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Abstract

Background: We established a multi-center, prospective cohort that could provide appropriate therapeutic
strategies such as criteria for the introduction and the effectiveness of in-hospital advanced treatments, including
percutaneous coronary intervention (PCl), target temperature management, and extracorporeal cardiopulmonary
resuscitation (ECPR) for out-of-hospital cardiac arrest (OHCA) patients.

Methods: In Osaka Prefecture, Japan, we registered all consecutive patients who were suffering from an OHCA for
whom resuscitation was attempted and who were then transported to institutions participating in this registry
since July 1, 2012. A total of 11 critical care medical centers and one hospital with an emergency care department
participated in this registry. The primary outcome was neurological status after OHCA, defined as cerebral
performance category (CPC) scale.

Results: A total of 688 OHCA patients were documented between July 2012 and December 2012. Of them, 657
were eligible for our analysis. Patients’ average age was 66.2 years old, and male patients accounted for 66.2 %. The
proportion of OHCAs having a cardiac origin was 50.4 %. The proportion as first documented rhythm of ventricular
fibrillation/pulseless ventricular tachycardia was 11.6 %, pulseless electrical activity 23.4 %, and asystole 54.5 %. After
hospital arrival, 10.5 % received defibrillation, 90.8 % tracheal intubation, 3.0 % ECPR, 3.5 % PCl, and 83.1 %
adrenaline administration. The proportions of 90-day survival and CPC 1/2 at 90 days after OHCAs were 5.9 and

3.0 %, respectively.

Conclusions: The Comprehensive Registry of In-hospital Intensive Care for OHCA Survival (CRITICAL) study will

enroll over 2000 OHCA patients every year. It is still ongoing without a set termination date in order to provide
valuable information regarding appropriate therapeutic strategies for OHCA patients (UMINOO0007528).
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Background

Out-of-hospital cardiac arrest (OHCA) of cardiac ori-
gin is one of the leading causes of death in the indus-
trialized world [1], with approximately 70,000 events
occurring every year in Japan [2]. The Utstein Osaka
Project, a prospective, population-based cohort, was
launched in Osaka, Japan in May 1998 [3] and has
been providing valuable findings including the effect-
iveness of chest compression-only cardiopulmonary
resuscitation (CPR) by bystanders [4] and the import-
ance of continuously improving the chain of survival
at the community level [5]. However, survival after
OHCAs is still low, only <10 % even among
bystander-witnessed OHCA patients [2].

This better survival after OHCAs in Osaka is mainly
due to improvement of the prehospital emergency med-
ical service (EMS). For further improvement of out-
comes after OHCAs, measurement and assessment of
the quality of in-hospital intensive care after hospital ar-
rival will also be required, especially for OHCA patients
with post-cardiac arrest syndrome (PCAS). In addition,
several countries and regions including Asia, Europe,
and the USA have recently been launching large-scale
OHCA registries [6—10] because of the great need for
high-quality data collection that can be used for improv-
ing OHCA outcomes. Thus, obtaining comprehensive
data for both out- and in-hospital OHCA treatments,
and understanding the actual conditions that will lead to
improved OHCA outcomes, is one of the most urgent
issues in resuscitation science.

In order to improve the survival after OHCA by pro-
viding appropriate therapeutic strategies incorporating
criteria such as the introduction and effectiveness of in-
hospital advanced treatments including percutaneous
coronary intervention (PCI) [11], target temperature
management (TTM) [12-14], and extracorporeal cardio-
pulmonary resuscitation (ECPR) [15, 16] for OHCA pa-
tients, we established a multi-center, prospective cohort
that focused on OHCA patients who were transported
to critical care centers or hospitals with an emergency
care department staffed by EMS personnel. Herein, we
will describe the study design and the profiles of cohort
patients. This study has been designated as the Compre-
hensive Registry of In-Hospital Intensive Care for
OHCA Survival (the CRITICAL study) [17].

Methods

Population and settings

The target area of the CRITICAL study is Osaka Prefec-
ture in Japan, which has an area of 1897 km? with a resi-
dential population of 8,865,245 inhabitants as of 2010
[18]. Males make up 48.3 % of the population, 22.4 % of
whom are >65 years old. Osaka included 535 hospitals
(108,481 beds) in 2012 [19]. Of them, 276 include 15
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critical care medical centers (CCMCs) that can accept
emergency severely ill patients from ambulances, includ-
ing OHCA patients [20]. In this study, 11 of 13 CCMCs
and one non-CCMC with an emergency care depart-
ment in Osaka participated. Approximately 7500
OHCAs occur in Osaka every year [2]. As many as 30 %
of OHCA patients in Osaka were transported to CCMCs
and treated [21]. Therefore, this registry is planning to
enroll over 2000 OHCA patients every year and is on-
going with no set ending to the study period. The study
was approved by the Ethics Committee of Osaka Univer-
sity and Kyoto University as the corresponding institu-
tion, and each hospital also approved the CRITICAL
study protocol as necessary.

Study patients

We registered all consecutive patients who were suffer-
ing from an OHCA and for whom resuscitation was
attempted and who were then transported to participat-
ing institutions starting on July 1, 2012. This study ex-
cluded OHCA patients who did not receive CPR by
physicians or those with a disagreement about our regis-
try, either by family members or themselves. The re-
quirement of giving individual informed consent for the
reviews of patients’ outcomes was waived by the Per-
sonal Information Protection Law and the national re-
search ethics guidelines of Japan. This study described
baseline characteristics and outcomes of OHCA patients
who were transported to participating institutions from
July 1, 2012 through December 31, 2012.

