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Introduction        11 

 

 

Anoxic-ischaemic coma is a state of unconsciousness caused by global anoxia or 

ischaemia of the brain. The most common cause of such global anoxia or ischaemia 

is cardiac arrest. Less common causes are respiratory arrest, near-drowning, and 

severe hypotension or shock. Outcome after anoxic-ischaemic coma lasting more 

than several hours is generally, but not invariably, poor. Recovery of consciousness 

reported in the literature varies from 8 – 72% of patients. These figures indicate that 

large numbers of patients with anoxic-ischaemic coma may be treated despite 

having suffered severe and often irreversible brain damage. On the other hand, even 

when only one of four patients would survive, withdrawal of medical support in 

unselected patients would not be justified without further prognostic information.  

In everyday clinical practice neurologists are often confronted with questions 

regarding the prognosis of individual patients, and consequently, about the 

usefulness of continuing treatment in such a patient. Due to the scarceness of ICU-

capacity (Intensive Care Unit), treating physicians would understandably like to have 

these questions answered as early as possible. Early information about the expected 

outcome would of course also be desirable for the patient’s relatives. 

These questions about prognosis in the early stage of the condition are often difficult 

to answer, because the extensive available literature so far has not led to the 

formulation of uniform, generally accepted prediction rules. This state of affairs 

(1996) has formed the motivation to start the studies presented here. 

 

 

Brief historical perspective 

Although resuscitation from respiratory arrest has been reported as early as in 

biblical times,1 cardiac arrest has been invariably lethal until halfway the twentieth 

century. The current techniques of closed chest cardiac massage and defibrillation 

were introduced in the 1950s and have become increasingly prevalent after the 

landmark publication of Kouwenhoven et al. in 1960.2 The fact that most cardiac 

arrests occur outside the hospital has subsequently led to the introduction of 

prehospital emergency medical systems, which were first developed in Belfast. In 

1967 the Irish investigators reported what was probably the first successful attempt 
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to restore spontaneous circulation by bystander resuscitation.3 Unfortunately, the 

patient remained unconscious and died one week later, illustrating the new medical 

problem of anoxic-ischaemic brain damage created as a side effect of this new 

technique. 

Before the introduction of cardiopulmonary resuscitation (CPR) the phenomenon of 

anoxic-ischaemic brain damage was not entirely unknown, but it was rare. But from 

that time increasing numbers of patients comatose after “successful” resuscitation 

started to populate the Intensive Care Units (ICU). Most of these patients never 

regained consciousness and died within several days or weeks, or became entirely 

care-dependent in a state of “wakefulness without awareness”, the so-called 

vegetative state. However, others did regain consciousness, often even recovering 

without remaining disability.4,5 This large outcome variation made decisions 

regarding continuation of supportive treatment in such patients an ever-recurring 

source of debate. 

Studies investigating factors predicting neurological outcome of anoxic-ischaemic 

coma were undertaken as early as 1965,6 when Hockaday and colleagues published 

data on electroencephalographic patterns after CPR and their relation to prognosis. 

Since then, many studies have followed. One of the most noteworthy was “Predicting 

outcome from hypoxic-ischaemic coma” by Levy et al., published in 1985.4 In this 

study, features of the neurological examination at different time points in 210 patients 

with anoxic-ischaemic coma were related to outcome. The results were presented in 

prognostic algorithms and have since been used as a basis for treatment decisions 

by neurologists worldwide. 

Next to the electroencephalogram (EEG) and features of the clinical neurological 

examination, many other tests were studied for their prognostic value: evoked 

potentials (especially somatosensory evoked potentials, SSEP), biochemical 

variables in serum and cerebrospinal fluid, and several imaging modalities (CT, MRI, 

PET). But, at least in the Netherlands, these studies have not led to a change in 

decision making in patients with anoxic-ischaemic coma, which at the onset of our 

studies in 1996 was still based mainly on features of the neurological examination, 

using the algorithms of Levy et al.4 (Table). 
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Table 

Use of ancillary investigations for predicting prognosis in anoxic-ischaemic coma in 

15 training hospitals in The Netherlands (1996) 

Investigation Often Some-

times 

Never 

Electroencephalography 4 2 9 

Somatosensory Evoked Potentials 2 4 9 

Brainstem Auditory Evoked Potentials 0 2 13 

Computed Tomography 0 2 13 

Magnetic Resonance Imaging 0 2 13 

Cerebrospinal Fluid Examination 0 2 13 

Visually Evoked Potentials 0 1 14 

Single Photon Emission Computed Tomography 0 1 14 

Transcranial Doppler Examination 0 1 14 

Cerebral Angiography 0 0 15 

 

 

Structure of this thesis 

For the development of an evidence-based guideline for prognosis in patients with 

anoxic-ischaemic coma we compiled all relevant literature regarding the relation  

between clinical neurological and neurophysiological variables and outcome in 

anoxic-ischaemic coma. We performed a structured analysis of the findings in these 

studies, and formulated a guideline for establishing prognosis based on our analysis 

(chapter 1). During this process, more biochemical studies became available, and 

we therefore repeated our analysis with studies investigating the relation between 

biochemical variables and outcome (chapter 2). 

To apply prognostic tests in individual patients, assessment of the a priori chance of 

having a specific outcome (e.g. poor outcome) is important. This assessment is 

mostly based on overall mortality or survival figures of cohorts of patients, with highly 
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varying durations of coma before inception in the cohort. Because coma duration is 

one of the most important and easy to define determinants of outcome, estimation of 

the a priori chance of poor outcome should preferably take at least coma duration 

into account. We therefore studied outcome contingent upon coma duration in a 

combined prospective and retrospective cohort of patients with anoxic-ischaemic 

coma admitted to the Intensive Care Unit of the Academic Medical Centre in 

Amsterdam (chapter 3). 

Since the presence or absence of the N-20-wave in the SSEP emerged as the most 

useful predictive variable in our analyses, the question arose how reliable the 

interpretation of this neurophysiological test is in clinical practice. To investigate this, 

we did an interobserver study of the use of the SSEP (chapter 4). 

Following our analyses of the literature, a number of important questions remained. 

The optimal timing for the SSEP as a test to predict poor outcome remained 

uncertain. The value of the long latency (N70) response for outcome prediction was  

unclear. Some biochemical variables seemed potentially useful, but the data did not 

permit firm conclusions. And lastly, it was evident that with the available prognostic 

rules, a large group of patients with poor outcome remained in whom this outcome 

could not be reliably predicted. These were the major reasons to perform a large 

multi-centre cohort study, in which the predictive value of clinical neurological, 

neurophysiological and biochemical variables in over 400 patients were studied 

(chapters 5 and 6).  

Finally, the findings from the previous chapters are discussed and related to recent 

literature. Possible explanations for the relative importance of the SSEP in outcome 

prediction are discussed, suggestions for a clinical guideline and directions for future 

research are given (chapter 7). 

A summary in English and Dutch concludes this thesis.  
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Abstract  

 

Background Studies to assess the prognostic value of early neurological and 

neurophysiological findings in patients with anoxic-ischaemic coma have not led to 

precise, generally accepted, prognostic rules. We did a systematic review of the 

relevant literature to assess whether such rules could be derived from the combined 

results of these studies.  

Methods From Medline and Embase databases we selected studies concerning 

patients older than 10 years with anoxic-ischaemic coma in which findings from early 

neurological examination, electroencephalogram (EEG) or somatosensory evoked 

potentials (SSEP) were related to poor outcome - defined as death or survival in a 

vegetative state. We selected variables with a specificity of 100% for poor outcome 

in all studies, and expressed the overall prognostic accuracy of these variables as 

pooled positive-likelihood ratios and as 95% CI of the pooled false-positive test rates. 

Findings In 33 studies, 14 prognostic variables were studied, three of which had a 

specificity of 100%: absence of pupillary light reflexes on day 3 (pooled positive-

likelihood ratio 10.5 [95% CI 2.1-52.4]; 95%CI pooled false-positive test rate 0-

11.9%); absent motor response to pain on day 3 (16.8 [3.4-84.1]; 0-6.7%); and 

bilateral absence of early cortical SSEP within the first week (12.0 [5.3-27.6]; 0-

2.0%). EEG-recordings with an isoelectric or burst-suppression pattern had a 

specificity of 100% in five of six relevant studies (pooled positive-likelihood ratio 9.0 

[95% CI 2.5-33.1]; 95%CI pooled false-positive test rate 0-5.8%). These 

characteristics were present in 19, 31, 33 and 33% of pooled patient populations, 

respectively. For the 11 SSEP-studies, results did not significantly differ between 

studies in which the treating physicians were or were not masked from the test 

result, prospective and retrospective studies, studies with short and long follow-up 

periods, and studies with high or low overall poor outcome.  

Interpretation SSEP has the smallest confidence interval of its pooled positive-

likelihood ratio and its pooled false-positive test rate. Because evoked potentials are 

also the least susceptible to metabolic changes and drugs, recording of SSEPs is the 

most useful method to predict poor outcome. 
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Introduction 

Persistent coma after global cerebral ischaemia is a serious clinical disorder. The 

prospect of neurological recovery is poor for many patients, and clinicians are often 

confronted with the question of whether continuation of treatment is worthwhile. To 

answer this question, it is important to know which clinical features determine 

prognosis. 

The many prognostic studies in patients with anoxic-ischaemic coma have so far not 

produced results on which a uniform policy can be based.1 Reasons for this are the 

small numbers of patients in separate studies, resulting in statistical uncertainty, and 

the use of different sets of variables in different studies, leading to incomparable 

results. We therefore did a systematic review of the relevant clinical and 

neurophysiological literature to find out whether accurate prognostic rules could be 

derived from the combined results of these studies. 

 
 

Methods 

Literature search  

We collected studies available from the biomedical literature in which early 

neurological or neurophysiological features of patients with anoxic-ischaemic coma 

were related to outcome by doing a search in Medline (from 1966) and EMBASE 

(from 1982) for such reports in English, German and French. The keywords used 

were: anoxia (cerebral), ischemia (cerebral), heart arrest, hypotension, shock, 

postoperative complications, respiratory insufficiency, resuscitation, or drowning, 

combined with coma or Glasgow Coma Scale. The reference lists of the relevant 

articles were scanned for additional studies.  

 

Study selection  

Studies were selected according to the following criteria: inclusion of patients with 

anoxic-ischaemic coma only, or, when mixed populations were studied, presentation 

of separate data from patients with anoxic-ischaemic coma. We did not distinguish 

between different causes of hypoxia-ischaemia, but excluded studies and patients 
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with coma from other medical conditions or trauma. Our analysis was primarily 

aimed at adult patients, so we excluded young children and newborn babies. Other 

criteria for study selection were: a lower age limit of ten years; reporting of 

unselected, consecutive cases; unequivocal description, classification and timing of 

recording of clinical and neurophysiological features; presentation of data about 

single clinical or neurophysiological features related to outcome; presentation of 

outcome data in such a way that data for the combined outcome death or vegetative 

state versus other outcome states could be extracted. This last criterion was chosen 

because death and vegetative state are generally accepted as poor outcome, 

whereas classification of poor outcome can be disputed for any other outcome state. 

 

Data extraction  

From the selected reports the following data, generally considered important for the 

prediction of neurological outcome, were extracted: Glasgow Coma Score (GCS; 

and/or its separate compounds); pupillary light reflex (present/absent); corneal 

reflexes (present/absent); eye movements (present/absent); epilepsy or myoclonus 

(present/absent); epileptic and/or myoclonus status (present/absent); somatosensory 

evoked potentials (SSEP) from median nerve stimulation (present: cortical 

responses [N20, the earliest cortical response after median nerve stimulation, and 

further] present on at least one side; absent: cortical responses bilaterally absent); 

electroencephalographic (EEG) recordings (because the classification of α-coma 

pattern proved to be variable, we classified EEG-recordings in three ways: α-coma 

pattern vs. all other recordings; α-coma pattern, burst-suppression pattern or 

isoelectric recording vs. all other recordings; and burst-suppression pattern or 

isoelectric recording vs. all other recordings2). Outcome data were extracted as poor 

outcome (death or vegetative state) or good outcome (any other outcome state).3 

For all data, time of assessment with respect to coma onset was documented. Both 

the assessment of the potentially eligible studies for meeting the entry criteria and 

the data extraction were performed independently by EGJZ and AH. In cases of 

disagreement consensus was sought with the other authors. 
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Analyses  

Analyses were done on the basis of 2x2-tables, with poor outcome (death or 

vegetative state) and poor prognostic test result defined as present or absent. For 

each study, the prevalence of poor outcome and poor test result, as well as the 

sensitivity and specificity of the prognostic test were calculated. Because false-

positive predictions of poor outcome are especially to be avoided, prognostic factors 

were considered important when they were 100% specific and consequently had a 

positive predictive value of 100% in each individual study (i.e., all patients with poor 

prognostic test result died or remained in a vegetative state). Because likelihood 

ratios are more stable than predictive values when prevalences of poor outcome 

vary, we additionally calculated positive-likelihood ratios (sensitivity / 1 - specificity) 

for these prognostic factors in each study. The positive-likelihood ratio expresses the 

odds that a poor prognostic test result would be expected in a patient with a poor 

outcome, as opposed to a patient with a good outcome. When there are no patients 

with a poor test result and a good outcome, these positive-likelihood ratios are 

infinite. In these cases a value of 0.5 was added to each cell in the 2x2-tables for our 

calculations. To assess the overall accuracy of the various prognostic tests, we 

calculated the 95% confidence intervals of the pooled positive-likelihood ratios and 

the pooled false-positive test rates. Since likelihood ratios are algebraically identical 

to risk ratios,4 the data were combined accordingly. In case the Χ2-analysis showed 

our data to be heterogeneous, we used the random-effects model of DerSimonian 

and Laird, as described by the research group of Ioannidis.5 If no heterogeneity 

could be shown, we used a fixed-effects model (Mantel-Haenszel risk ratio method).6 

The estimated pooled positive-likelihood ratios were also used to calculate the 

probability of a poor outcome after a poor prognostic test result, with three values of 

overall poor outcome consistent with values found in the literature as prior 

probabilities.  

Finally, we did subgroup analyses of our main results to examine whether these 

could be biased by differences in study design or study populations. In this respect, 

the most important study characteristic is masking of the treating physicians from the 

test result, because patient characteristics, which are generally perceived by doctors 

as predictive of poor outcome (on whatever grounds), may have caused restrictions 
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in therapeutic support, leading to poor outcome as a self-fulfilling prophecy. The 

following four subgroups were defined: treating physicians aware or not aware of the 

test results (unknown taken as aware); prospective study design versus 

retrospective or unknown; time of outcome assessment (at least 3 months versus 

less than 3 months, or unknown); and prevalence of overall poor outcome (below 

versus above median). Within each subgroup we recalculated the pooled positive-

likelihood ratios and the pooled false-positive test rates and their 95% CIs. 

 
 

Results 

The literature search yielded 1667 publications, including 65 on the prognostic value 

of neurological and neurophysiological parameters (a list of these 65 studies is 

available from the author). Of the 65 studies, 32 were excluded for the following 

reasons: selection of patients based on clinical features with potential prognostic 

value (three studies) or on specific outcomes (seven studies), inclusion of non-

comatose patients (three studies), patients with coma from other causes than global 

anoxia-ischemia (five studies) or young children and neonates (one study), poor 

definition of prognostic features or exclusive presentation of data regarding 

combinations of features (four studies), lack of raw data (two studies), outcome 

presented as death versus survival only (four studies), dual publication of same data 

set (one study), dual publication of overlapping data sets (two studies; only studies 

with largest patient population included).  

Of the 33 included studies, 24 were identified from the electronic databases2,7-29 and 

nine from reference tracing.30-38 The included studies were focused on ten 

neurological and four neurophysiological factors. Descriptive data for these factors 

are presented in table 1. Three factors were 100% specific in all studies, i.e., no 

patients had a good outcome in the presence of any of these factors: absence of 

pupillary reactions to light on the third day, absent motor response to pain on the 

third day, and bilateral absence of cortical response to median nerve SSEP within 

the first week. A burst-suppression or isoelectric pattern on EEG within the first week 

proved to be important as well because it had a 100% specificity in five out of six 

studies (in one study,15 with a specificity of 71%, two of 18 patients with a seriously 



 

 

Table 1. Prognostic factors: total numbers of patients, prevalences of poor outcome and poor test result, range of sensitivity and specificity 

Factor Study no. patients 
studied 

Prevalence poor 
outcome (95% CI) 

Prevalence poor 
test result  (95%CI) 

Sensitivity 
(%,range) 

Specificity 
(%,range) 

Pupillary reactions 

absent on admittance 

 

12,19,21,22 

 

491 

 

59% (55-63) 

 

22% (19-26) 

 

30-50 

 

69-100 

absent on day 3 12,18,19 152 68% (61-76) 19% (13-25) 22-55 100 

Motor response 

M1-3 on GCS in first 24 hours 

 

11,24,31,38 

 

269 

 

58% (53-64) 

 

73% (68-79) 

 

63-95 

 

30-79 

M1-3 on GCS day 1 11,17  87 69% (58-78) 76% (67-85) 85-87 42-59 

M1-3 on GCS day 3 15,21,24 307 73% (66-79) 64% (57-71) 70-100 29-100 

M1-2 on GCS day 3 12,15,18 171 70% (63-77) 48% (41-55) 56-92 93-100 

M=1 on day 3 12,15,18 171 70% (63-77) 31% (24-38) 11-58 100 

EEG  

α-coma pattern  

 

8,9,10,15,25,35 

 

453 

 

66% (62-71) 

 

20% (16-24) 

 

15-43 

 

71-100 

α-coma pattern, burst-suppression 
pattern, or isoelectric 

2,9,10,15,16,23, 
26,29,32,35 

638 67% (63-71) 44% (40-47) 42-84 71-100 

burst-suppression pattern, or isoelectric 9,10,11,15,29, 35 365 57% (52-62) 33% (28-38) 31-84 71-100 

Convulsions 

convulsions and/or myoclonus 

 

11,18,19,20,37 

 

361 

 

74% (69-79) 

 

35% (30-40) 

 

16-85 

 

25-92 

status epilepticus and/or myoclonus  20,28 221 68% (56-80) 34% (32-37) 38-67 96-100 

GCS 

GCS 3-5 in first 24 hours 

 

14,33,36 

 

137 

 

77% (70-84) 

 

68% (64-83) 

 

63-82 

 

54-100 

N20 

bilateral absence on SSEP first week 

 

7,11,13,14,15,19, 
23,27,30,33,34 

 

563 

 

76% (73-80) 

 

33% (29-37) 

 

28-73 

 

100 

Explanation abbreviations: M1-3 = motor response to pain flexion or less; M1-2 = motor response to pain extension or less; M=1 = no motor response to pain; GCS3-5 = 
score 3-5 on the Glasgow Coma Scale; EEG = electroencephalography; N20 on SSEP = early cortical response to median nerve SSEP; CI = confidence interval
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impaired EEG had a relatively good outcome). For each study, detailed data 

regarding these four prognostic factors in terms of study characteristics, test results 

and positive-likelihood ratios are presented in table 2. Pooled positive-likelihood 

ratios with 95% CI, the probabilities of poor outcome after poor test results for three 

prior probabilities and the 95% CIs of the pooled false-positive test rates are 

presented in table 3. The point estimates of the pooled positive-likelihood ratios were 

highest for an absent motor response to pain and the absence of SSEPs. The CI of 

the positive likelihood ratio of the SSEP, however, was relatively narrow compared 

with that of the other factors because of the larger number of patients studied. A poor 

test result of each of the four prognostic factors increases the probability of poor 

outcome considerably. However, the relatively narrow CI for the positive-likelihood 

ratio of the SSEP results in the most precise estimate of the posterior probabilities. 

The relatively accurate prognostic value of the SSEP was also shown by the 95% CI 

upper limit of the pooled false-positive test rate of 2%. Additional subgroup analyses 

were performed on the SSEP-data (Table 4). 

 

 

Discussion 

Our literature analysis identifies four variables, that predict poor outcome in patients 

with anoxic-ischaemic coma with considerable accuracy: absence of pupillary light 

reactions on the third day, absent motor responses to pain on the third day, bilateral 

absence of early cortical responses to median nerve SSEP within the first week, and 

a burst-suppression or isoelectric pattern on EEG within the first week. Of these 

variables, SSEP has the smallest CIs of its pooled positive-likelihood ratio and 

pooled false-positive test rate. In addition, evoked responses are less susceptible to 

metabolic changes and drugs39-42 than the other variables. For the other three 

variables the CIs as well as their susceptibility to metabolic changes and drugs make 

them too unreliable to base non-treatment decisions solely on their results. 

Therefore, SSEP may be considered the most useful predictor of poor outcome.  

Because our analysis was based only on data published in the biomedical literature 

the question arises whether publication bias may have influences our main 
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Table 2. Prognostic factors with 100% specificity rates1: characteristics of studies and 
tests 

Study characteristics Positive test result Negative test 
result 

Prognostic 
factor 

Study 

Blinding Pros-
pec-
tive 

Long 
follow-
up 

Good 
outcome 

Poor 
outcome 

Good 
outcome 

Poor 
Outcome 

LR 

Bilateral 
absence of 
N20 on 
SSEP in first 
week 

7 

11 

13 

14 

15 

19 

23 

27 

30 

33 

34 

- 

- 

- 

- 

+ 

- 

+ 

- 

+ 

+ 

+ 

? 

+ 

? 

? 

+ 

? 

+ 

? 

+ 

+ 

+ 

+ 

+ 

? 

- 

+ 

+ 

+ 

? 

- 

- 

- 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

7 

23 

30 

4 

12 

7 

19 

9 

6 

22 

48 

9 

11 

5 

2 

7 

4 

14 

11 

11 

17 

44 

9 

22 

15 

4 

15 

4 

7 

6 

8 

27 

124 

8.8 

12.3 

8.0 

3.0 

7.1 

6.3 

21.7 

14.3 

10.4 

16.2 

25.2 

M=1 on GCS 
day 3 

12 

15 

18 

- 

+ 

+ 

- 

+ 

+ 

- 

+ 

+ 

0 

0 

0 

7 

3 

43 

16 

7 

28 

5 

24 

38 

19.6 

2.0 

30.8 

Absent 
pupillary 
reaction on 
day 3 

12 

18 

19 

- 

+ 

- 

- 

+ 

? 

- 

+ 

+ 

0 

0 

0 

5 

18 

6 

16 

28 

4 

7 

63 

5 

14.4 

13.1 

5.4 

Burst-
suppression 
or isoelectric 
EEG in first 
week 

9 

10 

11 

15 

29 

35 

- 

- 

- 

+ 

- 

- 

+/- 

? 

+ 

+ 

? 

? 

- 

- 

+ 

+ 

- 

- 

0 

0 

0 

2 

0 

0 

11 

6 

20 

16 

42 

25 

5 

4 

10 

5 

28 

104 

24 

11 

16 

7 

8 

21 

3.8 

3.6 

12.2 

2.4 

48.3 

113.9 

Explanation abbreviations: see table 1; + = characteristic present; - = characteristic not present; ? = 

unknown; +/- = mixed (characteristic present for part of the population);  LR+=positive-likelihood ratio; 

1 = with exception of study 15 (EEG) 

 

 

conclusions. Regarding the large number of publications reporting poor-to-moderate 

prognostic values of many variables such a bias seems unlikely. In six of the 32 

excluded studies the prognostic value of SSEP was studied. In one study,42 two 

patients with absent SSEPs were reported to have recovered consciousness; the 

SSEPs, however, were done within the first 24 hours. In the other five studies, all 

patients with absent SSEPs died or remained in a vegetative state. 



