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Abstract
Objective Orotracheal intubation is a life-saving procedure commonly performed in the Intensive Care unit and Emer-
gency Department as a part of emergency airway management. Prior to the COVID-19 pandemic, our center undertook a 
prospective observational study to characterize emergency intubation performed in the emergency department and critical 
care settings at Manitoba’s largest tertiary hospital. During this study, a natural experiment emerged when a standardized 
“COVID-Protected Rapid Sequence Intubation Protocol” was implemented in response to the pandemic. The resultant study 
aimed to answer the question; in adult ED patients undergoing emergent intubation by EM and CCM teams, does the use of 
a “COVID-Protected Rapid Sequence Intubation Protocol” impact first-pass success or other intubation-related outcomes?
Methods A single-center prospective quasi-experimental before and after study was conducted. Data were prospectively 
collected on consecutive emergent intubations. The primary outcome was the difference in first-pass success rates. Secondary 
outcomes included best Modified Cormack–Lehane view, hypoxemia, hypotension, esophageal intubation, cannot intubate 
cannot oxygenate scenarios, CPR post intubation, vasopressors required post intubation, Intensive Care Unit (ICU) mortality, 
ICU length of stay (LOS), and mechanical ventilation days.
Results Data were collected on 630 patients, 416 in the pre-protocol period and 214 in the post-protocol period. First-
pass success rates in the pre-protocol period were found to be 73.1% (n = 304). Following the introduction of the protocol, 
first-pass success rates increased to 82.2% (n = 176, p = 0.0105). There was a statistically significant difference in Modified 
Cormack–Lehane view favoring the protocol (p = 0.0191). Esophageal intubation rates were found to be 5.1% pre-protocol 
introduction versus 0.5% following the introduction of the protocol (p = 0.0172).
Conclusion A “COVID-Protected Protocol” implemented by Emergency Medicine and Critical Care teams in response to 
the COVID-19 pandemic was associated with increased first-pass success rates and decreases in adverse events.
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Résumé
Objectifs L'intubation orotrachéale est une procédure de sauvetage couramment réalisée dans l'unité de soins intensifs et 
le service des urgences dans le cadre de la gestion des voies aériennes d'urgence. Avant la pandémie de COVID-19, notre 
centre a entrepris une étude prospective d'observation pour caractériser l'intubation d'urgence effectuée dans le service des 
urgences et les établissements de soins intensifs du plus grand hôpital tertiaire du Manitoba. Au cours de cette étude, une 
expérience naturelle est apparue lorsqu'un " protocole d'intubation à séquence rapide protégé contre le COVID " standardisé 
a été mis en œuvre en réponse à la pandémie. L'étude qui en a résulté visait à répondre à la question suivante : chez les 
patients adultes des urgences soumis à une intubation urgente par les équipes de médecine d'urgence et de médecine de soins 
critiques, l'utilisation d'un " protocole d'intubation à séquence rapide protégé par COVID " a-t-elle un impact sur la réussite 
du premier passage ou sur d'autres résultats liés à l'intubation ?
Méthode Une étude prospective quasi-expérimentale avant et après a été menée dans un seul centre. Les données ont été 
recueillies prospectivement sur des intubations émergentes consécutives. Le résultat principal était la différence entre les 
taux de réussite au premier passage. Les résultats secondaires comprenaient la meilleure vue de Cormack–Lehane modifiée, 
l'hypoxémie, l'hypotension, l'intubation œsophagienne, les scénarios d'impossibilité d'intubation et d'oxygénation, la réani-
mation cardio-pulmonaire après l'intubation, les vasopresseurs nécessaires après l'intubation, la mortalité en unité de soins 
intensifs (USI), la durée de séjour en USI et les jours de ventilation mécanique.
Résultats Des données ont été recueillies sur 630 patients, 416 dans la période pré-protocole et 214 dans la période post-
protocole. Les taux de réussite au premier passage dans la période pré-protocole se sont avérés être de 73,1 % (n = 304). 
Suite à l'introduction du protocole, les taux de réussite au premier passage ont augmenté à 82,2 % (n = 176, p = 0,0105). 
Il y avait une différence statistiquement significative dans la vue Cormack–Lehane modifiée en faveur du protocole (p = 
0,0191). Les taux d'intubation œsophagienne se sont avérés être de 5,1 % avant l'introduction du protocole contre 0,5 % après 
l'introduction du protocole (p = 0,0172).
Conclusion Un « protocole protégé contre la COVID » mis en œuvre par les équipes de médecine d'urgence et de médecine 
de soins critiques en réponse à la pandémie de COVID-19 a été associé à une augmentation des taux de réussite du premier 
passage et à une diminution des événements indésirables.

