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Background: Drowning is a common mechanism of injury in the pediatric population that often requires
hospitalization. The primary objective of this study was to describe the epidemiology and clinical characteristics
of pediatric drowning patients evaluated in a pediatric emergency department (PED), including the clinical inter-
ventions and outcomes of this patient population.
Methods: A retrospective cohort study was conducted of pediatric patients evaluated in a mid-Atlantic urban
pediatric emergency department from January 2017 to December 2020 after a drowning event.
Results: Eighty patients ages 0–18were identified, representing 57 79 unintentional events and 1 intentional self-
injury event. Themajority of patients (50%)were 1–4 years of age. Themajority (65%) of patients 4 years of age or
younger were White, whereas racial/ethnic minority patients accounted for the majority (73%) of patients
5 years of age or older. Most drowning events (74%) occurred in a pool, on Friday through Saturday (66%) and
during the summer (73%). Oxygen was used in 54% of admitted patients and only in 9% of discharged patients.
Cardiopulmonary resuscitation (CPR)was performed in 74% of admitted patients and 33% of discharged patients.
Conclusions: Drowning can be an intentional or unintentional source of injury in pediatric patients. Among the
patients who presented to the emergency department for drowning, more than half received CPR and/or were
admitted, suggesting high acuity and severity of these events. In this study population, outdoor pools, summer
season and weekends are potential high yield targets for drowning prevention efforts.
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1. Introduction

Injuries are the leading cause of death for children and adolescents,
and drowning is an injury mechanism known to have particularly high
mortality and morbidity [1]. Recent data show that drowning is within
the top seven causes of death by unintentional injury for all age groups,
ranking first in ages 1–4 years and second in ages 5–9 years [2] Racial
disparities are well documented, as Black children are 5–10 times
more likely to drown in swimming pools than their age-matched
white counterparts [3]. Drowning also represents a disproportionately
high number of injury-related hospitalizations, with 50% of emergency
department visits for nonfatal drowning leading to transfer of care or
2, Baltimore, MD 21287, United
admission, in contrast to a 6% hospitalization rate for other injury-
related visits [4]. Despite frequently updated recommendations from
the American Academy of Pediatrics (AAP) on rescue and prevention
strategies, drowning remains a significant threat to children [5].

Although several studies have previously described the epidemiol-
ogy of nonfatal and fatal drowning events in the pediatric population,
they have focused on frequency and location of the events [6-9].
Moreover, most studies were conducted>10 years ago [6-8] and epide-
miology may have changed as a result of drowning prevention efforts
from the AAP and others that were implemented over this period [5].
In addition, the Centers for Disease Control recommends continued
surveillance of injury rates to target prevention strategies as needed
[9]. There are less data available relevant to clinical interventions and
outcomes, which are needed to guide treatment by health care profes-
sionals in the field, emergency department, and pediatric inpatient
units. Similarly, updated data are helpful to assess current risk patterns
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and identify potential prevention strategies. Finally, given that pub-
lished analyses of clinical interventions and outcomes predominantly
use international data, region-specific data may be more helpful to
inform targeted community-based prevention efforts, considering
geographic and racial variation in risk patters [6,10,11].

The primary objective of this studywas to describe the epidemiology
and clinical characteristics of pediatric drowning patients presenting to
a pediatric emergency department (PED). To address the noted gaps, we
sought to describe in detail the clinical interventions and outcomes of
this patient population. A more in-depth understanding of current clin-
ical presentations and management is warranted to better characterize
severity for nonfatal cases. For instance, although nonfatal drowning
victims are known to have a higher likelihood of hospital admission
than do patients with other types of unintentional injury, there is insuf-
ficient information about what components contribute to their clinical
severity, including radiographic evidence of injury, the frequency of
support such as oxygen therapy, and need for rescue measures like
cardiopulmonary resuscitation (CPR).

