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Abstract

Background: Drowning is a global threat and one of the leading causes of injury around the world. The impact of
drowning conditions including water salinity on patients’ prognosis remains poorly explored in Intensive Care Units
(ICUs) patients.

Methods: We conducted a retrospective multicenter study on patients admitted to 14 ICUs in the west of France
from January 2013 to January 2020. We first compared demographic and clinical characteristics at admission as well
as clinical courses of these patients according to the salinity of drowning water. Then, we aimed to identify variables
associated with 28-day survival using a Cox proportional hazard model.

Results: Of the 270 consecutive included patients, drowning occurred in seawater in 199 patients (73.7%) and in
freshwater in 71 patients (26.3%). Day-28 mortality was observed in 55 patients (20.4%). Freshwater was indepen-
dently associated with 28-day mortality (Adjusted Hazard Ratio (aHR) 1.84 [95% Confidence Interval (Cl) 1.03-3.29],
p=0.04). A higher proportion of freshwater patients presented psychiatric comorbidities (47.9 vs. 19.1%; p <0.0001)
and the etiology of drowning appeared more frequently to be a suicide attempt in this population (25.7 vs. 4.2%;
p<0.0001). The other factors independently associated with 28-day mortality were the occurrence of a drowning-
related cardiac arrest (aHR 11.5 [95% Cl 2.51-52.43], p=0.0017), duration of cardiopulmonary resuscitation (aHR 1.05
[95% CI 1.03-1.07], p<0.0001) and SOFA score at day 1 (aHR 1.2 [95% CI 1.11-1.3], p <0.0001).

Conclusions: In this large multicenter cohort, freshwater drowning patients had a poorer prognosis than saltwater
drowning patients. Reasons for such discrepancies include differences in underlying psychiatric comorbidity, drown-
ing circumstances and severities. Patients with initial cardiac arrest secondary to drowning remain with a very poor
prognosis.
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unintentional injuries worldwide [2]. Pathophysiology
includes the loss of the normal breathing pattern leading
to aspiration of water into the airways and to hypoxemia
that may rapidly progress to cardiac arrest [3]. Accord-
ingly, the cornerstones of drowning management are
based on acute respiratory failure and post-resuscitation
syndrome treatments that make the admission in ICU
necessary in a wide proportion of such patients [4].

Reported drowning-associated mortality rates vary
from 31 to 74% according to studies [1, 3-7]. Despite
improvement in drowning patients’ management [1, 4],
the prognosis of seriously ill drowning patients remains
closely correlated with the initial occurrence of drown-
ing-related cardiac arrest [8]. Moreover, cardiac arrest in
the context of drowning is mainly of hypoxic origin that
may be responsible for ischemia-induced organ damage
and severe residual anoxic brain damage in survivors
[9]. While studies mainly focused on the consequences
of drowning, circumstances as well as the environment
of the drowned person deserve to be investigated. Both
characteristics of the water (including location, salin-
ity and temperature) and the circumstances of drown-
ing such as patients’ demographics characteristics and
drowning features may influence the consequences of
drowning [7].

Characteristics of the water such as salinity could have
an impact on the induced biological disturbances as well
as on the severity of the pulmonary lesions observed at
admission [10]. Furthermore, drowning in freshwater
appears to be more frequently associated with a suicide
attempt, which could influence the outcome [11]. How-
ever, previous studies assessing the influence of water
salinity showed controversial results. Some of them sug-
gested a higher severity in freshwater patients without
exploring admission and ICU patterns [6]. More recently,
a matched cohort study reported deeper hypoxemia and
a trend toward higher mortality rates without reaching
statistical significance in freshwater drowning patients
[10]. Conversely, when comparing drowning related out-
of-hospital cardiac arrests, Dyson et al. suggested that
seawater drowning was associated with worsen outcomes
[12].

We have, therefore, conducted a multicenter retro-
spective cohort study on patients admitted to the ICU to
assess the influence of water salinity and drowning fea-
tures on short-term mortality.

