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a  b  s  t  r  a  c  t

Aim:  There  are  few  studies  on  drowning-related  out-of-hospital  cardiac  arrest  (OHCA)  in which  patients
are followed  from  the  scene  through  to hospital  discharge.  This  study  aims  to describe  this  population
and  their  outcomes  in  the  state  of  Victoria  (Australia).
Methods: The  Victorian  Ambulance  Cardiac  Arrest  Registry  was searched  for all  cases  of OHCA  with  a
precipitating  event  of drowning  attended  by emergency  medical  services  (EMS)  between  October  1999
and December  2011.
Results:  EMS  attended  336  drowning-related  OHCA  during  the study  period.  Cases  frequently  occurred
in summer  (45%)  and  the  majority  of  patients  were  male  (70%)  and  adult  (77%).  EMS  resuscitation  was
attempted on 154  (46%)  patients.  Of these  patients,  41  (27%)  survived  to hospital  arrival  and  12  (8%)
survived  to hospital  discharge  (5 adults [6%]  and  7 [12%]  children).  Few  patients  were  found  in  a  shockable
rhythm  (6%),  with  the  majority  presenting  in asystole  (79%)  or pulse-less  electrical  activity  (13%).  An
initial  shockable  rhythm  was  found  to positively  predict  survival  (AOR  48.70, 95%  CI:  3.80–624.86)  while

increased  EMS  response  time  (AOR  0.73,  95%  CI:  0.54–0.98)  and  salt  water  drowning  (AOR  0.69,  95%  CI:
0.01–0.84)  were  found  to  negatively  predict  survival.
Conclusions:  Rates  of  survival  in OHCA  caused  by  drowning  are  comparable  to  other  OHCA  causes.  Patients
were  more  likely  to  survive  if  they  did  not  drown  in salt  water,  had  a quick  EMS  response  and  they  were
found  in  a shockable  rhythm.  Prevention  efforts  and  reducing  EMS response  time  are  likely  to  improve
survival  of  drowning  patients.
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. Introduction

Drowning is a common cause of unintentional death and dis-
bility making it a major public health problem. In 2004, the
orld Health Organisation (WHO) Global burden of disease esti-
ated 388,000 drowning deaths occurred worldwide. These figures
ay  underestimate the burden of drowning, because they do not

nclude deaths from disasters or transportation as well as non-fatal
rowning. Globally the highest mortality from drowning is seen

n children and in males.1,2 In Australia, the age-adjusted rate of
Please cite this article in press as: Dyson K, et al. Drowning related out-of-
(2013), http://dx.doi.org/10.1016/j.resuscitation.2013.01.020

rowning-related deaths is estimated at 1.9 per 100,000, with the
ighest rates of death and hospitalisation seen in children under

� A Spanish translated version of the abstract of this article appears as Appendix
n  the final online version at http://dx.doi.org/10.1016/j.resuscitation.2013.01.020.
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edicine, Monash University, The Alfred Centre, Level 5, 99 Commercial Rd, Mel-
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5 years of age3. In children, aged 1–3 years, drowning is also the 

leading cause of unintentional death by injury.2

Out-of-hospital cardiac arrest (OHCA) precipitated by drown- 

ing occurs in the prehospital environment and management at 

the scene can dramatically improve patient outcomes.4 There have 

been a small number of studies conducted on drowning-related 

OHCA,5–8 reporting varying rates of survival, however most of these 

studies are case series or small cohorts and none have been con- 

ducted in Australia. Larger cohort studies are required to identify 

risk factors for the prevention of drowning and to establish pre- 

dictors of survival.9 The WHO  recommend that research into the 

burden and risks of drowning worldwide be a priority.2 This study 

aims to describe the characteristics of drowning OHCA in an Aus- 

tralian cohort and to identify independent predictors of survival. 

2. Methods
hospital cardiac arrests: Characteristics and outcomes. Resuscitation

This study was  an analysis of prospectively collected data from 47

the Victorian Cardiac Arrest Registry (VACAR). VACAR is approved 48

as a quality assurance initiative by the Victorian Department of 49

dx.doi.org/10.1016/j.resuscitation.2013.01.020
dx.doi.org/10.1016/j.resuscitation.2013.01.020
http://www.sciencedirect.com/science/journal/03009572
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Table 1
Baseline characteristics of all drowning OHCA patients.

