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BACKGROUND: Drowning is the third leading cause of unintentional
death worldwide. The epidemiological characteristics of adult drown-
ings are rarely reported.

OBJECTIVE: Investigate factors associated with neurological progno-
sis in adult drowning inpatients.

DESIGN: Multicenter medical record review.

SETTING: Tertiary health care institutions.

PATIENTS AND METHODS: We collected demographic and clinical
data on patients who drowned but survived between September 2006
and January 2020. Neurological prognosis was compared in patients
with and without cardiac arrest.

MAIN OUTCOME MEASURES: Neurological outcomes.

SAMPLE SIZE AND CHARACTERISTICS: 142 patients with mean age
of 50.6 (19.8) years, male/female ratio of 1.54:1.

RESULT: Forty-five patients (31.7%) received CPR, 90 patients (63.4%)
experienced unconsciousness, and 59 patients (41.5%) received en-
dotracheal intubation and mechanical ventilation. Multivariate logistic
regression analysis showed that the initial blood lactic acid level (OR:
7.67, 95%Cl: 1.23-47.82, P=.029) was associated with a poor neuro-
logical prognosis in patients without cardiac arrest. The incidence of
ICU admission (OR: 16.604, 95%Cl: 1.15-239.49, P=.039) was associ-
ated with a poor neurologic prognosis in patients with cardiac arrest.
CONCLUSIONS: For the drowning patients with cardiac arrest, ICU
admission was associated with neurological function prognosis in these
patients. Among the patients without cardiac arrest, the initial lactate
value was associated with neurological function prognosis of these pa-
tients.

LIMITATIONS: Retrospective.

CONFLICT OF INTEREST: None.
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rowning is the experience of respiratory impair-
ment from submersion/immersion in liquid.’

Drowning is the third leading cause of unin-

tentional death worldwide.? According to the Global
Burden of Disease survey, approximately 60000 people
died from unintentional drowning in China in 2016, ac-
counting for 21% of global drowning deaths.? The pri-
mary outcome of drowning should be classified as death
or survival, and neurological impairment is an important
outcome scale for assessing the severity of drowning.
One study showed that almost 30% of drowning pa-
tients required cardiopulmonary resuscitation (CPR).*
The survival rate of patients after CPR is low; only 10.6%
of patients survive to hospital discharge,® but the surviv-
al rate of drowning patients with cardiac arrest is better
than that of other cardiac arrest patients.

The epidemiological characteristics of adult drown-
ing are rarely reported so we retrospectively collected
clinical data from three tertiary health care institutions
and summarized and analyzed the clinical characteris-
tics and predictors of neurological function prognosis.

PATIENTS AND METHODS

In accordance with the 2015 Revised Utstein-Style
Recommended Guidelines for Uniform Reporting of
Data from Drowning-Related Resuscitation,” we collect-
ed data from three tertiary health care institutions for
the period from September 2006 to January 2020 (The
First Affiliated Hospital of Wenzhou Medical University,
The Second Affiliated Hospital and Yuying Children’s
Hospital of Wenzhou Medical University, and Wenzhou
Central Hospital). All data were collected from the med-
ical record system and analyzed from the day of admis-
sion to the day of discharge. General clinical data, pre-
existing illness, symptoms and signs, auxiliary examina-
tions, diagnosis, treatment, and survival during hospi-
talization were analyzed. In terms of drowning-related
characteristics, we collected the duration of drowning
and wastewater drowning (wastewater specifically re-
fers to rice field water, cement water or factory sewage).
We collected data on age, sex, and preexisting illness.
The Glasgow coma scale (GCS) score was determined
after patients were admitted and discharged. We in-
vestigated the initial arterial oxygen saturation and pH.
In addition, we collected levels of glucose, serum cre-
atinine and lactic acid. We also checked for pneumonia
by lung CT and investigated whether the patients were
endotracheally intubated. For patients in the cardiac
arrest group, bystander CPR, duration of CPR and res-
toration of spontaneous circulation (ROSC) after CPR
were evaluated. The neurological function of drowning
patients was assessed using the cerebral performance
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category (CPC) score.® CPC scores of 1 and 2 represent
good neurological outcomes, and CPC scores of 3 and
5 represent poor neurological outcomes.

