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Abstract

Background Targeted temperature management (TTM) is considered a beneficial treatment for improving out-
comes in patients with OHCA due to acute coronary syndrome (ACS). The comparative benefits of hypothermic TTM
(32-34°C) versus normothermic TTM (35-36°C) are unclear. This study compares these TTM strategies in improving
neurological outcomes and survival rates in OHCA patients with ACS.

Methods We conducted a retrospective analysis using data from the Japanese Association for Acute Medicine
Out-of-Hospital Cardiac Arrest JAAM-OHCA) registry, encompassing 68,110 OHCA patients between June 2014

and December 2020. After applying inclusion and exclusion criteria, 1,217 adult patients with ACS who received TTM
were eligible for the study. Patients were categorized into two groups based on their TTM strategy: hypothermic TTM
(32-34°C) and normothermic TTM (35-36°C). The primary outcome was 30-day favorable neurological outcome,
defined by the Cerebral Performance Category (CPC) scale (CPC 1-2). Secondary outcomes included 30-day survival
and adverse event incidence. Statistical analysis involved multivariable logistic regression and propensity score adjust-
ments with inverse probability weighting (IPW) to account for potential confounders.

Results Of the 1,217 patients, 369 received normothermic TTM and 848 received hypothermic TTM. In both groups,
most patients were male, with a median age in the 60s. Approximately 70% had a shockable rhythm at the scene,
one-third had a shockable rhythm in-hospital, around 70% had ST segment elevation, and about half received extra-
corporeal membrane oxygenation. The proportions of patients with 30-day favorable neurological outcomes were
36.6% (135) in the normothermic group and 36.6% (310) in the hypothermic group. No difference in neurological
outcomes was observed in the multivariable regression analysis (adjusted OR 1.14, 95% Cl 0.84-1.54), and the result
was consistent in the IPW analysis (OR 1.11, 95% Cl 0.84-1.47). Other outcomes also showed no significant differences.

Conclusion In this nationwide, retrospective study using the JAAM-OHCA registry, we found no significant differ-
ences in 30-day favorable neurological outcome, 30-day survival, and adverse event incidences between hypothermic
TTM (32-34°C) and normothermic TTM (35-36°C) in adult patients with OHCA due to ACS.
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Introduction

Acute coronary syndrome (ACS) is one of the primary
causes of out-of-hospital cardiac arrest (OHCA) [1, 2].
Despite significant advancements in resuscitation sci-
ence and the accumulation of evidence-based practices,
high mortality rates persist in OHCA patients due to
hypoxic-ischemic brain injury, which remains the lead-
ing cause of death even in this population. [3-5]. Tar-
geted temperature management (TTM) is a standard
treatment for post-cardiac arrest patients to mitigate
the effects of reperfusion injury and improving neuro-
logical outcomes [6-8].

Current international cardiopulmonary resuscita-
tion (CPR) guidelines do not recommend a specific
target temperature for comatose patients after return
of spontaneous circulation (ROSC) [3, 4]. However,
there is still uncertainty regarding the benefit of mild
therapeutic hypothermia (MTH) at 32—-34°C. MTH has
the potential to enhance hemodynamics by increasing
myocardial contractility, cardiac output, and stroke vol-
ume [9-12]. It may also reduce the overall metabolic
rate and myocardial metabolic demand, which posi-
tively influences reperfusion injury and increases the
contractility of cardiac myocytes without elevating oxy-
gen consumption [9-12].

The SHOCK-COOL trial, a small randomized study
that examined the effects of MTH in patients who under-
went primary PCI complicated by cardiogenic shock,
found no significant improvement in cardiac power index
at 24 h or in other hemodynamic parameters compared
to normothermic controls [13]. Despite the potential
mechanisms of MTH, these effects remain controver-
sial, and the study had a limited sample size of only 40
patients, failing to provide conclusive evidence. Simi-
larly, post-hoc analyses of the TTM1 (n=920) and TTM2
(n=1,135) trials, which evaluated different target tem-
peratures in patients requiring vasopressors due to cir-
culatory instability, showed no significant differences in
outcomes [14, 15].

The Hyperion trial indicated potential benefits of MTH
for specific subgroups, such as patients with nonshock-
able rhythms [16]. Previous studies did not specifically
focus on ACS, which remains the most frequent cause
of cardiac arrest. Given that ACS is a major driver of
OHCA, it is crucial to investigate the optimal targeted
temperature during TTM specifically in this population.
Therefore, this study aims to assess the impact of hypo-
thermic TTM compared to normothermic TTM using
data from the JAAM-OHCA registry, a multicenter study
in Japan, specifically targeting ACS patients. Identify-
ing the optimal temperature management strategy could
refine clinical guidelines and improve outcomes in this
high-risk population.
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Methods

Study design and setting

This study is a retrospective analysis of data from the
Japanese Association for Acute Medicine Out-of-Hos-
pital Cardiac Arrest (JAAM-OHCA) registry, a compre-
hensive nationwide database [17]. The registry collects
detailed pre-hospital and in-hospital information and
outcomes for OHCA patients transported to emergency
departments of about 150 participating institutions in
2020. Data collection began in June 2014 and is ongoing.
This study includes data from January 1, 2015, to Decem-
ber 31, 2020. Patients transferred from non-participating
institutions, not resuscitated by a physician upon hospital
arrival, or who refused registration were excluded. The
study protocol was approved by the institutional review
boards of the participating hospitals.

