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BACKGROUND: For patients with COVID-19 who undergo emergency endotracheal intuba-
tion, data are limited regarding the practice, outcomes, and complications of this procedure.

RESEARCH QUESTION: For patients with COVID-19 requiring emergency endotracheal intu-
bation, how do the procedural techniques, the incidence of first-pass success, and the
complications associated with the procedure compare with intubations of critically ill patients
before the COVID-19 pandemic?

STUDY DESIGN AND METHODS: We conducted a retrospective study of adult patients with
COVID-19 at Montefiore Medical Center who underwent first-time endotracheal intubation by
critical care physicians between July 19, 2019, and May 1, 2020. The first COVID-19 patient was
admitted to our institution on March 11, 2020; patients admitted before this date are designated
the prepandemic cohort. Descriptive statistics were used to compare groups. A Fisher exact test
was used to compare categorical variables. For continuous variables, a two-tailed Student ¢ test was
used for parametric variables or a Wilcoxon rank-sum test was used for nonparametric variables.

RESULTS: One thousand two hundred sixty intubations met inclusion criteria (782 prepan-
demic cohort, 478 pandemic cohort). Patients during the pandemic were more likely to be
intubated for hypoxemic respiratory failure (72.6% vs 28.1%; P < .01). During the pandemic,
operators were more likely to use video laryngoscopy (89.4% vs 53.3%; P < .01) and
neuromuscular blocking agents (86.0% vs 46.2%; P < .01). First-pass success was higher
during the pandemic period (94.6% vs 82.9%; P < .01). The rate of associated complications
was higher during the pandemic (29.5% vs 15.2%; P < .01), a finding driven by a higher rate
of hypoxemia during or immediately after the procedure (25.7% vs 8.2%; P < .01).
INTERPRETATION: Video laryngoscopy and neuromuscular blockade were used increasingly
during the COVID-19 pandemic. Despite a higher rate of first-pass success during the
pandemic, the incidence of complications associated with the procedure was higher.
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Take-home Points

Study Questions: Did emergent endotracheal intu-
bation practices, outcomes, and complications
change during the COVID-19 pandemic as
compared with the prepandemic period?

Results: As compared with before the COVID-19
pandemic, use of video laryngoscopy and neuro-
muscular blocking agents increased, although pa-
tients were more likely to experience postintubation
procedural complications, a finding driven by post-
intubation hypoxemia.

Interpretation: During the COVID-19 pandemic,
patients experienced more profound hypoxemia both
before and after emergency endotracheal intubation,
despite observed practice changes and improved
procedural success.

Patients with COVID-19 often experience severe
hypoxemic respiratory failure requiring emergent
endotracheal intubation."” Because of the severity of
illness seen in patients with COVID-19 and the
potential for disease transmission, guidelines have been
published to standardize intubation practices.” ® Based
on these guidelines, our institution adopted a hospital-
wide policy advocating for increased use of
neuromuscular blocking agents and video laryngoscopy

to improve first-pass success while minimizing risk to
personnel.

Despite the publication of protocols, a paucity of evidence
is available describing the way in which the COVID-19
pandemic changed the practice of emergency airway
management, its outcomes, and its associated
complications. Early case series from outside of the
United States reported that patients with COVID-19
requiring emergent endotracheal intubation frequently
experience high rates of complications, including severe
hypoxemia.”'* These reports consist of limited cohorts of
patients intubated mostly by senior clinicians, the findings
of which may not be generalizable to what is being
experienced within the United States inside of academic
medical centers. A multinational, observational cohort
study described 4,476 episodes of emergency endotracheal
intubation with association between procedural first-pass
success and provider- and location-specific variables.
These data did not include patient-level characteristics or
comparison with prepandemic intubations."”

To determine to what extent the onset of the COVID-19
pandemic altered emergency airway management, we
performed a retrospective, observational study
comparing procedural practices, outcomes, and
complications before the COVID-19 pandemic with
those outcomes during the pandemic.

Methods

Setting

This retrospective cohort study was approved by the institutional
review board at the Albert Einstein College of Medicine, which also
issued a waiver of informed consent (Identifier: 2019-10752). We
examined patients intubated at the three campuses of Montefiore

Medical Center located in the Bronx, New York, between July 19,
2019, and May 1, 2020.

Patients were eligible if they underwent intubation performed outside
of the operating room or ED. Intubations were excluded if age was
younger than 18 years, intubation records were missing, or a repeat
intubation during study period was performed on a patient already
included in the study.

