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Abstract

Background: The aim of this study was to determine the early outcomes of using extracorporeal membrane
oxygenation (ECMO) in near-drowning patients with cardiac or pulmonary failure.

Methods: This study was based on data from 9 patients including 2 children (mean age 33; 8 males, 1 female) who
received ECMO after near-drowning between 2008 and 2013. Veno-arterial or veno-arteriovenous ECMO was used
in 2 patients with sustained cardiac arrest and veno-venous ECMO was used in 7 patients with severe acute respiratory
distress syndrome (ARDS). The means of the partial arterial oxygen pressure (PaO2), Murray score, sequential organ
failure assessment (SOFA) score, and simplified acute physiology score II (SAPS-II) prior to ECMO were 59.7 ± 9.9 mmHg
on 100% oxygen, 3.5 ± 0.6, 11.4 ± 1.9, and 73.0 ± 9.2, respectively.

Results: The PaO2 mean improved to 182 ± 152 mmHg within 2 h post-ECMO. The mean of SOFA score and SAPS-II
decreased significantly to 8.6 ± 3.2 (p = 0.013) and 46.4 ± 5.1 (p = 0.008), respectively, at 24 h post-ECMO with mean flow
rate of 3.9 ± 0.8 l/min. ECMO was weaned at a mean duration of 188 (range, 43–672) h in all patients. Seven patients
were discharged home without neurological sequelae, while 2 patients who had hypoxic brain damage died after
further referral. The overall survival with favourable neurological outcomes at 3 months was 77.8%. There were no
complications related to ECMO.

Conclusions: ECMO was safe and effective for patients with ongoing cardiac arrest or ARDS after a near-drowning
incident and can be used as a resuscitative strategy in near-drowning patients with cardiac or pulmonary failure
resistant to conventional ventilator therapy.

Keywords: Drowning, Near-drowning, Extracorporeal membrane oxygenation, Cardiac or pulmonary failure, Acute
respiratory distress syndrome
Background
According to the World Health Organization, more than
500,000 deaths each year and 0.7% of all deaths world-
wide are due to unintentional drowning [1]. The out-
come of patients after near-drowning is mainly related
to anoxic encephalopathy. However, pulmonary oedema
also commonly occurs after initial resuscitation, frequently
progresses to acute respiratory distress syndrome (ARDS),
and sometimes causes circulatory dysfunction and cardiac
arrest. Conventional mechanical ventilation is usually used
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in patients with severe ARDS after drowning. However,
this procedure may not effectively prevent hypoxemia or
hypercapnia in these patients and may even exacerbate
pulmonary damage due to barotrauma and a high concen-
tration of inspired oxygen.
A previous study reported a survival rate of only 1.7%

in 1,669 adult drowning patients who were in a cardiac
arrest when the emergency medical services (EMS) ar-
rived. Of these, only 0.7% survived with a favourable
neurological outcome at 1-month after the near-drowning
incident [2]. Despite the advances in critical and emer-
gency care medicine, several attempts to resuscitation
have proven unsuccessful in improving the outcomes of
drowning and near-drowning victims [3,4].
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Extracorporeal membrane oxygenation (ECMO) has been
widely used for patients with cardiopulmonary failure,
since the successful introduction for an adult with respira-
tory failure in 1972 and for neonates with respiratory fail-
ure in 1975 [5,6]. ECMO is a technique that provides lung
rest by permitting reduced mechanical ventilator pressure
and decreased concentration of inspired oxygen. It also al-
lows cardiac rest while maintaining oxygenation, removal
of carbon dioxide, and tissue perfusion. The development
of a new resuscitative strategy such as ECMO is important
to counter the exceedingly low survival rate of patients
with cardiopulmonary failure after drowning. Neverthe-
less, there are very few case reports on the use of ECMO
for resuscitation of drowning victims, especially adults.
Thus, the aim of this study was to present the early

outcomes of ECMO used for near-drowning patients
with cardiac or pulmonary failure.