In this study, we included adult OHCA patients
aged>18 years who experienced ACS and received
TTM. Patients with unknown targeted temperatures
were excluded. The diagnosis of ACS in this study was
made by treating physician in charge. All resuscitation
procedures, including PCI, TTM, and ECMO, were con-
ducted according to the Japanese CPR guidelines, which
are based on the CoSTR by ILCOR [18, 19]. However, the
specific protocols used at each institution were unknown,
and treatment decisions may have varied.

Data collection and quality control

The data collection process has been previously described
[17]. Briefly, EMS personnel collected pre-hospital data
according to the international Utstein-style guidelines
[20, 21], while in-hospital data were collected by medi-
cal staff using a standardized format in an Internet-based
system. The JAAM-OHCA registry committee integrated
the pre-hospital and in-hospital information.

For this study, the collected data included: patient age,
sex, day of the week, presence of a bystander witness,
bystander CPR, use of public access automated exter-
nal defibrillators (AED), first documented rhythm at the
scene (shockable, non-shockable, or other), pre-hospital
epinephrine administration, pre-hospital advanced air-
way management (the insertion of a supraglottic airway
or tracheal tube in prehospital settings), time from EMS
call to patient contact, time from call to hospital arrival,
first documented rhythm after hospital arrival (shock-
able, non-shockable, or other [Presence of pulse]), ECG
findings (ST segment elevation), PCI, TTM, targeted
temperature during TTM (32-36°C), use of intra-aortic
balloon pump (IABP), and extracorporeal membrane
oxygenation (ECMO). The choice of TTM protocols was
at the discretion of the treating physicians. The term
‘Other’ for the first documented rhythm after hospital
arrival refers to the presence of a pulse following ROSC.
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Main exposure

The main exposure was the targeted temperature dur-

ing TTM, categorized into two groups [22]:
Hypothermic TTM: Target temperature of 32-34°C.
Normothermic TTM: Target temperature of 35-36°C.

Outcome

The primary outcome was 30-day favorable neurologi-
cal outcome, assessed using the Cerebral Performance
Category (CPC) scale, and 30-day survival. A favorable
outcome was defined as CPC 1 or 2 [20, 21]. Secondary
outcomes included the incidence of adverse events dur-
ing TTM such as bleeding, hypotension, arrhythmias,
infections, and others.

Statistical analysis

We evaluated the differences in characteristics and out-
comes between the hypothermic TTM and normother-
mic TTM groups. Continuous variables were compared
using the Mann—Whitney U test, while categorical vari-
ables were analyzed using Fisher’s exact test.

First, to evaluate the impact of different targeted
temperatures during TTM on outcomes, we cal-
culated crude odds ratios (ORs) and adjusted odds
ratios (AORs), along with their 95% confidence inter-
vals (CIs), using univariable and multivariable logistic
regression analyses. Normothermic TTM served as the
reference group for all odds ratios. The factors adjusted
for in the multivariable analysis included: age, sex, first
documented rhythm at the scene, pre-hospital epi-
nephrine administration, pre-hospital advanced airway
management, time from EMS call to patient contact,
first documented rhythm after hospital arrival, as well
as the use of IABP and ECMO [22-25].

We also utilized propensity score analysis to mitigate
confounding effects, performing inverse probability
weighting (IPW) based on the propensity scores. Pro-
pensity scores were estimated using a logistic regres-
sion model that included age, sex, bystander witness,
bystander CPR, use of public-access AEDs, first docu-
mented rhythm at the scene, pre-hospital epineph-
rine administration, pre-hospital advanced airway
management, time from EMS call to patient contact,
first documented rhythm after hospital arrival, PCI,
IABP, and ECMO. The weights were derived from the
inverse probability of receiving either hypothermic or
normothermic TTM, and applied to create a weighted
pseudo-population where the distribution of baseline
covariates was balanced between the groups. The odds
ratios were then calculated using univariable logistic
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regression analysis with IPW to assess the impact of
different targeted temperatures.

To assess the robustness of our findings, sensitivity
analyses were performed on the original cohort using
univariable and multivariable logistic regression analy-
ses. The sensitivity analyses included patients treated
with ECMO, IABP, ECMO +IABP, patients who received
ECMO either before or after ROSC, those treated with
PCI, those with ST elevation, and those whose first docu-
mented rhythm at the scene was shockable.

All statistical analyses were performed using SPSS sta-
tistical package (version 26.0 J, IBM Corp. Armonk, NY,
USA) or R (R Foundation for Statistical Computing, ver-
sion 3.4.3). Two-sided p-values<0.05 were considered
statistically significant.

Results

Study population

Between June 2014 and December 2020, 68,110 OHCA
patients were registered in the JAAM-OHCA registry.
After excluding 1,637 patients in whom resuscitation was
not attempted by physicians, 6,124 patients whose pre-
hospital data were unavailable, 1,241 patients under 18
years old, 43,793 patients with no return of circulation,
12,682 patients whose cause of arrests was not ACS, 1389
patients who did not receive TTM, and 27 patients whose
targeted temperature was unknown, a total of 1,217 adult
OHCA patients with ACS who received TTM were eli-
gible for our analysis Of the 1,217 patients, 369 (30.3%)
were treated with normothermic TTM (35-36°C) and
848 (69.7%) with hypothermic TTM (32-34°C) (Fig. 1).

