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BACKGROUND: Although the outcome of cardiopulmonary resuscitation (CPR) is still unsatisfactory, there are few studies about
temporal trends of in-hospital CPR incidence and mortality. We aimed to evaluate nationwide trends of in-hospital CPR
incidence and its associated risk factors and mortality in pediatric patients using a database of the Korean National Health
Insurance between 2012 and 2018.

METHODS AND RESULTS: We excluded neonates and neonatal intensive care unit admissions. Incidence of in-hospital pediatric
CPR was 0.58 per 1000 admissions (3165 CPR/5429471 admissions), and the associated mortality was 50.4%. Change in
CPR incidence according to year was not significant in an adjusted analysis (P=0.234). However, CPR mortality increased
significantly by 6.6% every year in an adjusted analysis (P<0.001). Hospitals supporting pediatric critical care showed 37.7%
lower odds of CPR incidence (P<0.001) and 27.5% lower odds of mortality compared with other hospitals in the adjusted
analysis (P<0.001), and they did not show an increase in mortality (P for trend=0.882).

CONCLUSIONS: Temporal trends of in-hospital CPR mortality worsened in Korea, and the trends differed according to sub-
groups. Study results highlight the need for ongoing evaluation of CPR trends and for further CPR outcome improvement
among hospitalized children.
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the progression of underlying conditions or shock,!

while out-of-hospital cardiac arrest usually has an eti-
ology related to drowning, sudden unexpected infantile
death, or cardiac arrhythmia.? Between 0.1% and 0.9%
of pediatric hospital admissions and 2% to 6% of chil-
dren admitted to pediatric intensive care units (ICU) re-
quire cardiopulmonary resuscitation (CPR).2 Although

In—hospital pediatric cardiac arrest is usually related to

there is a lack of nationwide studies, a systematic review
reported that survival to discharge after in-hospital pedi-
atric CPR was only 46% (upper and lower limits of 11%
and 80%).° Since the outcomes of in-hospital CPR are
unsatisfactory, efforts are being made to improve them.

As part of the effort, CPR guidelines based on
the International Liaison Committee on Resuscitation
recommendations have been published to advance
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CLINICAL PERSPECTIVE

What Is New?

e This study revealed an increasing trend in pedi-
atric in-hospital cardiopulmonary resuscitation
(CPR) mortality rate in Korea.

e The worsening mortality trends were signifi-
cant in children with prolonged CPR duration
(15 minutes) and hospitals without pediatric criti-
cal care support.

What Are the Clinical Implications?

¢ In-hospital CPR mortality has worsened even
with advances in medical knowledge and
technology.

e FEvaluation of CPR trends and affecting struc-
tures, including human and hospital resources,
are required for CPR outcome improvement.

NonStandard Abbreviations and Acronyms

HIRA Health Insurance Review and Assessment
KNHI Korean National Health Insurance
PCC  pediatric critical care

resuscitation knowledge and practices.® Large-scale
US studies demonstrated an improving trend in survival to
hospital discharge after in-hospital cardiac arrest, which
was explained by an improvement in acute resuscita-
tion survival.'®"" A subsequent US study demonstrated
a stagnating survival of pulseless cardiac arrest since
2010.> However, trend studies in other countries are
hard to find. Changes in the medical environment may
also affect in-hospital CPR outcomes. Implementation
of a rapid response system, increase in the number of
technology-dependent children, or development of pedi-
atric critical care support may affect the incidence or out-
comes of pediatric resuscitation.'*~'® Although the effects
of change in medical environment may differ among hos-
pitals or countries, trend studies of CPR on a nationwide
scale are lacking, and Asian trends of in-hospital CPR
incidence and outcomes are not known.

We aimed to evaluate trends of in-hospital CPR in-
cidence and survival to discharge in pediatric patients
and the risk factors associated with CPR incidence
and mortality.

