1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
J Clin Neurosci. Author manuscript; available in PMC 2019 November 01.

-, HHS Public Access
«

Published in final edited form as:
J Clin Neurosci. 2018 November ; 57: 99-104. doi:10.1016/j.jocn.2018.08.020.

The Neuron Specific Enolase (NSE) ratio offers benefits over
absolute value thresholds in post-cardiac arrest coma prognosis

Hangyul M. Chung-Esaki, MD1, Gracia Mui, MD?2, Michael Mlynash, MD, MS3, Irina Eyngorn,
MD3, Kyle Catabay, BS4, and Karen G. Hirsch, MD2

1Stanford University, Department of Critical Care Medicine, Stanford, CA
2Stanford University, Department of Neurology, Stanford, CA
SStanford University Stroke Center, Stanford, CA

4University of California, Irvine, School of Medicine, Irvine, CA

Abstract

Introduction: Serum neuron-specific enolase (NSE) levels have been shown to correlate with
neurologic outcome in comatose survivors of cardiac arrest but use of absolute NSE thresholds is
limited. This study describes and evaluates a novel approach to analyzing NSE, the NSE ratio, and
evaluates the prognostic utility of NSE absolute value thresholds and trends over time.

Methods: 100 consecutive adult comatose cardiac arrest survivors were prospectively enrolled.
NSE levels were assessed at 24, 48, and 72 hours post-arrest. Primary outcome was the Glasgow
Outcome Score (GOS) at 6 months post-arrest; good outcome was defined as GOS 3-5. Absolute
and relative NSE values (i.e. the NSE ratio), peak values, and the trend in NSE over 72 hours were
analyzed.

Results: 98 patients were included. 42 (43%) had a good outcome. Five good outcome patients
had peak NSE >33 pg/L (34.9 — 46.4 pg/L), NSE trends between 24 and 48 hours differed between
outcome groups (decrease by 3.0 pug/L (0.9-7.0 pg/L) vs. increase by 13.4 ug/L (-3.7 — 69.4 ug/L),
good vs. poor, p=0.004). The 48:24 hour NSE ratio differed between the good and poor outcome
groups (0.8 (0.6-0.9) vs. 1.4 (0.8-2.5), p=0.001), and a 48:24 hour ratio of =1.7 was 100%
specific for poor outcome.

Conclusions: The NSE ratio is a unique method to quantify NSE changes over time. Values
greater than 1.0 indicate increasing NSE and may be reflective of ongoing neuronal injury. The
NSE ratio obviates the need for an absolute value cut-off.
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Introduction

Over 500,000 cardiac arrests occur in the United States each year,! and only a minority of
patients recover with good neurologic outcome.? In comatose survivors of cardiac arrest,
targeted temperature management (TTM), which includes therapeutic hypothermia (TH),
improves neurologic outcomes.3-% With widespread implementation of TTM and resultant
altered clearance of sedative medication, accurate prognostication of functional outcomes is
unreliable, especially in the early period after injury.”1% The ethical and economic
implications of inaccurate prognostication are vast; clinicians must balance inappropriately
pessimistic prognostication which may lead to self-fulfilling prophecies of poor outcome
with prolonged care for patients who never recover meaningful neurologic function. 11-12
Better outcome prediction tools are needed that maintain specificity in patients treated with
TTM.

Neuron-specific enolase (NSE) is an intracellular glycolytic enzyme, mainly expressed by
neurons, which becomes detectable in serum and CSF after neuronal injury.13 14 NSE levels
are a marker of brain injury severity in comatose cardiac arrest survivors, and the NSE level
in the first 72 hours after cardiac arrest has historically been recommended as a prognostic
variable.1® An NSE level >33 pg/L obtained within 72 hours after cardiac arrest was
previously reported as 100% specific for predicting poor outcome defined as death or a
persistent vegetative state.16 However, the data were based largely on one prospective cohort
study performed prior to the widespread implementation of TTM.16 More recent studies
performed in the era of TTM have reported false positives rate as high as 29.3% when the 33
ug/L threshold was used,10 and other studies have reported varying threshold levels for
predicting poor outcome with 100% specificity.17-22 Adding to the confusion, recent work
from our group showed that serum NSE levels of comatose cardiac arrest patient differ
between laboratories, though reassuringly TTM did not affect the relationship.22 All of this
highlights the importance of developing a better NSE metric that is not based on absolute
value thresholds and not susceptible to laboratory and analytical method variation.

