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ORIGINAL

Time-dependency of sensory evoked
potentials in comatose cardiac arrest

survivors

Abstract Objective: To assess the
validity of early sensory evoked po-
tential (SEP) recording for reliable
outcome prediction in comatose
cardiac arrest survivors within 48 h
after restoration of spontaneous cir-
culation (ROSC).

Design and setting: Prospective co-
hort study in a medical intensive
care unit of a university hospital.
Patients: Twenty-five comatose, me-
chanically ventilated patients fol-
lowing cardiopulmonary resuscita-
tion

Measurements and results: Median
nerve short- and long-latency SEP
were recorded 4, 12, 24, and 48 h af-
ter ROSC. Cortical N20 peak laten-
cy and cervicomedullary conduction
time decreased (improved) signifi-
cantly between 4, 12, and 24 h after
resuscitation in 22 of the enrolled
patients. There was no further
change in short-latency SEP at 48 h.

The cortical N70 peak was initially
detectable in seven patients. The
number of patients with increased
N70 peak increased to 11 at 12 h and
14 at 24 h; there was no further
change at 48 h. Specificity of the
N70 peak latency (critical cutoff
130 ms) increased from 0.43 at4 h to
1.0 at 24 h after ROSC. Sensitivity
decreased from 1.0 at 4 h to 0.83 at
24 h after ROSC.

Conclusion: Within 24 h after ROSC
there was a significant improvement
in SEP. Therefore we recommend
allowing a period of at least 24 h af-
ter cardiopulmonary resuscitation
for obtaining a reliable prognosis
based on SEP.

Keywords Sensory evoked
potentials - Cardiopulmonary
resuscitation - Postischemic
metabolic and circulatory
derangements - Outcome prediction

Introduction

Mortality in patients following cardiopulmonary resus-
citation (CPR) is high, and the survival rate without
brain damage still ranges from 10 % to 20 % [1]. The se-
verity of cerebral anoxia is the major factor limiting the
success of CPR. Approximately 80 % of patients after
cardiac arrest remain in coma some time, and 1-year
mortality exceeds 80 % [2, 3].

Intensivists are often confronted with the question of
whether it is justified to continue expensive ICU treat-
ment in comatose survivors of cardiac arrest. Several
clinical, biochemical, electrophysiological, and imaging

techniques have been studied comprehensively as pre-
dictors of individual outcome [4, 5, 6,7, 8, 9, 10, 11, 12,
13, 14]. We have previously reported that early record-
ing of somatosensory evoked potentials (SEP), a repro-
ducible and noninvasive measure of cortical function,
has a high prognostic reliability in comatose cardiac ar-
rest survivors [15]. Short-latency SEP reflect the func-
tional status of the central sensory pathway between
the cervicomedullary junction and the sensory cortex,
whereas long-latency SEP are generated by complex
thalamocortical and corticocortical interactions [16].
SEP are useful to quantify cerebral impairment [17, 18,
19, 20, 21] and have been found to be the most reliable
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method for predicting death and persistent vegetative
state in patients with anoxic-ischemic coma [22]. De-
pending on the extent of cerebral anoxia, SEP peaks
are delayed or absent [15]. It is unknown, however,
whether impaired microvascular cerebral perfusion and
reperfusion damage occurring in the initial hours after
cardiac arrest adversely affect SEP findings and thus
limit the validity of SEP early after CPR. We hypothe-
sized that early SEP recordings are not sufficiently reli-
able for prediction of cerebral outcome due to substan-
tial cerebral metabolic changes during the first hours
following CPR.

Materials and methods

The study was carried out at medical intensive care units of the
General Hospital of Vienna and enrolled 25 consecutive patients
who were comatose (Glasgow Coma Scale 3) and mechanically
ventilated following CPR (5 women, 20 men; median age 59 years,
range 42-87). Patient data are reported according to the Utstein-
style recommendations [23]. Excluded were patients with a history
of stroke, insulin-dependent diabetes, or chronic renal failure, pa-
tients with hypoxic asystole or ventricular fibrillation following in-
toxication with central depressant drugs, and patients in whom ce-
rebral hypoperfusion was evident (mean arterial blood pres-
sure < 50 mmHg despite inotropic support). Treatment and man-
agement followed the guidelines of the American Heart Associa-
tion for cardiopulmonary resuscitation [24]. To prevent postische-
mic hyperexcitatory brain damage, all patients received standard-
ized sedation (9-21 mg/h midazolam and 0.15-0.30 mg/h fentanyl)
to achieve a score on the Ramsay et al. [25] scale of 6. All patients
enrolled were kept normothermic.

