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Abstract

Background: The effectiveness of physician involvement during out-of-
hospital cardiac arrest has been shown in adults but remains unknown in
pediatric patients. This study aimed to investigate the association between
physician involvement during pediatric out-of-hospital cardiac arrest and
patient outcomes.

Methods: Using a Japanese nationwide database, we identified pediatric
patients with out-of-hospital cardiac arrest from January 2005 to September
2017. We used a generalized linear model to compare outcomes between
patients with and without physician involvement during pediatric out-
of-hospital cardiac arrest. The primary outcome was neurologically
favourable survival after 1 month. Secondary outcomes were the return of
spontaneous circulation and 1-month survival.

Results: In total, 24,684 patients were included in this study. In the
adjusted analyses, a ‘physician-present’ group showed a lower 1-month
neurologically favourable survival rate compared with a ‘physician-
absent’ group (difference, -0.9%; 95% confidence interval [CI] -1.7—
0.2; P = 0.02). The physician-present group had a higher rate of return
of spontaneous circulation than the physician-absent group (difference,
1.4%; 95% CI 0.2-2.5; P = 0.02), but no difference in 1-month survival
was observed between the groups (difference, -0.9%; 95% CI -2.0-0.2;
P =10.09).

Conclusions: Physician involvement during pediatric out-of-hospital
cardiac arrest was associated with lower 1-month neurologically
favourable survival rates, although it was associated with a better return of

spontaneous circulation than that in the physician-absent group.
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Background

Out-of-hospital cardiac arrest (OHCA) is reported to be rare in the pediatric
population.1 Although pediatric patients are more likely to be discharged
alive than adult patients, their neurological outcome is a concern [1,2].
To achieve better survival and neurological outcomes, early involvement
of physicians can be expected to improve outcomes. Several studies have
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shown the effectiveness of physician involvement in OHCA
[3-8]. One Japanese observational study reported that
patients with physician involvement had higher return of
spontaneous circulation (ROSC) and 1-month survival rates
and neurologically favourable outcomes compared with those
without physician involvement [4]. Another nationwide
observational study conducted in Denmark also showed that
physician involvement was associated with higher ROSC and
1-month survival rates [5]. However, these studies mainly
involved adult patients. At present, while there are reports of
physician involvement in pediatric OHCA, there is no clear
evidence of the associated benefits; hence, the rationale for
this study. This study aimed to investigate the association
between physician involvement during pediatric OHCA and
patient outcomes using a nationwide prehospital database
in Japan. We hypothesized that physician involvement may
be associated with better overall survival and neurologically
favourable outcomes in pediatric patients with OHCA, as
indicated in results reported concerning adult patients with
OHCA.

Methods
Emergency Medical Service (EMS) System in Japan

In 2019, there were 726 fire stations with dispatch centers
in Japan. The Fire and Disaster Management Agency of Japan
supervise the EMS system. In Japan, the emergency team is
usually not permitted to terminate the resuscitation of patients
with OHCA 1in a prehospital setting. All patients with OHCA
are transported to hospital except in cases of decapitation,
incineration, decomposition, and rigor mortis. Therefore, the
Japanese EMS system is ideal for investigating the association
between physician involvement during pediatric OHCA
and patient outcomes. In a prehospital setting, the EMS
team, comprising three people, can perform the following
procedures for patients with OHCA: (i) obtain and assess
an initial electrocardiogram (ECG), (ii) use an automated
external defibrillator; place a peripheral intravenous
line, administer Ringer’s lactate solution, and administer
adrenaline (epinephrine) intravenously; and ventilate using a
bag valve mask; and (iii) establish an advanced airway using
an endotracheal tube, a laryngeal mask airway, a Combi-tube,
and an esophageal gastric tube airway. Some procedures
require instructions from a physician remotely. Patients with
OHCA are treated according to Japanese Cardiopulmonary
Resuscitation (CPR) guidelines, which are based on
guidelines issued by the American Heart Association, the
European Resuscitation Council, and the International Liaison
Committee on Resuscitation. If an EMS team determines that
it would be preferable to have a physician at the scene, the
team picks up a hospital physician while enroute to the scene
or calls a physician to attend the scene. However, there are no
strict criteria for requesting physicians to attend a scene, with
many complex factors such as the severity of the patient's
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illness, geographical conditions, and local medical resources
influencing this decision.

