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a b s t r a c t

Background: The COVID-19 pandemic has highlighted the importance of respiratory protective equip-
ment for clinicians performing airway management.
Aim: To evaluate the impact of powered air-purifying respirators, full-face air-purifying respirators and
filtering facepieces on specially trained anaesthesiologists performing difficult airway procedures.
Methods: All our COVID-19 intubation team members carried out various difficult intubation drills:
unprotected, wearing a full-face respirator, a filtering facepiece or a powered respirator. Airway man-
agement times and wearer comfort were evaluated and analysed.
Results: Total mean (SD) intubation times did not show significant differences between the control, the
powered, the full-face respirator and the filtering facepiece groups: Airtraq 6.1 (4.4) vs. 5.4 (3.1) vs. 6.1
(5.6) vs. 7.7 (7.6) s; videolaryngoscopy 11.4 (9.0) vs. 7.7 (4.3) vs. 9.8 (8.4) vs. 12.7 (9.8) s; fibreoptic
intubation 16.6 (7.8) vs.13.8 (6.7) vs. 13.6 (8.1) vs. 16.9 (9.2) s; and standard endotracheal intubation by
direct laryngoscopy 8.1 (3.5) vs. 6.5 (5.6) vs. 6.2 (4.2) vs. 8.0 (4.4) s, respectively. Use of the Airtraq
achieved the shortest intubation times. Anaesthesiologists rated temperature and vision significantly
better in the powered respirator group.
Conclusions: Advanced airway management remains unaffected by the respiratory protective equipment
used if performed by a specially trained, designated team. We conclude that when advanced airway skills
are performed by a designated, specially trained team, airway management times remain unaffected by
the respiratory protective equipment used.

© 2021 Elsevier Ltd. All rights reserved.
1. Introduction

With more than 144 million cases of coronavirus disease 2019
(COVID-19) globally and the death toll now exceeding 3 million, the
COVID-19 pandemic represents one of the greatest public health
challenges in over a century [1]. COVID-19 predominantly causes a
viral pneumonia and almost a fifth of hospitalized patients require
critical care admission [2]. Up to 88% of these critical care patients
require tracheal intubation and mechanical ventilation [3,4].

The airway management of COVID-19 patients requires
epartment of Guy's and St
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healthcare professionals to wear personal protective equipment
(PPE) [5e9]. The bioaerosol infection risk to tracheal intubation
teams may arise from general patient contact but is especially high
during airway management. Intubation, extubation, airway suc-
tioning, non-invasive mechanical ventilation and surgical airway
insertion are aerosol-generating procedures (AGPs) [5e7]. There is
now a growing body of evidence that healthcare workers are being
infected with SARS-CoV-2 following tracheal intubation of COVID-
19 patients [10,11].

During the Severe Acute Respiratory Distress pandemic in 2003,
nearly a quarter of those infected were healthcare workers (HCWs)
[12]. In Canada, this was reported to be as high as 43%, with
anaesthesiologists amongst the highest risk group to contract the
disease [12e14]. Guidance on infection prevention, control and
transmission-based precautions for at risk medical staff when
managing patients with suspected or confirmed COVID-19 has been
published by the World Health Organisation and by Public Health
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Glossary of terms

AGPs Aerosol-generating procedures.
CBRN Chemical, Biological and Radio-Nuclear.
COVID-19 Coronavirus disease 2019.
FFP Filtering Facepiece.
HCID High consequence infectious diseases.
HCW Healthcare worker.
MERIT Mobile endotracheal rapid intubation team.
PAPR Powered air-purifying respirator.
PPE Personal protective equipment.
RPE Respiratory protective equipment.
SAR Severe acute respiratory syndrome.
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England [6,7]. These guidelines are based on evidence from previ-
ous pandemics with regular updates being made as new evidence
emerges.

When treating patients with highly infectious diseases, HCWs
must wear adequate respiratory, cutaneous and eye protection
[14,15]. Moreover, aerosol-generating procedures (AGPs) during
airway management require specific infection prevention strate-
gies [16e18]. Urgent airway management can be difficult even
without respiratory protective equipment (RPE). However, it is well
established that this can be even more challenging in chemical,
biological, radiological or nuclear environments due to limitations
posed on mobility, vision and speech intelligibility, as well as the
generation of noise and heat when PPE is worn [19e22].

