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Abstract

Background and purpose—Established prognostication markers, such as clinical findings, 

electroencephalography (EEG), and biochemical markers, used by clinicians to predict neurologic 

outcome after cardiac arrest (CA) are altered under therapeutic hypothermia (TH) conditions and 

their validity remains uncertain.

Methods—MEDLINE and EMBASE were searched for evidence on the current standards for 

neurologic outcome prediction for out-of-hospital CA patients treated with TH and the validity of 

a wide range of prognostication markers. Relevant studies that suggested one or several 

established biomarkers, and multimodal approaches for prognostication were included and 

reviewed.

Results—While the prognostic accuracy of various tests has been questioned after TH, pupillary 

light reflexes and somatosensory evoked potentials (SSEP) are still strongly associated with 

negative outcome for early prognostication. Increasingly, EEG background activity has also been 

identified as a valid predictor for outcome after 72 hours after CA and a preferred prognostic 

method in clinical settings. Neuroimaging techniques, such as MRI and CT, can identify 

functional and structural brain injury, but are not readily available at the patient’s bedside because 

of limited availability and high costs.

Conclusions—A multimodal algorithm composed of neurological examination, EEG-based 

quantitative testing, and SSEP, in conjunction with newer MRI sequences, if available, holds 
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promise for accurate prognostication in CA patients treated with TH. In order to avoid premature 

withdrawal of care, prognostication should be performed later than 72 hours after CA.

Keywords

Cardiac arrest; hypothermia; prognostication; neurological outcome; neuroimaging; brain injury

Introduction

Cardiac arrest (CA) is a leading cause of death and disability that has a U.S. incidence of 

326,200 annually (1). The survival rate for out-of-hospital CA is 10.6 %, while 8.3% is the 

survival rate with good neurologic outcome, which has been gradually increasing over the 

past decades (1). Therapeutic hypothermia (TH) has been regarded as the most effective 

method for improving survival and functional outcome and has become a standard practice 

for treating out-of-hospital CA patients after resuscitation (1–3). TH has been associated 

with better functional outcome (4) and shorter duration of hospital stay (5). Moderate TH of 

32–34°C for 12–24 hours is currently recommended for CA patients with ventricular 

fibrillation or pulseless ventricular tachycardia after return of spontaneous circulation 

(ROSC) (3, 6).

In patients treated with TH, the prognostic algorithm in the most recent American Academy 

of Neurology (AAN) practice parameter (7) may need to be modified. Several studies have 

shown that some predictors for poor outcome are less reliable in patients treated with TH (8–

10), such as recovery of motor responses, electrophysiologic tests, and biochemical markers 

(11–14). The 72-hour benchmark for prognostication in the AAN practice parameter may no 

longer be valid in patients treated with TH (15). A study of 111 CA patients found that TH 

weakened the prognostic accuracy of motor responses (11), while another prospective study 

showed that NSE levels of >33μg/liter stated in the AAN report guidelines (7), are unreliable 

for poor outcome prognostication (10). These findings were also confirmed by other studies 

(16, 17) and have been attributed to higher sedative use, delayed metabolism of sedatives, 

and neuroprotective effects of TH (18). Table S1 summarizes recent findings regarding 

common neurophysiologic markers in CA.

The urgent need to reevaluate the accuracy of prognostication markers in TH conditions and 

discuss optimal prognostication methods based on one or several parameters is the main 

topic of this review. The vast amount of quantitative data in this dynamic field could be 

made further accessible by drawing meaningful conclusions based on it. This review has 

been chosen to give a concise and up-to-date summary of the validity of prognostication 

markers for neurologic outcome and discuss the benefits of using a multimodal approach in 

determining neurologic outcome.

Assessment of Neurologic Outcome at Discharge

There is a variability of methods for assessment of neurologic outcome. The Cerebral 

Performance Category (CPC) has been widely used in CA research to assess neurological 

status (19, 20), with 1 representing good performance, 5 signaling brain death, and the 

intermediate scores assessing the degree of disability (20, 21). Discharge CPC can serve as a 
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reliable method for predicting longer term outcomes in survivors (11, 21). A recent study of 

CA patients treated with TH reported that good discharge CPC predicted better long-term 

survivor outcomes (22). Although CPC is a common assessment measure, it should be 

treated with caution because the definitions for good outcome vs. bad outcome vary across 

published literature. Standardizing these definitions should be the focus of future research, 

as well taking into account that CPC is taken at discharge and does not reflect the change of 

condition of the patient before and after the arrest, but only post-arrest functionality, which 

limits to a certain extent the value of this test. Finding earlier clinical prognostic markers 

should be the focus of future research (23).

