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ABSTRACT

Objective: Childhood drowning is a common environmental emergency worldwide. In this study, we
examined drowning and non-fatal drowning (NFD) cases and tried to determine which parameters
could predict prognosis during follow-up.

Methods: This study was conducted in a tertiary pediatric emergency room. The study population
comprised cases of drowning/NFD between 2008 and 2021. Age, gender, and drowning mechanisms.
Laboratory examinations, and the outcomes of these cases were analyzed. The data were obtained from
the hospital automation system. The Szpilman score (SC) of each patient was calculated.

Results: A total of 150 cases were included in the study. The ages of the cases were 5.2+3.8. The mean
Glasgow Coma Scale (GCS) score was found to be 12.2#3.8. Cardiopulmonary resuscitation (CPR) was
performed in 75 cases (50%), and 30 cases (20%) patients were intubated. Cases were divided into
two groups: those in the intensive care unit and those followed in the emergency department. The
mean SC of the follow-up group was 1.4£0.6, and the mean SC of the intensive care group was 4.6%1.4
(p<0.01, T=19.3). A strong negative correlation was found between the SC and GCS (p<0.01, r=-929) and
a strong positive correlation was found between the respiratory support system ranking-from simple to
complex-and the SC (p<0.01, r=827).

Conclusion: High SC, CPR, low GCS, young age, and low blood pH were associated with an increased
rate of intensive care unit admission.
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6z
Amag: Cocukluk ¢aginda bogulma, diinya capinda yaygin bir gevresel acil durumdur. Bu calismada

bogulma ve 6limciil olmayan bogulma (OOB) olgularini inceleyerek takip sirasinda hangi parametrelerin
prognozu tahmin edebilecegini belirlenmeye calisitmistir.

Yéntem: Bu calisma Uglinct basamak bir pediatrik acil serviste gergeklestirilmistir. Arastirmanin evrenini
2008-2021 yillari arasinda bogulma/OOB olgulari olusturmustur. Yas, cinsiyet, bogulma mekanizmalari,
laboratuvar tetkikleri ve sonuclari analiz edilmistir. Veriler hastane otomasyon sisteminden elde
edilmistir. Her olgu igin Szpilman skoru (SC) hesaplanmistir.

Bulgular: Calismaya toplam 150 olgu dahil edildi. Olgularin yaslari 5,2+3,8 idi. Ortalama Glasgow Koma
Skalasi (GCS) skoru 12,2£3,8 olarak bulundu. Olgularin 75'ine (%50) kardiyopulmoner resusitasyon (CPR)
uygulandi ve 30 olgu (%20) entlbe edildi. Olgular yogun bakimda yatanlar ve acil serviste takip edilenler
olmak Uzere iki gruba ayrildi. Takip grubunun ortalama SC'si 1,4+0,6, yogun bakim grubunun ortalama
SC'si 4,6%1,4idi (p<0,01, T=19,3). SC ve GCS arasinda glclu bir negatif korelasyon bulundu (p<0,01, r=-929)
ve solunum destek sistemleri siralamasi (basitten karmasiga) ile SC arasinda gucli bir pozitif korelasyon
bulundu (p<0,01, r=827).
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Sonug: Yuksek SC, CPR, dustik GCS, geng yas ve distik kan pH'sinin yogun bakima yatis oranini artirdigr géraldi.
Anahtar Kelimeler: Cevresel acil, cocukluk ¢agl bogulmalari, Szpilman skoru

INTRODUCTION

Every year, approximately 500,000 people worldwide
and 4.000 people in the United States (US) die from
drowning!? Mortality due to drowning was found to be
0.003% for individuals between the ages of 1 and 4 in a
study in the US, and 0.1% in children under the age of 2in a
study in Thailand3* More than 90% of all drowning deaths
occur in low-and middle-income countries.>? Although it is
difficult to obtain statistics on non-fatal drowning (NFDs),
itisafactthat NFDs are several hundred times greater than
reported drowning deaths!®" Many terminologies related
to drowning have been defined in the literature in recent
years, but this approach has also led to serious confusion.
In the nomenclature that is accepted today, the condition
of death due to respiratory causes as a result of exposure
to a liquid environment is simplified as “drowning.” If this
does not result in death, it is termed NFD.? Clobal age-
standardized drowning death rates have decreased from
9.3% in 1990 to 0.004% per year in 2017, but they remain
a major preventable cause of pediatric morbidity and
mortality.”®

