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Neuron-specific enolase as a predictor of the neurologic outcome in
extracorporeal cardiopulmonary resuscitation patients
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ABSTRACT

Background

Venoarterial extracorporeal life support is a viable option in critically ill patients with
cardiac arrest. Neuronal injury is a common complication in patients undergoing
extracorporeal cardiopulmonary resuscitation (ECPR). Neuron-specific enolase (NSE) is
frequently used to predict neurological outcomes in patients undergoing ECPR. This study
aimed to evaluate the predictive value of NSE in ECPR patients with poor neurological

outcomes.

Methods

We studied 47 adult patients who underwent ECPR from January 2018 to December
2021 at our institution. NSE levels were measured 24, 48, and 72 h after ECPR. Patients were
divided into two groups according to their neurological status, based on the best c-score

during hospitalization and 30-day mortality.

Results

A poor neurological outcome with a Cerebral Performance Category score of 3—5
was observed in 46.8% of the patients. The 30-day all-cause mortality was 42.6%. The NSE
level at 72 h after ECPR was the best prognostic factor for neurological outcome during
hospitalization (area under the receiver operator characteristic (ROC) curve of 0.791 with a
cut-off value of 61.9 ng/L) and 30-day mortality (area under the ROC curve of 0.838 with a

cut-off value of 62.1 pg/L).



Conclusion

In adult ECPR patients, NSE can be used to predict neurological outcomes and
mortality. Importantly, NSE measurement at 72 h after ECPR has the most accurate

predictive value for short-term poor neurological outcomes and 30-day mortality.

Keywords: extracorporeal life support, extracorporeal cardiopulmonary resuscitation,

neuron-specific enolase, neurological outcome, mortality
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INTRODUCTION

Extracorporeal life support (ECLS) is a therapeutic option that is proven to be
an effective treatment for patients undergoing cardiopulmonary resuscitation (CPR)'.
Several studies have shown that the survival rate of patients undergoing extracorporeal
cardiopulmonary resuscitation (ECPR) ranges between 25.5-41.6% 2. Although the
survival rate has increased after the introduction of ECLS, neurologic complications
still occur in 8-39% of patients receiving ECPR, including brain death, stroke,
intracranial hemorrhage, and seizure*®. The Utstein guidelines recommend using the
cerebral performance category (CPC) score or modified Rankin scale (mRS) to evaluate
neurological function in patients who survived cardiac arrest®. The CPC score is a five-
point scale measuring neurological status ranging from good performance to brain death

(Table 1).

Early detection of the neurological status of patients receiving ECPR is
important to decide whether to continue life-supporting treatment. However, it is
difficult to diagnose neurological complications in the early stages of ECLS treatment.
Recently, the role of biomarkers in the early prediction of neurological outcomes has
been reported. Neuron-specific enolase (NSE) is a known biomarker for predicting the
neurological outcome of ECPR patients’ . NSE is a protein abundant in the white
matter of the brain; therefore, increased levels in the bloodstream are related to possible

brain injury'®. NSE has been studied in neuroendocrine tumors'!*'? and
1



neuroblastoma'®!* since the early 1980s. In 1989, Risto et al. reported on the
neurological outcomes of 75 out-of-hospital cardiac arrest (OHCA) patients by
measuring NSE levels in cerebrospinal fluid and suggested that NSE levels >24 ng/mL
at 24 h of arrest resulted in unconsciousness'®. Studies have reported that increased

serum NSE levels lead to poor neurological outcomes'®18,

Studies have reported that increased NSE levels are correlated with poor
neurological outcomes in ECPR patients; however, no specific guidelines are available
to obtain an NSE sample according to the ECLS insertion time, and no clear cut-off
NSE level is provided that could assume a good neurological outcome. In this study, we
aimed to provide the most accurate period of ECLS that could predict a poor

neurological outcome with a corresponding cut-off NSE serum level.



Table 1. Cerebral Performance Category (CPC) score!

Score

Definition

1

Good cerebral performance: conscious, alert, able to work, may have a
mild neurologic or psychologic deficit.

Moderate cerebral disability: conscious, sufficient cerebral function for
independent activities of daily life. Able to work in a sheltered
environment.

Severe cerebral disability: conscious, dependent on others for daily
support because of impaired brain function. Ranges from ambulatory
state to severe dementia or paralysis.

Coma or vegetative state: any degree of coma without the presence of
all brain death criteria. Unawareness, even if appears awake (vegetative
state) without interaction with the environment; may have spontaneous
eye-opening and sleep/wake cycles. Cerebral unresponsiveness.

Brain death: apnea, areflexia, electroencephalography silence, etc.




MATERIALS and METHODS

Study patients

This single-center prospective study was conducted between January 2018 and
December 2021 on ECPR patients in the intensive care unit (ICU) of Hanyang
University Seoul Hospital. All adult patients (aged >18 years) with cardiogenic shock or
cardiac arrest requiring CPR were included. The following were the exclusion criteria: 1)
patients deceasing within 24 h of ECLS initiation and 2) patients with missing data. A
total of 47 adult ECPR patients were enrolled during the study period (Figure 1).
Patients were divided into two groups according to their neurological status, using the

best CPC score during hospitalization and 30-day mortality.

