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— SUMMARY

COVID-19 puts health care providers at risk for infection with SARS-CoV-2.
Personal protective equipment (PPE) can reduce viral transmission if used
properly. We used simulation of an intraoperative crisis involving an infectious
outbreak to assess PPE adherence and confidence in PPE use. Simulation of an
intraoperative crisis with a patient with COVID-19 revealed gaps in PPE
adherence; however, simulation training successfully increased confidence in
PPE use and received positive feedback.

with SARS-CoV-2 because of direct and prolonged exposure to
patients with COVID-19. Personal protective equipment (PPE) can be
used to reduce viral transmission. However, proper PPE protocols must be
followed in order to successfully reduce viral transmission. Various problems
with PPE adherence and ease of use can limit its effectiveness.
Our goal was to explore the use of an in situ intraoperative crisis simulation
involving an infectious outbreak as a tool for assessment of PPE adherence,
confidence in PPE use, and latent safety threats.

T he COVID-19 pandemic puts health care workers at risk for infection

SIMULATION

Three simulations were conducted in July 2020 involving 12 participants:
3 senior thoracic surgery trainees, 3 anesthesia residents, and 6 registered
nurses. The simulation involved a tracheo-innominate fistula in a mannequin
representing a patient with COVID-19; PPE was available. Simulations were
video-recorded and reviewed by 2 thoracic surgery consultants to assess
adherence to the London Health Sciences Centre (LHSC) Donning and
Doffing Sequence for Protected Droplet and Contact With Enhanced PPE
(unpublished; Appendix 1, available at www.canjsurg.ca/lookup/doi/10.1503/
¢js.025420/tab-related-content). After simulation, all participants completed
forms to assess confidence in PPE use and simulation fidelity. The Simula-
tion PPE Confidence form was based on a 5-point Likert scale, ranging from
1 (not at all confident) to 5 (extremely confident), and asked participants to
recall perceived presimulation and actual post-simulation confidence in the
following areas: managing a surgical emergency with a COVID-19-positive
patient, performing operating room skills while wearing PPE, donning PPE,
and doffing PPE. Simulation fidelity was assessed using the Method Material
Member Overall MMMO) Questionnaire, asking participants to rate simula-
tion experience on a scale of 1 (disagree) to 5 (agree)” (Appendix 1).17

ADHERENCE

All participants responded “yes” to “Are you aware of the current London
Health Sciences Centre (LHSC) guidelines for PPE use?” Video review
showed deviations from the LHSC PPE Checklist for all participants

during both donning and doffing. Two thoracic surgery consultants
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separately reviewed PPE adherence data, and their
assessments were initially 90% (836/924) in agreement.
Any discrepancies were discussed until a final assess-
ment was agreed upon.

Observed use of hand hygiene was 0% (0/12), neck
protection was 17% (2/12), inner gloves was 8% (1/12),
gown was 100% (12/12), N95 was 83% (10/12), goggles
was 0% (0/12), face shield was 92% (11/12), outer bouf-
fant was 75% (9/12), and outer gloves was 92% (11/12)
(Figure 1). Participants on average donned 57% of items
in the correct sequence.

Adherence to PPE guidelines was higher for doffing
than for donning. Final hand hygiene showed greater
than 85% adherence, and all other doffing checklist items
showed 100% adherence. Participants on average doffed
92% of items in the correct sequence.
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CONFIDENCE

Confidence in performing OR skills while wearing PPE
refers to skills including localization of simulated tracheo-
innominate fistula, removal of tracheotomy tube, com-
pression of simulated bleeding vessel and intubation with
single lumen tube. Surgery trainees were asked to ver-
bally describe how to proceed with further surgical man-
agement of a tracheo-innominate fistula. On average,
participants increased in confidence in each of the 4 areas
assessed after simulation, with an overall confidence
increase from 3.9 to 4.2 out of 5 (Figure 2).

