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ABSTRACT

Submersion is a leading cause of death for those age 14 years and younger in the United States. Our objective was to describe
the trends and patient characteristics surrounding pediatric submersions in North Central and Northeast Florida. This study
is a sub-analysis of data submitted as part of a multicenter Pediatric Submersion Score Study. We conducted a retrospective
chart review of children 0-18 years of age with unintentional submersion injuries. Demographic, prehospital, hospital, and
environmental data were abstracted. A total of 183 children were included, with data being analyzed using descriptive statistics.
A significant proportion of submersions (19%) occurred during the fall and winter months, accounting for 46% of total
deaths. One out of four submersions occurred in an open body of water. Emergency medicine and pediatric providers should
be prepared to treat, educate, and advocate regarding pediatric submersion year-round, especially in warmer climates with
open bodies of water.

INTRODUCTION

Submersion is the leading cause of death for children age 1-4 years and the second leading cause of death for children age
14 years and younger in the United States (US).! Worldwide, it is the third leading cause of unintentional death.? Children
younger than 5 years of age, especially males, are at greatest risk for submersion injury** which also has a higher incidence
in African Americans and Hispanics.® It is estimated that for every submersion death in the US, five additional patients are
treated in the Emergency Department (ED) for non-fatal submersion injuries.® While the fatality rate has decreased’, more
than 50 percent of submersion injuries seen in the ED require hospitalization.®
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Although submersions in the US occur year-round, most occur during the summer months.® Additionally, submersions
occur in a variety of locations. For children 0-4 years old, 50% of fatal and 65% of non-fatal submersions occur in swimming
pools.? Infant submersions tend to occur in bathtubs or buckets and toddlers in pools™'?, while those 5 years and older tend
to drown in open water areas."

Significant prevention efforts have focused on submersion events, yet it remains a leading cause of morbidity and mortality
for the pediatric population. In 2017, the World Health Organization (WHO) published recommendations to decrease
submersions worldwide."? Those recommendations focus on barriers, safe places away from water to play, teaching children
over six years old to swim, bystander intervention, managing flood risks, and safe boating/shipping/ferry regulations. In May
2019, the American Academy of Pediatrics (AAP) updated its policy statement regarding the prevention of submersion injury
based on new information and research.” The interventions emphasized are 4-sided pool fencing, life jackets, swim lessons,
supervision, lifeguards, and other interventions discussed, including bystander CPR.

Despite those efforts, Florida leads the country in submersion deaths of children ages 1-4 years."” In addition to the warm
climate, Florida is a peninsula and has easy accessibility to water with a total area of 18.5% water within the state."* Therefore,
we sought to describe submersion injury patterns in Florida to discern if further enhancements to injury prevention efforts
should be made to prevent more fatal and non-fatal submersion injuries.

METHODS
Study Design

This study is a sub-analysis of a retrospective multicenter study from the Pediatric Emergency Medicine Collaborative Research
Committee (PEM CRC). Permission for the sub-analysis was granted by the principle investigator of the PEM CRC multicenter
study. Children aged 0-18 years who presented to the pediatric EDs of two hospitals in North Central and North Eastern
Florida following an unintentional submersion event between the years 2010 to 2017 were included.

Study Setting

Jacksonville has a population of approximately 900,000 persons, with 31% being African American and 15.9% of the population
living in poverty." The national poverty level '° is 10.5%. The academic hospital ED treats 15,000 pediatric patients annually and
patients requiring critical care are transferred to a local children’s hospital. Gainesville has a population of 133,857 persons, with
21.4% African Americans and 31.4% living in poverty."” The academic hospital ED treats 25,000 pediatric patients annually
and has a 24-bed pediatric ICU with advanced care capabilities, including ECMO.

Data Abstraction and Statistical Analysis

Pediatric victims of unintentional submersions were identified from hospital medical records using ICD-9 and ICD-10 codes.
Patients were excluded if the submersion was intentional or was secondary to an act that led to submersion (e.g., motor vehicle
crash). Prehospital, scene submersion characteristics, and hospital data were abstracted through manual chart review. Both
the multicenter study and sub-analysis were approved by the University of Florida Institutional Review Board.

Study data were collected and managed using REDCap™ (Research Electronic Data Capture) electronic data capture tools
hosted at University of Florida. REDCap™ is a secure, web-based application designed to support data capture for research
studies. Descriptive statistics were used to describe data that was normally and non-normally distributed, respectively.