The patient cohort was split into two groups. The pandemic group
included patients undergoing intubation between March 11, 2020,
until the cohort collection on May 1, 2020. March 11, 2020, was the
first date a patient with confirmed COVID-19 was admitted to our
institution. The second group served as a historical control and
included all patients undergoing intubation between July 19, 2019
and March 10, 2020.

Hospital Characteristics Before and During the COVID-19
Pandemic

Before the COVID-19 pandemic, our institution consisted of 1,491
beds, including 106 ICU beds spanning eight units. Before the

pandemic, all ICUs were staffed by the critical care medicine service
24 h/day. During the pandemic surge in April 2020, the total
number of hospital beds expanded to 1,628 and the number of ICU
beds increased to 306. At the height of the surge on April 12, 1,127
patients with COVID-19 were admitted.

Airway Management Teams

Emergency endotracheal intubations that occur outside the operating
room or ED are handled by the critical care service. On two
campuses, a dedicated critical care consultation service manages
intubations on non-ICU wards. The third campus has an ICU team
that responds to airway emergencies in addition to their unit
responsibilities.

Postgraduate year 4 and beyond critical care fellows perform most
intubations. Airway management training for fellows consists of a 2-
day simulation course. In addition to available standard intubation
trays, the critical care team carries an airway management bag
consisting of sedatives, neuromuscular blocking agents, vasoactive
drugs, and airway adjuncts including a video laryngoscope (either
GlideScope  GLVTM,  GlideScope  GoTM, or GlideScope
TitaniumTM; Verathon, Inc.).

Variables

Clinical Looking Glass (CLG; Clinical Analytics) is a tool developed by
our institution to help researchers extract data from electronic medical
records.'* This tool is well validated and has been used in numerous
other investigations.”” CLG was used to extract intubation notes,
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demographic and clinical characteristics, and COVID-19 polymerase
chain reaction testing results (Xpert Xpress SARS-CoV-2 assay;
Cepheid) (e-Appendix 1).

Demographic and patient characteristics, including age, sex, BMI, race,
history of OSA within the prior 5 years, ethnicity, socioeconomic
status, and hospital location, were extracted using CLG. We also
determined Charlson Comorbidity Index and laboratory-based acute
physiology score. Pao, to Fio, ratio immediately after intubation and
the presence of a vasopressor order between 72 h before and 1 h
after intubation also were extracted using CLG.'®'” In the case that
Pao, was not available, we estimated the value based on oxygen
saturation.® We also manually extracted the last available peripheral
oxygen saturation (Spo,) and Fio, before intubation from the
electronic medical record.

An intubation attempt was defined as any insertion of a laryngoscope
into the oropharynx. Preoxygenation was defined as use of any oxygen
delivery method before induction of sedatives or paralytics, and apneic
oxygenation was defined as passive flow of oxygen typically via nasal
cannula or high-flow nasal cannula during the intubation attempt.
Nasal bilevel positive pressure ventilation was not used for apneic
oxygenation in this cohort.

Outcomes

Our primary outcome of interest was the rate of first-pass success of
the procedure. First-pass success is reported easily, previously was
found to correlate with a lower frequency of adverse procedural
outcomes, and often is used as the primary outcome of airway
management investigations.'>'**' We also reported the use of
paralytics and video laryngoscopy before and after the onset of the

pandemic. To describe the impact of the pandemic on intubation-
associated complications, we reported severe hypoxemia (peripheral
saturation < 80%), hypotension (systolic BP < 70 mm Hg),
esophageal intubation, witnessed aspiration of gastric contents, and
difficult intubation (need for more than two attempts at
laryngoscopy). An intubation-associated complication was defined as
occurring after administration of procedural pharmacotherapy or, in
the case of no pharmacotherapy, first laryngoscope blade insertion
and up until 5 min after the final intubation attempt. Other
outcomes of interest include difficult intubation and mortality in the
24 h immediately after the procedure.

Statistical Analysis

Demographic and patient characteristics between the pandemic and
historical control groups were examined using standard descriptive
statistics. The Fisher exact test was used to compare categorical
variables. A two-tailed Student ¢ test for parametric variables or a
Wilcoxon rank-sum test for nonparametric variables was used for
continuous variables.

