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ABSTRACT

Introduction. Drowning is a major public health hazard worldwide,
but associated traumatic injuries are rare. This study examined inju-
ries and interventions performed on this population to assess the need
for the trauma team activation.

Methods. A 12-year retrospective review was conducted on all fatal
and non-fatal drowning patients who underwent a trauma work-up.
Data collection included demographics, injury characteristics, inter-
ventions, and outcomes.

Results. Forty-three patients met inclusion criteria. Median patient
age was six years (interquartile range 2 - 20) with 27.9% of patients
under the age of 2 years. Most patients were white (62.8%) and male
(69.8%), with median GCS score of 3 (60.5% had initial GCS = 3 with
25.6% with GCS = 15). Only two patients suffered traumatic injuries.
Only two patients required operations, neither of which suffered trau-
matic injury. Eleven patients suffered anoxic brain injury (25.6%).
Overall mortality was 48.8% (n = 21).

Conclusion. Patients who present with drowning and no traumatic
mechanism have a very low rate of traumatic injuries. Work-up and
treatment would be appropriate for emergency physicians without
the need for a trauma activation. Kans J Med 2020;13:165-178

INTRODUCTION

Drowning is a major public health issue, annually claiming the
lives of approximately 372,000 people worldwide.! The World Health
Organization defines drowning as, “The process of experiencing respi-
ratory impairment from submersion/immersion in liquid.”' Non-fatal
drowning occurs when a patient is rescued and the process of drown-
ing is interrupted. Fatal drowning occurs when a patient dies at any
time after drowning.2 The pathophysiology of drowning is well-known
by the medical community and described by multiple sources.** In
general, drowning starts as an isolated pulmonary process that leads
to cardiac arrest within minutes without intervention. Water aspira-
tion disrupts the normal surfactant present in the lungs, increases
pulmonary compliance, and leads to hypoxia.? Hypoxia then leads to
bradycardia and cardiac arrest shortly thereafter.

Traumatic injuries rarely are identified in drowning patients. For
example, Chotai and colleagues® performed a retrospective study of
363 pediatric patients, only seven (1.9%) of whom had traumatic soft
tissue injuries. Furthermore, mortality was not affected by activating

the trauma team in their study and only 2.2% were admitted to the
pediatric trauma service. One concern with drowning patients is the
possibility of cervical injuries from diving as a mechanism.® According
to Kewalramani and colleagues,® 18% of their 126 spinal injuries were
caused by diving accidents. Despite this concern, cervical injuries are
rare when examining drowning patients as a whole.”® For example,
Watson and colleagues’ found a very low incidence rate of cervical
fractures when evaluating drowning patients in a large cohort study.
They found the cervical injury incidence rate to be 11 of 2,244 (0.5%)
patients. Similarly, Hwang and colleagues® performed a retrospec-
tive chart review of 143 pediatric drowning patients and they found a
4.9% incidence of traumatic injuries, all of which were cervical inju-
ries. Hwang concluded that the prevalence of injury in drowning and
near drowning is low and specialized trauma evaluations may not be
necessary.

Despite these findings, drowning patients continue to trigger a
trauma activation at many institutions across the nation including
our level I trauma center. Trauma activations have a significant cost
associated with them.” The average trauma activation costs around
$10,000. Trauma activations require a large variety of hospital per-
sonnel to be available upon arrival of the patient to expedite care in
an emergent fashion. These personnel include laboratory, radiology,
respiratory, nursing, anesthesia, and a trauma surgeon.

Some studies supported management of drowning patients in the
emergency department with a low percentage of patients needing
admission to the hospital.'*!! For example, Noonan and colleagues!
performed a retrospective chart review of drowning patients and con-
cluded that routine hospital admission is unnecessary after finding
that the majority of symptomatic drowning patients (57%) are asymp-
tomatic after eight hours of observation in the emergency department.
Similarly, 70.9% of Guzel and colleagues" drowning patients were
managed in the emergency department.

The purpose of this study was to evaluate the prevalence and pat-
terns of traumatic injuries in drowning patients. With these data, we
can help to determine if drowning patients necessitate a trauma acti-
vation, workup, and its associated cost. If these patients are found
to have low rates of injuries and can be evaluated safely and treated
without a trauma activation, then the cost of their hospital stay likely
is to be significantly lower with likely a shorter length of stay.

