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IMPORTANCE Brain injury affects neurologic function and quality of life in survivors after
cardiac arrest.

OBJECTIVE To compare the effects of 2 target temperature regimens on long-term cognitive
function and quality of life after cardiac arrest.

DESIGN, SETTING, AND PARTICIPANTS In this multicenter, international, parallel group,
assessor-masked randomized clinical trial performed from November 11, 2010, through
January 10, 2013, we enrolled 950 unconscious adults with cardiac arrest of presumed
cardiac cause from 36 intensive care units in Europe and Australia. Eleven patients were
excluded from analysis for a total sample size of 939.

INTERVENTIONS Targeted temperature management at 33°C vs 36°C.

MAIN OUTCOMES AND MEASURES Cognitive function was measured by the Mini-Mental State
Examination (MMSE) and assessed by observers through the Informant Questionnaire on
Cognitive Decline in the Elderly (IQCODE). Patients reported their activities in daily life and
mental recovery through Two Simple Questions and their quality of life through the Medical
Outcomes Study 36-Item Short Form Health Survey, version 2.

RESULTS In the modified intent-to-treat population, including nonsurvivors, the median
MMSE score was 14 in the 33°C group (interquartile range [IQR], 0-28) vs 17 in the 36°C group
(IQR, 0-29) (P = .77), and the IQCODE score was 115 (IQR, 79-130) vs 115 (IQR, 80-130)
(P = .57) in the 33°C and 36°C groups, respectively. The median MMSE score for survivors was
within the reference range and similar (33°C group median, 28; IQR, 26-30; vs 36°C group
median, 28; IQR, 25-30; P = .61). The median IQCODE score was within the minor deficit
range (33°C group median, 79.5; IQR, 78.0-85.9; vs 36°C group median, 80.7; IQR,
78.0-86.9; P = .04). A total of 18.8% vs 17.5% of survivors reported needing help with
everyday activities (P = .71), and 66.5% in the 33°C group vs 61.8% in the 36°C group
reported that they thought they had made a complete mental recovery (P = .32). The mean
(SD) mental component summary score was 49.1 (12.5) vs 49.0 (12.2) (P = .79), and the mean
(SD) physical component summary score was 46.8 (13.8) and 47.5 (13.8) (P = .45),
comparable to the population norm.

CONCLUSIONS AND RELEVANCE Quality of life was good and similar in patients with cardiac
arrest receiving targeted temperature management at 33°C or 36°C. Cognitive function was
similar in both intervention groups, but many patients and observers reported impairment
not detected previously by standard outcome scales.
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B rain injury is the primary cause of death for patients
treated in an intensive care unit after out-of-hospital
cardiac arrest (CA).1,2 Severe neurologic impairment in

long-term survivors is, however, rare, and most appear to have
little or no disability when assessed with recommended out-
come measures, such as the Cerebral Performance Category
(CPC) and modified Rankin scale (mRS).3 Good quality of life
in survivors after CA has been reported4 to be similar to that
of the general population.5,6 This finding notwithstanding, cog-
nitive impairment has been detected in as many as half the sur-
vivors when assessed by more detailed neuropsychological
investigations,7 suggesting reduced quality of life8 and in-
creased caregiver strain.9

Targeted temperature management (TTM) has been imple-
mented as a neuroprotective treatment for comatose CA sur-
vivors after reports of improved survival10 and neurologic
function.10,11 The TTM trial compared 2 temperature manage-
ment regimens, 33°C and 36°C, after out-of-hospital CA of pre-
sumed cardiac cause in adults. It found no differences in mor-
tality or the composite outcome of death and poor neurologic
function at 6 months. No difference was found in the distri-
bution of CPC and mRS scores between the 2 intervention
groups.12 This report is an exploratory analysis of cognitive
function and quality of life in the CA population included in
the TTM trial using performance, observer-reported, and pa-
tient-reported measures.

Methods
Trial Design
The TTM trial was a parallel group randomized clinical trial per-
formed in 36 intensive care units in Europe and Australia. The
trial rationale, design, statistical analysis plan, background
characteristics of patients, intervention performance, and main
outcomes have been previously published.12-14 Ethics com-
mittees in all countries approved the protocol. The trial pro-
tocol is reproduced in Supplement 1.

Patients
We consecutively screened unconscious (Glasgow Coma Scale
score <8) adults (≥18 years of age) admitted to the hospital af-
ter out-of-hospital CA of presumed cardiac cause with sus-
tained return of spontaneous circulation. The main exclusion
criteria were an interval from return of spontaneous circula-
tion to screening of more than 240 minutes, unwitnessed CA
with asystole as the initial rhythm, suspected or known acute
intracranial hemorrhage or stroke, and body temperature less
than 30°C (for all exclusion criteria see the eAppendix in
Supplement 2). Waived and delayed and/or written informed
consent from a legal surrogate and written consent from each
patient regaining mental capacity were obtained according to
national requirements.

Randomization, Masking, and Intervention
Eligible patients were randomly assigned 1:1 to TTM at either
33°C or 36°C.12 Health care professionals caring for trial pa-
tients were not masked to the intervention assignment be-

cause of inherent problems with masking of body tempera-
ture. However, they were instructed not to discuss allocation
temperature with the patients’ relatives, although body tem-
perature measurements were not actively concealed. Physi-
cians performing neurologic prognostication and assessors of
outcomes were masked. For details of the intervention, see the
eAppendix in Supplement 2.

