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Abstract

Purpose: To explore the association of frailty with mortality, functional outcome, and health status after out-of-hospi-
tal cardiac arrest.

Methods: This is a cohort-based secondary analysis of the Targeted Hypothermia versus Targeted Normothermia
after out-of-hospital cardiac arrest (TTM?2) trial, an international, prospective, multicentre study. Frailty was assessed
using the Clinical Frailty Scale (1-9): fit (1-3), prefrail (4), frail (5), and severely frail (6-9). Main outcomes were mortality
and poor functional outcome (modified Rankin Scale 4-6) at 6 and 24 months. Additional outcomes included neuro-
prognostication, withdrawal-of-life-sustaining-therapies (WLST), functional decline (retrospectively reported pre-
arrest versus 6 month Glasgow Outcome Scale Extended score), health status (EQ-5D-5L, EQ-VAS), and life satisfaction
at 6 and 24 months.

Results: Of 1861 participants, 240 (13%) were prefrail, and 188 (10%) were frail or severely frail. Mortality and poor
functional outcome increased significantly with greater frailty. Compared to fit participants, adjusted ORs (95% Cl)
for 6 month mortality were: prefrail 2.7 (1.8-3.8), frail 3.7 (1.9-7.1), and severely frail 8.9 (4.2-18.7); and poor functional
outcome: prefrail 2.9 (1.9-4.2), frail 3.9 (1.9-8.1), and severely frail 35.4 (8.4-148.8). Severely frail participants under-
went neuroprognostication less often (p <0.001), while WLST was more common in the prefrail, frail and severely
frail (p <0.001). Prefrail and frail survivors tended to report more frequent functional decline and lower health status,
though with individual variation.

Conclusion: Frailty was associated with a significantly increased risk of mortality and poor functional outcome after
out-of-hospital cardiac arrest. Findings suggest more frequent functional decline and lower overall health status in
frail survivors.

Trial registration: NCT02908308.
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Introduction

Advanced age is associated with significantly increased
mortality following out-of-hospital cardiac arrest [1].
With age, frailty—a syndrome characterized by reduced
physical, physiological and cognitive reserve, leading to
increased vulnerability to health stressors, even minor
illnesses—becomes more prevalent [2]. Frailty affects
approximately one-third of adults admitted to critical
care and is associated with adverse outcomes in critically
ill patients [3].

The focus on clinical frailty in critical illness is evolv-
ing [3], but few studies have investigated how frailty
may affect outcomes following out-of-hospital cardiac
arrest. Some studies report increased mortality [4—6]
and lower incidence of favourable neurological outcome
[7]. However, a recent meta-analysis did not confirm the
association between frailty and increased mortality in
out-of-hospital cardiac arrest patients due to a lack of
power [7]. Furthermore, pre-arrest neurological impair-
ments may influence post-arrest outcomes, highlighting
the need to consider baseline status when evaluating sur-
vivors with frailty [8].

Cardiopulmonary resuscitation is an intense interven-
tion [7], with an aging population, there is an increasing
need to study outcomes in the frail to minimize harm.
This study aimed to explore the association of frailty with
mortality, functional outcome, and health status after an
out-of-hospital cardiac arrest.

Methods

Study design, setting and participants

We conducted a cohort-based secondary analysis of all
1861 participants in the Targeted Hypothermia versus
Targeted Normothermia after Out-of-Hospital Cardiac
Arrest (TTM?2) trial, a multicentre randomized clinical
trial conducted from November 2017 to January 2020
(ClinicalTrials.gov: NCT02908308). The trial found no
differences in mortality or functional outcome between
temperature groups [9]. Eligible participants were uncon-
scious adults with return-of-spontaneous-circulation
after out-of-hospital cardiac arrest of presumed cardiac
or unknown cause, eligible for intensive care without
limitations in care. Full eligibility criteria have been pub-
lished [10]. For this secondary analysis, we performed
no separate sample size calculation, as the study size was
determined by the available TTM2-population. Written
informed consent was obtained, waived, or deferred from
participants or legal representatives according to national
regulations; all who regained mental capacity provided
consent. At 6 and 24 months, a trained, blinded assessor
conducted structured follow-up and evaluated outcomes

Take-home message

Pre-arrest frailty was associated with higher mortality and poor
functional outcome following out-of-hospital cardiac arrest. Survi-
vors with pre-arrest frailty tended to more often experience func-
tional decline and report lower health status. These findings high-
light the importance of assessing pre-arrest frailty, as it influences
long-term recovery. Notably, survivors reported individual variations,
suggesting complex relationships between frailty, outcome, and
perceived quality of life.

primarily face-to-face, secondarily by telephone or home
visits [11].

