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Abstract Many emergency physicians struggle with the
clinical question of whether to perform therapeutic
hypothermia (TH) or coronary angiography (CAG) first after
return of spontaneous circulation (ROSC) in patients with
out-of-hospital cardiac arrest (OHCA). We analyzed the
results of the SOS-KANTO 2012 study, which is a
prospective, multicenter (67 emergency hospitals), obser-
vational study about OHCA conducted between January
2012 and March 2013 (n = 16,452). We compared two
groups: the group in which TH was first performed (TH
group), and the group in which CAG was performed first
(CAG group) within 24 h after arrival. Two hundred and
twenty-one patients were treated TH and CAG (TH group, 76
patients; CAG group, 145 patients). In addition, we selected
patients who underwent coronary treatment. 164 patients
underwent coronary treatment after CAG (TH group, 52
patients; CAG group, 112 patients). In patients in whom TH
and CAG and coronary artery treatment were done, 42
patients (55.3 %) in the TH group and 86 patients (59.3 %) in
the CAG group survived at 90 days. The cerebral perfor-
mance category (CPC) 1 and 2 were 26.3 % (20 patients) in
TH group, and 31.0 % (45 patients) in CAG group. In
patients in whom TH and CAG with coronary artery treat-
ment were performed, 29 patients (55.8 %) in the TH group
and 64 patients (57.1 %) in the CAG group survived at
90 days. The rates of CPC 1 and 2 were 26.9 % (14 patients)
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section.
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in TH group, and 23.2 % (26 patients) in CAG group. There
was no significant difference in 90-day survival between the
two groups although it tended to be better in the CAG group
than in the TH group. Whether TH or CAG was performed
first did not affect the 90-day survival and 30-day neuro-
logical situation among patients with ROSC after OHCA.

Keywords Therapeutic hypothermia - Coronary
angiography - Out-of-hospital cardiac arrest

Introduction

Out-of-hospital cardiac arrest (OHCA) is one of the
greatest problems of community and public health. For
patients with OHCA to have a good prognosis, it is
essential not only to resuscitate precisely, but also to per-
form post-cardiac arrest care appropriately after return of
spontaneous circulation (ROSC).

In post-cardiac arrest care, therapeutic hypothermia (TH)
is a helpful approach for protection of the brain and other
organs in patients who remain comatose after ROSC [1, 2].
TH may be considered for comatose adult patients with
ROSC after OHCA according to the 2010 American Heart
Association (AHA) Guidelines for Cardiopulmonary Resus-
citation (CPR) and Emergency Cardiovascular Care (ECC)
[3]. Those guidelines recommend that the body temperature
should be cooled to 32-34 °C for 12-24 h in TH.

On the other hand, the usefulness of emergent coronary
angiography (CAG) in survivors of OHCA has already
been reported [4, 5], and the 2010 AHA Guidelines for
CPR and ECC insist that emergent CAG may be reasonable
because of the high incidence of acute coronary ischemia in
OHCA patients [3]. In particular, percutaneous coronary
intervention (PCI), alone or as part of a bundle of care, is
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associated with improved myocardial function [4] and
neurological outcomes [5, 6]. However, the priority of TH
or CAG has not been established yet. So there are doctors
who are worried about the risk of pulmonary edema in
using low temperature hypothermia [7], and do not believe
there is convincing evidence to support the use of
hypothermia prior to CAG. Such doctors think TH (in-
cluding cooling blanket and ice packs) should start after
CAG/PCI. This study was projected for such doctors to
provide more evidence of early or simultaneous TH and
CAG.

A Survey of Survivors of OHCA in the Kanto district of
Japan 2012 study (SOS-KANTO 2012 study) was per-
formed by the Japanese Association for Acute Medicine in
Kanto district between January 2012 and March 2013, and
included 67 emergency hospitals and emergency medical
services units (26 academic medical centers). The SOS-
KANTO 2012 study was a prospective, multicenter,
observational study about OHCA.

We evaluate the priority of TH or CAG after ROSC in
patients with OHCA using the data of the SOS-KANTO
2012 study.