Number 336

Age (years; median [IQR]) 41.0 (17–65)
Child (<18) (%) 76 (22.6)
Female (%) 99 (29.5)
Home (%) 41 (12.2)
Bystander CPR (%) 127 (37.8)
Body of water (%)

Ocean 118 (35.1)
Inland waterways 84 (25.0)
Pool 57 (17.0)
Bathtub/spa/pond/bucket 52 (15.5)
Unknown 25 (7.4)

Type of liquid (%)
Fresh 139 (41.4)
Salt  118 (35.1)
Chlorine 54 (16.1)
Unknown 25 (7.4)

Primary suspected cause of drowning (%)
Presumed drowning 330 (98.2)
MVA  3 (0.9)
Suicide 3 (0.9)

Initial rhythm (%)
Asystole 302 (89.9)
PEA  21 (6.3)
VF  10 (3)
Unknown 3 (0.9)

Season (%)
Summer 152 (45.2)
Autumn 60 (17.9)
Winter 43 (12.8)
Spring 81 (24.1)

Witnessed (%) 60 (17.9)
EMS  Response time (min; median [IQR]) 8.0 (6–12)
EMS  Resuscitation attempted (%) 154 (45.8)
Transported to hospital (%) 89 (26.5)

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135
ARTICLEESUS 5487 1–5

K. Dyson et al. / Resus

ealth Human Research Ethics Committee (HREC) and the collec-
ion of patient outcomes is approved by the ethics committees of
articipating Victorian hospitals. This study was approved by the
esearch Committee of Ambulance Victoria and Monash University
uman Research Ethics Committee.

The study setting is Victoria, Australia which has a population of
.5 million, 75% of whom live in the capital city of Melbourne.10 In
he state of Victoria, professional and volunteer lifeguards perform
ver 750 rescues from water each year, with an age-adjusted rate
f drowning of 1.5 per 100,000 population.3,11

Ambulance Victoria (AV) is the sole provider of emergency
edical services (EMS) in the state. AV delivers a two-tiered

MS system, with advanced life support paramedics and mobile
ntensive care ambulance paramedics. Fire fighters and volunteer
ommunity emergency response teams provide a first response in
elect areas of Victoria. EMS  response times were recorded from the
eceipt of the call for help to the arrival of the first EMS  resource on
cene. Patients were managed according to the Ambulance Victoria
linical practice guidelines which are based on recommendations
y the Australian Resuscitation Council.12,13

Cases were identified and data was extracted from the VACAR.
dults and children (<18 years) with drowning recorded as the pre-
ipitating event for their cardiac arrest between October 1999 and
ecember 2011 were included. Cases of drowning where cardiac
rrest did not occur were not included in this study. Cases where
rauma was the likely cause of OHCA (i.e. witnessed bridge sui-
ides) were also excluded. VACAR collects standardised OHCA data
ccording the Utstein definitions14 and hospital outcomes for all
ardiac arrest patients who  are attended by EMS  in Victoria.

The primary outcomes of this study were survival to hospi-
al (pulse present on arrival at hospital) and survival to hospital
ischarge. Univariate analysis was performed using Chi-square
ith Fisher’s exact test and non-parametric data was compared
sing the Mann–Whitney significance test. Multivariate logistic
egression was performed to predict factors related to outcomes.
he variables assessed in the multivariate analysis were age (con-
inuous variable), gender (males versus females), public location
home versus public location), salt water (salt water versus other),
itnessed (yes versus no), bystander CPR (yes versus no), EMS

esponse time (continuous variable) and shockable rhythm (yes
ersus no). Statistical calculations were performed on IBM® SPSS®

tatistics 20.0. p-Values less than 0.05 were considered significant.

. Results

.1. Characteristics of all drowning related OHCA cases

Ambulance Victoria attended 336 (260 adults) drowning inci-
ents that resulted in OHCA between October 1999 and December
011, representing 0.6% of all OHCA attended. The characteristics of
hese cases are provided in Table 1. The median age of patients was
1.0 years (interquartile range [IQR] = 17–65) and the majority of
atients were 18 years or older (77.4%) and male (70.5%). A greater
umber of cases occurred in the warmer seasons, particularly in
ummer (45.2%).

