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Abstract
Background: Tracheal intubation is a high-risk intervention for exposure to airborne
infective pathogens, including the novel coronavirus disease 2019 (COVID-19). During
the recent pandemic, personal protective equipment (PPE) was essential to protect staff
during intubation but is recognized to make the practical conduct of anesthesia and intuba-
tion more difficult. In the early phase of the coronavirus pandemic, some simple alterations
weremade to the emergency anesthesia standard operating procedure (SOP) of a prehospital
critical care service to attempt tomaintain high intubation success rates despite the challenges
posed by wearing PPE. This retrospective observational cohort study aims to compare first-
pass intubation success rates before and after the introduction of PPE and an altered SOP.
Methodology: A retrospective observational cohort study was conducted from January 1,
2019 through August 30, 2021. The retrospective analysis used prospectively collected data
using prehospital electronic patient records. Anonymized data were held in Excel (v16.54)
and analyzed using IBM SPSS Statistics (v28). Patient inclusion criteria were those of all
ages who received a primary tracheal intubation attempt outside the hospital by critical care
teams. March 27, 2020 was the date from which the SOP changed to mandatory
COVID-19 SOP including Level 3 PPE – this date is used to separate the cohort groups.
Results: Data were analyzed from 1,266 patients who received primary intubations by the
service. The overall first-pass intubation success rate was 89.7% and the overall intubation
success rate was 99.9%. There was no statistically significant difference in first-pass success
rate between the two groups: 90.3% in the pre-COVID-19 group (n= 546) and 89.3% in the
COVID-19 group (n= 720); Pearson chi-square 0.329; P= .566. In addition, there was no
statistical difference in overall intubation success rate between groups: 99.8% in the
pre-COVID-19 group and 100.0% in the COVID-19 group; Pearson chi-square 1.32;
P = .251.

Non-drug-assisted intubations were more than twice as likely to require multiple
attempts in both the pre-COVID-19 group (n= 546; OR= 2.15; 95% CI, 1.19-3.90;
P = .01) and in the COVID-19 group (n= 720; OR= 2.5; 95% CI, 1.5-4.1; P = <.001).
Conclusion: This study presents simple changes to a prehospital intubation SOP in
response to COVID-19 which included mandatory use of PPE, the first intubator always
being the most experienced clinician, and routine first use of video laryngoscopy (VL).
These changes allowed protection of the clinical team while successfully maintaining the
first-pass and overall success rates for prehospital tracheal intubation.

Avery P, McAleer S, Rawlinson D, Gill S, Lockey D. Maintaining prehospital
intubation success with COVID-19 personal protective precautions. Prehosp Disaster
Med. 2022;00(00):1–5.

Introduction
Well before the current coronavirus pandemic, there was an awareness of the increased risk
of transmission of infective pathogens to health care workers involved in performing aerosol
generating procedures (AGPs).1 Tracheal intubation is recognized as a high-risk interven-
tion for exposure to infective pathogens, such as the novel coronavirus disease 2019
(COVID-19) and influenza. A systematic review reported a more than six-fold increase
of risk of transmission in health care workers performing AGPs such as intubation.2

In the UK, in the initial stages of the coronavirus pandemic, Public Health England
(PHE; London, UK) identified tracheal intubation as exposing clinicians to a potentially
high viral load.3

The World Health Organization (WHO; Geneva, Switzerland) and the United States
Centre for Disease Control and Prevention (CDC; Atlanta, Georgia USA) define

Emergency Retrieval and Transfer Service

(EMRTS) Wales Air Ambulance, Llanelli

Gate, Dafen, Wales, United Kingdom

Correspondence:

PascaleAvery,BMBS,MSc,FHEA,MRCEM

Emergency Medical Retrieval and Transfer

Service (EMRTS Cymru) - EMRTS

Llanelli Gate, Wales Air Ambulance Charity,

Ffordd Angel

Dafen, Llanelli SA14 8LQ, United Kingdom

E-mail: pascale.avery@nhs.net

Conflicts of interest/funding: The authors

declare that they have no competing interests.

No funding was received for this review.

