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Abstract
Aim;

To investigate the performance of the 2021 ERC/ESICM-recommended algorithm for
predicting poor outcome after cardiac arrest (CA) and potential tools for predicting
neurological recovery in patients with indeterminate outcome.

Methods:

Prospective, multicenter study on out-of-hospital CA survivors from 28 ICUs of the
AfterROSC network. In patients comatose with a Glasgow Coma Scale motor score <3 at >72
h after resuscitation, we measured: (1) the accuracy of neurological examination, biomarkers
(neuron-specific enolase, NSE), electrophysiology (EEG and SSEP) and neuroimaging (brain
CT and MRI) for predicting poor outcome (modified Rankin scale score >4 at 90 days), and
(2) the ability of low or decreasing NSE levels and benign EEG to predict good outcome in
patients whose prognosis remained indeterminate.

Results:

Among 337 included patients, the ERC-ESICM algorithm predicted poor neurological
outcome in 175 patients, and the positive predictive value for an unfavourable outcome was
100% [98-100]%. The specificity of individual predictors ranged from 90% for EEG to 100%
for clinical examination and SSEP. Among the remaining 162 patients with indeterminate
outcome, a combination of 2 favourable signs predicted good outcome with 99[96-100]%
specificity and 23[11-38]% sensitivity.

Conclusion:

All comatose resuscitated patients who fulfilled the ERC-ESICM criteria for poor outcome
after CA had poor outcome at three months, even if a self-fulfilling prophecy cannot be
completely excluded. In patients with indeterminate outcome (half of the population),
favourable signs predicted neurological recovery, reducing prognostic uncertainty.



Introduction

Out-of-hospital cardiac arrest (OHCA) accounts for over 300,000 deaths per year in Europe,1
with a mortality rate exceeding 90%.2 Among OHCA patients admitted to the intensive care
unit (ICU) in a coma after the return of spontaneous circulation (ROSC), twothirds will die
before discharge, primarily after withdrawal of life sustaining therapy (WLST) because of
predicted poor neurological outcome due to severe hypoxic-ischemic brain injury (HIBI).3-5
Accurate neuroprognostication in these patients is crucial to prevent inappropriate WLST on
the one hand and unnecessary and prolonged treatment on the other hand.5,6

To maximise neuroprognostication accuracy in patients who are comatose after OHCA, the
2021 guidelines issued by the European Resuscitation Council (ERC) and the European
Society of Intensive Care Medicine (ESICM)5 recommend that, in patients who are comatose
at>/=72 h from ROSC after major confounders have been excluded, poor neurological
outcome is predicted when at least two concordant signs indicating poor outcome are present.
In a Korean retrospective study, the ERC-ESICM algorithm predicted poor neurological
outcome after OHCA with high specificity.7 However, the feasibility and performance of this
prognostic strategy have not yet been assessed in Europe, where the post-arrest management
and the availability of the clinical tests recommended by these guidelines might differ.8
Another knowledge gap is represented by patients lacking two unfavourable signs, whose
prognosis remains indeterminate. These patients may represent a remarkable fraction of those
assessed for neuroprognostication9 and many of them achieve neurological recovery.10
Identifying signs of good outcome could reduce prognostic uncertainty in these patients.
However, no consensus exists on the best strategy for good outcome prediction in HIBI.11

We conducted this study in a European multicenter ICU patient cohort to assess the accuracy
for poor outcome prediction of the prognostic tests recommended by the ERC-ESICM post-
resuscitation guidelines5 and to investigate whether neurological recovery could be predicted
in patients with indeterminate outcome using recently identified good outcome predictors.

Methods

This study is reported according to the Strengthening The Reporting of OBservational studies
in Epidemiology guidelines12 and was registered on ClinicalTrial.gov before enrolling the
first patient (Cohorts AfterROSC-1, NCT04167891, AfterROSC-2, NCT05606809).

Ethical approval and consent

Information was provided to the relatives of each patient. In cases where relatives were
unavailable, emergency inclusion was permitted by French law. In the latter case, patients
were informed of their participation in the study when they regained their decision-making
capacity, and their consent was requested. If they refused, their data was deleted. The research
protocol was approved by the ethical committees (2019-A01378-49, CPP-SMIV-190901;
2022-A01811- 42; CPP-lle-de-France-1) and the French data protection authorities, in
accordance with the Declaration of Helsinki.



Study setting and population

The After ROSC Network includes 28 ICUs in public or private university- or non-university
hospitals in France and Belgium. After- ROSC prospectively collects all data from adult
OHCA patients admitted to the network’s ICUs starting August 1, 2020.13,14 The inclusion
period for this study was from registry inception to December 2022. We screened for
inclusion all patients admitted in a coma (Glasgow Coma Scale [GCS] score </=8) to the
participating ICUs, eligible for neuroprognostication based on the ERC-ESICM guidelines,
I.e., those who were still comatose at 72 h or later from ROSC with a motor GCS score </=3
after suspension of sedation (including dexmedetomidine) and exclusion of confounders.5,15
We excluded patients who died or recovered consciousness before the prognostication time
point (i.e., 72 h after ICU admission) and those who awakened less than 24 h after sedation
discontinuation.