Clinical Outcome Assessment
Patients alive after discharge from hospital and their relatives
were invited to a structured follow-up assessment 6 months af-
ter the CA. Patients and relatives not able to attend were invited
to be tested in their residence. If absolutely required, interviews
were conducted by telephone. A central coordinator (G.L.) con-
tinuously monitored follow-up and maintained contacts.

Outcome was assessed from 4 perspectives: clinician-
reported measures, performance measures, observer-
reported measures, and patient-reported outcome measures.
Clinician-reported measures were the previously used12 ordi-
nal scales for neurologic (CPC)15 and overall outcome (mRS).16,17

Performance measures were the Mini-Mental State
Examination18 (MMSE) for cognitive function and the MMSE
Adult Lifestyles and Function Interview (ALFI) for patients as-
sessed over the telephone.19 The observer-reported measure
of cognitive function was the Informant Questionnaire of Cog-
nitive Decline in the Elderly (IQCODE).20 The patients re-
ported their level of daily function and mental recovery through
Two Simple Questions21 and their health-related quality of life
with the Medical Outcomes Study 36-Item Short Form Health
Survey, version 2 (SF-36v2).22 For details of the tests, see eTable
1 in Supplement 2.

The MMSE scores general cognitive function on a scale of
1 to 30, with higher being better. The MMSE-ALFI was adapted
for telephone interview and has a maximum score of 22. The
MMSE scores of patients tested with the MMSE-ALFI were es-
timated by multiple imputation (see below) and this score in-
cluded in the analyses. Although not validated in this spe-
cific patient population, the MMSE has been used in studies23,24

of survivors of CA. The MMSE can detect moderate to severe
cognitive decline of any cause but is less sensitive for mild cog-
nitive impairment.23 The serial 7’s task, primarily used in our
study, increased this sensitivity.24

To our knowledge, the IQCODE, a questionnaire for a pa-
tient’s relative or close acquaintance, has not been used pre-
viously in CA studies. The IQCODE is validated for testing for
dementia. The informant is classically asked to compare the
patient’s current status with that of 10 years before, but some
studies20,25 have used a shorter time frame. The scale ranges
from 26 to 130, with lower scores indicating better function and
a score of 78 suggesting no change. We adapted the IQCODE
by asking informants to compare the present status of the pa-
tient with that before CA.

The Two Simple Questions have been previously adapted
for use in studies of survivors of cardiac arrest from original
research on the effects of stroke and correlates well with more
extensive tests.21 If the answer to question 1, “In the last 2 weeks
did you require help from another person for your everyday
activities?” is yes, another question, “Is this a new situation
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following your heart arrest?” is posed. If the answer to the ad-
ditional question is no, patients are grouped with those who
answered no to the original question. Question 2 is “Do you
feel that you have made a complete mental recovery after your
heart arrest?”

The SF-36v2 is an extensively used broad generic health
status assessment. The SF-36v2 scores are calculated using the
Quality Metrics Health Outcomes Scoring Software, version 4.5
(QualityMetric Inc) and presented as norm-based T scores. T
scores from the 8 domains are used to calculate 2 overall mea-
sures of health: the mental component summary (MCS) scores
and the physical component summary (PCS). Prespecified con-
tinuous, binary, and categorical values for the assessments are
presented in detail in eTable 1 in Supplement 2.

In the primary analyses that included all patients (modi-
fied intent-to-treat population), nonsurvivors are assigned the
worst possible score for the performance and observer-
reported measure: 0 for the MMSE and 130 for the IQCODE. Pa-
tient-reported outcomes are only analyzed for survivors.

Statistical Analysis
The detailed statistical analysis plan of this study is available
at www.ctu.dk. The TTM trial included 950 patients, achiev-
ing the required sample size estimation performed for the pri-
mary outcome of survival until the end of the trial. Eleven pa-
tients were excluded from analysis for a total sample size of
939. The outcomes presented in this article were not part of
the original power calculations and therefore defined as ex-
ploratory and hypothesis-generating.14 Post hoc power calcu-
lations were performed to describe the minimally detectable
differences for each test (eAppendix in Supplement 2). The pri-
mary analyses in this material were performed on a modified
intent-to-treat population, defined as all patients random-
ized except those for whom consent was withdrawn for use
of all trial data and those not fulfilling inclusion criteria and
never receiving the intervention.14

Proportions are reported as number (percentage), nor-
mally distributed continuous data as mean (SD), and nonnor-
mally distributed data as median (interquartile range [IQR]).
Continuous, binary, and ordinal quantities are compared be-
tween the intervention groups using the Wilcoxon-Mann-
Whitney test, χ2 test, and Cochrane-Armitage test for trend,
respectively. Missing data for MMSE, IQCODE, Two Simple
Questions, PCS, and MCS were imputed using 10-fold mul-
tiple imputation, including the variables age, sex, time to re-
turn of spontaneous circulation, initial rhythm (shockable or
not), circulatory shock on admission (or not), randomization
code, CPC score at hospital discharge, CPC score at follow-up,
mRS score at follow-up, IQCODE score, MMSE score, MMSE-
ALFI score, Two Simple Questions 1 and 2 responses, MCS
score, PCS score, and site category. Category 1 comprises the
2 sites enrolling the largest number of patients, and category
2 comprises the rest. All analyses and results in this article are
from the imputed data set (eTable 2 in Supplement 2). SAS sta-
tistical software, version 9.3 (SAS Institute Inc), and SPSS sta-
tistical software, versions 17.1 and 22 (SPSS Inc), were used for
all analyses. All tests are 2-sided, and P < .05 is considered to
identify possible hypotheses to be tested prospectively.

