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Background: While several scoring systems have been developed to predict short-term outcome in out-of-
hospital cardiac arrest patients, there is currently no dedicated prognostic tool for drowning-associated cardiac
arrest (DACA) patients.
Methods: Patients experiencing DACA from two retrospective multicenter cohorts of drowning patients were
included in thepresent study. Among the patients from the development cohort, risk-factors for day-28mortality
were assessed by logistic regression. A prediction score was conceived and assessed in patients from the
validation cohort.
Results: Among the 103 included patients from the development cohort, the day-28 mortality rate reached 51%
(53/103). Identified independent early risk-factors for day-28mortality included cardiopulmonary resuscitation
duration longer than 20min (OR 6.40 [95%CI 1.88–23.32]; p=0.003), temperature at Intensive Care Unit admis-
sion <34 °C (OR 8.84 [95% CI 2.66–32.92]; p < 0.001), need for invasive mechanical ventilation (OR 6.83 [95%
CI 1.47–40.87]; p = 0.02) and lactate concentration > 7 mmol/L (OR 3.56 [95% CI 1.01–13.07]; p = 0.04). The
Area Under the ROC Curve (AUC) of the developed score based on those variables reached 0.91 (95%
CI, 0.86–0.97). The optimal cut-off for predicting poor outcomes was 4 points with a sensitivity of 92% (95%
CI, 82–98%), a specificity of 82% (95% CI, 67–91%), a positive predictive value (PPV) of 84% (95% CI, 72–95%)
and a negative predictive value (NPV) of 91% (95% CI, 79–96%). The assessment of this score on the validation co-
hort of 81 patients exhibited an AUC of 0.82. Using the same 4 points threshold, sensitivity, specificity, PPV and
NPV values of the validation cohort were: 81%, 67%, 72% and 77%, respectively.
Conclusion: In patients suffering from drowning induced initial cardiac arrest admitted to ICU with a DACA
score ≥ 4, the likelihood of survival at day-28 is significantly lower. Prospective validation of the DACA score
and assessment of its usefulness are warranted in the future.
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1. Introduction

Despite advances in the prevention and management of drowning
patients [1], drowning remains a global public health concern resulting
in >372,000 deaths worldwide [2]. Critically ill drowning patients may
experience Drowning-Associated Cardiac Arrest (DACA) due to hypoxia
caused by inhalation ofwater into the lungs [3]. The occurrence of DACA
of Health and Social Security de ClinicalKey.es por Elsevier en julio 17, 2024. 
ización. Copyright ©2024. Elsevier Inc. Todos los derechos reservados.
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has been described as having a major influence on prognosis with
survival rates ranging from 43% to 54% [4,5]. The uncertain prognosis
of these patients is mainly promoted by brain hypoxic injury and
ischaemia-reperfusion phenomenon. Management of DACA is
standardized andmainly based on symptomaticmeasures including by-
standers' cardiopulmonary resuscitation [6]. However, beyond the ini-
tial management of these patients, outcomes may vary depending on
several factors such as the duration as well as the circumstances of the
drowning process [7-9].

Although early accurate assessment of prognosis to identify patients
that would benefit from intensive care is necessary, prognostication
tools for survival of DACA patients remain poorly explored. Therefore,
we sought to develop a clinico-biological score to predict poor outcomes
in patients admitted to intensive care units (ICUs) after the occurrence
of a DACA.

2. Methods

2.1. Setting and patients

For the development cohort, we performed an ancillary analysis of a
7-year retrospective multicenter study conducted in 14 ICUs, including
drowned adult patients (≥18 years old) [10]. Only patients with initial
DACA were included in the present study.

The multicenter validation cohort was composed of patients that
suffered from initial DACA among the study population of a multicenter
retrospective study including critically ill drowning patients from June
2010 to September 2013 [11]. There was no data overlap between the
development and the validation samples.

As the usefulness of a prognostic score for survival in patients with
cardiac arrest might be considered greater for those requiring subse-
quent ICU hospitalization, the prognostic score was evaluated only in
patients with DACA hospitalized in the ICUs.

The study protocol was approved by the ethical committee of the
French Society of Intensive Care Medicine (CE SRLF 22–067).

2.2. Data collection

Collected data included pre-hospital demographic characteristics,
comorbidities and drowning features (presumed etiology of drowning,
water salinity, presence of a witness and Cardiopulmonary Resuscita-
tion (CPR) duration). Clinical and biological parameters at ICU
admission recorded comprised temperature, mean arterial pressure,
PaO2/FIO2 ratio, PaCO2, arterial lactate levels, leukocyte count, severity
score (SAPS II: Simplified Acute Physiology Score II [12] and SOFA: Se-
quential Organ Failure Assessment [13]) and need for invasive mechan-
ical ventilation. Organ dysfunctions, treatments received and outcomes
(day-28mortality, length of stay,mechanical ventilation duration)were
also collected. Neurological status at hospital discharge was assessed
using the Cerebral Performance Category (CPC) scale [14].