Frailty

The Clinical Frailty Scale (CFS) is a validated tool assess-
ing frailty in critical illness [12] based on baseline health
status two weeks before hospital admission, including
physical frailty, cognition, comorbidity, disability, activ-
ity, and function [13]. In the TTM2-trial, the physician
in charge or study team assessed the CFS score during
hospitalization using medical records and, if needed,
information from relatives, guided by a visual scale with
a short explanatory text describing frailty levels from 1
(very fit) to 9 (terminally ill) [13]. We categorised partici-
pants as fit (CFS 1-3), prefrail (CFS 4), and frail (CES 5)
based on prior literature. We combined the higher cat-
egories into severely frail (CES 6-9), due to small group
sizes and few survivors.

Outcome and outcome measures

The main outcomes for this study were the associations
between frailty and 6- and 24 month mortality and poor
functional outcome. Additional outcomes included neu-
roprognostication,  withdrawal-of-life-sustaining-ther-
apies (WLST), functional decline, health status and life
satisfaction at 6 and 24 months.

Poor functional outcome

We assessed functional outcome using the modified
Rankin Scale (mRS), an ordinal scale from 0-6 where
higher scores indicate worse outcome, and mRS 6
denotes death. The mRS, included in the Core Outcome
Set for Cardiac Arrest (COSCA), is commonly used after
neurological events [14]. We defined poor functional out-
come as an mRS score of 4—6. If follow-up was not per-
formed, we classified participants as independent (mRS
0-3) or dependent (mRS 4-6) in basic activities of daily
living, using available data from healthcare professionals,
relatives or medical records.



Neuroprognostication and WLST

An independent physician performed neuroprognostica-
tion after 96 h using the TTM2-trial criteria for a likely
poor neurological outcome. Treating physicians made all
WLST decisions in collaboration with the participants’
relatives or legal surrogates. Neuroprognostication and
WLST were managed as separate processes [10].

Functional decline

Glasgow Outcome Scale Extended (GOSE) is another
assessment of functional status. To evaluate functional
decline, we used the question “Was the patient inde-
pendent at home before the injury?” and retrospectively
compared pre-arrest status with GOSE at 6 months [15].
We categorised outcomes as good (GOSE 4-8) or poor
(GOSE 2-3) and defined functional decline as a shift from
good to poor. If GOSE was missing, we used all available
data to assess participants as good or poor based on inde-
pendency or dependency in basic activities of daily living.

Health status

The EQ-5D-5L is a brief self-reported health status
questionnaire recommended by COSCA for health-
related quality of life. It includes five dimensions: mobil-
ity, self-care, usual activities, pain/discomfort and
anxiety/depression, each rated from 1 (no problems) to
5 (extreme problems or inability) [14]. We dichotomized
responses into “no problems” (1) versus “any problems”
(2-5) [14]. The EQ-VAS, part of EQ-5D-5L, records
overall health, on a visual analogue scale, (range 0-100),
with higher scores indicating better general health [14].

Life satisfaction

Assessed by a single question from the World Values
Survey; “All things considered, how satisfied are you
with your life as a whole these days?” The question
reflects a subjective overall satisfaction with life and
ranges from 1 (completely dissatisfied) to 10 (com-
pletely satisfied) [16].

