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Study objective: To describe endotracheal intubation practices in emergency departments by staff intubating patients early in the
coronavirus disease 2019 (COVID-19) pandemic.

Methods: Multicenter prospective cohort study of endotracheal intubations conducted at 20 US academic emergency departments
from May to December 2020, stratified by known or suspected COVID-19 status. We used multivariable regression to measure the
association between intubation strategy, COVID-19 known or suspected status, first-pass success, and adverse events.

Results: There were 3,435 unique emergency department endotracheal intubations by 586 participating physicians or advanced
practice providers; 565 (18%) patients were known or suspected of having COVID-19 at the time of endotracheal intubation.
Compared with patients not known or suspected of COVID-19, endotracheal intubations of patients with known or suspected
COVID-19 were more often performed using video laryngoscopy (88% versus 82%, difference 6.3%; 95% confidence interval [CI],
3.0% to 9.6%) and passive nasal oxygenation (44% versus 39%, difference 5.1%; 95% CI, 0.9% to 9.3%). First-pass success was
not different between those who were and were not known or suspected of COVID-19 (87% versus 86%, difference 0.6%; 95% CI,
–2.4% to 3.6%). Adjusting for patient characteristics and procedure factors in those with low anticipated airway difficulty
(n¼2,374), adverse events (most commonly hypoxia) occurred more frequently in patients with known or suspected COVID-19
(35% versus 19%, adjusted odds ratio 2.4; 95% CI, 1.7 to 3.3).

Conclusion: Compared with patients not known or suspected of COVID-19, endotracheal intubation of those confirmed or
suspected to have COVID-19 was associated with a similar first-pass intubation success rate but higher risk-adjusted adverse
events. [Ann Emerg Med. 2023;81:145-157.]
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INTRODUCTION
Background

Front-line health care personnel are at risk of
contracting severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) because of their contact with diagnosed
and undiagnosed patients, time pressures, and frequent
performance of aerosol-generating procedures.1 Early in
the pandemic, emergency department staff had relatively
high SARS-CoV-2 seropositivity rates, even compared
with other front-line health care personnel.2-5

Endotracheal intubation has been associated with an
increased risk of transmitting SARS-CoV-2 to health care
personnel,6,7 and early reports from a multinational
2 : February 2023
registry estimated that more than 10% of health care
personnel intubating suspected or confirmed SARS-CoV-
2-infected patients developed symptoms or tested positive
for the disease within 14 days of intubating a suspected or
confirmed SARS-CoV-2-infected patient, despite 88%
using recommended personal protective equipment
(PPE).8 In response, various approaches were adopted to
reduce transmission, including the use of dedicated
intubation teams and aerosol hoods.9-11 Some of these
techniques exposed health care personnel and patients to
risks of adverse events not encountered using procedures
well-established for traditional emergency endotracheal
intubation.6,12-14
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Editor’s Capsule Summary

What is already known on this topic
COVID-19 led many to reassess airway management
strategies and to adopt greater use of personal
protective equipment.

What question this study addressed
Were there changes in first-pass success or
endotracheal intubation techniques during the early
phase of the pandemic?

What this study adds to our knowledge
In this multicenter, prospective sample of 3,435
emergency department intubations, first-pass success
was not different for the 565 patients known or
suspected to have COVID-19 when compared to
others. There were only minor differences in intubation
devices, medications, and techniques between groups.

How this is relevant to clinical practice
Despite greater personal protective equipment,
emergency physicians can maintain quality
endotracheal intubation success and practice for
patients with known or suspected COVID-19.
Importance
Protocols and recommendations were rapidly proposed to

mitigate the risks associated with airway management.15-17

These protocols recommended using enhanced PPE, having
the most skilled providers perform intubations, using video
laryngoscopy, avoiding aerosol-generating maneuvers, and
using supraglottic airways.18 Although previous investigations
explored airway management techniques and their associated
risk to providers, these studies were predominantly
conducted in ICU settings.8,19 Understanding the methods
by which ED health care personnel manage the airway of
patients with known or suspected coronavirus disease 2019
(COVID-19) is essential to our evolving understanding of
the ideal way to treat patients with COVID-19 and other
contagious respiratory pathogens. In addition, understanding
how additional risk mitigation measures (eg, full PPE during
intubation) affects success rates and complications of
endotracheal intubation is key to improving the care
delivered to critically ill patients with COVID-19, as well as
critically ill patients in any future pandemic.

Goals of This Investigation
We sought to describe ED airway management practices

in patients with known or suspected COVID-19 in the US
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multicenter network during the early phases of the
COVID-19 pandemic and before COVID-19 vaccine
availability. The objectives of this analysis were to: (1)
compare the ED intubation strategy (eg, approach,
medications, and equipment) for those with known or
suspected COVID-19 intubations with those not suspected
or known to have COVID-19, (2) evaluate the association
between ED intubation strategy and intubation outcomes,
(3) describe the use of PPE for ED endotracheal intubation,
and (4) estimate the accuracy of clinical gestalt in identifying
COVID-19 patients undergoing endotracheal intubation.