Data were recorded and analyzed using IBM SPSS
(Armonk, New York, United States: IBM Corp) version
21. Data were dichotomized into good and poor neu-
rological outcomes. Normal distributions are presented
as percentages and the mean (standard deviation).
Data not normally distributed are presented as medi-
ans with ranges. We used the t test for continuous vari-
ables and the Fisher exact tests and chi-square tests
for categorical variables. P values less than .05 were
considered statistically significant. To evaluate factors
associated with poor neurologic outcome, multivariate
logistic regression analysis was performed. To maximize
statistical power and minimize bias that might occur if
some missing data were excluded from analyses, we
used multiple imputation to impute missing values for
levels of serum creatinine and pH.

RESULTS

During the 15-year period, 375 drowning patients were
admitted to the hospital. Of these, 213 minors (age
<18 years) and 20 incomplete medical records were
excluded, leaving 142 patients in the analysis. The de-
mographic characteristics were assessed for the 142
adult drowning patients; 86 (60.6%) were men, and 56
(39.4%) were women. The ages ranged from 18 to 92
years, and the mean age was 50.6 (19.8) years. The me-
dian duration of submersion was 6 minutes. The median
date and time of hospital arrival were 3.3 hours. Ninety-
one cases occurred in the summer or autumn (spring:su
mmer:autumn:winter=25:36:55:32), and most occurred
in rivers (sea water:river water:wastewater=19:93:32).
The patients were divided into two groups according to
the presence of cardiac arrest and then by neurologjical
outcome (Figure 1).

Patients with good versus poor neurological
outcome

Compared with patients with good neurological out-
comes, patients with poor neurological outcomes ex-
hibited significant differences in the incidence of cardiac
arrest (P<.001), initial heart rate (P=.002), lowest body
temperature within 96 hours of admission (P<.001), ini-
tial GCS score (P<.001), initial pH (P=.006), initial levels
of glucose (P=.021), serum creatinine (P=.015), and lac-
tic acid (P=.003), incidence of endotracheal intubation
(P<.001), incidence of pneumonia (P=.003), incidence
of hypotension during hospitalization (P<.001), usage
of vasoactive agents (P<.001) and incidence of ICU ad-
mission (P<.001) (Table 1).
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Patients without cardiac arrest

Among the 97 patients without cardiac arrest, 90 had
good neurological function outcomes, and 7 had poor
neurological function outcomes (Table 2). Compared
patients with good outcomes, patients with poor out-
comes exhibited statistically significant differences in
the incidence of wastewater drowning (P=.023), initial
heart rate (P=.016), highest temperature within 96 h
of admission (P=.014), initial lactic acid level (P=.007),
incidence of acute respiratory distress syndrome
(ARDS) (P=.032), incidence of endotracheal intubation
(P=.003), incidence of hypotension during hospitaliza-
tion (P=.005), usage of vasoactive agents (P<.001) and
incidence of ICU admission (P<.023). Seven patients
without cardiac arrest had poor neurological outcomes;
their median (range) age was 72 (42-90) years (Table 3).
The body temperatures of five of these patients within
96 hours of admission were over 38°C. One patient with
hypotension under vasoactive agents was considered
for septic shock. Six patients received endotracheal
intubation and mechanical ventilation after admission,
and the arterial oxygen saturation of three of these
patients was below 90%, even when gas exchange
functioned. Five patients received glucocorticoids to
reduce pulmonary injury.

