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a b s t r a c t

Objective: While the use of therapeutic hypothermia (TH) has improved outcomes after resuscitation
from cardiac arrest, prognostication of survival and neurologic function remains difficult during the
post-arrest time period. Bispectral index (BIS) monitoring, a non-invasive measurement of simplified
electroencephalographic data, is increasingly being considered for post-arrest neurologic assessment
and outcomes prediction, although data supporting the technique are limited. We hypothesized that BIS
values within 24 h after resuscitation would correlate with neurologic outcomes at discharge.
Methods: We prospectively collected BIS data in consecutive patients initially resuscitated from cardiac
arrest and treated with TH in one academic medical center. We assessed BIS values in context of cerebral
performance category (CPC) assessment on the day of discharge.
Results: Data were collected in 62 post-arrest patients, of whom 26/62 (42%) survived to hospital dis-
charge. Mean BIS values at 24 h post-resuscitation were significantly different in the survivors with CPC
1–2 (“good” outcome) vs those with CPC 3–5 (“poor” outcome) or death during hospitalization (49 ± 13 vs
30 ± 20; p < 0.001). Receiver operator characteristic analysis suggested that 24 h BIS was most predictive

of CPC 1–2 outcome compared to the other timepoints; a BIS cutpoint of 45 exhibited a sensitivity of 63%
and a specificity of 86%, with a positive likelihood ratio of 4.67. Sixteen patients exhibited a BIS of zero
during at least one timepoint; all of these patients died during hospitalization.
Conclusions: BIS monitoring values at 24 h post-resuscitation are correlated with neurologic outcomes in
patients undergoing TH treatment. In 16/62 patients, a BIS of zero at any timepoint was observed, which
was uniformly correlated with poor outcome after resuscitation from cardiac arrest; however, a non-zero
BIS is insufficient as a sole predictor of good neurologic survival.
. Introduction

Therapeutic hypothermia (TH) improves both the probability of
urvival and neurologic recovery after resuscitation from cardiac

rrest.1–4 Patient selection for post-arrest TH remains problem-
tic, as there are no clinically validated tools to determine who
ight benefit from the therapy.5,6 Furthermore, current neurologic

ssessment techniques during the early post-arrest timeframe are

� A Spanish translated version of the summary of this article appears as Appendix
n the final online version at doi:10.1016/j.resuscitation.2010.04.021.
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© 2010 Elsevier Ireland Ltd. All rights reserved.

considered unreliable in the resuscitated patient undergoing TH
treatment, making prognostication of survival and neurologic out-
comes difficult.7–9

Bispectral index (BIS) monitoring, which represents a calculated
summary of raw electroencephalographic (EEG) data including fre-
quency and amplitude, is routinely used to assess the level of
consciousness during anesthesia and critical care sedation.10,11 BIS
is currently being investigated as a diagnostic method to moni-
tor brain activity in patients resuscitated from cardiac arrest.12,13

Although BIS monitoring is attractive due to its relative simplic-

ity and non-invasive nature, its role in prognostication remains
unclear. We sought to determine if BIS monitoring during the initial
24 h after cardiac arrest resuscitation, and during TH application,
could predict survival outcomes and neurologic function at hospital
discharge.

dx.doi.org/10.1016/j.resuscitation.2010.04.021
http://www.sciencedirect.com/science/journal/03009572
http://www.elsevier.com/locate/resuscitation
http://dx.doi.org/10.1016/j.resuscitation.2010.04.021
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Table 1
Subject demographics and clinical data (n = 62).

Patient age (years), mean ± SD 55 ± 16
Gender, n (%)

Female 26 (42%)
Male 36 (58%)

Location, n (%)
OHCA 32 (52%)
In-hospital 17 (27%)

ICU 4 (6%)
Ward 58 (93%)

Outside hospital transfer 13 (21%)

Initial rhythm, n (%)
VF/VT 25 (40%)
Asystole 12 (19%)
PEA 21 (34%)
Other 4 (7%)

Outcomes
Survival to discharge 26 (42%)
Survival with CPC 1 or 2 20 (32%)
134 M. Leary et al. / Resusci