Methods
In this retrospective observational study, we reviewed the
data of 9 patients including 2 children (mean age: 33 ± 17
years; 8 males, 1 female) who experienced near-drowning
between 2008 and 2013. The ECMO program started in
January 2006 at Hallym University Chuncheon Sacred
Heart Hospital, which is located at the upper reaches of
Han River in Korea, and included 172 patients for 8 years.
This study was approved by the investigational review
board of Hallym University Chuncheon Sacred Heart
Hospital, and the need for informed consent was
waivered.
Table 1 Patient characteristics at the scene and the emergenc

Variable 1 2 3 4

Age (years) 12 42 9 55

Sex F M M M

Scene

Location of drowning River River Pool Riv

Precipitating events no Alcohol no Alc

Submersion duration (min) 2 7.5 3 5

Time interval to EMS arrival (min) 31 21 21 Un

CPR by EMS n y y y

ED

Time interval to ED (min) 43 79 30 23

ROSC at arrival to ED y y y y

Level of consciousness at ED Alert Stupor Stupor Stu

GCS score 15 6 9 7

Pupil reflex p s p s

SaO2 (%) 88 58 91 76

Body temperature (°C) 36 36 35 35

F, female; M, male; min, minutes; EMS, emergency medical service; CPR, cardiopulm
spontaneous circulation; GCS, Glasgow coma scale; p, prompt; s, sluggish; f, fixed; S
Patient characteristics at the scene and the emergency
department
All the submersion incidents occurred in the fresh water
during the summer, except one case wherein the subject
fell into the freezing lake due to breakage of ice over the
lake. The event was witnessed in all cases. The estimated
submersion time was averaged at 6.0 ± 5.5 (range, 2–20)
min. When rescued from the water, all subjects experi-
enced loss of consciousness with no spontaneous breathing
or palpable pulse. Three patients regained consciousness
and exhibited recovery of spontaneous circulation (ROSC)
promptly after initial resuscitation at the scene by layper-
sons. The other 6 patients underwent cardiopulmonary re-
suscitation (CPR) by the EMS. Thereafter, 4 of them
achieved ROSC, and the other 2 sustained a cardiac arrest
before arrival at the emergency department (ED). One of
the 2 patients undergoing sustained CPR achieved ROSC
at the ED. The patient characteristics and data related to
drowning incident at the scene and ED are summarised in
the Table 1.

Management in the intensive care unit
On admission to the intensive care unit (ICU), 8 patients
were placed on mechanical ventilator support because of
hypoxemia. One patient with ongoing cardiac arrest
received veno-arterial (VA) ECMO immediately. Within
6 h, 8 patients showed worsening of ARDS signs such as
progressive hypoxemia, hypercapnia, and bilateral infil-
trations on chest radiographs. These laboratory findings
did not improve with conventional ventilator support.
y department

5 6 7 8 9

26 18 49 39 48

M M M M M

er Lake River Pool River River

ohol no no Alcohol Alcohol Alcohol

20 5 5 2 5

known 31 5 21 22 57

y n y y n

7 36 35 40 94 107

n y n y y

por Coma Alert Coma Alert alert

3 15 3 15 12

f p f p p

Unchecked 78 72 68 75

Unchecked 37 34 36.8 34.5

onary resuscitation; n, no; y, yes; ED, emergency department; ROSC, recovery of
aO2, arterial oxygen saturation.
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All patients were in a state of general anaesthesia with
midazolam, fentanyl and vecuronium infusion if neces-
sary, and controlled mandatory ventilation modes. The
strategy of small tidal volume for ARDS was guarded in
this study. Tidal volumes should not exceed 6 ml/kg
with positive end expiratory pressure (PEEP) of 10–16
cmH2O. The plateau airway pressure should be main-
tained ≤ 30 cmH2O. The fraction of inspired oxygen
(FiO2) was increased to 1.0 according to worsening hypox-
emia. The volume controlled ventilation was applied ini-
tially and switched to the pressure controlled ventilation
when the plateau airway pressure exceeded the established
limit. This study cohort had experienced a near-drowning
incident, loss of consciousness and cardiac arrest at the
scene, and revealed unstable hemodynamic conditions and
Table 2 Patients’ laboratory findings and severity scores acco