MATERIALS AND METHODS
Study Design, Setting, and Participants

The COVID-19 Evaluation of Risks in Emergency
Departments (Project COVERED) was a multicenter,
prospective cohort study of health care personnel at risk of
contracting COVID-19 conducted in 20 US academic
medical center EDs with 20 weeks of continuous observation
from May 13, 2020 to December 9, 2020. Health care
personnel participants recorded detailed information about
all intubation and cardiac arrest care. Serial SARS-CoV-2
serology and reverse transcription polymerase chain reaction
were used to identify health care personnel infections during
the surveillance period. Details of the study design and data
collection tools have been reported previously.20-23 This
activity was reviewed and conducted consistent with
applicable federal law and Centers for Disease Control and
Prevention policy.24 All institutional review boards
concurred with this constituting a public health surveillance
activity, and health care personnel provided informed
consent before participation. This article is reported in
accordance with the Strengthening the Reporting of
Observational Studies in Epidemiology statement.25

We recruited ED health care personnel through local
advertising to include physicians or advanced practice
providers (approximately 40 from each site) who had not
previously had SARS-CoV-2 infection and were confirmed
seronegative at enrollment. The parent study also enrolled
nurses and nonclinical staff, but only physicians/advanced
practice providers recorded detailed information about
intubations and were included in this analysis. In addition,
we replaced participants who left participating sites with
other qualifying health care personnel during the
observation period. Therefore, this analysis includes only
patients who had endotracheal intubation performed by
one of the enrolled health care personnel.

Measurements, Definitions, and Data Collection
During 20 weeks of surveillance, health care personnel

participants who either performed the endotracheal
Volume 81, no. 2 : February 2023
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intubation or were within 3 feet of the procedure
completed detailed electronic surveys (Research
Electronic Data Capture, REDCap, Vanderbilt
University, Nashville, Tennessee) for every endotracheal
intubation after the procedure was completed.26,27 Local
site coordinators verified that �95% of endotracheal
intubation events were recorded in the data collection
tool and monthly auditing ensured �95% ongoing
capture rates. Local coordinators also abstracted patient-
level data after hospital discharge to include SARS-CoV-2
test results and COVID-19 clinical outcomes. When
multiple physicians/advanced practice providers reported
single endotracheal intubation, the record from the
primary health care personnel performing the procedure
was retained for this analysis. Health care personnel
additionally completed weekly surveys that collected data
on workplace and community exposures, PPE use, and
new SARS-CoV-2 infections.
Outcome Measures
Our primary outcome was the description of the

characteristics of the initial endotracheal intubation
strategy, stratified by patients known or suspected of having
COVID-19. We described endotracheal intubation
strategies by the following 7 characteristics: (1)
preoxygenation strategy, (2) medication strategy (eg, rapid
sequence induction, awake intubation, and sedation-only
intubation), (3) induction drug, (4) paralytic drug, (5) first-
attempt equipment (eg, direct laryngoscopy, video
laryngoscopy, and fiberoptic bronchoscopy), (6) use of
adjuncts (eg, passive nasal oxygenation, supraglottic
devices, intubation boxes, and dedicated intubation teams),
and (7) operator experience (eg, resident and faculty
physician). Our secondary outcomes included first-pass
success, number of attempts, overall success, and adverse
events. We defined first-pass success as the successful
placement of an endotracheal tube after the first placement
of a laryngoscope without removing the laryngoscope from
the mouth or changing from the initial technique, as
determined by the primary clinician performing the
intubation. We defined adverse events within 15 minutes
after the endotracheal intubation procedure as hypoxia
(pulse oximetry [SpO2]<90%), severe hypoxia
(SpO2<80%), hypotension (systolic blood pressure <90
mmHg), esophageal intubation, dental injury, cardiac
arrest (after beginning the intubation procedure), and
airway failure (ie, death without airway being placed). We
also estimated the accuracy of clinical gestalt in predicting
which patients undergoing endotracheal intubation had
COVID-19.
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Exposures
Our primary exposure was confirmed or suspected

COVID-19 in the intubated patient as reported by the
health care personnel at the time of endotracheal
intubation. Confirmed SARS-CoV-2 infection was
reported by the health care personnel reporting the
endotracheal intubation based on knowledge (from prior
testing or patient/family report of a positive test) thought to
be accurate at the time of the procedure. For patients
without a SARS-CoV-2 test result at the time of
endotracheal intubation, health care personnel reported one
of the following to indicate their suspicion of COVID-19:
“convinced patient had COVID-19” or “pretty sure patient
had COVID-19” (suspected); or “convinced patient did
not have COVID-19” or “pretty sure patient did not have
COVID-19” (not suspected). Each case was classified into
mutually exclusive categories of COVID-19 risk as follows:
known to have COVID-19 by laboratory result; not known
but suspected to have COVID-19; not known but not
suspected to have COVID-19, and known not to have
COVID-19 by laboratory result. For this analysis,
COVID-19 diagnosed after the ED visit did not change the
category in which the patient was assigned based on the
knowledge available at the time of the procedure.
Procedures were also stratified by self-reported severity (eg,
emergency, semi-elective, and elective) and self-reported
anticipated airway difficulty (the study protocol did not
specify the method used for assessing difficulty). For the
analysis of the accuracy of prediction of the patient’s
COVID-19 status, SARS-CoV-2 testing (usually reverse
transcription polymerase chain reaction, per routine
institutional clinical protocol) result from hospital
admission was used as the reference standard, with
confirmed or suspected COVID-19 (defined above) as the
primary predictor. Patients could have had multiple
intubations, but only single endotracheal intubation on a
calendar day was retained. Data were collected from health
care personnel within 24 hours of performing the
procedure, and the identities of patients and health care
personnel were deidentified after linkage.
Primary Data Analysis
Using generalized linear mixed models, intubation

strategy characteristics were compared between patients
known or suspected of having COVID-19 and those who
were not. First-pass success, overall success, and adverse
events were compared similarly.

