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Abstract
Background and Aim: Prophylactic endotracheal intubation for airway protection
prior to endoscopy for the management of severe upper gastrointestinal bleeding
(UGIB) is controversial. The aim of this meta-analysis is to examine the clinical out-
comes and costs related to prophylactic endotracheal intubation compared to no intu-
bation in UGIB.
Methods: EMBASE, MEDLINE, and the Cochrane Central Register of Controlled
Trials were used to identify studies through June 2017. Data regarding mortality, total
hospital and intensive care unit length of stay (LOS), pneumonia, and cardiovascular
events were collected. The DerSimonian-Laird random effects models were used to
calculate the inverse variance-based weighted, pooled treatment effect across studies.
Results: Seven studies (five manuscripts and two abstracts) were identified (5662 total
patients). Prophylactic intubation conferred an increased risk of death (odds ratio
[OR], 2.59, 95% confidence interval [CI]: 1.01–6.64), hospital LOS (mean difference,
0.96 days, 95% CI: 0.26–1.67), and pneumonia (OR 6.58, 95% CI: 4.91–8.81]) com-
pared to endoscopy without intubation. The LOS-related cost was greater when pro-
phylactic intubation was performed ($9020 per patient, 95% CI: $6962–10 609)
compared to when it was not performed ($7510 per patient, 95% CI: $6486–8432).
There was no difference in risk of cardiovascular events after sensitivity analysis.
Conclusion: Prophylactic intubation in severe UGIB is associated with a greater risk
of pneumonia, LOS, death, and cost compared to endoscopy without intubation. Ran-
domized trials examining this issue are warranted.

Introduction
Upper gastrointestinal bleeds (UGIB) are a relatively common
presentation to hospitals, with an overall incidence of 50–172 per
100 000 people,1,2 Esophagogastroduodenoscopy (EGD) may
lead to an increase in respiratory-related adverse events such as
severe aspiration and pneumonia in massive UGIB.3 The main
goals of prophylactic intubation are to ensure airway protection
during deep sedation and to reduce aspiration risk. Despite a pau-
city of high-quality evidence, current guidelines recommend pro-
phylactic intubation prior to endoscopy for UGIB among
critically ill patients.4

Previous studies have demonstrated an increased risk of
pneumonia with prophylactic intubation in UGIB compared to
no intubation.5 Although studies examining differences in mor-
tality, length of stay (LOS) in hospital, intensive care unit (ICU)

LOS, pneumonia, and cardiovascular events have suggested an
increased risk of these outcomes, they have been limited by small
sample size, and their study design vary. The increased costs
associated with prophylactic intubation for endoscopic manage-
ment of UGIB have not previously been described.

The aim of this study was to review the existing literature
to estimate the risk of cardiovascular events, risk of
pneumonia, increased LOS, and risk of death associated with
prophylactic intubation for the management of UGIB in critically
ill patients.

Methods
The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement guidelines were used to
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conduct the systematic review and meta-analysis.6 The study
followed an a priori established protocol.

Data sources and search strategy. We searched
EMBASE, MEDLINE, and the Cochrane Central Register of
Controlled Trials for relevant studies to identify all studies that
compared prophylactic endotracheal intubation to no intubation
for the medical management of adult patients with UGIB using
the following key word themes: (i) endotracheal intubation
(intratracheal intubation or endotracheal intubation) and
(ii) gastrointestinal bleeding (gastrointestinal bleeding or gastro-
intestinal hemorrhage or [stomach, gastric, gastrointestinal, gi,
duodenal, gastroduodenal, peptic, esophageal, oesophageal, vari-
ces, or variceal] and [haemorrhage, hemorrhage, bleed, rebleed
or blood loss]). The search was conducted from May 2017 to
June 2017. A health sciences librarian with expertise in system-
atic reviews developed the specific search strategy used with the
input of the project team. A copy of the search strategy is
included in the Appendix S1, Supporting information. The bibli-
ographies of included articles and similar systematic reviews
were also examined. Finally, we contacted experts in the field to
identify any additional studies and gray literature that should be
considered in this review. An updated version of this search was
conducted in May 2018.

Selection criteria. We included studies that (i) included all
patients older than 16 years of age undergoing EGD for severe
UGIB (defined as patients who needed immediate endoscopy or
admission to an ICU for the management of UGIB);
(ii) compared prophylactic intubation to no prophylactic intuba-
tion; and (iii) reported on at least one of the following outcomes:
cardiac events, pneumonia, LOS (in hospital and ICU), and
death.