Baseline characteristics

Table 1 shows the baseline characteristics of the original
cohort according to the targeted temperature. The major-
ity of patients were male, with a median age in the 60s.
The first documented rhythm at the scene was shockable
in approximately 70% of cases for both groups. Upon hos-
pital arrival, shockable rhythms were observed in about
one-third of patients, while non-shockable rhythms
were documented in approximately 30% of patients in
both groups. Although there were some missing values,
approximately 70% of the cases in both groups showed
ST segment elevation. Additionally, approximately half
of the patients in both groups received ECMO, with ini-
tiation occurring before ROSC in about 30% of cases in
each group.

Outcomes

Table 2 presents the main outcomes of the study popu-
lation according to targeted temperature. Among the
normothermic TTM and hypothermic TTM groups,
the proportions of patients with 30-day favorable
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Out-of-hospital cardiac arrests registered
from 2014 to 2020

n=68,110

No resuscitation attempt in

hospital n = 1637

n=60,394

Prehospital (Utstein) data available

No prehospital datan = 6124

» Age <18 years old n = 1241

n=59,108

Cardiac arrests in adults

Cardiac arrests with no return of

A\ 4

circulation n = 43,793

n=15315

Cardiac arrests with return of circulation

Cardiac arrests due to causes

other than ACS n= 12,682

n=2633

Cardiac arrests due to ACS

TTM not performed n = 1389

Targeted temperature unknown n

=27
Cardiac arrests due to ACS treated with
TT™M
n=1217
Normothermic TTM Hypothermic TTM
n=369 n=_848

Fig. 1 Patient flow chart. ACS: Acute coronary syndrome, TTM: Targeted temperature management

neurological outcomes and 30-day survival, were 36.6%
(135/369) vs 36.6% (310/848), and 61.8% (228/369) vs
58.7% (498/848), respectively.

Univariable logistic regression analyses, with normo-
thermic TTM as the reference group, showed no signifi-
cant differences between the groups in terms of favorable
neurological outcomes (OR 1.00, 95% CI 0.78-1.29) and
survival (OR 0.88, 95% CI 0.69-1.13). In the multivari-
able logistic regression analysis, using normothermic
TTM as the reference, there were no significant differ-
ences in favorable neurological outcomes (adjusted OR
1.04, 95% CI 0.74—1.45) and survival (adjusted OR 0.92,
95% CI 0.68—-1.24) between the normothermic TTM and
hypothermic TTM groups.

This was consistent with the IPW analysis, which also
used normothermic TTM as the reference group and
showed no significant differences in neurological out-
comes (36.0% [438/1216] in the normothermic TTM
group vs 36.8% [448/1217] in the hypothermic TTM
group, OR 1.11, 95% CI 0.84-1.47), and survival (60.9%

[741/1216] vs 59.2% [720/1217], OR 1.15, 95% CI 0.88-
1.51). Table 3 shows the occurrence of adverse events
among the study population. No significant differences
were observed between the two targeted temperature
groups in terms of bleeding, hypotension, arrhythmias,
infections, and other adverse events.

In the sensitivity analyses, no significant differences
were observed between normothermic TTM and hypo-
thermic TTM across all subgroups (Table 4).

Discussion

Summary of findings

Using the nationwide prospective JAAM-OHCA regis-
try in Japan, we evaluated the impact of TTM on adult
patients who experienced OHCA due to ACS. Approxi-
mately 70% of the patients in both groups showed ST
segment elevation, and about half received ECMO. We
found no significant differences in 30-day favorable neu-
rological outcomes, 30-day survival, and adverse event
incidence between hypothermic TTM and normothermic
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Table 1 Patient characteristics and pre-/in-hospital information among OHCA patients by targeted temperature
Men Normothermic TTM Hypothermic TTM P Values*
N=369 N=848
329 (89.2) 734 (86.6) 0.209
Age, median (IQR) (Years) 65 (57-72) 64 (54-71) 0.553
Weekend 113 (30.6) 279 (32.9) 0434
Prehospital information
Bystander witness 286 (77.5) 662 (78.1) 0.829
Bystander CPR 202 (54.7) 438 (51.7) 0321
Use of public-access AEDs 48 (13.0) 126 (14.9 0397
First documented rhythm at the scene 0.818
Shockable rhythm 250 67.8) 590 (69.6)
Non-shockable rhythm 79 (22.4) 171 (20.2)
Other 40 (10.8) 87 (10.3)
Prehospital Epinephrine 117 (31.7) 252 (29.7) 0.487
Prehospital Airway management 326 (88.3) 732 (86.3) 0.335
EMS resuscitation times, median (IQR), (minutes)
EMS response time (call to contact with a patient) 8 (6-9) 8 (6-9) 0.890
Hospital arrival time (call to hospital arrival) 31 (24-38) 30 (25-38) 0431
In-hospital information
First documented rhythm after hospital arrival 0177
Shockable rhythm 102 (27.6) 276 (32.5)
Non-shockable rhythm 127 (34.4) 288 (34.0)
Other 140 (37.9) 284 (335)
Time from call to in-hospital ROSC, median (IQR), (minutes)* 46 (36-67) 48 (35-67) 0.546
ECG: ST segment elevationt 243 (68.6) 520 (67.8) 0.777
PCl 291 (78.9) 680 (80.2) 0.596
Time from call to PCl, median (IQR), (minutes)+ 145 (106-191) 124 (94-165) <0.001
IABP 197 (53.4) 511 (60.3) 0.025
ECMO 157 (42.5) 408 (48.1) 0.074
ECMO initiation before ROSC 109 (29.0) 287 (33.8) 0.831
Time from call to ECMO, median (IQR), (minutes)§ 58 (49-80) 56 (46-68) 0.123