Serial measurements of NSE may improve its diagnostic utility over using absolute values at
single time-points. Additional studies have suggested that NSE kinetics were predictive of
outcome, with increases in NSE over the first days after cardiac arrest correlating with poor
outcome with a higher specificity than absolute values.29.24-26 A sub-analysis of over 900
patients from a large, prospective trial of targeted temperature management also suggested
that increasing NSE between two time-points after cardiac arrest was associated with poor
outcome.2” However, the optimal timing of repeat NSE measurements is unknown.

We hypothesized that serial NSE measurements would improve the prognostic power of
NSE, and assessed serum NSE levels at 24, 48, and 72 hours after cardiac arrest in a
prospectively enrolled cohort. The objectives were to evaluate performance of NSE as a
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prognostic biomarker based on the timing of the assessment, the absolute value thresholds
and changes over time, and to describe and evaluate performance of a novel NSE-based
prognostic biomarker, the NSE ratio.

Consecutive adult patients (age = 18 years) admitted to the intensive care units at an
academic tertiary medical center after resuscitation from cardiac arrest were screened for
enrollment. Patients were eligible for enrollment if they had persistent coma, defined by
absence of eye opening and lack of response to verbal commands, after return of
spontaneous circulation. Enrollment was not limited by cardiac arrest characteristics, and
patients were eligible if the cardiac arrest occurred in-hospital or out-of-hospital. Patients
with ventricular tachycardia, ventricular fibrillation, pulseless electrical activity, and asystole
were all eligible for inclusion. Patients were excluded if they had: pre-existing do-not-
resuscitate (DNR) orders, pregnancy, terminal or severe coexisting systemic disease limiting
life expectancy, active enrollment in experimental drug therapies/procedures which could
interfere with the study, or lack of a surrogate decision maker to provide informed consent.
A good outcome was defined as a Glasgow Outcome Score (GOS) of 3-5 at 6 months post-
arrest; poor outcome was defined as GOS 1-2. The methods for outcomes assessments have
been described previously (Tong, 2016). The institutional review board approved the study,
and a surrogate provided informed consent.

Serum samples were obtained at 24 + 4, 48 + 4, and 72 £ 4 hours after the arrest and
assessed for NSE levels. Samples were stored and processed per institutional protocol and
sent to ARUP Laboratories (Stanford Hospital’s referral laboratory in Salt Lake City, Utah).
ARUP laboratories performed enzyme-linked immunosorbent assay using the CanAg_NSE
enzyme immunoassay with reference interval 3.7-8.9 pg/L.

All comatose post-cardiac arrest patients were admitted to an intensive care unit with
neurocritical care team co-management. The underlying cause of the cardiac arrest was
treated per standard care. Patients who qualified were treated with therapeutic hypothermia
to a target temperature of 33 + 0.5 °C degrees Celsius for 24 hours, re-warmed in a
controlled manner over the subsequent 24 hours, and maintained with controlled
normothermia for an additional 24 hours. Contraindications to therapeutic hypothermia were
active bleeding, refractory hypotension (requiring >3 vasopressors to maintain adequate
blood pressure), and time >24 hours since cardiac arrest.

The neurocritical care team treated all cardiac arrest patients maximally for at least 72 hours
after the cardiac arrest, unless goals of care were changed for non-neurologic reasons (i.e.
recurrent cardiac arrest, multi-organ failure, previously expressed wishes, etc). After 72
hours post-arrest and after at least 24 hours of normothermia, the overall clinical picture and
available prognostic markers including the clinical exam, NSE, SSEPs, and MRI were
assessed and prognosis was discussed with family. Historic predictors of prognosis were
combined with additional clinical information such as MRI and NSE and a multi-modal
approach to prognostication was used. Historic predictors of poor neurologic prognosis were
considered any of the following: a motor score on the Glasgow Coma Scale <2, no pupillary
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reflexes, no corneal reflexes, or absent N20 cortical response on SSEPs. If prognosis was
indeterminate, then care was recommended to continue and was re-assessed daily thereafter.
The NSE values were available to the treatment team, though the NSE ratio was not
calculated during the clinical study period and therefore was not used by the clinical teams.