We constructed multivariable models to assess the
association between known or suspected COVID-19 status
and (1) first-pass success and (2) adverse events. We
Annals of Emergency Medicine 147
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decided a priori to include anticipated airway difficulty (per
report of the intubating clinician), severity, and indication
for intubation in our multivariable models because of their
known association with both success and adverse events.28

In addition, we added endotracheal intubation strategy
(only for intubation strategies that statistically differed
between COVID-19 risk groups) to our models to
determine whether a change in strategy explained
differences in the success or adverse events. Our analysis
included screening for interactions and, if evident, stratified
analyses. We used generalized linear mixed models with site
and person performing the procedure as random effects,
using a binomial family and logit link for these models. All
table differences were calculated using generalized linear
mixed models with a Gaussian distribution and an identity
link.

For the evaluation of the test characteristics of clinical
gestalt for the diagnosis of COVID-19, we included only
those cases with a SARS-CoV-2 test performed on
admission. We measured agreement between provider
estimation of risk and actual test result, calculating
sensitivity, specificity, and likelihood ratios for prediction
accuracy.

We used complete case analysis, and missing data were
rare (0.9% of cases) because of data validation and error-
checking built into the electronic data collection tool. The
sample size and power were determined for the parent
study, and the analytic results from these analyses represent
descriptive outcomes. All 95% confidence intervals (95%
CI) were adjusted for clustering using univariate
generalized linear mixed models, and all analyses were
conducted with R, version 4.1.3 (R Foundation, Vienna,
Austria).
Figure 1. Flow chart of intubations performed by participants
at 20 COVERED (COVID-19 Evaluation of Risks in EDs) US
academic medical center EDs, May to December 2020. HCP,
health care personnel.
RESULTS
Characteristics of Study Subjects

There were 3,435 unique endotracheal intubation events
(Figure 1) performed by 586 physicians and advanced
practice providers. Site-specific endotracheal intubation
counts ranged from 65 to 508 (Figure E1, available online
at http://www.annemergmed.com), with most intubations
occurring from June to September 2020 (Figure E2,
available online at http://www.annemergmed.com). A total
of 3,043 (89%) endotracheal intubations had unknown
patient SARS-CoV-2 results at the time of intubation.
Among those with unknown SARS-CoV-2 status,
intubating health care personnel suspected COVID-19
(“convinced” or “pretty sure”) in 435 (13%) endotracheal
intubations. Two-hundred thirty-seven (7%) patients were
ultimately diagnosed with SARS-CoV-2 infection (111
148 Annals of Emergency Medicine
known at the time of intubation and 126 discovered by
testing during admission) (Table E1, available online at
http://www.annemergmed.com). No SARS-CoV-2 testing
was done in 399 (12%) patients, including 264 (66%) who
were pronounced dead in the ED. The most common
reason for intubation indicated by health care personnel in
patients with known or suspected COVID-19 was an acute
respiratory failure (58%). For patients without known or
suspected COVID-19, the most common reason was poor
mental status (61%). Most endotracheal intubations
(n¼2,784, [81%]) were considered emergency and were
predicted not to be difficult ( n¼2,374, [69%]) (Table 1).
After intubation, most endotracheal intubations were
judged to be “very easy” or “somewhat easy” (32% and
42%, respectively [not presented in the table]). Hospital
mortality in SARS-CoV-2-infected patients was 9.3%
(n¼22) versus 8.4% (n¼237) in those without.
Intubation Strategy
The most common initial intubation strategies were

rapid sequence induction (n¼2,724/3,435, [79%]) with
etomidate (n¼2,352, [68%]) and rocuronium (n¼1,628,
[47%]). Video laryngoscopy (n¼2,871, [83%]) was the
most common technique (Table 2). Intubation boxes were
used in only 24 (0.7%) endotracheal intubations (16 of
which were in known or suspected COVID-19 patients),
Volume 81, no. 2 : February 2023
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Table 1. Characteristics of US emergency department patients intubated during the COVID-19 pandemic at 20 COVERED (COVID-19
Evaluation of Risks in Emergency Departments) academic medical center emergency departments, May to December 2020.

Characteristic

Total Sample
(n[3,435)

COVID-19 Confirmed
or Suspected(n[565)

No COVID-19 Confirmed or
Suspected(n[2,870)

Percent Point
Difference (95% CI)*n (%)

Sex

Male 2,279 (66.4) 331 (58.6) 1,948 (67.9) –9.3 (–13.83 to –4.8)

Female 1,148 (33.4) 234 (41.4) 914 (31.9) 9.6 (5.1 to 14.1)

Nonbinary 6 (0.2) 0 (0.0) 6 (0.2) –0.2 (–0.5 to 0.1)

Missing 2 (0.1) 0 (0.0) 2 (0.1) –0.1 (–0.2 to 0.1)

Age

<18 y 75 (2.2) 3 (0.5) 72 (2.5) –2.0 (–2.9 to –1.0)

18 to 49 y 1,345 (39.2) 133 (23.5) 1,212 (42.2) –18.7 (–22.7 to –14.7)

