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Out of hospital cardiac arrest (OHCA) is still the 
leading cause of death, affecting about 600,000 peo
ple each year in Europe. Unfortunately, the OHCA sur
vival rate of hospital is around 7–10% worldwide [1]. 
Adequate oxygenation is essential for advanced life 
support. The points that determine this issue to be 
controversial are the absence of evidence that a rou
tine tool or basic method should be at the forefront 
of airway management during cardiac arrest. There 
is no consensus yet on the best airway management 
strategy to improve patient outcome. In this regard, 
reliable scientific evidence cannot be obtained. 
Therefore, it becomes difficult for a definitive recom
mendation. 

There are a few known methods to increase 
survival after OHCA. Most prominent among them 
is minimalising interruptions during chest com
pressions with early defibrillation [2]. It has been 
revealed in studies that limiting the frequency and 
duration of interruptions in chest compressions can 
improve the survival and clinical outcomes of return 
of spontaneous circulation (ROSC) during cardio
pulmonary resuscitation (CPR) [3]. Several registries 
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have been established in North America and Europe, 
including the Resuscitation Outcomes Consortium 
(ROC), Cardiac Arrest Registry to Enhance Survival 
(CARES), Ontario Prehospital Advanced Life Support, 
and European Registry of Cardiac Arrest, in order to 
improve OHCA survival rates.

Cardiac arrest is the sudden cessation of blood 
flow due to the inability of effective heart contraction 
during systole [4]. Normal tissue metabolism is de
pendent on providing adequate oxygen. The delivery 
of oxygen is related with oxygen content and cardiac 
output. In cases of cardiac arrest, tissue hypoxia, aci
dosis, and metabolic disorders appear. Consequently, 
hypoperfusion brings anaerobic metabolism and lac
tic acidosis. Therefore, there is a critical relationship 
between continued chest compression and coronary 
perfusion. Also, it is closely related to the recovery of 
cerebral function following cardiac arrest. Ventilation 
is necessary to achieve adequate gas exchange [5].

The European Resuscitation Council (ERC) and 
American Heart Association (AHA) recommend tra
cheal intubation (TI) to secure the airway, by quali
fied and properly trained staff [6, 7]. Although con
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Abstract
Restoring partial flow of oxygenated blood is a fundamental goal of cardiopulmonary 
resuscitation. The ideal devices used for this purpose should have features such as low 
incidence of complications, high survival rate, rapid control of the airway, and adequate 
ventilation. Besides limiting the frequency and duration of interruptions in chest com-
pressions, they can improve the survival and clinical outcomes of return of spontane-
ous circulation during cardiopulmonary resuscitation. The overall rates of survival from 
out-of-hospital cardiac arrest have improved dramatically in recent years. However, op-
timal airway management during out-of-hospital cardiac arrest is a controversial issue.  
The proposed standard of care, i.e. endotracheal intubation, may have paradoxical ad-
verse effects on intended outcomes by interrupting cardiopulmonary resuscitation and 
by reduction of coronary and cerebral perfusion pressure during resuscitation. The aim 
of this narrative review is to provide health care providers with an overview of relevant 
studies in the area, with a focus on alternative advanced airway techniques.
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troversial, in the absence of personal skills in TI, the 
supraglottic airway device (SGA) or a bag mask ven
tilation (BMV) are two other acceptable alternatives.

The International Liaison Committee on Re
suscitation task forces suggests the use of BMV  
or an advanced airway strategy during CPR for adult 
patients. SGA was recommended in OHCA as an ad
vanced airway in settings with a low tracheal intu
bation success rate. On the other hand, in settings 
with a high tracheal intubation success rate, SGA or 
tracheal intubation was recommended. In cases with 
inhospital cardiac arrest, an SGA insertion or tracheal 
intubation was recommended as an advanced airway.

Several authors have even emphasised that 
providing a safer airway regardless of technique 
may sometimes be more harmful due to the time
consuming effect. Advanced airway management is 
considered as a separate concern that the increased 
intrathoracic pressure may cause decreased coro
nary and cerebral perfusion pressure in patients 
during resuscitation. Another concern is increased 
mortality of hyperoxaemia during ventilation with 
tracheal tubes. The outcome is reported to be bet
ter in patients with bagvalvemask ventilation and 
basic airway intervention. The conclusion regarding 
which airway device should be considered the prior
ity remains unclear [8].

Although we do not have any evidence to em
phasise that advanced airway management has 
a negative effect on the prognosis of patients, the 
optimum airway management method is still a con
troversial issue. The summary of the studies is avail
able in Table 1.

TRACHEAL INTUBATION DURING 
CARDIOPULMONARY RESUSCITATION

The incidence of unrecognised oesophageal 
intubation has been reported as 2.4–17.0% in stud
ies involving paramedics [9]. Besides 3% tracheal 
tube displacement, 3% multiple intubation, hype
roxaemia and longterm interruption in CPR were 
observed. All were associated with increased risk 
for intubation related adverse events including 
negative effect on coronary and cerebral perfusion.  
According to the ERC recommendation, tracheal in
tubation should not last longer than five seconds.  
In cardiac arrest studies, unrecognised misplace
ment of the tracheal tube has been reported to be 
associated with morbidity and mortality ranging 
from 2.9 to 16.7% [10]. 

It was also demonstrated that TI is not an aspi
rationriskfree method [11]. Therefore, TI gradually 
loses its unique importance in this field. In AIRWAYS2 
randomised clinical trial the regurgitation and aspi
ration rates were not significantly different between 
tracheal intubation and SGA groups [12].

The harms and advantages of tracheal intuba
tion during CPR are summarised in Table 2.

CONCERNS ABOUT SUPRAGLOTTIC AIRWAY
The role of the laryngeal mask in resuscitation 

was first introduced in the 1990s by Leach et al. [13], 
and the discussions on the subject have continued 
until today. SGA placement has gained popularity 
due to its simple technique and less CPR interrup
tion than tracheal intubation. It was first proposed 
by the 1997 Liaison Committee on Resuscitation 
(ILCOR) as an alternative airway management tool 
to TI in adults during resuscitation [14].

Compared to TI, less than 10% of SGA interven
tions require multiple attempts. Decreased lung 
compliance or high airway resistance may require 
the use of high inspiratory airway pressures, which 
can increase the risk of aspiration by causing gastric 
insufflation. Finally, ventilation cannot be achieved 
with the use of a laryngeal mask in case of obstruc
tion of the airway, which may develop in the pres
ence of a lesion under the glottis. The balloon and 
fitting part of the device, which settles in the supra
glottic area, can compress vital vascular structures 
such as the carotid artery and lead to carotid blood 
flow reduction that may adversely affect the pa
tient’s outcome [15]. 

In a sixyear period using Laryngeal tubes (LT) 
and involving 189 patients, the mean initial cuff 
pressure was 100 cmH2O, tongue swelling incidence 
was 38.6%, the cannot ventilate – cannot intubate 
scenario incidence was 1.0%, and the rate of mas
sive stomach distention was found as 10.6% [16]. 
However, in several studies comparing supraglot
tic airway devices, different results were reported.  
The incidence of “traumatic placement” can increase 
up to 49% in LTSD and 21% in laryngeal mask su
preme [17].

MANIKIN STUDIES
In manikin studies, the researchers aimed to 

measure which device or method is superior to mi
nimise interruptions during CPR. Gatward et al. [18] 
revealed a statistically significant delay (mean delay 
3.3 s, CI: 1.80–5.45, P = 0.0001) in chest compres
sions during tracheal intubation. 

In the study of Wiese et al. [19] comparing LTSD 
with igel, no statistically significant difference was 
found between two groups in terms of no flow time 
(104.7 s vs. 105.1 s; P > 0.05, respectively) and inser
tion time (10.4 s vs. 9.3 s; P > 0.05, respectively).