. Methods

This observational study, performed prospectively on patients
uring their post-arrest care at one hospital site, was approved by
he University of Pennsylvania Institutional Review Board. All data
ere collected in a manner compliant with the Health Insurance

ortability and Accountability Act of 1996 regulations.
Patients were evaluated at the Hospital of the University of

ennsylvania (HUP) from June 2007 to November 2009. HUP is a
00-bed tertiary-care academic medical center, and has utilized
TH post-arrest protocol since 2006.14,15 All adult patients who

chieved return of spontaneous circulation (ROSC) after resuscita-
ion from cardiac arrest and were treated with TH at our facility
ere considered eligible for this study. Patients were included

egardless of initial arrest location (out-of-hospital or in-hospital).
he decision to employ TH in post-arrest patients who achieved
OSC was made by staff physicians irrespective of this study.
iven our goal of assessing BIS monitoring during TH, we excluded
atients who did not receive hypothermia treatment. Given that
ur patient sample represented an observational cohort without
iffering interventions, our enrollment was not established by
ower calculation but rather by an a priori defined time period for
nrollment.

.1. Therapeutic hypothermia protocol

Post-arrest patients at HUP are generally considered eligible for
H regardless of initial arrest rhythm or location of arrest. Patients
uffering traumatic arrest or exhibiting clinically significant bleed-
ng are excluded, as are patients resuscitated from arrest within
8 h of major operative intervention. Patients selected for TH are
ooled to a target temperature of 32–34 ◦C, via both an intravenous
olus of chilled (approx. 4 ◦C) saline of up to 2 L and a commer-
ially available cooling system with external pads (Gaymar III 7800,
aymar Industries, Orchard Park, NY). Target temperature is then
aintained for 24 h via the external pad system, using either an

ndwelling bladder or esophageal temperature monitoring probe.
IS monitoring (Aspect Medical Systems, Norwood, MA) is applied

mmediately after resuscitation and the initiation of sedation and
euromuscular blockade. In the HUP TH protocol, neuromuscular
aralysis is induced before cooling and then continued for at least
4–36 h, until rewarming is complete. The BIS monitoring sensor is
pplied to the patient’s forehead and the device is checked by the
N for signal accuracy prior to recording. After completion of the
4 h TH maintenance period, rewarming to 37 ◦C is performed. BIS
onitoring is discontinued after completion of both this process

nd the discontinuation of neuromuscular blockade.

.2. Data collection

BIS values are derived by incorporating multiple features of
he EEG signal, including frequency, amplitude and morphologic
eatures (burst suppression, delta waves, etc.). The output from
IS monitoring reflects the predominant EEG feature that is being
etected at the time of monitoring and transforms that feature into
dimensionless single integer from 0 to 100, with a zero value

epresentative of a “flatline” EEG and values approaching 100 rep-
esentative of the normal awake state. In the neurologically intact
atient undergoing operative sedation, BIS values of 40–60 are con-
idered reflective of adequate “depth” of anesthesia.10

In the HUP post-arrest protocol, numeric output from the BIS

evice is continuously available until the device is removed. For the
urposes of this investigation, BIS values were recorded at a “zero”
imepoint (immediately upon initiation of BIS recording) and sub-
equently at timepoints of 12 and 24 h post-resuscitation. BIS was
tarted during the initiation phase of TH; the 12 and 24 h timepoints
SD, standard deviation; OHCA, out-of-hospital cardiac arrest; ICU, intensive care
unit; VF/VT, ventricular fibrillation/ventricular tachycardia; PEA, pulseless electrical
activity; CPC, cerebral performance category.

occurred during the TH maintenance phase before rewarming was
begun. Paralytics were routinely discontinued once the rewarming
process was initiated, after the 24 h timepoint. Therefore, given the
possible confounding of neuromuscular activity on BIS values, we
chose to evaluate BIS up until the 24 h timepoint to maintain relia-
bility of our measurements. Given that BIS may be sensitive to other
factors such as temperature or dosing of anesthetic agents, we col-
lected patient temperature at each timepoint as well as types and
doses of sedatives given. Other clinical data were abstracted from
patient medical records. Global neurologic assessment was classi-
fied by cerebral performance category (CPC)16 in concordance with
prior investigations of BIS in the post-arrest state.12,13 For study
purposes, these outcome assessments were dichotomized, with a
CPC of 1–2 considered a “good” outcome and a CPC of 3–5 reflective
of “poor” outcome. Our primary outcome in the current study was
survival to hospital discharge with good neurologic outcome (CPC
1–2).