Results

Patients
A total of 950 patients were enrolled from November 11, 2010,
through January 10, 2013. The last follow-up was performed
July 13, 2013. Eleven patients were excluded from analysis for
a total sample size of 939. The modified intent-to-treat group
consisted of 473 patients assigned to 33°C and 466 assigned
to 36°C (Figure).12

At follow-up, 245 were alive in the 33°C group and 246 in
the 36°C group, with 229 (93.5%) and 226 (91.9%), respec-
tively, participating in the structured examination. Twelve pa-
tients in the 33°C group and 18 in the 36°C group were unable
or refused to participate, and 4 and 2 patients, respectively,
were lost to follow-up (Figure).

The patients alive at follow-up were similar in known prog-
nostic baseline variables, occupational status, and place of stay,
but more patients in the 33°C group had less than 12 years in
school (P = .002) (Table 1). A total of 90.3% of survivors had re-
turned to their home, but the fraction of patients working full
or part time had decreased from 50.8% before arrest to 31.6%
at 6 months after the CA, similar between groups (Table 1).

Outcomes
Median time from CA to follow-up was 186 days (IQR, 179-
200 days). Follow-ups were performed face-to-face in 92.1%
and by telephone in 7.9%. The Two Simple Questions and SF-
36v2 were completed by 92.3% and 91.0% of survivors, respec-
tively, and by proxies in 7.7% and 7.1%. The IQCODE, MMSE,
and MMSE-ALFI were completed for 88.6%, 86.2%, and 6.1%
of survivors. For the IQCODE, 74.8% of the observers were liv-
ing with the patient at follow-up (eTable 3 in Supplement 2).
Of those not living together, 73.0% met the patient at least once
a week. Factors that potentially influenced neurologic assess-
ments included neurologic disease, prearrest memory prob-
lems, dyslexia, and problems with hearing, vision, or speech
without difference between the 2 intervention groups (eTable
4 in Supplement 2).

Performance Measures
For all patients, including nonsurvivors, the median MMSE score
was 14 (IQR, 0-28) and 17 (IQR, 0-29) in the 33°C and the 36°C
groups (P = .77), respectively. The median MMSE score for sur-
vivors was within the reference range and similar in the 33°C and
36°C groups (median, 28; IQR, 26-30; and median, 28; IQR, 25-
30; P = .61). In an analysis of MMSE scores by category, no dif-
ference was found between the 33°C and 36°C groups (P = .94).

Observer-Reported Measures
The median IQCODE score for all patients, including nonsur-
vivors, was 115 (IQR, 79-130) and 115 (IQR, 80-130) (P = .57), re-
spectively. The median IQCODE score for survivors was within
the minor decline range in both groups: 79.5 (IQR, 78.0-85.9)
in the 33°C compared with 80.7 (IQR, 78.0-86.9) in the 36°C
group (P = .04) (Table 2). In an analysis of IQCODE scores by
category, no difference was found between the 33°C and 36°C
groups (P = .32) (Table 3).
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Patient-Reported Measures
When patients were asked the first of the Two Simple Ques-
tions, no difference was found in the percentage of patients
with an increased need for help in activities of daily living, with
46 (18.8%) of 245 and 43 (17.5%) of 246 in the 33°C and the 36°C
groups, respectively (P = .71). When asked the second of the
Two Simple Questions, 164 (66.9%) of 245 and 152 (61.8%) of
246 in the 33°C and the 36°C groups, respectively, thought they
had made a complete mental recovery (P = .32).

The mean (SD) mental component summary score of the
SF-36v2 was 49.1 (12.5) for survivors in the 33°C group com-
pared with 49.0 (12.2) in the 36°C group, with no between-
group difference (P = .77). The mean (SD) PCS scores were
46.8 (13.8) and 47.5 (13.8) in the 33°C and 36°C groups,

respectively (P = .44). The mean MCS and PCS scores were
within or very close to the reference range of the general
population norm (score, ≥47). Complete case analyses and
post hoc power calculations for the minimal detectable dif-
ferences per outcome are available in the eAppendix and
eTables 5 and 6 in Supplement 2.

