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Abstract
Emergent endotracheal intubation (ETI)-related cardiac arrest (CA) is a life-threatening complication that is poorly docu-
mented. Definitions and risk factors for CA during or directly after emergent ETI have not been clearly established and may 
represent modifiable means of improving patient outcomes. We conducted a review of the literature to assess the incidence 
and risk factors associated with ETI-related CA in the Emergency Department (ED) as well as in the inpatient setting out-
side of the operating room. Retrospective studies demonstrated that ETI-related CA incidence was between 1.7% and 23% 
in both the ED and the inpatient setting. Pre-intubation hypoxemia, hypotension, Shock Index (SI), Body Mass Index, and 
age were most associated with CA. Medications used for induction and number of attempts were identified as risk factors. 
Definitions of ETI-related CA also varied considerably ranging from within 5 min to within 60 min of intubation; however, 
the majority of ETI-related CA cases occurred within 10 min. Hemodynamic factors such as SI, hypotension, and hypoxemia 
were associated with increased rates of CA. ETI-related CA may represent a potentially modifiable complication that can 
improve patient outcomes in critically ill patients presenting in the ED.
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Introduction

Since Schwab and Greaves reported cardiac arrest (CA) 
as a possible complication of emergent endotracheal intu-
bation (ETI) in 1998, there have been a few single-center 
studies assessing the risk factors and variables surround-
ing this potentially lethal complication in the Emergency 
Department (ED) [1]. In addition, a multicenter study of 
emergency airway management showed that ED physi-
cians perform over 80% of all emergent intubations in the 
hospital setting [2]. Physicians performing ETI in the ED 
may face more unknown clinical variables when compared 
to emergent intubation in the inpatient setting as patients 
are often hemodynamically unstable and unable to provide 

detailed symptomology, medical history, or a medication 
list. In some cases, the ED physician may know little more 
than the patient presentation. A large multicenter study in 
Scotland showed that while anesthesiologists have a higher 
first pass rate and lower rates of complications when per-
forming emergent intubations, ED physicians perform most 
intubations in critical ill patients within 15 min of arrival 
[3]. Another large multicenter cohort trial of 64 French 
ICUs attempting to define the risk factors of ETI-related CA 
showed that arterial hypotension prior to intubation, hypox-
emia prior to intubation, absence of pre-intubation oxygena-
tion, Body Mass Index (BMI) > 25, and age over 75 were all 
associated with a statistically significant increased risk of 
CA within 5 min of ETI [4].

One single-center study showed that ETI-related CA in 
the ED might be more prevalent than previously indicated, 
with ETI-related CA representing approximately one quarter 
of all CAs that occurred in the ED [5]. The lack of consensus 
definition in studies also present a high degree of variabil-
ity as definitions of ETI-related CA in studies range from 
10 to 60 min after intubation [5–8]. The sustained return 
of spontaneous circulation (ROSC) also varies between 
the single-center studies, ranging from 54 to 72%. Some 
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studies have demonstrated no changes in mortality or sur-
vival to discharge, while other studies have shown a signifi-
cant increase in in-hospital mortality and a decrease in both 
survival and neurological outcomes of patients who have 
achieved ROSC after ETI [5, 6]. Other prognostic variables 
including number of attempts, method of intubation, sur-
vival to discharge, and neurological status at discharge have 
also not been reported in the ED setting. Mort reported that 
the number of attempts is a known independent factor for 
ETI-related complications including CA and Sackles et al. 
demonstrated that the use of video laryngoscope was associ-
ated with a significant drop in all complications including 
CA in the ED [9, 10].

ETI-related CA remains a poorly understood complica-
tion of emergent intubation with many confounding vari-
ables, and potentially represents a modifiable avenue of 
approach to improve the outcomes of critically ill patients 
in the ED requiring emergent intubation. In comparison, CA 
while under anesthesia is relatively rare and occurs in ideal 
conditions where the patient’s comorbidities are known, and 
patients are scrutinized, monitored with intravenous (IV) 
access in place and equipment immediately available [11]. 
Outcomes from non-ETI-related CA in the hospital setting 
have broadly irregular outcomes depending on the causes 
[12], these factors represent a need to standardize defini-
tions and increase the number of studies to identify factors 
specific to ETI-related CA performed in the ED. Neverthe-
less, there have been only a few single-center studies that 
have attempted to identify risk factors and prognosis of the 
ETI-related CA. In this article, we conducted a review of 
literature in an effort to identify potential risk factors for 
developing CA during emergent ETI in the ED, and ulti-
mately impact patient outcomes.

Methods

PubMed and MEDLINE databases for relevant articles from 
2000 to 2018 were queried. Articles examining CA as a spe-
cific complication of ETI were selected. The search terms 
“Endotracheal Intubation-Related Cardiac Arrest” were 
pooled using Boolean methodology, resulting in 121 arti-
cles. Two authors assessed the abstracts of all 121 articles 
to find relevant articles. A summary and annotated finding 
of the six articles are represented in Table 1, which includes 
the number of enrolled patients, study design, and findings 
related to CA in the setting of emergent ETI.

