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Abstract
Background:

Out of hospital cardiac arrest (OHCA) is a life-threatening event. Continuous advances in management
increased initial survival, but the rate of favorable neurological outcome remains low. We have previously
shown the usefulness of proteomics to identify novel biomarkers to predict this outcome. Neuro�lament
light chain (NfL), a marker of axonal damage, has since emerged as a promising single marker. The aim
of this study was thus to assess the predictive value of NfL and compare it to our established model.

Methods:

NfL was measured in plasma samples from OHCA drawn at 48 hours after the event using single
molecule assays. Neurological function at discharge from ICU was recorded on the cerebral performance
category (CPC) scale. Predictive ability was assessed for NfL and compared to an established
multimarker model.

Results: 

Seventy patients were included into this analysis, of whom 21 (30%) showed a favorable outcome (CPC
1-2) compared to 49 (70%) with an unfavorable outcome (CPC 3 - 5). NfL increased from CPC 1 to 5 (16.5
pg/ml to 641 pg/ml, p<0.001). NfL alone performed moderately well with an area under the ROC (AUROC)
of 79.4%. Prediction was signi�cantly improved by combination of NfL with the established best
performing model (F = 6.83, p = 0.01) with an AUROC to 89.7% (p for comparison = 0.017).

Conclusion:

The combination of NfL with other plasma and clinical markers is superior to that of either model alone
and achieves a very good AUROC in this relatively small sample.

Trial registration: ClinicalTrials.gov NCT01960699. Registered 08 October 2013.

Background
Out-of-hospital cardiac arrest (OHCA) is a life-threatening event and intensive efforts have increased the
number of patients that survive the initial event [1]. However, at the same time the rates of patients that
can be discharged from hospital or the intensive care unit (ICU) with favorable neurological function, i.e.
functional independence, does not expand at the same rate [2]. Consequently, the need for early and
accurate prognostication of neurological outcome is greater than ever before. This is compounded by the
fact that more recently, patients are treated with hypothermia and require sedation and frequently muscle
relaxants for several days, and neurological assessment must be postponed [3]. As a result, many
patients survive to reach a state of minimal consciousness and indeed a large proportion of deaths after
OHCA can be attributed to active withdrawal of therapy [4]. Research into prediction of neurological
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outcome after OHCA is ongoing since cardiopulmonary resuscitation was �rst introduced. Ideally, such a
predictor should be easily obtainable in a comatose patient and as such focus has been placed on serum
markers of neurological damage, such as neuron speci�c enolase (NSE) or protein S-100B, but both
markers have failed to reach adequate reliability in clinical use [5]. Lately, advances in detection
technology have expanded the spectrum to include neuro�lament light chain (NfL) in serum. This has
been shown to provide high discriminatory and predictive ability and can be measured with comparable
reliability in serum and plasma [6, 7]. We have recently shown that a model combining several clinical
factors with four proteins, α-enolase, 14-3-3 protein ζ/δ, co�lin-1, and heat shock cognate 71 kDa protein,
that were identi�ed through a semi-targeted proteomics approach can signi�cantly improve prediction in
this population [8]. The aim of this analysis was thus to assess the prognostic value of NfL to predict an
unfavorable neurological outcome in an established cohort of OHCA survivors and to compare it to the
existing best-performing multimarker model.

Methods

Design and patients included
This is a post-hoc analysis of a prospectively collected single-center study that included patients between
October 2013 and May 2016. We recruited consecutive patients with OHCA that were treated at the
emergency department of the Medical University of Vienna. Patients were included with a Glasgow coma
scale score of 3 at admission and when the reason for cardiac arrest was either cardiac, respiratory,
hemodynamic or metabolic. Patients were excluded when there was a history of previous cardiac arrest,
neurological disorders or central nervous system neoplasms, psychiatric illness, substance abuse
including alcohol, and the ongoing use of psychotropic medications. Patients were treated according to
guidelines at the time of enrolment. Importantly, all patients were treated with targeted temperature
management either before or upon arrival in the ED. For detailed information on the procedures and
inclusion criteria please refer to [8]. Additional patient baseline information and laboratory assessments
have been provided in subsequent publications [9, 10].

Outcome
The outcome was recorded at the time of transfer from ICU and rated on the 5-point cerebral performance
category (CPC) [11] scale by an experienced neurologist (SS). Favorable neurological outcome was
de�ned as a CPC of 1 or 2, while unfavorable neurological outcome was a CPC of 3–5.

Handling of blood samples
Blood samples were drawn 48 hours after OHCA. Samples were placed on ice after drawing, processed
for the generation of platelet-poor plasma and then stored at -80 °C until further processing.
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Analysis of biomarkers
Neuron-speci�c enolase (NSE) and protein S100-B (S100B) lev-els were determined according to the local
laboratory’s standard procedure.

