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Among resuscitated cardiac arrest (CA) patients,
hypoxic—ischaemic brain injury (HIBI) remains the main
cause of mortality, with only a few potentially effec-
tive therapeutic interventions currently available [1]. As
such, prognostication of neurological outcome after HIBI
is of great importance because it might help physicians
to either intensify care in those patients with expected
neurological recovery or avoid futile interventions in
those with severe and likely irreversible brain damage. A
recent systematic review of prognostication studies has
highlighted the complexity and difficulty in the interpre-
tation of available data [2]. Deaths from HIBI are often
mixed with deaths from other causes (e.g. cardiogenic
shock or multiple organ failure). Long-term assessment
can miss early neurological recovery followed by death
from secondary complications (e.g. hospital-acquired
infections) [3] and early withdrawal of life-sustaining
therapies could result in a “self-fulfilling prophecy” and
an overestimation of the predictive value of these tools
for poor neurological outcome. The perfect prognostic
parameter should be able to accurately separate patients
with favorable and unfavorable outcomes and, if possi-
ble, achieve this in the early phase (i.e. within 48 h) after
the initial injury. Moreover, it should be able to quantify
the extent of brain damage in a continuous and quantita-
tive scale, rather than provide a dichotomous result (i.e.
absent or present N20 cortical response to somatosen-
sory evoked potential).
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Blood biomarkers of brain injury represent a growing
area of interest in this field, as they can be released from
brain tissue into the bloodstream within hours following
CA and can be assessed in the laboratory, although not
easily available in clinical practice [4]. Among those, neu-
ron-specific enolase (NSE) has been widely studied and
was included in the ERC-ESICM prognostic algorithm to
predict poor neurological outcome after CA [5]. Despite
several studies showing that high plasma concentra-
tions of NSE correlate significantly with long-term poor
outcome [6, 7], no consistent threshold values ensuring
the absence of false-positive prediction could be identi-
fied. This is probably because NSE values are influenced
by the laboratory assay that has been used, the timing
of sampling, the use of targeted temperature manage-
ment (TTM) or by extra-cerebral sources, such as neu-
roendocrine or red blood cells. Other biomarkers, such
as S-100B (i.e. glial and Schwann cells) and glial-fibril-
lary acidic protein (GFADP, i.e. astrocytes) have also been
investigated for assessing neurological prognosis in CA
patients but have no advantage over NSE [7, 8].

Neurofilaments, in particular the light chain (NfL—
found in axons and dendrites), are specific to the central
nervous system and could be a precise surrogate marker
for neuronal injury after HIBI and can also increase after
different inflammatory, traumatic or degenerative cere-
bral diseases [9]. In this issue of Intensive Care Medicine,
Wihersaari et al. showed that median NfL concentrations
were significantly higher in patients with poor outcome
than others after arrest [10]. The accuracy of NfL to pre-
dict neurological outcome had an area under the receiver
operating characteristic curve (AUROC) of 0.98 at 24,
48 and 72 h, which was significantly higher than NSE
and S-100B. Moreover, for a sensitivity to predict poor
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outcome around 99%, specificity was impressively high
(i.e.~80%), which suggested that low NfL values could
also reliably identify patients with expected favorable
neurological outcome. NfL. improved the performance
of the predictive model including age, bystander cardio-
pulmonary resuscitation and the time to return of spon-
taneous circulation. These very promising results are
consistent with two previous publications. In one study,
serum NfL values were significantly higher in patients
with unfavorable than in those with favorable neurologi-
cal outcome and NfL values on day 7 were the most pre-
dictive of poor recovery (sensitivity of 94% and specificity
of 100%—Table 1) [11]. In a second large post hoc study,
median serum NfL values at 24 h were also significantly
higher in the patients with poor neurological outcome
compared with the others; AUROC of NfL to predict
neurological outcome was 0.94 at different time-points.
NfL values also had higher sensitivity for poor neurologi-
cal outcome than electroencephalography, somatosen-
sory-evoked potentials, cerebral computed tomography
and brainstem reflexes [12], as well as than NSE and/or
S-100B.

What are the current limitations to the routine use of
NfL in clinical practice after CA? First, the assay for NfL
measurement is not standardized yet and, although com-
mercially available, is not used in most of laboratories
worldwide and the costs of the assay are not insignificant
(30-100 €/test). Second, the threshold value maximizing
the accuracy to predict neurological outcome is inconsist-
ent across studies. Indeed, NfL values change over time
and might also be influenced by the use of TTM [11];
moreover, at the same time-point, NfL. thresholds were
very different among studies. Thus, it remains unknown
whether one single NfL. measurement or repeated meas-
urements (and trends?) over time might further improve
the sensitivity of this biomarker to predict neurological
outcome. Third, the extremely low NfL concentrations
(i.e., pg/mL) may contribute to an intrinsic imprecision of
the measurement assays. Fourth, only patients with out-
of-hospital CA in very selected patients’ cohorts were
included and prognostic thresholds of NfLL might differ
significantly for in-hospital CA or in large heterogenous
populations. Other concomitant interventions, such as
haemodynamic targets, may also impact on NfL concen-
trations. In the present study, NfL values were lower in
patients treated at higher (80—-100 mmHg) than at lower
mean arterial blood pressure targets (65-75 mmHg).
Fifth, whether NfL provides more prognostic information
than proposed algorithms remains to be demonstrated.
Although NfL concentrations would increase the prog-
nostic accuracy of a model based on clinical variables and
have higher sensitivity than other single prognostic tools,
further studies should evaluate the value of adding NfL to

Table 1 Summary of studies evaluating neurofilament light chain (NfL) to predict neurological outcome after cardiac arrest
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P prospective, nGOS modified Glasgow Outcome Scale, TTM targeted temperature management, VF/VT ventricular fibrillation or tachycardia, AUROC area under the receiver operating characteristic, Spec/Sens specificity

and sensitivity, OHCA out-of-hospital cardiac arrest, CPC cerebral performance category, NR not reported

*Cut-off

NfL threshold to obtain the maximal specificity to predict neurological outcome; “peak” cut-offs corresponds to the highest NfL value obtained in case of repeated sampling at different time-points
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existing and validated predictive models, which include a
multi-modal approach with clinical examination, electro-
physiology and brain imaging [5]. Finally, more studies on
the NfL thresholds to predict favorable neurological out-
come would be of great interest, in particular for patients
with multiple organ failure, where the implementation
of additional organ support techniques, such as renal
replacement therapy or extra-corporeal membrane oxy-
genation, could be restricted to those patients with the
higher probability of neurological recovery.

Following CA, the uncertainty about patient outcomes
requires an adequate prognostication approach that,
given the complexity of brain function, should be based
on a multi-modal algorithm. The role of available bio-
markers appears to be relatively limited, but new findings
on new proteins suggest their utility for early prognosti-
cation. We still ignore the pathobiological mechanisms
that make NfL, which is expressed in large myelinated
axons, more accurate to predict outcome than NSE,
which is present in neurons, and S-100B, which is an
astrocyte protein, in HIBI patients. Future prospective
research needs to confirm whether NfL is the perfect bio-
marker for assessing neurological injury and providing
reliable prognostication in this setting.
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