Clinician’s capsule 

What is known about the topic?
Concern over transmission of COVID-19 during 
emergent orotracheal intubation has increased the 
complexity of this already high-risk procedure.

What did this study ask? 
Does implementation of a “COVID-protected RSI 
Protocol” in the ED and Critical Care settings impact 
intubation-related outcomes?

What did this study find?
First-pass success rates increased from 73 to 82% fol-
lowing the introduction of a “COVID-protected RSI 
Protocol”.

Why does this study matter to clinicians?
A  “COVID-protected RSI Protocol” was imple-
mented and associated with improved first-pass suc-
cess rates and decreased adverse events.

mechanical ventilation. Emergency intubation has been 
associated with an increased risk of adverse events [2–5], 
especially if there are multiple or prolonged attempts [6–8]. 
Numerous algorithmic approaches have been published 
[9–11] to mitigate these events. The risk of transmission of 
COVID-19 to the healthcare team during intubation resulted 
in a rapid shift from protocols focused exclusively on patient 
outcomes to protocols focused on both patient and healthcare 
worker (HCW) safety [12]. This resulted in the implementa-
tion of numerous novel protocols and guidelines for the safe 
intubation of patients with or at risk of having COVID-19 
[12–22]. To date, these protocols have been site-specific, 
variable, and based on extrapolation of previous knowledge 
to new clinical contexts.

Prior to the COVID-19 pandemic, a prospective observa-
tional study characterizing current practices and patient out-
comes related to emergent intubation by emergency medicine 
(EM) and Critical Care teams was already underway at our 
center. During this study, a natural experiment emerged when 
in response to the pandemic, the previously varied approaches 
to emergent intubation were quickly standardized to a “COVID-
Protected Rapid Sequence Intubation (RSI) Protocol”. This pro-
tocolized approach was developed by local airway management 
experts and included multiple equipment, personnel, technique, 
and implementation considerations including an in situ simula-
tion approach (see Appendix 1). The resultant study aimed to 
answer the question; in adult ED patients undergoing emergent 

Introduction

Approximately 1–2% of people who contract COVID-19 
become critically ill [1], many requiring intubation and 
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intubation by EM and Critical Care teams, does the use of a 
“COVID-Protected RSI Protocol” impact first-pass success or 
other intubation-related outcomes?

Methods

Study design and time period

We conducted a single-center, prospective observational, 
quasi-experimental study. Data were prospectively collected 
on consecutive emergent intubations performed by the EM 
and Critical Care teams before and after implementing a 
standardized “COVID-Protected Rapid Sequence Intubation 
Protocol” from September 2019 to November 2020. The pro-
tocol was introduced in April 2020. Ethics approval for this 
study was obtained from the University of Manitoba Health 
Research Ethics Board. Patient consent was not required.

Study setting

This study was performed in Winnipeg, Manitoba at the 
Health Sciences Center, a provincial tertiary care center 
for trauma, transplants, burns, neurosciences, complex can-
cer care, and pediatrics, serving approximately 1.3 million 
people.

Study population

Patients were eligible to be included in the study if they presented 
to or were admitted to the Health Sciences Center and required 
emergent intubation. Consecutive adult patients (≥ 17 years old) 
intubated by EM or Critical Care teams were enrolled. Patients 
intubated in the operating room were excluded.

Intervention

The intervention of interest was the “COVID-Protected RSI 
Protocol”, hereafter referred to as “the protocol”. This pro-
tocolized approach to emergent airway management was 
institutionally adopted for all emergent intubations per-
formed by EM or Critical Care teams at our institution in 
response to the COVID-19 pandemic. The protocol required 
full AGMP personal protective equipment and included an 
in situ simulation training rollout which was provided to all 
intubating services, an airway checklist, RSI by an experi-
enced intubator, video laryngoscopy (VL), and avoidance of 
hand-ventilation (see Appendix 1).