Patients were also divided into two groups according to their location when the
cardiac arrest occurred: in-hospital cardiac arrest (IHCA) and OHCA groups. Patients
with OHCA were selected according to the guidelines shown in Figure 2. We attempted
to apply the same guidelines for patients with IHCA; however, exceptions were applied
when the department admitting the patient strongly insisted that the patient had a high

chance of recovery.

This study was approved by the Institutional Review Board of Hanyang
University Hospital (Seoul, Republic of Korea) after obtaining informed consent (2022-

05-004-002).



Figure 1. Flow diagram of enrolled patients

Patients (= 18 years old) who underwent ECPR
from January 2018 to December 2021
(n=290)

Exclusion (n = 43)

1. 30 Patients who deceased within
24 hours after ECLS initiation

2. 13 Patients with missing data

v

Final study sample (n =47)

Y h 4

CPC Score 1-2 CPC Score 3-5
Best CPC score Best CPC score
during hospitalization during hospitalization
(n=25) (n=22)

ECPR, extracorporeal cardiopulmonary resuscitation; CPC, Cerebral Performance

Category; ECLS, extracorporeal life support



Figure 2. Patients with out-of-hospital cardiac arrest guidelines for ECPR enrollment

Cardiac arrest related factors

1. Witnessed arrest

2. No cardiac flow time < 10 minutes

3. Total CPR time <30 minutes or recurred arrest after return of
spontaneous circulation

Patient related factors

Age <75 years

No malignancy

No major neurologic comorbidity

No organ failure

Pupil less than Smm at the time of ECMO insertion
Non-trauma patient

G B 6= 69 Bl

ECPR, extracorporeal cardiopulmonary resuscitation; ECMO, extracorporeal membrane

oxygenation; CPR, cardiopulmonary resuscitation



Treatment for ECPR patients

Patients with OHCA were treated using a routine protocol. When the patient
was enrolled for ECPR, the ECLS team gathered in the resuscitation room of the
emergency department. Cardiologists were notified to prepare for emergency coronary
angiography (CAG) and possible percutaneous coronary intervention (PCI) before

ECLS activation.

When inserting the vein and arterial catheters into the femoral vein and artery,
left-side vessels were preferred for several reasons. First, cardiologists usually use the
right femoral artery because it is more comfortable and ergonomic during the
intervention. Second, the ultrasound position allows easier access to the left-side vessels.
In our clinic, all ECLS catheterizations are performed with sonography guidance.
Ultrasound is usually performed on the right side of the patient, making left-side
catheterization more ergonomic, leading to more successful access to the vessels. If
catheterization fails, the right-sided vessels are immediately accessed. ECLS was
performed following cannulation of both catheters. Distal perfusion catheterization is
routinely performed after a stable flow of extracorporeal membrane oxygenation

(ECMO) is achieved.

The cardiologists were contacted after stable ECLS flow was checked.
Emergency CAG was performed. PCI was performed in patients with myocardial
infarction (MI). When multi-vessel disease was diagnosed, culprit-vessel PCI was

performed, and staged PCI was planned.

After the coronary intervention, if the patient’s vital status was stable,

computed tomography (CT) of the brain, chest, and abdomen was performed for initial
7



evaluation. After transferring the patient to the ICU, target temperature management

(TTM) was consulted with the emergency department.

During the ECLS treatment, the mean pressure was maintained between 60 and
80 mmHg. Inotropes were initiated if the blood pressure was lower than the target blood
pressure. Cardiac pulse pressure was maintained at least 10 mmHg above the mean

arterial pressure if the arterial pulse was still present to open the aortic valve.

Electroencephalography (EEG) was not routinely performed. It was performed
when the patient did not show mental recovery after withdrawing sedatives or when the

patient showed symptoms of seizures.



NSE level measurement

Blood samples were obtained for NSE measurements 24, 48, and 72 h after
ECLS initiation. To prevent hemolysis, the sample was drawn from the arterial line with
minimal negative pressure applied and transferred to vacutainers using large 16-gauge
needles. If hemolysis occurred, the samples were redrawn. NSE analysis was performed
directly after the blood was drawn on weekdays and refrigerated during weekends

before sending for analysis early on Monday morning.



Study outcomes

Follow-up was performed by retrospectively reviewing patient medical files.
The primary endpoint was the best neurological outcome during the entire
hospitalization period. A good neurological outcome was defined as a CPC score of 1
(good cerebral performance) or 2 (moderate cerebral disability), and a poor neurological
outcome was defined as a CPC score of 3 (severe cerebral disability) to 5 (brain death)?.

The secondary endpoint was the 30-day all-cause mortality.

