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Abstract
Background: Although numerous studies have investigated out-of-hospital cardiac arrest, few studies have been
conducted on in-hospital cardiac arrest (IHCA). Knowledge of the nationwide epidemiology of IHCA in Japan, with
its super-aging society, is important to understand the current situation of IHCA and to establish evidenced-based
medicine in the future. The present study aimed to determine the incidence and outcomes of IHCA and their trends
in Japan.
Methods: This observational cohort study was performed using a national administrative inpatient database for
more than 1600 acute-care hospitals covering about 50% of all acute-care hospital beds in Japan from April 2011
to March 2018. We defined cardiac arrest patients who received cardiopulmonary resuscitation (chest compression)
during hospitalization as IHCA. We excluded out-of-hospital cardiac arrest patients from the source population. The
incidence of IHCA per 1000 hospital admissions and survival to discharge rate was reported with trend analyses by
calendar year 2011–2017.
Results: Among 53,871,101 hospitalized patients without out-of-hospital cardiac arrest patients in 1626 hospitals,
2,136,038 (4.0%) had cardiac arrest. Of them, 274,664 (12.9%) received cardiopulmonary resuscitation at least once
during hospitalization and were identified as IHCA, and 1,861,374 (87.1%) did not receive cardiopulmonary resuscitation. The incidence of IHCA per 1000 hospital admissions was 5.1, with a significant decreasing trend from 6.1 in 2011
to 4.6 in 2017 (P for trend = 0.033). Our estimated incidence can be translated to approximately 87,000 IHCA cases in
Japan each year. The percentage of IHCA patients among cardiac arrest patients was 12.9%, with a significant decreasing trend from 14.0% in 2011 to 12.2% in 2017 (P for trend = 0.006). The overall rate of survival to discharge was 12.7%,
with a significant increasing trend from 10.5% in 2011 to 14.0% in 2017 (P for trend < 0.001).
Conclusions: We found substantial associations between mortality and loss of health and IHCA in Japan. The
incidence of IHCA showed a decreasing trend over time, the percentage of treated cardiac arrest patients also had a
decreasing trend, and the overall survival to discharge rate improved over time.
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Background
In-hospital cardiac arrest (IHCA) is an acute event that
can occur in any patient during hospitalization [1]. IHCA
was reported to be associated with high morbidity and
mortality [1–3].
Although numerous studies have investigated outof-hospital cardiac arrest (OHCA) [4–6], few studies
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have been conducted on IHCA. To date, there are only
two nationwide prospective registries for IHCA: the
American Heart Association Get with the GuidelinesResuscitation registry in the United States [7] and the
Resuscitation Council and Intensive Care National Audit
and Research Centre in the United Kingdom [8]. The
majority of the evidence on IHCA is derived from these
two registries [1], and the global incidence of IHCA has
not been well described [9, 10]. In Japan, only two multicentre studies involving 491 and 228 IHCA patients
have been performed [11, 12], and there is currently no
nationwide prospective registry for IHCA.
Knowledge of the nationwide epidemiology of IHCA in
Japan, with its super-aging society, is important to understand the current situation of IHCA and to establish evidenced-based medicine in the future [9]. Therefore, the
present study aimed to determine the incidence and outcomes of IHCA and their trends in Japan using a national
administrative inpatient database.

Methods
Study design and data

This was a nationwide retrospective cohort study using a
national administrative inpatient database in Japan. Specifically, we used the Japanese Diagnosis Procedure Combination database, which contains discharge abstract and
administrative claims data from more than 1600 acutecare hospitals that voluntarily contribute to the database
and cover approximately 50% of all acute-care hospital
beds in Japan [13]. The database contains the following
patient-level data for all hospitalizations: age; sex; dates
of hospitalization and discharge; diagnoses recorded with
International Classification of Diseases, Tenth Revision
(ICD-10) codes and text in Japanese; surgical and nonsurgical procedures and dates of the procedures; dates
and doses of drugs administered during hospitalization;
and discharge status. In a previous study on the validity
of the diagnoses and procedures recorded in the database, the specificity of recorded diagnoses exceeded 90%,
the sensitivity of recorded diagnoses ranged from 50 to
80%, and the specificity and sensitivity of recorded procedures exceeded 90% [14].
The present study was approved by the Institutional
Review Board of The University of Tokyo (Approval
number 3501-3; 25 December 2017). Given the de-identified nature of the data, the requirement for informed
consent was waived.
Study population

