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Abstract 

Background:  Little is known about the effectiveness of surface cooling (SC) and endovascular cooling (EC) on the 
outcome of out-of-hospital cardiac arrest (OHCA) patients receiving target temperature management (TTM) accord-
ing to their initial rhythm.

Methods:  We retrospectively analysed data from the Japanese Association for Acute Medicine Out‐of‐Hospital 
Cardiac Arrest registry, a multicentre, prospective nationwide database in Japan. For our analysis, OHCA patients aged 
≥ 18 years who were treated with TTM between June 2014 and December 2017 were included. The primary outcome 
was 30-day survival with favourable neurological outcome defined as a Glasgow–Pittsburgh cerebral performance 
category score of 1 or 2. Cooling methods were divided into the following groups: SC (ice packs, fans, air blankets, and 
surface gel pads) and EC (endovascular catheters and any dialysis technique). We investigated the efficacy of the two 
categories of cooling methods in two different patient groups divided according to their initially documented rhythm 
at the scene (shockable or non-shockable) using multivariable logistic regression analysis and propensity score analy-
sis with inverse probability weighting (IPW).

Results:  In the final analysis, 1082 patients were included. Of these, 513 (47.4%) had an initial shockable rhythm and 
569 (52.6%) had an initial non-shockable rhythm. The proportion of patients with favourable neurological outcomes 
in SC and EC was 59.9% vs. 58.3% (264/441 vs. 42/72), and 11.8% (58/490) vs. 21.5% (17/79) in the initial shockable 
patients and the initial non-shockable patients, respectively. In the multivariable logistic regression analysis, differ-
ences between the two cooling methods were not observed among the initial shockable patients (adjusted odd 
ratio [AOR] 1.51, 95% CI 0.76–3.03), while EC was associated with better neurological outcome among the initial 
non-shockable patients (AOR 2.21, 95% CI 1.19–4.11). This association was constant in propensity score analysis with 
IPW (OR 1.40, 95% CI 0.83–2.36; OR 1.87, 95% CI 1.01–3.47 among the initial shockable and non-shockable patients, 
respectively).
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Background
Target temperature management (TTM) is a recom-
mended treatment strategy to minimise the develop-
ment of anoxic brain injury for out-of-hospital cardiac 
arrest (OHCA) patients [1, 2]. TTM can be induced and 
maintained with surface cooling (SC), such as ice packs, 
fans, cold air blankets, and SC pads or with endovascular 
cooling (EC), such as endovascular catheters and a blood 
temperature control device in dialysis techniques. While 
SC was used in two pivotal randomised studies that 
established TTM efficiency for OHCA patients [3, 4], 
EC was newly developed for more precise temperature 
management. Thus far, several studies have compared 
the impact of cooling methods on the outcome of OHCA 
patients with inconclusive results [5–10], suggesting the 
presence of uninvestigated confounding factors.

Recently, two large randomised controlled trials (RCT) 
that investigated the impact of the target temperature 
of TTM showed different conclusion between initial 
non-shockable patients and patients with all types of 
initial rhythms [11, 12], suggesting that the optimal tar-
get temperature strategy may be different for different 
initial rhythm. It is worth mentioning that there may be 
a potential interaction between cooling methods and 
initial rhythm on the outcome of OHCA patients. The 
known advantages of EC over SC are rapid induction 
and tighter temperature control during maintenance 
and rewarming phase [6, 9, 10], while the disadvantage 
is procedure-related complication [13]. These differences 
between cooling methods are largely derived from their 
different mechanism of heat exchange and their clinical 
significance may alter depend on patients’ physiological 
status. Since initial rhythm represents not only cardiac 
electrophysiological status but also various pre-arrest 
physiological status, such as no-flow time, obesity, rate 
of co-existing chronic condition, and age [14, 15]; initial 
rhythms may influence the impact of the cooling method 
on the outcome of OHCA patients. However, data on 
the effectiveness of the cooling method among patients 
with different initial rhythms are limited and, therefore, 
requires further investigation.