10



Statistical analysis

Continuous variables were described as means and standard deviations for
normally distributed variables and medians (Q1l, Q3) for non-normally distributed
variables. Independent t-tests were used to compare normally distributed variables, and
Wilcoxon rank-sum test was used to compare non-normally distributed variables. Chi-
square and Fisher’s exact tests were used to compare categorical variables. Statistical
significance was set at P <0.05. For every 24 h up to 72 h after ECLS initiation, receiver
operating curve (ROC) analysis using the NSE level was performed to predict poor
neurological outcomes and 30-day mortality. All statistical analyses were performed

using SAS version 9.4 (SAS Institute, Inc., Cary, NC, USA).

11



RESULTS

Patients

The baseline characteristics of the patients are shown in Table 2. The mean age
of the patients was 57.9 £ 15.2 years, and 35 (74.5%) were male. Acute MI was the
most common cause, accounting for 59.6% of the patients. The mean total CPR time
was 30.0 = 20.4 min. The prehospital CPR time was recorded only for patients with
OHCA, and the median time was 19.5 min. The initial arterial pH, lactate, creatinine,
and troponin I levels were obtained at the time of CPR (Table 2). Median ICU stay was

9.0 (5.0-14.0) days, and median duration of hospitalization was 13.0 (5.0-25.0) days.

There were 27 and 20 patients with IHCA and OHCA, respectively (Table 3).
The two groups showed significant differences in age, CPR time, and arterial pH at the
time of ECLS insertion. The OHCA group had patients with younger age (52.1 + 14.6
vs. 62.1 £ 14.4 years, p = 0.023), longer total CPR time (44.85 + 17.49 vs. 19.04 +

14.75 min, p <0.001), and lower arterial pH (7.04 £ 0.21 vs. 7.17 £ 0.15, p = 0.016).

Brain CT was performed in 40 patients. Normal brain CT findings were
observed in 25 (53.2%) patients. The following were the abnormal brain CT results:
mild edema, 3 (6.4%); severe edema, 5 (10.6%); cerebral infarction, 4 (8.5%); brain
hemorrhage, 2 (4.2%); and others, 2 (4.2%). The neurological outcomes and mortality

rates according to the brain CT images are shown in Table 4.

EEG was performed on 12 patients. Owing to the examination being performed
in unconscious patients in the protocol, all 12 cases showed diffuse cerebral dysfunction.

12



Table 2. Baseline characteristics of the patients

CPC scores

CPC scores

All patients 1o 3.5 p-value Alive Expired p-value
n=47 n=25 n=22 n=27 n=20
Age (mean £ SD) (years) 57.9+15.2 55.4+13.8 60.7 £ 16.5 0.231 57.6 £15.1 58.3+15.8 0.870
Sex 1.000 0.737
Male 35 (74.5) 19 (76.0) 16 (72.7) 21 (77.78) 14 (70.0)
Cause of
cardiogenic shock 0.565 0.436
Acute M1 28 (59.6) 13 (52.0) 15 (68.18) 15 (55.6) 13 (65.0)
ICMP 3(6.4) 3 (12.0) 0 (0) 3(11.1) 0 (0)
DCMP 2 (4.3) 1 (4.0) 1 (4.6) 0 (0) 2 (10.0)
Acute myocarditis 4 (8.5) 3 (12.0) 1 (4.6) 3(11.1) 1(5.0)
PTE 2 (4.3) 1 (4.0) 1 (4.6) 1(3.7) 1(5.0)
Infective endocarditis 1(2.1) 0 (0) 1 (4.6) 0 (0) 1(5.0)
SCMP 2(4.3) 1 (4.0) 1 (4.6) 1(3.7) 1(5.0)
Fatal arrhythmia 2(4.3) 2 (8.0) 0(0) 2(7.4) 0(0)
Others 3(6.4) 1 (4.0) 2(9.1) 2(7.4) 1(5.0)

13




CPR time (minutes)

Total (mean + SD)
Pre-hospital, median

(Q1-Q3)
In-hospital (mean + SD)

pH (mean + SD)
ECMO insertion time
POD#1

Lactate (mean + SD) (mmol/L)
ECMO insertion time

POD#1

Creatinine, median
(Q1-Q3) (mg/dL)
ECMO insertion time

POD#1

eGFR (mean + SD)
ECMO insertion time

POD#1

30.0+20.4

19.5
(9.5-29.0)
21.6+ 152

7.12£0.19
7.37+0.13

8.17 +4.48
6.58 +4.70

1.19
(0.91-1.69)
1.08
(0.87-1.78)

60.38 + 30.62
65.96 + 33.14

29.2 +32.0
18.0
(9.0-30.0)
20.1£17.3

7.17+0.18
7.39 £0.12

6.82 +4.26
5.64 +£5.25

1.15
(0.88-1.61)
1.01
(0.86-1.37)

67.0+31.4
74.5 +35.9

14

30.9+25.0

26.0
(9.5-28.0)
233+ 12.4

7.06 = 0.19
7.36 £0.15

9.64 +4.35
7.52 £3.99

1.25
(1.07-1.71)
1.22
(0.94-1.88)

52.9+28.6
56.2+27.3

0.783
0.054
0.471

0.069
0.440

0.032
0.199

0.190

0.147

0.115
0.058

30.5+21.7

19.5
(10.0-29.0)