 

 

Table 3. Prognostic accuracy of the four prognostic factors in table 2: pooled results 

Prognostic factor 

 

Pooled LR+ 

(95% CI) 

Probability of poor outcome after poor 

prognostic test result in % (95% CI)  

  60% prior 75% prior 90% prior 

Number of 

patients 

with poor 

test result 

Number of patients 

with both poor test 

results and good 

outcome 

 95% CI of the 

pooled false-

positive test 

rates 

bilateral absence of 

N20 on SSEP first 

week 

12.0  

(5.3 - 27.6) 

95 (89 - 98) 97 (94 - 99) 99 (98 - 99) 187 0 0% - 2.0% 

M=1 on GCS day 3 16.8  

(3.4 - 84.1) 

96 (84 - 99) 98 (91 - 99) 99 (97 - 99)  53 0 0% - 6.7% 

absent pupillary  

reactions to light day 3 

10.5  

(2.1 - 52.4) 

94 (76 - 99) 97 (86 - 99) 99 (95 - 99)  29 0 0% - 11.9% 

burst-suppression of 

isoelectric EEG first 

week* 

 9.0  

(2.5 - 33.1) 

93 (79 - 98) 96 (88 - 99) 99 (96 - 99) 122 2 0.2% - 5.8% 

Explanation abbreviations: see tables 1 and 2; percentages over 99 % were conservatively rounded off downwards; 

χ
2
-test: p=0.10, random effects model used; for the other pooled LR+ the fixed effects model could be used.   

 

 

 



 

 

 

Table 4. Prognostic accuracy of the SSEP: subgroup analyses in relation to differences in study design and study population 

Study characteristics Pooled LR+ 
(point estimate) 

Number of patients 
with poor test result 

Number of patients with both 
poor test results and good 

outcomes 

95% CI of pooled false-
positive test rates 

Blinded 16.3 107 0 0% - 3.4% 

Not blinded or unknown 8.6 80 0 0% - 4.5% 

     

Prospective 15.6 130 0 0% - 2.8% 

Retrospective or unknown 7.7 57 0 0% - 6.3% 

     

Long follow-up period (at least 3 
months) 

11.0 68 0 0% - 5.3% 

Short follow-up period (less than 3 
months) or unknown 

12.9 119 0 0% - 3.1% 

     

High poor outcome rate (above 
median) * 

11.2 117 0 0% - 3.1% 

Low poor outcome rate (below 
median) 

13.0 70 0 0% - 5.1% 

Explanation abbreviations: see tables 1-3. * median poor outcome rate = 78 % 
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The predictive value of combinations of variables has been analysed in several 

studies, but since these combinations differed between studies, they could not be 

included in our analysis. We also could not address the mutual independence of the 

single variables. It remains therefore uncertain whether patients with more than one 

poor test result have a larger probability of poor outcome than patients with a single 

poor test result. 

In our analysis, we combined death and vegetative state as poor outcome. Because 

follow-up was only 1 month in several studies and patients who are then in a 

vegetative state may still recover consciousness, it may be questioned whether this 

period is long enough to justify this combined outcome measure. Late recovery, with 

severe mental and motor disability in most patients, has been reported in 11% of 

patients who have been in a non-traumatic coma for 1 month.43 This percentage is 

derived from patients with several kinds of non-traumatic coma, and refers to all 

patients comatose after 1 month, irrespective of the status of predictive variables 

such as SSEP. In our analysis, 179 of the 187 patients with absent N-20-responses 

died during follow-up. The remaining 8 (4%) were in a vegetative state at the end of 

follow-up. In studies with a 6-month follow-up none of the patients who were in a 

vegetative state after 1 month had recovered consciousness at 6 months.7,11 In one 

study not included in our analysis, 31 patients with non-traumatic coma for at least 2 

months were followed up for at least 8 months. Recovery of consciousness did not 

occur in any of the 17 patients in whom cortical SSEPs were absent44. Taken 

together, these observations suggest that the chance of recovery of consciousness 

in patients with absent N20-responses in the first week who are in a vegetative state 

after 1 month is virtually nil. We therefore conclude that the vegetative state after 1 

month in patients with absent cortical SSEPs indicates irreversible brain damage, 

severe enough to justify its combination with death as one outcome measure. 

Although our SSEP-data were only derived from unselected series of patients, 

clinical heterogeneity cannot be completely ruled out. The latter was suggested by 

the variations in overall poor outcome from 56 to 90% and in the sensitivities of the 

poor SSEP test result for poor outcome from 28 to 73%. The differences in poor 

outcome rates, however, did not affect the results of our analysis. Moreover, 

variations in sensitivities are less important because our main interest is in highly 
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specific variables, whereas by calculating likelihood ratios we took sensitivities into 

account.  

In contrast to our expectation, the three other subgroup analyses showed higher 

pooled positive-likelihood ratios for the studies in which the clinicians were blinded, 

for prospective studies, and for studies with shorter follow-up periods, compared with 

the studies with opposite characteristics. These latter studies were relatively small, 

which leads to an underestimation of specificity, and therefore also of positive-

likelihood ratio, given the mathematical correction we used. The non-significant 

differences between the CIs of the false-positive test rates can be explained by the 

differences in sample sizes between the subgroups. 

Our finding that the absence of cortical SSEPs is a more useful predictor of poor 

outcome than most clinical variables is in accordance with the pathophysiology of 

anoxic-ischaemic brain damage. The cerebral cortex is always the most severely 

damaged structure, whereas brainstem structures remain intact in all but the most 

afflicted patients.45,46 Since early cortical responses after median nerve stimulation 

are generated in the somatosensory cortex,47 recording of SSEPs will identify more 

patients with severe brain damage than testing brainstem reflexes alone. The poor 

prognosis of patients whose brainstem reflexes are still absent at day 3 is explained 

by the fact that brainstem failure in this condition necessarily implies severe cortical 

damage.  

In conclusion, our analysis of the literature has provided more prognostic certainty in 

patients with anoxic-ischaemic coma than the separate studies of prognostic 

variables could offer. We believe that bilateral absence of early cortical responses to 

median-nerve stimulation in the first week of coma predicts death or a vegetative 

state with enough confidence to allow decisions to stop treatment to be based on this 

information. Accordingly, based on this conclusion and on additional considerations, 

we suggest the following clinical guidelines: 

In patients with anoxic-ischaemic coma, considerations regarding neurological 

outcome are postponed until 72 hours after the onset of coma. This is motivated by 

our finding that the prognostic value of a number of clinical variables is more 

accurate after 72 hours than on the first day of coma, and by the finding of Guérit 

and collegues42 that two patients with absent SSEPs during the first 24 hours 



30        Chapter 1 

 

recovered consciousness. Both findings could be explained by the assumption of a 

shock phase early after the insult from which the brain can partly recover, as has 

been observed in other conditions.48  

After 72 hours, patients with either absent pupillary light reflexes or motor response 

to pain no better than flexion will undergo SSEP-testing. This selection on clinical 

grounds is proposed to exclude a possibly non-existent group of patients in whom 

the clinical condition would seem to be in contrast with a poor test result on SSEP. 

Few clinicians would feel comfortable to withdraw treatment in such patients. SSEPs 

should be done and interpreted by an expert and if there is a clinical suspicion of 

additional focal brain damage, this should be excluded before SSEP is interpreted.  

In patients in whom early cortical SSEP-responses are bilaterally absent after this 

procedure further treatment will be regarded futile and only palliative care will be 

given.  

We are aware that with these guidelines, only a subgroup of irrecoverable patients 

can be identified. Clinical treatment decisions for the remaining patients can only be 

improved by additional evidence from further clinical research. 
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Abstract  

 

Objective To investigate whether accurate prognostic rules can be derived from the 

combined results of studies concerning prediction of poor prognosis in anoxic-

ischaemic coma with biochemical markers of brain damage in cerebrospinal fluid 

(CSF) or serum.  

Design A meta analysis of prognostic studies in anoxic-ischaemic coma, selected 

from Medline and EMBASE databases, according to predefined criteria. Subjects 28 

studies, with a total of 802 unselected, consecutive patients, in which tests, sampling 

time and outcome measures were described unequivocally and results were 

described using clear cut-off values or raw data. Main outcome measures Poor 

outcome, defined as death or vegetative state, versus good outcome, defined as any 

other outcome state. Analyses The overall prognostic accuracy of these variables 

was expressed as the 95% CIs of the pooled false-positive test rate and as pooled 

positive-likelihood ratios.  

Results Only markers in CSF (CKBB > 204 U/L, NSE > 33 ng/mL, LDH > 82 U/L 

and GOT > 62 U/L) reached a 0% false-positive rate. However, due to small sample 

sizes, the confidence limits were wide. The accuracy of prediction of poor outcome 

seemed acceptably high for CSF-CKBB (pooled false-positive rate 0% [95% CI 0 – 

2.3%]; pooled positive-likelihood ratio 33.2 [95% CI 4.8 – 230.2]), but this result was 

based on two retrospective studies without blinding of treating physicians for the test 

result.  

Conclusions Because of small numbers of patients studied and methodological 

limitations the combined results are not sufficiently accurate to provide a solid basis 

for non-treatment decisions. 
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Introduction  

Most patients who remain comatose more than a few days after anoxic-ischaemic 

coma have a poor prognosis. Tests that reliably predict poor outcome would be 

helpful in the decision to forego further treatment in selected patients. In a recent 

systematic review of predictive neurological and neurophysiological factors, the 

absence of cortical somatosensory evoked potentials in the first week (but not within 

24 hours) after cardiac arrest was identified as the most reliable predictor of poor 

outcome.1 In recent years, more data have become available about biochemical 

markers of brain damage as predictors of poor outcome in these patients. However, 

the numbers of patients in the different studies are generally too small to draw firm 

conclusions, and in some cases the findings are conflicting. We therefore performed 

a systematic review of all published studies on this subject to find whether accurate 

prognostic rules could be derived from their combined results. 

 

 

Materials and Methods 

Literature search 

We collected studies available from the biomedical literature in which levels of 

biochemical markers of brain damage in cerebrospinal fluid (CSF) and serum of 

patients within the first few days of anoxic-ischaemic coma were related to outcome, 

by performing a search in Medline (since 1966) and EMBASE (since 1982) for such 

reports in English, German and French. The keywords used were: (cerebral) anoxia, 

(cerebral) ischaemia, heart arrest, hypotension, shock, postoperative complications, 

respiratory insufficiency, resuscitation, or drowning, combined with coma or Glasgow 

Coma Scale. The reference lists of the relevant articles were scanned for additional 

studies.  

 
Selection of studies 

Studies were selected according to the following criteria: inclusion of patients with 

anoxic-ischaemic coma only, or, when mixed populations were studied, presentation 

of separate data on patients with anoxic-ischaemic coma. We did not distinguish 

between different causes of hypoxia-ischaemia, but excluded patients with coma due 
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to other medical conditions or trauma. Because values of  biochemical markers in 

very young children may be different from those in older children and adults, studies 

in new-borns were excluded. Other criteria for study selection were: use of 

unselected, consecutive cases; unequivocal description of biochemical tests, timing 

of CSF or serum sampling and outcome measures; presentation of results using 

either clear cut-off values or raw data (from which results for one or more cut-off 

values could be calculated); presentation of data about single biochemical markers 

related to outcome; presentation of outcome data in such a way that data for the 

combined outcome death or vegetative state versus other outcome states could be 

extracted. This last criterion was chosen because death and vegetative state are 

generally accepted as poor outcome, whereas the classification as poor outcome 

can be disputed for any other outcome state.  

 
Quality of studies  

The following study characteristics were recorded: prospective or retrospective study 

design; blinding of treating physicians for the variable studied; duration of follow-up 

(at least 3 months or until death or recovery of consciousness); sampling time frame 

(hours after coma onset).  

 
Data extraction  

From the selected reports all data concerning the diagnostic value of the selected 

biochemical markers in CSF and serum were extracted. Outcome data were 

extracted as poor outcome (death or vegetative state) or good outcome (any other 

outcome state). For all data, time of assessment with respect to coma onset was 

documented. Both the assessment of the potentially eligible studies for meeting the 

entry criteria and the data extraction were performed independently by two of the 

authors (EGJZ and AH). In cases of disagreement consensus was sought with the 

third author. 

 
Analyses  

The analyses were made on the basis of 2X2 tables, with poor outcome (death or 

vegetative state) and poor prognostic test result (marker above cut-off value, using 
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cut-off values from the original articles, or median values when cut-off values were 

not available) defined as present or absent. For each study, we calculated the 

prevalence of poor outcome and poor test results, as well as the sensitivity, 

specificity, false-positive test rate and positive-likelihood ratio of the prognostic test. 

We considered the pooled false-positive test rates as the most important statistic, 

because a test used to support non-treatment decisions should ideally have no false-

positive results (i.e., no patient with a poor prognostic test results regains 

consciousness).  

Because likelihood ratios are more stable than predictive values when prevalences 

of poor outcome vary, we additionally calculated positive-likelihood ratios 

(sensitivity/1-specificity). The positive-likelihood ratio expresses the odds that a poor 

prognostic test result would be expected in a patient with a poor outcome, as 

opposed to a patient with a good outcome. When there are no patients with a poor 

test result and a good outcome, these positive-likelihood ratios are infinite. In these 

cases a value of 0.5 was added to each cell in the 2x2-tables for our calculations. 

Finally, we assessed the overall prognostic accuracy of the biochemical markers by 

pooling (if possible) the results (false-positive ratio and likelihood ratio with their 95% 

CI) of the individual studies. Since likelihood ratios are algebraically identical to 

relative risk ratios,2 the data were combined accordingly. In case the Χ2-analysis 

showed our data to be heterogeneous, we used the random-effects model of 

DerSimonian and Laird.3 If no heterogeneity could be demonstrated, we used a 

fixed-effects model (Mantel-Haenszel risk-ratio method).4  

The estimated pooled positive-likelihood ratios were also used to calculate the 

probability of a poor outcome after a poor prognostic test result, using three values of 

overall poor outcome consistent with values found in the literature as prior 

probabilities. 

 

 

Results 

We identified 28 studies on the prognostic value of biochemical markers of brain 

damage in anoxic-ischaemic coma in 802 unselected, consecutive patients, 14 of 

which met our inclusion criteria.5-18 In these studies, five markers in CSF (creatine 
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kinase (CKBB) [9 studies]; neuron-specific enolase (NSE) [2 studies]; astroglial 

protein “S100” (S100), lactate dehydrogenase (LDH) and glutamate oxaloacetate 

(GOT) [each 1 study]) and three markers in serum (NSE [5 studies]; CKBB and S100 

[each 2 studies]) were used.  

The other 14 studies were excluded for the following reasons: data on infants 

only;19,20 descriptive studies without full presentation of data;21,22 selection of patients 

based on outcome;23,24 outcome not presented as required by our inclusion 

criteria;25,26 test results presented as mean values only;27-31 outcome data which 

could not be completely related to CSF-data.32  

The study characteristics are presented in table 1. Nine5,7,8,11-14,16,18 of the 14 

selected studies were prospective. In only five studies5,7,10,13,18 were the treating 

physicians blinded concerning the test result. Follow up was at least 3 months in 

three studies7,8,14 and until death or recovery of consciousness in nine 

studies.5,6,10,11,13,15-18 In one study follow-up was until discharge12 and in one the 

duration of follow-up was unclear.9 The sampling time frame (range 0 – 7 days) and 

prevalences of poor outcome (range 28 – 87%) and poor test result (range 11 – 

83%) varied considerably. Table 2 presents the test results and diagnostic properties 

of all biochemical markers in the individual studies. The false-positive test rate for the 

different tests varied between 0% and 66.7%, with positive-likelihood ratios between 

1.0 and 59.5.  

The 95% CIs of the (pooled) false-positive test rates and the (pooled) positive-

likelihood ratios, as well as the probabilities of poor outcome after poor test results 

for three prior probabilities, are presented in table 3. Not all studies of particular 

markers could be combined because different cut-off values or (for CKBB) different 

laboratory techniques were used. Moreover, due to the small numbers of patients in 

most studies, confidence intervals were wide (e.g. CSF LDH, CSF GOT and serum 

CKBB present) . Zero % pooled false-positive test rates were found for several CSF-

variables (CSF CKBB > 204 U/L, CSF LDH > 82 U/L and CSF GOT > 62 U/L but for 

none of the serum-variables. The 0% false-positive test rate for CSF NSE of more 

than 24 ng/L in the only study using this cut-off value,14 is negated by the finding in 

another study of one out of 27 patients with CSF NSE more than 50 ng/L recovering 

consciousness (the number of patients with CSF NSE between 24 and 50



 

 

Table 1a. Characteristics of studies and tests in CSF 

Prognostic factor Reference Study characteristics 

  Prospective Blinding Duration of 
follow-up 

Sampling time frame 
(hours after coma 

onset) 

Prevalence of poor 
outcome (%) 

Prevalence of poor 
test result (%) 

CKBB > 20 U/l 5 

6 

9 

10 

11 

12 

+ 

- 

- 

? 

+ 

+ 

+ 

- 

- 

+ 

? 

? 

+ 

+ 

? 

+ 

+ 

- 

48 – 72 

24 – 96 

6 – 60 

5 – 53 

6 – 72 

6 – 72 
b 

73 

83 

44 

48 

71 

61 

60 

77 

13 

34 

10 

48 

CKBB > 20 ng/mL 13 

14 

+ 

+ 

+ 

? 

+ 

+ 

18 – 26 

20 – 26 

63 

37 

63 

21 

CKBB > 204 U/L 6 

15 

- 

- 

- 

- 

+ 

+ 

24 – 96 

24 – 96 

83 

87 

40 

42 

NSE > 24 ng/L 14 + ? + 20-26 28 24 

NSE > 50 ng/L 8 + ? + 48 81 75 

S100 > 6 µg/L 8 + ? + 48 80 83 

LDH > 82 U/L 5 + + + 48 – 72 73 60 

GOT > 62 U/L 5 + + + 48 – 72 73 67 

Explanation abbreviations: CSF = cerebrospinal fluid; CKBB = creatine kinase isoenzyme BB (= brain-specific portion); GOT = glutamate oxaloacetate; 

LDH = lactate dehydrogenase; NSE = neuron-specific enolase; S-100 = astroglial protein “S-100”; + = characteristic present; - = characteristic not 

present; ? = unknown; Duration of follow-up: + = at least 3 months or until death or recovery of consciousness;  ? = unknown  
a
 cut-off not defined by 

author, median value used as cut-off; 
b
 highest value of serial measurements within the time frame 

 



 

 

 

Table 1b. Characteristics of studies and tests in serum 

Prognostic factor Reference Study characteristics 

  Prospective Blinding Duration of 
follow-up 

Sampling time frame 
(hours after coma 

onset) 

Prevalence of poor 
outcome (%) 

Prevalence of poor 
test result (%) 

CKBB present 9 - - ? > 6 28 34 

CKBB > 7.5 U/L 
a 

16 + ? + 0 – 24 
b 

33 50 

NSE > 17 ng/mL 5 

14 

+ 

+ 

+ 

? 

+ 

+ 

24 

24 

56 

31 

62 

14 

NSE > 20 ng/mL 5 

8 

17 

+ 

+ 

? 

+ 

? 

? 

+ 

+ 

+ 

24 

24 

“day 1” 

56 

56 

78 

44 

34 

22 

NSE > 33 ng/mL 5 

7 

17 

+ 

+ 

? 

+ 

+ 

? 

+ 

+ 

+ 

24 

1-7 days 
b 

“day 1” 

56 

58 

78 

26 

47 

11 

S-100 > 0.7 µg/L 8 

18 

+ 

+ 

? 

+ 

+ 

+ 

24 

36.8 ± 1.3 

56 

39 

32 

8 

Explanation abbreviations: CKBB = creatine kinase isoenzyme BB (= brain-specific portion); GOT = glutamate oxaloacetate; LDH = lactate 

dehydrogenase; NSE = neuron-specific enolase; S-100 = astroglial protein “S-100”; + = characteristic present; - = characteristic not present; ? = 

unknown; Duration of follow-up: + = at least 3 months or until death or recovery of consciousness;  ? = unknown  
a
 cut-off not defined by author, median 

value used as cut-off; 
b
 highest value of serial measurements within the time frame 

 



 

 

 

Table 2a. Test characteristics of the biochemical markers in CSF: test results, sensitivity, specificity, false-positive test rate and positive-
likelihood ratio 

Poor test result Good test result  Prognostic factor Reference 

Good 
outcome 

Poor 
outcome 

Good 
outcome 

Poor 
outcome 

Sensitivity 
(%) 

Specificity 
(%) 

FPR (%) LR+ 

CKBB > 20 U/l 5 
6 
9 
10 
11 
12 

0 
17 
0 
1 
0 
0 

9 
252 
2 
9 
2 
39 

4 
44 
9 
14 
6 
32 

2 
38 
5 
5 
13 
11 

82 

87 

29 

64 

13 

78 

100 

72 

100 

93 

100 

100 

0 

6.3 

0 

10 

0 

0 

7.9 

3.1 

6.3 

9.6 

2.2 

51.1 

CKBB > 20 ng/mL 13 

14 

2 

1 

8 

13 

4 

41 

2 

12 

80 

52 

67 

98 

20 

7.1 

2.4 

21.8 

CKBB > 204 U/L 6 

15 

0 

0 

139 

22 

61 

7 

151 

23 

48 

49 

100 

100 

0 

0 

59.4 

7.8 

NSE > 24 ng/L 14 0  14 40  5 74 100 0 59.5 

NSE > 50 ng/L 8 1 26 6 3 90 86 3.7 6.3 

S100 > 6 µg/L 8 3 26 4 2 93 57 10.3 2.2 

LDH > 82 U/L 5 0 9 4 2 82 100 0 7.9 

GOT > 62 U/L 5 0 8 3 1 89 100 0 6.8 

Explanation abbreviations: see table 1; FPR = false-positive test rate; LR+ = positive-likelihood ratio 

 

 

 



 

 

 

 

Table 2b. Test characteristics of the biochemical markers in serum: test results, sensitivity, specificity, false-positive test rate and positive-
likelihood ratio 

Poor test result Good test result  Prognostic factor Reference 

Good 
outcome 

Poor 
outcome 

Good  
outcome 

Poor   
outcome 

Sensitivity 
(%) 

Specificity 
(%) 

FPR 
(%) 

LR+ 

CKBB present 9 3 13 31 0 100 91 18.8 11.3 

CKBB > 7.5 U/L 16 6 3 6 3 50 50 66.7 1.0 

NSE > 17 ng/mL 5 

14 

7 

1 

14 

8 

8 

44 

5 

12 

74 

40 

53 

98 

33.3 

11.1 

1.6 

18.0 

NSE > 20 ng/mL 5 

8 

17 

2 

3 

0 

13 

18 

4 

13 

24 

4 

6 

17 

10 

68 

51 

29 

87 

89 

100 

13.3 

14.3 

0 

5.1 

4.6 

3.0 

NSE > 33 ng/mL 5 

7 

17 

1 

0 

0 

8 

20 

2 

14 

18 

4 

11 

5 

12 

42 

80 

14 

93 

100 

100 

11.1 

0 

0 

6.3 

30.0 

1.7 

S-100 > 0.7 µg/L 8 

18 

1 

0 

18 

3 

26 

23 

15 

12 

55 

20 

96 

100 

5.3 

0 

14.7 

10.5 

Explanation abbreviations: see table 1; FPR = false-positive test rate; LR+ = positive-likelihood ratio 

 

 

 

 



 

 

Table 3a. Prognostic accuracy of the biochemical markers in CSF: pooled results (if possible) 

Probability of poor outcome after poor test 

result in % (95% CI)  

Prognostic factor 

 

No. with 

poor test 

result 

No. with both poor 

test results and 

good outcome 

 95% CI of the 

(pooled) false-

positive test rates 

(Pooled) positive-

likelihood ratio 

(95% CI) 
60% prior 75% prior 90% prior 

CKBB > 20 U/l 331 18 3.0% - 7.9% 4.4 (3.0 – 6.4) 87 (82 – 91) 93 (90 – 95) 98 (96 – 98) 

CKBB > 20 ng/mL 
a 

24 3 2.7% - 32.4% 6.2 (0.7 – 53.3) 90 (51 – 99) 95 (68 – 99) 98 (86 – 99) 

CKBB > 204 U/L 161 0 0% – 2.3% 33.2 (4.8 – 230.2) 98 (88 – 99) 99 (94 – 99) 99 (98 – 99) 

NSE > 24 ng/L 14 0 0% - 23.2% 59.5 (3.7 – 946.9) 99 (85 – 99) 99 (92 – 99) 99 (97 – 99) 

NSE > 50 ng/L 27 1 0.1% - 19.0% 6.3 (1.0 – 38.7) 90 (60 – 98) 95 (75 – 99) 98 (90 – 99) 

S100 > 6 µg/L 29 3 2.2% - 27.3% 2.2 (0.9 – 5.1) 77 (58 – 89) 87 (73 – 94) 95 (89 – 98) 

LDH > 82 U/L 9 0 0% - 33.6% 7.9 (0.6 – 111.6) 92 (47 – 99) 96 (64 – 99) 99 (84 – 99) 

GOT > 62 U/L 8 0 0% - 36.9% 6.8 (0.5 – 92.1) 91 (43 – 99) 95 (60 – 99) 98 (82 – 99) 

Explanation abbreviations: see tables 1 and 2; No. = number of patients; for the upper limits of the confidence intervals percentages over 99 % were 

conservatively rounded off downwards; 
a
 χ
2
-test: p≤0.10, random-effects model used; for the other pooled positive-likelihood ratios the fixed-effects 

model could be used. 