Outcome measures

The primary outcome was first-pass success for intubations 
performed by EM or Critical Care teams before and after 

institution of the protocol. Similar to other studies, first-pass 
success was defined as the successful intubation of the tra-
chea with a single insertion of a laryngoscope blade [23]. 
Pre-specified secondary outcomes included best Modified 
Cormack–Lehane view, post-intubation hypoxemia, post-
intubation hypotension, esophageal intubation, cannot intu-
bate/cannot oxygenate scenarios, CPR post intubation, Inten-
sive Care Unit (ICU) mortality, ICU length of stay (LOS), 
and total mechanical ventilation days.

Data collection

We developed and pre-tested a standardized data collec-
tion form that was completed by the Respiratory Therapist 
(RT) attending to each intubation (see Appendix 2). The RT 
would liaise with the physician performing the intubation 
for clarification of details as required. These forms were 
stored in the RT department offices. Additional variables 
were extracted through a paired health records review.

Data analysis

All statistics were conducted using SAS version 9.4 (SAS 
Institute, Cary NC). Baseline characteristics, location, equip-
ment, medication, and operator characteristics are reported 
as mean, median, and interquartile range (IQR) or as fre-
quencies and proportions according to type of variable. Our 
primary outcome, the proportions of patients with first-pass 
success before and after the introduction of the protocol, 
was compared using a Pearson chi-squared test. Secondary 
outcomes were compared between protocol periods using 
Pearson χ2 tests for dichotomous or categorical variables 
and non-parametric Mann–Whitney tests for continuous 
variables. For comparisons of baseline characteristics and 
secondary outcomes, we present p values corrected for 
the false discovery rate (FDR) [24] to account for multiple 
comparisons.

Subgroup analyses explored whether the effect of the pro-
tocol intervention on the outcome varied across the levels 
of a priori defined subgroups. Subgroup analyses were per-
formed using multivariable logistic regression with hetero-
geneity of treatment effect tested by including an interaction 
between the protocol intervention and subgrouping variable. 
We evaluated primary and secondary outcomes between ED, 
ICU and ward settings; by provider experience; anticipated 
anatomical difficulty; anticipated physiologic difficulty; use 
of paralytic and by video versus direct laryngoscopy. Pro-
vider experience was dichotomized with an ‘experienced 
intubator’ being defined as either an attending staff physician 
in critical care or emergency medicine or any third-, fourth-, 
or fifth-year emergency medicine, anesthesiology or critical 
care medicine resident.
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Sample size

The primary outcome (first-pass success) was tested as a 
comparison of proportions. Several studies have reported 
first-pass success rates of 80–87% for intubations performed 
in the ICU and Emergency Room setting [23, 25]. Based 
on this literature and the high prevalence of junior trainees 
performing initial intubation attempts at our institution, we 
made a conservative estimation of 75% first-pass success in 
the ‘before’ group. This rate of first-pass success was used 
as the comparative baseline. It was estimated that N = 200 
intubations would be required in the post-intervention period 
to detect a 10 percentage-point improvement in first-pass 
success with 80% power, assuming a 5% type-1 error rate.

Results

During the 14-month study period, a total of 630 patients 
were enrolled; 416 patients in the pre-protocol period and 
214 patients in the post-protocol period (Fig. 1).

Baseline characteristics

Patients intubated pre-pandemic and patients intubated dur-
ing the pandemic using the protocol differed significantly 
with respect to: location (ED 41% vs 51%, ICU 46% vs 44%, 
Ward 11% vs 4%); use of direct laryngoscopy (DL) ver-
sus video laryngoscopy (VL) (VL 54% vs 85%); intubator 

experience (experienced 46% vs 68%); use of paralytic (67% 
vs 86%), type of sedative used (Midazolam 28% vs 16%, 
Fentanyl 26% vs 12%, Ketamine 43% vs 69%, etomidate 
14% vs 7%, Propofol 37% vs 18%); paralytic use (use pre-
protocol 67% vs 86%); pre-oxygenation method (BVM 87% 
vs 80%, Nasal prong 36% vs 25%); and use of nasal prongs 
for oxygenation during intubation (36% vs 19%) (Table 1).

Primary outcome

The first-pass success rate in the pre-COVID period was 
found to be 73.1% (n = 304). Following the introduction of 
the protocol, the first-pass success rate increased to 82.2% 
(n = 176, p = 0.01) (Table 2).