Patients with cardiac arrest

Among the 45 patients with cardiac arrest, 28 had good
neurological outcomes, and 17 had poor neurological
outcomes (Table 4). Compared with patients with good
neurological outcomes, patients with poor neurological
outcomes exhibited statistically significant differences
in duration of CPR (P=.015), initial heart rate (P=.043),
lowest body temperature within 96 hours of admission
(P=.002), initial GCS score (P=.001), initial pH (P=.007),
initial levels of glucose (P=.002) and lactic acid (P=.047),
incidence of pneumonia (P=.015), incidence of endo-
tracheal intubation (P=.007), incidence of hypoten-
sion during hospitalization (P<.001), usage of vasoac-
tive agents (P<.001) and incidence of ICU admission
(P<.001). Seventeen patients had poor neurological
outcomes. Nine patients were male, and the mean age
was 52 years. The median duration of submersion was
12.5 minutes. Nine patients had ROSC after CPR in the
field, and 8 patients had ROSC after CPR in the hospi-
tal. Sixteen patients were still unconscious after ROSC.
Ten patients had hypotension during hospitalization,
and three had hypotension under vasoactive agents.
Four patients had an arterial oxygen saturation below
95%, even when they received endotracheal intuba-
tion and mechanical ventilation after admission. Four
patients died during hospitalization (Table 5).

original article

Multivariable analysis

Logistic regression analysis was performed to identify
factors associated with neurological prognosis. Among
all the patients, initial lactic acid level (OR: 1.389, 95%Cl:
1.010-1.910, P=.043) was associated with neurological
prognosis. For patients without cardiac arrest, the ini-
tial lactic acid level (OR: 7.679, 95%Cl: 1.233-47.826,
P=.029) was associated with neurological prognosis.
For patients with cardiac arrest, the incidence of ICU
admission (OR: 16.604, 95%Cl: 1.151-239.486, P=.039)
was associated with neurological prognosis (Table 6).

DISCUSSION
According to a report by the World Health Organization,
0.7% of deaths worldwide, or more than half a million
deaths a year, are caused by drowning.? Drowning is a
leading cause of death among young men 5-14 years of
age. The limited published evidence on risk factors for
drowning among children in China has been collected
from several provinces.”'® The epidemiological charac-
teristics of adult drowning patients are rarely reported."
Studies in other countries have reported roughly the
same age and sex in adult drowning patients as we re-
port in our study.?'®

The primary goal of treatment is to improve the sur-
vival rate and neurological outcome of drowning pa-
tients. Relevant studies suggest that the survival rate
and neurological outcome of drowning patients may be
related to various factors, such as duration underwater,
drowning witnessed in the field, initial resuscitation in
the field, response of emergency medical services, vital
and neurological signs on admission, and comprehen-
sive treatment after admission.’>''¢ The guidelines for

Total drowning patients
(N=375)

Excluded (medical record loss)
(n=20) (n=213)

Excluded (age < 18 y)

Included
(n=142)

’7 Cardiac arrest —‘

(n=97)

With cardiac arrest
(n=45)

Without cardiac arrest

Good outcome Poor outcome Good outcome
(n=28) n=17) (n=90)

Poor outcome
n=7)

Figure 1. Patient flow diagram.
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Table 1 .Neurological outcomes in all drowning patients (n=142).

Neurological

Neurological

outcome good  outcome poor P value
(n=118) (n=24)