Emergency medical service organization and equipment
in Osaka

Details of the EMS system in Osaka were described pre-
viously [4, 5]. The 119 emergency telephone number is
accessible anywhere in Japan including Osaka, and on
receipt of a 119 call, an emergency dispatch center sends
the nearest available ambulance to the site. Emergency
services are provided 24 h every day; the system is
single-tiered in 32 stations and two-tiered in two sta-
tions. The latter uses medics followed by physicians.
Each ambulance includes a three-person unit providing
life support. Most highly trained EMS personnel are
called emergency life-saving technicians. They are
allowed to insert an i.v. line and an adjunct airway and
to use a semi-automated external defibrillator for OHCA
patients. Emergency life-saving technicians are permitted
to provide shocks without consulting a physician, and
specially trained emergency life-saving technicians are
allowed to carry out tracheal intubation and to adminis-
ter epinephrine for OHCA patients. All EMS providers
carried out CPR, basically according to the 2010 Japa-
nese CPR guidelines during this study period.
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Prehospital resuscitation data were obtained from the
All-Japan Utstein Registry of the Fire and Disaster Man-
agement Agency of Japan. Details of the registry were
described in detail in our preceding paper [22]. Data
were collected prospectively with the use of a data form
based on the Utstein-style international guideline of
reporting OHCA [23, 24]. Collected data included the
following: witness status, bystander-initiated CPR,
shocks by public-access automated external defibrillators
(AEDs), dispatcher instructions, first documented
rhythm, shocks by EMS personnel, advanced airway
management, intravenous fluid, adrenalin administra-
tion, and resuscitation time course.

Data collection and quality control

In this registry, we collected detailed information on
OHCA patients after hospital arrival. Anonymized data
were fed into the Web form by physicians or medical
staff in cooperation with physicians in charge of the pa-
tient, were logically checked by the system, and were fi-
nally confirmed by the CRITICAL study working group.
If the data form was incomplete, the working group
returned it to the respective institution and the data
were completed. In-hospital data were systemically
merged with Utstein-style prehospital data gathered
from the FDMA by the working group, by the use of
three important items in both data: emergency call time,
age, and gender. The CRITICAL study has the following
three detailed in-hospital data:

1) Hospital information
Each participating hospital needed to enter
hospital information at the time of registration.
The required information was as follows: the type
of emergency department (CCMC or non-
CCMOCQ); total bed number; intensive care unit
bed number; pediatric intensive care unit bed
number; annual expected number of OHCA pa-
tients; number of physicians and nurses who
treated an OHCA patient (daytime and nighttime
duty); the type of physicians (yes or no) for
OHCA treatments such as acute care physicians,
intensive care physicians, anesthesiologists, cardi-
ologists, and pediatricians; intensive care unit
training facility for board-certified intensivists ap-
proved by the Japanese Society of Intensive Care
Medicine (yes or no); use of end-tidal carbon di-
oxide monitor during cardiopulmonary arrest (yes
or no); ECPR use for an OHCA patient (yes or
no); having an ECPR protocol (yes or no); person
who performed the ECPR priming (physician or
clinical engineer); body temperature management
for OHCA (available or not); and body
temperature management protocol (yes or no)
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and details such as target (maintenance)
temperature, duration of target (maintenance)
temperature, rewarming target temperature, and
duration of rewarming.
2) Baseline OHCA patient information

Baseline patient information was collected for
both OHCA patient identification and entry
criteria confirmation. First, information on the
emergency call time from bystanders and the
hospital arrival time, along with OHCA patient’s
sex and age, were included. Next, patients who
met the following criteria were registered: (1)
OHCA occurred in prehospital settings, (2) was
resuscitated by EMS personnel and then
transported to the participated institutions or (3)
was defibrillated by bystanders and then
transported to the institutions, and (4) was
resuscitated by physicians after hospital arrival.

3) In-hospital data including treatments, arterial blood

gases, laboratory data, and outcomes

In-hospital data on OHCA patients after hospital
arrival were prospectively collected using an
original report form. The cause of arrest was
defined as having cardiac (acute coronary
syndrome, other heart disease, presumed cardiac
cause) or non-cardiac (cerebrovascular diseases,
respiratory diseases, malignant tumors, external
causes including traffic injury, fall, hanging,
drowning, asphyxia, drug overdose, or any other
external cause, and sudden infant death syndrome
[only for children]) causes [23, 24]. The category
of presumed cardiac cause was a diagnosis by ex-
clusion (i.e., the diagnosis was made when there
was no evidence of a non-cardiac cause). Diagno-
ses of cardiac or non-cardiac origin were clinically
made by the physician in charge. Other baseline
information are as follows: time of departure of
ambulance or helicopter with physicians, return of
spontaneous resuscitation (ROSC) after hospital
arrival (or after contact with physicians in ambu-
lance or helicopter), and first documented rhythm
after hospital arrival (or after contact with physi-
cians in ambulance or helicopter).
The reporting form also required actual detailed
treatments for OHCA patients (e.g., defibrillation,
tracheal intubation, ECPR, intra-aortic balloon
pumping (IABP), cardioangiography (CAG), per-
cutaneous coronary intervention, target
temperature management, drug administration
during cardiopulmonary arrest [adrenalin, amioda-
rone, nifekalant, lidocaine, atropine, magnesium,
and vasopressin]), arterial blood gases measured
initially at hospital arrival (pH, PaCO, [mmHg],
PaO, [mmHg], HCO3; [mEq/l], base excess
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[mEq/1], lactate [mmol/l], glucose [mg/dl]), and
laboratory data measured initially at hospital ar-
rival (blood urea nitrogen [mg/dl], creatinine
[mg/dl], total protein [g/dl], albumin [g/dl], so-
dium [mEgq/l], potassium [mEq/l], and ammonia
[ug/dl).