The aim of this study was to investigate the efficacy 
of SC and EC on the outcome of OHCA patients with 
initial shockable and non-shockable rhythm, using the 
database of the Japanese Association for Acute Medicine 

(JAAM)–OHCA Registry, a multicentre prospective 
registry.

Methods
Design, setting, and patient selection
We retrospectively analysed data from the JAAM–
OHCA registry. The JAAM–OHCA registry is a multi-
centre, prospective, nationwide database that includes 
pre-hospital information, in-hospital information, and 
outcomes among OHCA patients transported to emer-
gency departments in Japan. The registry started in June 
2014 and is ongoing without setting the end date of the 
registry period. Currently, the registry includes 87 insti-
tutions: 66 of the included hospitals were university 
hospitals and/or critical care centres; the remaining 21 
institutions were community hospitals providing emer-
gency care at each community. The registry included all 
OHCA patients who were transported to the participat-
ing institutions and attempted resuscitation by emer-
gency medical services (EMS). The registry excluded 
OHCA patients who were not resuscitated by a physi-
cian after hospital arrival, who were transported to a par-
ticipating institution from another institution and who 
refused to participate in our registry, either personally 
or by family members. The protocol was approved by the 
institutional review board of each participating hospital. 
The registry was approved by the Ethics Committee of 
Kyoto University, and each hospital approved the JAAM–
OHCA Registry protocol as necessary.

For our analysis, OHCA patients aged ≥ 18 years who 
were treated with TTM from June 2014 to December 
2017 were included. Patients who were treated with 
extracorporeal membrane oxygenation (ECMO), who did 
not receive TTM and whose initially documented rhythm 
at the scene or applied cooling method were unknown 
were excluded.

The EMS system in Japan
The EMS system in Japan has been described in detail 
previously [16]. Briefly, a crew of three emergency pro-
viders, including at least one emergency life-saving tech-
nician (ELST), are dispatched in each ambulance. ELST 
is a highly trained pre-hospital emergency care provider 
and is permitted to provide advanced life support, such 
as inserting intravenous lines or adjunct airways for 

Conclusion:  We suggested that the use of EC was associated with better neurological outcomes in OHCA patients 
with initial non-shockable rhythm, but not in those with initial shockable rhythm. A TTM implementation strategy 
based on initial rhythm may be important.
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rhythm, Initial non-shockable rhythm
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patients with OHCA. Certified ELSTs after further train-
ing in hospitals are also allowed to administer intrave-
nous epinephrine and perform tracheal intubation under 
online medical direction. Almost all OHCA patients 
cared for by EMS personnel are transported to hospitals 
and enrolled in the registry, because EMS personnel are 
not permitted termination of resuscitation (TOR) on the 
scene.

Data collection
Prehospital data were collected by paramedics accord-
ing to the international Utstein-style [17]. In-hospital 
data were collected by physicians or medical staff at each 
institution using a standardised format in an Internet-
based system. The pre- and in-hospital information were 
integrated by the JAAM–OHCA registry committee, as 
previously described [18].

The following resuscitation-related data were used for 
this analysis: patient age, sex, cause of arrest (cardiac or 
not), presence of a bystander who witnessed the collapse 
of patient and who performed cardiopulmonary resus-
citation (CPR), use of public accessed automated exter-
nal defibrillator (AED), initially documented rhythm 
at the scene (shockable or non-shockable), prehospital 
epinephrine administration, prehospital advanced air-
way management, EMS response time (time from call to 
contact with a patient), use of ancillary cooling method 
(cold fluid for intravenous infusion or stomach cooling 
with nasogastric tube), performance of percutaneous 
coronary intervention (PCI) and whether the angioplasty 
was succeeded, targeted temperature during TTM (tar-
geted at 32–34  °C as hypothermic TTM [H-TTM] or 
targeted at 35–36 °C as normothermic TTM [N-TTM]), 
cooling methods (SC or EC) applied for TTM imple-
mentation, and TTM induction time (time from initia-
tion of cooling to achieving the target temperature). The 
TTM protocol was entirely entrusted to each physician 
or institution. The data collected as outcome measures 
were as follows: neurological outcome 30  days after 
cardiac arrest, survival 30  days after cardiac arrest, and 
completion of TTM. Neurological outcomes were evalu-
ated using the Glasgow–Pittsburgh cerebral performance 
category (CPC) scale [19]: category 1, good cerebral per-
formance; category 2, moderate cerebral disability; cat-
egory 3, severe cerebral disability; category 4, coma or 
vegetative state; and category 5, death/brain death. TTM 
completion was defined as completion of each facility’s 
TTM protocol or discontinuation due to the recovery of 
consciousness.