Patients 1 2 3 4 5

Initial ABGA

pH 7.28 7.24 6.93 6.8

PaCO2 (mmHg) 33 36 51 105

PaO2 (mmHg) 40 34 101 37

SaO2 (%) 67 53 92 48

ABGA after ventilator support

pH 7.01 7.06 7.01 7.06

PaCO2 94 74 61 55

PaO2 67 57 50 39

PaO2/FiO2 67 57 50 39

ABGA prior to ECMO and severity scores

pH 7.28 7.21 7.38 7.04 6.8

PaCO2 39 46 40 80 92

PaO2 69 65 39 58 71

PaO2/FiO2 69 65 39 58

Lactate (mmol/l) 6.3 8.1 10.2 6.7 15

Murray score 3.3 3.7 3.3 4 4

SOFA score 12 14 10 13 13

SAPS-II 58 81 76 81 76

ABGA after ECMO and severity scores

pH 7.41 7.34 7.5 7.19 6.68

PaCO2 29 23 28 41 33

PaO2 87 92 97 82 548

PaO2/FiO2 290 153 149 182 1095

SaO2 97 99 98 94 100

lactate (24 h) 1.8 5.3 1.8 4.9

SOFA score (24 h) 8 15 9 11 10

SAPS-II (24 h) 45 55 47 45 51

SD, standard deviation; ABGA, arterial blood gas analysis; PaCO2, partial arterial carb
oxygen saturation; FiO2, the fraction of inspired oxygen; ECMO, extracorporeal membra
acute physiology score; lactate, normal range 0.7-2.1 mmol/l; 24 h, 24 h post-ECMO.
altered level of consciousness at the ER. The possibilities
for the presence of the right ventricular dysfunction with
pulmonary hypertension and the brain lesions with the in-
creased intracranial pressure were not excluded. There-
fore, the high PEEP level of 20–25 cmH2O, recruitment
maneuver, permissive hypercapnia and prone position
were not applied in the present study. Arterial blood gas
analysis (ABGA) and relevant data are summarised ac-
cording to time sequences in Table 2.
ABGA prior to ECMO showed the following: pH, 7.15 ±

0.20; partial arterial carbon dioxide pressure (PaCO2),
52.6 ± 21.8 mmHg; and partial arterial oxygen pressure
(PaO2) at FiO2 of 1.0, 59.7 ± 9.9 mmHg. Initially, the right
lung fields were more severely affected in all patients ex-
cept one. Thereafter, repeat chest radiographs showed
rding to time sequences

6 7 8 9 Mean SD

7.3 6.99 7.23 7.23 7.13 0.19

42 103 36 34 55.0 30.8

33 10 38 42 41.9 25.9

56 60 66 63.1 14.4

7.34 7.24 7.14 7.12 0.13

37 38 40 57.0 21.3

155 69 52 69.9 38.9

155 69 52 69.9 38.9

7.28 6.88 7.26 7.2 7.15 0.20

42 67 28 39 52.6 21.8

64 75 59 64 62.7 10.4

64 59 64 59.7 9.9

5.9 9.8 5.5 5.2 8.1 3.2

2.3 4 4 3 3.5 0.6

9 13 10 9 11.4 1.9

67 84 73 61 73.0 9.2

7.35 7.27 7.3 7.3 7.26 0.23

30 26 26 26 29.1 5.3

250 243 138 102 182.1 152.1

250 405 344 254 346.9 293.3

100 100 99 98 98.3 1.9

2.5 6 1.9 3.1 3.4 1.7

5 5 7 7 8.6 3.2

38 48 41 48 46.4 5.1

on dioxide pressure; PaO2, partial arterial oxygen pressure; SaO2, arterial
ne oxygenation SOFA, sequential organ failure assessment; SAPS-II, simplified
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rapidly progressing and widespread infiltrations in all 4
quadrants within 2 h except in one patient who had been
transferred from a local hospital because of respiratory
failure and stuporous level of consciousness (case 4 in
Table 2). He showed severe hypercapnia and acidosis des-
pite of conventional ventilator support. The mean Murray
score prior to ECMO was 3.5 ± 0.6. The mean sequential
organ failure assessment (SOFA) score and simplified
acute physiology score II (SAPS-II) before ECMO were
11.4 ± 1.9 and 73.0 ± 9.2, respectively, with a predicted
mortality rate of 87.1% by SAPS-II.
The inclusion criteria for ECMO in the present study

were PaO2 < 70 mmHg for more than 2 h with FiO2 1.0
and PEEP > 10 cmH2O, uncompensated respiratory acid-
osis with pH < 7.15, rapidly evolving diffuse infiltrates in
all quadrant of chest radiographs, and unstable vital
signs including cardiac arrest. ECMO was instituted
within 2 h in 3 patients due to unstable vital signs and
impending cardiac arrest.