Age (years) 49.8 (19.8) 54.2 (19.6) .323
Male 71 (60.2) 15 (62.5) .831
Wastewater drowning 25 (21.2) 7 (29.2) .394
uration ofdrowning  55(033,240)  10(0.17, 60) 917
Cardiac arrest 28 (11.0) 17 (70.8) <.001
Coma after drowning 72 (61.0) 18 (75) 195
Initial blood pressure
Systolic (mmHg) 128.1 (25.4) 116.8 (31.9) .058
Diastolic (mmHg) 745 (13.8) 71.3(19.0) .343
L:::?l heart rate (per 89.6 (21.5) 105.7 (25.0) 002
Initial respiratory rate 227 (5.7) 217 (9.8) 493
(per min) o T ’
Initial 96 h highest 37.3(2.8) 37.6(1.8) 493
temperature
Initial 96 h lowest 36.0 (0.6) 35.6 (2.0) <.001
temperature
GCS on admission 6(3,15) 3(3,15) <.001
Initial Sa0, (%) 91.2 (9.0) 87.0(12.7) .063
Initial pH 7.4 (0.1) 7.2 (0.2) .006
Initial glucose
(mmol/L) 8.5(3.9) 10.9 (4.4) .021
Initial serum creatinine 454 (59 140) 77 (32, 239.5) 015
(mmol/L)
Initial lactic acid
(mmol/L) 3.1(0.7,9) 10.5 (1.6, 12) .003
Pneumonia 111 (94.1) 18 (75) .003
ARDS 20 (16.9) 6 (25) .352
Endotracheal
intubation 37 (31.4) 22 (91.7) <.001
Duration of intubation
(days and range) 3(1,9 2.5(0.5, 48) .353
Hypotension 1(0.8) 12 (50) <.001
Vasoactive agents 54.2) 18 (75) <.001
ICU admission 24 (20.3) 19 (79.25) <.001

Data are expressed as mean (standard deviation) or number (%) unless noted otherwise. *SaO,: arterial

oxygen saturation, sCr: serum creatinine, LA: lactic acid, ARDS: acute respiratory distress syndrome.
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CPR suggest that submersion duration is associated
with patient survival and neurological outcomes."”

Another study showed that all 56 patients with sub-
mersion durations less than 10 minutes survived, while
none of the 7 patients with submersion durations more
than 10 minutes survived.' In this study, the median
submersion duration was 10 minutes in the group with
poor neurological outcomes and 5.5 minutes in the
group with good neurological outcomes, which was
roughly consistent with other studies.

Having witnesses in the field means earlier first aid
and resuscitation. Several studies found having witness-
es in the field was related to good neurological out-
comes. Initial resuscitation includes establishment of an
airway, artificial breathing (mouth-to-mouth breathing)
and chest compression for circulation. In contrast to
other causes of cardiac arrest, injury related to cardiac
arrest by drowning is mainly due to insufficient oxygen.
Tobin et al found that bystander CPR after drowning
could improve the survival rate and neurological func-
tion prognosis of patients.”” In our study, 28 patients
with good neurological outcomes underwent CPR
in the field, while 17 patients with poor neurological
outcomes underwent CPR in the field, showing a sta-
tistically significant difference. In patients with cardiac
arrest, the median duration of CPR was 10 minutes
in those with a good neurological prognosis, and the
ROSC rate in the field was 53.6%, while the median du-
ration of CPR was 25 minutes in patients with a poor
neurological prognosis, and the ROSC rate in the field
was 29.4%. For drowning patients with cardiac arrest,
CPRin the field was not a factor affecting the prognosis,
but the duration of CPR affected neurological progno-
sis. The duration of CPR suggested that the longer the
duration of CPR, the more severe the illness and injury
and the more likely it was that the patient would exhibit
a poor neurological function outcome.

Grmec et al found that drowning patients had higher
survival rates and were more likely to receive vasoactive
agents than those with other causes of cardiac arrest.®
In our study, a total of 45 patients had cardiac arrest
caused by drowning, 4 patients died before discharge,
and 17 patients were discharged with poor outcomes
of neurological function, which was significantly higher
than the survival rate of cardiac arrest caused by other
causes.