OHCA indicates out-of-hospital cardiac arrests; AED, automated external defibrillator; CPR, cardiopulmonary resuscitation

EMS, emergency medicine personnel, Extracorporeal Membrane Oxygenation and IQR, interquartile range

Values are presented as numbers (%) unless indicated otherwise

" Calculated from 223 normothermic TTM patients and 463 hypothermic TTM patients

* Calculated from 354 normothermic TTM patients and 767 hypothermic TTM patients

* Calculated from 266 normothermic TTM patients and 610 hypothermic TTM patients

$ Calculated from 156 normothermic TTM patients and 402 hypothermic TTM patients

TTM. Additionally, sensitivity analyses yielded consistent
results, further reinforcing our overall conclusion.

Comparison to previous studies and strength

Three large-scale RCTs have examined the differential
effects of hypothermic temperature management versus
other targeted temperatures during TTM on post-cardiac
arrest treatment [16, 26, 27]. The TTM trials one and two
did not demonstrate a benefit for any specific targeted
temperature, and as a result, the International Liaison

Committee on Resuscitation (ILCOR) does not specify
any target temperature during post-cardiac arrest treat-
ment [28]. However, the Hyperion trial, which focused
on patients with nonshockable rhythms, demonstrated
the benefits of MTH [16]. Based on these results, ILCOR
has identified the need for further research to discover
subgroups that could benefit from MTH [28]. Conversely,
the SHOCK-COOL trial, a small RCT that excluded
post-cardiac arrest patients and investigated the effects
of MTH in patients with ACS complicated by cardiogenic
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Table 2 Outcomes according to the targeted temperature
All patients Original cohort Crude Multivariable After adjustment of IPW OR (95% CI)+
analysisOR  analysist
Normothermic Hypothermic (959 () AOR (95% Cl) Normothermic Hypothermic
TTM* ™ TTM* TT™
WN=369 N=2848 N=1216 N=1217
Outcome measure
30-day 445 (36.6) 135 (36.6) 310 (36.6) 1.00 1.04 (0.74- 438 (36.0) 448 (36.8) 1.03 (0.80-1.34)
neurologi- (0.78-1.29) 1.45)
cal favorable
outcome
30-day survival 726 (59.7) 228 (61.8) 498 (58.7) 0.88 0.92 (0.68- 741 (60.9) 720 (59.2) 0.93 (0.79-1.09)
(0.69-1.13) 1.24)

Values are expressed numbers (percentages) unless indicated otherwise
" Normothermic TTM serves as the reference group for all odds ratios

* Adjusted for age, sex, first documented rhythm by EMS personnel, prehospital adrenaline administration, prehospital advanced airway management, time from EMS
call to contact with the patients, first documented rhythm after hospital arrival, PCI, IABP, and ECMO

* Shown is the odds ratio from the univariable logistic regression analysis with IPW

Table 3 Adverse events during TTM according to different targeted temperature

Original cohort Crude analysis OR (95%  Multivariable
Cl) analysist AOR

Normothermic TTM* Hypothermic TTM (95% Cl)

N=369 N=848
Any adverse event of TTM 41 (11.1) 112(13.2) 1.22 (0.83-1.78) 1.29 (0.88-1.90)
Bleeding 10(2.7) 44(5.2) 1.97 (0.98-3.95) 1.99 (0.98-4.03)
Arrythmia 10(2.7) 44(5.2) 1.97 (0.98-3.95) 1.99 (0.98-4.03)
Hypotension 25(6.8) 70(8.3) 1.24(0.77-1.99) 1.33(0.82-2.16)
Infection 6(1.6) 24(2.8) 1.76 (0.71-4.35) 1.94 (0.78-4.83)
Other 16 (4.3) 45(5.3) 124 (0.69-2.22) 1.28 (0.71-2.31)

“ Normothermic TTM serves as the reference group for all odds ratios

* Adjusted for age, sex, first documented rhythm by EMS personnel, prehospital adrenaline administration, prehospital advanced airway management, time from EMS
call to contact with the patients, first documented rhythm after hospital arrival, PCl, IABP, and ECMO