In 2011, Ruetzler et al. [20] compared five differ
ent airway devices (endotracheal tube [Mallinck
rodt, Athlone, Ireland], Combitube [Covidien, Man
sfield, MA, USA], EasyTube [Teleflexmedical Ruesch, 
Research Triangle Park, NC, USA], laryngeal tube 



427

Advanced airway management and cardiopulmonary resuscitation

TA
BL

E 1
. T

he
 su

m
m

ar
y o

f t
he

 in
clu

de
d s

tu
die

s

Au
th

or
s 

Ye
ar

 
Ai

rw
ay

 d
ev

ice
St

ud
y t

yp
e

M
ai

n 
ou

tc
om

e
Re

su
lts

 
St

at
ist

ica
l 

sig
ni

fic
an

ce
Be

ng
er

 
et

 al
.

20
16

i-g
el 

(n
 =

 23
2)

 vs
. L

M
A 

Su
pr

em
e (

n =
 17

4)
 

Cl
us

te
r-r

an
do

m
ise

d 
tri

al
 

St
ud

y f
ea

sib
ili

ty
, in

clu
di

ng
 p

ar
am

ed
ic 

an
d 

pa
tie

nt
 re

cr
ui

tm
en

t a
nd

 p
ro

to
co

l a
dh

er
en

ce
No

 si
gn

ifi
ca

nt
 di

ffe
re

nc
e b

et
w

ee
n 

gr
ou

ps
 in

 te
rm

s o
f R

OS
C o

n 
ho

sp
ita

l a
rri

va
l, s

ur
viv

al 
to

 h
os

pi
ta

l d
isc

ha
rg

e u
nt

il 9
0 d

ay
s

P 
>

 0
.0

5

Be
ng

er
 

et
 al

.
20

18
I-g

el
 (n

 =
 4

88
6)

 vs
. E

TT
 (n

 =
 4

41
0)

 
OH

CA
M

ul
tic

en
tre

, c
lu

ste
r 

ra
nd

om
ise

d 
cli

ni
ca

l t
ria

l 
M

od
ifi

ed
 R

an
kin

 Sc
al

e s
co

re
 at

 h
os

pi
ta

l 
di

sc
ha

rg
e o

r 3
0 

da
ys

 af
te

r o
ut

-o
f-h

os
pi

ta
l 

ca
rd

ia
c a

rre
st

Fa
vo

ur
ab

le
 fu

nc
tio

na
l o

ut
co

m
e a

t h
os

pi
ta

l d
isc

ha
rg

e  
(I-

ge
l: 

6.
4%

 vs
. E

TT
: 6

.8
%

)
P 

>
 0

.0
5

Ca
dy

 
et

 al
.

20
09

ET
T (

n 
=

 4
33

5)
 vs

. C
om

bi
tu

be
 (n

 =
 1

43
7)

Re
tro

sp
ec

tiv
e c

oh
or

t 
st

ud
y 

RO
SC

, s
ur

viv
al

 to
 h

os
pi

ta
l a

dm
iss

io
n 

 
an

d 
su

rv
iva

l t
o 

ho
sp

ita
l d

isc
ha

rg
e

No
 si

gn
ifi

ca
nt

 d
iff

er
en

ce
 b

et
w

ee
n 

gr
ou

ps
 in

 te
rm

 o
f R

OS
C,

 
su

rv
iva

l t
o h

os
pi

ta
l a

dm
iss

io
n 

or
 su

rv
iva

l t
o h

os
pi

ta
l d

isc
ha

rg
e 

P 
>

 0
.0

5

Ev
an

s 
et

 al
.

20
16

ET
T (

n 
=

 1
28

2)
 vs

. B
M

V 
(n

 =
 7

15
)  

vs
. S

GA
 (n

 =
 2

73
) 

OH
CA

M
ul

ti-
ce

nt
re

, p
ro

sp
ec

tiv
e 

st
ud

y i
nv

ol
vin

g 
Ep

ist
ry

 
an

d 
PR

OP
HE

T t
ra

um
a 

re
gi

st
rie

s 

Th
e a

ss
oc

ia
tio

n 
be

tw
ee

n 
AL

S p
ro

ce
du

re
s  

an
d 

su
rv

iva
l

ET
T a

nd
 SG

A 
gr

ou
ps

 ex
pe

rie
nc

ed
 d

ec
re

as
ed

 o
dd

s o
f s

ur
viv

al
 

co
m

pa
re

d 
BM

V
P 

>
 0

.0
5

Fia
la

 
et

 al
.

20
17

LT
 (n

 =
 5

4)
 vs

. B
VM

 (n
 =

 5
8)

Op
en

 p
ro

sp
ec

tiv
e 

ra
nd

om
ise

d 
m

ul
tic

en
tre

 
st

ud
y

Co
m

pa
ris

on
 o

f e
as

e o
f h

an
dl

in
g 

an
d 

effi
ca

cy
 

of
 ve

nt
ila

tio
n

No
 si

gn
ifi

ca
nt

 d
iff

er
en

ce
 b

et
w

ee
n 

LT
 an

d 
BV

M
 in

 te
rm

s  
of

 effi
ca

cy
 o

f o
n-

sit
e v

en
til

at
io

n 
(7

1.
4%

 vs
. 5

8.
5%

)  
an

d 
th

e f
re

qu
en

cy
 o

f c
om

pl
ica

tio
ns

 (1
1.

4%
 vs

. 1
9.

5%
) 

P 
=

 0
.6

86
 

an
d 

P 
=

 0
.9

61

Ha
ni

f 
et

 al
.

20
10

ET
T (

n 
=

10
27

) v
s. 

BV
M

 (n
 =

 1
31

)  
vs

. C
om

bi
tu

be
/E

OA
 (n

 =
 1

31
)

Re
tro

sp
ec

tiv
e c

oh
or

t 
st

ud
y

Co
m

pa
ris

on
 o

f s
ur

viv
al

 to
 h

os
pi

ta
l d

isc
ha

rg
e 

am
on

g 
ad

ul
t O

HC
A 

pa
tie

nt
s

Lo
w

er
 su

rv
iva

l r
at

e t
o 

ho
sp

ita
l d

isc
ha

rg
e f

or
 ET

T t
ha

n 
BV

M
 

(O
R:

 4
.5

)
P 

<
 0

.0
00

1

Ha
se

ga
w

a 
et

 al
.

20
13

ET
T (

n 
=

 4
1,

97
2)

 vs
. S

GA
 (n

 =
 2

39
,5

50
) 

vs
. B

VM
 (n

 =
 2

81
,5

22
)

Pr
os

pe
ct

ive
, n

at
io

nw
id

e,
 

po
pu

la
tio

n-
ba

se
d 

st
ud

y 
Fa

vo
ur

ab
le

 n
eu

ro
lo

gi
ca

l o
ut

co
m

e 1
 m

on
th

 
af

te
r a

n 
OH

CA
Bo

th
 ET

T a
nd

 SG
A 

w
er

e s
im

ila
rly

 as
so

cia
te

d 
w

ith
 d

ec
re

as
ed

 
od

ds
 o

f n
eu

ro
lo

gi
ca

lly
 fa

vo
ur

ab
le

 su
rv

iva
l

P 
>

 0
.0

5

Ho
no

ld
 

et
 al

.
20

15
ET

T (
n 

=
 6

9)
 vs

. L
T (

n 
=

 2
1)

M
on

oc
en

tri
c r

et
ro

sp
ec

tiv
e 

an
al

ys
is

Th
e i

nd
ice

s f
or

 as
pi

ra
tio

n 
an

d 
ea

rly
 

on
se

t p
ne

um
on

ia
 

Hi
gh

er
 m

or
ta

lit
y i

n 
th

e L
T g

ro
up

 co
m

pa
re

d 
ET

T  
(6

0%
 vs

. 2
8.

9%
, r

es
pe

ct
ive

ly)
P 

=
 0

.0
18

Ja
br

e 
et

 al
.

20
18

ET
T (

n 
=

 1
02

2)
 vs

. B
M

V 
(n

 =
 1

01
8)

OH
CA

M
ul

tic
en

tre
 ra

nd
om

ise
d 

cli
ni

ca
l t

ria
l

Su
rv

iva
l w

ith
 fa

vo
ur

ab
le

 n
eu

ro
lo

gi
ca

l 
fu

nc
tio

n 
at

 d
ay

 2
8

Fa
vo

ur
ab

le
 n

eu
ro

lo
gi

ca
l f

un
ct

io
n 

at
 2

8 
da

ys
  

(B
M

V:
 4

.3
%

 vs
. E

TT
: 4

.2
%

)
P 

>
 0

.0
5

Ja
rm

an
 

et
 al

.
20

17
ET

T w
ith

 D
L (

n 
=

 1
48

) v
s. 

