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Background: Peri-intubation major adverse events (MAEs) are potentially preventable and associated with poor
patient outcomes. Critically ill patients intubated in Emergency Departments, Intensive Care Units or medical
wards are at particularly high risk for MAEs. Understanding the prevalence and risk factors for MAEs can help
physicians anticipate and prepare for the physiologically difficult airway.
Methods:We searched PubMed, Scopus, and Embase for prospective and retrospective observational studies and
randomized control trials (RCTs) reporting peri-intubation MAEs in intubations occurring outside the operating
room (OR) or post-anesthesia care unit (PACU). Our primary outcome was any peri-intubation MAE, defined as
any hypoxia, hypotension/cardiovascular collapse, or cardiac arrest. Esophageal intubation and failure to achieve
first-pass success were not considered MAEs. Secondary outcomes were prevalence of hypoxia, cardiac arrest,
and cardiovascular collapse.We performed random-effects meta-analysis to identify the prevalence of each out-
come and moderator analyses and meta-regressions to identify risk factors. We assessed studies' quality using
the Cochrane Risk of Bias 2 tool and the Newcastle-Ottawa Scale.
Results:We included 44 articles and 34,357 intubations. Peri-intubationMAEswere identified in 30.5% of intuba-
tions (95% CI 25–37%). MAEs were more common in the intensive care unit (ICU; 41%, 95% CI 33–49%) than the
Emergency Department (ED; 17%, 95% CI 12–24%). Intubation for hemodynamic instability was associated with
higher rates of MAEs, while intubation for airway protection was associated with lower rates of MAEs. Fifteen
percent (15%, 95% CI 11.5–19%) of intubationswere complicated by hypoxia, 2% (95%CI 1–3.5%) by cardiac arrest,
and 18% (95% CI 13–23%) by cardiovascular collapse.
Conclusions: Almost one in three patients intubated outside the OR and PACU experience a peri-intubation MAE.
Patients intubated in the ICU and those with pre-existing hemodynamic compromise are at highest risk. Resus-
citation should be considered an integral part of all intubations, particularly in high-risk patients.

© 2023 Elsevier Inc. All rights reserved.
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1. Introduction

The importance of planning for and preempting peri-intubation ad-
verse events is a core tenant of emergency and critical care medicine,
summarized in the popular mantra “resuscitate before you intubate”
and the concept of “resuscitation sequence intubation.”Unlike the oper-
ating room, intubation in the Emergency Department (ED), intensive
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care unit (ICU), or medical wards is most often prompted by an acute
hemodynamic, respiratory, or neurologic decompensation [1,2]. Pa-
tients requiring emergency intubation have been described as having
“physiologically difficult airways,” as their pre-intubation physiologic
derangements significantly increase their risk for peri-intubation ad-
verse events [3,4]. Through the suppression of sympathomimetic and
respiratory drives, neuromuscular blockade (NMB), and a rapid transi-
tion fromnegative- to non-physiologic positive-pressure ventilation, in-
tubation has the potential to cause rapid cardiovascular or respiratory
decline, particularly among patients with pre-existing hypoxia, hypo-
tension, or acidosis [3]. Peri-intubation hypoxia and hypotension have
of Health and Social Security de ClinicalKey.es por Elsevier en septiembre 18, 
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been associated with higher rates of in-hospital mortality [5-8]. Physi-
cians taking care of these critically ill patients are walking a thin line:
lack of adequate preparation can be devastating, while excessive delay
of a necessary intubation may contribute to respiratory acidosis and
risk of aspiration and set the stage for hemodynamic collapse.

A clear understanding of the prevalence of various peri-intubation
events and their risk factors is an essential component of the emergency
and critical caremedicinemental airway toolkit, and sets the foundation
for effective and efficient pre-, peri- and post-intubation resuscitation
and care. In 2011, the Fourth National Audit Project of the Royal College
of Anaesthetists and the Difficult Airway Society found that 25% of
major airway complications within the hospital setting occur in the ED
or ICU [9]. They identified repeated instances of failure to identify
high-risk patients and to plan for, recognize, and rapidly respond to ad-
verse events, and identified these breakdowns in care as major contrib-
utors to avoidable complications and deaths.

In this systematic review and meta-analysis, we aim to evaluate the
available evidence regarding peri-intubation major adverse events
(MAE)—specifically, hypoxia, cardiovascular collapse, and cardiac arrest—
quantify their prevalence, and identify relevant demographic and clinical
factors and interventions most likely to increase or reduce patients' risk.

2. Methods

2.1. Search and selection criteria

We queried PubMED, Scopus, and Embase databases on October 6,
20 and again on September 4, 2022. The search terms were ((adverse
AND events) OR (hypoxemia) OR (hypoxia) OR (desaturation) OR (hy-
potension) OR (cardiac AND arrest) OR ((hemodynamic OR cardiovas-
cular) AND (collapse))) AND ((endotracheal AND intubation) OR
(emergency AND airway AND management) OR (peri-intubation)).
We included original studies (retrospective and prospective observa-
tional studies and randomized control trials) conducted among adult
patients (≥18 years old) undergoing endotracheal intubation in the
ED, ICU, or medical wards that reported any MAE within 30 min of en-
dotracheal intubation. We included only articles published in English
language. Studies were excluded if they did not establish clear criteria
for MAE prior to data analysis, if they reported intubations or events oc-
curring in the operating room (OR), procedural suites, or post-
anesthesia care unit (PACU), events considered to be related to general
anesthesia, or if the studies focused on out-of-hospital intubations.