Material and methods

Study design

We conducted a 7 years retrospective multicenter study
in 14 French ICUs (3 tertiary hospitals and 11 general
hospitals) in the west of France (Additional file 1: Fig. S1).
All consecutive adult patients (> 18 years old) admitted
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for drowning from January 2013 to January 2020 were
identified through International Classification of Dis-
eases (ICD) coding [13]. Drowning patients were defined
as patients that experienced respiratory impairment
from submersion or immersion in liquid in accordance
with the WHO definition [2]. The ethics committee of
the French Society of Intensive Care Medicine (CE SRLF
20-03) approved the study protocol. Informed consent
was not required in compliance with French legislation
on observational retrospective studies of anonymized
data.

Data collection and definitions

For each included patient, a standardized form was
used to collect data on demographics, medical history
(including the following psychiatric comorbid conditions:
depressive disorders, anxiety disorders, bipolar disorders
and psychotic disorders [14]). We also collected data on
the drowning episode (season of the year, type of water,
suspected mechanisms and circumstances, clinical find-
ings at the scene (Coma Glasgow Scale (CGS) score, loss
of consciousness, body temperature, cardiac arrest) and
on initial management (duration of cardiopulmonary
resuscitation (CPR) when performed, CPR before Emer-
gency Medical Service (EMS)). Data collected on ICU
admission included clinical parameters (mean blood
pressure, pulse oximetry and heart rate) and biologi-
cal parameters (PaO2, PaCO2, serum sodium level, and
leukocyte counts). PaO2 to FiO2 ratio in non-mechani-
cally ventilated patients was calculated by converting
02 flow to estimated FiO2 [15]. Finally, the severity of
illness and organ failures were assessed using the Sim-
plified Acute Physiology Score II (SAPS II) [16] and the
Sequential Organ Failure Assessment (SOFA) score [17].
Acute respiratory distress syndrome (ARDS) was defined
in accordance with international guidelines [18]. ICU
clinical course and management data were also collected
including the duration of invasive mechanical ventilation
(MV), neuromuscular blockers agents and catechola-
mine use, prone positioning, acute kidney injury defined
according to KDIGO criteria [19], renal replacement
therapy requirement and pneumonia occurrence defined
by the presence of a radiological pulmonary infiltrate per-
sisting for more than 24 h compatible with the diagnosis
of pneumonia associated with at least 3 of the following
signs: Positive microbiological respiratory samples, puru-
lent secretions, body temperature >38 °C without other
cause and leukocytes < 4000/mm? or > 10,000/mm?. Neu-
rological status at hospital discharge or at day 28 when
patients were still hospitalized was assessed by using the
Cerebral Performance Category (CPC) score [20]. Finally,
hospital survival status until day 28 was recorded.
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Statistical analysis

Continuous data are reported as median [interquartile
ranges (IQRs)] and categorical variables as number (%).
Survival rates were established by the Kaplan—Meier
method and compared by the log-rank test. For uni-
variate analysis, patients’ characteristics were compared
using Mann—Whitney test for continuous variables and
the Fisher’s or the Chi-square test, when appropriate, for
categorical variables. Regarding survival analysis, covari-
ables achieving a p value<0.1 in the non-adjusted analy-
sis, with no more than 10% missing data, were entered in
the adjusted analysis (Age, alcoholism, respiratory dis-
ease, drug use, presumed cardiac etiology for drowning,
winter or summer seasons, cardiac arrest occurrence,
CPR duration, GCS, temperature, loss of consciousness,
event witnessed, resuscitation before EMS, PaCO2, inva-
sive mechanical ventilation, SAPS2 and SOFA score).
A multiple backward stepwise selection procedure
eliminated those variables with an exit threshold set at
p=0.05. Interactions between variables were checked.
To handle missing values as potential confounders, miss-
ing data were imputed using a multiple imputation with
chained equations. Results are expressed by hazard ratios
(HR) with their 95% confidence interval (CI). All statisti-
cal analyses were two-sided, and P values less than 0.05
were considered statistically significant. Analyses were
performed using R software version 4.0.4 (https://www.
rproject.org).