Keywords: apneic oxygenation; COVID-19;

emergency anesthesia; rapid sequence induction;

standard operating procedures; video

laryngoscopy

Abbreviations:

AGP: aerosol generating procedure

COVID-19: coronavirus disease 2019

DL: direct laryngoscopy

PHEA: prehospital emergency anesthesia

PPE: personal protective equipment

RSI: rapid sequence induction

SOP: standard operating procedure

VL: video laryngoscopy

Received: May 26, 2022

Revised: July 22, 2022

Accepted: August 2, 2022

doi:10.1017/S1049023X22001273

© The Author(s), 2022. Published by

Cambridge University Press on behalf of the

World Association for Disaster and Emergency

Medicine.

ORIGINAL RESEARCH

Month 2022 Prehospital and Disaster Medicine

https://orcid.org/0000-0002-0110-0412
mailto:pascale.avery@nhs.net
https://doi.org/10.1017/S1049023X22001273


prolonged close contact as within six feet for a total of 15 minutes
over 24 hours.4 However, with close contact during the induction
phase of anesthesia, there is evidence that even shorter exposure
time has led to one-in-ten health care workers involved in intuba-
tion reporting COVID-19 infection.5 This has significant impli-
cations for both the health of health care workers and workforce
planning.6

The prehospital critical care service is staffed by prehospital doc-
tors and critical care practitioners and has a standard operating pro-
cedure (SOP) for the safe delivery of prehospital emergency
anesthesia (PHEA).7 This was designed to comply with UK guid-
ance from the Association of Anesthetists8 (London, UK) and the
Difficult Airway Society (London, UK),9 applying the principles of
simplicity and standardization for use in a system with comprehen-
sive clinical governance.

In the early phase of the coronavirus pandemic, clear evidence
regarding the risks of coronavirus transmission and required per-
sonal protective equipment (PPE) were not yet available.
Recommendations resulted in the use of Level 3 PPE (long-sleeved
fluid repellent disposable gown; respirator/FFP3; eye protection;
and gloves)10 for treating patients who were at-risk of COVID-
19 infection, particularly when treatment involved potential
AGPs. While PPE delivered the benefit of reduced risk of viral
transmission,11 but also potential difficulties, both physical and
psychological (eg, impaired view, restricted movement, poor com-
munication, heat stress, and mechanical trips).12 A modified pre-
hospital anesthesia SOP was created on the assumption that any
prehospital patient attended may have COVID-19 infection,
and therefore, all AGPs required Level 3 PPE. This SOP was
put in place on March 27, 2020.13

The understanding of the risk associated with tracheal intuba-
tion as an AGP has evolved in the in-hospital setting.14 However,
at the time of guideline change in March 2020, the requirement to
provide PHEA or tracheal intubation in an unscreened population
was the main driver for SOP change to protect the service and con-
tinue providing effective care to the patient population. Standards

for PPE were based on multi-agency guidance,3 and the service
SOP mandated that Level 3 PPE (Figure 1) should be worn for
all AGPs.4 One part of the modified SOP was PPE. Table 115

shows the additional recommendations to minimize exposure risk.
The introduction of changes to the SOP were multi-faceted,

however, the introduction of PPE, the most experienced operator
having first intubation attempt, and routine use of video laryngos-
copy (VL) are likely to have had the main impact on intubation
success rates. The service used the McGRATH MAC video
laryngoscope (Medtronic; Minneapolis, Minnesota USA) device
as the primary intubating laryngoscope. These changes were intro-
duced in March 2020. This combination of changes to the SOP
(most experienced operator, routine use of VL) attempted to main-
tain intubation success rate and mitigate the potential impact of
“view with PPE” issues.

Introduction of Video Laryngoscopy
Most data on VL come from the elective operating theatre setting
which suggests that whilst it reduces the number of failed intuba-
tions, it does not necessarily improve the first intubation pass rates
nor mitigate against hypoxia or respiratory complications.16

In other settings, however, there is evidence to suggest that VL
is associated with a better first-pass intubation success rate in inten-
sive care patients with less experienced clinicians.17 Clinicians in
China involved in the early phases of the pandemic advocated
VL use as part of a series of interventions to minimize risk of trans-
mission and increase success rate.18 It is logical to assume that VL

Avery © 2022 Prehospital and Disaster Medicine

Figure 1. Level 3 (“Red”) Person Protective Equiptment7

Abbreviation: AGP, aerosol generating procedures.