We excluded conference publications, isolated abstracts, case re-
ports, and other systemic reviews and meta-analyses. We excluded
post-hoc or subgroup analyses of larger studies, even they met our in-
clusion criteria, to prevent the inclusion of duplicate data. For studies
using the same database or hospital cohorts with overlapping inclusion
criteria and years of data collection, we selected those with more pa-
tients, more granular reporting of adverse events, or those that reported
on more recent data. We screened cited studies for potential inclusion
but did not contact authors for additional data or information.

Two authors independently screened each abstract for inclusion;
any disagreements were resolved by a third senior author. This process
was repeated for full text screening. Two investigators had to agree that
each study should proceed to the next step before it could do so. All
screening was conducted through Covidence (Veritas Health Innova-
tion, Melbourne AU). This study was conducted in accordance with
the PRISMA (Preferred Reporting Items for Systemic Reviews and
Meta-Analyses) 2020 statement [10], and it was registered with
PROSPERO (CRD42022342134).

2.2. Outcomes of interest

Our primary outcome of interest was the prevalence of composite
peri-intubation MAE, as it was defined by the authors of included stud-
ies. We selected this outcome to provide clinicians the most complete
201
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“birds-eye” view of patient risk at the time of intubation. “Peri-intuba-
tion”was defined as an event occurring after administration of sedating
medications for intubation and up to 30 min following intubation. We
specifically examined rates of peri-intubation cardiovascular collapse
(indicated by hypotension with a systolic blood pressure
(SBP) < 90mmHg, mean arterial pressure (MAP) < 65mmHg, require-
ment for new or increased vasopressors or bolus of intravenous fluids
(IVF) to maintain SBP or MAP above the desired range, or as defined
by study authors), hypoxia (indicated by pulse oximetry< 90% or as de-
fined by study authors), and cardiac arrest.We separately examined the
prevalence of peri-intubation hypoxia, cardiac arrest, and cardiovascu-
lar collapse as our secondary outcomes. We did not consider failure of
first-pass intubation success or esophageal intubation to be a MAE.

2.3. Quality assessment

Two authors assessed the quality of each study; any disagreements
were resolved via discussion between the two authors or by a third se-
nior author. We reported the final results from the consensus of the in-
volved investigators. All studies were screened using either the
Cochrane Risk of Bias 2 tool [11] or the Newcastle-Ottawa scale [12]
The Cochrane Risk of Bias 2 tool assesses randomized control trials
(RCTs) for potential bias in patient randomization, protocol deviations,
measurement and reporting of outcomes, and treatment of missing
data. If any single domain is rated as having any risk of bias, the overall
study is rated as having risk of bias. The Newcastle-Ottawa scale as-
sesses observational studies based on selection of cohort, comparability
of groups, and quality of outcomes. Using the Newcastle-Ottawa scale,
we rated studies' quality as high (rated as ≥7 on a scale from 0 to 9),
moderate (4–6), or low (≤3). We assessed for heterogeneity using the
I2 statistic and the Cochrane Q statistic.

2.4. Data extraction

Data from each study was extracted independently by two authors
into a standardized Microsoft Excel spreadsheet (MicrosoftCorp, Red-
mondWA), and subsequently compared for consistency. Discrepancies
were resolved by a third senior author. All reported data reflects the
consensus of the investigators who performed data collection. We col-
lected data regarding patient age and body mass index (BMI), location
of intubation (ED, ICU, or medical floor), reason for intubation, clinical
status at the time of intubation (reflected by patient vital signs and
pre-intubation vasopressor use), mode of preoxygenation and induc-
tion medications used, and peri-intubation MAEs.

2.5. Statistical analysis

We reported categorical variables as percentages and continuous
variables as mean (standard deviation [SD]). Continuous variables re-
ported in individual studies as median (interquartile range [IQR])
were converted tomean (SD) [13]. The prevalence ofMAEwas reported
as percentage and 95% Confidence Interval (CI). Primary and secondary
outcomes across our pooled patient population were estimated using
random-effects models. Studies reporting two similar outcomes were
eligible for meta-analysis. Included studies were assumed to be a ran-
dom sample from a universe of potential studies [14-18]. The “true”
prevalence of MAE can be expected to fall anywhere within the confi-
dence interval reported here [14,16,18-26]. We used multivariable
meta-regressions to evaluate the association between continuous and
categorical variables and rates of primary and secondary outcomes. Var-
iables for themultivariablemeta-regressionwere selected a priori. They
included patients' demographics and clinical data.

Heterogeneity was assessed using the Cochrane Q statistic and the I2

statistic. The Q statistic tests against the null hypothesis that all studies
in the analysis share a common effect size. If all studies shared the same
true effect size, the expected value of Qwould be equal to the degrees of
ealth and Social Security de ClinicalKey.es por Elsevier en septiembre 18, 
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freedom (the number of studiesminus 1). The I2 statistic provides an es-
timate of the percentage of observed variance that is reflective of true
variance in effect size rather than sampling error. We calculated tau
(the standard deviation of true effect size between included studies)
and tau-squared (the variance of true effect size in included studies)
to further characterize heterogeneity. This allowed us to calculate pre-
diction intervals to generalize our findings to a broader population. Pre-
diction intervals suggest a range inwhich the true effect size in 95%of all
comparable populations could be expected to fall.We calculated predic-
tion intervals assuming true effect sizes were normally distributed.

We performed moderator analyses with categorical variables and
studies' characteristics to identify possible sources of heterogeneity
within our sample and to compare between subgroups. Categorical
moderator variables were defined a priori and included study design
(RCT, observational prospective, or observational retrospective), clinical
setting (ED, ICU, or mixed settings), and theWorld Health Organization
(WHO) region of the country in which the study was conducted.

