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Background—Children have better outcomes after out-of-hospital cardiac arrest (OHCA) than
adults. However, little is known about the difference in outcomes between children and adults
after OHCA due to drowning.

Objectives—The aim of this study is to assess the outcome after OHCA due to drowning
between children and adults. Our hypothesis is that outcomes after OHCA due to drowning would
be in better among children (<18 years old) compared with adults (=18 years old).

Method—This prospective population-based, observational study included all emergency
medical service-treated OHCA due to drowning in Osaka, Japan, between 1999 and 2010
(excluding 2004). Outcomes were evaluated between younger children (0-4 years old), older
children (5-17 years old), and adults (=18 years old). Major outcome measures were one-month
survival and neurologically favorable one-month survival defined as cerebral performance
category 1 or 2. Multivariate logistic regression analyses were used to account for potential
confounders.

Results—During the study period, 66,716 OHCAs were documented, and resuscitation was
attempted for 62,048 patients (1300 children [2%] and 60,748 adults [98%]). Among these
OHCAs, 1737 (3% of OHCASs) were due to drowning (36 younger children [2%], 32 older
children [2%], and 1669 adults [96%]). The odds of one-month survival were significantly higher
for younger children (28% [10/36]; adjusted odds ratio [AOR], 20.20 [95% confidence interval
{CI} 7.45-54.78]) and older children (9% [3/32]; AOR, 4.47 [95% CI 1.04-19.27]) when
compared with adults (2% [28/1669]). However, younger children (6% [2/36]; AOR, 5.23 [95%
Cl 0.52-51.73]) and older children (3% [1/32]; AOR, 2.53 [95% CI 0.19-34.07]) did not have a
higher odds of neurologically favorable outcome than adult s (1% [11/1669]).

Conclusion—In this large OHCA registry, children had better one-month survival rates after
OHCA due to drowning compared with adults. Most survivors in all groups had unfavorable
neurological outcomes.

Keywords
Out-of-hospital cardiac arrest; Drowning; Children; Adults

1. Introduction

Drowning is the third leading preventable cause of unintentional injury death worldwide,
accounting for 0.7% of all deaths.1:2 Approximately 390,000 people in the world die from
drowning and children < 5 years old have the highest drowning mortality rate.! In Japan,
almost 7000 people die from drowning annually and drowning is the second most common
cause of injury deaths.3

Pediatric out-of-hospital cardiac arrests (OHCA) are more often due to respiratory causes
rather than cardiac causes.*® Recently, several studies have shown that children are more
likely to survive OHCA compared with adults.*>7 However, little is known about the
differences in the outcomes between children and adults based on the type of OHCAs such
as the non-cardiac etiology of drowning. Children with OHCA due to drowning might have
better outcomes compared to adults because of unique age-dependent protective physiologic
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mechanisms such as the diving reflex and/or because of greater likelihood that children’s
drowning would be witnessed.8-11

The Utstein Osaka Project, launched in 1998, is a large prospective population-based cohort
study of OHCA in Osaka Prefecture, Japan, which covers approximately 8.8 million
residents with 1.4 million children (<18 years old).> From 1999 to 2010, there were
approximately 1700 emergency medical service (EMS) treated OHCAs due to drowning.
The aim of this study is to describe the characteristics and outcomes among these children
and adults with OHCA due to drowning. We hypothesized that pediatric OHCA due to
drowning would result in better outcome than adult OHCA.

2. Methods

2.1. Study design, setting, population in Osaka

This observational study enrolled all patients who suffered an OHCA due to drowning, were
treated by EMS, and were transported to medical institutions in Osaka Prefecture from
January 1, 1999 to December 31, 2010. If a patient had an OHCA due to drowning but had a
pulse at EMS arrival, they were excluded because these patients were not treated by EMS.
OHCA patients in 2004 were excluded from analysis because of differences in data collected
that year which preclude appropriate comparisons. Osaka has an area of 1892 km? including
both urban and rural communities. The population of Osaka was 8,817,166, and 1,452,489
(16%) were < 18 years old in 2005.512 Cardiac arrest was defined as the cessation of cardiac
mechanical activity confirmed by the absence of signs of circulation.13 In this cardiac arrest
database, a witnessed cardiac arrest refers to one that is observed by another person. The
arrest was presumed to be of cardiac etiology unless it was documented to be caused by
trauma, drowning, drug overdose, foreign body asphyxia, exsanguination, or any other non-
cardiac causes according to the Utstein-style international guidelines.13 These diagnoses
were clinically determined by the physician in charge in collaboration with the EMS
rescuers. The annual mean river water temperature is 17.2 °C and it ranges from 0.3 °C in
winter to 37.0 °C in summer.14 The research protocol was approved by the institutional
review board of Osaka University with the assent of the EMS authorities of the local
governments in Osaka Prefecture.

