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Aim of the study: To analyse the neurological status of survivors after cardiac arrest (CA) treated with
hypothermia.
Methods: We prospectively included all patients with CA treated with hypothermia at intensive care units
(ICU) in two university hospitals and one regional hospital. All adult survivors at 6 months after CA,
n = 48, were invited for neurological follow-up and 43 accepted. History, clinical status, ability testing and
questionnaires were administered to screen for difficulties, including Assessment of Motor and Process
Skills, Neurobehavioral Cognitive Status Examination, Frontal Lobe Assessment Battery, EQ-VAS quality
of life scale, Skåne Sleep Index, Hospital Anxiety and Depression Rating Scale, Self-reported Montgomery
and Åstrand Depression Rating Scale, Global Deterioration Scale, Rivermead Behavioural Memory Test,
and the Cerebral Performance Categories (CPC).
Results: No patient was found to be in a chronic vegetative state and all patients were living at home,

one with extensive help. Thirty-six patients were in CPC1 at follow-up, and some degree of neurological
sequelae was found in 40 patients, but was mild in all but 3. Three patients had no subjective complaints,
nor could any deficits be detected. Initial defects improved over-time. Short-term memory loss, execu-
tive frontal lobe dysfunction along with mild depression and sleep rhythm disturbances were the most
common findings.
Conclusions: Mild cognitive impairment is common following hypothermia-treated cardiac arrest but has
little effect on activities of daily living or quality of life.
. Introduction

Neurological sequelae in survivors after cardiac arrest (CA) con-
titute a major cause of handicap and illness.1–3 The high energy

Abbreviations: AMPS, Assessment of Motor and Process Skills; CA, cardiac arrest;
I, confidence interval; CPC, Cerebral Performance Categories; EQ-VAS, Euro Qol
isual Analogue Scale; FAB, Frontal Lobe Assessment Battery; GCS, Glasgow Coma
cale; GDS, Global Deterioration Scale; HADS, Hospital Anxiety and Depression
cale; ICU, intensive care unit; MADRS-S, Self-reported Montgomery and Åstrand
epression Rating Scale; NCSE, Neurobehavioral Cognitive Status Examination (Cog-
istat); OPC, Overall Performance Category; OT, occupational therapist; RBMT,
ivermead Behavioural Memory Test; RLS, Reaction Level Scale; ROSC, return of
pontaneous circulation; SSI, Skåne Sleep Index; TH, therapeutic hypothermia.
� A Spanish translated version of the summary of this article appears as Appendix
n the final online version at doi:10.1016/j.resuscitation.2009.06.021.
∗ Corresponding author at: Department of Clinical Sciences, Lund – Section for
eurology, Lund University Hospital, 221 85 Lund, Sweden. Tel.: +46 46 177616;

ax: +46 46 15 89 19.
E-mail address: Tobias.Cronberg@skane.se (T. Cronberg).

300-9572/$ – see front matter © 2009 Elsevier Ireland Ltd. All rights reserved.
oi:10.1016/j.resuscitation.2009.06.021
© 2009 Elsevier Ireland Ltd. All rights reserved.

utilization and limited energy stores render the brain particularly
vulnerable to interrupted circulation, with a narrow margin of min-
utes until definite damage to brain tissue occurs.4 A large number
of therapeutic interventions have been tried, but all have failed to
prolong the time until definitive damage occurs or to minimize the
effects.5 Based on two controlled randomized trials6,7 therapeutic
hypothermia (TH) has been recommended and implemented as a
means of brain protection. In the larger of these two studies, 55%
of patients treated with TH survived with good neurological out-
come vs. 39% in the group that received conventional treatment.6

In a sub-group of patients from this study, 67% of survivors were
found to be cognitively intact 3 months following cardiac arrest.8

Our study was initiated to make a detailed analysis of the types and
the extent of neurological defects in survivors after CA after the

implementation of TH as standard treatment in our hospitals. As it
was considered unethical not to initiate TH based on the favourable
results from the two randomized controlled studies and current
treatment recommendations,9 no untreated group was enlisted for
direct outcome comparison.

http://www.sciencedirect.com/science/journal/03009572
http://www.elsevier.com/locate/resuscitation
http://dx.doi.org/10.1016/j.resuscitation.2009.06.021
mailto:Tobias.Cronberg@skane.se
dx.doi.org/10.1016/j.resuscitation.2009.06.021


1120 T. Cronberg et al. / Resuscitation 80 (2009) 1119–1123

Table 1
Patient characteristics.