Statistical analysis
Statistical analysis was performed using SPSS version 21
(IBM Co., NY, USA). Continuous variables were ana-
lysed by Wilcoxon signed-rank sum test according to
the variable characteristics and are expressed as mean
with standard deviation. The level of statistical signifi-
cance was set at P < 0.05.

Results
The mean time between arrival at the ED and ECMO
(door-to-ECMO time) was 187 ± 113 min. Femoral can-
nulation using Seldinger’s technique was attempted in all
patients by using DLP and Bio-medicus cannulae with
17–24 Fr. for drainage and with 17–21 Fr. for return
(Medtronic Inc., Minneapolis, MN, USA). Two types of
centrifugal pumps and membrane oxygenators (MO)
were used for the ECMO system: the Capiox Emergency
Bypass System® (Terumo, Inc., Tokyo, Japan) with a
polypropylene hollow-fibre MO, Capiox® RX25 (Terumo,
Inc.) in the early period of this study and the PLS ECMO
system® (Maquet Cardiopulmonary AG, Rastatt, Germany)
with a solid polymethylpentene MO, Quadrox PLS
(Maquet Cardiopulmonary AG) in the later period. The
centrifugal pump speeds were adjusted to 2,000-3,500
rounds/min, providing a bypass blood flow rate of 50–80
ml/kg/min. Initially, the fresh gas flow through MO
was started with an oxygen fraction of 1.0 and a flow
rate of 6 l/min. The flow rate was then gradually ad-
justed to 4–8 l/min to allow normal removal of carbon
dioxide. Ventilators were set to a tidal volume of 5
ml/kg, respiration rate (RR) of 10-12/min, PEEP of 4–
8 cmH2O, and FiO2 of 0.21–0.6 for pulmonary rest. A
haematocrit level > 33-35% and platelets count > 50,000–
100,000/ml were achieved with transfusions when necessary.
For anticoagulation, 3,000 units of heparin were infused
just before cannulation. In 3 patients, the heparin doses
were adjusted to maintain the activated clotting time at
160–180 s. In the other 6 patients, nafamostat mesilate
(SK chemicals Life Science Biz., Seoul, Korea; licensed by
Torii Pharmaceutical Co., Tokyo, Japan) was administered
at 0.41-0.93 mg/kg/h according to the activated partial
thromboplastin time with a target range of 60–80 s.
Prophylactic antibiotics were used in all patients to avoid
infectious complications.
The mean PaO2 increased to 182 ± 152 mmHg within

2 h with ECMO at a mean flow rate of 3.9 ± 0.8 l/min.
Compared to the values prior to ECMO, the average SOFA
score and SAPS-II at 24 h post-ECMO decreased signifi-
cantly to 8.6 ± 3.2 (p = 0.013) and 46.4 ± 5.1 (p = 0.008), re-
spectively; further, the predicted mortality rate calculated
by SAPS-II decreased from 87.1% before ECMO to 37.0%
with ECMO. VA ECMO was replaced by veno-venous
(VV) ECMO after 60 h in one patient owing to improved
circulatory function. Further, another patient who achieved
ROSC at the ED received veno-arteriovenous (VAV)
ECMO to prevent the recurrence of cardiac arrest, and
then, VAV ECMO was converted to VV ECMO owing to
the patient’s improved status. Moreover, one 18-year-old
man underwent awake ECMO after 72 h. Since they had
improved cardiopulmonary function and resolved pul-
monary infiltrations, all patients were weaned from ECMO
and mechanical ventilator at a mean duration of 188
(range, 42.5-672) and 122 (range, 58–429) h, respectively,
except 1 patient who was given awake ECMO. ECMO was
ceased when ABGA showed a pH of 7.35–7.45, PaO2 > 80
mmHg, and PaCO2 < 45 mmHg under the following con-
ditions: gas blender FiO2 of 0.21, no sweep gas flow at an
ECMO flow of 2 l/min, ventilator mode set to an FiO2 of
0.6, tidal volume of 6 ml/kg, PEEP of 8 cmH2O, and res-
piration rate (RR) of 12–16/min for VV ECMO (or 3 l/
min of O2 via nasal prong for the patient who received
awakening ECMO).
Two patients experienced hypoxic brain damage due