Using the Japanese Diagnosis Procedure Combination
database, we identified all hospitalized patients from
April 2011 to March 2018. Based on the consensus definition for IHCA in 2018 [15, 16], patients with OHCA,
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defined as ICD-10 codes I46.x (cardiac arrest) in the
admission diagnosis, were excluded from the study population. Of the remaining patients, non-cardiac arrests
patients were excluded and cardiac arrest patients,
defined as those who received cardiopulmonary resuscitation or died during hospitalization, were included. For
this study, IHCA patients were defined as those who had
undergone cardiopulmonary resuscitation (chest compression) at least once during hospitalization [15, 16].
Cardiopulmonary resuscitation was identified by the Japanese procedure code J046 (closed chest compression).
Non-treated cardiac arrest was defined as death in hospital without cardiopulmonary resuscitation.
Incidence

The incidence of IHCA per 1000 hospital admissions was
calculated as the number of IHCA patients divided by the
number of hospitalized patients among the study population, multiplied by 1000 [15, 16]. The incidence of hospital deaths per 1000 hospital admissions was calculated as
the number of hospital deaths divided by the number of
hospitalized patients among the study population, multiplied by 1000.
Outcomes

The primary outcome was survival to discharge. The secondary outcome was favourable neurological outcome
at discharge, defined as alert consciousness on the Japan
Coma Scale at discharge [17].
Statistical analysis

To evaluate trends by calendar year, we performed the
Cochran–Armitage test for binary variables and the Jonckheere–Terpstra test for continuous variables [18, 19].
The primary outcome was reported for the overall cohort
and separately according to defibrillation or extracorporeal cardiopulmonary resuscitation (ECPR) [15], age category, and illness category.
Data were complete for all variables. All analyses were
performed using STATA/MP software version 16.0
(STATA Corp, College Station, TX, USA). All hypothesis
tests were two-sided, with a significance level of 0.05.

Results
Among 53,871,101 hospitalized patients without OHCA
from 1626 hospitals, 2,136,038 (4.0%) had cardiac arrests,
defined as patients who received cardiopulmonary resuscitation or died during hospitalization (Fig. 1). Of these,
274,664 (12.9%) received cardiopulmonary resuscitation
at least once during hospitalization and were identified as
IHCA, and 1,861,374 (87.1%) did not receive cardiopulmonary resuscitation.
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Fig. 1 Patient flowchart. OHCA out-of-hospital cardiac arrest, IHCA in-hospital cardiac arrest

The incidence of IHCA per 1000 hospital admissions
was 5.1, with a significant decreasing trend from 6.1 in
2011 to 4.6 in 2017 (P for trend = 0.033) (Table 1). The
incidence of hospital deaths per 1000 hospital admissions
was 39.0, with a significant decreasing trend from 43.0 in
2011 to 37.5 in 2017 (P for trend = 0.004). The percentage of IHCA patients among cardiac arrest patients was
12.9%, with a significant decreasing trend from 14.0% in
2011 to 12.2% in 2017 (P for trend = 0.006).
The patient characteristics and their trends for IHCA
are shown in Table 2. The mean age was 73.2 ± 17.1 years
and 60.5% were male. More than half the patients were
over 75 years old. The most common illness category
was medical—noncardiac (55.0%), followed by medical—cardiac (29.4%). In the cardiac arrest process,
defibrillation and ECPR were delivered in 14.4% and
3.4% of patients, respectively. In the post-resuscitation
phase, 24.9% and 12.6% of patients required intensive
and high dependency care unit admission, respectively.

Targeted temperature management and percutaneous
coronary intervention were performed in 1.3% and 4.1%
of patients, respectively. The IHCA population gradually
became older. There was a marked increase in the percentage of patients over 85 years old. The proportions of
patients with medical—cardiac, surgical—cardiac, and
trauma increased over time, while the proportions of
patients with medical—noncardiac and surgical—noncardiac decreased. Regarding the cardiac arrest process,
the proportion of patients who received defibrillation
decreased, while the proportion of patients who received
ECPR increased. All investigated post-resuscitation processes, including intensive and high dependency care
unit admission, increased over time.
The overall rate of survival to discharge was 12.7%
(34,765 of 274,664 patients). The rate of survival to discharge increased over time from 10.5% in 2011 to 14.0%
in 2017 (P for trend < 0.001) (Table 3, Fig. 2, and Additional file 1: Table S1). The rates of survival to discharge
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Table 1 Incidence and trends for in-hospital cardiac arrest
Total