Clinical Findings

Clinical examination is one of the most widely used tools in comatose CA patients because 

it can be easily recorded at the bedside. The performance of clinical prognostic markers in 

TH-treated patients is often confounded by sedatives, which are given during the course of 

hypothermia and shortly after. A study examining the effect of sedation on commonly used 

clinical markers (brainstem reflexes and motor responses to painful stimuli) concluded that 

they cannot be reliably used to determine poor outcome (17). Although most studies 

conclude that clinical examination is still a useful method to prognosticate poor neurological 

outcome 72 hours after CA (2, 10, 16), these results should be treated with caution because 

of reduced sensitivity. Delayed prognostication beyond the 72-hour has been proposed to 

avoid the sedation effects and thus increase the specificity of the individual test (15, 24–26). 

It is important to note that brainstem reflexes, in particular pupillary light reflexes, are not 

accurate at admission, but they become a very specific test to indicate bad outcome at 72 

hours after CA (10) and after rewarming (27). In contrast, absence of corneal reflexes at 72 

hours has been shown to not be invariably associated with poor outcome (26). Nevertheless, 

brainstem reflex tests should be regarded with caution because they suffer from low 

sensitivity, meaning that not all patients who have absent brainstem reflexes actually have a 

bad outcome.

Early myoclonus in comatose patients is widely associated with severe global ischemia and 

poor neurological outcomes before and after the advent of TH (11), although cases have 

been reported where patients achieve good neurologic outcome in spite of presence of early 

myoclonus (28).

Absent motor response after 72 hours may not be a reliable predictor of poor outcome in 

patients treated with TH. Absent motor response has a significantly higher false positive rate 

(FPR) for prediction of poor outcome when TH is applied (10, 11, 17). False positive rates 

are one of the important measures for the accuracy of tests because they indicate the 

percentage of cases when poor outcome has been wrongly predicted. A recent study found a 

very high FPR of 0.24 for motor response worse than flexion in their study of 111 TH-

treated patients (11), possibly due to increased sedation and slowed metabolism of sedatives. 

This finding, in contrast to the results obtained before the advent of TH (Glasgow Coma 

Scale Motor Score ≤2 with FPR=0, 95% CI) (7), illustrates the need to reconsider the 

accuracy of motor responses for poor prognostication.
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Compared to poor outcome, good neurological recovery is more difficult to predict because 

the absence of unfavorable markers does not guarantee good outcomes (8). For instance, the 

absence of somatosensory evoked potentials at day 3 is considered a good predictor for non-

awakening, however, their presence does not exclude poor outcome (29). It is necessary to 

develop more robust independent indicators for good outcome. A promising alternative is 

the auditory-evoked potential wave called mismatch negativity (MMN), which when present 

in comatose patients, is a good indicator for awakening (30). Finding good outcome 

prognosticators early could prevent premature withdrawal of medical care and give hope to 

the families of the comatose patients.

Although often neglected in favor of more expensive tests, simple indicators such as the age 

of the patient, whether the arrest was witnessed and, initial rhythm, are useful to make an 

early prognosis. In general, younger age, witnessed arrest, and initial shockable rhythm of 

ventricular fibrillation or ventricular tachycaridia, are strong predictors for good neurologic 

outcome (31), and increase the likelihood of belated awakening of comatose patients (32). 

The presence of the above-mentioned characteristics are well correlated with long-term 

survival as measured by CPC=1 or CPC=2 (21).

Prognostication based on clinical findings is a well-known and easily performed method, 

which provides early information regarding discrimination between good and bad outcome, 

but recent findings have found that sedation accompanying hypothermia treatment could 

influence results of brainstem reflex tests.

Biochemical Markers

Neuron-Specific Enolase (NSE) and S-100B

Biochemical markers offer an early, non-invasive method to measure brain injury and 

neurologic outcome after CA (33–35). Serum S-100B protein has some predictive value for 

outcome after CA (34, 36) but it is not routinely measured in clinical practice (7). The 2006 

AAN practice parameter included serum NSE levels >33 μg/L on days 1–3 as a predictor of 

poor outcome (7), but a high FPR in TH-treated patients suggests that prognostication based 

solely on NSE may be inaccurate (2, 8). A recent meta-analysis found an FPR of 0.12 (0.06–

0.23) for NSE >33 μg/L, which was inferior to other predictors of poor outcome, such as 

absent corneal and pupillary light reflexes, myoclonus status epilepticus (MSE), and 

unfavorable EEG patterns (15). The predictive value of serum NSE is further confounded 

because it may vary with hemolysis, presence of NSE-secreting tumors, and changes in red 

blood cell concentration (37, 38). Additionally, there is a wide range of suggested threshold 

values with some studies reporting that a cut-off >80 μg/L increases the specificity for poor 

outcome at the expense of the sensitivity (10, 35). A marked reduction of NSE levels was 

observed in TH-treated patients which correlated with good outcome (38), however a recent 

study showed only slightly decreasing NSE levels are indicative of good outcome (14). This 

study suggested that the time course of dynamic change of NSE levels during the first 72 

hours is more useful than choosing one specific time point to measure absolute NSE levels, 

thus implying that serial biochemical monitoring over the course of at least 3 days would be 

more useful for making an early prognostication than taking a single measurement. 