 

 

 

 



 

 

Table 3b. Prognostic accuracy of the biochemical markers in serum: pooled results (if possible) 

Probability of poor outcome after poor test 

result in % (95% CI)  

Prognostic factor 

 

No. with 

poor test 

result 

No. with both poor 

test results and 

good outcome 

 95% CI of the 

(pooled) false-

positive test rates 

(Pooled) positive-

likelihood ratio 

(95% CI) 
60% prior 75% prior 90% prior 

CKBB present 16 3 4.1% - 45.6% 11.3 (3.9 – 33.4) 94 (85 – 98) 97 (92 – 99) 99 (97 – 99) 

CKBB > 7.5 U/L 9 6 29.9% - 92.5% 1.0 (0.4 – 2.7) 60 (36 – 80) 75 (53 – 89) 90 (77 – 96) 

NSE > 17 ng/mL 
a 

 30 8 10.8% - 42.5% 4.4 (0.4 – 46.1) 87 (38 – 99) 93 (55 – 99) 98 (78 – 99) 

NSE > 20 ng/mL 40 5 4.2% - 26.8% 4.6 (2.1 – 10.4) 87 (76 – 94) 93 (86 – 97) 98 (95 – 99) 

NSE > 33 ng/mL  31 1 0.1% - 22.8% 10.5 (2.7 – 40.2) 94 (80 – 98) 97 (89 – 99) 99 (96 – 99) 

S-100 > 0.7 µg/L 22 1 0.1% - 22.8%  13.6 (2.7 – 69.7) 95 (80 – 99) 98 (89 – 99) 99 (96 – 99) 

Explanation abbreviations: see tables 1 and 2; No. = number of patients; for the upper limits of the confidence intervals percentages over 99 % were 

conservatively rounded off downwards; 
a
 χ
2
-test: p≤0.10, random-effects model used; for the other pooled positive-likelihood ratios the fixed-effects 

model could be used. 
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ng/L and how many of these recovered was not reported).8 Only for CSF CKBB 

more than 204 U/L were the confidence intervals for the false-positive test rate small. 

 

 

Discussion 

Despite differences among studies concerning laboratory techniques and the choice 

of cut-off values, we were able to combine results from several studies for various 

markers. Prognostic accuracy, expressed as the 95% CL of the false-positive test 

rate, proved to be poor for all tests, with the exception of CSF CKBB more than 204 

U/L (95% CI false-positive test rate 0 – 2.3%). This is also illustrated by its pooled 

positive-likelihood ratio of 33.2 (95% CI 4.8 – 230.2). With a prior risk for poor 

outcome of 60, 75 and 90 %, a patient with CSF CKBB more than 204 U/L would 

thus have a posterior risk for poor outcome of 98, 99 and 99% respectively. 

However, the two studies from which these figures are derived were retrospective 

analyses of patient series in which CSF CKBB values had been used for clinical 

decisions. Therefore, there is a serious risk that the prognostic impact of high CSF 

CKBB levels on poor outcome reflects a self-fulfilling prophecy. In one of these 

studies,15 treatment decisions were influenced by the results of this and other tests in 

as many as 22 of the 43 patients who died in the hospital. In the other studies5,9-14 on 

CSF CKBB different laboratory techniques were used, making it impossible to 

combine results from all studies. With the cut-off values used in these studies a 0% 

false-positive test rate is not reached.  

From the other markers for which a zero % false-positive test rate was found, the 

findings for CSF NSE higher than 24 ng/L seem unreliable, since one false-positive 

patient was found in another study using a higher cut-off value of 50 ng/L. CSF LDH 

and GOT both have a zero % false-positive rate, but have been studied in very small 

sample sizes (15 and 12 patients respectively), resulting in exceedingly wide 95% 

confidence intervals. 

Of the remaining markers, serum NSE higher than 33 ng/mL and S100 have a false-

positive test rate close to zero %, with a false-positive prediction in only one patient 

each. However, due to small sample sizes their accuracy as predictors of poor 

outcome is also limited. 
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Apart from the possible effect of unblinding on the results of the studies of CSF 

CKBB more than 204 U/L mentioned above, it is difficult to ascertain the influence of 

methodological characteristics on the results of the remaining studies. The number 

of studies was too small for most prognostic variables to be able to compare results 

of prospective, blinded studies with retrospective and unblinded studies.   

 The large variability in sensitivity and specificity found may partly be explained by 

the variation in sampling time between studies: between 6 and 96 hours after the 

event, in most cases between 24 and 48 hours. Possibly, further narrowing of this 

time frame or the use of serial samples can improve the test characteristics of these 

markers. With regard to specificity, further improvement may be expected with the 

use of higher cut-off values, at the expense, of course, of decreasing sensitivity. This 

will limit the usefulness in clinical practice, as the majority of the patients with poor 

outcome will not be identified by the test. For example, serum NSE specificity rises 

from 53 to 87, and 93% when cut-off values of 17, 20 and 33 ng/ml, respectively, are 

used. At the same time sensitivity falls from 74 to 68 and 42%, and the prevalence of 

poor test results in the patient population from 62 to 44, and 26.5 Similar calculations 

cannot be made for the pooled data of other variables, because different cut-off 

values are used in the different studies. In a  recent study it is suggested that the 

combined results of the highly specific CSF CKBB and SSEP results may increase 

sensitivity to levels above that of each individual test.15 

Our findings indicate that at present the biochemical markers have insufficient 

predictive accuracy for outcome in anoxic-ischaemic coma when compared to 

somatosensory evoked potentials.1 Serum tests, though being more practical in daily 

use than CSF, seem to be less specific with the cut-off values used at present. 

Further prospective studies are therefore needed before any of these markers can 

be used as a reliable basis for non-treatment decisions. Characteristics of such 

studies should be: inclusion of well-defined patients, recording of prognostic 

variables at fixed time intervals, optimum treatment during a defined period, the 

blinding of physicians for the potential prognostic variables studied, documentation of 

treatment restrictions and causes of death, recording of outcome after a sufficient 

period and comparison of predictive value to that of clinical neurological and 

neurophysiological parameters, especially somatosensory evoked potentials. In a 
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prospective registry of patients with anoxic-ischaemic coma (not published), the time 

of the ischaemic insult could not be reliable determined (surgical or post surgical 

complications) in 10% of the patients. Another 25% died within the first days from 

their primary condition. Based on these data, and on a conservative estimate of a 

prevalence of potential prognostic variables of 20% (reference 1 and this study),  we 

calculated that to be able to identify variables that accurately predict (i.e. upper 95% 

CI of false-positive predictions less than 5%) death or vegetative state 1 month and 3 

months after cardiac arrest, 600 patients would be needed.  
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Abstract 

 

Objective In patients who remain unconscious after cardiopulmonary resuscitation 

(CPR) poor outcome may be predicted with several tests. To use these tests, 

knowledge of a priori chances of poor outcome after varying periods of 

unconsciousness is needed. This study is aimed at providing such data.  

Design and patients Data regarding survival and recovery of consciousness were 

extracted from registry-based and prospective cohort studies of patients with anoxic-

ischaemic coma. A survival analysis was done using Kaplan Meier estimates and 28-

day outcomes were calculated for all patients unconscious after 24 and 72 hours, 

and 5 days, 7 days and 14 days after CPR. Patient characteristics and outcomes in 

our cohort were compared with those of published patient series.  

Results After 28 days 27% of 172 patients from the two cohort studies were alive 

and conscious, 9% were still unconscious and 64% had died. The proportion of 

patients who regained consciousness decreased from 34% of those unconscious 

within the first 6 hours post-CPR to 13% of those still unconscious after two weeks. 

The proportion surviving in an unconscious state increased from 6% of patients who 

were unconscious initially to 33% of those still unconscious after two weeks. The 

chance of survival remained unchanged up to 7 days after CPR, irrespective of the 

duration of unconsciousness. Patient characteristics and outcomes in our cohort 

were comparable to data available from the literature.  

Conclusions The a priori chances of (poor) outcome vary with the duration of 

unconsciousness after CPR. This study provides data for different time-intervals after 

CPR.  
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Introduction 

The majority of patients who remain unconscious more than 24 hours after 

cardiopulmonary resuscitation (CPR) never regain consciousness.1 Continuation of 

treatment in these patients is therefore often questioned. For individual patients, 

however, the question to continue or forego further treatment is hard to answer, 

since for many of them poor outcome is difficult to predict with the desired amount of 

certainty.  

In recent systematic reviews we presented test characteristics of clinical, 

neurophysiological and biochemical variables for the prediction of poor outcome.1,2 

In these studies we used positive-likelihood ratios (sensitivity / 1 - specificity) to 

describe the prognostic value of the variables, since likelihood ratios are more stable 

than predictive values when prevalences of poor outcome vary. When this Bayesian 

approach is used, estimations of the a priori chances of poor outcome are needed. 

Estimations of poor outcome in patients who remain unconscious are likely to vary 

considerably with the duration of unconsciousness after CPR. Outcome data in the 

literature, however, are generally not related to different durations of 

unconsciousness and these data therefore do not represent reliable a priori chances 

for unconscious patients in whom different time intervals after CPR have elapsed. 

We therefore analysed survival and recovery of consciousness in patients with 

anoxic-ischaemic coma to provide such time-related data.  

 

 

Methods 

We analysed survival and recovery of consciousness in patients with anoxic-

ischaemic coma in a large university hospital, based on a registry of resuscitated 

patients and on prospective data collection. We compared our findings with survival 

data from selected published patient series.  

Registry-based study 

Patients were selected from a prospective resuscitation registry containing data on 

all in- and out-of-hospital CPRs presented to the resuscitation team of a large 
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university hospital during a period of 7 years (Academic Medical Centre, Amsterdam, 

The Netherlands). From this database we retrospectively selected patients with 

anoxic-ischaemic coma, defined as successful CPR without recovery of 

consciousness for at least six hours after resuscitation. Patient and resuscitation 

characteristics (age, sex, duration and place of resuscitation) and outcome in terms 

of survival and recovery of consciousness were extracted. We used the patients’ files 

to assess the duration of unconsciousness. Unconsciousness was defined as no eye 

opening, not following commands, and not uttering words (Glasgow Coma Score of 

E = 1, M ≤ 5, V ≤ 2).3 Patients who were unconscious during follow-up could be 

either comatose or in a vegetative state (awake but not aware).  

Patients were followed from the day of resuscitation until death or discharge from the 

hospital. For patients who remained hospitalised for at least a month outcome data 

after 28 days were used. 

 

Prospective study 

In addition, for the present study we prospectively identified all patients who were 

admitted to the Intensive Care Unit (ICU) after resuscitation or resuscitated during 

their stay at the ICU of the same hospital over a period of 1 year, and followed them 

until death or discharge. Patient and resuscitation characteristics, outcomes, and 

follow-up period were defined as in the registry-based study.  

 

Literature study 

From the results of a search in Medline and EMBASE (up to 2001) on the prognosis 

of patients with anoxic-ischaemic coma used for our previous structured reviews,1,2 

we selected those studies: (1) in which patients were followed for at least one week, 

and (2) data on survival and recovery of consciousness at more than one time-

interval after CPR were provided. From these studies, data on patient characteristics 

and outcome in terms of survival and recovery of consciousness were extracted.  
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Statistical analyses 

Descriptive statistical measures were calculated for characteristics of the patients 

from each of the three study populations (prospective, registry, literature). For the 

analysis of recovery, we used three different outcome states: (1) alive and awake, 

(2) alive but still unconscious, (3) dead. We calculated and displayed the distribution 

of patients over these states during follow-up based on Kaplan-Meier estimates. 

Special attention was given to the fact that patients could only be in one state at a 

time. We used data up to 28 days after CPR in this analysis. To provide estimations 

of the a priori chances of poor outcome after different durations of unconsciousness 

we additionally calculated the 28-day outcome data (as described above) for all 

patients still unconscious at different time intervals. 

Finally, for the different time intervals we calculated the weighted pooled 

percentages of the individual study results for each outcome category (weight = 

1/SE2).4 Statistical uncertainty of the pooled percentages was expressed in 95% 

confidence intervals.  

 

 

Results 

Registry-based and prospective studies 

From the registry of 402 resuscitated patients, 132 (33%) met our criteria for anoxic-

ischaemic coma. An additional 40 patients were identified prospectively. Patient 

characteristics and resuscitation data are shown in table 1. The data on duration of 

resuscitation turned out to be unreliable since this duration was documented as 

“unknown” in many patients. The remaining characteristics are similar in both 

groups, except for the percentage resuscitations on the ward and on the ICU or 

operation room.  

Time until recovery of consciousness or death for all 172 patients is shown in figure 

1. By the end of the first week after resuscitation 45 (26%) were alive and conscious, 

49 (29%) were unconscious and 78 (45%) had died, four of whom had died after first 

having regained consciousness. After 28 days, 46 patients (27%) were alive and 
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Table 1. Patient characteristics from the registry-based and the prospective study 

Patient data   Total Registry data Prospective data 

Number of patients 

 

Mean age ± SD 

Range age  

Male 

 

Duration of resuscitation 

<15 minutes 

>15 minutes 

unknown 

 

Place of resuscitation 

Out-of-hospital  

In-hospital, ward  

In-hospital, ICU/OR 

172 

 

63 ± 15 

20 – 88 

62 % 

 

 

12 % 

29 % 

59 % 

 

     

24 % 

62 % 

14 % 

132 

 

63 ± 15 

20 – 88 

63 % 

 

 

8 % 

29 % 

63 % 

 

 

25 % 

67 % 

8 % 

40 

 

63 ± 16 

21 – 84 

60 % 

 

 

26 % 

28 % 

46 % 

 

 

23 % 

45 % 

32 % 

Explanation: ICU = intensive care unit; OR = operation rooms; SD = standard deviation 

 

 

conscious, 16 patients (9%) were unconscious and 110 (64%) had died, 12 of whom 

had died after first having regained consciousness.  

 

Detailed outcome analyses for different time points after resuscitation  

The outcome data at one month for all patients still unconscious at different time 

intervals after resuscitation are shown in table 2. The percentage of patients 

regaining consciousness decreased from 34.3% of patients who were unconscious 

initially, through 25.3% of patients who were unconscious for at least 72 hours, to 

13.3% of those patients who were still unconscious after 14 days. A number of these 

patients died after recovery of consciousness from other than neurological causes. 

Thirty-eight (64.4%) of the 59 patients regaining consciousness after coma at onset 

awakened within two days after discontinuation of sedatives. This was also the case 
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Figure 1: Kaplan-Meier-“survival”-curves of time until death or recovery of 

consciousness.  

Patients who recover consciousness first, but die in a later stage are represented in the lower part of 

the figure (“awake and alive”) between the day of recovery and the day of death, and move to the 

upper part (“dead”) after the day of death. 

 

in ten of 21 patients (47.6%) unconscious for at least 72 hours and one of 11 

patients (9.1%) still unconscious after 7 days. 

Ten patients remained unconscious or in a vegetative state for the duration of the 

study. This is 5.8% of the 172 patients unconscious at onset and 33.3% (10/30) of 

those still unconscious after 7 days. However, follow-up was incomplete for two of 

these patients, as they were discharged to other institutions 2 and 12 days after 

resuscitation and were lost to follow-up.  

The risk of dying in the follow-up period without regaining consciousness was 

approximately 60%, irrespective of the duration of unconscious, when coma 

durations of one to seven days were considered. 

                        



 

 

Table 2. Recovery and vital status at one month in patients still unconscious at different time-intervals after resuscitation 

 number of patients (number of 

patients awakening within 2 days 

after discontinuation of sedatives) 

recovery of 

consciousnessa  

(n;%)  

dead without 

awakening (n;%) 

surviving in 

unconscious stateb  

(n;%) 

unconscious at onset c 

unconscious after 24 hours 

172 (38) 

158 (28) 

59 (34.3 %) 

54 (34.2 %) 

103 (59.9 %) 

94 (59.5 %) 

10 (5.8 %) 

10 (6.3 %) 

unconscious after 72 hours 

unconscious after 5 days 

83 (10) 

59 (4) 

21 (25.3 %) 

12 (20.3 %) 

52 (62.7 %) 

37 (62.7 %) 

10 (12.0 %) 

10 (16.9 %) 

unconscious after 7 days 52 (1) 11 (21.2 %) 31 (59.6 %) 10 (19.2 %) 

unconscious after 14 days 30 (0) 4 (13.3 %) 16 (53.3 %) 10 (33.3 %) 

Explanation: a including patients who died after recovery of consciousness; b unconscious = comatose or in a vegetative state; c i.e. 

six hours after successful CPR
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Literature study 

Our literature search revealed only three studies that fulfilled our inclusion criteria.5-7 

Two studies5,6 were reports from clinical trials by the Brain Resuscitation Clinical 

Trial study group: BRCT I (262 patients) and BRCT II (516 patients). In these studies 

the effects of thiopental and lidoflazine, respectively, in unconscious survivors of 

cardiac arrest were investigated. Both trials showed no effect of the drugs tested on 

outcome, so data from both the treatment and control arms were combined for the 

outcome analysis. The third study was a prognostic cohort study by Levy et al.,7 in 

which the prognostic value of motor responses and brain stem reflexes was 

investigated in 210 patient with hypoxic-ischaemic coma.   

Patient characteristics and resuscitation data from the different studies are shown 

and compared to our own combined registry-based and prospective data in table 3.  

From the BRCT I trial, outcome data for 3 days, 10 days and 1 month after 

resuscitation were available. In BRCT II, outcome data were published for 3 days, 7 

days and 1 month after resuscitation, whereas from the study of Levy et al. data for 

1, 3 and 7 days after resuscitation were available. Table 4 shows the (pooled) 

percentages of patients from the different studies who had died, recovered 

consciousness and remained unconscious, after several time intervals after 

resuscitation. As shown in this table, our data are in the same range as those from 

the studies found in the literature at all time points for which they are available.  

 
 

Discussion 

This study provides data on survival and recovery of consciousness in patients who 

remained unconscious for variable periods of time after CPR. As would be expected, 

the percentage of patients who regained consciousness gradually decreased, from 

34% of those unconscious within the first 6 hours post-CPR to 13% of those still 

unconscious after 2 weeks. The percentage surviving in an unconscious state 

increased, from approximately 6% of patients who are unconscious initially to 33% of 

patients still unconscious after two weeks. The chance of survival remained  
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Table 3. Patient characteristics from the combined registry-based and prospective 

databases and from the literature 

Patient data   AMC BRCT 1 BRCT 2 Levy et al 

Number of patients 

 

Mean age
a 

Range age  

 

Male 

 

Duration resuscitation 

<15 minutes 

>15 minutes 

unknown 

 

Place of resuscitation 

Out-of-hospital  

In-hospital 

ward  

ICU/OR 

172 

 

63 ± 15 

20 – 88 

 

62 % 

 

 

12 % 

29 % 

59 % 

 

 

24 % 

76 % 

62 % 

14 % 

262 

 

58 ± …b 

<1 – 88 

 

75 % 

 

 

55 % 

45 % 

 

 

 

74 % 

26 % 

… 

… 

516 

 

63 ± … 

12 – 95 

 

62 % 

 

 

55 % 

45 % 

 

 

 

64 % 

36 % 

… 

… 

210 

 

61 ± … 

 … 

 

61 % 

 

 

… 

… 

 

 

 

34 % 

66 % 

31 % 

35 % 

Ellipses indicate that no data are available; 
a
 Standard deviation not available for most studies; 

b
 

Three dots (…) indicate that no data are available 

 

unchanged up to 7 days after resuscitation, irrespective of the duration of 

unconsciousness, with approximately 60% of patients dying without having regained 

consciousness. As a result, the chance of poor outcome (death or survival in a 

vegetative state 1 month after CPR) varies with duration of unconsciousness after 

resuscitation. Therefore, outcome data to be used as a priori chances for a Bayesian 

approach of outcome prediction, should be related to the time after CPR. With regard 

to our definition of poor outcome it should be realised that patients who are in a 

vegetative state 1 month after CPR may still have a small chance of recovering 

consciousness. Late recovery, with severe mental and motor disability in most  
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Table 4. Data on survival and recovery of consciousness from different studies  

Dead Conscious Unconscious
 a
 Time 

since 

onset 

Study 

n/total % (95% CI) n/total % (95% CI) n/total % (95% CI) 

1 Day Levy et al.  

AMC 

Pooled % 

42/210 

39/172 

20.0 

23.3 

21.1 (17.0-25.1) 

15/210 

29/172 

7.1 

16.9 

9.9 (6.9-12.9) 

153/210 

104/172 

72.9  

59.8  

67.9 (63.3-72.5) 

3 Days BRCT I 

BRCT II 

Levy et al.  

AMC 

Pooled % 

74/262 

187/516 

86/210 

62/172 

28.2  

36.2  

41.0  

36.6  

35.0 (32.3-37.7) 

79/262 

127/516 

25/210 

37/172 

30.4 

24.6  

11.9  

21.5  

21.5 (19.2-23.8) 

97/262 

191/516 

99/210 

73/172 

37.0  

37.0  

47.1  

41.9  

39.5 (36.7-42.3) 

7 Days BRCT II 

Levy et al. 