Methods

The SOS-KANTO 2012 study was a prospective, multi-
center (67 emergency hospitals), observational study con-
ducted between January 2012 and March 2013 on patients
with OHCA. The protocol of the SOS-KANTO 2012 study
was approved without the need for informed consent by the
research ethics board of Yokohama City University Med-
ical Center (Yokohama, Kanagawa, Japan; D1402005).
The total number of OHCA patients who were transferred
to the 67 emergency hospitals (26 academic medical cen-
ters), and the emergency hospitals that participated in the
SOS-KANTO 2012 study are listed in Acknowledgments.
The results of SOS-KANTO 2012 study are published in
several journals [8—11].

The study flow diagram is shown in Fig. 1. First, we
selected OHCA patients who underwent both TH and CAG
after ROSC within 24 h after arrival at the hospital from all
OHCA patients. Patients < 18 years were excluded.
Patients with missing data were also excluded. Then, these
patients were divided into the following two groups: (1)
TH was performed first prior to CAG (TH group), and (2)
CAG was performed first prior to TH (CAG group). Next,
we analyzed the patients who were treated with coronary
artery stenting. In this study, we defined CAG as only
coronary artery imaging using catheter.

The indications for CAG and coronary artery treatment
in patients with OHCA were decided by emergency
physicians and cardiologists at each hospital. TH was
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defined as maintenance of core body temperature at
32-34 °C for 12-24 h after ROSC, and the methodology of
TH was entrusted to each hospital.

The primary outcomes were 90-day survival and neu-
rological status, and the secondary outcomes were 30-day
neurological status and complications associated with TH.
Neurological status was described by cerebral performance
category (CPC) [12, 13]. Good neurological outcome was
defined as CPC1 and CPC2.

Statistical analysis

Differences between the groups were analyzed with Stu-
dent’s ¢ test for normally distributed variables or Mann—
Whitney U test for non-normally distributed variables, and
the Fisher’s exact test for categorical variables. Survival
curves were drawn by the Kaplan—Meier method, and were
compared with the log-rank test.

IBM SPSS Statistics 22 and EZR (Saitama Medical
Center, Jichi Medical University, Saitama, Japan) were
used for statistical analyses. EZR is a graphical user
interface for R (The R Foundation for Statistical Comput-
ing, Vienna, Austria). More precisely, it is a modified
version of R commander designed to add statistical func-
tions frequently used in biostatistics [14]. Statistical sig-
nificance was assumed to be present at a p value of <0.05.

Results

During the study period, 16,452 patients were collected in
the SOS-KANTO 2012 study.

As shown in Fig. 1, both TH and CAG were performed
within 24 h after arrival at the hospital in 221 patients. TH
was performed first in 76 patients (TH group), and CAG
was performed first in 145 patients (CAG group). Among
them, there were 164 patients in whom the coronary
arteries were treated (52 patients in TH group, and 112
patients in CAG group).

Table 1 shows the characteristics of patients in the TH
(n =76) and CAG (n = 145) groups who are with or
without coronary treatment. There were 61 males in TH
group, and 123 males in CAG group, respectively (p = 1).
The mean age + standard deviation (SD) (years old) of TH
group is 60.4 £ 13.6, that of CAG group is 63.1 + 11.2,
respectively (p = 0.11). The median time from arrival to
CAG start [+, interquartile range (IQR) (min)] in TH group
is 88.5 £ 70.5, in CAG group is 70.0 £ 46.0, respectively
(p = 0.014). The median time from arrival to reach the
target body temperature [£ IQR (min)] in TH group is
155 4 249.5, in CAG group is 300 £ 225, respectively
(p < 0.001). The median time from TH start to reach the
target body temperature [+ IQR (min)] in TH group is
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Fig. 1 The study flow diagram

SOS-KANTO 2012 study OHCA patients: N=16,452
Was the cause cardiac? l. 2P No: N=8,804
Yes: N=7,648

=====p 7,427 patients were excluded;

6,087: died in emergency department

1,142: both TH and CAG were not performed within 24 hrs after arrival
197: missing data of TH or CAG start time

1: age= 18 y/o

221 patients

TH first: N=76

!