2. Methods

We conducted a retrospective cohort study of pediatric patients aged
0–18 years who were evaluated in a mid-Atlantic urban PED for a
drowning event from January 2017 to December 2020. This PED is a
level 1 pediatric trauma center with an annual census of 35,000. The
patient population is 60% Black and 20% white, and approximately 60%
are publicly insured. Using an electronic medical record query, we iden-
tified patients with chief complaints that included the terms “drowning”
or “submersion”, nursing chief complaint comments that included the
terms “drown,” “drowning,” or “submersion;” or ICD10 diagnosis codes
of T75.1, V90, V92, W65, W67, W69, W73, W74, X71, X92, Y21.0,
Y21.1, Y21.2, Y21.3, Y21.4, Y21.8, Y21.9. Standardized admission demo-
graphics (age, sex, race, date and time of presentation,mode of transport,
and language) were populated into a secure Excel file (Microsoft, Red-
mond,WA). Admission demographics includedmedical record numbers
to ensure that duplicate patients were not enrolled. The lead author
(KM) performed an additional chart review of the PED and hospital
course using a standardized chart review method and tool to collect in-
formation from results and notes that further described patient charac-
teristics, clinical management, and outcomes. Abstracted data that
were identified a priori as relevant clinical measures included: use of
oxygen support, vasopressor or CPR use, images obtained and results,
location of drowning event, and history of presenting illness. Information
about clinical interventionswas collected from review of documentation
at all levels ofmedical training. Chest imagingwasmarked as abnormal if
findings consistent with submersion were identified, including pulmo-
nary edema, perihilar opacities or cuffing, or other opacities. Head CTs
were defined as abnormal if the reading identified cerebral edema or
Table 1
Demographic overview stratified by age groups.

All ages n = 80⁎ <1 year n = 3 1–4 years n = 40

Sex
Male 51 (64%) 2 (67%) 25 (63%)
Female 29 (36%) 1 (33%) 15 (37%)

Race
Black 30 (38%) 2 (67%) 9 (23%)
White 38 (48%) 1 (33%) 27 (68%)
Asian 1 (1%) 0 0
American Indian 1 (1%) 0 1 (3%)
Two or more 3 (4%) 0 2 (5%)
Other/Unknown 7 (9%) 0 1 (3%)

Ethnicity
Hispanic 7 (9%) 1 (33%) 2 (5%)
Not Hispanic 71 (89%) 2 (67%) 38 (95%)
Unknown 2 (2%) 0 0

⁎ Data are shown as n (%).
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fracture. We examined the distribution of patient characteristics by
age, using age groups of <1, 1–4, 5–9,10–14 and 15–18 years of age.
Descriptive characteristics such as demographics and disposition were
evaluated by age group using a series of Fisher's exact tests. We also
examined the distribution of patient demographic and clinical character-
istics by PED disposition, per the categories admitted, discharged, and
death, using a series of Fisher's exact tests. All analyses were performed
using Stata 17.0 (College Park, TX). This study was approved by the In-
stitutional Review Board and upheld principles outlined in the Declara-
tion of Helsinki. This study was limited to retrospective chart review, so
no efforts pertaining to patient relationswere addressed. No conflicts of
interest existed based on International Committee of Medical Journal
Editors disclosure guidelines.

3. Results

This analysis identified 80 patients aged 0–18 years who presented
to the PED after a drowning event during the study period. Of these,
79 events were reported to be unintentional and 1 event was reported
to be an intentional injury (suicide attempt). Overall, the patients had
a mean age of 5.6 ± 4.4 years and 64% were male. Forty-eight percent
of patients wereWhite and 38% were Black. The most common location
was a pool (74%) andmost patients presented to the emergency depart-
ment via ambulance (81%). Table 1 displays patient characteristics strat-
ified by age group. Half of all drowning events occurred in children
between 1 and 4 years of age.

Table 2 shows that most patients presented to the PED in the after-
noon (48%) and evening (44%). Friday, Saturday, and Sunday accounted
for 66% of drowning events. Summer was the season with the highest
number of drowning events across all age groups (72%). Twenty-three
drowning events occurred in 2017, 22 occurred in each of 2018 and
2019, and 13 occurred in 2020.