50 to 64 y 921 (26.8) 171 (30.3) 750 (26.1) 4.1 (–0.1 to 8.4)

65 to 79 y 731 (21.3) 179 (31.7) 552 (19.2) 12.5 (8.2 to 16.7)

�80 y 317 (9.2) 74 (13.1) 243 (8.5) 4.6 (1.6 to 7.7)

Missing 46 (1.3) 5 (0.9) 41 (1.4) –0.5 (–1.5 to 0.5)

Race and ethnicity

White, non-Hispanic 1,203 (35.0) 164 (29.0) 1,039 (36.2) –7.2 (–11.4 to –2.9)

Black, non-Hispanic 1,257 (36.6) 229 (40.5) 1,028 (35.8) 4.7 (0.2 to 9.2)

Hispanic or Latino 425 (12.4) 104 (18.4) 321 (11.2) 7.2 (3.7 to 10.7)

Other, non-Hispanic 280 (8.2) 44 (7.8) 236 (8.2) –0.4 (–3.0 to 2.1)

Other 270 (7.9) 24 (4.3) 246 (8.6) –4.3 (–6.4 to –2.3)

Severity

Emergent 2,784 (81.0) 440 (77.9) 2,344 (81.7) –3.8 (–7.6 to 0.01)

Semiemergent 595 (17.3) 113 (20.0) 482 (16.8) 3.2 (–0.5 to 6.9)

Elective 56 (1.6) 12 (2.1) 44 (1.5) 0.6 (–0.8 to 2.0)

Reason for intubation

Acute respiratory failure 1,035 (30.1) 329 (58.2) 706 (24.6) 33.6 (29.2 to 38.1)

Mental status changes 1,938 (56.4) 192 (34.0) 1,746 (60.8) –26.9 (–31.3 to –22.5)

Airway compromise 152 (4.4) 3 (0.5) 149 (5.2) –4.7 (–5.8 to –3.5)

Cardiac arrest 227 (6.6) 37 (6.6) 190 (6.6) –0.1 (–2.4 to 2.2)

Polytrauma 77 (2.2) 4 (0.7) 73 (2.5) –1.8 (–2.8 to –0.8)

Missing 6 (0.2) 0 (0.0) 6 (0.2) –0.2 (–0.5 to 0.1)

Anticipated difficulty

Difficult 1,037 (30.2) 211 (37.4) 826 (28.8) 8.6 (4.1 to 13.0)

Not difficult 2,374 (69.1) 349 (61.8) 2,025 (70.6) –8.8 (–13.2 to –4.3])

Missing 24 (0.7) 5 (0.9) 19 (0.7) 0.2 (–0.7 to 1.2)

*Percent point differences are calculated using a score test.
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and dedicated intubation teams were uncommon (0.5% of
total intubations) in participating sites. Most endotracheal
intubations (n¼1,960 [56%]) were performed by residents.
Preoxygenation was most frequently performed using a face
mask (n¼1,374, [40%]). Bag-valve ventilation was used in
2,321 (67%) endotracheal intubations, and a self-inflating
bag was used in 2,168 (93%) of these intubations. The
patients were monitored with the mechanical ventilators in
3,095 (89%) endotracheal intubations, and most
Volume 81, no. 2 : February 2023
(n¼1,690 [55%]) of the ventilators were dual-limb with a
bacterial/viral filter (n¼1,224, [72%]) placed in-line.

Video laryngoscopy was used more frequently in patients
with known or suspected COVID-19 versus those not
known or suspected (88% versus 82%, difference 6.3%,
95% CI 3.0% to 9.6%). Between-group proportions of
initial medication strategy, induction drug, or paralytic
drug selection were not different. Passive nasal oxygenation
was used more frequently in COVID-19 known or
Annals of Emergency Medicine 149
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suspected endotracheal intubations (44% versus 39%,
difference 5.1%, 95% CI 0.9% to 9.3%). Preoxygenation
was performed more frequently in COVID-19 known or
suspected endotracheal intubations with high-flow nasal
cannula or noninvasive positive pressure ventilation (26%
versus 7%, difference 18.9%, 95% CI 16.2% to 21.5%).
Table 2 shows the intubation strategy stratified by
COVID-19 known or suspected status at the time of
intubation; other elements were similarly stratified by
COVID-19 known or suspected status.
Use of PPE
Full barrier airborne PPE (eg, eye protection, N95

respirator or higher, gloves, and gown) were used for most
intubations (n¼2,055, [59%]) during the surveillance
period. Most health care personnel (92%) caring for
patients known or suspected of COVID-19 used N95
respirators or powered air-purifying respirators. Powered
air-purifying respirator use was more common in those
with known or suspected COVID-19 (17% versus 11%,
difference 5.4%, 95% CI 3.4% to 7.4%) than in those
without. N95 respirator use (82% versus 80%, difference
1.8%, 95% CI –1.0% to 4.6%) and eye protection (82%
versus 80%, difference 1.9%, 95% CI –0.9% to 4.7%)
were not different. Table 3 shows PPE use stratified by
COVID-19 known or suspected status.