Outcome data were also prospectively collected
and included as follows [25]: condition after
hospital arrival (admitted to intensive care unit/
ward or death at emergency department), 1 month
and 90-day survival, and neurological status at

1 month and 90 days after OHCA occurrence by
using the cerebral performance category (CPC)
scale (category 1, good cerebral performance; cat-
egory 2, moderate cerebral disability; category 3,
severe cerebral disability; category 4, coma or
vegetative state; category 5, death) or pediatric
CPC scale (category 1, normal cerebral perform-
ance; category 2, mild cerebral disability; category
3, moderate cerebral disability; category 4, severe
cerebral disability; category 5, coma or vegetative
state; category 6, death) if the patient was aged
<17 years old. Survivors were evaluated 1 month
and 90 days after the event for a neurologic assess-
ment by the physician in charge.
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Statistical analysis

The y* test and one-way analysis of variance were used
to analyze statistical differences from the first docu-
mented rhythm at EMS arrival. All p values were two-
sided, and those less than 0.05 were considered to be
statistically significant. Data were shown as mean +
standard deviation and the percentage of which number.
All statistical analyses were carried out using SPSS soft-
ware (version 22], IBM Corp., Armonk, NY).

Results

Figure 1 shows an overview of the study patients. A total
of 688 OHCA patients were documented between July
and December 2012. Excluding 16 patients who were
not resuscitated by physicians after hospital arrival and
15 patients without prehospital data, 657 patients were
eligible for our analysis. Of them, 52 were bystander-
witnessed ventricular fibrillation (VF) arrests presumed
to be of cardiac etiology.

Registered hospital characteristics are shown in Table 1.
The institutions had an average of 570 beds, and the ex-
pected number of OHCA patients transported to each
institution was 171 every year. All institutions had >3
physicians treating OHCAs during the day. Nine institu-
tions had an ECPR protocol for OHCA treatments and
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Table 1 Hospital characteristics Table 2 Baseline characteristics
Institutions n=12) Total
Critical emergency medical center, n (%) 11 91.7) (n=657)
Total bed number, mean (SD) 5702 (4089)  Age, year, mean (SD) 66.2 (20.2)
Intensive care unit bed number, mean (SD) 131 (7. Children aged 0-17 years old, n (%) 15 (23)
Pediatric intensive care unit bed number, mean (SD) 0 (0) Male, n (%) 406 (61.8)
Annual expected number of OHCA cases, mean (SD) 1714 (72.1) Cause, n (%)
23 physicians treated an OHCA case (daytime duty), n (%) 12 (100) Cardiac 331 (504)
>3 physicians treated an OHCA case (nighttime duty), n (%) 8 (66.7) Acute coronary syndrome 159 (24.2)
23 nurses treated an OHCA case (daytime duty), n (%) 6 (50.0) Other heart disease 21 (3.2)
>3 nurses treated an OHCA case (nighttime duty), n (%) 2 (16.7) Presumed cardiac cause 151 (23.0)
Acute care physicians for OHCA treatments, n (%) 12 (100.0) Non-cardiac 326 (496)
Intensive care physicians for OHCA treatments, n (%) 10 (83.3) Cerebrovascular disease 18 27
ICU training facility for board-certified intensivists, n (%) 10 (83.3) Respiratory disease 31 4.7)
Anesthesiologists for OHCA treatments, n (%) 8 (66.7) Malignant tumor 8 (1.2)
Cardiologists for OHCA treatments, n (%) 11 91.7) External 216 (329)
Pediatricians for OHCA treatments, n (%) 8 (66.7) Traffic injury 38 (58)
Use of ETCO, monitor during cardiopulmonary arrest, n (%) 8 (66.7) Fall 54 (82
ECPR use for OHCA, n (%) 9 (75.0) Hanging 26 (40
ECPR protocol, n (%) 9 (75.0) Drowning 23 (3.5)
Clinical engineer who performed ECPR priming, n (%) 10 (83.3) Asphyxia 57 (87)
Body temperature management for OHCA, n (%) 12 (100) Drug overuse 5 0.8)
Body temperature management protocol, n (%) 10 (833) Other external cause 13 (20
Target (maintenance) temperature (°C), n (%)° Others 53 8.1)
33°C 2 (20.0) SIDS (only for children) 3 (0.5)
34 °C 7 (70.0) Departure of ambulance or helicopter with physicians, n (%) 107 (16.3)
35°C 1 (10.0) ROSC status, n (%)
Duration of target (maintenance) temperature (hours), 24 (0.0) ROSC after hospital arrival 187 (285)
mean (SD)” ROSC before hospital arrival 55 (84)
Rewarming target temperature (°C), mean (SD)* 361 (03) No ROSC 415 (632)
Duration of rewarming (hours), mean (SD)” 336 (203) First documented rhythm after hospital arrival, n (%)
Chvide, ECPR sctacorpores cadiopulmonany ressctaton 50 sumdard devaton  VF/pulseless VT 2 62
Calculated for ten institutions having body temperature management protocol PEA 148 (22.5)
Asystole 435 (66.2)
ten institutions had a body temperature management Presence of pulse 53 @)

protocol for them.

Table 2 shows baseline characteristics of 657 OHCA
patients. The average age was 66.2 years old, and 15
were children aged <17 years old. Males accounted for
66.2 % of patients. The proportion of the cardiac cause
of OHCAs was 50.4 %. A total of 187 (28.5 %) patients
had ROSC after hospital arrival and 55 (8.4 %) patients
had already received ROSC by the time of their arrival.
Among these patients, 21 (3.2 %) had VF/pulseless ven-
tricular tachycardia (VT), 148 (22.5 %) had pulseless
electrical activity (PEA), and 435 (66.2 %) were asystole
as the first documented rhythm after hospital arrival.