For NfL measures, samples were thawed for 60 minutes and were analyzed by an investigator blinded to
any patient information using the Simoa Nf-light kits and consumables in the Simoa SR-X Analyzer
(Quanterix, Lexington, MA, USA) [12]. The assay was performed according to the manufacturer’s
instructions and protocol. Brie�y, thawed samples and calibrators were equilibrated to room temperature
and dispensed in 96-well plates as duplicates. Samples and calibrators were incubated with detectors
and paramagnetic bead solutions following instructions and incubated and washed using the Simoa
microplate incubator and microplate washer. Sample readout and concentration analysis was calculated
on the Quanterix SR-X Analyzer. The methods concerning proteomic analysis can be found elsewhere [8].

Statistical methods
Values are presented as means (+- standard deviation [SD]) or median (interquartile range [IQR]) as
appropriate. Some variables were transformed due to high skewness, and missing values were imputed
by chained equation [13]. Differences between groups were calculated using t-test for normally
distributed variables, the Mann-Whitney-U test for non-normally distributed variables and the Kruskal-
Wallis rank sum test for comparison over multiple groups. Correlations were assessed using Spearman’s
rank correlation coe�cient and, when necessary, corrected for multiple testing using the Bonferroni
correction. Predictive models were constructed using logistic regression with unfavorable neurological
outcome as the dependent variable. Model 1 (M1) consisted of NfL values alone. Model 2 (M2) was
established to be the best performing combination by employing a statistical multi-step approach of
ridge- and LASSO-regression to optimize performance [8]. M2 includes four proteins (heat shock protein
C,14-3-3 protein, co�lin-1, and Enolase A) along with the clinical parameters age, the presence of a
shockable rhythm at �rst analysis of rhythm, witnessed cardiac arrest (i.e. immediate start of chest
compressions), the time until return of spontaneous circulation (ROSC), and hemoglobin, lactate and pH
at admission. Model 3 (M3) combines M1 and M2. The bene�t of adding NfL to M2 was analyzed using
Wald test and the likelihood-ratio test.

The performance of a model to predict an unfavorable neurological outcome was assessed by
calculating the area under the receiver operating characteristic curve (AUROC) and compared using
DeLong’s test for correlated AUC curves [14] and calculated using the pROC package for R [15]. Since the
prediction of unfavorable neurological outcome comes with most serious consequences, we evaluated
the sensitivity of the models at a speci�city of 95%. Additionally, optimal cut-offs were calculated using
the Youden’s J-statistic [16].

Calculations were performed using R (Version 4.0.2 R Foundation for Statistical Computing, Vienna,
Austria.), a p-value of < 0.05 was considered to be signi�cant.
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Results

Patients
We initially enrolled 96 individuals who were successfully resuscitated after an OHCA and treated at our
institution between 2013 and 2016. Su�cient plasma samples were available in 70 patients who were
included in this analysis. The median age at the time of OHCA was 56.5 years (interquartile range [IQR]
47.5–68) and 24.3% were female. More details on the baseline characteristics can be found in Table 1.
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Table 1
 

  Favorable neurological
outcome

Unfavorable neurological
outcome

p-
value

Number of patients 21 (30%) 49 (70%)  

Female 5 (23.8%) 12 (24.5%) 1

Age, years 56 [43, 66] 60 [49, 70] 0.189

Cardiac arrest witnessed 19 (90%) 37 (75%) 0.268

First rhythm shockable 19 (90%) 35 (71%) 0.195

Time until ROSC, min. 27.00 [18.00, 33.00] 25.50 [14.75, 38.75] 0.922

Epinephrine administered,
mg

3.00 [1.00, 4.00] 4.00 [2.75, 5.00] 0.318

Medical History      

Diabetes 2 (9.5%) 7 (14.3%) 0.876

Hypertension 6 (28.6%) 20 (40.8%) 0.483

Smoking 8 (33.3%) 19 (38.8%) 0.871

Chronic heart failure 2 (9.5%) 5 (10.2%) 1

Coronary artery disease 3 (14.3%) 8 (16.3%) 1

COPD 2 (9.5%) 6 (12.2%) 1

Laboratory values at
admission

     

pH 7.23 [7.17, 7.29] 7.21[7.11, 7.26] 0.405

Lactate 7.30 [5.20, 9.00] 7.50 [5.10, 10.30] 0.929

pO2 64.00 [42.00, 251.00] 40.80 [20.40, 150.00] 0.063

pCO2 15.60 [7.40, 23.80] 16.00 [10.10, 25.90] 0.568

Bicarbonate 8.30 [4.70, 10.00] 8.70 [5.90, 10.80] 0.457

Base excess 9.40 [6.00, 12.30] 9.80 [5.90, 12.90] 0.815

Hemoglobin 14.60 [13.40, 15.30] 14.40 [12.60, 15.40] 0.644

Neuron speci�c enolase 25.70 [14.80, 47.10] 30.80 [15.60, 81.90] 0.216

ROSC - return of spontaneous circulation; COPD - chronic obstructive pulmonary disease; pO2/pCO2 -
partial pressures. Values are given as n (%), mean (standard deviation) or median [interquartile range]
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  Favorable neurological
outcome