Among 237 endotracheal intubations of confirmed
SARS-CoV-2-positive patients, 88 (37%) were intubated
without Centers for Disease Control and Prevention
guideline-adherent full barrier airborne precautions. The
most frequent PPE element responsible for lack of
adherence was not wearing gowns (n¼52, [59%]), followed
by lack of eye protection (n¼38, [43%], Figure E3,
available online at http://www.annemergmed.com). Most
providers were in the patient room for less than 30 minutes
for the intubation procedure, and the duration in the room
was not different between those with and without known
or suspected COVID-19 (Figure E4, available online at
http://www.annemergmed.com). Providers rated
confidence in their PPE as very high or moderately high in
95% of endotracheal intubations (n¼3,295 [not presented
in figures]).
Intubation Outcomes
First-pass success was reported in 3,027 (87%)

endotracheal intubation attempts, and there was no
difference in first-pass success between known or suspected
COVID-19 intubations versus those not confirmed or
suspected (87% versus 86%, difference 0.6%, 95% CI
–2.4% to 3.6%). Endotracheal intubations of patients
150 Annals of Emergency Medicine
ultimately confirmed to be SARS-CoV-2-infected the first-
pass success of 84%. In cases with failure of the first
attempt, the most frequently used rescue device was a
bougie (n¼95, [21%]). Only 108 (3%) endotracheal
intubations required more than 2 attempts, and the median
number of attempts (unadjusted) was not different between
the 2 groups (Table E2, available online at http://www.
annemergmed.com); 14 (0.4%) patients required
cricothyroidotomy as a rescue procedure. Successful
endotracheal intubation was performed in 3,455 (99.6%)
patients. Two patients died without being successfully
intubated, and both had a cardiac arrest that occurred prior
to ED arrival and during the endotracheal intubation
attempt (Table E3, available online at http://www.
annemergmed.com).

Peri-intubation adverse events occurred in 35%
(n¼200) of confirmed or suspected COVID-19 patients
compared with 19% (n¼544) of nonconfirmed or
suspected COVID-19-patients (difference 16.2%, 95% CI
12.5% to 19.9%). The most common adverse event was
hypoxia, which was significantly more likely in patients
who were later SARS-CoV-2 confirmed (32% versus 16%,
difference 16%, 95% CI 11% to 21%); 57% of patients
with hypoxia had severe hypoxia (SpO2<80%). Adverse
events were not more likely when a technique other than
rapid sequence induction was used (22% in rapid sequence
induction versus 24% in all other techniques, difference
–2%, 95% CI –6% to 1%). Adverse events were not
different for those who used full barrier precautions vs.
those who did not (22% versus 23%, difference –0.6%,
95% CI –3.7% to 2.5%, not presented in figures). Adverse
events are detailed in Table 4.

Adjusting for anticipated difficulty, severity, and reason
for endotracheal intubation (patient factors), known or
suspected COVID-19 was not associated with different
first-pass success (adjusted odds ratio [aOR] 1.0, 95% CI
0.6 to 1.5 for low anticipated difficulty; aOR 1.5, 95% CI
1.0 to 2.3 for great anticipated difficulty), but higher odds
of adverse events in intubations not anticipated to be
difficult (aOR 2.4, 95% CI 1.7 to 3.7). An interaction
term was present for adverse events between COVID-19
known or suspected status and expected difficulty
(P ¼.004), so results are presented stratified by anticipated
difficulty.

To measure the contribution of endotracheal intubation
strategy to adverse events, we additionally included
procedure-level variables video laryngoscopy and passive
nasal oxygenation in the subsequent multivariable model.
Including both patient and procedural factors as covariates
in the model, the effect size of the association of known or
suspected COVID-19 with adverse events did not change
Volume 81, no. 2 : February 2023
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Table 2. Intubation strategy, stratified by COVID-19 known or suspected status at the time of intubation at 20 COVERED (COVID-19
Evaluation of Risks in Emergency Departments) US academic medical center emergency departments, May to December 2020. Intubation
strategy is divided into preoxygenation strategy, medication strategy, induction drug, paralytic drug, first-attempt equipment, adjuncts, and
operator experience.

Characteristic

COVID-19 Confirmed
or Suspected (n[565)

No COVID-19 Confirmed
or Suspected (n[2,870)

Difference (95% CI)*n (%)

Preoxygenation

Nasal cannula 50 (8.8) 393 (13.7) –6.2 (–9.2 to –3.2)

Face mask 194 (34.3) 1,167 (40.7) –6.0 (–10.3 to –1.7)

High-flow nasal cannula 57 (10.1) 55 (1.9) 7.9 (6.3 to 9.5)

CPAP/BiPap 84 (14.9) 139 (4.8) 10.9 (8.6 to 13.1)

Bag-valve-mask 160 (28.3) 871 (30.3) –2.2 (–6.2 to 1.9)

None 20 (3.5) 245 (8.5) –4.9 (–7.3 to –2.5)

Medication strategy

Rapid sequence induction 454 (80.4) 2,244 (78.2) 1.9 (–1.9 to 5.6)

Awake 1 (0.2) 32 (1.1) –0.9 (–1.6 to –0.3)†

Sedation only 6 (1.1) 31 (1.1) –0.1 (–1.0 to 0.8)

No sedation 104 (18.4) 563 (19.6) –0.8 (–4.4 to 2.8)

Induction drug‡

Propofol 12 (2.1) 84 (2.9) –0.8 (–2.2 to 0.6)†

Etomidate 394 (69.7) 1,935 (67.4) 1.1 (–3.0 to 5.3)