to near-drowning. However, there were no complications
related to ECMO. One child, who drowned in a swimming
pool and developed prolonged pneumonitis, underwent a
tracheostomy without an event. The average duration of
ICU and hospital stays were 16 (range, 6–55) and 29
(range, 7–106) days. Seven patients with intact neuro-
logical outcomes were discharged home. Two patients
with hypoxic brain damage were transferred to hospitals
close to their residential areas, but eventually died. The
overall mortality in this study at 3 months was 22.2%. The
mean of the total hospital charges was 37,636 ± 26,193
(range, 9,923-98,627) US dollars (USD). The patients and
their families paid 10,118 ± 8,840 USD, and the remainder
of the hospital bill was charged to the National Health In-
surance Service.
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Discussion
Drowning or near-drowning comprises a heterogeneous
group of conditions with a wide spectrum of severity,
and is difficult to standardise a definition and criteria for
it. After drowning incidents, patients’ conditions range
from asymptomatic to severe distress with multiorgan
failure. Brain injury due to anoxia or hypoxia is a strong
predictor of mortality after submersion, but pulmonary
oedema is a commonly encountered after initial resusci-
tation. In some patients, a rapid improvement is seen
but their condition may deteriorate suddenly within the
first 12 h or up to several days later due to the develop-
ment of pulmonary oedema and ARDS [7-10]. There-
fore, severe pulmonary oedema and ARDS requiring
mechanical ventilation is another predictor of mortality
after drowning incidents. Szpilman revised the classifica-
tion system of Menezes and Costa for drowning patients
to stratify patients into 6 different risk subgroups, con-
sidering the initially obtained data on cardiopulmonary
conditions, pulmonary auscultation with coughing, and
arterial blood pressure. In his study including 1,831
drowning patients, the mortality rate was reported with
a grade: grade 1 = 0%, grade 2 = 0.6%, grade 3 = 5.2%, grade
4 = 19.4%, grade 5 = 44%, and grade 6 = 93% [11]. A previ-
ous study reported 43 near-drowning cases, of which
48.8% required mechanical ventilation, and their mortality
rate was 34.9% [12]. In another study of 1,737 patients
who, at arrival of the EMS, were in a cardiac arrest due to
drowning, the 1-month survival rate was 27.8, 9.4 and
1.7% in younger children (aged 0–4 years), older children
(aged 5–17 years) and adults, respectively [2].
Severe pulmonary oedema can be partly explained as

ischemia-reperfusion injury but may be aggravated by
severe diastolic dysfunction and acute volume overload
[3]. Often, pulmonary oedema progresses to ARDS, which
causes circulatory dysfunction or cardiac arrest despite ag-
gressive ventilator therapy. Considering the extremely low
survival rate in drowning patients with severe pulmonary
oedema and ARDS, a new resuscitative strategy such as
ECMO needs to be developed to recover pulmonary and
circulatory functions and improve the clinical outcomes.
ECMO is a technique that provides lung rest by permit-

ting reduced ventilator settings and decreased concentra-
tion of inspired oxygen while maintaining oxygenation,
removal of carbon dioxide, and tissue perfusion [13]. It
also improves circulatory function and reduces the cardiac
burden before the pulmonary function recovers. Cur-
rently, only few case reports are available on the use of
ECMO in drowning patients, despite the brisk use and re-
markable outcomes of ECMO in patients with ARDS. The
Extracorporeal Life Support Organization (ELSO) has up-
dated several guidelines for ECMO. The main indication
for the use of ECMO in adult patients with respiratory
failure is an 80% predicted mortality risk associated with a
PaO2/FiO 2 < 100 on FiO 2 > 90% and/or a Murray score
of 3–4 despite optimal care for > 6 h. Further, the indica-
tions include CO2 retention on mechanical ventilation
despite high plateau pressure (>30 cmH2O) and immedi-
ate cardiac or respiratory collapse [14]. A previous retro-
spective review of the ELSO registry revealed 1,473 adults
with respiratory failure, with an overall survival rate of
50% [15]. Lindskov and colleagues reported a 78% rate of
weaning from ECMO and a 71% discharge rate in 124 pa-
tients with severe ARDS. They also evaluated the sig-
nificance of the various severity-scoring systems and
demonstrated that the SOFA score and SAPS-II were
more strongly correlated with mortality than the Murray
score and that a SOFA score > 20 and a SAPS-II > 70 were
linked to mortality rates of 75% and 70%, respectively [16].
Severity-scoring systems such as the SAPS-II and SOFA
have been commonly used to predict risks of mortality,
compare ICU results, evaluate outcomes of a specific ther-
apy, and stratify patients for clinical research. The SAPS-II
can be calculated easily using programs on the internet
and can estimate the predicted mortality.
On applying ABGA including the mean PaO2 of 59.7