AMC 

Pooled % 

269/516 

134/210 

78/172 

52.1  

63.8  

46.0  

53.7 (50.5-56.9) 

119/516 

26/210 

45/172 

23.1  

12.4  

26.2  

19.9 (17.3-22.5) 

122/516 

50/210 

49/172 

23.6  

23.8  

27.8  

24.5 (21.7-27.3) 

10 Days BRCT I 

AMC 

Pooled % 

140/262 

89/172 

53.4  

51.7  

52.8 (48.1-57.5) 

78/262 

44/172 

29.8  

25.6  

28.0 (23.8-32.2) 

37/262 

39/172 

14.1  

22.7  

16.8 (13.3-20.3) 

1 Month 

b 

BRCT I 

BRCT II 

AMC 

Pooled % 

177/262 

384/516 

110/172 

67.6  

74.4  

64.0  

71.0 (68.1-73.9) 

68/262 

99/516 

46/172 

26.0  

19.2  

26.7  

22.0 (19.4-24.6) 

11/262 

21/516 

16/172 

4.2  

4.1  

9.3  

4.6 (3.3-5.9) 

Explanation: 
a
 unconscious = comatose or in a vegetative state; in the BRCT I and II studies patient 

status was unknown for a small percentage of patients at each time-point; 
b
 1 month as stated in the 

studies used, for the AMC cohort data after 28 days were used. The homogeneity assumption was 

met in all analyses. 
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patients, has been reported in 11% of patients who have been unconscious for 1 

month from non-traumatic causes.8 

To assess whether our findings could be generalised to other patient populations, we 

compared our data to findings from other studies in the literature. It should be noted 

that the populations from these studies differed in several respects from our cohort. 

From the patients of Levy et al., only 71% were resuscitated for cardiac arrest; the 

remaining patients all suffered global cerebral anoxia/ischaemia from other causes. 

Since the mechanism of brain damage was the same in all patients, we considered 

this patient population to be comparable to our study cohort. Other differences 

between the cohorts are the time of inclusion and the type of patients included. We 

included patients who were unconscious 6 hours after resuscitation, whereas in 

BRCT I and II patients were included within the first 50 and 30 minutes after 

resuscitation, respectively. In Levy et al.’s study the moment of inclusion was not 

specified. All other entry characteristics, with the exception of the percentage of 

patients resuscitated in-hospital (which was larger in our cohort), were comparable 

between studies, as were the outcomes at different time intervals. We therefore 

believe that our study cohort does not differ in important respects from those 

reported in the literature.  

It should be emphasised that the data from the literature could only be used to 

compare the natural histories of the different patient cohorts. Outcome data from the 

literature were always presented for the complete inception cohort and were never 

related to different durations of unconsciousness after CPR.  

We are aware that our study is limited by the fact that our data do not represent the 

natural history of anoxic-ischaemic coma. First, duration of unconsciousness in these 

patients can be prolonged by the use of sedatives. In our cohort this was true 

especially for those who awakened in the first days after resuscitation. From 11 

patients in our cohort recovering consciousness after at least 1 week of 

unconsciousness, however, only one received sedatives up to 2 days before 

awakening. Second, patient outcome may to an unknown extent be influenced by the 

implementation of treatment limitations, potentially leading to earlier death of 

selected patients. In order to be informed about the natural history of anoxic-

ischaemic coma, one would have to refrain from such limitations. However, this 
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would not be feasible and ethically acceptable both in ordinary clinical practice and in 

prospective natural history studies.  On the other hand, even in the absence of 

generally accepted guidelines regarding treatment limitations in patients with anoxic-

ischaemic coma,1 our own data and those from the literature give fairly comparable 

outcome results. We therefore believe that the data presented here are the best 

evidence that can be produced about the natural history of patients with anoxic-

ischaemic coma at this moment. 
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Abstract  
 

Objective To study interobserver variation in the interpretation of median nerve 

SSEPs in patients with anoxic-ischaemic coma. 

Methods SSEPs of 56 consecutive patients with anoxic-ischaemic coma were 

interpreted independently by five experienced clinical neurophysiologists using 

guidelines derived from a pilot study. Interobserver agreement was expressed as 

kappa coefficients. 

Results Kappa ranged from 0.20 to 0.65 (mean 0.52, SD 0.14). Disagreement was 

related with noise level and failure to adhere strictly to the guidelines in 15 cases. 

The presence or absence of N13 and cortical peaks caused disagreement in five 

cases each. For recordings with a noise level of 0.25 µV or more, mean kappa was 

0.34; for recordings with a noise level below 0.25 µV mean kappa was 0.74. 

Conclusions Interobserver agreement for SSEPs in anoxic-ischaemic coma was 

only moderate. Since the noise level strongly influenced interobserver variation, 

utmost attention should be given to its reduction. If an artefact level over 0.25 µV 

remains, absence of N20 cannot be judged with sufficient certainty and the SSEP 

should be repeated at a later stage. 

Significance Because of its moderate interobserver agreement, great care has to be 

given to accurate recording and interpretation of SSEPs before using the recordings 

for non-treatment decisions. 
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Introduction 

Bilateral absence of the N20 cortical potential of median nerve somatosensory 

evoked potentials (SSEP) has been identified as the most valid predictor of poor 

outcome in patients who are unconscious after circulatory arrest.1,2 Its prognostic 

value has been studied more extensively than that of any other factor, and it appears 

less susceptible to sedatives and metabolic changes than the clinical neurological 

examination and the EEG.3-5 Since absence of the N20 is often used as a basis for 

non-treatment decisions in these patients, it is important to know whether these 

SSEPs can be interpreted reliably.  

In earlier studies of the prognostic value of SSEPs in anoxic-ischaemic and 

nontraumatic coma Madl et al. mentioned good reproducibility of the SSEPs, tested 

by repeated measurements.6,7 In another study two physicians reviewed recordings 

independently,8 but interobserver variation was not mentioned. We therefore studied 

the interobserver variation in the interpretation of SSEP-recordings in patients with 

anoxic-ischaemic coma.  

 

 

Methods 

Study design 

The study consisted of two phases: a pilot phase and the actual interobserver study. 

The  pilot phase aimed to define guidelines for the interpretation of SSEPs in 

patients with anoxic-ischaemic coma. In this phase, a convenient sample of SSEPs 

from 20 patients with anoxic-ischaemic coma of 3 days’ duration was collected. 

Inclusion criteria were: recording after median nerve stimulation on both sides; 

recording over Erb’s point, the cervical spine and the cerebral cortex, and absence of 

any markers indicating the putative presence of peaks. 

Printouts of the 20 SSEP were presented to five independent clinical 

neurophysiologists, with experience varying from 4 to 28 years (mean 14 years), 

working in four Dutch teaching hospitals. After establishing the consensus guidelines 

we performed the interobserver study, using a new set of third day SSEPs of 56 

consecutive patients with anoxic-ischaemic coma from two large Dutch teaching 
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hospitals (Amsterdam and Leiden). The same inclusion criteria were used as in the 

pilot phase. The following patient characteristics were registered: age, sex, cause of 

cerebral anoxia (cardiac arrest or other), comorbidity, need of artificial ventilation, 

and use of sedatives and muscle relaxants. The SSEPs were interpreted 

independently by the same five neurophysiologists, who were not informed about the 

patients’ clinical condition, other than the diagnosis anoxic-ischaemic coma.  

 

Recording of SSEPs 

SSEPs were recorded on standard electrodiagnostic systems (Medelec Sapphire 

4ME, Nicolet Viking III and IV). The right and left median nerves were stimulated at 

the wrist by a bipolar surface electrode with a frequency of 4.7 or 5 Hz and a 

stimulus duration of 0.2 ms to produce a thumb twitch. Two sets of 500 - 512 

responses (rejected responses not included) were averaged. Filter band pass was 3 

Hz to 2 kHz or 20 Hz to 2 kHz. Electrodes (Ag/AgCl) were placed at Erb’s point, 

cervical spine (C2 or C7), and 1.5 cm posterior to C3 and C4 (C3’ and C4’) 

according to the International 10-20 System. In the pilot phase both ipsi- and 

contralateral cortical leads were recorded in one centre, while in the second centre 

only contralateral leads were recorded. In the actual study ipsi- and contralateral 

leads were recorded in both centres. Fz was always used as reference, except for 

Erb’s point, where either Fz or C7 was used as reference. No electronic smoothing 

was used. 

 

Interpretation of SSEPs 

The primary question the observers had to answer was whether the N20 peak after 

stimulation of both the left and right median nerve was absent or not. In cases of 

doubt the N20 was considered present. To be able to understand sources of 

interobserver variation, the SSEPs were also evaluated for each side separately and 

rated as yes or no for the following items: “N20 present”, “N20 absent”, “technically 

insufficient recording” or “uncertain”. Uncertainty had to be refined as due to low 

amplitude, prolonged latency, abnormal shape, or otherwise. 
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Analysis 

The patient characteristics were summarised using descriptive statistics. The 

interobserver agreement for bilateral absence of the N20 was calculated using the 

kappa statistic, which expresses the proportion of agreement beyond chance. Kappa 

was calculated for each pair of observers. The mean values were then interpreted as 

an overall index of concordance for the ten pairs of observers.9 Kappa (K) values 

can be arbitrarily defined as: poor (K < 0), slight (0-0.20), fair (0.21-0.40), moderate 

(0.41-0.60), substantial (0.61-0.80), or almost perfect (0.81-1.00).10  

Because some observers in some recordings judged the noise level too high, while 

others concluded the N20 to be absent, separate kappa analyses for recordings with 

noise above and below a quarter of a µV (0.25 µV) were performed. For this analysis 

mean kappa values had to be based on data from four observers because observer 

5 scored all SSEPs with high noise level as present. His dataset therefore formed a 

constant, making calculation of kappa impossible. Level of noise was determined as 

a visual estimate by an independent examiner who was not one of the observers in 

the interobserver study (EGJZ). The association between noise level and 

interobserver variation was analysed using the Chi-square statistics. 

 
 

Results 

Pilot phase  

Absolute agreement among all five observers for the primary question (bilateral 

absence of N20, or not) was found for 17 of the 20 SSEPs. A separate consideration 

of left- and right-sided tests yielded 40 recordings (20 from each side). Agreement 

among all five observers on the question “N20 absent or not?” was reached in 32. 

The most important sources of disagreement  among observers in the remaining 

eight recordings were related to confusion concerning variant stimulation sites (in a 

few cases with polyneuropathy the median nerve had been stimulated proximally), 

superimposed graphic presentation of traces acquired from  C3’ and C4’ , and the 

noise level. 

Based on these findings the following guidelines were agreed upon: (1) SSEPs 

should be recorded as described in the methods section; if a need was felt to use a 
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different stimulation site this should be clearly stated; (2) SSEPs should be printed 

with a sensitivity of at least 1 µV/cm; (3) the noise level should not exceed 0.25 µV 

for a noise frequency of 20 – 500 Hz, the frequency range of SSEPs themselves. If 

too much artefact is present, the result should be stated as unreliable (4) “bilateral 

absence of N20 peaks” required not only the absence of this peak after right and left 

sided stimulation, but also the presence of appropriate potentials over Erb's point 

and the neck (N13) to ensure that the impulses had arrived in the central nervous 

system.  

 

Interobserver study 

Fifty-six SSEP recordings were studied. Patient characteristics are shown in table 1. 

Unanimous agreement among all five observers was reached in 31 of the 56 SSEPs. 

The N20 peak was judged to be bilaterally absent in nine of these cases and not so 

in 22. Observers disagreed about the remaining 25 recordings. This resulted in K 

values ranging from 0.20 to 0.65 (mean 0.52, SD 0.14). The main sources of 

disagreement are listed in table 2. The numbers of SSEPs judged bilaterally absent 

by the different observers were 33, 23, 19, 18 and 10, in descending order. 

 

Sources of disagreement 

Noise level was 0.25 µV or more in 26 (46 %) cases (table 3). In 15 (58%) of these 

26 cases the N20 was judged to be absent by at least one observer, while others, as 

prescribed by the guidelines, judged the noise level too high to make a reliable 

interpretation (In the cases with a noise level 0.25 µV or more mean K= 0.34; SD 

0.16). An example is shown in figure 1A. In the cases in which all observers agreed 

while the noise level was 0.25 µV or more (11 of 26; 42 %), the N20 was considered 

present. If the noise level was lower than 0.25 µV, disagreement occurred in 10 (33 

%) of 30 recordings (table 3), resulting in a higher mean K of 0.74 (SD 0.08). The 

association between noise level and interobserver variation was borderline 

statistically significant (p=0.05). 

Another source of disagreement concerned the presence or absence of the N13. In 

nine recordings there was disagreement on this point for at least one side; this 
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Table 1. Patient characteristics 

Number of patients       56 

Age [mean (range)]       62.4 (27 – 89) years 

Number of men (%)       35 (63) 

Causes of anoxia 

Cardiac arrest (%)      51 (91) 

Other causes    

Massive GI haemorrhage    1 

  Severe hypotension during aorta surgery   2 

  Near-drowning after seizure    1 

  Hypotension and hypoglycaemia due to sepsis 1 

Comorbidity     

Cardiac disease      19  

Hypertension       10   

Previous neurological disease 

 stroke       6 

head injury      1 

astrocytoma      1 

Diabetes mellitus      8   

Aneurysm aortae      4   

Other vascular disease     4   

Chronic obstructive pulmonary disease   4   

Alcohol abuse       3   

Anaemia       2   

Malignancy       1   

Other        13    

None        15   

% on ventilator       100 

sedatives 

 None (%)       49 (87) 

 Midazolam (varying dose; 1 patient single shot 5 mg) 5 (9) 

 Propofol (200-250 mg/hour)     2 (4) 

muscle relaxants (%)       4 (7) 



76        Chapter 4 
 

 

Table 2. Interobserver variation in the interpretation of bilateral absence of N20 in 57 

SSEPs 

Overall judgement Number of SSEPs Most important source of 

disagreement 

Unanimous: “absent” 9  

Unanimous: “not absent” 22  

Not unanimous 25 15 x Level of artefact 

  5 x Absence/presence N13 

  5 x Miscellaneous 

 

 

Table 3. Level of artefact in relation to agreement among observers 

 Artefact  ≥ 0.25 µµµµV
a Artefact < 0.25 µµµµV

a 

Agreement 11 20 

Disagreement 15 10 

mean K = 0.34 when artefact is ≥ 0.25 µV; mean K = 0.74 when artefact is < 0.25 µV. Mean K values 

are based on data of four observers because cross tabulation with the dataset of observer 5 showed 

too many zero cell frequencies.
  

a
 Association between level of artefact and observer variation: p = 0.05 (X

2
 statistic) 

 
 

resulted in disagreement about the primary question (SSEP absent on both sides or 

not) in five more cases. Disagreement regarding the presence or absence of the N13 

occurred almost exclusively (eight out of nine cases) when the recording was done 

at level C2. The one case where there was disagreement on the presence of the 

N13 at level C7 is presented in Figure 1B. 

In the remaining five cases the causes of disagreement varied. In general, very early 

or low voltage abnormally shaped negative waves were interpreted differently by 

different observers. These recordings were as follows: (1) an early bilateral negative 

wave at 16 ms, probably interpreted by one of the observers as N20, which all others 
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judged to be absent (Figure 1C); (2) an abnormally formed negative wave at 

approximately 28 ms after stimulation on the left side, causing one observer to judge 

N20 absent, two observers to judge N20 present, while two were uncertain about the 

presence of N20 (Figure 1D); (3) a very low voltage negative wave at 15 ms, more 

clearly visible over the right hemisphere than the left, both after left and right sided 

stimulation. This was interpreted as N20 by one of the observers while the other four 

judged the N20 absent (Figure 1E); (4) a low voltage negative wave at 18 ms, 

interpreted as N20 by one observer, three observers were in doubt and one observer 

judged the N20 to be absent (Figure 1F); and (5) a very low voltage wave after 18 

ms, followed by another negative deflection, interpreted as N20 by two observers, 

while two others found the presence of the N20 uncertain. The fifth observer 

concluded the N20 was absent (Figure 1G).  

 
 

Discussion 

The average interobserver agreement of the interpretation of SSEP-registrations was 

only moderate (K = 0.52).  

The main source of disagreement was related to the noise level. In spite of the 

guidelines agreed upon, some observers felt they could reliably conclude the N20 to 

be absent in some registrations with a considerable noise level, consequently 

increasing the interobserver variation for such registrations. In cases with low noise 

levels (noise < 0.25 µV), the observer agreement was substantial (K = 0.74). Another 

important cause of observer variation was disagreement about the presence or 

absence of the cervical N13 wave. This occurred almost exclusively when cervical 

registration was done at the level of C2 instead of that of C7. We did not meet this 

problem in the pilot phase and therefore did not take this into account during the 

formulation of the guidelines. In earlier studies6-8 a C2 derivation was also used and 

yet N13 could be detected in all patients studied. The reason for this discrepancy 

between published and our studies remains unknown.   

A third difficulty was the presence of early very low voltage negative waves. Since a 

certain amount of time is required for a signal to travel from the neck (N13) to the 

cortex (N20), the latency between the N13 and the presumed N20 should be taken 



78        Chapter 4 
 

 

 A   B 

C    D 

 

Figure 1. SSEP’s on which observers disagreed 

Figures 1A, 1C and 1D: Upper four traces after stimulation of the left median nerve (Erb, neck, C4’ 

and C3’ respectively); lower 4 traces after stimulation of the right median nerve (same order of 

traces). Time base 4 ms/division; amplitude fig. 1A 0.5 µV/division, fig. 1C 0.2 µV/division, fig. 1D Erb 

and cervical lead 0.5 µV/division and cortical leads 0.2 µV/division. 
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 E 

F G 

Figures 1B, 1E, 1F and 1G: Upper trace right hemisphere (C4’); second trace left hemisphere (C3’); 

third trace neck (C7); lower trace Erb’s point. Time base 5 ms/division; amplitude 0.5 µV/division. Fig. 

B: SSEP after stimulation of the left median nerve; fig. 1E: SSEP both after stimulation of the left (left 

side of figure) and right (right side) median nerve; and fig. F and G: SSEP after stimulation of the right 

median nerve. See Result section for details. 
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into account in the decision whether the N20 is present or absent. This latency 

should be at least 4.5 msec. When this latency is taken into account, the N20 can be 

considered absent in the SSEPs presented in figures 1C and 1E. Sherman et al.11 

did not consider peaks earlier than 17.5 msec to avoid measuring volume conducted 

potentials from subcortical generators. Furthermore, these authors only considered 

peaks with an amplitude of at least 0.3 µV.  

In this study, we aimed to address the interobserver variation of the interpretation of 

absence of the N20 of the median nerve SSEP in every day clinical practice. We 

therefore, used recordings that had been presented to clinical neurophysiologists in 

clinical practice, irrespective of technical quality. This resulted in many recordings 

with a high level of noise, which in turn resulted in relatively poor interobserver 

agreement. An important question in this respect is whether measures to improve 

the quality of the recordings, such as the use of muscle relaxants, would improve 

interobserver agreement. Unfortunately, muscle relaxants were only rarely used in 

the period from which our recordings were drawn, so that this question could not be 

addressed in this study. However, the results of this study led clinicians in one 

hospital to use muscle relaxants almost always, with a very considerable 

improvement in signal to noise ratio.  

In the face of the only moderate interobserver agreement, it is remarkable that the 

SSEPs have proven to be a valid predictor of poor outcome in many different studies 

from many different centres. This might indicate that in patients where the presence 

or absence of the N20 is questionable, outcome is also invariably poor. Whether this 

is the case cannot be decided from the present literature. In spite of the uncertainty 

about the implications of questionable absence of the N20 for outcome in anoxic-

ischaemic coma, we feel that an irrevocable decision such as limitation of treatment 

should not be based on such questionable results.  

We therefore, conclude that great attention should be given to the accurate recording 

and interpretation of SSEPs before using them to base non-treatment decisions on 

(Appendix A). Since decisions to withdraw treatment are irreversible, the N20 SSEPs 

should be considered “not absent bilaterally” in cases of doubt and efforts should be 

made, when possible, to improve the recording. Since the noise level of the SSEP 
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recording strongly influences the interobserver variation, great care should be given 

to the reduction of disturbing factors during the registration, such as electrical activity 

from the bed, monitors and other ICU equipment, and muscle activity from the 

patient. Disturbing electrical equipment should be temporarily turned off if possible, 

and where necessary patients should be given muscle relaxants. If despite these 

measures a noise level 0.25 µV or more remains, absence of the N20 cannot be 

judged with sufficient certainty and the SSEP should be repeated at a later stage.  

 

 

Appendix A: Recommendations for the interpretation of SSEPs 

• A standard recording technique should be used; all deviations from the standard 

recording techniques should be stated clearly.  

• It is imperative to obtain a good signal to noise ratio, which in view of possibly low 

amplitude SSEPs requires a very low remaining noise level. For both cortical N20 

leads and the N13 lead the noise level concerns the frequency range of 20-500 

Hz, and the peak-to-peak amplitude of noise after averaging should be lower than 

0.25 µV.  

• This can be ensured using the following steps: 

o Use up to 1000 or even more stimuli to obtain an average 

o Stimulus intensity may be set at a higher level than is used in awake 

conscious patients; however in some patients this may result in more 

reflective muscle activity   

o Do not hesitate to use muscle relaxants 

o Turn off nonessential electrical equipment in the patient's surroundings    

o SSEPs should be recorded at an amplification of at least 1 µV/cm 

• An N20 peak on one side can only be considered present if it fulfils all the 

following criteria: 

o It should have an appropriate latency (i.e. at least 4.5 ms longer than the 

corresponding N13 peak in normal-stature adults)  

o It should be present on the contralateral side, and there should be a clear 

difference with the recording from the side ipsilateral to the stimulus.  
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o An N13 peak must be present This requires a recording below C2, 

preferentially at C5-C7;  

o Any potentials found should be reproducible in a second set of stimuli 

• A failure to meet any one of these criteria for either the right or the left side 

means that the N20-peak cannot be considered “bilaterally absent” 
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Abstract 

 

Objective To determine the optimal timing of somatosensory (SSEP) recordings and 

the additional value of clinical and biochemical variables for the prediction of poor 

outcome in patients who remain comatose after cardiopulmonary resuscitation 

(CPR).  

Methods A prospective cohort study was conducted in 32 intensive care units 

including adult patients still unconscious 24 hours after CPR. Clinical, 

neurophysiologic, and biochemical variables were recorded 24, 48, and 72 hours 

after CPR and related to death or persisting unconsciousness after 1 month. 

Results Of 407 included patients, 356 (87%) had a poor outcome. In 301 of 305 

patients unconscious at 72 hours, at least one SSEP was recorded, and in 136 

(45%) at least one recording showed bilateral absence of N20. All these patients had 

a poor outcome (95% CI of false-positive rate 0 to 3%), irrespective of the timing of 

SSEP. In the same 305 patients, neuron-specific enolase (NSE) was determined at 

least once in 231, and all 138 (60%) with a value > 33µg/L at any time had a poor 

outcome (95% CI of false-positive rate 0 to 3%). The test results of SSEP and NSE 

overlapped only partially. The performance of all clinical tests was inferior to SSEP 

and NSE testing, with lower prevalences of abnormal test results and wider 95% CI 

of false-positive rates.  