Hospitals 1 + 2 + 3 1 2 3

Patients 94 74 13 7
Age (years) 66 (14–87) 66 (14–87) 69 (37–84) 62 (48–83)
Sex (male) 64 (68%) 52 (70%) 8 (62%) 4 (57%)
Out-of-hospital CA 81 (86%) 62 (84%) 13 (100%) 6 (83%)
Witnessed 84 (89%) 64 (86%) 13 (100%) 7 (100%)

Initial rhythm
VT/VF 65 (69%) 49 (66%) 10 (77%) 6 (83%)
ASY 17 (18%) 13 (18%) 3 (23%) 1 (17%)
PEA 8 (9%) 8 (11%)
Unknown 4 (4%) 4 (5%)

CA to ROSC (min) 18 (2–180) 20 (2–180) 14 (5–24) 14 (5–28)
CA to <34.0 ◦C (min) 210 (80–670) 210 (80–670) 180 (125–665) 195 (120–475)
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umbers are given as counts and percentages. Continuous variables are given as med
SY—Asystole; PEA—pulse-less electric activity; ROSC—return of spontaneous circ
-test).

. Material and methods

.1. Inclusion criteria for cooling

Patients with a witnessed or unwitnessed CA, irrespective of ini-
ial rhythm, cause or location, who were successfully resuscitated
ith a return of spontaneous circulation (ROSC). Patients eligible

or TH were unconscious (Glasgow Coma Scale, GCS < 7) until the
ime for initiation of the cooling procedure (within 240 min from
he CA).

.2. Exclusion criteria for TH

Primary coagulation defect and terminal illness, CA secondary to
ortic dissection, intracranial haemorrhage or other massive bleed-
ng.

.3. Patients

Patients were consecutively recruited from three hospitals at
ifferent time periods. Hospital 1, university clinic and regional
eferral centre for 24 h cardiologic interventions from February
003 to October 2005, with n = 74, cooled, n = 37 surviving at time
or follow-up. Hospital 2, university clinic, from September 2002
o September 2003, with n = 13, cooled, n = 8, surviving at time
or follow-up. Hospital 3, a regional hospital, from January 2003
o November 2003, with n = 7, cooled, n = 7 surviving at time for
ollow-up. Patient characteristics for the entire cohort are displayed
n Table 1. All patients were unconscious (GCS ≤ 7) at the time of
ooling, which was introduced by cold saline 4 ◦C, 30 mL/kg and
aintained at a core temperature of 33 ◦C over 24 h using an exter-

al cooling device or intravenous cooling as described earlier.10,11

atients were sedated immediately prior to and during cooling
ith fentanyl (1–2 �g/kg) and midazolam (0.05 mg/kg) and main-

ained with fentanyl (1–2 �g/kg/h) and propofol (2–4 mg/kg/h).
on-depolarising muscle relaxant, rocuronium, was used intermit-

ently as needed to avoid shivering. Invasive cardiac interventions
ere performed irrespective of the phase of cooling.

.4. Inclusion criteria for follow-up study

Surviving patients at 6 months after CA from the three partic-

pating hospitals were referred from the ICU and contacted for a
eurological follow-up. Two patients were residing at a remote

ocation and two abroad, one abstained. Four patients were not
eferred from the ICU. The nine patients that were lost to neurolog-
cal follow-up were all contacted by an intensivist at 6–12 months
d range. CA—cardiac arrest; VT/VF—ventricular tachycardia/ventricular fibrillation;
n. Time from CA to ROSC hospital 1 vs. hospitals 2 + 3 (p = 0.035; Mann–Whitney

after CA for CPC scoring. Eight of these were scored CPC 1 and one
CPC 2. In total 43 patients participated in the neurological follow-
up at a mean of 7.2 months after CA. The majority of patients were
seen between 5 and 10 months following CA (91%) However, one
patient was seen already after 3 months and three patients after 11,
13 and 14 months respectively due to practical reasons.