METHODS

The data used in this analysis are available through
the Korean Health Insurance Review & Assessment
Service with an approved proposal.
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Study Population and Design

This population-based retrospective cohort study was
based on the Health Insurance Review and Assessment
(HIRA) from the Korean Ministry of Health. The HIRA
database comprises reimbursement claims to the
Korean National Health Insurance (KNHI) and Medical
Aid Program. KNHI covers =97% of the Korean popu-
lation, and the Medical Aid Program covers the remain-
ing 3% who cannot afford the KNHI. Consequently, the
HIRA database covers all therapeutic procedures and
prescriptions from inpatient and outpatient visits.

We screened patients admitted to ward/ICU or
emergency department from age 0 to 18 years between
January 2012 and December 2018 (7 years). The KNHI
system defined admission to emergency department
as a longer than 6-hour stay in the emergency room or
a stay in a monitoring unit. For selection of in-hospital
CPR among the pediatric population, we defined in-
hospital admissions as those to general ward or ICU
(presence of ward/ICU claim codes) or emergency
department stay for >24 hours. Among in-hospital ad-
missions, the neonatal population (<1 month age) was
excluded because of ambiguity about individual identi-
fication and different characteristics of neonatal resus-
citation. Admissions to an emergency department for
<24 hours without ward/ICU admission were excluded
according to the operational definition of in-hospital
admission. In-hospital CPRs from the remaining ad-
missions were included in this study.

The study was reviewed by the Institutional Review
Board of Samsung Medical Center (protocol 2022-06-
103), and informed consent was exempted because
only previously collected, deidentified administrative
data were used.

Measurement
In-Hospital CPR and Mortality

The primary outcome was the trends of incidence and
mortality of in-hospital CPR. Admissions with at least
1 CPR claim code (KNHI procedure codes: M1583,
M1584, M1585, M1586, M1587, M5871, M5873,
M5874, M5875, M5876, and M5877) were recorded as
admissions with in-hospital CPR. Multiple CPR codes
at admission were counted as 1 CPR admission, and
CPR duration was recorded according to the longest
duration of the claimed CPR code at the admission.
The results of survival hospital discharges were ob-
tained from the HIRA admission database.

Other Variables

The KNHI claim database was used to identify demo-
graphic characteristics, hospital information, and pro-
cedures. The KNHI database adopted the International
Classification of Disease, Tenth Revision (ICD-10) as a
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diagnostic classification, and we defined primary diagno-
sis using the ICD-10 asin previous studies.'®"” Information
on hospital type was obtained from the HIRA Medical
Care Institution Database, which classifies hospitals into
tertiary, general, and local hospitals as described in a
previous study.'® ICU admissions (AJOO1-AJ590) and
other mechanical ventilation (M5850-M5860) were de-
fined by KNHI procedure codes regardless of before and
after CPR. Shockable CPR was defined as CPR with
defibrillation (KNHI code: M5880). Hospitals supporting
pediatric critical care (PCC hospitals) were defined as
hospitals with the presence of pediatric ICU admission
codes (AJO04, AJOO5, AJOO8, AJO09, AJ043, AJ044,
AJ045, and AJ046), which differentiate pediatric ICU ad-
missions from adult ICU admissions.

Statistical Analysis

Median with interquartile range and number with per-
centage were used to describe the distribution of con-
tinuous variables and categorical variables, respectively.
Chi-square test was used for comparison of categorical
variables. Univariable and multivariable logistic regres-
sion analyses were used to estimate the risk factors of
CPR incidence and mortality. In the multivariable regres-
sion analysis, we adjusted for age (categorical variable in
incidence analysis and continuous variable in mortality
analysis), sex, year of CPR event, hospital type (tertiary,
general, and primary), PCC hospital, use of mechanical
ventilation, and underlying malignancy. P for trend was
obtained for changes in incidence and mortality of CPR
using the Cochrane-Armitage test. A P value <0.05 was
considered significant for all analyses. Statistical analy-
ses were performed using SAS Visual Analytics.

