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Abstract

Objective: In response to COVID-
19, we introduced and examined the
effect of a raft of modifications to
standard practice on adverse events
and first-attempt success (FAS) asso-
ciated with ED intubation.
Methods: An analysis of prospectively
collected registry data of all ED intu-
bations over a 3-year period at an
Australian Major Trauma Centre.
During the first 6 months of the
COVID-19 pandemic in Australia, we
introduced modifications to standard
practice to reduce the risk to staff
including: aerosolisation reduction,
comprehensive personal protective
equipment for all intubations, regular
low fidelity simulation with ‘sign-off’
for all medical and nursing staff, senior
clinician laryngoscopist and the intro-
duction of pre-drawn medications.
Results: There were 783 patients,
136 in the COVID-19 era and
647 in the pre-COVID-19 compara-
tor group. The rate of hypoxia was

higher during the COVID-19 era
compared to pre-COVID-19 (18.4%
vs 9.6%, P < 0.005). This occurred
despite the FAS rate remaining very
high (95.6% vs 93.8%, P = 0.42)
and intubation being undertaken by
more senior laryngoscopists (consul-
tant 55.9% during COVID-19 vs
22.6% pre-COVID-19, P < 0.001).
Other adverse events were similar
before and during COVID-19 (hypo-
tension 12.5% vs 7.9%, P = 0.082;
bradycardia 1.5% vs 0.5%,
P = 0.21). Video laryngoscopy was
more likely to be used during
COVID-19 (95.6% vs 82.5%,
P < 0.001) and induction of anaes-
thesia more often used ketamine
(66.9% vs 42.3%, P < 0.001) and
rocuronium (86.8% vs 52.1%,
P < 0.001).
Conclusions: This raft of modifica-
tions to ED intubation was associ-
ated with significant increase in
hypoxia despite a very high FAS
rate and more senior first
laryngoscopist.

Key words: airway management,
COVID-19, rapid sequence
intubation.

Introduction
ED intubation (EDI) is a commonly
performed procedure which has been
associated with a higher risk of
adverse events than intubations
occurring in the operating theatre.1

However, multiple quality improve-
ment studies have demonstrated that
EDI can be achieved with a high
first-attempt success (FAS) rate, and
relatively low adverse event rate,2,3

consistent with the prior work
highlighting the association between
multiple attempts at intubation and
adverse events.4

This year a novel coronavirus,
SARS-CoV-2, was declared a
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Key findings
• In response to the COVID-19

pandemic, a range of modifi-
cations to the practice of EDI
were introduced in an attempt
to protect healthcare workers
from infection.

• Modifications to the
standardised practice of EDI
at this tertiary centre ED was
associated with increased
rates of hypoxia despite high
first-attempt success rate and
senior first laryngoscopist.
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pandemic by the World Health
Organization on 11 March 2020.
The associated disease, COVID-19,
may cause severe respiratory illness,
and the virus is highly contagious,
which has led to fears about the risks
to healthcare workers (HCWs)
involved in the care of these patients,
particularly during aerosol-
generating procedures such as intu-
bation.5 In Australasia, the Safe
Airway Society (SAS) released a con-
sensus guideline, endorsed by numer-
ous critical care and paramedical
colleges and societies including the
Australasian College for Emergency
Medicine, the College of Intensive
Care Medicine and the Australian
and New Zealand Intensive Care
Society with recommendations for
improving the safety of this proce-
dure.6 The recommendations
included modifications to standard
practice which may reduce the risk
of aerosol generation, such as
avoiding the use of apnoeic oxygena-
tion and limiting ventilation during
apnoea; however, there has been
concern that these changes may lead
to an increased risk of hypoxia.6,7

On 17 March 2020, an extraordi-
nary meeting of Alfred Health emer-
gency physicians was convened to
discuss how to best implement the
recommendations of the SAS in our
department to ensure the safety of
HCW while maintaining optimal
care for patients requiring EDI.
The objective of this study was to

identify the consequences of the
modifications to established prac-
tice, as well as the impact of
COVID-19 itself, on the rate of
hypoxia (primary outcome) as well
as FAS (secondary outcome). The
Alfred Airway registry was modi-
fied to capture additional data
including information relating to
personal protective equipment
(PPE) usage, intubation team size
and makeup. We hypothesised that
there would be an increase in both
the rate of hypoxia, as a result of
an anticipated increase in respira-
tory failure because of COVID-19,
and the rate of FAS, as a result of
increased experience of the
laryngoscopist.

Methods
Setting

The study was undertaken at The
Alfred Hospital, which is one of two
Level 1 Adult Trauma Centres in the
Victorian State Trauma System,
located in Melbourne, Victoria,
Australia, which sees over 65 000
patients per year.