We performed sensitivity analysis to assess the impact of each in-
cluded study on the overall effect size, and ensure no single study had
an outsized impact on our findings. Sensitivity analysis was performed
using a “one-study removed” random-effects meta-analysis, in which
each individual study was systemically removed, and a random-effects
meta-analysis was performed on the remainder of the studies. We did
not perform any assessment for publication bias, such as a funnel plot:
these assessments provide information about potential missing studies
that could affect the demonstrated efficacy of interventions, and as our
study estimated the prevalence of MAEs, rather than comparing inter-
ventions to prevent them, they were not applicable.

All random-effects meta-analysis, sensitivity and moderator analy-
ses and multivariable meta-regressions were performed with the soft-
ware Comprehensive Meta-Analysis Version 4 (www.meta-analysis.
com, Englewood, NJ).

3. Results

3.1. Study selection

Wescreened 5,371 abstracts and subsequently reviewed 171 articles
and included 44 in our analysis (Fig. 1). Twelve studiesmet all inclusion
Fig. 1. Flow diagram fo
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criteria but were excluded from analysis due to high likelihood of
dual enrollment of patients with another included study (Supp
Table 1). Nine included studies were RCTs [27-35]; the rest were
observational, 19 prospective [2,5,36-55] and 16 retrospective
[7,56-67] (Table 1). Seventeen studies examined intubations in the
ED, 23 in the ICU, and 4 in a mix of settings. Half of the included
studies were from the Americas.

3.2. Study quality

We determined one RCT included in this analysis to have some con-
cern for bias using the Cochrane Risk of Bias tool [31]; we judged the re-
mainder to be of low risk for bias (Table 1). Details regarding study
quality assessment by domain are provided in Supplemental Table 2.
We judged the majority of the included observational studies to be of
high quality using the Newcastle Ottawa Scale, and no studies were
judged to be of low quality.

3.3. Summary of studies

Our analysis included data from 34,357 intubations, 21,677 of which
were performed in the ED, 11,080 in the ICU, and 1,601 elsewhere, most
often the medical wards or step-down units. Our patient population was
46% female, with amean age of 59 (Table 2). Less than half of the included
studies reported pre-intubation SBP [2,5,7,30,32,35,48,50,51,55,61-
64,66,67], HR [2,7,30,35,51,55,61-64,66,67], IVF [2,5,47,66], or vasopres-
sors [2,5,32-34,38,48,49,51,53,55,56,59,60,63,65-67]. Among studies
reporting this data, mean SBP was 131 mmHg and mean HR was
106 bpm; one third of patients received IVF prior to intubation, and 11%
vasopressors (Supp Table 3). Preoxygenation techniques were reported
in 21 studies [2,5,27,28,30,33-35,38,45,48,49,51,54,55,58,60,62,64,66,67];
low-flow oxygen—including nasal cannula (NC) and non-rebreather
mask (NRB)—was the most frequently reported form of preoxygenation
(3,565 patients), followed by non-invasive ventilation (NIV)—including
bi-level positive airway pressure (BiPAP), continuous positive airway
pressure (CPAP), and bag-valve mask (BVM) ventilation—and high-flow
nasal cannula (HFNC). All but 5 studies reported reasons for intubation
[41-44,54]. Respiratory failure was the most reported impetus for intuba-
tion (23%), followed by airway protection (19%; Table 2).
r study selectiona.

ealth and Social Security de ClinicalKey.es por Elsevier en septiembre 18, 
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3.4. Primary outcome: peri-intubation major adverse events

All 44 studies were included in our primary analysis. Thirty-one
percent of patients included in our meta-analysis experienced a
peri-intubation MAE (95% CI 25–37%; Fig. 2a). Our analysis reported
a Q-statistic, of 5906 with 43 degrees of freedom and p < 0.001. Using
a criterion alpha of 0.1, these findings reject the null hypothesis that
the true effect size is the same across all included studies. I2 was 99%,
suggesting that no >1% of observed variance was due to sampling
error. Tau-squared was 0.820 in logic units, and tau was 0.906 in logic
units; from this calculation, we estimated that the prediction interval
is 6.5–73.6%.

MAEs were less common (p = 0.001) among studies examining ED
intubations (17%, 95% CI 12–24%), when compared to those examining
ICU intubations (41%, 95% CI 33–49%) and intubations across multiple
settings (41%, 24–61%; Table 3a). There was no significant difference
inMAE rateswhen studieswere compared acrossWorld Health Organi-
zation (WHO) regions, or by study type.

Our meta-regression (Table 3b) suggested a direct proportional cor-
relation between rates of peri-intubation MAE in studies with the per-
centage of patients undergoing intubation for hemodynamic
instability (Correlation Coefficient [Corr. Coeff.] 1.9, 95% CI 0.2–3.5,
Table 1
Characteristics of included studies.

Study (Year, Author) Country WHO Region

1996 Khan [36] Pakistan EMR
2006 Baillard [27] France EUR
2006 Simpson [37] Scotland EUR
2008 Griesdale [38] Canada AMR
2011 Mayo [39] USA AMR
2012 Green [56] Canada AMR
2013 Heffner [7] USA AMR
2013 Imamura [40] Japan WPR
2013 Sakles [57] USA AMR
2014 Roux [41] France EUR
2015 Mosier (a) [42] USA AMR
2015 Mosier (b) [58] USA AMR
2015 Smith [43] USA AMR
2015 Trivedi [59] USA AMR
2016 Bodily [44] USA AMR
2016 Cham [60] Hong Kong WPR
2016 Jaber [28] France EUR
2016 Janz [29] USA AMR
2016 Ono [61] Japan WPR
2016 Sakles [45] USA AMR
2017 April [46] USA AMR
2017 Smischney [62] USA AMR
2017 Van Berkel [63] USA AMR
2018 Baek [64] Korea WPR
2018 Corl [47] USA AMR
2018 De Jong [48] France EUR
2018 Driver [30] USA AMR
2018 Grensemann [31] Germany EUR
2018 Janz [32] USA AMR
2019 Casey [33] USA AMR
2019 Frat [34] France EUR
2019 Smischney [55] USA AMR
2020 Amalric [49] France EUR
2020 Chanthawatthanarak [50] Thailand SEAR
2020 de Alencar [51] Brazil AMR
2020 Mohr [65] International Other
2020 Nong [35] China WPR
2020 Smischney [5] USA AMR
2021 Mbanjumucyo [52] Rwanda AFR
2021 Russotto [2] International Other
2021 Walimanna Gamage [53] Sri Lanka SEAR
2021 Zhang [54] China WPR
2022 Ergün [66] Turkey EUR
2022 Yang [67] Taiwan WPR