Discussion
Using a structured long-term follow-up of performance,
observer-reported, and patient-reported outcome measures
in the TTM trial, we found no differences between patients
receiving TTM at 33°C vs 36°C. Cognitive function measured

Figure. CONSORT Flowchart

189 Did not meet inclusion criteria

292 Patients fulfilling inclusion criteria
excluded because of one or several
exclusion criteria

1431 Patients assessed for eligibility

1242 Patients met inclusion criteria

950 Randomized

1 Withdrawn on patient’s
or surrogate’s request

3 Withdrawn on patient’s
or surrogate’s request

2 Excluded from the modified ITT
population

1 Randomized in the emergency
department but was not
admitted to intensive care
because of limitations in care

1 Awake

5 Excluded from the modified ITT
population

3 No recorded cardiac arrest

1 Noncardiac cause of arrest and
did not receive intervention

1 Subarachnoidal bleeding diagnosed
immediately after randomization
and did not receive intervention

245 Alive at the time of the 6-mo follow-up

229 Attended the structured interview

12 Unable or refused to attend the
structured interview

3 Did not respond to mail or telephone

1 Moved abroad

246 Alive at the time of the 6-mo follow-up

226 Attended the structured interview

20 Unable or refused to attend the
structured interview

473 Included in the modified ITT population
and analyzed for survival until end of trial

466 Included in the modified ITT population
and analyzed for survival until end of trial

475 Included in the ITT population 471 Included in the ITT population

476 Randomized to 33°C group 474 Randomized to 36°C group

469 Analyzed for neurological function at 180 days

4 Excluded

3 Did not respond to mail or telephone

1 Moved abroad

464 Analyzed for neurological function at 180 days

2 Excluded (patients did not want to attend
follow-up visit)

Assessment, randomization, and analysis populations (intention-to-treat [ITT] and modified ITT) and follow-up of the patients in the Target Temperature
Management trial with reasons for exclusions.
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by MMSE and IQCODE was similar, and in accordance, the
proportion of survivors who needed help with their activi-
ties of daily living and who considered themselves mentally
recovered were also similar. Self-rated quality of life using
the SF-36v2 was almost identical in the 2 groups. These find-
ings are concordant with our previous report using 2 recom-
mended clinician-reported discriminators, CPC and mRS.12

Despite survival rates after CA more than doubling
between early neuroprotective trials of thiopentone26 or
calcium channel blockade2 7 and later studies using
hypothermia,10,11 most survivors in these trials consistently
made a good recovery as defined by CPC. Thus, improved
survival has not been accompanied by an increase in survi-
vors with severe neurologic deficits. However, the observa-
tion that good outcome defined by CPC is almost identical to
survival might call for tests and scales that can improve the
discrimination of the degree of neurologic recovery. The mRS
has a higher resolution than the CPC, and it is evident from
our previous report that many patients in the highest CPC
(good cerebral performance) still have degrees of disability
and dependence by their mRS score.12 The patient descrip-

tion provided by the CPC and mRS may be improved further
by neuropsychological testing,28 and a meta-analysis7 of sev-
eral small detailed studies, using such tests, indicates that as
many as half of the survivors of CA have measurable cogni-
tive deficits. However, no neuropsychological test battery is
generally accepted for survivors of CA because of their com-
plexity and the availability of trained neuropsychologists.

As an alternative to neuropsychological testing, we used
a novel approach for clinical outcome assessment in the TTM
trial29 and combined a performance outcome measure (MMSE)
with information reported by a clinician (CPC and mRS), the
patient (Two Simple Questions and SF-36v2), and an observer
(IQCODE). From the clinician’s perspective, outcome was good
in 9 of 10 survivors.12 The MMSE results of this study convey
the same message, with a median score of 28, similar to an age-
matched control group.30 Most survivors reported that they
were independent in their daily activities, but one-third stated
that they had not made a complete mental recovery after their
CA. This finding was supported by the report of a relative or
close acquaintance, observing a minor decline by IQCODE in
half of the survivors and a moderate or severe decline in a quar-

Table 1. Baseline and Background Characteristics of Survivors at Time of Follow-upa

Characteristic 33°C Group (n = 473) 36°C Group (n = 466)
Survivors at time of follow-up 245/473 (51.8) 246/466 (52.8)

Baseline characteristics at time
of randomization

Age, mean (SD), y 61/473 (12.9) 59/466 (12.7)

Male sex 210/245 (85.7) 203/246 (82.5)

First monitored rhythm

Ventricular fibrillation, ventricular
tachycardia, or otherwise responsive
to direct current shock

228/245 (93.1) 232/246 (94.3)

Asystole 7/245 (2.9) 10/246 (4.1)

Pulseless electrical activity 9/245 (3.7) 3/246 (1.2)

Time from CA to return of spontaneous
circulation, median (IQR), minb

20 (15-27) 20 (14-30)

Shock on admissionc 19/245 (7.8) 24/246 (9.8)

Performed follow-up interview 229/245 (93.5) 226/246 (91.9)

Education of <12 years 136/229 (59.4) 102/226 (45.1)

Occupational status before cardiac arrest

Working full time 95/229 (41.5) 101/226 (44.7)

Working part time 18/229 (7.9) 17/226 (7.5)

Unemployed 12/229 (5.2) 8/226 (3.5)

Retired 95/229 (41.5) 92/226 (40.7)

On sick leave 6/229 (2.6) 6/226 (2.7)

Occupational status at time of follow-up

Working full time 39/229 (17.0) 38/226 (16.8)

Working part time 30/229 (13.1) 37/226 (16.4)

Unemployed 12/229 (5.2) 10/226 (4.4)

Retired 103/229 (45.0) 98/226 (43.4)

On sick leave 40/229 (17.5) 41/226 (18.1)

Place of stay at time of follow-up

Home 206/229 (90.0) 205/226 (90.7)

Hospital 9/229 (3.9) 5/226 (2.2)