Because of the complexity of the situation, many
researchers have developed classification systems to
predict prognosis in drowning cases. These studies used
large case series data and generally covered the adult
age group.'*” For example, Menezes and Costa® (1972)
divided allcasesinto four gradesaccordingto severityand
prognostic predictions. The Semple-Hess and Campwala
classification systems categorize pediatric drowning
patients according to respiratory distress, hypothermia,
and the Glascow Coma Scale (GCS) score? In our study,
we preferred to use the Szpilman?? (1997) classification,
in which 2.304 cases were examined, including pediatric
cases, because this classification system provided a more
sensitive grading system compared with Menezes and
Costa’s?® classification. According to this classification,
Grade 1 has only cough, Grade 2 has occasional crepitant
rales on lung auscultation, Grade 3 has crepitant rales in
all parts of the lung and a pink foam near the mouth/
nose, Grade 4 has Grade 3 auscultation findings in
addition to hypotension, Grade 5 has respiratory arrest/
apnea, and Grade 6 is classified as “cardiopulmonary
arrest."??

The aim of the current study was to investigate the
characteristics of this life-threatening environmental
emergency on the west coast of Turkey. The secondary aim
is to determine whether the clinical and laboratory findings
at presentation can provide insights regarding prognosis.
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METHODS

This was a cross-sectional, observational, and retrospective
study. The study was performed at the University of Health
Sciences Tirkiye, izmir Tepecik Training and Research
Hospital pediatric emergency clinic, which is the largest
trauma reference center in the region of izmir, a seaside
port city located in the west of the Republic of Turkey, a
peninsula surrounded by sea. The period examined was
01.01.2008-31.12.2021. Information about the cases was
obtained from the hospital's automation system. After
obtaining permission from izmir Katip Celebi University,
Non-Interventinal Clinical Studies Ethics Committee
(decision no: 0492, date: 18.11.2021) and other necessary
approvals, the study began.

All patients admitted to the pediatric emergency
department with a complaint of drowning were included
in the study. Patients whose data could not be obtained or
those referred to a different center during the treatment
process were excluded from the study. The dependent
variable of the study was fatal or NFD cases, and the
independent variables were fatal or NFD case mechanisms,
physical and chemical properties of the exposed water,
clinical and laboratory findings, and clinical progression
of the cases, in addition to demographic information
such as age and gender. The cases were assigned to the
appropriate Szpilman classification grade according to the
available information. Cases were divided into two groups:
those in the intensive care unit and those followed in the
emergency department. The parameters of these two
groups were compared. The cases were also divided into
two groups according to whether the water to which they
were exposed was salty. The analyses were repeated in
these groups as well.

Statistical Analysis

The data obtained were analyzed using the Statistical
Package for the Social Sciences 22 package program,
and the frequency information of the numerical data
was presented as a percentage and mean standard
deviation. Chi-square analysis was used for categorical
data, Fisher's exact test was used in cases where the chi-
square assumption could not be provided, and the T-test
was used for numerical data in the comparisons of the two
groups. In cases in which normality could not be achieved,
non-parametric tests were used. Pearson’s correlation
coefficient was applied to determine the relationship
between the numerical data. Logistic regression modeling
was performed. The receiver operating characteristic (ROC)
curve was drawn to determine the cut-off value.



RESULTS

A total of 150 patients were included in the study. Ninety
(60%) patients were males. The mean age of patients was
5.2%3.8 (1-13). The mean age of the female patients was
significantly lower than that of the male patients (mean age
of female cases 3.7%1.9, male cases 6.3%4.9 years; p<0.0],
T=-4.1). Ninety cases (60%) were in seawater (75 males, 15
females), 30 (20%) were in swimming pools (all girls), and
30 (20%) occurred by falling into a mop bucket (15 girls
and 15 boys). The mean GCS was found to be 12.2#3.8 (3-
15). Cardiopulmonary resuscitation (CPR) was performed in
45 cases (30%) patients in the field and in 30 cases (20%)
patients in the emergency department. Treatment with
vasoactive agents was provided in 30 cases (20%) cases,
and antibiotics were provided in 75 cases (50%). Sixty cases
(40%) were monitored in normal room air, 45 cases (30%)
were followed up with a simple oxygen mask, 15 cases (10%)
were followed up with high-flow nasal cannula oxygen
therapy, and 30 cases (20%) were intubated. Forty-five
cases (30%) were followed in the emergency department
for 6 hours, 45 cases (30%) were followed for 24 hours
in the emergency department, and 60 cases (40%) were
followed in the pediatric intensive care unit. None of the
cases resulted in death. Chest X-ray of 75 patients (50%)
was abnormal. In the physical examination of 75 patients
(50%), an abnormal respiratory pattern was detected. In
45 patients (30%), hypothermia was present at admission
(Table 1).