Decision Making • All patients should be treated as potentially COVID-19 positive

• Dynamic risk assessment of the requirement for intubation considered in the context of exposure risk

Location and Personnel • Attempt to perform procedure outdoors if possible

• Limit people to two ‘essential’ personnel

• ‘Clean’ runner to assist available

Equipment • Early meticulous ‘kit dump’ with avoidance of contamination

• Full Level 3 PPE for both operators

• HME filters applied to ventilator end of airway circuit

• Use of in-circuit suction device

Performance of Procedure • First attempt at intubation with video laryngoscopy

• Most experienced operator to intubate15

• Avoidance of apneic oxygenation

• Two-handed techniques for bag valve mask ventilation if required with firm seal

Post-RSI Management • Minimize/avoid circuit disconnection

• Clamp the tracheal tube before disconnecting the circuit

• Rapid disposal of consumables
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Table 1. Key Changes to Emergency Anesthesia SOP Introduced in Response to COVID-19
Abbreviation: PPE, personal protective equipment; SOP, standard operating procedure.
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devices may also increase the distance between the intubating cli-
nician and the patient.19

Video laryngoscopy is not always seen as the panacea of airway
management in the prehospital setting. Some services encourage
the use of direct laryngoscopy (DL) with a MacIntosh standard
blade for intubation in certain circumstances, such as in direct sun-
light.20 Illumination of the airway is vital, and marked variation
between VL devices when compared to DL has also been
reported.21 The evidence for the use of VL in soiled airways is con-
tradictory and significant difficulties have been reported.22

However, there is evidence to suggest that VL is still more reliable
that DL during intubation in these circumstances.23 The pre-
COVID-19 emergency anesthesia SOP recommended VL for first
intubation attempt, but allowed clinicians to use either a VL or DL
device when airway soiling or direct sunlight was present. Routine
first use of VL attempts to offset some of the challenges of “poor
view with PPE” to maintain first-pass intubation success rate.

Impact of PPE and Who Should Intubate?
It is recognized that Level 3 PPE impairs both vision and move-
ment which may reduce intubation success rates. Simulation stud-
ies have demonstrated that the use of PPE may reduce first-pass
success rates24 and time to intubation,25–27 and that the success
of DL is negatively impactedmore than VL.27,28 There is, however,
a paucity of high-quality evidence looking at use of PPE and VL in
the prehospital environment.

Aim of the Study
This retrospective observational cohort study compares intubation
success rates before and after the introduction of a modified
COVID-19 PHEA SOP.

Methodology
The setting is collaborative service between the public and third
sector, covering a base population of just under three million
people. It is staffed by National Health Service (NHS; London,
UK) prehospital doctors and critical care practitioners, attending
approximately 3,500 incidents each year. Approximately 60% are
responded to by air, and the rest by road in a rapid response vehicle.
Indications for PHEA in the service include: Glasgow Coma
Scale, airway compromise, ventilatory failure, neuroprotection,
combative, anticipated course, and flight safety.

This retrospective observational cohort study included January
1, 2019 through August 30, 2021. Level 3 PPE and the modified
PHEA SOP was introduced on March 27, 2020. The pre-
COVID-19 group was January 1, 2019 through March 26,
2021 inclusive. The COVID-19 group was March 27, 2020
through August 30, 2021 inclusive. A retrospective analysis of
prospectively collected data was carried out. Data were collected
prospectively through an electronic patient record system
(Version 2.0.3, Forms ePCR; Nugensis Ltd; Glasgow, UK).
Anonymized data relating to intubation attempts were extracted
from the structured query language (Version 2014; SQL Server
Standard Edition & Reporting Services; Microsoft Corp.;
Redmond, Washington USA) database into Microsoft Excel
(Version 2003; Microsoft Corp.; Redmond, Washington USA)
for analysis. A single entry is made per patient, and all data relating
to their interventions are held in related tables. Fields relating to
intubation lookups form reference tables. Data were extracted from
the SQL database and flattened into a single table with one record
per patient using a unique system identifier to enable anonymiza-
tion prior to analysis.

