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Objective: International guidelines recommend 
early screening for identification of patients who 
are at risk of long-term cognitive impairments after 
cardiac arrest. However, information about pre-
dictors is not provided. A systematic review of the 
literature was performed to identify early predictors 
of long-term cognitive outcome after cardiac arrest.
Methods: Scopus and PubMed were systematically 
searched to identify studies on early predictors of 
long-term cognitive outcome in patients after car-
diac arrest. The population included adult cardiac 
arrest survivors and potential early predictors were 
demographics, early cognitive screening scores, 
imaging measures, electroencephalographic mea-
sures, and levels of blood biomarkers. Two investi-
gators reviewed studies for relevance, extracted 
data and assessed risk of bias.
Results: Five articles were included. Risk of bias was 
assessed as low or moderate. Most detected long-
term cognitive impairments were in the domain 
of memory. Coma duration (2 studies), early cog-
nitive impairments by the self-developed clinical 
Bedside Neuropsychological Test Battery (BNTB) 
screener (2 studies), and high S-100B levels on day 
3 (2 studies) were the most prominent identified 
determinants of cognitive impairment on the group 
level. On the individual patient level, a score on the 
BNTB of ≤ 94.5 predicted cognitive impairments 
at 6 months after cardiac arrest (1 study without 
external validation). Studies on brain imaging and 
electroencephalography are lacking.
Conclusion: Early bedside cognitive screening can 
contribute to prediction of long-term cognitive 
impairment after cardiac arrest. Evidence is scarce 
for S-100B levels and coma duration and absent for 
measures derived from brain imaging and electro-
encephalography. 
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Survival rates of out-of-hospital cardiac arrest up to 
hospital discharge have increased considerably in 

the US, the UK and the Netherlands since the 1990s, 
from 16% in 2006 up to 41% in 2016 in patients with a 
shockable rhythm (1, 2). In sharp contrast with increased 
survival, neurological outcome of survivors has changed 
only marginally over the past decades. Of those survi-
ving up to hospital admission, more than three-quarters 
initially remain comatose as a result of diffuse anoxic-
ischaemic brain damage. Half of all comatose patients 
die in the hospital (2). Reported long-term survival 
rates of those that survive until hospital discharge are 
nearly 83% at 3 years, 77% at 5 years and nearly 64% 
at 10 years (3). In survivors, impairments of cognition, 
disturbances of mood, and functional impairments have 
been recognized in 50–100% (4, 5). Rates of mortality, 
anxiety, and depression appear to be higher in women 
than in men (2, 4).

LAY ABSTRACT
Survival rates of patients after cardiac arrest have increased 
significantly over the past decades. However, many cardiac 
arrest survivors have impairments in different domains 
of thinking (memory, attention, and executive functions, 
such as planning). Early identification of survivors at risk 
of such impairments could guide personalized rehabilita-
tion. However, such predictors are currently unavailable. 
This study reviewed the literature to identify possible early 
predictors for patients at risk of long-term impairments in 
thinking. A short, early, bedside test to screen domains 
of thinking during hospital admission may help to predict 
long-term impairments. Certain blood markers and a long 
duration of coma have also been associated with long-term 
impairments of thinking, but the evidence is weak. There 
are no studies on brain imaging and electroencephalo-
graphy in this context. 

Key words: prediction; long-term cognitive outcome; cardiac 
arrest survivors.
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Previous studies on outcome prediction after cardiac 
arrest have focused on “awakening” from coma. Pre-
dicted poor or good outcomes were gross measures of 
functional recovery, such as the Cerebral Performance 
Category (CPC) or the Glasgow Outcome Scale (GOS). 
Absent cortical somatosensory evoked potentials 
(SSEP) and certain electroencephalography (EEG) pat-
terns have been identified as reliable predictors of such 
outcomes (6). These are now included in guidelines (7).
Cognitive impairments are an important driver of 
functional recovery of survivors after cardiac arrest. In 
previous studies, half of all patients could not resume 
daily activities, three-quarters showed disturbances of 
participation in society (8), and cognitive impairments 
were strongly related to reduced quality of life (9).
Early identification of survivors at risk of impairments 
of cognition could guide rehabilitation and open av-
enues for targeted treatments. In fact, guidelines of 
the European Resuscitation Council advise following 
up signs of brain damage in cardiac arrest survivors 
(7). However, validated early predictors of long-term 
cognitive impairments are not provided in these gui-
delines. In some hospitals, multidisciplinary screen-
ing programmes analogous to those in patients with 
brain infarcts are used, but these programmes are not 
validated in patients after cardiac arrest. A recent ana-
lysis showed that the Montreal Cognitive Assessment 
(MoCA) is a valid screening instrument for detection 
of current cognitive impairments after cardiac arrest, 
but predictive values for long-term recovery remain 
unclear (10). 
The aim of this systematic literature review was to 
identify factors in an early phase after an out-of-
hospital cardiac arrest that are predictive of long-term 
cognitive impairments in surviving patients. 