ET
T w

ith
 V

L 
(n

 =
 1

25
) v

s. 
LT

 (n
 =

 4
3)

 
OH

CA

Co
ho

rt 
an

al
ys

is 
 

of
 p

ro
sp

ec
tiv

el
y c

ol
le

ct
ed

 
cli

ni
ca

l a
nd

 d
efi

br
ill

at
or

 
da

ta
 

Co
m

pa
ris

on
 o

f i
nt

er
ru

pt
io

ns
 in

 CP
R,

  
lo

ng
es

t p
au

se
, a

nd
 th

e n
um

be
r  

of
 p

au
se

s g
re

at
er

 th
an

 1
0 

se
co

nd
s

Fir
st

 p
as

s s
uc

ce
ss

 w
ith

 LT
: 7

7%
, D

L: 
68

%
 an

d V
L: 

67
%

P 
>

 0
.0

5

Ka
jin

o 
et

 al
.

20
11

ET
T (

n 
=

 1
67

9)
 vs

. L
M

A 
(n

 =
 3

69
8)

Ob
se

rv
at

io
na

l, 
po

pu
la

tio
n-

ba
se

d 
co

ho
rt 

st
ud

y t
ha

t u
se

d 
a p

ro
sp

ec
tiv

e,
  

Ut
ste

in
-S

ty
le

 p
op

ul
at

io
n 

co
ho

rt 
da

ta
ba

se
 

On
e-

m
on

th
 su

rv
iva

l w
ith

 n
eu

ro
lo

gi
ca

lly
 

fa
vo

ur
ab

le
 o

ut
co

m
e

Lo
ng

er
 in

te
rv

en
tio

n 
tim

e  
(E

TT
: 1

7.
2 

m
in

 vs
. L

M
A:

 1
5.

8 
m

in
) 

No
 si

gn
ifi

ca
nt

 d
iff

er
en

ce
 in

 o
ne

-m
on

th
 su

rv
iva

l w
ith

 
fa

vo
ur

ab
le

 n
eu

ro
lo

gi
ca

l o
ut

co
m

e (
ET

T: 
3.

6%
 vs

. L
M

A:
 3

.6
%

)

P 
<

 0
.0

01
an

d 
P 

=
 0

.9
45



428

Ayten Saracoglu, Kemal Tolga Saracoglu

Au
th

or
s 

Ye
ar

 
Ai

rw
ay

 d
ev

ice
St

ud
y t

yp
e

M
ai

n 
ou

tc
om

e
Re

su
lts

 
St

at
ist

ica
l 

sig
ni

fic
an

ce
Ka

ng
 

et
 al

.
20

16
ET

T (
n 

=
 1

19
5)

 vs
. B

M
V 

(n
 =

 2
96

84
)  

vs
. S

GA
 (n

 =
 1

63
4)

 
OH

CA

Po
pu

la
tio

n-
ba

se
d,

 
re

tro
sp

ec
tiv

e c
oh

or
t s

tu
dy

 
Ne

ur
ol

og
ica

lly
 fa

vo
ur

ab
le

 su
rv

iva
l  

to
 d

isc
ha

rg
e

Th
e o

dd
s o

f n
eu

ro
lo

gi
ca

lly
 fa

vo
ur

ab
le

 su
rv

iva
l t

o 
di

sc
ha

rg
e 

w
as

 si
gn

ifi
ca

nt
ly 

hi
gh

er
 in

 ET
T c

om
pa

re
d 

to
 th

e B
VM

 
Ad

ju
ste

d 
OR

, 
1.

40
5;

 9
5%

 CI
: 

1.
10

01
–1

.9
71

 

Lin
 

et
 al

.
20

14
ET

T (
n 

=
 4

4)
 vs

. L
M

A 
(n

 =
 1

38
4)

  
vs

. n
on

-re
br

ea
th

er
 fa

ce
m

as
k (

n 
=

 1
08

) 
vs

. B
VM

 (n
 =

 3
76

)

Re
tro

sp
ec

tiv
e r

ev
ie

w
  

of
 a 

da
ta

ba
se

Th
e e

ffe
ct

ive
ne

ss
 o

f L
M

A
No

 si
gn

ifi
ca

nt
 d

iff
er

en
ce

 in
 su

rv
iva

l t
o 

di
sc

ha
rg

e p
re

va
le

nc
e

P 
>

 0
 .0

5

M
ai

gn
an

 
et

 al
.

20
15

LT
 (n

 =
 4

1)
 vs

. B
VM

 (n
 =

 4
1)

Op
en

 p
ro

sp
ec

tiv
e 

m
ul

tic
en

tre
 st

ud
y 

As
se

ss
m

en
t o

f c
he

st
 co

m
pr

es
sio

n 
fra

ct
io

n 
us

in
g 

an
 ac

ce
le

ro
m

et
er

 co
nn

ec
te

d 
 

to
 th

e d
efi

br
ill

at
or

Hi
gh

er
 ch

es
t c

om
pr

es
sio

n 
fra

ct
io

n 
in

 LT
 (7

5%
)  

th
an

 B
VM

 (5
9%

) 
P 

<
 0

.0
1

M
cM

ul
la

n
et

 al
.

20
14

ET
T (

n 
=

55
91

) v
s S

GA
 (n

 =
 3

11
0)

 
vs

. n
o 

ad
va

nc
ed

 ai
rw

ay
 (n

 =
 1

92
9)

Se
co

nd
ar

y a
na

lys
is 

 
of

 O
HC

A 
da

ta
 fr

om
  

th
e C

ar
di

ac
 A

rre
st

 R
eg

ist
ry

 
to

 En
ha

nc
e S

ur
viv

al
 

(C
AR

ES
) r

eg
ist

ry

Su
st

ai
ne

d 
RO

SC
, s

ur
viv

al
 to

 h
os

pi
ta

l 
ad

m
iss

io
n,

 an
d 

di
sc

ha
rg

e,
 an

d 
ne

ur
ol

og
ica

lly
-

in
ta

ct
 su

rv
iva

l t
o 

ho
sp

ita
l d

isc
ha

rg
e

Hi
gh

er
 su

st
ai

ne
d 

RO
SC

 (O
R 

=
 1

.3
5)

, s
ur

viv
al

 to
 h

os
pi

ta
l 

ad
m

iss
io

n 
(1

.3
6)

, h
os

pi
ta

l s
ur

viv
al

 (1
.4

1)
 an

d 
ho

sp
ita

l 
di

sc
ha

rg
e w

ith
 g

oo
d 

ne
ur

ol
og

ic 
ou

tc
om

e (
1.

44
)  

w
ith

 ET
T t

ha
n 

SG
A

OR
 =

 1
.3

5;
 

95
%

 CI
: 1

.1
9–

1.
54

an
d 

1.
36

; 
1.

19
–1

.5
5

an
d 

 1
.4

1;
 

1.
14

–1
.7

6 
an

d 
1.

44
; 

1.
10

–1
.8

8

Na
ga

o
et

 al
.

20
12

ET
T (

n 
=

 1
0)

 vs
. L

M
A 

(n
 =

 1
47

)  
vs

. B
VM

 (n
 =

 15
6)

 vs
. C

om
bi

tu
be

 (n
 =

 42
)

Re
tro

sp
ec

tiv
e c

oh
or

t 
st

ud
y 

A 
fa

vo
ur

ab
le

 n
eu

ro
lo

gi
ca

l o
ut

co
m

e
Lo

w
er

 ra
te

 o
f o

ve
ra

ll 
RO

SC
 an

d 
IC

U 
ad

m
iss

io
n 

in
 B

VM
No

 si
gn

ifi
ca

nt
 d

iff
er

en
ce

 in
 th

e r
at

e o
f p

re
-h

os
pi

ta
l R

OS
C

P 
=

 0
.0

35
2

an
d 

P 
=

 0
.0

08
9

an
d 

P 
=

 0
.2

46
5

On
o

et
 al

.
20

15
LT

 (n
 =

 1
48

) v
s. 

