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Abstract

Context: Mortality related to intubation occurs as a result of multiple factors such as patient’s condition, operator’s skills, equip-
ment use, intubation time, duration of laryngoscopy and intubation, and drugs and dosage used for endotracheal intubation (ETI).
Objectives: This systematic review and meta-analysis aimed to determine mortality related to intubation and the overall intensive
care unit (ICU) mortality rate in adult general ICUs.
Methods: We performed a systematic review and meta-analysis on randomized clinical trials and cohort and cross-sectional re-
search from three electronic databases with hand searching. The studies reported mortality related to intubation and the overall
ICU mortality rate in adult general ICUs. Our search resulted in 28 published articles without any restriction on date and language.
The systematic review and meta-analysis was performed to examine mortality related to intubation and the overall ICU mortality
rate.
Results: We found 7,866 articles in the literature review from the three databases based on our keywords, of which 28 studies were
eligible to include in the study. We observed that mortality related to intubation and the overall ICU mortality rate in intubated
patients were 1% and 30%, respectively.
Conclusions: This was the first comprehensive systematic review on mortality related to intubation and the overall ICU mortality
rate in adult general ICUs, which showed the current care of ETI. However, it was associated with increased complications, which
may increase mortality.
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1. Context

Endotracheal intubation (ETI) is an indispensable and
common procedure in intensive care units (ICUs). It pro-
tects the patient’s airway or provides invasive mechanical
ventilation to treat respiratory failure as a common prob-
lem in critically ill patients (1-7), which is correlated with
numerous complications including mortality. This pro-
cedure will be performed in different locations for criti-
cally or non-critically ill patients. For example, tracheal
intubation is performed before surgery in the operating
room (OR). Orotracheal intubation is usually performed
electively in OR in a comfortable condition. However, it
needs to be immediately performed in ICU during emer-
gency conditions under troubling circumstances to pre-
vent aspiration because patients are generally not in a fast-
ing situation (8). Some methods are used for tracheal in-

tubation in critically ill patients such as fiber-optic, video
laryngoscopy, and direct laryngoscopy (DL). However, the
standard of care and the most common method is DL with
Macintosh blade, and rarely, Miller blade. DL has a high
success rate in expert hands; however, it decreases the
chance of first successful intubation in emergency condi-
tions with a poor patient’s condition and a non-expert op-
erator. It also causes frequent intubation attempts due to
an excessive danger of complications and a low operator’s
experience level (3, 8, 9).

Different pharmacologic agents such as propofol, ke-
tamine, etomidate, benzodiazepine, and opioids, as well
as neuromuscular blocking agents are used to provide per-
fect intubation conditions. However, these drugs are asso-
ciated with significant complications in hemodynamically
unstable ICU patients, especially when used by those with
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low training and experience levels (10). Some serious com-
plications might occur due to intubation, which may be re-
lated to patients, operators, instruments, drugs, and emer-
gency conditions (11, 12).

2. Objectives

Few studies have been conducted on mortality related
to intubation in general ICU patients and the management
of these extremely vulnerable patients. Thus, we carried
out a systematic review and meta-analysis about adult gen-
eral ICUs. The main objective of our study was to determine
mortality related to intubation in adult general ICUs.

3. Data Sources

Four dependent search strategies were used in this
systematic review and meta-analysis: (1) data sources, (2)
study selection, (3) data extraction, and (4) statistical eval-
uation and quality assessment.

Studies on mortality related to intubation and the
overall ICU mortality rate due to ETI published up to the
end of 2018 were included. Mortality related to intuba-
tion is considered as mortality during and 60 minutes af-
ter intubation, and the overall ICU mortality rate is defined
as the mortality of intubated patients during admission
and the period in the general ICU. PubMed, Embase, and
Google Scholar were systematically reviewed using appro-
priate textual content phrases and dictionary expressions
for articles related to the following terms: any phrases in-
cluding mortality rate and their synonyms or acronyms,
intensive care unit and its synonyms, intubation and its
synonyms or acronyms, and age above 18 years. However,
there was no limitation on date, language, and geograph-
ical sites for selecting articles. Searches and evaluations
were undertaken in the reference lists of the selected arti-
cles by hand searching. All citations were downloaded into
EndNote.