Results

General characteristics

Over the study period, 270 patients were admitted to
ICU for drowning in participating ICUs of the west of
France. Baseline characteristics of patients are listed
in Table 1. Median inclusion number per center was 18
(IQR: 14-22). Patients were mainly male 161 (59.6%) with
a median age of 68 (54—75) years and 72 patients (26.7%)
had at least one psychiatric comorbidity. The presumed
etiology of drowning was accidental for 151 patients
(55.9%), a suicide attempt for 26 patients (10.1%). Drug or
alcohol intoxication and a presumed cardiac origin were,
respectively, observed in 30 and 48 patients. The overall
day-28 mortality was 20.4% (55/270).

Patient characteristics according to the drowning site

Drowning occurred in seawater for 199 patients (73.7%).
When comparing baseline characteristics of the patients
according to the salinity of the water, freshwater drown-
ing patients were younger and suffered more often from
psychiatric comorbidities (47.9 vs. 19.1%; p <0.0001). The
etiology of drowning appeared more frequently to be a
suicide attempt in freshwater drowning patients (4.2 vs.
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25.7%; p<0.0001) (Table 1). As shown in Fig. 1, seawa-
ter drowning occurred more frequently during summer
(79.4 vs. 38%; p<0.0001), while a higher proportion of
freshwater drowning occurred during winter and spring
(respectively 22.5 vs. 5%; p<0.0001 and 33.8 vs. 13.6%;
p=0.0004).

Severity of patients according to the drowning site

Freshwater drowning patients were more severe at the
scene and in ICU than saltwater drowning patients
(Table 1). They had more often an initial cardiac arrest
(50.7 vs. 33.7%; p=0.017), longer CPR and deeper con-
scious impairment at the drowning scene and, as a con-
sequence, required more often mechanical ventilation
(MV) (60.6 vs. 32.2%; p<0.0001). SOFA score at ICU
admission was higher in freshwater drowning patients (7
vs 2; p<0.0001). A loss of consciousness was also more
often observed in freshwater patients (83.1 vs. 69.8%;
p=0.04), and the events were less frequently witnessed
in this population. When excluding patients that undergo
an initial cardiac arrest, patients drowning in freshwater
also appeared to be more severe (Additional 1: Table S1).

Predictive factors for mortality at day 28

Freshwater drowning patients had worse CPC scores at
hospital discharge and a higher 28-day mortality than
saltwater drowning patients. Survival curves comparing
seawater and freshwater drowning patients are repre-
sented in Fig. 2. Risk factors for 28-day mortality in the
univariate analysis are presented in Table 2. By multivari-
ate Cox regression, freshwater was found to be indepen-
dently associated with 28-day mortality (adjusted Hazard
Ratio (aHR) 1.85 [95% Confidence Interval (CI) 1.02—
3.39], p=0.04). The following variables were also inde-
pendently associated with 28-day mortality: Occurrence
of a drowning-related cardiac arrest (aHR 11.5 [95% CI
2.51-52.43], p=0.0017), duration of cardiopulmonary
resuscitation (aHR 1.05 [95% CI 1.03-1.07], p<0.0001)
and SOFA score at day 1 (aHR 1.2 [95% CI 1.11-1.3],
p<0.0001) (Table 3). Noteworthy, in freshwater drown-
ing patients, mortality at day 28 appeared lower among
patients that drowned in pools, while we observed
higher mortality rates in patients that drowned in ponds
(respectively, HR 0.19 [95% CI 0.06—0.64], p =0.007 and
HR 2.31 [95% CI 1.06-5.05], p=0.03) (Additional 1:
Table S2).