Data were analyzed using Microsoft Excel 2010 (Redmond, WA, USA) and IBM SPSS
version 22 (SPSS, Chicago, IL, USA). Descriptive parameters are presented as counts and
percentages (%) for categorical data, mean + standard deviation (SD) or median (inter-
quartile range, IQR) for continuous data. Absolute and relative NSE values, peak values, and
the trends in NSE values over 72 hours were correlated with outcome. The association
between NSE parameters and dichotomized neurologic outcome was assessed with the
Mann-Whitney U test. The NSE ratio is the ratio between NSE levels at two time-points,
with values = 1.0 representing stable (if ratio=1.0) or increasing (if ratio >1.0) NSE levels
between two time-points. By comparing the 48 or 72 hour NSE value to the 24 hour NSE
value, the ratio negates the need to standardize absolute values. The 48:24 hours NSE ratios
were analyzed with Youdens Index to identify optimal sensitivity and specificity. Logistic
regression and receiver operating curve (ROC) analysis were performed to assess the
performance of NSE metrics in predicting neurologic outcome.

100 subjects were enrolled from October 2008 to January 2014. One patient withdrew
consent and one patient was subsequently deemed to have not had a cardiac arrest, leaving
98 subjects for the analysis. 42 patients (43%) had favorable 6 month outcomes (Table 1). 61
(62%) patients had out of hospital cardiac arrest, and the most common initial rhythm
encountered was pulseless electrical activity (n=43, 44%) followed by ventricular fibrillation
or pulseless ventricular tachycardia (n=36, 36%). Mean duration of cardiac arrest until
return of spontaneous circulation (ROSC) was 20 (IQR 12-30) minutes, with no significant
difference between favorable and poor outcome groups (p=0.68). 79 (81%) patients were
treated with TH. Reasons for not undergoing TH were resolution of coma prior to initiation
of TH, hemodynamic instability requiring = 3 vasopressors, or active bleeding. Additional
demographic and clinical data are presented in Table 1.

All patients in the poor outcome group died. At the time of death, three patients were
deceased by neurologic criteria, 42 patients (76%) were on comfort care, and 4 patients
(7.5%) died despite full ongoing support. Reasons for comfort care were untreatable medical
condition (n=3) and patient or surrogate’s wishes (n=32). The presence of other historic
outcome predictors and the support status at the time of death is further detailed in Table 2.

Eighty-six patients (88%) had NSE levels assessed at least once within 72 hours from
cardiac arrest. The median of maximal NSE levels obtained within 72 hours was
significantly different between good and poor outcome groups (15.1 pg /L, IQR 9.9-22.7 vs.
42.7 ug /L, 1QR 19.9-130; good vs. poor, p<0.001) (Figure 1). Five patients (12%) with
good outcome had NSE levels greater than 33.3 ug /L (range 34.9-46.4). In order to achieve
100% specificity for poor outcome, the NSE cut-off level was 41.4 mcg/L at 24 hours (41%
sensitivity, AUC 0.77, 95% CI 0.66-0.88), 49.1 ug /L at 48 hours (45% sensitivity, AUC
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0.82, 95% C1 0.73-0.92), and 32.6 g /L at 72 hours (54% sensitivity, AUC 0.85, 95% CI
0.76-0.94). When maximal values of NSE obtained within 72 hours were considered, levels
greater than 58.2 g /L had 100% specificity with 47% sensitivity (AUC 0.82, 95% CI 0.73—
0.90). In 44 patients who had NSE measured for all three time points, both 48 hour and 72
hour time points performed better than the 24 hour time point with thresholds of 41.4 ug /L
(AUC 0.85, 95% CI 0.73-0.96), 49.1 pg /L (AUC 0.92 95% CI 0.84-0.99) and 32.6 pg/L
(AUC 0.92, 95% CI 0.84-1.0), though the difference was not statistically significant. Patients
with seizures had higher median 72-hour NSE levels (39.3 pg /L (20.4-129.3) vs. 19.8 ug /L
(14.3-44.6), p=0.050). There was no difference in NSE levels based on TTM treatment
(p=0.80) in the entire cohort or in outcome-adjusted groups (p=0.98).

