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ARTICLE INFO ABSTRACT

Purpose: Targeted temperature management (TTM) at 32 °C-36 °C improves patient outcomes following out-of-
hospital cardiac arrest (OHCA). TTM using automated temperature management devices with feedback systems
(TEDs) is recommended, but the equipment is often unavailable. This study aimed to investigate therapeutic
relations between targeted temperatures and TFDs on the outcomes of OHCA patients with TTM.
Methods: This multicenter study analyzed nontraumatic OHCA registry data between October 2015 and June
2020 from 29 institutions. Patients were classified into four groups based on targeted temperatures and TFD
implementation: TTM at 33 °C with TFD (33TFD), TTM at 36 °C with TFD (36TFD), TTM at 33 °C without TFD
(33NTFD), and TTM at 36 °C without TFD (36NTED). Clinical outcomes were survival till hospital discharge and
neurological status at discharge.
Results: A total of 938 patients were included in the analysis. There was an independent association between the
33NTFD patients with the least survival and the worst neurological outcomes among the four groups after adjust-
ment for covariates. However, no significant differences were observed in survival and neurological outcomes
among the 33TFD, 36TFD, and 36NTFD groups after adjusting for covariates. Compared to 33NTFD, 36NTFD
patients exhibited significantly higher adjusted ORs for survival and favorable neurological status at hospital
discharge.
Conclusion: In OHCA patients receiving TTM without TFDs, the adjusted predicted probability of survival and good
neurological outcomes at hospital discharge was greater for TTM at 36 °C than that at 33 °C. This suggests that a
TTM of 36 °C rather than 33 °C is associated with more favorable clinical outcomes if TFDs are unavailable.
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1. Introduction

Despite recent advances in emergency medicine and resuscitation
care, post-cardiac arrest brain injury remains a major cause of mortality
and disability [1,2]. Targeted temperature management (TTM) is
employed to reduce neurological damage of patients resuscitated from
cardiac arrest [3,4]. Following landmark clinical trials in 2002 demon-
strating that TTM at 32-34 °C for 12-24 h improved neurological out-
comes after out-of-hospital cardiac arrest (OHCA), widespread use of
therapeutic hypothermia protocols targeting 33 °C was implemented
[5,6]. High-quality trials reported that TTM at 33 °C did not confer clin-
ical benefits in post-cardiac arrest patients compared with 36 °C [7].
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Current international guidelines recommend TTM of unconscious
patients who have been resuscitated from cardiac arrest at 32-36 °C
for at least 24 h [8].

TTM methods can be classified into two major categories according
to the temperature feedback systems [9]. Temperature management
devices with feedback systems (TFDs) have a controlled feedback loop
that continuously measures the patients' core temperature and adjusts
the temperature of the cooling element accordingly [10]. However,
TTM can also be performed without the use of sophisticated controlled
feedback systems by using ice and/or cold packs, fans and cold blankets,
and manual temperature management which requires frequent assess-
ment by staff [10,11]. TTM with feedback devices provides more accu-
rate maintenance of targeted temperatures and prevents overcooling
and rebound of hyperthermia compared to TTM without feedback de-
vices [10]. However, TTM without temperature feedback devices
(NTFD) is still employed in situations for which equipment is unavail-
able for various reasons [9]. A survey of TTM in post-cardiac arrest sur-
vivors reported that only 76% of intensive care units harnessed TFDs
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[12]. Although several studies have compared TTM at 33 °C and 36 °C
with regards to the accuracy of temperature control and post-cardiac ar-
rest outcomes [13,14], evidence for the relationship between targeted
temperatures and TFDs remains scarce. We hypothesized that the ther-
apeutic effect of using TFDs may be different according to the targeted
temperature. In this study, we investigated therapeutic relationships
between targeted temperatures and TFDs on the clinical outcomes of
OHCA patients with TTM. Moreover, we aimed to find the optimal tem-
perature for OHCA patients receiving TTM without TFDs.