Data were held in Excel and analyzed using IBM SPSS
Statistics (Version 26; IBM Inc.; Armonk, New York USA).
Descriptive statistics were performed in SPSS. Age is presented
as median (IQR) as data were not normally distributed. Risk is
presented as OR with 95% CI (P value).

The study protocol was reviewed at the local Health Board Joint
Study Review Committee (JSRC) and was ratified as a service
evaluation not requiring ethical approval. This study adhered to
the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) checklist.29 Inclusion criteria were
patients of all ages who received a prehospital primary tracheal
intubation attempt by prehospital critical care service staff. The
management of tracheal intubation was standardized throughout
the service using SOPs. During the study period, the service VL
was the McGRATH MAC with a single-use blade, introduced
into the service in 2016.

Results
In the study period, 1,266 patients received prehospital intubation
attempts by the service (Table 2). Patient age ranged from 0 to 96
years, with a median age of 55 years (IQR 38-67); (n= 1,233;
unknown ages excluded). Of patients with gender recorded
(n= 1,263), 70% were male (n= 855) and 30% were female
(n = 378). Pediatric patients (defined ≤16 years old) accounted
for 6.4% of patients. The most common initial diagnoses were
cardiac arrest (n= 671), head injury (n = 199), multiple trauma
(n = 66), and suspected intracranial hemorrhage (n= 65). Just over
one-half of tracheal intubations were drug-assisted (52%; n= 663)
with the remaining 48% conducted without the use of drugs
(n = 603). Five-hundred forty-six patients received tracheal
intubation in the pre-COVID-19 group (6.2% pediatric) and
720 patients receiving tracheal intubation in the COVID-19 group
(6.5% pediatric).

Therewas a first-pass success rate of90.3% in thepre-COVID-19
group and 89.3% in theCOVID-19 group.Therewas no statistically
significant difference in first-pass success ratebetween the twogroups
(Pearson chi-square 0.329; P = .566).

Overall Intubation Success Rate
The overall intubation success rate for all patients was 99.9%
(n = 1,266; Table 3). In the pre-COVID-19 group, overall tracheal
intubation success rate was 99.8% (n= 546). In the COVID-19
group, the overall success rate was 100.0% (n= 720). There was
no statistical difference in overall intubation success rate between
groups (Pearson chi-square 1.32; P = .251). The overall first-pass
success rate was 89.7% (n= 1,266).

There was a statistically significant difference in first-pass
success rate between tracheal intubations which were drug-assisted
and tracheal intubations that were non-drug-assisted. Non-
drug-assisted intubations were more than twice as likely to require

COVID-19 Pre-COVID-19 Total

First-Pass 643 493 1136

Multiple
Attempts

77 53 130

Total 720 546 1266

Avery © 2022 Prehospital and Disaster Medicine

Table 2.Number of Patients Receiving Tracheal Intubation by
Group
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multiple attempts with OR= 2.34; 95% CI, 1.59-3.42;
P <.001 (n = 1,266).

There was a statistically significant difference in first-pass suc-
cess rate in both pre-COVID-19 and COVID-19 groups between
tracheal intubations which were drug-assisted and tracheal intuba-
tions that were non-drug-assisted. In the pre-COVID-19 group,
non-drug-assisted intubations were more than twice as likely to
require multiple attempts compared to drug-assisted intubations
with OR= 2.15; 95% CI, 1.19-3.90; P = .01 (n= 546). In the
COVID-19 group, non-drug-assisted intubations were also more
than twice as likely to require multiple attempts with OR= 2.5;
95% CI, 1.5-4.1; P ≤.001 (n= 720).

Discussion
The baseline characteristics of patients were 70% male with a
median age of 55 years (IQR 38-67). This is similar to that of other
prehospital observational studies of advanced airway manage-
ment.30,31 The overall intubation success rates and first-pass suc-
cess rates (99.9% and 89.7%) reported in this study are high and
similar to those reported in other recent prehospital studies.30,31

Although the potential difficulties of prehospital intubation are
well-documented, the intubation success rates and complications
may, in services with good clinical governance and experienced
teams, equal or better those in hospital emergency departments.32