Outcome
In this study, the primary outcome was 30-day survival 
with favourable neurological outcome, defined as a CPC 

score of 1 or 2. The secondary outcomes were 30-day sur-
vival and TTM completion. In addition, we investigated 
outcome interactions between the cooling method and 
the initial rhythm to explore the heterogeneity of treat-
ment effects.

Statistical analysis
Cooling methods were divided into the following two 
groups: SC (ice packs, fans, air blankets, and surface gel 
pads) and EC (endovascular catheters and blood temper-
ature control device in dialysis technique). If the cooling 
methods were duplicated, the TTM procedure category 
was defined as EC. We investigated the efficacy of two 
categories of cooling methods in two different patient 
groups divided according to their initially documented 
rhythm at the scene (shockable or non-shockable). Base-
line patient characteristics and outcomes were evaluated 
using the Student’s t test or the Mann–Whitney U test for 
continuous variables after checking normality using the 
Kolmogorov–Smirnov test and Fisher’s exact test for cat-
egorical variables. To investigate the impact of the cool-
ing method on each outcome, crude odds ratios (ORs) 
or adjusted odds ratios (AORs) and their 95% confidence 
intervals (CIs) were calculated by applying univariable 
and multivariable random effects logistic regression anal-
yses with hospital treated as a random effect, by forced 
entry. Based on previous studies [20, 21], we adjusted for 
preliminary selected factors that were essential and con-
sidered to be associated with clinical outcomes, including 
age category (aged 18–64 years or aged ≥ 65 years), sex 
(men or women), cause of arrest (cardiac or non-cardiac 
aetiology), bystander witness (yes or no), bystander CPR 
status (yes or no), use of public-access AEDs (yes or no), 
prehospital adrenaline administration (yes or no), pre-
hospital advanced airway management (yes or no), EMS 
response time (from call to contact with a patient), tar-
geted temperature during TTM (H-TTM or N-TTM) 
and TTM induction time. Overdispersion was esti-
mated by dividing the residual deviance by the degrees 
of freedom. To account for the nonrandomised selec-
tion of each cooling method, we also used propensity 
score methods to reduce the effects of confounding fac-
tors. The individual propensities for receipt of EC were 
estimated with the use of a multivariable logistic regres-
sion model that included the same covariates of basic 
and pre-hospital patients’ information as mentioned 
above for each of the overall cohort, shockable patients, 
and non-shockable patients (Additional file 1: Table S1). 
Associations between cooling methods and neurologi-
cal outcomes were then estimated by univariable logistic 
regression analysis using inverse probability weighting 
(IPW). In addition, we calculated the OR in each sub-
group and investigated the interaction effect to test for 
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heterogeneity of the relative treatment effect across the 
particular patient characteristics of age category, pres-
ence of bystander witness, performance of PCI, and the 
targeted temperature. In a sensitivity analysis, we com-
pared SC vs. intravascular device and SC vs. EC after 
excluding patients treated with both methods using the 
same model as the main analysis. As an ad-hoc analysis, 
we estimated the associations between cooling methods 
and 90-day outcomes using available data. All P values 
were two-sided, and the level of significance was set at 
0.05. All statistical analyses were performed using R (The 
R Foundation for Statistical Computing, version 4.03, 
Saitama, Japan) and EZR (Saitama Medical Center, Jichi 
Medical University, version 1.54, Saitama, Japan), which 
is a graphical user interface for R [22].

