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potential.

Serum samples were prospectively collected at different time points after CA in consecutive patients admitted to
the intensive care unit (ICU) of Ticino Cardiocentre (Lugano, Switzerland) between June 2017 and March 2018.
Serum NfL concentration was measured using a single molecule array (SIMOA) assay. The association of NfL
levels with time to return of spontaneous circulation (ROSC), serum neuronal specific enolase (NSE) concentra-
tion, time between CA and sample collection, electroencephalogram (EEG) pattern and clinical outcome (death
status at one month) were explored.

Fourteen patients experiencing 15 CAs were included in the study (median age = 58 (57-68) years, 8 males).
Median serum NfL concentration was 1027.0 (25.5-6033.7) pg/ml. There were positive associations between
serum NfL and time to ROSC (rho = 0.60, p < 0.0001), NSE concentration (rho = 0.76, p < 0.0001), and severity
of brain damage as estimated by EEG, with the highest concentrations measured in patients with suppressed
electrical activity (14,954.0 [9006.0-25,364.0] pg/ml). Neurofilament light concentration remained high in sam-
ples collected up to 17 days after CA. Median NfL levels were higher among dead than alive patients at one month
(6401.7 [3768.5-15,573.3] vs 25.5 [25.2-75.4] pg/ml). High NfL levels performed better than NSE in predicting
death status at one month (NfL area under the curve (AUC) = 0.98, 95% confidence interval (CI) = 0.94-1.00;
NSE AUC = 0.80, 95% CI = 0.67-0.94).

These results support the potential inclusion of serum NfL in the battery of prognostication measures to be used
in patients with postanoxic encephalopathy in ICU settings.
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1. Introduction

Postanoxic encephalopathy after cardiac arrest (CA) is among
the leading causes of mortality and long-term neurological disability
in patients admitted to intensive care units (ICU) [1,2]. Several
measures are currently used to aid prognosis, including scores based
on clinical findings, serum neuronal specific enolase (NSE) concentra-
tion, electroencephalogram (EEG), somatosensory evoked potentials,
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and neuroimaging [3]. Peripheral NSE concentration predicts poor out-
come after CA with good sensitivity and specificity. However, only sam-
ples taken within 3 days from the event have prognostic value and false
positive results can also occur as a result of haemolysis [4].

Serum neurofilament light (NfL) concentration represents a valid
biomarker of neuronal degeneration and clinical outcome in several
neurological conditions including multiple sclerosis, dementia, amyo-
trophic lateral sclerosis, and brain trauma [5-8]. A recent study mea-
sured serum NfL levels in samples collected in the first 72 h after CA
as part of the Target Temperature Management After CA trial, showing
a higher predictive potential of poor neurological outcome as compared
to currently available prognostication methods (including NSE) [9].
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We simultaneously initiated a small prospective pilot study with the
aim of: 1) estimating serum NfL concentration in patients with a
postanoxic encephalopathy after CA using a single molecule array
(SIMOA) assay; 2) investigating the potential relation of serum NfL
with time to return of spontaneous circulation (ROSC), time between
CA and sample collection, serum NSE concentration, and EEG pattern;
and 3) exploring the potential of serum NfL in predicting death at one
month after CA as compared to NSE.

2. Methods

We included in the study all patients with a postanoxic encepha-
lopathy due to CA who were consecutively admitted to the ICU of Ti-
cino Cardiocentre (Lugano, Switzerland) between June 2017 and
March 2018. All patients underwent a careful neurological examina-
tion and serum samples collection for NfL measurements at different
time points after CA during hospitalization. Neurofilament light con-
centration was measured using a SIMOA assay (Quanterix) as previ-
ously described [5]. Neuronal specific enolase concentration was also
estimated in the same serum samples using an
electrochemiluminescence assay (Roche). Standard 10-20 montage
EEGs were registered in a minority of patients when needed as deter-
mined by ICU specialists and neurologists involved in routine clinical
practice, in the absence of sedative drugs [10]. EEG patterns were
categorized into: 1) suppressed (either activity < 10 1V in longitudi-
nal montage or burst-suppression patterns); 2) presence of general-
ized periodic discharges (GPD); and 3) delta-theta coma
(background activity with amplitude > 10 pV but frequency < 8 Hz).
Only EEGs registered within 48 h of sample collection (before or
after) were considered for analyses.