2.3. Objectives

We first aimed to compare patients' characteristics according to
day-28 survival status. Then, risk-factors for poor outcomes were
assessed. Finally, we sought to develop a clinico-biological score to pre-
dict day-28 mortality among the study population. This prognosis score
was assessed in a validation cohort.

2.4. Statistical analysis

Descriptive statistics were used to assess characteristics of the study
population according to day-28 survival status. Continuous variables
were reported as median (interquartile range) and compared between
groups using the Mann-Whitney test. Categorical variables were de-
scribed as number (percentages) and compared using the Fisher's
70
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exact or the Chi2 tests, as appropriate. Risk-factors for day-28 mortality
were first assessed by performing a univariate logistic regression. Non-
collinear variables achieving a p value <0.2 in the bivariable analysis
were subjected to a multivariable analysis. A multiple backward step-
wise procedure with an exit threshold set at p = 0.05 was performed
to select variables of the final model. Results of logistic regression
analysis were expressed as Odds Ratio (OR) with their 95% confidence
intervals (95% CI). Finally, variables independently associated with
day-28 morality were selected to develop a prediction score of poor
prognoses, attributing weights according to the logistic regression
β-coefficients. The discrimination performance of the developed predic-
tion score was performed using the area under the receiver-operating
characteristic (ROC) curve. We determined optimal cutoff using the
Youden index. The prediction of mortality according to the different
values of the score developed was determined by using the intercept
term from the logistic regression of the survival status at day 28 accord-
ing to the score (DACA score), and then by applying the following
formula: predictedprobability=1 / (1+e^(−(DACAScore+intercept
term))).

External validation of the developed score was assessed using data
from the validation cohort. Using the “MICE” R package (R Foundation
for Statistical Computing, Vienna, Austria) and assuming that missing
data were randomly missing, multiple imputation using Monte Carlo
Markov chained equations was used to generate 5 data sets without
missing values. Overall, 30 and 75missing values (in 29 and 54patients)
were imputed in the development and validation cohort, respectively.

A p value <0.05 was considered significant, and all p values were
two-tailed. Statistical analyses were done using R software version
4.0.4 (https://www. rproject.org) and Easy Med Stat© (www.easy-
med-stat.com).

The design of this study followed the Transparent Reporting of a
multivariable prediction model for Individual Prognosis (TRIPOD)
checklist [15].

3. Results

3.1. Development cohort

Among the 270 identified ICU drowned patients, 103 experienced
initial cardiac arrest and were included in the present study. Return of
spontaneous circulation was achieved for all of them. Among those
patients, the day-28 mortality rate reached 51% (53/103). Neurological
sequelae assessment revealed that 55/103 patients (53.4%) had unfa-
vorable neurological status (A CPC score > 2).

Demographic characteristics did not differ according to survival sta-
tus (Table 1). Patients with worsened outcomes downed more fre-
quently in freshwater (45.3% (24/53) versus 22% (12/50); p = 0.04)
and had longer CPR duration (30 min (IQR 23–40) versus 5 min (IQR
2–14); p < 0.001). The presence of a witness during drowning was
less frequent among patients who died within the first 28 days after
ICU admission (49.1% (26/53) versus 72% (36/50); p=0.03). Tempera-
ture at ICU admission as well as mean arterial pressure were lower
among patients that died compared with survivors (respectively,
32.3 °C (30.5–33.6) versus 35.4 °C (34.2–36.6); p < 0.001 and
72 mmHg (59–88) versus 90 mmHg (78–102); p < 0.001). Patients
who died had higher lactate blood concentration (10.20 mmol/L
(7.6–13.7) versus 4.05mmol/L (2.12–7.60); p< 0.001) and required in-
vasive mechanical ventilation at ICU admission more frequently (100%
(53/53) versus 50% (25/50); p < 0.001).

3.2. Predictors of outcome

Identified independent risk-factors for day-28 mortality included
CPR duration longer than 20 min (OR 6.40 [95% CI 1.88–23.32]; p =
0.003), temperature at ICU admission <34 °C (OR 8.84 [95% CI
2.66–32.92]; p < 0.001), need for invasive mechanical ventilation (OR
ealth and Social Security de ClinicalKey.es por Elsevier en julio 17, 2024. 
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Table 1
Characteristics of drowning patients according to day-28 survival status.

