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The crystal ball is filled with CSF N
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Early biomarkers represent a “crystal ball” that could predict good or
bad neurological outcome after cardiac arrest, and could have major
implications on post return of spontaneous circulation (ROSC) care.
It could help select which patients need an aggressive post-cardiac
arrest treatment and those for whom resuscitation is futile.
Continuing medical care for patients without any hope for a
desirable neurologic outcome could be considered unethical in
many situations. It prolongs the suffering of the bereaved family, and
can inappropriately divert resource and clinician work load. While
having a marker predict a good clinical outcome could help the
decision to continue aggressive care.

The ERC guidelines recommended that the earliest time to
prognosticate a poor neurologic outcome is 72h after ROSC, and
should be extended longer if the residual effect of sedation and/or
paralysis confounds the clinical examination." Several methods have
been studied to predict outcomes: prehospital history of the cardiac
arrest, clinical exam, biological markers, neuroimaging, advanced vital
signs like cerebral oximetry, EEG.? ©

For years, we have been looking for a blood-based biomarker to
predict neurological prognosis in cardiac arrest survivors. In this
edition of Resuscitation, You et al. looked nearer to the brain for the
biomarker in the cerebrospinal fluid (CSF).” This is not a new idea; in
1980, Vaagenes et al. already studied the changes of CK in CSF post
cardiac arrest.® However, due to the invasive character of lumbar
punctures, few studies have used CSF as a source for protein studies
post cardiac arrest.

Release of neuron specific enolase (NSE) in CSF following
experimental brain lesions was discovered in the mid 80’s and its’
use as a prognostic marker for irreversible brain damage in
comatose cardiac arrest survivors since the mid 90’s.'° The Target
Temperature Management (TTM) after Cardiac Arrest trial
demonstrated that serum NSE values were strong predictors of
poor outcome after out of hospital cardiac arrest."’ The TTM trial
also suggested that 24 h post ROSC was too early to use serum
NSE to predict reliable outcomes, and the optimal timing would be at
48 or 72 h. However, as NSE is released from damaged neuron cells
into the CSF, and from the CSF into the blood after the blood-brain
barrier disruption in the first 24h after ROSC, NSE could be
detectable earlier in the CSF compare to the serum.'>'® Based on
those elements, You et al analyzed the usefulness of NSE in CSF to
predict neurological prognosis in cardiac arrest survivors who
underwent target temperature management.

They found that an increase in CSF NSE was predictive of a poor
neurological outcome as early as day one, while delayed in the serum

up to48—72h. ltis also interesting to note in the figure 2, that for almost
every patient, the CSF NSE peak seemed to be achieved on day one.
The specificity (up to 100%) and sensitivity (up to 94%) of the CSF NSE
were also increase compare to the serum NSE. A value of less than
approximately 100 ng/ml is a reasonable predictor of good neurological
outcome, while patients with poor neurologic outcome have results mot
of frequently > 300 ng/ml. In conclusion, the CSF NSE level is a better
and earlier neurological prognosis marker than the serum NSE.

The mainlimit of this study is the need fora CSF. It seems logical to use
CSF and not blood to search for a biomarker of good neurological
outcome as CSF is in direct contact with the brain, has a smaller volume
than the blood and is not limited by the blood-brain barrier. Lumbar
punctures are not part of the usual post cardiac arrest evaluation. Though
notcomplicated to perform, asan LP is aninvasive procedure, itis unlikely
thatit will become standard of care evaluation for post ROSC patientin the
near future. There are several other limitations that may limit the
generalization of those results. With only 34 patients, the sample size was
very limited. A larger study will be necessary. Furthermore, it is also
important to note that the patients in the study are younger compared to
prior studies with a median age of only 47 years old.

Finally, even if we find a good biological marker to prognosticate
neurological outcomes, it is improbable that we would rely upon only
one parameter to determine who we should withdraw life-sustaining
therapy (WLST) from. It is important to remember that recent studies
have demonstrated that we tend to stop post-cardiac care to early.'*
Prognosticating good or bad neurological outcome is a complex
decision; it is an art, not an exact science.

Multimodal prognostication rather than a single modality is
recommended by the ERC guidelines to improve the quality of
predictions and decrease the risk of bias due to a single type of
measurement.’ WLST is a medical, ethical and sociological decision,
which varies according to the country and the local culture. In the
future, with more definitive research, WLST could be guided by
biomarker but must take into account the wishes of the patient and his
family. We always need to remember that there is doubt inherent to
every prognostication, but with further study, we might find that our
“crystal ball” is filled with CSF.