Data collection

All data were collected by study investigators in each center. The following variables were
recorded: baseline characteristics, comorbidities wusing Charlson scale, 16 OHCA
characteristics according to the Utstein style,17 clinical characteristics upon ICU admission,
treatments in the ICU, daily neurological assessments, sedation and opioids given, vital and
neurological status at hospital discharge, and day 90 after ROSC. For each deceased patient,
we classified the cause of death according to Wittenl18: refractory hemodynamic shock,
recurrent cardiac arrest, respiratory failure, WLST warranted by presumed severe HIBI, and
WLST warranted by comorbidities.

Neuroprognostication
Prediction of poor neurological outcome

Based on the ERC-ESICM guidelines, poor neurological outcome was considered likely if at
least two unfavourable predictors were present among:5

e bilaterally absent standard (visually-assessed) pupillary and corneal reflex 72 h or
later after ROSC;

e status myoclonus, defined as continuous and generalized myoclonus for more than 30
min in the first 72 h after ROSC;5

o bilaterally absent N20 wave on somatosensory evoked potentials (SSEPS);

e highly malignant EEG patterns (HMEP; defined as suppressed background (<10 mV
the entirety of the record) with or without superimposed periodic discharges or burst-
suppression patterns (EEG bursts alternating with suppression periods constituting

e 50% of the recording). The definitions were based on the 2021 American Clinical
Neurophysiology Society (ACNS) terminology 19 and Westhall et al.20 Staff
electrophysiologists or intensivists with dedicated training identified the HMEPSs at
participating centers. No automated EEG device was used. The EEG interpretation
was performed locally without centralized adjudication, using local equipment)
recorded 24 h or later after ROSC;

e Dblood levels of neuron-specific enolase (NSE) above 60 mg/L at 48 or 72 h after
ROSC (using Roche or Thermo-Fisher platforms);

e signs of diffuse and extensive anoxic injury on brain CT or MRI 24 h or later after
ROSC, visually assessed by the local radiologist



WLST was performed in each participating ICU according to local policy.
Prediction of good neurological outcome

Based on a recent review,11 a favourable neurological outcome was considered likely when at
least one of the following favourable predictors was present:
e benign EEG pattern, defined as a continuous, normal voltage, reactive EEG without
malignant or highly malignant criterial9 at 24 h or later after ROSC;11
e normal (</=17 mg/L) blood levels of NSE at 48 or 72 h after ROSC;11,21,22
e aconsistent decrease in blood levels of NSE (whatever the initial level) from 24 to 72h
after ROSC, considering that changes in NSE could be as useful as absolute levels for
predicting outcome.23,24

Outcome assessment

Poor outcome was defined as a modified Rankin Scale (mRS) score of 4-6 (moderate-severe
disability, severe disability, or death).25,26 The outcome was assessed at 90 days from
ROSC by unblinded local investigators via a structured telephone interview.5,27,28

Statistical analysis

Continuous data were described as mean £ SD or median [interquartile range], depending on
their distribution. Categorical data were described as number (percentage). Continuous
variables were compared using the Student’s t-test, or the Mann-Whitney test as appropriate.
Categorical variables were compared using the chi-square test. To ensure representativeness,
we included consecutively all patients with OHCA recorded in this registry. No specific
sample size calculation was conducted (unselected convenience sample). Net reclassification
index (NRI) 29, 30 was used as a numeric assessment of accuracy improvement of a
classification model. We assessed the use of each prognostication tool and measured the
percentage of patients for whom the local team collected the neuroprognostic test.

Firstly, we assessed the performance of each tool suggested in the ERC-ESICM algorithm5
in predicting poor outcome, considering sensitivity, specificity, positive predictive value
(PPV), and false positive rate (FPR), with their corresponding 95% confidence intervals
([95%CIs]). NRI was calculated as the additional predictive power versus the universally
available clinical examination (i.e., absent corneal and pupillary reflexes and status
myoclonus), used as the benchmark. Secondly, we focused on patients with indeterminate
outcome (i.e., without two unfavourable test results) after applying the ERC-ESICM
algorithm.5 In this population, we assessed the performance of potentially favourable
prognostic signs, isolated and in combination, in predicting good outcomes.

All tests were two-sided with a p-value <0.05 considered significant. Analyses were
performed using STATA/SE 15.1 (Lakeway Drive, TX, USA).