Abbreviations: USA,United States of America;WHO,WorldHealthOrganization; EMR, EasternM
Pacific Region; SEAR, South-East Asian Region; AFR, African Region; ICU, intensive care unit; E

a The quality of observational studieswas assessed using theNewcastle Ottawa Scale (1–9). T
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p = 0.03). Percentage of patients undergoing induction with propofol
(Corr. Coeff. 3.4, 95% CI 0.2–6.7, p = 0.04) or with succinylcholine
(Corr. Coeff. 4.5, 95% CI 1.9–7.0, p = 0.01) were positively correlated
with prevalence of MAE, while percentage of patients intubated for air-
way protection (Corr. Coeff. −1.5, 95% CI −2.7 – −0.3, p = 0.02) was
negatively correlated with the prevalence of peri-intubation MAE.

Our sensitivity analysis using random effects meta-analysis with
one-study removed identified a consistent MAE rate of 30.5% (95% CI
22–38%), (Fig. 2b). This suggests that no single study disproportionately
impacted the meta-analysis' overall effect size.

3.5. Secondary outcomes: hypoxia, cardiac arrest, and cardiovascular
collapse

Our analysis of the prevalence of peri-intubation hypoxia was based
on 28 studies. Hypoxia was identified in 15% of patients following intu-
bation (95% CI 11.5–19%; Fig. 3a). This analysis was associated with a Q
statistic of 1202with 27 degrees of freedom and p< 0.001, rejecting the
null hypothesis that the true effect size is the same across all included
studies. I2 was 98%. Tau-squared was 0.578 in logic units, and tau was
0.760 in logic units. We estimated that the prediction interval is
3.4–46.1%. Sensitivity analysis did not identify any individual study
Setting Study Type Quality Ratinga

ICU Obs. Prospective 8
ICU RCT Low Concern
ED Obs. Prospective 6
MIxed Obs. Prospective 8
ICU Obs. Prospective 4
ED Obs. Retrospective 9
ED Obs. Retrospective 8
ED Obs. Prospective 9
ED Obs. Retrospective 7
ED Obs. Prospective 5
ICU Obs. Prospective 5
ICU Obs. Retrospective 8
ED Obs. Prospective 8
ICU Obs. Retrospective 8
ED Obs. Prospective 5
Mixed Obs. Retrospective 5
ICU RCT Low Concern
ICU RCT Low Concern
ED Obs. Retrospective 9
ED Obs. Prospective 8
ED Obs. Prospective 8
ICU Obs. Retrospective 7
ICU Obs. Retrospective 9
MIxed Obs. Retrospective 8
ICU Obs. Prospective 4
ICU Obs. Prospective 7
ED RCT Low Concern
ICU RCT Some Concern
Mixed RCT Low Concern
ICU RCT Low Concern
ICU RCT Low Concern
ICU Obs. Prospective 8
ICU Obs. Prospective 5
ED Obs. Prospective 8
ED Obs. Prospective 9
ED Obs. Retrospective 9
ICU RCT Low Concern
ICU Obs. Prospective 8
ED Obs. Prospective 8
Mixed Obs. Prospective 5
ICU Obs. Prospective 5
ICU Obs. Prospective 8
ICU Obs. Retrospective 7
ED Obs. Retrospective 7

editerraneanRegion;AMR, Region of the Americas; EUR, EuropeanRegion;WPR,Western
D, Emergency Department; Obs., Observational; RCT, Randomized Control Trial.
he quality of randomized control trials was assessed using the Cochrane Risk of Bias 2 tool.
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Fig. 2. a. Prevalence of peri-intubation major adverse events in patients undergoing intubation outside of the post-anesthesia care unit or operating room. b. Sensitivity analysis for prev-
alence of peri-intubation major adverse events, performed using random-effects meta-analysis with one-study-removed.
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Fig. 2 (continued).
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Table 3
Moderator analysis and meta-regression for primary outcome of any peri-intubation MAE.

A. Moderator analysis

Moderator Variables Meta-analysis Heterogeneity Between group comparison

# Studies Outcome 95% CI Q-value D(f) P I2 P

Study design RCT 9 0.4 0.27–0.56 304 8 0.001 >90 0.21
Obs prospective 19 0.26 0.19–0.34 2086 18 0.001 >90
Obs retrospective 16 0.32 0.23–0.42 674 15 0.001 >90

Study settings ED 17 0.17 0.12–0.24 853 16 0.001 >90 0.001
ICU 23 0.41 0.33–0.49 948 22 0.001 >90
Mixed 4 0.41 0.24–0.61 351 3 0.001 >90

WHO regions AMR 22 0.32 0.23–0.42 954 21 0.001 >90 0.42
EUR 9 0.32 0.19–0.48 729 8 0.001 >90
SEAR 2 0.59 0.23–0.88 81 2 0.001 >90
WPR 7 0.23 0.12–0.40 832 6 0.001 >90
Multi-national 2 0.37 0.12–0.71 864 1 0.001 >90
Other 2 0.14 0.04–0.43 26 1 0.001 >90