Evolution of thresholds was predicted in a recent meta-analysis as NSE > 81.8 mcg/L at 48 
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h, and an NSE >78.9 mcg/L at 72 h for a CPC 3–5 (27). These findings have recently been 

supported by another retrospective study (39) with 73 patients, which found that the NSE 

levels change between days 1 and 2. The patients who achieved an excellent neurologic 

outcome (CPC score 1) showed decreasing NSE levels at day 2 compared to day 1. The 

study found that a change ≥4.3 ng/ml had the greatest predictive value with a specificity of 

100% (39), while absolute values should be regarded with caution.

Lactate levels

The advent of TH has required re-evaluation of the prognostic value of serum lactate levels 

on patient survival. Previous studies have shown that initial lactate levels post-CA could be 

potentially associated with survival or mortality (40), but thresholds for good and bad 

neurological outcome remain uncertain (41). A recent study compared initial lactate levels 

versus the rate of lactate clearance, and concluded that early lactate clearance (within the 

first 6–12 hours) is predictive of good outcome in TH-treated patients (42). These results 

have been supported by results showing that lower lactate levels at 12 and 24 hours after 

resuscitation are associated with reduced mortality (43).

Biochemical markers prognostication has the advantage of being non-invasive and providing 

information about the general organ dysfunction of the patients, however, the variability of 

results in literature regarding useful thresholds makes it risky to use this type of marker, 

especially in cases when sedation was used.

Electrophysiological Testing

Electroencephalography (EEG)

Continuous EEG (cEEG) recordings have been divided into benign and malignant patterns 

based on the predominant frequency, contour, periodicity, amplitude, and presence or 

absence of variability (2). Further classification of malignant patterns has been suggested to 

hold even greater prognostic value (44) and facilitate prediction of a wider range of 

outcomes. The presence of EEG reactivity – alteration of EEG amplitude and frequency in 

response to external stimuli – may be an indicator of recovery of consciousness, while the 

persistent lack of reactivity is associated with widespread brain injury and poor outcomes (2, 

45). EEG, however, can be affected by temperature and use of sedative medications. A 

recent study confirmed that EEG reactivity to painful stimuli during TH could provide early 

prognostic information (45). Because cEEG monitoring was undertaken in CA patients 

during NT and TH, these results suggested that presence or absence of EEG reactivity is a 

strong predictor of outcome independent of temperature and sedatives. In order to simplify 

EEG monitoring, amplitude-integrated EEG (aEEG) has been suggested as an alternative 

(46, 47). aEEG has proven useful in detecting abnormal EEG patterns that are common in 

neonates treated with TH for hypoxic-ischemic injury (48), and it also provides useful 

information about the extent of brain dysfunction.

Poor prognostic signs for CA patients based on EEG recorded within the first 72 hours 

include: generalized suppression <20 μV (7), burst suppression (BS) patterns (Figure S1), 

electrographic seizures on a flat background (7, 49), and absence of EEG reactivity (11, 45, 

50). The predictive value of isoelectric and BS EEG is dependent on the timing of recording 
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and is not invariably associated with poor outcome when TH is applied, especially when 

EEG is initiated within the first 24 hours, however if present later, specificity of these 

markers for poor outcome is increased (51). The definition for BS varies across studies, 

making it difficult to determine the value of its results. Electrographic status epilepticus 

(ESE), defined as repetitive discharges >50 μV with frequency >1 Hz for >30 minutes, has 

been associated with poor neurologic outcome in both TH and NT patients (2, 49). Recovery 

may be possible if ESE evolves from a continuous EEG background during the application 

of TH, while ESE evolving from BS or isoelectric EEG is associated with poor outcomes 

(46). MSE and BS EEG are both considered specific signs of poor outcome in comatose CA 

patients (7), although some examples of subsequent awakening have been reported (9, 52). 

Studies have shown that the presence of status myoclonus within the first 72 hours after CA 

predicts poor outcome with 100% specificity in both hypothermia and normothermia groups 

(37). Most studies have indicated that the presence of MSE has a low FPR and it remains a 

valid predictor for poor outcome (2, 37). Due to sedative and paralytic agents, however, 

MSE may be difficult to detect during TH.