>50% of patients evaluated in the PED were subsequently admitted
(Table 3). Four patients died, three of whom died in the PED and one
who later died in the Pediatric Intensive Care Unit (PICU). Of the 43 pa-
tients admitted, 60% were 1–4 years of age. Twenty-three were admit-
ted to the general pediatric service (54%), 19 were admitted to the
PICU (44%), and 1 (2%) was admitted to pediatric psychiatric unit be-
cause the drowning event was a suicide attempt. More than have the
patients received CPR (59%) by bystanders, first responders, or emer-
gency department staff [CPR is used here to represent rescue breaths,
chest compressions, or both because we were unable to further classify
based on detail provided in charting]. CPR was performed on 75% of ad-
mitted patients, 33% of discharged patients, and all patients who died
(p< 0.001). Thirty patients (37%) received oxygen support via invasive
(13%) or non-invasive (87%)modalities. Supplemental oxygenwas used
on 55% of admitted patients, 9% of discharged patients, and all patients
who died (p < 0.001).
5–9 years n = 22 10–14 years n = 12 15–18 years n = 3 p-value

0.92
13 (59%) 9 (75%) 2 (67%)
9 (41%) 3 (25%) 1 (33%)

<0.001
11 (50%) 7 (58%) 1 (33%)
7 (32%) 2 (17%) 1 (33%)
0 3 (25%) 1 (33%)
0 0 0
1 (5%) 0 0
3 (14%) 0 0

0.47
2 (9%) 2 (17%) 0
19 (86%) 9 (75%) 3 (100%)
1 (5%) 1 (8%) 0



Table 2
Patient demographics and event details stratified by disposition.

All ages
n = 80⁎

Admitted
n = 43

Discharged
n = 33

Died
n = 4

p-value

Sex 0.16
Female 29 (36%) 12 (28%) 16 (49%) 1 (25%)
Male 51 (64%) 31 (72%) 17 (52%) 3 (75%)

Race 0.14
Black 30 (38%) 19 (44%) 8 (24%) 3 (75%)
White 38 (48%) 18 (42%) 20 (61%) 0
Asian 1 (1%) 0 1 (3%) 0
American Indian 1 (1%) 1 (2%) 0 0
Two or more 3 (4%) 1 (2%) 1 (3%) 1 (25%)
Other/Unknown 7 (9%) 4 (9%) 3 (9%) 0

Ethnicity 0.022
Hispanic 7 (9%) 4 (9%) 2 (6%) 1 (25%)
Not Hispanic 71 (89%) 39 (91%) 30 (91%) 2 (50.0%)
Unknown 2 (3%) 0 1 (3%) 1 (25%)

Body of Water <0.001
Pool 59 (74%) 36 (84%) 22 (67%) 1 (25%)
Natural body of water 12 (15%) 5 (12%) 6 (18%) 1 (25%)
Bathtub 5 (6%) 1 (2%) 4 (12%) 0
Bucket/Container 2 (3%) 0 0 2 (50%)
Unknown 2 (3%) 1 (2%) 1 (3%) 0

Mode of Transport 0.11
Ambulance 65 (81%) 35 (82%) 26 (79%) 4 (100%)
Car 5 (6%) 0 5 (15%) 0
Medical Flight 9 (11%) 7 (16%) 2 (6%) 0
Police 1 (1%) 1 (2%) 0 0

Time of Day 0.90
Afternoon 38 (48%) 21 (49%) 15 (46%) 2 (50%)
Evening 35 (44%) 19 (44%) 14 (42%) 2 (50%)
Morning 7 (9%) 3 (7%) 4 (12%) 0

Weekend vs Weekday 0.45
F-Sun 53 (66%) 31 (72%) 20 (61%) 2 (50%)
M-Th 27 (34%) 12 (28%) 13 (39%) 2 (50%)

Season 0.038
Fall 4 (5%) 2 (5%) 2 (6%) 0
Spring 13 (16%) 8 (19%) 2 (6%) 3 (75%)
Summer 58 (73%) 31 (72%) 26 (79%) 1 (25%)
Winter 5 (6%) 2 (5%) 3 (9%) 0

⁎ Data are shown as n (%).