B. Meta-Regression

Variables # Studies Corr. Coeff. 95% CI P

Demographics Age (mean) 12 0.02 −0.06–0.10 0.86
Female (%) −4.20 −12.1–3.40 0.28
BMI (kg/m2, mean) 0.02 −0.14–0.18 0.82

Vital signs Pre-intubation SBP (mmHg, mean) 13 −0.04 −0.10 to −0.01 0.14
Pre-intubation HR (bpm, mean) -0.01 −0.09–0.08 0.79

Reasons for intubation Respiratory failure (%) 37 0.90 −0.01–1.80 0.05
Airway protection (%) −1.50 −2.70– −0.28 0.02
CV instability (%) 1.90 0.20–3.50 0.03

Pre-Intubation Interventions Vasopressors/Inotropes (%) 7 −0.70 −3.30–1.80 0.56
Preoxygenation with NIV (%) 3.10 −2.40–8.50 0.27
Preoxygenation with HFNC (%) 1.90 −2.70–6.60 0.4

Induction Medications Propofol (%) 11 3.40 0.19–6.71 0.04
Etomidate (%) 1.30 −0.11–2.78 0.07
Midazolam (%) −0.33 −2.40–1.74 0.76

NMB Succinylcholine (%) 17 4.50 1.90–7.02 0.01
Rocuronium (%) 1.80 −0.45–4.11 0.12

Abbreviations: RCT, randomized control trial; ED, emergencydepartment; ICU, intensive care unit;WHO,WorldHealthOrganization; AMR, Region of theAmericas; EUR, EuropeanRegion;
SEAR, South-East Asian Region; WPR, Western Pacific Region; BMI, body mass index; CV, cardiovascular; NIV, non-invasive ventilation; HFNC, high-flow nasal annula.
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that disproportionately impacted the overall effect size of hypoxia
prevalence (Fig. 3b).

Rates of hypoxia varied significantly (p=0.001) by location of intu-
bation, ranging from 8% in studies examining ED intubations (95% CI
6–12%) and those in mixed settings (95% CI 4–16%) to 24% (95% CI
18–31%) in the ICU (Table 4a). We also observed significant variation
in rates of hypoxia based on WHO region; studies completed in the
Western Pacific Region had the lowest rates of hypoxia (8%, 95% CI
4–17%), while those completed in the Americas had the highest (20%,
95% CI 15–24%). Hypoxia was most common in RCTs (21%, 95% CI
13–30%), and least commonly in observational prospective studies
(8%, 95% CI 5–13%).

Multivariable meta-regression (Table 4b) indicated that age, and
higher percentages of female patients, patients intubated for respi-
ratory failure or receiving propofol or either succinylcholine or
rocuronium were positively correlated with higher prevalence of
hypoxia, while higher mean BMI and higher percentages of patients
receiving midazolam were negatively correlated with higher preva-
lence of hypoxia.

Our analysis of peri-intubation cardiac arrest was based on 28 stud-
ies. Peri-intubation cardiac arrest occurred in 2% (95% CI 1–3.5%) of pa-
tients included in our meta-analysis (Fig. 4a). This analysis was
associated with a Q statistic of 716 with 27 degrees of freedom and
p = 0.001, and I2 was 96%. Tau-squared was 2.006, and tau was 1.416
in logic units. We estimated that the prediction interval is 0.1–28.8%.
Sensitivity analysis also did not identify any individual study that over-
whelmingly affected the overall effect size for prevalence of cardiac
arrest (Fig. 4b). There was no significant difference in rates of cardiac
arrest based on studies' WHO region, location of intubation (ED v ICU
v mixed), or study type (Table 4a).
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Multivariable meta-regression (Table 4b) suggested that a higher
mean HR prior to intubation (Corr. Coeff. 0.13, 95% CI 0.01–0.25, p =
0.03)was associatedwith a higher prevalence of peri-intubation cardiac
arrest, while a greater percentage of patients receiving etomidate dur-
ing induction (Corr. Coeff.−2.7, 95% CI−5.2–−0.1, p=0.04) were as-
sociated with lower prevalence of peri-intubation cardiac arrest.

Peri-intubation cardiovascular collapse was reported by 37 included
studies and occurred in 18% (95% CI 13–23%) of patients included in our
analysis (Supp Fig. 1a). This analysis was associatedwith a Q statistic, of
3453 with 36 degrees of freedom and p = 0.001, and I2 was >90%. We
estimated that the prediction interval is 3–63%. Sensitivity analysis did
not identify any individual study that overwhelmingly affected the
overall effect size for prevalence of cardiac arrest (Supp Fig. 1b). Studies
reporting ED intubations had significantly lower rates of cardiovascular
collapse than those reporting intubations in the ICU or mixed settings
(Table 4a); there was no significant difference in rates of cardiovascular
collapse based on studies' WHO region or study type.

Multivariable meta-regression (Table 4b) suggested that intubation
for pre-existing cardiovascular instability (Corr. Coeff. 2.90, 95% CI
0.91–4.80, p = 0.004), and use of propofol (Corr. Coeff. 7.50, 95%
CI 3.20–11.7, p = 0.001) or succinylcholine (Corr. Coeff. 5.60, 95% CI
1.90–9.30, p = 0.003) during induction were associated with a higher
prevalence of peri-intubation cardiovascular collapse; older age (Corr.
Coeff. 0.08, 95% CI 0.01–0.15, p = 0.017) and higher BMI (Corr. Coeff.
0.11, 95% CI 0.01–0.22, p = 0.038) were weakly associated with this
outcome. Female sex (Corr. Coeff. −7.50, 95% CI −12.7– −2.20, p =
0.006), higher pre-intubation SBP (Corr. Coeff. −0.09, 95% CI −0.18–
−0.01, p = 0.039), and intubation for airway protection (Corr. Coeff.
−1.60, 95% CI −3.10– −0.03, p = 0.046) were associated with lower
prevalence of peri-intubation cardiovascular collapse.
ealth and Social Security de ClinicalKey.es por Elsevier en septiembre 18, 
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Fig. 3. a. Prevalence of peri-intubation hypoxia in patients undergoing intubation outside of the post-anesthesia care unit or operating room. b. Sensitivity analysis for prevalence of peri-
intubation hypoxia, performed using random-effects meta-analysis with one-study-removed.
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Fig. 3 (continued).
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Table 4
Moderator analyses and meta-regressions for secondary outcomes of peri-intubation hypoxia and cardiac arrest.