Statistical analysis

We reported descriptive statistics for binary and cat-
egorical variables in counts and percentages and con-
tinuous variables as median with interquartile range
(IQR). We explored associations between frailty and
mortality or poor functional outcome using univari-
able and multivariable logistic regression models,
reporting odds ratio (OR) with 95% confidence inter-
vals (CI). Adjusted models controlled for clinically
relevant confounders, including sex, age, Charlson
comorbidity index, first monitored rhythm, presumed
cause (cardiac vs non-cardiac), circulatory shock on

admission, time to return-of-spontaneous-circulation,
witnessed cardiac arrest and bystander cardiopulmo-
nary resuscitation, to reduce confounding bias. We
assessed multicollinearity among covariates and found
no strong correlations. We evaluated model fit using
the Hosmer—Lemeshow test, which indicated a good
fit when the time to return-of-spontaneous-circulation
was dichotomized at the median (<25 vs>25 min).
Age was treated as a continuous variable in all mod-
els. Missing data for mortality and poor functional
outcome were minimal (<2% at 6 months;<4% at
24 months; none for covariates) and handled via
complete-case analysis. We used logistic regression
to compare rates of neuroprognostication and WLST
between groups. Due to few frail survivors and limited
follow-up assessments, additional outcomes, includ-
ing functional decline and health status, were only
reported descriptively to avoid overinterpreting unsta-
ble results. We performed all analyses in Stata 18 (ver-
sions 18.0-18.5; Mac, StataCorp LLC, College Station,
TX, USA). This study adheres to STROBE guidelines
for observational studies [17].

Results

Of 1861 out-of-hospital cardiac arrest participants
included in the TTM2-trial, 240 (13%) were prefrail and
188 (10%) were living with frailty pre-arrest, including 107
(6%) who were severely frail. Participants with frailty were
older, had more frequent cardiac arrests at home, and were
less likely to have a presumed cardiac cause or shockable
first rhythm compared to fit participants (Table 1).

Mortality and poor functional outcome
Participants with greater frailty had higher odds of mor-
tality at both 6 and 24 months in unadjusted and adjusted
models. In adjusted analyses, the odds of mortality
increased progressively with frailty severity compared to
fit participants, beginning with prefrail participants and
strongest among the severely frail (Table 2). Table 1 pre-
sents mortality rates, and Fig. 1 illustrates these findings
alongside functional outcome across frailty categories.
No participant with CFS score >7 survived to 6 months.
Participants with greater frailty had higher odds of
poor functional outcome at both 6 and 24 months in
unadjusted and adjusted models. In adjusted analysis,
the odds of poor functional outcome increased progres-
sively with greater frailty, with the most pronounced
associations observed among severely frail participants
(Table 2). Table 1 presents poor functional outcome
rates, and Fig. 1 illustrates the findings alongside mortal-
ity across frailty categories.