LM
A 

(n
 =

16
5)

Pr
os

pe
ct

ive
, c

lu
ste

r-
ra

nd
om

ise
d,

 an
d 

op
en

-
la

be
l s

tu
dy

A 
fa

vo
ur

ab
le

 n
eu

ro
lo

gi
ca

l o
ut

co
m

e 1
 m

on
th

 
af

te
r c

ar
di

ac
 ar

re
st

No
 si

gn
ifi

ca
nt

 d
iff

er
en

ce
 b

et
w

ee
n 

gr
ou

ps
 in

 te
rm

s 
of

 su
cc

es
sfu

l p
re

-h
os

pi
ta

l v
en

til
at

io
n,

 R
OS

C,
 su

rv
iva

l, 
an

d 
ne

ur
ol

og
ica

l o
ut

co
m

es

P 
>

 0
 .0

5

Pa
rk

et
 al

.
20

17
ET

T (
n 

=
 1

5)
 vs

. L
M

A 
(n

 =
 5

1)
Re

tro
sp

ec
tiv

e s
tu

dy
 

ba
se

d 
on

 a 
m

ul
tic

en
tre

 
pr

os
pe

ct
ive

 co
ho

rt 
re

gi
st

ry

Th
e a

ss
oc

ia
tio

n 
of

 p
re

ho
sp

ita
l S

GA
 

on
 n

eu
ro

lo
gi

c o
ut

co
m

e
28

-d
ay

 g
oo

d 
ne

ur
ol

og
ic 

ou
tc

om
e

(O
R 

=
 7

.8
8;

 9
5%

 CI
: 1

.3
3–

46
.5

3;
 P

 =
 0

.0
23

) w
he

n 
po

st
re

su
sc

ita
tio

n 
va

ria
bl

es
 w

er
e a

dj
us

te
d,

 al
th

ou
gh

 th
er

e 
w

er
e n

o 
sig

ni
fic

an
t a

ss
oc

ia
tio

n 
w

ith
 th

e a
cq

ui
sit

io
n 

 
of

 su
st

ai
ne

d 
re

tu
rn

 o
f s

po
nt

an
eo

us
 ci

rc
ul

at
io

n 
(O

R 
=

 0
.9

92
; 

95
%

 CI
 =

 0
.5

91
–1

.6
66

; p
 =

 0
.9

76
). 

28
-d

ay
 go

od
 ne

ur
olo

gi
c o

ut
co

m
e (

od
ds

 ra
tio

 [O
R]

 =
 7.

88
;  

95
%

 CI
 =

 1.
33

–4
6.

53
; P

 =
 0.

02
3]

 w
he

n p
os

tre
su

sc
ita

tio
n 

va
ria

bl
es

 w
er

e a
dj

us
te

d,
 al

th
ou

gh
 th

er
e w

er
e n

o s
ig

ni
fic

an
t a

s -
so

cia
tio

n w
ith

 th
e a

cq
ui

sit
ion

 of
 su

sta
in

ed
 re

tu
rn

 of
 sp

on
ta

ne
o-

us
 ci

rcu
lat

ion
 (O

R =
 0.

99
2;

 95
%

 CI
 =

 0.
59

1–
1.

66
6;

 P 
=

 0.
97

6)
. 

Be
tte

r 2
8-

da
y n

eu
ro

lo
gi

ca
l o

ut
co

m
e w

ith
 LM

A

P 
=

 0
.0

02
3

TA
BL

E 1
. C

on
t.



429

Advanced airway management and cardiopulmonary resuscitation

Au
th

or
s 

Ye
ar

 
Ai

rw
ay

 d
ev

ice
St

ud
y t

yp
e

M
ai

n 
ou

tc
om

e
Re

su
lts

 
St

at
ist

ica
l 

sig
ni

fic
an

ce
Ro

th
et

 al
.

20
15

LT
 (n

 =
 3

95
) v

s. 
BM

V 
(n

 =
 7

4)
Pr

os
pe

ct
ive

 m
ul

tic
en

tre
 

ob
se

rv
at

io
na

l c
oh

or
t 

st
ud

y

Co
m

pa
ris

on
 o

f s
af

et
y a

nd
 fe

as
ib

ili
ty

M
or

e f
re

qu
en

tly
 su

cc
es

sfu
l v

en
til

at
io

n 
w

ith
 LT

  
(9

3%
; a

dj
us

te
d 

ris
k r

at
io

) 
P 

=
 0

.0
1

Sh
in

et
 al

.
20

12
ET

T (
n 

=
 2

50
) v

s. 
LM

A 
(n

 =
 3

91
) 

vs
. B

VM
 (n

 =
 4

63
7)

Re
tro

sp
ec

tiv
e c

oh
or

t 
st

ud
y 

Co
m

pa
ris

on
 o

f a
irw

ay
 m

an
ag

em
en

t 
te

ch
ni

qu
e d

ur
in

g 
am

bu
la

nc
e t

ra
ns

po
rt

Si
m

ila
r a

dj
us

te
d 

su
rv

iva
l t

o 
ad

m
iss

io
n 

an
d 

di
sc

ha
rg

e  
fo

r B
VM

 an
d 

ET
T 

Si
gn

ifi
ca

nt
ly 

lo
w

er
 ad

ju
ste

d 
su

rv
iva

l t
o 

ad
m

iss
io

n 
 

an
d 

di
sc

ha
rg

e i
n 

LM
A 

th
an

 B
VM

 

OR
 =

 1
.0

 
an

d 
0.

91
, 

re
sp

ec
tiv

el
y

an
d 

OR
 =

 0
.7

2 
an

d 
0.

52
, 

re
sp

ec
tiv

el
y

SO
S-

KA
NT

O 
st

ud
y

gr
ou

p

20
09

LM
A 

(n
 =

 1
73

) v
s. 

BV
M

 (n
 =

 2
03

)
Pr

os
pe

ct
ive

 m
ul

tic
en

tre
 

st
ud

y, 
no

n-
ra

nd
om

ise
d 

co
nt

ro
l t

ria
l 

Ar
te

ria
l b

lo
od

 g
as

es
 o

n 
ho

sp
ita

l a
dm

iss
io

n 
 

of
 re

su
sc

ita
te

d 
pa

tie
nt

s
Hi

gh
er

 m
ed

ia
n 

ar
te

ria
l p

H 
in

 LM
A 

th
an

 B
VM

  
(7

.1
17

 vs
. 7

.0
75

). 
No

 d
iff

er
en

ce
 in

 Pa
CO

2 (5
2.

9 
vs

. 5
5.

3)
  

an
d 

Pa
O 2 (6

4.
6 

vs
. 7

1.
9)

P 
=

 0
.0

2
an

d 
P 

=
 0

.0
6

an
d 

P 
=

 0
.5

6

Su
lzg

ru
be

r
et

 al
.

20
18

ET
T (

n 
=

 7
93

) v
s. 

LT
 (n

 =
 4

04
)

OH
CA

Pr
os

pe
ct

ive
 p

op
ul

at
io

n-
ba

se
d 

co
ho

rt 
st

ud
y 

A 
fa

vo
ur

ab
le

 n
eu

ro
lo

gi
ca

l o
ut

co
m

e
LT

: T
he

 lo
w

es
t 3

0-
da

y s
ur

viv
al

 ra
te

LT
: T

he
 lo

w
es

t r
at

e o
f g

oo
d 

ne
ur

ol
og

ica
l p

er
fo

rm
an

ce
 (6

.7
%

) 
P 

<
 0

.0
01

an
d 

P <
 0

.0
01

Ta
na

be
et

 al
.

20
13

ET
T (

n 
=

 1
6,

05
4)

 vs
. L

M
A 

(n
 =

 3
4,

12
5)

 
vs

. E
OA

 (n
 =

 8
8,

06
9)

Na
tio

nw
id

e p
op

ul
at

io
n-

ba
se

d 
ob

se
rv

at
io

na
l s

tu
dy

 
A 

fa
vo

ur
ab

le
 n

eu
ro

lo
gi

ca
l o

ut
co

m
e

Si
gn

ifi
ca

nt
ly 

hi
gh

er
 ra

te
s o

f n
eu

ro
lo

gi
ca

lly
 fa

vo
ur

ab
le

 
1-

m
on

th
 su

rv
iva

l in
 ET

T (
1.