Data Collection

We collected patient data from an ongoing prospective
Japanese nationwide prehospital database, namely, the All-
Japan Utstein Registry of the Fire and Disaster Management
Agency. The database has been described in detail elsewhere
[3,4,9]. Briefly, this population-based registry covers
approximately 127 million residents in Japan. All patients
with OHCA have been registered. Data have been collected
since January 2005 and continue to be accumulated. The
registry is based on the International Utstein style [10].
The database contains patients’ age (years), sex, date of the
OHCA, call time to the EMS, suspected etiology of cardiac
arrest, type of witness, interventions by bystanders (chest
compression, rescue breathing, and defibrillation), provision
of dispatcher CPR instructions, initial ECG rhythm at the
time of EMS contact, interventions by healthcare providers
(defibrillation, advanced airway device use, intravenous
fluids, and adrenaline use), EMS arrival time at the scene, and
outcomes (ROSC, 1-month survival, and 1-month cerebral
performance categories [CPCs]).

Patient Selection

We collected data concerning pediatric patients with
OHCA (age range, 0-18 years) from January 1, 2005 to
September 9, 2017. We excluded patients with unrealistic
time records, unknown outcome status, and patients who
did not receive any resuscitation by bystanders or healthcare
providers. We divided the patients into two groups: 1)
patients who received physician involvement on site during
OHCA (physician-present group), and 2) patients who did
not (physician-absent group). Physician involvement was
defined in the database as any physician present, regardless
of whether or not a procedure was performed.

Variables and Outcomes

We considered the following variables: age, sex, year of
the OHCA, season, call time to EMS, suspected etiology of
cardiac arrest, type of witness, interventions by bystanders
(chest compression, rescue breathing, and defibrillation), the
provision of dispatcher CPR instructions, initial ECG rhythm
at the time of EMS contact, and time from emergency call to
EMS arrival at the scene, to perform adjustments required for
these patients.

We subdivided the patients into the following age
categories: new-borns and infants (0 years), toddlers to
younger grade-schoolers (1-7 years), children (8—12 years),
and adolescents (13—18 years).11-13 The year of the OHCA
was categorized as follows: 2005-2009, 2010-2013, and
2014-2017. We also categorized the seasons as follows:
January—March, April-June, July—September, and October—
December. We divided the time of cardiac arrest into
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morning (0600 h to 0900 h), daytime (0900 h to 1700 h),
evening (1700 h to 2200 h), and night-time (2200 h to 0600
h) based on previous studies and patterns of medical staffing
[11,14,15]. The etiology of cardiac arrest was grouped into
cardiac causes, other medical causes (respiratory disease,
cerebrovascular disease, malignant tumor, hypothermia,
anaphylaxis, and any medical disease), and external causes
(traffic accident, suffocation, drowning, and trauma). The
time from the emergency call to the EMS arrival at the scene
was divided equally into four categories: <6 min, 6—7 min,
8-9 min, and >9 min. The primary outcome was 1-month
neurologically favourable survival using Glasgow-Pittsburgh
CPCs as measures of neurological outcomes [10]. CPCs
are defined as follows: CPCl1, good cerebral performance;
CPC2, moderate cerebral disability; CPC3, severe cerebral
disability; CPC4, coma and vegetable state; and CPCS5,
brain death. We defined CPC1 and CPC2 as ‘neurologically
favourable survival [16]. The secondary outcomes were
ROSC and 1-month survival rates.