Inclusion and exclusion criteria

Since the definition of ETI-related CA varied depending 
on the individual study, we used a definition of CA within 
60 min of ETI to include and compare the largest number 

of studies. Studies were excluded if they included patients 
under the age of 18, did not specifically evaluate CA as a 
complication of ETI, included animals as subjects, or if 
patients were intubated prior to arrival in the ED or in the 
operating room (OR) setting. CA in the setting of ETI for 
trauma patients also presents additional non-measurable 
variables that could confound outcomes and were, therefore, 
excluded from review. The six studies were further stratified 
based on the hospital location of ETI, either the ED or ICU/
inpatient setting.

Results

A total of six articles were evaluated which were conducted 
in a variety of settings including the ED or other inpatient 
settings outside the OR, such as ICUs. The sample sizes 
ranged from 29 to 1847 and all studies were of retrospective 
design. The ED had a more variable incidence rate when 
compared to the inpatient rate. The incidence of ETI-related 
CA in the ED varied significantly from 1.7% in a study con-
ducted by Kim et al. to 23.3% in a study conducted by Ko 
et al. [5] and Kim et al. [7]. Inpatient ETI-related CA occur-
ring outside the OR had an incidence between 2.0 and 4.0%. 
A large retrospective cohort of 64 French ICUs conducted 
by Jong et al. showed an incidence of 2.7% [4]. The mean 
time from emergent ETI to CA was reported in 3 out of 
6 studies, and was between 5 and 6 min and IQR ranges 
between 2 and 25 min depending on the inclusion definition 
used by the individual study [5–7]. Among the studies that 
measured time to CA, one study showed 63% of ETI-related 
CA occurred within 10 min and another demonstrated that 
68.3% of CA occurred within 5 min [6, 7]. The definition 
of ETI-related CA also varied significantly between studies 
contributing to the variability in reports. Kim et al. defined 
ETI-related CA as CA occurring within 10 min of the pro-
cedure, while Ko et al. defined ETI-related CA as occurring 
within 20 min of CA. Of the six studies evaluated in this 
article, there were four different definitions of ETI-related 
CA ranging from CA occurring within 5 min as in Jong 
et al. to 60 min as in Heffner et al. Heffner et al. reported 
that 14/16 or 87.5% ETI-related CA occurred within 20 min 
of intubation [6].

Most of the studies evaluated in this article reported pre-
intubation hypoxemia and/or pre-intubation hypotension 
as independent hemodynamic risk factors for CA during 
emergent intubation. Ko et al. reported mean pre-intubation 
oxygen saturation levels of 92% in patients that developed 
ETI-related CA compared to oxygen saturation levels of 97% 
in patients that developed ETI unrelated CA [5]. Systolic BP 
was not identified as a statistically significant risk factor in 
their studies. Kim et al. identified that most patients in the 
CA group underwent ETI due to shock [7]. The study did 



456	 Journal of Anesthesia (2019) 33:454–462

1 3

Ta
bl

e 
1  

E
m

er
ge

nc
y 

en
do

tra
ch

ea
l i

nt
ub

at
io

n-
re

la
te

d 
ca

rd
ia

c 
ar

re
st

St
ud

y
D

es
ig

n
N

o
Fi

nd
in

gs
C

on
cl

us
io

ns

Jo
ng

 e
t a

l. 
[4

]
Re

tro
sp

ec
tiv

e 
co

ho
rt 

of
 p

ro
sp

ec
tiv

el
y 

co
lle

ct
ed

 d
at

a
18

47
In

ci
de

nc
e 

of
 e

m
er

ge
nc

y 
ET

I-
re

la
te

d 
CA

 in
 th

e 
IC

U
 

w
as

 2
.7

%
, 7

2%
 o

f p
at

ie
nt

s s
uff

er
in

g 
fro

m
 E

TI
-r

el
at

ed
 

CA
 h

ad
 R

O
SC

. R
is

k 
Fa

ct
or

s i
nc

lu
de

 p
re

-in
tu

ba
tio

n 
hy

po
te

ns
io

n 
an

d 
hy

po
xe

m
ia

, a
bs

en
ce

 o
f p

re
-o

xy
ge

n-
at

io
n,

 B
M

I >
 25

 a
nd

 a
ge

 >
 75

 w
er

e 
as

so
ci

at
ed

 w
ith

 a
n 

in
cr

ea
se

d 
ris

k 
of

 C
A

 w
ith

in
 5

 m
in

 o
f i

nt
ub

at
io

n

Th
e 

in
ci

de
nc

e 
of

 E
TI

-r
el

at
ed

 C
A

 w
as

 1
/4

0 
w

ith
 si

gn
ifi

-
ca

nt
ly

 in
cr

ea
se

d 
28

-d
ay

 m
or

ta
lit

y 
ha

za
rd

 ra
tio

 o
f 3

.9
. 

pr
e-

in
tu

ba
tio

n 
pr

oc
ed

ur
es

 to
 d

ec
re

as
e 

hy
po

te
ns

io
n 

an
d 

hy
po

xe
m

ia
 m

ay
 d

ec
re

as
e 

th
e 

in
ci

de
nc

e 
of

 E
TI

-r
el

at
ed

 
CA

 a
nd

 d
ec

re
as

ed
 m

or
ta

lit
y 

of
 p

at
ie

nt
s u

nd
er

go
in

g 
em

er
ge

nt
 E

TI
K

o 
et

 a
l. 