Data extraction and collection. Two reviewers
(Dipayan Chaudhuri and Kirles Bishay) independently reviewed
the titles and abstracts to identify articles for full-text review.
Any discrepancies in the inclusion of abstracts between reviewers
were settled through consensus. Data were extracted for all stud-
ies using a standardized data collection form devised by Dipayan
Chaudhuri and Kirles Bishay, which included study design;
inclusion and exclusion criteria; and a priori selected outcomes,
including mortality, hospital LOS, ICU LOS, pneumonia, and
cardiovascular events.

Study outcomes. The primary outcomes of our analysis
were the risk of in-patient mortality and hospital LOS. Secondary
outcomes included pneumonia, cardiovascular events (composite
outcome of myocardial infarction and cardiac arrests), and ICU
LOS.7–9 We also performed a priori subgroup analysis based on
the etiology of the UGIB. We stratified studies based on whether
they looked at only variceal UGIB versus all UGIB, including
variceal bleeds, as none of the included studies analyzed
nonvariceal bleeds alone.

Cost analysis. To approximate the resource use associated
with prophylactic intubation in UGIB, we performed a cost anal-
ysis based on ICU LOS and hospital LOS. We derived ICU and
hospital costs using the methodology and average costs reported

by Kahn et al.10 For ICU costs, the daily direct costs in United
States dollars were estimated as follows: ICU day 1 was $3678,
day 2 $1057, day 3 $839, day 4 $834, and for each day beyond
day 4 was $690 per day. The estimated hospital LOS cost was
$249 per day. We applied direct variable costs, which exclude
salaries, equipment, and other fixed infrastructure costs as this
reflects the direct and immediate financial implications related to
LOS. Costs were adjusted to 2017 using a consumer price index
reported by the US Bureau of Labor Statistics.11

Methodological quality assessment. The National
Institute of Health’s quality assessment tools12 for case–control
and cohort studies were used to evaluate the studies included.
Two reviewers (Dipayan Chaudhuri and Kirles Bishay) evaluated
each study independently, and discrepancies were resolved
through consensus between the reviewers. The overall quality of
evidence was assessed using the Grades of Recommendation,
Assessment, Development and Evaluation (GRADE) approach.13

Statistical analysis. Review Manager version 5.3
(Cochrane Collaboration Review manager) was used for statisti-
cal analysis.14 The DerSimonian-Laird random effects model was
used to calculate the inverse variance-based weighted, pooled
treatment effect across studies. Odds ratios (OR) were calculated
for all primary and secondary outcomes using random effects
models. A sensitivity analysis was also performed, excluding
studies deemed to be of lower quality. We measured heterogene-
ity across studies using the χ2 test (with a P < 0.10 denoting sig-
nificant heterogeneity) and the I2 statistic (with a value >50%
denoting significant heterogeneity) as described by Deeks and
Higgins.15 Statistical significance was defined as a P < 0.05.

Results

Study selection. The initial literature search resulted in
980 articles (301 from MEDLINE, 633 from EMBASE, and
37 from Cochrane [central]), of which 699 nonduplicate articles
were selected for abstract review. Fourteen abstracts were
selected for manuscript evaluation. Of these, seven met the inclu-
sion criteria and were included in our analysis.7,8,16–20 The coef-
ficient of agreement between reviewers was 0.85 (95%
confidence interval [CI]: 0.71–0.98). Figure 1 illustrates our
study flow diagram. The included studies were published from
2006 to 2017. Five studies were full-length manuscripts,7,8,17–19

and two were abstracts.16,20 All studies were retrospective. Study
characteristics are provided in Table S1. We classified three stud-
ies as low quality.16,19,20 Lohse et al.19 had significantly different
baseline characteristics between their two groups. The studies of
Abdulsamad et al.16 and Perisetti et al.20 were abstract only pub-
lications. An updated search in May 2018 yielded no new
studies.