Prehospital characteristics based on the Utstein tem-
plate are noted in Table 3. A total of 251 (38.2 %) patients

SD standard deviation, SIDS sudden infant death syndrome, ROSC return of
spontaneous circulation, VF ventricular fibrillation, VT ventricular fibrillation,
PEA pulseless electrical

were witnessed by bystanders and 334 (50.8 %) were not.
Approximately one third received bystander-initiated
CPR, but only three received shocks by public-access
AEDs. VF/pulseless VT as first documented rhythm was
11.6 %, PEA was 23.4 %, and asystole was 54.5 %. As for
prehospital treatments by EMS personnel, 15.5 % received
shocks, 21.8 % intubation, 29.1 % intravenous fluid admin-
istration, and 15.2 % adrenaline administration. The mean
time interval from call to CPR started by EMS at the scene
was 9.8 min and from call to hospital arrival was 32.2 min.
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Table 3 Prehospital characteristics

Total
(n=657)
Witness status, n (%)

Witnessed by bystanders 251 (38.2)
Family member 135 (20.5)
Friend 1M (1.7)
Colleague 9 (14)
Passerby 33 (5.0)
Others 63 (9.6)

Witnessed by EMS personnel 72 (11.0)

Not witnessed 334 (50.8)

Bystander-initiated CPR, n (%)

Yes 210 (31.9)
Chest compression—only CPR 167 (25.4)
Conventional CPR with rescue breathing 43 6.5)

No 447 (68.1)

Shock by public-access AEDs, n (%) 3 (0.5)
Dispatcher instructions, n (%) 243 (37.0)
First documented rhythm, n (%)

VF/pulseless VT 77 (11.6)

PEA 154 (234)

Asystole 358 (54.5)

Others 68 (104)

Shock by EMS personnel, n (%) 102 (15.5)
Advanced airway management, n (%)

None 309 (47.0)

Esophageal obturator airway 195 (29.7)

Endotracheal intubation 143 (21.8)

Laryngeal mask airway 10 (1.5)

Intravenous fluid, n (%) 191 (29.1)
Adrenaline administration, n (%) 100 (15.2)
Call to CPR started by EMS, min, mean (SD) 9.8 (6.0)
Call to hospital arrival, min, mean (SD) 322 (9.9)

EMS emergency medical service, CPR cardiopulmonary resuscitation, VF
ventricular fibrillation, PEA pulseless electrical activity, AED automated external
defibrillator, SD standard deviation

In-hospital data by the type of first documented
rhythm at EMS arrival are noted in Table 4. After
hospital arrival, 10.5 % received defibrillation, 90.8 %
tracheal intubation, 3.0 % ECPR, 2.9 % IABP, 6.4 %
CAG, 3.5 % PCI, and 83.1 % adrenaline administration.
The proportion of implementation differed by the type
of first documented rhythm. As for arterial blood gases
and laboratory data measured initially at hospital arrival,
the mean values were as follows: pH was 6.9, PaCO,
86.1 mmHg, PaO, 79.2 mmHg, base excess —16.4 mEq/],
lactate 13.2 mmol/l, creatinine 1.4 mg/dl, potassium
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6.3 mEq/], and ammonia 283.8 pg/dl. The values differed
by the type of first documented rhythm.

Table 5 shows the outcomes among 657 OHCA
patients. A total of 197 patients (30 %) were admitted to
an intensive care unit/ward. The proportions of 1-month
survival and CPC 1/2 at 1 month after OHCAs were 9.0 %
and 3.0 %, respectively. The proportions of 90-day survival
and CPC 1/2 at 90 days after OHCA occurrence were
5.9 % and 3.0 %, respectively. Not all children survived
during the study period.

Discussion

In July 2012, we launched a multi-center, prospective
observational registry (the CRITICAL study) in Osaka,
Japan that focused on OHCA patients by EMS personnel
who were transported to CCMCs or hospitals with an
emergency care department. Herein, we described the
study design and its rationale and briefly presented
characteristics and outcomes of 657 OHCA patients in
the first half of the year after the study’s initiation.

The CRITICAL study group established a comprehen-
sive cohort, assessing and collecting both pre- and in-
hospital data regarding OHCA patients in Osaka. In this
study, we have had the following three purposes. First, we
made a uniform registry form regarding the emergency
system of transported institutions, as well as in-hospital
procedures such as PCI, TTM, and ECPR, in order to clar-
ify the actual situation of OHCA treatments after hospital
arrival. Second, by assessing the different emergency
systems in transported institutions (e.g., CCMCs or not),
we could provide appropriate criteria for hospital selection
by EMS in line with each patients’ characteristics such as
age, gender, and the presence or absence of prehospital
ROSC. In addition, our data would be of help in
constructing appropriate emergency medical systems by
finding factors associated with hospital selection. Third,
we could produce a systematic therapeutic strategy to
improve the neurological outcome of OHCA patients after
hospital arrival by verifying the effectiveness of in-hospital
advanced treatments such as the use of drugs, ELS, PCI,
and TTM. Thus, we consider that the CRITICAL study
will contribute to improving patient outcomes after
OHCAs in the target area.