Incidents took place in the ocean (35.1%), inland waterways
25.0%), pools (17.0%) and bathtubs (12.2%). Patients drowned in
resh (41.4%), salt (35.1%) or chlorinated (16.1%) water. Only 12.2%
f incidents occurred at home, with children more likely to drown
t home compared to adults (35.5% versus 5.4%, p < 0.001).

Only 17.9% of drowning-related OHCA were documented as wit-
Please cite this article in press as: Dyson K, et al. Drowning related out-of-
(2013), http://dx.doi.org/10.1016/j.resuscitation.2013.01.020

essed. Those that were witnessed were more likely to receive
ystander CPR (59.3% versus 34.4%, p < 0.001), and have EMS  resus-
itation attempted (73.3% versus 40.2%, p < 0.001). Less than half
37.8%) of patients received bystander CPR before EMS  arrival, with
CPR, cardiopulmonary resuscitation; MVA, motor-vehicle accident; PEA, pulse-less
electrical activity; VF, ventricular fibrillation; EMS, emergency medical service, IQR
(inter quartile range).

children (<18 years) twice as likely to receive CPR as adults (66.2% 

versus 30.6%, p < 0.001). 

3.2. Characteristics and outcomes of cases receiving attempted
EMS resuscitation 

EMS  resuscitation was attempted in 154 cases (45.8%; 32.3% 

adults versus 80.3% children), the characteristics of these cases
are presented in Table 2. Compared to patients where resuscita- 

tion was not attempted, patients who received an attempted EMS  

resuscitation were younger (26 years versus 55 years, p < 0.001) and 

more likely to have received bystander CPR (84.3% versus 20.8%, 

p < 0.001). 

Where EMS  resuscitation was attempted, 89 patients (57.8%) 

were transported to hospital. Return of spontaneous circulation 

(ROSC) was  achieved before arrival at hospital for 45 (29.2%) 

patients, 44 (28.6%) were transported with ongoing CPR, and 64 

(41.6%) were declared deceased at the scene. Few patients who  did 

not achieve ROSC before arrival at hospital survived to discharge 

(2.0% versus 22.7%, p < 0.001). Only 12 (7.8%) patients receiving 

attempted EMS  resuscitation survived to hospital discharge, two- 

thirds of whom were children and half drowned in pools (Table 3). 

All of the survivors were discharged from hospital to home, except 

one who was discharged to a rehabilitation facility. 

The median time taken for EMS  to respond to the scene of sur- 

vivors (5.9 min; IQR = 4–7) was significantly shorter compared to 
hospital cardiac arrests: Characteristics and outcomes. Resuscitation

non-survivors (8.0 min; IQR = 6–11, p = 0.026). There were no sur- 136

vivors when the EMS  response took longer than 12 min. The median 137

age of survivors (3.0 years; IQR = 1–49) was not significantly differ- 138

ent from non-survivors (26.6 years; IQR = 4–51, p = 0.069). Patients 139

dx.doi.org/10.1016/j.resuscitation.2013.01.020
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Table  2
Association between variables and survival to hospital discharge (EMS resuscitation attempted).

Discharged alive Died Total p-Value

Number (%) 12 (7.8) 142 (92.2) 154
Age  (years; median; [IQR]) 3.0(1–49) 26.5 (4–51) 26.0 (4–51) .069

Child  (<18) (%) 7 (11.5) 54 (88.5) 61 .233
Adult  (≥18) (%) 5 (6.0) 79 (94.0) 84

Gender .320
Female (%) 5 (12.2) 36 (87.8) 41
Male  (%) 7 (6.7) 97 (93.3) 104

Location (%) .041
Home 5 (19.2) 21 (80.8) 26
Public place 7 (5.9) 111 (94.1) 118

Type  of liquid (%) .104
Salt 1 (2.1) 46 (97.9) 47
Other 11 (11.2) 87 (88.8) 98

Witnessed .746
Yes  (%) 4 (9.5) 38 (90.5) 42
No  (%) 8 (7.8) 94 (92.2) 102

Bystander CPR .510
Yes  (%) 7 (7) 93 (93) 100
No  (%) 4 (10) 36 (90) 40

EMS  Response Time (min; median [IQR]) 5.9 (4–7) 8.0 (6–11) 7.4 (6–11) .026
Initial rhythm (%) .022