Cases of drowning by falling into a swimming pool or
bucket were considered drowning in fresh water. When the
rates of drowning in fresh and saltwater were compared
according to age, the mean age of cases in saltwater was
6.5t4 .3 years, whereas the mean age of cases in freshwater
was 2+2 3 years (p<0.01, T=-5.6). The mean GCS of cases
in freshwater (10.2+4.5) was significantly lower than that in
saltwater (13.5+2.5) (p<0.001, T=5.5). There were significant
differences in white blood cell counts, hemoglobin levels,
blood creatin kinase levels, blood sodium levels, blood
potassium levels, blood C-reactive protein levels, partial
corbondioxide levels, blood lactate levels, and blood
glucose levels between the groups (Table 2). Szpilman
scores (SC) were 3.1£1.9 on average in freshwater samples
and 2.4%1.8 in saltwater samples (p=0.02, T=2.2) (Table 2).

If we divide the cases into two groups-patients followed
for 24 hours and patients hospitalized in the pediatric
intensive care unit-the mean age of the follow-up group
(6.3t4 years) was significantly higher than that of the
intensive care group (3.5%2.5 years) (p=0.001, T=4.7). The
mean GCS score of the follow-up group (14.6+0.7 years)
was significantly higher than that of the intensive care
group (8.5%3.6) (p<0.001, T=15.4). There were significant
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values in terms of white blood cell counts, blood creatin
kinase levels, blood sodium, potassium, calcium, chlorur,
C-reactive protein levels, blood pH, partial corbondioxide
levels, and blood glucose, urea, creatinin, alanine amino
transferase, and aspartat amino transferase levels between
the groups. The mean SC of the follow-up group (1.4£0.6)
was significantly lower than that of the intensive care group
(4.6%1.4) (p<0.01, T=19.3) (Table 3).

ROC curve analysis was performed to determine the cut-
off value for the SC. Accordingly, the cut-off point was 3.5,
the area under the curve was 0.99, sensitivity was 82%, and
specificity was 92%. In subsequent analyses, the cutoff
point was 3 because it was an integer. When the correlation
between the SC and GCS was examined, a strong negative
correlation was found between them (p<0.01, r=-29). When
respiratory support systems were ranked from simple to
complex, a strong positive correlation was found when this
order was compared with the SC (p<0.01, r=827) (Table 4).
When CPR performance was compared with the SC, CPR
was not performed in any of the cases with a SC 3, and
the cases with a SC >3 resulted in 66.7% of all CPR cases
(p<0.01, x2=87). It was observed that all patients in whom
vasoactive agents were initiated had a SC >3 (Table 5).

When the relationship between chest X-ray findings
and antibiotic use was evaluated, 80% of the patients
with abnormal chest X-ray findings started on antibiotic
therapy (p<0.01, x*=54). Antibiotic treatment was started
in 75% of the pediatric intensive care unit patients. This
value was significantly higher than that of the follow-up
group (p<0.01, x2=25). It was observed that 66.6% of the
patients with hypothermia upon admission were admitted
to the pediatric intensive care unit (p<0.01, x*=19). It was
observed that 66.6% of the patients with hypothermia
upon admission drowned in salt water (p=0.27, x>=1.1). It
was determined that 66.6% of the hypothermic patients
received CPR (p=0.01, x*=41) (Table 6).

In the logistic regression modeling we carried out to
determine which variable increased the risk of admission
to the intensive care unit, being male resulted in a 3.18-fold
increase [95% confidence irterval (Cl)=0.941-0.161, p=0.01],
freshwater resulted in a 7.9-fold increase (95% Cl=4.327-
33.010, p=0.01), low pH resulted in a 3.17-fold increase (95%
Cl=1.005-24.198, p=0.02), a high SC resulted in a 2.3-fold
increase (95% Cl=4.762-10.192, p<0.01), a low GCS score
resulted in a 2.3-fold increase (95% C1=2.751-10.152, p<0.01),
and exposure to CPR resulted in a 7.5-fold increase (95%
Cl=3.761-101.112, p<0.01).