Discussion

Our large multicenter study aimed to explore demo-
graphic, clinical and biological features of 270 ICU
drowning patients, the context of drowning as well as the
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Table 1 Characteristics of seawater and freshwater drowning patients

All patients Seawater patients Freshwater patients p value

n=270 n=199 n=71
Baseline characteristics
Age (years) 68 (54-75) 69 (59-77) 58 (35-69) <0.0001
Male sex 161 (59.6) 112 (56.3) 49 (69) 0.08
At least one psychiatric 72 (26.7%) 38 (19.1) 34 (47.9) <0.0001
comorbidity
Obesity 38(16.7) 27 (13.6) 1(15.5) 03
Alcoholism 42 (15.6) 24(12.1) 18 (25.3) 0.01
Cardiovascular disease 29(10.7) 20 (10) 9(12.7) 0.51
Respiratory disease 19(7.0) 9 (4.5) 10 (14.1) 0.29
Etiology 30(11.7) 18 (9.6) 12(017.1) 0.1
Drug or alcohol intoxication 26 (10.1) 8(4.2) 18(25.7) <0.0001
Suicide attempt 48 (18.7) 43 (23) 5(@.1) 0.006
Presumed cardiac 15(5.8) 9(4.8) 6(85) 0.23
Presumed neurologic 151 (55.9) 121 (60.8) 30(42.2) 0.01
Accident
Season 51(189) 27 (13.6) 24 (33.8) 0.0004
Spring 185 (68.5) 158 (79.4) 27 (38) <0.0001
Summer 8(3) 4(2) 4(5.6) 0.21
Autumn 26 (9.6) 10 (5) 16 (22.5) <0.0001
Winter
Scene information
Loss of consciousness 198 (73.3) 139 (69.8) 59(83.1) 0.04
CGS<13 29 (47.8) 81 (40.7) (87 3) 0.0002
Event witnessed 185 (68.5) 146 (73.4) 9(54.9) 0.006
Cardiac arrest 103 (38.1) 67 (33.7) (50 7) 0.017
Resuscitation before EMS 88 (854) 61(91.0) 27 (75.0) 0.03
EMS called 261 (96.7) 192 (96.5) 69 (97.8) 0.99
CPR duration 17.5 (5-30) 15 (5-30) 25(11-37) 0.037
Clinical and laboratory findings at ICU admission
Temperature (°C) 354 (33.5-36.6) 355 (34-36.6) 34.5(31.5-36.4) 0.0096
Leukocyte count (109/L) 11.3(84-16.1) 11.7 (8.8-16.1) 10.2 (7.2-15.8) 0.17
Pa02/FI02 (mm Hg/%) 142 (93-221) 141 (93-206) 162 (95-271) 0.24
PaCO2 (mmHg) 43 (38-51) 43 (38-50) 45 (39-55) 0.044
Sodium (mmol/L) 143 (138-147) 145 (141-148) 136 (132-140) <0.0001
Invasive MV at day 1 105 (38.9) 62 (32.2) 43 (60.6) <0.0001
SAPS Il at day 1 36 (26-63) 34 (26-55) 52 (28-74) 0.0026
SOFA atday 1 3(2-8) 2(1-6) 7(3-12) <0.0001
Clinical course and ICU management
Duration of mechanical ventilation (days) 3(2-6) 4 (2-6) 2 (2-5) 0.26
ARDS 102 (37.8) 59 (29.6) 43 (60.6) <0.0001
ARDS severity 10 (3.7) 6(3) 4(5.6) >0.99
Mild 44 (16.2) 25(12.6) 19 (26.8)
Moderate 48 (17.8) 28 (14.1) 20(28.2)
Severe
Neuromuscular blockers 55(204) 32(16.1) 23 (324) 0.0058
Prone positioning ventilation 21(7.8) 14(7) 7 (9.9) 0.44
Need for vasopressors 80 (29.6) 47 (23.6) 33 (46.5) 0.0005
AKI 58(21.5) 30 (15.1) 28(39.4) <0.0001
RRT use 9(3.3) 5(2.5) 4(5.6) 0.25
Presumed pneumonia 107 (39.8) 75(37.7) 32 (45.1) 0.36
ICU length of stay (days) 2(1-4) 2(1-4) 3(2-7) 0.14
CPC score at hospital discharge 1(1-2) 101-1) 1(1-5) 0.0002
Day-28 mortality 55 (204) 29 (14.6) 26 (36.6) 0.00015
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Table 1 (continued)
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Data are presented as median (IQR: interquartiles), n (%). P values comparing patients are tested by Mann-Whitney (continuous variables) and Chi2 or Fisher tests