Ketamine 55 (9.7) 262 (9.1) 1.8 (–0.8 to 4.4)

Midazolam 5 (0.9) 35 (1.2) –0.4 (–1.4 to 0.6)

Fentanyl 10 (1.8) 37 (1.3) 0.4 (–0.6 to 1.5)

Other medication 0 (0) 11 (0.4) –0.4 (–0.7 to –0.1)†

No induction medication 107 (18.9) 584 (20.3) –1.1 (–4.7 to 2.6)

Paralytic drug‡

Succinylcholine 190 (33.6) 981 (34.2) –3.6 (–7.7 to 0.5)

Rocuronium 271 (48.0) 1,343 (46.8) 4.4 (0.1 to 8.7)

Vecuronium 0 (0) 5 (0.2) –0.2 (–0.4 to 0.1)†

Cisatracurium 0 (0) 1 (0) –0.0 (–0.1 to 0.1)

No paralysis medication 108 (19.1) 564 (19.7) –0.7 (–4.2 to 2.9)

First-attempt equipment

Direct laryngoscopy 55 (9.7) 491 (17.1) –6.5 (–9.7 to –3.3)

Video laryngoscopy 501 (88.7) 2,338 (81.5) 6.3 (3.0 to 9.6)

Supraglottic airway 2 (0.4) 5 (0.2) 0.2 (–0.4 to 0.8)†

Retrograde intubation 0 (0) 1 (0) –0 (–0.1 to 0.1)†

Fiberoptic intubation 3 (0.5) 31 (1.1) –0.5 (–1.4 to 0.4)

Cricothyroidotomy 4 (0.7) 4 (0.1) 0.6 (–0.2 to 1.4)†

Adjuncts‡

Passive nasal oxygenation 245 (43.4) 1,039 (36.2) 5.1 (0.9 to 9.3)

Intubation boxes 16 (2.8) 8 (0.3) 2.6 (1.8 to 3.6)

Dedicated intubation teams 5 (0.9) 13 (0.5) –0.1 (–0.7 to 0.6)

Supraglottic devices 3 (0.5) 6 (0.2) 0.3 (–0.4 to 1.0)†

Operator experience

First-year resident 76 (13.5) 373 (13.0) 1.7 (–1.2 to 4.6)

Second-year resident 148 (26.2) 779 (27.1) 2.1 (–1.8- to 5.9)

Third- or fourth-year resident 82 (14.5) 470 (16.4) –0.1 (–3.3 to 3.1)
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Table 2. Continued.

Characteristic

COVID-19 Confirmed
or Suspected (n[565)

No COVID-19 Confirmed
or Suspected (n[2,870)

Difference (95% CI)*n (%)

Fellow 3 (0.5) 15 (0.5) 0.1 (–0.6 to 0.8)

Attending/advanced practice provider 256 (45.3) 1,233 (43.0) –3.9 (–8.2 to 0.4)

BiPap, bilevel positive airway pressure ventilation; CPAP, continuous positive airway pressure ventilation.
*Difference is calculated using univariate linear mixed models with random effects for site and person performing the procedure. Because of that, some values may have a
difference calculated that differs from the arithmetic difference because of cluster effects and rounding.
†Low counts affected estimability. Unadjusted differences are calculated instead using a score test.
‡Percentages will not add up to 100% within a column since many elements of strategy could have more than 1 response (ie, multiple medications could be given).
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for patients with predicted low airway difficulty (aOR 2.46
[95% CI 1.79 to 3.39] versus 2.37 [95% CI 1.73 to 3.26])
or high airway difficulty (aOR 1.11 [95% CI 0.77 to 1.61]
versus 1.10 [95% CI 0.76 to 1.59]), so we concluded that
intubation strategy was unlikely to confound the
relationship between COVID-19 known or suspected
status and increased adverse events (Figure 2 and Table E4,
available online at http://www.annemergmed.com).
COVID-19 Prediction
Among 237 patients who ultimately tested positive for

SARS-CoV-2, 111 (47%) were known to be infected at the
time of endotracheal intubation, and 3 (1%) had a prior
negative test known at the time of endotracheal intubation.
Among the 123 (52%) with unknown status at the time of
endotracheal intubation who ultimately tested positive, 66
(54%) were thought likely to have COVID-19. Among
2,830 patients ultimately found to be SARS-CoV-2
negative, 255 (9%) were known to have a negative test at
the time of endotracheal intubation, and 2,528 (90%) had
Table 3. Personal protective equipment used during intubation, strati
intubation, at 20 COVERED (COVID-19 Evaluation of Risks in EDs) US ac
2020. “Full Barrier Centers for Disease Control and Prevention-Adhere
protection, which included N95 or powered air-purifying respirator.