Conclusions Poor outcome in postanoxic coma can be reliably predicted with 

somatosensory evoked potentials and neuron-specific enolase as early as 24 hours 

after cardiopulmonary resuscitation in a substantial number of patients. 
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Introduction 

The prediction of poor outcome in patients who remain unconscious after 

cardiopulmonary resuscitation (CPR) has recently been addressed in a number of 

systematic reviews. A positive predictive value of 100% has been demonstrated for 

the absence of early cortical responses (N20) of the somatosensory evoked 

potentials (SSEPs) in the first week after CPR,1-3 and similar values were found for 

the absence of pupillary and corneal reflexes and of any motor response three days 

after the hypoxic-ischaemic insult.1,4 The usefulness of biochemical markers of brain 

damage in serum or CSF remained uncertain, because of the small number of 

patients in most studies and methodological flaws in some.5 With these reviews, a 

number of questions could not be answered. (1) What is the earliest time when 

SSEP-results may be considered reliable? (2) Are the predictive values of separate 

variables additive? (3) Can biochemical markers of anoxic-ischaemic brain damage 

contribute to the prediction of poor outcome? We designed our study (Prognosis in 

Postanoxic Coma) to address these questions. 

 

 

Methods  

From January 2000 to May 2003, we performed a multicentre prospective cohort 

study to correlate early clinical, neurophysiologic, and biochemical findings with 

clinical outcome. To study prediction in regular clinical practice, we chose a 

pragmatic design, with various types of hospital and without centralised assessment 

of the neurophysiologic tests. CSF-studies were not feasible with this design. 

Patients admitted to the intensive care units of 32 Dutch hospitals (13 teaching 

hospitals and 19 nonteaching hospitals) were included. The study was approved by 

the ethical review boards of all participating hospitals.  

Consecutive patients with CPR for primary or secondary circulatory arrest, persisting 

coma 24 hours after CPR, age 18 years or older, and informed consent from a legal 

representative were included. We defined coma as no eye opening to external 

stimuli, motor response to pain flexion or worse, and no speech. Exclusion criteria 
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were a life expectancy of no more than several months caused by pre-existent 

disease, death by brain criteria after 24h, concomitant head injury.  

 

Timing of assessments  

Baseline characteristics registered were gender, age, medical history, prearrest level 

of functioning, cause of the arrest, location of arrest, cardiac rhythm before CPR, 

time between arrest and initiation of CPR, and duration of CPR. All patients 

underwent standard assessments 24, 48, and 72 hours (± 4 hours) after CPR, 

including neurological examination, median nerve SSEP and  blood sampling at all 

time points and EEG at 72 hours. For practical reasons, SSEP-recording was not 

always possible on weekends. If the 72-hour SSEP was due on a weekend day, the 

recording was postponed to Monday. 

 

Clinical assessment  

Within the first 24h post CPR sedatives and muscle relaxants were stopped. When 

this was not possible, propofol was used as the standard sedative, and this 

medication was stopped shortly before clinical assessment and EEG recording. 

Morphinomimetics and benzodiazepines were avoided as much as possible. Clinical 

features registered included cardiovascular stability (spontaneously stable, stable 

with medication, unstable), Glasgow Coma Scale, pupillary and corneal reflexes of 

each eye (present or absent), eye movements (spontaneously roving, on cervico-

ocular testing, absent), and seizure or myoclonus (absent, sporadic, status). We also 

recorded the Acute Physiology and Chronic Health Evaluation-II (APACHE-II) score 

over the first 24 hours. Outcome was registered after 1 month using the Glasgow 

Outcome Scale. Poor outcome was defined as either death or persisting 

unconsciousness after 1 month. In patients who died, the probable cause of death 

was registered. In surviving patients, 1-year outcome was assessed by telephone 

contact with the patient, a family member, or the general practitioner of the patient. 

 

SSEPs  

We recorded SSEPs with standard procedures.6,7  Local clinical neurophysiologists 

in each centre assessed the recordings. The results for the N20 were documented 
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for each side separately as absent (only in the presence of a cervical potential); 

present or the recording was judged to be technically insufficient. For our primary 

analysis, we defined “SSEP absent” as N20 absent on both sides; and “SSEP not 

absent” as all remaining combinations of left and right recordings.  

 

EEG 

Local clinical neurophysiologists assessed the EEG recordings. They coded their 

findings using the classification of Hockaday et al.8 In addition, they registered the 

presence or absence of a burst-suppression pattern, and of epileptiform activity 

(absent, sporadic, frequent, status). 

 

Determination of S-100B and neuron-specific enolase  

Blood sampling and measurements were done using standard procedures.9 For our 

primary analysis, we defined abnormal values as > 0.7 µg/L for S-100B and > 33 

µg/L for neuron-specific enolase (NSE), based on our meta-analysis in which these 

values resulted in the lowest false-positive rates.5 

 

Blinding  

Treating physicians were blinded for the results of the first and second day SSEP 

and for all blood tests. Absence of SSEP at 72 hours was considered a sufficiently 

reliable predictor of poor outcome to allow its use for treatment decisions,1-3 and the 

result of 72 hour SSEP-testing was therefore made available to the treating 

physicians. 

 

Treatment and treatment restrictions  

The protocol prescribed no specific treatments. Standard care in Dutch intensive 

care units generally consists of standard supportive care, valproate or phenytoin for 

epilepsy, and valproate or clonazepam for myoclonus. During the last phase of the 

study, induced hypothermia (32 to 34 0C) was gradually introduced as a treatment of 

anoxic-ischaemic brain damage.10,11 These patients were included. From a 

methodological point of view, it was desirable that all patients receive maximal 

treatment during a certain period, but this could not be realised on ethical and 



90        Chapter 5 

 

practical grounds. Treating physicians could decide to stop or forego further 

treatment of patients with established predictors of poor outcome. With regard to 

neurological prognosis, they were offered the following guidelines: 1) Chances for 

survival or recovery of consciousness are virtually nil when the N20 of the SSEP or 

the pupillary reflexes or motor responses are absent or when the EEG is isoelectric 

at 72 hours or later; 2) chances for survival without severe disability are virtually nil 

with a burst-suppression EEG at 72 hours or later or with motor response flexion or 

worse at 7 days or later.1,12 Timing and motivation of any change in treatment level 

were documented. Treatment levels were no treatment restrictions; treatment 

restricted to standard supportive care, such as can be given on regular wards (no-

resuscitation order, weaning from the ventilator and transfer to the regular ward, no 

readmission to the intensive care unit; all other treatment given when necessary); 

and no treatment other than palliation.13  

 

Analyses  

We designed the study to test two hypotheses: 1) The bilateral absence of N20 of 

the SSEP 24 and 48 hours after CPR predicts poor outcome as accurate as the 

absence of such responses 72 hours after CPR; 2) in a number of patients in whom 

N20 of the SSEP is present in the first 72 hours after CPR, poor prognosis can be 

accurately predicted with clinical, EEG, or biochemical variables. Hypothesis 1 was 

tested with descriptive statistics on the basis of 2x2 tables with “bilateral absence of 

N20”  and “poor outcome” as present or absent. We calculated false-positive rates 

(patients with abnormal test result and favourable outcome/all patients with abnormal 

test result) and positive-likelihood ratios with their 95% CIs. To calculate likelihood 

ratios when one of the cells of the 2x2 table contained no observations, we added a 

value of 0.5 to each cell. For the second hypothesis, we performed univariate 

analysis with similar descriptive statistics, using all remaining variables (table 1). We 

used predefined cut-off levels for the primary analysis of NSE- and S100b-levels 

(see above). The performance of these tests was further evaluated with receiver 

operating characteristic curves. Sample size calculation was based on 5% as the 

upper limit of the CI of a false-positive rate for a prognostic variable, which means 

that we would need 80 patients to identify such a variable. With a conservative 
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Table 1. Variables and values used in analyses 

Clinical characteristics 

• APACHE-II-score during the first 24 hours (> 25 vs ≤ 25)* 

• Circulation (unstable vs spontaneously stable) 

• Epilepsy or myoclonus (present vs absent) 

• Pupillary reflexes (bilaterally absent vs present) 

• Corneal reflexes (bilaterally absent vs present) 

• Eye movements (absent vs spontaneous or on cervico-ocular testing) 

• Motor response (absent vs present spontaneously or with painful stimuli)  

Neurophysiologic variables 

• SSEP N20 (bilaterally absent vs not bilaterally absent) 

• EEG at 72 h (Hockaday grade V vs others)* 

• EEG at 72 h (burst-suppression vs no burst-suppression)* 

• EEG at 72 h (epileptiform activity vs no epileptiform activity)* 

Biochemical variables 

• Serum NSE (> 33 µg/l vs ≤ 33 µg/l) 

• Serum S-100B (> 0.7 µg/l vs ≤ 0.7 µg/l) 

All variables except (*) tested at 24, 48, and 72 ( ± 4) h after cardiopulmonary resuscitation 

SSEP = somatosensory evoked potential; APACHE-II = Acute Physiology and Chronic Health 

Evaluation; NSE = neuron-specific enolase. 

 

estimation of the prevalence of useful predictors of 20%, 400 patients were required 

to identify such variables reliably.  

 

 

Results  

We included 407 patients in the study (table 2). Six centres included more than 20 

patients, 8 centres between 20 and 10, and 18 centres fewer than 10. Poor outcome 

occurred in 356 (87%) of the patients, 349 of whom had died. Of the 51 patients who 

were conscious after 1 month, 34 were severely disabled, 10 moderately disabled, 

and 7 had made a good recovery. Of the 34 patients who were severely disabled



 

 

Table 2. Patient characteristics 

Gender (% male)      

Age (years) 

range     

mean (SD)    

median    

Medical History (%) 

myocardial infarction / angina pectoris  

stroke        

peripheral vascular disease    

hypertension      

diabetes       

COPD       

other cardiac diseases    

other neurological diseases     

Pre-arrest handicap (%) 

Moderate/moderately severe handicap1   

      

67 

 

18-91 

63 (14)  

65 

 

35 

11 

10 

29 

14 

13 

15 

  6 

 

  9 

 

 

Primary cause of arrest (%) 

 Cardiac     

 Pulmonary      

Other      

Unknown  

Location of arrest (%) 

Out-of-hospital   

 In-hospital     

Primary rhythm (%) 

VF / VT   

 Other     

 Unknown    

Time between arrest and initiation of CPR 

 Known (N)    

 Range (minutes)   

 Median time (minutes) 

Duration of CPR 

 Known (N)     

Range (minutes)     

 Median time (minutes)   

 

90 

  5 

  4 

  1 

 

85 

15 

 

68 

30 

  2 

 

345 

0-45 

5.0 

 

323 

0-50 

15.0 

VF/VT = ventricular tachycardia or fibrillation; COPD = chronic obstructive pulmonary disease; CPR = cardio respiratory resuscitation; 1 Rankin Scale
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after 1 month, 11 had died after 1 year, 13 remained severely disabled, and 10 had 

become independent (moderate disability or good recovery).  

Characteristics of neurophysiologic, biochemical, and clinical tests are presented in 

tables 3 to 5. The absence of SSEP, EEG Hockaday grade 5, and serum levels of 

NSE of > 33µg/L were superior to all other variables with regard to the percentage of 

abnormal test results (high), false-positive rates (low), and likelihood ratios (high). No 

false-positive predictions were made with any of these variables, with the upper limit 

of the 95% CI of their false-positive rates below 5%.  

In 256 patients at least two SSEP recordings hade been done. In nine of these, N20 

was present in the first and absent in a later recording. In five other patients, N20 

was absent at 24 hours, but the response recurred in a later recording. All these 14 

patients had a poor outcome. In 167 patients, serum-NSE had been determined at 

all three time intervals, and all 88 (53%) patients with at least one abnormal NSE 

value had a poor outcome. The results of SSEP recording and NSE determination 

only partially overlapped (table 6). All 192 patients in whom one of the tests was 

abnormal had a poor outcome (95% CI of the false-positive rate 0-2%). Most of the 

abnormal test results were obtained 24 hours after CPR (74% of abnormal results for 

SSEP, 65% for NSE, and 78% for one of these tests). Overlap between SSEP and 

EEG results was more extensive, but still incomplete: Of all patients without absent 

SSEP, only 13% had a low voltage-EEG (Hockaday grade 5; all voltages <20µV) or 

a burst-suppression pattern. Of the 305 patients who were still unconscious after 72 

hours, no abnormal test result for either SSEP, NSE, or EEG was found in 105, 81 

(77%) of whom had a poor outcome. 

 

Biochemical tests  

Receiver operating characteristic curves for the two biochemical testes validated the 

cut-off value for NSE we selected from our structured review,5 but not that for S100b, 

which proved more time dependent than that of NSE (figure 1). With the mandatory 

high specificity, sensitivity of NSE-testing is clearly superior to that of S100b-testing.  



 

 

 

Table 3. Prediction of poor outcome with neurophysiologic variables 

Variable / Time after CPR  

h 

Patients tested 

N (patients without   

treatment restrictions) 

Abnormal test result  

% (95% CI) 

False-positive Rate1 

% (95% CI) 

Positive-likelihood ratio 

(95% CI) 

No SSEP (N20) bilaterally 

     24 

 

254 (193) 

 

38 (32-44) 

 

0 (0-4) 

 

29 (2-454) 

     48 246 (164) 36 (30-42) 0 (0-4) 27 (2-427) 

     72 281 (170) 41 (35-46) 0 (0-3) 25 (2-394) 

     24-722 301 (175) 453 (40-51) 0 (0-3) 25 (2-383) 

EEG No activity ≥ 20µV 

     72 

 

282 (165) 

 

28 (23-33) 

 

0 (0-5) 

 

17 (1-272) 

EEG Burst-suppression 
pattern 

     72 

 

276 (163) 

 

8 (5-12) 

 

0 (0-15) 

 

5 (0-81) 

EEG Status epilepticus 

     72 

 

282 (166) 

 

9 (6-13) 

 

7 (1-24) 

 

1 (0-5) 

1 Patients with abnormal test result and favourable outcome/all patients with abnormal test result (1-Positive Predictive Value) 

2 Refers to 305 patients who were still comatose after 72h and in whom SSEP-testing had been performed at least once 

3 At least one abnormal test result 

CPR = cardiopulmonary resuscitation; SSEP = somatosensory evoked potential. 



 

 

Table 4. Prediction of poor outcome with biochemical variables 

Variable / Time after CPR 

h 

Patients tested 

N (patients without 

treatment restrictions) 

Abnormal test result  

% (95% CI) 

False-positive Rate1 

% (95% CI) 

Positive-likelihood ratio 

(95% CI) 

NSE > 33µg/L  

     24 

 

272 (206) 

 

42 (36-48) 

 

0 (0-3) 

 

36 (2-563) 

     48 241 (157) 52 (46-59) 0 (0-3) 45 (3-715) 

     72 209 (108) 46 (40-53) 0 (0-4) 39 (3-610) 

     24-722 231 (110) 603 (53-66) 0 (0-3) 23 (2-357) 

S100b > 0.7µg/L 

     24 

 

273 (207) 

 

45 (40-51) 

 

3 (1-8) 

 

5 (2-12) 

     48 238 (155) 44 (38-50) 2 (0-7) 9 (2-36) 

     72 207 (108) 35 (29-42) 0 (0-5) 30 (2-466) 

     24-722 230 (110) 533 (46-59) 2 (1-7) 3 (1-9) 

1 Patients with abnormal test result and favourable outcome/all patients with abnormal test result (1-Positive Predictive Value) 

2 Refers to 305 patients who were still comatose after 72h and in whom NSE- or S100b-testing had been performed at least once 

3 At least one abnormal test result 

CPR = cardiopulmonary resuscitation; NSE = neuron-specific enolase. 

 

 

 
 



 

 

Table 5. Prediction of poor outcome with clinical variables 

Variable  Time after CPR  
h 

Patients tested 
N (patients without  
treatment restrictions) 

Abnormal test result  
% (95% CI) 

False-positive Rate 
% (95% CI) 

Positive-likelihood 
ratio 

(95% CI) 

APACHE-II-Score >25 First 24h 366 (274)     51 (46-56) 8 (4-12) 2 (1-3) 

24h 394 (299)     57 (52-62) 14 (10-19) 1 (1-1) 

48h 353 (238)     47 (41-52) 10 (6-15) 1 (1-2) 

Circulation unstable 

72h 298 (175) 39 (34-45) 8 (4-14) 1 (1-2) 

24h 374 (301) 33 (29-38) 6 (3-12) 2 (1-4) 

48h 341 (237) 19 (14-23) 6 (2-16) 2 (1-5) 

Epilepsy or myoclonus (no status) 

72h 292 (177) 14 (10-18) 2 (0-13) 4 (1-29) 

24h 396 (301) 4 (2-6) 0 (0-21) 5 (0-81) 

48h 350 (237) 1 (0-3) 0 (0-52) 1 (0-25) 

Myoclonus status 

72h 300 (177) 2 (1-4) 0 (0-52) 1 (0-20) 

24h 395 (301) 2 (1-4) 0 (0-41) 2 (0-39) 

48h 351 (237) 1 (0-3) 0 (0-60) 1 (0-21) 

Status epilepticus 

72h 300 (177) 1 (0-3) 0 (0-71) 1 (0-14) 

24h 386 (301) 12 (9-16) 4 (0-14) 4 (1-15) 

48h 338 (236) 12 (8-15) 2 (0-13) 5 (1-36) 

No pupillary & corneal reflexes 

72h 289 (177) 13 (9-17) 0 (0-9) 8 (1-121) 

No motor responses 24h 395 (300) 59 (54-64) 9 (6-14) 1 (1-2) 

 48h 351 (236) 44 (38-50) 6 (3-10) 1 (1-2) 

 72h 300 (177) 35 (29-42) 5 (2-9) 2 (1-4) 

See table 4; APACHE-II = Acute Physiology and Chronic Health Evaluation – II.
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Table 6. Results of SSEP and serum-NSE in patients in whom both tests were done at 

least once within the first 72 hours after cardiopulmonary resuscitation 

 SSEP “absent” at 

least once 

SSEP “not absent” 

always 

 

NSE > 33 µg/L at 

least once 
114 (39)1 57 (30) 171 (69) 

NSE ≤ 33 µg/L 

always  
21 (14) 97 (45) 118 (59) 

 

 
135 (53) 154 (75) 289 (128) 

1 All numbers between parentheses represent patients in whom no treatment restrictions were 

applied within the first 72 hours after cardiopulmonary resuscitation  

 

Treatment restrictions  

Treatment had been restricted in 23% of patients at 24 hours and in 28% at 48 

hours. In all but two patients, these restrictions were of category B. Despite blinding 

of the treating physicians for the 24- and 48-hour SSEP and all NSE-values, 

treatment was significantly more often restricted in patients with absent SSEP and 

abnormal NSE-values (table 7). 

 

Hypothermia 

Only 10 patients were treated with induced hypothermia, 8 of whom had a poor 

outcome (not significantly different from untreated patients). These 10 patients 

included 4 in whom at least one SSEP had been absent, and 3 in whom serum NSE 

had been above the cut-off value at least once; all these patients had a poor 

outcome. 
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Figure 1 Receiver operating characteristic curves for the prediction of poor outcome by serum levels 

of neuron-specific enolase (NSE) (A) and S100b (B) at 24, 48, and 72hours after cardiopulmonary 

resuscitation. At (1-specificity)=0, maximum cut-off levels for NSE are 31.7µg/L at 24 hours, 23.8 at 

48 hours, and 32.3 at 72 hours; for S100b 6.9µg/L at 24 hours, 1.1 at 48 hours, and 0.7 at 72 hours. 

 



 

 

 
 

Table 7. Relation between SSEP/NSE, treatment restrictions, and clinical characteristics at 24h1   

SSEP 24h NSE 24h 

Absent 

(n=97) 

Present 

(n=157) 

Unknown 

(n=153) 

P2 Abnormal 

(n=110) 

Normal 

(n=157) 

Unknown 

(n=131)  

P2 

 

%3 % %  % % %  

Treatment restrictions 36 17 23 0.003 32 17 25 0.013 

 

Clinical characteristic  

Circulation unstable 54 58 59 0.729 69 52 54 0.018 

Epilepsy/myoclonus 57 31 31 <0.001 43 31 39 0.118 

No pupillary reflexes 25 13 20 0.048 24 12 21 0.042 

No corneal reflexes 47 24 37 0.001 52 25 30 <0.001 

No eye movements 66 46 59 0.005 70 51 50 0.003 

No motor response 67 60 69 0.223 73 55 70 0.003 

1 approximately similar results were found for 48h, data not shown; 2 p-value for X
2
-analysis comparing all three categories; 3 Percentage of number of 

patients in SSEP-group. 
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Discussion  

We have demonstrated that the bilateral absence of the N20 of the SSEP in patients 

with postanoxic coma of at least 24 hours’ duration is invariably associated with poor 

outcome. In 45% of patients, SSEP were absent within the first 3 days after CPR, in 

about three-fourths of these already after 24 hours. Absent SSEP were found more 

often than any other neurophysiologic or clinical predictor with 100% predictive 

value. Serum NSE above 33µg/L proved to be equally accurate, with a prevalence of 

60%. An important additional finding, confirming earlier reports,14,15 was the 

incomplete overlap of the results of SSEP and NSE. The prevalence of at least one 

abnormal test result, derived from patients in whom both tests were performed was 

66%. Finally, in patients with no absent SSEP and NSE ≤ 33µg/L, a small number 

with poor outcome could be identified with EEG (burst-suppression, or no voltage 

>20µV). Of all 356 patients with poor outcome, this outcome could be reliably 

predicted with these three variables in the first three days after CPR in 252 (71%).  

We tested a large number of variables (table 1), and the 100% predictive value of 

some of these could well have arisen by chance. This is borne out by the fact that 

some patients (2/57) have been reported with NSE values > 33µg/L who survived.5,15 

On the other hand, the low false-positive rates for SSEP and serum NSE confirm our 

previous findings1,5 and are supported by subsequently reported data.2,3,14-16 Our 

results must therefore be regarded sufficiently robust to warrant application in clinical 

practice. 

The patient characteristics at inclusion do not differ from previously described 

cohorts with regard to age and sex distribution, initial rhythm disturbance, proportion 

of out-of-hospital-arrests, and comorbidity. The proportion of patients with poor 

outcome (87%) is at the upper end of the wide range reported for both 

retrospectively and prospectively studied cohorts, with mortality rates varying from 

28 to 92%.1 The main difference between these cohorts and the one we studied was 

the time of inclusion: We included only patients still unconscious 24 hours after CPR, 

whereas all other studies included patients with much shorter periods of 

unconsciousness, varying from the time of return of spontaneous circulation to a few 

hours thereafter. Because most patients who recover consciousness do so within the 



Prediction of poor outcome within the first three days of postanoxic coma        101 

 

 

first day, inclusion of patients at a later stage explains the high proportion of patients 

with poor outcome in our cohort. 

We have defined death or persisting unconsciousness after one month as “poor 

outcome”. This was based on our previous argumentation that the chance of 

recovery of consciousness in patients who are still unconscious 1 month after CPR is 

virtually nil, especially when the SSEP are absent.1 Patients who were conscious but 

severely disabled after 1 month were not included in the “poor outcome” category, 

because further improvement in these patients may occur. In our cohort, one-third of 

such patients lived independently 1 year after the cardiac arrest. One could argue 

that prediction of poor outcome should be aimed at the clinical condition after a 

longer period, say 1 year, and should then include “severe disability”, a condition 

many patients would like to avoid. We could not find useful differences between the 

small numbers of patients who were severely disabled or living independently after 1 

year. Obviously, a major effort would be required to find reliable rules for such a 

prediction.  

