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IMPORTANCE Guidelines for temperature control following out-of-hospital cardiac arrest
(OHCA) are based on trials with end points of 180 days or fewer.

OBJECTIVES To investigate if targeted hypothermia, compared with targeted normothermia
with early treatment of fever, affects functional outcome focusing on societal participation or
cognitive functioning at 24 months in initially comatose OHCA survivors. An additional
objective was to explore recovery trajectories up to 24 months post arrest.

DESIGN, SETTING, AND PARTICIPANTS The randomized clinical Targeted Hypothermia vs
Targeted Normothermia After OHCA (TTM2) trial (November 2017-2020) included blinded
follow-up at 1, 6, and 24 months post randomization (December 2017-June 2022), with
analyses performed in 2024. TTM2 was an international, multicenter study conducted at 61
hospitals in 14 countries. The study included 1861 adults with OHCA of presumed cardiac or
unknown cause who were initially comatose. There were 992 survivors at 1 month, 943 at 6
months, and 835 at 24 months. Nonparticipation rates at follow-up were 44 (4%), 107 (11%),
and 165 (20%), respectively.

INTERVENTION Participants were randomized 1:1 to undergo temperature control via targeted
hypothermia (33 °C) or targeted normothermia and early treatment of fever (�37.8 °C).

MAIN OUTCOMES AND MEASURES The functional outcome, including societal participation,
was assessed using the Glasgow Outcome Scale-Extended (GOSE). Cognitive function was
assessed using the Montreal Cognitive Assessment (MoCA) and the Symbol Digit Modalities
Test (SDMT).

RESULTS Of the participants who were followed up, 84% were male, with a mean (SD) age of
60 (14) years, and clinical variables were similar between the hypothermia and normothermia
temperature groups. No significant differences were found between temperature groups
regarding societal participation (GOSE: odds ratio, 0.97 [95% CI, 0.72-1.30]) or cognitive
function (MoCA: mean difference, −0.02 [95% CI, −0.67 to 0.63]; SDMT: mean difference,
−0.09 [95% CI, −0.33 to 0.16]) at 24 months. Improvement for GOSE was significant within
the first 6 months (1 to 6 months: n = 1707 [95% CI, −2.00 to −1.50]; P < .001; 6 to 24
months: n = 1606 [95% CI, −0.50 to <0.001]; P = .10). Intraindividual improvement and
decline corresponding to thresholds for minimal important differences were observed for
societal participation and cognitive function up to 24 months.

CONCLUSIONS AND RELEVANCE Targeted hypothermia, compared with targeted
normothermia, did not affect societal participation or cognitive function at 24 months,
suggesting no longer-term effect of hypothermia for the explored outcomes. The
intraindividual changes observed indicate variability in recovery.
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O ut-of-hospital cardiac arrest (OHCA) may result in
post–cardiac arrest brain injury (PCABI), which often
manifests as coma following return of spontaneous

circulation.1 Among OHCA survivors with PCABI, a majority
appear to regain good functional and neurological outcomes
when assessed by general outcome scales, such as the modi-
fied Rankin Scale and the Cerebral Performance Category
Scale.2-5 Studies focusing on detailed outcomes after OHCA show
thatcognitiveimpairments—particularlythoseaffectingmemory,
attention, and processing speed—are common.6 Cognitive func-
tion is linked to daily functioning, societal participation, and
return to work.7-9 Smaller studies have evaluated functional and
cognitive outcomes over time in populations with varying de-
grees of PCABI. The largest longitudinal follow-up study10 re-
ported improved functional outcome for up to 18 months in
OHCA survivors who awoke within 2 weeks of arrest. Previous
studies on cognitive recovery in OHCA populations indicate that
recovery stagnates within a few months.8,11,12

Targeted hypothermia was recommended after OHCA as
a neuroprotective strategy for adults who remain comatose
after return of spontaneous circulation.13 Current guidelines
recommend active prevention of fever in patients who are co-
matose with OHCA. However, this recommendation is based
on low-certainty evidence from trials with end points of 180
days or fewer.14

The randomized clinical Targeted Hypothermia vs Tar-
geted Normothermia After OHCA (TTM2) trial15 found no dif-
ference between the 2 temperature groups (hypothermia and
normothermia) regarding death from any cause or poor func-
tional outcome at 6 months.15 An in-depth analysis of the
6-month outcomes of societal participation and cognitive func-
tion found no difference between temperature groups, al-
though limitations in societal participation and cognitive im-
pairment were common in both groups.16

This predefined, long-term follow-up of the TTM2 trial
aimed to investigate if targeted hypothermia, compared with
targeted normothermia with early treatment of fever, affects
functional outcome focusing on societal participation or cog-
nitive functioning at 24 months in initially comatose OHCA sur-
vivors. An additional aim was to explore recovery trajectories
up to 24 months post arrest.