2. Methods
2.1. Study design and population

This multicenter observational study used data from the Korean Car-
diac Arrest Research Consortium (KoCARC) registry, which is a web-
based prospective database that collects data on patients with OHCA
from 62 academic emergency departments (EDs) in the South Korea
[15]. The KoCARC is a collaborative research network developed to
support studies in the field of OHCA and to foster collaborations
among research groups. The registry enrolled OHCA patients who
were transported to participating EDs by emergency medical services
(EMSs) with resuscitation attempts and with cardiac arrests of pre-
sumed cardiac origin as determined by emergency physicians. Exclusion
criteria of the KoCARC registry are OHCA due to definite non-cardiac eti-
ologies, such as trauma, drowning, burning, hanging, poisoning, and as-
phyxia. Patients under hospice care, patients with a terminal illness
documented by medical records, patients with pre-documented “Do
Not Attempt Resuscitation” records, and pregnant women were also ex-
cluded. Researchers at each hospital were trained in data extraction
from hospital medical records to ensure correct data entry into the stan-
dardized web-based electronic case report form. The case report form
consisted of more than 200 variables, including demographics, cardiac
arrest characteristics, past medical history, laboratory tests, EMS care,
therapeutic interventions, and patient outcomes. Outliers or incorrect
values were filtered using a predefined data-entry system. The KoCARC
quality management committee, comprising physicians, local research
coordinators, and investigators from each participating institution, reg-
ularly monitored and reviewed data quality. The KoCARC registry col-
lecting protocol was reviewed and approved by the institutional
review board of each participating hospital. This study was purely ob-
servational, and therefore, the institutional review board waived the
need for informed consent. The KoCARC registry was registered at
clinicaltrials.gov as protocol NCT03222999 [16].

Patients in the KoCARC registry who received TTM from October
2015 to June 2020 were included in this study. Patients younger than
18 years of age, patients with the provision of extracorporeal cardiopul-
monary resuscitation (CPR), patients with incomplete information
about TTM and prognosis, and patients who died in the ED prior to
ICU admission were excluded. Patients transferred from other hospitals
were excluded if they had spent > 24 h in other hospitals. TTM was de-
fined as the control of core body temperature to the targeted tempera-
ture regardless of the cooling technique, device, or cooling interval. TTM
without TFDs was defined as the use of a water jet pan, underarm ice
pack, or cooling blanket that was not connected to an automated ther-
mostat controlling system. TTM with TFDs was defined as the use of spe-
cific commercial devices, such as Arctic Sun® (Medivance Corp,
Louisville, KY, USA), GAYMAR (Gaymar Industries, Orchard Park, NY,
USA), Blanketrol III (Cincinnati Sub-Zero Products, Cincinnati, OH,
USA), and EMCOOLS Flex.Pad™ (EMCOOLS, Vienna, Austria) or intra-
vascular devices, such as CoolGard 3000 Thermal Regulation System
(Alsius Corporation, Irvine, CA). These devices were connected to an au-
tomated feedback thermostat that controlled the temperature of the cir-
culating saline based on the patients' rectal or esophageal temperature.

The study population was divided into four groups according to the
targeted temperatures and implementation of TFD: 33 °C TTM with TFD
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(33TFD), 36 °C TTM with TFD (36TFD), 33 °C TTM without TFD
(33NTFD), and 36 °C TTM without TFD (36NTFD) (Fig. 1). Information
on individual factors, including age, sex, underlying disease, laboratory
data, initial vital signs, Utstein factors, such as primary electrocardio-
gram (ECG) (shockable rhythm versus non-shockable rhythm), loca-
tion, witnessed arrest, and bystander CPR was collected. Data on total
arrest time, defined as the time from onset of the arrest until return of
spontaneous circulation, and hospital factors, such as the provision of
coronary interventions and TTM induction time, were collected.

2.2. Outcome measures

The primary outcomes were survival and neurological status at hos-
pital discharge. We defined a favorable neurological status as a cerebral
performance category (CPC) score of 1 or 2.