Table 4 Sensitivity analyses: Favorable Neurological Outcomes according to patient characteristics, treatment and different targeted

temperature
All patients Normothermic* TTM  HypothermicTTM  Crude Odds ratio (95% Cl)  Adjusted Odds
ratio (95% CI) +
ECMO 89/565 (15.8) 23/157 (14.6) 66/408 (16.2) 2(0.67-1.88) 1.31(0.74-2.33)
IABP 188/708 (26.6) 47/197 (23.9) 141/511 (27.6) 1.22 (0.83-1.78) 1.18 (0.75-1.86)
ECMO+1ABP 85/491(17.3) 23/139 (16.5) 62/352(17.6) 1.08 (0.64-1.82) 1.23 (0.69-2.19)
ECMO initiation before ROSC 56/396 (14.1) 11/109 (10.1) 45/287 (15.7) 1.66 (0.82-3.34) 1.72 (0.82-3.64)
ECMO initiation after ROSC 33/169 (19.5) 12/48 (25.0) 21/121(17.4) 0.78 (040-1.52) 0.77 (0.36-1.66)
pCl 335/971 (34.5) 93/291 (32.0) 242/680 (35.6) 1.18(0.88-1.58) 1.04 (0.70-1.53)
Presence of ST elevation 284/763 (37.2)  84/243 (34.6) 200/520 (38.5) 1.18 (0.86-1.63) 1.24 (0.84-1.94)
Shockable First Documented 326/840 (38.8) 98/250 (39.2) 228/590 (38.6) 0.98(0.72-1.32) 1.04 (0.70-1.53)

Rhythm at the scene

" Normothermic TTM serves as the reference group for all odds ratios

T Adjusted for age, sex, first documented rhythm by EMS personnel, prehospital adrenaline administration, prehospital advanced airway management, time from EMS
call to contact with the patients, first documented rhythm after hospital arrival, PCI, IABP, and ECMO
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shock, showed no significant differences in cardiac power
index, other hemodynamic parameters, and 30-day mor-
tality between patients randomized to mild therapeu-
tic hypothermia and control [13]. Regarding previous
observational studies with OHCA patients with varying
degrees of circulatory compromise during TTM, post-
hoc analyses of the TTM1 and TTM2 trials observed no
significant differences in favorable outcomes [14, 15]. In
TTM]I, all arrests were presumed to be of cardiac etiol-
ogy, with about 40% of patients having ST elevation,
while in TTM2, 90% of arrests were presumed to be of
cardiac etiology and about half of the patients had AMI.
These findings align with our results.

Interpretations
Given that both hypothermic and normothermic TTM
offer similar benefits in this patient population, normo-
thermic TTM may be preferred due to lower costs and
easier management. In fact, secondary analyses of two
RCTs regarding TTM comparing these two Targeted
temperature strategies in patients with circulatory insta-
bility showed no differences regarding long-term out-
comes, although the use of vasopressors and the time
to recovery of circulation were longer [14, 15]. Building
on these findings, it is essential to recognize the change
in temperature management strategies, shifting from
specific target temperatures such as 33°C or 36°C to the
broader goal of fever prevention (maintaining body tem-
perature below 37.5°C) during the TTM period. Notably,
while TTM inherently includes fever prevention during
active temperature control, the emphasis on fever pre-
vention as the primary objective has only recently been
recognized as an important aspect of standard care.
However, during our study period, such fever preven-
tion strategies were neither explicitly recommended nor
routinely implemented. This highlights a gap in historical
practice and underscores the need for future research to
evaluate the applicability of fever prevention specifically
in ACS patients, including its impact on neurological
outcomes, clinical management, and overall prognosis.
We also conducted analyses specifically focusing on
patients with ST segment elevation, in addition to ACS
as a whole, and found no differences in outcomes. While
experimental studies suggest improvements in cardiac
function for STEMI patients, human studies have con-
sistently reported negative findings. The effects of MTH
in cardiogenic shock are well-documented in experimen-
tal and animal studies, where MTH has been shown to
improve myocardial contractility, reduce infarct size,
and decrease myocardial oxygen consumption [29-31].
However, these theoretical benefits observed in animal
models have not consistently translated into significant
clinical improvements in human studies [13, 32]. One
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possible reason for this discrepancy is the difference
in pathophysiological responses between animals and
humans. Animal studies are often conducted in con-
trolled environments, which may not replicate the com-
plex and heterogeneous nature of human cardiac arrest
and myocardial infarction [33, 34]. Additionally, factors
such as timing, duration of ischemia, pre-existing comor-
bidities, and the use of inotropes and vasopressors can
influence the outcomes in human studies, potentially
diminishing the benefits of MTH [35, 36].

Furthermore, while this study’s patients experienced
transient cardiac arrest, not all of them may have contin-
ued to present with circulatory instability. For instance,
only about 40% of STEMI patients were reported to be in
shock [37]. Unfortunately, our registry does not include
specific hemodynamic indicators, so we conducted sen-
sitivity analyses for patients managed with IABP and
ECMO, which also showed no significant differences.
Notably, the proportion of patients treated with ECMO
in our cohort was exceptionally high compared with
international standards, highlighting the unique charac-
teristics of our study population. Several recent studies
have investigated the role of TTM in patients treated with
ECMO, particularly in determining optimal target tem-
peratures. Using the same JAAM-OHCA registry as this
study, one analysis compared normothermic (35-36 °C)
and hypothermic (32-34 °C) TTM in OHCA patients
receiving ECMO and found no significant differences in
neurological outcomes [22]. Similarly, a randomized trial
in patients with cardiogenic shock treated with ECMO
reported no significant survival benefit of moderate
hypothermia (33-34 °C) compared with normothermia
(36-37 °C) [38]. These findings collectively suggest that
the choice of target temperature may not have a sub-
stantial impact on outcomes in ECMO-treated patients.
With ECMO increasingly recognized as a standard treat-
ment for its combined benefits of circulatory support and
intra-arrest cooling, it may play a crucial role in improv-
ing outcomes for cardiac arrest patients. Given that ACS
is one of the most common causes of cardiac arrest, fur-
ther research is essential to determine the most effective
TTM strategies for this specific population, ensuring that
temperature management is optimally integrated into
evolving standards of care.