(categorical variables)

Abbreviations: CPR: Cardiopulmonary resuscitation; EMS: Emergency Medical Services; GCS: Glasgow Coma Scale; SD: Standard Deviation; MAP: Mean Arterial Pressure;
Pa02: arterial oxygen tension; FiO2: Fraction of inspired Oxygen; PaCO2: Carbon dioxide tension; SAPS II: Simplified Acute Physiology Score Il SOFA: Sequential Organ
Failure Assessment; ICU: Intensive Care Unit. ARDS: Acute respiratory distress syndrome; RRT: Renal Replacement Therapy; AKI: Acute Kidney Injury;
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Fig. 1 Proportion of freshwater and seawater drowning patients
according to the season

psychiatric history of the patients seemed to have a sig-
nificant impact on the prognosis of the patients.

Several studies have been performed to determine risk
factors for mortality in drowning patients. These risk
factors might be dichotomized as follows: those related
to patient characteristics and to the course of drown-
ing and those related to water characteristics (such as

salinity, location or temperature). As reported before
[8], among the main factors associated with short-term
mortality, drowning-related cardiac arrest appeared to
be the most important. It is well known that bystander
CPR and the presence of witnesses in cardiac arrest
following drowning are associated with improved neu-
rologically favorable survival [9]. Therefore, the loca-
tion of drowning may influence patients’ prognosis due
to the presence of trained lifeguards who can initiate
early CPR whenever necessary. Of note, we found that
drowning in seawater occurred more frequently during
summer, the only season when lifeguards are on duty
in France. Since our study was conducted in western
France where swimming in freshwater is not a common
recreational practice, we observed a higher proportion
of intentional drowning in freshwater. Very few studies
have investigated whether drowning was suicidal or not
[11, 21, 22]. This important characteristic might influ-
ence the actual site of the suicide (freshwater or seawa-
ter) as well as the presence of a witness that may have an
impact on the early performance of resuscitation [23].
As a consequence, we found that freshwater drowning
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Fig. 2 Kaplan-Meier curve reporting unadjusted influence of type of water among drowning patients
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Table 2 Characteristics of drowning patients according to survival status at day-28
All patients Survived at Day-28 Dead at Day-28 HR 95% Cl p value
n=270 n=215 n=>55
Baseline characteristics
Age (years) 68 (54-75) 63.5 (58-75) 62 (48-73.5) 0.98 0.97-0.99 0.01
Male sex 161 (59.6) 123 (57.2) 38(69.1) 1.60 0.90-2.83 0.11
At least one psychiatric comorbidity 72 (26.7%) 54 (25.1) 18 (32.7) 1.39 0.79-2.44 0.25
Obesity 38(16.7) 29(15.9) 9(20) 1.12 044-2.83 0.8