2.2. Emergency medical service systems in Osaka

In Osaka Prefecture, there were 35 fire stations with emergency dispatch centers. The EMS
system is operated by the local fire stations. The free telephone emergency number 119 is
used to call for an ambulance from anywhere in Japan. Emergency services are provided 24
h each day, and are single-tiered in 33 stations and two-tiered in two stations. A two-tiered
station uses medics followed by physicians. The most highly trained pre-hospital emergency
care providers are the Emergency Life-Saving Technicians (ELSTSs), who are authorized to
insert an intravenous line and an adjunct airway, and to use a semi-automated external
defibrillator for OHCA patients. Specially trained ELSTs were permitted to provide tracheal
intubation for adults after July 2004 and to administer intravenous epinephrine for adults
after April 2006.15 However, they were not permitted to provide tracheal intubation or
intravenous epinephrine for children. The use of automated external defibrillator by citizens
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was legally approved in July 2004. All EMS providers performed and taught
cardiopulmonary resuscitation (CPR) according to the Japanese CPR Guidelines which were
based on the 2000 American Heart Association (AHA) Guidelines until September 2006,
following which they used the 2005 AHA and the 2005 European Resuscitation Council
(ERC) Guidelines.18-19 Do-not-resuscitate orders or living wills are not generally accepted
in Japan and EMS providers are not permitted to terminate resuscitation in the field.
Therefore, all patients with OHCA who were treated by EMS personnel were transported to
a hospital and registered in this study. Details of the EMS system in Osaka were described
previously.512.20

2.3. Data collection and quality control

Data were prospectively collected using a form that included all core data recommended in
the Utstein-style reporting guidelines for cardiac arrests including age, gender, witness by
EMS personnel or bystanders, first documented rhythm, location of the arrest, activity of
daily living before the arrest, time-course of resuscitation, type of bystander-initiated CPR,
return of spontaneous circulation (ROSC), hospital admission, one-month survival, and
neurological status one-month after the event.1321 A series of EMS times were recorded
automatically at the dispatch center including: call receipt, vehicle arrival at the scene,
contact with patient, initiation of CPR, defibrillation by EMS, and hospital arrival. The
initiation of bystander CPR was obtained by EMS interview with the bystander before
leaving the scene. Both bystander-initiated chest compression-only CPR and conventional
CPR with compressions and rescue breathing were considered as bystander CPR. The time
of defibrillation was recorded in the semi-automated defibrillator. Defibrillators were
synchronized with the clock at their dispatch center, as were other relevant EMS time
devices (e.g., clocks, watches).

The data form was filled out by the EMS personnel, transferred to the Information Center
for Emergency Medical Services of Osaka, and then checked by the investigators. The EMS
personnel collaborate with supervising physician for abstraction of Utstein elements. If the
data sheet was incomplete, the relevant EMS personnel were contacted and questioned, and
the data sheet was completed. All survivors were followed for up to one-month after the
event by the EMS personnel and investigators with the cooperation of the Osaka Medical
Association and relevant local medical institutions.

2.4. Study endpoints

The major endpoints were one-month survival and favorable neurological outcome one-
month after cardiac arrest, prospectively defined as CPC 1 or 2. Neurological outcome was
assessed by the Glasgow-Pittsburgh cerebral performance category (CPC) scale. The CPC 1
is good performance; CPC 2, moderate disability; CPC 3, severe cerebral disability; CPC 4,
coma/vegetative state; and CPC 5, death.13-21 Secondary outcome measures included ROSC
and hospital admission.

2.5. Statistical analysis

Patient characteristics and outcomes were evaluated between younger children (0-4 years
old), older children (5-17 years old), and adults (=18 years old) suffering OHCA due to
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drowning. Continuous variables were evaluated by Kruskal-Wallis test and categorical
variables by chi-square test or Fisher’s exact test. Multiple logistic regression analysis was
used to control for covariates potentially confounding the relationship between age groups
and outcomes. Potential confounding factors based on biological plausibility and previous
studies were included in the multivariable analysis. A priori confounders introduced into the
regression model were age, gender, location of arrests, activity of daily living before arrests,
witnessed status, bystander CPR status, first documented rhythm, and time interval from call
to the initiation of CPR by EMS personnel. Odds ratios (ORs) and their 95% confidence
intervals (Cls) were calculated. All of the tests were 2-tailed and a p value of <0.05 was
considered statistically significant. All statistical analyses were performed using SPSS
statistical package ver19.0J (SPSS, IBM Corporation).