The CRITICAL study has several strengths. It is well-
known from preceding studies that basic life supports
such as chest compressions or defibrillations are more
effective for improving OHCA outcomes than advanced
life supports [26]. Therefore, to properly assess effects of
in-hospital procedures such as PCI, TTM, and ECPR, the
OHCA registry system, including in-hospital data, should
be conducted in areas where prehospital emergency care
systems are established adequately, as in Osaka [3-5]. In
Osaka, we have a robust emergency medical network with
EMS personnel, physicians, and researchers, functioning
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Table 4 In-hospital advanced treatments, drug administrations, and arterial blood gases by the type of first documented rhythm at

EMS arrival
Total First documented rhythm at EMS arrival
VF/pulseless VT PEA/Asystole Others P
(h=1657) (n=77) (n=512) (n=68)
Defibrillation, n (%) 69 (10.5) 29 (37.7) 32 8 <0.001
Tracheal intubation, n (%) 0.013
Yes 449 68.3) 61 (79.2) 334 54
Intubated by EMS personnel in prehospital settings 148 22.5) 14 (18.2) 126 8
No 60 2 (2.6) 52 6
Extracorporeal life support, n (%) 20 13 (16.9) 6 1 <0.001
Intra-aortic balloon pumping, n (%) 19 12 (15.6) 5 2 <0.001
Coronary angiography, n (%) 42 31 (40.3) 8 3 <0.001
Percutaneous coronary intervention, n (%) 23 17 22.1) 5 1 <0.001
Target temperature management, n (%) 61 34 (44.2) 23 4 <0.001
Drug administration during cardiac arrest (multiple choice)
Adrenaline, n (%) 546 83.1) 57 (74.0) 436 53 0.021
Amiodarone, n (%) 10 9 (11.7) 1 0 <0.001
Nifekalant, n (%) 11 8 (104) 3 0 <0.001
Lidocaine, n (%) 13 9 (11.7) 3 1 <0.001
Atropine, n (%) 15 6 (7.8) 8 1 0.003
Magnesium, n (%) 13 9 (11.7) 3 1 <0.001
Vasopressin, n (%) 0 0 (0.0) 0 0
Arterial blood gases at hospital arrival, mean (SD)®
pH 6.93 0.19) 7.02 (0.18) 691 701 <0.001
PaCO, (mmHg) 86.1 37.8) 69.8 (30.6) 91.0 70.1 <0.001
Pa0O, (mmHg) 793 107.3) 1260 (138.9) 716 79.7 <0.001
HCO; (mEg/l) 16.1 164 (4.8) 16.2 15.1 0.342
Base excess (mEg/l) -164 -14.6 (7.8) -16.8 -15.2 0.020
Lactate (mmol/l) 132 11.1 4.7) 138 119 <0.001
Glucose (mg/dl) 223 265 (113) 219 206 0.007
Laboratory data at hospital arrival, mean (SD)?
Blood urea nitrogen (mg/dl) 253 21.9) 206 (11.1) 243 398 <0.001
Creatinine (mg/dl) 14 13 (1.1) 14 1.7 0.139
Total protein (g/dl) 6.0 6.1 (1.0 6.0 58 0320
Albumin (g/dl) 3.1 33 0.7) 30 30 0.019
Sodium (mEg/l) 1399 139.7 (4.9) 139.8 140.7 0.723
Potassium (mEg/1) 6.3 45 (1.3) 6.7 56 <0.001
Ammonia (ug/dl) 2838 128 (114) 325 195 0.025

EMS emergency medical service, SD standard deviation
Calculated only for patients with gases or data

as the Osaka Utstein Project since 1998 [3-5, 27]. In
addition, Osaka, with about 9 million inhabitants of all
ages, has both urban and rural areas and findings from the
CRITICAL study that could be applied to other communi-

ties in Japan as well as worldwide.

Our preliminary data demonstrated that the prehospi-
tal VF/pulseless VT group was more likely to receive ad-
vanced in-hospital procedures such as ECPR, IABP,
CAG, PCI, and drug administrations than the other
rhythm groups. The CPR guidelines recommend that
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Table 5 Outcomes

Total
(n=657)
Condition after hospital arrival, n (%)
Admitted to ICU/ward 197 (30.0)
Death at the ED 460 (70.0)
T-month survival, n (%)

Yes 59 9.0
Hospitalized 40 6.1)
Discharge to survival 18 2.7)
Unknown 1 0.2)

No 598 (91.0)

CPC 1 month after OHCAs, n (%)

CPC1 18 (2.7)

CPC2 2 03)

CPC3 7 (1.m

CPC 4 32 (4.9

CPC5 583 (88.7)

P-CPC 6 (only for children) 15 (2.3)

90-day survival, n (%)

Yes 39 (5.9
Hospitalized 12 (1.8)
Discharge to survival 26 (3.8)
Unknown 1 0.2)

No 612 (932)

Unknown 6 (0.9)

CPC 90 days after OHCAs, n (%)

CPC1 19 (29

CPC2 1 (0.2)

CPC3 2 03)

CPC 4 16 (24)

CPC5 597 (90.9)

Unknown 7 (1.1)

P-CPC 6 15 (23)

ICU intensive care unit, ED emergency department, CPC cerebral performance
category, OHCA out-of-hospital cardiac arrest

comatose cardiac arrest survivors receive TTM after VF/
pulseless VT [1, 28], but the present study showed that
only 44.2 % of the prehospital VF/pulseless VT group
received TTM. This result suggested that it would take
much time to implement changes in CPR guidelines into
emergency care systems, even in CCMCs [29, 30]. In
addition, a detailed method of TTM implementation in
actual settings, such as an optimal temperature, timing
of introduction, cooling duration, and cooling method
[31], and other PCAS treatments such as ECPR [15, 32]
and PCI [11] was reported to improve the outcome after
OHCAs but has not yet been established. Importantly,
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the appropriate of usage of these treatment strategies is
under debate [33]. By collecting a large number of
OHCA patients, our registry could solve these problems
in the future.

