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D
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d
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In
tro

d
u

c
tio

n

M
ore

 than

 500,000

 people

 die

 each

 year

 for

 unintentional
drow

ning,

 accounting

 for

 near

 0.7%

 of

 all

 deaths

 w
orldw

ide. 1

If

 not

 prom
ptly

 resolved,

 drow
ning

 rapidly

 causes

 asphy-
xia

 and

 subsequent

 cardiac

 arrest

 w
hich

 drastically

 reduces
survival

 possibilities

 and

 w
orsens

 neurological

 outcom
e. 2

M
any

 factors

 infl
uence

 the

 overall

 prognosis,

 especially
age. 3

D
uration

 of

 subm
ersion

 and

 w
ater

 tem
perature

 are
other

 critical

 aspects

 to

 consider

 since

 survival

 is

 extrem
ely

rare

 and

 full

 neurological

 recovery

 near

 im
possible

 if

 sub-
m

ersion

 is

 longer

 than

 30

 m
in

 in

 w
ater

 w
arm

er

 than

 6
◦C

. 2

H
ypotherm

ia

 induced

 by

 cold

 w
ater

 has

 a

 protective

 effect
on

 the

 brain

 possibly

 allow
ing

 a

 better

 neurological

 pro-
gnosis

 even

 after

 a

 prolonged

 subm
ersion. 3

C
ooling

 rapidity
could

 be

 m
ore

 im
portant

 than

 the

 body

 tem
perature

 itself
in

 predicting

 survival

 after

 drow
ning. 4

T
his

 case

 report

 w
ill

 discuss

 the

 m
anagem

ent

 of

 a

 young
boy,

 drow
ned

 in

 an

 Italian

 river

 during

 spring

 w
ho

 had
43

 m
in

 of

 docum
ented

 drow
ning

 follow
ed

 by

 85

 m
in

 of

 inef-
fective

 advanced

 life

 support

 for

 cardiac

 arrest

 w
ho

 had
recovery

 of

 cardiac

 function

 after

 extracorporeal

 m
em

brane
oxygenation

 (EC
M

O
)

 and

 full

 neurological

 recovery.

C
a
se

 re
p

o
rt

A
n

 Italian

 14-year-old

 healthy

 boy

 drow
ned

 and

 w
as

 trapped
tw

o

 m
eters

 under

 w
ater

 in

 a

 river

 near

 M
ilan.

T
he

 fi
refi

ghters

 extracted

 him

 from

 w
ater

 43

 m
in

 after
drow

ning

 

and

 

29

 m
in

 

after

 

the

 

activation

 

of

 

the

 

em
er-

gency

 

system
.

 

W
ater

 

tem
perature

 

w
as

 

15
◦C

.

 

T
he

 

EC
G

show
ed

 the

 presence

 of

 asystole,

 G
lasgow

 C
om

a

 Scale

 (G
C

S)
score

 w
as

 three,

 skin

 w
as

 cyanotic,

 pupils

 w
ere

 sym
m

etri-
cally

 m
idriatic,

 nasopharyngeal

 tem
perature

 w
as

 29.5
◦C

.
C

ardiopulm
onary

 resuscitation

 (C
PR

)

 w
as

 perform
ed

 w
ith

m
anual

 chest
 com

pressions,

 orotracheal

 intubation

 perfor-
m

ed,

 

and

 

epinephrine

 

adm
inistered

 

via

 

an

 

intraosseous
access.

 Transient

 return
 of

 spontaneous

 circulation

 (R
O

SC
)

w
ith

 junctional

 rhythm
 w

as

 obtained

 after

 25

 m
in

 of

 advan-
ced

 life

 support

 (A
LS).

 T
he

 patient

 w
as

 thus

 transferred
on

 a

 helicopter

 and

 transported

 to

 our

 hospital.

 D
uring

the

 fl
ight,

 refractory

 ventricular
 fi

brillation

 occurred

 and
A

LS

 im
m

ediately

 re-started.

 T
he

 patient

 arrived

 at

 our

 ins-
titute

 at

 6:46

 pm
,

 100

 m
in

 after
 the
 em

ergency

 system
activation,

 under

 m
anual

 chest

 com
pression

 and

 directly
transferred

 to

 the

 C
ardiothoracic

 Intensive
 C

are

 U
nit

 (IC
U

).
A

t

 7:00

 pm
,

 extracorporeal

 life

 support

 (EC
LS)

 w
as

 started
at

 a

 fl
ow

 of

 3

 L/m
in,

 after

 the

 percutaneous
 cannulation

of

 the

 right

 fem
oral

 vein

 and

 artery

 under

 transesophageal
guidance.

 For

 the

 persistence

 of

 ventricular

 fi
brillation,

 a
direct

 current

 shock

 w
as

 delivered

 and

 atrial

 fi
brillation

achieved.

 Intra-aortic

 balloon

 pum
p

 (IA
BP)

 w
as

 placed

 via
the

 left

 fem
oral

 artery

 and

 a

 continuous

 infusion

 of

 inotropes
w

as

 started

 to

 facilitate

 ventricular

 unloading.
Propofol,

 rem
ifentanil,

 and

 m
annitol

 infusions

 w
ere

 star-
ted.