Rehabilitation center 5/229 (2.2) 4/226 (1.8)

Nursing home 4/229 (1.7) 6/226 (2.7)

Abbreviations: CA, cardiac arrest;
IQR, interquartile range.
a Data are presented as number

(percentage) of patients unless
otherwise indicated. P > .05 in all
comparisons except educational
level (<12 years of education), which
had P < .002.

b For unwitnessed CAs, intervals were
calculated from emergency call to
event.

c Defined as a systolic blood pressure
less than 90 mm Hg for more than
30 minutes or end-organ
hypoperfusion (cool extremities,
urine output <30 mL/h, and heart
rate <60 /min).
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ter. In agreement with more detailed neuropsychological
investigations,7 it appears that subtle cognitive dysfunction
may be missed by the standard follow-up instruments CPC and
mRS and provide a possible explanation for the observation
that less than half of the patients in both intervention groups
had returned to their previous level of employment. How-
ever, reasons for prolonged sick leave are complex. We note
that the PCS score of our CA survivors was comparatively more
reduced than their MCS score. An Australian report6 also ob-

served this disparity. Of interest, despite its grounding in de-
scribing physical capability, the PCS score of the SF-36v2 cor-
relates with cognitive ability.8 The association among cognitive
deficits, physical disabilities, and participation in society war-
rants further explanation and studies.

The MMSE has a low sensitivity to detect mild cognitive
impairment, which is consistent with our results.31 The scores
were similar in the intervention groups, in both the primary
analysis that included nonsurvivors and an analysis of survi-

Table 2. Outcomes of Cognitive Function and Health-Related Quality of Life at Follow-upa

Outcome
33°C Group
(n = 473)

36°C Group
(n = 466) P Value

Survivors at follow-up, No. (%)b 245 (51.8) 246 (52.8) .76c

Performance measures

MMSE score (all patients)

Median (IQR) 14 (0-28) 17 (0-29)
.77d

Mean (SD) 13.8 (13.8) 14 (13.8)

MMSE score (of survivors at follow-up)

Median (IQR) 28 (26-30) 28 (25-30)
.61d

Mean (SD) 26.7 (4.3) 26.5 (4.8)

Observer-reported measures

IQCODE score (all patients)

Median (IQR) 115 (79-130) 115 (80-130)
.57d

Mean (SD) 106 (24.2) 106 (25.1)

IQCODE score (of survivors at follow-up)

Median (IQR) 79.5 (78.0-85.9) 80.7 (78.0-86.9)
.04d

Mean (SD) 83.2 (12.3) 85.4 (13.2)

Patient-reported measures

TSQ1: “In the last 2 weeks did you require
help from another person for your everyday
activities?,” No. (%) of yes responsesd,e

46/245 (18.8) 42/246 (17.1) .71c

TSQ2: “Do you feel that you have made a
complete mental recovery after the cardiac
arrest?,” No. (%) of yes responses

163/245 (66.5) 152/246 (61.8) .32c

SF-36v2 MCS (of survivors at follow-up)

Median (IQR) 51.3 (40.8-58.3) 51.2 (40.5-58.0)
.79d

Mean (SD) 48.4 (12.7) 48.3 (13.4)

SF-36v2 PCS (of survivors at follow-up)

Median (IQR) 46.9 (38.5-54.4) 48.3 (39.1-55.2)
.45d

Mean (SD) 45.8 (10.5) 46.3 (11.3)

Abbreviations: IQCODE, Informant
Questionnaire of Cognitive Decline
for the Elderly; IQR, interquartile
range; MCS, mental component
summary; MMSE, Mini-Mental State
Examination; PCS, physical
component summary. SF-36v2,
Medical Outcomes Study 36-Item
Short Form Health Survey, version 2;
TSQ, Two Simple Questions.
a All analyses were performed on the

imputed data set. Complete case
analyses are available in the
eAppendix in Supplement 2.

b Includes 6 patients lost to follow-up
for evaluation of neurologic
function and quality of life who
were alive at time of follow-up.

c P values obtained by the χ2 test.
d P values obtained by the

Wilcoxon-Mann-Whitney test.
e The number excludes patients who

did need help for everyday activities
but when this situation was not new
after the cardiac arrest.

Table 3. Analysis of MMSE and IQCODE per Categorya

Test
33°C Group
(n = 473)

36°C Group
(n = 466) P Value

MMSE

Normal impairment (reference range, 27-30) 173 (36.6) 167 (35.8)

.94

Mild impairment (reference range, 21-26) 50 (10.6) 52 (11.2)

Moderate impairment (reference range, 11-20) 19 (4.0) 23 (4.9)

Major impairment (reference range, 0-11) 3 (0.6) 4 (0.9)

Dead 228 (48.2) 220 (47.2)

IQCODE

No decline (reference range, 26-78) 107 (22.6) 82 (17.6)

.32

Minor decline (reference range, 79-83) 65 (13.7) 78 (16.7)

Moderate decline (reference range, 84-86) 16 (3.4) 21 (4.5)

Major decline (reference range, 87-130) 57 (12.1) 65 (13.9)

Dead 228 (48.2) 220 (47.2)