A. Moderator analysis

Moderator Variables Meta-analysis Heterogeneity Between group comparison

# Studies Outcome 95% CI Q-value D(f) P I2 P

Outcome: Hypoxia
Study design Obs prospective 11 0.08 0.05–0.13 301 10 0.001 >90 0.007

Obs retrospective 9 0.2 0.13–0.30 773 8 0.001 >90
RCT 8 0.21 0.13–0.32 6.8 7 0.45 0%

Study settings ED 10 0.08 0.06–0.12 419 9 0.001 >90 0.001
ICU 15 0.24 0.18–0.31 91 14 0.001 84%
Mixed 3 0.08 0.04–0.16 58 2 0.001 >90

WHO regions AMR 12 0.2 0.15–0.24 72 11 0.001 85% 0.001
EUR 7 0.18 0.12–0.25 115 6 0.001 >90
SEAR 2 0.19 0.08–0.38 45 1 0.001 >90
WPR 4 0.08 0.04–0.17 222 3 0.001 >90
Multi-national 2 0.08 0.04–0.17 8 1 0.001 87%
Other 1 0.23 0.08–0.49 NA NA NA NA

Outcome: Cardiac Arrest
Study design Obs prospective 14 0.02 0.008–0.046 382 13 0.001 >90 0.98

Obs retrospective 8 0.019 0.006–0.057 225 7 0.001 >90
RCT 6 0.022 0.006–0.081 31 5 0.001 84%

Study settings ED 12 0.02 0.008–0.049 294 11 0.001 >90 0.27
ICU 13 0.014 0.006–0.034 21 12 0.053 42%
Mixed 3 0.068 0.013–0.29 267 2 0.001 >90

WHO regions AMR 13 0.02 0.008–0.052 325 12 0.001 >90 0.99
EUR 6 0.012 0.003–0.055 6 5 0.32 15%
SEAR 2 0.02 0.002–0.19 1 1 0.41 0
WPR 5 0.024 0.005–0.10 189 1 0.001 >90
Multi-national 1 0.031 0.001–0.54 NA NA NA NA
Other 1 0.035 0.001–0.54 NA NA NA NA

Outcome: Cardiovascular Collapse
Study design Obs prospective 18 0.16 0.10–0.24 1622 17 0.001 >90% 0.77

Obs retrospective 11 0.19 0.11–0.31 787 10 0.001 >90%
RCT 8 0.2 0.10–0.34 231 7 0.001 >90%

Study settings ED 13 0.09 0.05–0.14 696 12 0.001 >90% 0.002
ICU 20 0.25 0.18–0.35 1145 19 0.001 >90%
Mixed 4 0.21 0.09–0.42 185 3 0.001 >90%

WHO regions AMR 19 0.17 0.11–0.25 986 18 0.001 >90% 0.069
EUR 6 0.24 0.12–0.43 187 5 0.001 >90%
SEAR 2 0.19 0.05–0.52 72 1 0.001 >90%
WPR 6 0.15 0.07–0.30 533 5 0.001 >90%
Multi-national 2 0.26 0.08–0.61 752 1 0.001 >90%
Other 2 0.07 0.02–0.26 2.8 1 0.09 65%

B. Meta-Regression

Variables # Studies Corr. Coeff. 95% CI P

Outcome: Hypoxia
Demographics Age (mean) 6 0.20 0.05–0.15 0.01

Female (%) 3.90 0.31–7.61 0.03
BMI (kg/m2, mean) −0.11 −0.14–−0.07 0.01

Vital signs Pre-intubation SBP (mmHg, mean) 6 −0.09 −0.05–0.25 0.22
Pre-intubation HR (bpm, mean) −0.08 −0.20–0.01 0.08

Reasons for intubation Respiratory failure (%) 22 1.10 0.02–2.11 0.046
Airway protection (%) −0.30 −2.03–1.40 0.7
CV instability (%) −2.30 −6.50–1.72 0.26

Pre-Intubation Interventions Vasopressors/Inotropes (%) 10 0.80 −1.40–2.99 0.48
Preoxygenation with NIV (%) 7 4.10 −0.77–8.90 0.1
Preoxygenation with HFNC (%) −0.04 −4.10–4.00 0.98

Induction Medications Propofol (%) 7 9.40 1.60–17.1 0.02
Etomidate (%) 0.70 −2.20–3.60 0.64
Midazolam (%) −11.7 −21.4–−2.10 0.02

Paralytics Succinylcholine (%) 10 7.20 4.60–9.80 0.01
Rocuronium (%) 4.40 3.10–5.70 0.01

Outcome: Cardiac Arrest
Demographics Age (mean) 11 −0.10 −0.33–0.08 0.24

Female (%) 2.10 −17.4–21.7 0.83
BMI (kg/m2, mean) −0.03 −0.40–0.37 0.87

Vital signs Pre-intubation SBP (mmHg, mean) 8 −0.02 −0.07–0.02 0.33
Pre-intubation HR (bpm, mean) 0.13 0.01–0.25 0.03

