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Clinical features and prognostic factors in 
drowning children: a regional experience 
Kyung Lae Son, MD1, Su Kyeong Hwang, MD2, Hee Joung Choi, MD, PhD1 
1Department of Pediatrics, Keimyung University School of Medicine, Daegu, 2Department of Pediatrics, Kyungpook National University School of Medicine, Daegu, 
Korea

Purpose: This study aimed to evaluate the clinical features of children who have survived a water 
submersion incident, and to identify risk factors for prognosis. 
Methods: We retrospectively reviewed the medical records of patients who experienced submersion 
between January 2005 and December 2014. The patients were classified into 2 groups, according to 
complications, and prognostic factors were evaluated.
Results: During the study period, 29 children experienced submersion (20 boys and 9 girls; mean age, 
83.8±46.4 months). Submersion occurred most commonly in the summer, with the peak incidence 
in August. The most frequent Szpilman clinical score was grade 5 (13 patients; 44.8%), followed by 
grade 6 (7 patients; 24.1%), and grades 1 or 2 (3 patients; 10.3%). Five children (17.2%) in the poor 
prognosis group died or had hypoxic ischemic encephalopathy, and the overall mortality rate was 6.9%. 
Poor prognosis after submersion was associated with lower consciousness levels (P=0.003), higher 
Szpilman scores (P=0.007), greater need for intubation and mechanical ventilator support (P=0.001), 
and longer duration of oxygen therapy (P=0.015). Poor prognosis was also associated with lower 
bicarbonate levels (P=0.038), as well as higher sodium, aspartate transaminase (AST), and alanine 
transaminase (ALT) levels (P=0.034, P=0.006, and P=0.005, respectively). Szpilman clinical scores 
were positively correlated with consciousness levels (r=0.489, P=0.002) and serum liver enzyme 
levels (AST and ALT; r=0.521, P=0.004).
Conclusion: We characterized the prognostic factors associated with submersion outcomes, using the 
Szpilman clinical score, which is comparable to consciousness level for predicting mortality.
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Introduction

Drowning is one of the most common causes of accidental deaths in children throughout 
the world. The World Health Organization (WHO) reported the global burden of disease 
data that show that the global mortality rate from drowning is 6.8 per 100,000 person-
years1). Furthermore, over half of global mortality cases occur in children younger than 
15 years. It is the second leading cause of accidental deaths among children aged 1–14 
years in the United Sates2). In South Korea, drowning is the third most common cause of 
accidental deaths among children between 1 and 9 years of age, with a drowning death 
rate of 0.7 per 100,000 population in 20133).

In the past, a separate definition was used for patients who experienced submersion; 
that is, fetal cases were referred to as drowning, and nonfetal cases were referred to as 
near drowning. However, in 2002, a new definition was proposed by the First World 
Congress on Drowning and the WHO as follows: “Drowning is the process of experiencing 
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respiratory impairment from submersion/immersion in liquid1).”
The most important factor to determine the patient’s outcome 

is neurological sequela caused by hypoxia. Many previous studies 
have investigated risk factors of neurological complication in 
drowning patients. The duration of submersion, the need of 
advanced life support at the site of the submersion, the duration 
of cardiopulmonary resuscitation (CPR), spontaneous breathing, 
and circulation on arrival at the emergency department are 
well-known factors associated to neurological outcome in 
drowning patients4). The initial mental status is an important 
factor of prognosis, but the objective parameter of consciousness 
such as the Glasgow Coma Scale (GCS) is not routinely used in 
pediatric patients. In 1997, the Szpilman clinical score system 
was proposed as a new classification algorithm to stratify the 
mortality of drowning5). However, few reports used this system to 
evaluate the prognosis of drowning children.

In this study, we evaluated the clinical features of drowning 
children and identified the complications and risk factors of 
prognosis, including the Szpilman clinical score system.

Materials and methods

1. Patients and data
We enrolled patients who experienced submersion and ad-

mitted to the Dongsan Medical Center and Kyungpook National 
University Hospital between January 2005 and December 2014. 
We retrospectively reviewed medical records and collected data, 
including the patients’ characteristics, features of submersion 
events, physical examination and laboratory findings, medical 
treatments, complications, and outcome.