DISCUSSION

The primary aim of this study was to examine the clinical
and laboratory parameters of drowning/NFD cases in
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Turkey. The aim of this study was also to determine which
prognostic factors had a significant effect on outcomes. As
aresult, we found that being young, drowningin fresh water,
receiving CPR, having a low GCS score, and having a low
pH were associated with worse prognosis. The secondary
aim was to determine how prognosis could be predicted.
We conclude that the Szpilman classification is useful in
terms of the necessity for respiratory support systems and
admission to intensive care units.

By examining the cases of drowning/NFD in terms of
average age, the mean age in this study was 5.2 years.
This average age has been observed in many studies
in the literature. For example, Loux et al2 examined 153
drowning/NFD cases in the US and found that the mean
age was 4 years. Another study conducted by Moffett et al.?*
in the US, in which they examined 114 cases, the mean age
was 4.2 years. Another study conducted by Salas Ballestin
et al.,”” the mean age was 5.3 years, and a mean age of 3.5
years was found according to Habib et al.'s?® study.

Table 1. The properties of whole-group
N %

Female 60 40
Gender

Male 90 60

3.7£1.9 (girls)
+ - =_

Age (mean) 5.2£3.8 (1-13) (whole group) 6.3t4.9 (boys) p<0.01 T=-4.1

Sea 90 (75 boys + 15 girls) 60
Drowning mechanism Swimming pool 30 (all girls) 20

Mop bucket 30 (15 boys + 15 girls) 20

Yes 45 30
CPRin the field

No 105 70

Yes 30 20
CPRin the ER

No 120 80

Yes 30 20
Vasopressor agent

No 120 80

Yes 75 50
Antibiotic

No 75 50

Yes 75 50
Abnormal breathing

No 75 50

Yes 45 30
Hypotermia

No 105 60

Normal room O2 60 40.0

02 with masc 45 30.0
Breathing support -

High-flow nasal cannula 15 10.0

v 30 20.0
GCS (mean) 12.243.8 (3-15)

1 60 40

2 28 18.7

3 24 16
Spilzman score

6 30 20

6 hinthe ER 45 30.0
Observation conditions 6-24 hin the ER 45 30.0

PICU 60 40.0
GCS: Glasgow Coma Scale, CPR: Cardiopulmonary resuscitation, ER: Emergency room, PICU: Pediatric intensive care unit




By examining the drowning/NFD cases in terms of sex, we
found that the number of male cases was higher in both the
literature and this study. The rate of male patients in this
study was 60%; the rates were 70%, 65%, 60%, 72.5%, and
69%, respectively, in other studies examining childhood
drowning/NFD cases.??

When examining drowning/NFD cases, it is also important
to note in which waters these events take place.
Undoubtedly, the geographical location of the study site,
its distance from the sea, and the temperatures in the
summer months will impact this rate. For example, Sik et
al.” examined 89 drowning/NFD cases on the West Coast
of Turkey, of which 58.5% were drowned in salt water. In this
study, similarly, the NFD in salt water was found to be 60%.
In a study conducted in Florida, US, 93.5% of drowning/
NFD cases occurred in fresh water? In a study conducted
far from the coast of Texas, 93.4% of cases occurred in
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fresh water. In a study conducted in Spain, 90% of cases
occurred in fresh water?2°

In this study, we evaluated the cases according to their
follow-up periods. We evaluated them by dividing them
into three groups: those who were discharged from the
emergency room (ER) after less than 24 hours, those who
were followed up in the ward/ER for more than 24 hours,
and those who needed intensive care for any reason.
Undoubtedly, the most severe patient group was those
admitted to the intensive care unit. In this study, although
the rate of hospitalization in the intensive care unit was
40% of all cases, similar values were found in the literature.
For example, the percentage of patients hospitalized in the
intensivecareunitwas31.7%,44.2%,and50%, respectively.32>28
Similarly, although the number of cases followed in the
ER for 24 hours in this study constituted 30% of all cases,
this rate was 60% and 48% in studies in the literature.??