The final outcome was assessed within 6 months after cardiac
arrest using the Glasgow-Pittsburgh outcome categories of the Ut-
stein recommendations [23]. A cerebral performance category
(CPC) of 1 or 2 represents good outcome, while one of 3-5 indi-
cates poor outcome. The best score achieved within 6 months after
resuscitation was used for analysis. A critical cutoff of 130 ms for
the N70 peak latency has recently been shown to have the highest
sensitivity and specificity for outcome prediction [1]. Therefore
this cutoff was used for statistical analysis in the present study. A
total of 45 healthy control subjects were recruited over a period of
5 years among the inhabitants of Vienna (age range 18-72 years)
in order to generate a SEP reference data base.

The study was conducted according to the principles estab-
lished in Helsinki. Recording of SEP after CPR was approved by
and the need for informed consent was waived by the Ethics Com-
mittee.

Sensory evoked potentials

Short- and long-latency SEP were recorded on an electrodiagnos-
tic system (Nicolet Spirit, Nicolet, Madison, Wis., USA) 4, 12, and
24 h after restoration of spontaneous circulation (ROSC). In 10 of
the 25 patients additional recording was performed 48 h after
ROSC. Each SEP measurement was carried out within 30 min of
the required time.

Ag/AgCl-sintered electrodes (Picker International, Munich,
Germany) were placed using adhesive electrolyte gel (Grass,
Quincy, Mass., USA) according to the international 10/20 system

at C2 (cervical N13) and C3’ and C4’ (3 cm behind C3 or C4, N20,
N35, N70 peaks) contralateral to the site of stimulation, and refer-
enced to both midfrontal and linked-earlobe electrodes, which
were recorded simultaneously. The ground electrode was placed
on the forearm 10 cm proximal to the stimulation electrode. Stimu-
lation was delivered by means of a bipolar surface electrode with
3.3 stimuli/s (short-latency) and 1.3 stimuli/s (long-latency) of elec-
trical pulses of 0.2 ms duration on the right and left median nerve.
The intensity of stimulation was adjusted between 5 and 15 mA to
produce a minimal thumb twitch.

In each recording two sets of 700 (short-latency) and 200 (long-
latency) evoked responses were obtained for reliable averages.
Means of left-sided and right-sided stimulation were used for cal-
culation. In healthy subjects short-latency recording results in cer-
vical N13 peak and first negative cortical N20 peak allowing the
calculation of the cervicocortical N13 to N20 conduction time;
long-latency SEP consist of two negative and two positive cortical
peaks labeled N35, P45, N70, and P95, respectively.

Statistical analysis

Data are presented as means + SD. Serial SEP measurements were
compared by one-way repeated measurement analysis of variance
or one-way repeated measurement analysis of variance on ranks
as appropriate. The Student-Newman-Keuls multiple comparison
procedure was used for calculating levels of significance between
measurements; p values less than 0.05 were considered statistically
significant. Sensitivity was defined as the proportion of patients
with poor outcome who were classified correctly by SEP criteria,
specificity was defined as the proportion of patients with favorable
outcome who were classified correctly, positive predictive value
was defined as the proportion of patients predicted to have a poor
outcome who actually had a poor outcome, and negative predictive
value was defined as the proportion of patients with favorable out-
come who actually had a favorable outcome.