Results

From August 2020 to December 2022, a total of 1094 patients were assessed for eligibility
(Fig. 1). Among these, we excluded individuals who died before sedation discontinuation (n
= 373), those who regained consciousness within the initial 24 h following sedation
discontinuation (n = 337), and those who remained under sedation for more than seven days
(n = 47). The remaining 337 patients (31%) who remained comatose for >24 h following
sedation discontinuation were included in the analysis. Their characteristics are reported in
Table 1. Median age was 64 (53-73) years, and 217 patients (64%) were male. No
significant disability (mRS = 0-1) before OHCA was reported in 275 patients (82%). Most
patients had no reported comorbidities (median Charlson score = 0). The main cause of
OHCA was ST-elevation myocardial infarction (77/337 patients, 23%).

1142 patients admitted after OHCA in 27 ICU (France, Belgium) from 31/07/20 o 10/12/22 |

Inclusion criteria not met: guardianship (n=6), in-hospital cardiac arrest
(n=2), previously induded (n=1), not comatose at admission (n=1)

| 1132 patients screened for inclusion |

s Exclusion: mRS missing at day 90 [n=38)

I 1094 patients evaluated I

Non eligible to prognostication:
= Death prior to sedation discontinuation [(n=373)
- Awakening < 24 hours after sedation discontinuation (n=337)

| l

Comatose without sedation, included in main analysis Ongoing sedation at day 7
n=337 n=47

l

Poor outcome likely {2 unfavourable predictors) || Indeterminate outcome (<2 unfavourable predictors)
n=175 n=162

Fig. 1 - Flow chart of the study population.

A total of 286 patients (85%) died in the ICU, of whom 240 (84%) died after WLST based on
neurological criteria. ESM Table 1 reports the modes of death. The median time to death was
7 (5-9) days after OHCA. Forty-seven patients (14%) survived hospital discharge, and 31
(9%) achieved neurological recovery. At 90 days, 40/337 patients (12%) were alive with good
neurological outcome (ESM Table 2).

Performance of the ERC-ESICM algorithm

The use of the ERC/ESICM-recommended predictors ranged from 25% of the population for
SSEPs (available in only 11 ICUs) to 99% for status myoclonus, with a median of 4 (3-5)
prognostic indices per patient. Their accuracies are reported in Table 2. Specificity ranged
from 90% for the EEG to 100% for corneal and pupillary reflexes, SSEPs and status
myoclonus. Compared with status myoclonus, NRI was higher than 0 for all tools, with
NRINSE reaching 0.59 [95%CI 0.43-0.74]; p < 0.01. Compared with corneal and pupillary
reflexes, the NRI was significantly higher than 0 for SSEPs and NSE. Overall, 175/337
patients (52%) had two unfavourable predictors (Fig. 2). All these patients had poor
neurological outcome (PPV 100[98-100%]%; FPR 0[0-9]%).



Table 1 - Characteristics of the study population

{n = 337).

Variable

Male sex 217 (64%)

Age 64 (53-73)

Occurrence at home 215 (64%:)

Bystander 275 (B2%)

Bystander CPR 221 (66%%)

Collapse to CFR, minutes 5 (0—10)

CPR to ROSC, minutes 24 (15-30)

Shockable rhythm 124 (39%)

Cumulative epinephrine dose, mg 2(1-4)

Stable ROSC 319 (9795)

Arterial pH at admission T26 (T15-7.34)

Arterial lactate at admission, mmol/l 45 (2.6-7.3)

Tamet temperature management 305 (91%)
Values are reporled as number (percentage) or median (inlerquadile anga);

CPR: Cardiopulmonary resuscitation; ROSC: Retum Of Spontaneous Circu-
lation. Stable ROSC was defined as the return of spontanecus circulation for
al laasl 20 min.

Prognostication in patients with indeterminate outcome

After applying the ERC-ESICM algorithm, the outcome remained indeterminate in 162
patients (48%), of whom 113 (70%) died in the ICU after a median time of 7(4-10) days. The
main causes of death were WLST for neurological reasons (82/113, 73%), WLST for
comorbidities (12/113, 11%) and brain death (8/113, 7%). Of the remaining 49 patients, 40
(82%) were alive with good neurological outcome at 90 days. No favourable prognostic signs
were found in 116/162 patients (Fig. 2), of whom 20 (17%) recovered. We found one
favorable prognostic sign in 36 patients, of whom 11 (31%) recovered. Finally, 10 patients
had two concordant signs of good neurological outcome. Of these, nine (90%) recovered. The
specificity for good outcome prediction of combining two concordant favourable signs was
99[96-100]%. The complete combination of prognostic signs in patients with indeterminate
outcome is shown in ESM Fig. 1. Neurological recovery was significantly more common in
patients with no unfavourable signs (36/84 (43%)) than in those who had one unfavourable
sign (4/78 (5%)), p < 0.001. In 19 patients, we found discordant prognostic signs, i.e., one
sign suggesting an unfavourable outcome with another suggesting a favourable outcome. Of
these, 2/19 (11%) had good neurological outcome at 90 days. Among favourable signs,
normal NSE blood levels had the highest specificity (96[88-99]%) for good outcome and
decreasing NSE had the lowest one (37[19-58]%; ESM Table 3).