METHODS

A retrospective chart review was conducted of all fatal and non-
fatal drowning patients (n = 43) who presented as Level 1 or Level 2
traumas to an American College of Surgeons verified Level [ trauma
center from 2005 through 2017 and underwent a trauma work-up
upon presentation. Patients were triaged by emergency personnel in
the pre-hospital setting into level I or level IT traumas or the emer-
gency department for care upon arrival. The first responders triage
patients depending upon the mechanism of injury, Glasgow Coma
Scale score, and vital signs. All patients underwent assessment fol-
lowing the Advanced Trauma Life Support protocol upon arrival to
the hospital. After the primary survey, if the patients were stable,
a secondary survey was performed. Study patients were identified
using the Trauma Registry and included all male and female sub-
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jects of any age. Data collection included demographics (age, gender,
race), drowning location/mechanism (pool/other non-specific loca-
tion, open water location, bathtub/suicide, diving accident), length
of time submerged and interval to presentation, need for intubation,
initial vital signs, presence of arrhythmias on presentation, injury
details, imaging studies obtained, pulmonary complications, consul-
tations, and outcomes (ICU admission and length of stay, mechanical
ventilation and ventilator days, hospital length of stay, mortality,
and disposition). Diving mechanism was included as an unspecified
drowning location as it typically has been observed with associated
injuries. Diving mechanism may have been in a pool or open water,
but was only included in the diving mechanism category so that each
category was mutually exclusive.

All data were taken directly from the electronic medical records
(EMR). Race was reported as one of the following categories in the
EMR: White or Caucasian, Black or African American, Asian, and
Other. For our analysis, categories Asian and Other were combined
to create one Other category.

This study was primarily descriptive in nature and as such data
were summarized and reported as percentages or medians with inter-
quartile ranges as appropriate for the respective data type. This study
was approved for implementation by the institutional review board of
Ascension Via Christi Hospitals Wichita, Inc.

RESULTS

A total of 43 patients met inclusion criteria (Table 1). The mean
patient age was 15.9 + 20.0 years, but the median age for patients
was six years, with 27.0% of patients (n = 12) under the age of two.
The majority of patients were white (62.8%) males (n = 30, 69.8%).
Drowning locations included swimming pools (41.9%), open water
(23.3%), bath tub (20.9%), and diving at an unspecified location
(14.0%).
Table 1. Demographics and mechanism/location of injury of all
drowning patients.

Parameter Number (%)
Number of subjects 43 (100%)
Age (years)* 6 (2-20)
Male 30 (69.8%)
Race
White or Caucasian 27 (62.8%)
Black or African American 9 (20.9%)
Other 7 (16.3%)
Drowning mechanism/location
Pool /other non-specific location 18 (41.9%)
Open water location 10 (23.3%)
Bathtub/suicide 9 (20.9%)
Diving mechanism (unspecified location) 6 (14.0%)

*Presented as median (IQR)

The median time of submersion was five minutes and 55.8%
of patients were intubated immediately upon or prior to arrival
(Table 2). The median systolic blood pressure of study patients was
96 mmHg, however, approximately one-third of subjects arrived
without palpable blood pressure (n = 16; 37.2%). Cardiac arrhythmias
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were common (54.8%) and, of those, asystole was the most preva-
lent arrhythmia (87%) with pulseless electrical activity being the next
most common arrhythmia (13%). Cardiopulmonary resuscitation was
performed on 79.1% of the patients (n = 34). Most drowning patients
were on one extreme of the Glasgow Coma Scale (GCS) or the other
at arrival with a median GCS score of 3 (interquartile range of 3 to
15). For example, the majority of the patients had a GCS score of 3
(60.5%), and a quarter (25.6%) of the patients had a normal GCS
score at 15. Anoxic brain injury definitively was diagnosed in a quarter
of the patients (25.6%).

Table 2. Presenting characteristics and injury details of all
drowning patients.

Parameter Value*
Number of subjects 43 (100%)
Time submerged (min.) 5(2-10)
Time to presentation (min.) 51 (37-78)
Arrived intubated or intubated on arrival 24 (55.8%)

Initial vital signs

104 (0-121)
17.5 (0-30)
964 (95.0-97.6)
96 (0-123)
58 (0-85)

Heart rate

Respiratory rate

Body temperature (°T)

Systolic blood pressure (mmlIg)

Diastolic blood pressure (mmHg)

Arrhythmia present on arrival 23/42 (54.8%)
Asystole 20 (87%)
Pulseless electrical activity 3 (13%)

Traumatic injuries 2 (4.7%)
Clavicle fracture 1(2.3%)
Cervical injury 1(2.3%)

Anoxic brain injury 11 (25.6%)

*Values presented as number (%) or median (IQR).