mmHg on 100% oxygen and the mean Murray score of
3.5 in this study to the ELSO indications, our cohort ful-
filled the ELSO criteria, although ECMO was initiated
within 6 h owing to rapid deterioration of the patients’
status. When considering a mean SAPS-II of 73 prior to
ECMO and a predicted mortality of 87%, a 100% rate of
weaning from ECMO and discharge rate was remark-
able, despite the small sample size. We also compared
the SAPS-II and SOFA score before and after ECMO
and found statistically significant decreases 24 h after
ECMO, with a decrease in the predicted mortality from
87% to 37% as per the SAPS-II [17,18]. Therefore,
ECMO can be a successful resuscitative strategy for
near-drowning patients with cardiac or pulmonary fail-
ure refractory to conventional ventilator therapy. The
encouraging outcomes of this study could be attributed
to the early application of ECMO and use of VV ECMO.
VV ECMO is safer than VA ECMO in many aspects.
Firstly, VV ECMO prevents lower extremity ischemia
and complications related to arterial cannulation. Sec-
ondly, it prevents upper body hypoxemia, which is fatal
to the brain and heart that have already developed pre-
existing hypoxic damage, especially in patients with good
cardiac function [19]. Thirdly, it is less traumatic to
blood components and reduces the need for transfusion.
In drowning victims, important predictors for survival

are water temperature, submersion time, adequacy of
bystander CPR, and EMS response time. However, it is
difficult to ascertain these factors. Importantly, the time
interval for which the victim is under water is unknown
and needs to be estimated. There is no clear cut-off value
for the submersion time, although more than 10 min is
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considered a cut-off point for non-survival [20]. Hypoxic
brain damage is the most critical consequence of submer-
sion. A previous study showed that non-reactive pupils
and a Glasgow Coma Scale (GCS) score < 5 on arrival at
the ICU were the best independent predictors of a poor
neurological outcome [21]. The 26-year-old man who fell
into a freezing lake after breakage of ice was rescued after
an estimated submersion time of 20 min and was trans-
ferred to our hospital in a helicopter. He underwent on-
going CPR until ECMO could be started. After being
maintained on the ECMO for 160 min and rewarmed to
33°C, he recovered consciousness and achieved ROSC. He
was discharged home with intact neurological outcome,
despite the submersion time of 20 min, a GCS score of 3,
and fixed pupils at the ED. On the contrary, two patients
in the present study achieved weaning from ECMO but
showed hypoxic brain damage, which was incurred by
prolonged hypoxemia in one patient and by longstanding
cardiac arrest in the other patient. Irrespective of the ini-
tial mental status after drowning, early and aggressive
mechanical ventilator therapy and prompt implantation of
ECMO, if necessary, are essential to prevent hypoxic brain
damage. The 18-year-old man underwent awake ECMO.
It was effective in preventing pneumonia and reducing un-
necessary sedation when patients were cooperative and a
constant bypass blood flow rate was maintained. Continu-
ous renal replacement therapy was implemented in 5 pa-
tients and was helpful for preventing fluid overload and
aggravation of ARDS [22]. To maintain anticoagulation
and reduce bleeding complications, nafamostat mesilate, a
synthetic protease inhibitor with a short half-life, was used
in 6 patients. Nafamostat mesilate has been used as an
anticoagulant for patients undergoing haemodialysis, and
its applications are currently expanding to postoperative
and serious cases with high risk of bleeding [23]. In this
study, there were no complications of bleeding or throm-
bosis that required an operation or intervention.
Despite our important findings, our study had a few lim-

itations such as a retrospective observational design with a
small sample size, the lack of a control group, and no
long-term follow-up. Owing to the small number of pa-
tients included in this study, we could not perform multi-
variate statistical analysis. Additionally, we do not have the
exact data in relation to drowning such as the time be-
tween an accident and call, bystander- initiated CPR, and
water temperature, as specified by the Utstein reporting
guidelines for uniform reporting of drowning [24].