COVID-19 modifications

ED airway management was identi-
fied as a potentially high risk under-
taking and the following
modifications to standard practice
were implemented:
• Aerosolisation risk reduction:

apnoeic oxygenation, with nasal
cannula, was no longer permitted
and ventilation during apnoea
was reserved for patients at high
risk of life-threatening hypoxia
(as determined by the resuscita-
tion team leader).

• Standardised PPE for all intuba-
tions in the ED, irrespective of
likelihood of COVID-19 based on
epidemiological and clinical
assessment.

• Low-fidelity simulation for all ED
staff, with compliance ‘sign-off’,
over a 2-week period followed by
ad hoc refreshers. We found that
training together greatly improved
the communication between the
airway doctor and airway nurse,
as well as identifying minor
adjustments in the process during
these sessions (such as a standard
way to switch from bag–valve–
mask [BVM] to ventilator with in-
line suction circuit setup).

• Senior clinician involvement:
based on the assumption that mul-
tiple attempts at intubation are
associated with adverse events4

and our prior study showing that
emergency physicians had a
slightly higher FAS rate.3

• Online Airway Registry updated
with an additional focus on identi-
fying PPE compliance issues and
the number of people in the room.

• Introduction of pre-drawn drug
packs. Based on our prior
research3 and the recommenda-
tions of the SAS,6 we introduced a

standardised pack of induction
drugs for rapid sequence intuba-
tion (RSI), including ketamine
200 mg in 20 mL, rocuronium
3� 50 mg in 5 mL and fentanyl
500 mcg in 10 mL.

Design

A pre- and post-exposure study
methodology analysing prospectively
collected registry data. We have pre-
viously described in detail our stan-
dard bundle of airway management
including a clinician completed
online registry, monthly education
based on audit of the registry data
and an RSI checklist.3 An example
of the data registry used can be
viewed here: https://form.jotform.
com/210721671954860.

Definitions

We defined an episode of intubation
as the process of securing an endo-
tracheal tube in a patient, and an
attempt at intubation was defined
as a single passage of the laryngo-
scope blade into the mouth, in
accordance with the published
literature.8

Data

We extracted data from August 2017
(after the airway bundle had been
introduced) until 30 September 2020
(6 months after the introduction of
COVID-19 modifications). Every
patient who was intubated during the
study period was included.

Outcomes

The primary outcome for this study
was the incidence of hypoxia (oxygen
saturations decreased to less than
93%). The secondary outcome was
FAS rate, recorded as a binary vari-
able and reported using proportions.
Changes in practice related to EDI
will also be analysed as well as other
serious complications including hypo-
tension (where the patient was admin-
istered IV fluid or vasopressors),
bradycardia (heart rate decreased to
less than 60 beats per minute), aspira-
tion, oesophageal intubation,
endobronchial intubation and cardiac
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arrest. All data were entered into the
registry by the clinician performing
the airway intervention, or the respon-
sible emergency medicine trainee,
immediately after the procedure.

Statistical analysis

Continuous variables were
summarised as mean and standard
deviation (SD) for normally distrib-
uted variables, and median and IQR
in cases of non-parametric distribu-
tion. Categorical variables are pres-
ented as frequencies (n) and
proportions (%). Continuous vari-
ables were assessed using the Stu-
dent’s t test, while skewed or
categorical data used the chi-squared
test or Fisher’s exact test (if number
in a cell was <5). We calculated rela-
tive risk with 95% confidence inter-
val (CI) for the binary primary
outcome. Two-sided P values of
<0.05 were deemed statistically sig-
nificant. We used Stata V.13.1
(StataCorp, College Station, TX, USA).

Patient and public involvement

Patients and/or the public were not
involved in the design, or conduct,
or reporting, or dissemination plans
of this research.

Ethics

Necessary ethics committee approval
was secured for the study reported.
Approval for conducting this study
was received from the Alfred Health
Research and Ethics Committee
(approval number 640/18).

Results
There were 136 patients enrolled
during COVID-19 and 647 patients
in the pre-COVID-19 era in the reg-
istry. There were no differences in
patient characteristics between the
two groups (Table 1).
The first-attempt laryngoscopists

were more senior clinicians, with
consultants performing 55.9% (n =
76/136) versus 22.6% (n = 146/647)
prior to COVID-19 (P < 0.001).
Preoxygenation was still predomi-
nantly performed with BVM
although during the COVID-19 era
preoxygenation with BVM
+ positive end-expiratory pressure
(PEEP) was more likely to be used.
There was a shift toward the use of
more ketamine and rocuronium for
induction of anaesthesia. The Storz
C-MAC video laryngoscope was
used more frequently with video-
laryngoscopy performed for 95.6%