[5
]

Si
ng

le
-c

en
te

r r
et

ro
sp

ec
tiv

e 
co

ho
rt

25
1

En
do

tra
ch

ea
l i

nt
ub

at
io

n-
re

la
te

d 
CA

 o
cc

ur
re

d 
in

 2
3%

 
CA

s t
ha

t o
cc

ur
re

d 
in

 th
e 

ED
. M

ed
ia

n 
du

ra
tio

n 
of

 
in

tu
ba

tio
n 

to
 C

A
 w

as
 5

 m
in

. M
ed

ia
n 

ox
yg

en
 sa

tu
ra

-
tio

n 
w

as
 9

2%
 w

hi
ch

 w
as

 si
gn

ifi
ca

nt
ly

 lo
w

er
 w

he
n 

co
m

pa
re

d 
to

 n
on

-E
TI

-r
el

at
ed

 C
A

En
do

tra
ch

ea
l i

nt
ub

at
io

n-
re

la
te

d 
CA

 is
 n

ot
 a

 ra
re

 c
om

pl
i-

ca
tio

n 
of

 in
tu

ba
tio

n.
 O

ut
co

m
es

 o
f E

TI
-r

el
at

ed
 C

A
 w

er
e 

no
t d

iff
er

en
t t

ha
n 

w
ith

 o
th

er
 c

au
se

s o
f C

A
. T

he
 ra

te
 

of
 d

is
ch

ar
ge

 w
ith

 g
oo

d 
ne

ur
ol

og
ic

 o
ut

co
m

es
 w

as
 n

ot
 

st
at

ist
ic

al
ly

 si
m

ila
r t

ha
n 

ot
he

r c
au

se
s o

f C
A

H
eff

ne
r e

t a
l. 

[6
]

Re
tro

sp
ec

tiv
e 

co
ho

rt
41

0
ET

I-
re

la
te

d 
CA

 o
cc

ur
re

d 
in

 4
.2

%
 o

f p
at

ie
nt

s i
nt

ub
at

ed
 

in
 th

e 
ED

. M
or

e 
th

an
 6

6%
 o

f C
A

 o
cc

ur
re

d 
w

ith
in

 
10

 m
in

 o
f i

nt
ub

at
io

n.
 M

or
e 

th
an

 ½
 o

f p
at

ie
nt

s w
ho

 
de

ve
lo

pe
d 

CA
 h

ad
 R

O
SC

 h
ow

ev
er

 th
es

e 
pa

tie
nt

s h
ad

 
an

 in
cr

ea
se

d 
ris

k 
of

 h
os

pi
ta

l d
ea

th
. P

re
-in

tu
ba

tio
n 

he
m

od
yn

am
ic

 v
ar

ia
bl

es
 a

nd
 o

xy
ge

n 
sa

tu
ra

tio
n 

w
er

e 
as

so
ci

at
ed

 w
ith

 C
A

Th
e 

ra
te

 o
f E

TI
-r

el
at

ed
 C

A
 w

as
 4

.2
%

 a
nd

 a
ss

oc
ia

te
d 

w
ith

 a
n 

in
cr

ea
se

d 
ris

k 
of

 m
or

ta
lit

y.
 E

TI
-r

el
at

ed
 C

A
 

is
 a

ss
oc

ia
te

d 
w

ith
 in

cr
ea

se
d 

m
or

ta
lit

y.
 P

re
-in

tu
ba

tio
n 

he
m

od
yn

am
ic

 v
ar

ia
bl

es
 a

nd
 o

xy
ge

n 
sa

tu
ra

tio
n 

w
er

e 
as

so
ci

at
ed

 w
ith

 a
n 

in
cr

ea
se

d 
ris

k 
of

 C
A

K
im

 e
t a

l. 
[7

]
M

at
ch

ed
 c

as
e 

co
nt

ro
l s

tu
dy

41
1.

