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Abstract

Background and Aims: Conventional medical training routes of bronchoscopy may
decrease patients' comfort and increase procedure-related morbidity. Virtual reality
(VR)-based bronchoscopy is a beneficial and safe solution for teaching trainees. The
aim of this systematic review was to study the effectiveness of VR-based
bronchoscopy simulators on the learning outcomes of medical trainees.

Methods: Well-known sources (i.e., Scopus, ISI Web of Science, and Medline via
PubMed) were systematically searched using Preferred Reporting Items for Systematic
Reviews and Meta-Analyses guidelines on December, 2021. Peer-reviewed English
papers that used VR-based simulation for bronchoscopy training were included. The
articles that were studying other technologies, or those that were unrelated to the topic,
were excluded. The risk of bias was assessed using the Joanna Briggs Institute checklists
for quasi-experimental studies and randomized controlled trials (RCTs).

Results: Out of 343 studies, 8 of them met our inclusion criteria. An appropriate control
group and statistical analysis were the most common and unavoidable sources of bias in
included non-RCTs, and lack of blinding in participants was the most common source of
bias in RCTs. The included studies evaluated learning outcomes regarding dexterity
(N=5), speed (N=3), the accuracy of procedures (N=1), and the need for verbal
assistance (N = 1). Based on the results, 100% (5/5) and 66% (2/3) of studies showed that
the use of VR-based simulation on the learning outcomes of medical trainees led to
improvement in manual ability (i.e., dexterity) and swiftness of execution (i.e., speed in
performance), respectively. Additionally, improving the accuracy of subjects' performance,
and reducing the need for verbal guidance and physical assistance was reported in studies
that evaluated these variables.

Conclusion: VR bronchoscopy simulator as a training method for teaching medical
trainees, especially for novices has the potential to improve medical trainees'
performance and reduce complications. Further studies are needed to evaluate the
positive effects of VR-based simulation on the learning outcomes of medical

trainees.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2023 The Authors. Health Science Reports published by Wiley Periodicals LLC.

Health Sci. Rep. 2023;6:€1398.
https://doi.org/10.1002/hsr2.1398

wileyonlinelibrary.com/journal/hsr2 10f8


http://orcid.org/0000-0003-3243-4172
http://orcid.org/0000-0002-3980-5100
mailto:rezaeip@tbzmed.ac.ir
https://onlinelibrary.wiley.com/journal/23988835

20f8 _Health Science Reports
WILEY P

BEJANI ET AL.

OpenAccess

KEYWORDS

bronchoscopy, learning, simulator, systematic review, virtual reality

1 | INTRODUCTION

Bronchoscopy is a method for exploration of the changes in trachea
and bronchi.! It is also an important skill in the specialties of
anesthesia, medical emergencies, pulmonology, and pharyngeal
surgery.2™* Traditional bronchoscopy training is an apprenticeship
model based on direct skill training by an expert.® In this process, the
trainee starts from observation and gradually becomes experienced
by doing the procedure.® Gaining manual skills over time by
practicing on patients has disadvantages such as ethical problems
which endanger patients' safety. Accordantly, developing alternative
methods to the traditional bronchoscopy training model such as the
use of mannequins and bronchoscopy simulators is demanded.”

Simulation in medical sciences is progressing almost in line with
the advances in technologies such as virtual reality (VR). VR is
computerized method to create a similar environment to the real
condition which allows the user to interact with it. 3D printing along
with VR which are two wings of simulation proponents, are
expanding day by day in the field of clinical students education.®-°
Simulation-based learning has multiple advantages such as ensuring
patient safety and providing a safe environment for the learners to
achieve the desired skill.1*"12

Researchers have recommended using this method as a
complementary method in bronchoscopy training.2* Multiple studies
showed that VR simulation in bronchoscopy training can reduce the
number of errors during the operation, improves the performance of
trainees, and raise the level of competence and ability of the
individual.»>=” On the other hand, some studies have shown that the
use of simulators is not more effective than other methods,'® or even
less effective.’?