CAG first: N= 145

!l

Was coronary artery treatment performed?

lb No: N=34

**=*> No: N=24

Yes: N=52

Yes: N=112

TH, therapeutic hypothermia; CAG, coronary angiography

Table 1 Patients’ characteristics of the TH group and CAG group (TH and CAG with or without coronary artery treatment was performed in all

patients)
TH group (N =76) CAG group (N = 145) p

Sex (M/F) (N) 61/12 123/22 1
Mean age (years old) £ SD 60.4 + 13.6 63.1 £ 11.2 0.11
Median time from amvai to CAG start [+ IQR (min)] 88.5 + 70.5 70 £+ 46 0.014
Median time from amvai to reach the target body temperature [+ IQR (min)] 155 4+ 249.5 300 £ 225 <0.001
Median time from TH start to reach the target body temperature [+ IQR (min)] 105 £+ 210 161.5 £ 154.6 0.191
Witnessed [N (%)] 61 (80.3) 115 (79.3) 1
by-stander CPR [N (%)] 45 (59.2) 73 (50.3) 0.552
ECG waveform at first [N (%)]

VF/NVT 52 (68.4)/0 (0) 84 (57.9)/0 (0) 0.496

PEA 702 29 (20 0) 0.085

Asystole 6(79) 8(55) 0.568

Other 10 (13 2) 24 (16 6) 0.698
ECG waveform arrival [N (%)]

VE/VT 17 (22 4)/0 (0) 26 (17.9)/0 (0) 0.601

PEA 14 (18 4) 32 (22 1) 0.732

Asystole 10 (132) 22 (15 2) 0.843

Other 35461) 65 (44 8) 1
With ECMO [N (%)] 34 (44 7) 45 (31 0) 0.177
With IABP [N (%)] 41 (53 9) 73 (50 3) 0.809
With BP [N (%)] 4(53) 20 (13 8) 0.108

TH therapeutic hypothermia, CAG coronary angiography, SD standard deviation, /QR, interquartile range, CPR cardiopulmonary resuscitation,
ECG electrocardiogram, VF/VT ventricular fibrillation pulseless ventricular tachycardia, PEA pulseless electrical activity, ECMO extracorporeal

membrane oxygenation, JAPB intra-aortic balloon pumping, BP blood purification
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105 £ 210, in CAG group is 161.5 £ 154.6, respectively
(p = 0.191). There were 61(80.3 %) patients with wit-
nessed arrest in the TH group, and 115 (79.3 %) patients
with witnessed arrest in the CAG group, respectively
(p = 1). There were 45 (59.2 %) patients with by-stander
CPR in the TH group, and 73 (50.3 %) patients with by-
stander CPR in the CAG group, respectively (p = 0.552).
There were 52 (68.4 %) patients who were in ventricular
fibrillation/pulseless ventricular tachycardia (VF/VT) in the
TH group, and there were 84 (57.9 %) patients that were in
VF/VT in the CAG group in the electrocardiogram (ECG)
wave form at first, respectively (p = 0.496). There were 17
(22.4 %) patients in VF/VT in the ECG wave form at
arrival in TH group, and there were 26 (17.9 %) patients in
CAG group, respectively (p = 0.601). There were 34
(44.7 %) patients who were treated with extra corporeal
membrane oxygenation (ECMO) in the TH group, and
there were 45 (31.0 %) patients who were treated ECMO in
CAG group, respectively (p = 0.177). There were 41
(53.9 %) patients who were treated with intra-aortic bal-
loon pumping (IABP) in the TH group, and there were 73
(50.3 %) patients who were treated with IABP in the CAG
group, respectively (p = 0.809). There were 4 (5.3 %)
patients who were treated with blood purification (BP)
including hemodialysis (HD) or continuous hemodiafiltra-
tion (CHDF) in the TH group, and there were 20 (13.8 %)
patients who were treated with BP in the CAG group,
respectively (p = 0.108).