20.0+17.0

7.17+0.18
7.40 £ 0.12

7.04 +4.50
5.68 £5.03

1.12
(0.86-1.61)
0.98
(0.86-1.37)

67.7+31.6
74.2 £35.8

29.4+19.1
18.0

(9.0-27.0)

23.8+ 12.4

7.05+0.18
7.34+0.14

9.63 £4.12
7.9 £3.96

1.36
(1.14-2.16)
1.41
(0.98-2.00)

50.5+27.0
54.9 +26.1

0.848
0.109
0.408

0.023
0.122

0.051
0.135

0.048

0.083

0.056
0.047



Trop I, median

(Q1-Q3) (ng/mL)

T 0.23 0.25 0.09 0.29 0.15
ECMO insertion time (0.06-0.95) (0.06-1.68) 0.05-082) 0668 (0.05-2.25) (0.06-0.68) 0.629
46.03 46.03 43.49 46.03 43.49
POD#1 (1.78-50.0) (223-50.00)  (1.78-50.00) 0930 (0.77-50.0) (2.24-50.0) 0.833
ICU stay (days), median 9.0 12.0 6.0 0.016 12.0 7.0 0.026
(Q1-Q3) (5.0-14.0) (8.0-14.0) (4.0-14.0) : (7.0-17.0) (4-12.5)
. . 0.001
Hospital stay (days), median 13.0 20.0 7.0 0.001 20.0 7.0
(Q1-Q3) (5.0-25.0) (8.0-29.0) (4.0-14.0) (8.0-30.0) (4.0-12.5)

Baseline characteristics of patients with cardiogenic arrest treated with ECMO. Mean + standard deviation (SD) is presented for normally

distributed variables, and median (Q1, Q3) for non-normally distributed variables. N (%) is presented for categorical variables. MI, myocardial

infarction; ICMP, ischemic cardiomyopathy; DCMP, dilated cardiomyopathy; PTE, pulmonary thromboembolism; SCMP, stress-induced

cardiomyopathy; eGFR, estimated glomerular filtration rate; ECMO, extracorporeal membrane oxygenation; ICU, intensive care unit; CPC,

Cerebral Performance Category
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Table 3. Characteristics according to the place where the cardiac arrest occurred

IHCA OHCA p-value
n=27 n=20
Age (years) 62.1 +14.4 52.1+14.6 0.023
Sex 0.737
Male 21 (77.8) 14 (70.0)
Cause of cardiogenic shock 0.120
Acute M1 18 (66.7) 10 (50.0)
ICMP 0 (0) 3 (15.0)
DCMP 2(7.4) 0 (0)
Acute myocarditis 2(7.4) 2 (10.0)
PTE 1(3.7) 1(5.0)
Infective endocarditis 0(0) 1(5.0)
SCMP 2(7.4) 0 (0)
Fatal arrhythmia 0(0) 2 (10.0)
Others 2(7.4) 1(5.0)
CPC score 0.556
CPC scores 1-2 13 (48.2) 12 (60.0)
CPC scores 3-5 14 (51.9) 8 (40.0)
30-day mortality 0.152
Alive 13 (48.2) 14 (70.0)
Death 14 (51.9) 6 (30.0)
CPR time (minute)
Total (mean + SD) 19.0 £ 14.85 449+ 17.5 <.0001
Pre-hospital, median (Q1-Q3) - 19.5 (9.5-29.0)
In-hospital (mean + SD) 19.0 £ 14.8 25.1+154 0.182
pH (mean + SD)
ECMO insertion time 7.17£0.15 7.04 £0.21 0.016
POD#1 7.40 +£0.11 7.35+0.15 0.215
Lactate (mean + SD) (mmol/L)
ECMO insertion time 7.04 £3.77 9.63 £4.99 0.051
POD#1 6.81 +5.59 6.33 +3.62 0.744
Creatinine, median (Q1-Q3) (mg/dL)
ECMO insertion time 1.24 (0.95-1.69) 1.18 (0.91-1.66) 0.863
POD#1 1.08 (0.94-1.67) 1.0 (0.81-2.29) 0.739
eGFR (mean + SD)

16




ECMO insertion time 59.89 +28.47 61.05 +34.06 0.899

POD#1 63222321  69.65+4355 0554
Trop I, median (Q1-Q3) (ng/mL)

ECMO insertion time 0.19 (0.06-3.31) 032 (0.06-0.78)  0.849

POD#1 50.0 (1.78-50.0)  6.12(1.50-50.0) 0358
ICU stay, median (Q1-Q3) (day) 110 (7.0-17.0) 8.5 (45-12.0)  0.185
((E‘;p“al stay, median (Q1-Q3) 13.0(7.0-25.0)  115(45-235) 0419