Table 2 - Accuracy of individual lests lor predicling poor oulcome.
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Compared with stiathe P Compared with shaent P
myocionus pupiliary and comeal reflexes
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Comatose without sedation, included in main analysis
n=337

Unfavourable predictors:
Both ocular reflexes absent
Bilaterally absent N0 on S5EP
Highly malignent EEG
NSE > 60 wg/L
Status myoclonus
Diffuse anaxic injury on brain CT or MRI

Poor outcome likely (2 unfavourable predictors) | Indeterminate outcome |<2 unfavourable predictors)
n=175 n=162
Favourable prognostic signs:
Benign EEG
NSE < 17 ug/L
Decreasing NSE
! f }
Mo favourable sign One favourable sign At least 2 favourable signs
n=116 n=36 n=10
Favourable outcome: 0% Favourable outcome: 17% Favourable outcomie: 31% Favourable outcomie: 90%
(0/175) (20/116) (11/36) (3/10)

Fig. 2 - 90-day outcome based on the results of prognostic tests.

Discussion

In this prospective multicenter European study, the ERC/ESICM algorithm predicted poor
neurological outcome with a 100% positive predictive value and 0% false-positive rate in
patients who were comatose with two unfavourable signs at >72 h after OHCA. However, the
prognosis remained indeterminate in almost half of patients, one-quarter of whom ultimately
recovered, including some without favourable signs.

Because WLST due to neurological reasons is the leading cause of mortality following
OHCA, 3, 31-33 ensuring 100% specificity in predicting poor outcomes is essential, even at
the cost of reducing sensitivity, since a falsely pessimistic prediction in patients destined for a
favourable prognosis could result in inappropriate WLST and potentially avoidable harm. In
our study, all patients who fulfilled the criteria for unfavourable outcome recommended in the
ERC-ESICM Guidelines died or survived with severe neurological disability. This finding
does not completely rule out the risk of a self-fulfilling prophecy since, in our study, the
treating teams were not blinded to the prognostic tests’ results, which may have influenced
their decisions. However, another validation study conducted in a country where WLST was
not permitted, 34 confirmed the 100% specificity of the ERCESICM algorithm we found.7

Although all patients were assessed with a minimum of two tests (median 4) in our study, the
utilisation rate of these tests ranged from 25% to 99%, which reflects the limited availability
of some tests — especially SSEPs — in several ICUs. This could lead to inequality across
healthcare systems, depending on where patients are treated. This issue may be addressed by
implementing a centralized reading system for neuroprognostic tests. For tests based on
electrophysiology, this can be implemented by transmitting the raw data for remote reading
on a standard mobile network, a solution that is applicable even in low-income countries.35 In
addition to favouring their deployment, a centralized reading of neuroprognostic tests might
also improve their accuracy. Recent evidence shows that while HMEPs on EEG at >/=24 h
after ROSC predicted poor outcome with 100% specificity in studies where EEG reading was



centralised or conducted by experts,20,36 they may vyield false positive results when the EEG
is interpreted by local neurologists, even if guidance on ACNS terminology had been
provided. 37 Our study, which was also based on local test interpretation, confirmed these
results and suggests that large-scale implementation of prognostic tests might lead to
inaccuracy.

As in previous studies, 7, 38 in our study the specificity of a combination of two or more
predictors was higher than that of some individually taken. Indeed, the FPR of high NSE
levels, diffuse HIBI signs on brain imaging, and HMEP were 5%, 6%, and 10%, respectively.

This underlines the need to use a combination of predictors to achieve maximal specificity.
The difficulty in obtaining a consistent threshold for 100% specificity with biomarkers is
well-known,6 due to their nature of continuous variables and the presence of outliers.22
However, in our study, NSE reached the higher NRI, indicating a greater improvement in
prognostic assessment compared to clinical parameters. Concerning brain CT, the results of
our study and previous studies7, 39 showed that visual assessment of post-anoxic brain
oedema, not based on the grey matter/white matter density ratio thresholds, can give falsely
pessimistic predictions. Although one study suggested that inaccuracy of CT-based
neuroprognostication may be due to a too-early assessment (<24 h),39 this does not seem to
be the case in our study, where we considered only CTs performed after 24 h from ROSC.