Fiscal year

P for trend

2011

2012

2013

2014

2015

2016

2017

1067

1072

1061

1189

1262

1332

1253

Number of hospitals, n

1626

Hospitalized patients without OHCA, n

53,871,101 6,746,300 7,116,012 7,076,246 8,030,725 8,176,964 8,500,726 8,224,128 –

–

Hospital deaths among study population, n

2,101,273

289,770

282,379

270,582

311,287

313,108

325,461

308,686

–

Non-treated cardiac arrests, n

1,861,374

252,842

247,420

239,193

276,492

279,546

290,091

275,790

–

IHCA, n

274,664

Incidence of hospital deaths per 1000 admis- 39.0
sions

41,263

39,810

35,927

39,866

38,734

40,827

38,237

–

43.0

39.7

38.2

38.8

38.3

38.3

37.5

0.033

Incidence of IHCA per 1000 admissions

5.1

6.1

5.6

5.1

5.0

4.7

4.8

4.6

0.004

Percentage of IHCA among cardiac arrest
patients, %

12.9

14.0

13.9

13.1

12.6

12.2

12.3

12.2

0.006

Each fiscal year started on 01 April and ended on 31 March
OHCA out-of-hospital cardiac arrest, IHCA in-hospital cardiac arrest

among patients with defibrillation and ECPR were
23.3% and 21.3%, respectively. The rates of survival to
discharge decreased with increasing age from 38.0% in
infants to 6.5% in patients aged > 84 years. The survival
rate was lowest in the medical—noncardiac category
(8.4%), followed by trauma (9.3%) and surgical—noncardiac (17.4%). There were similar significant trends toward
increased survival over time for all subgroups except surgical–cardiac and obstetric (Table 3 and Figs. 2, 3 and 4).

Discussion
To the best of our knowledge, this is the first nationwide
epidemiological study of IHCA in Japan. The incidence of
IHCA was 5.1 per 1000 hospital admissions from 2011 to
2017. The incidence of IHCA showed a decreasing trend
over time, and the percentage of treated cardiac arrest
patients also had a decreasing trend. The overall rate of
survival to discharge for IHCA was 12.7%, and improved
over time.
The incidence of IHCA per 1000 hospital admissions in
the present study was 5.1. Given that the reported annual
number of hospital admissions in all acute-care hospitals in Japan in 2017 was approximately 17,000,000 [20],
our estimated incidence can be translated to approximately 87,000 IHCA patients in Japan each year. The
reported annual numbers of total OHCA events and witnessed OHCA events in Japan were 120,000 and 25,000,
respectively, in 2017 [21]. Therefore, the present findings indicate that IHCA is an important public health
issue like OHCA, but is an area that has received less
attention than OHCA. Given that the hospitals included
in the database used in this study are acute-care hospitals in which many critically ill patients are treated, the
above may be an overestimate and should be treated with
caution.

The incidence of IHCA in Japan decreased over
time, while the incidence of IHCA in the Unites States
increased during the same period [22]. Because the population in Japan is aging and the total number of deaths is
increasing [23], our result for the declining incidence of
IHCA was unexpected. There are several possible explanations. First, the incidence of hospital deaths per 1000
admissions also decreased, suggesting that the number
of people who died outside of acute-care hospitals may
have been increasing over time. According to the Vital
Statistics in Japan, in-hospital deaths reached 83% in
2005 and then gradually declined to 75% in 2017, while
nursing home deaths accounted for 2% in 2005 and 10%
in 2017 [24]. Second, the percentage of treated cardiac
arrest patients decreased, suggesting that the number of
patients with do-not-resuscitate orders may have been
increasing over time. Previously in Japan, cardiopulmonary resuscitation and life-sustaining support would
often be performed despite their futility [25]. Over
the past decade, newly developed guidelines may have
changed the practice for end-of-life care in Japan [25].
Third, the introduced rapid-response system may have
decreased cardiac arrests in hospital [26, 27].
Although the outcomes remained poor, the present
study suggests improvement of the outcomes for IHCA
over time. The trends toward improved outcomes for
IHCA in our study were similar to those in a previous
nationwide study in the United States and a systematic
review and meta-analysis [28, 29]. We also found that
survival after IHCA improved regardless of whether or
not patients received defibrillation. The following factors
may have improved the outcomes: earlier detection of
cardiac arrest, improved quality of cardiac arrest process
(e.g., increased use of defibrillation and ECPR), and better post-resuscitation process (e.g., targeted temperature
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Table 2 Patient characteristics and their trends for in-hospital cardiac arrest
Total