Fig. 1 shows an overview of the study patients based on an abridged Utstein template.
During these 11 years, a total of 66,716 OHCAs were documented and resuscitation was
attempted by EMS in 62,048. Among 1300 pediatric OHCA victims, 68 (5.2%) had the
cause of drowning, 438 (33.6%) cardiac origin, 787 (60.5%) other non-cardiac origin, and 7
(0.5%) unknown origin, respectively. Of 68 pediatric drowning victims, 36 were younger
children (04 years) and 32 were older children (5-17 years). Among 60,748 adult victims,
1669 (2.7%) had the cause of drowning, 36915 (60.7%) cardiac origin, 21832 (35.9%) other
non-cardiac origin, and 332 (0.5%) unknown origin, respectively. A total of 1737 were
eligible patients for our analyses. We could not obtain data on one-month survival and
neurologic outcome for one adult in these eligible victims.

The characteristics of the patients with OHCA due to drowning are presented in Table 1.
The median age in younger children, older children, and adults were 2, 11, and 77 years,
respectively. The proportion of males was higher among children than adults. Older children
with OHCA due to drowning were less likely to have their arrests at home, and both younger
and older children were more likely to receive bystander CPR. The proportions of witnessed,
ventricular fibrillation as first documented rhythm, and good activity of daily living before
arrests were not different between children and adults. The time intervals from call to EMS
contact with patients and from call to CPR by EMS and to hospital arrival were longer for
older children than other age groups.

Outcomes from OHCA due to drowning are shown in Table 2. When comparing younger
children, older children, and adults, rates of ROSC (52.8% vs. 28.1% vs. 15.4%, p < 0.001),
survival to hospital admission (52.8% vs. 28.1% vs. 12.5%, p < 0.001), one-month survival
(27.8% vs. 9.4% vs. 1.7%, p < 0.001), and neurologically favorable outcome (5.6% vs. 3.1%
vs. 0.7%, p = 0.015) significantly differed. Younger children were more likely to achieve
ROSC and survive to hospital admission than older children (p = 0.039), but there was no
difference in one-month survival (p = 0.054) or neurologically favorable outcome (p =
1.000).

Table 3 shows factors contributing to both one-month survival and neurologically favorable
one-month survival. Compared to adults, after controlling for a priori and other potential

Resuscitation. Author manuscript; available in PMC 2014 July 10.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Nitta et al.

Page 6

confounders, the odds of one-month survival was significantly higher for younger children
(adjusted ORs, 20.20 [95% CI 7.45-54.78]) and older children (adjusted ORs, 4.47 [95% ClI
1.04-19.27]). There was no a difference in adjusted odds of one-month survival beween
older and younger children (p = 0.546). After adjustment for potentially confounding
factors, there was no difference in one-month favorable neurological outcome between
adults and younger children (adjusted ORs, 5.23 [95% CI 0.52-51.73]) and adults and older
children (2.53 [0.19-34.07]). Witnessed status was significantly associated with one-month
survival and favorable neurologic outcome, whereas initial rhythm of ventricular fibrillation
was only associated with favorable neurologic outcome.

4. Discussion

From this large prospective registry of OHCAS, we report the epidemiology and outcomes
of OHCA due to drowning in children and adults from January 1999 through December
2010. Among 62,048 patients who suffered a cardiac arrest at EMS arrival and were treated
by EMS, drowning was the cause in 1737 (3%) and most of the drowning victims were
adults (1669 vs. 68). Children were much more likely to survive to one-month after OHCA
due to drowning than adults. Disappointingly, only 34% (14/41) of the survivors had
favorable neurological outcomes at one-month. For both children and adults, outcomes were
better when the arrest was witnessed?2 and the initial rhythm was ventricular fibrillation.
Thus, early rhythm detection may improve outcomes for selected drowning OHCA victims.