Among instrumental prognostic tests, SSEPs were the most specific in our cohort, where a
bilaterally absent N20 wave had 0% FPR for predicting poor outcome. However, SSEPs also
showed low sensitivity. Strategies to increase SSEP sensitivity while maintaining 100%
specificity have been investigated and may include recording mid-latency N70 SEP40 or
using a low-amplitude threshold — instead of the absence — for the N20 SSEP wave.38,41
Concerning biomarkers, serum neurofilament light chain has shown higher accuracy than
NSE.11,21 However, its availability is still limited.

In this prospective multicenter European study, the prognosis remained indeterminate in
nearly half of the patients after we applied the ERC-ESICM algorithm. A quarter of these
patients recovered, highlighting the crucial need for a cautious approach to observation and
reassessment when multiple concordant signs of poor outcome are lacking.

In particular, neurological recovery occurred in 31% and 90% of patients with one and two
signs of good outcome, such as normal NSE levels and benign EEG patterns, respectively.
These signs indicate that HIBI could be reversible and should encourage intensivists to
continue aggressive life support in these patients. Neurological recovery still occurred in
20/116 (17%) patients with no signs of good outcome. However, almost all these recoveries
occurred when no sign suggesting poor outcome was present either. Instead, when one
unfavourable prognostic sign was observed without any discordant sign of potential recovery,
poor outcome occurred in 97% of cases.

The ERC-ESICM guidelines recommend caution and prolonged observation in patients with
discordant prognostic signs (one favourable and one unfavourable predictor). In our study,
11% of patients showing this pattern had favourable outcome, confirming the
recommendation. The progression of good or poor neurological outcomes in our population
according to the different proportions and concordance of good or poor signs suggests the
ERC-ESICM prognostic model is consistent and provides further investigation insights.



We acknowledge some limitations of our study. Firstly, the treating physicians were not
blinded to the results of prognostic tests, and the WLST policy was not standardised. This
may have caused a self-fulfilling prophecy bias, which often represents a significant concern
in intensive care studies, particularly those focused on acute brain injury.42, 43 Various
strategies can mitigate this bias, including standardized neuroprognostication protocols,
especially regarding decisions on WLST, and blinding of prognostic tests. However, blinding
Is not always possible in post-resuscitation care. Namely, predictors like the EEG cannot be
concealed from the treating team because they are essential for clinical management (e.g., to
detect and treat non-convulsive seizures).5 Other limitations of our study are the non-uniform
availability of prognostic tests across participating centers and the lack of centralized
interpretation. Notably, NSE decrease was reported only in 23% of patients with
indeterminate outcome, scarcity largely attributable to local practices with several
participating centers conducting only one NSE assessment. However, although these
characteristics may have reduced the reliability of some prognostication tools, they closely
reflect the current prognostication practices within our ICU network. Finally, some patients
were included during the COVID surges, and we cannot completely exclude that resource
allocation limitations may have occurred during this period and led to modifications in
WLST.44

Conclusion

Our prospective multicenter study demonstrated that in adults who remain comatose
following OHCA, the combination of two or more unfavorable signs among those
recommended by the ERC-ESICM 2021 guidelines exhibited greater specificity than most
individual tests conducted independently. Although all centres used at least two tests to
prognosticate, not all tests were available at every site. After applying the ERC-ESICM
algorithm, the prognosis remained indeterminate in almost half of patients, one-quarter of
whom ultimately recovered, including some without favourable signs. This underscores the
importance of a cautious approach of observation and reassessment in this subgroup. In this
population, normal NSE levels and benign EEG predict good neurological outcome and could
help reduce prognostic uncertainty.

Disclosures

JBL received lecture fees from BD and Masimo, and GG received consulting fees from BD
and Bard. Claudio Sandroni and Alain Cariou are Associate Editor of Resuscitation. The other
authors did not report relationships relevant to the contents of this paper.

CRediT authorship contribution statement

Wulfran Bougouin: Writing — original draft, Formal analysis, Data curation,
Conceptualization. Jean-Baptiste Lascarrou: Writing — original draft, Funding acquisition.
Jonathan Chelly: Writing — review & editing, Resources, Investigation. Sarah Benghanem:
Writing — review & editing, Resources, Investigation. Guillaume Geri: Writing — review &
editing, Resources, Investigation. Julien Maizel: Writing — review & editing, Resources,
Investigation. Nicolas Fage: Writing — review & editing, Resources, Investigation. Ghada
Sboui: Writing — review & editing, Resources, Investigation. Nicolas Pichon: Writing —