Results
A total of 34,754 OHCA patients were registered in the 
JAAM–OHCA registry between June 2014 and Decem-
ber 2017. After excluding 833 patients who were not 
resuscitated by physicians, 3065 patients whose prehos-
pital data were not available, 655 patients aged under 
18 years, 19,871 patients who did not get return of spon-
taneous circulation (ROSC), 8520 patients not receiving 
TTM, 535 patients who received ECMO, 130 patients 
whose initially documented rhythm was unknown, and 
63 patients whose applied cooling method was unknown, 
1082 patients were eligible for our final analysis (Fig. 1). 
Of the 1082 patients, 513 (47.4%) had an initial shock-
able rhythm and 569 (52.6%) had an initial non-shocka-
ble rhythm. The number of the patients treated with EC 
were, 151 (14.0%), 72 (14.0%), and 79 (13.9%) in the over-
all cohort, shockable rhythm, and non-shockable rhythm, 
respectively. Table 1 shows the baseline characteristics of 
the study population according to the cooling method. 
In the Kolmogorov–Smirnov test, distributions of the 
numerical variables were not normal. Baseline patient 
characteristics were similar in both cooling method 
groups, while patients treated with EC were more likely 
to receive prehospital epinephrine, PCI, and H-TTM. 
Standardised mean differences in baseline characteristics 
of the study population, defined as covariates for pro-
pensity score analysis, according to the cooling method 
before and after adjustment for IPW are shown in Addi-
tional file  1: Table  S1. Regarding the primary outcome, 
the proportion of patients with favourable neurological 
outcomes treated with SC and EC was 34.6% (322/931) 
vs. 39.1% (59/151) in the overall cohort, 59.9% (264/441) 
vs. 58.3% (42/72) among initial shockable patients, and 
11.8% (58/490) vs. 21.5% (17/79) among initial non-
shockable patients (Fig.  2). In the multivariable logistic 
regression analysis, no difference was observed between 
the two cooling methods in the overall cohort (OR 1.61, 

95% CI 0.96–2.70) and among the initial shockable 
patients (OR 1.51, 95% CI 0.76–3.03), while EC was asso-
ciated with better neurological outcomes among the ini-
tial non-shockable patients (OR 2.21, 95% CI 1.19–4.11). 
The estimate of dispersion was 1.029, 1.174, and 0.833 
in the logistic regression model for 30-day neurological 
favourable outcome, 30-day survival, and completion of 
TTM, respectively. In the propensity score analysis, no 
difference was observed between the two cooling meth-
ods in the overall cohort (OR 1.36, 95% CI 0.96–1.94) 
and among the initial shockable patients (OR 1.40, 95% 
CI 0.83–2.36), while EC was associated with better neu-
rological outcomes among the initial non-shockable 
patients (OR 1.87, 95% CI 1.01–3.47). In addition, the 
impact of SC and EC on the outcome of the patients 
showed, though not significant, heterogeneity in differ-
ent initial rhythms (P for interaction = 0.053), and the 
heterogeneity was significant among those patients who 
received PCI (P for interaction = 0.023) (Fig.  3). In the 
sensitivity analysis, we found that among patients treated 
with EC, 27 of 151 (17.9%) were simultaneously treated 
with SC and 37 of 151 (24.5%) were treated with dialysis 
techniques with a blood temperature control device. Our 
data showed that the result was consistent after excluding 
these patients (Table 2).

Discussion
In this study, we assessed the impact of cooling meth-
ods at different initial rhythms on the outcome of 1082 
OHCA patients, using the database of the JAAM–OHCA 
registry which included patients from 87 institutions in 
Japan. The main results of this study are summarised as 
follows: first, EC was associated with significantly bet-
ter 30-day neurological outcomes compared with SC in 
patients with an initial non-shockable rhythm. Second, 
this difference was no longer apparent in patients with 
an initial shockable rhythm. Third, this association was 
constant in terms of 30-day survival of the patients. Our 
results confirmed the results of previous trials includ-
ing three RCTs, [7–9] and furthermore, our study first 
focused on the heterogeneity of the effectiveness of the 
cooling method between patients with different initial 
rhythms and suggested that the optimal cooling method 
for TTM after OHCA may differ depending on the initial 
rhythm.