Table 2. Differences according to salty and fresh water

Whole group Fresh water Salty water T p
Age (year) mean 5.2+3.8 2423 6.5%43 5.6 0.01
Gender N=120 45 girls+15 boys 15 girls+75 boys x?=5] <0.01
GCS (mean) 12.2+3.8 10.2+4.5 13.5+2.5 55 0.001
WBC/pL 11900+3.8 3600+5068 10800£2255 4.6 0.001
Hb g/dL 11.2%1 10.7%1.1 11.620.6 6.1 0.001
Platelet/pL 245900£73960 249000483821 243833167002 0.4 0.6
CKU/L 530£485 1032%351 196172 19.3 0.001
Na mmol/L 137.2£8.4 133%5.1 139+9.2 5 0.001
K mmol/L 3.8t0.3 3.9+0.5 3.80.2 5 0.001
Ca mg/dL 9.2+0.3 9.27t0.3 9.2+0.3 1.2 0.2
Clmmol/L 105.417.1 102.0%5.2 107.6%7 .4 1.2 0.2
CRP mg/L 8.3%11.5 53156 10.7+14.2 2.7 0.001
pH 7.26%.09 7.23%0.1 7.28%0.1 31 0.01
Pa CO,, mmHg 44.5%6.] 437%8.2 45+4 3 1.2 0.001
HCO, mmol/L 20.8t4.4 21.0%37 20.614.9 0.4 0.6
Lactate mmol/L 2716 3.3%1 2.4%1.8 31 0.001
Glucose mg/dL 129.8£49.3 159.2+57.9 110.1£29.6 6.1 <0.01
Ure mg/dL 253193 26.5%7.8 24.5%10.2 1.2 0.2
Creatinin mg/dL 0.5+0.1 0.4%0.1 0.5%0.1 2.5 0.1
AST U/L 44.8+16.3 59.0%12.7 35.3410.5 12 0.05
ALT U/L 19.917.9 24.016.6 6.6%7.6 5.6 0.8
Szpilman score 27%19 3.1+1.9 2.4%1.8 2.2 0.02
Outcome
GCS: Glasgow Coma Scale, WBC: White blood cell, Hb: Hemoglobin, CK: Creatine kinase, Na: Sodium, K: Potassium, Cl: Clorur, CRP: C-reactive
protein, PaCO,: Partial carbon dioxide pressure, HCO,: Bicarbonate, AST: Aspartate amino transferase, ALT: Alanine amino transferase, PICU: Pediatric
intensive care unit, x% Chi-square
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Table 3. Differences between the PICU and observation groups

Observation group PICU group T p
Age (year) mean 6.3t4 3.5%25 47 0.001
GCS mean 14.6+0.7 8.5%3.6 15.4 <0.001
WBC /uL 10025+2156 1318124200 53 <0.001
Hb g/dL 11.2+0.5 11.2£11.2 0.1 0.8
Platelet /pL 203333459252 30975040061 121 0.1
CKU/L 459.3%479.2 637.5£478.8 22 0.02
Na mmol/L 134135 14011 T=4.4 <0.001
K mmol/L 3.7+0.2 3.9+05 2.6 <0.001
Ca mg/dl 9.3+0.3 9.05+0.3 52 <0.01
Cl mmol/L 103£33 108+9.8 4.5 <0.001
CRP mg/L 3.9%2.2 13.9£15 5.4 <0.001
pH 7.30%0.6 7.20%0.1 7.8 <0.001
Pa CO, mmHg 432%92 453+33 2.4 <0.001
HCO, mmol/L 233135 17.0£2.7 1 03
Laktat mmol/L 2.5%1.6 2.9%1.6 1.2 0.2
Glucose mg/dL 121£26 143£69 2.7 <0.001
Ure mg/dL 23.3%7.9 28.2+10 32 <0.001
Creatinine mg/dL 0.4+0.1 0.5+0.01 5.4 <0.001
AST U/L 42%12 48120 23 <0.001
ALT U/L 1759 .4 21£4] 3.08 <0.001
Szpilman score 1.4+0.6 4.6%1.4 19.3 <0.01

GCS: Glasgow Coma Scale, WBC: White blood cell, Hb: Hemoglobin, CK: Creatine kinase, Na: Sodium, K: Potassium, Cl: Clorur, CRP: C-reactive
protein, PaCO,: Partial carbon dioxide pressure, HCO,: Bicarbonate, AST: Aspartate amino transferase, ALT: Alanine amino transferase, PICU: Pediatric
intensive care unit

Table 4. Correlation between the Szpilman score and GCS and respiratory support system ranking

Szpilman score

R P
GCS -0.929 0.01
Respiratory support system ranking from simple to complex 0.827 0.01