VF/VT 3 (33.3) 6 (66.7) 9
Non-shockable 8 (6.0) 126 (94.0) 134
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Pulse  present at hospital (%) 10 (24.4) 

PR, cardiopulmonary resuscitation; EMS, emergency medical service; IQR, inter qu

ho drowned at home had a faster EMS  response (6.5 versus
.0 min, p = 0.021) and were more likely to survive than those who
rowned in a public place (18.5% versus 5.9%, p = 0.041).

On EMS arrival, the majority of patients (79.2%) presented in
systole or pulse-less electrical activity (PEA) (13.0%). Only a small
roportion presented in ventricular fibrillation (VF) (6.5%). Patients’
utcomes by rhythm on EMS  arrival are presented in Table 4. Only
.3% of patients presenting in asystole survived to hospital dis-
harge, compared to 20.0% of those in PEA and 30.0% of patients
resenting in VF.

.3. Predictors of survival

Multivariable analysis revealed no independent predictors for
atients arriving at hospital with a pulse. Factors significantly asso-
iated with survival to hospital discharge were initial shockable
hythm (AOR 48.70, 95% CI 3.80 to 624.86) EMS  response time (AOR
.73, 95% CI 0.54 to 0.98) and salt water drowning (AOR 0.69, 95%
I 0.01 to 0.84).
Please cite this article in press as: Dyson K, et al. Drowning related out-of-
(2013), http://dx.doi.org/10.1016/j.resuscitation.2013.01.020

. Discussion

This is the only Australian study of drowning-related OHCA
hat follows patients from the emergency phone call through

able 3
haracteristics of patients who survived to hospital discharge.

Age (years) Body of water Bystander CPR Initial rhythm 

1. Paediatric Unknown CPR Asystole 

2.  1 Bathtub None Unknown 

3.  1 Pool CPR Asystole 

4.  1 Unknown CPR Asystole 

5.  1 Pond CPR PEA 

6.  2 Pool Unknown Asystole 

7.  3 Pool None PEA 

8.  14 Pool None VF 

9.  25 Ocean CPR PEA 

10.  49 Pool CPR VF 

11.  50 Pool CPR VF 

12.  61 River None PEA 

PR, cardiopulmonary resuscitation; ROSC, return of spontaneous circulation; PEA, pulse
31(75.6) 41 <.001

 range; VF, ventricular fibrillation; VT, ventricular tachycardia.

to discharge from hospital. Patients suffering OHCA caused by 

drowning survived to hospital discharge in 7.8% of cases. Patients 

were more likely to survive to hospital discharge if they did not 

drown in salt water, EMS  responded quickly and they were found 

in a shockable rhythm. Cases frequently occurred in summer (45%) 

and the majority of patients were adults (77.4%) and male (70.5%). 

Similar characteristics in drowning-related OHCA populations 

are reported elsewhere. A higher incidence of drowning in warm 

seasons has been previously described3,6,15 and is probably related 

to increased exposure to water and activities at that time of the 

year. The male predominance is also commonly reported7,16,17 and 

is likewise probably related to greater exposure. For example, an 

Australian survey of beach exposure and activity found that males 

had more exposure to the ocean and were more likely to engage in 

activities known to increase the risk of drowning such as swimming
alone, in deep water and under the influence of alcohol.18 The sur- 

vey also found that males reported higher swimming confidence 

and the authors speculate that overconfidence may contribute to 

the risk of drowning.18 Any efforts made to prevent drowning- 

precipitated OHCA need to target males in the warmer seasons. 
hospital cardiac arrests: Characteristics and outcomes. Resuscitation

It is not surprising that the number of witnessed cases in our 180

cohort was  so low (17.9%) given that previous studies have shown 181

that drowning-related OHCA is witnessed less than half as often as 182

cardiac aetiology OHCA.6,7 Despite a comparable low rate of cases 183

Transported with ROSC/CPR Days in hospital Discharge location

ROSC 5 Home
ROSC 3 Home
CPR 39 Home
ROSC Unknown Home
CPR 13 Home
CPR 0 Home
CPR 37 Home
ROSC 13 Home
ROSC 38 Rehab
ROSC 141 Home
ROSC 10 Home
ROSC 49 Home

-less electrical activity; VF, ventricular fibrillation.

dx.doi.org/10.1016/j.resuscitation.2013.01.020
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Table 4
Outcomes of drowning OHCA patients by initial presenting rhythm (EMS resuscitation attempted).