2.3. Statistical analysis

Descriptive statistics were utilized for demographics and were
compiled using a spreadsheet application (Excel, Microsoft Corp,
Redmond, WA). Two-sided Student’s t-tests were used to compare
BIS values at each of the timepoints by outcome. Receiver operator
characteristics (ROC) curves were constructed and the area under
the curve (AUC) compared across timepoints in the same patients
using paired Chi-squared statistics. In addition, sensitivity, speci-
ficity and positive likelihood ratios at various BIS cutpoints were
calculated based on ROC analysis. An alpha of <0.05 was consid-
ered statistically significant. All analyses were conducted using a
statistics application (STATA 10, Statacorp, College Station, TX).

3. Results

During the time period of the study, 66 post-arrest patients
were treated at our institution with TH according to the hospi-
tal’s post-arrest/TH protocol. Of those cooled, 62 were included
in our analysis (see Table 1). Three patients were excluded as TH

treatment was conducted without paralytic use, and one additional
patient was excluded due to missing clinical records. Mean age of
patients in this study cohort was 55 ± 16 years; 26/62 (42%) were
female. Out-of-hospital arrest accounted for 32/62 (52%) of the sub-
jects. Initial arrest rhythms were VF in 25/62 (40%) patients, PEA in
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mechanism for BIS values correlating with outcomes are unclear,
ig. 1. Receiver-operator characteristic (ROC) curves for the three BIS timepoints
nalyzed in this study cohort. The ROC with the greatest area under the curve (AUC)
as the 24 h timepoint (closed circles), with an AUC = 0.785 (95% CI 0.654–0.916).

1/62 (34%), and asystole in 12/62 (19%). Post-arrest care and TH
reatment was delivered to 61/62 (98%) patients in either the medi-
al or cardiac intensive care unit at HUP, with one patient receiving
reatment in the surgical intensive care unit. Patients were treated
ith sedatives and paralytics according to a uniform hospital proto-

ol, that included the use of fentanyl/lorazepam for sedation, and
ither cisatracurium and pancuronium for neuromuscular block-
de. Survival to discharge was attained in 26/62 (42%) patients; at
ischarge, 20/62 (32%) had a CPC 1–2 and 6/62 (10%) had a CPC 3–5.
hese survival statistics are similar to prior published reports from
ospitals employing post-arrest TH.17,18

BIS data from initial and subsequent timepoints are shown in
able 2 along with corresponding temperature values. Initial BIS
alues demonstrated differences between survival to hospital dis-
harge with CPC 1–2 vs CPC 3–5 or non-survival, although these
ifferences became more pronounced at both 12 and 24 h after
esuscitation at which points there were statistically significant
ifferences between the two groups (12 h BIS: 45 ± 16 vs 34 ± 21,
= 0.038; 24 h BIS: 49 ± 13 vs 30 ± 20; p < 0.001). Interestingly,
6/16 (100%) of subjects who exhibited a BIS value of zero dur-

ng at least one timepoint expired during hospitalization, although
1/16 (69%) of these patients had care withdrawn due to clinical
erception of moribund condition. Temperature variations were
odest at the 12 and 24 h timepoints and reflected implementation

f the thermostatically-controlled TH protocol. Dosing of sedation
edications varied widely but no statistically significant differ-

nces were found across the three timepoints for the overall patient
ohort (see Table 3).

The ROC curves for each of the timepoints are shown in Fig. 1,
emonstrating a significantly higher area under the curve (AUC)
t 24 h compared with the other timepoints, AUC = 0.785 (95% CI
.654–0.916). We therefore utilized this timepoint to generate sen-
itivity and specificity values for the various BIS cutpoints, which
re shown in Tables 4A and 4B. The cutpoint that maximizes the
ercentage of correctly classified patients was a BIS of 45, which
redicted CPC 1–2 survival to discharge with a sensitivity of 63%,
specificity of 86%, and a positive likelihood ratio of 4.67 (see

able 4A). These analyses were repeated for the ability of BIS to
redict survival independent of neurologic function, with similar
esults (see Table 4B).

. Discussion
In this prospective evaluation of post-arrest BIS monitoring at
ne U.S. hospital, significant differences were found in mean BIS
alues between survivors to hospital discharge with good neuro-
ogic function (CPC 1–2) and those patients who died or survived
81 (2010) 1133–1137 1135

with poor neurologic outcomes. Receiver operator characteristic
analysis suggested that the 24 h BIS timepoint was most predictive
of CPC 1–2 survival, with a cutpoint of BIS ≥ 45 yielding the highest
positive likelihood ratio. At this cutpoint, however, sensitivity and
specificity for good outcomes are still somewhat modest. Distinct
from this finding, we determined that a BIS value of zero at any point
up to 24 h after resuscitation was associated uniformly with death,
although this patient subset is admittedly small (16 patients). Our
work adds to the small clinical literature on neuroprognostica-
tion after resuscitation from cardiac arrest with concomitant TH,
and specifically addresses the role of non-invasive brain monitor-
ing.