Secondary outcome

There were statistically significant improvements in the sec-
ondary outcomes of Modified Cormack–Lehane view (47% 
Grade I vs 67%, p = 0.019), and rates of esophageal intu-
bation (5% vs 0.5%, p = 0.017). There were no statistically 
significant differences in the secondary outcomes of hypoxia 
(10.1% vs 12.9%, p = 0.42), hypotension (12.3% vs 8.8%, 
p = 0.34), cannot intubate/cannot oxygenate scenarios (no 
events), CPR post intubation (0.5% vs. 2.3%, p = 0.11), ICU 
mortality (17.3% vs. 18.1%, p = 0.85), mechanical ventila-
tion days (3 vs 3 days, p = 0.38) or ICU length of stay (5.46 
vs. 7.23 days, p = 0.05) (Table 2).

Fig. 1  Enrollment, intervention, and analysis
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Table 1  Patient, Location, 
Equipment, Medication, and 
Operator Characteristics

Pre-protocol
(N = 416)

Post-protocol
(N = 214)

Age, median, IQR 58.00
43.5–69

56.50
37–66

Male, n (%) 253 (62) 144 (67)
Body Mass Index (kg/m2), median, IQR 26.8

23.92–31.92
36.37
23.17–29.92

Location, n (%)
 Ward 47 (11.4) 10 (4.8)
 ICU 192 (46.7) 92 (44.0)
 ED 172 (41.9) 107 (51.2)

Baseline systolic blood pressure, median, IQR 128.00
109–148

127
108–157

Mean arterial pressure, median, IQR 93
79–107

92.50
80- 109

Baseline heart rate, median, IQR 107
88–124

104
86- 121.5

Baseline  SaO2, median, IQR 97
94–100

98
93–100

Sedation medications, n (%)
 Midazolam 120 (28.9) 36 (16.7)
 Fentanyl 112 (26.9) 28 (12.9)
 Ketamine 181 (43.5) 150 (69.4)
 Etomidate 60 (14.4) 17 (7.87)
 Propofol 154 (37.0) 41 (18.9)

Lidocaine spray, n (%) 14 (3.4)  < 5 (1.9)
Paralytic medications, n (%) 280 (67.3) 186 (86.1)
Reason for ICU admission, n (%)
 Respiratory failure 59 (16.5) 21 (11.1)
 Sepsis 83 (23.2) 17 (8.9)
 Trauma 10 (2.8) 10 (5.3)
 Seizure 22 (6.2) 17 (8.9)
 Intracranial hemorrhage/stroke 36 (10.1) 15 (7.9)
 Airway protection 0 (0)  < 5 (0.5)
 Liver failure 9 (2.5)  < 5 (1.1)
 Failure of extubation
 Cardiac 60 (16.76) 12 (6.4)
 Hemorrhage hypovolemia 17 (4.8) 36 (19.1)
 Pneumonia 23 (6.42) 5 (2. 7)
 Other 28 (7.8) 53 (28.0)
 Toxidrome 11 (3.1) 0 (0)

APACHE II, median, IQR 23.0
17.0–29.0

22.0
17.0–29.0

Charlson Comorbidity Index, median, IQR 2.0
1.0–4.0

2.0
1.0–4.0

Physiologically difficult airway, n (%) 115 (31.7) 52 (25.0)
Anatomically difficult airway, n (%) 101 (24.3) 45 (20.8)
Indication for intubation, n (%)
 Hypoxemia 141 (33.9) 71 (32.87)
 Self-extubation 6 (1.4)  < 5 (.93)
 Hypercapnia 59 (14.2) 26 (12.0)
 Cardiac arrest 35 (8.4) 11 (5.1)
 Airway protection 194 (46.6) 116 (53.7)
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Subgroup analysis

There was a significant interaction between the study time 
period (pre-protocol versus post-protocol period) and ana-
tomical difficulty with respect to the risk of hypoxemia. For 
those with a non-anatomically difficult airway, the risk of 
hypoxemia increased from 8.9% in the pre-protocol period 
to 16.4% in the post-period (OR = 2.0, 95% CI = 1.15, 3.5, 
p = 0.01) while for those with anatomically difficult airways 
(2 or more difficult features), the risk decreased from 20.8% 

to 8.9% (OR = 0.37, 95% CI = 0.12, 1.15, p = 0.01). No other 
interactions were significant. (Table 3).

