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Aim:  To  describe  cognitive  functioning  with neuropsychological  tests  and  examine  predictors  of  cognitive
outcome  in  adult  survivors  of out-of-hospital  cardiac  arrest  (OHCA)  of  cardiac  cause.
Method:  The study  was  prospective  and  took  place  at the  University  hospital  of North-Norway.  Only
patients  eligible  of neuropsychological  assessment  three  months  after  OHCA  were  asked  to  participate.
Cognitive  test  performance  was  compared  to large  samples  of  age-corrected  normative  data.  General  lin-
ear  models  were  used  to determine  predictors  of  a cognitive  composite  score  and  performance  on  separate
cognitive  tests.  The  predictors  assessed  were  coma  duration,  hypothermia  treatment  and  time  to  restora-
tion of  spontaneous  circulation.  We  aimed  to control  for demographic  variables,  medical  comorbidity  and
affective  symptoms.
Results: 45  survivors  (4  women)  completed  the  assessment.  Neuropsychological  tests  of  fine motor
functioning,  memory,  attention  and  executive  functions  were  significantly  below  normative  means.
Depending  on  the  test,  impairment  ranged  from  9 to  31%.  For  twenty-five  survivors  (56%),  all  cogni-
tive  tests  were  within  the normal  range.  Shorter  coma  duration  and  induced  hypothermia  treatment
were  associated  with  favourable  cognitive  outcomes  and  explained  45%  of the variability  in  the  cogni-
tive  composite  score.  Coma  duration  was predictive  across  all cognitive  tests,  hypothermia  treatment  of

specific tests  of memory,  attention  and executive  functioning.
Conclusions:  Cognitive  outcome  was  normal  in  more  than half  of the  survivors.  Shorter  coma  duration  and
induced  hypothermia  were  associated  with  favourable  cognitive  outcomes  in  the  participating  survivors
three  months  after  OHCA.

Institutional  protocol  number:  2009/1395.
. Introduction

Survivors of out-of-hospital cardiac arrest (OHCA) are at
isk of cognitive impairments resulting from hypoxic–ischaemic

ncephalopathy.1 Concern exists that persistent, mild to moderate
ognitive disability is underdiagnosed because sensitive measures
re not systematically applied during outcome evaluations.1–4

� A Spanish translated version of the summary of this article appears as Appendix
n  the final online version at http://dx.doi.org/10.1016/j.resuscitation.2014.08.010.
∗ Corresponding author at: Department of Rehabilitation, Division of Rehabilita-

ion Services, University Hospital of North Norway, 9038 Tromsø, Norway.
E-mail addresses: Marte.Orbo@unn.no, marte.orbo@hotmail.com (M.  Ørbo).

ttp://dx.doi.org/10.1016/j.resuscitation.2014.08.010
300-9572/© 2014 Elsevier Ireland Ltd. All rights reserved.
©  2014 Elsevier  Ireland  Ltd.  All  rights  reserved.

Clinical neuropsychological assessment provides standardised,
objective and reliable measures of cognitive functioning using
psychometrically sophisticated and well-validated procedures.
Assessment has been proven useful for differential diagnosis pur-
poses, for allocating rehabilitation resources and for predicting
patients’ real-world activities after brain injury in general and
hypoxic–ischaemic injury specifically.5–10

Few previous prospective studies have investigated residual
cognitive deficits in OHCA survivors using standard neuropsy-
chological measures. Systematic reviews of the research literature

conclude that only five prospective, qualitatively sound studies
are informative of cognitive outcome after OHCA.1,11 From these
studies, it can be generalised that cognitive impairments occur
in 20–50% of survivors and are most often mild to moderate

dx.doi.org/10.1016/j.resuscitation.2014.08.010
http://www.sciencedirect.com/science/journal/03009572
http://www.elsevier.com/locate/resuscitation
http://crossmark.crossref.org/dialog/?doi=10.1016/j.resuscitation.2014.08.010&domain=pdf
http://dx.doi.org/10.1016/j.resuscitation.2014.08.010
mailto:Marte.Orbo@unn.no
mailto:marte.orbo@hotmail.com
dx.doi.org/10.1016/j.resuscitation.2014.08.010
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n severity. Simultaneous impairment in executive functions,
ttention and memory functions are most frequently reported,
s are deficits in fine-motor functioning and visual–spatial
onceptualisation.1,4,5,11–15