Categorical variables were described by counts and percentages,
continuous and ordinal variables by median and interquartile ranges
(IQR). Associations between continuous variables were tested using
Spearman's correlation. The association between NfL and NSE con-
centration with death status was tested using univariate and multi-
variate logistic regression. Prognostic accuracy of NfL and NSE was
determined by using receiver operating characteristic (ROC) curves,
area under the curve (AUC), and sensitivity and specificity for best
cutoffs. All analyses were conducted using the statistical software R
and the R packages “ROCR” and “cvAUC” (https://www.r-project.
org/).

The study received ethical approval by an independent ethics com-
mittee (Comitato Etico Cantonale Bellinzona). A written informed con-
sent was obtained from participants (when possible) or legal
representatives of patients.

3. Results

A total of 14 CA patients were included in the study (median age =
58 (57-68) years, 8 males). One patient experienced two CAs (a first
out-of-hospital CA and a second in-hospital CA, six days apart), for a
total of 15 CAs included in the analysis. Median time to ROSC was 27
(15.5-40.0) minutes. Seven patients were dead at one month, with a
median time to death equal to 9.0 (5.5-13.5) days after CA. Among
the seven patients who survived, six experienced a full neurological re-
covery within the first week (Cerebral Performance Category [CPC]| 1),
while one retained important residual cognitive deficits (CPC 3) [11].

The total number of collected serum samples was 37, with a median
time to sample collection of 2 (1-3) days (range 0-17 days) since CA.
The overall median serum NfL and NSE concentrations were 1027.0
(25.5-6033.7) pg/ml and 28.7 (14.8-89.7) pg/L. Serum NfL concentra-
tion was positively correlated with both time to ROSC (rho = 0.60, p <
0.0001, Fig. 1a) and NSE concentration (rho = 0.76, p < 0.0001, Fig.
1b). Five patients had serum samples collected at 7, 8, 9, 11, and
17 days after CA, respectively. Serum NfL concentration remained high
and relatively stable at these later time points (mean variation + 18%
compared to baseline, Fig. 2a), in contrast with a clear decreasing
trend in serum NSE concentration (mean variation —47%, Fig. 2b).

Fourteen EEGs were registered in seven patients within 48 h of sam-
ple collection (delta-theta coma n = 5; GPD n = 4; suppressed n = 5).
Median serum NfL levels appeared higher in samples paired with sup-
pressed EEGs (14,954.0 [9006.0-25,364.0] pg/ml) than GPD (3613.0
[3436.8-4405.9] pg/ml) and delta-theta coma (2444 [10.9-3280.3]
pg/ml) (Fig. 3a).

Median NfL levels were higher among dead than alive patients at
one month (6401.7 [3768.5-15,573.3] vs 25.5 [25.2-75.4] pg/ml, re-
spectively; odds ratio (OR) = 1.011, 95% confidence interval (CI) =
1.004-1.019, p = 0.003). Serum NSE levels were also positively associ-
ated with risk of death (OR = 1.203, 95% CI = 1.005-1.505, p = 0.044).
However, when both NfL and NSE were included in the same regression
model, only NfL remained significantly associated with death (NfL: OR
= 1.016, 95% CI = 1.002-1.031, p = 0.023; NSE: OR = 0.867, 95% CI
= 0.676-1.110, p = 0.258). Neurofilament light performed better
than NSE in predicting death (NfL AUC = 0.98, 95CI% = 0.94-1.00;
NSE AUC = 0.80, 95% CI = 0.67-0.94, Fig. 3b). A cutoff in NfL of
3436.8 pg/ml provided 83% sensitivity and 100% specificity in death
prediction.