All patients
n = 103

Survivors
n = 50

Dead
n = 53

p value

Baseline characteristics
Age (years) 62 (51–72) 62 (55–72) 60 (48–72) 0.212
Male sex 64 (62.1) 28 (56) 36 (68) 0.297
At least one psychiatric comorbidity 28 (27.2) 10 (20) 18 (34) 0.171
Obesity 15 (14.6) 6 (14) 9 (20.5) 0.604
Alcoholism 21 (20.4) 6 (12) 15 (28.3) 0.071
Cardiovascular disease 5 (4.8) 1 (2) 4 (7.5) 0.395

Etiology
Drug or alcohol intoxication 18 (17.5) 7 (14) 11 (20.8) 0.520
Suicide attempt 9 (9) 2 (4) 7 (13.2) 0.192
Presumed cardiac 13 (12.6) 11 (22) 2 (3.8) 0.013
Presumed neurologic 8 (7.8) 5 (10) 3 (5.7) 0.650
Accident 55 (53.4) 25 (50) 30 (56.6) 0.636

Scene Information
Type of water: freshwater 36 (34.9) 12 (24.0) 24 (45.3) 0.040
Event witnessed 62 (60.2) 36 (72.0) 26 (49.1) 0.030
Asystolia 85 (82.5) 40 (80.0) 45 (84.9) 0.692
CPR duration (minutes) 17 (5–30) 5 (2–14) 30 (23–40) <0.001

Clinical and laboratory findings at ICU admission
Temperature (°C) 34 (32–36) 35.4 (34.2–36.6) 32.3 (30.5–33.6) <0.001
Mean arterial pressure (mmHg) 81 (67–95) 90 (78–102) 72 (59–88) <0.001
Leukocyte count (109/L) 11.7 (8.3–17) 12.15 (8.3–16.1) 11.1 (8.4–18.3) 0.588
PaO2/FIO2 (mm Hg/%) 141 (83–239) 131 (92–188) 152 (72–270) 0.325
PaCO2 (mmHg) 48 (39–57) 48 (39.65–54.75) 49 (37–62) 0.524
Invasive MV at day 1 78 (75.7) 25 (50) 53 (100) <0.001
Lactate (mmol/L) 7.6 (3.9–10.8) 4.05 (2.12–7.60) 10.20 (7.6–13.7) <0.001
SAPS II at day 1 65 (41–82) 39 (26–58) 78 (70–91) <0.001
SOFA at day 1 8 (4–12) 3.5 (1–8) 12 (9–15) <0.001

Clinical course and ICU management
Duration of mechanical ventilation (days) 3.5 (2–6) 4 (2–6) 3 (2–6) 0.808
Neuromuscular blockers 45 (43.7) 9 (18) 36 (67.9) <0.001
Prone positioning ventilation 17 (16.5) 5 (10) 12 (22.6) 0.144
Need for vasopressors 61 (59.2) 13 (26.0) 48 (90.6) <0.001
AKI 44 (42.7) 7 (14.0) 37 (69.8) <0.001
RRT use 8 (7.8) 0 (0.0) 8 (15.1) 0.013
SOFA at day 3 6 (0−11) 3 (0–11) 8 (0−12) 0.375
CPC score > 2 at discharge 55 (53.4) 2 (4) 53 (100) <0.001
ICU length of stay (days) 3 (2–7) 3 (2–6) 3 (2–7) 0.912

Data are presented asmedian (IQR: interquartiles), n (%). P values comparing patients are tested byMann-Whitney (continuous variables) and Chi2 or Fisher tests (categorical variables).
Abbreviations: AKI: Acute Kidney Injury; CPC: Cerebral Performance Category; CPR: Cardiopulmonary resuscitation; FiO2: Fraction of inspired Oxygen; ICU: Intensive Care Unit; PaO2:
arterial oxygen tension; PaCO2: Carbon dioxide tension; RRT: Renal Replacement Therapy; SAPS II: Simplified Acute Physiology Score II SOFA: Sequential Organ Failure Assessment.
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6.83 [95% CI 1.47–40.87]; p = 0.02) and lactate concentra-
tion > 7 mmol/L (OR 3.56 [95% CI 1.01–13.07]; p = 0.04) (Table 2).
From the model's result, a scoring system was developed (Table 3).
The ROC curve was used to assess the discriminatory capacity of the
DACA score (Fig. 1). The AUC of the ROC curve reached 0.91 (95% CI,
0.86–0.97). The optimal cut-off for predicting poor outcomes was 4
points with a sensitivity of 92% (95% CI, 82–98%), a specificity of 82%
(95% CI, 67–91%), a positive predictive value of 84% (95% CI, 72–95%)
and a negative predictive value of 91% (95% CI, 79–96%). The density
of mortality within 28 days observed in the study population according
to the value of the score developed is shown in Supplementary Fig. 1.
Predicted probabilities of death according to the DACA score are
displayed in Table 4.