Table 4
Intervention and imaging stratified by disposition.

All ages
n = 80*

Admitted
n = 43

Discharged
n = 33

Died
n = 4

p-value

CPR 47 (59%) 32 (74%) 11 (33%) 4 (100%) <0.001
CPR performed by <0.001
Bystander 23 (49%) 19 (59%) 3 (27%) 1 (25%)
Family 19 (40%) 11 (34%) 8 (73%) 0
EMS, HS 3 (6%) 0 0 3 (75%)
Unknown 2 (4%) 2 (6%) 0 0

Oxygen support 30 (38%) 23 (54%) 3 (9%) 4 (100%) <0.001
Oxygen support type <0.001
NRB 6 (20%) 6 (26%) 0 0
Blowby 3 (10%) 1 (4%) 2 (67%) 0
NC 7 (23%) 6 (26%) 1 (33%) 0
HFNC 7 (23%) 7 (30%) 0 0
BiPAP 3 (10%) 2 (9%) 0 1 (25%)
ETT 4 (13%) 1 (4%) 0 3 (75%)

Chest x-ray <0.001
Abnormal 34 (43%) 29 (67%) 4 (12%) 1 (25%)
Normal 28 (35%) 12 (28%) 16 (49%) 0
Not obtained 18 (23%) 2 (5%) 13 (39%) 3 (75%)

Head CT 0.029
Abnormal 2 (3%) 1 (2%) 0 1 (25%)
Normal 8 (10%) 6 (14%) 2 (6%) 0
Not obtained 70 (88%) 36 (84%) 31 (94%) 3 (75%)

Antibiotics 4 (5%) 4 (9%) 0 0 0.16

Abbreviations: NRB = non-rebreather; NC = nasal cannula; HFNC = high flow nasal
cannula; BiPAP = bi-level positive airway pressure; ETT = endotracheal tube;
CT = computed tomography.
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Of the 62 (78%) patients who had chest x-rays obtained, 34 (54%)
had abnormal findings. Table 4 breaks down the radiographic images
by disposition and shows that 68% of admitted patients had abnormal
chest x-ray findings, compared to only 12% abnormal findings in the
discharged group (p < 0.001). Of the 10 patients who received head
computed tomography (CT) imaging, two (20%) had abnormal results.
One patient had a fracture and hematoma in setting of a drowning
event that had occurred after a motor vehicle collision; and the other
patient had evidence of brain edema based on effacement of extra-
ventricular cerebrospinal fluid spaces.
Table 3
Patient disposition stratified by age group.

All ages
n = 80⁎

<1 year
n = 3

1–4 years
n = 40

PED Disposition
Admitted 43 (54%) 1 (33%) 24 (60%)
Discharged 33 (41%) 0 16 (40%)
Deceased 3 (5%) 2 (67%) 0

Admission Unit
Ped Gen 23 (52%) 1 (33%) 16 (67%)
PICU 19 (44%) 0 8 (33%)
Psych 1 (2%) 0 0

Admission Disposition
Discharged 43 (98%) 1 (100%) 24 (100%)
Deceased 1 (2%) 0 0

Abbreviations: PED= pediatric emergency department; PICU = pediatric intensive care unit.
⁎ Data are shown as n (%).
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4. Discussion

This study presents a description of pediatric patients treated at an
urban PED after drowning events and shows some epidemiologic and
clinical patterns that are helpful to inform prevention approaches.
First, it is notable that our study captured an intentional submersion
event in this pediatric population. While most published reports of sui-
cide by drowning are focused on adults, one study did cite drowning as
the cause of death in 10% of adolescent suicides [12,13]. As rates of
pediatric suicidal ideation and attempts have been rising over the past
decade, as well as in the last year due to stressors related to COVID-19,
intentional submersion eventsmay becomemore common and preven-
tion strategies should reflect this potential intentionality [14]. Second,
given the predominance of events occurring in pools and during the
summer, seasonal approaches to emphasize pool safety may be indi-
cated. Third, although we observed fewer patients during the final
year of the study, the study period included the COVID-19 pandemic,
which likely contributed to this observed decrease, potentially
reflecting the shutdown of public pools and decrease in group gather-
ings around water.
5–9 years
n = 22