GCS: Glasgow Coma Scale

Table 5. Qui-square analyses between Szpilman and categoric parameters

Szpilman score <3 | Szpilman score >3 )
N=120 %(coloumn) | N=30 x P
CPR No 105 (87.5) 0(0) 87 <0.01
Yes 15 (12.5) 30 (100)
Vasoactive agent | 120 (100) 0(0) 150 <0.01
Yes 0 (0) 30 (100)
Observation group 90 (75) 0(0) 56 <0.01
PICU group 30 (25) 30(100)
Fresh water 45 (37.5) 15 (50) 1.5 0.2
Salty water 75(62.5) 15 (50)
o Yes 45 (37.5) 30 375 <0.01
Antibiotic
No 75 (62.5) 0

CPR: Cardiopulmonary resuscitation, PICU: Pediatric intensive care unit, xx Chi-square
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Table 6. Chi-square analyses between hypothermia and categoric parameters

Hyopothermic Normothermic )

N=45 %(coloumn) N=105 X P
Fresh water 15 (33.3) 45 (42.8) 11 0.2
Salty water 30 (66.6) 60 (57.1)
Observation group 15 (33.3) 75 (71.4) 19 <0.01
PICU group 30 (66.6) 30(28.5)
CPR No 15 (33.3) 90 (85.7) 41 <0.01

Yes 30 (66.6) 15 (14.3)

CPR: Cardiopulmonary resuscitation, PICU: Pediatric intensive care unit, x= Chi-square

CPR in cases of drowning is commonly reported in the
literature. For example, in Sik et al’s? study, CPR was
applied to 15.7% of the cases, and 13.4% of them were
intubated. Similarly, in this study, 20% of our patients
received CRP in the ER, and these patients were followed
up as they were intubated. Cohen et al?® examined 70
drowning cases and determined that CPR was performed
in 23% of surviving cases.

None of the cases included in this study resulted in death.
However, mortality has been reported for both freshwater
andsaltwaterdrowningeventsinthe literature. Forexample,
Szpilman's?? (1997) study examined 1.831 drowning/NFD
cases over 20 years, found that 12% occurred in seawater
and 16% occurred in freshwater. The high mortality rate
can be explained by the outdated medical data used in
this study. However, Sik et al’s?’ (2020) mortality rate
was 4.4%. When the cases resulting in death in this study
were examined, most deaths occurred in individuals with
chronic diseases and neurological deficits. Another reason
for the absence of exitus cases in our study may be that
cases involving exitus in the area were not brought to the
ER. In addition, given that this study did not include data
pertaining to cases undergoing the intensive care process
due to its design, individuals who died after being admitted
to the intensive care unit from the ER were not mentioned
in the study.

Moffett et al?* examined 114 NFD cases and investigated
the antibiotic initiation status. Antibiotics were started
empirically in 50% of the cases, but they were also given
to all intubated individuals who had undergone CPR.
Similarly, in this study, antibiotics were given in 50% of the
cases, and 75% of those admitted to the intensive care unit
were given antibiotic treatment.

In NFD cases, the temperature of the water to which the
individual is exposed and the duration of exposure are
important. The literature indicates that the prognosis
of individuals admitted as hypothermic is worse than
normothermics.? In this study, patients who were found to
have hypothermia at the time of first admission had higher

CPR administration and intensive care unit admission
rates than those who were normothermic. However, one
limitation of our study is that information on how long the
individual remained in the water and the temperature at
which they did so was not noted.

When we look at the literature, we see scoring schemes
used to predict prognosis in drowning/NFD cases. For
example, Blasco Alonso et al?? used the Conn Modell and
Orlowski classifications in their study, which examined 62
drowning cases in Spain.The Conn Model classification was
not sufficient for our study because it was based only on the
neurological status of the cases.?® Orlowski's classification
was developed in 1979 to determine prognostic factors
for childhood drowning; it was mainly based on age,
immersion duration, CPR duration, consciousness, and
pH. This classification is more comprehensive than the
Conn Model, but it does not include pulmonary findings.3°
For this reason, we decided to use the Szpilman scoring
system, as described above. According to Sik et? al's
studies, 37% of the cases were classified as Grade 1, 10% as
Grade 2, 31% as Grade 3, 6% as Grade 4, 12% as Grade 5, and
2% as Grade 6. In other words, 78% of the cases were in the
first three grades in their studies. In our study, 40% of the
cases were in Grade 1, 18.7% were in Grade 2, 16% were in
Grade 3, 2.7% were in Grade 4, 2.7% were in Grade 5, and
20% were in Grade 6. Similarly, in our study, 74.7% of the
cases were in the first three grades. Salas Ballestin et al.'s?
study of the prognostic factors of 131 drowning/NFD cases
in Spain indicated that “low GCS, change in pupil size,
choking without witnesses, low pH, need for CPR" were
poor prognostic factors.In this study, we found a significant
correlation between the Szpilman classification score, the
need for respiratory support, and the need for inotrope;
however, we did not encounter such data in the literature.