Results
Clinical data

Initial electrocardiography showed ventricular fibrilla-
tion in 15, asystole in 9 patients, and electromechani-
cal dissociation in one patient. Collapse was witnessed
in 22 patients. Basic life support was provided in
13 patients and advanced life support in all 25 pa-
tients. ROSC was achieved after a median of 22 min
(range 5-77 min). Catecholamine therapy consisted of
dopamine (n=18; 1.6-6.9 ug kg™! min™'), dobutamine
(n=7, 25-11.1ugkg' min!), epinephrine (n = 6;
0.03-2.2 ug kg min') and norepinephrine (n=1;
0.1 ug kg min™). Three of the 25 patients required
no catecholamines. All patients were normothermic
at the time of SEP measurement. Clinical outcome
was favorable (CPC 1) in seven of the enrolled pa-
tients. Fourteen patients died, and four remained in a
persistent vegetative state within 6 months of follow-

up.
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Table 1 Sensory evoked po-

tentials 4, 12, and 24 h after 4h 12h 24h

ROSC (the decrease in num- n SEP n SEP n SEP

bers of patients is caused by an Short latency

absence of the corresponding N 13 (ms) 25 14123 25 13125 25 129427

peaks) N20 (ms) 24 228+2.5 22 21.4 + 2.0 22 20.8 + 2.4*
AmpN20 (uV) 24 22+18 22 20£1.6 22 23+15
CCT (ms) 24 7.21+£0.9 22 6.24 + 0.8% 22 5.92 +0.9*

Long latency

N35 (ms) 13 44.0+83 15 427+63 17 40.6 £5.1
N70 (ms) 7 133.4 +17.8 11 127.0 + 14.4 14 122.0 + 14.9
AmpN70 (uV) 7 0.9 +0.7 11 14+08 14 19+1.3

*p <0.0lvs.4h

Table 2 Sensory evoked potentials 24 and 48 h after ROSC (the
decrease in numbers of patients is caused by an absence of the cor-
responding peaks)

24 h 48 h
n SEP n SEP
Short latency
N13 (ms) 10 139+1.2 10 13.8+1.1
N20 (ms) 7 194+1.1 7 199+1.3
AmpN20 (uV) 7 23+1.9 7 26+1.7
CCT (ms) 7 5408 7 5.7+0.5
Long latency
N35 (ms) 7 383+4.8 7 39.1+42
N70 (ms) 5 1129+ 17.7 5 121.4 £ 18.2
AmpN70 (uV) 5 22+0.9 5 2.8+3.1
Early SEP

The cervical N13 peak was detectable in all 25 pa-
tients. There was no significant change in the N13
peak latency within the initial 24 h after ROSC (Ta-
ble 1). One patient had no detectable negative cortical
N20 peak throughout study and died without awaken-
ing. In two patients the N20 peak was detectable only
at 4 h after ROSC; one of these patients remained in
a persistent vegetative state, and the other remained
comatose and died from circulatory failure 7 days af-
ter CPR. In the remaining 22 patients the N20 peak
was detectable, but its latency 4 h after ROSC was
significantly longer than in healthy subjects
(22.8 £2.5 vs. 19.3 + 1.1 ms, p < 0.01). N20 peak laten-
cy shortened (improved) between 4, 12, and 24 h after
ROSC (p <0.01, Table 1). The sensitivity of the N20
peak latency was 0.06 [95% confidence interval (CI)
0.04-0.07] 4h and 0.17 (95% CI 0.13-0.2) 24 h after
ROSC, and the specificity (1.0; 95% CI 0.80-1.0) was
equal 4 and 24 h after ROSC. The positive predictive
value was 1.0 (95% CI 0.8-1.0) 4 and 24 h after
ROSC, and the negative predictive value was 0.29
(95% CI 0.23-0.35) 4h and 0.32 (95%CI 0.26-0.38)
24 h after ROSC. Cervicomedullary conduction time

improved similarly (p <0.01, Table 1). There was no
further statistically significant change between 24 and
48 h (Table 2).

Late SEP

An increasing number of the patients showed a detect-
able negative cortical N35 peak within 24 h after
ROSC. There was no statistically significant decrease
in peak latencies throughout the study period
(» = 0.189). The number of patients in whom the nega-
tive cortical N70 peak was detectable increased from 7
at 4h to 11 at 12 h, and 14 at 24 h (Table 1). The N70
peak latency tended to decrease, i.e., improve, but prob-
ably due to the small sample size there was no statisti-
cally significant change in N70 peak latency throughout
the study. No patient with an initially detectable N70
peak developed a loss of this cortical peak during the
overall whole study (Table 1).