We performed an exploratory multivariate logistic regression to
compare the effect of intubating under pandemic conditions on first-
pass success, periprocedural complications, and 24-h mortality (e-
Appendix 2). Covariables were selected based on prior literature and
clinical experience among patients with COVID-19.">*** We also
performed a sensitivity analysis to examine the robustness of our
model. Given that airway management during cardiac arrest is a
unique circumstance, we redefined our cohort to exclude all
intubations performed for this indication. Statistical analysis was
performed using Stata version 16.1 software (StataCorp LLC).

Results

Study Population

During the study period, our institution had 69,969
inpatient admissions (Fig 1). A total of 2,769 patients
underwent emergent endotracheal intubation outside of
the operating room, of which 861 were performed in the
ED and subsequently were excluded from our analysis.
During the study period, 1,908 intubations performed by
critical care personnel. Six hundred forty-eight patients
were excluded because of repeat intubation, pediatric
age, or missing outcome variables. The final cohorts
consisted of 478 patients (37.9%) during the pandemic
and 782 patients (62.1%) before the pandemic.

Patient Characteristics

Patients undergoing intubation during the pandemic
were younger (pandemic mean + SD, 63.7 & 13.7 years
vs prepandemic mean £ SD, 64.7 + 14.7 years; P = .01),
had a higher BMI (pandemic median, 29.4 kg/m”
[interquartile range (IQR), 25.4-34.6 kg/mz]

vs prepandemic median, 27.1 kg/m* [IQR, 22.7-32.0 kg/
m?]; P < .01), a lower Charlson Comorbidity Index
(pandemic median, 2 [IQR, 0-5] vs prepandemic
median, 5 [IQR, 3-7]; P < .01), and a lower admission
laboratory-based acute physiology score (pandemic

mean + SD, 79.7 £ 29.8 vs prepandemic mean + SD,
89.3 £ 34.3; P < .01) (Table 1). No significant
differences were found between the two groups with
regard to sex, history of OSA, or socioeconomic status.

A significant difference regarding the indication for
intubation was driven by a higher incidence of
hypoxemic respiratory failure during the pandemic
(pandemic, 72.6% vs prepandemic, 28.1%).
Correspondingly, patients during the pandemic showed
lower peripheral saturations (94% vs 97%; P < .01) and
Spo, to Fio, ratios (98 vs 313; P < .01) immediately
before intubation. Patients during the pandemic were
more likely to experience severe hypoxemic respiratory
failure (Pao, to Fio, ratio after intubation, < 100;
20.9% vs 11.0%) after intubation (Table 2). The
incidence of peri-intubation shock was lower during the
pandemic period (36.6% vs 62.7%; P < .01). Patients
during the pandemic were more likely to be intubated
outside of an ICU (81.2% vs 55.1%; P < .01).

Emergent Endotracheal Intubation Characteristics

The use of preoxygenation was lower during the
pandemic (94.1% vs 96.9%; P = .02), driven largely by a
notable drop in the use of bag mask ventilation for
preoxygenation (7.7% vs 50.8%) (Table 2). No
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‘ Inpatient Admissions (n = 69,969) ’

‘ EEI outside of OR (n = 2,769) ’

4{ EEI performed in the ED (n = 861)

study time (n = 1,908)

‘ EEI by critical care service during ’

l

EEI during COVID-19 pandemic
(n = 668)

Repeat EEI (n = 158)
Age <18y (n = 23)
Missing data (n = 9)

First-time EEI during COVID-19
pandemic (n = 478)

EEI before COVID-19 pandemic
(n =1,240)

Repeat EEI (n = 325)
Age <18y (n =107)
Missing data (n = 26)

First time EEI before COVID-19
pandemic (n = 782)

Figure 1 - Flow diagram showing patients included in the cohort. EEI = emergent endotracheal intubation; OR = operating room.

significant difference was found regarding receipt of
apneic oxygenation (24.1% vs 20.8%; P = .18). Use
of a neuromuscular blocking agent during
intubation was more likely during the pandemic
period (86.0% vs 46.2%; P < .01), as was use of a
sedative agent (90.2% vs 77.8%; P < .01). Video
laryngoscopy was used more commonly during the
pandemic period (89.3% vs 53.3%; P < .01). A
Cormack-Lehane grade 1 view of the vocal cords
was more likely to be achieved during the pandemic
period (90.9% vs 77.6%; P < .01).