Primary outcomes. Overall, 5662 patients with UGIB were
included in the analysis. The combined in-hospital mortality was
14.8% (399/2690) for the prophylactic intubation group and
8.0% (237/2972) for the no intubation group. Overall, prophylac-
tic intubation was associated with increased mortality compared
to no intubation (OR 2.59; [95% CI: 1.01–6.64], I2 = 94%). Sub-
group analysis was performed based on the specific etiology of
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UGIB: variceal bleed versus all UGIB. All UGIB encompasses
both variceal and nonvariceal bleeds as no study explored
nonvariceal bleeding alone. Prophylactic intubation conferred
increased mortality on patients presenting with variceal bleed

(OR 4.45; [95% CI: 1.46–13.56]) but did not affect survival in
all patients with UGIB (OR 2.19; [95% CI: 0.72–6.64]). There
was no heterogeneity in the variceal group (I2 = 0%) and high
heterogeneity in the UGIB group (I2 = 96%) (Fig. 2). These

Figure 2 Meta-analysis of mortality and prophylactic intubation in upper gastrointestinal bleeding (UGIB) stratified by variceal bleed only and all
UGIB. CI, confidence interval(s); M-H, mantel–Haenszel odds ratio.

Studies identified from systematic search
(n=699)

Studies eligible for full-length review (n =
16)

Studies excluded based on initial abstract 
review (n=683)

a) Case reports (n = 274)
b) Study patients did not have upper 

gastrointestinal bleeding (n = 242)
c) Intubation was not the intervention 

being evaluated (n = 103)
d) Review articles (n = 47)
e) Animal studies (n = 12)
f) Conference papers (n = 4)
g) Video (n = 1)

Excluded Studies (n= 9)
a) Comment/ letter to editor (n = 3)
b) Duplicate article (n = 2)
c) Systematic review and meta-analysis (n 

= 2; same article)
d) Intubation was not the intervention 

directly being evaluated (n = 2)

Studies included in meta-analysis
(n= 7)

Figure 1 Flow diagram for study selection. Studies were selected through a two-step process consisting of (i) title and abstract review followed by
(ii) full-text review of selected studies.
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results were largely maintained in sensitivity analysis (Fig. S4).
The odds of mortality in the overall UGIB prophylactic intuba-
tion group was attenuated but less heterogeneous (OR 1.57 [95%
CI: 0.61–4.04], I2 = 56%) and remained insignificant in the all
UGIB group (OR 0.83; [95% CI: 0.41–1.67]) with no heteroge-
neity. There were no changes in the OR or the heterogeneity of
the variceal subgroup.

The hospital LOS was higher in the prophylactic intuba-
tion group (mean difference [MD], 0.96 days; [95% CI:
0.26–1.67]). There was no heterogeneity between studies (I2 = 0)
(Fig. 3). Sensitivity analysis (Fig. S3) showed an increase in MD
(1.52 days, [95% CI: 0.16–2.88]) with no change in
heterogeneity.

Secondary outcomes. The prophylactic intubation group
demonstrated significantly higher rates of pneumonia (OR 6.58;
[95% CI: 4.91–8.81], I2 = 0%) (Fig. 4). Sensitivity analysis
(Fig. S2) attenuated the effect (OR 3.95; [95% CI: 1.75–8.94]),
with no change in heterogeneity. The odds of the composite out-
come of cardiac complications (Fig. 5) was also higher in the
prophylactic intubation group (OR 2.11; [95% CI: 1.04–4.27],
I2 = 6%), with a similar OR following sensitivity analysis,
although this no longer remained significant (OR 2.03, [95% CI:
0.80–1.75], I2 = 31%) (Fig. S5). There was also a trend toward
increased ICU LOS (Table S1) in the prophylactic intubation
group with high heterogeneity (MD, 1.21; [95% CI: −0.20,

2.62], I2 = 69%). Sensitivity analysis (Fig. S6) showed a lower
MD with improved heterogeneity (MD 0.48; [95% CI:
0.01–0.96], I2 = 0).

Cost analysis. While there was no significant difference in
ICU LOS between the two groups, there was a trend toward
increased ICU LOS in the prophylactic intubation group. This
was reflected in the overall costs of ICU stay in both groups: the
prophylactic intubation group incurred a cost of $7778 per
patient in the ICU (95% CI: 5229–9859) compared to $6180
(95% CI: 4985–7248) in the no intubation group, a MD of
$1598 (95% CI: 1310–1621). When examining total direct vari-
able hospital costs, this trend was maintained. The prophylactic
intubation group incurred costs of $9020 per patient (95% CI:
6962–10 609) compared to $7510 (95% CI: 6486–8432) in the
no intubation group, with a MD of $1510 (95% CI: 1370–1632).