As a diagnostic tool, however, waveform-based EEG analysis is subjective and laborious, 

with results depending on the interpreter’s expertise. Quantitative EEG (qEEG) has been 

developed as a measure of neurologic recovery after CA. A new index called Cerebral 

Recovery Index (CRI) has recently been developed and was shown to assist prognostication 

of neurological outcomes in a single-center clinical study. CRI uses five different qEEG 

characteristics (53), but the final result is a single quantitative value that could predict 

outcomes within the first 24 hours after CA. CRI’s biggest advantages are that it does not 

seem to be affected by TH or sedative medications and the EEG characteristics that 

comprise the algorithm are familiar to clinicians. A simpler and more robust qEEG method, 

using an entropy-based measure Information Quantity (IQ), from 0 as iso-electricity to 1 as 

normal, was able to accurately predict the functional outcomes and mortality from 2 hours 

after resuscitation with temperature management in comatose animals, with a specificity of 

100% and sensitivity of 81.8% to predict good neurologic outcome at 72 hours post-

resuscitation (54, 55). Verification of this method still requires clinical studies to be 

performed in humans, however.

Somatosensory Evoked Potential (SSEP)

Bilateral absence of cortical N20 potentials on median nerve SSEP (Figure 1) was one of the 

most specific predictors of poor outcome in the 2006 AAN practice parameter (7). SSEP has 

retained its predictive value in TH-treated CA patients and it remains among the most robust 

indicators of poor neurologic outcome (10, 27). The specificity of SSEP increases when 

testing is delayed until after 72 hours from CA in TH-treated patients (15). In contrast, 

Sandroni et al. have shown that absent N20 potentials are predictive for poor outcome as 

early as during administration of TH (27). Bilaterally absent cortical potentials on SSEP has 

a very low FPR of 0.007 according to a recent meta-analysis (26). One study found that 

bilateral absence of N20 potentials does not guarantee poor outcome among TH-treated CA 

patients (13). This study reported two patients with initially absent N20 potentials who 

recovered after 24 hours, indicating that TH may extend the recovery period. Timing is 

critical for prognostic accuracy of SSEP and inconsistent findings may occur during the first 
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24 hours. For this reason, clinicians should be wary of early prognostication based solely on 

SSEP performed within 24 hours of CA. This view is consistent with the findings of a recent 

retrospective study that found that bilateral absence of cortical responses does not predict 

poor outcome independently and that recovery may be possible (56).

As an isolated finding, the presence of N20 potentials is not a guarantee of good outcomes. 

The presence of cortical potentials without other positive predictive markers has poor 

sensitivity (46%) for predicting good outcomes (7). Animal studies have indicated that the 

utility of quantitative SSEP (qSSEP), using novel algorithms to track the evolution of 

potentials recovery beyond the N20 or N35 waveform-based analysis and simplify the 

subjective interpretation, is not only restricted to poor outcome prediction, but can also be 

used to predict both good and bad outcomes (57). The temporal evolution of SSEP may be a 

good predictive tool as an indicator of recovery of arousal because it requires integrity of 

thalamocortical networks (57, 58). The quantitative information derived from qSSEP, 

similar to qEEG, may ultimately prove valuable in distinguishing between good and bad 

outcomes early after CA.

Neuroimaging

In the 2006 AAN practice parameter, routine structural imaging studies were found to have 

poor prognostic accuracy in comatose CA survivors. More recently, several neuroimaging-

based markers – based on advanced MRI, CT, and PET imaging – have shown promise in 

predicting long-term neurological recovery of post-CA patients. Table S2 summarizes some 

of the recent studies performed in this area.

Computer Tomography (CT)

Computer tomography (CT) is useful to detect cytotoxic edema by measuring loss of 

distinction between gray and white matter. However, this finding may not be visible until 

post-CA day 3 in patients with poor outcome and, therefore, its further use as a predictive 

tool has been limited. CT has primarily been studied in conjunction with other prognostic 

tools such as SSEP and NSE levels (59). Due to the variable timing of CT acquisition, the 

lack of comparison with other prognostic methods, and the limited sample size of most 

studies, the European Resuscitation Council Guidelines has warned against routine use of 

CT as an isolated prognostic tool (6).

Reduced distinction between gray and white matter, measured by decreased gray-to-white 

matter ratio (GWR) of Hounsfield units (Figure 2), has been associated with mortality in 

comatose CA patients (60). There is no consensus on the appropriate cut-off value for GWR, 

however, and few studies have investigated whether TH affects the GWR. Global cerebral 

edema and the progressive loss of differentiation between white and gray matter have been 

observed with CT in both TH and NT patients (2). A recent study attempted to determine an 

optimal cutoff value for GWR in 62 CA patients treated with TH who also underwent 

prognostic testing with NSE and SSEP (59). The results showed GWR <1.16 predicted poor 

outcome with 100% specificity but with low sensitivity of 38%. The sensitivity increased 

from 43% to 53% if at least 2 out of the 3 prognostication parameters were used (59). Other 
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studies have also used multimodal approaches with a combination of imaging and other 

predictive tests (2, 59, 61).