Statistical Analysis

Continuous variables are expressed as mean and standard
deviation, and categorical variables are expressed as
frequencies and percentages. We used absolute standardized
differences to assess differences in the variables between the
groups. We regarded an absolute standardized difference of
<10% as well balanced [17,18]. Unadjusted outcomes were
compared using chi-square tests. In adjusted analyses, we
used a generalized linear model to compare the outcomes
between the groups with and without physician involvement
during pediatric OHCA. We used the following independent
variables: physician involvement, age, sex, year of the
OHCA, season, time of arrest, suspected etiology of cardiac
arrest, witness status, interventions by a bystander, provision
of dispatcher CPR instructions, initial ECG rhythm at the
time of EMS contact, and time from emergency call to EMS
arrival at the scene. Subgroup analyses were performed for
each variable to investigate its association with 1-month
neurologically favourable survival. To confirm the
robustness of our results, we performed a sensitivity analysis
using overlap weights to balance the patients’ backgrounds
between the groups [19-21]. Overlap weights are a propensity
score weighting method to adjust for potential confounders
[22]. The weights are defined as a value of 1 — the propensity
score for treated patients and the propensity score itself for
untreated patients. In this study, we calculated the propensity
score for receiving physician care using a multivariable
logistic regression model including the following variables:
age, sex, year of the OHCA, season, time of arrest, suspected
etiology of cardiac arrest, witness status, interventions
by a bystander, provision of dispatcher CPR instructions,
initial ECG rhythm at the time of EMS contact, and time
from emergency call to EMS arrival at the scene. We then
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constructed an overlap-weighted generalized linear model to
compare primary outcomes. We reported the results as risk
differences, 95% confidence intervals (CIs), and two-sided
P-values. We considered a two-sided P-value of <0.05 as
statistically significant. Statistical analyses were performed
using STATA (version 16.0; StataCorp, College Station, TX,
USA) software.

Ethics Statement

This study was approved by the Institutional Review
Board of the International University of Health and Welfare,
Narita Hospital, Japan (approval number: 21-Im-043,
September 28, 2021). The requirement for informed consent
was waived due to the use of anonymized data.

Results

This study included 24,684 patients. A patient flowchart
is shown in Figure 1. After applying the exclusion criteria,
22,281 patients qualified for the study. In total, there were
3708 patients in the physician-present group and 18,573
patients in the physician-absent group. Patient baseline
characteristics are shown in Table 1. Compared with patients
inthe physician-absent group, patients in the physician-present
group were older, experienced more cardiac arrests during the
daytime, had fewer instances of dispatcher CPR instructions
provided, and had a longer time from the emergency call
to EMS arrival at the scene. In the unadjusted analyses, no
differences were observed between the two groups in terms of
I-month neurologically favourable survival (8.3% vs. 8.4%;
P =0.84) and 1-month survival (15.7% vs. 15.3%; P = 0.55).
In terms of ROSC, the physician-present group had better
outcomes than the physician-absent group (20.9% vs. 18.0%;
P <0.001). The generalized linear model results are presented
in Table 2. Compared with the physician-absent group, the
physician-present group had a lower 1-month neurologically
favourable survival rate (difference, -0.9%; 95% CI -1.7—
0.2; P = 0.02) and a higher ROSC rate (difference, 1.4%;
95% CI 0.2-2.5; P =0.02), but with no difference in 1-month
survival (difference, -0.9%; 95% CI -2.0-0.2; P = 0.09).
Figure 2 shows the results of subgroup analyses for each
variable. Patients with initial ECGs showing asystole had
higher 1-month neurologically favourable survival rates with
physician involvement than those without (difference, 0.62%;
95% CI 0.26-0.99; P < 0.001). However, in other subgroups,
the physician-present group was not found to have higher
I-month neurologically favourable survival rates than the
physician-absent group. Table 3 shows the results of the
sensitivity analyses using the overlap weights. These results
were similar to those of the main analyses.

CPR, cardiopulmonary resuscitation; ECG,
electrocardiogram; EMS, emergency medical services;
SD, standard deviation; VF, ventricular fibrillation; VT,
ventricular tachycardia
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24684 0-18-year-old patients with OHCA registered
m the All-Tapan Utstein registry database
P gisiry
76 Excluded
56 Unrealistic time recorded
20 Unknown outcome status
‘ 24608 Eligible patients ‘
‘ 2327 Excluded, no resuscitation was performed
| 22281 Eligible patients ‘
3708 Physician-present ‘ | 18573 Physician-absent
Figure 1: Patient Selection Flow Chart.