7%
 o

f p
at

ie
nt

s w
ho

 re
ce

iv
ed

 e
m

er
ge

nt
 E

TI
 a

t t
he

 
ED

 d
ev

el
op

ed
 C

A
 w

ith
in

 1
0 

m
in

. P
at

ie
nt

s w
ith

 
ET

I-
re

la
te

d 
CA

 h
ad

 h
ig

he
r i

n-
ho

sp
ita

l m
or

ta
lit

y 
th

an
 

pa
tie

nt
s w

ith
ou

t C
A

. S
ys

to
lic

 h
yp

ot
en

si
on

 w
as

 in
de

-
pe

nd
en

tly
 a

ss
oc

ia
te

d 
w

ith
 E

TI
-r

el
at

ed
 C

A

ET
I-

re
la

te
d 

CA
 o

cc
ur

re
d 

in
 a

pp
ro

xi
m

at
el

y 
2%

 o
f 

pa
tie

nt
s w

ho
 u

nd
er

w
en

t E
TI

. S
ys

to
lic

 h
yp

ot
en

si
on

 
pr

io
r t

o 
in

tu
ba

tio
n 

w
as

 a
ss

oc
ia

te
d 

w
ith

 h
ig

he
r r

at
es

 o
f 

CA

W
ar

di
 e

t a
l. 

[8
]

Re
tro

sp
ec

tiv
e 

ca
se

 c
on

tro
l

29
ET

I-
re

la
te

d 
CA

 a
cc

ou
nt

ed
 fo

r 5
.3

%
 o

f t
ot

al
 C

A
 in

 
ex

cl
us

iv
el

y 
in

pa
tie

nt
 p

at
ie

nt
s. 

RO
SC

 w
as

 a
ch

ie
ve

d 
in

 
72

.4
%

 in
 p

at
ie

nt
s w

ith
 E

TI
-r

el
at

ed
 C

A
. S

im
ila

r p
ro

-
po

rti
on

s o
f t

he
 c

on
tro

l g
ro

up
 h

ad
 si

m
ila

r n
eu

ro
lo

gi
c 

st
at

us
, c

om
or

bi
di

tie
s a

nd
 B

M
I

Th
is

 st
ud

y 
m

ea
su

rin
g 

ex
cl

us
iv

el
y 

in
pa

tie
nt

 e
m

er
ge

nt
 

in
tu

ba
tio

n 
fo

un
d 

th
at

 e
le

va
te

d 
Sh

oc
k 

In
de

x,
 u

se
 o

f 
su

cc
in

yl
ch

ol
in

e 
an

d 
ET

I w
ith

in
 1

 h
 o

f N
ur

si
ng

 S
hi

ft 
ch

an
ge

 w
er

e 
as

so
ci

at
ed

 w
ith

 E
TI

-r
el

at
ed

 C
A

M
or

t [
13

]
Re

tro
sp

ec
tiv

e 
re

vi
ew

 o
f q

ua
lit

y 
im

pr
ov

em
en

t
60

83
%

 o
f p

at
ie

nt
s w

ith
 E

TI
-r

el
at

ed
 C

A
 w

er
e 

as
so

ci
at

ed
 

w
ith

 o
xy

ge
n 

sa
tu

ra
tio

n 
le

ve
ls

 o
f l

es
s t

ha
n 

70
%

. A
ir-

w
ay

 re
la

te
d 

co
m

pl
ic

at
io

ns
 su

ch
 a

s e
so

ph
ag

ea
l i

nt
ub

a-
tio

n,
 a

sp
ira

tio
n,

 re
gu

rg
ita

tio
n 

al
l l

ed
 to

 th
e 

m
aj

or
ity

 
of

 E
TI

-r
el

at
ed

 C
A

C
ar

di
ac

 a
rr

es
t d

ur
in

g 
em

er
ge

nc
y 

tra
ch

ea
l i

nt
ub

at
io

n 
is

 
re

la
tiv

el
y 

co
m

m
on

 w
he

n 
co

m
pa

re
d 

w
ith

 O
R

 e
nv

iro
n-

m
en

t. 
A

irw
ay

 re
la

te
d 

co
m

pl
ic

at
io

ns
 p

la
y 

an
 im

po
rta

nt
 

ro
le

 in
 th

e 
de

ve
lo

pm
en

t o
f E

TI
-r

el
at

ed
 C

A



457Journal of Anesthesia (2019) 33:454–462	

1 3

not identify hypoxemia as a risk factor; however, they did 
identify systolic hypotension as an independent risk factor 
for ETI-related CA; the mean pre-intubation oxygen satura-
tion level in both the CA group and the control group was 
86.9% and 87.7% respectively. The mean systolic BP prior 
to intubation in Kim et al.’s study was 98.3 mmHg versus 
125 mmHg in the ETI-related CA patients and control group, 
respectively. The systolic BP was < 90 mmHg in 41.5% of 
ETI-related CA patients versus 14.6% in the control group.

Heffner et al. also reported pre-intubation oxygen satura-
tions below 92% and lower systolic BP to be more common 
in patients that developed ETI-related CA; however, their 
analysis suggests that these are not independent variables. A 
pre-intubation oxygen saturation of < 92% was seen in 57% 
of ETI-related CA patients versus 22% in the control group. 
Pre-intubation systolic BP was lower in the ETI-related 
group than in the control group with mean systolic BP of 
110 mmHg and 146 mmHg, respectively. Heffner et al. also 
used Shock Index (SI) as a measure of hemodynamic insta-
bility and found that the odds of developing CA increase 
by 1.16 for every 0.1 increase in SI prior to intubation [6].