Table 2 shows characteristics of the patients who
received coronary artery treatment (52 patients in TH
group, and 112 patients in CAG group). Fifty patients were
treated with catheter, and 2 patients were treated other
methods in the TH group, 109 patients were treated with
catheter and 3 patients with other methods in the CAG
group. There were 44 males in the TH group, and 96 males
in the CAG group, respectively (p = 1). The mean
age £+ SD (years old) of the TH group was 62.2 + 11.3,
that of the CAG group was 63.1 & 11.5, respectively
(p = 0.652). The median time from arrival to CAG start
[+ (IQR) (min)] in the TH group was 83.5 £ 65.3, in the
CAG group was 69.5 + 44.8, respectively (p = 0.062).
The median time from arrival to reach the target body
temperature [+ IQR (min)] in the TH group is
147 £ 243.8, in the CAG group is 300 £ 232.3, respec-
tively (p < 0.001). The median time from TH start to reach
the target body temperature [+ IQR (min)] in the TH group
is 120 £ 192, is 180 £ 150 in the CAG group, respec-
tively (p = 0.259). There were 42 (80.8 %) patients with
witnessed in the TH group, and 87 (77.7 %) patients with
witnessed in the CAG group, respectively (p = 0.9). There
were 30 (57.7 %) patients with by-stander CPR in the TH
group, and 56 (50.0 %) patients with by-stander CPR in the
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CAG group, respectively (p = 0.671). There were 35
(67.3 %) patients who were VF/VT in the TH group, and
62 (55.4 %) in VF/VT in the CAG group in the ECG wave
form at first, respectively (p = 0.498). There were 10
(19.2 %) patients in VF/VT in the ECG wave form at
arrival in the TH group, and there were 20 (17.9 %)
patients in the CAG group, respectively (p = 0.835). There
were 22 (42.3 %) patients who were treated ECMO in the
TH group, and there were 38 (33.9 %) patients who were
treated with ECMO in the CAG group, respectively
(p = 0.523). There were 31 (59.6 %) patients who were
treated with IABP in the TH group, and there were 64
(57.1 %) patients who were treated with IABP in the CAG
group, respectively (p = 0.891). There were 3 (5.8 %)
patients who were treated with BP in the TH group, and
there were 17 (15.2 %) patients who were treated with BP
in the CAG group, respectively (p = 0.194).

We could analyze the time from arrival to coronary
reperfusion [coronary reperfusion was defined as throm-
bolysis in myocardial infarction (TIMI) grade 2 or 3] in
only 124 patients (TH group: N = 37, CAG group:
N = 87). The median time from arrival to coronary
reperfusion [£ IQR (min)] is 162 £ 73 in the TH group,
and 120 £ 69 in the CAG group, respectively (p < 0.001).

Primary outcomes

Figure 2a shows the Kaplan—-Meier survival curves of
patients in whom TH and CAG with or without coronary
artery treatment were done. At 90 days, 42 patients
(55.3 %) in the the TH group and 86 patients (59.3 %) in
the the CAG group survived. Estimated mean survival day
is 52.6 (standard error: 5.8, 95 % confidence interval
41.2-63.9) days in the TH group and estimated mean
survival day was 55.3 (standard error: 3.8, 95 % confidence
interval 47.8-62.8) days in the CAG group, respectively.
Figure 2b shows the Kaplan—Meier survival curves of
patients in whom TH and CAG with coronary artery
treatment were performed. At 90 days, 29 patients
(55.8 %) in the TH group and 64 patients (57.1 %) in the
CAG group survive. Estimated mean survival day is 51.6
(standard error: 4.8, 95 % confidence interval 42.2-61.1)
days in TH group, and estimated mean survival day is 56.9
(standard error: 3.3, 95 % confidence interval 50.3-63.4)
days in the CAG group, respectively. As shown in the two
figures, there is no significant difference in 90-day survival
between the two groups although it tended to be better in
the CAG group than in the TH group.