One patient experienced two CAs six days apart, with full recovery
after the first and unfortunately death following the second one. Ac-
cordingly, serum NfL concentration was 53.7 and 66.9 pg/ml following
the first CA and raised to 3613.0 and 6033.7 pg/ml following the second
CA. Interestingly, the only patient who survived despite considerably
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Fig. 1. a) Positive association between serum NfL concentration and time to ROSC (rho = 0.60, p <0.0001); b) Positive association between serum NfL concentration and NSE concentration
(rho = 0.76, p < 0.0001). Each dot represents a separate sample, with clinical outcome also being shown by color (red for death, blue for alive at one month).
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Fig. 2. Temporal relation between days since CA and serum NfL (a) and NSE (b) concentration stratified by patient. Each dot represents a separate sample and individual patients are

reported using different colors.

high NfL levels (1027.0-3280.3 pg/ml) was the one with important re-
sidual neurological deficits (CPC 3).

4. Discussion

We provide evidence for serum NfL concentration being an accurate
marker of neuronal damage in patients with postanoxic encephalopa-
thy due to CA. Serum NfL levels were indeed associated with time to
ROSC, i.e., the duration of anoxic insult. Furthermore, high serum NfL
concentration was a strong predictor of death in our small cohort of pa-
tients, with a better prognostic performance as compared to NSE. De-
spite the small sample size of our cohort, these results mirror those of
the recent investigation by Moseby-Knappe et al. in which more than
700 patients were included, and NfL also performed better than NSE
in outcome prognosis [9]. This makes our results unlikely to be due to
chance.

As expected, serum NfL and NSE concentrations were also positively
correlated with each other. Despite the relatively small number of col-
lected samples, we were able to investigate NSE and NfL at different
time points (up to 17 days after CA). Serum NSE levels are known to de-
crease after the first 72 h since CA, and their value is therefore limited to
this initial interval [3,12]. In contrast, serum NfL concentration appeared
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to remain steadily high in our cohort even at late time points (i.e.,>72 h
after CA). This has never been shown and suggests the potential use of
NfL as both early and late prognostic markers of outcome after CA. Inter-
estingly, the highest serum NfL concentrations were observed in those
patients with evidence of suppressed electrical activity on EEG. This
finding is also entirely new and suggests the poor outcome seen in pa-
tients with suppression and burst-suppression patterns on EEG is di-
rectly related to the extent of neuronal death after the anoxic insult [3,
13].

This study has several strengths including its prospective nature, and
the inclusion of all consecutive CA patients admitted to the same ICU.
Furthermore, we made use of the SIMOA platform which currently rep-
resents the assay with the highest sensitivity when measuring NfL con-
centration [14]. Finally, this is the first study exploring serum NfL levels
in samples collected at late time points after CA (i.e.,>72 h after CA) and
their potential relation to electrical neuronal activity as measured by
EEG. Several limitations need to be acknowledged. First, as a pilot
study, only a limited number of individuals was included. This recom-
mends caution in the interpretation of the results (in particular sensitiv-
ity and specificity measures) and also precluded the possibility to
explore the association of NfL with a more precisely defined clinical out-
come, e.g., using the CPC scale (rather than death status). Second,
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Fig. 3. a) Relation between EEG pattern and serum NfL concentration (higher NfL levels observed in suppressed EEG than in GPD and delta-theta coma); b) Performance of NfL (red) and
NSE (green) in death prediction at one month (NfL AUC = 0.98, 95CI% = 0.94-1.00; NSE AUC = 0.80, 95% CI = 0.67-0.94).
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sampling time points were not standardized and differed between pa-
tients. Additional studies using standardized sampling time points will
be needed to precisely define serum NfL kinetics in CA patients. Third,
EEG were only performed when needed in clinical practice and were
therefore available for a minority of patients. The relation between NfL
concentration and additional EEG characteristics (e.g., alpha coma, sta-
tus epilepticus, and reactivity to stimuli) will need to be investigated
in cohorts of larger sample size.

To conclude, we provide additional evidence in support of NfL as a
potentially powerful serum biomarker of neuronal damage in patients
with postanoxic encephalopathy due to CA, being seemingly associated
with time to ROSC, severity of EEG pattern and risk of death, with a
prognostication power potentially greater than that of NSE.
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