Baseline characteristics of patients with cardiogenic arrest treated with ECMO according to
the location of the arrest. Mean + standard deviation (SD) is presented for normally
distributed variables, and median (Q1, Q3) for non-normally distributed variables. N (%) is
presented for categorical variables. MI, myocardial infarction, ICMP, ischemic
cardiomyopathy; DCMP, dilated cardiomyopathy; PTE, pulmonary thromboembolism; SCMP,
stress-induced cardiomyopathy; eGFR, estimated glomerular filtration rate; IHCA, in-hospital
cardiac arrest; OHCA, out-of-hospital cardiac arrest; ICU, intensive care unit; ECMO,

extracorporeal membrane oxygenation

17



Table 4. Brain CT results of ECLS patients

CPC score Mortality
Brain CT findings CPC scores 1-  CPC scores 3— Alive Expired
2 5

Normal 18 (38.3%) 7 (14.9%) 16 (34.0%) 9 (19.1%)
Mild edema 1 (2.1%) 2 (4.2%) 1 (2.1%) 2 (4.2%)
Severe edema 0 5(10.6%) 0 5(10.6%)
Cerebral infarction 2 (4.2%) 2 (4.2%) 2 (4.2%) 2 (4.2%)
Brain hemorrhage 0 1 (2.1%) 1(2.1%) 0
Others 0 2 (4.2%) 0 2 (4.2%)

CPC, Cerebral Performance Category; CT, computed tomography; ECLS, extracorporeal life

support

18




Clinical outcomes

Of the 47 ECPR patients, 25 (53.2%) showed good neurological outcomes with CPC
scores of 1-2 during the hospitalization period. The other 22 patients (46.8%) showed poor
neurological outcomes, with CPC scores of 3—5 during the hospitalization period. Thirty-day

all-cause mortality occurred in 20 (42.6%) patients (Table 2).

The initial lactate level (p = 0.032) was significantly higher in patients with poor
neurological outcomes. Initial arterial blood pH (p = 0.023), initial creatinine level (p =
0.048), and estimated glomerular filtration rate 24 h after ECLS initiation (p = 0.047) showed

a significant difference in the 30-day mortality (Table 2).

The poor neurological outcome rate tended to be higher in patients with IHCA
(51.9%) than that in patients with OHCA (40.0%) (p = 0.556). The 30-day mortality rate also
tended to be higher in patients with IHCA (51.9%) than that in patients with OHCA (30.0%)

(p = 0.152; Table 3).

TTM was performed on 13 patients. Poor neurological outcomes occurred in six
patients and showed no significance (p = 0.957) on the neurological outcome. Mortality

occurred in seven patients and showed no significance (p = 0.685).

Univariate and multivariate analyses were performed to identify the prognostic
factors for predicting poor neurological outcomes and mortality (Table 5). A CPR time longer
than 30 min, an arterial pH lower than 7.35, a lactate level higher than 1.6 mmol/L, a
creatinine level higher than 0.95 mg/dL, and an eGFR value lower than 60 were analyzed as
predictive factors. An NSE level over 60 ug/L at 72 h was the only significant prognostic
factor for poor neurological outcomes in both univariate and multivariate analyses (p = 0.005

and 0.008, respectively). An NSE level over 60 ug/L at 72 h was significant only in the
19



univariate analysis (p = 0.001) for predicting mortality.

20



Table 5. Univariate and multivariate analyses of poor neurological outcomes and mortality

Poor neurological outcome Mortality
Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis
OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value
CPR time
Total 0.639 (0.201-2.032)  0.448  0.122 (0.013-1.114) 0.062 | 0.431(0.131-1.419) 0.166 <0'0>0919(9<g§())01_ 0.942
pH

ECMO insertion | 0.525 (0.086-3.190) 0.484 3.407 (0.277—41.848) 0.338 0.232 (0.025-2.160)  0.199  6.775 (0.169-271-746)  0.310
lactate

) ) 4.706 (0.878— 13.728 (0.704— B

ECMO insertion 25223) 0.071 267.669) 0.084 1.143 (0.276—4.740)  0.854 0.547 (0.023-13.158) 0.710

creatinine
3.714 (0.982—

POD#1 2.095 (0.615-7.142)  0.237  0.298 (0.019-4.765) 0.392 14.051) 0.053 1.097 (0.047-25.680) 0.954
eGFR

POD#1 0.556 (0.174-1.771)  0.320  0.315 (0.021-4.666) 0.401 0.392 (0.120-1.286)  0.122 0.483 (0.016-14.137) 0.673
NSE

8.800 (1.920- 24.000 (4.133— >999.99 (<0.001—
POD#3 40.336) 0.005 19.48 (2.150-176.46) 0.008 139.38) 0.001 ~999.99) 0.935

A CPR time longer than 30 min, an arterial pH lower than 7.35, a lactate level higher than 1.6 mmol/L, a creatinine level higher than 0.95 mg/dL,
an EGFR value lower than 60, and an NSE level at 72 h over 60 ug/L are analyzed as predictive factors.

CPR, cardiopulmonary resuscitation; ECMO, extracorporeal membrane oxygenation; NSE, neuron-specific enolase; eGFR, estimated glomerular
filtration rate
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NSE levels and study endpoints

The median NSE serum levels at 24, 48, and 72 h after ECPR were 63.0 (19.1-270.0),

64.8 (16.8-481.0), and 41.4 (12.9-544.0) pg/L, respectively.