review & editing, Resources, Investigation. Cédric Daubin: Writing — review & editing,
Resources, Investigation. Bertrand Sauneuf: Writing — review & editing, Resources,
Investigation. Nicolas Mongardon: Writing — review & editing, Resources, Investigation.
Fabio Taccone: Writing — review & editing, Resources, Investigation. Bertrand Hermann:
Writing — review & editing, Resources, Investigation. Gwenhaél Colin: Writing — review &
editing, Resources, Investigation. Olivier Lesieur: Writing — review & editing, Resources,
Investigation. Nicolas Deye: Writing — review & editing, Resources, Investigation. Nicolas
Chudeau: Writing — review & editing, Resources, Investigation. Martin Cour: Writing —
review & editing, Supervision, Investigation. Jeremy Bourenne: Writing — review & editing,
Resources, Investigation. Kada Klouche: Writing — review & editing, Resources,
Investigation. Thomas Klein: Writing — review & editing, Resources, Investigation. Jean-
Herlé Raphalen: Writing — review & editing, Resources, Investigation. Grégoire Muller:
Writing — review & editing, Resources, Investigation. Arnaud Galbois: Writing — review &
editing, Resources, Investigation. Cédric Bruel: Writing — review & editing, Resources,
Investigation. Sophie Jacquier: Writing — review & editing, Resources, Investigation. Marine
Paul: Writing — review & editing, Resources, Investigation. Claudio Sandroni: Writing —
review & editing, Resources, Investigation. Alain Cariou: Writing — review & editing,
Resources, Investigation.

Declaration of competing interest

The authors declare the following financial interests/personal relationships which may be
considered as potential competing interests: “Jean Baptiste Lascarrou reports financial support
was provided by BD. Jean Baptiste Lascarrou reports financial support was provided by
Masimo Corporation. Guillaume Geri reports financial support was provided by BD.
Guillaume Geri reports financial support was provided by Bard. Claudio Sandroni and Alain
Cariou are Associate Editor of Resuscitation If there are other authors, they declare that they
have no known competing financial interests or personal relationships that could have
appeared to influence the work reported in this paper”.

REFERENCES

1 Empana J-P, Lerner I, Valentin E, et al. Incidence of sudden cardiac death in the European
Union. J Am Coll Cardiol 2022;79:1818-27. https://doi.org/10.1016/j.jacc.2022.02.041.

2 Bougouin W, Lamhaut L, Marijon E, et al. Characteristics and prognosis of sudden cardiac
death in Greater Paris: population-based approach from the Paris Sudden Death Expertise
Center (Paris- SDEC). Intensive Care Med 2014;40:846-54. https://doi.org/10.1007/s00134-
014-3252-5.

3 Lemiale V, Dumas F, Mongardon N, et al. Intensive care unit mortality after cardiac arrest:
the relative contribution of shock and brain injury in a large cohort. Intensive Care Med
2013;39:1972-80. https://doi.org/10.1007/s00134-013-3043-4.



4 Laver S, Farrow C, Turner D, Nolan J. Mode of death after admission to an intensive care
unit  following cardiac  arrest. Intensive Care Med 2004;30:2126-8.
https://doi.org/10.1007/s00134-004-2425-z.

5 Nolan JP, Sandroni C, Bo™ ttiger BW, et al. European Resuscitation Council and European
Society of Intensive Care Medicine guidelines 2021: post-resuscitation care. Intensive Care
Med 2021;47:369-421. https://doi.org/10.1007/s00134-021-06368-4.

6 Sandroni C, D’Arrigo S, Cacciola S, et al. Prediction of poor neurological outcome in
comatose survivors of cardiac arrest: a systematic review. Intensive Care Med 2020;46:1803—
51. https://doi.org/10.1007/s00134-020-06198-w.

7 Youn CS, Park KN, Kim SH, et al. External validation of the 2020 ERC/ESICM
prognostication strategy algorithm after cardiac arrest. Crit Care Lond Engl 2022;26:95.
https://doi.org/10.1186/s13054-022-03954-w.

8 Storm C, Nee J, Sunde K, et al. A survey on general and temperature management of post
cardiac arrest patients in large teaching and university hospitals in 14 European countries-The
SPAME trial results. Resuscitation 2017;116:84-90.
https://doi.org/10.1016/j.resuscitation.2017.03.038.

9 Sandroni C, Grippo A, Nolan JP. ERC-ESICM guidelines for prognostication after cardiac
arrest:  time  for an update. Intensive  Care Med  2020;46:1901-3.
https://doi.org/10.1007/s00134-020-06224-x.

10 Bongiovanni F, Romagnosi F, Barbella G, et al. Standardized EEG analysis to reduce the
uncertainty of outcome prognostication after cardiac arrest. Intensive Care Med 2020;46:963—
72. https://doi.org/10.1007/s00134-019-05921-6.

11 Sandroni C, D’Arrigo S, Cacciola S, et al. Prediction of good neurological outcome in
comatose survivors of cardiac arrest: a systematic review. Intensive Care Med 2022;48:389—
413. https://doi.org/10.1007/s00134-022-06618-z.

12 von Elm E, Altman DG, Egger M, Pocock SJ, Ggtzsche PC, Vandenbroucke JP.
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement:
guidelines for reporting observational studies. BMJ 2007;335:806-8.
https://doi.org/10.1136/bmj.39335.541782.AD.