Emergent Endotracheal Intubation Outcomes

First-pass success occurred in 461 pandemic group
patients (96.4%) and 648 patients intubated before the
pandemic (82.9%) (P < .01) (Table 3, Figs 2, 3). The
incidence of difficult intubation was lower in the
pandemic group (1.0% vs 3.6%; P < .01).

Emergent Endotracheal Intubation Complications

The pandemic cohort had higher incidence of any
periprocedural adverse event (29.5% vs 15.2%; P < .01)
largely driven by a higher rate of severe hypoxemia
during the procedure (25.7% vs 8.2%; P < .01).

Intubation during the pandemic was associated with
lower occurrence of gastric aspiration (1.3% vs 5.4%;
P < .01) and witnessed esophageal intubation

(0.2% vs 1.5%; P = .02). No difference was found in
periprocedural hypotension between the two cohorts
(6.5% vs 6.8%; P = .91). The 24-h mortality rate was
similar compared with the prepandemic period
(19.3% vs 18.3%; P = .71).

Exploratory Regression Model

The pandemic period was associated with significantly
increased odds of first-pass success in our adjusted
multivariate model (adjusted OR, 4.91; 95% CI, 2.65-
9.11; P < .01) (e-Table 1). The odds of any
periprocedural complication were higher in the
pandemic group (adjusted OR, 2.21; 95% CI, 1.51-3.04;
P < .01). The 24-h mortality rate did not differ
between the groups (adjusted OR, 1.26; 95% CI, 0.86-
1.84; P = .23). Removal of patients requiring
intubation in the setting of a cardiac arrest did not alter
models for first-pass success or periprocedural
complication; however, 24-h mortality was higher in
the pandemic group (adjusted OR, 2.48; 95% CI, 1.59-
3.88; P < .01).
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TABLE 1 | Baseline Characteristics of Study Cohort

Total Pandemic Period Before the Pandemic Period
Variable (N = 1,260) (n = 478) (n=782) P Value
Age, y 64.7 £ 14.7 63.7 £ 13.7 65.3 + 15.2 .01
Male sex 738 (58.6) 294 (61.5) 444 (56.8) .10
BMI, kg/m?? 28.0 (23.5-33.0) 29.4 (25.4-34.6) 27.1 (22.7-32.0) < .01
OSA history 176 (14.0) 62 (13.0) 114 (14.6) .43
Race .17
Black 450 (35.7) 170 (35.6) 280 (35.8)
White 153 (12.2) 48 (10.0) 105 (13.4)
Other/not specified 657 (52.1) 260 (54.4) 397 (50.8)
SES score” -2.27 (-5.79 to -1.04) | -2.12 (-5.21 to -1.05) | -2.34 (-5.93 to -0.94) 43
LAPS 85.6 + 33.0 79.7 +£29.8 89.3 + 34.3 < .01
Charlson Comorbidity Index 4 (2-7) 2 (0-5) 5(3-7) < .01
COVID-19 testing results® < .01
Positive 396 (31.4) 394 (82.4) 2(0.3)
Negative 62 (4.9) 52 (10.9) 10 (1.3)
Not performed 802 (63.7) 32 (6.7) 770 (98.4)
Campus < .01
Moses 661 (52.5) 226 (47.3) 435 (55.6)
Wakefield 161 (12.8) 71 (14.9) 90 (11.5)
Einstein 416 (33.0) 166 (34.7) 250 (31.0)
Children’s Hospital at 22 (1.7) 15 (3.1) 7 (0.9)
Montefiore®
Hospital location of intubation < .01
Floor 760 (62.5) 359 (82.5) 401 (51.3)
ICU 424 (34.8) 73 (18.8) 351 (44.9)
Other® 33(2.7) 3(0.7) 30 (3.9)
Peripheral Spo, before 96 (92-99) 94 (90-97) 97 (94-100) < .01
intubation’
Spos to Fio, ratio before 245 (99-357) 98 (92-190) 313 (192-448) < .01
intubation’
Pao, to Fio, ratio after < .01
intubation®
<100 186 (14.8) 100 (20.9) 86 (11.0)
100-200 239 (19.0) 79 (16.5) 160 (20.5)
200-300 121 (9.6) 24 (5.0) 97 (12.4)
> 300 714 (56.7) 275 (57.5) 439 (56.1)
Use of vasopressors" 665 (52.8) 175 (36.6) 490 (62.7) < .01

Data are presented as No. (%), mean + SD, or median (interquartile range), unless otherwise indicated. LAPS = laboratory-based acute physiology score;
SES = socioeconomic status; Spo, = oxygen saturation.