Table 1 Patient characteristics and outcomes by CFS category

Pre-arrest variables

Male 1183 (83) 171 (71) 52 (64) 71 (66) 1477 (79)
Age (years) 63 (53-72) 72 (64-78) 74 (66-79) 74 (66-80) 65 (56-74)
Charlson comorbidity index 2 (1-4) 4 (3-6) 5(3-6) 5 (4-6) 3(1-4)
Cardiac arrest related variables
Location of cardiac arrest, home 702 (49) 142 (59) 61 (75) 73 (68) 978 (53)
Witnessed arrest 1309 (91) 219 (91) 75 (93) 99 (93) 1702 (91)
Bystander CPR 1185 (83) 171 (71) 60 (74) 71 (66) 1487 (80)
First monitored rhythm, shockable 1159 (81) 1 (55) 35(43) 46 (43) 1371 (74)
Presumed cause, cardiac 1291 (90) 189 (79) 62 (77) 71 (66) 1613 (87)
Circulatory shock on admission 387 (27) 84 (35) 27 (33) 38(36) 536 (29)
Minutes to ROSC 25 (17-39) 27 (16-42) 26 (18-41) 25 (16-36) 25 (17-40)
Mortality
Mortality, 30 days 530/1422 (37) 170 (71) 66 (81) 96 (90) 862/1850 (47)
Mortality, 6 months 564/1422 (40) 181 (75) 68 (84) 98 (92) 911/1850 (49)
Mortality, 24 months 608/1386 (44) 188/230 (82) 73/80 (91) 99 (93) 968/1803 (54)
Days to death 5(2-9) 4 (2-9) 4 (2-6) 4(1-6) 5(2-9)
Neuroprognostication performed 704/1432 (49) 112/239 (47) 36 (44) 31/106 (29) 883/1858 (48)
WLST 373 (26) 124 (52) 52 (64) 71 (66) 620 (33)
Hours to WLST 111 (71-165) 95 (51-149) 95 (50-131) 74 (17-107) 100 (60-150)
Reason for WLST
Poor neurological prognosis 214 (57) 50 (40) 20 (38) 14 (20) 298 (48)
Organ failure 62 (17) 22(18) 8(15) 19 (27) 111(18)
Combination 32(9) 20 (16) 14 (27) 19 (27) 85 (14)
Comorbidity 7(2) 9(7) 24 10 (14) 28 (5)
Other 55(15) 20 (16) 7(13) 8(11) 90 (15)
Unknown 3() 3(2) 1(2) (1) 8(1)
Cause of death?
Cardiovascular 109 (21) 51(30) 23 (35) 27 (29) 210 (24)
Cerebral 303 (58) 84 (49) 26 (39) 37 (39) 450 (52)
Multi-organ failure 89(17) 25(15) 12 (18) 22 (23) 148 (17)
Other 26 (5) 12 (7) 5(8) 8(9) 51 (6)
Functional outcome
Poor®, 6 months 622/1404 (44) 191/238 (80) 70/80 (88) 105 (98) 988/1829 (54)
Poor®, 24 months 708/1373 (52) 206/239 (86) 74/80 (93) 104/106 (98) 1092/1798 (61)
Follow-up assessments
6 months 769/858 (90) 52/59 (88) 10/13(77) 5/9 (56) 836/939 (89)
24 months 623/778 (80) 40/42 (95) 4/7 (57) 3/8 (38) 670/835 (80)

Results are presented in counts (percentages) or in median (interquartile range). Denominators are shown only for variables with missing data; otherwise, the full
sample size applies. For follow-up assessments, denominators reflect the number of participants alive at each time point. Participants were categorised as fit (CFS
1-3), prefrail (CFS 4), frail (CFS 5), and severely frail (CFS 6-9)

CFS Clinical frailty scale, CPR Cardiopulmonary resuscitation, ROSC Return of spontaneous circulation, WLST Withdrawal-of-life-sustaining-therapies
@ Cause of death is only described for participants who died in the hospital
b Modified Rankin scale (mRS) 4-6 was considered as poor functional outcome



Table 2 Logistic regression of mortality and poor functional outcome at 6 and 24 months

Mortality

6 months
Fit 564/1422
Prefrail 181/240
Frail 68/81
Severely frail 98/107

24 months
Fit 608/1386
Prefrail 188/230
Frail 73/80
Severely frail 99/107

Poor functional outcome

6 months
Fit 622/1404
Prefrail 191/238
Frail 70/80
Severely frail 105/107

24 months
Fit 708/1373
Prefrail 206/239
Frail 74/80
Severely frail 104/106

1 1

4.7 (34-64)* 2.7 (1.8-3.8)*
8 (4.4-14.5)* 3.7 (1.9-7.1)*
16.6 (8.3-33.1)* 89 (4.2-187)*
1 1

5.7 (4-8.1)* 3 (2-4.5)*
133 (6.1-29.2)% 55 (24-12.5)*

15.8 (7.7-32.8)* 7.1 (3.3-156)*

1 1

5.1(3.7-7.1)* 29(1.9-4.2)*
8.8 (4.5-17.2)* 39 (1.9-8.1)*

66 (16.2-268.5)* 354 (8.4-148.8)*

1 1

59 (4-8.6)* 3.1 (2-4.7)*
11.6 (5-26.8)* 48 (2-11.6)*
488 (12-198.7)* 21.8(5.2-91.5)*

Mortality and poor functional outcome by CFS category. Functional outcome was assessed using the mRS, with scores of 4-6 defined as a poor functional outcome.
The multivariable logistic regression models were adjusted for sex, age, Charlson comorbidity index, first monitored rhythm, presumed cause (cardiac vs non-cardiac),
circulatory shock on admission, time to return-of-spontaneous-circulation, witnessed cardiac arrest, and bystander cardiopulmonary resuscitation. Participants were

categorised as fit (CFS 1-3), prefrail (CFS 4), frail (CFS 5), and severely frail (CFS 6-9)