Unfavorable neurological
outcome

p-
value

Protein S-100B 0.08 [0.06, 0.09] 0.14 [0.08, 0.36] 0.002

ROSC - return of spontaneous circulation; COPD - chronic obstructive pulmonary disease; pO2/pCO2 -
partial pressures. Values are given as n (%), mean (standard deviation) or median [interquartile range]

NfL levels
The median level of NfL at 48 hours after OHCA was 66.58 (IQR 16.86–989.53) pg/ml. The levels were
skewed heavily to the left with a minimum value of 4.28 pg/ml and a maximum level of 61715.58 pg/ml.
After log2-transformation and correction for multiple testing, NfL levels were correlated signi�cantly and
positively with two clinically established plasma markers: neuron speci�c enolase (NSE) (Spearman’s rho 
= 0.44, p < 0.001; and protein S-100B (rho = 0.54, p < 0.001; Fig. 1). 

Neurological outcome and NfL
At discharge from the intensive care unit, 21 patients (30%) had a favorable neurological outcome
de�ned as a cerebral performance category (CPC) score of either 1 (17 patients [24%]) or 2 (4 patients
[6%]), and 49 patients (70%) had an unfavorable neurological outcome, i.e. a CPC of 3 (21 patients [30%]),
4 (11 patients [16%]) or 5 (17 patients [24%]). NfL levels increased signi�cantly with CPC score, with a
median level of 16.5 (IQR 9.35–21.4) pg/ml for CPC 1 compared to a median level of 641 (IQR 197–
2173) pg/ml for the CPC 5 group (p for all groups < 0.0001). Comparing favorable outcome vs.
unfavorable outcome, we �nd a median of 18.5 (IQR 11.3–28.2) pg/ml for favorable outcome compared
to a median of 297 (IQR 39.7–1572) pg/ml for unfavorable neurological outcome (p < 0.0001; Fig. 2). 

Predictive performance of NfL (M1)
NfL levels measured in serum at 48 hours after OHCA showed a moderately favorable performance for
predicting unfavorable neurological outcome with an area under the ROC curve (AUROC) of 79.4% (95%
con�dence interval [CI]: 68.3–90.5). The sensitivity was relatively high with 61.2% at a speci�city of 95%.
The optimal cut-off calculated with the Youden index had a speci�city of 85.7% and a sensitivity of
71.4%. AUROC for NfL was signi�cantly greater than that for NSE (AUROC of 59.3%, p = 0.02) and
numerically greater than that for protein S-100B (AUROC of 73.1%, p = 0.4).

Comparison to multimarker model M2 and M3
In the cohort analyzed here, M2 performs moderately well to predict an unfavorable neurological outcome
with an AUROC of 81.3% (95% CI: 71.4–91.3) but showed a lower sensitivity than NfL at a speci�city of
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95% with 53%. The optimal cutoff showed a speci�city of 81% with a sensitivity of 69.4%.

We then added the parameters of the previously established model M2 to the NfL model and termed this
combination M3. The addition of NfL signi�cantly improved the performance of M2 (Wald test: F = 6.83,
p = 0.01; likelihood-ratio = 11.16, p < 0.01) and M3 performed well to predict an unfavorable neurological
outcome with an AUROC of 89.7% (95% CI: 81.7–97.7). Compared to the existing models, M3 had a
numerically greater AUROC than M2 (89.7% vs. 81.3%, p = 0.054) and a signi�cantly greater AUROC than
M1 (89.7% vs. 79.4%, p = 0.017). The combined model M3 showed a sensitivity of 67.4% at 95%
speci�city and the optimal cut-off had a speci�city of 90.5% and a sensitivity of 81.6%.

Discussion
Neuro�lament light chain (NfL) has emerged as the most promising blood marker to predict neurological
survival after cardiac arrest. In a preceding work, we constructed a prediction model consisting of clinical
and plasma biomarkers in combination with the four proteins, α-enolase, 14-3-3 protein ζ/δ, co�lin-1, and
heat shock cognate 71 kDa protein, that were measured by high-throughput proteomics. Here, we used a
high-sensitive assay to assess the ability of NfL to predict unfavorable neurological outcome in this
previously established cohort of OHCA survivors. We found that it performs moderately well with an
AUROC of 79.4%. The combination of NfL with the established model, however, signi�cantly improved the
model and yielded an AUROC of 90%.