Respiratory protection devices are designed either as half or full-
face masks. A half mask respirator is a facepiece which covers the
nose, mouth and chin of the wearer and should be worn with a
visor for eye protection [23]. They are assigned lower protection
factors than full-face masks [24]. When full-face masks are being
used as part of a filtering device, air is either actively drawn into the
mask via the filter by the wearer's inspiratory lung-power or from a
power assisted filtering device [23]. Powered air-purifying respi-
rators (PAPR) consist of a battery-operated turbo unit, a filter and a
loose-fitting headtop [23]. There is no need for fit-testing these
devices and their design eliminates the issues of heat build-up,
dead-space ventilation and airflow resistance often seen with the
other fit-tested face masks [23,24].

The current studywas designed tomeasure the impact of PPE on
the performance of airway specialists in a simulated airway
emergency.

We recruited all anaesthesiologists who were part of the mobile
endotracheal rapid intubation team (MERIT), a specialist tracheal
intubation team established specifically to manage COVID-19 pa-
tients requiring tracheal intubation [25]. This study evaluates and
compares the impact of different powered and standard respirators
on simulated difficult airway procedures in members of a specially
trained and experienced tracheal intubation team.

The primary outcome measure of this study was defined as the
difference in intubation times for various airway management
procedures, wearing different RPE and performed by experienced
clinicians who had previously performed a number of real-patient
tracheal intubations.

Wearer comfort was a secondary outcomemeasure of the study.
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2. Methods

The study received Guy's and St Thomas' NHS Foundation
COVID-19 emergency Trust Research and Development approval
and was designed as an amendment of the United Kingdom Clinical
Research Network (UKCRN) portfolio ID 204282. The study did not
require review by a REC within the UK Health Department as the
research only involved staff as participants.
2.1. Recruitment

Members of MERIT underwent a multidisciplinary team (MDT)
training programme for three weeks leading up to the start date of
the service [25]. This involved a multimodal approach, where team
members were shown videos on eFONA techniques followed by
practising on manikins, asked to read action cards on MERIT intu-
bating techniques and then underwent MDT simulation drills
where they performed in-situ intubation and failed intubation
drills in full PPE. These were all scored according to the action cards
and anyone who missed more than two key steps in the process
would be asked to repeat the simulation drills until they success-
fully completed every step. All simulation training was followed by
debriefing sessions to discuss the drills and answer any questions.
Experienced anaesthetic nurses made up the rest of the team. Each
MERIT team consisted of two anaesthesiologists and two anaes-
thesiology nurses.

A protocolized, standardised approach was adopted for each
intubation where the same action cards were followed; this
allowed for the same technique and equipment to be used for every
intubation, all of which were practised in the simulation drills.

All fourteen consultant anaesthesiologists gave written
informed consent after having been given a detailed explanation of
the treatment protocol and formal training in PPE use. All volun-
teers were instructed that they could withdraw from the study at
any time. The study applied all classical contraindications for
research in respiratory protection (including asthma, claustro-
phobia or panic disorders). In addition to that, none of the anaes-
thesiologists who volunteered to participate in the MERIT team at
the beginning of the first wave of the COVID-19 pandemic were
allowed to present any of these contraindications or other co-
morbidities making them vulnerable to contracting the disease.
2.2. Study design

This observational crossover study evaluates and compares the
impact of different powered and standard respirators on simulated
difficult airway procedures in members of a specialist tracheal
intubation team. The primary outcome measure was defined as
time to successful intubation for each combination of airway
management technique and PPE. Wearer comfort of each RPE de-
vice was a secondary outcome measure.

The objective of this single centre study was to determine the
time taken for tracheal intubation in a simulated difficult airway
model amongst recruited MERIT anaesthesiologists using four
airway management techniques and when wearing four types of
RPE, resulting in a total of sixteen endotracheal intubations. This
was based at St Thomas’ Hospital, London, which is one of the four
UK high consequence infectious diseases (HCID) centers.



Fig. 1. Powered air-purifying respirator (PAPR) with hood.
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2.3. Personal protective equipment

Each participant performed the airway management techniques
in four different types of PPE: no RPE (control group), a disposable
half-mask FFP3 device, a full-face FFP3 device and a Powered air-
purifying respirator (PAPR).