Traumatic injuries were rare with only two patients (4.7%) suf-
fering traumatic injuries, excluding those with skin abrasions/
lacerations and contusions. One of the two patients that did suffer
a traumalic injury was a 54-year-old male who was found in a lake
with suspected diving mechanism. He suffered a complex C1 fracture
involving bilateral lamina and the anterior arch. He also sustained
a C2 odontoid fracture as well as a vertebral artery dissection and
a subarachnoid hemorrhage. This patient was diagnosed with brain
death and underwent organ donation only a few days after arrival. The
second patient suffering injury was an elderly gentleman who was on
hospice for lung disease and heart failure when he fell into a bathtub
and suffered a clavicle fracture. He quickly deteriorated and the family
elected for comfort care shortly after his arrival to the hospital.

Only two of the patients (4.7%) required operative intervention,
none of which were emergent in nature or associated with trau-
matic injuries. One patient was found in a swimming pool and had
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cardiopulmonary resuscitation performed, regaining spontaneous
circulation at the scene. He eventually was diagnosed with anoxic
brain injury and had subsequent dysphagia requiring a surgical gas-
trostomy tube placement. The second patient requiring operative
care was a 9-year-old male that also drowned in a pool and suffered
from anoxic brain injury. He underwent a tracheostomy, gastrostomy,
dental wiring, and tongue wound debridement after a prolonged hos-
pital stay.

Study patients underwent a variety of imaging studies (Table
3). Nearly every patient received a chest x-ray (79.1%) and focused
assessment with sonography for trauma (FAST) exam (79.1%).
Computed tomography of the head also was common (41.9%). Pul-
monary complications were observed in 18.6% of the patients (n = 8).
The most common pulmonary complication was pulmonary edema
(11.6%; n = 5), followed by pneumonia in two patients (4.7%), and
Acute Respiratory Distress Syndrome in one patient (2.3%).

Table 3. Radiographic imaging studies performed for all drown-
ing patients.

Parameter Number (%)
Number of subjects 43 (100%)
Chest x-ray 34 (79.1%)
Focused assessment with sonography for trauma 34 (79.1%)
Computed tomography of head 18 (41.9%)
Computed tomography of cervical spine 7 (16.3%)
Kidney, ureter, and bladder (KUB) x-ray 6 (14.0%)
Pelvic x-ray 4 (9.3%)
Computed tomography of neck 2 (4.7%)
Computed tomography of lumbar spine 2 (4.7%)
Computed tomography of thoracic spine 1(2.3%)
Computed tomography angiography of neck 1(2.3%)
Cerebral angiogram 1(2.3%)
Cerebral scan 1(2.3%)
Head magnetic resonance imaging 1(2.3%)

The median hospital length of stay was one day and 55.8% of
patients were admitted to the ICU (Table 4). The overall mortality
was high among drowning patients (48.8%); four were pronounced
dead on arrival, nine were pronounced dead in the emergency depart-
ment or trauma bay, and eight died after admission. Six of eight
patients that expired after admission were made comfort care. Con-
sults were obtained in one-third of patients (34.9%); however, care
was never transferred to another service. While mortality was high in
this population, 19 patients (44.2%) were discharged home, with one
additional patient cach being discharged to rehabilitation, a mental
health facility, and an acute care hospital (Table 5).

Table 4. Consultations and hospital outcomes for all drowning
patients.

Parameter Number (%)
Number of subjects 43 (100%)
Consulted non-trauma/surgical intensivist 15 (34.9%)
Transferred care to non-trauma/surgical intensivist 0 (0%)
Intensive Care Unit admission 24 (55.8%)
Intensive Care Unit days* 1(1,2)
Mechanical ventilation 13 (30.2%)
Ventilator days* 2(1,3)
Hospital length of stay* 1(1,2)
Comfort care 6 (14.0%)
Mortality 21 (48.8%)
Dead on arrival 4 (19.0%)
Death in emergency department or trauma bay 9 (42.9%)
Died after admission 8 (38.1%)

*Values presented as median (IQR)

Table 5. Discharge disposition for all drowning patients.