Most importantly, the survival from OHCAs is very low
and there is room for improvement worldwide. In this
study, the proportions of 1-month survival and 1-month
survival with favorable neurological outcome defined as
CPC 1 or 2 [23, 24] after OHCAs were 9.0 % and 3.0 %,
respectively. These results were almost the same as in our
previous studies [5, 34] and another report [35]. Accord-
ing to AHA consensus statements, longer-term end points
such as 90-day neurocognitive function and quality-of-life
assessments after cardiac arrests should be considered
[25]. This is because OHCA patients’ neurological condi-
tion might fluctuate during the first 90 days after arrests.
Therefore, survival and the CPC at 90 days after OHCAs
would provide a reasonable outcome parameter for large-
scale OHCA cohorts like ours. The CRITICAL study was
designed to obtain survival and CPC at 90 days after
OHCA occurrence based on this recommendation. How-
ever, there could be a potential loss of patient long-term
follow-up. Seven cases (1.1 %) in this study could not be
followed-up in the first half year of observation. Hence,
we must obtain all available long-term data regarding out-
comes among OHCA patients with ROSC and enhance
the accuracy of our study because registered OHCA
patients in our database will greatly increase.

Because medical resources are limited, we should pro-
vide medical institutions with appropriate transportation
criteria. Further evidence gathered from evaluating the
effect of advanced treatments should also be accumulated
in order to build a uniform protocol that can be used in
all hospitals including CCMCs. The CRITICAL study will
be suitable for these purposes.

The CRITICAL study has some inherent limitations,
however. First, it is a hospital-based observation and
cannot follow all OHCA patients in the target area. We are
calling for other medical institutions in Osaka to participate
in our project and to include OHCA patients in this area as
much as possible. Second, we were able to assess survival
and neurologic status at 90 days after OHCAs, but much
longer follow-ups (e.g., outcomes at 1 year after arrests) are
not available. Finally, unmeasured confounding factors
might have affected the relationship between measured
factors and the outcomes after OHCAs.

Conclusions

We launched the CRITICAL study in July 2012, and this
ongoing study continues to gather participants. This
registry enrolls over 2000 OHCA patients every year and
is ongoing without a set conclusion to the study period, in
order to provide valuable information regarding appropri-
ate therapeutic strategies for OHCA patients.



Yamada et al. Journal of Intensive Care (2016) 4:10

Abbreviations

CAG: cardioangiography; CCMC: critical care medical center; CPC: cerebral
performance category; CPR: cardiopulmonary resuscitation;

ECPR: extracorporeal cardiopulmonary resuscitation; EMS: emergency medical
service; IABP: intra-aortic balloon pumping; OHCA: out-of-hospital cardiac
arrest; PCAS: post-cardiac arrest syndrome; PCl: percutaneous coronary
intervention; PEA: pulseless electrical activity; ROSC: return of spontaneous
circulation; TTM: target temperature management; VF: ventricular fibrillation;
VT: ventricular tachycardia.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

Tlwami participated in the idea formation and study design. TY, TKitamura,
KH, KY, and Tlrisawa managed the study group. YA, MI, TU, YO, KK, TKiguchi,
MKishi, MKishimoto, SN, TN, YH, and TM collected the data. TY and TKitamura
wrote the first draft and TY did the statistical analysis. JI, TShimamoto, TH,
and TM helped to manage the data. TKawamura and TShimazu supervised
the interpretation of the results and writing of the report. All the authors
read and approved the final manuscript.

Acknowledgements

We are deeply indebted to all members of the CRITICAL study group for their
contribution. The CRITICAL study group consist of the following institutions:
Osaka University Hospital Trauma and Acute Critical Care Center; Osaka Mishima
Emergency Critical Care Center; Senri Critical Care Medical Center, Osaka
Saiseikai Senri Hospital; Emergency and Critical Care Medical Center, Osaka City
General Hospital; Osaka Prefectural Nakakawachi Medical Center of Acute
Medicine; Traumatology and Critical Care Medical Center, National Hospital
Organization Osaka National Hospital; Emergency and Critical Care Medical
Center, Osaka Police Hospital; Critical Care and Trauma Center, Osaka General
Medical Center; Department of Emergency and Critical Care Medicine, Kinki
University School of Medicine; Osaka Prefectural Senshu Critical Care Medical
Center; Department of Critical Care Medicine, Osaka City University; and
Department of Emergency Medicine, Tane General Hospital. We are also deeply
grateful to all of the EMS personnel for collecting Utstein data and Drs. Kosuke
Kiyohara and Chika Nishiyama for supporting the CRITICAL study.

Funding

This study was supported by a scientific research grant from the Ministry of
Education, Culture, Sports, Science and Technology of Japan (24592733,
24791940, and 15H05006).

Author details

'Department of Traumatology and Acute Critical Medicine, Osaka University
Graduate School of Medicine, Suita, Japan. 2Emergency and Critical Care
Medical Center, Osaka Police Hospital, Osaka, Japan. Division of
Environmental Medicine and Population Sciences, Department of Social and
Environmental Medicine, Graduate School of Medicine, Osaka University,
Suita, Japan. *Department of Emergency and Critical Care Medicine, Kansai
Medical University, Takii Hospital, Moriguchi, Japan. Department of
Emergency Medicine, Tane General Hospital, Osaka, Japan. ®Department of
Critical Care Medicine, Osaka City University, Osaka, Japan. "Department of
Emergency and Critical Care Medicine, Kinki University School of Medicine,
Osaka-Sayama, Japan. ®Osaka Mishima Emergency Critical Care Center,
Takatsuki, Japan. °Critical Care and Trauma Center, Osaka General Medical
Center, Osaka, Japan. '°Osaka Prefectural Nakakawachi Medical Center of
Acute Medicine, Higashi-Osaka, Japan. ""Senshu Trauma and Critical Care
Center, Osaka, Japan. '“Traumatology and Critical Care Medical Center,
National Hospital Organization Osaka National Hospital, Osaka, Japan. '*Senri
Critical Care Medical Center, Saiseikai Senri Hospital, Suita, Japan.
“Emergency and Critical Care Medical Center, Osaka City General Hospital,
Osaka, Japan. "°Kyoto University Health Service, Yoshida-Honmachi, Sakyo-ku,
Kyoto 606-8501, Japan.