The selected PAPR system was the 3M Scott-Duraflow (Scott
Safety Ltd, West Pimbo, Skelmersdale, UK), (Fig. 1). This features a
loose fitting flow-hood connected via a corrugated hose to a
turbofan-unit containing a battery and filters. Weighing 1.4 kg, it
provides an airflow of 160L/min, has a battery operating time of 8 h,
Fig. 2. Full-face air-purifying respirator (APR).
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generates less than 70 dB during use and provides an assigned
respiratory protection factor of 40.

The full-face air-purifying respirator (APR) used consisted of the
Promask (Scott Safety Ltd, West Pimbo, Skelmersdale, UK) (Fig. 2).
This respirator is approved to the regulatory standards of EN136 Class
3 for use in a chemical, biological, radiological or nuclear environ-
ment. The Promask weighs 530g, has a panoramic visor, maintains
re-breathed CO2 levels significantly below 1% and has an assigned
protection factor of 40.

Both reusable respiratory protective devices used the 3M™
Scott™ PF10 P3 Filter, with its EN148-1 compliant 40 mm thread,
designed for use with defence and public safety respirators. The
filter is suitable for military and first responder applications, pro-
tecting against solid and liquid particles, radioactive and toxic
particles, and microorganisms, e.g. bacteria and viruses.

The disposable FFP3 mask was the 3M 8833 (Fig. 3). This valved
half mask respirator is CE approved to the regulatory standards of
EN149:2001 and A:2009, weighs 20g and has an assigned protection
factor of 20. In addition to the half mask, a Guardian Visor face shield
was used for eye protection (Guardian, Girvan, UK).

All anaesthesiologists wore a long-sleeved surgical gown and
gloves during each procedure.
2.4. Patient simulator

The airway management skills were carried out on a Deluxe
Laerdal Airway Management Trainer™ (Laerdal Medical Ltd,
Orpington, UK), which was configured to simulate a direct laryn-
goscopy Cormack and Lehane grade 2b view.

The manikin was placed on a standard stretcher and the airway
management scenarios were carried out with all our genuine
anaesthetic equipment in one of our operating rooms.
2.5. Study protocol and data collection

The study consisted of one cohort that undertook the tasks in all
Fig. 3. FFP3 mask in combination with face shield.



J. Schumacher, C. Carvalho, P. Greig et al. Trends in Anaesthesia and Critical Care 39 (2021) 21e27
four protection levels.
The treatment tasks remained identical in each group, that is,

intubation using one of the four intubation devices stated below,
but we randomised the order in which the three types of RPE and
standard operating department attire was worn to counter any
learning effects. The order of PPE/standard operating attire use was
determined by sealed envelopes before starting the simulation. The
investigator was blinded to the contents of the envelope. All vol-
unteers were briefed on the scenario and the sequence of the tasks;
as aforementioned, they additionally received formal training in
the RPE used.

A conventional laryngoscope with a Mac 3 blade was used for
direct laryngoscopy, whilst a standard Airtraq, size two, using the
eyepiece, was the device utilised for indirect tracheal intubation
(Airtraq, 48930 Getxo, Spain). For the videolaryngoscopy group, the
Storz C-Mac (Storz, Tuttlingen, Germany) was used with a standard
Macintosh blade. The Ambu aScope 4 regular bronchoscope was
used for the fibreoptic intubation group (Ambu A/S, 2750 Ballerup,
Denmark).

The investigator measured the times from picking up the airway
device of each airway management procedure until visually con-
firming the correct tube placement inside the mannikin. Following
the simulation scenarios, anaesthesiologists completed a wearer
comfort questionnaire evaluating mobility, noise, heat, vision, and
speech intelligibility of each respiratory protection system used.

2.6. Statistical analysis

The required sample size had been established by our previous
investigations using the same model [15,19e22] and the power
calculation was based on a study that measured a standardised
airway management scenario using powered respirator hoods [21].
The statistical analysis was performed using Statistical Package for
the Social Sciences Statistics v26.0 (IBM, Armonk, New York, NY,
USA). Continuous data were normality tested using the
ShapiroeWilk test; this was followed up by multiple comparisons
of the time periods by Analysis of Variance (ANOVA). The data of
the five-point scale wearer comfort evaluation form was analysed
with the Mann-Whitney test. A p value of <0.05 was considered
statistically significant.

3. Results

All fourteenMERIT anaesthesiologists volunteered to participate
in the study and were able to successfully accomplish all treatment
objectives. All airway interventions ended with a successful endo-
tracheal tube placement. The treatment times are displayed in
Table 1.