Limitations

Several limitations need to be considered in this study.
First, our study lacks detailed information on the cul-
prit lesion of myocardial infarction, the size of the
infarction, and specific cardiac function measures.
Second, we do not have data on the patients’ medical
histories or regular medications prior to cardiac arrest,
nor do we have information on the use of inotropes or
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vasopressors during resuscitation and intensive care.
Third, the protocols for intensive care, including TTM,
were not standardized, and the criteria for ACS diag-
nosis may have varied among clinicians. This could
have introduced selection bias in determining which
patients received normothermia versus hypothermia.
For example, clinicians may have chosen normother-
mia for patients with more severe circulatory instabil-
ity, potentially affecting outcomes. Additionally, it is
important to acknowledge that this study was based on
a nationwide, multicenter OHCA cohort rather than
a dedicated ACS or AMI registry. As a result, detailed
information specific to ACS or AMI, such as stand-
ardized diagnostic criteria and definitions for ACS or
AMI (e.g., universal definition distinguishing between
type 1 and type 2 MI), was not available. This limita-
tion reflects the challenges of conducting a multicenter
registry study focused on OHCA, where specific ACS-
related protocols were not established. Fourth, as an
observational study, there is the potential for unmeas-
ured confounding factors that could have influenced
the results. Although some key prognostic factors were
not collected, we included major predictors known to
impact OHCA outcomes and adjusted for these using
multivariable logistic regression and propensity score
analysis. we observed no significant differences in out-
comes between the groups, regardless of the analytical
method employed. While the absence of certain prog-
nostic variables is a recognized limitation, we believe
that the consistent findings across various analyses
indicate that the risk of substantial residual confound-
ing is minimal.

Conclusions

In this nationwide, retrospective study using the
JAAM-OHCA registry, we found no significant differ-
ences in 30-day favorable neurological outcome, 30-day
survival rates, and adverse event incidences between
hypothermic TTM and normothermic TTM in adult
patients who experienced OHCA due to ACS. Further
research is warranted to confirm these findings and
refine TTM protocols for this high-risk group.

Acknowledgements

We are deeply indebted to all members and institutions of the JAAM-OHCA
Registry for their contributions. The participating institutions of the JAAM-
OHCA Registry are listed at the following URL: http://www.,jaamohca-web.
com/list/.

Author contributions

Matsuyama had full access to all the data in the study and take responsibility
for the integrity of the data and accuracy of the data analysis. Study concept
and design: Matsuyama, Kitamura, Watanabe. Acquisition, analysis, and
interpretaton of data: All authors. Drafting of the manuscript: Matsuyama,
Kitamura. Critical revision of the manuscript for important intellectual content:

Page 8 of 9

All authors. Statistical analysis: Matsuyama. Obtained funding: Matsuyama.
Study supervision: Ohta.

Funding
This study was supported by Japan Society for the Promotion of Science
KAKENHI (Grant Numbers 23KK0309 and 24K19500).

Availability of data and materials
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate

The Ethics Committee of each institution approved this study protocol.
Because of the observational study and de-identification of personal data,
each committee waived the need for informed consent.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Emergency Medicine, Kyoto Prefectural University of Medi-
cine, Kyoto, Japan. 2Division of Environmental Medicine and Population
Services, Department of Social and Environmental Medicine, Graduate School
of Medicine, Osaka University, Osaka, Japan.

Received: 22 August 2024 Accepted: 22 December 2024
Published online: 06 January 2025

References

1. Luna A Guindo J. Sudden death in ischemic heart disease. Rev Esp
Cardiol. 1990;43(2):80-5.

2. Podrid PJ, Myerburg RJ. Epidemiology and stratification of risk for sud-
den cardiac death. Cardiol Clin. 2005;23(3):415-25.

3. Merchant RM, Topjian AA, Panchal AR, Cheng A, Aziz K, Berg KM, et al.
Part 1: executive summary: 2020 American Heart Association Guide-
lines for cardiopulmonary resuscitation and emergency cardiovascular
care. Circulation. 2020;5:142.

4. Perkins GD, Graesner JT, Semeraro F, Olasveengen T, Soar J, Lott C, et al.
European resuscitation council guidelines 2021: executive summary.
Resuscitation. 2021;161:1-60.

5. Fire and Disaster Management Agency. Report on a study on social
system development to improve survival from emergency cardiovas-
cular disease (in Japanese). https://www.fdma.go.jp/publication/#
rescue. Accessed June 1, 2024.

6. CuiH,Yang Z, Xiao P, Shao F, Zhao S, Tang Z. Effects of different target
temperatures on angiogenesis and neurogenesis following resuscita-
tion in a porcine model after cardiac arrest. Shock. 2020;5:96.

7. Wang Q, Miao P, Modi HR, Garikapati S, Koehler R, Thakor N. Thera-
peutic hypothermia promotes cerebral blood flow recovery and brain
homeostasis after resuscitation from cardiac arrest in a rat model. J
Cereb Blood Flow Metab. 2019;39:1961-73.