MATERIALS AND METHODS

This systematic review is registered with the Inter-
national Prospective Register of Systematic Reviews 
(PROSPERO: CRD42021238452). It is conducted in 
accordance with the Cochrane Handbook for Syste-
matic Reviews of Interventions, and reported in line 
with the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) Protocols 
2015 checklist.

Information sources and search strategy
The SCOPUS and PubMed databases were searched 
on 2 March 2021 for articles published in English or 
Dutch from inception until 1 March 2021. In addition, 
the references lists of included studies were screened 

for potential additional articles. The search strategy 
combined MESH terms and free-text terms to describe 
the population, outcome, study design, and publica-
tion type. The complete search strategy is shown in 
Tables SI and SII.

Selection criteria
Studies with a longitudinal design were included, in 
which early factors collected during hospital admission 
were associated with long-term cognitive outcomes. 
This included prospective and retrospective cohort 
studies and clinical trials. Case series, case reports, 
cross-sectional studies, reviews, randomized controlled 
trials, and meta-analyses were not included. Studies 
should be on surviving, adult patients (≥18 years) 
after out-of-hospital cardiac arrest. Studies on only 
in-hospital cardiac arrest or cardiac arrest secondary 
to non-cardiac conditions were not included. Mixed 
samples were included if ≥30% consist of patients 
after out-of-hospital cardiac arrest, with separate re-
porting for out-of-hospital cardiac arrest patients. The 
predefined primary outcome measure was cognitive 
outcome measured with a validated cognitive test at 3 
months or longer after cardiac arrest. For the studies 
with multiple follow-up times, the longest follow-up 
period was chosen. No maximum follow-up duration 
was imposed.

Study selection and data extraction
Two reviewers (AG, MV) independently screened 
articles for eligibility based on titles and abstracts, 
using the online systematic review management soft-
ware, Rayyan QCRI (11). Reasons for exclusion were 
documented. In case of disagreement between the 2 
reviewers, their answers were unmasked, and disagre-
ement was resolved through consensus. Selected full 
texts were screened by the same 2 reviewers. Again, 
disagreement was resolved through consensus. The 
first reviewer (AG) extracted the following data from 
selected articles: study type (prospective/retrospec-
tive), number of patients, cardiac event factors (e.g. 
cause of arrest, shockable rhythm, delay), targeted 
temperature management (TTM) information, pre-
dictive demographic factors, predictive factors from 
screening instruments, EEG, imaging or blood tests, 
timing of screening, cognitive impairments as determi-
ned by validated tests. For the definition of cognitive 
impairments in the included articles, the definition that 
was used by the authors of the article was followed.

Synthesis of results
The results are presented in a descriptive way. Given the 
observational nature of the expected datasets and the 
expected differences in settings and populations, it was 
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assumed that meta-analyses of data from the various 
included studies would not be possible. 

Quality assessment
Quality assessment of the included studies was per-
formed by 2 independent reviewers using the Quality 
in Prognosis Studies (QUIPS) tool (12). Herewith, 
the risk of bias is rated in 6 domains: study participa-
tion, study attrition, prognostic factor measurement, 
outcome measurement, study confounding, and statis-
tical analysis and reporting. Levels of judgement are 
classified as high, moderate, or low. An overall score 
is awarded at the discretion of the reviewers, based on 
the scores in the 6 domains.

Ethics approval
Ethics approval was not required.

RESULTS

A total of 424 articles were identified, of which 361 
were unique (Fig. 1). After screening of titles and 
abstracts, 35 articles remained for full-text inspection. 
Based on full-text inspection, 5 articles were included 
in this review (13–17).