(n = 130/136) of intubations in the
COVID-19 era (Table 2).
Among the first-attempt intuba-

tions, across the 783 patients, there
was no statistically significant differ-
ence between FAS rate between the
specialities (94.8% ED vs 92.15%
non-ED, P = 0.18).
The incidence of hypoxia increased

from 9.6% (n = 62/647) pre-
COVID-19 to 18.4% (n = 25/136)
during COVID-19, significantly
(P = 0.003). There were no statisti-
cally significant differences in hypo-
tension (P = 0.08), bradycardia
(P = 0.21) or other complications.
First-pass success rate increased
slightly but without statistical signifi-
cance (P = 0.42) (Table 3).
Forty-six patients required more

than one intubation attempt (40 pre-
COVID-19 and six during COVID-
19). Among these 46 patients, the
incidence of hypoxia was 40% pre-
COVID-19 (n = 16/40) compared to
67% (n = 4/6) during COVID-19
(P = 0.38). Only four patients in the
study period (three pre-COVID-19
and one during COVID-19) required
three intubation attempts.

Discussion
This study compared EDI before and
after the introduction of modifications

TABLE 1. Study sample description in pre-COVID-19 and during COVID-19

Pre-COVID-19, n = 647 During COVID-19, n = 136 P-value

Age (years), mean (SD) 43.2 (18.1) 45.4 (19.6) 0.20

Male, n (%) 461 (71.3%) 96 (70.6%) 0.88

Weight (kg), mean (SD) 78.2 (20.1) 78.7 (22.6) 0.80

Indication

Non-trauma/medical 365 (56.4%) 72 (52.9%) 0.46

Trauma 282 (43.6%) 64 (47.1%)

Glasgow Coma Scale, n (%)

3–8 383 (59.2%) 84 (61.8%) 0.71

9–13 155 (24.0%) 33 (24.3%)

14–15 109 (16.8%) 19 (14.0%)

Respiratory rate (breaths/min), median (IQR) 18 (14, 22) 16.0 (12.0, 22.5) 0.29

Systolic blood pressure (mmHg), median (IQR) 135 (110, 156) 138 (104, 170) 0.90

Heart rate (beats/min), median (IQR) 99 (80, 120) 99 (71, 114) 0.25

SpO2 (%), median (IQR) 100 (96, 100) 100 (97, 100) 0.51
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TABLE 2. Differences in intubation details before and during COVID-19

Variable Pre-COVID-19, n = 647 During COVID-19, n = 136 P-value

Pre-RSI checklist used 550 (85.0%) 116 (85.3%) 0.93

Specialty and seniority (laryngoscopist)

ED consultant 97 (15.0%) 45 (33.1%) <0.001

ED registrar 411 (63.5%) 39 (28.7%)

Anaesthetic consultant 49 (7.6%) 28 (20.6%)

Anaesthetic registrar 84 (13.0%) 20 (14.7%)

ICU consultant 0 (0.0%) 3 (2.2%)

ICU registrar 6 (0.9%) 1 (0.7%)

Pre-Ox final device used

BVM + PEEP 252 (38.9%) 86 (63.2%) <0.001

BVM 309 (47.8%) 38 (27.9%)

NRBM 41 (6.3%) 6 (4.4%)

NIV 31 (4.8%) 4 (2.9%)

SGA 14 (2.2%) 2 (1.5%)

Apnoeic O2

NIL 159 (24.6%) 82 (60.3%) <0.001

BVM ventilation 79 (12.2%) 36 (26.5%)

NP 354 (54.7%) 13 (9.6%)

NIV 11 (1.7%) 3 (2.2%)

NP + BVM ventilation 41 (6.3%) 1 (0.7%)

SGA 2 (0.3%) 0 (0.0%)

Patient position

Flat 265 (41.0%) 71 (52.2%) 0.015

Pillow or occipital pad 203 (31.4%) 27 (19.9%)

Bed tilt head up 90 (13.9%) 24 (17.6%)

Ramped or head up 89 (13.8%) 14 (10.3%)

Primary sedative agent used

Ketamine 274 (42.3%) 91 (66.9%) <0.001

Propofol 193 (29.8%) 24 (17.6%)

Thiopentone 112 (17.3%) 9 (6.6%)

NIL 25 (3.9%) 7 (5.1%)

Other 38 (5.9%) 3 (2.2%)

Midazolam 5 (0.8%) 2 (1.5%)

Muscle relaxant used

Rocuronium 337 (52.1%) 118 (86.8%) <0.001

Suxamethonium 295 (45.6%) 12 (8.8%)

Other 15 (2.3%) 6 (4.4%)

Laryngoscope type

CMAC 523 (80.8%) 128 (94.1%) <0.001

Macintosh (direct) 110 (17.0%) 5 (4.8%)

CMAC + D-Blade 11 (1.7%) 2 (1.5%)

(Continues)
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to standard EDI practice for the
COVID-19 pandemic. We found that
intubations during the COVID-19 era
were associated with more hypoxia.
This is despite the fact that the intuba-
tions were performed by a more senior
cohort of laryngoscopist during the
COVID-19 era, with a high FAS rate.

