
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), ischaemia (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 ischaemic coma, but excluded studies
and patients with coma from other medical conditions or trauma.
Our analysis was primarily aimed at adult patients, so we excluded
young children and new-born babies. Other criteria for study
selection were: a lower age limit of 10 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 of 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
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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 somato-
sensory 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% CIs 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
[2·5–33·1]; 95%CI pooled false-positive test rate 0·2–5·9%).
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 CI 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
SSEP is the most useful method to predict poor outcome.
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nerve stimulation, and further] present on at least one side; absent:
cortical responses bilaterally absent); electroencephalographic
(EEG) recordings (because the classification of a-coma pattern
proved to be variable, we classified EEG recordings in three ways:
a-coma pattern versus all other recordings; a-coma pattern, burst
suppression pattern, or isoelectric recording versus all other
recordings; and burst-suppression pattern or isoelectric recording
versus all other recordings).2 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 done independently by EGJZ and AH. In
cases of disagreement consensus was sought with the other
authors.

Analyses 
Analyses were done on the basis of 232 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 (ie, all patients with poor
prognostic test results 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/12specificity) 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
232 tables for our calculations. 

To assess the overall accuracy of the various prognostic tests,
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Factor Study reference Number of Prevalence poor Prevalence poor Sensitivity Specificity
patients studied outcome (95% CI) test (95% CI) range 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 h 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 GCS day 3 12, 15, 18 171 70% (63–77) 31% (24–38) 11–58% 100%

EEG

a-coma pattern 8, 9, 10, 15, 25, 35 453 66% (62–71) 20% (16–24) 15–43% 71–100%
a-coma pattern, burst-suppression pattern, 2, 9, 10, 15, 16, 32, 35, 638 67% (63–71) 44% (40–47) 42–84% 71–100%
or isoelectric 23, 26, 29
Burst-suppression pattern, or isoelectric 9, 10, 11, 15, 29, 35 365 57% (52–62) 33% (28–38) 31–84% 71–100%

Convulsions
Convulsons 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
3–5 in first 24 h 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, 30, 563 76% (73–80) 33% (29–37) 28–73% 100%

23, 27, 33, 34

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. GCS 3–5=score 3–5 on the Glasgow Coma Scale.
EEG=electroencephalography; N20 on SSEP=early cortical response to median nerve SSEP.

Table 1: Prognostic factors

Prognostic factor Study Study characteristics Positive test  result Negative test result LR+

Blinding Prospective Long follow-up Good outcome Poor outcome Good outcome Poor outcome

Bilateral absence of N20 7 2 ? + 0 7 9 9 8·8
on SSEP in first week 11 2 + + 0 23 11 22 12·3

13 2 ? ? 0 30 5 15 8·0
14 2 ? 2 0 4 2 4 3·0
15 + + + 0 12 7 15 7·1
19 2 ? + 0 7 4 4 6·3
23 + + + 0 19 14 7 21·7
27 2 ? ? 0 9 11 6 14·3
30 + + 2 0 6 11 8 10·4
33 + + 2 0 22 17 27 16·2
34 + + 2 0 48 44 124 25·2

M=1 on GCS day 3 12 2 2 2 0 7 16 5 19·6
15 + + + 0 3 7 24 2·0
18 + + + 0 43 28 38 30·8

Absent pupillary 12 2 2 2 0 5 16 7 14·4
reactions on day 3 18 + + + 0 18 28 63 13·1

19 2 ? + 0 6 4 5 5·4

Burst-suppression or 9 2 +/2 2 0 11 5 24 3·8
isoelectric EEG in first week 10 2 ? 2 0 6 4 11 3·6

11 2 + + 0 20 10 16 12·2
15 + + + 2 16 5 7 2·4
29 2 ? 2 0 42 28 8 48·3
35 2 ? 2 0 25 104 21 113·9

+=characteristic present; 2=characteristic not present; ?=unknown; +/2=mixed (characteristic present for part of the population); LR+=positive likelihood ratio.

Table 2: Prognostic factors with 100% specificity rates (except study 16 EEG): characteristics of studies and tests
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we calculated the 95% CIs of the pooled positive likelihood ratios
and the pooled false-positive test rates. Because likelihood ratios
are algebraically identical to risk ratios,4 the data were combined
accordingly. 