14
%

) t
ha

n 
LM

A 
(0

.9
8%

)  
an

d 
EO

A 
(1

.0
4%

) 

OR
 =

 0
.7

7,
 9

5%
 CI

: 
0.

64
–0

.9
4 

an
d 

OR
 =

 0
.8

1,
 

95
%

 CI
: 0

.6
8–

0.
96

W
an

g
et

 al
.

20
12

ET
T (

n 
=

 8
48

7)
 vs

. S
GA

 (n
 =

 1
96

8)
Se

co
nd

ar
y a

na
lys

is 
of

 
da

ta
 fr

om
 th

e m
ul

tic
en

tre
 

Re
su

sc
ita

tio
n 

Ou
tc

om
es

 
Co

ns
or

tiu
m

 (R
OC

)  
PR

IM
ED

 tr
ia

l

Su
rv

iva
l t

o 
ho

sp
ita

l d
isc

ha
rg

e w
ith

 
sa

tis
fa

ct
or

y f
un

ct
io

na
l s

ta
tu

s w
ith

 M
RS

 ≤
 3

Hi
gh

er
 su

rv
iva

l t
o 

ho
sp

ita
l d

isc
ha

rg
e w

ith
 sa

tis
fa

ct
or

y 
fu

nc
tio

na
l s

ta
tu

s w
ith

 ET
T (

4.
7%

 vs
. 3

.9
%

)  
In

cre
as

ed
 ra

te
 o

f R
OS

C a
nd

 2
4-

h 
su

rv
iva

l w
ith

 ET
T

OR
 =

 1
.7

8 
an

d 
OR

 =
 1

.7
4

W
an

g
et

 al
.

20
18

ET
T (

n 
=

 1
49

9)
 vs

. L
T (

n 
=

 1
50

5)
OH

CA
M

ul
tic

en
tre

 p
ra

gm
at

ic 
clu

ste
r-

cro
ss

ov
er

 cl
in

ica
l 

tri
al

Co
m

pa
ris

on
 o

f t
he

 eff
ec

tiv
en

es
s o

f a
 st

ra
te

gy
72

-h
ou

r s
ur

viv
al

 (L
T: 

18
.3

%
 vs

. E
TT

: 1
5.

4%
)

RO
SC

 (L
T: 

27
.9

%
 vs

. E
TT

: 2
4.

3%
)

Ho
sp

ita
l s

ur
viv

al
 (L

T: 
10

.8
%

 vs
. E

TT
: 8

.1
%

)

P 
=

 0
.0

4
an

d 
P 

=
 0

.0
3

an
d

P 
=

 0
.0

1
ET

T –
 en

do
tra

ch
ea

l t
ub

e, 
LT

 –
 la

ry
ng

ea
l t

ub
e, 

BM
V 

– 
ba

g m
as

k v
en

til
at

ion
, D

L –
 di

rec
t l

ar
yn

go
sc

op
y, 

VL
 –

 vi
de

o l
ar

yn
go

sc
op

y, 
RO

SC
 –

 re
tu

rn
 of

 sp
on

ta
ne

ou
s c

irc
ul

at
ion

, E
OA

 –
 oe

so
ph

ag
ea

l o
bt

ur
ato

r a
irw

ay
, A

LS
 –

 ad
va

nc
ed

 lif
e s

up
po

rt,
 SG

A 
– 

su
pr

ag
lot

tic
 ai

rw
ay

, M
RS

 –
 M

od
ifi

ed
 R

an
kin

 Sc
ale

TA
BL

E 1
. C

on
t.



430

Ayten Saracoglu, Kemal Tolga Saracoglu

[KingLTD, VBM, Sulz, Germany], Laryngeal Mask 
Airway [LMA Company North America, San Diego, 
CA, USA], and igel [Intersurgical Ltd., Wokingham, 
England]) in terms of handsoff time during airway 
management. The results were as follows: laryngeal 
tube [KingLTD, VBM, Sulz, Germany] 8.4 s, Combi
tube [Covidien, Mansfield, MA, USA] 10.0 s, EasyTube 
[Teleflexmedical Ruesch, Research Triangle Park, NC, 
USA] 11.4 s, LMA[LMA Company North America, San 
Diego, CA, USA] 13.3 s, and for igel [Intersurgical 
Ltd., Wokingham, England] 15.9 s.

However, Miller et al. [21] did not determine an 
increase in noflow time with either TI or LMA inser
tion. However, ventilation was provided significantly 
faster by laryngeal mask compared to tracheal in
tubation (31.6 s vs. 49.2 s, respectively, P < 0.001).

Saracoglu et al. [22] compared Mac, Miller, Mac
Coy, and Mcgrath intubation blades, and it was 
found that TI could be completed within an aver
age of 8 s during uninterrupted chest compressions. 

Szarpak et al. [23] compared insertion times of su
praglottic airway devices and found 40.46 s ± 4.64 s,  
33.96 s ± 6.23 s, 17.2 s ± 4.63 s, and 49.23 s ± 13.19 s 
for laryngopharyngeal tube SALT (ECOLAB, St. Paul, 
MN), ILMA (Intavent Direct Ltd, Buckinghamshire, 
United Kingdom), Cobra PLA (Engineered Medical 
Systems Inc, Indianapolis, IN), and AirQ (Mercury
Medical, Clearwater, FL), respectively. The success 
rates were determined as 86.7%, 85.7%, 100%, and 
71.4%, respectively (P < 0.05). Computed tomog
raphy (CT) scans of 20 adult trauma patients were 
compared with CT scans of two airway trainers and 
four simulators [24]. In this study it was clearly stated 
that the airway anatomy airway trainers and simula
tors do not reflect the human anatomy.

Murray et al. [25] revealed that although the 
success rate in manikins was 100%, the transfer rate 
of knowledge into the clinical practice for adult pa
tients with nontraumatic outofhospital cardiac ar
rest was just 64%.

As a result of manikin studies, they can reflect the 
ventilation performance, and impact the peak pres
sure and tidal volume. The success rate of novice 

users can be measured, and the learning curves can 
be determined. However, it is difficult to simulate the 
factors complicating airway management, including 
the presence of secretion, mucosal oedema, blood, 
or fogging, in manikin studies [26]. Therefore, the 
measurements may be open to bias because they 
are subjective. Also, high heterogeneity was report
ed in the analysis [27].

CLINICAL STUDIES
Success of device insertion

In a randomised crossover study using 12 female 
pigs, cerebral blood flow reduced following the in
sertion of Combitube (KendallSheridan, Argyll, NY) 
and igel (Intersurgical, Wokingham, UK) compared 
to TI [28]. The authors concluded that SGA insertion 
was associated with decreased carotid blood flow 
during CPR.

The Resuscitation Outcomes Consortium PRIMED  
study included a total of 2767 patients using 2051 
TI and 671 using SGA. They identified differences in 
chest compression fraction (CCF) measured by tho
racic impedance sensors and demonstrated a mea
surable improvement in CCF of up to 4.5% with SGA 
use [29].

Another study with igel, including paramedics 
and emergency physicians, achieved uninterrupted 
compression in 74% of patients, adequate ventilation 
in 96%, and a first attempt success rate of 90% [30]. 

The North East Ambulance Service National 
Health Service Foundation Trust (NEAS) confirmed 
that both basic and advanced airway management 
methods are used successfully in cardiac arrest sce
narios. The success rates for igel insertion were higher 
than TI (94% vs. 90%, respectively) [31]. The authors 
stated that igel may become the preferred firstline 
airway device during CPR in the near future.

A singlecentre, prospective parallelgroup, open
label randomised controlled trial was conducted in 
subjects with OHCA. igel was compared with the 
Portex Soft Seal Laryngeal Mask (PSSLM) (Smiths 
Medical, Kent, UK) within a large Australian ambu
lance service population. igel (Intersurgical, Woking
ham, UK) had a significantly higher success rate than 
the PSSLM (Smiths Medical, Kent, UK) (90% vs. 57%, 
P = 0.023). Also, the median “ease of insertion” scores 
were significantly lower in in this group [32]. 