To determine whether further changes in N70 peak
latencies occur between 24 and 48 h after CPR, SEP
were additionally recorded in 10 of the 25 patients stud-
ied 48 h after ROSC. Peak latencies showed no further
statistically significant improvement compared to the
prior measurements at 24 h (Tables 2; Fig. 1). The sensi-
tivity of the N70 peak latency 48 h after ROSC was 1.0
(95% CI 0.80-1.0), the specificity was 0.75 (95% CI
0.60-0.90), the positive predictive value 0.86 (95% CI
0.69-1.0), and the negative predictive value 1.0 (95%
CI 0.8-1.0) (Table 3).

The prognostic value of the N70 peak at 4 and 24 h
was calculated accordingly to the above criteria. Only
three of seven patients with good outcome had an N70
peak of less than 130 ms 4 h after ROSC, but the N70
peak was detectable below this cutoff in all seven pa-
tients at 24 h. Specificity increased from 0.43 (95 % CI
0.34-0.51) at 4 h to 1.0 (95 % CI 0.8-1.0) at 24 h. Three
patients with favorable and 2 with unfavorable outcome
showed a N70 peak latency between 122 and 128 ms
24 h after ROSC. Both patients with a N70 peak latency
higher than 130 ms died.
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by 4 hrs absent
_.\/\/._
12 hrs 132 ms
113 ms
24 hrs
111 ms
48 hrs
1(l)0 ms

Fig.1 Alterations in long-latency SEP within 48 h after ROSC
demonstrate in one comatose cardiac arrest survivor

All 18 patients with poor outcome had an N70 peak
latency greater than 130 ms or an absent N70 peak 4 h
after ROSC. After 24 h 3 of these 18 patients with ulti-
mately poor outcome regained an N70 peak less than
130 ms. Thus sensitivity decreased from 1.0 (95% CI
0.8-1.0) at 4h to 0.83 (95% CI 0.67-1.0) 24 h after
ROSC. The positive predictive value increased from
0.82 (95% CI 0.66-0.98) at 4 h to 1.0 (95% CI 0.8-1.0)
24 h after ROSC, while the negative predictive value
decreased from 1.0 (95% CI 0.8-1.0) at 4h to 0.70
(95% CI0.56-0.84) 24 h after ROSC (Table 4).

Discussion

The recording of SEP is a noninvasive and reproducible
bedside technique that can accurately predict outcome
in comatose cardiac arrest survivors [1, 15]. The present
study demonstrates that determination of prognosis in
such patients based on this method is time dependent.
Within 24 h after cardiac arrest we noticed a statistically
significant improvement in SEP in the majority of the
enrolled patients, while SEP peak latencies showed no
further statistically significant change between 24 and
48 h after ROSC.

Table 3 Prediction of outcome in 10 comatose cardiac arrest survi-
vors 4, 24, and 48 h after ROSC

4h 24h 48h
Sensitivity 0.83 0.83 1.0
Specificity 0.50 1.0 0.75
Positive predictive value 0.71 1.0 0.86
Negative predictive value 0.67 0.80 1.0

Table 4 Prediction of outcome in 25 comatose cardiac arrest survi-
vors 4 and 24 h after ROSC

4h 24h
Sensitivity 1.0 0.80
Specificity 0.43 1.0
Positive predictive value 0.82 1.0
Negative predictive values 1.0 0.70

The neurological prognosis in comatose cardiac ar-
rest survivors often remains uncertain. Fewer than
40 % of patients in anoxic-ischemic coma for more than
12 h make a meaningful recovery [26], and most patients
end up in a persistent vegetative state or death. A vari-
ety of clinical, biochemical, electrophysiological, and
neuroimaging parameters has been proposed for prog-
nostic evaluation [4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14].
Among these predictors a recent meta-analysis identi-
fied SEP as the method with the highest prognostic reli-
ability [22]. This method is useful to quantify functional
brain impairment. In the case of severe cerebral hypoxia
the negative cortical N70 peak is delayed or absent. Ac-
cording to our previous experience, a critical cutoff be-
tween favorable and unfavorable cerebral outcome of
130 ms, measured within 24 h and 7 days after CPR,
had a specificity of 1.0 and a sensitivity of 0.83 [1]. As
for short-latency SEP serial studies have emphasized
poor outcome from coma associated with bilateral ab-
sent cortical responses [27, 28]. The current study was
designed to clarify whether SEP results are reliable at
an early stage after ROSC.