: 11 January 2016

Page 9 of 10

References

1. Hazinski MF, Nolan JP, Billi JE, Bottiger BW, Bossaert L, de Caen AR, et al.
Part 1: 2010 International consensus on cardiopulmonary resuscitation and
emergency cardiovascular care science with treatment recommendations.
Circulation. 2010;122(suppl2):5250-75.

2. Ambulance Service Planning Office of Fire and Disaster Management
Agency of Japan. Effect of first aid for cardiopulmonary arrest. http://www.
fdma.go.jp/neuter/topics/kyukyukyujo_genkyo/h26/01_kyukyu.pdf (Accessed
16 Jun 2015) (in Japanese).

3. The Osaka Utstein Project Committee. The Osaka Utstein Project Homepage.
http://www.osakalifesupportjp/utstein/ (Accessed 16 Jun 2015) (in Japanese).

4. lwami T, Kawamura T, Hiraide A, Berg RA, Hayashi Y, Nishiuchi T, et al.
Effectiveness of bystander-initiated cardiac-only resuscitation for patients
with out-of-hospital cardiac arrest. Circulation. 2007;116:2900-7.

5. Iwami T, Nichol G, Hiraide A, Hayashi Y, Nishiuchi T, Kajino K, et al.
Continuous improvements in “chain of survival” increased survival after out-
of-hospital cardiac arrests: a large-scale population-based study. Circulation.
2009;119:728-34.

6. Ong ME, Shin SD, Tanaka H, Ma MH, Khruekarnchana P, Hisamuddin N, et al.
Pan-Asian Resuscitation Outcomes Study (PAROS): rationale, methodology,
and implementation. Acad Emerg Med. 2011;18:890-7.

7. Grasner JT, Herlitz J, Koster RW, Rosell-Ortiz F, Stamatakis L, Bossaert L.
Quiality management in resuscitation—towards a European cardiac arrest
registry (EuReCa). Resuscitation. 2011;82:989-94.

8. McNally B, Robb R, Mehta M, Vellano K, Valderrama AL, Yoon PW, et al. Out-
of-hospital cardiac arrest surveillance—Cardiac Arrest Registry to Enhance
Survival (CARES), United States, October 1, 2005—December 31, 2010.
MMWR Surveill Summ. 2011,60:1-19.

9. Yang HJ, Kim GW, Kim H, Cho JS, Rho TH, Yoon HD, et al. Epidemiology and
outcomes in out-of-hospital cardiac arrest: a report from the NEDIS-based
cardiac arrest registry in Korea. J Korean Med Sci. 2015;30:95-103.

10.  Davis DP, Garberson LA, Andrusiek DL, Hostler D, Daya M, Pirrallo R, et al. A
descriptive analysis of emergency medical service systems participating in
the Resuscitation Outcomes Consortium (ROC) network. Prehosp Emerg
Care. 2007;11:369-82.

11. Kagawa E, Dote K, Kato M, Sasaki S, Nakano Y, Kajikawa M, et al. Should we
emergently revascularize occluded coronaries for cardiac arrest?: rapid-
response extracorporeal membrane oxygenation and intra-arrest
percutaneous coronary intervention. Circulation. 2012;126:1605-13.

12. Hypothermia after Cardiac Arrest Study Group. Mild therapeutic
hypothermia to improve the neurologic outcome after cardiac arrest. N
Engl J Med. 2002,346:549-56.

13. 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.

14. Nielsen N, Wetterslev J, Cronberg T, Erlinge D, Gasche Y, Hassager C, et al.
Targeted temperature management at 33 °C versus 36 °C after cardiac
arrest. N Engl J Med. 2013;369:2197-206.

15. Morimura N, Sakamoto T, Nagao K, Asai Y, Yokota H, Tahara Y, et al.
Extracorporeal cardiopulmonary resuscitation for out-of-hospital cardiac
arrest: a review of the Japanese literature. Resuscitation. 2011;82:10-4.

16. Chen YS, Lin JW, Yu HY, Ko WJ, Jerng JS, Chang WT, et al. Cardiopulmonary
resuscitation with assisted extracorporeal life-support versus conventional
cardiopulmonary resuscitation in adults with in-hospital cardiac arrest: an
observational study and propensity analysis. Lancet. 2008;372:554-61.

17. The CRITICAL Study Group. UMIN-CTR. UMIN000007528: Comprehensive
Registry of Intensive Cares for OHCA Survival (CRITICAL) Study. https://
upload.umin.acjp/cgi-open-bin/ctr/ctr.cgi?function=brows&action=
brows&type=summary&recptno=R000008833&language=J (Accessed 16 Jun
2015) (in Japanese).

18.  Statistics bureau, Ministry of internal affair and communications of Japan.
Population in Osaka Prefecture from 2010 Census. http://www.pref.osaka.lg.
jp/attach/1891/00039840/h22kokuchoutjikihon.pdf (Accessed 16 Jun 2015)
(in Japanese).

19. Osaka Prefectural Government. 2012 Report on medical institutions in Osaka
Prefecture. http://www.pref.osaka.lg jp/attach/3313/00107683/h24d02.pdf
(Accessed 16 Jun 2015) (in Japanese).