The variability in cognitive outcome severity is reliably pre-
icted by the duration of unconsciousness. Patients who spend
horter periods in coma and those awake at hospital admission
ave the best cognitive prospects.1,4,5,11,12 Inconsistent and con-
radictory results have been reported regarding the impact of
esuscitation times, demographic variables and medical comor-
idities on cognitive outcome.1,4,5,12,13,15 Therapeutic hypothermia

s recommended for all patients with a shockable cardiac rhythm
ho remain unconscious after restoration of spontaneous circula-

ion (ROSC).16 Hypothermia treatment has increased survival rates
nd reduced the prevalence of survivors with severe functional
isability.17–19 Only two studies have investigated the impact of
ypothermia treatment on cognitive functioning using standard
europsychological measures, and no significant effects could
e documented.1,11,14 There is still no evidence that therapeu-
ic hypothermia reduces the risk of mild to moderate cognitive
mpairment.20

In the present prospective study, neuropsychological tests
ere administered 45 OHCA survivors three months after suc-

essful resuscitation. Our first aim was to describe cognitive
unctioning with neuropsychological tests. We  expected tests of

emory, attention and executive functions to be most frequently
mpaired.11,21 Our second aim was to identify predictors from the
cute stage that could account for variability in cognitive outcome.
he predictors examined were coma duration, time to ROSC and
ypothermia treatment. We  controlled for demographic variables,
revious cardiac disease and affective symptoms that can influ-
nce cognitive performance.9 We  hypothesised that coma duration
ould predict outcome severity.22

. Methods

.1. Patients

We  aimed to prospectively include all survivors of sudden, non-
raumatic, normothermic OHCA of presumed cardiac aetiology,
ged 18–85 years, discharged alive from the cardiac ward at the
niversity Hospital of North-Norway between August 2010 and
eptember 2013 and who were able to perform neuropsychological
esting three months post-resuscitation.

The hospital is the regional hospital of the northern health
egion in Norway, covering the three northernmost counties with

 combined population of 456,000 distributed over a geographic
rea of 112,000 km2. The hospital serves smaller local hospitals
n a regional manner. According to hospital records 197 patients

ere treated at the cardiac ward for an OHCA in the study period.
atients that died before or during hospital admission were not
egistered. 129 of these OHCA’s were of cardiac cause with survival
o discharge. Predefined exclusion criteria (Fig. 1) were designed
o control for suboptimal cognitive functioning prior to OHCA or
onditions that might have interfered with the validity of test
ecordings. The study was approved by The Regional Committee
or Medical Research Ethics in North-Norway, institutional protocol
umber 2009/1395.

.2. Procedure
The procedure was a neuropsychological examination consist-
ng of an anamnestic interview, neuropsychological testing and
ompletion of the Hospital Anxiety and Depression Scale (HADS).23

he patients’ work and living situations before OHCA and at the
 85 (2014) 1462–1468 1463

time of assessment were recorded. The procedure lasted approx-
imately 3 h, including breaks. The assessments were conducted
by different certified neuropsychologists at the Department of
Rehabilitation where the assessment took place. The Hospital Anx-
iety Depression Scale (HADS) was included to screen for affective
symptoms, which can influence the outcome of cognitive tests.24

Neuropsychological tests were selected to cover several cognitive
domains such as psychomotor speed, attention, working memory,
executive functions, fine-motor functions, verbal- and visual learn-
ing and memory in addition to indicators of general intelligence.
All tests have well-established test procedures and are available
in Norwegian translations. The published norms used in this study
are well-known, and the data used for each test are based on large
samples of age-matched subjects. Table 2 displays the neuropsy-
chological tests included.

Medical data, data concerning the OHCA and resuscitation were
collected from the patient’s medical records where resuscitation
variables are recorded according to the Utstein criteria.31 Coma
duration was calculated from estimated time of arrest to any docu-
mentation of purposeful behaviour. Therapeutic hypothermia was,
according to the medical records, performed as recommended
by international guidelines for hypothermia treatment16 where a
body temperature of 32–34 ◦C was  reached as soon as possible for
patients that remain unconscious after ROSC, unless contraindica-
tions for hypothermia were present.16