Given the changes in simulator-related technologies, including
VR, and due to the lack of a comprehensive outcome about the
effectiveness of VR, our aim in this systematic review is to examine
the effectiveness of VR bronchoscopy on learning outcomes in
medical trainees including residents and fellowship students based on

the most recent literature.

2 | METHODS

This systematic review was conducted following the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses

statement.?°

2.1 | Search and selection

Our team searched Scopus, ISI Web of Science, and Medline via
PubMed databases with the following keywords: (“Virtual Reality”

[Mesh] OR [Virtual Realit*]) AND (“Bronchoscopy” [Mesh] OR
Bronchoscop®) in fall 2021. The search results were imported into
the reference manager software and after removing the duplicated
studies, two independent researchers assess the eligibility of the
search results in two title/abstract and full-text stages. In the case of
disagreements, the authors resolved them by discussion, and if a
consensus was not reached, the other author, who is an expert in this
field, helped them to resolve it.

2.2 | Eligibility criteria
The PICO (population, interventions, comparisons, and outcomes) of

this systematic review is as follow:

e Population: medical trainees.
e Intervention: immersive VR-based bronchoscopy simulation.
e Comparison: any comparison mentioned in the studies.

e Qutcome: learning outcomes.

All of the studies that investigated the effect of VR bronchos-
copy stimulators on medical learners, were included in this study.
Other types of simulations, non-English studies, conference ab-
stracts, review articles, case reports, letters, comments, opinion
articles, and finally studies without access to the full text were

excluded.

2.3 | Data extraction and quality assessment

Two independent researchers extracted the data using an electronic table
in Microsoft excel. Data include the name of the first author of the study,
publication year, design of the study, sample size (trainee number) and
their education levels, the comparison group (if existed), VR system and
procedure, and any reported outcome representing the proficiency of
learners. Quality assessment was conducted using the Joanna Briggs
Institute checklist for quasi-experimental studies and randomized
controlled trials (RCTs), by two independent researchers.

3 | RESULTS

3.1 | Search results and selection process

Out of 343 studies found in the primary search, we selected 8 studies
that evaluated the efficacy of VR-based bronchoscopy simulators in
the educational processes. The details of the selection process are
presented in Figure 1 and a summary of included studies is presented
in Table 1.
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FIGURE 1 PRISMA 2020 flow diagram for new systematic reviews. PRISMA, preferred reporting items for systematic reviews and

meta-analyses; VR, virtual reality.

3.2 | Risk of bias

The results of RoB assessment is presented in Tables 2 and 3.
Appropriate control group and statistical analysis were the most
common source of bias in included non-RCTs, while in RCTs, lack of
blinding in participants was the most common and nature source of

bias in our included studies.

3.3 | Dexterity

Dexterity was assessed using different methods in studies such as
measuring the contacts with bronchial wall per minute of
bronchoscopy, number of scope collisions, percentage of visual-
ized segments, bronchial anatomy knowledge, bronchoscope
navigational skills, total bronchoscopy skills and tasks assessment
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tool score, a validated five-point global rating scale and economy
of performance (percentage/time). In terms of evaluating the
dexterity, all five studies that had assessed the subjects' perform-
ance (with different methods), pre- and post-training indicated
that the use of VR in different groups could be advantageous and

positive effect.37:17:22.24

TABLE 2 Risk of bias, using checklist for quasi-experimental
studies (non-randomized experimental studies).
Study 1 2 3 4 5 6 7 8 9
Colt et al. Yes Yes Yes Yes Yes Yes Yes Yes Yes
Moorthy etal. Yes Yes Yes No Yes Yes Yes Yes Yes
Gopal et al Yes Yes Yes N/A Yes Yes Yes Yes No
Jiang et al. Yes Yes Yes Yes Yes Yes Yes Yes No
1. Is it clear in the study what is the cause' and what is the “effect” (i.e.,

there is no confusion about which variable comes first)?