Abbreviations: IQCODE, Informant
Questionnaire of Cognitive Decline
for the Elderly; MMSE, Mini-Mental
State Examination.
a All analyses were performed on the

imputed data set. Complete case
analyses are available in the
eAppendix in Supplement 2.
P values obtained by
Cochran-Armitage trend test.
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vors only. The IQCODE is developed for dementia screening20

and has been used as a sensitive method to detect cognitive
decline in patients with stroke.32 To our knowledge, it has not
been used previously for describing patients after CA and re-
quires further validation. Still, we propose that this question-
naire, directed to someone who has continuously followed up
a patient’s daily activities before and after their CA, may be
more sensitive to subtle cognitive change than a categorical
outcome scale or a screening test. In the primary analysis, in-
cluding nonsurvivors, the IQCODE was identical in the inter-
vention groups. However, there was a statistically significant
median difference of 1.2 IQCODE points in favor of the 33°C regi-
men when analyzing survivors (P = .04). This statistical out-
come must be interpreted cautiously because we did not cor-
rect P values for multiple analyses of trial outcomes, and our
post hoc power calculation indicates insufficient power to de-
tect a difference of less than 4.6 points in the IQCODE. In ad-
dition, a point estimate in the main outcome survival, indi-
cating more deaths in the 33°C group,12 makes between-
group comparisons restricted to survivors prone to survival
bias.

We note that more patients in the 33°C group had less than
12 years of education. This random bias may have affected the
IQCODE results because informants of disproportionately
highly educated patients might have recognized decline more
easily. We therefore emphasize the uncertainty of any conjec-
ture based on these results. Nevertheless, it is plausible that
subgroups of patients with CA would benefit from tempera-
ture management at either 33°C or 36°C. A future challenge will

be to identify these potential groups and perhaps allow for tai-
lored therapies.33

To our knowledge, this is the largest prospective study of
cognitive outcome and quality of life to date in patients after
out-of-hospital CA. The TTM trial included 4 of 5 patients ad-
mitted to the participating centers, and the results should there-
fore be considered generalizable.

The high rate of face-to-face follow-up reflected a prior-
ity given to cognitive testing as part of the trial. However, the
optimum timing of patient assessment remains to be deter-
mined. Although survival and crude neurologic outcome might
have reached steady state at 6 months, cognitive ability, qual-
ity of life, and capacity to return to work might change after a
longer observation period.

We recognize the risk of bias in our results if informants
noted the allocated temperature at the bedside during the in-
tervention. They could have passed this information to our pa-
tients. Therefore, uncertain influences based on the knowl-
edge of their treatment could have affected answers to the Two
Simple Questions, the IQCODE, and the SF-36v2.

Conclusions
Quality of life was good and similar in patients with CA receiv-
ing TTM at 33°C or 36°C. Cognitive function was similar in both
intervention groups, but many patients and observers re-
ported impairment not detected previously by standard out-
come scales.

ARTICLE INFORMATION

Accepted for Publication: February 10, 2015.

Published Online: April 6, 2015.
doi:10.1001/jamaneurol.2015.0169.

Author Affiliations: Department of Neurology and
Rehabilitation Medicine, Skåne University Hospital,
Lund, Sweden (Cronberg, Lilja); Department of
Clinical Sciences, Lund University, Lund, Sweden
(Cronberg, Lilja, Erlinge, Friberg, Nielsen);
Department of Intensive Care, Academic Medical
Center, Amsterdam, the Netherlands (Horn,
Kuiper); Department of Cardiology, The Heart
Centre, Copenhagen University Hospital
Rigshospitalet, Copenhagen, Denmark (Kjaergaard,
Hassager); Adult Critical Care, University Hospital of
Wales, Cardiff, United Kingdom (Wise); Intensive
Care Unit, Santa Maria degli Angeli, Pordenone,
Italy (Pellis); Department of Anesthesiology, Oslo
University Hospital, Rikshospitalet, Oslo, Norway
(Hovdenes); Department of Anesthesiology,
Pharmacology and Intensive Care, Geneva
University Hospital, Geneva, Switzerland (Gasche);
Department of Intensive Care, Liverpool Hospital,
Sydney, New South Wales, Australia (Åneman);
Department of Anesthesiology and Intensive Care,
Centre Hospitalier de Luxembourg, Luxembourg
(Stammet); Department of Cardiology, Lund
University, Lund, Sweden (Erlinge); Department of
Intensive and Perioperative Care, Skåne University
Hospital, Lund, Sweden (Friberg); Department of
Intensive Care, Medical Center Leeuwarden,
Leeuwarden, the Netherlands (Kuiper);
Department of Cardiothoracic Anesthesiology, The
Heart Centre, Copenhagen University Hospital

Rigshospitalet, Copenhagen, Denmark (Wanscher);
Department of Intensive Care, Rijnstaate Hospital,
Arnhem, the Netherlands (Bosch); Department of
Intensive Care, Royal Bournemouth Hospital,
Bournemouth, United Kingdom (Cranshaw);
Department of Intensive Care, Kantonsspital,
St Gallen, Switzerland (Kleger); Departement of
Anesthesia and Intensive Care, Örebro University
Hospital, Örebro, Sweden (Persson); Department of
Intensive and Perioperative Care, Skåne University
Hospital, Malmö, Sweden (Undén); Department of
Intensive Care, Royal Berkshire Hospital, Reading,
United Kingdom (Walden); Copenhagen Trial Unit,
Centre of Clinical Intervention Research,
Copenhagen University Hospital Rigshospitalet,
Copenhagen, Denmark (Winkel, Wetterslev);
Department of Anesthesiology and Intensive Care,
Helsingborg Hospital, Helsingborg, Sweden
(Nielsen).