Methods
Design, Setting, and Participants
This article is presented according to the Consolidated Stan-
dards of Reporting Trials (CONSORT) extension guidelines.17

The TTM2 trial design, statistical analysis plan, and re-
sults from the main trial and 6-month follow-up were previ-
ously published (NCT02908308).15,16,18-20 The TTM2 trial
enrolled adult (aged ≥18 years) patients with OHCA due to a
presumed cardiac or unknown cause who were initially
comatose, at 61 sites in 14 countries from November 2017 to
January 2020. Patients were randomly assigned in a 1:1 ratio
to undergo temperature control with hypothermia (33 °C) or
targeted normothermia and early treatment of fever if the
threshold of 37.8 °C or higher was met.

Follow-Up Procedure and Data Collection
Trained, blinded assessors followed a written manual to con-
duct follow-up at 1, 6, and 24 months post randomization, from
December 2017 to June 2022. Follow-up consisted of a tele-
phone interview at 1 month and clinical follow-ups at 6 and
24 months, with the option of telephone or proxy interviews,
if needed. Authorized interpreters were used when neces-
sary. To minimize missing data due to the COVID-19 pan-
demic, it was possible to extend the 24-month follow-up to 36
months. Outcome assessors were occupational therapists, re-
search nurses, psychologists, physiotherapists, or physi-
cians. A central team provided support and performed data
monitoring during the trial to prevent missing data and in-
crease data quality.

Data regarding demographics, resuscitation, and inten-
sive care were collected during the initial hospital stay. Char-
acteristics collected at follow-up are listed in the follow-up
protocol.19

Ethical Considerations and Consent
The TTM2 trial complied with the 2013 version of the Decla-
ration of Helsinki.21 Research protocols were approved by the
Swedish Ethical Review Authority (2015/228) and ethical com-
mittees in all participating countries. Written informed con-
sent was obtained from all participants who regained mental
capacity.

Outcome Assessments
The functional outcome was assessed at 1, 6, and 24 months
and cognitive function at 6 and 24 months. Details of the
assessments used are reported in the published protocol.19

Where possible, participants lost to follow-up were assigned
an overall good (independent in basic activities) or poor (de-
pendent in basic activities) outcome. This dichotomized func-
tional outcome was informed by all available sources, in-
cluding medical records and contact with health care
professionals or relatives.

Functional Outcome Focusing on Societal Participation
The functional outcome was assessed using the clinician-
reported Glasgow Outcome Scale-Extended (GOSE), an ordi-

Key Points
Question Does hypothermia after out-of-hospital cardiac arrest
affect societal participation or cognitive functioning at 24 months
post arrest, and how do these outcomes evolve over time?

Findings This follow-up of the randomized clinical Targeted
Hypothermia vs Targeted Normothermia After Out-of-Hospital
Cardiac Arrest trial found no significant differences in societal
participation or cognitive functioning between targeted
hypothermia and normothermia at 24 months. Overall recovery
was limited beyond 6 months.

Meaning Targeted hypothermia compared with normothermia
did not affect outcomes 24 months post arrest, suggesting no
longer-term effect of hypothermia for the explored outcomes; 6
months may suffice as an end point when assessing functional or
cognitive outcomes after out-of-hospital cardiac arrest.
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nal scale ranging from 1 (death) to 8 (full recovery).22 The as-
sessment included a structured interview with good interrater
agreement through face-to-face and telephone administration23

and has been used in OHCA populations.10,24 A GOSE score of 6
or lower indicates limitations in societal participation.19 Infor-
mation on occupational status and return to work was used as
an additional measure of societal participation, with data col-
lected at 6 and 24 months.