The change in NSE levels over time differed between good and poor outcome groups.
Subjects with good outcomes had decreasing levels of NSE levels between 24-48 hours
while patients with poor outcomes had increasing levels (decrease by 3.0 (0.9-7.0) vs.
increase by 13.4 (3.7 — 69.4) ug/L, good vs. poor, p=0.004) (Figure 2). This trend appears
to continue between 48-72 hours but was not significant (decrease of 1.6 (0.3-4.3) vs.
increase of 2.2 (-7.3 — 11.7), good vs. poor, p=0.219).

The 48:24 hour NSE ratio differed between the good and poor outcome groups (0.8 (0.6-0.9)
vs. 1.4 (0.8-2.5), good vs. poor, p=0.001) (Figure 3). The 48:24 hour NSE ratio had an AUC
of 0.76 (95% CI 0.63 — 0.88). We also identified the optimal 48:24 hour NSE ratio based on
Youden’s Index to optimize both sensitivity and specificity, finding that a ratio of 1.0 yielded
the highest Youden’s Index with a sensitivity of 64% and a specificity of 85%. We then
identified 1.7 as the 48:24 hour NSE ratio that would yield 100% specificity (sensitivity
39%). Comparing the 48:24 hour NSE ratio of 1.7 to the absolute value cut-off of 33ug/L at
48 hours, the ratio had a slightly higher specificity (100% (95% CI1 0.82 — 1.0) vs. 91% (95%
Cl1 0.70 — 0.98), ratio vs. absolute value, p=0.49) with lower sensitivity (39% (95% CI 0.23 -
0.58) vs. 64% (95% CI 0.45 - 0.79), ratio vs. absolute value, p=0.08), though neither of
these differences were significant (Table 2).

The predictive value of the 72:24 hour NSE ratio was similarly investigated. The 72:24 hour
NSE ratio was significantly higher in the poor outcome group (0.6 (04. - 0.9) vs 1.6 (0.7 —
3.1), good vs. poor, p=0.001) (Figure 3), and the 72:24 hour NSE ratio had an AUC of 0.78
(95% CI1 0.65 — 0.91). A 72:24 hour NSE ratio of 1.3 was 100% specific for poor outcome
(with sensitivity 50% (95% CI 0.32 — 0.68)). Comparing the 72:24 hour NSE ratio of 1.3 to
the absolute value cut-off of 33ug/L at 72 hours, the ratio performed equally as well
(sensitivity 50% (95% CI 0.32 — 0.68) vs. 60% (95% CI 0.41 — 0.77), ratio vs. absolute
value, p=0.60; specificity 100% (95% CI 0.79 — 1.0) vs. 100% (95% CI 0.79 — 1.0), ratio vs.
absolute value, p=1) (Table 2).

Discussion

In this prospective cohort of comatose post-cardiac arrest patients, increasing NSE levels in
the first 72 hours post-cardiac arrest were associated with poor outcome. We again showed
that an absolute cut-off value for NSE was difficult to determine, the cut-off varied over
different time-points post-arrest, and the previously accepted paradigm of using NSE>33
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ug /L as a 100% specific cut-off value is no longer valid (with five good outcome patients in
this cohort having NSE values that exceeded this threshold). We also described a novel
metric to evaluate NSE, the NSE ratio. The 48:24 hour NSE ratio and the 72:24 hour NSE
ratio were both predictive of poor outcome, with values =1.0 corresponding to increasing
NSE levels over the allotted time and reflecting the pattern of increasing NSE levels in
patients with poor outcome. The NSE ratio performed with good specificity and similar
sensitivity to absolute value thresholds, but it provides several advantages over any NSE test
that utilizes absolute values. The NSE ratio negates concerns about laboratory variability and
the need to identify absolute thresholds in either total value or degree of change between two
time-points. The ratio can be universally generalized and provide internal local consistency.