In case the x2 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 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-ischaemia (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—ie, 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,16 with a specificity of
71%, two of 18 patients with a seriously 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 done on the SSEP-
data (table 4).
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Prognostic factor Pooled LR+ Probability of poor outcome after poor Number of Number of patients with 95% CI of the 
(95% CI) prognostic test result (95% CI) patients with poor both poor test results pooled false

60% prior 75% prior 90% prior
test result and good outcome positive test rates

Bilateral absence of N20 12·0 (5·3–27·6) 95% (89–98%) 97% (94–99%) 99% (98–99%)* 187 0 0–2·0%
on SSEP first week
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 10·5 (2·1–52·4) 94% (76–99%) 97% (86–99%) 99% (95–99%)* 29 0 0–11·9%
to light day 3
Burst-suppression of 9·0 (2·5–33·1) 93% (79–98%) 96% (88–99%) 99% (96–99%)* 120 2 0·2–5·9%
isoelectric EEG first week†

*Percentages over 99% were conservatively rounded off downwards. †x2-test: p=0·10, random effect model used; for the other pooled LR+ (positive likelihood ratio) the fixed effects
model could be used.

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

Study characteristics Pooled Number of  Number of 95% CI of 
LR+  patients patients with pooled 
(point with  both poor  false 
estimate) poor test results positive 

test result and good test rates
outcomes

Awareness
Blinded 16·3 107 0 0–3·4%
Not blinded or unknown 8·6 80 0 0–4·5%

Type
Prospective 15·6 130 0 0–2·8%
Retrospective or unknown 7·7 57 0 0–6·3%

Follow-up
Long (Ä3 months) 11·0 68 0 0–5·3%
Short (<3 months) or unknown 12·9 119 0 0–3·1%

Poor outcome rate
High (above median) 11·2 117 0 0–3·1%
Low (below median) 13·0 70 0 0–5·1%

LR+=positive likelihood ratio. Median poor outcome rate=78·9%

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



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 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 influenced our main
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 h. In the other five
studies, all patients with absent SSEPs died or remained in
a vegetative state.

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
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 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 N20-responses died during
follow-up. The remaining eight (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 absent.44 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 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 Because 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 h
after the onset of coma. This is motivated by our finding
that the prognostic value of several clinical variables is more
accurate after 72 h than on the first day of coma, and by
the finding of Guérit and colleagues42 that two patients with
absent SSEPs during the first 24 h 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 h, 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 to 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
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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.
Contributors
A Hijdra initiated and supervised the study, and with C P Stoutenbeek, R J
de Haan, and E G J Zandbergen designed the study protocol. EGJZ
collected the data and with RJdeH did the analyses. J H T M Koelman
interpreted the clinical neurophysiological data. EGJZ, RJdeH, and AH
wrote the paper. All authors contributed to the final manuscript.

Acknowledgments
During the final preparations of our paper Christiaan Stoutenbeek died
unexpectedly. The present work bears witness to his continuous efforts to
improve the fate of his patients. As a person and as an intensivist he will be
missed and remembered by all of us.
This study was supported by a grant from the Clinical Guidelines
Committee of the Academic Medical Centre/University of Amsterdam.

References
1 Saltuari L, Marosi M. Coma after cardiac arrest: will he recover all right?

Lancet 1994; 343: 1052.
2 Hockaday JM, Potts F, Epstein E, Bonazzi A, Schwab RS.

Electroencephalographic changes in acute cerebral anoxia from cardiac
or respiratory arrest. Electroenceph Clin Neurophysiol 1965; 18: 575–86.

3 Jennett B, Bond M. Assessment of outcome after severe brain damage: a
practical scale. Lancet 1975; i: 480–84.

4 Simel DL, Sansa GP, Matchar DB. Likelihood ratios with confidence:
sample size estimation for diagnostic test studies. J Clin Epidemiol 1991;
44: 763–70.

5 Ioannidis JPA, Cappelleri JC, Lau J, et al. Early or deferred zidovudine
therapy in HIV-infected patients without an AIDS-defining illness. Ann
Intern Med 1995; 122: 856–66

6 Rothman KJ. Stratified analysis. In: Rothman KJ, ed.  Modern
epidemiology. Boston: Little Brown, 1986: 177–236.

7 Ahmed I. Use of somatosensory evoked responses in the prediction of
outcome from coma. Clin Electroencephalogr 1988; 19: 78–86.