Cognitive Functioning
Global cognitive functioning was assessed using the Montreal
Cognitive Assessment (MoCA) version 7.1,25 the recommended
assessment for cognitive impairment screening after OHCA.14

The MoCA score ranges from 0 to 30, with higher scores indi-
cating better cognitive performance and a score of less than 26
indicating cognitive impairment.25,26 For telephone inter-
views, the telephone MoCA (T-MoCA; scores range from 0-22)
was used, where total scores less than 19 indicate cognitive
impairment.27,28 T-MoCA scores were converted to a 30-point
MoCA scale (MoCA-30).27 Participants with less than 12 years of
education received 1 additional point.

The Symbol Digit Modalities Test (SDMT) assessed men-
tal processing speed and attention. The oral version was the
standard, with the written version used for participants with
a speech or language barrier. A face-to-face follow-up was re-
quired. Raw scores (0-110) were transformed to an age-, edu-
cation-, and version-adjusted z score. A z score of −1 or less SD
was used to indicate cognitive impairment.29 The combined
use of MoCA and SDMT is suggested to improve the sensitiv-
ity for detecting cognitive impairment post OHCA and is rec-
ommended by current guidelines.14,26

Statistical Analyses
Continuous data are presented as medians with IQRs or means
with SDs. Categorical and binary data are presented as frequen-
cies and percentages.

Sample size was based on the main TTM2 trial.20 No addi-
tional power calculation was done for the 24-month outcomes.
To assess differences between temperature groups and explore
recovery trajectories, the same prespecified minimal impor-
tant differences (MIDs) as those used for the 6-month out-
comes were used as thresholds.19 For GOSE, the MID is sug-
gested to be 1 due to the direct clinical relevance of each change
between categories.19 Two points were used as the MID for the
MoCA-30 and a 0.2 z score for the SDMT.19,30,31

Temperature Group Comparisons
Analyses comparing intervention groups included functional
outcome (GOSE) and cognitive functioning (MoCA-30 and
SDMT). Initial analyses included all participants, to avoid sur-
vival bias, and were performed by the rank-based stratified Wil-
coxon Mann-Whitney U test to adjust for site and coenrollment
in the Targeted Therapeutic Mild Hypercapnia After Resusci-
tated Cardiac Arrest (TAME) trial.32 Deceased participants were
considered to have the poorest outcome (lowest rank) in these
analyses and were therefore assigned GOSE 1 (death). For MoCA
and SDMT, deceased participants were assigned a score (ie, rank)
lower than the lowest possible for survivors.33

For survivor-only analyses, mixed-effects ordinal regres-
sion for GOSE and mixed-effects linear regression for MoCA
and SDMT were used. Two models were performed for each
outcome, where model 1 included adjustment for site (ran-
dom intercept) and coenrollment in the TAME trial. To ac-
count for the balanced allocation by the randomization pro-
cess possibly being affected by survival bias, model 2 included
adjustment for site (random intercept), coenrollment, age
(younger than 65 years/65 years or older), sex (male/female),
education (any university studies: yes/no), and prearrest Clini-
cal Frailty Scale34 score (fit or prefrail, 1-4; frail, 5-9), if a co-
variate was not already accounted for in the scoring of
the assessment.

Recovery Trajectories
The analyses exploring recovery trajectories were preplanned
to be stratified by temperature group if significant differences
between the temperature groups were found; otherwise, the
OHCA survivors were planned to be analyzed as 1 group.

Unadjusted analyses were used to explore group-level dif-
ferences over time. The rank-based Wilcoxon signed rank test
was used for GOSE (ordinal variable) and paired t tests for MoCA
and SDMT (continuous variables). All participants, including
deceased individuals, were included for GOSE and only sur-
vivors for MoCA and SDMT. Two sensitivity analyses with sur-
vivors only for GOSE were performed using the Wilcoxon signed
rank test.

Multivariable linear regression examined the effects of
age, education, and sex on cognitive recovery, if not already
accounted for in the scoring. Age and education were chosen
due to their established association with cognitive function.35-37

Sex was included because women may have worse outcomes
than men after OHCA.38,39 The dependent variable for the
model was the δ of MoCA and SDMT, respectively (24
months compared with 6 months). Reference categories
were age younger than 65 years, no university education,
and male sex.

Analyses were performed during 2024. Tests were 2-sided
and P < .05 was the threshold for statistical significance.
Results are considered exploratory, with no adjustment for
multiplicity. SPSS Statistics version 28.0 (IBM Corporation)
and R version 4.4.2 (R Foundation) were used in statistical
analyses.