Studies that examined inpatient ETI-related CA also fre-
quently reported pre-intubation hypoxemia and pre-intuba-
tion hypotension as risk factors for CA. The inpatient study 
conducted by Wardi et al. found that the levels of hypoxemia 
and systolic BP were not statistically related to ETI-related 
CA; the mean pre-intubation oxygen saturation was 92% in 
both the ETI-related CA and the control group and systolic 
BP was 123 mmHg in both groups. They did identify SI as 
an independent risk factor for CA. SI ≥ 1.0 was associated 
with an odds ratio of 3.4 [8]. Mort reported hypoxemia as 
a complication in 90% of intubations and 32% of patients 
suffering CA did not have any other airway difficulties other 
than hypoxemia [13]. Jong et al. reported both hypoxemia 
and low systolic BP as risk factors for ETI-related CA in the 
ICU. Mean pre-intubations oxygen saturation in this study 
was 62% in the ETI-related CA group versus 82% in the 
control group; A pre-intubation oxygenation of < 80% was 
present in 45% of patients with ETI-related CA versus 22% 

in the control group. Mean systolic BP in this study was 
87 mmHg for the ETI-related CA group versus 110 mmHg in 
the control group and an SBP of < 90 mmHg was observed 
in 47% of the ETI-related CA group versus 23% in the con-
trol group [4].

Initial rhythms were evaluated by five out of the six 
studies, three of the six studies reported bradycardia as the 
initial rhythm, which further progressed to pulseless elec-
trical activity (PEA) or ventricular fibrillation (V-fib) and 
CA [6, 7, 9]. Two-thirds of ED studies showed bradycar-
dia as the initial rhythm [6, 7]. Heffner et al. reported PEA 
as the initial arrest rhythm in 94% of cases; however, 75% 
of cases reported bradycardia prior to PEA [6]. Ko et al. 
reported PEA in their study, but they did not report preced-
ing rhythms prior to PEA [5]. Kim et al. reported that 78% 
of patients had a progressive decline in heart rate (HR) prior 
to entering PEA [7]. Out of the three studies outside of the 
ED, two did not report preceding rhythm and reported PEA 
as the initial arrest rhythm and Mort reported bradycardia 
prior to arrest in 90% of patients [4, 8, 9]. Jong et al. reported 
cardiac arrhythmias as a moderate complication in 31% of 
patients with ETI-related CA versus 2% in the control group 
[4] (Table 2).

BMI and age were also identified by several studies as 
independent risk factors for ETI-related CA and are sum-
marized in Table 3 [4, 6]. Of the studies conducted in the 
ED, only one identified BMI as an independent risk factor 

Table 2   Risk factors associated with emergency endotracheal intubation-related cardiac arrest

✓ = independent risk factor, ✗ = no association, (–) = not mentioned in the study

Study Population Hypoxemia Hypotension Shock Index BMI Age Number of 
attempts

Medications

Jong et al. [4] 1847 ✓ ✓ – ✓ ✓ ✗ ✗
Ko et al. [5] 251 ✓ ✗ – – ✗ ✗ ✗
Heffner et al. [6] 410 ✓ ✓ ✓ ✓ ✗ X ✗
Kim et al. [7] 41 ✗ ✓ – – ✗ ✗ ✗
Wardi et al. [8] 29 ✗ ✗ ✓ ✗ ✗ ✗ ✗
Mort [13] 60 ✓ – – – ✗ ✗ ✗
Totals 4/6 3/6 2/6 2/6 1/6 0/6 0/6

Table 3   BMI and age as risk factors for ETI-related CA

a Per 10 kg increase in weight
b BMI > 25 kg/m2

c Age > 75 years old
OR, odds ratio; CI, confidence interval

Study Risk factor OR 95% CI

Jong et al. [4] BMIb 2.005 1.017–3.951
Jong et al. [4] Agec 2.251 1.080–4.678
Heffner et al. [6] BMIa 1.37 1.17–1.77
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for ETI-related CA. Ko et al. and Kim et al. did not report 
BMI or weight, while Heffner et al. reported that CA had 
an increased OR of 1.37 for every 10 kg in weight; how-
ever, they did not report BMI as part of their study. In the 
studies conducted outside of the ED, mixed results were 
also reported. Wardi et al. found that obesity was not an 
increased risk for developing CA during ETI, while Jong 
et al. reported that increased BMI > 25 kg/m2 independently 
had an OR of 2.005 for ETI-related CA, but did not mention 
if it was individually related to increased mortality [8]. The 
Mort study did not mention weight or BMI. Overall, two 
out of six studies mention BMI or weight as a risk factor for 
ETI-related CA. The Jong et al.’s study was the only one to 
report age as a risk factor for ETI-related CA; however, it 
had the largest population of patients [4]. Twenty-four per-
cent of patients who were reported to have ETI-related CA 
were over the age of 75 versus 14% in the control group. The 
average age of patients in the ETI-related CA was 67 versus 
62 in the control group. The other five studies did not find 
that a patient’s age was a risk of developing ETI-related CA.