2.5. Assessment protocol

A screening assessment was designed in order to detect various
likely difficulties and to distinguish various brain regions affected
by global ischemia. The programme consisted of screening proce-
dures for overall cognitive functions, the NCSE, Neurobehavioral
Cognitive Status Examination (Cognistat),12 which includes ques-
tions similar to the Mini Mental Status Examination, and assesses
in addition various functions and abilities resulting in a profile over
10 domains. No sum score is given, but age-adjusted cut-off limits
exist. The number of deviations from normal is given, along with the
severity of the deviation. The categories that are evaluated include
wakefulness, degree of orientation, alertness, and language. The
AMPS, Assessment of Motor and Process Skills, is a standardized
and validated activity assessment test,13 which takes into account
the subject’s ability to perform tasks defined to be within a subjects
daily praxis, performed under new circumstances. The ability to
resolve the practical and functional adjustments necessary to com-
plete the task is assessed from a procedural and motor aspect. An
individual score for motor and processing skills is obtained after a
scoring by an occupational therapist (OT). This is processed through
a Rasch analysis to generate a cut-off level and an individual score.
The test has a high reliability and internal consistency.14 The Frontal
Lobe Assessment Battery, FAB, is a bedside test designed to indi-
cate lesions within the frontal lobe. A series of six questions and
procedures are rated to give a sum score of in total 18, and num-
bers below 15 were considered to indicate a lesion and 12 or less a
severe lesion.15 A test aimed at assessing memory abilities in every
day life, the RBMT, Rivermead Behavioural Memory Test, version
II,16 generates a screening score and a profile score and is graded
as normal, mild, moderately or severely affected memory. It is cor-
related with patients’ and family members’ estimation of memory
defects.17

Questionnaires, with subsequent discussion about the self-
reported symptoms were used to screen for signs and symptoms

indicating poor sleep, the SSI, Skåne Sleep Index (a local modifica-
tion of the Pittsburgh Sleep Index),18 anxiety, the HADS, Hospital
Anxiety and Depression Scale,19 and depression, the MADRS-S,
Self-reported Montgomery and Åstrand Depression Rating Scale.20

Finally a self-assessment of global cognitive difficulties, GDS, Global
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Table 2
Cerebral Performance Categories (CPC) scale.

CPC 1: Good cerebral performance: conscious, alert, able to work
CPC 2: Moderate cerebral disability: conscious, can carry out independent

activities
CPC 3: Severe neurological disability: conscious, dependent on others for daily

support
CPC 4: Coma or vegetative state
CPC 5: Dead

Table 3
CPC scores at months in all treated patients.

Hospitals All 1 2 + 3 2 3

CPC 1 41 26 15 8 7
CPC 2 9 9 0 0 0
CPC 3 2 2 0 0 0
CPC 4 0 0 0 0 0
CPC 5 42 37 5 5 0

Good outcome (CPC 1–2)
All rhythms 53% 47% 75% 62% 100%
VT/VF 63% 56% 81%
ASY, PEA, unknown 31% 28% 50%

For definition of Cerebral Performance Categories score (CPC) 1–5, see Table 2.
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T/VF—ventricular tachycardia/ventricular fibrillation. Good outcome in all patients
ospital 1 vs. hospitals 2 + 3 (p = 0.028). Good outcome in VT/VF patients, hospital
vs. hospitals 2 + 3 (p = 0.083). VT/VF was strongly associated with good outcome

ompared to other initial rhythms (p < 0.0005).

eterioration Scale, gives an overall score from 1 to 6 (1 = no
elf-perceived cognitive difficulties, 6 = severe),21 and a short self-
ssessment of the quality of life (based on a visual analogue scale)
s given as a %, Euro Qol Visual Analogue Scale (EQ-VAS).22 At
he time of evaluation the CPC categories 1–5 (Table 2) were
stimated.23

Patients were seen by an OT who performed a structured
nterview on daily activities, performed the tests assessing lev-
ls of activity and functioning (AMPS, RMBT, NCSE, FAB) and
nstructed and aided patients in the questionnaires (EQ-VAS, GDS,
ADS, MADRS-S, SSI). A board certified neurologist made a careful
eurological assessment, including detailed history, neurological
xamination and CPC rating. The procedures took a maximum of
20 min in total. Due to language difficulties and other medical rea-
ons, not all patients could complete all tests but response rates
ere in all tests >95%.