4. Study Selection

Studies with narrative and descriptive assessment,
studies with unknown case definitions, studies in pediatric
and obstetric ICUs, at the emergency department (ED), OR,
inwards, and outside hospitals, and studies mixing differ-
ent departments without separated results or data were
eliminated from the study. Potentially applicable articles
were recognized according to the above-mentioned inclu-
sion and exclusion criteria, and replications were omitted.
The remaining articles were assessed for enrollment, first
based on title and then based on abstract, before down-
loading their full texts. The subjects were arranged based

on the following criteria: data and type of study; authors;
year of publication; participants’ age range; age standard
deviation (age SD); the male/female percentage; quality as-
sessment; sample size, and number of events.

5. Data Extraction

Data were extracted from studies with the exact rate of
mortality related to intubation immediately after the pro-
cedure until 60 minutes in elective or emergency intuba-
tion and difficult intubation, specifically in adult general
ICUs. The studies used usual care, direct laryngoscope for
ETI, and simple face masks for preoxygenation without us-
ing video laryngoscope or fibro optic, high flow nasal can-
nula (HFNC), and non-invasive positive pressure ventila-
tion (NIPPV), and also, without loading fluid or using vaso-
pressor prior to intubation. The main focus of the studies
was on mortality related to intubation in general ICUs.

Afterward, we excluded articles with a quality assess-
ment score of less than 0.6. Finally, 28 articles were in-
cluded in the study, mentioning the exact number of death
cases related to intubation and the overall ICU mortality
rate. After three (four if necessary) experts on epidemiol-
ogy independently assessed the full texts of the selected ar-
ticles, statistics were entered into an excel database, specif-
ically designed for this review, and analyzed using STATA
version 14.1. Figure 1 shows a diagram describing the study
design process.

5.1. Data Analysis and Quality Assessment

We used a metaprop command using STATA version
12.1 (StataCorp, College Station, TX, USA) for pooling pro-
portions. We estimated 95% confidence intervals using
the score statistic and the exact binomial method and
Freeman-Tukey double arcsine transformation of propor-
tions via ftt option. The heterogeneity of the prevalence
estimates between the studies was decided using the I2 in-
dex. A random influence model was used unless the index
was < 25%; In that case, a constant outcome model would
be used (10). The generation of a funnel plot and the Egger
and Begg P value permitted the determination of poten-
tial publication bias in the selected studies. The influence
of the study characteristics (such as age, date, and quality
level) was explored using meta-regression. Moreover, the
methodology was assessed according to the STROBE check-
list for the cohort and cross-sectional studies and accord-
ing to Jaded tools for the randomized clinical trials. Each
study with a 0.6 score higher than the maximum score was
considered as a high-quality study.
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Figure 1. The diagram of the study design process

6. Results

Of the 7,866 studies obtained from the three databases,
28 were eligible to be included in this systematic review
and meta-analysis. Thirteen articles notified results about
the rate of mortality related to intubation in general ICUs.
The studies included in this meta-analysis were five cross-
sectional studies, five cohort studies, and three random-
ized clinical trials. After the exclusion of two articles with
a low-quality score (below 0.6), of 4754 individuals in the
studies, 34 cases were dead, with the pooled estimate of
the mortality rate being 1% (95% CI: 0% - 1%) (Figure 2). Data
analysis confirmed that there was no meaningful relation-
ship between the mortality rate with age (P = 0.27) and year
of study (P = 0.88), although it was marginally significantly
correlated with the quality score (P = 0. 09). The evidence
of publication bias was provided by a funnel plat. The eg-