According to a study comparing the laboratory data
of hospitalized and nonhospitalized drowning cases,
blood glucose, alanine transaminase, and lactate levels
were found to be significantly higher, and blood pH
was found to be significantly lower in hospitalized
patients.?” Similarly, in our study, blood glucose, alanine
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transaminase, and lactate levels were higher, and blood
pH was lower in intensive care patients. In the same
study, similar to this current study, the SCwas found to be
higher and the GCS score was lower in the hospitalized
group. In addition, a strong negative correlation was
found between the SC and GCS, which is similar to the
results of our study.”

Many studies have shown that there is no difference in
laboratory and clinical parameters between the victims
of drowning in freshwater and saltwater, except for those
who died in the field3-* However, an interesting study in
the literature provided the autopsy results of 118 drowning
cases; autopsies were performed on 74 cases that drowned
in freshwater and 44 cases that drowned in saltwater within
an average of 750 minutes. The mean age of those who
drowned in freshwater was lower than that of those who
drowned in saltwater, and those who drowned in saltwater
had higher mean serum sodium and chlorine levels and
lower mean serum potassium levels than the other group
(same as in our study).”

Study Limitations

In this study, although there were differences between
fresh and saltwater waters regarding white blood cell
count, hemoglobin level, potassium level, pH, and glucose
level, these were not clinically significant, as the average of
all values were within normal limits. The missing data in this
study, especially the inaccessibility of data on the patients
who underwent CPR in the field, the characteristics of
the water to which the patients were exposed, and the
neurological outcomes of the patients after discharge,
created serious limitations. We believe that a larger study
on this topic will contribute to the literature. However, we
believe that this study can serve as a guide, as there are not
many studies in this field pertaining to childhood.

CONCLUSION

In conclusion, as a result of an examination of drowning
cases in Turkey, we found that the prognosis was poor for
those who drowned in freshwater, had low GCS, had low
blood pH upon admission, had high blood lactate levels,
and received CPR. In addition, we conclude that the
Szpilman classification, which was created at admission,
may be a prognostic guide.

Ethics

Ethics Committee Approval: The study was approved
by the izmir Katip Celebi University, Non-interventinal
Clinical Studies Ethics Committee (decision no: 0492, date:
18.11.2021).

Informed Consent: Retrospective study.

142

Authorship Contributions

Concept: G.G,, Design: G.G., Data Collection
or Processing: G.G., TN. VY.B, G.D, Analysis or
Interpretation: G.G., T.N.,, S.B., A.C., Literature Search: G.C,,
Y.B., $.B., E.B., Writing: G.G.

Conflict of Interest: No conflict of interest was declared by
the authors.

Financial Disclosure: The authors declared that this study
received no financial support.

REFERENCES

1. Papa L, Hoelle R, Idris A. Systematic review of definitions for
drowning incidents. Resuscitation. 2005;65:255-6 4.

2. Salomez F, Vincent JL. Drowning: a review of epidemiology,
pathophysiology, treatment and prevention. Resuscitation.
2004;63:261-8.

3. ModellJH, Gaub M, Moya F, Vestal B, Swarz H. Physiologic effects
of near drowning with chlorinated fresh water, distilled water
and isotonic saline. Anesthesiology. 1966,27:33-41.

4. ModellJH, Moya F, Newby EJ, Ruiz BC, Showers AV. The effects of
fluid volume in seawater drowning. Ann Intern Med. 1967,67:68-
80.

5. Fuller RH. The clinical pathology of human near-drowning. Proc
R Soc Med. 1963;56:33-8.

6. Brenner RA. Prevention of drowning in infants, children, and
adolescents. Pediatrics. 2003;112:440-5.

7. Bowman SM, Aitken ME, Robbins JM, Baker SP. Trends in US
pediatric drowning hospitalizations, 1993-2008. Pediatrics.
2012;129:275-81.

8. Quan L, Cummings P. Characteristics of drowning by different
age groups. Inj Prev. 2003;9:163-8.

9. Cahill JM. Drowning: the problem of nonfatal submersion and
the unconscious patient. Surg Clin North Am. 1968;48:423-30.