Using imaging in combination with clinical findings has been shown to improve sensitivity 

of prognostication and allow accurate prediction of mortality within the first 48 hours after 

CA (62). A recent study used a similar approach, focusing on non-contrast CT in 

combination with GCS and Apparent Diffusion Coefficient (ADC) (63). This study 

compared NT and TH groups and concluded that imaging increased the specificity of 

neurological exams and that it maintained high specificity in patients even within the TH 

group (63). The CT scans were performed within 3 days after CA. In order to avoid self-

fulfilling poor outcome predictions, designing future studies such that clinical decisions are 

not dependent upon the results of the test of interest and ensuring that all patients receive the 

test might be helpful to determine if CT results remain predictive when CT scans are used 

alone or in combination with other tests.

Magnetic Resonance Imaging (MRI) and Functional MRI (fMRI)

Diffusion-weighted imaging (DWI) is in common clinical use for detection of ischemic 

stroke, because ischemic neuronal injury results in restricted diffusion of protons as water 

diffuses across disrupted cellular membranes. The apparent diffusion coefficient (ADC) is 

calculated by subtracting T2 signal from DWI sequences and it has shown promise in 

detecting early ischemic injury after CA (61, 64). ADC is a quantitative measure which 

varies with progression of ischemia (65). Reduction of ADC, when it is more than 31%, is 

associated with poor outcome in comatose CA patients, while when it is below 27% it is 

associated with favorable outcome (66), however the reduction percentage may be subject to 

variation due to the limited sample size (n=20 with 3 patients receiving hypothermia), as 

well as being dependent on the timing of imaging (65). Recent study suggested that DWI 

has high sensitivity for predicting poor outcome (98.5%) in CA patients, but has low 

specificity of 46.2%. This finding may be due to the fact that DWI abnormalities at the time 

of imaging return to normal at later time periods, as well as the qualitative evaluation nature 

of the study with kappa as 0.49 indicating moderate agreement between two observers, 

which could account for lower specificity (67). Another study showed that quantitative ADC 

values increased the specificity for predicting poor outcome to 100%, while maintaining 

high sensitivity (64). In this study, threshold ADC values helped differentiate survivors from 

non-survivors and provided further information about the degree of neurologic impairment 

in survivors. DWI is only accurate 2–5 days after CA (64, 68), however, this limits the 

usefulness of MRI compared to other prognostic tests (Figure S2).

Standard T2-weighted MRI is not sensitive enough to accurately detect early ischemia after 

CA (69). Predicting long-term functional recovery for patients who have awakened from 

coma based on MRI in conjunction with other neurophysiologic and biochemical predictors 

has shown some promise (8, 48). In addition to the scalar ADC value, new quantitative 

indices based on diffusion-tensor imaging (DTI) can measure white matter integrity (70). 

DTI may be a more accurate predictor for long-term functional outcome than ADC and its 

potential should be further explored in larger cohort studies. DTI and ADC sequences may 
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eventually assist families and providers in making decisions regarding treatment of 

comatose patients within the first 3–5 days after CA.

Novel imaging markers based on functional MRI (fMRI), which measures fluctuations in 

brain perfusion as an indirect measure of connectivity between different brain regions, are 

being studied as predictors of neurological outcomes in CA survivors. Measurement of the 

blood oxygenation level dependent (BOLD) signal has been found to have important 

correlations with metabolic activity (71) and brain function can be evaluated by quantifying 

the BOLD signal in fMRI. Coma and other disorders of consciousness have been shown to 

disrupt the BOLD signal (72), which may help researchers better understand brain injury 

after CA. This discovery may help investigate level of consciousness and predict the degree 

of neurological recovery after CA. Using resting state fMRI, a default mode network has 

been identified that includes the anterior and posterior cingulate, precuneus, and temporal-

parietal junction (73). Disruption of connectivity within this network has been demonstrated 

in chronic disorders of consciousness and pharmacological anesthesia (74). Two recent 

small studies showed disruption of default mode network connectivity in patients with poor 

outcomes after CA and preserved connectivity in patients who recovered consciousness after 

CA (73, 75) (Figure 3). Despite promising results, further validation of resting state fMRI is 

required before it can be used for prognostication in routine clinical practice. However, 

fMRI may have a role as a complementary technique to clinical examination and 

electrophysiological testing with SSEP and EEG (76).