NSE has a biological half-life of 24 hours,1” so increasing levels over the initial days after
cardiac arrest may suggest continued release of NSE, possibly reflecting ongoing secondary
neurologic injury and association with poor outcome. Previous studies have shown that
increases in NSE over 24 to 48 hours post-arrest correlate with poor outcome, including the
data from one large multi-center trial showing NSE levels increased by 6 ng/mL between
time points (24 to 48 hours and 48 to 72 hours) in the poor outcome group, while NSE levels
decreased by 3-4 ng/mL in the good outcome group.2%:2527 Qur results echo these findings
showing that increases in NSE over time are more generalizable than absolute cut-off values,
and the newly described NSE ratio quantifies these trends.

With regards to the historic use of absolute threshold values for NSE, the cut-off values in
this cohort are similar to cut-offs reported in other more recent studies.292427 Even higher
cut-off values have been reported in other studies using a similar patient population
undergoing TH, with good outcomes reported in patients with NSE levels up to 97 ug /L.28
While NSE levels did not differ in our cohort between patients treated with TH or patients
who were not able to be treated, the number of patients who did not undergo TH was low.
The reported effect of TH on NSE levels and the predictive value of NSE in patients treated
with TH vary, with some studies reporting temperature did not affect NSE levels,2” other
studies showing lower NSE levels in patients treated with TH, and still others reporting good
neurologic outcomes despite higher NSE levels compared to non-TH-treated controls.
17,25, 28, 29 Thjs further supports the idea that absolute NSE value thresholds are not
generalizable.

Limitations are important to address. The relatively small sample size and single-center
location may limit generalizability. Additionally, our primary outcome measure was the
Glasgow Outcome Scale while many other studies use a Cerebral Performance Category
(CPC) or modified Rankin Scale, though the GOS scale is virtually identical to the CPC.
The primary outcome assessment at 6 months is a strength.30 NSE values may be falsely
elevated with hemolysis, which may affect analysis, and we did not perform a hemolysis
index on our samples. Lastly, NSE values were available to the clinicians during the study
for incorporation in to prognostic assessments, although the NSE ratio was not described or
computed. The clinicians did have the NSE trend available to them which could have
impacted clinical decision making, though the clear prognostic algorithm described above
was followed and prognostic decisions were not based on any single diagnostic test or exam
finding.
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As with previous guidelines that use NSE as a post-cardiac arrest biomarker, it is tempting to
approach the newly described NSE ratio much in the same way and try to identify a
particular ratio that can be used as a cut-off to delineate good and poor outcome groups with
high sensitivity and specificity. Our intention is not necessarily to identify an absolute NSE
ratio threshold, as this is unlikely feasible in the current era of critical care management for
post-cardiac arrest patients with significant patient heterogeneity. Rather, our goal is to
report the novel metric, show its performance in our cohort, demonstrate that it is a better
measure to quantify NSE trends, and suggest that additional validation can be done in larger
cohorts to better identify NSE ratio threshold(s) that can be used in multi-modal outcome
prediction.3!

Conclusions

Increasing serum NSE concentrations over the first 48 hours, 48:24 hour and 72:24 hour
NSE ratios >1.0, and high absolute NSE levels correlate with poor neurological outcome in
patients who are comatose after resuscitation from cardiac arrest. While the magnitude of
NSE may reflect neurologic injury severity, trends in serial levels may represent evidence of
ongoing injury and efficacy of neuro-protective efforts and could potentially be used to
guide therapeutic interventions. Identifying an NSE cut-off value that is 100% specific for
poor outcome across different patient populations and laboratories is not feasible, and the
NSE ratio may be a more generalizable predictor. Outcome prediction in comatose survivors
of cardiac arrest should not be based on a single parameter.
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Highlights:

. The NSE ratio is a unique method to quantify NSE changes over time.

. NSE ratio > 1.0 indicates increasing NSE and may be reflective of ongoing
neuronal injury.