A large in-hospital prospective observational multi-center cohort
study performed from March through October 2020 included
4,476 episodes of emergency intubation for patients with suspected
or confirmed COVID-19 infection.33 The reported in-hospital
intubation success was remarkably similar to the prehospital success
rates at 99.2% overall and 89.7% first pass. This study also reported
that successful first-pass intubation was more likely during rapid
sequence induction (RSI) versus non-RSI (adjusted OR 1.89;
95% CI, 1.49-2.39; P ≤.001) and when performed by operators
with more COVID-19 intubation experience (adjusted OR
1.03 for each additional previous intubation; 95% CI, 1.01-1.06;
P = .015).33 This supports the finding that drug-assisted intuba-
tion is more likely to be successful than non-drug-assisted intuba-
tion in both cohort groups. In addition, the finding that a successful

first attempt is more likely when performed by experienced oper-
ators supports modification of the SOP to have the first attempt
performed by the most experienced intubator.

This study was primarily performed to establish whether simple
alterations could be made to an existing emergency anesthesia
SOP to maintain intubation success rates despite the use of
Level 3 PPE. Success rates were maintained and the overall intu-
bation success rate was the same in the pre-COVID-19 and
COVID-19 intubation groups (99.8% and 100.0%, respectively).
In addition, there was no statistical difference in first-pass success
rate between the pre-COVID-19 group (90.3%) and the
COVID-19 group (89.3%; P = .566).

The study “COVID-19” population (n= 720) received preho-
spital emergency intubation in accordance with a modified SOP
with the first line use of VL. Although some centers frequently
use VL for the emergency intubation of COVID-19 patients, prac-
tice is varied. Wong, et al in their large multi-center study of
COVID-19 airway management reported that the use of VL dur-
ing the first attempt at tracheal intubation was more frequent in
high-income countries than in low- and middle-income countries
(81.9% and 43.9%, respectively; P <.001).33 This may reflect the
higher costs associated with video laryngoscopes. The recom-
mended use of VL in patients with suspectedCOVID-19 infection
is in line with recent expert guidelines.34–36 Expert consensus
remains the basis for use of VL first line in patients with
COVID-19 infection, as there is a paucity of high-quality evidence
demonstrating superiority of VL in this prehospital and in-hospital
patient group.37,38 Most of the guidance for use of VL in
COVID-19 patients suggests that the main reason to use VL
rather than DL is to reduce provider infections by increasing the
distance between patient and operator rather than tomaintain intu-
bation performance. There is mixed evidence that VL maintains
intubation performance.16

Similar key changes in procedure (increased use of VL andmore
experienced laryngoscopist) resulted in similar intubation success
rates in 406 patients who had in-hospital emergency intubation
in a US single-center retrospective cohort study of patients
from February through April 2020.39 There was no difference in
intubation first-pass success rates between COVID-19 and
non-COVID-19 patients (89.4% versus 89.0%; P= 1.0).

Limitations
The results of this study are subject to the limitations inherent in
retrospective study design, in addition to both selection and
reporting biases. The results from this study may be influenced
by confounding factors inherent in the retrospective design, such
as information bias arising from inaccurate record keeping.
The service has an active quality assurance program – all electronic
patient record entries are examined by an independent service
consultant within 24 hours of entry. Database completion is also
performed by the same operational clinicians who have carried
out the procedure.

The population is a national patient group, however, the find-
ings may not be generalizable to other clinical settings or other
countries with different baseline populations.

Conclusion
This study demonstrates that prehospital intubation success rates
can bemaintained despite the use of full PPE to protect staff during

Drug-
Assisted

Non-Drug-
Assisted

Total

COVID-19 First-Pass 360 283 643

Multiple
Attempts

26 51 77

Total 386 334 720

Pre-
COVID-19

First-Pass 259 234 493

Multiple
Attempts

18 35 53

Total 277 269 546

Total First-Pass 619 517 1136

Multiple
Attempts

44 86 130

Total 663 603 1266

Avery © 2022 Prehospital and Disaster Medicine

Table 3. Intubation Success (Drug-Assisted and
Non-Drug-Assisted)

4 Prehospital Intubation Success during COVID-19

Prehospital and Disaster Medicine Vol. 00, No. 00



the procedure.With the use of simple alterations to SOPs (eg, rou-
tine use of VL), good overall and first-pass intubation success rates
can be achieved, which are equivalent to those without the use of
PPE and also as good as reported in-hospital emergency intubation
success rates.
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