The NSE levels at 24, 48, and 72 h after ECPR according to neurological outcomes
and 30-day mortality are shown in Figure 3. NSE levels showed a significant difference in

both the poor neurological outcomes and 30-day mortality groups at any time.

The diagnostic accuracy of NSE serum levels for predicting poor neurological
outcomes during hospitalization and 30-day mortality is shown in Table 6. An NSE threshold
>25 ug/L at 72 h after ECPR had a sensitivity of 73.3% and 80.0% for the prediction of poor
neurological outcomes and 30-day mortality, respectively. An NSE threshold >75 ug/L at 72 h
after ECPR had a specificity of 100% for both the prediction of poor neurological outcomes

and 30-day mortality.

The ROC curve was used to derive NSE cut-off values for poor neurological
outcomes and 30-day mortality, and the results are shown in Figure 4. The area under the
curve (AUC) values derived for 24-, 48-, and 72-h NSE levels predicting poor neurological
outcomes were 0.664, 0.783, and 0.791, respectively, with cut-off NSE levels of 100.7, 115.7,
and 61.9 pg/L, respectively. The AUC values derived for 24-, 48-, and 72-h NSE levels
predicting 30-day mortality were 0.768, 0.832, and 0.838, respectively, with cut-off NSE
levels of 48.4, 83.0, and 62.1 pg/L, respectively. The AUC values of both ROC curves for
poor neurological outcomes and 30-day mortality were highest at 72 h after ECLS initiation,

with values 0f 0.791 and 0.838, respectively.
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Figure 3.
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Neuron-specific enolase (NSE) levels at 24, 48, and 72 h after extracorporeal life support (ECLS) application are shown according to
neurological outcomes (a), (b), (c), and mortality within 30 days (d), (e), and (f). The p-values for each category are presented in the
corresponding graphs.
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Table 6. Diagnostic accuracy of NSE level predicting poor neurological outcomes (CPC scores 3—5) during hospitalization and 30-day mortality

CPC scores 3—5 during hospitalization

30-day mortality

Variable Sensitivity (95% CI) Specificity (95% CI)

Variable Sensitivity (95% CI) Specificity (95% CI)

NSE level at 24 h after ECPR

NSE > 25 48.9 (28.0-69.8) 87.0 (73.8-100.0)
NSE > 50 40.0 (19.5-60.5) 100.0 (100-100)
NSE > 75 60.0 (39.5-80.5) 100.0 (100-100)

NSE level at 48 h after ECPR

NSE > 25 54.5 (33.7-75.4) 90.0 (78.2-101.8)
NSE > 50 66.7 (47.0-86.4) 80.0 (64.3-95.7)
NSE > 75 71.4 (52.5-90.3) 83.3 (68.7-98.0)

NSE level at 72 h after ECPR

NSE > 25 73.3 (54.9-91.8) 75.0 (58.0-92.0)

25

NSE level at 24 h after ECPR

NSE > 25 50.0 (28.1-71.9) 87.5 (75.0-100.0)
NSE > 50 37.5(16.3-58.7) 100 (100-100)
NSE > 75 54.6 (32.7-76.4) 100 (100-100)

NSE level at 48 h after ECPR

NSE > 25 75.0 (56.0-94.0) 81.8 (67.3-96.4)
NSE > 50 70.6 (50.6-90.6) 81.8 (67.3-96.4)
NSE > 75 80.0 (62.5-97.5) 60.0 (41.5-78.5)

NSE level at 72 h after ECPR

NSE > 25 80.0 (62.5-97.5) 81.3 (66.5-96.0)




NSE > 50 63.6 (43.5-83.7) 100 (100-100) NSE > 50 100 (100-100) 40.0 (21.5-58.5)

NSE > 75 70.0 (50.9-89.2) 100 (100-100) NSE > 75 45.5 (23.6-67.3) 100 (100-100)

Diagnostic accuracy of NSE levels at 24, 48, and 72 h according to different threshold concentrations for predicting CPC scores of 3—5 during
hospitalization and 30-day mortality. NSE, neuron-specific enolase; ECPR, extracorporeal life support; CI, confidence interval
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Figure 4. Receiver operating characteristic curves for predicting neurological outcomes and 30-day mortality at 24, 48, and 72 h after ECLS
initiation
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Receiver operating characteristic curves (ROCs) are used to predict neurological outcomes using neuron-specific enolase (NSE) levels at 24, 48,
and 72 h after extracorporeal life support (ECLS) application (a), (b), (c), and mortality within 30-days at 24, 48, and 72 h after ECLS
application (d), (e), and (f). The area under the curve (AUC) and NSE cut-off values are presented below each corresponding graph.
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DISCUSSION

This study showed that the NSE level at 72 h after ECLS initiation had the highest
AUC value for both poor neurological outcomes and 30-day mortality. This suggests that the
NSE level at 72 h after ECLS initiation could predict poor neurological outcomes and 30-day
mortality more precisely. This study suggests that using the NSE level cut-off value at 72 h
after ECLS initiation to predict a poor neurological outcome is 61.9 ng/L. Furthermore, an
NSE cut-off value of 62.1 pg/L at 72 h after ECPR for predicting 30-day mortality is

suggested.