Discussion

Interpretation of findings

This single-center prospective observational study com-
paring intubation-related outcomes before and after the 
introduction of a “COVID-Protected RSI Protocol” found a 

APACHE II Score Estimates ICU mortality based on a number of laboratory values and patient signs taking 
both acute and chronic illness into account, Charlson Comorbitity Index Score Predicts ten-year mortality 
in patients with multiple comorbidities, BVM Bag Valve mask, BURP backward, upward rightward pres-
sure

Table 1  (continued) Pre-protocol
(N = 416)

Post-protocol
(N = 214)

 Increased work of breathing 100 (24.04) 44 (20.37)
 Anticipated course 175 (42.1) 87 (40.3)
 Failed extubation 19 (4.6) 9 (4.2)
 Tube exchange 8 (1.9)  < 5 (1.9)
 Other 0 0

Experienced intubator, n (%) 180 (46.1) 124 (68.1)
Direct vs. video laryngoscopy, n (%)
 Direct 187 (45.6) 28 (14.1)
 Video 223 (54.4) 171 (85.93)
 Surgical 0 0

Tube size, n (%) (6, 9, 10 were excluded because of sample 
size)

 Size 7 26 (8.6) 14 (9.7)
 Size 8 276 (91.4) 131 (90.3)

Pre-oxygenation method, n (%)
 BVM 362 (87.02) 174 (80.56
 Facemask 34 (8.2) 10 (4.6)
 Nasal prong 153 (36.8) 55 (25.5)
 Bi-level positive airway pressure 26 (6.3) 11 (5.1)
 High-flow nasal cannula 13 (13.1) 10 (4.6)
 Heliox 0 0

BVM # of persons, n (%)
 Zero 68 (16.4) 64 (29.63)
 One 245 (58.9) 108 (50.0)
 Two 103(20.8) 44 (20.4)

Oxygenation during intubation, n (%)
 Nasal prongs 153 (36.8) 43 (19.9)
 High-flow nasal cannula 13 (13.1) 10 (4.6)

Airway Technique/Maneuver, n (%)
 Corkscrew 43 (10.3) 19 (18.8)
 BURP 67 1(6.1) 27 (12.5)
 Suctioning 56 (13.5) 22 (10.2)
 Downsize tube 6 (1.4)  < 5 (0.5)
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statistically significant increase in first-pass success in intu-
bations performed using the protocol without any significant 
increase in adverse outcomes.

Significant improvements in first-pass success observed 
in the post-protocol cohort were associated with several 
contextual changes including an increased proportion of 
intubations occurring in the ED, increased use of RSI, VL, 
and increased proportions of intubations performed by 
experienced operators. Other key elements of the proto-
col included the use of a standardized airway checklist and 
an in situ simulation implementation approach. While our 
study design precluded causal inference, these findings are 
in keeping with current airway management paradigms. The 
implementation of the protocol was temporally associated 
with decreases in esophageal intubations. No significant dif-
ferences were found in pre-specified adverse events overall. 
Whether the protocol prevented or reduced transmission 
of COVID-19 to staff during intubation was not evaluated 
in our study. However, upon completion of the study, local 
administration in the ED and Critical Care indicated to no 
occupational cases of COVID-19 and were traced back to 
included intubations. In subgroup analyses, we observed 
increases in hypoxemia during intubation of anatomically 
easy airways for the protocol-exposed group and decreases 

in hypoxemia during intubation of anatomically difficult 
airways. We theorize that an increase in the use of paralyt-
ics and VL in the protocol may have led to better intubat-
ing conditions and quicker success in anatomically difficult 
airways, whereas the disincentive to manual bagging and 
pre-oxygenation may have led to slightly more hypoxia in 
anatomically easy airways, although this hypothesis was not 
expressly tested. These findings may also have been spurious 
due to multiple comparisons.

Comparison to previous studies

Subgroup analyses revealed no difference in the relation-
ship between experience of the intubator and first-pass suc-
cess, hypoxemia or hypotension in the pre- and post-COVID 
periods. The improvement in first-pass success noted in the 
post-COVID period was, therefore, not a function of the 
experience of the intubator. In fact, in a forthcoming publi-
cation of the original study evaluating predictors of first-pass 
success and adverse outcomes from the pre-COVID period, 
we found that intubator experience was significantly posi-
tively related to the odds of first-pass success [26]. Extant 
literature certainly supports greater operator experience 
being associated with first-pass success [7, 27]. Indeed, a 

Table 2  Primary and secondary outcomes

CPR cardiopulmonary resuscitation, ICU intensive care unit, FDR false discovery rate