Subgroup No. ofpatients (%) Difference with 95% CI P-value
Overall 22281 HM -0.9 (-1.7,-0.2) 0.02
Age groups (years), %

Newborns and infants (0 yearsf 7904 23545; — -1.5 5*245,-04; 0.01

Toddler to younger gradschoolers (1 to 7 years) 51659476 26596 —il— —(2) (3) »342,—3045 8241‘

Older gradeschoolers (8 to 12 years) - —a— 3(-2.8,3. E

Teenagers (>12 years) 7134 (32(;) —— 03 E—l.l, 1.7; 0.70
Sex, %

Male 13762 5618) = EI -1.0 (-2.0,-0 lg 0.03

Female 8519 (38.2) —H -0.7(-1.9,0.0 0.30
Year ofcase, %

2005 to 2009 9086 (40.8) [ X -0.8(-1.9,0.2) 0.11

2010t0 2013 6864 §30.8; —a— -1.1 (—246,0.4g 0.14

2014t02019 6331 (28.4 il -02(-19,14 0.78
Season, %

January to March 5816 (26.1 = 0.5(-0.9,2.0) 048

April fo June 5571 525.03 — 0.0 5-1.4, 1.5) 0.97

July to September 5415 §24-3) —— 2.4 §—4A0,—0A8; 0.003

October to December 5479 (24.6) i -1.6 (:3.1,-0.1 0.03
Time ofthe day of EMS call, %

Morning (6AM to 9AM) 3991 (17.9) I B -0.7 (2.2,0.9) 0.39

Daytime (9AM to 5PM) 8235 %37-0; =l -0.7 %—2.0,0.6; 032

Evening (10PM to 6AM) 5008 (22.5 — -1.4(3.1,03 0.11

Midnight (10PM to 6AM) 5047(22.7) [ -0.9(2.3,0.5) 0.21
Etiology ofarrest, %

Cardiac cause 7090 (31.8) = 0.0 (-1.6,1.7) 0.96

Medical cause 7341 (33.0) —i— -1.9(3.2,-0.6) 0.01

External cause 7850 (35.2) [ -1.3(-24,02) 0.02
Witness status, %

No witness 14566 (65.4) M 0.0 (-0.6,0.6) 0.99

Layperson 6459 (29.0) ] -1.1 E-3.0, 0.8; 0.26

Healthcare providers 1255(5.6) —.— -15(5.6,2.6 0.48
Interventions by bystanders, %

Chest compression 9463 (43.3) =l -0.6 §—1 .6, 0.4; 0.27

No chest compression 12638 (56.7) = -04(-14,0.6 047

Rescue breathing 5721(25.7) oo -0.9 (2.6,0.7) 0.27

No rescue breathing 16560 (74.3) i -0.7 (-1.5,0.1) 0.10

Defibrillation 402 (1.8) & - | -3.3(-13.3,6.6) 0.51

No defibrillation 21879 (98.2) i -0.8 (-1.6,-0.1) 0.03
Dispatcher CPR instruction, % 11894 %534; i 03(-0.7,1.2) 0.60
No dispatcher CPR instruction, % 10387 (46.6 X -2.1(:3.3,-09) <0.001
Initial ECG rhythm, %

VF/Pulseless VT 1119 (5.0) . J 3.2(-3.1,9.6) 0.32

Pulseless Electrical Activity 3369 (15.1 —a— -1.9(3.9,0.1) 0.06

Asystole 15563 (69.9) ] 0.6 (0.3,1.0) 0.001

Other/Unknown 2230 (10.0) —_—— -6.2 (-10.8,-1.6) 0.008
Time from Emergency call to EMS arrival at the scene, %

<6 min 6300 (28.3) =i 03 (-1.1,1.8) 0.65

gisl oLy o s1ELen o

to 9 min . -0.5(2.2,1. .
9 min< 4379 (19i7) . 1|—H i y | —3.11 (-4.6,-1.6) <0.001
-18 -10 -5 i 5 10 15
Physician-absent group favor «— ——» Physician-present group favor

Figure 2: Subgroup Analyses of Associations Bbetween Each Variable and 1-Month Neurologically Favourable Survival.
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Table 1: Patients' Baseline Characteristics in the ‘Physician-Present’ and ‘Physician-Absent’ Groups.