2.3. Statistical analyses

All continuous variables used in the statistical analyses were
normally distributed according to the Kolmogorov–Smirnov test.
Correlation analyses were performed using Pearson product-
moment correlations (two-tailed). Group comparisons were
performed using general linear model analysis of variance. Raw
scores from the different neuropsychological tests were first trans-
formed to normative scores (T-scores, Wechsler scores or scaled
scores) using age-corrected published normative data. Then, all test
scores were standardised to Z-scores (mean = 0, SD = 1) to allow for
comparisons between test scores from different distributions. One-
sample t-tests were used to examine whether the Z-scores for the
mean of each neuropsychological test were significantly different
from 0. The cut-off for impaired versus normal performance for
the mean of the separate neuropsychological tests (displayed in
Table 3) was set to ≤−1.5 standard deviations (SDs) below the nor-
mative mean. A cut-off of ≤−1.5 SD was deemed more reasonable
than a cut-off of ≤−1.0 SD because a large number of subtests were
administered to each patient.10

The cut-off criteria for the HADS total score were set to 15 points.
An eight-point cut-off was used for both the depression and the
anxiety subscales when they were assessed separately.23

To reduce the number of dependent variables in the regression
analyses, a single cognitive composite score was calculated using
the mean of the Z-scores across all neuropsychological tests. When
using Z-scores, all included tests weight equally in the composite
score due to normalisation. IQ was not included in the cognitive
composite score. Overlapping variance across neuropsychological
tests is well known, even when each test is designed to target one
main function, and the sample size was not large enough to assign
different test scores to separate functional domains using factor
analysis.9,11 The composite score gives a convenient estimate of
average cognitive performance across tests for each individual to
be used in the regression analysis, however it is not informative
about domain specific impairments and has no normative data.
Linear stepwise regressions (backwards selection) were con-
ducted using the cognitive composite score as the dependent
variable and the following predictors: coma duration (in hours),
time to ROSC (in minutes), previous cardiac disease (yes/no), HADS
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Discharg ed alive after  OHCA due t o 
cardiac ca use 

October 2010 – September 2013

N = 12 9

Included
N = 45

Excluded due to predefined criteria

Age  above 85 y ears, n = 2

Severe ano xic brain injury, n = 8

Tourists/living abroad, n = 10

Non-fluent in Norwegian language, n = 1 

Other severe somatic illness, n = 7

Psychiatric disorder / neurological disease / 
learning disabilities / drug/alcohol abuse, n = 18 

Died before 3 mont hs aft er OHCA

N = 4

Lost to f ollow-up

Tran sferr ed to furt her tr eatment an d 
rehab ili tation/mil d ano xic injury suspected, n = 6

Discharged to own home – no brain injury 
suspe cted and  not  asked  to partic ipa te, n = 13

Refuse d to participate

Reasons:

Long travelling  distance, n = 2

The  examina tion felt unne cessary due  to self-
report ed good  fun ctioning , n = 10

Did not wan t to participa te in resea rch, n = 2

No sho w, n = 1   

Eligible for the stu dy 

N = 79

Fig. 1. Overview of enrolment and exclusion. In addition to the predefined exclusion criteria shown in Fig. 1, previous cardiac arrest and cardiac surgery during the last year
before  OHCA were set as predefined reasons for exclusion. None of the patients included had experienced previous cardiac arrest nor had they cardiac surgery in the last
year  before OHCA.
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Table  1
Characteristics of the sample. N = 45. CPR = cardiopulmonary resuscita-
tion. DC = direct current. VF = ventricular fibrillation. AF = atrial fibrillation.
ROSC = return of spontaneous circulation. PCI = percutaneous coronary inter-
vention. CABG = coronary artery bypass grafting. ICD = implanted cardioverter
defibrillator.

Variable Number (%) Mean (SD) Min–max

Baseline info of patients before OHCA (N = 45)
Age 60.4 (12.4) 18–83

Age > 70 years 9 (20)

Male 41 (91.1)
Female 4 (8.9)

Marital status
Married 36 (80)
Unmarried 9 (20)

Years of education 11.5 (4) 5–22
Education >12 years 15 (33.3)

Employed 23 (51.1)
Not employed 22 (48.9)

Any previous diagnosed cardiac condition
Yes 21 (46.7)
No 24 (53.3)

Previously diagnosed cardiac condition
Myocardial infarction 10 (22.2)
Ischaemia 2 (4.4)
Hypertension 9 (20)

Diabetes
Yes 3 (6.7)
No 42 (93.3)

Cardiac arrest and resuscitation
Witnessed arrest

Yes 44 (97.8)
No 1* (2.2)