Discharge Location Number (%)
Number of subjects 43 (100%)
Home 19 (44.2%)
Rehabilitation center 1(2.3%)
Mental health facility 1(2.3%)
Acute care hospital 1(2.3%)
Dead on arrival 4(9.3%)
Death in emergency department or trauma bay 9 (20.9%)
Death in hospital 8 (18.6%)
DISCUSSION

Prevalence of Associated Injuries. Drowning and near drown-
ing patients have a very low rate of associated traumatic injuries.>”®
Only one patient (2.4%) in our study suffered a cervical injury, which
is similar to the findings of Hwang et al.® who found that 4.9% of
drowning patients had injuries, all of which were cervical in nature.
In addition, out of Hwang’s drowning population, all but one of the
patients with a cervical injury had a witnessed diving mechanism.
Similarly, Watson et al.” found traumatic cervical injuries in only 11
(0.5%) of 2,244 patients. All 11 of the injured patients had clinical
signs of serious injury or a witnessed traumatic mechanism such as a
dive, motor vehicle collision, or fall from a height. These are compa-
rable to the only patient suffering a cervical injury having a suspected
diving mechanism upon presentation in our study. This supported the
evidence of witnessed diving or other significant traumatic mecha-
nisms and subsequent drowning justifying a trauma activation based
on mechanism alone. Chotai et al.® also found minimal traumatic
injuries in their study of 363 pediatric drowning and near drowning
patients. They only found soft tissue injuries in seven patients (1.9%).

Need for Trauma Team Activation. Chotai et al.” found that only
2.2% of the 363 drowning and near drowning children were admitted
to the pediatric trauma service due to the low incidence of surgical
interventions at presentation. The majority of patients from our
study died shortly upon arrival or had very brief hospital stays for



observation and were discharged home on hospital day two. Even
though 79% of the patients in our study received cardiopulmonary
resuscitation upon presentation, these patients could have been
managed by emergency personnel skilled in medical advanced cardiac
life support. This would avoid the high cost associated with a trauma
activation and significantly reduce the amount of hospital person-
nel on standby during an ongoing trauma activation. Due to the brief
length of hospital stay observed by most surviving patients, any acute
care service or hospitalist service could manage these patients appro-
priately and consult specialists on an as needed basis. These findings
were comparable to Noonan and colleagues! who concluded that
routine hospital admission of all children who have had an immer-
sion accident is unnecessary. They found that the majority (57%) of
symptomatic drowning patients are asymptomatic after eight hours of
observation in the emergency department and by 18 hours of observa-
tion 72% were asymptomatic. Guzel et al."* also observed that 70.9%
of their drowning patients were followed in the emergency depart-
ment. Thus, data from our study as well as that of others indicated
that the majority of drowning patients do not necessitate a trauma
activation and that most can be managed by an acute care service.

Need for Operative Intervention. Only two of the 43 patients in
this study (4.7%) required an operation and none of the operations
performed were during the day of presentation, as a result of trauma,
or emergent in nature. Both patients requiring operative interven-
tion suffered anoxic brain injuries after being found in a pool. These
results were similar to the findings of Chotai et al.> where only two
(0.006%) of the patients received surgical intervention within 24
hours of presentation. These interventions included a bronchoscopy
and extracorporeal membrane oxygenation. This evidence supported
that a trauma surgeon and a trauma service are not needed to aid in
the initial management of drowning patients due to the very low rate
of traumatic injuries in this population and the low rate of operations
needed in the acute setting.

Limitations. This study was limited by the low power and few
numbers of drowning patients meeting inclusion criteria. Additional
retrospective studies with more power are needed to verify these
findings. The study was also retrospective in nature, with all the lim-
itations inherent in that study design, and included all ages over a
large timeframe (12 years). Future studies could evaluate outcomes
of drowning patients that have been managed by emergency physi-
cians or trauma teams and evaluate if there are statistical differences
in mortality, hospital length of stay, injuries identified, ventilator days,
and cost of admission.

CONCLUSION

Patients who presented with the sole mechanism of drowning or
near drowning, and no witnessed or suspected traumatic mechanism,
have a low rate of traumatic injuries. Work-up and treatment would be
appropriate for emergency physicians without the need for a trauma
activation. This would save patients the high cost of a trauma activa-
tion and allow the trauma services to direct their resources to patients
with more severe injuries who may require the attention of a trauma
surgeon.
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