8 Austin EJ, Wilkus RJ, Longstreth WT Jr. Etiology and prognosis of
alpha coma. Neurology 1988; 38: 773–77.

9 Bassetti C, Karbowski K. Prognostic value of electroencephalography in
non-traumatic comas [German]. Schweiz Med Wochenschr 1990; 120:
1425–34.

10 Bassetti C, Scollo-Lavizzari C. Value of the EEG in the post-anoxic
coma following cardiocirculatory arrest [German] Elektroenzephalogr
Elektromyogr Verwandte Geb 1987; 18: 97–100.

11 Bassetti C, Bomio F, Mathis J, Hess CW. Early prognosis in coma after
cardiac arrest: a prospective clinical, electrophysiological, and
biochemical study of 60 patients. J Neurol Neurosurg Psychiatry 1996; 61:
610–15.

12 Bertini G, Margheri M, Giglioli D, et al. Prognostic significance of early
clinical manifestations in postanoxic coma: a retrospective study of 58
patients resuscitated after prehospital cardiac arrest. Crit Care Med 1989;
17: 627–33.

13 Brunko E, Zegers de Beyl D. Prognostic value of early cortical
somatosensory evoked potentials after resuscitation from cardiac arrest.
Electroencephalogr Clin Neurophysiol 1987; 66: 14–24.

14 Cheliout-Heraut F, Durand MC, Clair B, Gajdos P, Raphael JC.
Importance of evoked potentials in the evolutive prognosis of coma
during cerebral anoxia in adults [French]. Neurophysiol Clin 1992; 22:
269–80.

15 Chen R, Bolton CF, Young GB. Prediction of outcome in patients with
anoxic coma: a clinical and electro-physiologic study. Crit Care Med
1996; 24: 672–78.

16 Cloche R, Desmonts JM, Hennetier G. Morphological and evolutive
aspects of electroencephalographic tracings in acute cerebral anoxia (42
cases) [French]. Anesth Analg Réan 1968; 25: 579–90.

17 Edgren E, Hedstrand U, Nordin M, Rydin E, Ronquist G. Prediction of
outcome after cardiac arrest. Crit Care Med 1987; 15: 820–25.

18 Edgren E, Hedstrand U, Kelsey S, Sutton-Tyrrell K, Safar P.
Assessment of neurological prognosis in comatose survivors of cardiac
arrest. Lancet 1994; 343: 1055–59.

19 Kano T, Shimoda O, Morioka T, Yagishita Y, Hashiguchi A. Evaluation
of the central nervous function in resuscitated comatose patients by
multilevel evoked potentials. Resuscitation 1992; 23: 235–48.

20 Krumholz A, Stern BJ, Weiss HD. Outcome from coma after
cardiopulmonary resuscitation: relation to seizures and myoclonus.
Neurology 1988; 38: 401–05.

21 Levy DE, Caronna JJ, Singer BH, Lapinski RH, Frydman H, Plum F.
Predicting outcome from hypoxic-ischemic coma. JAMA 1985; 253:
1420–26.

22 Longstreth WT Jr, Diehr P, Inui TS. Prediction of awakening after out-
of-hospital cardiac arrest. N Engl J Med 1983; 308: 1378–82.

23 Rothstein TL, Thomas EM, Sumi SM. Predicting outcome in hypoxic-
ischemic coma. A prospective clinical and electrophysiologic study.
Electroencephalogr Clin Neurophysiol 1991; 79: 101–07.

24 Snyder BD, Loewenson RB, Gumnit RJ, Hauser WA, Leppik IE,
Ramirez-Lassepas M. Neurologic prognosis after cardiopulmonary
arrest: II. Level of consciousness. Neurology 1980; 30: 52–58.

25 Sørensen K, Thomassen A, Wernberg M. Prognostic significance of
alpha frequency EEG rhythm in coma after cardiac arrest. J Neurol
Neurosurg Psychiatry 1978; 41: 840–42.

26 Thomassen A, Sørensen K, Wernberg M. The prognostic value of EEG
in coma survivors after cardiac arrest. Acta Anaesthesiol Scand 1978; 22:
483–90.

27 Walser H, Mattle H, Keller HM, Janzer R. Early cortical median nerve
somatosensory evoked potentials. Prognostic value in anoxic coma. Arch
Neurol 1985; 42: 32–38.