Regular clinical practice, with its more or less tacit knowledge about predictors of 

poor outcome, is incompatible with a strict experimental study design. The tendency 

to restrict treatment selectively in patients with characteristics recognised or 

presumed to be predictive of poor outcome may then result in the finding that such 

characteristics are indeed good predictors of poor outcome (the fallacy of a “self-

fulfilling prophecy”).  We could not (and did not wish to) prevent physicians to restrict 

treatment. In our protocol, we provided guidelines for such decisions, with as most 

important characteristic the postponement of such decisions to at least 72 hours 

after CPR. Despite this, some restriction had been implemented in 23% of patients 

24 hours and 28% after 48 hours and significantly more often in patients with absent 

SSEP or high values of serum NSE at these time points, test results of which the 

treating physicians were not aware. This could be explained by the higher 

prevalence in these patients of clinical variables generally recognised to be 

associated with poor outcome (table 7). An alternative or complementary explanation 

of insufficient blinding would only apply to the SSEP results, and therefore seems 

unlikely. It is apparent that selective treatment restrictions are difficult to prevent. The 

main conclusions of our study, however, are not invalidated by this finding, because 
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two-thirds of the patients with absent SSEP at 24 and more than half at 48 hours 

were treated without restrictions. Despite this maximal treatment, all these patients 

had a poor outcome.  

During the last phase of our study, induced hypothermia (32 to 340C) became 

gradually accepted as a treatment of anoxic-ischaemic brain damage.10,11 Although 

we have included some patients who were treated with hypothermia, our results are 

essentially derived from patients in whom no such treatment has been given. The 

question then is whether our results could be applied to patients treated with 

hypothermia. The need for predicting outcome and changing treatment options 

accordingly only arises, of course, after the treatment, that is, when the patient is 

normothermic again. Because the effects of low body temperature on SSEP are 

immediately reversed with rewarming, SSEP can then be used safely. Furthermore, 

cooling to 30 0C influences the latencies of the cortical responses, but not the 

responses themselves.17,18 It has been shown recently that serum NSE-levels at 24, 

36 and 48 hours associated with poor outcome are significantly higher in patients 

treated with induced hypothermia compared with those of untreated patients.16 

However, in no patient in this series, irrespective of treatment and outcome, values 

greater than 33 µg/L were found, so that no false prediction of poor outcome would 

have been made when this cut-off had been applied. We conclude that SSEP-

recording and serum NSE determination can be used in patients who are treated 

with hypothermia.  

The mainstay of outcome prediction has always been the clinical neurological 

examination, and the algorithms of Levy et al.12 based on eye opening, motor 

response, and brainstem reflexes have been widely used for nontreatment decisions.  

Direct comparison of clinical and laboratory tests have been rare, and structured 

reviews could only summarise evidence for separate categories of tests.1-5 With our 

study, we could make such a comparison, and it is evident that some laboratory tests 

(SSEP and serum NSE) are superior to that of the clinical tests in terms of low false-

positive rates and high prevalence of abnormal test results. Based on all available 

evidence,1-5,14-16 confirmed and extended by the current results, we therefore 

propose the following strategy: Patients who are still unconscious at least 24 hours 

after an anoxic-ischaemic insult undergo SSEP-recordings and determination of 
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serum NSE. When N20 is bilaterally absent or serum-NSE is > 33 µg/L, further 

treatment will be withheld. When equivocal SSEP-recordings are obtained and 

serum NSE is ≤ 33 µg/L, repeat SSEP-testing is indicated. Repeat testing in patients 

in whom both tests were initially normal may identify additional patients with poor 

prognosis within the first 72 hours. In patients with normal SSEP and NSE results 

after 72 hours, additional findings that are sufficient to forego further treatment are 

absence of corneal or pupillary reflexes after 72 hours, or an EEG with burst-

suppression, or minimal or absent cortical activity. With this proposed testing 

strategy, most patients who will not recover consciousness can be reliably identified 

within the first 3 days after CPR. Finally, we emphasise that no tests are available 

that can reliably predict the recovery of consciousness or the quality of life in 

surviving patients. 
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Abstract  
 

Background Short latency somatosensory evoked potential (SSEP) (N20) is a good 

predictor of poor outcome in postanoxic coma. It has been suggested that the long 

latency response (N70) may increase the sensitivity of SSEPs for predicting poor 

outcome. 

Methods As part of a prospective cohort study in 407 adult patients unconscious 24 

hours after cardiopulmonary resuscitation (CPR), N20 was recorded 24, 48 and 72 

hours after CPR, and N70 was recorded at least once in 319 patients. Poor outcome 

was defined as death or persistent vegetative state 1 month after CPR. 

Results Absent N20 had a 0% false-positive test rate at all time intervals, with 

prevalence of poor test result varying from 37 to 48%. Addition of abnormal N70 

(absent or delayed > 130 ms) with present N20 as poor test result added 21 to 28% 

to this prevalence, but at the cost of a false-positive test rate of 4 to 15%. Good 

outcome could not be predicted reliably with either of the tests, as only 28% of 

patients with normal N20 and N70 had a good outcome.  

Conclusions Determination of presence or absence of the N70 in patients with 

postanoxic coma gives additional information about the likelihood of poor outcome, 

but it is not precise enough to base treatment decisions solely on its absence.   
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Introduction  

The good predictive value of absence of short latency somatosensory evoked 

potentials (SSEP) (N20) for poor prognosis in patients with postanoxic coma has 

been demonstrated in many small and large clinical studies, summarised in a 

number of structured reviews.1-3 However, as the prevalence of absent short latency 

SSEP is rather low, its sensitivity as a test for poor outcome is only moderate. It has 

been suggested that analysis of long latency responses (N70) may increase the 

sensitivity of SSEP-recordings.4-6 We tested this assumption in a large prospective 

cohort study. In addition, we combined our results with results from similar earlier 

studies. 

 

 

Methods  

We performed a prospective multicentre cohort study in patients with postanoxic 

coma to study prognostic factors for poor outcome. Details of the study are published 

elsewhere.7 In summary, adult patients comatose 24 hours after cardiopulmonary 

resuscitation (CPR) for circulatory arrest were followed for 1 year. Neurological 

examination (among others pupillary and cornea reflexes and motor response to 

pain) and SSEP were done 24, 48 and 72 ± 4 hours after CPR. EEG was done 

approximately 72 hours after CPR. For practical reasons, SSEP- and EEG-

recordings could not be performed in weekends, and such recordings were 

considered missing, except for the 72 hours SSEP and EEG; if these were due on a 

weekend day, the recording was postponed to Monday.  

At each examination short latency somatosensory evoked potentials (N20) were 

recorded. Recording of long latency evoked potentials (N70) was requested on only 

one of these examinations, preferably after 24 hours. Treating physicians were 

blinded for the results of the first and second day SSEP. Absence of N20 at 72 hours 

was considered a sufficiently reliable predictor of poor outcome to allow its use for 

treatment decisions1-3 and the result of 72 hours-N20-SSEP-testing was therefore 

made available to the treating physicians.   



110        Chapter 6 

 

For the short latency SSEP the right and left median nerves were stimulated at the 

wrist by a bipolar surface electrode with a frequency of 3 to 5 Hz and a stimulus 

duration of 0.2 msec to produce a thumb twitch. Two sets of 512 responses were 

averaged. Filter band pass was 3 Hz-2 kHz or 20 Hz-2 kHz. For the long latency 

SSEPs the stimulus frequency was 1.2 Hz with a stimulus duration of 0.2 msec to 

produce a thumb twitch. Two sets of 200 responses were averaged. Filter band pass 

was 1 Hz-1 kHz. Electrodes (Ag/AgCl) were placed according to the International 10-

20 System at Erb’s point, cervical spine (C2), and 1.5-3 cm behind C3 and C4 (C3’ 

and C4’). Fz or interconnected earlobes were used for reference, except for Erb’s 

point, where Fz or C7 was used as reference. To enable reliable interpretation of the 

SSEP the sensitivity of recording should be 1 µV/cm for the short latency and 2 

µV/cm for the long latency SSEP.  

To study prediction in regular clinical practice, we chose a pragmatic study design. 

Interpretation of the SSEPs, including evaluation of technical sufficiency, was left to 

the judgement of the local clinical neurophysiologist in each centre. The results for 

N20 and N70 were documented for each side. In addition, the latencies of N70 were 

registered. For evaluation of the predictive value of SSEP-recordings in the present 

study, we used only recordings in which both N20 and N70 were assessed. For the 

analysis, the findings for both sides were combined. N20 was classified as abnormal 

(N20-), when the N20 response was absent both after left and right-sided stimulation 

of the median nerve (only in the presence of a cervical potential), or normal (N20+) 

when the N20 response was present on one or both sides.  Following Madl et al.5 

N70 was considered abnormal (N70-) if the response was absent on both sides or 

delayed to > 130 ms (mean of left and right-sided stimulation) and normal (N70+) in 

all other cases. Equivocal results and technically insufficient recordings were 

considered as normal. Consequently, the recordings were classified as N20+ and 

N70+; N20+ and N70-; and N20- and N70-. Poor outcome was defined as death or 

persistent vegetative state after 1 month.  

We also searched the literature for studies assessing the predictive value of long 

latency SSEPs in anoxic-ischaemic coma in the presence of a normal N20. Using 

the same criteria for abnormal N70-response as mentioned above, we summarised 
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the results of all available studies, including ours, relating poor outcome to long 

latency SSEP. 

 

Statistical analysis  

Analyses were done on the basis of 2x2 tables, with poor test result and poor 

outcome defined as present or absent. Prevalence of poor (combined) test results 

and poor outcome were described using descriptive statistics. Additionally, we 

calculated the positive-likelihood ratios (LR) and false-positive test rates (FPR) for 

the poor (combined) test result. Positive LR (sensitivity / 1-specificity) expresses the 

odds that a poor prognostic test result would be expected in a patient with a poor 

outcome, as opposed to a patient with a good outcome. When there are no patients 

with a poor test result and a good outcome, these LRs are infinite. In these cases a 

value of 0.5 was added to each cell in the 2X2 tables for our calculations8. FPR 

represents the percentage good outcome after poor test result (1 – positive 

predictive value). Statistical uncertainties of positive LR and FPR were expressed in 

95% CI. The association between SSEP-results and poor outcome was analysed for 

each time interval using Χ2 statistics. Data from the literature were also summarised 

in terms of prevalence of poor test results and poor outcomes, positive LRs and 

FPRs. 

 

 

Results  

In the original cohort study, 407 patients were included.7 In this study, N70 was 

recorded at least once in a total of 319 patients (after 24 hours in 212, after 48 hours 

in 148 and after 72 hours in 132 patients, 492 recordings in total). Of these patients 

279 (87%) had a poor outcome. In 142 (29%) of all 492 recordings one or both 

responses could not be classified as absent or definitely present because of 

equivocal responses or technically insufficient recordings (N20 in 4%, N70 in 18%, or 

both in 7% of the recordings). N20 was absent in 37 to 48% of the patients at the 

different time intervals (table 1). All patients with absent N20 at 24, 48 or 72 hours 

had a poor outcome after one month (95% Cls of the false-positive rate 0 to 5%, 0 to 



 

 

 
 
 

Table 1. Prediction of poor outcome with early and late SSEP responses (N=492 recordings) 

Death or vegetative state after one month Time after 

CPR 

N20 N70 N Prevalence Abnormal Tests (%) 

Pos LR1 (95% CI) FPR2 % (95% CI) 

- - 78 37 25.6 (1.6-401.9) 0% (0-5) 24h 

N = 212 + - 59 28 1.5 (0.9-2.7) 15% (7-27) 

- - 56 38 16.4 (1.1-254.4) 0% (0-6) 48h 

N = 148 + - 36 24 1.5 (0.7-3.3) 14% (5-30) 

- - 63 48 11.4  (0.8-171.3) 0% (0-6) 72h 

N = 132 + - 28 21 4.6 (0.7-30.0) 4% (0.1-18) 

1 LR = likelihood ratio (sensitivity/1-specificity); reference group for N20- / N70-: patients with N20 present; reference group for N20+ / N70-: patients with N70 

present 

2 False-positive Rate, defined as percentage patients with abnormal test and favourable outcome of all patients with abnormal test
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Figure  Histogram representing percentages of poor outcome according to SSEP-

results after three time intervals 

 
  
 
 
 

6% and 0 to 6%, with a range of positive LRs between 11.4 and 25.6). N20+/N70- 

was found in 21 to 28% of the patients. Of the patients with N20+/N70-  at 24 hours 

15% had a good outcome, at 48 hours 14% and at 72 hours 4% (range positive LRs 

1.5 to 4.6). Hence, the false-positive rates decreased in time (table 1). Poor outcome 

occurred less often in patients in whom either N20 alone or both N20 and N70 were 

present than in those with absent N20 at each time interval (p<0.001; figure). In 

patients in whom both N70 and N20 were present at least once during the first 72 

hours, outcome was good in 28%. 

In the majority of patients with abnormal N70 responses, the responses were 

classified as absent; in only four at 24 hours and one at 48 hours the response was 

present with a mean latency > 130 msec. The predictive ability of the N70 was 

approximately the same when only absence of N70 was considered abnormal (data 

not presented). 

N20+ / N70+ N20+/ N70- N20- / N70- 
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In table 2 the predictive value of the SSEP findings after 72 hours is compared with 

that of the most important clinical and EEG variables in the same patients.1 The 

absence of N70-responses has a small additional value above that of the clinical and 

EEG variables alone, especially in patients in whom these variables are favourable. 

Table 3 shows the results of all available studies relating poor outcome to long 

latency SSEP. The prevalence of poor test results increased by 18 to 48% when not 

only N20-, but also N20+ and N70- was considered as a poor test result. Not only the 

prevalence of N20+ and N70- varied among the different studies, but also the 

positive LRs (1.5 to 30.2) and false-positive rates (0 to 58%) of this test result, with 

considerably better results in three studies from one research group4,5,9  than in the 

other three studies. In patients with present N70-responses, good outcome varied 

from 27 to 100%.  

 
 

Discussion  

The high predictive value of absent SSEP-N20 for poor outcome is confirmed in this 

study, as well as its moderate sensitivity. As has been suggested by others,4-6 we 

found an increase of the prevalence of abnormal SSEP-testing by 18 to 48% when 

not only absent N20-responses but also absent or severely delayed N70-responses 

were taken into account. However, this resulted also in a substantial increase of 

false-positive predictions (4 to 15%). In our study, poor outcome occurred more often 

when N70 was absent 72 hours after CPR compared with earlier recordings. It has 

been suggested that the presence of the N70-response might indicate a favourable 

prognosis,4 but this could not be confirmed by our study, in which only 28% of such 

patients had an outcome better than death or persistent coma.   

It may be argued that the predictive value increases when other outcome definitions 

are used, most importantly the inclusion of severe residual handicap as poor 

outcome, and when the duration of follow-up is increased. We have recalculated our 

data for the outcome death, vegetative state or severe handicap after 12 months, 

resulting in essentially the same findings, both for the prediction of poor and good 

outcome (tables 4 and 5). 



 

 

 

 

Table 2. Prediction of poor outcome: comparison of SSEP findings after 72 hours with clinical and EEG variables1  

Unfavourable clinical and EEG variables2 Favourable clinical and EEG variables2 
 

number with poor outcome /  

total number with test result 

FPR % (95% CI) number with poor outcome / 

total number with test result 

FPR %  (95% CI) 

N20- / N70- 55/55 0 (0–6) 7/7 0 (0-41) 

N20+ / N70- 15/15 0 (0-22) 10/11 9 (0.2-41) 

N20+ / N70+ 21/22 5 (0.1-23) 10/14 29 (8-58) 

1 In the subset of patients for whom all relevant data at 72 hours are available;  

2 Favourable variables = pupillary reflexes and cornea reflexes present, motor response to pain flexion or better, EEG better than burst-suppression or 

low-voltage pattern, all recorded 72 hours after resuscitation; Unfavourable = absence of one or more of these responses; for additional explanations 

see table 1  

 

 

 

 

 

 

 

 



 

 

 

 

Table 3. Predictive value of abnormal somatosensory evoked potentials (SSEP)-N70: results of six studies 

 
Characteristics of studies SSEP-results  

Study Patients 

(N) 

Timing of 

SSEP 

Poor outcome 

Definition; time; 

% 

Prevalence of 

N20- (%) 

Prevalence of 

N20+ and N70-

1 (%) 

Pos LR of N20+ 

and N70- 

(95% CI) 

FPR of N20+ and 

N70- (%) 

(95% CI) 

Madl et al. 1993 4 66 4-48 h D/VS; 3 wk; 74 33 35 30.2 (2.0-467.0) 0 (0-15) 

Madl et al. 2000 5 162 8-24 h D/VS/SD; 6 m; 78 28 41 29.7 (4.3-205.7) 1 (0-8) 

Sherman et al. 2000 6 72 12 h-4 wk D/VS; 6 w; 89 49 18 3.3 (0.5-21.8) 8 (0-36) 

Gendo et al. 2001 9 25 24 h D/VS; 6 m; 72 12 48 12.5 (0.8-185.7) 0 (0-27) 

Young et al. 2005 10 33 1-3 d D/VS; 3 m; 64 48 36 1.6 (0.9-2.7) 58 (28-85) 

212 24 h D/VS; 1 m; 86 37 28 1.5 (0.9-2.7) 15 (7-27) 

148 48 h D/VS; 1 m; 88 38 24 1.5 (0.7-3.3) 14 (5-30) 

Present Study 

132 72 h D/VS; 1 m; 92 48 21 4.6 (0.7-30.0) 4 (0-18) 

1 Abnormal SSEP-N70 defined as: N20 present, N70 absent or latency > 130 msec  

h = hour; d = day; wk = week; m = month; D = death; VS = vegetative state; SD = severe disability 



 

 

 
 
Table 4. Prediction of poor outcome with early and late SSEP responses  

Death or vegetative state after 1 month Death, vegetative state, or severe disability 

after 12 months 

Time 

after CPR 

N20 N70 N Prevalence 

Abnormal Tests 

(%) Pos LR1 (95% CI) FPR2 % (95% CI) Pos LR1 (95% CI) FPR2 % (95% CI) 

- - 78 37% 25.6 (1.6-401.9) 0% (0-5) 11.0 (0.7-168.1) 0% (0-5) 24h 

N = 212 + - 59 28% 1.5 (0.9-2.7) 15% (7-27) 1.5 (0.6-3.4) 7% (2-17) 

- - 56 38% 16.4 (1.1-254.4) 0% (0-6) 7.2 (0.5-107.5) 0% (0-6) 48h 

N = 149 + - 36 24% 1.5 (0.7-3.3) 14% (5-30) 3.3 (0.5-21.2) 3% (0-15) 

- - 63 48% 11.4  (0.8-171.3) 0% (0-6) 3.9 (0.3-52.6) 0% (0-6) 72h 

N = 133 + - 28 21% 4.6 (0.7-30.0) 4% (0-18) 1.2 (0.2-6.2) 4% (0-18) 

1 LR = likelihood ratio (sensitivity/1-specificity); reference group for N20- / N70-: patients with N20 present; reference group for N20+ / N70-: patients 

with N70 present 

2 False-positive Rate, defined as percentage patients with abnormal test and favourable outcome of all patients with abnormal test  

 



 

 

Table 5. Prediction of good outcome with early and late SSEP responses  

Recovery of consciousness after 1 month Good recovery or moderate disability after 

12 months 

Time 

after CPR 

N20 N70 N Prevalence 

Normal Tests (%) 

Pos LR1 (95% CI) FPR2 % (95% CI) Pos LR1 (95% CI) FPR2 % (95% CI) 

+ + 75 35% 2.3 (1.7-3.2) 73% (62-83) 2.1 (1.4-3.2) 88% (78-94) 24h 

N = 212 + - 59 28% 2.6 (2.1-3.2) 85% (73-93) 2.4 (2.0-3.0) 93% (84-98) 

+ + 56 38% 2.2 (1.5-3.2) 78% (64-87) 2.5 (1.8-3.5) 88% (76-95) 48h 

N = 149 + - 36 24% 2.8 (2.1-3.7) 86% (71-95) 2.6 (2.0-3.4) 97% (86-100) 

+ + 41 31% 3.4 (2.4-4.9) 78% (62-89) 2.2 (1.0-5.1) 95% (84-99) 72h 

N = 133 + - 28 21% 3.3 (2.4-4.6) 96% (82-100) 3.3 (2.4-4.6) 96% (82-100) 

1 False-positive Rate, defined as percentage patients with normal test and unfavourable outcome of all patients with normal test  

2 LR = likelihood ratio (sensitivity/1-specificity); reference group for N20+/ N70+: patients with N70 absent, reference group for N20+ / N70-: patients 

with N20 absent
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The most important problem we encountered was the high percentage (25%) of 

failures to classify the N70-response, caused by equivocal readings or technically 

insufficient recordings. This finding has not been reported in other studies, and it 

may be due to the fact that our study was done in a multicentre setting. It therefore 

shows the limitation of the use of N70 in daily practice in centres with less 

experience in the performance of this test. It does not, however, influence the 

conclusion that false prediction of poor outcome occurs in a number of patients when 

N70 is used.  
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General discussion 
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The clinical problem 

In the previous chapters we described our research findings regarding the prognostic 

value of neurological, clinical neurophysiological and biochemical tests in patients 

with anoxic-ischaemic coma. This search was prompted by the common experience 

of considerable prognostic uncertainty in these patients in everyday clinical practice. 

We found that outcome is poor (death or persisting coma) after one month in about 

60% of a cohort of patients with coma lasting at least six hours after the anoxic-

ischaemic insult (chapter 3). In other studies, included in our structured review 

(chapter 1), the percentage of patients with poor outcome after varying coma 

durations at the time of inception varied from 28-92%. Following longer durations of 

coma, the percentage of patients with poor outcome increased. In our own 

PROPAC-cohort of patients still comatose 24 hours after the insult, poor outcome 

occurred in 87% (chapter 5).  

This prognostic uncertainty is undesirable both for the patients’ relatives and for their 

treating physicians. Moreover, shortage of intensive care capacity necessitates early 

detection of patients for whom prolonged treatment can be considered futile.  

 
 

Literature studies 

Most of the previous literature on prognosis in anoxic-ischaemic coma can be 

divided into three groups, according to the type of variables studied: clinical, clinical 

neurophysiological (EEG and evoked potentials), and biochemical. In only very few 

studies combinations of variables from two or three categories were studied. In 

addition, within these three categories the specific variables studied were 

heterogeneous. It should be no surprise, therefore, that prognostic conclusions vary 

widely between studies.  

 
Against this background we conducted two structured literature reviews. Initially we 

reviewed the literature studying clinical and neurophysiological predictors of outcome 

in anoxic-ischaemic coma. Later we did the same for biochemical variable that might 

predict outcome in these patients. 



124        Chapter 7 
 

 

 

Our first review (chapter 1) revealed bilateral absence of the early cortical response 

(N20) of the median nerve somatosensory evoked potentials (SSEP) in the first week 

to be the most reliable predictor of poor outcome, defined as death or persistent 

coma, with a positive predictive value (PPV) of 100% (CI 98-100%). Other variables 

that predicted such outcome with 100% certainty (but wider confidence intervals) 

were: absence of pupillary light reflexes on the third day, and absent motor response 

to pain on the third day. The EEG feature “isoelectricity or burst-suppression” had a 

PPV slightly less than 100%, but was examined in such a large number of patients 

that it deserves to be mentioned here.  

Limitations for the use of our findings in clinical practice were the low prevalence of 

the predictive variables (maximum 33%) and the lack of information about the 

amount of overlap between the variables.  

Most biochemical variables were studied in much smaller numbers of patients than 

the clinical and neurophysiological variables (chapter 2). Furthermore, the review 

was complicated by the use of variable cut-off values in different studies. As a result, 

none of the serum tests reach a uniform 100% PPV in all studies, and of most CSF 

tests that did, confidence intervals were so wide that usefulness was questionable at 

best. The only exception was a CK-BB level of > 204 U/l in CSF, which seemed 

equally reliable as the absent SSEP. However, this conclusion is derived from two 

retrospective analyses of patient series in which CSF CK-BB values were used to 

make clinical decisions. Therefore, there is a serious risk that the predictive value of 

high CSF CK-BB levels on poor outcome reflects a self-fulfilling prophecy. 