3.3. Validation cohort

The validation cohort was composed of 81 patients that experienced
drowning-associated cardiac arrest. The main characteristics of those
patients are displayed in the Supplementary Table 1. Of them, 42 died
within the first 28 days after ICU admission (51.8%). In this cohort, the
AUC of the ROC curve for the DACA score was 0.82 (95% CI 0.74–0.91),
the sensitivity and the specificity for a cut-off of 4 points were 81%
and 67%, respectively. Finally, positive predictive value and negative
predictive values were 72% and 77%, respectively (Fig. 2).
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3.4. Sensitivity analysis

When analyzing only patients that received initialmechanical venti-
lation of the development cohort (n= 78), similar baselines character-
istics differences according to ICU survival status were observed
(Supplementary Table 2). In addition, CPR duration >20 min and body
temperature < 34 °C remained independently associated with higher
ICU mortality rates (OR 11.64 [95% CI 3.43–47.22]; p = 0.002 and OR
8.12 [95% CI 2.40–31.92]; p = 0.001, respectively) (Supplementary
Table 3).

4. Discussion

In the present study, performed in patients experiencing drowning-
associated cardiac arrest admitted to ICUs, we developed and validated
a predictive model designed from easy to assess variables, to estimate
the probability of mortality at day-28 after ICU admission.

Overall, mortality rate reached 51% in the development cohort and
nearly 52% in the validation cohort. Despite a hypoxic origin, this mor-
tality rate appears particularly low as compared with previous studies
that focused on cardiac arrest with non-shockable rhythm [16]. Such a
good prognosis emphasizes the need for prolonged CPR and the devel-
opment of prognostication scores. Furthermore, in the development co-
hort, a quarter of DACA patients did not require mechanical ventilation.
ealth and Social Security de ClinicalKey.es por Elsevier en julio 17, 2024. 
ción. Copyright ©2024. Elsevier Inc. Todos los derechos reservados.



Table 2
Univariate and Multivariate analysis of factors associated with day-28 mortality.

Crude OR Adjusted OR

Beta OR 95% CI p value Beta OR 95% CI p value

Baseline characteristics
Age (years) −0.01 0.98 0.96–1.00 0.15
Male sex 0.51 1.66 0.75–3.75 0.21
At least one psychiatric comorbidity 0.72 2.06 0.85–5.19 0.11
Obesity −0.43 0.65 0.14–2.31 0.54
Alcoholism 1.06 2.89 1.06–8.80 0.045
Cardiovascular disease 1.39 4 0.57–79.75 0.22
Diabetes −1.04 0.35 0.05–1.72 0.23
Etiology
Drug or alcohol intoxication 0.47 1.61 0.58–4.74 0.37
Suicide attempt 1.29 3.65 0.83–25.3 0.12
Presumed cardiac −1.97 0.14 0.02–0.56 0.01
Presumed neurologic −0.62 0.54 0.11–2.33 0.42
Accident 0.27 1.30 0.60–2.85 0.50
Scene Information
Type of water: Freshwater 0.96 2.62 1.14–6.25 0.02
Event witnessed −0.98 0.37 0.16–0.84 0.019
Asystolia
CPR duration >20 min 2.89 17.94 6.97–51.43 <0.001 1.86 6.40 1.88–23.32 0.003
Clinical and laboratory findings at ICU admission
Temperature < 34 °C 2.94 18.90 7.22–55.89 <0.001 2.18 8.84 2.66–32.92 <0.001
PaO2/FIO2 (mm Hg/%) 0.00 1.00 1.00–1.01 0.08
PaCO2 (mmHg) 0.01 1.01 0.99–1.03 0.18
Invasive MV 3.05 21.21 6.64–95.46 <0.001 1.92 6.83 1.47–40.87 0.02
Lactate >7 mmol/L 1.97 7.18 3.08–17.71 <0.001 1.28 3.56 1.01–13.07 0.04

Abbreviations: CPR: Cardiopulmonary Resuscitation; FiO2: Fraction of inspired Oxygen; ICU: Intensive Care Unit; MV: Mechanical Ventilation; PaO2: arterial oxygen tension; PaCO2:
Carbon dioxide tension.
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Such a low proportion of patients placed on mechanical ventilation
could reflect the reversibility of the DACA mechanism. Therefore,
driving rapid improvement of the patient's general conditionwhen car-
diopulmonary resuscitation is initiated early enough.