Our observation of 100% sensitivity for predicting death with a
BIS of zero is a finding largely consistent with prior work by Stam-
met et al., who found that a BIS of zero predicted poor outcome
in 14/14 (100%) of cases in their series, although 3/14 (21%) were
alive at 6 months with a CPC of 3–5. In their work, they found a
modest correlation between non-zero BIS values and clinical out-
comes. Stammet et al.12 compared patients at highest and lowest
BIS values throughout a 72 h timecourse, which may be less clin-
ically practical than comparison of BIS measurements at a fixed
point after resuscitation. When we compared BIS values at a fixed
point of 24 h, significant differences existed between survivors and
non-survivors. Although individual values overlapped, it raises the
possibility that a 24 h BIS measurement could be combined with
another assessment method at 24 h, such as somatosensory evoked
potentials, to derive a robust prognostication scoring system. This
is further suggested by the work of Seder et al.,13 who combined
assessment of both BIS and electroencephalographic suppression
ratios in a single site investigation and found that this combination
was an early predictor of outcome. However, it must be stressed
that BIS measurement alone is unlikely to serve as a reliable sole
predictor of outcome, in very similar fashion to EEG analysis in this
patient population.

Our work attempts to address the difficulty with prognosti-
cation during the immediate post-arrest time period. Standard
neurologic physical examination, for example, is largely insensitive
to outcomes. We have not included neurologic examination data
from our cohort, as patients included for treatment with TH exhibit
coma or marked neurologic impairment, and then are paralyzed
during TH treatment rendering neurologic examination insensitive.
In fact, a 2006 consensus statement from the American Academy
of Neurology suggested that clinicians should refrain from prog-
nostication for the first 72 h after resuscitation from cardiac arrest,
especially based on clinical neurologic exam,8 given that severe
encephalopathy during this time may not be reflective of eventual
outcomes.

A number of alternative assessment methods have been recently
evaluated for the purposes of prognostication, with mixed results.
These have included measurement of injury biomarkers such as
S100B and nerve-specific enolase,19 or tests of neurophysiology
such as somatosensory evoked potentials.20 In addition, continuous
EEG recording is performed as part of TH protocols at a number of
hospitals; the use of EEG for prognostication remains poorly char-
acterized. Further investigation will be required to establish which
techniques provide adequate discriminatory power to enter clinical
practice during TH application. Development of a useful prognos-
tication system will be an important step towards broader comfort
with, and acceptance of, TH by a range of practitioners.21 In addi-
tion, further elucidation of the mechanisms of post-arrest brain
injury will help guide prognostication efforts. For example, the
with possibilities ranging from BIS assessment correlated with less-
ening of cerebral edema and improvement of cerebral blood flow,
to improved BIS reflecting improved neuronal function as diffuse
inflammatory processes are attenuated.
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Table 2
Mean BIS values for those who survived to discharge with CPC 1–2 vs CPC 3–5.

Timepoint T (◦C) BIS values p value

CPC 1–2 CPC 3–5 All patients

Initial 34.6 ± 2.0 57 ± 24 41 ± 32 46 ± 30 0.069
12 h 33.3 ± 0.8 45 ± 16 34 ± 21 38 ± 20 0.038
24 h 33.1 ± 0.6 49 ± 13 30 ± 20 37 ± 20 <0.001

The CPC 3–5 category includes patients who either experienced brain death or expired. Temperature and BIS values are shown ± SD. BIS, bispectral index; CPC, cerebral
performance category; SD, standard deviation.

Table 3
Doses of sedative medications given during post-arrest care.