8. Bernard SA, Gray TW, Buist MD, Jones BM, Silvester W, Gutteridge G,
et al. Treatment of comatose survivors of out-of-hospital cardiac arrest
with induced hypothermia. N Engl J Med. 2002;346:557-63.

9. Weisser J, Martin J, Bisping E, Maier LS, Beyersdorf F, Hasenfuss G, et al.
Influence of mild hypothermia on myocardial contractility and circula-
tory function. Basic Res Cardiol. 2001;96:198-205.

10. Polderman KH. Application of therapeutic hypothermia in the intensive
care unit. Opportunities and pitfalls of a promising treatment modal-
ity, part 2: practical aspects and side effects. Intensive Care Med.
2004;30:757-69.

11. Haendchen RV, Corday E, Meerbaum S, Povzhitkov M, Rit J, Fishbein MC.
Prevention of ischemic injury and early reperfusion derangements by
hypothermic retroperfusion. J Am Coll Cardiol. 1983;1:1067-80.


http://www.jaamohca-web.com/list/
http://www.jaamohca-web.com/list/
https://www.fdma.go.jp/publication/#rescue
https://www.fdma.go.jp/publication/#rescue

Matsuyama et al. Critical Care (2025) 29:6

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

Nishimura Y, Naito Y, Nishioka T, Okamura Y. The effects of cardiac cooling
under surface-induced hypothermia on the cardiac function in the in situ
heart. Interact Cardiovasc Thorac Surg. 2005;4:101-5. https://doi.org/10.
1510/icvts.2004.097188.

Fuernau G, Beck J, Desch S, Eitel |, Jung C, Erbs S, et al. Mild hypothermia
in cardiogenic shock complicating myocardial infarction. Circulation.
2019;139:448-57. https://doi.org/10.1161/CIRCULATIONAHA.117.032722.
During J, Dankiewicz J, Cronberg T, Lilja G, Jakobsen J, Levin H, et al. Influ-
ence of temperature management at 33Y-C versus normothermia on
survival in patients with vasopressor support after out-of-hospital cardiac
arrest: a post hoc analysis of the TTM-2 trial. Crit Care. 2022;26:231.
Bro-Jeppesen J, Annborn M, Hassager C, Wise MP, Pelosi P, Nielsen N,
Erlinge D, Wanscher M, Friberg H, Kjaergaard J. Hemodynamics and vaso-
pressor support during targeted temperature management at 33%-C
versus 36Y-C after out-of-hospital cardiac arrest: A post hoc study of the
Target Temperature Management trial. Crit Care Med. 2015;43(2):318-27.
Lascarrou JB, Merdji H, Le Gouge A, Colin G, Grillet G, Girardie P, et al;
CRICS-TRIGGERSEP Group. Targeted temperature management for cardiac
arrest with nonshockable rhythm. N Engl J Med. 2019; 381:2327-2337.
https://doi.org/10.1056/NEJMoa1906661.

Kitamura T, lwami T, Atsumi T, Endo T, Kanna T, Kuroda Y, et al. The profile
of Japanese Association for Acute Medicine - out-of-hospital cardiac
arrest registry in 2014-2015. Acute Med Surg. 2018;5:249-58.

Japan Resuscitation Council. 2020 Japanese Guidelines for Emergency
Care and Cardiopulmonary Resuscitation. TokyoJapan: Igaku-Shoin, 2021
Berg KM, Soar J, Andersen LW, Bhaniji F, Bottiger BW, Cacciola S, et al. Adult
advanced life support: 2020 international consensus on cardiopulmonary
resuscitation and emergency cardiovascular care science with treatment
recommendations. Circulation. 2020;142(Suppl 1)-139.

Jacobs |, NadkarniV, Bahr J, Berg RA, Billi JE, Bossaert L, et al. Cardiac arrest
and cardiopulmonary resuscitation outcome reports: update and simpli-
fication of the Utstein templates for resuscitation registries. Resuscitation.
2004;63:233-49.

Perkins GD, Jacobs IG, Nadkarni VM, Berg RA, Bhaniji F, Biarent D, et al. Car-
diac arrest and cardiopulmonary resuscitation outcome reports: update
of the Utstein Resuscitation Registry Templates for Out-of-Hospital
Cardiac Arrest: a statement for healthcare professionals from a task force
of the International Liaison Committee on Resuscitation. Circulation.
2015;132:1286-300.

Watanabe M, Matsuyama T, Miyamoto Y, Kitamura T, Komukai S, Ohta
B.The impact of different targeted temperatures on out-of-hospital
cardiac arrest outcomes in patients receiving extracorporeal membrane
oxygenation: a nationwide cohort study. Crit Care. 2022;26:380. https://
doi.org/10.1186/513054-022-04256-X.

Reynolds JC, Grunau BE, Rittenberger JC, Sawyer KN, Kurz MC, Callaway
CW. Association between duration of resuscitation and favorable out-
come after out-of-hospital cardiac arrest: implications for prolonging or
terminating resuscitation. Circulation. 2016;134:2084-94.

Matsuyama T, Kitamura T, Kiyohara K, Nishiyama C, Nishiuchi T, Hayashi Y,
et al. Impact of cardiopulmonary resuscitation duration on neurologically
favourable outcome after out-of-hospital cardiac arrest: a population-
based study in Japan. Resuscitation. 2017;113:1-7.