Statement of authorship

This manuscript represents valid work and that neither this manuscript
nor one with substantially similar content under our authorship has
been published or is being considered for publication elsewhere.



http://crossmark.crossref.org/dialog/?doi=10.1016/j.resuscitation.2019.10.006&domain=pdf
https://doi.org/10.1016/j.resuscitation.2019.10.006
http://www.sciencedirect.com/science/journal/03009572
www.elsevier.com/locate/resuscitation

RESUSCITATION 145 (2019) 198 -199 199

8
Funding source
None. o
10
Conflict of interest
None. 1
Prior publication 12
None.
13
Copyright constraints
None. 14

REFERENCES

1. Soar J, Callaway CW, Aibiki M, et al. Part 4: advanced life support:
2015 International Consensus on Cardiopulmonary Resuscitation and
Emergency Cardiovascular Care Science with Treatment
Recommendations. Resuscitation 2015;95:e71—e120.

2. Balan P, Hsi B, Thangam M, et al. The cardiac arrest survival score: a
predictive algorithm for in-hospital mortality after out-of-hospital
cardiac arrest. Resuscitation 2019;144:46—-53.

3. Shih H-M, Chen C-Y, Chen W-K. Initial blood pH as an independent
predictor of neurological outcome in patients with out-of-hospital
cardiac arrest. Resuscitation 2018;130:e100.

4. Greer DM, Wu O. Neuroimaging in cardiac arrest prognostication.
Semin Neurol 2017;37:66—74.

5. Beuchat |, Solari D, Novy J, Oddo M, Rossetti AO. Standardized EEG
interpretation in patients after cardiac arrest: correlation with other
prognostic predictors. Resuscitation 2018;126:143—6.

6. Parnia S, Yang J, Nguyen R, et al. Cerebral oximetry during cardiac
arrest: a multicenter study of neurologic outcomes and survival. Crit
Care Med 2016;44:1663—74.

7. YouY, ParkJS, Min J, etal. The usefulness of neuron-specific enolase
in cerebrospinal fluid to predict neurological prognosis in cardiac arrest
survivors who underwent target temperature management: a
prospective observational study. Resuscitation 2019;145:186—92.

. Vaagenes P, Kjekshus J, Torvik A. The relationship between

cerebrospinal fluid creatine kinase and morphologic changes in the
brain after transient cardiac arrest. Circulation 1980;61:1194—9.

. Steinberg R, Scarna H, Keller A, Pujol JF. Release of neuron specific

enolase (NSE) in cerebrospinal fluid following experimental lesions of
the rat brain. Neurochem Int 1983;5:145—-51.

. Martens P. Serum neuron-specific enolase as a prognostic marker for

irreversible brain damage in comatose cardiac arrest survivors. Acad
Emerg Med 1996;3:126—31.

. Stammet P, Collignon O, Hassager C, et al. Neuron-specific enolase

as a predictor of death or poor neurological outcome after out-of-
hospital cardiac arrest and targeted temperature management at 33
degrees C and 36 degrees C. J Am Coll Cardiol 2015;65:2104—14.

. Correale J, Rabinowicz AL, Heck CN, Smith TD, Loskota WJ,

DeGiorgio CM. Status epilepticus increases CSF levels of neuron-
specific enolase and alters the blood-brain barrier. Neurology
1998;50:1388—91.

. Kérkela J, Bock E, Kaukinen S. CSF and serum brain-specific creatine

kinase isoenzyme (CK-BB), neuron-specific enolase (NSE) and neural
cell adhesion molecule (NCAM) as prognostic markers for hypoxic
brain injury after cardiac arrest in man. J Neurol Sci 1993;116:100—9.

. Gold B, Puertas L, Davis SP, et al. Awakening after cardiac arrest and

post resuscitation hypothermia: are we pulling the plug too early?
Resuscitation 2014;85:211—4.