Initial non-shockable rhythm is known to be asso-
ciated with longer no-flow time, which means longer 
exposure to global ischaemia [14]. Patients with an ini-
tial non-shockable rhythm are also associated with older 
age and a higher rate of co-existing chronic conditions 
that predispose to deterioration in underlying condi-
tions and depletion of physiologic reserves [15], can be 
more susceptible to ischaemic injury. As ischaemic injury 
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progresses, patients are imminently threatened with 
reperfusion injury [23, 24]. Therefore, the advantages of 
rapid and tighter temperature control of EC may be more 
prominent in patients with non-shockable rhythm.

Our patient demographics showed several differences 
from previous studies and may affect the outcome. First, 
the percentages of patients who presented with shocka-
ble rhythm (47% vs. 51%) and those treated with H-TTM 
(67% vs. 73%) were slightly decreased compared to pre-
vious report from a large international registry, possibly 
because of the secular change in the implementation 
of TTM [25]. Second, there is a very low proportion 
(31.3%) of epinephrine use. One possible explanation 
is that as pre-hospital management of OHCA patients 

largely depends on online direction and TOR is not 
allowed for EMS personnel, ‘scoop and run’ may be the 
most selected strategy when the patients seem to have a 
very low chance of survival or benefit more from early 
intervention by physicians. Third, only 1082 out of the 
30,201 patients of attempted resuscitation at the hospital 
(3.6%) met our inclusion criteria. In our registry, almost 
all OHCA patients who were treated by EMS personnel 
were transported to a hospital, while field TOR was over 
60% of all OHCA patients in other areas [26, 27]. Only 
one-third of the patients got ROSC after arrival at the 
hospital. Therefore, the patient demographics at hospi-
tal arrival may be more severe than in other countries, 
and thus, only a small proportion who got ROSC and 

Out-of-hospital cardiac arrests registered from June 2014 and December 2017 in Japan

N=34754

No resuscitation attempt in hospital N=833

Patients eligible for our analysis

N=1082

No ROSC N=19871
Not received TTM  N=8520
Received ECMO N=535
Initial rhythm unknown N=130
Applied cooling method unknown N=63

No prehospital data available N=3065

Children aged <18 years old N=655

Cardiac arrest in adults

N=30201

Prehospital data available

N=30856

Resuscitation attempted by physicians after hospital arrival

N=33921

Patients treated with SC

N=931
Patients treated with EC

N=151 (Includes patients treated with both EC and SC)

Fig. 1  Study flow chart. TTM target temperature management, ECMO extracorporeal membrane oxygenation, ROSC return of spontaneous 
circulation, SC surface cooling, EC endovascular cooling
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were judged to tolerate active temperature control were 
included in our study.

The classification used by the authors, as well as pre-
vious trials, regarding the different TTM methods can 
introduce biases. Several trials with different classifi-
cations of EC, such as EC using intravascular devices 
[28], and EC using intravascular devices or dialysis 
techniques [29], showed superiority of EC compared 
to SC, and this result is consistent with our result. On 
the other hand, another meta-analysis comparing more 
recent SC devices, such as Arctic Sun®, with EC showed 
no difference between the two groups [30]. These 
results suggest a potential difference in effectiveness 
between newer SC devices and conventional SC meth-
ods, such as ice packs or fans. Exclusion of ECMO is 
another concern. The characteristics of patients treated 
with ECMO are different from those of other OHCA 
patients because of the limited indications [31], and the 
reported outcomes of these patients vary widely [32, 
33]. However, most studies included in a meta-analysis 
report neither mentioned about the inclusion of ECMO 

patients nor provided data on the actual number of 
patients treated with ECMO [30]. Therefore, the impact 
of inclusion of ECMO patients on the results of these 
studies is immeasurable. As such, our results cannot 
preclude whether differences exist between endovascu-
lar cooling and more powerful recent SC methods such 
as advanced external devices or whether differences 
could be obtained with ECMO.