 

Remaining questions  

After completion of the literature reviews, several questions remained: 

1. In the reviews, only separate variables could be studied. Would combination of 

variables improve prediction? 

2. With regard to the SSEP: 

a. Can SSEPs be interpreted reliably?  
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b. In the review, SSEPs had been studied within the first week. There is reason 

to believe that SSEP may be less reliable within the first 24 hours after 

resuscitation.1 What is the earliest moment following the anoxic-ischaemic 

insult that SSEP is reliable? 

c. Some authors have suggested that the later cortical potential N70 is a more 

useful outcome predictor than the N20 that was studied in our review.2-4 Can 

this be confirmed?  

3. Can biochemical markers contribute to the prediction of poor outcome? 

 

To answer these questions two additional studies were performed. In order to 

answer questions 1, 2b, 2c and 3 the PROPAC study was designed, a multi-centre 

prospective cohort study in 407 patients (chapters 5 and 6). Question 2a was 

answered in an interobserver study of SSEP-interpretations (chapter 4). The findings 

from both studies are discussed below. First, we discuss the SSEP, its interobserver 

agreement, timing, and the predictive value of its early (N20) and late (N70) 

components. Second, we discuss the findings on biochemical variables, clinical 

variables and combination of variables. Then we speculate on the reason why SSEP 

should be a better predictor of poor outcome than the other prognostic variables, 

followed by suggestions for a clinical guideline, evaluation of the effect of our studies 

on clinical practice in The Netherlands, and finally, suggestions for future research.  

 
 

SSEP  

Interobserver agreement 

The interobserver agreement in the determination of bilateral absence of the N20 is 

only moderate (chapter 4). The variation we found would in fact classify the test as 

insufficient to base (non-)treatment decisions on. It is therefore the more remarkable 

that the test proves to be such an accurate predictor of poor outcome in all the 

studies in which it has been tested. This may reflect the expertise of the 

neurophysiologists in the centres in which these studies were performed. In that 

case, the moderate interobserver agreement we found would make the 



126        Chapter 7 
 

 

generalisability of the results of these studies questionable. However, given the 

results of our PROPAC-study this seems unlikely, as this was a multi-centre study, 

including various types of hospitals, without central evaluation of the SSEPs. 

Alternatively, the category “questionable presence of N20” may include patients in 

whom the N20 is changed (in amplitude, shape or latency) to such an extent that it is 

difficult to recognise it as N20. Possibly such a severely changed N20 also implies 

poor prognosis. However, this does not seem to be a likely explanation for the 

discrepancy between the moderate interobserver agreement and the good predictive 

value of the SSEP, as the most important determinant of interobserver variation 

proved to be noise level, and not any of the wave characteristics of the N20. The 

explanation for this discrepancy therefore remains elusive.  

To overcome the problem of the interobserver variation due to high noise levels, we 

provided guidelines for the registration and interpretation of the SSEP. Although 

interobserver agreement for registrations with a noise level below 0.25µV (K = 0.74) 

is not perfect, it is comparable to the coefficients described for features from the 

clinical neurological examination.5  

 

Timing 

In the PROPAC-study (chapter 5) SSEPs performed 24 and 48 hours after CPR 

proved to be equally accurate predictors of poor outcome as SSEP after 72 hours. 

Earlier literature gives reason to believe it may be less accurate when performed 

less than 24 hours after CPR.1 This was confirmed in a study by Gendo et al.,6 who 

did repeated SSEP measurements (4, 12, 24 and 48 hours after CPR) in patients 

with anoxic-ischaemic coma, and found improvement of the SSEP over the first 24 

hours. No change was seen between 24 and 48 hours. The authors also concluded 

that SSEP should not be used for outcome prediction within the first 24 hours. 

 

Use of later cortical potentials (chapter 6) 

When comparing the predictive values of N20 and N70 in the median nerve SSEP, 

previous literature showed variable results. One research group found the N70 to be 

a very accurate predictor of poor outcome, with higher sensitivity than the N20.2,3,6 
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This higher sensitivity was confirmed by others,4,7 but the predictive value for poor 

outcome was somewhat lower in these studies. Our findings confirm these latter 

results: the N70 is a fairly good predictor of poor outcome, and therefore a useful tool 

for providing prognostic information to relatives, but not accurate enough to base 

non-treatment decisions solely on its absence. 

 

Recent literature 

Recently, the findings of our structured review concerning the accuracy of the N20 

as a prognostic variable have been replicated in two independent structured 

reviews.8,9 In addition, more than 125 patients have been reported in subsequent 

studies in whom the bilateral absence of early cortical responses was invariably 

associated with poor outcome, i.e. death or unconsciousness after at least one 

month,3,4,6,10-15 with the exception of one patient,7 who “recovered awareness” (no 

further details presented). The reliability of absent early cortical responses of the 

median nerve SSEP for the prediction of poor outcome seems therefore established. 

 
 

Biochemical variables 

Since completion of our structured review on the biochemical variables, more 

patients have been reported in whom several biochemical variables in serum and 

CSF were related to outcome.12,15-20 In these studies, high serum-levels of neuron-

specific enolase (NSE) and S-100 (the most studied biochemical variables) were 

associated with poor outcome; however, cut-off values for 100% PPV varied 

considerably between studies. In the PROPAC-study we also studied the predictive 

value of serum-NSE and S-100, using cut-off values derived from the structured 

review. When a cut-off value of 33 µg/L was used, NSE appeared to be as accurate 

a predictor of poor outcome as the absent N20 of the SSEP, after 24, 48 and 72 

hours. Moreover, abnormality of SSEP and NSE overlapped only partially, so that 

serum-NSE seemed to be an important additional test in our efforts to reliably predict 

poor outcome in patients with anoxic-ischaemic coma.  

However, in the earlier literature review (chapter 2) one of the 31 patients with NSE > 

33 µg/L did have a good recovery. Moreover, recently Peters et al. (abstract)21 
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performed a study in 118 patients who were treated with hypothermia. In this study, 

there was a considerable number of patients with high serum NSE levels (13/54 

patients with NSE > 26 µg/L) who recovered to independence. The average level of 

NSE found in these patients was 44 µg/L (highest level in one patient 76 µg/L). 

Whether this displays confounding by concomitant pulmonary disease or an effect of 

the hypothermia remains unclear. In either case, it indicates that serum NSE is not 

the reliable predictor of poor outcome it seemed to be. 

Furthermore, consideration should be given to some practical difficulties. The test is 

time consuming and at this moment it is only available in a few hospitals in The 

Netherlands, strongly limiting its applicability in clinical practice. 

 
 

Clinical variables and combinations of variables 

In our structured review, absence of pupillary reactions and absence of any motor 

response to pain on the third day were also shown to be accurate predictors of poor 

outcome. In the PROPAC-study, however, small numbers of patients were seen to 

recover consciousness despite presence of these clinical variables. Confidence 

intervals show the chance of recovery of consciousness in such patients to be less 

than 10%, comparable to the confidence intervals derived from the structured review, 

and consistent with the findings of a more recent structured review by Booth et al.5 It 

should be noted that the primary endpoint in the PROPAC-study was death or 

persistent coma after one month. When poor outcome is defined as death, persistent 

coma or severe disability after 12 months, a 0% false-positive rate is found for the 

following variables: absent or extensor motor reaction to pain after 72 hours; absent 

pupillary reactions to light after 24, 48 and 72 hours; absent cornea reflexes after 48 

and 72 hours; absent eye movements after 72 hours; and status epilepticus or 

myoclonic status epilepticus after 24 hours. 

 

We also performed a multivariate analysis on the data from our study (not described 

in chapter 5), but this revealed no combinations of variables that could improve 

outcome prediction.  
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Why is SSEP more reliable than EEG and clinical variables? 

Many clinical and clinical neurophysiological variables have been tested for their 

predictive ability in anoxic-ischaemic coma: clinical variables, such as coma scales 

and brainstem reflexes, EEG, and the different evoked potentials: somatosensory 

(SSEP), auditory (BAEP), and visual (VEP). From these, SSEP stands out as the 

most reliable. To some extent this can be explained by the structures tested by the 

different tests. The structure most sensitive for anoxic-ischaemic damage is the 

cerebral cortex. Brainstem reflexes and BAEP test only the function of the brainstem, 

which is relatively resistant to anoxic-ischaemic damage. The other neurophysiologic 

variables are tests of cortical function, either global (EEG) or localised (SSEP and 

VEP), and the coma scores test global cerebral function. On first sight, it seems 

strange that a variable testing one distinctive pathway (the sensory pathway in the 

case of SSEP) should be a better predictor of poor outcome than more global tests 

of cortical function. This relative disadvantage of the SSEP is illustrated by its more 

moderate predictive value in coma from other causes, such as trauma, where there 

can be more localised damage.22,23 However, in anoxic-ischaemic coma the damage 

to the cerebral cortex is so diffuse that damage of the somatosensory cortex can be 

considered representative of the damage in all cortical regions.24-27 An exception to 

this global cortical damage might be seen in the occipital cortex. In a PET-scan study 

on patients with anoxic-ischaemic coma,24 the occipital cortex showed more activity 

than the other cortical regions, implying relatively preserved function, which might be 

an explanation for the limited predictive value of VEPs in these patients. 

Although the global character of cortical damage in anoxic-ischaemic coma explains 

why SSEP is not inferior to more global markers of cerebral function, it cannot 

explain its superiority. The explanation for this should probably be sought in its 

reliability in case of metabolic derangements or use of sedatives. Both clinical 

variables and EEG are strongly influenced by metabolic abnormalities and use of 

sedatives, but these do not influence presence or absence of the N20 (although they 

can have some influence on latency or amplitude).28-30 As these problems are 

frequently present in patients with postanoxic coma, this is an important advantage 

of SSEP over other tests. 
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Suggestions for a clinical guideline 

Based on the findings from our studies and further literature we propose the 

following strategy for determining outcome in patients with anoxic-ischaemic coma: 

� Treatment decisions based on neurological outcome should be postponed to at 

least 24 hours after CPR. 

� After 24 hours, a median nerve SSEP should be performed. In case of bilateral 

absence of the N20, further treatment should be regarded futile.  

� If SSEP is present after 72 hours, the following variables are indicative of poor 

prognosis, and can therefore be considered sufficient grounds for withholding 

further treatment: absence of corneal or pupillary reflexes, motor responses 

extensor or nil (in the absence of neuromuscular blocking agents and sedation), 

or an EEG with a burst-suppression pattern, or minimal or absent cortical activity.  

 

Effect of our studies on clinical practice in Dutch teaching 

hospitals 

To evaluate whether the results of our studies had influenced clinical practice in The 

Netherlands, we repeated the interview among 15 Dutch training hospitals on the 

use of ancillary investigations for predicting prognosis in anoxic-ischaemic coma that 

we referred to in the introduction (table). It proves that the use of ancillary tests, 

especially SSEP, has widely increased. It may be assumed that at least the 

increased use of SSEP can be attributed to our studies, supported by recent 

structured reviews.8,9 At the same time, there is also a (smaller) increase in the use 

of EEG, CT and MRI, although literature on the usefulness of imaging techniques for 

this purpose is scarce and inconclusive. 

 
 

Future directions 

One question that needs further investigation concerns cut-off points of the 

biochemical parameters. Cut-off values vary widely among studies. Furthermore, in  

 



General discussion        131 

 

Table 

Use of ancillary investigations for predicting prognosis in anoxic-ischaemic coma in 

15 training hospitals in The Netherlands in 1996 and 2006 

1996 2006 Investigation 

Often Sometimes Never Often Sometimes Never 

EEG 4 2 9 6 9 0 

SSEP 2 4 9 14 1 0 

BAEP 0 2 13 0 1 14 

CT 0 2 13 2 9 4 

MRI 0 2 13 2 4 9 

CSF Examination 0 2 13 0 1 14 

VEP 0 1 14 0 0 15 

SPECT 0 1 14 0 0 15 

TCD Examination 0 1 14 0 1 15 

Cerebral 

Angiography 

0 0 15 0 2 13 

EEG = Electroencephalography; SSEP = Somatosensory Evoked Potentials; BAEP = Brainstem 

Auditory Evoked Potentials; CT = Computed Tomography; MRI = Magnetic Resonance Imaging; CSF 

= Cerebrospinal Fluid; VEP = Visually Evoked Potentials; SPECT = Single Photon Emission 

Computed Tomography; TCD = Transcranial Doppler 

 

 
most studies cut-off levels have been determined retrospectively, and they have 

rarely been validated in prospective studies. This is what we aimed for in our study, 

in which we confirmed the findings of Fogel et al.31 and Dauberschmidt et al.,32 

showing a 100% predictive value for poor outcome using a cut-off value of 33 µg/L. 

However, as noticed previously, others have found good recovery in a few patients 

with higher levels of NSE. Cut-off values of 43 µg/L and 65 µg/L have been 

proposed.15,17 A new, large study, investigating the usefulness of the different cut-off 

values is necessary to further define the prognostic value of the different biochemical 

variables. 
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In this respect it may also be interesting to see if the findings on CSF CK-BB can be 

reproduced in a setting where they are not already being used as a basis for 

treatment decisions, although the applicability of this test is somewhat limited due to 

its invasiveness. It can therefore only be considered useful if it adds significantly to 

the prognostic value of less invasive tests. 

Another important point is the applicability of the findings described above in patients 

treated with hypothermia. During the last phase of our study, hypothermia (32-340C) 

became gradually accepted as a treatment of anoxic-ischaemic brain damage.33,34 

Because only few patients in our study received this treatment, we could not study its 

effect on our findings. As mentioned in chapter 5, there is little evidence that the 

interpretation of the SSEP is unreliable when performed in patients who have 

received hypothermic treatment, provided the SSEP is performed after normalisation 

of the temperature. Whether the prognostic value of SSEP and biochemical variables 

is influenced by the hypothermia treatment is still uncertain. In one small study14 the 

prognostic ability of SSEP did not seem to be effected by therapeutic hypothermia. 

The same group studied the effect of hypothermia on NSE and S-100.20 They found 

lower values of serum NSE, but not of S-100, in hypothermic than in normothermic 

patients. On the other hand, serum NSE cut-off values with > 95% specificity for poor 

outcome were considerably higher in the hypothermic than in normothermic patients, 

although still lower than the 33 µg/l we used as cut-off value in our study. Further 

studies are needed on this point. 
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This thesis describes literature reviews and new studies on prognosis of patients 

with anoxic-ischaemic coma. 

 

Chapter 1 shows the results of a systematic literature review concerning the 

predictive value of neurological and clinical neurophysiological variables for outcome 

of anoxic-ischaemic coma. For this review poor outcome was defined as death or 

survival in a vegetative state. We selected variables with a 100% specificity for poor 

outcome in all studies, and expressed the overall prognostic accuracy of these 

variables as pooled positive-likelihood ratios (LR+) and as 95% confidence intervals 

of the pooled false-positive test rates (95% CI FPR). 

We included 33 studies, studying a total of 14 variables, three of which had a 

specificity of 100%: absence of pupillary light reflexes on day 3 (LR+ 10.5 [95% CI 

2.1-52.4]; 95% CI FPR 0-11.9%); absent motor response to pain on day 3 (16.8 [3.4-

84.1]; 0-6.7%); and bilateral absence of early cortical SSEP within the first week 

(12.0 [5.3-27.6]; 0-2.0%). EEG recordings with an isoelectric or burst-suppression 

pattern had a 100% specificity in five of six relevant studies, but a small number of 

false-positives in the sixth. These characteristics were present in 19%, 31%, 33% 

and 33% of pooled patient populations, respectively. For the 11 SSEP studies, 

results did not significantly differ between studies in which the treating physicians 

were or were not masked from the test result, prospective and retrospective studies, 

studies with short and long follow-up periods, and studies with high or low overall 

poor outcome. Because the absent SSEP had the smallest 95% CI of the false-

positive test rate, and SSEPs are also the least susceptible to metabolic changes 

and drugs, we concluded that recording of SSEP was the most useful method to 

predict poor outcome. 

 

In chapter 2 we describe a similar systematic literature review concerning the 

prognostic value of biochemical markers of brain damage in anoxic-ischaemic coma. 

Twenty-eight studies on biochemical variables in serum of cerebrospinal fluid were 

found, in which tests, sampling time and outcome measures were described 

unequivocally and results were described using clear cut-off values or raw data.  
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Poor outcome was again defined as death or vegetative state and methodology was 

similar to that in chapter one.  

Only markers in CSF (CKBB > 204 U/L, NSE > 33 µg/mL, LDH > 82 U/L and GOT > 

62 U/L) reached a 0% false-positive rate. However, due to small sample sizes, the 

confidence limits were wide. The accuracy of prediction of poor outcome seemed 

acceptably high for CSF-CKBB (pooled false-positive rate 0% [95% CI 0 – 2.3%]; 

pooled positive-likelihood ratio 33.2 [95% CI 4.8 – 230.2]), but this result was based 

on two retrospective studies without blinding of treating physicians for the test result. 

We therefore concluded that due to the small numbers of patients studied and 

methodological limitations, the combined results were not sufficiently accurate to 

provide a solid basis for non-treatment decisions. 

 

For proper use of the variables described in chapters 1 and 2 as prognostic tests, 

knowledge of a priori chances of poor outcome after varying periods of 

unconsciousness is needed. The cohort study described in chapter 3 aims to 

provide such data.  

For this purpose, data regarding survival and recovery of consciousness were 

extracted from registry-based and prospective cohort studies of patients with anoxic-

ischaemic coma. A survival analysis was done using Kaplan Meier estimates and 28 

days’ outcomes were calculated for all patients unconscious 24 and 72 hours, and 5, 

7 and 14 days after CPR.  

After 28 days 27% of 172 patients from the two cohort studies were alive and 

conscious, 9% were still unconscious and 64% had died. The proportion of patients 

that regained consciousness decreased from 34% of those unconscious within the 

first 6 hours post-CPR to 13% of those still unconscious after two weeks. The 

proportion surviving in an unconscious state increased from 6% of patients who were 

unconscious initially to 33% of those still unconscious after two weeks. The chance 

of survival did not change up to 7 days after CPR, irrespective of the duration of 

unconsciousness. Patient characteristics and outcomes in our cohort were 

comparable to data available from the literature.  
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As the SSEP emerged as the most useful predictor of poor outcome in anoxic-

ischaemic coma, we wanted to be better informed about the reliability of the 

interpretation of this test. Chapter 4 shows the results of the interobserver study we 

performed for this purpose. In this study, SSEPs of 56 consecutive patients with 

anoxic-ischaemic coma were interpreted independently by five experienced clinical 

neurophysiologists using guidelines derived from a pilot study. Interobserver 

agreement was expressed as kappa coefficients. 

Kappa ranged from 0.20 to 0.65 (mean 0.52, SD 0.14; moderate agreement). 

Disagreement was related to noise level and failure to adhere strictly to the 

guidelines in 15 cases. The presence or absence of N13 and cortical peaks caused 

disagreement in five cases each. For recordings with a noise level of 0.25 µV or 

more, mean kappa was 0.34; for recordings with a noise level below 0.25 µV mean 

kappa was 0.74. 

From the results of this study we derived recommendations for the registration and 

interpretation of SSEPs in outcome prediction of anoxic-ischaemic coma. The most 

important of these were: utmost attention should be given to noise reduction. If a 

noise level over 0.25 µV remains, absence of N20 cannot be judged with sufficient 

certainty and the SSEP should be repeated at a later stage. Only technically 

sufficient recordings with absent N20 should be used as a basis for non-treatment 

decisions. 

 

Chapter 5 describes the results from a prospective cohort study in adult patients 

who were still unconscious 24 hours after cardiopulmonary resuscitation (CPR) (the 

PROPAC-study). Aim of this study was to determine the optimal timing of SSEP-

recordings and the additional value of clinical and biochemical variables for the 

prediction of poor outcome in such patients. Clinical, neurophysiological, and 

biochemical variables were recorded 24, 48, and 72 hours after CPR and related to 

poor outcome, defined as death or persisting unconsciousness after one month. 

Of 407 patients, included in 32 Intensive Care Units, 356 (87%) had a poor outcome. 

In 301 of 305 patients unconscious at 72 hours, at least one SSEP was recorded, 

and in 136 (45%) at least one recording showed bilateral absence of N20. All these 

136 patients had a poor outcome (95% CI of false-positive rate 0-3%), irrespective of 
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the timing of SSEP. In the same 305 patients, neuron-specific enolase (NSE) was 

determined at least once in 231, and all 138 (60%) with a value > 33µg/L at any time 

had a poor outcome (95% CI of false-positive rate 0-3%). The test results of SSEP 

and NSE overlapped only partially. The performance of all clinical tests was inferior 

to SSEP- and NSE-testing, with lower prevalences of abnormal test results and 

wider 95% CI of false-positive rates.  

These findings led to the conclusion that poor outcome in postanoxic coma can be 

reliably predicted with SSEP and NSE as early as 24 hours after CPR in a 

substantial percentage of patients. 

 

In Chapter 6 we describe a separate analysis of the PROPAC-data to confirm the 

finding by other authors that the long latency response (N70) might increase the 

sensitivity of SSEPs for predicting poor outcome. 

In the study N20 was recorded 24, 48 and 72 hours after CPR, and N70 was 

recorded at least once in 319 patients. Absent N20 had a 0% false-positive test rate 

for poor outcome (as defined in chapter 5) at all time intervals, with prevalence of 

poor test result varying from 37-48%. Addition of abnormal N70 (absent or delayed > 

130 ms) with present N20 as poor test result added 21-28% to this prevalence, but at 

the cost of a false-positive test rate of 4-15%. Good outcome could not be predicted 

reliably with either of the tests, as only 28% of patients with normal N20 and N70 had 

a good outcome. These findings indicate that determination of presence or absence 

of the N70 in patients with anoxic-ischaemic coma does give valuable extra 

information about the likelihood of poor outcome, but it is not precise enough to base 

treatment decisions solely on its absence. 

 

In Chapter 7 the findings from the previous chapters are discussed and related to 

recent literature. Possible explanations for the relative importance of the SSEP in 

outcome prediction are discussed. Furthermore, suggestions for a clinical guideline 

and directions for future research are given. 
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In dit proefschrift worden literatuuronderzoeken en nieuwe onderzoeken naar de 

prognose van patiënten met anoxisch-ischaemisch coma beschreven. 

 

Hoofdstuk 1 toont de resultaten van een systematische analyse van de literatuur 

naar de waarde van neurologische en klinisch neurofysiologische variabelen voor 

het vaststellen van de prognose bij anoxisch-ischaemisch coma. Hierbij was een 

slechte uitkomst gedefinieerd als dood of overleven in een vegetatieve toestand na 

een maand. We selecteerden variabelen met 100% specificiteit voor een slechte 

uitkomst in alle studies, en beschreven de prognostische waarde van deze 

variabelen in de vorm van positieve likelihood ratios (LR+) en 95% betrouwbaar-

heidsintervallen van de samengevoegde percentages foutpositieven (95% BI FP).  