.6. Statistical analysis

Descriptive statistics were employed throughout, with mean,
edians, ranges or 95% confidence interval (CI) given when appro-

riate.

.7. Institutional review board

At the time of inclusion for the cooling, next-of-kin gave first oral
nd later written consent for treatment and aspects of the protocol
hat involved study parameters. At the time of referral for follow-up,
ll patients gave written informed consent according to regulations
y the Regional Ethics Review Board at Lund University Hospital.

. Results

The proportion of survivors at the time of follow-up was 55.3%,

= 52/94. All surviving patients were CPC scored, see Table 3. The
ajority of survivors (50/52) had a good outcome, defined as CPC

–2, only two patients scored CPC 3 and no patient was in a vege-
ative state (CPC 4). Good outcome was more common in patients
ith ventricular tachycardia/ventricular fibrillation (VT/VF) as ini-
n 80 (2009) 1119–1123 1121

tial rhythm and in patients from hospitals 2 and 3. Length of
ICU-stay did not differ significantly between patients in CPC 1 and
CPC 2 + 3 (p = 0.104).

Neurological follow-up was performed in 43 patients. Demo-
graphics of the assessed patients at time of follow-up were: 34
men, 9 women, mean age 62.4 years (range 18–85). Mean num-
ber of years in school 9.6, 36 with Swedish as native language. All
were living at home, one with extensive help.

At the time of CA, 24/43 patients were retired, unemployed
or on sick-leave due to cardiac disease or other disorders, and 19
were employed full-time. At the follow-up time point, 4 of the 19
were fully employed again, 4 had part-time work and 11 were on
sick-leave. Of the remaining 24 patients 3 had required social sup-
port aid, and the remaining had unchanged social circumstances
being retired or already previously being unemployed. In total nine
patients had undergone some type of rehabilitation due to neuro-
logical symptoms after the CA.

The motor neurological status examination, was unremarkable
in 36/43 patients. Only one patient required extensive support
from personal assistants throughout day and night. This patient
and another required wheel-chair after the CA, and a third patient
was in wheel-chair prior to the CA due to a traumatic spinal lesion.
One patient had severe speech and swallowing difficulties after the
CA event, and four had either spastic gait, or focal partial paresis
(arm/hand) that interfered with function. One patient had devel-
oped seizures after the CA but was seizure-free on medication. One
patient had developed myoclonic jerks requiring medication, but
the symptoms had declined over-time and were mildly disabling at
the follow-up time point. One patient had a non-debilitating stroke
after the CA, unrelated to any obvious cardiac cause. One patient
suffered a massive local haemorrhage in one eye during the resus-
citation and invasive treatment resulting in permanent blindness
in this eye.

The mean and median values of the self-estimated cognitive dif-
ficulties in the GDS, was mean 2.09 (95% CI ±0.95), and median of 2,
with 44.2% of the patients rating themselves as 1 = no cognitive dif-
ficulties, see Table 4a. In the FAB screening 62.5% reached normal
values whereas 37.5% had indications of frontal lobe impairment
with executive dysfunction and lack of inhibition, see Table 4b. The
mean value was 14.6 (95% CI ±4.0) and a median of 15.5. In the
RMBT one third of the patients had moderate to severe memory
difficulties, with a mean score of 18.1 (95% CI ±6) and a median of
19, see Table 4c.

In the cognitive screening test NCSE, 20/42 (48%) patients scored
within age-adjusted limits, 10/42 (23.8%) had a mild defect. Sixteen
patients scored moderate difficulties in singular domains only. Only
one had severe orientation difficulties, and one had a severe calcu-
lation defect. Six patients had severe memory difficulties in this test
and one patient had three severely affected scores, see Table 4d.