Results
Of the 1861 participants in the TTM2 trial, 992 (53%) were alive
at 1 month, 943 (51%) at 6 months, and 835 (45%) at 24 months.
Participation rates during follow-up were 948 of 992 (95%) at
1 month, 836 of 943 (89%) at 6 months, and 670 of 835 (80%)
at 24 months (eFigure in Supplement 1). The characteristics
of follow-up participants are presented in Table 1. The num-
ber of available assessments for the main outcome are pre-
sented in the eFigure in Supplement 1. The dichotomized func-
tional outcome assigned to participants lost to follow-up was
available for 82 of 83 (99%) of participants lost to follow-up
at 6 months and 105 of 165 (64%) at 24 months.
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Temperature Group Comparisons
No significant difference in the functional outcome focusing
on societal participation was found between temperature

groups at 24 months in any of the analyses (estimate for all
participants, −0.1 [95% CI, −0.03 to 0.02]; P = .68; adjusted
odds ratio, 0.97 [95% CI, 0.72-1.30]) (eTable 1 in Supple-

Table 1. Participant Characteristicsa

Variable

Follow-up, No. (%)

1 mo 6 mo 24 mo

Hypothermia
(n = 458)

Normothermia
(n = 490)

Hypothermia
(n = 416)

Normothermia
(n = 420)

Hypothermia
(n = 332)

Normothermia
(n = 338)

Pre-OHCA

Age, mean (SD), y at time of cardiac arrest 60 (14) 61 (14) 60 (13) 59 (14) 61 (13) 58 (14)

University-level educationb NA NA 137 (33) 130 (32) 108 (34) 110 (34)

Sex

Male 388 (85) 405 (83) 354 (85) 346 (82) 284 (86) 283 (84)

Female 70 (15) 85 (17) 62 (15) 74 (18) 48 (14) 55 (16)

Medical history [prior to cardiac arrest]

Charlson Comorbidity Index, median (IQR) 2 (1-3) 2 (1-3) 2 (1-3) 2 (1-3) 2 (1-3) 2 (1-3)

Prearrest frailty [CFS >4] 10 (2) 15 (3) 4 (1) 11 (3) 4 (1) 3 (1)

Diabetes 71 (15) 72 (15) 57 (14) 55 (13) 43 (13) 45 (13)

Heart failure 21 (5) 30 (6) 23 (6) 27 (7) 15 (5) 20 (6)

Hypertension with pharmacologic treatment 149 (34) 149 (32) 139 (35) 124 (31) 110 (35) 98 (30)

Known neurological diseaseb NA NA 33 (8) 27 (7) 24 (7) 19 (6)

Memory problems [self-reported]b NA NA 31 (8) 32 (8) 24 (7) 25 (7)

Myocardial infarction 56 (13) 73 (16) 53 (13) 62 (15) 40 (13) 49 (15)

Poor functional outcome/status [mRS 4-5] 1 (<0.1) 1 (<0.1) 0 0 0 0

OHCA resuscitation variables

Location of cardiac arrest, at home 196 (43) 217 (44) 175 (42) 181 (43) 143 (43) 140 (45)

Bystander-witnessed arrest 425 (93) 455 (93) 383 (92) 388 (92) 308 (93) 309 (92)

First monitored rhythm, shockable 402 (88) 428 (87) 371 (89) 380 (91) 294 (89) 312 (93)

Time to sustained ROSC, median (IQR), min 20 (14-31) 20 (14-30) 20 (14-30) 20 (14-30) 20 (14-31) 20 (14-30)

Data on hospital admission

Shock 93 (20) 103 (21) 84 (20) 85 (20) 70 (21) 65 (19)

In-hospital

Days in hospital, median (IQR) 16 (11-25) 15 (10-26) 16 (11-25) 15 (10-24) 16 (11-24) 15 (10-24)

Days in intensive care unit, median (IQR) 6 (4-10) 5 (3-10) 6 (4-9) 5 (3-9) 6 (4-9) 5 (3-9)

At follow-up

Days from cardiac arrest to follow-up,
median (IQR)

30 (28-34) 30 (29-35) 186 (179-200) 187 (179-200) 755 (734-826) 758 (734-841)

Follow-up, face to facec NA NA 313 (75) 306 (73) 197 (59) 211 (62)

Living at home 296 (65) 312 (64) 403 (97) 384 (94) 324 (98) 324 (96)

Married/living as marriedb NA NA 304 (73) 305 (75) 263 (79) 256 (76)