Timepoint Temp Fentanyl Lorazepam Propofol Midazolam

Initial 34.5 ± 2.0
n 36 19 6 1
Dose 96.7 ± 84.5 1.8 ± 0.7 35.8 ± 22.9 2.0a

12 h 33.3 ± 0.8
n 50 25 7 2
Dose 135.3 ± 84.0 2.0 ± 0.8 26.4 ± 11.4 2.0a

24 h 33.1 ± 0.6
n 51 26 7 1
Dose 146.5 ± 105.3 2.4 ± 1.2 26.0 ± 16.4 2.0a

p value across timepoints p = NS p = NS p = NS p = NS
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entanyl dosing is given as mcg/h, lorazepam as mg/h, propofol as mcg/kg/min, a
edication type; no comparison was found to be statistically significant.
a No SD given due to small sample size. ±SD, standard deviation.

Given that TH alters the pathophysiology of post-resuscitation
njury, it is likely that prognostication may be different in patients

ho receive TH vs those who do not. Further complicating this,
he timing of TH induction may also affect the ability of differ-
nt techniques to predict outcome. Recent work in both laboratory
nvestigations and the clinical arena have suggested that TH induc-
ion before the restoration of circulation may provide the most
linical benefit.22,23 It remains to be seen whether patients treated
ith TH before reperfusion exhibit markedly different characteris-

ics when monitored via BIS or EEG, for example.
We note a number of important limitations to our study. We

nly obtained BIS data during the early phase (0–24 h) of post-
esuscitation care, as the technique is limited when paralytics are

iscontinued due to muscular activity artifact. In addition to par-
lytics, variations in sedation medications might also play a role
n BIS measurements, although we did not find marked changes
n sedation dosing across the initial 24 h of care. Given that our

able 4A
ensitivity and specificity values at illustrative BIS cutpoints to predict CPC 1–2 survival, u

BIS cutpoint Sensitivity (%) Spec

30 95 41
40 79 68
45 63 86
50 53 89
60 21 92

IS, bispectral index; CPC, cerebral performance category; SD, standard deviation.

able 4B
ensitivity and specificity values at illustrative BIS cutpoints to predict overall survival, us

BIS cutpoint Sensitivity (%) Spec

30 100 48
40 81 71
45 62 94
50 54 97
60 19 100

o positive likelihood ratio is given for the final cutpoint, as specificity is 100%. BIS, bispe
idazolam as mg/h. p values were calculated for each pairwise comparison within

purpose was to assess BIS monitoring for practical hospital-based
prognostication, we limited our outcomes to hospital discharge and
did not perform longer term follow-up assessments. It is possible
that some of the patients classified as CPC 3–5 improved over sev-
eral months after discharge, although prior studies suggest that this
would only occur in a minority of patients, if at all. We are also lim-
ited by a small sample size at one hospital. It is unclear whether
inter-hospital differences, either in details of pharmacologic paral-
ysis or other aspects of post-arrest care, might affect the interaction
of BIS measurement and outcomes. Future work with larger patient
populations will be required, and additional investigations might
benefit from the study of multiple assessment techniques in con-
cert, with the goal of developing a clinically useful “bundle” of

prognostic tools.

A final limitation is reflected in the fact that BIS monitoring was
originally developed and validated to assess the level of sedation
during procedures requiring anesthetics. Other investigations that

sing the 24 h BIS timepoint receiver-operator characteristic curve.

ificity (%) Positive likelihood ratio

1.59
2.43
4.67
4.38
2.60

ing the 24 h BIS timepoint receiver-operator characteristic curve.

ificity (%) Positive likelihood ratio

1.94
2.78
9.54

16.69
–

ctral index; CPC, cerebral performance category; SD, standard deviation.
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25. Honan D, Doherty D, Frizelle H. A comparison of the effects on bispectral index
of mild vs. moderate hypothermia during cardiopulmonary bypass. Eur J Anaes-
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ave evaluated BIS in the context of sedation have found that inter-
retation of BIS values is complex, and it may not be a reliable

ndicator of appropriate sedation in all cases; other factors such
s temperature may play a role in BIS interpretation.24,25 Further-
ore, some studies have even suggested a limited or negative role

or BIS during cardiac arrest resuscitation.26 Additional work will
e required to characterize the value of BIS monitoring in a variety
f settings including the care of patients after resuscitation from
ardiac arrest.

. Conclusions

BIS monitoring during the immediate post-arrest care period
0–24 h) may be a useful component of prognostication, with a
IS measurement at 24 h providing the highest clinically predic-
ive value for good neurologic outcome at discharge. In addition,
onsistent with the work of others, a BIS of zero in our investiga-
ion correlated with poor outcomes in 100% of this subset (16/62)
f patients. Further investigation will be required to establish the
ost reliable method to prognosticate these complex critically ill

atients.
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