) Physician-present Physician-absent Absolute
Variables
(n =3708) (n =18573) standardized difference (%)
Age: years, mean (SD) 6.5 (6.8) 6.5 (7) 0.1
Age groups: years, n (%) 6.1
New-borns and infants (0 years) 1263 (34.1) 6641 (35.8)
Toddler to younger grade-schoolers (1-7 years) 1006 (27.1) 4691 (25.3)
Older grade-schoolers (8—12 years) 286 (7.7) 1260 (6.8)
Adolescents (>12 years) 1153 (31.1) 5981 (32.2)
Sex (male), n (%) 2335 (63) 11427 (61.5) 3
Year of OHCA, n (%) 17.3
2005 to 2009 1775 (47.9) 7311 (39.4)
2010 to 2013 982 (26.5) 5882 (31.7)
2014 to 2017 951 (25.6) 5380 (29)
Season, n (%) 9.6
January to March 857 (23.1) 4959 (26.7)
April to June 920 (24.8) 4651 (25)
July to September 997 (26.9) 4418 (23.8)
October to November 934 (25.2) 4545 (24.5)
Call time to EMS, n (%) 211
Morning (0600 h to 0900 h) 577 (15.6) 3414 (18.4)
Daytime (0900 h to 1700 h) 1669 (45) 6566 (35.4)
Evening (1700 h to 2200 h) 797 (21.5) 4211 (22.7)
Night-time (2200 h to 0600 h) 665 (17.9) 4382 (23.6)
Etiology of cardiac arrest, n (%) 8
Cardiac cause 1075 (29) 6015 (32.4)
Medical cause 1233 (33.3) 6108 (32.9)
External cause 1400 (37.8) 6450 (34.7)
Witness status, n (%) 6.8
No witness 2323 (62.7) 12243 (65.9)
Layperson 1160 (31.3) 5299 (28.5)
Healthcare providers 224 (6) 1031 (5.6)
Interventions by bystanders, n (%)
Chest compression 2201 (59.4) 10437 (56.2) 6.4
Rescue breathing 1062 (28.6) 4659 (25.1) 8
Defibrillation 79 (2.1) 323 (1.7) 2.8
Dispatcher CPR instruction, n (%) 1817 (49) 10077 (54.3) 10.5
Initial ECG rhythm, n (%) 9.3
VF/ Pulseless VT 208 (5.6) 911 (4.9)
Pulseless electrical activity 652 (17.6) 2717 (14.6)
Asystole 2471 (66.6) 13092 (70.5)
Other/ Unknown 377 (10.2) 1853 (10)
Time from emergency call to EMS arrival at the 1.2
scene, n (%)
<6 min 1060 (28.6) 5240 (28.2)
6—7 min 1091 (29.4) 5909 (31.8)
8-9 min 699 (18.9) 3903 (21)
9 min< 858 (23.1) 3521 (19)
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Table 2: Generalized Linear Models Comparing ‘Physician-Present” and ‘Physician-Absent” Group Outcomes after Adjusting for Prehospital Variable.

CI, confidence interval; ROSC, return of spontaneous circulation

Outcomes Difference (%) 95% CI (%) P-value
1-month neurologically favourable survival -0.9 -1.7 to -0.2 0.02
ROSC 0.2 to 2.5 0.02
1-month survival -0.9 -2 to 0.2 0.09
Table 3: An Overlap-Weighted Generalized Linear Model Comparing Physician-Present and Physician-Absent Group Outcomes.
CI, confidence interval; ROSC, return of spontaneous circulation
Physician-present (%) Physician-absent (%) . o o o g
Outcomes (n = 3708) (n = 18573) Difference(%) 95% ClI (%) P-value
1-month neurologically 8.2 9.1 0.9 1.7 to -0.2 0.02
favourable survival
ROSC 20.7 19.3 14 0.3 to 2.4 0.01
1-month survival 15.6 16.5 -0.9 -1.9 to 0.1 0.07