Alcoholism 42 (15.6) 27 (12.6) 15(27.3) 225 1.24-4.10 0.007
Cardiovascular disease 29(10.7) 24(11.2) 5(9.1) 0.77 0.31-1.94 0.58
Respiratory disease 19(7.0) 12 (5.6) 7(12.7) 212 0.96-4.70 0.06
Epilepsy 16 (5.9) 13 (6) 3(54) 0.88 0.27-2.82 0.83
Etiology 30(11.7) 19 (9.1) 11(22.9) 2.08 1.08-4.04 0.03
Drug or alcohol intoxication 26 (10.1) 19(9.1) 7(14.6) 138 0.62-3.05 043
Suicide attempt 48(18.7) 46 (22) 2(4.2) 0.16 0.04-0.64 0.01
Presumed cardiac 15(5.8) 12(5.7) 3(6.2) 1.03 0.32-3.31 0.95
Presumed neurologic 151 (55.9) 119(55.3) 32(58.2) 1.13 0.66-1.94 0.64
Accident
Season 51(189) 40 (18.6) 11 (20) 1.08 0.56-2.1 0.81
Spring 185 (68.5) 154 (71.3) 31 (56.4) 0.56 0.33-0.95 0.03
Summer 8(3) 6(2.8) 2(3.6) 141 0.34-5.79 063
Autumn 26 (9.6) 15 (7) 11 (20) 2.59 1.34-5.02 0.0047
Winter
Scene information
Type of water 199 (73.7) 170 (79.1) 29 (52.7) 293 1.72-4.97 <0.0001
Seawater 71(26.3) 45 (20.9) 26 (47.3)
Freshwater
Loss of consciousness 197 (72.9) 150 (69.8) 47 (85.4) 297 135-75 0.01
CGS<13 129 (47.8) 76 (35.3) 53 (96.4) 37.2 9.1-1529 <0.0001
Event witnessed 185 (68.5) 158 (73.5) 27 (49.1) 0.35 0.19-0.64 0.0007
Cardiac arrest 103 (38.1) 50(23.2) 53(96.4) 60.26 14.7-247.5 <0.0001
Resuscitation before EMS 88 (85.4) 49 (98) 39 (70.9) 0.06 0.003-0.33 0.008
EMS called (%) 261 (96.7) 207 (96.3) 54 (98.2) 2.09 0.97-39.1 049
CPR duration 17.5 (5-30) 5(2.25-10) 30 (24.5-35) 1.09 1.08-1.11 <0.0001
Clinical and laboratory findings at ICU admission
Temperature (°C) 354 (33.5-36.6) 35.9(34.5-36.8) 324 (30.5-34) 0.69 0.64-0.75 <0.0001
Leukocyte count (109/L) 113 (84-16.1) 11.3(8.7-15.7) 11.1(8-18.2) 1.00 0.99-1.01 0.82
Pa02/FIO2 (mm Hg/%) 142 (93-221) 141 (94-204) 144 (80-248) 1.00 0.99-1.00 047
PaCO2 (mmHg) 43 (38-51) 43 (38-49) 48 (36-61) 1.03 1.02-1.05 <0.0001
Sodium (mmol/L) 143 (138-147) 143 (139-146) 143 (134-148) 0.99 0.95-1.03 0.51
Invasive MV at day 1 105 (38.9) 54(25.1) 51(92.7) 26.65 9.62-73.81 <0.0001
SAPS Il at day 1 36 (26-63) 31 (24-42) 77 (68-90) 1.07 1.06-1.09 <0.0001
SOFA atday 1 3(2-8) 2 (1-5) 12 (9-15) 137 1.3-145 <0.0001

Data are presented as median (IQR: interquartiles), n (%). P values comparing patients are tested by Cox model

Abbreviations: CPR: Cardiopulmonary resuscitation; EMS: Emergency Medical Services; GCS: Glasgow Coma Scale; SD: Standard Deviation; MAP: Mean Arterial
Pressure; PaO2: arterial oxygen tension; FiO2: Fraction of inspired Oxygen; PaCO2: Carbon dioxide tension; SAPS II: Simplified Acute Physiology Score Il SOFA:

Sequential Organ Failure Assessment

occurred more frequently in patients with psychiatric
comorbidities. Similarly, within our cohort, the propor-
tion of patients with psychiatric comorbidities appeared
to be higher among patients drowning in freshwater
although this characteristic did not appear to be associ-
ated with mortality in critically ill patients [14].