Only one out the six studies mentioned induction agents 
as an independent risk factor for ETI-related CA (Table 4). 
A retrospective case–control study found no difference in 
the use of vasoactive medications; however, they did iden-
tify that the use of succinylcholine was associated with an 
increased incidence of ETI-related CA (31% versus 19% in 
the ETI-related CA group and control group, respectively) 
[8]. Another retrospective cohort study reported no differ-
ence in ETI-related CA with different induction agents; 
however, the majority of patients (94%) in both groups 
were treated with etomidate [6]. Ko et al. did not find any 
difference between induction agents and Kim et al. did not 
report on induction agents. Jong et al., which included the 
largest study population, did not find any statistical differ-
ence between induction, vasopressor, or hypnotic agents as 
it relates to ETI and CA.

The number of attempts was also reported in five out of 
six studies; however, none of the studies found repeated 
intubation attempts as a risk factor for ETI-related CA. 
Mort did find an increase rate of hypoxemia, but it was not 
associated with CA. Ko et al. did not independently evalu-
ate the number of attempts as a risk factor for ETI-related 

CA. None of the studies evaluated or reported the time 
required to achieve successful intubation, the method of 
intubation, the time of pre-oxygenation, or the level of 
desaturation during intubation.

ETI-related CA was associated with an increased in-
hospital mortality in most studies. Ko et al. reported that 
survival to discharge following ETI-related CA was 36.6% 
of patients versus 69.9% in the intubation-unrelated CA 
group. Heffner et al. reported an ROSC rate of 53% and 
in-hospital mortality of 82% versus 24% in the control 
group. In this study, ETI-related CA represented a 14-fold 
increase in in-hospital mortality. Jong et  al. showed a 
73.5% mortality rate in the ETI-related CA versus 30% in 
the control group. ROSC was achieved in 70.4% of patients 
with ETI-related CA. Hypotension was associated with an 
inability to achieve ROSC in patients with ETI-related CA 
in the Jong et al.’s study (54% versus 29%). Interestingly 
Kim et al. reported no statistical difference between the 
ETI-related CA and the control group in ROSC, survival 
to discharge, or neurological outcomes. Wardi et al. also 
reported that there was no statistical difference in ROSC, 
survival to discharge, or neurological outcomes (Table 5).

Table 4   Medications associated 
with ETI-related CA

Study Medications

Jong et al. [4] No difference noted
Ko et al. [5] No difference, 75% of patients treated with etomidate, 14% 

treated with midazolam
Heffner et al. [6] No difference, 94% of patients treated with etomidate
Kim et al. [7] Not reported
Wardi et al. [8] Succinylcholine associated with increased risk of ETI-related CA
Mort [13] Not reported

Table 5   ROSC and survival to discharge

ROSC, return of spontaneous circulation; CPC, cerebral performance 
category

Study ROSC (%) Survival to 
discharge (%)

Discharge 
with CPC ≤ 2 
(%)

Jong et al. [4] 70.4 37 –
Ko et al. [5] 77.6 34.7 14.3
Heffner et al. [6] 53 – –
Kim et al. [7] 75.6 39.0 14.6
Wardi et al. [8] 72.4 48.0 31
Mort [13] 65 31 –
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Discussion

The hemodynamic state of the patient prior to intubation 
appears to play a key role in the development of ETI-
related CA according to all of the studies in our review. 
These studies found that either hypoxemia, hypotension, 
or SI were independent risk factors for ETI-related CA 
(Table 2). Oropharyngeal–laryngotracheal manipulations 
are powerful sympathetic and parasympathetic stimulants 
which can precipitate CA in a hemodynamically com-
promised patient by several mechanisms [14]. Hyperten-
sion or tachycardia induced by airway manipulation and 
stimulation can lead to myocardial infarction or stroke in 
patients with significant comorbidities [14–16]. Hyperten-
sive patients have been shown to have a marked increase 
in norepinephrine levels with laryngotracheal stimulation 
[15]. Patients suffering from neurologic injury, trauma, 
seizure disorder, and other intracranial pathologies are also 
known to have a hyperdynamic response to laryngotra-
cheal manipulation. A patient with respiratory compro-
mise and hemodynamic instability such as hypoxemia or 
an elevated SI and a history of hypertension might be at 
increased risk for sudden CA due to an exaggerated hyper-
tensive response and/or tachycardia during emergent ETI. 
Post-intubation hypotension is also a well-known compli-
cation of endotracheal intubation secondary to positive 
thoracic pressure and vasodilation or myocardial depres-
sion secondary to anesthetic agents [14, 17–21]. Propofol 
has been shown to cause post-intubation hypotension, most 
notably in the elderly [21]. Post-intubation hypotension 
has been shown to be associated with pre-intubation SI, 
chronic renal disease, and acute respiratory failure [18]. 
The studies compared in this review did not find these 
comorbidities as an independent predictor of ETI-related 
CA, although Heffner et al. did find that pre-intubation 
SI was independently associated with CA. A recent study 
by Kim et al. that examined the effects of sedative doses 
on post-intubation hypotension found that patient-related 
factors including SI, acidosis, and age > 75 (rather than 
the dose of sedatives) were associated with hypotension 
[22]. A patient presenting to the ED with hypoxemia or 
hypotension requiring emergent ETI is at greater risk of 
rapid demise and CA during intubation. Bradycardia also 
appears to be a factor affecting the hemodynamic status 
of patients receiving laryngotracheal manipulation dur-
ing emergent ETI and appears to be marker of pending 
deterioration during intubation. Bradycardia during intu-
bation can occur as a result of two mechanisms: one—
mechanical vagal stimulation during intubation activates 
the vagal afferent-efferent reflex loop and two—hypoxemia 
sensed by aortic bodies increases vagal stimulation ulti-
mately leading to bradycardia and vasoconstriction. These 