Data missing for 40 patients.

®Calculated using census data regarding wealth and income and represented as the number of SDs from the mean SES score for New York State. SES data
were missing for 270 patients.

“Patients could undergo COVID-19 testing within the prepandemic category if they were admitted before March 11, 2020, and remained hospitalized past this date.
Patients admitted to the Children’s Hospital at Montefiore older than 18 years were eligible for inclusion if they underwent emergent endotracheal
intubation by critical care personnel. During pandemic conditions, units within Children’s Hospital were used to accommodate an increased volume of
hospitalized patients.

“Nontraditional locations included cardiac catheterization and interventional radiology suites. Location data were not available for 43 patients. Two patients
were admitted to the critical care service and intubated in the ED by critical care providers, and so were counted in the “Other” category.

fLast recorded Spo, value and corresponding Fio, before intubation were extracted. Peripheral saturations were not available for 40 patients.
9Calculated from first Fio, and first Pao, after emergent endotracheal intubation or estimated from Spo, to Fio, ratio if Pao, was unavailable.
"Considered positive if occurring 72 h before 1 h after emergent endotracheal intubation.
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TABLE 2 | Periprocedural Characteristics of Emergent Endotracheal Intubation Performed Before and During the

Pandemic
Before the Pandemic
Variable Total (N = 1,260) Pandemic (n = 478) (n =782 P Value
Indication?® < .01
Hypoxemia 567 (45.0) 347 (72.6) 220 (28.1)
Airway protection 286 (22.7) 60 (12.6) 226 (28.9)
Cardiac arrest 135 (10.7) 18 (3.8) 117 (15.0)
Hypercarbia 50 (4.0) 9 (1.9) 41 (5.2)
Hemodynamic instability 121 (9.6) 9 (1.9) 1112 (14.3)
Other 101 (8.0) 35(7.3) 66 (8.4)
CL grade® <.01
1 1,029 (82.7) 430 (90.9) 599 (77.6)
2a 157 (12.6) 34 (7.2) 123 (15.9)
2b 41 (3.3) 4 (0.9) 37 (4.8)
3 16 (1.3) 3(0.6) 13 (1.7)
4 2(0.2) 2 (0.4) 0 (0)
Any preoxygenation 1,208 (95.9) 450 (94.1) 758 (96.9) .02
BVM 434 (34.4) 37 (7.7) 397 (50.8)
NRB 341 (27.0) 240 (50.2) 101 (12.9)
NRB + BVM 35 (2.8) 3(0.6) 32 (4.1)
NRB + HFNC 52 (4.1) 48 (10.0) 4 (0.5)
NRB + NC 23(1.8) 12 (2.5) 11 (1.4)
HFNC 134 (10.6) 67 (14.0) 67 (8.6)
NC 58 (4.6) 14 (2.9) 44 (5.6)
NIV 103 (8.2) 14 (2.9) 89 (11.4)
None 52 (4.1) 28 (5.9) 24 (3.1)
Other 28 (2.2) 15 (3.1) 13 (1.7)
Any apneic oxygenation 278 (22.1) 115 (24.1) 163 (20.8) .18
HFNC 149 (11.8) 79 (16.5) 70 (9.0)
NC 129 (10.2) 36 (7.5) 93 (11.9)
None 982 (77.9) 363 (75.9) 619 (79.1)
Any sedation 1,039 (82.5) 431 (90.2) 608 (77.8) < .01
Etomidate 844 (67.0) 345 (72.2) 499 (63.8)
Propofol 481 (38.2) 216 (45.2) 265 (33.9)
Ketamine 9(0.7) 0 (0) 9(1.2)
Fentanyl 17 (1.4) 6 (1.3) 11 (1.4)
Midazolam 24 (1.9) 11 (2.3) 13 (1.7)
Any paralytics 772 (61.3) 411 (86.0) 361 (46.2) < .01
Succinylcholine 426 (33.8) 280 (58.6) 146 (18.7)
Rocuronium 132 (10.5) 43 (9.0) 89 (11.4)
Vecuronium 225 (17.9) 98 (20.5) 127 (16.1)
Use of video laryngoscopy 844 (67.0) 427 (89.3) 417 (53.3) < .01
Use of bougie 48 (5.5) 19 (6.6) 29 (5.0) .35
Nonattending operator 1,089 (86.4) 402 (84.1) 687 (87.9) .06
Anesthesia operator 29 (2.3) 10 (2.1) 19 (2.4) .85

Data are presented as No. (%), unless otherwise indicated. BVM = bag-valve mask; CL = Cormack-Lehane; HFNC = high-flow nasal cannula; NC = regular

nasal cannula; NIV = noninvasive ventilation; NRB = nonrebreather mask.