CFS Clinical frailty scale, mRS modified rankin scale
" p<0.001

Neuroprognostication and WLST

Severely frail participants received neuroprognostica-
tion less often (p<0.001). Additionally, prefrail, frail and
severely frail participants underwent WLST more often
(p<0.001), with a trend towards shorter time to WLST.
While poor neurological prognosis was the main reason
for WLST overall, combined reasons were more frequent
in prefrail and frail participants, while in severely frail
participants, organ failure and combined reasons were
most frequent (Table 1).

Survivors

Survivors with frailty participated less frequently in fol-
low-up assessments at both 6 and 24 months (Table 1).
At 6 months, 58/840 (7%) of fit, 10/57 (18%) of prefrail,
2/12 (17%) of frail, and 7/9 (78%) of severely frail survi-
vors had a poor functional outcome based on the mRS.
Among prefrail, frail and severely frail survivors, 7/75
(9%) reported poor pre-arrest functional status based on
the GOSE. Functional decline occurred in 36/767 (5%) of

the fit, 5/54 (9%) of the prefrail, 2/12 (17%) of the frail,
and 4/9 (44%) of the severely frail survivors (Fig. 2).

At 6 months, mobility problems on the EQ-5D-5L
increased with greater frailty. Severely frail survivors
reported more frequent problems with self-care and
usual activities. Pain/discomfort and anxiety/depression
varied slightly between the groups (Fig. 3, Table E1). At
24 months, fit and prefrail survivors’ health status was
similar to 6 months, while prefrail and severely frail sur-
vivors’ responses varied (Fig. E1, Table E2). The 6-month
overall health on the EQ-VAS was highest in fit survi-
vors, slightly lower in prefrail and frail, and lowest in the
severely frail, consistent at both time points (Figs. E2a,
E3a).

Few severely frail survivors reported life satisfaction
(n=4/9); this group reported the highest median score
at 6 months, followed by fit survivors. Prefrail and frail
reported slightly lower scores (Fig. E2b). At 24 months,
prefrail, frail and severely frail survivors reported lower
life satisfaction than fit survivors (Fig. E3b).
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Fig. 1 Mortality and functional outcome based on mRS at 6 and 24 months, grouped by CFS category. At 6 months, among fit participants,
782/1404 (56%) had a good functional outcome, 58/1404 (4%) had a poor functional outcome, and 564/1404 (40%) had died. Among prefrail
participants, 47/238 (20%) had a good functional outcome, 10/238 (4%) a poor functional outcome, and 181/238 (76%) had died. Among frail
participants, 10/80 (12%) had a good functional outcome, 2/80 (2%) a poor functional outcome, and 68/80 (85%) had died. Among severely frail
participants, 2/107 (2%) had a good functional outcome, 7/107 (7%) a poor functional outcome, and 98/107 (92%) had died. At 24 months, among
fit participants, 665/1373 (48%) had a good functional outcome, 53/1373 (4%) had a poor functional outcome, and 655/1373 (48%) had died.
Among prefrail participants, 33/239 (14%) had a good functional outcome, 8/239 (3%) a poor functional outcome, and 198/239 (83%) had died.
Among frail participants, 6/80 (8%) had a good functional outcome, and 74/80 (92%) had died. Among severely frail participants, 2/106 (2%) had a
good functional outcome, 5/106 (5%) a poor functional outcome, and 99/106 (93%) had died. Percentages may not sum to 100% due to rounding.
Participants were categorised as fit (CFS 1-3), prefrail (CFS 4), frail (CFS 5), and severely frail (CFS 6-9). CFS Clinical frailty scale. mRS modified rankin

Discussion

In this cohort-based secondary analysis of the TTM2-
trial, frail participants had higher long-term mortal-
ity and poorer functional outcome at 6 and 24 months.
Severely frail participants received neuroprognostica-
tion less often, while prefrail, frail and severely frail par-
ticipants underwent WLST more frequently. Functional
decline compared to pre-arrest tended to be more fre-
quent with greater frailty. Prefrail and frail survivors
reported lower overall health status than fit participants,
but with individual variation.