 H
e

 w
as

 progressively

 rew
arm

ed

 to

 36
◦C

 in

 14

 h

 via

 the
heat-exchange

 connected

 to

 the

 EC
M

O

 circuit.
First

 arterial

 blood

 gas

 analysis,

 perform
ed

 im
m

edia-
tely

 after

 EC
M

O

 start,

 show
ed

 pH

 7.26,

 pO
2

176

 m
m

H
g,

pC
O

2
43

 m
m

H
g,

 

H
C

O
3
−

9.6

 m
m

ol/L,

 

base

 

excess

 

−
20,

lactate

 

higher

 

than

 

the

 

upper

 

lim
it

 

detectable

 

by

 

the
analyzer,

 potassium

 2.7

 m
Eq/L,

 sodium

 147

 m
Eq/L,

 glucose
311

 m
g/dL.

Starting

 

im
m

ediately

 

after

 

IC
U

 

adm
ission,

 

overt
dissem

inated

 

intravascular

 

coagulation

 

(hem
oglobin:

11.5

 g/dL,

 platelets

 count:

 87,000/m
m

3,

 IN
R

:

 1.70,

 aPT
T:

42.5

 s,

 D
-dim

er:

 >20

 �
g/m

L,

 fi
brinogen:

 123

 m
g/dL)

 w
ith

m
assive

 bleeding

 (m
ore

 than

 2500

 m
L

 of

 bloody

 m
aterial

aspirated

 

from

 

respiratory,

 

gastrointestinal

 

and

 

urinary
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tract)  was  managed  with  multiple  transfusions  of  red  blood
cells  and  fresh  frozen.

Fourteen  hours  after  ICU  admission,  propofol  and
remifentanil  administration  was  stopped  to  allow  the  first
neurological  assessment  which  showed  the patient  coma-
tose,  areflexic,  with  muscular  hypertonia  at both  lower
extremities  and at  the  right  arm.  Only  the  ciliospinal  reflex
was  evocable  after  intense  stimulation.  Propofol  infusion
was  thus  restarted.

The second  day,  acute  renal  failure  requiring  renal
replacement  therapy (highest  value  of  serum  creatinine
registered  = 2.83  mg/dL)  and  acute  liver  failure  (hig-
hest  transaminase  value  =  4925  U/L;  highest  total  bilirubin
value  = 6.29 mg/dL)  were evident.  On the third day of  hos-
pitalization,  propofol  infusion  was  stopped  again  to  permit
a  second  neurological  assessment  that  showed  the  patient
with  open  eyes and  able  to obey  to  simple  orders.  After  four
days,  in  light  of  myocardial  recovery,  ECMO  and IABP were
removed.  The  fifth  day,  brain  magnetic  resonance  was  per-
formed  and  showed  thalamic  ischemia  and  signs  of reduced
cortical  diffusion  and  intracranial  hypertension.  Further-
more,  during  the same  day amputation  of  the right  leg  was
performed  since  irreversible  ischemia  of  the right  inferior
limb  occurred.  Pharmacological  inotropic  support  was  stop-
ped  ten  days  after  hospital  admission.  On  the  same  day,  the
patient  was  transferred  to  the neurosurgical  ICU.

Neurological  status  progressively  improved,  after  13  days
of  hospitalization  the patient  was  awake  and  neurologically
intact,  reaching  a  complete  recovery  after  37  days  of  hos-
pitalization,  the day  in which  he  was  discharged  at  home.
After  few  months,  he  went back to school  and he speaks  the
four  languages  he  spoke  before  the  accident.

Patient’s  relatives  signed  a written  consent  for the
scientific  use  of the patient’s  data.  Ethics  committee  appro-
val  was  waived  according  to Italian law.

This  is the  longest  mild  hypothermic  drowning  with  exce-
llent  neurological  recovery  reported  in literature.  Indeed,
the  patient  had  near  one  hour  and a  half  CRP  before  ECMO
start;  water  temperature  was  15 ◦C  and  patient’s  body was
found  at  29.5 ◦C.  Furthermore,  the two  years  follow  up  con-
firmed  the  absence  of  neurological  deficits.  The  only  report
with  longer  duration  of  submersion  (83  min  estimated)  hap-
pened  in  icy  water  with  the  patient  retrieved  at 13.8 ◦C
(profound  hypothermia).5 The  authors  described  an exce-
llent  neurological  outcome  even though  ten  months  after
the  episode  described  the  patient  had  generalized  seizures
requiring  antiepileptic  therapy  initiation.  Furthermore,  in
this  case  the  patient  was  first  treated  with  cardiopulmonary
by-pass  and only  subsequently  with  ECMO.

This  report  questions  the borders  of  futility  of  extracor-
poreal  CPR  and  when  ‘‘to stop’’  it.  As  a  matter  of  fact,
strict  cooperation  of  emergence  medical  service  and  ECMO
unit  allowed  this  boy  ‘‘back  to  life’’.
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