The patients were classified into 6 subgroups according to 
the Szpilman clinical score system as follows: grade 1, normal 
pulmonary auscultation with coughing; grade 2, abnormal 
pulmonary auscultation with rales in some pulmonary fields; 
grade 3, pulmonary auscultation of acute pulmonary edema 
without arterial hypotension; grade 4, pulmonary auscultation 
of acute pulmonary edema with arterial hypotension; grade 5, 
isolated respiratory arrest; and grade 6, cardiopulmonary arrest5). 
Szpilman clinical score was determined at the accident site by 4 
clinical parameters including breathing, arterial pulse, pulmonary 
auscultation, and blood pressure5). The GCS was not used because 
of insufficient data. Instead, the level of consciousness was 
described as alert, drowsy, stupor, semicoma, and coma.

We divided the patients into 2 groups according to complica-
tion. The good prognosis group included patients who fully 
recovered without neurological impairment, and the poor prog-
nosis group included patients who expired or were diagnosed 
with hypoxic ischemic encephalopathy (HIE). We also evaluated 
prognostic factors.

2. Statistical analysis
All statistical analyses were performed by using IBM SPSS 

Statistics ver. 21.0 (IBM Co., Armonk, NY, USA), and all values 
were described as frequencies and mean±standard deviations. The 
chi-square test was used for categorical data, and the unpaired 
t test and Mann-Whitney U test were applied to compare con-
tinuous data between the 2 groups according to normality test. 
Logistic regression analysis was used to identify prognostic 
factors, and the results are presented as odds ratios (OR) with 95% 
confidence intervals. The Spearman rank correlation coefficient 
(r) was applied to analyze the correlation between the Szpilman 
clinical score and prognostic factors. A P<0.05 was considered 
statistically significant.

3. Ethics statement
This study was approved by the Institutional Review Board 

of the Keimyung University Dongsan Medical Center (approval 
number: 2014-12-057).

Results

1. Demographic characteristics of the patients
During the study period, 29 patients (20 boys and 9 girls) 

experienced submersion. The overall male-to-female ratio was 
2.2:1. The mean patient age was 83.8±46.4 months (median, 
87.0 months; range, 13–172 months). The age distribution of 
the patients is shown in Fig. 1. Age distribution did not predict 
clinical status. 

2. Characteristics of the submersion events
Submersion occurred most commonly in the summer (sprin

g:summer:autumn:winter=4:19:4:2), with a peak incidence in 
August (Fig. 2). Six cases occurred in the morning, and 23 cases 
occurred in the afternoon. The overall event time was between 
8:00 AM and 11:00 PM. Submersion occurred in indoor places 
in 9 patients and in outdoor places in 20 patients. The incidence 
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Fig. 1. Age distribution of patients. 
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of indoor accident was much higher in children younger than 
4 years (77.8%), whereas the incidence of outdoor accident was 
much higher in children older than 4 years (90%; P=0.001). The 
specific places of submersion were river in 9, pool in 6, valley in 5, 
lake in 4, bathtub in 4, and sea in 1.

The mean submersion time was 5.6±6.5 minutes (median, 4.5 
minutes; range, 1–30 minutes). Eleven cases (38%) of submersion 
were witnessed by parents, friends, swimming teachers, and 
lifeguards. The persons who found the patients during submersion 
were described in 21 cases, who were parents in 10, lifeguards in 
6, strangers in 4, and friends in 1. Seventeen patients performed 
CPR immediately after rescue at the site of the accident.

3. In-hospital clinical findings
The time of arrival to the hospital after rescue was described in 

medical records in only 8 patients, and the mean time of arrival to 
the hospital was 52.1±44.0 minutes (median, 40.0 minutes; range, 
15–150 minutes). The patients’ consciousness level on arrival at 
the hospital was alert in 13, drowsy in 6, stupor in 5, semicoma 
in 1, and coma in 4. The most frequent Szpilman clinical score 
was grade 5 in 13 patients (44.8%), grade 6 in 7 patients, and 
grades 1 and 2 in 3 patients. Seven patients required CPR at the 
time of arrival in the hospital, 3 of whom had no pupillary light 
reflex. Regarding initial vital signs in the hospital, 3 patients had 
hypotension, 1 patient had bradycardia, 6 patients had tachypnea, 
and 5 patients had fever with a body temperature higher than 
38°C. Sixteen patients had abnormal lung auscultation such as 
rales and decreased aeration, and 11 patients were diagnosed as 
pulmonary edema on chest radiography.

4. Management and prognosis
Nine patients needed mechanical ventilator support with 

endotracheal intubation, and the mean duration of mechanical 
ventilation was 4.7±4.1 days (median, 4.0 days; range, 1–15 
days). Oxygen therapy was given to 21 patients, and the mean 
oxygen supply duration was 3.9±3.5 days (median, 3.0 days; 

range, 1–15 days). Seventeen patients had fever with a body 
temperature higher than 38.0°C, and 25 patients were treated 
with parenteral antibiotics for a suspected lung infection.