mechanisms lead to a “stable bradycardia” which are typi-
cally corrected by pausing intubation and re-oxygenating 
the patient [9, 23, 24]. A patient presenting with hypoxia, 
hypotension, or elevated SI coupled with the vagal stimu-
lation associated with laryngotracheal manipulation that 
is further exacerbated by hypoxemia may cause a sudden 
drop in heart rate, leading to rapid myocardial and cerebral 
ischemia and ultimately CA. It is no surprise that most 
of the studies identified bradycardia as the most common 
rhythm preceding CA. These findings were also found and 
discussed by Mort in one study and may present an area 
of possible intervention to reduce the incidence of ETI-
related CA in the ED [13]. For example, atropine has been 
used in the past during intubation to prevent bradycardia in 
pediatric patients; however, the practice has been largely 
abandoned and replaced with the use of less cardiotoxic 
agents [24]. Implementation of intubation management 
protocols has been shown to reduce immediate severe 
complications associated with intubation of patients in the 
ICU, including a lower rate of post-intubation CA, which 
was not statistically significant [25]. A similar protocol 
might be adaptable to an ED setting; however, further 
research is needed to quantify results [7].

Incidence of ETI-related CA was very variable; the inci-
dence of ETI-related CA appeared lower in the inpatient 
setting when compared to ETI-related CA in the ED [4–9]. 
The incidence of ETI-related CA varied greatly between the 
studies, ranging from 1.7 to 23.3% [4–9]. This variability in 
definition leads to inconsistent incidence rates and should 
be standardized for clarity; variation in definitions has been 
outlined in the past as a determining factor in the incidence 
of emergent intubation airway complications [14, 26]. We 
recommend using a standard definition of 20 min, as this 
time appears to include the clear majority of ETI-related CA 
in the studies that measure ETI-related CA after 10 min [5, 
6, 8]. The use of this time marker also theoretically reduces 
the inclusion of other cofounders related to hospital course 
and post-intubation care which might confound the results.

BMI is another potential risk factor for ETI-related CA, 
because it increases the risk of difficult intubation, thereby 
increasing both morbidity and mortality [27–30]. Obese 
patients present with varying degrees of fat deposition in 
key areas of the airway and tend to have a larger neck cir-
cumference, thyromental distance, and interincisal gap, and 
have increased difficulty with intubation [31, 32]. Obesity 
also reduces the oxygen reserve, thereby reducing the time 
for successful intubation, and may increase morbidity with 
increased number of intubation attempts [29]. To assess 
difficult intubation, the American Society of Anesthesiolo-
gists (ASA) recommends acquiring a thorough history and 
performing a physical examination prior to intubation [31]. 
However, obtaining a thorough history is often impracti-
cal or impossible in the setting of emergent intubation 
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whether inpatient or in the ED. Obesity has been reported 
as risk factor of difficult intubation in up to 15% of patients 
as compared to 2–6% in lean patients [30, 31, 33]. Martin 
et al. noted that the incidence of difficult intubation during 
emergent ETI was 10% in the inpatient setting and Mort 
noted that the incidence of difficult intubation was seven 
times higher than intubations performed in the OR [14, 33]. 
This incidence is likely higher in the ED, as patients often 
present with hemodynamic compromise and respiratory fail-
ure, further reducing the oxygen reserve and exacerbated by 
increased number of intubation attempts. Heffner et al. how-
ever, did not find an association between increased number 
of intubation attempts with ETI-related CA [6]. The authors 
postulated that the increased in CA maybe related to drug 
dosages in obese patients. As the incidence of obesity con-
tinues to increase in the US and worldwide, the incidence 
of difficult intubations will continue to become an impor-
tant factor in emergent intubation, especially in the ED. The 
method of intubation or patient positioning was not reported 
in most of the studies; however, the “ramped” position rather 
than the “sniffed” position has been reported to better visual-
ize the airway in obese patients and maybe associated with 
fewer intubation attempts [34]. Patient positioning for obese 
patients is not largely reported during emergent intubations 
in the ED and may present another avenue to improve patient 
outcomes during emergent ETI in this clinical setting.