Characteristic

COVID-19 Confirmed or
Suspected (n[565)†

N

n (%)

Full barrier CDC-adherence 374 (66.2)

Eye protection 474 (83.9)

Gowns 457 (80.9)

Gloves 545 (96.5)

Surgical mask 254 (45.0)

N95 or higher/PAPR 546 (96.6)

CDC, Centers for Disease Control and Prevention; PAPR, powered air-purifying respirator.
*Difference is calculated using univariate linear mixed models with random effects for sit
difference calculated that differs from the arithmetic difference because of rounding.
†Percentages will not add up to 100% within a column since more than one element of p
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unknown status, of which 2,189 (87%) were thought
unlikely to have COVID-19 (16 had a previous positive
test, but a negative test at hospital admission). Among
2,651 intubated with uncertain COVID-19 status, the
sensitivity of clinical gestalt for a positive COVID-19 test
was 54% (95% CI 37% to 77%), and the specificity was
87% (95% CI 84% to 90%), yielding a positive likelihood
ratio of 4.0 (95% CI 2.6 to 6.1) and a negative likelihood
ratio of 0.5 (95% CI 0.4 to 0.8, Table E1, available online
at http://www.annemergmed.com).
LIMITATIONS
This study has several limitations. First, although our

study was conducted in multiple academic centers, our
sample was a prospectively identified convenience sample
of physicians and advanced practice providers at
participating sites with variation in procedural experience,
so it may not be representative of endotracheal intubations
at these or other EDs. Second, our intubation data were
self-reported by the individual who performed the
fied by known or suspected COVID-19 status at the time of
ademic medical center Emergency Departments, May to December
nce” was defined as eye protection, gown, gloves, and respiratory

o COVID-19 Confirmed or
Suspected (n[2,870)†

Proportion Difference (95% CI)*

1,663 (57.9) 7.5 (3.8 to 11.3)

2,324 (81.0) 1.9 (–0.9 to 4.7)

2,074 (72.3) 8.6 (5.1 to 12.2)

2,760 (96.2) 0.9 (–0.8 to 2.6)

1,214 (42.3) -3.2 (–6.2 to –0.3)

2,618 (91.2) 4.3 (2.2 to 6.5)

e and person performing the procedure. Because of that, some values may have a

rotection may have been used.
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Table 4. Intubation adverse events, stratified by COVID-19 known or suspected status at the time of intubation at 20 COVERED COVID-19
(Evaluation of Risks in Emergency Departments) US academic medical center emergency departments, May to December 2020. Hypoxia
was defined as minimum pulse oxygenation (SpO2) less than 90%, severe hypoxia was defined as SpO2 less than 80%, and hypotension
were defined as minimum systolic blood pressure less than 90 mmHg. All adverse events were observed within 15 minutes of the
intubation procedure.

Characteristic

COVID-19 Confirmed or
Suspected (n[565)†

No COVID-19 Confirmed or
Suspected (n[2,870)†

Proportion Difference (95% CI)*n (%)

Hypoxia 157 (27.8) 381 (13.3) 14.2 (10.9 to 17.4)

Severe hypoxia 85 (15.0) 174 (6.1) 8.5 (6.1 to 10.9)

Hypotension 40 (7.1) 119 (4.1) 2.9 (1.0 to 4.8)

Esophageal intubation 4 (0.7) 33 (1.1) –0.3 (-1.3 to 0.6)

Dental injury 1 (0.2) 9 (0.3) –0.1 (-0.6 to 0.4)

Cardiac arrest 35 (6.2) 102 (3.6) 2.3 (0.5 to 4.1)

Failed airway 1 (0.2) 3 (0.1) 0.1 (-0.2 to 0.4)

No adverse events 365 (64.6) 2,326 (81.0) –16.2 (–19.9 to –12.5)

*Difference is calculated using univariate linear mixed models with random effects for site and person performing the procedure. Because of that, some values may have a
difference calculated that differs from the arithmetic difference because of rounding.
†Percentages will not add up to 100% within a column since more than one adverse event may have been recorded.
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procedure (including determining first-pass success),
creating the potential for misclassification of strategy or
recall of success. Furthermore, we included adverse events
only very early after the completion of intubation.
Nevertheless, our very high capture proportion of
procedures performed by participants provides confidence
that our sample was internally representative. Third, not all
patients were tested for COVID-19 because some sites had
not implemented uniform testing during the surveillance
period. Finally, with current high health care personnel and
patient vaccination rates, COVID-19 therapeutics, and
new variants, provider behavior may have evolved either
during the study period or because our data collection
ended. However, with increasing breakthrough infections
due to new SARS-CoV-2 variants demonstrating immune
evasion and ongoing trepidation about occupational
COVID-19 exposure, our results remain relevant to our
understanding of how COVID-19 influences provider
decisionmaking and patient outcomes.
DISCUSSION
In this study of endotracheal intubation early in the

COVID-19 pandemic, we found that patients known or
suspected of having COVID-19 were intubated using
similar initial techniques as those not known or suspected
of having COVID-19, except for slightly increased use of
video laryngoscopy, passive nasal oxygenation, and
preoxygenation with either high-flow nasal cannula or
noninvasive positive pressure ventilation. With the advent
of the pandemic, a number of reports of novel intubation
Volume 81, no. 2 : February 2023
devices and techniques have been proposed, but the use of
these techniques in our cohort of academic medical center
EDs was rare.9-11 Despite more aggressive use of empiric
hypoxia-prevention strategies, we observed a higher
proportion of hypoxia and severe hypoxia in intubations of
patients with COVID-19 than among those without,
which is likely related to the severity of lung injury. First-
pass success in both COVID-19 and non-COVID-19
endotracheal intubations was not different, and the rates
observed were similar to those reported in other pre-
COVID-19 reports of ED intubation success.29,30

Largely, these findings are likely reassuring to ED
practitioners and patients. Despite very high adherence to
full barrier PPE guidelines, ED providers maintained good
intubation quality metrics. Some have hypothesized that
increased use of PPE would decrease intubation success and
could be associated with increased adverse events, which we
did not observe.31 The high endotracheal intubation success
rate in the face of enhanced PPE use is especially relevant
because of clinicians’ imperfect accuracy in predicting
COVID-19 status among patients with unknown test
results, even during the height of the COVID-19 surge early
in the pandemic. In addition, we previously reported that
physicians who performed endotracheal intubation for
SARS-CoV-2-infected patients had only a modest risk of
acquiring COVID-19, especially when appropriate PPE was
used.23 These observations support widespread universal
PPE use during periods of high COVID-19 transmission,
which was noted in our study.