On the MMMO Questionnaire (Appendix 1), on aver-
age, methods scored 4.6, materials scored 4.6, members
scored 4.4, and overall scored 4.8, all out of 5 (Figure 3).
Written feedback was also positive.
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Fig. 1. Assessment of PPE donning item adherence, based on the proportion of participants donning items indicated in the London
Health Sciences Centre (LHSC) PPE Checklist. PPE = personal protective equipment.
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Fig. 2. Scores on the PPE Confidence form before and after simulation and debrief. A total of 3 thoracic surgery trainees, 3 anesthesi-
ology residents and 6 registered nurses completed the form. Recalled presimulation and actual postsimulation confidence were
scored in 4 areas: managing a surgical emergency involving a patient with COVID-19, performing OR skills while wearing PPE, don-
ning PPE, and doffing PPE. The scale ranged from 1 (not at all confident) to 5 (extremely confident). Mean scores by role are dis-
played. OR = operating room; PPE = personal protective equipment; RN = registered nurse.

Discussion

To our knowledge, we were the first to use an in situ
intraoperative crisis simulation involving an infectious
outbreak to examine gaps in PPE adherence. Results
were below acceptable in both adherence to and
sequence of PPE donning and doffing steps. The simu-
lation led to an increase in self-reported confidence sur-
rounding PPE use. Participant feedback confirmed the
high fidelity of the simulation model. The results sup-
port the need for PPE guideline alterations and encour-
age the use of simulation to enhance future outbreak-
related preparedness.

Each participant confirmed awareness of the LHSC
guidelines for PPE use, yet each participant showed
donning and doffing adherence problems. Donning
problems included low adherence rates for hand
hygiene, neck protection, inner gloves and goggles. The
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LHSC guidelines require at minimum hand hygiene and
goggles, and further encourage additional precautions
with neck protection and inner gloves if these can be
used. None of the participants completed pre-donning
hand hygiene or donned goggles, meaning that none of
the participants met the minimum donning require-
ments. Furthermore, there was room for improvement
in additional precautions with neck protection and inner
glove use. Doffing had higher adherence rates. The
main problem was below 100% adherence to the correct
sequence of doffing steps. There is a substantial risk of
self-contamination when doffing PPE, and problems are
related mainly to doffing sequence.* Training health
care workers not only on correct doffing steps, but also
on correct sequence of doffing steps is critical to miti-
gate risk of infection.

Multidisciplinary discussions have identified factors
contributing to poor PPE adherence. There are
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Fig. 3. Material Method Member Overall (MMMO) Questionnaire results. A total of 3 thoracic surgery trainees, 3 anesthesiology resi-
dents and 6 registered nurses completed the questionnaire. Simulation experiences were rated on a scale of 1 (disagree) to 5 (agree)
and mean scores are displayed. RN = registered nurse; Sim = simulation; VS = vital sign.

discrepancies between the LHSC PPE guidelines and the
COVID-19 donning and doffing operating room posters.
Notably, neck protection and inner gloves were not indi-
cated on the donning operating room poster. Additionally,
extended cuff gloves are required by the LHSC PPE
guidelines, but are not supplied by the hospital. Our alter-
native was to provide medical exam gloves and long sterile
gloves, although this change from guidelines may have
contributed to participant confusion and lower adherence
rates. We recommend updating guidelines to ensure con-
sistency and presenting PPE instructions in a simple visual
format. Furthermore, there should be clear indications of
what PPE items are required. The current PPE checklist
categorizes neck protection and inner gloves as “if used”
items, introducing confusion into PPE practice.

Several latent safety threats (LSTs) were identified.
One LST stemmed from lack of clear PPE precaution

signs. Other LSTs involved equipment failure and pager
miscommunications. A final LST was identified regarding
extended cuff gloves, as described above.

CONCLUSION

Although the number of simulations was small and there-
fore may not be generalizable, our simulation of an intra-
operative crisis involving a patient with COVID-19
revealed gaps in PPE adherence. Simulation training suc-
cessfully increased confidence levels among participants and
received positive feedback with regards to the high fidelity
and usefulness of the learning exercise. Furthermore, we
were able to identify latent safety threats to improve
health care provider and patient safety. We hope that
our findings will be useful to LHSC and other institutions
to enhance pandemic preparedness and improve safety.
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