Many postischemic metabolic and circulatory disor-
ders occur immediately and delayed after successful
CPR. These include postischemic hypoperfusion and
dysregulation of blood flow, permeability changes in
the blood-brain barrier, and even secondary depression
of previously recovered metabolic activities [29]. The ef-
fect of these postischemic disturbances on the validity of
SEP results is unknown.

Our data demonstrate a marked change to the better
in SEP between 4 and 24 h following CPR in 76 % of the
enrolled patients. Until now there has been no sufficient
explanation for this improvement between 4 and 24 h
after restored circulation, since all existing studies con-
cerning hypoxic-ischemic brain damage due to cardiac
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arrest describe a deterioration in cerebral circulatory,
metabolic, and histopathological conditions in the 1st h
of postischemic recirculation. Thus all attempts at ex-
planation for detected improvement remain specula-
tive. Causes of secondary deterioration may be a decline
in cerebral blood flow during the first 6 h of the postre-
suscitation period followed by hyperemia which heralds
delayed-onset CNS cell death [30], and abnormally high
cerebral arteriovenous O, gradients for at least 24 h, in-
dicating a mismatching of O, delivery to O, uptake
[31]. Cerebral hypoxia may lead to a biphasic pattern
of brain edema [32]. The initial transient edema re-
solved within several hours of recirculation. After 24 h
of recirculation edema recurred, particularly in the sen-
sorimotor cortex, the area from where SEP are derived
by stimulating the contralateral median nerve [1, 15,
32]. The latter findings would be compatible with the
statistically significant improvement in our SEP results
between 4 and 12 h after ROSC, but they fail to explain
the further improvement after 24 h of postischemic re-
covery.

Our results are supported by neurological findings
obtained in a rhesus monkey model of 16 min global
brain ischemia. The observed neurological deficit was
initially 100 %, 70 % at 6 h, and improved to 50% 24 h
after ischemia, along with a recovery in the electroen-
cephalography [33]. In our study we found an improve-
ment in SEP in 76 % of patients during a similar time pe-
riod.

Various confounding variables not related to cere-
bral ischemia may have affected our SEP results. How-
ever, confounding is unlikely as all of the patients re-
ceived standardized medical treatment and were kept
normoglycemic during the observation period. Further-
more, cerebral perfusion was maintained after initial
CPR by keeping a mean arterial pressure of 70 mmHg.

The obligatory sedation in our patients may be a lim-
iting factor in the validity of these SEP findings. On the
one hand, both short- neither long-latency SEP are
markedly affected by sedation, as previous work has
shown [15], and on the other, sedation was standardized
with midazolam and fentanyl being administered
throughout the study period of 48 h. Despite continuous
sedation we observed statistically significant improve-
ment in SEP peak latencies. Furthermore, according to
our previous study, continuous sedation does not affect
the prognostic value of SEP in cardiac arrest survivors
[15].

Another possible confounding variable is the pa-
tient’s body temperature. A number of studies have
demonstrated that body temperature affects both SEP
latencies and SEP amplitudes. Hypothermia (35°C)
causes a noticeable prolongation of peak latencies, re-
flecting slowing of neural transmission with hypother-
mia, and a reduction in amplitudes [34, 35]. During hy-
perthermia (39°C), in contrast, peak-latencies de-

creased significantly [36, 37]. All the changes described
are reversible when normothermia is restored [35].
Therefore our patients were kept normothermic to pre-
vent any interference of our SEP results with body tem-
perature. Thus the validity of SEP results may be limit-
ed by febrile body temperature and hypothermia.