RESULTS

Among 7253666 pediatric admissions, 1104513 were
excluded for neonate age or neonatal ICU admission,
and 719682 were excluded because they stayed in emer-
gency department for <24hours and were not admitted
to ward or ICU (Figure S1). Among the 5429471 included
admissions, the total number of pediatric in-hospital CPR
events between 2012 and 2018 was 3165. The median
patient age was 2years, and the most common primary
diagnosis was circulatory disease (633 admissions,
20.0%) which included myocarditis, cardiomyopathy, and
arrhythmia (Table 1). In total, 506 admissions (16.0%) were
shockable CPR, and 68.7% of patients were admitted to
an ICU during admission. CPR duration was <15minutes
in 1622 (51.3%) events. PCC hospitals managed 44.8%
(1419) of CPR during the study period (Table 1).

Among the 5429471 pediatric hospital admissions,
the incidence of CPR was highest (1.40 per 1000 admis-
sions) in infants (<1 year), while mortality (40.5%) was low-
est (Table 2). The incidence of CPR was higher in PCC
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Table 1. Characteristics of Patients Receiving
Cardiopulmonary Resuscitation (n=3165)

Patient number (%) and

Characteristics median (IQR)
Demographic characteristics
Age, y 2 (0.9-10)
Sex, male 1834 (58.0%)

Primary diagnosis

Circulatory 633 (20.0%)
Congenital anomaly 457 (14.4%)
Neurologic 384 (12.1%)
Malignancy 377 (14.4%)
Respiratory 345 (10.9%)
Injury 209 (6.6%)
Infectious 138 (4.4%)
Perinatal 113 (3.6%)
Gastrointestinal 85 (2.7%)
Hematologic 78 (2.5%)
Event characteristics
Location
ICU 2157 (68.7%)
Non-ICU 990 (31.3%)
Rhythm
Shockable 506 (16.0%)
Nonshockable 2659 (84.0%)
Duration
<15min 1622 (51.3%)
>15min 1543 (48.8%)

Hospital characteristics

Hospital type

Tertiary 2199 (69.5%)

General 932 (29.4%)

Local 34 (1.1%)
PCC hospital

Yes 1419 (44.8%)

No 1746 (55.2%)

ICU indicates intensive care unit; IQR, interquartile range; and PCC,
pediatric critical care.

hospitals than in hospitals not supporting PCC (no-PCC
hospitals) (2.16 versus 0.37 per 1000 admission, P<0.001).
Mortality of CPR was lower in PCC hospitals than in no-
PCC hospitals (45.1% versus 54.8%, P<0.001) (Table 2).
CPR incidence was associated with mechanical
ventilation use (88.3 vesus 0.15 per 1000 admissions,
P<0.001), ICU admissions (46.57 versus 0.18 per 1000
admissions, P<0.001), and primary diagnosis of ma-
lignancy (1.97 versus 0.53, P<0.001). CPR mortality
was also associated with mechanical ventilation use
(66.0 versus 33.9, P<0.001), ICU admissions (53.2
versus 44.2%, P<0.001), and malignancy (68.4 versus
48.0%, P<0.001). A shockable rhythm was identified
in 506 (16.0%) of total CPR admissions and showed
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Table 2. Incidence and Mortality of Cardiopulmonary Resuscitation According to the Characteristics
CPR, n (per 1000
Variable Total admissions, n admissions) P value Mortality (%) P value
Overall 5429471 3165 (0.58) 1596 (50.4%)
Sex 0.146 0.038
Male 3076724 1834 (0.60) 896 (48.9%)
Female 2352747 1331 (0.57) 700 (52.6%)
Age <0.001 <0.001
<1y 765065 1076 (1.40) 436 (40.5%)
1-12y 3796036 1465 (0.39) 784 (53.5%)
>13y 868370 624 (0.72) 376 (60.3%)
Hospital type <0.001 <0.001
Tertiary 1496187 2199 (1.47) 1062 (48.3%)
General 2806599 932 (0.39) 520 (55.8%)
Primary 1126685 34 (0.03) 14 (41.2%)
PCC hospital <0.001 <0.001
Yes 654597 1419 (2.16) 640 (45.1%)
No 4774874 1746 (0.37) 956 (54.8%)
Mechanical <0.001 <0.001
ventilation use
Yes 24441 2366 (88.3) 1325 (56.0%)
No 5405030 799 (0.15) 271 (33.9%)
Shockable <0.001 0.005
Yes 979 506 (340.74) 287 (56.7%)
No 5428492 2659 (0.49) 1309 (49.2%)
ICU admission <0.001 <0.001
Yes 44526 2175 (46.57) 1158 (53.2%)
No 5384945 990 (0.18) 438 (44.2%)
Underling malignancy <0.001 <0.001
Yes 190828 377 (1.97) 258 (68.4%)
No 5238643 2788 (0.53) 1338 (48.0%)

CPR indicates cardiopulmonary resuscitation; ICU, intensive care unit; and PCC, pediatric critical care.