—Wl LEY—m

Open Access

3.3.1 | Speed

Four studies have assessed the time, pre- and post-training with VR.
Among three studies, two of them indicated a better speed in per-
formance of trainees with VR.21?* The analysis of Jiang et al. study didn't
show a specific difference in terms of speed, after training with VRS.2

3.3.2 | Accuracy

Colt et al.” had assessed the

trainees' accuracy of bronchoscopy performance, before and after

Among the included studies,

training with VRS, by evaluating the missed segments. The results
showed that there was a significant difference in terms of accuracy

after the training sessions with VRS in subjects' performance.

3.4 | Need for verbal guidance

In Blum et al.'s study,?® the results showed that the group using the

simulator needed less verbal guidance and physical assistance than

2. Were the participants included in any comparisons similar?
3. Were the participants included in any comparisons receiving similar the control group.
treatment/care, other than the exposure or intervention of interest None of the studies reported the negative effect of VR-based
4. Was there a control group? bronchoscopy simulators on the learning outcomes of medical trainees.
5. Were there multiple measurements of the outcome both pre and post
the intervention/exposure?
6. Was follow-up complete and if not, were differences between groups in
P camp ) group 4 | DISCUSSION
terms of their follow-up adequately described and analyzed?
7. Were the outcomes of participants included in any comparisons
measured in the same way? This review evaluated the effects of VR bronchoscopy simulator
8. Were outcomes measured in a reliable way? training on learning outcomes and the results showed that overall,
9. Was appropriate statistical analysis used? using VR-based bronchoscopy as a training procedure is potentially
TABLE 3 Risk of bias using checklist for randomized controlled trials.
Study 1 2 3 4 5 6 7 8 9 10 11 12 13
Ost et al. ucC Yes Yes N/A N/A No No Yes Yes Yes Yes ucC uc
Blum et al. Yes ucC Yes N/A N/A Yes Yes Yes Yes Yes Yes Yes ucC
Rowe et al. Yes ucC Yes N/A N/A Yes Yes Yes Yes Yes Yes ucC uc
Krogh et al. Yes Yes Yes N/A N/A Yes Yes Yes Yes Yes Yes Yes Yes
1. Was true randomization used for assignment of participants to treatment groups?
2. Was allocation to treatment groups concealed?
3. Were treatment groups similar at the baseline?
4. Were participants blind to treatment assignment?
5. Were those delivering treatment blind to treatment assignment?
6. Were outcomes assessors blind to treatment assignment?
7. Were treatment groups treated identically other than the intervention of interest?
8. Was follow-up complete and if not, were differences between groups in terms of their follow-up adequately described and analyzed?
9. Were participants analyzed in the groups to which they were randomized?

10. Were outcomes measured in the same way for treatment groups?
11. Were outcomes measured in a reliable way?
12. Was appropriate statistical analysis used?

13. Was the trial design appropriate, and any deviations from the standard RCT design (individual randomization, parallel groups) accounted for in the

conduct and analysis of the trial?
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beneficial in improving trainees' skills. The included studies had
assessed the effectiveness of VR in different aspects such as speed of
bronchoscopy, dexterity, accuracy, and the number of times the
trainees asked for help.

The results of the studies which had evaluated the efficacy
and usefulness of VRS, demonstrates advantageous manifesta-
tions of training with it. According to scholarly literature, VR is a
conceptual framework used to simulate real-life environments,
occurrences, and entities, thereby allowing users to interact with
them.?® VR bronchoscopy provides a simulation of real-life
phenomena such as vocal cord closure, respiratory movements,
airway secretions, and cough. Therefore, practicing with a
simulator may decrease the failures that might happen during
bronchoscopy by providing an unlimited time to practice on a
model, rather than experience on real patients.?”