Intubation times in all study arms were unaffected by the res-
piratory protective device used, i.e. airway management times of
Table 1
Treatment times of the individual airwaymanagement tasks. Values aremean (±SD)
n:14, p values are for comparisons between the two three respiratory protective
equipment groups [VL (videolaryngoscopy), FOI (fibreoptic intubation)].

Control
seconds

Powered
respirator
seconds

Full Face
respirator
seconds

NR FFP3
Mask
seconds

p-value

Airtraq intubation 6.1 (4.4) 5.4 (3.1) 6.1 (5.6) 7.7 (7.6) 0.243
VL intubation 11.4 (9.0) 7.7 (4.3) 9.8 (8.4) 12.7 (9.8) 0.036
FOI intubation 16.6 (7.8) 13.8 (6.7) 13.6 (8.1) 16.9 (9.2) 0.105
Mac intubation 8.1 (3.5) 6.5 (5.6) 6.2 (4.2) 8.0 (4.4) 0.090
Donning (0) 33.8 (8.3) 33.4 (9.5) 30.7 (10.4) 0.250
Number of failures 0 0 0 0
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the Airtraq, the videolaryngoscopy, the fibreoptic intubation and
the direct laryngoscopy group were independent of the type of
respiratory protection used.

Mean fibreoptic intubation times were significantly longer
compared to Airtraq, videolaryngoscopy and direct laryngoscopy
times. Donning times were not affected by the different PPE used.

Anaesthesiologists rated their personal sensation of heat build-
up and perceived vision significantly higher in the powered respi-
rator group (Table 2). Conversely, noise levels and mobility scored
significantly lower in this group compared to the standard respi-
rator and FFP3 mask group. Speech intelligibility scored signifi-
cantly better in the full-face respirator as well as in the FFP3
respirator group.

We also found that the specially trained MERIT anaesthesiolo-
gists required half the time to complete standard laryngoscopy,
Airtraq and fibreoptic intubation using the more challenging
Deluxe Laerdal Airway Management Trainer (inflated tongue)
compared to our previous pre-COVID-19 study where senior
anaesthesiology residents were recruited to intubate the standard
Laerdal Airway Management Trainer [28].

4. Discussion

Emergency airway management in simulated hazardous
Chemical, Biological and Radio-Nuclear (CBRN) environments had
come into focus following several high-profile terrorist attacks but
also pandemics such as SARS in 2003.

Most studies comparing the effect of different types of respira-
tory protection reported a significant impact of PPE on various
airway management skills in anaesthesiologists, intensivists or
paramedics [19e22,26e28].

This study has found that wearing standard and powered res-
pirators does not significantly prolong simulated advanced intu-
bation procedures when performed by an experienced and skilled
team. This important and novel finding strongly supports the
strategy of having designated intubating teams during healthcare
crises like the COVID-19 surge. PPE familiarity, experience and
confidence seem to have a major influence on airway management
in hazardous environments.

These findings contrast with previous publications mainly
focussing on CBRN scenarios [19e22,26e28] where intubation
times were prolonged. However, these studies lacked a specially
trained and experienced intubation team of anaesthesiology con-
sultants. In a retrospective observational case series of 202 COVID-
19 intubations, Yao and colleagues demonstrated that a highly
skilled intubation team who used tools that they were most
comfortable with resulted in a first attempt success rate of 89%,
with all patients successfully intubated without the need for rescue
front of neck access techniques [29]. This study demonstrates the
value of using a well-trained and designated intubation team to
perform these challenging intubations. In sight of our results, we
are in full agreement with one of the key messages of Bainbridge's
editorial [30] that training for anaesthesiologists regarding infec-
tious disease control and prevention should start in residency: it
needs to include in-depth knowledge concerning AGPs and re-
quirements for RPE, as well as training of technical skills like
donning, doffing and airway management when using PPE.

Prospective clinical research in such high stake's conditions are
very difficult to achieve. To address this, we have simulated difficult
airway settings in manikins, with all subjects wearing the various
PPE devices. The value and relevance of manikin-based research
has been questioned [31,32] but a systematic review of airway
management research over a period between 2006-17 revealed
that manikin studies accounted for over a fifth of these. Manikin
studies therefore do play an important role in airway management



Table 2
Wearer comfort evaluation form, scale: 0 poor to 5 excellent. Values are median (IQR [ range]) n:14, p values are for comparisons between the three respiratory protective
equipment groups.