Positron Emission Tomography (PET)

Unlike MRI and CT, which show structural changes, PET visualizes alterations in brain 

metabolism. Reduced glucose metabolism has been associated with global brain injury 

following ischemia (77). In PET studies of vegetative state and comatose patients, glucose 

consumption alterations represented not just functional inactivation, but irreversible brain 

injury (78). Other studies tested whether reduced cerebral blood flow and oxygen 

metabolism on PET is specific for poor outcomes one week after CA, but results suggested 

that subsequent recovery was possible whether or not global energy metabolism was 

restored (79). A useful measure for monitoring oxygen metabolism is the cerebral metabolic 

rate of oxygen (cMRO2) derived from PET scans. Following ischemia, cMRO2 had 

significantly reduced values, possibly as a result of secondary brain injury (80). The same 

trend of suppressed oxygen metabolism in patients with poor outcome was predicted by 

measuring the oxygen extraction fraction (OEF) at the end of TH (83). OEF was 

significantly lower in patients with poor outcome compared to patients with favorable 

outcome.

There are only a limited number of studies testing PET as a predictive tool for neurological 

outcomes and the existing studies are marred by small sample size, concern for self-

fulfilling prognostication of poor outcomes, and lack of comparison with other prognostic 

methods. Another important limitation of PET is that it is very expensive, not readily 

available in hospitals, and often hard to interpret if no CT data is available. Neuroimaging is 

increasingly being used as part of a multimodal strategy for prognostication in conjunction 

with other prognostic markers. Nevertheless, the results derived from studies using 
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neuroimaging modalities should be treated cautiously, because of possible selection bias, 

high rates of self-fulfilling prophesies and small sample groups.

Multimodal Approaches to Prognostication

As no single test is perfect for prognostication after cardiac arrest, using a multimodal 

approach avoids the problems with the reduced sensitivity of individual tests and increase 

the regions of confidence when multiple tests are used. Previous meta-analyses have 

concurred with the idea that combining modalities increased area under receiver operating 

characteristics (ROC) curves and achieved a PPV of 100% for poor outcome (50), as well as 

reduce the risk of false positives (27) (Table 1).

Although there is some inconsistency as to which parameters to include in a multimodal 

algorithm, it has been shown that EEG markers, in conjunction with neurological 

examination, can predict outcomes with relatively high specificity and sensitivity, but 

sedation should be taken into consideration. A new study identified predictors of favorable 

outcome to be: interval to first CPR <5 minutes, initial rhythm of ventricular fibrillation or 

ventricular tachycardia, interval from CA to ROSC <30 minutes, and recovery of pupillary 

light reflexes while in the Emergency Department (31). This approach highlights the use of a 

multimodal strategy for identification of patients who would benefit from targeted 

temperature management. NSE levels had previously been recommended (7), but, in patients 

treated with TH, the prognostic accuracy is only acceptable in combination with other tests 

(59, 61). Oddo et al. studied the neurologic examination, EEG reactivity during TH, and 

NSE levels as a multimodal predictive algorithm (50). In this study, EEG reactivity was the 

single most reliable marker with a sensitivity of 74%, but the addition of NSE levels and 

clinical examination improved the FPR. SSEP is still considered a cornerstone of most 

prognostic algorithms in CA patients treated with TH (2, 50), but some studies have shown 

that it does not further increase prognostic accuracy (50). Many authors now recommend 

delaying SSEP until 48–72 hours post-CA (9) or later (15). Recently, there has been a 

resurgence of interest in using neuroimaging – particularly CT and MRI-derived parameters 

– to provide further prognostic insights (2, 9, 63). A study comparing NSE levels, SSEP, and 

CT GWR showed that GWR <1.16 can improve the sensitivity for poor outcome prediction 

when 2 or more modalities out of 3 are used (59). Another case report also suggested that 

there is an association between neuroimaging and neurophysiologic methods when 

stimulation to the median nerve is used for prognostic testing (76). Although CT and MRI 

require more prospective studies before routine clinical use, they hold great potential in 

resolving dilemmas in predicting neurological outcome when other methods are 

inconclusive. The delayed timing of MRI (48–108 hours after NT), however, may limit this 

test to visualizing injury and supporting an already existing prognosis.

In order to avoid premature withdrawal of life support, a multimodal approach has to be 

applied and definitive prognostication should be delayed for 72 hours after rewarming. 

Some authors even suggest that further delay should be utilized to await awakening of 

patients who have uncertain prognosis based on clinical, neurophysiological, biochemical, 

and neuroimaging markers (32). This suggestion is consistent with findings that reveal that 

late awakening is possible and favorable neurological recovery is not uncommon even when 
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awakening is delayed (9, 32). A multimimodal approach with three out of four markers 

selected was based on what are believed to be the most reliable prognosticators from 

literature. We suggest prognostication at least 72 hours after normothermia as a way to avoid 

the confounding effects of sedation and to give more time to the patient in the case of later 

awakening.