In the AMPS test of motor abilities, 9/38 (24%) fell below a cut-
off limit of 2.0. For the processing skills, 8/38 (21%) patients scored
below the cut-off limit of 1.0 indicating severe disability whereas
10/38 (26%) patients were affected to some extent with a score of
<1.3, which indicates detectable difficulties in handling daily rou-
tines and need of assistance. Five patients could not participate in
AMPS for practical reasons, one had complete deafness, two were
under cardiac monitoring and two had no experience of AMPS
related activities.

Regarding the degree of anxiety, depressive mood, and sleep
disturbances the questionnaires were used to screen for symp-
toms, indicating two patients with moderate to severe depression

with anxiety, and these received anti-depressant medication
after further review. An additional 2–4 patients indicated minor
depression/anxiety requiring no further action, in total any mood
disturbance was noted in 14%. Twenty-two percentage of the
patients reported insomnia on a regular or frequent basis and 6.5%
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Table 4
Cognitive test results.

Degree of cognitive decline/difficulties. n = 43 1, none 2, very mild 3, mild 4, moderate 5, moderate to severe 6, severe 7, very severe

(a) GDS score, Self-reported Global Deterioration Scale
# patients 19 8 12 3 1
% 44.2 18.6 27.9 7.0 2.3

n = 40 18–15, normal 14–13, mild ≤12, severe

(b) FAB, Frontal Lobe Assessment Batterya

# patients 25 5 10
% 62.5 12.5 25

n = 39 ≥22, normal 21–17, mildly affected 16–10, moderately affected 9–0, severely affected

(c) RBMT, Rivermead Behavioural Memory Testb

# patients 8 18 11 2
% 20.5 46.2 28.2 5.1

n = 42 Wakefullness Orientation Alertness Comprehensionc Repetitionc Namingc Visuospatial Memory Arithmetic Logicc Judgementc

(d) NCSE, Neurobehavioral Cognitive Status Examination
# severe 0 1 0 2 1 1 1 6 1 2 0
% severe 0 2.3 0 5 2.5 2.5 2.5 14.3 2.3 4.8 0
# moderate 0 0 1 1 0 1 4 4 4 1 0
% moderate 0 0 2.3 2.3 0 2.5 9.5 9.5 9.5 2.3 0
Total deviations %
(mild to severe)

4.65 32.6 13.9 23.2 9.3 20.9 62.8 16.2 23.2 2.3

a Missing patients were due to non-Swedish native tongue (2) and complete deafness (1).
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b Missing patients were because of non-Swedish native tongue (3) and complete
c Data are missing from three patients due to non-Swedish native tongue. It is

atients had unique scores of this magnitude. One patient could not participate at a

ad excessive daytime sleepiness, one of whom when driving a car.
nadequate sleep quality was present in 10%.

Using the EQ-VAS, 25% reported 90–100% level of health status;
0.5% 80–89%; 16.7% 70–79%; and 25% scored below 70%, with two
atients <20%. The mean value was 75.3% (95% CI ±18.8).

. Discussion

This study shows that mild cognitive impairment is common
n hypothermia-treated CA survivors. Despite mild impairment,
urvivors have a high level of functioning as reflected in the CPC
ategories, and their quality of life is good. Overt neurological find-
ngs are uncommon in a clinical examination. Clearly the outcome
ollowing TH-treated CA is dichotomized into survival with good
eurological outcome or death.

We found CPC1 in 79% of survivors at 7.2 months which is com-
arable with Graves et al.24 that found CPC1 at discharge in 53%
nd at 12 months in 73% in a large group of patients (n = 3754 over
period of 13 years) treated with conventional methods after CA.

ollowing TH CPC1 has been reported in 70% at 3 months8 and in
7% at 6 months.25

We treated patients with hypothermia irrespective of initial
ardiac rhythm and found only two patients with a severe neu-
ological handicap (CPC 3) and no patient in a vegetative state.
ecently published registry data confirms that severe sequels are
ncommon 6–12 months following TH-treated CA with only 4%
f patients in CPC 3–4 and 3/940 patients in vegetative state.26

lthough circumstances surrounding the CPR cannot be used to
redict prognosis of individual patients27 they have an impact
n a group level. Accordingly, the difference in outcome between
ospital 1 and hospitals 2 and 3 might be explained by differ-
nces in time to ROSC and initial rhythm. It is important to note

hat nine patients with another initial rhythm than VT/VF had
ood outcome justifying our inclusion to TH beyond the VT/VF-
riteria.