Reasons for intubation Respiratory failure (%) 23 0.40 −1.80–2.60 0.71
Airway protection (%) −0.22 −3.50–3.01 0.89
CV instability (%) −0.10 −3.10–2.90 0.95

Pre-Intubation Interventions Vasopressors/Inotropes (%) 13 −3.40 −8.40–1.72 0.2
Preoxygenation with NIV (%) 7 −7.30 −18.2–3.60 0.19
Preoxygenation with HFNC (%) 3.03 −8.26–12.3 0.6

Induction Medications Propofol (%) 6 5.20 −2.80–13.2 0.2
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Table 4 (continued)

B. Meta-Regression

Variables # Studies Corr. Coeff. 95% CI P

Etomidate (%) −2.70 −5.20–−0.13 0.04
Midazolam (%) −5.60 −14.2–2.90 0.2

Paralytics Succinylcholine (%) 12 1.60 −3.10–6.40 0.5
Rocuronium (%) 2.40 −3.20–8.10 0.4

Demographics Age (mean) 8 0.08 0.01–0.15 0.017
Female (%) −7.50 −12.7–−2.20 0.006
BMI (kg/m2, mean) 0.11 0.01–0.22 0.038

Vital signs Pre-intubation SBP (mmHg, mean) 9 −0.09 −0.18–−0.01 0.039
Pre-intubation HR (bpm, mean) −0.13 −0.10–0.07 0.77

Reasons for intubation Respiratory failure (%) 33 1.20 0.00–2.30 0.05
Airway protection (%) −1.60 −3.10–−0.03 0.046
CV instability (%) 2.90 0.91–4.80 0.004

Pre-Intubation Interventions Vasopressors/Inotropes (%) 17 2.50 −0.80–5.70 0.14
Preoxygenation with NIV (%) 7 1.20 −4.10–6.50 0.67
Preoxygenation with HFNC (%) 1.50 −2.80–5.90 0.49

Induction Medications Propofol (%) 10 7.50 3.20–11.7 0.001
Etomidate (%) 1.20 −0.49–2.90 0.16
Midazolam (%) −0.86 −3.50–1.70 −0.52

Paralytics Succinylcholine (%) 16 5.60 1.90–9.30 0.003
Rocuronium (%) −1.70 −5.90–2.40 0.41

Abbreviations: RCT, randomized control trial; ED, emergencydepartment; ICU, intensive care unit;WHO,WorldHealthOrganization; AMR, Region of theAmericas; EUR, EuropeanRegion;
SEAR, South-East Asian Region; WPR, Western Pacific Region; BMI, body mass index; CV, cardiovascular; NIV, non-invasive ventilation; HFNC, high-flow nasal cannula.
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4. Discussion

Our findings suggest that approximately 1 in 3 patients undergoing
intubation in the ED, the ICU or medical wards will experience a clini-
cally significant peri-intubation adverse event, including hypoxia, car-
diovascular instability, or cardiac arrest. Fifteen percent of these
patients experienced hypoxia, 18% cardiovascular instability, and 2%
cardiac arrest. Our exploratorymultivariablemeta-regression also iden-
tified intubation for hemodynamic instability anduse of propofol or suc-
cinylcholine for inductionas independent risk factors associated with a
higher prevalence of peri-intubation MAEs, and specifically with higher
rates of peri-intubation hypoxia and cardiovascular collapse. Intubation
for airway protection was correlated with a lower prevalence of peri-
intubation MAEs.

High heterogeneity was observed in this meta-analysis and across
many subgroup analyses, likely due to differences in studies' clinical set-
ting and patient selection: while many studies reported data for all-
comers, others focused only on critically ill patients or those anticipated
to have difficult airways, and still others on those with specific disease-
entities, such as COVID-19. This resulted in a wide range of reported
rates of MAEs, from 2% by Imamura et al. in 2013 to 98% byWalimanna
Gamange et al. in 2021. However, this meta-analysis indicated that
across a wide variety of patient populations and clinical settings similar
to the included studies, the prevalence for compositeMAEswould range
from 22% to 38%.

The ED and ICU are themost studied (and likely most common) set-
tings in which patients are intubated outside the OR or PACU and have
significantly different rates of adverse events: 17% in the ED as opposed
to 23% in the ICU. We expect this is primarily reflective of distinct pa-
tient populations (the ICU by default selects a more critically ill subset
of patients) and clinical scenarios surrounding intubation: 28% of ICU
patientswere intubated for respiratory failure, compared to 7%of ED pa-
tients.Wwhile intubation for respiratory failure did not meet statistical
significance as a risk factor for peri-intubation MAE, it was associated
with an increased risk of hypoxia.Moreover, we did see a trend towards
increased risk of overall MAEs in this population (Corr. Coeff. 0.9, 95% CI
-0.01 to 1.8, p = 0.05). Furthermore, almost two-thirds of included pa-
tients intubated in the ED were intubated for “other” reasons (i.e., not
respiratory failure, airway protection, hemodynamic instability, or car-
diac arrest), which often included facilitation of procedures in
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patients who may have been otherwise relatively healthy. Seven
percent of ED intubations occurred in the setting of cardiac arrest,
compared to just under 1% of ICU intubations. In the absence of re-
turn of spontaneous circulation, it is likely that patients intubated
for cardiac arrest woul not be counted as experiencing any peri-
intubation MAEs. Regardless, the high rates of MAEs seen here
should encourage all physicians to carefully consider and prepare
for MAEs during and following all intubations.