Age was identified as a risk factor in only one study; how-
ever, it was the largest study. Stimulation of the oropharynx 
during intubation can result in a significant cardiorespira-
tory reflex activation [35–37]. There are many changes that 
occur in the elderly patient which might make intubation 
difficult or increase the rate of ETI-related CA. In addition 
to the normal respiratory changes that occur during aging, 
there are a variety of conditions and comorbidities that 
increase their susceptibility to complications during air-
way management [38]. The increase in resting sympathetic 
activity and heightened levels of circulating norepinephrine 
can lead to irregular increases in HR and BP during airway 
manipulation for emergent intubation [39, 40]. The use of 
beta blockers has been recommended to combat this process 
[41]. In addition, the use of incremental doses of propofol 
or the use of less cardiovascularly active induction agents 
such as etomidate have been proposed for use in the elderly 
patients undergoing intubation [37]. It is possible that age 
may increase the risk of ETI-related CA. In addition, the 
cardiovascular atherosclerotic plaque build-up in geriatrics 
may place patients undergoing emergent ETI at increased 
risk for cardiac ischemia during intubation. It is possible that 
increased age is a risk factor for ETI-related CA; however, 
more studies are needed to establish it as a risk factor.

Sedative medications during emergent intubation pre-
sent another potential risk factor for ETI-related CA. Eto-
midate, for example, is recommended in favor of propofol 

for patients over age 50 who are undergoing endotracheal 
intubation due to an increased incidence of post-intubation 
hypotension seen with propofol [21]. Of the studies noted, 
only Wardi et al. reported a statistical increased with ETI-
related CA with the use of succinylcholine as a muscle 
relaxant during intubation. It is possible that succinylcho-
line may lead to hyperkalemia in susceptible populations 
such as patients with prolonged immobility, neuromuscu-
lar compromise or acidosis [8, 42]. Based on the studies 
evaluated here, there does not seem to be an association 
between agents used for sedation and paralysis and ETI-
related CA.

Increased number of intubation attempts are known 
to be associated with an increased number of complica-
tions such as esophageal intubation, hypoxemia, hypo-
tension, regurgitation, aspiration, bradycardia, and CA 
[43]. Interestingly, none of the studies identified number 
of attempts as an independent risk factor for ETI-related 
CA. In a separate study of complications related to num-
ber of attempts during intubation, Mort reported that 
severe bradycardia increases with number of attempts; 
90% of bradycardic episodes were associated with severe 
hypoxemia, and 50% of bradycardic events progressed to 
CA requiring resuscitation. In the same study, CA also 
increased with repeated intubation attempts [43]. A recent 
large multicenter study assessing the adverse events of 
repeated intubations reported CA as a complication which 
was correlated with the number of intubations in the ED 
[44]. It is likely that repeated intubation attempts lead to 
more instances of bradycardia by the mechanism described 
above, which, coupled with the hypoxemic insult incurred 
during repeated intubations, leads to CA in susceptible 
patients. More studies are required to solidify whether 
repeated intubation attempts represent an independent risk 
factor of this rare but important complication.

Limitations

All of the studies evaluated for this paper were retrospec-
tive in design, and as such, have inherent limitations com-
mon to all retrospective studies. In addition, the studies 
were completed in different populations, the methods or 
protocols for emergent intubation were not discussed, 
and the equipment used during intubation was also not 
reported. Until we have prospective randomized clinical 
trials, it is difficult to determine whether the associations 
were causal. Furthermore, some trials mentioned in this 
review had small numbers of participants, for which it 
may be difficult to draw conclusions for larger populations. 
Other limitations include the exclusion of non-English lan-
guage papers.
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Conclusion

ETI-related CA is likely multifactorial; however, hypox-
emia, hypotension, BMI, and age appear to be indepen-
dently associated with CA during or shortly after suc-
cessful intubation. ETI-related CA is associated with a 
significant rise in in-hospital mortality in most studies. 
While this is a relatively rare complication, in one case, 
it represented a 23% of CAs that occurred in the hospital. 
Establishing a standard definition of ETI-related CA would 
help to reduce the variability of reported prevalence. Our 
evaluation of the studies showed that hypotension, hypox-
emia, and increased SI were most likely to increase the 
rate of ETI-related CA. Bradycardia can occur during ETI 
and likely contributes to hemodynamic collapse in patients 
undergoing airway manipulation. BMI and age were also 
identified in several studies as potential risk factors for 
CA. Succinylcholine was only mentioned in one study and 
the number of attempts was not mentioned in any of the 
studies as potential risk factors of ETI-related CA. Future 
prospective studies are needed to better help delineate the 
risk factors associated with ETI-related CA and help mod-
ify emergent intubation practices in an effort to decrease 
this complication in the Emergency Department setting.
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