13 Lascarrou JB, Bougouin W, Chelly J, et al. Prospective comparison of prognostic scores
for prediction of outcome after out-of-hospital cardiac arrest: results of the AfterROSC1
multicentric study. Ann Intensive Care 2023;13:100. https://doi.org/10.1186/s13613-023-
01195-w.

14 Flajoliet N, Bourenne J, Marin N, et al. Return to work after out of hospital cardiac arrest,
insights from a prospective multicentric French cohort. Resuscitation 2024;199:110225.
https://doi.org/10.1016/j.resuscitation.2024.110225.

15 Moseby-Knappe M, Westhall E, Backman S, et al. Performance of a guideline-
recommended algorithm for prognostication of poor neurological outcome after cardiac arrest.
Intensive Care Med 2020;46:1852—62. https://doi.org/10.1007/s00134-020-06080-9.


https://doi.org/10.1016/j.resuscitation.2017.03.038

16 Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying
prognostic comorbidity in longitudinal studies: development and validation. J Chronic Dis
1987;40:373-83. https://doi.org/10.1016/0021-9681(87)90171-8.

17 Perkins GD, Jacobs IG, Nadkarni VM, et al. Cardiac arrest and cardiopulmonary
resuscitation outcome reports: update of the Utstein Resuscitation Registry Templates for
Out-of-Hospital Cardiac Arrest: a statement for healthcare professionals from a task force of
the International Liaison Committee on Resuscitation (American Heart Association, European
Resuscitation Council, Australian and New Zealand Council on Resuscitation, Heart and
Stroke Foundation of Canada, InterAmerican Heart Foundation, Resuscitation Council of
Southern Africa, Resuscitation Council of Asia); and the American Heart Association
Emergency Cardiovascular Care Committee and the Council on Cardiopulmonary, Critical
Care, Perioperative and Resuscitation. Circulation 2015;132:1286-300.
https://doi.org/10.1161/CIR.0000000000000144.

18 Witten L, Gardner R, Holmberg MJ, et al. Reasons for death in patients successfully
resuscitated from out-of-hospital and in-hospital cardiac arrest. Resuscitation 2019;136:93-9.
https://doi.org/10.1016/j.resuscitation.2019.01.031.

19 Hirsch LJ, Fong MWK, Leitinger M, et al. American clinical neurophysiology society’s
standardized critical care EEG terminology: 2021 version. J Clin Neurophysiol 2021;38:1-29.
https://doi.org/10.1097/WNP.0000000000000806.

20 Westhall E, Rossetti AO, Van Rootselaar A-F, et al. Standardized EEG interpretation
accurately predicts prognosis after cardiac arrest. Neurology 2016;86:1482-90.
https://doi.org/10.1212/WNL.0000000000002462.

21 Moseby-Knappe M, Mattsson-Carlgren N, Stammet P, et al. Serum markers of brain injury
can predict good neurological outcome after out-of-hospital cardiac arrest. Intensive Care
Med 2021;47:984-94.https://doi.org/10.1007/s00134-021-06481-4.

22 Streitberger KJ, Leithner C, Wattenberg M, et al. Neuron-specific enolase predicts poor
outcome after cardiac arrest and targeted temperature management: a multicenter study on
1,053 patients. Crit Care Med 2017;45:1145-51.
https://doi.org/10.1097/CCM.0000000000002335.

23 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°C and 36°C. J Am Coll Cardiol 2015;65:2104-14.
https://doi.org/10.1016/j.jacc.2015.03.538.

24 Huntgeburth M, Adler C, Rosenkranz S, et al. Changes in neuronspecific enolase are more
suitable than its absolute serum levels for the prediction of neurologic outcome in
hypothermia-treated patients with out-of-hospital cardiac arrest. Neurocrit Care 2014;20:358—
66.https://doi.org/10.1007/s12028-013-9848-8.

25 Rankin J. Cerebral vascular accidents in patients over the age of 60. Il. Prognosis. Scott
Med J 1957;2:200-15. https://doi.org/10.1177/003693305700200504.



26 Banks JL, Marotta CA. Outcomes validity and reliability of the modified Rankin scale:
implications for stroke clinical trials: a literature review and synthesis. Stroke 2007;38:1091—
6. https://doi.org/10.1161/01.STR.0000258355.23810.c6.

27 Geocadin RG, Callaway CW, Fink EL, et al. Standards for studies of neurological
prognostication in comatose survivors of cardiac arrest: a scientific statement from the
American Heart Association. Circulation 2019;140:e517-42.
https://doi.org/10.1161/CIR.0000000000000702.

28 Haywood K, Whitehead L, Nadkarni VM, et al. COSCA (Core Outcome Set for Cardiac
Arrest) in adults: an advisory statement from the International Liaison Committee on
Resuscitation. Circulation 2018;137:e783-801.
https://doi.org/10.1161/CIR.0000000000000562.