Once the patient has asphyxia or dyspnea, oxygen-
ation should be improved. Popovi¢ et al study high-
lighted the impact of early endotracheal intubation
on patient outcomes.?® In another study, mechanical
ventilation was associated with neurological outcomes
in patients without cardiac arrest.?" In our study, a to-

ANN SAUDI MED 2022 MARCH-APRIL  WWW.ANNSAUDIMED.NET



original article

NEUROLOGICAL OUTCOMES IN ADULT DROWNING

tal of 59 patients received endotracheal intubation and  Table 2. Neurological outcomes of drowning patients without cardiac arrest

mechanical ventilation. Patients who received endotra- ~ (1=97).

cheal intubation and mechanical ventilation exhibited Neurological Neurological

significantly improved oxygen supply and respiration. outcome good  outcome poor P value
. R . . (n=90) (n=7)

The neurological examination of patients on admis-
sion is of great value to the prognosis of neurological ~ Age (year) 51.8(19.8) 64.0(18.7) 119
function. The GCS score plays an important role in ob- Male 53 (58.9) 6(85.7) 318
serving the trend of neurological function and judging

. . 7 Wastewater
the prognosis of patients.” In another study, the accu- drowning 19 (21.1) 5(71.4) .023
racy of the GCS score could better predict neurologi- .
cal function in patients with cardiac arrest.?? Our study (E{)%r\?vtr:(i)nn o(tnin) 5 (0.33, 240) 5(1,17) .06
found that the GCS score on admission was associated °
with the prognosis of neurological function and was goma.after 44 (48.9) 2 (28.6) 52
lower in patients with poor neurological outcomes than rowning
in patients with good neurological outcomes. Initial BP

The body temperature within 96 hours of admission i

yempe . . Systolic pressure 129.2 (25.6) 125.1 (33.8) 698
affects the prognosis of neurological function. Although (mmHg)
hypéthermia theraPy plays é sig.nificarwt role in the pro- Diastolic pressure ey 677 (16 19
tection of neurological function in patients after cardiac ~ (mmHg) : ) ) : :
arrest, maintaining appropriate hypothermia, such as | ...\ .
32°C to 34°C for 24 hours, has a neuroprotective ef- (per min ) 90.1 (20.6) 110.6 (29.7) 016
fect.?*?* However, hypothermia on admission some- Initial respirator
times suggests that the patient has been immersed in  (ate (per r?\in) Y 23.0(5.9) 28.1(13.0) 14
water for too long and may have a poor neurological . )

t Theref like moderate hypothermia- |l 96 h highest 37.2(32) 38.8(1.1) 014
outcome. Therefore, unlike moderate hypothermia- o oeratyre 2 (3. 8 (1. .
induced therapy, hypothermia on admission generally
S . } Initial 96 h lowest
indicates a poor neurological outcome. In this studly, 36.6 (0.7) 37.2(0.6) 2

i i i temperature
compared with patients with good outcomes, drown-
iy o
ing patients with cardiac arrest and those with lower Initial Sa0, (%) 71.5(8.3) 920(7.8) 893
average temperatures on admission (36.7°C, 34.9°C) Initial pH 7.4 (0.1) 7.3(1.4) 547
had poor outcomes. Nine of 19 cardiac arrest patients .
Initial glucose 8.6 (3.9 70(1.4 303
with poor outcomes had an average temperature of (mmol/L) 6 (3.9) 0014 °
less than 36°C. Among the 9 patients, 7 did not have Initial serum
ROSC on admission, which may be because patients  ¢reatinine (mmol/L) 68.8 (25.5) 83.7 (43.5) 421
who need ROSC after appropriate hypothermia therapy n o
. . . Initial lactic acid
can play a role in neurological protection. (mmol/L) 3.1(0.7, 8.3) 6(5.9,12) .007

A high temperature within 96 hours of admission )
also affects the prognosis. The cause of a patient’s fe- Pneumonia i) 7(100) 999
ver may be infectious or noninfectious; for drowning ARDS 23 (25.6) 5(71.4) .032
patients, pneumonia is one of the infectious causes £ 4oiracheal
of fever. After drowning, pneumonia is the most com-  intubation 23(25.6) 6857 003
mon complication, and antibiotic therapy is required 5 = . ¢
during hospitalization. Broad-spectrum antibiotics are intubation 3(1,9) 1(0.5, 5) .021
used first, and definitive antibiotic therapy is adjusted (days and range)
according to the results of infection indicators and Hypotension 0 2 (28.6) .005
bacterial culture. In one study, 43.1% of the patients v " . Y Rp— .