In the Utstein Osaka registry of OHCA, drowning is a relatively uncommon cause of
OHCA. Nevertheless, 1737 OHCAs due to drowning over 12 years is a major public health
problem in Osaka. For example, drowning-associated OHCA is the fourth leading cause of
death among all injury patients for adults and third leading cause for children in Japan.23 In
addition, this database likely underestimates the good outcomes following OHCAs due to
drowning because it excludes patients who attained ROSC prior to EMS arrival.
Experimental and clinical studies show that the patients who have prompt bystander CPR
often have ROSC prior to EMS arrival, and that these patients are the ones most likely to
have excellent long-term neurological outcomes.24-30

In our study, survival outcomes are much better among children than adults with 28%
(10/36) of younger children and 9% (3/32) of older children surviving one-month post-
cardiac arrest vs. 2% of adults (28/1669). Previous studies have also showed that children
suffering from OHCAs had better outcomes than adults,*>7 but our large database allows us
to specifically address the outcomes after drowning-associated OHCAS.

Why was the survival rate so much higher among children? Children with OHCA due to
drowning might have better outcomes because of unique age-dependent protective
physiologic mechanisms such as the diving reflex.28-11 In addition, we speculated that
children’s better drowning-associated OHCA outcomes were related to more pediatric
drowning-associated OHCAs being witnessed, thereby providing a greater opportunity for
effective bystander CPR to be performed. Although the raw numbers are consistent with
these expectations, we were not able to demonstrate statistically significant differences.
Importantly, children were more likely to receive bystander CPR (especially conventional
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CPR with rescue breathing). The advantage of conventional CPR with rescue breathing for
OHCA of non-cardiac origin has been previously reported.2® We also speculate that perhaps
other co-morbidities contributed to worse outcomes among adults, including underlying
coronary artery disease.3! We also speculate that medical care providers may have been
more aggressive in maintaining potential life-sustaining interventions for children compared
with adults. This speculation is supported in part by our data that 77% (10/13) of the
children who survived for one-month had unfavorable neurological outcomes compared
with 61% of adults (17/28).

The overall outcomes after OHCA due to drowning were poor. Less than 1% survived with
favorable neurological outcome at one-month post-arrest. The outcomes in this study were
worse than those in previous OHCA drowning reports from other countries,32:33 and
outcomes from non-drowning witnessed adult OHCA in Osaka (3.4% neurological favorable
outcome).34 Factors that may have contributed to worse outcomes in this study could be the
older age of this cohort, the high frequency of arrests were at home, the frequency of
unwitnessed by bystanders, the high frequency of compression-only CPR and that EMS was
not allowed to stop CPR.32:33:35-37 Note that in Japan, older people often have a tradition of
taking a deep hot bath alone daily. This practice is known to be associated with bathing
syncope, especially among the elderly, and may contribute to the relatively higher frequency
OHCA due to drowning among adults in Japan, and the relatively poor outcome.38-40

Although VF was the first documented rhythm in < 2% of these drowning-associated
OHCA:s, it is important to note that the odds of survival with favorable neurological
outcome was much higher when VF was the first documented rhythm. Because VF is so
uncommon as the initial rhythm in OHCA due to drowning?32:33, providers may focus on
chest compressions and rescue breathing, and may only consider rhythm detection later
during the resuscitative efforts. However, cardiopulmonary resuscitation without
defibrillation is futile for patients in VVF, and outcomes from VF are very sensitive to the
time-to-defibrillation.18 Therefore, when able, providers should include early rhythm
detection and prompt defibrillation for VF.

This observational study has some inherent limitations. First, we obtained data on OHCA
patients based on the Utstein reporting template for cardiac arrest'321 rather than the Utstein
template for drowning because this is a cardiac arrest study.*! Second, our data do not
address prehospital factors such as drowning duration, time, and water temparature as well
as in-hospital factors such as body core temperature and blood pH, as recommended in the
Utstein reporting guidelines for drowning. In preceding studies, the effectiveness of
advanced life support treatments such as cardiopulmonary bypass*? and extra-corporeal
membrane oxygenation#? for OHCA due to drowning has been discussed, but these data
were not available for this study. Third, favorable neurological outcome was based on the
Cerebral Performance Scale rather than more detailed functional neurological assessments.
Finally, as with all epidemiological studies, data integrity, validity, and ascertainment are
potential limitations. The use of uniform data collection based on Ustsein-style guidelines
for reportiong cardiac arrest, population-based design and large sample size was intended to
mimimize these potential sourses of bias.
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5. Conclusions

From a large registry of OHCA in Osaka, we report the epidemiology and outcomes of
OHCA due to drowning among children and adults. Survival one-month post-cardiac arrest
was more common among children compared with adults. However, most survivors in all
groups had unfavorable neurological outcomes. Thus, major public health initiatives to
prevent drowning deserve a high priority.
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Cardiac arrests in Osaka
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R No resuscitation
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Fig. 1.

Overview of EMS-treated cardiac arrests with an abridged Utstein template from January 1,
1999 to December 31.
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