20. Osaka Prefectural Government. Hospital and health planning in Osaka
Prefecture. http://www.pref.osaka.lg,jp/attach/2502/00118050/02_25_02_
fuikiban_03_syou_03_setsu_06_kyu.pdf (Accessed 16 Jun 2015) (in
Japanese).


http://www.fdma.go.jp/neuter/topics/kyukyukyujo_genkyo/h26/01_kyukyu.pdf
http://www.fdma.go.jp/neuter/topics/kyukyukyujo_genkyo/h26/01_kyukyu.pdf
http://www.osakalifesupport.jp/utstein/
https://upload.umin.ac.jp/cgi-open-bin/ctr/ctr.cgi?function=brows&action=brows&type=summary&recptno=R000008833&language=J
https://upload.umin.ac.jp/cgi-open-bin/ctr/ctr.cgi?function=brows&action=brows&type=summary&recptno=R000008833&language=J
https://upload.umin.ac.jp/cgi-open-bin/ctr/ctr.cgi?function=brows&action=brows&type=summary&recptno=R000008833&language=J
http://www.pref.osaka.lg.jp/attach/1891/00039840/h22kokuchou1jikihon.pdf
http://www.pref.osaka.lg.jp/attach/1891/00039840/h22kokuchou1jikihon.pdf
http://www.pref.osaka.lg.jp/attach/3313/00107683/h24d02.pdf
http://www.pref.osaka.lg.jp/attach/2502/00118050/02_25_02_fuikiban_03_syou_03_setsu_06_kyu.pdf
http://www.pref.osaka.lg.jp/attach/2502/00118050/02_25_02_fuikiban_03_syou_03_setsu_06_kyu.pdf

Yamada et al. Journal of Intensive Care (2016) 4:10

21,

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32,

33.

34.

35.

Kajino K, Iwami T, Daya M, Nishiuchi T, Hayashi Y, Kitamura T, et al. Impact
of transport to critical care medical centers on outcomes after out-of-
hospital cardiac arrest. Resuscitation. 2010;81:549-54.

Kitamura T, lwami T, Kawamura T, Nagao K, Tanaka H, Hiraide A, et al.
Nationwide public-access defibrillation in Japan. N Engl J Med. 2010;362:
994-1004.

Cummins RO, Chamberlain DA, Abramson NS, Allen M, Baskett PJ,
Becker L, et al. Recommended guidelines for uniform reporting of data
from out-of-hospital cardiac arrest: the Utstein Style. A statement for
health professionals from a task force of the American Heart
Association, the European Resuscitation Council, the Heart and Stroke
Foundation of Canada, and the Australian Resuscitation Council.
Circulation. 1991;84:960-75.

Jacobs |, Nadkarni V, Bahr J, Berg RA, Billi JE, Bossaert L, et al. Cardiac arrest
and cardiopulmonary resuscitation outcome reports: update and
simplification of the Utstein templates for resuscitation registries: a
statement for healthcare professionals from a task force of the International
Liaison Committee on Resuscitation (American Heart Association, European
Resuscitation Council, Australian Resuscitation Council, New Zealand
Resuscitation Council, Heart and Stroke Foundation of Canada,
InterAmerican Heart Foundation, Resuscitation Councils of Southern Africa).
Circulation. 2004;110:3385-97.

Becker LB, Aufderheide TP, Geocadin RG, Callaway CW, Lazar RM, Donnino
MW, et al. Primary outcomes for resuscitation science studies: a consensus
statement from the American Heart Association. Circulation. 2011;124:2158-77.
Stiell IG, Wells GA, Field B, Spaite DW, Nesbitt LP, De Maio VJ, et al.
Advanced cardiac life support in out-of-hospital cardiac arrest. N Engl J
Med. 2004;351:647-56.

Hayashi Y, Hiraide A, Morita H, Shinya H, Nishiuchi T, Mukainaka S, et al. An
analysis of time factors in out-of-hospital cardiac arrest in Osaka Prefecture.
Resuscitation. 2002;53:121-5.

Council JR. Japanese guidelines for emergency care and cardiopulmonary
resuscitation. 1st ed. Tokyo: Health Shuppansha; 2010. p. 2011.

Bigham BL, Koprowicz K, Aufderheide TP, Davis DP, Donn S, Powell J, et al.
Delayed prehospital implementation of the 2005 American Heart
Association guidelines for cardiopulmonary resuscitation and emergency
cardiac care. Prehosp Emerg Care. 2010;14:355-60.

Berdowski J, Schmohl A, Tijssen JG, Koster RW. Time needed for a regional
emergency medical system to implement resuscitation Guidelines
2005—The Netherlands experience. Resuscitation. 2009;80:1336-41.

Vargas M, Servillo G, Sutherasan Y, Rodriguez-Gonzélez R, Brunetti |, Pelosi P.
Effects of in-hospital low targeted temperature after out of hospital cardiac
arrest: a systematic review with meta-analysis of randomized clinical trials.
Resuscitation. 2015,91:8-18.

Sakamoto T, Morimura N, Nagao K, Asai Y, Yokota H, Nara S, et al.
Extracorporeal cardiopulmonary resuscitation versus conventional
cardiopulmonary resuscitation in adults with out-of-hospital cardiac arrest: a
prospective observational study. Resuscitation. 2014;85:762-8.

Hollenberg J, Svensson L, Rosenqvist M. Out-of-hospital cardiac arrest: 10 years
of progress in research and treatment. J Inter Med. 2013;273:572-83.

Kitamura T, Iwami T, Kawamura T, Nitta M, Nagao K, Nonogi H, et al.
Nationwide improvements in survival from out-of-hospital cardiac arrest in
Japan. Circulation. 2012;126:2834-43.

Hubert H, Tazarourte K, Wiel E, Zitouni D, Vilhelm C, Escutnaire J, et al.
Rationale, methodology, implementation, and first results of the French out-
of-hospital cardiac arrest registry. Prehosp Emerg Care. 2014;18:511-9.

Page 10 of 10

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

* Thorough peer review

e Inclusion in PubMed and all major indexing services

* Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit ( BioMed Central




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Population and settings
	Study patients
	Emergency medical service organization and equipment in Osaka
	Data collection and quality control
	Statistical analysis

	Results
	Discussion
	Conclusions
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Funding
	Author details
	References