10. Bierens JJ, Knape JT, Gelissen HP. Drowning. Curr Opin Crit Care.
2002;8:578-86.

1. Orlowski JP. Drowning, near-drowning, and ice-water drowning.
JAMA.1988;260:390-1.

12. Idris AH, Bierens JILM, Perkins GD, et al. 2015 Revised Utstein-
Style Recommended Guidelines for Uniform Reporting of Data
From Drowning-Related Resuscitation: An ILCOR Advisory
Statement. Circ Cardiovasc Qual Outcomes. 2017;10:e000024.

13. GBD 2017 Causes of Death Collaborators. Global, regional, and
national age-sex-specific mortality for 282 causes of death in
195 countries and territories, 1980-2017: a systematic analysis for
the Global Burden of Disease Study 2017. Lancet. 2018;392:1736-
88.

14. Franklin RC, Peden AE, Hamilton EB, et al. The burden of
unintentional drowning: global, regional and national estimates
of mortality from the Global Burden of Disease 2017 Study. Inj
Prev. 2020;26(Suppl 1):i83-95.

15. DeNicola LK, Falk JL, Swanson ME, Gayle MO, Kissoon N.
Submersion injuries in children and adults. Crit Care Clin.
1997:13:477-502.

16. Battaglia JD, Lockhart CH. Drowning and near-drowning. Pediatr
Ann.1977;6:270-5.

17. Modell JH, Davis JH. Electrolyte changes in human drowning
victims. Anesthesiology. 1969;30:414-20.



20.

21.

22.

23.

24,

25.

. Modell JH, Moya F. Effects of volume of aspirated fluid during

chlorinated fresh water drowning. Anesthesiology. 1966;27:662-
72.

. Ibsen LM, Koch T. Submersion and asphyxial injury. Crit Care

Med. 2002;30(11 Suppl):S402-8.

Menezes RA, Costa RC. Resgate e recuperacao de 12.038
afogados. J Bras Med. 1972;9:50-64.

Semple-Hess J, Campwala R. Pediatric submersion injuries:
emergency care and resuscitation. Pediatr Emerg Med Pract.
2014;11:1-21.

Szpilman D. Near-drowning and drowning classification: a
proposal to stratify mortality based on the analysis of 1,831
cases. Chest. 1997;112:660-5.

Loux T, Mansuri F, Brooks SE, et al. Factors associated with
pediatric drowning admissions and outcomes at a trauma
center, 2010-2017. Am J Emerg Med. 2021;39:86-91.

Moffett BS, Lee S, Woodend K, Sigdel B, Dutta A. Evaluation of
Antimicrobial Utilization in the Pediatric Drowning Population. J
Pediatric Infect Dis Soc. 2021;10:179-82.

Salas Ballestin A, de Carlos Vicente JC, Frontera Juan G, et al.
Prognostic Factors of Children Admitted to a Pediatric Intensive
Care Unit After an Episode of Drowning. Pediatr Emerg Care.
2021;37:e192-5.

26.

27.

28.

29..

30.

31

32.
33.
34.

GOKALP G et al. Childhood Drowning

Habib DM, Tecklenburg FW, Webb SA, Anas NG, Perkin RM.
Prediction of childhood drowning and near-drowning morbidity
and mortality. Pediatr Emerg Care. 1996;12:255-8.

Stk N, Senol HB, Ozturk A, Yilmaz D, Duman M. A reappraisal of
childhood drowning in a pediatric emergency department. Am
J Emerg Med. 2021;41:90-5.

Cohen N, Scolnik D, Rimon A, Balla U, Glatstein M. Childhood
Drowning: Review of Patients Presenting to the Emergency
Departments of 2 Large Tertiary Care Pediatric Hospitals
Near and Distant From the Sea Coast. Pediatr Emerg Care.
2020;36:€258-62.

Blasco Alonso J, Moreno Pérez D, Milano Manso G, Calvo Macias
C, Jurado Ortiz A. Ahogamientos y casi ahogamientos en nifos
[Drowning in pediatric patients]. An Pediatr (Barc). 2005;62:20-
4.

Orlowski JP. Prognostic factors in pediatric cases of drowning
and near-drowning. JACEP. 1979;8:176-9.

Orlowski JP, Szpilman D. Drowning. Rescue, resuscitation, and
reanimation. Pediatr Clin North Am. 2001;48:627-46.

Harries MG. Drowning in man. Crit Care Med. 1981;9:407-8.
Harries M. Near drowning. BMJ. 2003;327:1336-8.

Szpilman D, Bierens JJ, Handley AJ, Orlowski JP. Drowning. N
Engl J Med. 2012;366:2102-10.

143