Conclusion

There is a strong need for an accurate multimodal prognostic approach that is viable in 

patients treated with TH and gives sufficient time for recovery in comatose patients. We 

recommend an approach in which at least three out of the listed markers are present, before 

making a decision regarding further treatment or its discontinuation (Table 2, Figure 4). We 

recommend use of a multimodal prognostic approach for poor outcome in order to avoid 

withdrawal of life support based heavily on a single marker.

The need to establish robust biomarkers that can reliably predict the degree of neurological 

injury has been addressed in recent years, as costs of ICU care have risen. SSEP, qEEG, and 

neuroimaging methods hold promise for developing more reliable and objective prognostic 

tools that lessen the risk of errors. More prospective studies with larger patient groups are 

still required in order to eliminate uncertainties created by early withdrawal of life support in 

many retrospective studies. More importantly, some existing studies often use the studied 

variables in the decision to withdraw care, falling prey to the self-fulfilling prophecy, and 

tests are often applied only to selected patients at inconsistent time points. An ideal study 

would have pre-designed tests that will be applied to all patients uniformly and that would 

not factor into the decision to withdraw life support. Other potential issues to be resolved 

also include standardization of the timing of prognostic algorithms, development of an 

optimal multimodal algorithm that can be executed in most clinical settings, and verifying 

the cut-off values of some prognostic parameters in patients treated with TH. The quality of 

evidence, especially when considering the value of neuroimaging results, should be treated 

carefully because selective bias could be present regarding the choice of test, and 

consequently self-fulfilling prophecy risk.

While the accuracy of many prognostic tests in CA patients treated with TH has been called 

into question, absent pupillary light reflexes at 72 hours, MSE, and bilaterally absent cortical 

N20 potentials on SSEP are still considered reliable methods for early prediction of poor 

outcomes. Biochemical markers, particularly serum NSE, should be treated with caution in 

TH-treated patients and should only be used as one component of a multimodal prognostic 

algorithm. CT and newer MRI neuroimaging modalities may ultimately provide further 

insight but they still require additional study before they can be recommended for routine 

clinical practice. Until further studies are available, a multimodal prognostic algorithm that 

combines the clinical exam, SSEP, and EEG for assessment of reactivity is most pragmatic, 

especially in TH-treated patients. Although each of the different tests mentioned above has 

individual strengths, a single one should never be used alone for prognostication. All tests 

should be treated with caution and should only be used as one component of a multimodal 

prognostic algorithm, as life and death decisions are not always so algorithmic given the 

complexity of family input into shared decision-making. Different studies use different 
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definitions of accuracy, and often cite high specificity which has been gained at the expense 

of low sensitivity. It is worth recognizing that the decision making process is a difficult task 

and relies on the input not only of medical doctors, but also on the family members of the 

patient who would bear the biggest financial and psychological cost of the decision.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Absent cortical N20 potentials (top) on median nerve SSEP in a comatose patient 

resuscitated from cardiac arrest. Normal cortical N20 potentials are also shown (bottom) for 

reference.
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Figure 2. 
Non-contrast head CT of a comatose patient resuscitated from cardiac arrest showing a 

diminished gray-to-white matter ratio involving the basal ganglia and internal capsule 

consistent with cytotoxic edema.
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Figure 3. 
Resting state fMRI in cardiac arrest survivors showing preserved functional connectivity 

with the default mode network in patients with good outcomes (A) and severely diminished 

connectivity in those with poor outcomes (B).
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Figure 4. 
This is an example of a multimodal approach to negative prognostication. If three out of the 

four listed predictors are present, poor outcome is very likely (CPC 3–5). If the predictors 

give inconclusive results at the 72 hours, more time should be allotted for further 

neuroimaging tests such as DWI-MRI unless awakening has not occurred earlier. 

Discontinuation of life support should be carefully considered if neuroimaging tests suggest 

an unfavorable outcome.
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Table 1

Existing Multimodal Approaches for Prognostication of Poor Outcome

Research Group Variables About this test

C. Sandroni et al.2014 
(84)

A combination of:

• Bilaterally absent pupillary reflexes at ≥ 72 hours from 
ROSC

• Bilaterally absent SSEP N20 wave after rewarming

• presence of early status myoclonus (within 48 hours 
from ROSC), high values of serum NSE at 48–72 hours, 
an unreactive malignant EEG pattern after rewarming, 
the presence of marked reduction of the GM/WM ratio

The most robust predictors, (pupillary relexes 
and corneal reflexes) and bilaterally absent 
SSEP N20 waves are evaluated. If none of the 
signs above, are present, the second set of 
signs is used, but precision is lower. At least 2 
predictors should be present for 
prognostication.