ger test (P = 0.3%) and the Begg test (P = 0.4%) were statis-
tically significant for publication bias. Fifteen articles re-
ported results about the rate of mortality related to intu-
bation in general ICUs. The articles included in this meta-
analysis were two cross-sectional studies, 11 cohort studies,
and two randomized clinical trials. After the exclusion of
two studies with a low-quality score (below 0.6), of 2054
individuals in the studies, 604 cases were dead, with the
pooled estimate of the mortality rate being 30% (95% CI:
23% - 36%) (Figure 3). Data analysis showed that there was
no significant relationship between the ICU mortality rate
with age (P = 0.89), year of study (P = 0.97), and the qual-
ity score (P = 0.18). The evidence of publication bias was
provided by a funnel plat. The egger test (P = 11%) and the
Begg test (P = 2%) were not statistically significant for pub-
lication bias.
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Figure 2. The overall rate of mortality related to intubation in adult general ICUs

7. Discussion

Tracheal intubation is a routine and lifesaving tech-
nique in ICUs. Life threatening complications may occur
in a significant number of intubations, but those compli-
cation are less frequent when intubation were done after
complete preparation (2-4, 6, 11). The present study was
the first systematic review and meta-analysis that evalu-
ated the rate of mortality related to intubation, specifically
in general ICUs.

This study described mortality related to intubation
occurring during or 60 minutes after the procedure. Of
the 4754 intubations performed, 34 cases died (1%). The ICU
mortality of intubated patients was defined as the death
of intubated patients during ICU stay. Of 2054 individuals
in studies selected for the purpose of the current review,

604 cases died (30%). Petrini et al. and Ma et al. (12, 13) re-
ported that the rate of mortality during and 60 minutes
after intubation was 3%, which is higher than that in our
study. Schwartz et al.’s study (6) showed the rate of mortal-
ity related to intubation to be 3%, which is higher than that
in the current review. Schwartz’s study was not included in
our review because it reported the mortality rate outside
ICUs.

In our review, 13 articles mentioned the rate of mortal-
ity related to intubation to range between 0% - 4%. More-
over, the reported mortality rate completely differed in
three of the articles compared to the others. Accordingly,
the rate was 4% in Audrey et al.’s study, 3% in Ma et al.’s
study, and 2.8% in Semler et al.’s study. Other studies re-
ported that the mortality rate 30 - 60 minutes after intu-
bation ranged between 0% - 1% (14-16).
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Figure 3. Mortality related to intubation in adults general ICUs

The most popular complication of tracheal intubation
in ICU is hypoxemia (4, 17), which is a potent risk factor for
periprocedural cardiac arrest and death (5). Semler et al.
(14) reported that the mortality rate was lower in apneic
oxygenation via high-flow nasal cannula oxygen preoxy-
genation during larngoscope (0%), as compared with usual
care (2.8%).

Audrey et al. (18), in their study, found that the mor-
tality rate was high in post-intubation cardiac arrest (29%)
compared to intubation without cardiac arrest (0%). Post
intubation cardiac arrest is more frequent during emer-
gency situations and may increase death risk due to time
shortage to perform oxygenation and stabilize hemody-
namics. Hypoxemia, hemodynamic failure before intuba-

tion, lack of oxygenation, and age above 75 years are poten-
tial high-risk factors that increase cardiac arrest and death
related to intubation.

Acute respiratory failure occurs due to dramatic
changes in the lung and high shunt fraction, which may
lead to disturbance in gas exchange. Patients with acute
respiratory distress syndrome are at a higher risk of hy-
poxia. Thus, the intubation of these patients should be
performed with adequate preparation (3, 19, 20).

Baillard et al. (2) realized that the use of non-invasive
ventilation (NIV) for pre-oxygenation in general ICUs led to
a lower overall ICU mortality rate (30%), as compared with
usual care (50%). They also mentioned that decreased SPO2

less than 80% was higher with usual care (46%) compared
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with NIV (7%).
Audrey et al. (21) reported that the incidence of death

was a little higher in difficult intubation (0.5%) compared
with non-difficult intubation (0%). Moreover, De Jong et al.
(22) reported that the incidence of death was high with dif-
ficult intubation (4%) compared with non-difficult intuba-
tion (0%).