28 Wijdicks EF, Parisi JE, Sharbrough FW. Prognostic value of myoclonus
status in comatose survivors of cardiac arrest. Ann Neurol 1994; 35:
239–43.

29 Yamashita S, Morinaga T, Ohgo S, et al. Prognostic value of
electroencephalogram (EEG) in anoxic encephalopathy after
cardiopulmonary resuscitation: relationship among anoxic period, EEG
grading and outcome. Intern Med 1995; 34: 71–76.

30 Berek K, Lechleitner P, Luef G, et al. Early determination of
neurological outcome after prehospital cardiopulmonary resuscitation.
Stroke 1995; 26: 543–49.

31 Earnest MP, Breckinridge JC, Yarnell PR, Oliva PB. Quality of survival
after out-of-hospital cardiac arrest: predictive value of early neurologic
evaluation. Neurology 1979; 29: 56–60.

32 Lemmi H, Hubbert CH, Faris AA. The electroencephalogram after
resuscitation of cardiocirculatory arrest. J Neurol Neurosurg Psychiatry
1973; 36: 997–1002.

33 Madl C, Grimm G, Kramer L, et al. Early prediction of individual
outcome after cardiopulmonary resuscitation. Lancet 1993; 341: 855–58.

34 Madl C, Kramer L, Yeganehfar W, et al. Detection of nontraumatic
comatose patients with no benefit of intensive care treatment by
recording of sensory evoked potentials. Arch Neurol 1996; 53: 512–16.

35 Møller M, Holm B, Sindrup E, Lyager Nielsen B.
Electroencephalographic prediction of anoxic brain damage after
resuscitation from cardiac arrest in patients with acute myocardial
infarction. Acta Med Scand 1978; 203: 31–37.

36 Sacco RL, VanGool R, Mohr JP, Hauser WA. Nontraumatic coma.
Glasgow coma score and coma etiology as predictors of 2-week
outcome. Arch Neurol 1990; 47: 1181–84.

37 Snyder BD, Hauser WA, Loewenson RB, Leppik IE, Ramirez-Lassepas
M, Gumnit RJ. Neurologic prognosis after cardiopulmonary arrest: III.
Seizure activity. Neurology 1980; 30: 1292–97.

38 Willoughby JO, Leach BG. Relation of neurological findings after
cardiac arrest to outcome. BMJ 1974; 3: 437–39.

39 Coulthard P, Rood JP. Midazolam and somatosensory evoked
potentials. Br J Oral Maxillofac Surg 1993; 31: 28–31.

40 Koht A, Schütz W, Schmidt G, Schramm J, Watanabe E. Effects of
etomidate, midazolam, and thiopental on median nerve somatosensory
evoked potentials and the additive effects of fentanyl and nitrous oxide.
Anesth Analg 1988; 67: 435–41.

41 Sloan TB, Fugina ML, Toleikis JR. Effects of midazolam on median
nerve somatosensory evoked potentials. Br J Anaesth 1990; 64: 590–93.

42 Guérit JM, Tourtchaninoff M de, Soveges L, Mahieu P. The prognostic
value of three-modality evoked potentials (TMEPs) in anoxic and
traumatic comas. Neurophysiol Clin 1993; 23: 209–26.

43 The Multi-Society Task Force on PVS. Medical aspects of the persistent
vegetative state (parts one and two). New Engl J Med 1994; 330:
1499–1508, 1572–79.

44 Tsubokawa T, Yamamoto T, Katayama Y. Prediction of outcome of
prolonged coma caused by brain damage. Brain Inj 1990; 4: 329–37.

45 Brierley JB, Adams JH, Graham DI, Simpsom JA. Neocortical death
after cardiac arrest. Lancet 1971; ii: 560–65.

46 Dougherty JH, Rawlinson DG, Levy DE, Plum F. Hypoxic-ischemic
brain injury and the vegetative state: clinical and neuropathologic
correlation. Neurology 1981; 31: 991–97.

47 Allison T, McCarthy G, Wood CC, Jones SJ. Potentials evoked in
human and monkey cerebral cortex by stimulation of the median nerve.
Brain 1991; 114: 2465–503.

48 Hijdra A, Vermeulen M, Van Gijn J, Van Crevel H. Respiratory arrest in
subarachnoid hemorrhage. Neurology 1984; 34: 1501–03.

1812 THE LANCET • Vol 352 • December 5, 1998