56.7% mortality, which was significantly higher than
the mortality of 49.2% in nonshockable CPR (P=0.005)
(Table 2).

Incidence and mortality of CPR changed with
age. The CPR mortality increased from 40.5% in pa-
tients aged 0 to 55.7% in patients aged 17 years (P for
trend<0.001). The incidence of CPR peaked at age 0O,
with an incidence of 1.40/1000 admissions. The inci-
dence of CPR then decreased to 0.40/1000 admissions
at age 1 and increased again at age 17 to 0.76/1000
admissions (Figure 1).

Throughout the study (from 2012-2018), overall
CPR incidence decreased (P for trend<0.001), while
the overall CPR mortality increased (P for trend=0.026)
(Table S1) (Figure 2). CPR incidence decreased over
time regardless of initial rhythm, or PCC hospital (P for
trends<0.05). However, statistically significant trends in
increasing mortality were observed in CPR duration of
>15minutes (P for trend=0.002), and no-PCC hospitals
(P for trend=0.036) (Figure 2) (Table S1).

J Am Heart Assoc. 2023;12:e028171. DOI: 10.1161/JAHA.122.028171

With each year of the study, CPR decreased by
3.7% (P<0.001) in the univariable regression analysis.
This reducing effect of “year of CPR” was lost in mul-
tivariable analysis (P=0.234) (Table 3). PCC hospitals
had higher CPR incidence (odds ratio [OR], 5.939 [95%
Cl, 5.537-6.37Q)) in univariable analysis, but it was a
reducing factor of CPR incidence in multivariable re-
gression analysis (OR, 0.623 [95% ClI, 0.570-0.682)).

CPR mortality increased by 4.0% each study year
(P=0.026) in univariable logistic regression analysis and
by 6.6% each study year (P<0.001) in multivariable lo-
gistic analysis. ICU admission had a 43.5% increased
odds of CPR mortality in univariable analysis but was a
19.4% odds-reducing factor of CPR mortality in multi-
variable analysis (Table 4).

DISCUSSION

This nationwide population-based study revealed that
pediatric in-hospital CPR mortality has increased over
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Figure 1.

Incidence and mortality of cardiopulmonary resuscitation by age.

X-axis indicates age (year) of patients. Left, y-axis indicates mortality (%). Right, y-axis indicates incidence
of cardiopulmonary resuscitation per 1000 hospital admissions-year. CPR indicates cardiopulmonary

resuscitation.

time while pediatric in-hospital CPR incidence did not
change significantly in an adjusted analysis between
2012 and 2018. However, PCC hospitals did not show
an increasing trend in CPR mortality, and admissions
to PCC hospitals were a significant reducing factor in
CPR incidence and mortality in the adjusted analysis.
The incidence of in-hospital CPR in this study (0.58
per 1000 admissions) was similar to that of the United
States (0.78 per 1000 admissions) but lower than those
of previous studies in Austria (0.1%), Taiwan (0.9%),
Finland (0.7%), and Brazil (2%).45'"1820 The differ-
ence in incidence may arise from the study designs,
including age range, hospital types, and definition of
in-hospital patients. Studies (except the US study) in-
cluded only tertiary hospitals where the severity of pa-
tients is expected to be high. However, we included all
hospital types in Korea. In our study, the incidence of
CPR among tertiary hospital admissions was 0.15%,
which was similar to the 0.1% seen in Austria (Table 2).
The pediatric in-hospital CPR incidence decreased
over the years of this study. Although studies on the time
trend of pediatric CPR incidence are scarce, a large-
scale study in the United States showed the opposite
results." In the US study, they suspected that their in-
creasing trend of in-hospital CPR was attributable to
the increase in iliness severity of in-patients associated
with increased critical care stays and decreased non-
critical care stays.'™?' However, we suspect that the
decreasing trend of CPR incidence in Korea was at-
tributable to demographic changes of age rather than
improved care quality. In Korea, the fertility rate is sig-
nificantly declining.??> The proportion of infants whose
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CPR incidence was highest decreased over the study
years (Figure 1) (Figure S2). When we adjusted for age
and other confounding factors, the decreasing trend in
CPR over time lost statistical significance (Table 3).