Rehabilitation provided [self-reported]

Cardiac rehabilitationb,d NA NA 121 (29) 111 (26) 109 (33) 109 (32)

Exercise-based cardiac rehabilitationb,d NA NA 79 (19) 88 (21) 65 (20) 70 (21)

Inpatient neurological/cognitive/
brain injury rehabilitationb,d

NA NA 49 (12) 50 (12) 39 (12) 34 (10)

Outpatient neurological/cognitive/
brain injury rehabilitationb,d

NA NA 22 (5) 29 (7) 18 (5) 22 (7)

Otherb,d NA NA 24 (5) 18 (4) 10 (3) 8 (2)

Abbreviations: CFS, Clinical Frailty Scale; mRS, modified Rankin Scale; NA, not
applicable; OHCA, out-of-hospital cardiac arrest; ROSC, return of spontaneous
circulation.
a Continuous data presented as median with IQR or mean with SD. Categorical

and binary data are presented as frequency with percentages.

b Not included in 1-month follow-up.
c Follow-up performed via telephone only at 1 month.
d Categories are not mutually exclusive.
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ment 1). The distribution of GOSE scores for the 24-month fol-
low-up participants was similar between the temperature
groups (Figure 1).

No significant differences between temperature groups
were found for cognitive outcomes (MoCA-30: estimate for all
participants, −0.02 [95% CI, −0.04 to 0.01]; P = .27; adjusted
model 2, mean difference [MD] −0.02 [95% CI, −0.67 to 0.63];
SDMT: estimate for all participants, −0.01 [95% CI, −0.03 to
0.02]; P = .65; adjusted model 2: MD, −0.09 [95% CI, −0.33 to
0.16]) (eTable 1 in Supplement 1). The number of participants
below the cutoff was similar between temperature groups
(eTable 2 in Supplement 1).

Recovery Trajectories
Because no differences in the analyses for temperature group
comparisons were found, participants were analyzed as 1
group in the analyses of recovery trajectories. Outcomes at 6
and 24 months for all follow-up participants and participants
in paired analyses are presented in Table 2. Among partici-
pants with an available GOSE score at both time points, there
was a significant difference in GOSE between 1 and 6 months
(n = 1707 [95% CI, −2.00 to −1.50]; P < .001) but not between
6 and 24 months (n = 1606 [95% CI, −0.50 to <0.001];
P = .10). Results were the same in the sensitivity analyses
including survivors only.

Table 2. Functional and Cognitive Outcomes at 6 and 24 Months

Outcome

Follow-up

6 mo
Participants in
paired analyses, 6 mo 24 mo

Participants in
paired analyses, 24 mo

GOSE, No. 834 648 670 648

GOSE ≤6, No. (%) 346 (41) 259 (40) 191 (29) 183 (28)

MoCA-30, No.a 760 571 609 571

MoCA-30, median (IQR)a 26 (23 to 29) 27 (24 to 29) 26 (23 to 28) 26 (23 to 28)

MoCA-30 <26, No. (%)a 330 (43) 221 (39) 278 (46) 254 (44)

MoCA, No. 607 468 398 383

MoCA, median (IQR) 27 (23 to 29) 27 (24 to 29) 26 (23 to 28) 26 (24 to 29)

MoCA <26, No. (%) 248 (41) 170 (36) 157 (39) 149 (38)

T-MoCA, No. 153 103 211 188

T-MoCA median (IQR) 19 (17 to 21) 20 (18 to 21) 19 (17 to 21) 22 (17 to 21)

T-MoCA <19, No. (%) 61 (40) 35 (34) 87 (41) 74 (39)

SDMT, No. 601 356 390 356

SDMT z score,
median (IQR)

−0.94
(−1.84 to −0.15)

−0.88
(−1.70 to −0.07)

−0.72
(−1.60 to −0.11)

−0.67
(−1.55 to −0.10)

SDMT z score, mean (SD) −1.05 (1.38) −0.97 (1.30) −0.87 (1.34) −0.85 (1.26)

SDMT SD ≤−1, No. (%) 286 (48) 159 (45) 164 (42) 147 (41)

SDMT SD ≤−1.5, No. (%) 193 (32) 102 (29) 107 (27) 94 (26)

MoCA-30 and SDMT, No. 600 355 390 355

MoCA-30 or SDMT
under cutoff, No. (%)a

353 (59) 195 (55) 221 (57) 201 (57)

MoCA-30 and SDMT
under cutoff, No. (%)a

176 (29) 95 (27) 97 (25) 85 (24)

Abbreviations: GOSE, Glasgow
Outcome Scale-Extended;
MoCA, Montreal Cognitive
Assessment; SDMT, Symbol Digit
Modalities Test; T-MoCA, telephone
MoCA.
a Includes converted T-MoCA.