In general, the risk factors identified here as contributors to various
peri-intubation MAEs are common indicators of overall critical illness
and risk for a variety of adverse events, most notably, intubation for
pre-existing respiratory failure or hemodynamic instability. Older pa-
tientswere also found to be at higher risk of peri-intubation hypoxia. In-
terestingly, increased BMI was associated with a lower risk of peri-
intubation hypoxia, but a higher risk of peri-intubation cardiovascular
collapse. Obesity has been recognized as a herald of an anatomically dif-
ficult airway and has previously been associated with increased peri-
intubation complications in the ICU [48]. Of the 9 studies included in
this meta-analysis that reported mean BMI, only two reported mean
BMIs in the “obese” category (>30 kg/m2). It is difficult to say what
this apparent protective feature of elevated BMIwith respect to hypoxia
reflects—for example, increased precautions during the intubation of
obese patients due to anticipated difficult airways, or a lower percent-
age of underweight or cachectic patients.

Inductionmedications – both sedatives and NMB –were also associ-
ated with rates of overall MAEs, hypoxia, and cardiac arrest. The studies
investigating these agents were primarily observational; as such, it is
difficult to determine if these findings reflect a true risk associated
with thesemedications or physicians' assessment of risk prior to induc-
tion (that is, physiciansmay have beenmore likely to use certain agents
in what they perceived to be higher risk intubations). We found
propofol was associated with higher rates of overall MAEs and hypoxia.
While propofol has not been commonly associated with higher risks of
hypoxia in previous literature, it has been associated with hypotension:
tThemulticenter observational INTUBE study, published in 2021 and in-
cluded in this meta-analysis, identified use of propofol as the onlymod-
ifiable factor associated with increased risk of peri-intubation
cardiovascular instability or collapse [68]. In our analysis, use ofmidazo-
lam was associated with a lower rate of peri-intubation hypoxia, and
etomidate with a lower rate of peri-intubation cardiac arrest. The
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Fig. 4. a. Prevalence of peri-intubation cardiac arrest in patients undergoing intubation outside of the post-anesthesia care unit or operating room. b.Sensitivity analysis for prevalence of
peri-intubation cardiac arrest, performed using random-effects meta-analysis with one-study-removed.
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Fig. 4 (continued).
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association between midazolam and a lower rate of hypoxia was unex-
pected, given the known association between benzodiazepines and re-
spiratory depression. Etomidate is recognized as having a relatively
neutral hemodynamic profile, and has been previously associated with
relatively lower rates of peri-intubation hypotension in the Emergency
Department [69].

Administration of anyNMBwas associatedwith a higher rate of peri-
intubation hypoxia, while only succinylcholine was associated with in-
creased risk of overall MAEs. The association of NMB with hypoxia
may be due to suppression of respiratory drive, especially in patients
with poor respiratory reserve (such as those with obesity, restrictive
lung disease, or COVID-19) or in patients whowere not pre‑oxygenated
or were inadequately pre‑oxygenated prior to induction [70,71]. Succi-
nylcholine has previously been associatedwith awider range of adverse
effects than rocuronium, including hyperkalemia [72], arrhythmias, fas-
ciculations, and malignant hyperthermia [73]. A 2019 RCT investigating
success of out-of-hospital intubation using either succinylcholine or
rocuronium found fewer complications (including arrhythmias and hy-
potension) among patients intubated with rocuronium [74]. Despite
this, succinylcholine has been suggested tomore reliably create optimal
conditions for intubation, and as such remains recommended as first-
line for intubation of patients for whom there are no known contraindi-
cations to its use [75].

4.1. Limitations

The findings presented here are limited by the lack of consensus re-
garding the definitions of important major adverse events, including
hypoxia, hypotension, and hemodynamic instability. The included stud-
ies used a variety of different thresholds for each criterion; as such, our
findings are influenced by their definitions as well as the authors' data.
This lack of consensus also increased the heterogeneity of this meta-
analysis. Other outcomes, such as administration of IVF boluses or vaso-
pressors, may directly be reflective of physicians' decisions, rather than
a direct measure of patient status, and thus may be influenced by indi-
vidual or institutional practice patterns. Finally, the outcomes of peri-
intubation hypoxia and hypotension are not in themselves necessarily
patient-oriented, though prior research has drawn a clear connection
between these metrics and in-hospital mortality [5-8].

Several included studies did not report a comprehensive set of
pre-intubation vital signs or interventions, limiting our ability to
adequately characterize patients' clinical status prior to intubation
and thus their risk. Moreover, data was not reported in such a way
that allowed us to perform subgroup analyses of patients with or
without pre-intubation hypoxia or cardiovascular instability, who
would reasonably be expected to be at high risk of these clinical out-
comes in the peri-intubation period as well. This may reflect a his-
toric focus in the airway literature on the anatomically difficult
airway and physicians' technical capability in achieving “first pass
success”, as opposed to the more nuanced resuscitative monitoring
and treatment involved in the management of the physiologically
difficult airway.

4.2. Implications for future research

Our analysis highlights the prevalence of peri-intubation MAEs
across intubations occurring outside the OR or PACU, particularly in
the ICU. Additional research is needed to evaluate potential inter-
ventions to prevent these adverse events. Many studies did not re-
port in detail many known risk factors for peri-intubation MAE:
obesity and severe acidosis have been reported as known risk factors
[76,77] for the “physiologically difficult airway” but a majority of
studies did not report this information. Further studies about peri-
intubation should pay attention and report the risk factors for “phys-
iologically difficult airway” to help physicians prepare for caring of
critically ill patients.
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5. Conclusions

Peri-intubation adverse events occur in almost one third of all intu-
bations in the ED, ICU or medical wards. They are more common in the
ICU and among patients with pre-existing hemodynamic compromise.
Physicians should evaluate all patients for the likelihood of a physiolog-
ically difficult airway prior to intubation, and plan appropriately and ac-
cordingly for potential hypoxia, hypotension, or cardiac arrest in the
peri-intubation period.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ajem.2023.06.046.
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