Patient and Public Involvement

It was not appropriate or possible to involve patients or the public in the design, conduct, reporting, or dissemination plans
of our research

RESULTS

A total of 342 charts were obtained. After review, 35 were the incorrect year, 120 were not submersions, 1 was trauma, 3 were
duplicate records; 183 encounters were included (Figure 1).

Table 1 describes patient characteristics and demographics. Patients were mostly male (62%) and children younger than four
years of age comprised 69% of the total encounters. Most injuries, (77%) occurred in pools or bathtubs. A total of 71% of
the patients were admitted. Surprisingly, 41.5% of patients received CPR prior to hospital arrival, with 58% reported to have
received some bystander resuscitative support (e.g., abdominal thrusts, back blows, rescue breaths, chest compressions). A
total of 13 deaths were recorded, with ten occurring in children age four years and younger.
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In all children, more than 60% were ages 1-2 years, and 71% were admitted to the hospital. Sixty-seven percent of those
admitted were injured in a pool with 20% occurring in open bodies of water. Only one death occurred in an open body of
water. Interestingly, more than 85% reported being supervised, but less than 35% witnessed the submersion. For the children
age five years and older, 65% occurred in pools and 13% in bathtub.

Table 2 describes the patient characteristics for events occurring in open bodies of water and shows a total of 39 submersions
occurred in open bodies of water (free-flowing water, river, stream, ocean, lake, etc.), of those, 82% of these children were
admitted to the hospital, and almost 64% occurred in children four years and younger.

Figure 1: Submersion data flowsheet

DISCUSSION

This study provides a regional description regarding pediatric submersion injuries in Florida. We observed similarities and
differences compared with previously published national data regarding pediatric submersion injury. As with prior studies,
our data demonstrates a male predominance and children aged four years and younger continue to have the highest incidence.
Of that age group, pools/hot tubs remain the most likely location for the submersion to occur. However, we did not further
subdivide the data to assess for event locations for those younger than 4 years of age. Based on our findings, one out of every
five submersions occurred in an open body of water. Unlike previous research, we found a high rate of open bodies of water
submersions in children aged four and younger.

Even with submersion injuries decreasing across the United States, the number of children hospitalized remains highest
in the West and South.'® While some studies report that more than half of submersion injuries evaluated in the emergency
department (ED) require hospitalization', our patient population had a higher rate of admission at 71% as well as a high rate
of CPR before arrival (41.5%). When compared to other states, the death rate per 100,000 people for pediatric submersions
in Florida is above the national average. In addition, many other coastal states have higher than average rates such as North
Carolina and South Carolina, while many midwestern states, such as Nebraska and Minnesota are below the average.?’

Although severity is a cause for hospitalization, factors related to poverty have been previously noted by organizations such
as the AAP In addition, 90% of worldwide submersions occur in middle to low-income countries.® That increased rate of
admission for our patients may have been based on the severity of illness or patient demographics. Other factors may have
played a role such as lack of a medical home, decreased knowledge regarding water safety, decreased supervision (access to
lifeguards), or even bystander knowledge of CPR. Another factor that may have led to a higher proportion of admission is
the need to transfer children evaluated in community emergency departments to UF Gainesville tertiary care center for a
higher level of care.

Public vigilance for submersion prevention is usually highest during spring and summer months, as are prevention campaigns.
However, we found that one out of every five submersions occurred during the fall and winter seasons. Additionally, parents
report that submersion injury information is useful and are able to recall the information.?! Recent literature has emphasized the
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TIME OF YEAR

Total Jan-Mar | Apr-Jun Jul-Sept | Oct-Dec

N=183

N (%) N (%) N (%) N (%) N (%)