It is also worth mentioning that the number of surviv-
ing patients is higher compared to that observed in an 
international registry [25]. In Japan, withdrawal from 
treatment such as termination of mechanical ventilation 
is not generally accepted [34]. Therefore, the survival 
rate of patients with severe neurological injury without 
other organ failure, who would be withdrawn from life-
prolonging treatment in other countries, will be higher. 
Another possible explanation is that we excluded patients 
treated with ECMO. Since this group of patients shows 
different outcomes from the usual OHCA patients [35], 
this exclusion might have increased the patients’ overall 
survival.

0.2 4
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Crude analysis
OR (95%CI) P value
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30-day survival
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30-day survival

30-day neurological   
favorable outcome

30-day neurological   
favorable outcome
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Fig. 2  Outcome of the study population according to the cooling method. Values are expressed numbers (percentages) unless indicated 
otherwise. TTM target temperature management, SC surface cooling, EC endovascular cooling, OR odds ratio, AOR adjusted odds ratio, CI 
confidence interval. “EC” includes patients receiving both EC and SC methods. *Shown is the adjusted odds ratio from the multivariable random 
effects logistic regression analysis with hospital treated as a random effect, with stratification according to age, sex, cause of arrest, bystander 
witness, bystander CPR status, use of public-access AEDs, prehospital adrenaline administration, prehospital advanced airway management, EMS 
response time, target temperature and induction time of TTM. †Shown is the odds ratio from the univariable logistic regression analysis with inverse 
probability weighting according to the propensity score
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Despite several risks of biases, our study has some 
future implications. Considering the results of recent 
trials that focused on initial non-shockable patients that 
showed superiority of H-TTM [11, 36], and an RCT that 
include all types of initial rhythms showed no difference 
between N-TTM and H-TTM [12], the optimal TTM 

strategy may be different for different initial rhythm. As 
our data also suggest the heterogeneity of effectiveness 
of SC and EC between different initial rhythms, there 
may be certain patient groups who can benefit more 
from intensive TTM strategy. However, intensive TTM 
requires more logistics and costs and is not available 
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everywhere. Therefore, our results underscore the need 
for further studies to identify a subset of patients who 
need intensive treatment strategies.

Our study has several limitations. First, as discussed 
above, the classification of cooling methods can introduce 
biases. Although we performed several sensitivity analy-
ses in accordance with different EC classifications show-
ing consistent results, we do not have the detailed data of 
the cooling method used in the SC group, and we excluded 
patients treated with ECMO. Therefore, whether this dif-
ference can be observed when SC devices are limited to the 
recent, more precise temperature control devices and when 
the patients treated with ECMO are included is unknown. 
Second, due to the heterogeneity of cardiac arrest status in 
our patients (among our study patients, 26.1% were unwit-
nessed, 49.7% were without bystander CPR, 47.5% had 
initial shockable rhythm, and 7.6% were delivered shock 
by AEDs), it was difficult to define the duration of cardiac 
arrest and these data are lacking in our logistic regres-
sion model. Therefore, further study is needed to confirm 
our results using more detailed prehospital data. Third, as 
mentioned above, there are several Japanese specific EMS 
system and strategy of termination procedure related limi-
tations that can affect the outcome of the patients; there-
fore, the generalisability should be interpreted with caution. 
Fourth, patients with fever prevention strategy are lacking 
in our analysis, because TTM was performed according to 
the former guidelines [37, 38], although more recent tri-
als have selected this strategy [11, 12]. Therefore, further 
study is needed to clarify the effect of the cooling method 
at higher target temperatures. Finally, the long-term out-
come showed no significant difference between SC and 
EC, although this was not our primary outcome, and the 

available data was limited (Additional file  2: Table  S2). 
Because the outcome of OHCA patients may be modified 
after 1 month [39], further study should also focus on this 
issue.

Conclusions
From the nationwide OHCA registry in Japan, we sug-
gested that the use of EC was associated with better out-
comes in OHCA patients with an initial non-shockable 
rhythm, while no such association was observed in those 
with initial shockable rhythm.
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