Number Died at scene Transported under CPR Transported with ROSC Discharged alive

Asystole (%)a 122 53 (43.4) 38 (31.1) 30 (24.6) 4 (3.3)
PEA  (%) 20 6 (30.0) 5 (25.0) 9 (45.0) 4 (20)
VF  (%) 10 5 (50.0) 1 (10.0) 4 (40.0) 3 (30)
Unknown (%) 2 0 0 2 1
Total  (%)a 154 64 (41.6) 44 (28.6) 45 (29.2) 12 (7.8)
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PR, cardiopulmonary resuscitation; ROSC, return of spontaneous circulation; PEA,
a Outcome unknown for 1 patient in asystole.

eing witnessed for children and adults (18.8% versus 16.0%) in
ur cohort, children were more likely to receive bystander CPR
66.2% versus 30.6%). This may  have occurred because children
re easier to rescue than adults, typically having a lower body
eight and bathing in shallow flat waters. To increase the number
rowning-related OHCAs that are witnessed and the opportu-
ity for bystanders to provide CPR, the appropriate supervision
f children and the dangers of adults swimming alone should be
romoted.

Children also had higher rates of EMS  attempted resuscitation
80.3% versus 32.3%) which is probably explained by the above

entioned bystander CPR rates and an AV guideline which allows
aramedics to withhold resuscitation for adults who present in
systole and are estimated to have been in OHCA for greater than
0 min.12 There were also significant differences in the location and
ypes of water where drowning-related OHCA occurred between
dults and children. For children, prevention efforts need to focus
n the home and for adults the focus should be on oceans, inland
aterways and pools.

Our study confirmed and found new predictors of survival
n drowning-related OHCA. Salt water has not previously been
hown to negatively predict survival9,20 and additional research is
eeded to explore this further. A fast EMS  response and a shockable
hythm are known to be predictors of survival for all aetiologies of
HCA.21–24 When compared to cardiac aetiology, drowning OHCA
atients are more often found in asystole and have a significantly

onger EMS  response.6,7 More patients may  have been found in
hockable rhythms if their drowning OHCA was witnessed and they
ad a shorter EMS  response.

While there has been recent debate over the timing of search and
escue efforts and subsequent resuscitation of submerged individ-
als, it is clear that early rescue and basic life support are the key to
urvival and long-term quality of life in OHCA due to drowning.25–31

ubmersion duration is unknown for the majority of our cohort
iven that only 17.9% of drowning OHCAs were witnessed. How-
ver there were no survivors when the EMS  response took longer
han 12 min. Only 32.3% of adults received attempted resuscitation
nd it is not known if the remainder would have benefitted from
ttempted resuscitation or a guideline to direct resuscitation efforts
or drowning.

The limitations of this study largely relate to the retrospective
ature of the data collection. Complete information on each of the
atients was not always available and information on the neuro-

ogical outcomes of survivors was not collected. Patients who  were
evived before EMS  arrival were not included and neither were
hose where an ambulance did not attend.

. Conclusion

Patients suffering OHCA caused by drowning survived to leave
ospital in 7.8% of cases, which is comparable to survival rates
Please cite this article in press as: Dyson K, et al. Drowning related out-of-
(2013), http://dx.doi.org/10.1016/j.resuscitation.2013.01.020

f other causes of OHCA. The majority of patients were adult
ales and incidents often occurred in summer. An initial shockable

hythm, shorter EMS response time and non-salt water drown-
ng were found to be the only independent predictors of survival.

1

-less electrical activity; VF, ventricular fibrillation.

Prevention efforts and reducing EMS  response times are likely to 

improve the survival of drowning patients. 
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