In-hospital CPR mortality (50.4%) in this study was
similar to that of the US study (45%—-50%) whose study
population included 50% of pulseless cardiac arrest
and 50% of bradycardia with poor perfusion.”?® This
survival rate is higher than the survival (32%) of chil-
dren under pulseless cardiac arrest.”> However, CPR
mortality varied according to the study population and
inclusion of studies: Brazil (85.3%), Africa (78.1%), and
Spain (66.7%).20:2425

The mortality of pediatric in-hospital CPR increased
during the study period. This is contrary to previous
studies from the United States and Spain, where CPR
mortality decreased from 86% to 61% and 74.1% to
59%, respectively, over 10years.'0-226 A recent study
showed that in-hospital pediatric CPR mortality did
not improve from 2009 to 2017 in the United States.”?
Our findings on mortality trends throughout the study
period were unexpected. The decreasing number of
infants could be a cause of overall mortality increase
since CPR mortality was low in infants. However, mor-
tality in patients who had CPR increased each year
even after adjusting for age and other confounding
factors (Table 4). Increased severity might be a cause
of increasing mortality. In the US study, they described
severity as a cause of increasing CPR incidence, but
CPR mortality did not change."" There was a possi-
ble safety issue during the study period. In 2017, the
resident duty hour regulation was fully implemented in
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Figure 2. Trends of incidence and mortality of cardiopulmonary resuscitation (CPR).

A, Overall. B, Shockable vs nonshockable. C, CPR duration <15 minutes vs CPR duration >15minutes. D, CPR event in pediatric
critical care supported hospitals vs not supported hospitals. X-axis indicates year of CPR. Left, y-axis indicates mortality (solid
lines) (%). Right, y-axis indicates incidence (dotted lines) of CPR per 1000 hospital admissions-year. CPR indicates cardiopulmonary
resuscitation, and PCC; pediatric critical care. *Indicates P for trends<0.05.

Korea.?” Although activation of the resident well-being
law was gradually implemented from 2014 onward,
hospitals could not hire more doctors to compensate
for reduced work hours. The decreased number of

doctors working day and night duty left concerns that
an insufficient number of doctors in a CPR team, ab-
sence of a senior doctor to lead CPR, and short resi-
dent education time might affect patient safety. Further

Table 3. Logistic Regression Analysis for Incidence of Cardiopulmonary Resuscitation

Univariable Multivariable*

Parameter Odds ratio 95% ClI P value Odds ratio 95% ClI P value
Year of CPR 0.963 (0.946-0.980) <0.001 0.989 (0.971-1.007) 0.243
Sex (reference=M) 0.949 (0.884-1.018) 0.146 0.954 (0.886-1.027) 0.209
Age,y

<1 (reference) 1 1

1-12 0.274 (0.253-0.297) <0.001 0.751 (0.689-0.818) <0.001

>13 0.511 (0.463-0.564) <0.001 1.012 (0.908-1.128) 0.826
Hospital type

Tertiary (reference) 1 1

General 0.226 (0.209-0.244) <0.001 0.842 (0.766-0.927) <0.001

Primary 0.021 (0.015-0.029) <0.001 0.149 (0.125-0.211) <0.001
PCC hospital 5.939 (5.5637-6.370) <0.001 0.623 (0.570-0.682) <0.001
Mechanical ventilation use 724.885 (668.30-786.26) <0.001 481188 (408.99-566.11) <0.001
ICU admission 279.305 (258.93-301.28) <0.001 1.353 (1.162-1.576) <0.001
Underlying malignancy 0.269 (0.242-0.300) <0.001 2.082 (1.846-2.349) <0.001

CPR indicates cardiopulmonary resuscitation; ICU, intensive care unit; and PCC, pediatric critical care.
*The model adjusted for year of cardiopulmonary resuscitation, sex, age (as categorical variables), hospital type, pediatric critical care hospital, mechanical

ventilation use, intensive care unit admission, and underlying malignancy.