We hypothesised increased rates of
hypoxia during the COVID-19 era
as we had expected the virus itself to
result in a higher proportion of
patients with significant lung pathol-
ogy. The proportion of patients with
respiratory failure did not change,
however, and we have only identified

a single patient who subsequently
tested positive for COVID-19
intubated in our ED during this time.
We must infer therefore that the
increased rates of hypoxia are a con-
sequence of the modifications to
established standard practice. This is
likely to be multifactorial but could

TABLE 2. Continued

Variable Pre-COVID-19, n = 647 During COVID-19, n = 136 P-value

Miller 2 (0.3%) 0 (0.0%)

Surgical airway 1 (0.2%) 1 (0.7%) 0.32

Direct vision or video

Video 237 (36.6%) 106 (77.9%) <0.001

Direct vision 410 (63.4%) 30 (22.1%)

Adjunct

Bougie 494 (76.4%) 105 (77.2%) 0.026

Stylet 35 (5.4%) 1 (0.7%)

Neither 118 (18.2%) 30 (22.1%)

ETT placement confirmation

Waveform capnography 642 (99.2%) 135 (99.3%) 0.68

Clinical confirmation alone 2 (0.3%) 1 (0.7%)

Colour change capnometry 3 (0.5%) 0 (0.0%)

BVM, bag–valve–mask; ETT, endotracheal tube; NIV, non-invasive ventilation; NP, nasal prongs; NRBM, non-rebreather
mask; PEEP, positive end-expiratory pressure; SGA, supraglottic airway.

TABLE 3. Outcomes and disposition before and during COVID-19

Variable Pre-COVID-19, n = 647 During COVID-19, n = 136 P-value

First attempt success? 607 (93.8%) 130 (95.6%) 0.42

Hypoxia 62 (9.6%) 25 (18.4%) 0.003

Hypotension 51 (7.9%) 17 (12.5%) 0.082

Bradycardia 3 (0.5%) 2 (1.5%) 0.21

Aspiration 2 (0.3%) 1 (0.7%) 0.44

Second paralytic agent 7 (1.1%) 0 (0.0%) 0.61

Mainstem intubation 7 (1.1%) 2 (1.5%) 0.66

ED disposition

ICU 419 (64.8%) 96 (70.6%) 0.002

Theatre/angio/cath lab 127 (19.6%) 30 (22.1%)

Transferred to other hospital 23 (3.6%) 5 (3.7%)

Died in ED 15 (2.3%) 4 (2.9%)

Extubated in ED 63 (9.7%) 1 (0.7%)
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include specific changes such as the
removal of nasal cannula apnoeic
oxygenation,9,10 avoidance of BVM
ventilation during apnoea, and rec-
ommending a 60-s delay to laryngos-
copy after muscle relaxant
administration,6 as well as a general
shift in focus toward minimising
aerosolisation to protect HCWs. In
terms of positioning, patient’s
intubated supine during the COVID-
19 era were also less likely to be
positioned with a pillow or occipital
raise which may have impacted
preoxygenation and apnoeic oxygen-
ation efficacy. While mild and tem-
porary peri-intubation hypoxia is
unlikely to have significant conse-
quences for the individual patient,
this finding is a concerning
unintended consequence of the
change in practice. On the one
hand, it may be reasonable to toler-
ate higher rates of hypoxia if it pro-
tects HCWs from infection;
however, in our setting where the
incidence of COVID-19 is so low
and the use of PPE so rigorous, this
change warrants careful consider-
ation. Going forward, the rates of
adverse events may start to decrease
as staff become more familiar with
the ‘new normal’ practices, as well
as through repeated reinforcement
of the need to maintain focus on
preventing hypoxia and hypoten-
sion through our monthly tailored
education program. In addition, we
have introduced a modified
ventilator-assisted preoxygenation
process, using continuous positive
airway pressure for preoxygenation
of patients at high risk of
desaturation.11

This study has limitations. Data
were collected at a single trauma cen-
tre ED and the results may not be
generalisable to other ED. Moreover,
this is a pre-post study where the
post-period is during a pandemic
and, as such, the functioning of the
department is likely to be altered in a
number of ways that are difficult to
quantify. In addition, the self-
reported nature of the registry may
have introduced bias as clinicians
may have been reluctant to report
failed attempts at intubation or
adverse events.

Conclusion
In this observational study before
and during COVID-19, we have
shown that modifications introduced
to maintain HCW safety during the
COVID-19 pandemic may have had
the unintended consequence of
increasing the rate of hypoxia associ-
ated with EDI in this tertiary centre
ED, despite a high FAS rate and
more senior first laryngoscopist.
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