Fiscal year

P for trend

2011

2012

2013

2014

2015

2016

2017

Demographic characteristics
Age (years), mean

73.2

73.3

72.7

72.4

73.1

73.2

73.6

73.9

  Infants (aged < 1 year), %

1.1

1.0

1.2

1.4

1.2

1.1

1.1

0.9

< 0.001
0.065

  Children (aged 1–18 years), %

1.0

0.8

1.0

1.0

1.0

1.0

1.0

0.9

0.734

  Adults
   Aged 19–64 years, %

19.1

20.1

20.4

20.1

18.9

18.5

18.0

17.8

< 0.001

   Aged 65–74 years, %

21.2

20.1

20.8

21.4

21.5

22.1

21.2

21.4

< 0.001

   Aged 75–84 years, %

32.8

34.2

33.6

33.0

32.5

32.4

32.2

31.7

< 0.001

   Aged > 84 years, %

24.8

23.8

23.0

23.0

24.9

24.7

26.5

27.2

< 0.001

Male sex, %

60.5

59.9

60.6

61.0

60.5

60.6

60.4

60.4

0.571

Illness category, %
  Medical—cardiac

29.4

27.0

27.6

28.6

29.2

29.8

31.0

32.4

< 0.001

  Medical—noncardiac

55.0

58.7

56.4

55.3

55.1

54.2

53.3

51.8

< 0.001

  Surgical—cardiac

2.8

2.4

2.9

2.9

2.8

3.1

2.8

3.1

< 0.001

  Surgical—noncardiac

6.3

6.3

6.7

6.6

6.2

6.2

5.9

6.0

< 0.001

  Obstetric

0.1

0.0

0.1

0.1

0.1

0.1

0.1

0.0

0.974

  Trauma

6.5

5.7

6.4

6.5

6.7

6.6

6.9

6.7

< 0.001

27.4

27.2

27.6

27.3

27.6

27.2

27.5

27.4

0.802

2.3

2.1

2.1

2.0

2.3

2.4

2.5

2.5

< 0.001

14.4

14.8

14.7

14.6

14.5

14.3

13.9

14.1

< 0.001

3.4

2.5

2.9

3.3

3.4

3.8

3.7

4.1

< 0.001

69.7

69.6

68.7

69.5

69.4

69.8

70.3

70.4

< 0.001

4.8

4.8

4.7

4.9

4.9

4.9

4.8

4.8

< 0.001

51.9

52.6

51.8

51.5

51.9

51.7

51.9

52.2

0.597

Cardiac arrest process
Arrest on weekend, %
Automated external defibrillator, %
Defibrillation, %
Extracorporeal cardiopulmonary resuscitation, %
Adrenaline, %
Dose of adrenaline (mg), mean
Endotracheal intubation, %
Post-resuscitation process
Intensive care unit admission, %

24.9

20.9

22.7

23.8

24.4

25.0

24.1

24.4

< 0.001

High dependency care unit admission, %

12.6

12.2

14.2

15.8

16.2

16.9

19.7

20.7

< 0.001

1.3

0.9

1.2

1.5

1.4

1.5

1.4

1.4

< 0.001

Targeted temperature management, %
Coronary angiography, %

2.0

1.4

1.7

2.0

1.9

2.2

2.3

2.4

< 0.001

Percutaneous coronary intervention, %

4.1

3.5

3.7

4.1

4.2

4.5

4.3

4.6

< 0.001

Each fiscal year started on 01 April and ended on 31 March

management and early percutaneous coronary intervention). These processes have been emphasized in the
American Heart Association Guidelines and European
Resuscitation Council Guidelines for cardiopulmonary
resuscitation in IHCA and OHCA [30, 31]. Because
these guidelines are based on a large body of evidence
for OHCA, future studies are needed to establish the evidence for IHCA.
Our study has some limitations. First, our definition of IHCA depended on administrative data for
chest compression. A previous validation study on the
database reported that most of the recorded procedures had sensitivity and specificity greater than 90%,
but did not validate the records for chest compression