We includeerden 33 studies waarin in totaal 14 variabelen werden onderzocht. Drie 

van deze variabelen hadden een specificiteit van 100%: afwezige pupilreacties op 

licht op dag 3 (LR+ 10,5 [95% BI 2,1-52,4]; 95% BI FP 0-11,9%); afwezige 

motorische reactie op pijn op dag 3 (16,8 [3,4-84,1]; 0-6,7%); en bilaterale 

afwezigheid van de vroege corticale respons (N20) van de n. medianus SSEP in de 

eerste week (12,0 [5,3-27,6]; 0-2,0%). Een EEG met een iso-electrisch of burst-

suppressie patroon had een specificiteit van 100% in vijf van de zes studies, maar 

een klein aantal foutpositieven in de zesde. Deze karakteristieken waren aanwezig in 

respectievelijk 19%, 31%, 33% en 33% van de gezamenlijke patiëntenpopulaties. 

Binnen de 11 SSEP studies verschilden de resultaten niet significant tussen studies 

waarin de behandelend artsen wel of niet geblindeerd waren voor de SSEP uitslag, 

prospectieve en retrospectieve studies, studies met een korte en met een lange 

follow-up en studies met een hoog of een laag percentage patiënten met een slechte 

uitkomst. 

Omdat de afwezige SSEP het kleinste 95% BI van het percentage foutpositieven 

had en SSEPs daarnaast het minst worden beïnvloed door metabole veranderingen 

of medicatie, hebben we geconcludeerd dat het registreren van SSEPs de meest 

bruikbare methode was om een slechte prognose vast te stellen. 

 

In Hoofdstuk 2 beschrijven we een soortgelijke systematische literatuuranalyse naar 

de prognostische waarde van biochemische merkers van hersenschade bij 
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anoxisch-ischaemisch coma. We vonden 28 studies naar de voorspellende waarde 

van biochemische variabelen in serum of liquor cerebrospinalis, waarin de tests, de 

afnametijd en de uitkomstmaten duidelijk waren beschreven en de resultaten waren 

beschreven met gebruikmaking van duidelijke afkapwaarden of ruwe data. Een 

slechte uitkomst was opnieuw gedefinieerd als dood of vegetatieve toestand en de 

methodologie was gelijk aan die in hoofdstuk 1. 

Alleen merkers in de liquor (CKBB > 204 U/L, NSE > 33 µg/mL, LDH > 82 U/L en 

GOT > 62 U/L) hadden een percentage foutpositieven van 0. Door de kleine 

patiëntenaantallen waren de betrouwbaarheidsintervallen echter groot. Een 

voldoende hoge betrouwbaarheid voor het voorspellen van een slechte uitkomst had 

alleen het CKBB in de liquor (samengevoegde percentage foutpositieven 0% [95% 

BI 0-2,3%]; samengevoegde positieve likelihood ratio 33,2 [95% BI 4,8 – 230,2]), 

maar dit resultaat was gebaseerd op twee retrospectieve studies waarin de 

behandelend artsen niet waren geblindeerd voor de testuitslag. 

We hebben daarom geconcludeerd dat ten gevolge van de kleine patiëntenaantallen 

en methodologische beperkingen, de gecombineerde resultaten niet betrouwbaar 

genoeg waren om een goede basis te vormen voor besluiten ten aanzien van 

behandelingsbeperking. 

 

Om de variabelen die in hoofdstukken 1 en 2 worden beschreven goed te kunnen 

gebruiken als prognostische tests, is kennis nodig van de a-priori kansen op een 

slechte uitkomst na verschillende periodes van coma. Het cohortonderzoek dat in 

Hoofdstuk 3 wordt beschreven heeft tot doel dergelijke gegevens te leveren. 

Hiertoe werden gegevens over overleving en herstel van bewustzijn geëxtraheerd uit 

twee cohorten: een patiëntencohort uit een database met gereanimeerde patiënten 

en een prospectief verzameld cohort van patiënten met anoxisch-ischaemisch coma. 

Er werd een survivalanalyse uitgevoerd met gebruikmaking van Kaplan Meier 

schattingen en de prognose na 28 dagen werd berekend voor alle patiënten die nog 

comateus waren 24 uur, 72 uur en 5, 7 en 14 dagen na reanimatie. 

Na 28 dagen was 27% van de 172 patiënten uit de beide cohorten bij bewustzijn 

gekomen, 9% was nog bewusteloos en 64% was overleden. Het percentage 

patiënten bij wie het bewustzijn herstelde nam af van 34% van degenen die na 6 uur 
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comateus waren tot 13% van hen die na twee weken nog comateus waren. Het 

percentage dat in comateuze toestand overleefde nam toe van 6% van de patiënten 

die aanvankelijk comateus waren tot 33% van hen die na twee weken nog comateus 

waren. De kans op overleven veranderde in de eerste 7 dagen na reanimatie niet, 

ongeacht de duur van het coma. De patiëntenkarakteristieken en uitkomsten in ons 

cohort waren vergelijkbaar met gegevens uit de literatuur. 

 

Toen duidelijk werd dat de SSEP de meest bruikbare voorspeller was van een 

slechte uitkomst bij anoxisch-ischaemisch coma, wilden we beter geïnformeerd zijn 

over de betrouwbaarheid van de interpretatie van deze test. Hoofdstuk 4 toont de 

resultaten van het interobserver onderzoek dat we met dit doel verrichtten. In dit 

onderzoek hebben vijf ervaren klinisch neurofysiologen onafhankelijk van elkaar de 

SSEPs van 56 opeenvolgende patiënten met anoxisch-ischaemisch coma 

beoordeeld. Hiervoor maakten zij gebruik van richtlijnen die waren opgesteld op 

basis van een eerder pilot onderzoek. De interobserver variatie werd uitgedrukt in de 

vorm van kappa coëfficienten. 

Kappa varieerde van 0,20 tot 0,65 (gemiddeld 0,52, standaarddeviatie 0,14; matige 

overeenstemming). Verschil van mening hing in 15 gevallen samen met de mate van 

ruis en afwijken van de richtlijnen door de beoordelaars. Aan- of afwezigheid van de 

N13 en corticale pieken waren de reden van meningsverschil in elk 5 gevallen. Voor 

de registraties met een ruis van 0,25 µV of meer was de gemiddelde kappa 0,34; 

voor registraties met een ruis onder de 0,25 µV was deze 0,74. 

Op basis van de resultaten van dit onderzoek stelden we aanbevelingen op voor de 

registratie en beoordeling van SSEPs voor het vaststellen van de prognose bij 

anoxisch-ischaemisch coma. De belangrijkste aanbevelingen waren: bijzondere 

aandacht moet worden gegeven aan het reduceren van de ruis. Als er desondanks 

een ruis van meer dan 0,25 µV aanwezig blijft, kan afwezigheid van de N20 niet met 

voldoende zekerheid worden vastgesteld en moet de SSEP op een later tijdstip 

worden herhaald. Alleen technisch adequate registraties met afwezige N20 kunnen 

worden gebruikt als basis voor beslissingen tot behandelingsbeperking. 
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Hoofdstuk 5 beschrijft de resultaten van een prospectief cohort onderzoek bij 

volwassen patiënten die comateus zijn 24 uur na reanimatie (PROPAC). Doel van dit 

onderzoek was het optimale meetmoment voor de SSEP vast te stellen evenals de 

toegevoegde waarde van klinische en biochemische variabelen voor het voorspellen 

van een slechte uitkomst bij deze patiënten. Klinische, neurofysiologische en 

biochemische variabelen werden vastgelegd 24, 48 en 72 uur na reanimatie en 

gerelateerd aan een slechte uitkomst, gedefinieerd als dood of aanhoudend coma na 

1 maand. 

Van de 407 patiënten die in de 32 Intensive Care afdelingen werden geïncludeerd, 

hadden er 356 (87%) een slechte uitkomst. Bij 301 van de 305 patiënten die na 72 

uur nog comateus waren was tenminste 1 SSEP verricht en bij 136 (45%) was de 

N20 in tenminste 1 registratie beiderzijds afwezig. Al deze 136 patiënten hadden een 

slechte uitkomst (95% BI FP 0-3%), ongeacht het meetmoment van de SSEP. Van 

de zelfde 305 patiënten was het neuronspecifiek enolase (NSE) tenminste 1 maal 

bepaald bij 231 patiënten en alle 138 (60%) met een waarde > 33µg/L op enig 

moment hadden een slechte uitkomst (95% BI FP 0-3%). De testresultaten van 

SSEP en NSE overlapten elkaar slechts deels. De prognostische waarde van alle 

klinische variabelen was minder dan die van SSEP en NSE, met lagere prevalenties 

van abnormale testuitslagen en grotere 95% BI van het percentage fout-positieven. 

Deze bevindingen leidden tot de conclusie dat een slechte uitkomst bij anoxisch-

ischaemisch coma bij een substantieel deel van de patiënten betrouwbaar voorspeld 

kan worden door middel van SSEP en NSE vanaf 24 uur na reanimatie. 

 

In Hoofdstuk 6 beschrijven we een aparte analyse van de PROPAC-gegevens om 

de bevinding van andere auteurs te bevestigen dat de late corticale respons van de 

SSEP (N70) de sensitiviteit van de SSEP voor het voorspellen van een slechte 

uitkomst zou kunnen verbeteren. 

In dit onderzoek was de N20 geregistreerd 24, 48 en 72 uur na reanimatie en de 

N70 op tenminste een van deze tijdstippen bij 319 patiënten. Een afwezige N20 

voorspelde een slechte uitkomst (zoals gedefinieerd in hoofdstuk 5) met 0% fout-

positieven op elk van de meetmomenten, waarbij de prevalentie van afwezige N20 

varieerde van 37-48%. Toevoegen van een afwijkende N70 (afwezig of vertraagd > 
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130 ms) bij aanwezige N20 als afwijkende testuitslag verhoogde deze prevalentie 

met 21-28%, maar ten koste van 4-15% fout-positieven. Een goede uitkomst kon 

met geen van beide tests betrouwbaar worden voorspeld, aangezien slechts 28% 

van de patiënten met een normale N20 en N70 een goede uitkomst hadden. 

Deze bevindingen geven aan dat vaststellen van aan- of afwezigheid van de N70 bij 

patiënten met anoxisch-ischaemisch coma weliswaar waardevolle extra informatie 

geeft over de waarschijnlijkheid van een slechte uitkomst, maar niet precies genoeg 

is om beslissingen over behandelingsbeperking op zijn afwezigheid te baseren. 

 

In Hoofdstuk 7 worden de bevindingen van de vorige hoofdstukken besproken en 

gerelateerd aan recente literatuur. Mogelijke verklaringen voor de relatief grote 

betekenis van de SSEP voor het vaststellen van de prognose worden besproken. 

Verder worden suggesties gedaan voor een klinische richtlijn en worden richtingen 

voor verder onderzoek aangegeven. 
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Dit proefschrift zou er nooit zijn gekomen zonder de hulp en steun van velen. Het is 

onmogelijk om iedereen te noemen, maar een aantal mensen wil ik speciaal 

bedanken: 

 

Allereerst gaat mijn dank natuurlijk uit naar de patiënten en met name hun familie of 

naasten voor de bereidheid tot deelname aan dit onderzoek. 

 

Mijn promotoren, Rob de Haan en Rien Vermeulen. Beste Rob, met jou te mogen 

werken was een geweldige ervaring. Niet alleen nuttig en inspirerend, maar ook 

reuze gezellig. Dank voor je aanstekelijke enthousiasme en voor alle 

methodologische adviezen die je altijd wist aan te dragen. Beste Rien, je hebt op de 

afdeling een klimaat geschapen waarin kritisch denken en interesse in de 

wetenschap hoog in het vaandel staan. Dank dat je altijd met je goede raad op de 

achtergrond aanwezig was en met je praktische adviezen hebt geholpen PROPAC 

draaiende te houden. 

 

Mijn co-promotor, Albert Hijdra. Beste Albert, woorden schieten tekort om hier kort te 

zeggen wat jij voor mij en voor dit onderzoek betekend hebt. Je was de grote 

inspirator en initiator van dit onderzoek en bent ook voor mij een inspirerende 

leermeester geweest. Dank dat je mij in dit onderzoek hebt betrokken, voor het 

mogen putten uit jouw geweldige kennis en inzicht, en dat je steeds weer zoveel 

geduld kon opbrengen als het allemaal weer wat langer duurde. 

 

Hans Koelman. Beste Hans, het was altijd prettig met jou te overleggen en na te 

denken over (met name) de neurofysiologische kant van het onderzoek. Dank voor 

je inzet en voor de zeer aangename samenwerking. 

 

Alle neurologen, intensivisten, cardiologen, neurofysiologen, KNF-laboranten, 

verpleegkundigen en anderen uit de aan PROPAC deelnemende centra, die hebben 

bijgedragen aan het welslagen van dit onderzoek wil ik hartelijk danken voor hun 

inzet en enthousiasme.  

 



 

 

De leden van de promotiecommissie wil ik danken voor het kritisch lezen van dit 

proefschrift. 

 

Mijn opleider, Jan Stam. Beste Jan, als mijn opleider was jouw belangrijkste doel van 

mij een goede dokter te maken. En zo moet het ook zijn. Dat neemt niet weg dat je 

ook altijd belangstellend en enthousiast was waar het mijn onderzoek betrof. Dank 

hiervoor. Ik heb veel van je geleerd. 

 

Mijn oud-collega assistenten in het AMC. Dank voor jullie collegialiteit, die het 

mogelijk maakte tussen de klinische taken door ook aan dit onderzoek te werken. 

 

KNF-laboranten en –secretaresses AMC. Dit onderzoek heeft voor jullie veel extra 

werk betekend. En nu het afgelopen is neemt dit extra werk niet af! Dank dat jullie 

dat altijd goedgemutst en zonder mopperen hebben gedaan. Ook wil ik jullie danken 

voor de bijzonder fijne tijd die ik op jullie afdeling heb gehad.  

 

Noor van de Bosch, secretaresse van Rob de Haan. Beste Noor, dank dat je deur 

altijd open stond en dat je zorgde dat die van Rob wanneer nodig ook open stond. 

 

Barry Mook. Beste Barry, dank voor de taalkundige revisie van enkele onderdelen 

van dit proefschrift. 

 

Mijn collega’s in Arnhem. Lieve Dolf, Edo, Mechelien, Paul, Pieter en Quint. Jullie 

zijn de beste collega’s die ik me kan wensen. Nu kan eindelijk die laatste “s” van het 

briefpapier. Dank dat “het voor jullie nooit hoefde”, maar dat jullie me toch de tijd en 

ruimte hebben gegeven om dit onderzoek af te maken. 

 

De secretaresses in Arnhem. Lieve Nicoline en Marjan, jullie zijn goud waard. 

Nicoline, dank voor je voortdurende bereidheid de raadselen van de 

opmaakproblemen van mijn documenten te ontrafelen en op te lossen. 
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Mijn vrienden. Lieve vrienden, ons contact heeft de afgelopen tijd aan kwantiteit wat 

te wensen overgelaten. Aan kwaliteit heeft het nooit ontbroken. Er komen betere 

tijden…… 

 

Mijn paranimfen, Sandra en Yvo. Lieve Sandra, we hebben door de jaren heen heel 

wat ondernomen samen. Dank dat je belangstelling bent blijven houden voor de 

vorderingen van dit proefschrift, al duurde het lang. Lieve Yvo, samen een ijsje halen 

bij Antoin Petit zit er al heel lang niet meer in, maar daar zijn gelukkig andere 

gezellige dingen voor in de plaats gekomen. Dank je voor alle goede tips, onder 

andere als ik weer eens vastliep op computer- of SPSS-gebied. Betere vrienden dan 

jullie beiden kan ik me niet wensen. Fijn jullie op de “grote dag” aan mijn zijde te 

weten. 

 

Mijn ouders en broers. Lieve pap en mam, bij jullie ligt het fundament voor alles wat 

ik ben en wat ik heb kunnen bereiken. Jullie hebben me geleerd om altijd op mijn 

doel af te gaan en vooral door te zetten, ook al lijkt dat soms moeilijk. Zonder die 

lessen zou dit proefschrift er nooit zijn gekomen. Dank voor jullie liefde en jullie niet 

aflatende steun en enthousiasme. Lieve Bart en Gerwin, jullie broederlijke 

plaagstootjes vormden altijd weer een stimulans. Jullie zullen ze nu op iets anders 

moeten richten. 

 

En tenslotte mijn drie lieve mannen. Lieve Wim, toen je zei dat je alles zou doen om 

mij te helpen dit proefschrift af te kunnen ronden, wist je nauwelijks waaraan je 

begon. Zonder jouw inspanningen om ons huishouden en allerhande andere zake 

draaiende te houden was dit nooit gelukt. Op moeilijke momenten hielden jouw liefde 

en je onvoorwaardelijke steun mij op de been. Lieve Lucas en Matthijs, jullie zijn nog 

veel te jong om te kunnen begrijpen wat mamma in vredesnaam heeft bezield zoveel 

uren achter de computer door te brengen in plaats van lekker met jullie te spelen. 

Maar dat is nu voorbij, tijd om samen nog veel meer gezellige dingen te gaan doen! 
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Eveline Gea Jeannette Zandbergen werd op 15 juli 1967 in Groningen geboren. In 

1985 behaalde zij haar VWO-diploma (met achtste vak) aan het Lambert Francken 

College in Elburg. Na een jaar Gezondheidswetenschappen te Nijmegen, kon zij in 

1986 in dezelfde stad beginnen met haar studie Geneeskunde. Tijdens die studie 

was zij actief als studentassistent Sociale Geneeskunde, lid van de Exchange en 

Electives Commissie van de Medische Faculteits Vereniging en later als National 

Exchange Officer van de Netherlands Medical Students’ International Commission 

(NeMSIC) en coördinator van ERASMUS- en TEMPUS-programma's voor de 

Faculteit der Geneeskunde en Gezondheidswetenschappen Nijmegen. Na een korte 

onderbreking in verband met een extra co-assistentschap in het Holy Family Hospital 

in Berekum, Ghana, behaalde zij in 1993 haar arts-examen. 

Na werk als AGNIO op achtereenvolgens de afdeling neurologie van het 

Streekziekenhuis Midden Twente te Hengelo (bij Q.H. Leyten), de afdeling 

kindergeneeskunde en neonatologie van het Sint Joseph Ziekenhuis te Veldhoven 

(bij E.J.P. Lommen en M.J.K. de Kleine) en de afdeling neurologie van het 

Academisch Medisch Centrum (AMC) te Amsterdam (bij J. Stam), maakte zij in 1996 

een start met het in dit proefschrift beschreven onderzoek. Van 1996 tot 2002 deed 

zij de opleiding neurologie in het AMC (opleiders prof. dr. J. Stam, R.H. ten Houten 

[stage Medisch Centrum Alkmaar] en prof. dr. B.W. Ongerboer de Visser [KNF]). 

Sinds 2002 is zij werkzaam als neuroloog in Ziekenhuis Rijnstate te Arnhem. Zij is 

getrouwd met Wim Braam en zij hebben twee zonen, Lucas en Matthijs. 
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PROPAC Study Group 

Principal investigators: A. Hijdra, E.G.J. Zandbergen, J.H.T.M. Koelman, R.J. de 

Haan (Department of Neurology and Clinical Neurophysiology, Academic Medical 

Centre and University of Amsterdam, Amsterdam, The Netherlands); P.E. Vos 

(Department of Neurology, University Medical Centre Sint Radboud, Nijmegen, The 

Netherlands) 

Laboratory: M.M. Verbeek (Laboratory of Pediatrics and Neurology, University 

Medical Centre Sint Radboud, The Netherlands) 

Statistics: A.A.M. Hart (Department of Clinical Epidemiology and Biostatistics, 

Academic Medical Centre, University of Amsterdam, Amsterdam, The Netherlands) 

PROPAC Collaborators (City-Hospital): 

Alkmaar – Medisch Centrum Alkmaar (M.M. Veering, B.M. van Geel, A.J.M. 

Soomers); Amsterdam – Academisch Medisch Centrum (A. Hijdra, J. Kesecioglu, 

J.H.T.M. Koelman); Amsterdam – Onze Lieve Vrouwe Gasthuis ( P. Verlooy, D.F. 

Zandstra) – Sint Lucas-Andreas Ziekenhuis (E.J. Wouda, C.P. Vos, D.M. Laman); 

Amsterdam – Slotervaart Ziekenhuis (I.H. Kwa, H.L. Hamburger); Amsterdam – Vrije 

Universiteit Medisch Centrum (M.C. Visser, R.J.M. Strack van Schijndel, E. Vriens); 

Arnhem – Ziekenhuis Rijnstate (R.H. Boerman, F.H. Bosch, H.A. Bosker); Breda – 

Ignatius Ziekenhuis (E.A.C.M. Sanders, G.J. Scheffer); Delft – Reinier de Graaf 

Gasthuis (W.M.J.H. Grosveld, E.F. Salm); Den Haag – Leyenburg Ziekenhuis 

(R.W.M. Keunen, G.R. de Ruiter, J.W.J. van Wezemael, D.L.J. Tavy); Dordrecht – 

Albert Schweitzer Ziekenhuis (L.I. Hertzberger, V.M.H. Nanninga-van den Neste); 

Geldrop – Sint Anna Ziekenhuis (A. Boon, P.E. Polak); Gorinchem – Beatrix 

Ziekenhuis (M.H. Dijkman); Gouda – Groene Hart Ziekenhuis (G.A.M. Verheul, W.P. 

Kingma, M.J.W. van Hessen, E. Siebenga); Heerlen – Atrium Medisch Centrum 

(C.A.M. Rozeman, W. Roosendaal); Hilversum – Ziekenhuis Hilversum (D. 

Herderscheê, J. Beute, P.A.R. de Milliano); Leiden – Leids Universitair Medisch 

Centrum (G.W. Lammers, H.I.J. Harinck, J.G. van Dijk); Leiderdorp – Rijnland 

Ziekenhuis (E.P. Vries, M.J.F.M. Jansen); Maastricht – Academisch Ziekenhuis 

Maastricht (M.C.T.F.M. de Krom, G. Ramsay, C. de Zwaan, F. Spaans, V. van 

Kranen-Mastenbroek); Nieuwegein – Sint Antonius Ziekenhuis (H.P. Siegers, L.J. 

Bras, E.H.J.F. Boezeman); Nijmegen – Universitair Medisch Centrum Sint Radboud 
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(P.E. Vos, C. Zimmerman, H. Gehlmann, M.J. Zwarts); Roosendaal – Franciscus 

Ziekenhuis (H.N.A.M. Wouters, G. Buunk, R.J. Bos); Rotterdam – Medisch Centrum 

Rijnmond (H.J. van den Brand, J. Ligthart, A. Corsten, T.A. Rijpstra, D.C.A. van 

Hoogenhuyze); Rotterdam – Sint Franciscus Gasthuis (C. Bulens, A.P. Rietveld); 

Tilburg – Sint Elisabeth Ziekenhuis (C.C. Tijssen, B. Speelberg, R.L.L.A. Schellens); 

Utrecht – Diakonessenhuis (W. Weststrate, W.N.M. Hustinx); Utrecht – Universitair 

Medisch Centrum (G.W. van Dijk, A.C. van Huffelen, H. Franssen); Veldhoven – Sint 

Joseph Ziekenhuis (B. J. van Kasteren, J.A.P. Hiel, J. de Koning, R.F. de Visser); 

Venlo – Sint Maartens Gasthuis (G.M.J. Lassouw, N. Foudraine, F. van Rey, S. 

Aertz); Woerden – Hofpoort Ziekenhuis (E.J. Wieringa, H.J. Blom, E.B. Brinkman); 

Zwolle – Isala Klinieken De Weezenlanden (S. Mellema, F.T.F. Snellen, A.J.W. van ’t 

Hof) and Sophia Ziekenhuis (A. Otten) 