According to the literature review, in most of the 
studies conducted before 2016, better outcomes 
were reported with TI than SGA in both prospective 
and retrospective studies. However, in 2018, the 
Airways 2 [12] and PART [33] trials raised concerns.  
The Airways 2 trial included 9296 patients with out
ofhospital cardiac arrest. There was no significant 
difference between TI and igel regarding favour
able functional outcome at hospital discharge or 

TABLE 2. Potential advantages and harms of tracheal intubation during cardiopul-
monary resuscitation

Harmful effects Advantages
Technically challenging Maintenance of a patent airway

Risk for the first attempt failure Facilitate oxygenation and ventilation

Prolonged interruption of chest 
compression due to the failure

Uninterrupted and high-quality chest 
compressions

Raised intrathoracic pressure and 
depressed coronary perfusion pressure 

Reduced no-flow time

Risk of hyperventilation and hyperoxia 

Unrecognized oesophageal intubation
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after 30 days (6.8% vs. 6.4%, respectively). As a sec
onder outcome, the aspiration and regurgitation 
rates were similar. In the PART trial, the SGA was 
a laryngeal tube, which was associated with sig
nificantly greater likelihood of 72hour survival in 
comparison with TI (18.3% vs. 15.4%, respectively,  
P = 0.04). Both studies concluded that advanced air
way management does not make a significant differ
ence. In some of the studies, tracheal intubation was 
performed by doctors, and in others, by paramedics; 
this reveals that these results are not generalisable.

In a recent systematic review, 78 observational 
and 11 controlled studies were included [34]. Tra
cheal intubation success rates were emphasised 
as 98% in Jabre’s study, 69% in Benger’s study, and 
52% in Wang’s study. There was bias for the duration 
of resuscitation, lack of blinding, clinical and metho
dological heterogeneity, the lack of any threshold 
value for success, and the use of different types of 
SGA. Therefore, the authors stated that trials of ad
vanced airway management during inhospital car
diac arrest are lacking.

Also, the difference in education affects the re
sults. For example, the national curriculum of para
medics in the United States requires students to 
perform five successful tracheal intubations in order 
to graduate. This increases to 25 successful intuba
tions in the UK and 30 in Japan [35].

Newell et al. [11] introduced a stepwise ap
proach and concluded that there was no evidence 
to favour an optimal airway management technique 
during CPR. Therefore, it was stated that rescuers 
should use the airway devices with which they are 
most proficient.

The available guidelines are predominantly 
based on evidence from observational studies and 
agreed consensus; new and ongoing randomised 
controlled trials should provide more information. 
The 2015 CoSTR stated that the choice of using the 
BVM, SGA, or TI is completely dependent on the abil
ity of the rescuer [36].

According to the update published by the AHA, 
recommendation IIb stated that BVM or advanced 
airway methods can be used for oxygenation and 
ventilation in cardiac arrest both for in and outof
hospital cardiac arrest [7]. The authors declared that 
trained staff can perform either SGA or TI as the ini
tial approach.

Aspiration protection
In a cadaver study, aspiration was detected in 

40% receiving igel or LMA and in 60% with bag 
valve mask (BVM) ventilation [37]. On the other 
hand, there was no detected aspiration in cadav
ers with TI and EasyTube. The authors concluded 
that tracheal intubation provides better protection 

against pulmonary aspiration and regurgitation of 
gastric contents.

It is another fact that in routine medicolegal  
autopsies, aspiration of stomach contents is ob
served in up to 25% of all cases [38]. However, it was 
reported that 2/3 of the patients had aspirated at 
the scene before the CPR initiated by the EMS team. 
Regurgitation occurs in 1/3 of OHCA; however, this 
occurs before arrival of emergency medical service 
staff in at least 2/3 of these cases [39]. Ruetzler et al. 
[40] stated that the incidence of pulmonary aspira
tion is generally high in patients undergoing CPR 
when a laryngeal tube is used for ventilation. Pulmo
nary aspiration was observed in seven (39%) cadav
ers with interrupted chest compressions and in nine 
(50%) with continuous chest compressions.

Honold et al. [41] compared 90 patients with inva
sive ventilation by either Laryngeal Tube S or tracheal 
intubation. The authors concluded that higher rates 
of pneumonia and aspiration were recorded follow
ing tracheal intubation, in particular in OHCA patients. 

Return of spontaneous circulation
In the multicentre ROC PRIMED trial, a total of 

10,455 adult OHCA patients were included [42]. Suc
cessful TI was associated with increased rate of ROSC, 
survival to hospital discharge, and 24h survival in 
comparison with successful SGA. Also, pulmonary 
or airway complications were not associated with TI.

In the CARES study, the records of 10,691 OHCA 
patients were evaluated, comparing the results be
tween TI, SGA (Combitube [KendallSheridan Cor
poration, Mansfield, MA], LMA [LMA North America, 
San Diego, CA], King LT [King Systems, Inc., Nobles
ville, IN]) and basic airway management [43]. Neu
rological survival was 5.4% in TI, 5.2% in SGA, and 
18.6% in basic airway management. Compared with 
SGA, TI had a higher ROSC, reduced hospitalisation 
time, increased hospital survival, and better neuro
logical results. 

In the ROSC metaanalysis, survival to hospital 
admission, survival to hospital discharge, and neu
rologically intact survival to hospital discharge were 
investigated for outcome analysis [44]. Traumatic 
cardiac arrest, paediatric patients, rapid sequence 
induction, and videolaringoscopic intubations were 
excluded. In this study, 34,533 patients were includ
ed in the TI group and 41,116 patients in the SGA 
group. Compared to SGA, statistically significantly 
higher ROSC rates (OR = 1.28, 95% CI: 1.05–1.55)  
and longer duration of hospital stay (OR = 1.34, 
CI: 1.03–1.5) were observed in intubated patients. 
However, when this study is interpreted, there was 
a lack of control for confounders such as shockable 
rhythm, witnessed arrest, or bystander CPR. This 
leads to bias and causes confusion. 
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72-hour survival
In the Bayesian analysis of the pragmatic airway 

resuscitation trial, 72hour survival and hospital 
survival were compared to estimate the benefit of 
laryngeal tube over tracheal intubation on OHCA 
outcomes [45]. Both under a neutral and sceptical 
prior distribution, better outcomes were observed 
with laryngeal tube than with tracheal intubation.

In a multicentre clustercrossover pragmatic 
clinical trial, the resuscitation outcomes of 3004 
patients with OHCA were evaluated [33]. In com
parison with tracheal intubation, the 72h survival 
was improved with initial laryngeal tube insertion 
(15.3% vs. 18.2%).

Neurological outcomes
Many studies in the literature focused on out

come analysis. However, significant differences 
could not be found in patients with TI or SGA in ret
rospective or prospective studies. In a study that ret
rospectively analysed ambulance records between 
2013 and 2014, the data of 209 patients revealed 
no difference in terms of neurological outcome [46]. 

The REVIVEAirways Trial is a clustertype analysis 
planned in a single ambulance service in the UK [47]. 
During a 12month period, 184 paramedics per
formed igel insertion or TI for adult patients with 
OHCA. A total of 615 patients were included in the 
study, with 80% adherence, and no difference was 
detected in OHCA in terms of neurological out
comes. However, the early use of advanced airway 
tools was associated with positive outcome. 

In the AllJapan Utstein Registry study, 649,654 
consecutive patients who had OHCA were resus
citated by emergency responders [48]. Neurologi
cal outcomes of these patients at one month were 
compared. Of these patients, 367,837 (57%) were 
ventilated with bagvalvemask, and advanced 
airway management was used in 281,522 (43%). 
Neurological results were significantly lower in pa
tients with advanced airway management (1.1% vs. 
2.9%; odds ratio [OR], 0.38; 95% CI: 0.36–0.39). In 
the analysis of a propensity scorematched cohort 
(357,228 patients), neurological survival was low 
for both tracheal intubation (corrected OR = 0.45;  
95% CI: 0.37–0.55) and supraglottic airway device 
(corrected OR = 0.36; 95% CI: 0.33–0.39).