2.3. Statistical analyses

As all eligible study participants during the designated study period
were included, sample size estimation using power analysis was not
performed; instead, a retrospective power analysis was implemented.
Continuous variables are presented as means + standard deviation
and categorical variables are presented as absolute or relative frequen-
cies. Group comparisons were performed using analysis of variance for
continuous variables and the chi-squared test for categorical variables.
The Bonferroni post hoc test was used to perform pairwise comparisons
of groups. Multivariable logistic regression analyses with adjustment for
the influence of confounders were performed to determine the associa-
tion between survival discharge and neurological outcome and TFDs or
targeted temperatures. To assess whether associations between TFDs
use and clinical outcome differed by targeted temperatures (33 °C or
36 °C), the interactions between TFDs and targeted temperatures were
tested in a multivariable logistic regression model. The P value for statis-
tical significance was set at <0.05 for an interaction term.

Additional multivariable logistic regression analyses were per-
formed to estimate the independent association between survival dis-
charge and favorable neurological outcome among the four groups,
which were divided according to the combination of TFDs and targeted
temperatures, with the 33NTFD group as the reference group. Pairwise
comparisons of the adjusted odds ratio were subsequently evaluated
to further investigate any differences between the individual groups in
more detail. All multivariable logistic regression models were adjusted
for age, sex, type of treating hospital, witness, bystander CPR, primary
ECG rhythm, total arrest time, and provision of coronary intervention.
Variables were selected from univariable analysis and amended by
variables derived from clinical considerations. Moreover, Kaplan-
Meier survival curves were created using 30-day mortality data, and
between-group differences were assessed with the log-rank test.
P-values <0.05 were considered to be statistically significant at the
95% confidence level. The P value of the Bonferroni correction for
multiple comparisons was set at 0.0083 (0.05/6).

All statistical analyses were conducted using SAS software (version
9.2; SAS Institute Inc., Cary, NC, USA) and R software for Windows
(version 3.2.5; the R foundation for statistical computing, Vienna,
Austria [http://www.R-project.org/]).

3. Results

Enrolment and clinical outcome data for the OHCA patients regis-
tered in the KoCARC registry from October 2015 to June 2020 are pre-
sented in Fig. 1. Of the patients who received TTM, 91 were excluded
due to age < 18 years, provision of extracorporeal CPR, and missing
data on body temperature and devices, resulting in 938 patients from
29 institutions in the final analysis. Of these, 471 (50.2%) patients sur-
vived at hospital discharge and 302 (32.2%) patients were discharged
with favorable neurological outcomes, i.e., CPC score of 1 or 2.
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Fig. 1. Flow diagram of the study population.

Abbreviations: TTM, targeted temperature management; CPC, cerebral performance category;

Clinical characteristics of the participants divided into the four
groups according to TFD use and targeted temperatures are shown in
Table 1. The 33NTFD group exhibited the least survival rate and favor-
able neurological outcome compared to the other groups. There were
no significant differences at baseline for the demographic and clinical
characteristics of the study participants with the exception of the provi-
sion of coronary intervention. The provision of coronary intervention
was performed more frequently in patients in the 36TFD group than
in patients in the 33TFD or 33NTFD groups (46.8% vs. 29.7%; P <
0.001, 46.8% vs. 31.1%; P = 0.007, respectively). We also investigated
the level of ED where patients were treated. Patients in the 33NTFD
group had higher rate of treatment at regional emergency center com-
pare with 36 NTFD group (Table 1 and Supplementary Table S1). No sig-
nificant differences were noted in the clinical characteristics between
the TFD and NTFD groups. Further, the proportion of favorable neuro-
logical outcomes was higher in the TFD groups (35.1% vs 18.8%, P <
0.01) (Table 1). The TFD groups were independently associated with
better survival rate (odds ratio [OR]: 1.66, 95% CI: 1.11-2.50, P =
0.015) and more favorable neurological outcomes (odds ratio [OR]:
2.39, 95% CI: 1.40-4.09, P = 0.001) than the NTFD groups. TFDs use
and targeted temperatures had significant association with the survival
(P = 0.013) and neurological outcomes (P = 0.036) of OHCA patients
with TTM via the interaction term between the two factors, after
adjusting for age, sex, type of treating hospital, witness, bystander
CPR, primary ECG rhythm, total arrest time, and provision of coronary
intervention (Table 2).