The mean hospitalization duration was 6.1±4.0 days (median, 
5.0 days; range, 2–21 days). Severe complications such as death 
and HIE were found in 5 patients. Four patients were diag-
nos ed with HIE with abnormal findings on brain magnetic 
resonance imaging (MRI) and electroencephalography, such 
as diffuse cortical atrophy on MRI and depressed activity on 
electroencephalography. There were 2 cases of in-hospital death, 
resulting in an overall mortality rate of 6.9%. One death occurred 
within 24 hours of hospital admission because of multiorgan 
dysfunction, and the other case was brain death in an HIE patient 
on the 15th hospital day.

5. Prognostic factors
The poor prognosis group included 5 patients, and the good 

prognosis group included 24 patients. Differences between the 
good and poor prognosis groups are shown in Tables 1 and 2. 
Age, sex, season, and place of submersion had no significant 
differences between the groups. The poor prognosis group 
show ed a lower level of consciousness (P=0.003) and a higher 
Szpilman score (P=0.007) than the good prognosis group. All of 
the patients in the poor prognosis group needed intubation and 
mechanical ventilator support at a significantly higher incidence 
than that in the good prognosis group (P=0.001). In addition, the 
mean oxygen therapy duration was significantly longer in the 
poor prognosis group than in the good prognosis group (P=0.015).

In laboratory findings, the mean bicarbonate (HCO3
−) level 

was significantly lower in the poor prognosis group than in the 
good prognosis group (P=0.038). The mean sodium, aspartate 
transaminase (AST), and alanine transaminase (ALT) levels were 
significantly higher in the poor prognosis group than in the good 
prognosis group (P=0.034, P=0.006, and P=0.005, respectively).

The multivariate logistic regression analysis of the risk factors 
of poor prognosis showed that no pupillary light reflex (OR, 15.3; 
P=0.046), hypotension (OR, 40.0; P=0.021), pH<7.2 (OR, 15.8; 
P=0.019), bicarbonate level<15 mEq/L (OR, 33.0; P=0.011), base 
excess<−10 mEq/L (OR, 42.0; P=0.005), glucose level>200 mg/dL 
(OR, 12.8; P=0.031), and liver enzyme levels (AST and ALT) >200 
U/L (OR, 10.5; P=0.033) were significantly associated with poor 
prognosis (Table 3).

The Szpilman clinical score of the patients had a significant 
positive correlation with the level of consciousness (r=0.489, 
P=0.002) and serum levels of liver enzyme (r=0.521, P=0.004). 
Though not statistically significant, the Szpilman clinical score 
positively correlated with serum glucose levels (r=0.303, P=0.150) 
but negatively correlated with pH level (r=−0.260, P=0.076) and 
base excess (r=−0.256, P=0.080).
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Fig. 2. Seasonal distribution of submersion incident.
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Discussion

Drowning is the third leading cause of accidental death 
among children in Korea, accounting for about 14% of the total 
accidental death rate among children 1–9 years of age3). Previous 
studies reported that the incidence of drowning peaked in children 
younger than 4 years and older than 10 years6,7). Boys tend to 

drown much more than girls, with an overall male-to-female 
ratio of 3.2–2.4:18,9). Drowning occurred throughout the year, but 
the incidence was highest in the summer, especially from June 
to August7,8). Although age distribution was not discriminative in 
the present study, drowning more frequently occurred in males 
and in the summer, with a peak incidence in August.

The place of submersion differs by age, season, geographic 
location, and socioeconomic status8,10). The present study showed 
similar results to other previous studies that younger children 
(younger than 4–5 years) drowned in indoor water facilities such 
as bathtubs and artificial pools, whereas older children (older 
than 4–5 years of age) drowned in outdoor places such as rivers 
and valleys. We only found 1 case of submersion in seawater, and 
this low incidence was because of the geographic characteristics 
of the target region, which is located in a basin surrounded by 
mountains.