Study characteristics
The characteristics and results of the 5 included stu-
dies are presented in Table I. All 5 were prospective 
longitudinal cohort studies. With the exception of 1 
study (14), all were designed to identify early factors 
related to long-term cognitive outcome of cardiac 
arrest survivors. All studies related early (within 
4 weeks) parameters to late cognitive functioning 

(3–6  months after cardiac arrest) (13–17), and 
2 studies also related early parameters to late cog-
nitive impairments (13, 14). In 4 studies, long-term 
cognitive outcome was the primary outcome, in 1 
study cognitive outcome was included as secondary 
outcome measure (14). One study included only 
out-of-hospital cardiac arrest survivors (17), 4 also 
included survivors of in-hospital cardiac arrest. The 
number of cardiac arrest survivors per study ranged 
from 25 to 80. The mean age of the subjects varied 
between 59 and 61 years. The percentage of male 
participants varied between 54% and 91%. Follow-up 
time ranged between 3 and 6 months. 

Cognitive outcome
The 5 studies tested each 4–6 cognitive domains. 
Tested cognitive domains differed per study, but all 
studies tested the domains attention and memory. Per 
cognitive domain, different studies used different neu-
ropsychological tests (Table SIII). If test scores were 
1–2 standard deviations below the normative mean  
(13, 16, 17) or if T-score was < 36 (15), cognitive out-
come was impaired. One study did not specify their 
cut-off values (14). Further details are shown in Table I. 

Tested factors
The tested possible predictors varied over the studies. 
These included demographic variables (17), medical 
history variables (17), cardiac arrest associated variables 
(15–17), cardiac function (15), mood variables (15, 16), 
blood levels of neurobiochemical markers (neuron-spe-
cific enolase (NSE) and astroglial protein S-100B) (13, 
14), neurological clinical examination results (13, 14), 
somatosensory evoked potentials (SEP) (N10, N20 and 
N70) (13, 14), and early cognitive screening results by 
the self-developed Bedside Neuropsychological Test 
Battery (BNTB) (13, 14). BNTB includes the Mini-
Mental State Examination (MMSE) supplemented by 
orientation/general knowledge and digit spans (both: 
Wechsler Memory Scale-Revised (WMS-R)), word 
fluency (f-words, animal names; Cognitive Minimal 
Screening), and picture memory. No studies on the 
predictive value of measures derived from computed 
tomography (CT), magnetic resonance imaging (MRI), 
or electroencephalography (EEG) were found. 

Study results
The following factors were independently associated 
with cognitive impairments in either a multivariate 
general linear model, hierarchical regression analyses, 
or receiver operating characteristic (ROC) analysis. 
Most detected impairments were in the domain of 
memory (mainly verbal domain tested; immediate 
recall, delayed recall, recognition).Fig. 1. Flow chart of article selection process.

Excluded: 326  
Wrong population: 194
Wrong outcome: 85
Review article: 15
Case study: 10
Other: 22

Excluded: 30 
Wrong outcome: 21
No prediction: 7
Short term outcome: 2 

35 Full text

5 Eligible

361 Titles + Abstracts

Duplicates: 63

Pubmed: 229 Scopus: 195
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Predicting long-term cognitive impairments in cardiac arrest survivors p. 6 of 8

Coma duration
A longer “time to awakening” was predictive for long-
term impairments of memory (delayed recall) at 3 months 
after cardiac arrest (15, 16). Longer coma duration pre-
dicted a poorer cognitive composite score and poorer 
performance in 5 cognitive domains (executive functions, 
attention, memory, visuospatial ability, and fine motor 
functioning) at 3 months after cardiac arrest (17).

Early treatment factors
Hypothermia treatment (yes) predicted a better cogni-
tive composite score and a better performance in the 
memory domain (tested by California Verbal Learning 
Test II) and executive functions domain (tested by 
Delis Kaplan Color-Word and Verbal Fluency) (17).

Cardiac function measures 
Reduced left ventricular (LV) function after cardiac 
arrest predicted a lower motor tapping speed. However, 
none of the individual components in this hierarchical 
regression model, such as ejection fraction and New 
York Heart Association (NYHA) functional class, 
reached statistical significance (15).

Early cognitive screening measures
The self-developed BNTB included different test 
scales. For scoring, correct responses were counted. 
The observed scores ranged from 45 to 104. Neuropsy-
chological bedside screening results by BNTB during 
hospital admittance after cardiac arrest correlated 
strongly with the cognitive impairment index at 6 
months after cardiac arrest (14) and could discriminate 
between those with and without cognitive impairments 
(13). A BNTB cut-off value of 94.5 yielded the greatest 

combined sensitivity and specificity for prediction of 
cognitive impairments in individual patients (90% and 
82%, respectively) (13).