[14]. Because we tried to exclude OHCA patients with
cardiac arrest at admission using diagnosis codes with
moderate sensitivity [14], some patients with OHCA
may have been included in the study. Therefore, our
estimates for the incidence of IHCA may have been
biased. Because the sensitivity and specificity of the
definition are unlikely to have changed over time, the
observed trends are probably accurate. Second, we
were not able to report the core variables for the cardiac arrest process of witnessed events, monitored cardiac arrest, event location, initial rhythm, and return
of spontaneous circulation [15, 16]. We were also unable to obtain data regarding rapid-response systems,
medical emergency teams, or “code blue” systems [32].
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Table 3 Survival to discharge and trends for in-hospital cardiac arrest
Total

Fiscal year
2011

P for trend
2012

2013

2014

2015

2016

2017

Survival to discharge, %
Overall

12.7

10.5

12.2

12.6

12.7

13.4

13.4

14.0

< 0.001

Patients with defibrillation

23.3

19.9

22.6

23.1

23.5

25.0

24.5

24.8

< 0.001

Patients without defibrillation

10.5

8.6

10.0

10.6

10.6

11.0

11.2

11.8

< 0.001

Patients with ECPR

21.3

18.3

21.6

19.0

21.3

21.0

21.7

24.8

< 0.001
< 0.001

Age category
  Aged < 1 year

38.0

33.7

36.2

36.3

34.2

41.5

44.2

41.4

  Aged 1–18 years

25.2

22.0

21.1

26.6

26.3

27.6

25.5

27.1

0.035

  Aged 19–64 years

18.6

15.6

17.0

18.4

18.8

19.7

20.4

21.2

< 0.001

  Aged 65–74 years

15.3

12.7

15.0

14.8

15.7

15.5

16.4

17.0

< 0.001

  Aged 75–84 years

10.9

8.9

10.4

10.4

10.8

11.7

11.4

12.6

< 0.001

6.5

5.4

6.3

6.6

6.4

7.0

6.8

7.1

< 0.001

18.4

16.5

18.5

18.3

18.9

19.4

18.6

19.1

< 0.001

8.4

6.9

7.9

8.4

8.4

8.9

9.1

9.4

< 0.001

  Aged > 84 years
Illness category
  Medical—cardiac
  Medical—noncardiac
  Surgical—cardiac

31.1

27.2

33.2

30.6

30.2

30.8

33.9

31.0

0.11

  Surgical—noncardiac

17.4

13.0

16.1

17.5

17.9

18.4

18.9

20.8

< 0.001

  Obstetric

55.6

61.1

47.6

64.0

65.0

50.0

45.5

55.6

0.53

9.3

8.8

8.5

9.8

8.5

9.6

9.4

10.6

0.023

  Trauma

Each fiscal year started on 01 April and ended on 31 March
ECPR extracorporeal cardiopulmonary resuscitation

Fig. 2 Trends in survival to discharge for the overall cohort and
separately according to use of defibrillation or ECPR. Each fiscal year
started on 01 April and ended on 31 March. ECPR extracorporeal
cardiopulmonary resuscitation

Therefore, we were unable to determine whether the
cases of IHCA were preventable or non-preventable.
Third, we were unable to report the long-term survival
outcomes. We were also unable to obtain ideal neurological outcomes such as the Cerebral Performance
Category [33]. Although we used the Japan Coma Scale
at discharge instead [17], the association between Japan

Fig. 3 Trends in survival to discharge according to age category.
Each fiscal year started on 01 April and ended on 31 March

Coma Scale score at discharge and Cerebral Performance Category or modified Rankin Scale has not been
determined in previous studies. As described above,
this study of IHCA using data from an administrative
inpatient database has many limitations. Considering
the substantial burden and scant data regarding IHCA,
there is a need to establish a nationwide Utstein-style
prospective registry for IHCA in Japan. This would provide a structured framework for comparing systems
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Conclusion
In the present study, we found substantial associations
between mortality and loss of health and IHCA in Japan.
The incidence of IHCA was decreasing and the survival
rate of IHCA was increasing over time.
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