The assessment protocol was chosen to detect a wide range of
ossible neurological deficits after CA. Care was taken to ensure that
ess (1).
e that one patient scored severe disability in three domains, whereas all other 11
to complete deafness.

comparison with other outcome studies was possible, yet adding
more detailed neurological descriptions of any sequelae. The tests
have been used extensively in various disorders and conditions and
are all sensitive, validated, and possible to perform within a lim-
ited time frame and without any particular equipment. The tests
can be performed in an outpatient setting by a trained OT and an
experienced physician.

The patterns of neurological defects were similar to that of pub-
lished studies in CA-patients.8,28 Although a direct comparative
group analysis is not possible, there are several published studies
employing identical tests.

The NCSE is a screening instrument for cognitive disabilities
and the profile created can be used to distinguish between focal
and more generalized disorders of higher cortical function.12 Cut-
off levels have been age-adjusted.29 The most striking finding was
memory disturbance which we found to some degree in a majority
of patients (62%). This finding was confirmed in the RBMT, where
33% had moderate or severe difficulties and a further 46% had mildly
affected long-term memory. This could represent the well known
selective vulnerability of the hippocampus to global ischemia.30 For
comparison, O’Reilly et al.31 found some degree of memory dis-
turbance in 74% of survivors of in-hospital cardiac arrest without
hypothermia treatment.

NCSE, like the Mini Mental Status Examination, may not be a
very sensitive test to detect frontal lobe dysfunction in patients with
preserved intellectual capacity. That a behavioral frontal lobe syn-
drome might be a part in severe cognitive dysfunction following
prolonged cardiac arrest has previously been shown.32 Interest-
ingly, we found that 50% of our patients had signs of frontal lobe
dysfunction at the FAB, a finding that might explain some of the
subtle change in personality often reported by relatives to cardiac
arrest survivors. It might also explain the processing difficulties in

the AMPS test that we found in 26% of patients and that could not
be explained by motor impairment.

Although experimental and clinical experience supports a direct
relationship between the global anoxic injury of a cardiac arrest and
the cognitive difficulties that we found33 it has to be kept in mind
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hat cognitive dysfunction is common among survivors of critical
llness other than CA.34,35

We found significant mood disturbance in 14% of patients which
s lower than what has been found in cardiac arrest patients
reviously36 and only slightly higher than what has been found

n a control population (10%37). The level of sleep disturbance was
omparable with that found in a healthy elderly population.38

The EQ-5D VAS scale is a measure of self-rated overall health
tatus. We found a mean value of 75.3 in our material with a mean
ge of 62.4 years. In the population, the EQ-5D VAS level tends to
ecrease with increasing age and our value is lower than the mean
f 79.8 found in a healthy cohort, 60–69 years old but identical to
hat was found in the 70–79 years age group39 and similar to what

as previously been found in cardiac arrest survivors.40

In summary, despite a preserved CPC, we found mild cognitive
mpairment in a majority of patients and similar to what has been
ound in patients not treated with TH. The NCSE and FAB tests

ere most informative, particularly when combined. These tests
an easily be used as a screening procedure by an OT at 3–6 months
ollowing cardiac arrests. When disability is mild, patients and rel-
tives can be given information about compensatory strategies and
he benignity of the condition to avoid their worry for dementia.

hen disability is more severe, further testing and referral to a
eurologist is warranted.

. Conclusions

Mild cognitive impairment is common following hypothermia-
reated cardiac arrest but has only minor effect on functional
ctivity and quality of life. It is characterized by memory and exec-
tive, frontal lobe disturbance which could easily be detected by
imple tests in an outpatient setting.
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