Among the four groups, patients with 33NTFD were independently
associated with the least survival and favorable neurological outcomes
after adjusting for confounders including age, sex, type of treating hos-
pital, witness, bystander CPR, primary ECG rhythm, total arrest time,
and provision of coronary interventions (Table 3 and Supplementary
Fig. S1). Patients with 36NTFD exhibited a significantly higher OR for

126

OHCA, out-of-hospital cardiac arrest.

survival (OR: 2.65, 95% CI: 1.21-5.78) and favorable neurological out-
come (OR: 4.11, 95% CI: 1.44-11.74) compared with 33NTFD patients
after adjusting for covariates (Table 3A). Moreover, the 36NTFD group
showed no significant differences in the survival and neurological out-
comes at hospital discharge compared with 36TFD or 33TFD groups
after adjusting for covariates (Table 3B). Kaplan-Meier curves showed
that the survival rate was most unfavorable for patients who received
33NTFD compared with other groups. (Fig.2 and Supplementary
Table S2). Finally, in a power analysis based on the results from the pres-
ent study, we had a power of 96.5% to detect a difference of neurological
outcome among the four groups.

4. Discussion

The primary purpose of this study was to investigate the optimal tar-
get temperature in TTM without TFDs in terms of survival and neurolog-
ical outcomes in post cardiac arrest patients. The main finding of this
study was that TTM with 33NTFD was significantly associated with
higher mortality and poorer neurological outcome than TTM with
TFDs and even 36NTFD. Despite differences in cost, medical resource
use, and invasiveness, there were no significant differences in patient
outcomes among the 36TFD, 33TFD, and 36NTFD groups in our cohort.
Our findings suggest that a targeted temperature of 36 °C rather than
33 °Cis associated with more favorable clinical outcomes when TFDs
is unavailable. Moreover, our results implied that 36NTFD could provide
a therapeutic effectiveness non-inferior to TFDs in OHCA patients
treated with TTM. To the best of our knowledge, this study is the first
to identify the optimal targeted temperature in TTM without TFDs
with regards to survival and neurological outcomes in OHCA patients.

Consistent with the findings of previous research, no significant dif-
ferences were observed in the clinical outcomes between the targeted
temperatures of 33 °C and 36 °C regardless of the use of TTM devices.
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Table 2
Interaction effect between TFD use and targeted temperatures in the multivariable logistic regression analysis of survival discharge (A) and good neurological outcome (B).
(A)
Variable Survival discharge P for interaction
AOR (95% CI) P AOR (95% CI) P
Age 0.979(0.970-0.988) <0.001" 0.979(0.970-0.988) <0.001"
Male sex 1.137(0.807-1.601) 0.463 1.121(0.797-1.578) 0.511
Type of treating hospital 0.56 0.556
Regional emergency center Reference Reference
Local emergency center 0.914(0.676-1.237) 0.913(0.675-1.236)
Arrest to ROSC duration 0.960(0.952-0.969) <0.001" 0.960(0.952-0.969) <0.001"
Witnessed collapse 1.095(0.774-1.548) 0.608 1.073(0.760-1.517) 0.688
Bystander CPR 1.066(0.786-1.446) 0.682 1.073(0.792-1.455) 0.65
Initial shockable rhythm 2.338(1.679-3.254) <0.001" 2.376(1.710-3.303) <0.001"
Provision coronary intervention 1.938(1.384-2.712) <0.001" 1.907(1.357-2.680) <0.001"
TTM without TFD Reference 0.013"
TTM with TFD 1.662(1.106-2.499) 0.015"
TTM at 36 °C Reference
TTM at 33 °C 0.948(0.683-1.316) 0.749
(B)
Variable Good neurologic outcome P for interaction
AOR (95% CI) P AOR (95% CI) P
Age 0.967(0.956-0.978) <0.001" 0.966(0.956-0.977) <0.001"
Male sex 0.945(0.615-1.452) 0.795 0.913(0.595-1.401) 0.676
Type of treating hospital 0.254 0.362
Regional emergency center Reference Reference
Local emergency center 1.239(0.857-1.791) 1.186(0.822-1.711)
Arrest to ROSC duration 0.946(0.935-0.958) <0.001" 0.947(0.936-0.958) <0.001"
Witnessed collapse 1.845(1.185-2.873) 0.007 1.842(1.184-2.866) 0.007"
Bystander CPR 1.187(0.818-1.723) 0.367 1.209(0.835-1.752) 0.315
Initial shockable rhythm 6.263(4.243-9.245) <0.001" 6.351(4.311-9.356) <0.001"
Provision coronary intervention 2.257(1.541-3.307) <0.001" 2.098(1.429-3.081) <0.001"
TTM without TFD Reference 0.036"
TTM with TFD 2.393(1.400-4.089) 0.001"
TTM at 36 °C Reference
TTM at 33 °C 0.718(0.483-1.066) 0.1