Control Powered
respirator

full-face
respirator

FFP3
Mask

p-value
PAPR-APR/
PAPR-FFP/
APR-FFP

Mobility 5 (0 [0]) 3 (2e4 [1e4]) 4 (2e4 [1e5]) 4 (2e4 [1e5]) 0.001
0.000
0.528

Noise 5 (0 [0]) 3 (1e3 [1e4]) 4 (2e4 [1e5]) 5 (2e4 [1e5]) 0.000
0.000
0.264

Heat 5 (0 [0]) 4.5 (3e4 [2e5]) 3 (1e2 [0e4]) 3 (1e2 [0e4]) 0.000
0.000
0.979

Vision 5 (0 [0]) 5 (2e4 [1e4]) 4 (1e3 [1e5]) 3.5 (1e3 [1e5]) 0.003
0.004
0.227

Speech intelligibility 5 (0 [0]) 4 (1e4 [0e5]) 4 (2e4 [1e5]) 4 (2e4 [1e5]) 0.015
0.024
0.570
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studies but their benefits on clinical practice are still a matter of
debate [33].

When comparing the intubation times across all four groups in
our study, there was no significant difference found between the
various types of respiratory protective devices used, demonstrating
that even in this setting a specially trained and skilled HCW is
unlikely to be affected by the device used. Given the novelty of
COVID-19, there is a relative lack of specific evidence-based infor-
mation regarding the level of respiratory protection required. Ac-
cording to the latest Cochrane database analysis, it remains unclear
as to which type of PPE protects best, what is the best way to put
PPE on (i.e. donning) or to remove PPE (i.e. doffing), and how to
train HCWs to use PPE as instructed [34].

We used the RPE currently recommended by Public Health En-
gland [7] and the Health and Safety Executive [24]. All our MERIT
anaesthesiologists had therefore undergone quantitative fit testing
to ensure sufficient protection factors of the individual masks used.
The reusable and non-reusable respiratory protective devices
tested in our study reflect the actual range of equipment used by
anaesthesiologists, nurses and ODPs in our trust during the COVID-
19 pandemic.

There are some limitations of our study. The study took place in
a controlled, non-hazardous environment and the participants
were not required to physically exert themselves; therefore stress
levels are different from real life scenarios.

Furthermore, heat build-up and the effects of standard respi-
rators on breathing resistance over time cannot be commented on.
Additionally, the manikins in our study were unable to replicate
some of the real-life problems that may occur such as blood, se-
cretions or expired water vapour clouding the indirect laryngo-
scopic view.

In conclusion, our study has demonstrated that wearing
different types of RPE does not significantly prolong simulated
intubation procedures when performed by a designated, trained
and experienced team. Powered respirators seem to be significantly
favourable in respect of vision and temperature, whereas full face
and half mask air-purifying respirators took preference regarding
their lower noise levels, better speech intelligibility and overall
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mobility. We found that our designated, specially trained MERIT
anaesthesiologists required half the airway management times to
complete standard laryngoscopy, Airtraq and fibreoptic intubation
using the more challenging Deluxe Laerdal Airway Management
Trainer (compared to our previous pre-COVID-19 study [28]),
highlighting the importance of establishing specialist tracheal
intubation teams to manage the airways of COVID-19 patients.
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PAPR - powered airpurifying respirator APR - Full face air-purifying respirator

Mobility [0 1 2 3 4 5]
Worst Best

[0 1 2 3 4 5]
Worst Best

Noise [0 1 2 3 4 5]
Worst Best

[0 1 2 3 4 5]
Worst Best

Heat [0 1 2 3 4 5]
Worst Best

[0 1 2 3 4 5]
Worst Best

Vision [0 1 2 3 4 5]
Worst Best

[0 1 2 3 4 5]
Worst Best

Speech Intelligibility [0 1 2 3 4 5]
Worst Best

[0 1 2 3 4 5]
Worst Best

Freetext

FFP3 and face shield

Control

Mobility [0 1 2 3 4 5]
Worst Best

[0 1 2 3 4 5]
Worst Best

Noise [0 1 2 3 4 5]
Worst Best

[0 1 2 3 4 5]
Worst Best

Heat [0 1 2 3 4 5]
Worst Best

[0 1 2 3 4 5]
Worst Best

Vision [0 1 2 3 4 5]
Worst Best

[0 1 2 3 4 5]
Worst Best

Speech Intelligibility [0 1 2 3 4 5]
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Freetext
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