Pre-protocol
(N = 416)

Post-protocol
(N = 214)

p value

Primary outcome
 First-pass success (%) 304 (73.08) 176 (82.2) 0.01

Pre-protocol
(N = 416)

Post-protocol
(N = 214)

FDR 
Adjusted p 
value

Secondary outcomes
 Best Modified Cormack–Lehane view
  Grade I 189 (47.6) 121 (67.7) 0.02
  Grade IIa 109 (27.5) 44 (22.6)
  Grade IIb 44 (11.1) 21 (10.7)
  Grade III 33 (8.3) 7 (3.6)
  Grade IV 22 (5.5) 3 (1.5)

 Hypoxemia, n (%) 42 (10.1) 28 (12.9) 0.42
 Hypotension, n (%) 51 (12.3) 19 (8.8) 0.34
 Esophageal intubation, n (%) 21 (5.1) 1 (0.5) 0.02
 Cannot intubate Cannot Oxygenate, n (%) 0 0 –
 CPR post intubation, n (%) 2 (0.5) 5 (2.3) 0.11
 ICU mortality, n (%) 72 (17.3) 39 (18.1) 0.85
 ICU length of stay (median, IQR) 5.46

2.47–10.6
7.23
2.78–15.96

0.052

 Mechanical ventilation days (median, IQR) 3.0
2.0–7.5

3.0
2.0–12.0

0.38
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recent evaluation of an attending anesthesiology-led airway 
management team during the COVID-19 pandemic in a 
Canadian center found a 91% first-pass success rate [28]. 
Multiple intubation attempts put patients with COVID-19 
at increased risk of deterioration and the healthcare team 
at potential risk of COVID-19 transmission. The protocol 
recommended patients with COVID-19 be intubated by the 
most-experienced available intubator as a way of mitigat-
ing these risks. Our teaching center’s lower than expected 
first-pass success rates in the pre-protocol period may have 
been influenced by a greater comparative number of inex-
perienced trainees performing intubations, particularly on 
critical care teams.

Our finding of improved Cormack–Lehane view post-
protocol is consistent with several studies conducted in the 
ED and ICU that concluded VL improves glottic exposure 
and increases first-pass success rates [29–33]. Nevertheless, 
debate exists regarding the superiority of VL to DL [34]. A 
recent international prospective observational cohort study 
examining intubation evaluated 4476 episodes of intubation 
from 32 countries in patients with suspected or confirmed 
COVID did not show any improvement in first-pass success 
with VL [35]. Proposed advantages of VL compared to DL 
include decreased proximity of operators to the patient’s 
airway (potentially reducing transmission of droplet-trans-
mitted or airborne respiratory infections), increased speed of 

intubation, quality of view obtained, and reduced incidence 
of peri-intubation adverse events [34]. The use of paralytic 
medications during RSI is another technical element of air-
way management that has been reported to improve laryn-
geal view and first-pass success. Airway expertise as well as 
comfort with multiple airway techniques including surgical 
airway approaches is required when using paralytics due to 
the risk of death to patients if the provider is unable to secure 
an airway [36–38]. As such the promotion of VL use along 
with an RSI approach by most-experienced operators in our 
intervention is suspected to have contributed to our observed 
increase in first-pass success.

Implementation of the protocol was combined with an 
in situ simulation implementation strategy. The rapid adop-
tion of changes to usual practice, without an appropriate 
implementation strategy, can result in increased cognitive 
burden for practitioners. In the early stages of the pandemic, 
some experts in quality improvement suggested the medi-
cal treatment of COVID-19 may not be our greatest chal-
lenge, but rather the rapid implementation of new complex 
protocols and procedures [39]. Experience gained through 
computerized simulator training can improve airway man-
agement on scenario-based respiratory arrest assessments 
[40, 41]. A recent systematic review further supports that 
in situ simulation programs can improve patient outcomes 
[42]. In situ simulation allows teams to test processes, create 

Table 3  Subgroup analysis; the 
interaction between the protocol 
intervention and subgrouping 
variable

Each cell shows the odds ratio comparing the post- to the pre-COVID period with respect to the outcome 
in the given column. P values are from interaction terms in multivariable logistic regression models, which 
test whether the post-versus-pre odds ratios significantly differ between subgroups
*No hypoxemia events occurred in the post-COVID period for those not receiving paralytics. P value for 
interaction test may be unreliable