M. Oddo, et al. 2014 A combination of:

• Clinical predictors: brainstem reflexes and myoclonus

• Hypothermic EEG reactivity

• NSE levels

Accuracy of markers: Sensitivity 0.49; 
Specificity 1.00; PPV 1.00; NPV 0.62
Addition of SSEP did not improve prognostic 
accuracy. First test that found an optimal 
combination of markers to test for poor 
prognosis.

T. Cronberg et al. 
2013

• Early myoclonus status, bilateral absence of N20 peak 
on SSEP after rewarming at <24 hours from ROSC.*

• Status epilepticus and bilateral absence of N20 
potentials on SSEP 72 hours after rewarming

Multivariable test for allowing discontinuation 
of life support

F. Thömke et al. 2013 
(83)

• Generalized myoclonus and bilateral absence of PRs 
and/or CRs <24 hours from ROSC

• Electrophysiological signs: bilateral absence of N20 on 
SSEP, BS EEG, generalized epileptiform with no 
reactivity on EEG

• NSE levels >97 μg/L

At least one clinical and one 
electrophysiological factor and/or significantly 
elevated NSE concentration should be present 
to indicate poor outcome

C. Sandroni et al 2013 • Bilaterally absent N20 peak on SSEP during TH

• Non-reactive EEG background and a combination of 
absent PRs and CRS and a motor response no better 
than extension (M ≤2) after rewarming.

• S-100B >0.18–0.21 mcg/L at 24 hours** , NSE >81.8 
mcg/L or S-100B ≥0.3 at 48 hours, and an NSE >78.9 
mcg/L at 72 hours

Meta-analysis of existing literature.
Primary limitation of the tests of poor 
outcome was the lack of blinding between 
studies and use of one predictor to support 
withdrawal from life support

H. Friberg et. al 2013 
(84)

• Clinical Examination

• Continuous EEG with aEEG

• SSEP (if comatose at 48–108 hours)

• Repeated NSE level checks (24 and 48 hours)

• Early CT (<24 hours)

• MRI (48–108 hours)

Daily clinical examination and continuous 
EEG monitoring is critical for making a 
decision on level of care, while SSEP, NSE, 
and MRI are recommended but not strictly 
required.
Decision making should happen at least after 
72 hours after normothermia has been 
achieved.

*
In all comatose patients, conventional EEG is performed 12–36 hours after rewarming

**
Unless otherwise stated, “hours” means to hours passed since cardiac arrest.

Abbreviations: ROSC = return of spontaneous circulation; SSEP= somatosensory evoked potentials; GW/WM=grey to white matter ratio; EEG = 
electroencephalography; NSE = neuron serum enolase; PPV = positive predictive value; NPV = negative predictive value; PR = pupillary reflexes; 
CR = corneal reflexes; BS = burst suppression; aEEG = amplitude integrated EEG; CT= computer tomography; MRI= magnetic resonance imaging
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Table 2

Multimodal Approach for Poor Prognosis

Category Timing Markers

Clinical Neurologic Examination 72 hours after rewarming Absent PLR, or
Absent CR, or
Myoclonus status epilepticus within the first 24 hours

Electroencephalography Continuous monitoring starting at TH 
and up to 72 hours after normothermia

BS pattern, or Generalized suppression, or Epileptiform 
activity on a flat EEG background, or Absence of EEG 
reactivity

Somatosensory evoked Potentials 24–72 hours after CA Bilaterally absent N20 potentials

Neuroimaging:

DWI-MRI 2–5 days after CA Qualitative analysis of DWI abnormalities
Reduction of ADC by >31%

DTI-MRI 7 days after CA Fractional anisotropy value 0.44 on DTI (70)

CT Within 48 hours Cerebral edema and GWR <1.16

Note*: Biomarkers, such as NSE levels and S-100B, could be used to support a prognosis based on some of the markers above (61), but their use is 
not recommended because of the variability in their values (14, 35) and limited specificity (2, 37).

Note**:Other neuroimaging methods such as fMRI, CT, and PET can be useful to detect the degree of damage in functional connectivity (73, 75), 
metabolic abnormalities as a result of ischemia (80), and identify other potential causes for coma (40). However, their use is cautioned against 
because bigger cohort studies have to be performed before they can be used in routine practice.

Abbreviations: CA = cardiac arrest; PLR = pupillary light reflexes; CR= corneal reflexes; TH= therapeutic hypothermia; BS = burst suppression 
patterns; EEG = electroencephalography; DWI-MRI = diffusion weighted imaging magnetic resonance imaging; ADC = apparent diffusion 
coefficient; DTI= diffusion-tensor imaging; CT = computer tomography; GWR= gray/white matter ratio
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