Our finding of higher mortality in frail participants
aligns with previous studies on out-of-hospital cardiac
arrest [4—6, 18]. The CFS is commonly used in critically
ill patients, with >5 considered frail [12]. We initially
separated CFS categories based on expected outcome
differences, except CFS 1-3 due to absence of frailty [19].
However, with few participants in higher categories and
none with CFS >7 surviving to 6 months, we merged

CES 6-9 into severely frail. While this may have influ-
enced the results, we believe it preserved more clinical
nuance than dichotomizing frailty. Severely frail partici-
pants showed markedly higher odds of mortality, and the
absence of survivors with CFS >7 supports findings from
McPherson et al. [18]. Our categorisation also revealed
higher mortality among prefrail participants, suggesting
that binary classifications may obscure important differ-
ences, a notion further supported by Hwai et al. [20] who
indicated a non-linear increased risk of poor neurologi-
cal outcome across the frailty scale. Previous studies have
used the CFS as either a linear scale [6, 18] or as cate-
gories [4, 6, 18], a distinction crucial when interpreting
results.

While frailty was strongly associated with mortality,
this relationship is complex. Frailty may reflect underly-
ing biological vulnerability, but it may also influence clin-
ical decision-making, including WLST, which was more
common in frail participants and not always based solely
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functional decline. Results are reported descriptively without statistical comparison. Participants were categorised as fit (CFS 1-3), prefrail (CFS 4),
frail (CFS 5), and severely frail (CFS 6-9). GOSE Glasgow outcome scale extended, CFS Clinical frailty scale

on neurological prognosis. This finding should not be
interpreted as evidence of a causal relationship. Although
poor neurological prognosis precedes most deaths after
cardiac arrest, guidelines recommend considering age,
comorbidities, and overall organ function in WLST deci-
sions. Thus, WLST may be ethically considered even in
cases with uncertain or favourable neurological progno-
ses [21]. Despite higher mortality and WLST rates, one in
ten frail participants survived to 6 months. Our findings
do not justify withholding cardiopulmonary resuscita-
tion based on frailty alone, but rather guide treatment to
avoid potential harm and ensure fit older patients receive
appropriate and beneficial care [2]. Preferences for cardi-
opulmonary resuscitation vary and some elderly express
unrealistic expectations [22], underscoring the need for
clear communication about prognosis and treatment
goals.

Frail participants were less likely to achieve a good
functional outcome after out-of-hospital cardiac arrest,
consistent with previous findings [7]. While increased
mortality largely explained this, we assumed that pre-
arrest dependency in daily activities, central to both
frailty and poor functional outcome, also contributed.

Although there was a trend towards impaired pre-arrest
function, most prefrail and frail survivors reported inde-
pendence before their cardiac arrest. Instead, we found
a more pronounced functional decline among survivors
with greater frailty. Similarly, Mowbray et al. [6] reported
that 67% of home care patients classified as frail by the
Frailty Index [23, 24] experienced a decline in functional
independence following out-of-hospital cardiac arrest.
We acknowledge the risk of recall bias in retrospectively
assessing pre-arrest functional status, especially when
based on survivors’ or relatives’ reports. The use of a
single, non-validated question limits the precision and
reliability of this baseline measure. However, involving
relatives in follow-up assessments may have mitigated
some of this bias. This exploratory approach nonetheless
provides valuable insight into functional changes over
time and highlights that some impairments may have
been present before the cardiac arrest. Supporting this,
prior research found both fit and frail in-hospital survi-
vors had impaired pre-arrest neurological status, with
most experiencing stable or improved outcome at dis-
charge [8]. Ohbe et al. [25] similarly reported no signifi-
cant change in care needs from before cardiopulmonary
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resuscitation to one year after, in both in-hospital and
out-of-hospital cardiac arrest cases, emphasizing the
importance of accounting for pre-arrest status. Given the
risk of post-arrest functional decline, especially in frail
individuals, comprehensive geriatric assessment and spe-
cialist multidisciplinary care may be essential, as they can
reduce cognitive and functional decline, lower in-hospi-
tal mortality, and increase the chances of returning home
[2].