J Am Heart Assoc. 2023;12:e028171. DOI: 10.1161/JAHA.122.028171
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Table 4. Logistic Regression Analysis for the Mortality Risk of Cardiopulmonary Resuscitation

Univariable Multivariable*

Parameter Odds ratio 95% ClI P value Odds ratio 95% ClI P value
Year of CPR 1.040 (1.005-1.077) 0.026 1.066 (1.028-1.106) <0.001
Sex (reference=M) 1.161 (1.008-1.337) 0.038 1.224 (1.056-1.419) 0.007
Age, y 1.043 (1.030-1.056) <0.001 1.031 (1.018-1.045) <0.001
Hospital type

Tertiary (reference) 1.000 1.000

General 1.351 (1.158-1.576) <0.001 1.253 (1.052-1.493) 0.012

Primary 0.749 (0.377-1.491) 0.411 0.984 (0.474-2.045) 0.966
PCC hospital 0.679 (0.590-0.782) <0.001 0.725 (0.616-0.853) <0.001
Mechanical ventilation use 2.480 (2.097-2.932) <0.001 3.152 (2.510-3.958) <0.001
ICU admission 1.435 (1.234-1.669) <0.001 0.806 (0.652-0.997) 0.046
Underlying malignancy 2.347 (1.866-2.958) <0.001 2.676 (2.090-3.427) <0.001

CPR indicates cardiopulmonary resuscitation; ICU, intensive care unit; and PCC, pediatric critical care.
*The model adjusted for year of cardiopulmonary resuscitation, sex, age (as categorical variables), hospital type, pediatric critical care hospital, mechanical

ventilation use, intensive care unit admission, and underlying malignancy.

studies are required to evaluate these potential safety
issues, since CPR mortality increased by 6.6% every
year in adjusted multivariable analysis.

Patient safety of children could also be affected by
hospital policy. Hospitals not supporting pediatric crit-
ical care without a dedicated pediatric ICU (no-PCC
hospitals) showed significant increasing trends in mor-
tality (Figure 2) (Table S1). These results may be partly
attributable to the absence of a rapid response system.
In Korea, a rapid response team is not reimbursed by
the KNHI system. As a result, no-PCC hospitals do not
have a pediatric rapid response team, and only some
PCC hospitals have ICU outreach teams responding
to pediatric early warning signs. In another subgroup
analysis, CPR with duration >15minutes was more
problematic than shorter CPR times. We suspect that
advanced life support may not have been success-
ful for patients who could not recover from basic life
support. Prolonged CPR requires a medical team with
specialized skills and equipment including advanced
airway management,?®29 which could be supported by
the pediatric critical care team. One study reported that
presence of pediatric residents and fellows improved
24-hour survival for pediatric in-hospital CPR.2° The
presence of a pediatric ICU with critical care fellow-
ship programs was also associated with a decreased
mortality rate.®"*? In our study, PCC hospitals showed
a 27.5% lower CPR mortality compared with no-PCC
hospitals in multivariable analysis. However, unlike in
the United States where 257 pediatric ICUs exist, only
11 hospitals support pediatric ICUs in Korea.®?

Our study has some limitations. First, the national
database used in this study collects data for admin-
istrative purposes and does not contain laboratory
or clinical information. Therefore, we could not apply
Utstein-style recommendations and definitions to our

J Am Heart Assoc. 2023;12:e028171. DOI: 10.1161/JAHA.122.028171

data description such as causes of cardiac arrest.®*
Second, palliative discharges were not evaluated
which might affect CPR survival rate. However, pallia-
tive discharges of critically ill children are rare, and few
children (6.7%) die at home even in chronic complex
conditions in Korea.3%38 Third, this study data may not
apply to other countries where the medical environ-
ment is different. Despite these limitations, the strength
of this study lies in the nationwide collection of data
from all hospital types in all socioeconomic and popu-
lation regions over 7 years. Unlike previous studies that
do not include hospitals without a quality improvement
system, this study includes all hospitals without selec-
tion bias and represents the whole country.

