic testing. Further, providers should avoid overly pessi-
mistic prognostication in the absence of multiple negative
prognostic factors and should advise patient representatives
of the limitations in prognostic tests. In cases where the
multiple prognostic tests do not uniformly suggest a poor
outcome and there remains uncertainty regarding outcome,
we consider employing an approach described with severe
stroke in which the provider uses “time-limited trials,”
where a period of time is recommended to achieve consensus
about goals of care and allow families to cope with difficult
decision making.®” We feel that such a balanced approach
may avoid the pitfalls of a self-fulfilling prophecy, where
1 test is used to establish the basis of withdrawal of life
support. Above all, the neurologist should make all efforts
to provide an insightful and honest prognosis to patient
representatives who are facing difficult decisions about
continuation of life-sustaining treatments.
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