To our knowledge, no previous study has explored
patient-reported outcomes by frailty in out-of-hospital
cardiac arrest survivors. Frail survivors participated less
frequently in follow-up assessments, likely due to poorer
health, which may underestimate the ‘true’ problems in
our results. Therefore, our descriptive exploratory find-
ings should be interpreted cautiously.

At 6 months, EQ-5D-5L responses suggested tenden-
cies towards more problems with mobility, self-care, and
usual activities among severely frail survivors, which is
expected since the CFS partly reflects these aspects of
everyday function. Reports of pain/discomfort and anxi-
ety/depression appeared similar across frailty categories.
This result contrasts with a study of in-hospital cardiac
arrest survivors where frail survivors reported more

frequent problems in these dimensions [8]. Differences
in health status and comorbidity burden between out-
of-hospital and in-hospital survivors may partly explain
this contrast [26]. At 24 months, frail and severely frail
survivors rated their health status differently compared
to 6 months, though low responses limit interpretation.
Overall health, based on EQ-VAS at both 6 and
24 months, was slightly lower in prefrail and frail survi-
vors, consistent with findings in frail in-hospital survi-
vors [8]. Due to varying CFS categorisations, we observed
the largest reduction among severely frail survivors.
Poor self-assessed health is relevant to frailty and may
reflect accurate self-awareness [27]. While prefrail and
frail survivors showed a declining trend in life satisfac-
tion, severely frail survivors reported the highest median
score. Given the very small number of severely frail sur-
vivors reporting life satisfaction, this finding should be
interpreted with great caution. Frailty is strongly associ-
ated with cognitive impairment and dementia [2], which
may have influenced responses. Although frailty cor-
relates with lower quality of life [28], qualitative studies
suggest some survivors view their survival as a second
chance at life [29]. Our findings may align with Vanleer-
berghe et al. [30], who report that some frail individuals




experience a high quality of life and argue that coping
and resilience can influence how individuals perceive
quality of life. Further research is needed to understand
these outcomes better and demonstrates the necessity of
including patient-reported and qualitative data in frail
cardiac arrest survivors.

Strengths and limitations

The primary strength of this study lies in the use of a vali-
dated frailty instrument and a large, international, pro-
spective sample with minimal missing data. Additional
strengths include blinded follow-up assessments, patient-
reported outcomes, and a retrospective measure to con-
trol for pre-arrest function. We applied extensive efforts
to include all survivors in follow-up assessments, offer-
ing home visits when feasible, though some may still have
been missed.

Our study has several limitations. First, the TTM2-trial
likely excluded the frailest patients, resulting in lower
(10%) frailty prevalence than in other out-of-hospital car-
diac arrest studies [4, 18]. Therefore, our findings likely
underestimate the true prevalences and should be inter-
preted with caution given the limited generalisability of
this cohort. Second, the CFS lacks objective measures
and has not been validated in younger populations [13],
though it is widely used in critical care [12] and car-
diac arrest studies [4, 6, 18]. Since frailty is multidimen-
sional [28], it may have been underestimated, compared
to assessments by geriatricians who may better capture
its complexity; moreover we also relied on unblinded
evaluations. Third, our observational design prevented
us from distinguishing biological effects of frailty from
care decisions such as WLST, limiting causal interpreta-
tion and introducing the risk of self-fulfilling prophecy
bias. Future studies using advanced causal methods are
needed to clarify these relationships. Fourth, dichotomiz-
ing mRS and GOSE reduced granularity, and the small
number of frail survivors limited statistical analysis of
follow-up data, but their reported outcomes still offer
valuable insight into this vulnerable group. Although the
total sample was large, few participants were severely
frail, resulting in wide confidence intervals and imprecise
estimates. Still, frailty was clearly associated with higher
mortality and poor functional outcome.

Conclusion

This study adds to the limited research on frailty in out-
of-hospital cardiac arrest. Participants with frailty had
higher odds of mortality and poor functional outcomes.
Our findings suggest more frequent functional decline

and lower overall health status in frail survivors, but with
individual variations.
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