Table 3 shows the 90-day neurological prognosis of
patients. As shown in Table 3, there is no significant dif-
ference in the rate of patients with good neurological
prognosis at 90 days between the two groups.
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Table 2 Patients’ characteristics of the TH group and CAG group (TH and CAG with coronary artery treatment were performed in all patients)

TH group (N =52) CAG group (N =112) p

Sex(W/F) (N) 44/8 96/16 1
Mean age (years old) & SD 62.2 £ 1.13 63.1 £ 11.5 0.652
Median time from arrival to CAG start [+ IQR (min)] 83.5 £ 65.3 69.5 £+ 44.75 0.062
Median time from arrival to reach the target body temperature [£ IQR (min)] 147 £243 8 300 £ 232.3 <0.001
Median time from TH start to teach the target body temperature [+ IQR (min)] 120 + 192 180 £ 150 0.259
Median time from arrival to coronary reperfusion [+ IQR (min)] 162 + 73* 120 + 69** <0.001
Witnessed [N (%)] 42 (80.8) 87 (77.7) 0.9
By-stander CPR [N (%)] 30 (57.7) 56 (50) 0.671
ECG waveform at first [N (%)]

VF/NVT 35 (67.3)/0 (0) 62 (55 4)/0 (0) 0.498

PEA 6 (115) 24 (214) 0.278

Asystole 2 (3.8) 6 (5.4) 1

Other 9 (17.3) 20 (17.9) 1
ECG waveform at arrival [N (%)]

VF/VT 10 (19.2)/0 (0) 20(17.9)/0 0.35

PEA 12 (23.1) 26 (23.2) 1

Asystole 7 (13.5) 16 (14.3) 1

Other 23 (44.2) 50 (44.6) 1
With ECMO [N (%)] 22 (42.3) 38 (33.9) 0.523
With IABP [N (%)] 31 (59.6) 64 (57.1) 0.891
With BP [N (%)] 3 (58) 17 (15.2) 0.194

TH therapeutic hypothermia, CAG coronary angiography, SD standard deviation, /QR, interquartile range, CPR cardiopulmonary resuscitation,
ECG electrocardiogram, VF/VT ventricular fibrillation/pulseless ventricular tachycardia, PEA pulseless electrical activity, ECMO extracorporeal

membrane oxygenation, JAPB intra-aortic balloon pumping, BP blood purification

*N = 37; **N = 87

a Patients with or without coronary treatment
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Table 3 Primary outcome: 90-day neurological situation

With and without coronary artery treatment

With coronary artery treatment

TH group (N = 76) CAG group (N = 145)

)4 TH group (N = 52) CAG group (N = 112) p

CPC1+2 [N (%)] 20 (26.3) 45 (31.0)

0.655 14 (26.9) 26 (23.2) 0.709

Secondary outcomes

The secondary outcomes are shown in Table 4.

Regardless of the coronary treatment, patients whose
CPC are 1 or 2 are 23 (30.3 %) patients in the TH group,
and 50 (34.5 %) patients in the CAG group in 30 days,
respectively. Complications of hypothermia are seen in 24
(31.6 %) patients in the TH group, and 41 (28.3 %)
patients in the CAG group between 90 days, and 3 (3.9 %)
died from complications of hypothermia in the TH group,
and 5 (3.4 %) were died in the CAG group.

Patients with coronary treatment, patients whose CPC
were 1 or 2 are 17 (32.7 %) patients in the TH group, and
32 (28.6 %) patients in the CAG group in 30 days,
respectively. The complications of hypothermia are seen in
22 (42.3 %) patients in the TH group, and in 29 (25.9 %)
patients in the CAG group between 90 days. Two (3.8 %)
died from complications of hypothermia in the TH group,
and 3 (2.7 %) died in the CAG group.

There are no significant differences in the rate of good
neurological prognosis at 30 days, complications of
hypothermia, and death caused by complications of
hypothermia between the two groups.

Discussion

All healthcare workers involved in emergency medicine
have been trying to improve the prognosis of patients with
cardiac arrest. Recently, it had been reported that
hypothermia was an effective treatment to improve the
neurological situation and survival of comatose patients
after ROSC [1, 2], and the usefulness of hypothermia
recommended in the 2005 AHA Guidelines for CPR and

Table 4 Secondary outcome

ECC. Thereafter, the effectiveness of TH for comatose
patients after ROSC has often been reported [15-17], and
the 2010 AHA Guidelines for CPR and ECC recommended
performing TH in comatose adult patients with ROSC after
OHCA (class I-IIb) [3].