Several prior studies from early in the pandemic have
described outcomes of COVID-19 endotracheal
Annals of Emergency Medicine 153



Figure 2. Adjusted odds of first-pass success and adverse events related to COVID-19 known or suspected status in emergency
department intubations during the COVID-19 pandemic at 20 COVERED (COVID-19 Evaluation of Risks in Emergency Departments)
academic medical center emergency departments, May to December 2020. Because an interaction term between expected airway
difficulty and known or suspected COVID-19 status was present, models are presented for the entire data set and analysis stratified
by predicted airway difficulty. White dots indicate unadjusted estimates, green dots represent estimates adjusted for patient-level
factors (acuity, reason for intubation), and black dots represent estimates adjusted for both patient-level and procedure-level
factors (acuity, reason for intubation, passive nasal oxygenation, video laryngoscopy). Error bars represent 95% CIs. The forest plot
on the left of the figure represents the outcome of first-pass success, and the forest plot on the right side of the figure represents
adverse events. Adverse events included hypoxia, hypotension, esophageal intubation, dental injury, cardiac arrest, and failed
airway.
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intubations. For example, a retrospective case series of 117
patients from 2 Canadian hospitals using electronic medical
record documentation reported similar first-pass success,
but hypoxia was only documented in 24% of patients.
These centers used specialized intubation teams that may
have had a lower adverse event rate, but our higher
hypoxemia rate from real-time endotracheal intubation
reports may have captured more adverse events ultimately
not documented in medical records.32 Another report
based on electronic medical record data also showed
increased use of video laryngoscopy and frequency of
hypoxic events, similar to our findings.33 A study in an
Australian ED showed that hypoxia was more common
(18% versus 10%) in the COVID-19 period (after a new
protocol was implemented in March 2020), and the
authors attributed that increased prevalence to changes in
the procedures and team for ED endotracheal intubation.34

Our data, with robust measurement of COVID-19 status
and risk adjustment, suggests that intubation strategy is not
associated with worsened clinical outcomes, but the
changes in intubation practices observed in our study were
much more modest and may have represented increasing
procedural comfort as case counts surged in the United
States. In our study, the increased frequency of hypoxia
observed in COVID-19 patients seems more attributable to
154 Annals of Emergency Medicine
the disease than to the airway management strategy. These
studies are all limited by reporting bias from medical
records data. However, they also reinforce that in our much
larger multicenter cohort with robust real-time reporting,
risk assessment, and COVID-19 testing, the techniques
used in patients with known or suspected COVID-19 were
not different from those observed among patients without
this infection. Any increase in the risk of adverse events is
likely due to the disease rather than changing the strategy of
performing the procedure.

The increased risk of adverse events among patients with
SARS-CoV-2 infection continues to deserve attention.
COVID-19-suspected patients were usually intubated for
acute hypoxemic respiratory failure and anticipated to have
greater airway difficulty—perhaps because of their tenuous
physiologic status. Despite potential concerns with
infection control, these patients were managed with more
aggressive use of passive nasal preoxygenation and
preoxygenation with a high-flow nasal cannula or
noninvasive positive pressure ventilation. Even when we
adjusted for intubation strategy that differed in the
COVID-19 known or suspected group (ie, passive nasal
oxygenation and video laryngoscopy), adverse events were
still more common in those with low anticipated airway
difficulty, suggesting that they were driven by lung injury
Volume 81, no. 2 : February 2023
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from SARS-CoV-2 status itself rather than changes in
intubation decisions. In the parent prospective surveillance
study, we found that only 6 intubating health care
personnel (2.5%) tested positive for SARS-CoV-2 in the
period after intubation.23 These findings support the use of
standard strategies to maintain safe intubating conditions,
even in those suspected of having a highly transmissible
novel respiratory disease.

The other notable finding from the present study was
the prevalence of PPE lapses. Although overall PPE use was
very high, 37% of COVID-19 intubations were performed
without full Centers for Disease Control and Prevention-
adherent protection. Most of these lapses were related to
lack of gown use. These likely unintended lapses, coupled
with the modest ability of intubating clinicians to predict
who had COVID-19, reinforce the need for universal PPE,
engineering controls, and standardization to circumvent the
barriers to PPE use—especially during early surges in case
volumes.

In conclusion, confirmed or suspected COVID-19 status
was associated with only minor changes in COVID-19
endotracheal intubation strategy but higher risk-adjusted
adverse events, most commonly hypoxia, during
intubation. First-pass success among patients with
confirmed or suspected COVID-19 was not different from
those who were not suspected of infection. Future work
should focus on how hypoxia-prevention strategies can be
preemptively applied to reduce the rate of complications in
these patients while maintaining health care personnel
safety and preventing occupational COVID-19 acquisition.
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