Robert L. Alunday®®
2Department of Emergency Medicine, University of New Mexico,

Albuquerque, NM, USA

bDepartments of Neurosurgery, Medical Director, Neuroscience

Intensive Care Unit, University of New Mexico, Albuguerque, NM, USA

Nicolas Segal”
Department of Emergency Medicine, University of New Mexico,
Albuquerque, NM, USA

* Corresponding author at: Department of Emergency Medicine,

University of New Mexico, MSC 11-6025, 1 University of New Mexico,

Albuquerque, NM 87131-0001, USA.
E-mail address: dr.nicolas.segal@gmail.com (N. Segal).

http://dx.doi.org/10.1016/j.resuscitation.2019.10.006
© 2019 Elsevier B.V. All rights reserved.


http://refhub.elsevier.com/S0300-9572(19)30652-5/sbref0005
http://refhub.elsevier.com/S0300-9572(19)30652-5/sbref0005
http://refhub.elsevier.com/S0300-9572(19)30652-5/sbref0005
http://refhub.elsevier.com/S0300-9572(19)30652-5/sbref0005
http://refhub.elsevier.com/S0300-9572(19)30652-5/sbref0010
http://refhub.elsevier.com/S0300-9572(19)30652-5/sbref0010
http://refhub.elsevier.com/S0300-9572(19)30652-5/sbref0010
http://refhub.elsevier.com/S0300-9572(19)30652-5/sbref0015
http://refhub.elsevier.com/S0300-9572(19)30652-5/sbref0015
http://refhub.elsevier.com/S0300-9572(19)30652-5/sbref0015
http://refhub.elsevier.com/S0300-9572(19)30652-5/sbref0020
http://refhub.elsevier.com/S0300-9572(19)30652-5/sbref0020
http://refhub.elsevier.com/S0300-9572(19)30652-5/sbref0025
http://refhub.elsevier.com/S0300-9572(19)30652-5/sbref0025
http://refhub.elsevier.com/S0300-9572(19)30652-5/sbref0025
http://refhub.elsevier.com/S0300-9572(19)30652-5/sbref0030
http://refhub.elsevier.com/S0300-9572(19)30652-5/sbref0030
http://refhub.elsevier.com/S0300-9572(19)30652-5/sbref0030
http://refhub.elsevier.com/S0300-9572(19)30652-5/sbref0035
http://refhub.elsevier.com/S0300-9572(19)30652-5/sbref0035
http://refhub.elsevier.com/S0300-9572(19)30652-5/sbref0035
http://refhub.elsevier.com/S0300-9572(19)30652-5/sbref0035
http://refhub.elsevier.com/S0300-9572(19)30652-5/sbref0040
http://refhub.elsevier.com/S0300-9572(19)30652-5/sbref0040
http://refhub.elsevier.com/S0300-9572(19)30652-5/sbref0040
http://refhub.elsevier.com/S0300-9572(19)30652-5/sbref0045
http://refhub.elsevier.com/S0300-9572(19)30652-5/sbref0045
http://refhub.elsevier.com/S0300-9572(19)30652-5/sbref0045
http://refhub.elsevier.com/S0300-9572(19)30652-5/sbref0050
http://refhub.elsevier.com/S0300-9572(19)30652-5/sbref0050
http://refhub.elsevier.com/S0300-9572(19)30652-5/sbref0050
http://refhub.elsevier.com/S0300-9572(19)30652-5/sbref0055
http://refhub.elsevier.com/S0300-9572(19)30652-5/sbref0055
http://refhub.elsevier.com/S0300-9572(19)30652-5/sbref0055
http://refhub.elsevier.com/S0300-9572(19)30652-5/sbref0055
http://refhub.elsevier.com/S0300-9572(19)30652-5/sbref0060
http://refhub.elsevier.com/S0300-9572(19)30652-5/sbref0060
http://refhub.elsevier.com/S0300-9572(19)30652-5/sbref0060
http://refhub.elsevier.com/S0300-9572(19)30652-5/sbref0060
http://refhub.elsevier.com/S0300-9572(19)30652-5/sbref0065
http://refhub.elsevier.com/S0300-9572(19)30652-5/sbref0065
http://refhub.elsevier.com/S0300-9572(19)30652-5/sbref0065
http://refhub.elsevier.com/S0300-9572(19)30652-5/sbref0065
http://refhub.elsevier.com/S0300-9572(19)30652-5/sbref0070
http://refhub.elsevier.com/S0300-9572(19)30652-5/sbref0070
http://refhub.elsevier.com/S0300-9572(19)30652-5/sbref0070
mailto:dr.nicolas.segal@gmail.com
https://doi.org/10.1016/j.resuscitation.2019.10.006

	The crystal ball is filled with CSF
	Statement of authorship
	Funding source
	Conflict of interest
	Prior publication
	Copyright constraints
	References