Abbreviations: ROSC, return of spontaneous circulation; CPR, cardiopulmonary resuscitation; TTM, targeted temperature management; TFD, temperature management devices with feed-
back systems; AOR, adjusted odds ratio (adjusted for age, sex, witnessed, bystander CPR, primary electrocardiogram rhythm, total arrest time, and provision of coronary intervention); CI,

confidence interval.
* P<0.05.

differences were observed in induction time between TTM at 33 °C and
36 °C in this study. Considerable research has attempted to identify the
optimal approaches to prevent shivering and subsequent hyperthermia
during TTM, and reliable protocols and guidelines have been published
in this regard [8,25-29]. There have been significant improvements in
treatment strategies and physicians' attention to minimize delays in in-
duction, shivering, and hyperthermia based on evidence, such as the
American Heart Association guidelines in the practice of resuscitation
[29]. These advances may have contributed to improved prognosis in
the 36NTFD group. In contrast, appropriate guidelines to prevent
overcooling in TTM using non-feedback devices, such as ice bags and
cooling blankets, are less common than those for preventing hyperther-
mic events [21]. There were no significant differences in patient out-
comes among the 36TFD, 33TFD, and 36NTFD groups in our study. A
recent large, prospective, randomized study in OHCA patients demon-
strated that targeted hypothermia at 33 °C did not show significant ben-
efit in clinical outcomes compared to targeted normothermia with early
treatment of fever [30]. The combined results of our study and this re-
cent trial imply that 36NTFD with active prevention of hyperthermia
could achieve meaningful clinical improvement in OHCA patients with
TTM as compared with 33NTFD.

There are several limitations to this study. First, the assignment
of TTM devices and targeted temperatures could not be randomly
allocated due to the observational nature of the study. Although we
adjusted for potential confounders in the multivariable logistic re-
gression model, unmeasured bias may have affected device selection
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and targeted temperatures. Second, in our study setting, the selection
of TTM devices and targeted temperatures was determined according
to the physicians' preference and family consent to pay the TTM fees.
As such, the patient's socioeconomic and cultural background may
have been sources of bias in the study. Third, the KoCARC registry
does not collect data on adverse events and body temperature during
TTM. Therefore, we were unable to evaluate the prevalence of adverse
events, such as unintentional overcooling, hyperthermic episodes, ar-
rhythmia, infection, and bleeding in each treatment group. Finally, an
alternative explanation for the current results is the clinician's bias in
selecting the TTM strategy. Several studies have reported that
treating physicians are more likely to select TTM of 33 °C for patients
whom they believe to have more severe hypoxic insults in order
to maximize the protective effects of TTM against brain damage
[10,31]. If a clinical judgment was made based on patient severity,
the allocation of more severe patients to the TTM group at 33 °C
would bias our results to favor 36NTFD. However, there were no sig-
nificant differences in the baseline clinical characteristics between
the individual treatment groups and the logistic regression analysis
that was performed, was adjusted for severity and prognostic con-
founding factors. Nevertheless, data on signs of cerebral injury, such
as malignant status myoclonus in patients, were not collected in the
KoCARC registry, and the relatively small sample size of the 36NTFD
group limits the generalizability of these results. Further well-
designed trials are needed to clarify the clinical differences between
the 36NTFD and TFD groups.
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Table 3
Multivariable logistic regression for survival discharge and good neurological outcomes (A), and AOR comparisons of the four groups (B).
(A)
Variable Survival discharge Good neurological outcome
AOR (95% CI) P AOR (95% CI) P