: . <.
had pulmonary edema after drowning, and 14.7% had asoactive agents 4 ( )
pneumonia.?’ The occurrence of pneumonia was relat- ICU admission 19(21.1) 5(71.4) .023

ed to the body of water where drowning occurs, and
the development of pneumonia is faster after sewage
inhalation.?" In this study, 129 patients were diagnosed
with pneumonia, 19 patients were diagnosed with pul-

Data are expressed as mean (standard deviation) or number (%) unless noted otherwise. SaO,: arterial

oxygen saturation, ARDS: acute respiratory distress syndrome.
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Table 4. Neurological outcomes in patients with cardiac arrest (n=45).

Neurological outcome Neurological outcome
good poor P value
(n=28) (n=17)

Age (year) 43.4 (18.7) 50.2 (19.0) .25
Sex
Male 18 (64.3) 9 (52.9) .337
Duration of drowning (min) 6 (1, 60) 10 (2, 60) 256
Cardiac arrest
CPR 24 (85.7) 13 (76.5) 701

Duration of CPR (min) 10 (2, 30) 25 (3, 60) .015

ROSC in the field 15 (53.6) 5(29.4) 114

Coma after drowning 28 (100) 16 (94.1) 378
Initial blood pressure

Systolic pressure (mmHg) 124.8 (24.8) 113.3(31.5) .18

Diastolic pressure (mmHg) 73.3(14.4) 72.8 (20.2) 924
Initial heart rate (per min) 88.2 (24.5) 103.6 (24.5) .043
Initial respiratory rate (per min) 21.8 (4.6) 19.0 (6.9) 116
Initial 96 h lowest temperature 36.7 (0.8) 34.9 (2.0) .002
GCS on admission 10.9 (4.4) 4.4 (3.4) .001
Initial SaO, (%) 90.4 (11.0) 84.8 (14.0) 161
Initial pH 7.3(0.1) 7.1(0.3) .007
Initial glucose (mmol/L) 8.2 (3.8) 12.6 (4.2) .002
Initial serum creatinine (mmol/L) 70 (33.2, 145) 84 (32, 239.5) .098
Initial lactic acid (mmol/L) 3(1.3,9) 12(1.6,12) .047
Pneumonia 27 (96.4) 11 (64.7) .015
ARDS 9 (32.1) 8 (47.1) 317
Endotracheal intubation 14 (50) 16 (94.1) .007
Duration of intubation (day) 3.5(1,7) 3 (1, 48) 757
Hypotension 1(3.6) 10 (58.8) <.001
Vasoactive agents 1(3.6) 13 (76.5) <.001
ICU admission 5(17.9) 14 (82.4) <.001

Data are expressed as mean (standard deviation) or number (%).

SaO,: arterial oxygen saturation, ROSC: restoration of spontaneous circulation, ARDS: acute respiratory distress syndrome.
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Table 6. Factors associated with neurologic outcome in drowning patients

(=142).
OR 95% Cl P value
g”;tt‘iz'n'fsc(t;iﬁ%a“ 1389 1.010-1.910 043
lcr;ai:iiailalca(a:trircesatc(ig=vg;?om 7.679 1.233-47.826 029
ICU admission with cardiac 16.604 1.151-239 486 039

arrest (n=45)

Dependent variable poor or good neurologic outcome. Model summary measures: deviance 13.162 Cox
Snell .321, Nagelkerke .785, Overall %2 36.820, df 6, P<.001.
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monary edema, and 139 patients were treated with
prophylactic or therapeutic antibiotics. The main con-
cerns focus on neurological injury to the brain and other
multisystem impairments when hyperpyrexia occurs.?®
Meanwhile, wastewater drowning and the incidence of
pneumonia had a statistically significant effect on neu-
rological outcome. Once the results of pathogen test-
ing and sensitivity testing are available, therapy should
be adjusted accordingly.