Three out of five included studies, reported VR-based bronchos-
copy stimulation as an advantageous method in improving the
participants' dexterity. The role of VR-based simulation in assessing
the dexterity and skill level of learners was discussed in previous
studies. Twenty novice bronchoscopists and 10 expert bronchosco-
pists were enrolled in Chen et al.'s?® study. The results of the analysis
showed that the parameters of operating time, percentage of bronchi
reviewed, percentage of recurrent bronchi entered, percentage of
pathologies identified, and the number of wall collisions were capable
of determining the skill level of the bronchoscopist. Also, dexterity
was evaluated from the sight of participants; regarding the
users' feedback, Gopal et al.'s® demonstrated that the most frequent
demand of post-training students was having more one-on-one
practicing time with an expert. Although the presence of a tutor
might have affected the results of the study, a guided practicing
procedure seemed to be useful for initial learners and it would
decrease their anxiety level as well as their possible inaccuracy.

In terms of speed, although many studies have approved the
positive effect of VR bronchoscopy on novice bronchoscopists' skills,
the duration of training time differed from minutes to several
sessions in various studies; therefore, an exact duration of training
sessions is needed to be determined to achieve a comprehensive
conclusion. Moreover, most of the included studies have assessed
the impact of VR on a short-term follow-up, due to time limitations.
Organizing a long-term follow-up with a standard interval would
provide more insight into the assessment of the effect of VR
simulation training on the true level of skill retention. A recent
investigation conducted by Samuelson and colleagues indicated that
the use of a bronchoscopy simulator for 5 min before the actual
procedure had a significant and favorable impact on both the
duration and quality of the bronchoscopy compared to not using a
simulator.?’ There have been reports of patients' satisfaction treated
by physicians who have used simulators in the training process,®%3!
so performing this learning method can help increase patients'
acquiescence.

In addition to training, the simulator can be useful for measuring
trainees' skills to qualify their knowledge and readiness for perform-
ing bronchoscopy procedures on patients. Thus bronchoscopy

simulation may play an important role in educating not only
pulmonary physicians but also other healthcare providers such as
nurses, intensive care personnel, and respiratory therapists.2* Casso
et al. study is testing the anatomical and procedural accuracy of a VR
bronchoscopy simulator using experts' opinions and a scoring system.
Although it was mentioned that the experts agreed on the potential
of the simulator being a good educational tool, the authors didn't test
the effect of the simulator on students' level of understanding.
Therefore, the evaluation of the VR-based bronchoscopy should be
considered by the researchers in their studies.®?

The results of Jiang et al.2> study in which novice anesthesia
residents (with no experience of bronchoscopy) were enrolled to
compare the effect of training with VR and mannequin showed that,
although training with VRS seemed to be efficient, VR was inferior to
mannequin simulation in terms of costs. They noted that VR cannot
be widely used in developing countries such as China where cost
remains an important factor in many situations which may be a limit
in the widespread use of this method. Mahmood et al.,’ also have
identified some disadvantages of this method, which include
mismanaging pathologic findings, extended time for training, and
lack of continuity of training. Acquiring competence in intensive
procedures such as bronchoscopy needs manual and technical skills
as well as the capability to work quickly and gently, and these abilities
procure by practicing whether on awake or sedated patients or
models, mannequins, or simulators.

One of the limitations of our study was the limited number of papers.
The other limitation of our study was the heterogeneity of the evaluation
methods that were performed to compare the intervention groups and
control groups of studies. In addition, the timing of training sessions
differed in included studies, and the subjects that were enrolled in studies
differed in terms of spatiality, education level, and experience, which

prevented us from conducting a meta-analysis.

5 | CONCLUSION

As a conclusion, in this systematic review, we found out that, overall,
training with VR bronchoscopy simulator is a profitable method for
medical trainees and especially for novices. Using VR bronchoscopy
as a training method will improve medical trainees' performance and

reduce the number of errors.
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