Bystander CPR
Yes 45 (100)
No 0 (0)

Number of DC shocks (n = 45) 2.7 (2.4) 1–11

First registered cardiac rhythm
VF 43 (95.6)
AF 1 (2.2)
Asystole 1 (2.2)

Minutes to ROSC from collapse 17.6 (12.5) 1–60

Minutes from collapse to
ambulance arrival

12 1–40

Presumed cause of arrest
Infarction 36 (80)
Arrhythmia 7 (15.6)
Unknown 2 (4.4)

Coma duration in hours 39.9 (51) 2 min  to
192 h

Cardiac treatment
Awake upon admission 13 (28.9)

Hypothermia treatment
Yes 19 (42.2)
No** 26 (57.8)

PCI
Yes 36 (80)
No 9 (20)

CABG
Yes 2 (4.4)
No 43 (95.6)

ICD implantation after arrest
Yes 15 (33.3)
No 30 (66.7)

Neurological deficits (paresis)
Yes 3 (6.7)
No 42 (93.3)

Table 1 (Continued)

Variable Number (%) Mean (SD) Min–max

Length of hospital stay in days
Intensive Care Unit 5.05 (3.97) 1–14
Cardiac Ward 12.05 (7.25) 5–41

* The patient with an unwitnessed arrest displayed neuropsychological scores
within the normal range and had no neurological deficits at 3 months post-arrest.

** For the 14 patients unconscious at admission that did not receive hypothermia
treatment, the following contraindications were present: pneumonia (n = 3), proba-
ble  severe bleedings (n = 4), uncertain level of consciousness after admission (n = 4),
surgical procedures (n = 3).

Table 2
Overview of the neuropsychological tests used in the present study.

Test name Cognitive domains

California Verbal Learning Test
II.26

Verbal learning (List A Trials 1–5),
memory interference (List B), short-
and long term memory (free and cued
recall of List A) and long-term
recognition of List A.

Rey’s complex Figure Test.28 Visuo-spatial ability, short- and
long-term visual memory (copy-trial,
immediate recall, delayed recall and
visual recognition)

Wechsler Memory Scale-329:
Memory Span: Verbal- and
Visual span, both forwards
and backwards.

Attention and working memory.

Delis–Kaplan Executive
Functioning System (D–K)27:
D–K Trail–Making Test 1–5. Psychomotor speed and executive

functioning.
D–K Color-Word.27 Executive functioning. Selective

attention and response inhibition.
D–K  Verbal Fluency.27 Executive functioning. Rapid word

generation and verbal flexibility.
Grooved Pegboard25 – both

hands.
Fine motor functioning.

Wechsler Abbreviated Scale of
Intelligence (WASI).30

Subtests:
Matrix Reasoning, Block General cognitive ability (IQ).

Design, Vocabulary and
Similarities.

scores and hypothermia treatment (yes = 1, no = 0). To control for
the potential confounding with years of education and age, these
variables were included in the initial model.9 Other possible pre-
dictor variables such as sex, marital status, initial cardiac rhythm,
observed cardiac arrest, bystander resuscitation and cardiac treat-
ment (PCI/CABG) were omitted because of very little variability (see
Table 1). A multivariate general linear model was used to further
examine the impact of the significant predictor variables from the
regression analysis on the separate neuropsychological tests.

Missing data for two patients were replaced by the individual
mean. Missing data were found in two tests for one patient and in
three tests for another. Thus, five values were replaced with the
mean of the variable for which data were missing. All data were
analysed using the IBM SPSS v.21 package. A p-value ≤0.05 was
considered significant for all analyses.

3. Results

3.1. Sample characteristics

After exclusion due to the predefined criteria, loss to follow-

up and refusal to participate (Fig. 1), 45 survivors completed the
neuropsychological assessment three months post-resuscitation.
Demographic and clinical characteristics of the included survivors
are displayed in Table 1.
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Table 3
Neuropsychological results. SD: standard deviation. All scores are displayed as transformed Z-scores to allow comparison between tests (mean = 0, standard deviation = 1),
with  the exception of WASI IQ, which is displayed in terms of Wechsler scores (normative mean = 100, standard deviation = 15). CVLT II: California Verbal Learning Test II.
WMS-3:  Wechsler Memory Scale 3. DK = Delis–Kaplan Executive Function System. WASI: Wechsler Abbreviated Scale of Intelligence.