Our scoring system offered an interesting tool for early and reliable
prognostic assessment. In this study, the scoring system developed
exhibited a good discrimination performance to predict survival at
day-28. However, when the scorewas analyzed in the validation cohort,
the prognostic performance was poorer (i.e., the AUC was 0.82). This
might have been favored by the differences between the two popula-
tions. Although the two cohorts included patients suffering from
DACA, patients from the validation cohort experienced drowning in
freshwater less often whereas they were younger, less often suffering
from obesity. Of them, a suicide attempt was also less frequently the
presumed etiology of drowning. Furthermore, there are other possible
reasons for this poorer performance, such as the geographical area in
which patients were included, since all patients included in the valida-
tion cohort were hospitalized in hospitals in the south of France,
whereas those in the development cohort were included in hospitals
in western France. In addition, the inclusion period was different,
since patients included in the development cohort were hospitalized
between 2013 and 2020, whereas those in the validation cohort were
admitted between 2010 and 2013.

In the present study, CPR duration >20min appeared to be a predic-
tor of worsened outcome. There are several possible reasons for this
finding. Firstly, a longer CPR duration implies an increase in low-flow/
low-oxygen time, which may favor the intensity of post-resuscitation
Table 3
Equation of the DACA score.

Covariates No. of Points

CPR duration >20 min 2
Temperature < 34 °C 2
Invasive MV at ICU admission 2
Lactate >7 mmol/L 1

Abbreviations: CPR: Cardiopulmonary Resuscitation; MV: Mechanical
Ventilation; ICU: Intensive Care Unit.
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syndrome and neurological sequelae. Secondly, longer CPR duration
may also reflect initial severity, including immersion time and no-flow
time.

The challenge of prognostication of cardiac arrest patients is a global
concern. Early identification of patients with expected poor outcomes
may help physicians to adjust themanagement of these critical patients.

Several tools for risk prediction have been developed for patients
experiencing out-of-hospital cardiac arrest (OHCA) [17,18]. However,
the rates of patients with unfavorable neurologic outcomes observed
along these studies were higher, ranging from 59.8% to 74%, as com-
paredwith 53.4% in our cohort. Such differences in outcomes emphasize
the specificities of DACA [19].
Fig. 1. Receiver operator characteristic curve for predictive model using the development
cohort. The curve is based on a diagnosis-prediction model of poor prognosis at Day-28
after ICU admission incorporating 4 variables: Cardiopulmonary resuscitation >20 min,
temperature< 34 °C, invasivemechanical ventilation at ICU admission and lactate>7mM.

ealth and Social Security de ClinicalKey.es por Elsevier en julio 17, 2024. 
ción. Copyright ©2024. Elsevier Inc. Todos los derechos reservados.



Table 4
Prediction of death within 28 days after ICU admission according to DACA score.

DACA score Probability of death within 28 days after ICU admission

0 2.8%
1 7.2%
2 17.5%
3 36.6%
4 68.7%
5 82.5%
6 92.7%
7 97.2%
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In addition, the relatively good performance of the prognostic score
developedmay reflect the homogeneous nature of the population stud-
ied, which is not always the case, especially in studies dedicated to all
types of cardiac arrest. Only a few studies have examined outcome pre-
dictors following drowning associated cardiac arrest. Moreover, most of
them were not focused on ICU patients and mainly used large
population-based databases. Furthermore, to our knowledge, none of
them aimed to generate an easy to assess prognostic score.

In the present study, hypothermia appeared to be associated with
worsened outcomes. Although hypothermia may limit the neurological
sequelae induced by cardiac arrest, in the setting of drowning, hypo-
thermia may be assumed to reflect longer immersion and/or cardiac ar-
rest, resulting in a higher mortality rate. Furthermore, although the
developed score focuses on patients admitted to ICUs, prompting a
question regarding the potential dissimilarities if the prognostic score
were to be applied to patients in the emergency department. However,
itmay be considered that a scoring system to predict survival in patients
with initial cardiac arrest is primarily useful for patients requiring
further hospitalization after admission to the emergency department.
Since it can be assumed that patients suffering from drowning associ-
ated cardiac arrest will either die quickly in the emergency department,
require ICU admission (and may then either die or survive), or rapidly
improve (rendering the survival score useless).