DEMOGRAPHICS
GENDER
Male 113 (62%) |17 (9%) |48 (26%) |40 (22%) |8 (4%)
Female 70 (38%) |5 (3%) 31(17%) |30 (16%) |4 (2%)
Age
< 1 year 11 (6%) 3 (2%) 5 (3%) 3 (2%) 0 (0%)
1-4 years 116 (63%) |14 (8%) |49 (27%) |43 (23%) | 10 (5%)
5-12 years 42 (23%) |3 (2%) 21(11%) [170%) |1 (1%)
13- 17 years 14 (8%) 2 (1%) 4 (2%) 7 (4%) 1 (1%)
RACE
White 110 (59%) | 15(8%) |43 (23%) |42 (23%) |10 (5%)
Black 53 (28%) 4 (2%) 29 (16%) |18 (9%) 2 (1%)
Asian 3 (2%) 0 (0%) 1 (1%) 2 (1%) 0 (0%)
Other 7 (4%) 0 (0%) 2 (1%) 5 (3%) 0 (0%)
Unknown 10 (7%) 3 (2%) 4 (2%) 3 (2%) 0 (0%)
DISPOSITION
ADMIT
Yes 130 (71%) |16 (9%) |56 (31%) |48 (26%) | 10 (5%)
No 53 (29%) |6 (3%) 23 (13%) |22 (12%) |2 (1%)
Deaths
< 1 year 1(1%) 0 (0%) 0 (0%) 1 (1%) 0 (0%)
1-4 years 9 (5%) 2 (1%) 2 (1%) 5 (3%) 0 (0%)
5-12 years 1 (1%) 0 (0%) 1 (1%) 0 (0%) 0 (0%)
13 - 17 years 2 (1%) 1 (1%) 1 (1%) 0 (0%) 0 (0%)
WATER TYPE

Swimming Pool 123 (67%) | 10(5%) |57 (31%) |51 (28%) |5 (3%)
Bathtub 18 (10%) | 6 (3%) 2 (1%) 6 (3%) 4 (2%)
Hot tub/Jacuzzi 1(1%) 0 (0%) 1 (1%) 0 (0%) 0 (0%)
Open body of water 36 (20%) |6 (3%) 17 (9%) 10 (5%) 3 (2%)
Free flowing/river/stream/bayou | 3 (2%) 0 (0%) 1(1%) 2 (1%) 0 (0%)
Other/Blank 2 (1%) 0 (0%) 1 (1%) 1 (1%) 0 (0%)

Table 1: Patient demographic and epidemiological characteristics
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OPEN WATER SUBMERSIONS

| N (%) |Jon-Mcr |Apr-Jun |JuI-Sept | Oct-Dec
GENDER
Male 27 (69%) 4 11 9 3
Female 12 (31%) 2 7 3 0
Age
< 1 year 0 (0%) 0 0 0 0
1-4 years 25 (64%) 5 10 8 2
5-12 years 6 (15%) 0 4 2 0
13 - 17 years 8 (21%) 1 4 2 1
RACE
White 27 (69%) 6 11 7 3
Black 8 (20%) 0 3 5 0
Asian 0 (0%) 0 0 0 0
Other 1 (1%) 0 1 0 0
Unknown 3 (1%) 0 3 0 0
Admit
Yes 32 (82%) 5 14 10 3
No 7 (18%) 1 4 1 1
DEATHS
< 1 year 0 (0%) 0 0 0 0
1-4 years 1 (1%) 1 0 0 0
5-12 years 1 (1%) 0 1 0 0
13 - 17 years 2 (1%) 1 1 0 0
WATER TYPE
Open body of water 36 (92%) 6 17 11 2
Free flowing/river/stream/bayou | 3 (8%) 0 1 2 0

Table 2: Patient characteristics for open bodies of water submersions

regional nature of open water submersions as well as the associated decrease in submersions with an increase in regulations.*!!
Given the high number of our occurrences in open bodies of water, further regulations could be encouraged.

Limitations

This study has limitations that merit consideration. First, this was a retrospective chart review of patients admitted to two
health care systems in Florida, and results may not be generalizable to all regions. Information provided by emergency medical
services and the electronic medical record may be limited or have variability in recorded history. Finally, the data do not
account for patients that were pronounced deceased in the field did not obtain medical care at our institutions.

CONCLUSION

Submersion prevention is emphasized during summer, yet this study found nearly one-quarter of submersions occurred in
fall and winter. We also found a significant number of submersions in open bodies of water. Submersion injury prevention
legislation and advocacy should adapt to year-round guidance and more specific preventative measures regarding open
bodies of water, while medical providers should also be prepared to educate and treat patients for these injuries year-round.
In addition, further research should be performed looking into pediatric submersions including the socioeconomic factors
related to the rates of submersions and need for admission.
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