Clinical outcome of drowning varies; that is, patients range 
from asymptomatic to severely distressed with multiorgan im-
pairment11). Once submersion occurred, anoxia is the key point 
of damage and several organs such as the brain, kidneys, and 
lungs are mainly affected by hypoxia. Although lung injury is 
the primary complication in drowning, HIE is the most important 
complication that affects prognosis. Thus, drowning outcome 
should to be classified by neurological impairment12). In the 
present study, the poor prognosis group who died or had HIE 

Table 1. Clinical characteristics and in-hospital patient status

Variable Good (n=24) Poor (n=5) P value

Age (yr) 83.1±47.6 87.0±45.2 0.867

Sex

  Male:female 17:7 3:2 0.502

Season 0.352

  Spring   3 1

  Summer 15 4

  Autumn   4 0

  Winter   2 0

Place of submersion 0.498

  Indoor   8  1

  Outdoor 16 4

Submersion time (min) 5.2±6.4 10.0±7.1 0.129

Witnessing to event 11 0 0.072

Initial resuscitation at the accident site 13 4 0.293

Initial mental status 0.003*

  Alert 13 0

  Drowsy   5 1

  Stupor   5 0

  Semicoma   0 1

  Coma   1 3

Szpilman score (grade)† 0.007*

  1   3 0

  2   3 0

  3   2 0

  4   1 0

  5 12 1

  6   3 4

No pupillary light reflex   1 2 0.068

Pulmonary edema   9 2 0.644

Intubation   4 5 0.001*

Mechanical ventilation duration (day)   3±1.4     6±5.2 0.308

Oxygen supply 16 5 0.171

Oxygen therapy duration (day) 2.9±2.2 7.0±5 0.015*

Admission duration (day) 5.3±2.2  10.1±8.0 0.305

Values are presented as mean±standard deviation or number.
*P<0.05. †Grade 1, normal pulmonary auscultation with coughing; grade 
2, abnormal pulmonary auscultation with rales in some pulmonary fields; 
grade 3, pulmonary auscultation of acute pulmonary edema without arterial 
hypotension; grade 4, pulmonary auscultation of acute pulmonary edema 
with arterial hypotension; grade 5, isolated respiratory arrest; grade 6, 
cardiopulmonary arrest.

Table 2. Laboratory data of study participants

Variable Good (n=24) Poor (n=5) P value

pH 7.36±0.11 7.09±0.31 0.067

CO2 (mmHg) 37.7±10.4 45.9±38.0 0.610

Bicarbonate (mEq/L) 22.8±9.47 13.0±6.9 0.038*

Base excess (mEq/L) –3.6±3.8 –15.9±11.0 0.066

White blood cell count (/µL) 12,867.0±5,208.3 11,568.0±5,843.6 0.623

Hemoglobin (g/dL) 12.4±1.1 11.7±1.9 0.298

Hematocrit (%) 36.3±3.3 34.6±5.8 0.366

Platelets (×103/mm3) 339.9±92.9 350.0±36.8 0.819

Erythrocyte sedimentation 
  rate (mm/hr)

7.4±6.5 28.0±36.8 0.574

C-reactive protein (mg/dL) 0.4±0.6 4.8±6.6 0.210

Sodium (mEq/L) 136±3.1 140±6.6 0.034*

Potassium (mEq/L) 3.9±0.4 3.7±0.5 0.371

Glucose (mg/dL) 131.4±64.8 250.2±176.5 0.051

Aspartate aminotransferase 
  (U/L)

101.8±133 464.2±507.7 0.006*

Alanine aminotransferase 
  (U/L)

61.7±90.6 273.6±297.5 0.005*

Blood urea nitrogen (mg/dL) 12.6±3.4 12.5±5.0 0.921

Creatinine (mg/dL) 0.9±1.9 0.8±0.3 0.083

Values are presented as mean±standard deviation.
*P<0.05.
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included 5 patients (17.2%), and the overall mortality rate was 
6.9%.

Numerous studies have suggested prognostic factors of drown-
ing. Recent studies in various countries reported that age of 1–3 
years, male sex, need for resuscitation, submersion time >10 
minutes, GCS score <3–5 points, hypothermia, and pupils without 
light reaction are common predictors of poor outcome8,9,13,14). In 
addition, laboratory values such as severe acidosis, low base ex-
cess, high blood sugar levels, and high lactate levels are usually 
signs of long submersion and may be related to poor outcome9,13). 
In South Korea, few studies reported that initial mental status, 
submersion time, mechanical ventilation need, pulmonary ede-
ma, initial blood glucose level, and initial pH are related to poor 
prognosis7,15,16). Similarly, we found that the patients with poor 
prognosis had lower levels of consciousness (P=0.003), higher 
Szpilman scores (P=0.007), greater need for intubation and me-
cha nical ventilator support (P=0.001), longer oxygen therapy 
duration (P=0.015), lower bicarbonate level (P=0.038), and higher 
levels of sodium, AST, and ALT (P=0.034, P=0.006, and P=0.005).