Variable Subgroups Multiple attempts Hypoxemia Hypotension

Location Ward 0.34 1.22 2.81
ICU 0.58 0.92 0.71
Emergency 0.74 2.28 0.44

p = 0.66 p = 0.23 p = 0.13
Primary Intubator Experience Not experienced 0.78 1.30 0.59

Experienced 0.75 1.44 1.02
p = 0.93 p = 0.85 p = 0.37

Paralytic at First Intubation None 0.67 0* 0.68
Roc/Succ 0.69 1.61 0.64

p = 0.95 p = 0.97 p = 0.93
Physiologically Difficult Airway Yes 0.54 1.56 1.29

No 0.70 1.47 0.42
p = 0.58 p = 0.91 p = 0.05

Anatomically Difficult Airway  < 2 Difficulties 0.61 2.00 0.68
2 + Difficulties 0.54 0.37 0.48

p = 0.79 p = 0.01 p = 0.64
Laryngoscopy Method Direct 0.54 0.28 0.54

Video 0.78 1.54 0.89
p = 0.50 p = 0.11 p = 0.48



131Canadian Journal of Emergency Medicine (2023) 25:123–133 

Vol.:(0123456789)1 3

a shared mental model and mitigate human factors that con-
tribute to error. During the COVID-19 pandemic, in situ 
simulation has been shown to be effective in identifying 
latent safety threats including inadequate preparedness for 
infection control, knowledge gaps regarding evidence-based 
practices, as well as lack of leadership and communication 
[43]. One recent Canadian prospective observational study 
reported increased rates of first-pass success when intuba-
tors had more experience intubating COVID-19 patients and 
theorized that adaptation through experience was the factor 
that likely led to this improved outcome [35]. Accordingly, 
the early and systematic use of in situ simulation during the 
implementation of the protocol may have contributed to the 
increase in first-pass success observed.

Strengths and limitations

The main limitation of this study is the inability to establish 
a causal relationship between our protocol and the identified 
improved outcomes due to the observational nature of the study, 
a changing population, evolving understanding of the manage-
ment of patients with COVID-19 and a multifaceted interven-
tion. Moreover, first-pass success is not a patient-oriented vari-
able; intubation-related mortality or major morbidity would be 
more patient-oriented but were uncommon. This study is also 
representative of a single-center experience, limiting its gener-
alizability. The use of this protocol by other centers, as means 
of decreasing risk of COVID-19 transmission and improving 
first-pass success, may also be limited by availability of in situ 
simulation and video laryngoscopy. Furthermore, intubation by 
the most-experienced intubator is not always be feasible as it 
may negatively impact trainees. Additionally, we did not specifi-
cally adjudicate HCW safety.

The prospective nature of this study allowed for detailed 
collection of peri-intubation clinical variables that can be 
missing from the medical record and better adjudication 
of outcomes. Standardized data collection for all consecu-
tive cases by a neutral party (RT) may have also reduced 
reporting bias. To our knowledge, there are no prospective 
studies comparing intubation outcomes before and after 
the introduction of an intubation protocol instituted during 
the COVID-19 pandemic. Other studies have prospectively 
described intubation practices and protocols during the pan-
demic but lack the advantage of comparative data prospec-
tively collected before implementation.

Clinical and research implications

The improvement in first-pass success after implement-
ing a “COVID-19-Protected RSI Protocol” is a compelling 
finding and supports an opportunity for further research to 
explore whether specific components of the protocol and its 
implementation are responsible for observed improvements. 

Moreover, anticipating future respiratory pandemics, with 
similar modes of transmission, our protocol can serve as a 
foundation to inform the development and implementation 
of safe and effective emergent endotracheal intubation pro-
tocols for both staff and patients. Additional research will 
be needed to establish causality in the association between 
the protocol and improved first-pass success and to evaluate 
the impact of this protocol on HCW safety.

Conclusion

We describe the implementation of a “COVID-Protected 
RSI Protocol” and identify correlates of efficacy and patient 
safety. Following the implementation of this standardized 
protocol, we observed an increase in first-pass success dur-
ing emergent intubations. Standardization and simulation-
supported implementation of the protocol may have contrib-
uted to observed improvements in clinical results. This study 
not only provides useful information and lessons for health-
care teams intubating patients with transmissible respiratory 
infections, but also identifies modifiable factors associated 
with improved first-pass success.
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