We performed both univariate and multivariate analyses for possible prognostic
factors for poor neurological outcomes and mortality (Table 5), and only NSE levels
>60 pg/L at 72 h after ECMO insertion showed significance in both univariate and
multivariate analyses for predicting poor neurological outcomes. An NSE level >60 pg/L at
72 h after ECMO insertion was also the only significant prognostic factor in the univariate

analysis.

Cell-specific glycolytic isoenzymes have the following three different expression
types: ubiquitous enolase a, muscle-specific enolase B, and neuron-specific enolase y (defined
as NSE)?!. Because NSE is highly expressed in neurons and neuroendocrine cells, it serves as
a biomarker for neurological diseases, such as neuroendorince tumor**2*. The role of NSE as
a tumor marker is increasing owing to its increased serum levels in several cancers at the time
2425

of diagnosis. NSE is recognized as a reliable tumor marker for small cell lung cancer

Huang et al. conducted a meta-analysis on the clinical value of NSE in diagnosing small cell
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lung cacner and suggested a sensitivity of 0.688 and specificity of 0.921?°. NSE also serves as
a biomarker for gastric adenocarcinoma?’, prostate cancer’®, and metastatic melanoma®’.
Owing to the diverse applications of NSE as a biomarker, several clinics have acquired NSE

measurement equipment, and laboratory results can be easily obtained.

Apart from the convenient examination, NSE was chosen as a candidate for
predicting neurologic prognosis in ECPR patients according to prior studies on patients with
cardiac arrest'>"'7. Roine et al. published a study suggesting that an increased NSE level
higher than 24 ng/mL at 24 h after cardiac arrest led to unconsciousness and death'.
Wihersaari et al. reported that NSE at 48 h after cardiac arrest is a prognostic factor for 12-
month survival'S. Ostlund et al. suggested that NSE levels of >101 pg/L at 48 h and >80 pg/L
at 72 h predict poor neurological outcomes'’. Only a few studies have focused on NSE levels

and neurological outcomes in ECLS patients’™.

The results of this study are similar to those of previous studies. Schrage et al.
suggested a cut-off NSE serum level of 70 pg/L at 48 h after ECPR for predicting poor
neurological outcomes’. This study defined poor neurological outcome as a score of 4-5, and
a CPC score of 3 could improve after rehabilitation. Reuter et al. claimed that day 3 NSE
levels >25 pg/L were associated with 28-day mortality and poor 90-day neurological
outcomes, and an NSE threshold larger than 80 pg/L at day 3 predicted both poor
neurological outcomes and mortality with 100% specificity ’. This study defined a poor
neurological outcome as an mRS score of 4-6. Our study suggests a lower cut-off value for
NSE level of 61.9 ng/L at 72 h for poor neurological prediction and a threshold of over
75 ng/L at 72 h with 100% specificity for poor neurological outcomes. This study suggests a

lower NSE value compared with other studies. This may be a result of the different

30



definitions of poor prognosis. We defined good neurological outcome as CPC scores of 1 and
2 and defined poor neurological outcome as CPC scores of 3—5. A CPC score of 3 was
defined as a poor neurological outcome because patients are dependent on others for their
daily activities; this definition was approved to show substantial inter-rater agreement in a

previous study?’.

The 30-day mortality rate in this study was 42.6%. This result is similar to the
survival to discharge reported in other studies, which ranged from 38% to 52%°°>2. Poor
neurological outcomes were found in 46.8% of the patients in this study and were slightly
higher than those in other studies, which ranged between 30.7% and 38%>°. The inferior
results may have resulted from the placement of CPC score 3, which was marked as poor
prognosis in this study and as good neurological outcome in the other study’. The use of the
CPC score instead of brain CT images for neurological outcomes® may be another
contributing factor. In this study, 7 of 25 patients with normal brain CT showed poor
neurological outcomes (Table 4), showing a higher possibility of poor neurological outcomes

being derived in our study.

The mortality and poor neurological outcome rates were higher in the IHCA group in
this study. This result may be due to the following factors: 1) patients who died within 24 h of
ECLS insertion were excluded. 2) Baseline patient characteristics were different in
significantly younger patients having IHCA. At Hanyang University Seoul Hospital, ECLS
insertion for cardiogenic arrest is limited to patients under the age of 75, with a CPR time of
<30 min, no irreversible medical conditions, and witnessed cardiac arrests. Conversely, IHCA
is inserted into more chronic patients and tends to be inserted into older adult patients. This

difference in selection criteria seems to be the main factor for better OHCA ECLS results.
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Therefore, we suggest providing ECLS support to patients with cardiac arrest when the
criteria are met with less concern for negative results. The impact of excluding mortality
within 24 h will be investigated in future studies. Another factor contributing to good ECPR
results is the presence of a communication system between the emergency medical services
and the emergency department. Emergency medical technicians inform the clinic about the
patient and their history with a timeline of arrival. After receiving such notice, the emergency
department alerts the ECLS team, and the team stands by with all the required equipment
until the patient arrives. This chain of communication allows for minimal time loss and leads

to improved survival.