The submersion time of the poor prognosis group was longer 
than that of the good prognosis group in the present study, but it 
did not show statistical significance. Although submersion time 
is an essential factor of submersion accident, this information is 
estimated by eyewitnesses and it is difficult to get accurate infor-
mation. Moreover, in the present study, 18 cases of accidents were 
not witnessed and the collected submersion time is some what 
inaccurate. Thus, we used the laboratory values that repre sent 
the severity of hypoxia, and we found that the patients with poor 
prognosis had lower level of bicarbonate (P=0.038), and higher 
levels of sodium, AST, and ALT (P=0.034, P=0.006, and P=0.005).

Level of consciousness is an important prognostic factor in 

drowning. The most commonly and simply used assessment 
tools are ABC (awake, blunted, and comatose) score and the 
GCS score12). In the present study, the GCS was not used because 
of insufficient data. Instead, the level of consciousness was 
graded as alert, drowsy, stupor, semicoma, and coma, and we 
found that the poor prognosis group had significantly lower le-
vels of consciousness (P=0.003). The application of the GCS 
has limitations in children, especially in those younger than 36 
months, so the pupillary reflex can be used to evaluate brain 
damage because it is useful for gauging brain stem function. We 
also found that the patients with no pupillary light reflex had high 
risk of poor prognosis (OR, 15.3; P=0.046).

The Szpilman clinical score assesses drowning patients ac-
cording to 4 clinical parameters, namely breathing, arterial pulse, 
pulmonary auscultation, and blood pressure5). These parameters 
showed a strong correlation with mortality in a previous study 
5,8). We classified the patients by using the Szpilman clinical 
score system and found that the poor prognosis groups had 
significantly higher Szpilman scores (P=0.007). In addition, the 
Szpilman clinical score was positively correlated with level of 
consciousness (r=0.489, P=0.002) and serum liver enzyme le vel 
(r=0.521, P=0.004). Thus, we can identify a more accurate prog-
nosis by using the Szpilman clinical score system together with 
the level of consciousness.

As we know, fast rescue and prompt resuscitation are the first 
step to improve the outcome in drowning and drowning children 
are commonly rescued by nonprofessional bystanders. Thus, the 
proper education for parents, caregivers, and other guardians is 
highly important. Education should cover not only the prevention 
of submersion accidents but also appropriate assessment and 
treatment of victims of drowning, and should be in consideration 

Table 3. Multivariate logistic regression values for predictors of clinical prognosis

Variable Good (n=24) Poor (n=5)
Multivariate logistic regression

OR 95% CI P value

Age (yr)

<3 6 (25.0) 1 (20.0) - - 0.928

 3–5 3 (12.5) 0 (0) 0 0 0.999

 ≥5 15 (62.5) 4 (80.0) 1.600 0.147–17.411 0.700

Male sex 17 (70.8) 3 (60.0) 1.619 0.220–11.891 0.636

No pupillary light reflex 2 (8.3) 2 (40.0) 15.333 1.046–224.779 0.046*

Hypotension 1 (4.2) 2 (40.0) 40.000 1.749–914.787 0.021*

pH <7.2 2 (8.3) 3 (60.0) 15.750 1.574–157.602 0.019*

Bicarbonate <15 mEq/L 1 (4.2) 3 (60.0) 33.000 2.248–484.447 0.011*

Base excess<–10 mEq/L 2 (8.3) 4 (80.0) 42.000 3.034–581.434 0.005*

Glucose >200 mg/dL 2 (8.3) 3 (60.0) 12.750 1.262–128.778 0.031*

AST and ALT >200 U/L 3 (12.5) 3 (60.0) 10.500 1.211–91.026 0.033*

Values are presented as number (%).
OR, odds ratio; CI, confidence interval; AST and ALT, aspartate aminotransferase and alanine aminotransferase.
*P<0.05.
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of the forementioned risk factors. In drowning patients, it is 
important that resuscitation follow the traditional airway-brea-
thing-circulation sequence, because hypoxia is primary cause of 
cardiac arrest17). And rescue breathing should be initiated while 
still in the water, if possible.

The limitation of this study was its small-scale retrospective 
design and inadequate patient data from old medical records. For 
more numerous, precise, and valid data, nationwide guidelines 
for drowning will be needed.

In conclusion, we confirmed the several prognostic factors in 
drowning together with the Szpilman clinical score. In addition, 
the Szpilman clinical score system according to initial clinical 
parameters can be as useful as level of consciousness to predict 
mortality. Education for prevention, appropriate assessment, and 
prompt treatment of patients who have drowned should be in 
consideration of these risk factors.
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