Conclusions
The present study demonstrated a 100% rate of weaning
from ECMO and discharge rate and a 77.8% survival
rate with a favourable neurological outcome at 3 months
in patients with ongoing cardiac arrest or ARDS after
near-drowning incident. Considering the mean values of
severity-scoring system prior to ECMO, such as Murray
score of 3.5, SOFA score of 11.4, and SAPS-II of 73, the
outcomes of this study were remarkable. ECMO can be
used as a resuscitative strategy for near-drowning patients
with cardiac or pulmonary failure resistant to conventional
ventilator therapy. Its early application is recommended to
improve clinical outcomes.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
KIK and WYL have contributed to the conception and design of the study,
acquisition and analysis of data and have drafted the manuscript. HSK has
contributed to the conception and design of the study, acquisition and analysis
of data. JHJ and HHK have contributed to the acquisition and analysis of data
and revised the manuscript. All the authors read and approved the final
manuscript.

Author details
1Department of Cardiothoracic Surgery, Hallym University Dongtan Sacred
Heart Hospital, Seoku-dong, Hwaseong-si, Gyeonggi-do 445-907, Korea.
2Department of Cardiothoracic Surgery, Hallym University Sacred Heart
Hospital, 896, Pyeongchon-dong, Dongan-gu, Anyang-si, Gyeonggi-do
431-796, Korea. 3Department of Cardiothoracic Surgery, Hallym University
Chuncheon Sacred Heart Hospital, Gyo-dong, Chuncheon-si, Gangwon-do
200-704, Korea.

Received: 16 July 2014 Accepted: 3 December 2014

References
1. Szpilman D, Joost MD, Bierens LM, Handley AJ, Orlowski JP: Drowning.

N Engl J Med 2012, 366:2102–2110.
2. Nitta M, Kitamura T, Iwami T, Nadkarni VM, Berg RA, Topjian AA, Okamoto Y,

Nishiyama C, Nishiuchi T, Hayashi Y, Nishimoto Y, Takasu A: Out-of-hospital
cardiac arrest due to drowning among children and adults from the
Unstein Osaka Project. Resuscitation 2013, 84:1568–1573.

3. Ibsen LM, Koch T: Submersion and asphyxia injury. Crit Care Med 2002,
30(suppl):S402–S408.

4. Hasibeder WR: Drowning. Curr Opin Anaesthesiol 2003, 16:139–146.
5. Hill JD, O’Brien TG, Murray JJ, Dontigny L, Bramson ML, Osborn JJ, Gerbode

F: Prolonged extracorporeal oxygenation for acute post-traumatic
respiratory failure (shock-lung syndrome). Use of the Bramson
membrane lung. N Engl J Med 1972, 286:629–634.

6. Bartlett RH, Gazzaniga AB, Jefferies MR, Huxtable RF, Haiduc NJ, Fong SW:
Extracorporeal membrane oxygenation (ECMO) cardiopulmonary
support in infancy. Trans Am Soc Artif Intern Organs 1976, 22:80–93.

7. Ruttmann E, Weissenbacher A, Ulmer H, Müller L, Höfer D, Kilo J, Rabl W,
Schwarz B, Laufer G, Antretter H, Mair P: Prolonged extracorporeal
membrane oxygenation-assisted support provides improved survival in
hypothermic patients with cardiocirculatory arrest. J Thorac Cardiovasc
Surg 2007, 134:594–600.

8. Burford AE, Ryan LM, Stone BJ, Hirshon JM, Klein BL: Drowning and near-
drowning in children and adolescents. Pediatr Emerg Care 2005,
21:610–616.

9. Pratt FD, Potgeiter PD: Incidence of secondary drowning after saltwater
submersion. Ann Emerg Med 1986, 15:1084–1087.

10. Bierens JJ, Warner DS: Drowning resuscitation requires another state
mind. Resuscitation 2013, 84:1467–1469.

11. Szpilman D: Near-drowning and drowning classification: a proposal to
stratify mortality based on the analysis of 1,831 cases. Chest 1997,
112:660–665.