Author Contributions: Dr Nielsen had full access to
all the data in the study and takes responsibility for
the integrity of the data and the accuracy of the
data analysis.
Study concept and design: Cronberg, Lilja, Horn,
Kjaergaard, Wise, Pellis, Hovdenes, Gasche,
Åneman, Stammet, Erlinge, Friberg, Hassager,
Kuiper, Wanscher, Wetterslev, Nielsen.
Acquisition, analysis, or interpretation of data: All
authors.
Drafting of the manuscript: Cronberg, Lilja, Horn,
Nielsen.
Critical revision of the manuscript for important
intellectual content: All authors.
Statistical analysis: Cronberg, Lilja, Winkel,

Wetterslev, Nielsen.
Obtained funding: Cronberg, Erlinge, Friberg,
Wanscher, Nielsen.
Administrative, technical, or material support:
Cronberg, Lilja, Nielsen.
Study supervision: Cronberg, Lilja, Horn, Kjaergaard,
Wise, Pellis, Hovdenes, Gasche, Åneman, Stammet,
Erlinge, Friberg, Hassager, Kuiper, Wanscher, Bosch,
Cranshaw, Kleger, Persson, Undén, Walden,
Wetterslev, Nielsen.

Conflict of Interest Disclosures: Dr Erlinge
reported receiving speaker fees from Philips and
Zoll. Drs Friberg, Nielsen, Pellis, and Wise reported
receiving lecture fees from Bard Medical. No other
disclosures were reported.

Funding/Support: The TTM trial was funded by
independent research grants from the following
nonprofit or governmental agencies: grants
20090275 and 20120491 from the Swedish Heart
Lung Foundation, grant 100001 from the
Arbetsmarknadens Försäkringsaktiebolag
Insurance Foundation, grant 2013-3572 from the
Swedish Research Council, regional research
support, grants 134281 and 286321 from Region
Skåne, grants 209851, 295281, 296211, and 353301
from governmental funding of clinical research
within the Swedish National Health Services,
Thelma Zoega Foundation, Krapperup Foundation,
Thure Carlsson Foundation, Hans-Gabriel and Alice
Trolle-Wachtmeister Foundation for Medical
Research, Skåne University Hospital (all from
Sweden), grant 7-12-0454 from TrygFonden
(Denmark), and the European Clinical Research
Infrastructures Network.

Neurologic Function After Cardiac Arrest Original Investigation Research

jamaneurology.com (Reprinted) JAMA Neurology Published online April 6, 2015 E7

Copyright 2015 American Medical Association. All rights reserved.

Downloaded From: http://archneur.jamanetwork.com/ by Robert Silbergleit on 04/07/2015



Copyright 2015 American Medical Association. All rights reserved.

Role of the Funder/Sponsor: The funding sources
had no role in the design and conduct of the study;
collection, management, analysis, and
interpretation of the data; preparation, review, or
approval of the manuscript; and the decision to
submit the manuscript for publication.

Group Information: The TIM Investigators are
listed in Supplement 1.

REFERENCES

1. Dragancea I, Rundgren M, Englund E, Friberg H,
Cronberg T. The influence of induced hypothermia
and delayed prognostication on the mode of death
after cardiac arrest. Resuscitation. 2013;84(3):
337-342.

2. 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(11):
1972-1980.

3. Bouwes A, Binnekade JM, Kuiper MA, et al.
Prognosis of coma after therapeutic hypothermia:
a prospective cohort study. Ann Neurol. 2012;71(2):
206-212.

4. Stiell I, Nichol G, Wells G, et al; OPALS Study
Group. Health-related quality of life is better for
cardiac arrest survivors who received citizen
cardiopulmonary resuscitation. Circulation. 2003;
108(16):1939-1944.

5. Bunch TJ, White RD, Gersh BJ, et al. Long-term
outcomes of out-of-hospital cardiac arrest after
successful early defibrillation. N Engl J Med. 2003;
348(26):2626-2633.

6. Smith K, Andrew E, Lijovic M, Nehme Z,
Bernard S. Quality of life and functional outcomes
12 months after out-of-hospital cardiac arrest.
Circulation. 2015;131(2):174-181.

7. Moulaert VR, Verbunt JA, van Heugten CM,
Wade DT. Cognitive impairments in survivors of
out-of-hospital cardiac arrest: a systematic review.
Resuscitation. 2009;80(3):297-305.

8. Moulaert VR, Wachelder EM, Verbunt JA,
Wade DT, van Heugten CM. Determinants of quality
of life in survivors of cardiac arrest. J Rehabil Med.
2010;42(6):553-558.

9. Wachelder EM, Moulaert VR, van Heugten C,
Verbunt JA, Bekkers SC, Wade DT. Life after
survival: long-term daily functioning and quality of
life after an out-of-hospital cardiac arrest.
Resuscitation. 2009;80(5):517-522.

10. Hypothermia after Cardiac Arrest Study Group.
Mild therapeutic hypothermia to improve the

neurologic outcome after cardiac arrest. N Engl J Med.
2002;346(8):549-556.