Methodological quality and risk for bias. The quality
of evidence on the use of prophylactic intubation varied from
good to indeterminate (Table S2–S8). Most of the studies
included were of moderate to good quality. Three of the studies
were rated as moderate quality as they did not include justifica-
tion for study sample size or matched controls. However, only
one of the studies that did not have matched controls had signifi-
cantly different baseline characteristic between the intervention
and control groups. Both included abstracts were of

Figure 3 Meta-analysis of hospital length of stay and prophylactic intubation in upper gastrointestinal bleeding. CI, confidence interval(s); IV,
inverse variance.

Figure 4 Meta-analysis of rates of pneumonia and prophylactic intubation in upper gastrointestinal bleeding. CI, confidence interval(s); M-H,
mantel–Haenszel odds ratio.
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indeterminate quality due to insufficient information present in
the abstract. The overall quality of evidence on the topic based
on outcome varied from moderate to very low. For in-hospital
mortality and cardiac complications, the quality of the evidence
was low (+2 according to the GRADE approach). For the rate of
pneumonia, the quality of the evidence was moderate (+3
according to the GRADE approach). The quality of the evidence
for hospital LOS and ICU LOS was very low (+1 according to
the GRADE approach) due to small effect sizes and heterogene-
ity in the results for ICU LOS (Table S9).

Discussion
In this systematic review and meta-analysis, an increased rate of
mortality was found among ICU patients who were prophylacti-
cally intubated prior to EGD for severe UGIB, primarily driven
by patients with variceal bleeds. Hospital LOS was longer in the
intubated group. Finally, among those prophylactically intubated,
there were increased rates of pneumonia compared to those who
were not intubated.

The practice of prophylactically intubating patients for the
endoscopic management of severe UGIB varies significantly, and
this may be related to endoscopist experience and patient fac-
tors.21 A stable airway may allow for ease of intervention on
bleeding lesions; however, the evidence regarding the efficacy of
intubation for reducing endoscopy-related aspiration events is
unclear.22 Furthermore, the potential outcomes associated with
prophylactic intubation should be considered.22 This review
highlights important increased risks of death and pneumonia
associated with prophylactic intubation, as well as the related
increases in LOS and hospital costs.

One previous systematic review and meta-analysis exam-
ined the impact of prophylactic intubation before EGD on
UGIB.5 The authors found a statistically higher rate of pneumo-
nia for patients who were prophylactically intubated but found
no differences in mortality. However, the study included four
articles (two were abstracts) and examined 367 patients. Since
the publication of this review, multiple large retrospective studies
have been conducted on the topic. Our review builds on work
previously performed in this field to include over 5000 patients
and considers numerous relevant outcomes. To our knowledge,
this is also the first study to present a cost analysis regarding the
impact of prophylactic intubation in severe UGIB.

Endotracheal intubation carries significant risk, particularly
in critically ill patients. A national audit project in the United
Kingdom (NAP4) examined and reported adverse events during
airway management in the NAP4.23 While immediate procedure-
related adverse events are uncommon, approximately 25% of all
adverse events occurred in the ICU setting periintubation.22 In
patients with UGIB, many practitioners classically use rapid
sequence induction (RSI) techniques to reduce the risk of aspira-
tion. Critically ill patients with UGIB are often hemodynamically
unstable, resulting in a consistently high mortality despite
advancements in therapy.22 The NAP4 identified the use of RSI
in the ICU as a major cause of concern secondary to administra-
tion of preselected doses of induction agents in patients with
unstable hemodynamics, a population inclusive of critically ill
UGIB patients. Finally, aspiration during airway management
was the most common cause of death in the NAP4, and patients
with UGIB would certainly be at increased risk.