A populationbased observational study was 
planned in Japan using a national database of 
OHCA cases over a threeyear period [49]. Advanced 
airway devices were used in 138,284 of 318,141 pa
tients. Endotracheal tube (ETT) was used in 16,054 
patients (12%), LMA in 34,125 patients (25%), and 
oesophageal obturator airway (EOA) device in 
88,069 patients (63%). Neurologically, onemonth 
survival rates were 1.14% in the ETT group, 0.98% 

in the LMA group, and 1.04% in the EOA group. Pre
hospital use of supraglottic airway devices was asso
ciated with mild but significantly poor neurological 
outcomes compared to tracheal intubation. 

A nationwide study including the records be
tween 2010 and 2013 in Korea evaluated the neu
rological outcome of TI, SGA, or BVM provided in 
98,896 prehospital nontraumatic adult OHCA pa
tients [50]. The probability of survival to hospital 
discharge was significantly higher in the TI group 
than in the BVM group. 

CONCLUSIONS
Trying to come to a definitive conclusion from 

the existing literature is challenging. The data 
cannot support the routine use of a particular ap
proach to airway management. Tracheal intubation 
in prehospital settings requires a comprehensive, 
competencybased, and regular training of skills. 
Although the best method is not known, answers 
should be beyond the tools: stepwiseskill tailored 
airway management. Further studies are required 
to demonstrate the specific outcomes of tracheal 
intubation. Furthermore, welldesigned, large, ran
domised clinical trials are further needed to focus 
on OHCA patients to support or refute this finding. 

ACKNOWLEDGEMENTS 
1. Funding: none.
2. Conflict of interest: none. 

REFERENCES
1. Sasson C, Rogers MA, Dahl J, Kellermann AL. Predictors of sur-

vival from out-of- hospital cardiac arrest: a systematic review and 
meta-analysis. Circ Cardiovasc Qual Outcomes 2010; 3: 63-81.  
doi: 10.1161/CIRCOUTCOMES.109.889576.

2. Brouwer TF, Walker RG, Chapman FW, Koster RW. Association 
between chest compression interruptions and clinical outcomes of 
ventricular fibrillation out-of-hospital cardiac arrest. Circulation 
2015; 132: 1030-1037. doi: 10.1161/CIRCULATIONAHA.115.014016.

3. Bobrow BJ, Spaite DW, Berg RA, et al. Chest compression-only CPR 
by lay rescuers and survival from out-of-hospital cardiac arrest. 
JAMA 2010; 304: 1447-1454. doi: 10.1001/jama.2010.1392.

4. Goyal V, Jassal DS, Dhalla NS. Pathophysiology and prevention of 
sudden cardiac death. Can J Physiol Pharmacol 2016; 94: 237-244. 
doi: 10.1139/cjpp-2015-0366.

5. Yang L, Wang S, Li CS. Effect of continuous compression and 30:2 
cardiopulmonary resuscitation on cerebralmicrocirculation in a por-
cine model of cardiac arrest. Scand J Trauma Resusc Emerg Med 
2013; 21: 55. doi: 10.1186/1757-7241-21-55.

6. Soar J, Nolan JP, Böttiger BW, et al. Adult advanced life support sec-
tion collaborators. European resuscitation council guidelines for re-
suscitation 2015: section 3. Adult advanced life support. Resuscitation 
2015; 95: 100-147. doi: 10.1016/j.resuscitation.2015.07.016.

7. Panchal AR, Berg KM, Hirsch KG, et al. 2019 American Heart Asso-
ciation focused update on advanced cardiovascular life support: use 
of advanced airways, vasopressors, and extracorporeal cardiopulmo-
nary resuscitation during cardiac arrest: an update to the American 
Heart Association guidelines for cardiopulmonary resuscitation and 
emergency cardiovascular care. Circulation 2019; 140: e881-e894. doi: 
10.1161/CIR.0000000000000732.

8. Yang Z, Liang H, Li J, et al. Comparing the efficacy of bag-valve mask, 
endotracheal intubation, and laryngeal mask airway for subjects with 
out-of-hospital cardiac arrest: an indirect meta-analysis. Ann Transl 
Med 2019; 7: 257. doi: 10.21037/atm.2019.05.21.

9. Jarvis JL, Barton D, Wang H. Defining the plateau point: when are 
further attempts futile in out-of-hospital advanced airway mana-



433

Advanced airway management and cardiopulmonary resuscitation

gement? Resuscitation 2018; 130: 57-60. doi: 10.1016/j.resuscita-
tion.2018.07.002.

10. Chou HC, Chong KM, Sim SS, et al. Real-time tracheal ultraso-
nography for confirmation of endotracheal tube placement during 
cardiopulmonary resuscitation. Resuscitation 2013; 84: 1708-1712.  
doi: 10.1016/j.resuscitation.2013.06.018. 

11. Newell C, Grier S, Soar J. Airway and ventilation management during 
cardiopulmonary resuscitation and after successful resuscitation. Crit 
Care 2018; 22: 190. doi: 10.1186/s13054-018-2121-y.

12. Benger JR, Kirby K, Black S, et al. Effect of a strategy of a supraglottic 
airway device vs tracheal intubation during out-of-hospital cardiac 
arrest on functional outcome. The AIRWAYS-2 randomized clinical 
trial. JAMA 2018; 320: 779-791. doi: 10.1001/jama.2018.11597.

13. Leach A, Alexander CA, Stone B. The laryngeal mask in cardiopul-
monary resuscitation in a district general hospital: a preliminary 
communication. Resuscitation 1993; 25: 245-248. doi: 10.1016/0300-
9572(93)90121-6.

14. Kloeck W, Cummins R, Chamberlain D, et al. The universal ALS algo-
rithm: an advisory statement by the Advanced Life Support Working 
Group of the International Liaison Committee On Resuscitation. Re-
suscitation 1997; 34: 109-111. doi: 10.1016/s0300-9572(97)01100-3.

15. Länkimäki S, Alahuhta S, Kurola J. Feasibility of a laryngeal tube for 
airway management during cardiac arrest by first responders. Resus-
citation 2013; 84: 446-449. doi: 10.1016/j.resuscitation.2012.08.326.

16. Schalk R, Seeger FH, Mutlak H, et al. Complications associated with 
the prehospital use of laryngeal tubes – a systematic analysis of risk 
factors and strategies for prevention. Resuscitation 2014; 85: 1629-
1632. doi: 10.1016/j.resuscitation.2014.07.014.

17. Cook TM, Hommers C. New airways for resuscitation? Resuscitation 
2006; 69: 371-387. doi: 10.1016/j.resuscitation.2005.10.015.

18. Gatward JJ, Thomas MJ, Nolan JP, Cook TM. Effect of chest com-
pressions on the time taken to insert airway devices in a manikin.  
Br J Anaesth 2008; 100: 351-356. doi: 10.1093/bja/aem364.

19. Wiese CH, Bahr J, Popov AF, Hinz JM, Graf BM. Influence of airway 
management strategy on “no-flow-time” in a standardized single res-
cuer manikin scenario (a comparison between LTS-D and I-gel). Re-
suscitation 2009; 80: 100-103. doi: 10.1016/j.resuscitation.2008.08.022.

20. Ruetzler K, Gruber C, Nabecker S, et al. Hands-off time during in-
sertion of six airway devices during cardiopulmonary resuscitation: 
a randomised manikin trial. Resuscitation 2011; 82: 1060-1063. doi: 
10.1016/j.resuscitation.2011.03.027.

21. Miller VJ, Flaherty EE. Comparing no-flow time during endotra-
cheal intubation versus placement of a laryngeal mask airway during 
a simulated cardiac arrest scenario. Simul Healthc 2014; 9: 156-160. 
doi: 10.1097/SIH.0000000000000002.

22. Saraçoğlu A, Bezen O, Şengül T, Uğur EH, Şener S, Yüzer F. Does 
video laryngoscopy offer advantages over direct laryngoscopy during 
cardiopulmonary resuscitation? Turk J Anaesthesiol Reanim 2015; 43: 
263-268. doi: 10.5152/TJAR.2015.52207.

23. Szarpak L, Kurowski A, Truszewski Z, Robak O, Frass M. Compari-
son of 4 supraglotttic devices used by paramedics during simulated 
CPR: a randomized controlled crossover trial. Am J Emerg Med 2015; 
33: 1084-1088. doi: 10.1016/j.ajem.2015.04.050. 