“Indication for intubation was missing for 17 patients.

BC-L grade was not recorded for 15 patients.
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TABLE 3 | Intubation Outcome Measures Before and During the Pandemic

Pandemic Before the Pandemic
Variable Total (N = 1,260) (n = 478) (n=1782) P Value
First-pass success 1,109 (88.0) 461 (96.4) 648 (82.9) < .01
Difficult intubation 33 (2.6) 5 (1.0) 28 (3.6) < .01
Any complication 260 (20.6) 141 (29.5) 119 (15.2) < .01
Procedural hypoxemia 187 (14.8) 123 (25.7) 64 (8.2) <.01
Hypotension 84 (6.7) 31 (6.5) 53 (6.8) .91
Gastric aspiration 48 (3.8) 6 (1.3) 42 (5.4) <.01
Esophageal intubation 13 (1.0) 1(0.2) 12 (1.5) .02
24-h mortality 235 (18.7) 92 (19.3) 143 (18.3) .71

Data are presented as No. (%), unless otherwise indicated.

Discussion

We demonstrated that at our institution, the use of
neuromuscular blocking agents and video laryngoscopy
dramatically increased during the pandemic. The
procedural outcome of first-pass success of emergent
endotracheal intubation also was higher during this
period. Despite these changes to practice and procedural
success, complications associated with emergent
endotracheal intubation increased during the COVID-
19 pandemic, an observation largely driven by an
increased incidence of severe hypoxemia during the
procedure.

With regard to the practice of emergency endotracheal
intubation at our institution, our data reflect the impact
of local and external guidance that aimed to optimize
both the safety of the patient and the clinical team.™"'
To maximize first-pass success and infection control, full
neuromuscular blockade and video laryngoscopy were
advocated for all intubations performed on patients with
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Figure 2 — Bar graph showing the number of intubation attempts before
the pandemic and during pandemic period.

COVID-19 (e-Figs 1, 2). After the onset of the
pandemic, the use of these interventions increased
dramatically as compared with the prepandemic periods
in this data set and in our prior work dating back to
2016.%

Before the COVID-19 pandemic, our rate of first-pass
success mirrored rates reported recently by the
International Observational Study to Understand the
Impact and Best Practices of Airway Management in
Critically Tl Patients (INTUBE) study group.” The first
potential factors driving the observed increase in first-
pass success during the course of our study include the
changes to intubation practice discussed. Both
neuromuscular blockade® and video laryngoscopy
demonstrate a potential to improve the first-pass success
of airway management procedures for the critically ill,”*
particularly when the intubation operator is a trainee.”

The dramatic improvement in first-pass success rates
during the COVID-19 pandemic raises the question of
whether the combination of video laryngoscopy and
neuromuscular blockade should be adopted more
widely in other institutions for the endotracheal
intubation of critically ill patients. Although the
changes mostly were put into place as a response to the
COVID-19 pandemic, this could be an opportunity to
improve care for patients with and without COVID-19
on a permanent basis. Although our results indeed
are thought provoking, we emphasize that they
represent an association found through an
observational and retrospective study design. Further
prospective and randomized studies are needed that
examine the combination of video laryngoscopy and
neuromuscular blockade during airway management in
the critically ill.
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Inclusion of the covariables measuring use of video
laryngoscopy and neuromuscular blockade in our
exploratory adjusted model did not account fully for the
dramatic improvement in procedural success noted
during the pandemic. Additional explanations pertain to
the timing of the academic year and the volume of
procedures being performed. Most of the intubations in
this study were performed by trainees, who have the
potential to be increasingly skilled as the academic year
progresses.”® Consistent with this hypothesis is that first-
pass success trended upward through most months of
the year preceding the onset of the pandemic (Fig 3).
Additionally, the dramatic increase in the number of
intubations with the onset of the pandemic may have
resulted in an accelerated progression toward expertise.