Lactic acid plays an important role in the severity
and prognosis assessment of shock patients.?*?” The
detection of lactic acid level is objective. Shapiro et al
showed that blood lactic acid level could be a predic-
tor of mortality in patients with emergency infections.
Compared with the blood lactic acid level, dynamic

NEUROLOGICAL OUTCOMES IN ADULT DROWNING

monitoring of blood lactic acid was more significant
and supported lactic acid as a promising risk-stratifi-
cation tool.? In our study, initial lactic acid level was
associated with the prognosis of neurological function.
Patients with poor neurological outcomes had a higher
median lactate level than patients with good neurologi-
cal outcomes.

This study has several limitations. First, the number
of drowning patients was only 142, and some prog-
nostic factors were not included. Second, we judged
neurological outcome by CPC score, without long-term
neurological outcome. In conclusion, for drowning pa-
tients with cardiac arrest, ICU admission was associated
with the prognosis of neurological function. Among
the patients without cardiac arrest, the initial lactic acid
level was associated with the prognosis of neurological
function.
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Supplementary Table. Guidance for neurological outcomes in adult drowning in patients.

Item description

Explanation Other

1.

10

11.

Report the background of
drowning

. Report the difference of

drowning patients with CPR
and without CPR

. Report the patients
. Report the data we collected

. Report the statistical method

. Report the result of general

clinical data

. Report the result of

neurological outcome

. Report the result of

drowning patients without
cardiac arrest

. Report the result of

drowning patients with
cardiac arrest

. Report the result of logistic
regression

Report on treatment
strategies for drowning
patients

. Report submersion duration
was associated with
patients’ survival

. Report Initial resuscitation
was associated with
patients’ survival

. Report oxygenation was
associated with patients’
survival

. Report neurological
examination was associated
with patients’ survival

. Report temperature within
96 h of admission was
associated with patients’
survival

. Report Lactic acid was
associated with patients’
survival

Drowning is the third leading cause of unintentional death
worldwide and approximately 60,000 people died from
unintentional drowning in China.

CPR accounts for 30% drowning patients and the survival rate was
difference with other cardiac arrest.

We collected demographic and clinical data on drowning patients
between September 2006 and January 2020.

All data were collected from the medical record system and
analyzed from the day of admission to the day of discharge.

All data were recorded and analyzed using SPSS 21. We used
t-tests for continuous variables and Fisher's exact tests and chi-
square tests for categorical variables.

The demographic characteristics were assessed for the 142 adult
drowning patients.

The factors influencing neurological outcome of 142 adult
drowning patients.

The difference between good and poor neurological outcome of
drowning patients without cardiac arrest.

The difference between good and poor neurological outcome of
drowning patients with cardiac arrest.

Logistic regression analysis was performed to identify predictive
factors of neurological prognosis.

The primary goal of treatment is to improve the survival rate and
neurological outcome of drowning patients.

The American Heart Association (AHA) 2020 guidelines for
cardiopulmonary resuscitation suggest that submersion duration
is associated with patient survival and neurological outcomes. This
study was roughly consistent with other studies.

Initial resuscitation includes establishment of an airway, artificial
breathing (mouth-to-mouth breathing) and chest compression for
circulation.

The GCS score, alert-verbal-painful-unresponsive (AVPU) score and
Aristotle Basic Complexity (ABC) score are important factors in
evaluating the neurological function of patients at admission.

The lowest body temperature (36°C) within 96 h of admission
affects the prognosis of neurological function. The highest
temperature (38°C) within 96 h of admission was a predictive factor
of the prognosis of neurological function.

Lactic acid is a byproduct of anaerobic metabolism and a marker of
tissue hypoxia or shock. Lactic acid plays an important role in the
severity and prognosis assessment of shock patients.
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