Our study suffers from several limitations. Firstly, although some-
times useful for guiding the management of patients, the results of
predictive scores are not absolute and must only be considered as sup-
plementary information. Therapeutic strategies may consider their re-
sults but should not be only based on these scoring systems. Secondly,
practices regarding discontinuation of care in patients with neurological
sequelae induced by cardiac arrest may vary among centers and pa-
tients. This may have contributed to heterogeneity in timing and
Fig. 2. Receiver operator characteristic curve for predictive model using the validation
cohort.
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management of the end of life. Thirdly, the long study period of the
development cohort (7 years)may have resulted inmanagement differ-
ences over time. Notably, preventive antibiotic use [20] and targeted
temperature management in patients with cardiac arrest [16,21] may
have varied and could explain the improved survival observed in the
present cohort as compared with previously observed. Fourthly, as our
study focused on ICU patients, the development of a similar score for
emergency department patients may have led to potential dissimilar-
itiesmaking the applicability of the score in different healthcare settings
uncertain. Finally, the discriminatory abilities of the developed score
appeared lower when assessed in the validation score, whichmay indi-
cate a potential limitation in the generalizability of the prognostic score.
Although the two populations had different baseline characteristics, and
some residual confounding factors (such as geographic area of hospital-
ization, period of inclusion…) may have favored these differences in
discriminatory abilities, a prospective evaluation of the developed prog-
nostic score should be considered.

To conclude, in two large multicenter retrospective cohorts of
patients experiencing DACA, we generated an easy and reliable
clinico-biological scoring system based on risk-factors for mortality. In
patients suffering fromdrowning induced initial cardiac arrest admitted
to ICU with a DACA score ≥ 4, the likelihood of survival at day-28 is sig-
nificantly lower. Prospective validation of the DACA score and assess-
ment of its usefulness are warranted in the future.

Ethics approval and consent to participate

This study conforms to the principles outlined in the Declaration of
Helsinki and was approved by ethics committee of the French Society
of Intensive Care Medicine (CE SRLF 22–067).

Funding

No funding was received for this work.

CRediT authorship contribution statement

Florian Reizine:Writing – review& editing,Writing – original draft,
Methodology, Investigation, Funding acquisition, Formal analysis, Data
curation, Conceptualization. Agathe Delbove: Writing – review &
editing, Data curation, Conceptualization. Guillaume Rieul: Methodol-
ogy, Formal analysis. Laetitia Bodenes: Investigation, Data curation.
Pierre Bouju: Investigation, Data curation. Pierre Fillâtre: Writing –
review & editing, Methodology, Investigation, Data curation, Conceptu-
alization. Aurélien Frérou: Writing – review & editing, Investigation,
Data curation.Olivier Lesieur:Writing– review& editing, Investigation,
Data curation. Thibaut Markarian:Writing – review & editing, Investi-
gation, Data curation, Conceptualization. Arnaud Gacouin: Conceptual-
ization, Data curation, Investigation, Writing – review & editing.

Data availability

The datasets from this study are available from the corresponding
author on request.

Declaration of competing interest

The authors report no conflict of interest related to this work.

Acknowledgments

We thank the members DROWNAP Study group (to be searchable
through their individual PubMed records). Guillaume Halley (Quim-
per), Alexandre Dos Santos (La Roche sur Yon), Patricia Courouble
(Saint Nazaire), Florian Berteau (Morlaix), Jean Morin (Nantes), Flora
ealth and Social Security de ClinicalKey.es por Elsevier en julio 17, 2024. 
ción. Copyright ©2024. Elsevier Inc. Todos los derechos reservados.



F. Reizine, P. Michelet, A. Delbove et al. American Journal of Emergency Medicine 81 (2024) 69–74
Delamaire (Rennes), Rémy Marnai (Le Mans) Anthony Le Meur
(Cholet), Cécile Aubron (Brest), Jean Reignier (Nantes), Yannick Fedun
(Vannes).

The authors also would like to thank Alison Mac Lean, Medical
Librarian, Vannes Regional Hospital, for her help in drafting the article.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ajem.2024.04.032.

References

[1] Girasek DC, Hargarten S. Prevention of and emergency response to drowning. N Engl
J Med. 2022;387:1303–8.

[2] Global report on drowning: preventing a leading killer. https://www.who.int/
publications-detail-redirect/global-report-on-drowning-preventing-a-leading-
killer. (accessed 18 Feb2022).

[3] Szpilman D, Bierens JJLM, Handley AJ, Orlowski JP. Drowning. N Engl J Med. 2012;
366:2102–10.

[4] Markarian T, Loundou A, Heyer V, Marimoutou C, Borghese L, Coulange M, et al.
Drowning classification: a reappraisal of clinical presentation and prognosis for
severe cases. Chest. 2020;158:596–602.