Variable Mean SD Min  Max  % Below 1.5 SD

CVLT II −.53* 1.05 −3.17 1.42 13.3
Rey’s  complex figure −.16 1.77 −3.33 2.17 30.8
WMS-3 Memory Span −.27 1.09 −3.67 1 9.8
DK  Trail-Making test −.10 1.10 −3.60 1.60 8.9
DK  Color-Word −.40* 1.23 −4.0 1.75 15.4
DK  Verbal Fluency −.26 1.30 −4.0 2.25 12.5
Grooved Pegboard −.66* 1.02 −3.25 1.5 12.2
Cognitive composite score −.31* .94 −3.22 1.02 13.3

orma

3

f
c
d
u
i

i
t
a
S
N
s

t
s
e
9
n

T
S
(
i
s
d

WASI IQ 99.39 13.23 

* Z-scores that are significantly (p < 0.05) different compared with the expected n

.2. Functional outcome

Of the twenty patients who were working prior to their OHCA,
our (9%) had returned to work at the time of the neuropsychologi-
al assessment. All of the survivors had been independent in their
aily life prior to the cardiac arrest. The living situation at follow-
p was unaltered in 43 patients, while two patients still received

n-hospital rehabilitation.
Total HADS scores were generally low indicating absence of clin-

cal significant symptoms of anxiety or depression (mean HADS
otal = 4.8, SD = 4.41, min  = 0, max  = 16). Five patients (11.1%) scored
bove the cut-off on the HADS anxiety subscale (mean = 3.13,
D = 2.93, min  = 0, max  = 11) indicating increased anxiety level.
one of the patients scored above the cut-off on the depression

ubscale (mean = 1.68, SD = 1.94, minimum = 0, max  = 6).
Neuropsychological results are displayed in Table 3. The CVLT-II,

he Grooved Pegboard and the D-Kefs’ Color-Word Test scores were

ignificantly lower compared with normative values from the refer-
nce populations. Depending on the test, impairment ranged from

 to 31% when the cut-off for impairment was ≤−1.5 SD from the
ormative mean. Twenty-five patients (55.6%) had all average tests

able 4
tepwise regression analyses with the cognitive composite score as the dependent variabl
hypothermia treatment) and 1 = yes. A previously diagnosed cardiac condition was coded
n  minutes from collapse to the return of spontaneous circulation. Excluded variables we
tatistics displayed variance inflation factors (VIFs) < 1.04 for the significant predictors i
eviations from the regression line were detected in the significant models.

Regression 1: All patients. (R2 = .45, F(2, 44) = 17.34, p < 0.001), n = 45.

Included variables B 

Coma duration −.01 

Hypothermia .44 

Excluded variables B 

Years of education .15 

Previously diagnosed cardiac condition .17 

Time  to ROSC −.20 

Age  above 70 .004 

HADS  −.11 

Regression 2: Patients who were unconscious upon admission. (R2 = .48, F(2, 31) = 13.55

Included variables B 

Coma duration −.01 

Hypothermia .56 

Excluded variables B 

Years of education .01 

Previously diagnosed cardiac condition .17 

Time  to ROSC −.18 

Age  above 70 .03 

HADS  −.06 
65 126 15.9

tive value (0).

scores above the cut-off, indicating absence of any cognitive impair-
ment. Six patients (13%) had more than three average test scores
below −1.5 SD, and fourteen patients (31%) had one or two  average
tests scores at or below the cut-off. We  suggest that this gives an
indication of the number of survivors in the unimpaired, moderate
to severely impaired and mild impairment range. If this selected
test battery consisting of 6 neuropsychological tests with an aver-
age correlation of r = .54 had been used in a general population, the
percentage of the population expected to produce 1 or more test
scores below −1.5 SD would be 18.64%. This assumption was based
on data estimating the proportion of cognitive impairment in the
general population when the average correlation between the tests
is r = .50.32,33

3.3. Associations of demographic and medical factors with
functional outcome
The mean time from OHCA to neuropsychological examination
was 114 days (range 80–131). There was  no significant correlation
between time to administration of testing and the cognitive com-
posite score (r = 0.23, p = 0.3). Significant correlations between the

e. Coma duration is displayed in hours. Hypothermia treatment was coded as 0 = no
 as 0 = yes (previous cardiac condition) and 1 = no. Time to ROSC indicates the time
re removed in the second step of the analysis for regressions 1 and 2. Collinearity
n regression 1 and VIFs < 1.01 for regression 2. No outliers more than 2 standard

t  ̌ p

−5.81 −.68 <.001
2.06 .24 .046

t Partial correlation p

1.26 .19 .21
1.47 .22 .15

−1.73 −.26 .09
.03 .005 .97

−.88 −.14 .38

, p < 0.001), n = 32.