Alternatively, it was demonstrated recently that as the
number of intubations specifically performed on
patients with COVID-19 by a specific operator increases,
so does procedural first-pass success.”” This may relate
to the need for acclimation to specific procedural
stressors, such as the need for enhanced provider
personal protective equipment and the potential for
rapid oxygenation desaturation. The number of
procedures performed before and during this study
period by each individual trainee or senior clinician was
not available in our data set, and so remains a limitation
of our observations. Additionally, our inability to
account fully for the dramatic improvement in first-pass
success may be attributed to failure to identify and
measure alternative confounding patient or procedure-
related factors.

The last important finding of our investigation pertains
to the increased rate of observed procedural
complications after the onset of the pandemic. This
finding largely was driven by an increased rate of
procedural severe hypoxemia during the pandemic.
Given that the number of attempts required for
intubation previously was associated with increasing
adverse events,”” the discordance between procedural
complications and improved first-pass success was
surprising.

Several factors could account for this finding. Despite
lower baseline comorbidity and severity of illness scores,
most of the patients being intubated during the
pandemic experienced significantly worse hypoxemic
respiratory failure as measured by Pao, to Fio, ratio
immediately after intubation and Spo, to Fio, ratio
before intubation. Additionally, our data show that at
our institution, bag-valve mask ventilation was used
much less commonly for preoxygenation during the
pandemic and could have contributed to worsening
hypoxemia that was unable to be corrected before
laryngoscope blade insertion.”® We integrated the last
recorded Spo, to Fio, ratio into our adjusted model to
account for this finding and found that this did not alter
the results.

Although a substantial number of guidelines have been
published, published data are limited regarding the
actual circumstances and outcomes of emergency
endotracheal intubations since the onset of the COVID-
19 pandemic.''***~*" The prior published literature
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consists of a case series of 202 patients intubated at two
hospitals in Wuhan, China,” and findings from the
multinational Intubate COVID group.” These studies
demonstrated similar use of neuromuscular blockade,
high use of video laryngoscopy, and high rates of first-
pass success.

Our study adds to the above limited literature regarding
the airway management of patients with COVID-19 in
that it consists of patient-level information regarding
demographics, severity of illness, procedural techniques,
and complications not previously reported in the
literature. To our knowledge, this is the first study that
has compared the practice and outcomes of emergency
intubations performed during the pandemic with the
same procedure performed before the onset of the
pandemic. This is also the first report of patients with
COVID-19 regarding the success and safety of
intubations performed predominantly by trainees.” '
Our decision to exclude subsequent intubations on the
same patient eliminates the introduction of bias.

The main limitation of our investigation is its
retrospective design. Intubation procedure data that
are self-reported by the operator are at risk of bias
(e-Fig 3)."” To evaluate the impact of preintubation
hypoxemia on the observed outcomes, we manually
extracted last available peripheral saturation with
calculation of Spo, to Fio, ratio before intubation. These
data may be prone to the limitations of retrospective
chart review, although the findings of lower saturations
during the pandemic were consistent with expectations.
Integration of these data into our exploratory models did
not change the results substantially. A second limitation
pertains to the discordant months in the academic year
between the pandemic period group and the comparator
group. A third limitation of our work is the lack of
availability of potential confounders pertaining to some

variables. Details pertaining to certain anatomic
predictors of a difficult airway (Mallampati score,
reduced mobility of the cervical spine, and limiting
mouth opening < 3 cm) were not available for

our analysis.”> We were able to report other
previously described predictors of a difficult airway,
including prior diagnosis of OSA, severe hypoxemia
before intubation, and intubation by a
nonanesthesiologist.

Interpretation

We showed that compared with intubations before
the pandemic, airway management during the
COVID-19 pandemic was associated with changes in
practice, procedural success, and complications.
Institutional guidelines resulted in near universal
adoption of video laryngoscopy and neuromuscular
blockade. Despite a higher rate of first-pass success,
patients were more likely to experience peri-
intubation adverse events, a finding dominated by
increased rates of severe hypoxemia during and
immediately after the procedure. The dramatic
improvement in first-pass success rates after the
escalation in use of video laryngoscopy and
neuromuscular blockade raises interesting questions
regarding whether this combination should be
considered more widely for the intubation of
critically ill patients. We showed that with appropriate
guidelines and supervision, critical care trainees can
achieve outcomes similar to those of experienced
operators in published cohorts of patients with
COVID-19. Although advances have been made
recently regarding the treatment of patients with
COVID-19, future investigation is needed to
improve further the safety of emergency airway
management for patients with COVID-19.
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