[5] 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.

[6] Szpilman D, Morgan PJ. Management for the Drowning Patient. Chest. 2021;159:
1473–83.

[7] Youn CS, Choi SP, Yim HW, Park KN. Out-of-hospital cardiac arrest due to drowning:
an Utstein style report of 10 years of experience from St. Mary’s Hospital. Resuscita-
tion. 2009;80:778–83.

[8] Dyson K, Morgans A, Bray J, Matthews B, Smith K. Drowning related out-of-hospital
cardiac arrests: characteristics and outcomes. Resuscitation. 2013;84:1114–8.

[9] Nitta M, Kitamura T, Iwami T, Nadkarni VM, Berg RA, Topjian AA, et al. Out-of-hos-
pital cardiac arrest due to drowning among children and adults from the Utstein
Osaka project. Resuscitation. 2013;84:1568–73.
74

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of H
Para uso personal exclusivamente. No se permiten otros usos sin autoriza
[10] Reizine F, Delbove A, Dos Santos A, Bodenes L, Bouju P, Fillâtre P, et al. Clinical spec-
trum and risk factors for mortality among seawater and freshwater critically ill
drowning patients: a French multicenter study. Crit Care. 2021;25:372.

[11] Michelet P, Dusart M, Boiron L, Marmin J, Mokni T, Loundou A, et al. Drowning in
fresh or salt water: respective influence on respiratory function in a matched cohort
study. Eur J Emerg Med. 2019;26:340–4.

[12] Le Gall JR, Lemeshow S, Saulnier F. A new simplified acute physiology score (SAPS II)
based on a European/north American multicenter study. JAMA. 1993;270:2957–63.

[13] Vincent JL, Moreno R, Takala J,Willatts S, DeMendonça A, BruiningH, et al. The SOFA
(Sepsis-related organ failure assessment) score to describe organ dysfunction/
failure. On behalf of the working group on Sepsis-related problems of the
European Society of Intensive Care Medicine. Intensive Care Med. 1996;22:707–10.

[14] Phelps R, Dumas F, Maynard C, Silver J, Rea T. Cerebral performance category and
long-term prognosis following out-of-hospital cardiac arrest. Crit Care Med. 2013;
41:1252–7.

[15] Collins GS, Reitsma JB, Altman DG, Moons KGM. Transparent reporting of a multivar-
iable prediction model for individual prognosis or diagnosis (TRIPOD): the TRIPOD
statement. Ann Intern Med. 2015;162:55–63.

[16] Lascarrou J-B, Merdji H, Le Gouge A, Colin G, Grillet G, Girardie P, et al. Targeted tem-
perature Management for Cardiac Arrest with nonshockable rhythm. N Engl J Med.
2019;381:2327–37.

[17] Pareek N, Kordis P, Beckley-Hoelscher N, Pimenta D, Kocjancic ST, Jazbec A, et al. A
practical risk score for early prediction of neurological outcome after out-of-
hospital cardiac arrest: MIRACLE2. Eur Heart J. 2020;41:4508–17.

[18] Maupain C, Bougouin W, Lamhaut L, Deye N, Diehl J-L, Geri G, et al. The CAHP
(cardiac arrest hospital prognosis) score: a tool for risk stratification after out-of-
hospital cardiac arrest. Eur Heart J. 2016;37:3222–8.

[19] Claesson A, Krig A, Jonsson M, Ringh M, Svensson L, Forsberg S, et al. Incidence and
characteristics of drowning in Sweden during a 15-year period. Resuscitation. 2021;
162:11–9.

[20] François B, Cariou A, Clere-Jehl R, Dequin P-F, Renon-Carron F, Daix T, et al. Preven-
tion of early ventilator-associated pneumonia after cardiac arrest. N Engl J Med.
2019;381:1831–42.

[21] Dankiewicz J, Cronberg T, Lilja G, Jakobsen JC, Levin H, Ullén S, et al. Hypothermia
versus Normothermia after out-of-hospital cardiac arrest. N Engl J Med. 2021;384:
2283–94.
ealth and Social Security de ClinicalKey.es por Elsevier en julio 17, 2024. 
ción. Copyright ©2024. Elsevier Inc. Todos los derechos reservados.