Other neurological examinations could also help predict the neurological outcomes.
Brain imaging techniques, such as CT, can be used. Florechinger et al. reported by studying
131 patients with cardiac arrest undergoing ECLS treatment that an increase in the 48-h NSE
value was associated with a higher probability of brain damage in brain CT*. Most of the
patients in this study had an initial brain CT done due to the protocol of examining the brain,
chest, and abdomen after insertion of ECLS if the patient’s vital signs were stable. Our data
showed that 62.5% of the brain CT scans were normal (Table 4), which was higher than the
proportion of good neurological outcomes (53.2%). This may be due to brain CT being
performed usually within 6 h after the arrest, and this period seems to be too short for the
damage to reach the brain. This finding is correlated with other studies suggesting that a brain

CT scan in the emergency department does not affect the management of the patients®*°.

Transcranial Doppler (TCD) ultrasonography can be used to evaluate brain damage.

TCD sonography is a rapid, noninvasive diagnostic tool that can be applied at the bedside of

t36

the patient™®. This easy accessibility is a major advantage over CT imaging for patients with

ECLS who do not have to move for the examination. TCD is frequently used in diagnosing
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traumatic brain injury’’*®*, evaluation during treatement***°, and even in diagnosing brain
death*'*2, Change et al. presented a meta-analysis on the accuracy of TCD in confirming
brain death and showed a sensitivity and specificity of 0.90 (95% confidence interval [CI],
0.87-0.92) and 0.98 (95% CI, 0.96-0.99), respectively. However, TCD was not available for
adult patients in our clinic; therefore, no results were obtained. In the future, TCD results
should be obtained after consulting with the radiology department during the ECLS period

for proper evaluation and diagnosis of brain death.

Other biomarkers, such as S100 calcium-binding protein B (S-100 B) are emerging as
new possible biomarkers for predicting neurological outcomes*. S-100 B is mainly released
by glial cells after brain injury and, therefore, increases after cardiac arrest*. Elevated S-100
B levels (>0.5 ug/L) could predict poor outcomes even after 24 h of cardiac arrest*>%. S-100
B has limitations in that it is more frequently examined (as a tumor marker) and has a short
half-life of 2 h*’. Therefore, combined examinations with other neurological examinations

could provide more precise results.

TTM was applied in 13 cases in this study, of which only seven showed good
neurological outcomes, and six survived. Certain guidelines recommend 24 h of cooling in
patients with OHCA*®, and several studies have suggested better neurological outcomes after
applying TTM*~°. Bernard et al. compared post-cardiac arrest comatose patients, which
consisted of 43 patients receiving hypothermia therapy and 34 patients receiving
normothermic treatment, and suggested that hypothermia provided a better neurological
outcome®'. Using surface cooling devices is recommended in TTM**>2, The neurological

outcomes of this study could have improved if TTM was applied more frequently.

This study showed that elevated lactate levels at the time of ECLS insertion were
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significantly higher in the poor neurological outcome group. A significantly lower arterial pH
and elevated creatinine levels at the time of ECLS insertion were observed in the mortality
group. Several studies have suggested that elevated lactate levels are associated with
mortality*>>*; however, no study seems to relate elevated lactate levels with poor neurological
outcomes in ECLS patients. Some studies have suggested that elevated lactate levels in the
cerebrospinal fluid are related to delayed cerebral ischemia in patients with intracranial

3435 If a similar mechanism

hemorrhage, which could cause poor neurological outcomes
could be applied to ECLS patients, elevated lactate levels could predict poor neurological
outcomes for lactate that can pass through the blood-brain barrier’®. Acidosis is a known

prognostic factor of mortality’’>°. Acidosis represents poor tissue perfusion, which could

lead to multiple organ injuries®’ and result in a higher risk of mortality.
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Limitations

This study had several limitations. First, this was a retrospective single-center study with a
small number of patients. Multicenter research with a larger number of patients is needed to
support the results of this study. Second, NSE is known to be present in other non-brain
organs, and it is impossible to identify whether NSE level elevation is due to brain damage or
hemolysis that could occur due to ECLS. Therefore, the patient was carefully managed to
prevent hemolysis, and meticulous methods were used when drawing samples to minimize
hemolysis; however, these preventive measures may not have been efficient in decreasing

hemolysis.
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CONCLUSION

In adult ECPR patients, NSE can be used to predict neurological outcomes and
mortality. Importantly, NSE measurement at 72 h (poor neurological outcome during
hospitalization: 61.9 pg/L; 30-day mortality: 62.1 ng/L) after ECPR had the most accurate

predictive value for short-term poor neurological outcomes and 30-day mortality.
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