Discussion

We investigated the association between physician
involvement during pediatric OHCA and patient outcomes
using a nationwide prehospital database in Japan.
The physician-present group showed lower 1-month
neurologically favourable survival rates than the physician-
absent group. However, pediatric patients with OHCA and
an asystole rhythm showed higher 1-month neurologically
favourable survival rates compared to patients with other
rhythm. For secondary outcomes, there was no difference
in 1-month survival rates between the groups; however, the
physician-present group had a higher ROSC rate than the
physician-absent group. Compared with previous studies that
have focused on adult patients with OHCA, neurologically
favourable survival and 1-month survival rates were
inconsistent.4—7 Our results can be explained as follows.
First, according to the subgroup analysis, fewer instances
of dispatcher CPR instructions and longer times from the
emergency call to EMS arrival at the scene may have affected
our finding that the physician involvement group had poorer
outcomes. One possibility is that because a physician was
dispatched, the dispatcher CPR instructions might not have
been emphasized for patients who would have otherwise
required appropriate CPR instruction. Moreover, the extra
time required to dispatch a physician to the scene may have
delayed the arrival and interventions of other healthcare
providers. As a result, the quality of CPR in the group with
physicians present may have been diminished. Second,
there were differences noted in terms of the etiology of the
OHCA. Coronary artery disease is the most common cause
of cardiogenic cardiac arrest in adults, whereas congenital
heart disease is reported to be the most common cause in
pediatric patients [23,24]. After resuscitation, acute coronary
syndromes can be treated with percutaneous coronary
intervention; however, treating congenital heart disease is
very challenging. The resuscitation rate is high with early

intervention by physicians; however, for this reason, the
prognosis of OHCA at 1 month may not be satisfactory.
Third, oxygenation is less important for resuscitation in
patients with ventricular fibrillation/pulseless ventricular
tachycardia than for those in asystole as sufficient oxygen
may remain in the blood; therefore, chest compressions and
defibrillation are effective during CPR [25-27]. However,
in the case of patients in asystole, there is insufficient
oxygen in the blood, and establishing a secured airway and
administering oxygen may be necessary for resuscitation.
Physician involvement in patients with asystole showed
higher neurologically favourable survival rates. A similar
finding was observed in a study concerning the relationship
between ECG waveforms and adrenaline administration
[28]. The effects of adrenaline differed depending on the
initial waveform. Individualized medical interventions using
ECG waveforms are expected in the future. Our study has
several implications for improving the outcomes of physician
involvement in OHCA in future. First, it is recommended that
a dispatcher provide CPR instructions, even when physicians
are being sent to the scene. Second, it may be advisable to
establish an EMS that reduces the time to physician arrival at
the scene. Third, in future, if technology enables the detection
of ECG waveforms immediately after the occurrence of
OHCA, it may be desirable to develop within the EMS the
ability to choose whether to prioritize dispatching a physician
or arriving at the scene earlier with the emergency team only.
This study had several strengths. First, this is the first study
to evaluate the association between physician involvement
during pediatric OHCA and patient outcomes. Second, we
adjusted for patients’ backgrounds using a generalized linear
model with several prehospital information variables. Third,
we performed overlap weights for the sensitivity analysis and
confirmed the robustness of the analysis. The results were
found to be the same as those of the main analyses. This
study had some limitations. First, the database did not include
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information regarding patients’ backgrounds, such as past
medical history, comorbidities, and socioeconomic status.
Second, we could not determine why a decision to dispatch
a physician was made in each case. Third, because of the
nature of this prehospital database, there was no information
on in-hospital care. Fourth, we could not evaluate the quality
of prehospital care. These limitations could have affected
patient outcomes.

Conclusions

In conclusion, physician involvement during pediatric
OHCA was associated with lower 1-month neurologically
favourable survival, although it was associated with higher
ROSC compared with cases without a physician. EMS
improvement and patient selection may be effective in
obtaining higher quality physician involvement in future
pediatric OHCA.
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