https://doi.org/10.1016/j.ajem.2024.04.032
https://doi.org/10.1016/j.ajem.2024.04.032
http://refhub.elsevier.com/S0735-6757(24)00188-8/rf0005
http://refhub.elsevier.com/S0735-6757(24)00188-8/rf0005
https://www.who.int/publications-detail-redirect/global-report-on-drowning-preventing-a-leading-killer
https://www.who.int/publications-detail-redirect/global-report-on-drowning-preventing-a-leading-killer
https://www.who.int/publications-detail-redirect/global-report-on-drowning-preventing-a-leading-killer
http://refhub.elsevier.com/S0735-6757(24)00188-8/rf0015
http://refhub.elsevier.com/S0735-6757(24)00188-8/rf0015
http://refhub.elsevier.com/S0735-6757(24)00188-8/rf0020
http://refhub.elsevier.com/S0735-6757(24)00188-8/rf0020
http://refhub.elsevier.com/S0735-6757(24)00188-8/rf0020
http://refhub.elsevier.com/S0735-6757(24)00188-8/rf0025
http://refhub.elsevier.com/S0735-6757(24)00188-8/rf0025
http://refhub.elsevier.com/S0735-6757(24)00188-8/rf0030
http://refhub.elsevier.com/S0735-6757(24)00188-8/rf0030
http://refhub.elsevier.com/S0735-6757(24)00188-8/rf0035
http://refhub.elsevier.com/S0735-6757(24)00188-8/rf0035
http://refhub.elsevier.com/S0735-6757(24)00188-8/rf0035
http://refhub.elsevier.com/S0735-6757(24)00188-8/rf0040
http://refhub.elsevier.com/S0735-6757(24)00188-8/rf0040
http://refhub.elsevier.com/S0735-6757(24)00188-8/rf0045
http://refhub.elsevier.com/S0735-6757(24)00188-8/rf0045
http://refhub.elsevier.com/S0735-6757(24)00188-8/rf0045
http://refhub.elsevier.com/S0735-6757(24)00188-8/rf0050
http://refhub.elsevier.com/S0735-6757(24)00188-8/rf0050
http://refhub.elsevier.com/S0735-6757(24)00188-8/rf0050
http://refhub.elsevier.com/S0735-6757(24)00188-8/rf0055
http://refhub.elsevier.com/S0735-6757(24)00188-8/rf0055
http://refhub.elsevier.com/S0735-6757(24)00188-8/rf0055
http://refhub.elsevier.com/S0735-6757(24)00188-8/rf0060
http://refhub.elsevier.com/S0735-6757(24)00188-8/rf0060
http://refhub.elsevier.com/S0735-6757(24)00188-8/rf0065
http://refhub.elsevier.com/S0735-6757(24)00188-8/rf0065
http://refhub.elsevier.com/S0735-6757(24)00188-8/rf0065
http://refhub.elsevier.com/S0735-6757(24)00188-8/rf0065
http://refhub.elsevier.com/S0735-6757(24)00188-8/rf0070
http://refhub.elsevier.com/S0735-6757(24)00188-8/rf0070
http://refhub.elsevier.com/S0735-6757(24)00188-8/rf0070
http://refhub.elsevier.com/S0735-6757(24)00188-8/rf0075
http://refhub.elsevier.com/S0735-6757(24)00188-8/rf0075
http://refhub.elsevier.com/S0735-6757(24)00188-8/rf0075
http://refhub.elsevier.com/S0735-6757(24)00188-8/rf0080
http://refhub.elsevier.com/S0735-6757(24)00188-8/rf0080
http://refhub.elsevier.com/S0735-6757(24)00188-8/rf0080
http://refhub.elsevier.com/S0735-6757(24)00188-8/rf0085
http://refhub.elsevier.com/S0735-6757(24)00188-8/rf0085
http://refhub.elsevier.com/S0735-6757(24)00188-8/rf0085
http://refhub.elsevier.com/S0735-6757(24)00188-8/rf0090
http://refhub.elsevier.com/S0735-6757(24)00188-8/rf0090
http://refhub.elsevier.com/S0735-6757(24)00188-8/rf0090
http://refhub.elsevier.com/S0735-6757(24)00188-8/rf0095
http://refhub.elsevier.com/S0735-6757(24)00188-8/rf0095
http://refhub.elsevier.com/S0735-6757(24)00188-8/rf0095
http://refhub.elsevier.com/S0735-6757(24)00188-8/rf0100
http://refhub.elsevier.com/S0735-6757(24)00188-8/rf0100
http://refhub.elsevier.com/S0735-6757(24)00188-8/rf0100
http://refhub.elsevier.com/S0735-6757(24)00188-8/rf0105
http://refhub.elsevier.com/S0735-6757(24)00188-8/rf0105
http://refhub.elsevier.com/S0735-6757(24)00188-8/rf0105

	Development and validation of a clinico-�biological score to predict outcomes in patients with drowning-�associated cardiac...
	Declaration of competing interest
	Acknowledgments
	References