12. Ballesteros MA, Gutierres-Cuadra M, Munoz P, Minambres E: Prognostic
factors and outcome after drowning in an adult population. Acta
Anaesthesiol Scand 2009, 53:935–940.

13. Cordell-Smith JA, Roberts N, Peek GJ, Firmin RK: Traumatic lung injury
treated by extracorporeal membrane oxygenation (ECMO). Int J Care
Injured 2006, 37:29–32.



Kim et al. Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine 2014, 22:77 Page 7 of 7
http://www.sjtrem.com/content/22/1/77
14. Extracorporeal Life Support Organization: Adult Respiratory Failure
Supplement to the ELSO General Guidelines for Cardiopulmonary
Extracorporeal Life Support [http://elsonet.org/]

15. Brogan TV, Thiagarajan RR, Rycus PT, Bartlett RH, Bratton SL: Extracorporeal
membrane oxygenation in adults with severe respiratory failure: a multi-
center database. Intensive Care Med 2009, 35:2105–2114.

16. Lindskov C, Jensen RH, Sprogoe P, Klaaborg KE, Kirkegaard H, Severinsen K,
Lorentsen G, Folkersen L, Ilkjaer S, Pedersen CM: Extracorporeal membrane
oxygenation in adult patients with severe acute respiratory failure. Acta
Anaesthesiol Scand 2013, 57:303–311.

17. Le Gall J-R, Lemeshow S, Saulnier F: A new simplified acute physiology
score (SAPS II) based on a European/North American Multicenter study.
JAMA 1993, 270:2957–2963.

18. Vincent JL, Moreno R, Takala J, Willatts S, De Mendonça A, Bruining H,
Reinhart CK, Suter PM, Thijs LG: The SOFA (sepsis-related organ failure
assessment) score to describe organ dysfunction/failure. Intensive Care
Med 1996, 22:707–710.

19. Sidebotham D, Allen SJ, McGeorge A, Ibbott N, Willcox T: Venovenous
extracorporeal membrane oxygenation in adults: Practical aspects of
circuits, cannulae, and procedures. J Cardiothorac Vasc Anesth 2012,
26:893–909.

20. Bierens JJ, Knape JT, Gelissen HP: Drowning. Curr Opin Crit Care 2002,
8:578–586.

21. Lavelle JM, Shaw KN: Near drowning: is emergency department
cardiopulmonary resuscitation or intensive care unit cerebral
resuscitation indicated? Crit Care Med 1993, 21:368–373.

22. Sutherland SM, Zappitelli M, Alexander SR, Chua AN, Brophy PD, Bunchman
TE, Hackbarth R, Somers MJG, Baum M, Symons JM, Flores FX, Benfield M,
Askenazi D, Chand D, Fortenberry JD, Mahan JD, McBryde K, Blowey D,
Goldstein SL: Fluid overload and mortality in children receiving
continuous renal replacement therapy: the prospective pediatric
continuous renal replacement therapy registry. Am J Kidney Dis 2010,
55:316–325.

23. Han SJ, Kim HS, Kim KI, Whang SM, Hong KS, Lee WK, Lee SH: Use of
nafamostat mesilate as an anticoagulation during extracorporeal
membrane oxygenation. J Korean Med Sci 2011, 26:945–950.

24. Idris AH, Berg RA, Bierens J, Bossaert L, Branche CM, Gabrielli A, Graves SA,
Handley AJ, Hoelle R, Morley PT, Papa L, Pepe PE, Quan L, Szpilman D,
Wigginton JG, Modell JH, Atkins D, Gay M, Kloeck W, Timerman S:
Recommended guidelines for uniform reporting of data from drowning:
the “Utstein style”. Resuscitation 2003, 59:45–57.

doi:10.1186/s13049-014-0077-8
Cite this article as: Kim et al.: Extracorporeal membrane oxygenation in
near-drowning patients with cardiac or pulmonary failure. Scandinavian
Journal of Trauma, Resuscitation and Emergency Medicine 2014 22:77.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

http://elsonet.org/

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Patient characteristics at the scene and the emergency department
	Management in the intensive care unit
	Statistical analysis

	Results
	Discussion
	Conclusions
	Competing interests
	Authors’ contributions
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