Age 0.979(0.970-0.989) <0.001" 0.967(0.956-0.978) <0.001"
Male sex 1.122(0.796-1.583) 0.51 0.928(0.602-1.433) 0.737
Type of treating hospital

Regional emergency center Reference Reference

Local emergency center 0.895(0.660-1.214) 0.475 1.170(0.806-1.698) 0.409
Arrest to ROSC duration 0.960(0.952-0.969) <0.001" 0.947(0.936-0.958) <0.001"
Witnessed collapse 1.077(0.760-1.526) 0.676 1.845(1.181-2.882) 0.007"
Bystander CPR 1.047(0.770-1.424) 0.769 1.197(0.821-1.745) 0.35
Initial shockable rhythm 2.331(1.673-3.250) <0.001" 6.415(4.330-9.505) <0.001"
Provision coronary intervention 1.965(1.392-2.774) <0.001" 2.133(1.443-3.153) <0.001"
33TTM without TFD Reference Reference
36TTM without TFD 2.646(1.211-5.781) 0.015" 4.108(1.437-11.743) 0.008"
33TTM with TFD 2.514(1.478-4.276) <0.001" 4.293(1.955-9.425) <0.001"
36TTM with TFD 2.226(1.250-3.965) 0.007 5.269(2.289-12.127) <0.001"
(B)
Variables  Survival discharge Good neurological outcome

AOR (95% CI) Pvs33NTFD Pvs36NTFD Pvs33TFD Pvs36TFD  AOR (95% CI) Pvs33NTFD Pvs36NTFD Pvs33TFD Pvs 36TFD

33NTFD  Reference Ref. 0.015" 0.001" 0.007" Reference Ref. 0.008" <0.001" <0.001"
36 NTFD  2.646(1.211-5.781)  0.015" Ref. 0.875 0.616 4.108(1.437-11.743)  0.008" Ref. 0911 0.542
33 TFD 2.514(1.478-4.276)  0.001" 0.875 Ref. 0.612 4.293(1.955-9.425) <0.001" 0.911 Ref. 0.354
36 TFD 2.226(1.250-3.965)  0.007" 0.616 0.612 Ref. 5.269(2.289-12.127) <0.001" 0.542 0.354 Ref.

Abbreviations: ROSC, return of spontaneous circulation; CPR, cardiopulmonary resuscitation;; AOR, adjusted odds ratio; Cl, confidence interval.
Abbreviations: 33NTFD, 36 °C TTM with TFD; 36NTFD, 33 °C TTM with TFD; 33TFD, 36 °C TTM without TFD; 36TFD, 33 °C TTM without TFD; AOR, adjusted odds ratio (adjusted for age, sex,
witnessed, bystander CPR, primary electrocardiogram rhythm, total arrest time, and provision of coronary intervention); CI, confidence interval.

* P <0.05.
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Fig. 2. Kaplan-Meier curves displaying the estimated survival probability for four different
groups of OHCA patients with TTM. The study population was divided into four groups ac-
cording to the targeted temperatures and implementation of TFD. The survival rate was
most unfavorable for patients who received 33NTFD compared with other groups. (Addi-
tional file 1: Table S2).

Abbreviations: 36NTFD, 36 °C TTM without TFD; 36TFD, 33 °C TTM with TFD; 33NTFD, 33
°C TTM without TFD; 33TFD, 33 °C TTM with TFD.

5. Conclusions

In OHCA patients receiving TTM without automated devices using a
temperature feedback system, the adjusted predicted probability of
survival and favorable neurological outcomes at discharge was greater
at 36 °C than at 33 °C. Moreover, the 36NTFD group displayed similar
therapeutic effects as the TFD groups. This suggests that targeted
temperature management at 36 °C shows therapeutic effectiveness if
automated devices using a temperature feedback system is unavailable.
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