The results of this review are consistent with what would
be expected from the NAP4 study. Although there was signifi-
cant heterogeneity among studies, prophylactic intubation
showed increased mortality compared to no intubation. While
most studies showed a trend toward increased mortality,7,8,16–20

none showed a statistically significant increase in mortality
between groups. As all studies were retrospective, it is difficult
to definitively state causality for the increase in mortality; how-
ever, prophylactic intubation was also associated with signifi-
cantly higher rates of pneumonia and a trend toward increased
cardiac complications [cardiac arrest, myocardial infarction
(MI)]. Therefore, it is plausible that the hemodynamic compro-
mise and aspiration risks associated with tracheal intubation and
ongoing mechanical ventilation could be responsible for the
increased mortality observed, particularly in variceal bleeds, as
cirrhotic patients in the ICU tend to be sicker and relatively
immunocompromised compared to noncirrhotic patients. The
high mortality found in variceal bleeds is also consistent with
previous data suggesting that cirrhotic patients have worse clini-
cal outcomes and increased mortality independent of the severity
of illness, leading to ICU stay.24,25

The cost analysis demonstrates a trend toward increased
costs in the prophylactic intubation group secondary to the
increased hospital LOS. On average, there appears to be a differ-
ence of approximately $1510 USD (95% CI: 1370–1632)
between the two groups based on LOS alone. Notably, the results
of the cost analysis were preliminary as it only captured ICU and

Figure 5 Meta-analysis of cardiac complications and prophylactic intubation in upper gastrointestinal bleeding. CI, confidence interval(s); M-H,
mantel–Haenszel odds ratio.
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hospital costs. The unit costs of the ICU and hospital were also
obtained from a single US study, which might not be able to gen-
eralize to other settings. Future research should perform a full
economic evaluation of and include both upfront and down-
stream costs and health outcomes of intubation.

Study limitations. This review adds to the current litera-
ture in a significant way. There are relevant findings in multi-
ple important clinical outcomes, and this is the largest meta-
analysis on this topic, including over 5600 patients. However,
there are a few limitations to this study. A primary limitation of
this review is the small number of studies included. Only five
full-text articles and two abstracts sufficiently addressed the
research question, and this may result in potential bias in hetero-
geneity estimates, particularly in some of the secondary analyses
where a smaller number of studies were included as all studies
did not report the same data. Furthermore, two of the studies16,19

accounted for over 50% of the review population. While this has
the potential to bias some of the results, particularly in terms of
pneumonia and hospital LOS, results from the other studies are
similar in magnitude and effect, and thus, the potential for inher-
ent bias is low. This is further supported by the lack of heteroge-
neity for these outcomes. In addition, this limitation was
addressed by performing sensitivity analyses, which excluded
three studies,16,19,20 and maintained that, in general, prophylactic
intubation leads to worse outcomes and longer LOS. Moreover,
given the dichotomous nature of the intervention (intubation or
no intubation), there was little variability between studies in
methodology, adding certainty to the results.

The retrospective nature of the studies included also
prevented the selection of study populations that are identical at
baseline and avoided introducing bias regarding case selection, out-
come selection, and confounding. Specifically, it is plausible that
there is an inherent difference between patients who were chosen
to be prophylactically intubated and those who were not intubated.
A key variable that was not captured in these studies was hemody-
namic status at the time of intubation. In addition, the reviewed
papers did not provide any insight into whether patients were
unnecessarily intubated based on the absence of endoscopic find-
ings or intervention. However, in the majority of studies7,8,16–18,20

included, there does not appear to be significant differences in the
reported baseline characteristics between groups, with two studies
confirming this through propensity matching.8,17 One large study
did not perform matching and did have significant differences in
baseline characteristics between the two study groups.19 However,
while the prophylactic intubation group in that study had a more
severe shock, they were also younger and had lower scores on the
Charlson Comorbidity Index (CCI). As a result, it cannot be con-
cluded that the prophylactic intubation group in that study was at
higher risk for pneumonia, cardiac complications, mortality or pro-
longed hospital or ICU LOS.

Using the GRADE approach to assess the quality of sys-
tematic reviews, the quality of evidence in this study varied
based on the outcome being examined. While some of the effect
sizes were quite large, all studies included were observational,
and the lack of propensity matching in all but two studies may
have introduced potential confounding factors.

In conclusion, prophylactic intubation prior to EGD in
critically ill patients with UGIB is associated with an increase in

mortality, particularly in patients with variceal bleeds, although
these data are heterogeneous and may be confounded by factors
not addressed in individual studies. It is also associated with
higher rates of pneumonia. Furthermore, there is a trend toward
increased hospital and ICU LOS, cardiac complications, and
increased cost. A comprehensive review of adverse events related
to prophylactic intubation in UGIB should be pursued as this
topic remains controversial.
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