11. Bernard SA, Gray TW, Buist MD, et al. Treatment
of comatose survivors of out-of-hospital cardiac
arrest with induced hypothermia. N Engl J Med.
2002;346(8):557-563.

12. Nielsen N, Wetterslev J, Cronberg T, et al.
Targeted temperature management at 33°C vs 36°C
after cardiac arrest. N Engl J Med. 2013;369(23):
2197-2206.

13. Nielsen N, Wetterslev J, al-Subaie N, et al.
Target Temperature Management after
out-of-hospital cardiac arrest: a randomized,
parallel-group, assessor-blinded clinical trial:
rationale and design. Am Heart J. 2012;163(4):
541-548.

14. Nielsen N, Winkel P, Cronberg T, et al. Detailed
statistical analysis plan for the target temperature
management after out-of-hospital cardiac arrest
trial. Trials. 2013;14:300.

15. Jennett B, Bond M. Assessment of outcome
after severe brain damage. Lancet. 1975;1(7905):
480-484.

16. Rankin J. Cerebral vascular accidents in patients
over the age of 60, II: prognosis. Scott Med J. 1957;
2(5):200-215.

17. van Swieten JC, Koudstaal PJ, Visser MC,
Schouten HJ, van Gijn J. Interobserver agreement
for the assessment of handicap in stroke patients.
Stroke. 1988;19(5):604-607.

18. Folstein MF, Folstein SE, McHugh PR. Cognitive
defect in medical illness. Ann Intern Med. 1977;86
(6):827-828.

19. Roccaforte WH, Burke WJ, Bayer BL, Wengel SP.
Validation of a telephone version of the Mini-Mental
State Examination. J Am Geriatr Soc. 1992;40(7):
697-702.

20. Jorm AF, Jacomb PA. The Informant
Questionnaire on Cognitive Decline in the Elderly
(IQCODE): socio-demographic correlates, reliability,
validity and some norms. Psychol Med. 1989;19(4):
1015-1022.

21. Longstreth WT Jr, Nichol G, Van Ottingham L,
Hallstrom AP. Two simple questions to assess
neurologic outcomes at 3 months after
out-of-hospital cardiac arrest: experience from the
public access defibrillation trial. Resuscitation.
2010;81(5):530-533.

22. Ware JE Jr, Sherbourne CD. The MOS 36-item
short-form health survey (SF-36), I: conceptual
framework and item selection. Med Care. 1992;30
(6):473-483.

23. Mitchell AJ. A meta-analysis of the accuracy of
the Mini-Mental State Examination in the detection
of dementia and mild cognitive impairment.
J Psychiatr Res. 2009;43(4):411-431.

24. Tombaugh TN, McIntyre NJ. The Mini-Mental
State Examination: a comprehensive review. J Am
Geriatr Soc. 1992;40(9):922-935.

25. Ehrensperger MM, Berres M, Taylor KI,
Monsch AU. Screening properties of the German
IQCODE with a two-year time frame in MCI and
early Alzheimer’s disease. Int Psychogeriatr. 2010;
22(1):91-100.

26. Group BRCTIS; Brain Resuscitation Clinical Trial
I Study Group. Randomized clinical study of
thiopental loading in comatose survivors of cardiac
arrest. N Engl J Med. 1986;314(7):397-403.

27. Brain Resuscitation Clinical Trial II Study Group.
A randomized clinical study of a calcium-entry
blocker (lidoflazine) in the treatment of comatose
survivors of cardiac arrest. N Engl J Med. 1991;324
(18):1225-1231.

28. Becker LB, Aufderheide TP, Geocadin RG, et al;
American Heart Association Emergency
Cardiovascular Care Committee; Council on
Cardiopulmonary, Critical Care, Perioperative and
Resuscitation. Primary outcomes for resuscitation
science studies: a consensus statement from the
American Heart Association. Circulation. 2011;124
(19):2158-2177.

29. Clinical Outcome Assessment Qualification
Program. 2014. http://www.fda.gov/Drugs
/DevelopmentApprovalProcess
/DrugDevelopmentToolsQualificationProgram
/ucm284077.htm. Accessed January 18, 2015.

30. Crum RM, Anthony JC, Bassett SS, Folstein MF.
Population-based norms for the Mini-Mental State
Examination by age and educational level. JAMA.
1993;269(18):2386-2391.

31. Bro-Jeppesen J, Kjaergaard J, Horsted TI, et al.
The impact of therapeutic hypothermia on
neurological function and quality of life after
cardiac arrest. Resuscitation. 2009;80(2):171-176.

32. Hénon H, Durieu I, Guerouaou D, Lebert F,
Pasquier F, Leys D. Poststroke dementia: incidence
and relationship to prestroke cognitive decline.
Neurology. 2001;57(7):1216-1222.

33. Rittenberger JC, Callaway CW. Targeted
temperature management after cardiac arrest.
N Engl J Med. 2014;370(14):1360-1361.

Research Original Investigation Neurologic Function After Cardiac Arrest

E8 JAMA Neurology Published online April 6, 2015 (Reprinted) jamaneurology.com

Copyright 2015 American Medical Association. All rights reserved.

Downloaded From: http://archneur.jamanetwork.com/ by Robert Silbergleit on 04/07/2015