10–14 years
n = 12

15–18 years
n = 3

p-value

<0.001
11 (50%) 7 (58%) 0
10 (45%) 4 (33%) 3 (100%)
1 (5%) 1 (8%) 0

0.89
5 (45%) 1 (14%) 0
6 (55%) 5 (71%) 0
0 1 (14%) 0

0.2
11 (100%) 7 (88%) 0
0 1 (12%) 0
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Our data are consistent with known national trends such as the
highest risk age group for drowning being 1–4 years and overrepresenta-
tion of children from racial/ethnic minority groups as fatalities [1-3]. Our
hospital admission rates (>50%)were similar to those reported in a study
conducted >5 years ago [4]. In combinationwith themortality rate of 5%,
these data demonstrate that drowning continues to be a significant threat
to children and an injurymechanism of high severity. In considering clin-
ical interventions, we noted that a substantial number of nonfatal drown-
ing victims received CPR following brief submersion events and were
transported to care via ambulance. In addition to further demonstrating
the severity of injury, these findings lend support to the AAP recommen-
dations that parents, caregivers, pool owners, older children and adoles-
cents should learn CPR to lessen morbidity and mortality associated
with drowning [5]. There may be opportunities to engage with Emer-
gency Medical Services (EMS) for primary, secondary, and tertiary injury
prevention efforts, including ensuring effective CPR in the field.

This study has several limitations, including the potential formissing
and/or inaccurate information in the medical record due to the retro-
spective design.We were unable to report Glasgow Coma Scale reliably
because chartingwas inconsistent about time of scoring and thuswould
be difficult to interpret; however, scores would be helpful in predicting
morbidity related to events. We also found a paucity of descriptors that
identified the presence or absence of safety measures. As there was no
standardized intake form that prompted documentation of safety mea-
sures, i.e. enforcement of AAP recommended safety measures such as
integrity of gates around pools, presence or absence of adult supervi-
sion, use of floatation/rescue devices, swimming competency, there is
very limited information on these factors [5]. Similarly, this limited de-
termination of whether local laws about fencing for public swimming
pools and residential pools were followed [15-17]. Our study included
patients presenting to a PED and pediatric trauma center, thus possibly
skewing the data to more severe drowning events. We do not have in-
formation on potential nonfatal drowning events in children who
never presented for evaluation because theywere perceived to be stable
or presented to other facilities. State protocols prohibit EMS staff from
terminating resuscitation efforts in the field if the arrest is associated
with a drowning event. Therefore, all patients evaluated by EMS
would be brought into a PED to be pronounceddead and should not rep-
resent a hidden population of victims [18].

Although this was a single site study, whichmay limit generalizabil-
ity, our data support national trends such as the highest risk age group
for drowning being 1–4 years [1-3]. Similarly, assessment of drowning
in an area with access to natural bodies of water and pools may be ap-
plicable to similar geographic locations. Our small sample size limited
subgroup comparisons, but it is notable that all of the patients who
died were from racial/ethnic minority groups. Despite the limitations
of a retrospective chart review, this approach adds clinical management
details not present in large databases. With the information about chest
x-ray abnormalities and need for CPR, this review adds perspective to
help explain why this injury type has an associated higher likelihood
of admission and could guide disposition for PED providers.

In future studies, it would be important to conduct a review of inpa-
tient and outpatient encounters for drowning victims to accurately de-
scribe the typical severity and interventions. A prospective study with
an intake script for clinicians would be helpful in identifying what risk
factors and protective factors are present during drowning events
with the goal of understanding whether safety measures were present
and targeting interventions. Also, based on the racial differences in
drowning events across age groups, further evaluation could explore
factors that could inform interventions that may require tailoring to
specific groups by age and race.
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