t  ̌ p

−4.55 −.61 <.001
2.08 .28 .046

t Partial correlation p

.08 .02 .94
1.23 .22 .23

−1.39 −.26 .17
.21 .04 .84

−.44 −.08 .66



M. Ørbo et al. / Resuscitation

Table  5
Multivariate linear analysis of variance. The association between significant
predictors (coma duration in hours and hypothermia treatment) for the cog-
nitive composite score and performance on specific neuropsychological tests.
CVLT II: California Verbal Learning Test II. WMS-3: Wechsler Memory Scale 3.
DK  = Delis–Kaplan Executive Function System. �2 = eta squared.

Coma duration Hypothermia

F �2 p F �2 p

CVLT II 20.35 .33 <.001 4.21 .09 .047
Rey’s complex figure 16.25 .28 <.001 .1 .003 .75
WMS-3 Memory span 20.26 .33 <.001 4.38 .043 .10
DK  Trail-Making test 1–5 5.36 .12 .03 .14 .003 .71
DK  Color-Word 12.70 .24 .001 13.76 .25 .001
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DK  Verbal Fluency 6.37 .13 .02 7.24 .15 .01
Grooved Pegboard 8.81 .18 .005 .49 .01 .49

ognitive composite score and other demographic and resuscita-
ion variables from Table 1 were found for coma length (r = −.45,

 = .02) and for IQ (r = .62, p < 0.001). There were no significant
orrelation between HADS scores and the cognitive composite
core (r = .11, p = .48), or HADS and employment status at follow-up
r = .29, p = .08). Employment status had no significant correlation
ith the cognitive composite score (r = .09, p = .53). Length of hos-
ital stay were not correlated with the cognitive composite score
r = .27, p = .17) One-way ANOVA revealed no group differences
n the cognitive composite score related to ICD or the variable
previous cardiac disease”, PCI treatment, age above 70 years,
ypothermia treatment or patients awake upon hospital admis-
ion (all F’s < 3.6, all p values >.07). No significant group differences
etween the patients who received therapeutic hypothermia and
hose who did not were found for any of the following variables: IQ,
ge, education, “previous cardiac disease”, PCI, coma duration, time
o ROSC or HADS scores (all F’s < 1.82, all p-values >.19). Leaving out
atients awake at admission did not significantly change the above
entioned differences (all F’s < 2.3, p-values >.14).

.4. General linear models

The regression model explained 45% of the variance in the cog-
itive composite score (R2 = .45, F(2, 44) = 17.34, p < 0.001). Coma
uration and hypothermia treatment had significant impact on the
ognitive composite score. Leaving out patients who were awake
pon their arrival at the hospital and therefore not considered for
herapeutic hypothermia did not change the impact of the signifi-
ant predictors found in the total sample (R2 = .48, F(2, 31) = 13.55,

 < 0.001). Table 4 presents the full statistics of the models.
The results from the multivariate analysis are displayed in

able 5. Coma duration had a significant effect on every cognitive
est separately, while hypothermia treatment significantly pre-
icted better performance on the following cognitive tests: the
VLT-II, the Memory span tests from WMS-III and the Color-Word
nd the Verbal-Fluency tests from the D-Kefs battery.

. Discussion

We  prospectively evaluated cognitive performance in a sample
f 45 adult OHCA survivors three months after successful resus-
itation with neuropsychological tests. The scope was twofold;
o describe cognitive functioning and determine predictors of the
ariability in cognitive outcome.

Small sample size and possible selection bias are obvious lim-
tations. The survivors examined were predominantly men. They

urvived a witnessed cardiac arrest, of cardiac cause, with initial
hockable registered cardiac rhythm. Bystander CPR was initiated
nd ROSC was achieved within 60 min  for all participants. It is
ffirmed that OHCA victims who receive CPR from a bystander or
 85 (2014) 1462–1468 1467

an emergency medical service provider, and those who are found
in shockable rhythms (VF/VT), and who  achieve ROSC before hos-
pital admission are much more likely to survive that those who do
not.31,34 Further, we  included only survivors able to perform neu-
ropsychological assessment after three months, which is not the
case for every cardiac arrest survivor.