Emergency ETI in ICU is a complex process with numer-
ous possible failure points. Complications of the emer-
gency process mostly include acute hypoxemia, hypoten-
sion, or death. Critically ill patients undergoing emer-
gent intubation have a higher than expected rate of post-
intubation hypotension. Green et al. (23) reported that
ICU mortality was higher with post-intubation hypoten-
sion (37%) compared with non-hypotension after intuba-
tion (28%).

DL intubation was associated with a higher rate of mor-
tality (3%) compared with Bronchoscopic intubation (0%)
used by Petrini et al. (12). Further, Griesdale et al. (4) re-
ported that the use of DL was associated with a higher rate
of overall ICU mortality (25%) compared with video laryn-
goscope (VL) (15%). In addition, The ICU mortality rate was
a little higher in primary intubation (35.5%) compared with
failed NIPPV (29.5%) in the study of Mosier and colleagues
(24).

The use of intravenous anesthetic drugs and neuro-
muscular block drugs is associated with lower mortality.
However, a majority of ICU patients are hemodynamically
unstable, which may increase the rate of complications
and mortality following the administration of anesthetic,
hypnotic, and analgesic drugs. Mort et al. reported that
the hemodynamic effects of pharmacologic agents used
for induction in emergency ETI in ICU patients were com-
mon. Wilcox et al. (25) showed that the use of muscle re-
laxant drugs caused a lower prevalence of hypoxemia and
procedure-related complications and improved tracheal
intubation conditions. They also reported that the use of
muscle relaxant drugs diminished the procedure-related
complications when used with sufficient training and ex-
perience.

Audrey et al. divided their patients into two groups
with easy and difficult intubation. They reported that the
mortality rate was 0% in the first group and 4% in the sec-
ond group (the difficult intubation group). Thus, one of
the most significant reasons for a higher rate of mortality
related to intubation is difficult intubation.

Moreover, Ma et al. had two groups in their study. The
mortality rate was 0% in the first group (intubation by
bronchoscopy), while it was 3% in the second group (DL in-
tubation), showing the low rate of first successful intuba-
tion in case of using DL.

Semler et al. mentioned that the mortality rate was
2.8% higher while supplementing oxygen during laryn-

goscopy compared with non-supplementation (0%).
A higher overall ICU mortality related to intubation

was observed in three articles, 50% mortality was referred
using preoxygenation three minutes prior to intubation
with non-rebreather bag-valve masks, compared with 30%
in NIV group, Christophe Baillard. Schmidt et al. reported
47% mortality in ICUs that manage with non- attending su-
pervision (26). Peter Luedike et al. mentioned 43% mor-
tality related to intubation failure by non-anesthesiologist
ICU trainees (27).The standard of care for ETI is used in
ICUs, but it is associated with many complications that in-
crease mortality. Moreover, intensive care specialists be-
lieve that additional procedures added to the standard of
care will improve the outcome and decrease the rate of
post-intubation mortality.

Insertion of ETI in ICUs is often decisive, and in addi-
tion to considering airway management and equipment,
we should also take into account hemodynamic stability,
gas exchange, neurologic protection, and drug use.

7.1. Limitations

Our study has some limitations. Different protocols for
intubation were used in different ICUs, and the patients’
conditions were not clearly defined, or even, were not men-
tioned in some of the papers. Like with all previous meta-
analyses, the presented review was subject to information
bias. The second limitation of the study was related to the
accuracy of data summation as the experts had possibly
different skills or training levels.

7.2. Conclusions

Mortality related to intubation in adult general ICUs
ranged between 0% - 4%. There was no correlation between
the mortality rate with age and year of publication. Diffi-
cult intubation, use of direct laryngoscopy, lack of preoxy-
genation or oxygen therapy during intubation, and attend-
ing or non-attending physician may be involved in mortal-
ity related to intubation, and thus, should be taken into
account while performing tracheal intubation in ICU pa-
tients.
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