Blood levels of neurobiochemical marker
Elevated S-100B concentration (i.e. > 0.12 ng/L (95th 
percentile)) on day 3 was negatively associated with the 
cognitive impairment index at 6 months after cardiac 
arrest (14). Elevated S-100B concentration level on day 
3 predicted a poorer performance in memory and ex-
ecutive functions at 6 months after cardiac arrest (13). 

Somatosensory evoked potential (SEP) measures
Presence of long latency SEP (N70) on day 4 was 
negatively associated with the cognitive impairment 
index at 6 months after cardiac arrest (14).

The following tested factors did not reach significance 
in either univariate tests, hierarchical regression ana-
lyses, or correlation tests: demographic variables (17), 
mood variables (15–17), some cardiac arrest variables 
(15, 16), clinical examination variables (14), blood 
levels of NSE (13, 14), and SEP N10 or N20 results 
(13, 14).

Quality assessment 
Two studies were classified as low risk of bias and 
3 studies as moderate risk of bias (Fig. 2). 

DISCUSSION

This systematic review identified 5 studies on early 
prediction of long-term cognitive outcome after cardiac 

Fig. 2. Risk of bias, assessed using the 
Quality in Prognosis Studies (QUIPS) 
tools and visualized with risk-of-bias 
visualization (robvis) (25).
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Predicting long-term cognitive impairments in cardiac arrest survivors p. 7 of 8

arrest. Coma duration, score on the BNTB screener, 
and high S-100B levels were the most prominent iden-
tified determinants on the group level. Most detected 
impairments were in the domain of memory, which is 
in line with previous literature on cognitive impairment 
in cardiac arrest survivors (5). 

The only analysis yielding clear predictive values 
for cognitive impairments in individual patients after 
cardiac arrest was on early cognitive screening by the 
BNTB screener. A score of ≤ 94.5 predicted cognitive 
impairments at 6 months with a sensitivity of 90% 
and specificity of 82%. However, to our knowledge, 
this was only shown in a small sample (n = 26) and 
not validated in a separate study. International opinion 
papers (18) and guidelines (7) unambiguously recom-
mend early screening for long-term cognitive outcome 
after cardiac arrest and mostly refer to the Montreal 
Cognitive Assessment (MoCA). Although the MoCA 
has been validated for instantaneous detection of 
cognitive impairments after cardiac arrest, predictive 
properties have not been studied (10).

Although coma duration and S-100B levels correla-
ted with cognitive outcome at the the group level, cut-
off values for prediction at the individual patient level 
are lacking. Some other factors yielded an association 
with cognitive outcome, such as measures of severity 
of cardiac arrest and cardiac function, but lack of cut-
off values hampers conclusions on the clinical value. 
Direct measures of encephalopathy severity, such as 
EEG or MRI measures, have shown significant added 
value for prediction of gross neurological outcome of 
comatose cardiac arrest patients (19, 20). However, 
associations with cognitive outcome have not been 
reported. 

Early MoCA scores have been associated with 
cognitive impairment in patients with ischaemic or 
haemorrhagic stroke, although the thresholds proposed 
by general normative datasets underestimated patients 
at risk of persistent cognitive impairments (21). In 
patients with stroke or traumatic acute brain injury, dif-
fuse and/or focal slowed EEG activity (22, 23), reduc-
tion in intra-hemispheric connectivity and impeded 
inter-hemispheric imbalance (22), and lower volume of 
hippocampus on MRI (24) have been associated with 
poorer cognitive functioning. However, in these patient 
groups also, the evidence of EEG or MRI measures on 
cognitive outcome prediction is scarce. 

This review study has some limitations. Most 
importantly, the 2 studies by Prohl and the 2 by Sauvé 
probably included overlapping patient samples. This 
reduces the already limited population size and the 
strength of this review. The heterogeneity of tested 
factors is another limitation. Only coma duration 
and mood variables were tested by different groups. 
All the other tested factors were studied by a single 

research group. In addition, the various studies tested 
different cognitive domains and used divergent cog-
nitive tests.

In conclusion, despite unequivocal recommendations 
on early screening for identification of patients at 
risk of long-term cognitive impairments after cardiac 
arrest, evidence on the value of scores from screening 
instruments is scarce. Bedside cognitive screening 
holds potential to contribute, but needs prospective 
validation. Evidence is scarce for S-100B levels and 
lacking for measures derived from EEG and MRI.
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