A three-month interval from resuscitation to neuropsychologi-
cal testing was  chosen because cognitive recovery is assumed to
be limited after this period of time, although it might not be the
end-point1,13,15,21 Also, there might be different trajectories of cog-
nitive recovery for different cognitive functions, different potential
of recovery according to the severity of the hypoxic event as well
and individual differences in recovery potential.22

A minority of the participating survivors had obvious cog-
nitive disability with poor performance across a large number
of neurocognitive test. The most common result was  cognitive
functioning in the normal range or less-pronounced impairments.
However, even milder forms of cognitive decline following from
OHCA can hamper return to previous social roles and premorbid
level of functioning.1,4,10,22,35 For the group as a whole, fine-motor
functioning, aspects of memory, attention and executive func-
tions were significantly impaired, as expected based on previous
reports.1,11,12,14,15 Our results support that cognitive measures
administered after OHCA should include a focus on executive func-
tions, attention and memory functions.20 However, these are highly
complicated and interrelated neurocognitive processes,5,21,36 and
the diagnosis of subtle cognitive decline can be challenging.10,11

At present, we do not know which cognitive tests are best able to
diagnose residual neurocognitive deficits following OHCA.8

Coma duration and hypothermia treatment were significant
predictors for the cognitive composite score, and the total vari-
ance explained was  approximately 45% for both the whole-sample
model and for the model consisting of only patients who were
unconscious upon admission. Time to ROSC was  not a significant
predictor. The lack of significance may  be a result of the limited
sample size. However, previous studies using time to ROSC as a
predictor for neuropsychological tests found both good and poor
cognitive outcomes for the same delays.1,5,15

We expected longer coma duration to predict worse cognitive
outcome.1,4,5,11,12,22 Accordingly, our analysis of the impact of coma
duration on separate cognitive tests showed that performance on
all included tests was negatively affected by longer coma duration.
We did not expect to observe hypothermia treatment as a predictor
of cognitive outcome.11,14 Hypothermia treatment predicted better
cognitive results on both the cognitive composite score and the
specific cognitive tests.

Large clinical trials have documented improved survival
rates and better neurological outcomes after hypothermia
treatment.17,18 It is currently debated whether cooling or tem-
perature management in general is the central component in
the outcome improvement observed.19 Whether controlling or
manipulating temperature influences milder, more subtle cognitive
impairments has not been documented yet.19 The present design is
unable to show the true effect of hypothermia treatment on cogni-
tive outcome.37 Our results may  indicate which cognitive functions
are most relevant to assess and which neuropsychological tests to
include in future scientific investigations of the impact of hypother-
mia  treatment or temperature management on cognitive outcome.
In the present study hypothermia treatment was actually a stronger
predictor compared with coma duration for performance on the
specific executive function tests.

To reduce uncertainty about the cause of cognitive impair-

ment, survivors with various comorbidities were excluded from
this study. Such exclusions most likely skewed both the cognitive
scores and HADS scores in the positive direction.1,38 Still, neuropsy-
chological tests are not conclusive about the cause of impairment.
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either can they detangle the proportion of cognitive decline due
o OHCA from other factors. For instance, all the OHCA survivors
ave experienced critical illness and spent time as intensive care
atients, factors that are associated with cognitive impairments
egardless of OHCA.39 Simultaneously, studies comparing cognitive
erformance between cardiac patients without OHCA and OCHA
urvivors,11,13,22 have shown OHCA survivors to perform signifi-
antly worse in several cognitive domains compared to the controls.
hus, OHCA can create specific cerebral injuries that explain a sig-
ificant proportion of the cognitive impairments observed.40

Conclusively, the present study adds to the existing prospec-
ive neuropsychological reports that do find cognitive impairments
o be present in OHCA survivors with otherwise good func-
ional recovery when sensitive neuropsychological measures are
pplied in outcome evaluations.22 Future neuropsychological stud-
es should further inform about an abbreviated selection of tests

ost suitable of cognitive screening after OHCA.8 Coma duration
s consistently reported as a predictor of cognitive outcome after
HCA, but additional risk factors of cognitive impairments may
lso exist in this patient group. Thus, in clinical practice, the thresh-
ld for referring OHCA survivors to neuropsychological assessment
hould be low.5,6
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