On the other hand, Spaulding et al. [4] report that
accurate diagnosis by immediate CAG will yield suit-
able candidates for coronary angioplasty, and it seems to
improve survival in patients with OHCA. Thereafter, the
number of papers that reported the effectiveness of early
CAG with potential coronary artery treatment in patients
with ROSC after OHCA increased [4, 18-20], and the
usefulness of early CAG and coronary artery treatment was
described in the 2010 AHA Guidelines for CPR and ECC
[3]. Recent reports have recommended both TH and CAG
with coronary artery treatment [17, 21].

It seems to be ideal to start both TH and CAG in patients
with OHCA immediately after arrival. However, there are
doctors who concerned that there is an increase in pul-
monary edema with the use of low-temperature infusion
[7]. It is difficult for such doctors to start both TH and CAG
at the same time. Additionally, all hospitals cannot always
conduct immediate CAG for patients after ROSC. How-
ever, TH could be started if physicians experienced with
TH after ROSC happen to be in the hospital. On the other
hand, for CAG, cardiologists who are familiar with CAG
are necessary. Many emergency physicians, cardiologists
and intensivists have struggled with the clinical question of
whether to start TH or CAG first after ROSC; however,
there is no description about that in the 2010 AHA
Guidelines for CPR and ECC. Therefore, we evaluated this
point using data of the SOS-KANTO 2012 study.

We find that there are no statistically significant differ-
ences in survival and the 90-day neurological prognosis as

With and without coronary artery treatment

With coronary artery treatment

TH group CAG group )4 TH group CAG group P
(N =176) (N = 145) (N =152 (N =112)
30-day neurological status CPC1+2 23 (30.3) 50 (34.5 %) 0.672 17 (32.7) 32 (23.6) 0.729
[N (%)]
With complications of hypothermia 24 (31.6) 41 (28.3) 0.768 22 (42.3) 29 (25.9) 0.177
[N (%)]
Death caused by complications 3(3.9) 5(3.4) 1 2 (3.8 %) 3 (2.7 %) 0.655

@ Springer



Intern Emerg Med (2016) 11:577-585

583

primary outcomes, and in the 30-day neurological prog-
nosis as the secondary outcome between the two groups
regardless of coronary artery treatment. However, our
finding that the survival rate tended to be better in the CAG
group might have been influenced by type-II error because
there were a small number of patients that were finally
targeted for analysis. In addition, this result might indicate
the importance of stabilizing hemodynamics first, so the
survival curve of the CAG group may be better than that of
the TH group without a statistical significant difference. On
the other hand, Laver et al. [22] report that two-thirds of
patients who die after OHCA die due to neurological injury
and mortality is not associated with the ECG wave form of
the cardiac arrest. In the present study, there is no signifi-
cant difference in the 90-day neurological prognosis, and
this result may have influenced the survival rate.

Regarding the secondary outcome, there are no signifi-
cant differences in the rate of complications associated
with hypothermia. This indicates that CAG can be per-
formed safely with TH.

Temperature management for patients after ROSC is
important. In this study we could not discern what temperature
of hypothermia is best. The report of TTM trial investigators
mentions that there are no significant differences between 33
and 36 °C in patients who are treated with temperature man-
agement after ROSC [23]. In their report, the Kaplan—Meier
curves of both groups are almost same. On the other hand,
Kaplan—Meier curve of the CAG group is better than the TH
group (of course there is no significant difference as pointed
out above), so there is a possibility that CAG first produces a
better outcome than TH first in OHCA patients.

Limitations

The SOS-KANTO study 2012 was a large, prospective
cohort study of OHCA; however, the number of patients
who underwent both TH and CAG was small, and this was
only an observational study. This study did not include all
hospitals with an emergency center in the KANTO area in
Japan, and there is a possibility that our results are influ-
enced by type-II error. There may have been differences in
the indication to perform CAG and coronary artery treat-
ment among the hospitals. In addition, the methods and
apparatus for TH were varied and not unified. Therefore, a
randomized double-blind trial would be preferable.

Conclusion
Whether TH or CAG was performed earlier did not

affect the survival and neurological prognosis after
90 days and 30-day neurological prognosis among

patients with ROSC after OHCA. Regarding the priority
of TH or CAG, either TH or CAG can be immediately
started in the hospital for comatose patients with ROSC
after OHCA.
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