Our findings also have implications for management
of CPR and policymaking. CPR mortality could worsen
over time even in an era of advanced medical tech-
nology. If you cannot measure it, you cannot improve
it. Therefore, it is important to evaluate trends in CPR
outcomes and measure-related processes and struc-
tures.®” Pediatric critical care might be one of the re-
lated structural factors affecting CPR outcomes.

In conclusion, CPR incidence and mortality have
changed throughout the years in Korea. CPR incidence
may be affected by changing patient demographics.
Worsening CPR mortality highlights the need for on-
going evaluation of CPR trend and for further CPR out-
come improvement among hospitalized children.
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Table S1. Trends of incidence and mortality among pediatric cardiopulmonary resuscitation.

2012 2013 2014 2015 2016 2017 2018 Diect  pfor
ion trends
Overall incidence 550 436 479 443 439 437 381 . <0.001
(/1000 Admssion) (0.70) (0.58) (0.61) (0.56) (0.51) (0.60) (0.53)
Overall CPR 261 218 237 236 190 245 209 N 0.026
mortality (%) (47.5%) (50.0%) (49.5%) (53.3%) (43.3%) (56.1%) (54.9%)
Shockable CPR
Incidence 89 79 94 62 64 67 51 . <0.001
(0.11) (0.10) (0.12) (0.08) (0.07) (0.09) (0.07)
Mortalit 46 46 49 37 34 43 32 0.140
Y (51.7%) (58.2%) (52.1%) (59.6%) (53.1%) (64.2%) (62.7%)
Non-shockable CPR
Incidence 461 357 385 381 375 370 330 . 0.002
(0.59) (0.47) (0.49) (0.48) (0.43) (0.50) (0.46)
Mortalit 215 172 188 199 156 202 177 0.055
Y (46.6%) (48.1%) (48.8%) (52.2%) (41.6%) (54.6%) (53.6%)
CPR < 15 min
Incidence 263 215 247 241 236 207 213 0.087
(0.34) (0.28) (0.32) (0.30) (0.27) (0.28) (0.29)
Mortalit 88 75 89 98 67 81 85 0.246
Y (33.5%) (34.9%) (36.0%) (40.7%) (28.4%) (39.1%) (39.9%)
CPR > 15 min
Incidence 287 221 232 202 203 230 168 . <0.001
(0.37) (0.29) (0.30) (0.25) (0.24) (0.31) (0.23)
Mortali 173 143 148 138 123 164 124 N 0.002
v (60.3%) (64.7%) (63.8%) (68.3%) (60.6%) (71.3%) (73.8%)
PCC support
Incidence 243 203 227 214 185 180 167 . <0.001
(0.31) 0.27) (0.29) 0.27) (0.21) (0.25) (0.23)
Mortalit 108 94 101 108 62 87 80 0.882
Y (44.4%) (46.3%) (44.5%) (50.5%) (33.5%) (48.3%) (47.9%)
No-PCC support
Incidence 307 233 252 229 254 257 214 . 0.036
(0.39) (0.31) (0.32) (0.29) (0.29) (0.35) (0.30)
Mortality 153 124 136 128 128 158 129 N 0.011

(49.8%) (53.2%) (54.0%) (55.9%) (50.4%) (61.5%) (60.3%)

CPR, Cardiopulmonary resuscitation; PCC, Pediatric critical care.



Figure S1. Flow diagram for inclusion and exclusion.

7,253,666 Pediatric admissions
to ward/ICU or ED

6,149,153 Pediatric admissions
excluding neonate/NICU

Excluded
1,104,513 — Neonate/NICU admissions

5,429,471 In-hospital admissions

included

Excluded
719,682 — Stayed only ED for < 24 hours




Figure S2. Trends of percentage of infants (<1 year) among pediatric in-hospital admission (from 1 month
to 18 years of age) by year.
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