24. Schebesta K, Hüpfl M, Rössler B, Ringl H, Müller MP, Kimberger O. 
Degrees of reality: airway anatomy of high-fidelity human patient 
simulators and airway trainers. Anesthesiology 2012; 116: 1204-1209. 
doi: 10.1097/ALN.0b013e318254cf41.

25. Murray MJ, Vermeulen MJ, Morrison LJ, Waite T. Evaluation of 
prehospital insertion of the laryngeal mask airway by primary care 
paramedics with only classroom mannequin training. CJEM 2002; 4: 
338-343. doi: 10.1017/s1481803500007740.

26. Saracoglu KT, Eti Z, Kavas AD, Umuroglu T. Straight video blades are 
advantageous than curved blades in simulated pediatric difficult intu-
bation. Paediatr Anaesth 2014; 24: 297-302. doi: 10.1111/pan.12298.

27. Khoury A, Sall FS, De Luca A, et al. Evaluation of bag-valve-mask 
ventilation in manikin studies: what are the current limitations? 
Biomed Res Int 2016; 2016: 4521767. doi: 10.1155/2016/4521767.

28. Kim TH, Hong KJ, Shin SD, et al. Effect of endotracheal intubation 
and supraglottic airway device placement during cardiopulmonary 
resuscitation on carotid blood flow over resuscitation time: an experi-
mental porcine cardiac arrest study. Resuscitation 2019; 139: 269-274. 
doi: 10.1016/j.resuscitation.2019.04.020.

29. Kurz MC, Prince DK, Christenson J, et al.; ROC Investigators. Asso-
ciation of advanced airway device with chest compression fraction 
during out-of-hospital cardiopulmonary arrest. Resuscitation 2016; 
98: 35-40. doi: 10.1016/j.resuscitation.2015.10.011. 

30. Häske D, Schempf B, Gaier G, Niederberger C. Performance of the 
i-gel™ during pre-hospital cardiopulmonary resuscitation. Resuscita-
tion 2013; 84: 1229-1232. doi: 10.1016/j.resuscitation.2013.04.025.

31. Duckett J, Fell P, Han K, Kimber C, Taylor C. Introduction of the 
I-gel supraglottic airway device for prehospital airway management 
in a UK ambulance service. Emerg Med J 2014; 31: 505-507. doi: 
10.1136/emermed-2012-202126. 

32. Middleton PM, Simpson PM, Thomas RE, Bendall JC. Higher in-
sertion success with the i-gel supraglottic airway in out-of-hospital 
cardiac arrest: a randomised controlled trial. Resuscitation 2014; 85: 
893-897. doi: 10.1016/j.resuscitation.2014.02.021.

33. Wang HE, Schmicker RH, Daya MR, Stephens SW, Idris AH, Carlson JN.  
Effect of a strategy of initial laryngeal tube insertion vs endotracheal 
intubation on 72-hour survival in adults with out-of-hospital car-
diac arrest: a randomized clinical trial. JAMA 2018; 320: 769-778.  
doi: 10.1001/jama.2018.7044.

34. Granfeldt A, Avis SR, Nicholson TC, et al.; International Liaison 
Committee on Resuscitation Advanced Life Support Task Force Col-
laborators. Advanced airway management during adult cardiac arrest: 
a systematic review. Resuscitation 2019; 139: 133-143. doi: 10.1016/ 
j.resuscitation.2019.04.003. 

35. Takei Y, Enami M, Yachida T, Ohta K, Inaba H. Tracheal intubation 
by paramedics under limited indication criteria may improve the 
short-term outcome of out-of-hospital cardiac arrests with noncardiac 
origin. J Anesth 2010; 24: 716-725. doi: 10.1007/s00540-010-0974-6.

36. Soar J, Donnino MW, Maconochie I, et al. 2018 international consen-
sus on cardiopulmonary resuscitation and emergency cardiovascular 
care science with treatment recommendations summary. Circulation 
2018; 138: 714-730. doi: 10.1161/CIR.0000000000000611.

37. Piegeler T, Roessler B, Goliasch G, et al. Evaluation of six different 
airway devices regarding regurgitation and pulmonary aspiration 
during cardio-pulmonary resuscitation (CPR)-A human cadaver 
pilot study. Resuscitation 2016; 102: 70-74. doi: 10.1016/j.resuscita-
tion.2016.02.017.

38. Knight BH. The significance of the postmortem discovery of gastric 
contents in the air passages. Forensic Sci 1975; 6: 229-234.

39. Simons RW, Rea TD, Becker LJ, Eisenberg MS. The incidence and  
significance of emesis associated with out-of-hospital cardiac arrest. 
Resuscitation 2007; 74: 427-431. doi: 10.1016/j.resuscitation.2007. 
01.038.

40. Ruetzler K, Leung S, Chmiela M, et al. Regurgitation and pulmonary 
aspiration during cardio-pulmonary resuscitation (CPR) with a la-
ryngeal tube: A pilot crossover human cadaver study. PLoS One 2019; 
14: e0212704. doi: 10.1371/journal.pone.0212704

41. Honold J, Hodrius J, Schwietz T, et al. Aspiration and pneumonia risk 
after preclinical invasive resuscitation: Endotracheal intubation and 
supraglottic airway management with the laryngeal tube S. Med Klin 
Intensivmed Notfmed 2015; 110: 526-533. doi: 10.1007/s00063-015-
0018-y.

42. Wang HE, Szydlo D, Stouffer JA, et al.; ROC Investigators. Endotra-
cheal intubation versus supraglottic airway insertion in out-of-hos-
pital cardiac arrest. Resuscitation 2012; 83: 1061-1066. doi: 10.1016/j.
resuscitation.2012.05.018.

43. McMullan J, Gerecht R, Bonomo J, et al.; CARES Surveillance Group. 
Airway management and out-of-hospital cardiac arrest outcome in 
the CARES registry. Resuscitation 2014; 85: 617-622. doi: 10.1016/ 
j.resuscitation.2014.02.007. 

44. Benoit JL, Gerecht RB, Steuerwald MT, McMullan JT. Endotracheal 
intubation versus supraglottic airway placement in out-of-hospital 
cardiac arrest: a meta-analysis. Resuscitation 2015; 93: 20-26.  
doi: 10.1016/j.resuscitation.2015.05.007.

45. Wang HE, Humbert A, Nichol G, et al. Bayesian analysis of the prag-
matic airway resuscitation trial. Ann Emerg Med 2019; 74: 809-817. 
doi: 10.1016/j.annemergmed.2019.05.009.

46. Edwards T, Williams J, Cottee M. Influence of prehospital airway 
management on neurological outcome in patients transferred to 
a heart attack centre following out-of-hospital cardiac arrest. Emerg 
Med Australas 2019; 31: 76-82. doi: 10.1111/1742-6723.13107.

47. Benger J, Coates D, Davies S, et al. Randomised comparison of  
the effectiveness of the laryngeal mask airway supreme, i-gel and 
current practice in the initial airway management of out of hospital 
cardiac arrest: a feasibility study. Br J Anaesth 2016; 116: 262-268.  
doi: 10.1093/bja/aev477.

48. Hasegawa K, Hiraide A, Chang Y, Brown DF. Association of prehos-
pital advanced airway management with neurologic outcome and 
survival in patients with out-of-hospital cardiac arrest. JAMA 2013; 
309: 257-266. doi: 10.1001/jama.2012.187612. 

49. Tanabe S, Ogawa T, Akahane M, et al. Comparison of neurological 
outcome between tracheal intubation and supraglottic airway device 
insertion of out-of-hospital cardiac arrest patients: a nationwide, 
popu lation-based, observational study. J Emerg Med 2013; 44: 389-
397. doi: 10.1016/j.jemermed.2012.02.026. 

50. Kang K, Kim T, Ro YS, Kim YJ, Song KJ, Shin SD. Prehospital endo-
tracheal intubation and survival after out-of-hospital cardiac arrest: 
results from the Korean nationwide registry. Am J Emerg Med 2016; 
34: 128-132. doi: 10.1016/j.ajem.2015.09.036. 