Matsuyama T, Komukai S, Izawa J, Gibo K, Okubo M, Kiyohara K, et al.
Pre-hospital administration of epinephrine in pediatric patients with out-
of-hospital cardiac arrest. J Am Coll Cardiol. 2020;75:194-204.

Nielsen N, Wetterslev J, Cronberg T, Erlinge D, Gasche Y, Hassager C, et al.
Targeted temperature management at 33Y-C versus 36Y-C after cardiac
arrest. N Engl J Med. 2013;369:2197-206. https://doi.org/10.1056/NEJMo
al310519.

Dankiewicz J, Cronberg T, Lilja G, Jakobsen JC, Levin H, UlI77n S, et al;
TTM2 Trial Investigators. Hypothermia versus normothermia after out-
of-hospital cardiac arrest. N Engl J Med. 2021,384:2283-2294. https://doi.
0rg/10.1056/NEJM0a2100591.

Soar J, Maconochie |, Wyckoff MH, Olasveengen TM, Singletary EM, Greif
R, et al. International consensus on cardiopulmonary resuscitation and
emergency cardiovascular care science with treatment recommenda-
tions. Circulation. 2019;2019:140.

Boyer NH, Gerstein MM. Induced hypothermia in dogs with acute myo-
cardial infarction and shock. J Thorac Cardiovasc Surg. 1977;74:286-94.
Gtberg M, van der Pals J, Olivecrona GK, Gtberg M, Koul S, Erlinge D.

Mild hypothermia reduces acute mortality and improves hemodynamic

Page 9 of 9

outcome in a cardiogenic shock pig model. Resuscitation. 2010;81:1190-
2116. https://doi.org/10.1016/j.resuscitation.2010.04.033.

31. Schwarzl M, Huber S, Maechler H, Steendijk P, Seiler S, Truschnig-Wilders
M, et al. Left ventricular diastolic dysfunction during acute myocardial
infarction: effect of mild hypothermia. Resuscitation. 2012,;83:1503-10.
https://doi.org/10.1016/j.resuscitation.2012.05.011.

32. Hooijmans C, Vries R, Ritskes-Hoitinga M, Rovers M, Leeflang M, Inthout
J, et al. Facilitating healthcare decisions by assessing the certainty in the
evidence from preclinical animal studies. PLoS One. 2018;5:13. https://doi.
org/10.1371/journal.pone.0187271.

33. Pound P, Ebrahim S, Sandercock P, Bracken M, Roberts |. Where is the
evidence that animal research benefits humans? BMJ. 2004;328:514-7.
https://doi.org/10.1136/bmj.328.7438.514.

34. Roberts |, Kwan |, Evans P, Haig S. Does animal experimentation inform
human healthcare? Observations from a systematic review of interna-
tional animal experiments on fluid resuscitation. BMJ. 2002;324:474-6.
https://doi.org/10.1136/bm}.324.7335.474.

35. Knight A. Systematic reviews of animal experiments demonstrate
poor contributions toward human healthcare. Rev Recent Clin Trials.
2008;32:89-96. https://doi.org/10.2174/157488708784223844.

36. Mak|, Evaniew N, Ghert M. Lost in translation: animal models and clinical
trials in cancer treatment. Am J Transl Res. 2014,6:114-8.

37. Kern KB, Lotun K, Patel N, Mooney MR, Hollenbeck RD, McPherson JA,
et al. Outcomes of comatose cardiac arrest survivors with and without
ST-segment elevation myocardial infarction: importance of coronary
angiography. JACC Cardiovasc Interv. 2015;8(8):1031-40.

38. Levy B, Girerd N, Amour J, Besnier E, Nesseler N, Helms J, et al. Effect of
moderate hypothermia vs normothermia on 30-day mortality in patients
with cardiogenic shock receiving venoarterial extracorporeal membrane
oxygenation: a randomized clinical trial. JAMA. 2022;327:442-53.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1510/icvts.2004.097188
https://doi.org/10.1510/icvts.2004.097188
https://doi.org/10.1161/CIRCULATIONAHA.117.032722
https://doi.org/10.1056/NEJMoa1906661
https://doi.org/10.1186/s13054-022-04256-x
https://doi.org/10.1186/s13054-022-04256-x
https://doi.org/10.1056/NEJMoa1310519
https://doi.org/10.1056/NEJMoa1310519
https://doi.org/10.1056/NEJMoa2100591
https://doi.org/10.1056/NEJMoa2100591
https://doi.org/10.1016/j.resuscitation.2010.04.033
https://doi.org/10.1016/j.resuscitation.2012.05.011
https://doi.org/10.1371/journal.pone.0187271
https://doi.org/10.1371/journal.pone.0187271
https://doi.org/10.1136/bmj.328.7438.514
https://doi.org/10.1136/bmj.324.7335.474
https://doi.org/10.2174/157488708784223844

	Comparison of hypothermic and normothermic targeted temperature management in out-of-hospital cardiac arrest patients with acute coronary syndrome: a nationwide retrospective study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Study design and setting
	Data collection and quality control
	Main exposure
	Outcome
	Statistical analysis

	Results
	Study population
	Baseline characteristics
	Outcomes

	Discussion
	Summary of findings
	Comparison to previous studies and strength
	Interpretations

	Limitations
	Conclusions
	Acknowledgements
	References