Figure 1. Component Bar Graph of Glasgow Outcome Scale-Extended (GOSE) Scores
at 24 Months, Stratified by Temperature Group
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(n = 332) 7
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Distribution of GOSE scores of
survivors who participated in the
24-month follow-up, stratified by
temperature group. A GOSE score of
8 represents a full recovery and 2
represents a survivor in a
nonresponsive state.
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Intraindividual improvement and decline in GOSE scores
that reached the MID threshold were observed beyond 6

months (Figures 2 and 3). Participants who improved beyond
6 months for GOSE were generally younger (mean [SD] age, 58
[13] years vs 65 [12] years), had higher rates of university edu-
cation (36% vs 27%), and higher participation rates in cardiac
rehabilitation at 6 months (34% vs 22%) compared with those
who declined (eTable 3 in Supplement 1).

For follow-up participants with GOSE across all time points
(n = 625), limitations in societal participation (GOSE ≤6) de-
creased from 453 (72%) at 1 month to 250 (40%) at 6 months and
178 (28%) at 24 months. Participants lost to follow-up had higher
rates of poor outcomes compared with follow-up participants
at both 6 and 24 months (6 months, 21 of 82 [26%] vs 56 of 836
[7%]; 24 months, 26 of 105 [25%] vs 40 of 670 [6%]).

Results on return to work are presented in eTable 4 in
Supplement 1. Of the participants working prearrest with in-
formation on occupational status at 24 months, 249 of 352
(71%) had returned to work. Participants working full time in-
creased from 182 of 438 (42%) to 197 of 352 (56%) between 6
and 24 months. Sick leave decreased from 95 of 438 (22%) to
11 of 352 (3%).

Cognitive outcomes for all follow-up participants and par-
ticipants in paired analyses are presented in Table 2. For par-
ticipants with cognitive assessments at both time points, there
was a significant difference for MoCA-30 (n = 571; MD, 0.61
[95% CI, 0.37-0.85]; P < .001) and SDMT (n = 356; MD, −0.11
[95% CI, −0.21 to −0.02]; P = .02) between 6 and 24 months;
the MDs were below the MID thresholds.

Intraindividual improvement and decline in MoCA-30 and
SDMT scores that reached the MID thresholds were observed
beyond 6 months (Figure 3). Like the GOSE, participants with
an improvement beyond 6 months had higher rates of univer-
sity education (42% vs 25%) compared with those who de-
clined, but mean (SD) age (58 [15] years vs 60 [13] years) and
participation in cardiac rehabilitation (25% vs 27%) were simi-
lar (eTable 3 in Supplement 1).

Among the participants with cognitive assessments at both
6 and 24 months, the number of participants scoring below the
cutoff indicative of cognitive impairment was 221 of 571 (40%)
at 6 months and 254 of 571 (44%) at 24 months on the MoCA-30
and 159 of 356 (45%) vs 147 of 356 (41%) for SDMT. Item-
specific results of the MoCA-30 are shown in eTable 5 in Supple-
ment 1. Results from the linear regressions are presented in
eTable 6 in Supplement 1.

Discussion
In this long-term follow-up of the TTM2 trial, it was found
that targeted hypothermia, compared with targeted normo-
thermia and early treatment of fever, did not affect societal
participation or cognitive functioning in initially comatose
OHCA survivors at 24 months post arrest. These findings are
consistent with current literature and guidelines on tempera-
ture control but extend the knowledge beyond 6 months.14,40

Significant improvement in societal participation within the
first 6 months was found, although overall recovery beyond 6
months was limited for both societal participation and cogni-
tive function.

Figure 2. Heat Map of Glasgow Outcome Scale-Extended (GOSE)
Trajectories Between 1 and 24 Months
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That the majority of recovery in societal participation was
observed within the first 6 months supports the results from a
previous trial.10 At 24 months, 28% of participants reported limi-
tations in societal participation, lower than previously re-
ported at 12 (44%) and 18 (35%) months.10,24 The international
design of the study may offer a broader perspective on long-
term functional outcomes because prior studies were nation-
specific and outcomes may vary by region.10,24,41 Multiple points
of follow-up meant participants had opportunities to be referred
to further care, potentially improving outcomes.