29 Pencina MJ, D’Agostino RB, D’Agostino RB, Vasan RS. Evaluating the added predictive
ability of a new marker: from area under the ROC curve to reclassification and beyond. Stat
Med 2008;27:157—72. https://doi.org/10.1002/sim.2929. discussion 207-212.

30 Li J, Gao M, D’Agostino R. Evaluating classification accuracy for modern learning
approaches. Stat Med 2019;38:2477-503. https://doi.org/10.1002/sim.8103.

31 Ruijter BJ, Keijzer HM, Tjepkema-Cloostermans MC, et al. Treating rhythmic and
periodic EEG patterns in comatose survivors of cardiac arrest. N Engl J Med 2022;386:724—
34. https://doi.org/10.1056/NEJM0a2115998.

32 Lascarrou J-B, Merdji H, Le Gouge A, et al. Targeted temperature management for cardiac
arrest  with  nonshockable rhythm. N Engl J Med 2019;381:2327-37.
https://doi.org/10.1056/NEJM0al1906661.

33 Dankiewicz J, Cronberg T, Lilja G, et al. Hypothermia versus normothermia after out-of-
hospital cardiac arrest. N Engl J Med2021;384:2283-94.
https://doi.org/10.1056/NEJM0a2100591.

34 Jeon CH, Park JS, Lee JH, et al. Comparison of brain computed tomography and diffusion-
weighted magnetic resonance imaging to predict early neurologic outcome before target
temperature management comatose cardiac arrest survivors. Resuscitation 2017;118:21-6.
https://doi.org/10.1016/j.resuscitation.2017.06.021.

35 Williams JA, Cisse FA, Schaekermann M, et al. Smartphone EEG and remote online
interpretation for children with epilepsy in the Republic of Guinea: quality, characteristics,
and practice implications. Seizure 2019;71:93-9.
https://doi.org/10.1016/j.seizure.2019.05.025.

36 Ruijter BJ, van Putten MJAM, van den Bergh WM, Tromp SC, Hofmeijer J. Propofol does
not affect the reliability of early EEG for outcome prediction of comatose patients after
cardiac arrest. Clin Neurophysiol off J Int Fed Clin Neurophysiol 2019;130:1263-70.
https://doi.org/10.1016/j.clinph.2019.04.707.



37 Turella S, Dankiewicz J, Friberg H, et al. The predictive value of highly malignant EEG
patterns after cardiac arrest: evaluation of the ERC-ESICM recommendations. Intensive Care
Med 2024. https://doi. org/10.1007/s00134-023-07280-9.

38 Scarpino M, Lolli F, Lanzo G, et al. Does a combination of _2 abnormal tests vs. the ERC-
ESICM stepwise algorithm improve prediction of poor neurological outcome after cardiac
arrest? A posthoc analysis of the ProNeCA multicentre study. Resuscitation 2021;160:158—
67. https://doi.org/10.1016/j.resuscitation.2020.12.003.

39 Moseby-Knappe M, Pellis T, Dragancea I, et al. Head computed tomography for
prognostication of poor outcome in comatose patients after cardiac arrest and targeted
temperature management. Resuscitation 2017;119:89-94.
https://doi.org/10.1016/j.resuscitation.2017.06.027.

40 Arciniegas-Villanueva AV, Ferna'ndez-Diaz EM, Gonza'lez-Garci’a E, et al. The added
value of somatosensory potential N70 in neurological prognosis after coma by acute brain
structural  injury: a  retrospective  study. Ann  Neurosci  2022;29:129-36.
https://doi.org/10.1177/09727531221100255.

41 Benghanem S, Nguyen LS, Gavaret M, et al. SSEP N20 and P25 amplitudes predict poor
and good neurologic outcomes after cardiac arrest. Ann Intensive Care 2022;12:25.
https://doi.org/10.1186/s13613-022-00999-6.

42 van Veen E, van der Jagt M, Citerio G, et al. Occurrence and timing of withdrawal of life-
sustaining measures in traumatic brain injury patients: a CENTER-TBI study. Intensive Care
Med 2021;47:1115-29. https://doi.org/10.1007/s00134-021-06484-1.

43 Meyfroidt G, Bouzat P, Casaer MP, et al. Management of moderate to severe traumatic
brain injury: an update for the intensivist. Intensive Care Med 2022;48:649-66.
https://doi.org/10.1007/s00134-022-06702-4.

44 Sandroni C, Skrifvars MB, Nolan JP. The impact of COVID-19 on the epidemiology,
outcome and management of cardiac arrest. Intensive Care Med 2021;47:602-4.
https://doi.org/10.1007/s00134-021-06369-3.



https://doi/
https://doi.org/10.1007/s00134-021-06369-3