Predicting neurological outcome after cardiac arrest is intrinsically a high-risk endeavor, as the choice is
often between continuing or withdrawing life supporting care. Information on the neurological outcome
can inform this decision, but must do so with utmost caution. Accordingly, a multimarker approach that
includes clinical and laboratory parameters is recommended [17]. The optimal time-point to assess
outcome is unclear, however, targeted temperature management and the ensuing sedation has
necessarily increased the interval for clinical prediction and impedes neurological testing. As such,
objective biomarkers need to be introduced and preferably aid prognostication as early as 24 to 48 hours
after the initial event.

We found high NfL concentrations 48 hours after OHCA to be signi�cantly associated with unfavorable
neurological outcome. In fact, there was an almost exponential rise of NfL levels with increasing scores
on the CPC scale. This is in line with a larger trial of over 700 patients [6] where the AUROC for NfL
reached a very high 94%. In our cohort, NfL showed a much lower value. This could be due to a
combination of sample size and different inclusion criteria, as the trial by Moseby-Knappe et al. was a
substudy of a randomized trial to study targeted temperature measurement that included only patients
with presumed cardiac causes of OHCA and measured NfL in serum [18]. Generally, serum and plasma
NfL concentrations correlate well, but plasma typically yields about 75% the concentration of serum NfL
[19]. Of note, we measured plasma NfL levels of 5026 pg/ml in a patient who survived to excellent
neurological function with a CPC of 1. This is in excess of the cut-offs suggested in the larger trial,
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beyond which there was not a single case with favorable outcome found. This emphasizes that a single-
marker model is vulnerable to these outliers.

We found that NfL correlated well and with similar strength with the two clinically established markers of
neuronal damage, NSE and protein S100-B, which are found in neurons and astrocytes, respectively.
However, the AUROC for NfL exceeded both of the others, albeit only statistically signi�cant compared to
NSE which performed poorly with an AUROC of 59% in this cohort. While both markers are not suitable to
predict outcome on their own, they could be integrated into a multi-modal approach [20]. In the cohort
studied here, S100-B performed moderately well with an AUROC of 73%. In a previous work, we combined
clinical information, laboratory values and performed a semi-targeted proteomic approach in which we
focused on brain derived proteins [8]. Twenty-four proteins were present both in brain tissue from autopsy
samples and patients that survived OHCA and were included in the analysis. A multi-step regression
approach ultimately identi�ed a model consisting of several clinical and laboratory markers, including S-
100B but not NSE, and four proteins that were previously not used for prediction. We showed that these
markers improved prediction of poor neurological outcome. In this study we combined this model with
NfL measured at 48 hours after cardiac arrest and improved the AUROC to predict poor neurological
survival signi�cantly. Ultimately, a combination of blood-based markers that re�ect damage to the central
nervous system show the most promise in this regard. Currently, prediction modeling bene�ts from the
inclusion of other variables that are linked to the duration of poor cerebral perfusion, such as time until
ROSC and pH at admission. However, further analysis of our model or others in larger, multicenter cohorts
could pave the way towards an exclusively clinical parameter and blood-based risk prediction.

Limitations
This study is inherently limited by its design as post-hoc analysis of a prospective trial. The primary trial
was intended as a pilot study and the complex and expensive proteomic analysis limited the sample size.
A further limitation is that it is a single-center analysis, which might reduce generalizability. However, it
allowed the inclusion of a homogenous sample and high quality of sample processing and storage.
Lastly, the trial was observational and should be used to generate hypotheses.

Conclusions
This study con�rms previous observations of NfL concentrations being substantially elevated in patients
with poor neurological outcome after OHCA. NfL showed good predictive performance when measured
48 hours after the event. However, the addition of a previously established multimarker model
signi�cantly improved this model to achieve an AUROC of almost 90%. Further studies including
multi(bio)marker assessment appear warranted to con�rm our �ndings.
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Figure 1

Correlation of plasma levels of neuro�lament light chain (NfL) with plasma levels of two markers of
neuronal damage, protein S100B and neuron speci�c enolase.
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Figure 2

Boxplot showing plasma levels of neuro�lament light chain (NfL) grouped by neurological outcome
measured on the �ve-point cerebral performance category scale (CPC) at discharge from the intensive
care unit.



Page 16/16

Figure 3

Area under the receiver operator curve (ROC) to compare the performance of neuro�lament light chain
(NfL, M1) to a multimarker model including NfL (M3) for predicting neurological outcome..