The rates of cognitive impairment remained largely un-
changed over time and the limited recovery in cognitive func-
tion is similar to previous literature on detailed cognitive recov-
ery after OHCA.8,11,12 Recovery trajectories differed on the
MoCA-30 and SDMT, with more individuals improving on the
SDMT. This difference may be due to selection bias, as the SDMT
required a face-to-face follow-up with higher levels of missing
data. Detailed studies exploring domain-specific cognitive re-
covery post OHCA may also provide further insight. Overall, this
study supports previous evidence that 40% to 50% of OHCA sur-
vivors have long-term cognitive impairments, although de-
tailed comparisons are difficult due to large heterogeneities
in cognitive outcome reporting.6,14 Previous studies have re-
ported mixed associations of older age and female sex with cog-
nitive outcomes after cardiac arrest, which was also observed in
this study.38,39,42

Although most participants did not improve beyond 6
months, some participants did demonstrate further improve-
ment that met the MID thresholds. The use of an MID may
strengthen clinical applicability because an MID aims to reflect
the smallest change that is potentially clinically meaningful.43

Although MID is not without its shortcomings,44 study results
indicate that younger participants and those with university edu-

cation were more likely to improve beyond 6 months in soci-
etal participation, with university education, although not
age, seemingly linked to improvements in cognitive function as
well. Potential explanations for the delayed improvement in
societal participation for the younger survivors may be related
to different causes of OHCA or the increase in return to work rates
between 6 and 24 months.45 Further research is needed to ex-
plore factors that may affect continued improvements in soci-
etal participation and cognitive function, including etiology and
rehabilitation.

This study adds information of no long-term effect of tar-
geted hypothermia for the explored outcomes, which is not cur-
rently represented in systematic reviews on temperature con-
trol or postresuscitation guidelines.14,40 The detailed analyses
of the recovery trajectories of functional outcomes and cog-
nitive function may aid in the timing of outcome reporting in
future trials and guidelines because 6 months may be an ad-
equate end point. The Core Outcome Set for Cardiac Arrest in
Adults statement recommends reporting functional out-
comes at hospital discharge or 30 days,46 while study find-
ings indicate that this is too early to determine definitive func-
tional outcomes. Current postresuscitation care guidelines
recommend follow-up within 3 months after hospital dis-
charge to screen for cognitive impairment post arrest.14 Al-
though 3 months was not included as a time point, study find-
ings support cognitive screening within 6 months. Studies are
needed to explore recovery trajectories for other outcomes.

Strengths and Limitations
Strengthsincludebeingthelargest international,multicenterran-
domized clinical trial with follow-up of OHCA survivors up to
24 months, with strategies to increase interassessor reliability
and data quality and minimize missing data. This study has limi-

Figure 3. Bar Graph of Changes in Outcome Assessments
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tations. First, loss to follow-up reached 20% at 24 months. Par-
ticipants lost to follow-up had higher rates of poor outcomes,
which may skew results toward more favorable outcomes, and
the possibility that participants lost to follow-up may have dif-
ferent recovery trajectories than the ones reported cannot be ex-
cluded, although missing data are unlikely to alter conclusions.
Second, only OHCA of presumed cardiac or unknown cause was
included, meaning less generalizability to OHCA of other causes,
such as drug use or suicide. The mainly European study popu-
lation also limits generalizability to other settings, such as the
US, where there is a higher incidence of emergency medical ser-
vices–treated OHCA and lower national rates of bystander car-
diopulmonary resuscitation.45,47 Third, telephone-based fol-
low-up was more common at 24 months due to the COVID-19
pandemic, thus missing data for the SDMT increased and the

MoCA and T-MoCA ratio was changed, which may affect
comparisons.27 Fourth, due to the unexpected nature of OHCA,
cognitive function was not captured at baseline.

Conclusions
At 24 months, targeted hypothermia, compared with tar-
geted normothermia and early treatment of fever, did not affect
the functional outcome focusing on societal participation or
cognitive function in initially comatose OHCA survivors. There
was significant recovery in societal participation within the first
6 months but overall recovery thereafter was limited for both
functional and cognitive outcomes. The intraindividual
changes observed indicate variability in recovery.
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