Although we did not assess water temperature, when
assessing the season of the year of drowning occur-
rence, we observed worsen outcomes among patients
that drowned during cold seasons (winter). The effect
of water temperature on drowning outcomes seems
debated. Quan et al. showed better neurological out-
comes among drowning patients in water > 16 °C, while
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Table 3 Adjusted analysis for mortality at day-28

Variable Adjusted 95% Cl p value
Hazard
Ratios
Initial cardiac arrest 115 2.51-5243 0.0017
Duration of cardiopulmonary 1.05 1.03-1.07  <0.0001
resuscitation (1-min increment)
Freshwater 1.84 1.03-3.29 0.04
SOFA score at day 1 (1-point 1.2 1.11-1.3 <0.0001

increment)

in a study assessing survival at 1 month [4], Claesson
et al. did not show any association between water tem-
perature and survival [24].

A higher mortality rate among freshwater patients had
already been described before [7, 12, 25]. Salinity of the
water may affect the outcomes. First, seawater drowning
associated-acute respiratory failure is mediated by the
aspiration of water with a high content of sodium that
may promote acute lung injury induced by alveoli inflam-
mation, DNA damage and apoptosis [26-28]. Moreo-
ver, an experimental study assessing the severity of lung
injury according to the salinity showed higher severity
in seawater-drowned rabbits [29]. Almost one-third of
the whole population of our patients fulfilled the criteria
for ARDS [18]. However, we observed a higher propor-
tion of patients developing ARDS in freshwater patients
that could be related to the duration of immersion and
the higher proportion of drowning-related cardiac arrest
in these patients. Moreover, a recent review on pulmo-
nary lesions induced by drowning highlighted the lack of
evidence regarding the treatment of drowning associated
ARDS [30].

Noteworthy, natremia appeared logically lower in
freshwater patients, which may also have had an impact
on hypoxic neurological sequelae [31, 32].

In addition to water salinity, inhalation of pathogens
may also induce lung inflammation and promote the
development of pneumonia. In the present study, 39.8%
of patients developed a presumed pneumonia that is
the most common infectious complication of drown-
ing [33]. Some studies performed on freshwater drown-
ing patients reported high rates of multidrug resistant
microorganisms in such pneumonia [34, 35], while the
largest cohort of seawater drowning associated-pneumo-
nia showed that microorganisms found from respiratory
samples are mostly bacteria with a low rate of antibiotic
resistance [35]. These differences could have resulted in
an inadequate empirical antibiotic therapy and worsened
the outcome of freshwater drowning patients.
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Some limitations have to be acknowledged. First, our
study was conducted on adult ICU patients only; thus,
the conclusions cannot be generalized to the whole
drowning population. However, observations and results
are in agreement with previous studies implying an
acceptable external validity. Second, as mentioned before,
our study was retrospective; this design was required due
to the low incidence of the severe drowning managed in
ICUs. However, the large number of participating ICUs
in western France produces a reliable picture of critically
ill drowning patients. Third, our analysis did not take into
account the Szpilman classification, which has often been
used in the past to describe the drowned [1]. However,
the value of this classification in predicting the prognosis
of patients other than those in cardiac arrest has recently
been questioned [8]. Moreover, drowning-related cardiac
arrest can be responsible for neurological sequelae lead-
ing to discontinuation of care for some patients. Practices
concerning the discontinuation of care may vary accord-
ing to the patients and according to the centers, which
can lead to different deadlines without the origin of the
death having any influence.

Finally, recent advances in the management of car-
diac arrests, including preventive antibiotic use [36] and
targeted temperature management [37, 38], may have
improved the prognosis of cardiac arrests associated with
drowning which could explain the lower mortality rate
observed in this cohort than previously described [7, 10].

Conclusion

Our large retrospective study on drowning patients man-
aged in ICU highlights that the features of drowning as
well as the salinity of drowning water have a significant
impact on the fate of drowned patients. The identifica-
tion of risk factors for mortality may help clinicians pro-
vide prognostic orientation.
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