. A 48:24 hour NSE ratio >1.7 was 100% specific for poor outcome in this
population.

. Identifying an absolute value NSE cut-off value that is 100% specific for poor

outcome across different patient populations and laboratories is not feasible,
and thus the NSE ratio may be a more generalizable predictor.
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Figure 1: Maximal NSE level within first 72 hours after cardiac arrest.
Maximal NSE levels in first 72 hours after cardiac arrest were significantly higher among

patients with poor outcome. Two outlier values (556 and 892 pg /L) in patients with poor
outcome are not shown. Dashed line: maximal NSE value within 72 hours for patients with
favorable outcome

J Clin Neurosci. Author manuscript; available in PMC 2019 November 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Chung-Esaki et al. Page 12

120+
+=. Poor outcome

- — Good outcome
100 o

80 /

601 o

(ng/L)

404

- o\o\o

0

Estimated marginal means of plasma NSE

1 I 1
24 hrs 48 hrs 72 hrs

Time from cardiac arrest

Figure 2: NSE trends over first 72 hours after cardiac arrest.
Patients with poor outcomes had increasing levels of NSE over first 72 hours post-arrest,

while those with good outcomes had decreasing levels.
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Figure 3: 48:24 hour and 72:24 hour NSE ratios differ between outcome groups
The 48:24 hour (A) and 72:24 hour (B) NSE ratios were significantly higher in patients with

poor outcome.
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Table 1.
Clinical Characteristics
Outcome p-value
Overall Good Poor
N=98 N=42 N=55
Mean age+SD, yr 57+18 58+18 61+17 0.009
Female sex, n (%) 39 (40) 18 (43) 20 (36) | 0.52
Diabetes mellitus, n (%) 22 (22) 7(17) 15(27) | 0.22
Hypertension, n (%) 46 (47) 19 (45) 27.(49) | 0.71
Coronary artery disease, n (%) 22 (22) 7(17) 15(27) | 0.22
Cardiac arrest duration 20 (12-30) | 20 (10-30) | 20 (15- | 0.68
median (IQR) (minutes) (=38 & 53) 25)
In-hospital cardiac arrest, n (%) 37 (38) 12 (29) 25 (46) | 0.077
Presenting rhythm, n (%) 0.044
VENT 36 (37) 21 (50) 15 (27)
PEA 42 (43) 13 (31) 29 (53)
Asystole 13 (13) 4 (10) 9 (16)
Other 6 (6) 4 (10) 2(4)
Therapeutic hypothermia, n (%) 79 (81) 36 (86) 42 (76) | 0.25
1 unknown
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Table 2:
Performance of NSE ratio in predicting outcome compared to absolute NSE threshold and

historic outcome predictors.

Optimal thresholds for 48:24 and 72:24 hour NSE ratios to obtain 100% specificity were computed and their
test characteristics were compared to the performance of traditional NSE cutoff of 33 pg/L and historic
outcome predictors.

Sensitivity (95% CI) | Specificity (95% CI) | AUC (95% CI)

48 h NSE 0.64 0.91 0.88
>33 ug/L (0.45-0.79) (0.70-0.98) (0.80-0.97)
72 h NSE 0.60 1.0 (0.79-1.0) 0.88
>33 ug/L (0.41-0.77) (0.78-0.98)
Max NSE within 0.73 0.74 0.82
72h (0.54-0.87) (0.49-0.90) (0.73-0.90)
48:24 ratio 0.39 1.0 0.76
x.7) (0.23-0.58) (0.82-1.0) (0.63-0.88)
72:24 ratio 0.50 1.0 0.78
1.3) (0.32-0.68) (0.79-1.0) (0.65-0.91)
Pupil reactivity 0.26 1.0 0.88

(0.15-0.41) (0.89-1.0) (0.80-0.97)
Corneal reflexes 0.40 0.92

(0.26-0.55) (0.77-0.98)
Motor response 0.72 0.85

(0.57-0.83) (0.70-0.94)
Any of the 0.80 0.84
historic predictors (0.66-0.89) (0.68-0.93)
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