Interestingly, two patients lost the negative cortical
N20 peak between 4 and 12 h after ROSC. In contrast,
in the remaining patients with an initially detectable
N20 peak the peak remained detectable and showed a
partial improvement over the course of the observation
period. Data analysis of the course of the CPR and the
following clinical parameters revealed no striking fea-
tures that would explain this delayed loss. The extreme-
ly low amplitude of the N20 peak in the initial measure-
ment must be emphasized. One may argue that the low
amplitude and the subsequent loss were related to brain
edema, on the one hand, and to severe clinically unde-
tectable microcirculatory derangements, on the other
[32, 28]. Short-latency SEP are suitable for predicting
poor outcome only in a subgroup of nonsurvivors with
widespread cortical damage. A preserved N20 peak fails
to predict outcome. Although we have previously found
a statistically significant difference in the N20 peak la-
tency between patients with good and poor outcome,
the wide overlap of the N20 peak latencies in survivors
and nonsurvivors counteracts the definition of a critical
cutoff point for the N20 peak latency with a high sensi-
tivity and specificity, respectively [1]. Nevertheless, as
shown in previous work, the cervicomedullary conduc-
tion time is significantly longer in nonsurvivors than in
survivors and healthy subjects. However, the predictive
value of correct prediction of death for a cervicomedul-
lary conduction time of less than 7 ms was only 0.67.
The positive predictive value for favorable outcome at
a given critical cutoff point of a cervicomedullary con-
duction time of 7 ms or less was 0.45 [27].

According to the present results, the reliability of
outcome prediction in comatose cardiac arrest survivors
based on SEP is given at 24 h after ROSC at the earliest.
The specificity improved from 0.43 4 h after ROSC to
1.0 24 h after ROSC. In the present study several pa-
tients regained an cortical N70 peak within 24 h after
CPR. As shown in previous work, the cortical N70
peak is highly and accurately predictive for outcome [1,
15]. The test-retest variability of SEP is very low, with a
mean coefficient of variation of 1 % for the N70 peak la-
tency [15]. The verified reproducibility of SEP results
emphasizes the high reliability and thus the clinical
practicability of this simple bedside technique. If the
N70 peak is absent 24 h after ROSC, withdrawal of in-
tensive care treatment may be considered, since no pa-
tient with a lost N70 peak regained the peak [1, 15].
However, the final decision to discontinue therapy
should not be based solely on poor SEP results 24 h af-
ter ROSC. Additional clinical neurological findings
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such as the absence of pupillary light reaction and ab-
sent motor responses to pain on day three after ROSC
which are also said to be reliable predictors of unfavor-
able outcome should be taken into account [22]. Only
in patients with poor results in all applied clinical and
electrophysiological tests does the discontinuation of in-
tensive care treatment seem to be undisputed. Never-
theless, continuous sedation or even medical paralysis
is often necessary in the treatment of cardiac arrest sur-
vivors with corresponding multiorgan failure. Thus,
clinical neurological functions including brainstem re-
flexes cannot be assessed sufficiently. In these cases the
recording of SEP appears very helpful to detect those
patients with bad prognosis, since this noninvasive, re-
producible method is hardly affected by sedation or
medical paralysis and is less susceptible to metabolic
changes [1, 15, 22].

We used the Glasgow-Pittsburgh outcome categories
as primary outcome measures, which have become the

most widely used approach to evaluate quality of life af-
ter successful resuscitation because of its established va-
lidity and low interobserver variability [23]. We record-
ed the prearrest status and the status 6 months after
ROSC. The best ever achieved CPC score within
6 months after ROSC was selected to identify the pa-
tients who regained complete consciousness after suc-
cessful CPR, but who sustained neurological impair-
ment or died due to a second cerebral or noncerebral
event later. Therefore an exclusive final assessment at a
definite time (for example, at 6 months) could substan-
tially affect the predictive accuracy of SEP.

Based on our data, we recommend allowing a period
of at least 24 h after cardiac arrest before recording
SEP to ensure a reliable prognosis. The mechanism of
certain metabolic, circulatory, and histopathological
events during the postischemic recovery period that
would explain why SEP peak latencies improved and re-
appeared remains speculative.
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