° Sokouti, et al. Med ] Tabriz Uni Med Sciences. 2022;44(4): 257-269
Medical

doi: 10.34172/mj.2022.035
]Olll‘n al https://mj.tbzmed.ac.ir

of Tabriz University
of Medical Sciences

Systemic Review

The performance of simulation-based virtual reality bronchoscopy
training: A systematic review and meta-analysis

Massoud Sokouti®**", Babak Sokouti**", Mohsen Sokouti*

"Nutrition Research Center, Tabriz University of Medical Sciences, Tabriz, Iran

Research Center of Psychiatry and Behavioral Sciences, Tabriz University of Medical Sciences, Tabriz, Iran
*Biotechnology Research Center, Tabriz University of Medical Sciences, Tabriz, Iran

‘Department of Cardiothoracic Surgery, Tabriz University of Medical Sciences, Tabriz, Iran

ARTICLE INFO Abstract

Background. Today, virtual reality bronchoscopy simulation technique is used
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increasingly. So, it is essential to validate the effectiveness of its training. The
performance of training can be evaluated by synthesis of published works.

Methods. Based on PRISMA guideline, we systematically searched PubMed and Scopus
databases until April 15, 2022 and obtained the eligible articles. The included studies

were English articles that performed virtual reality simulation by flexible and rigid
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bronchoscopy for novices. Random effect model meta-analysis was performed with
heterogeneity tests, Egger’s test, SVE, SVT, and subgroup analysis.

Results. Sixteen studies comprising two RCTs, seven prospective studies, and seven
observational studies were evaluated. Meta-analysis and forest plots showed significant
P-values in novices, which indicated virtual reality simulation technique is more
effective. Heterogeneity tests showed high heterogeneity in studies of four groups.

Published year subgroup analysis explained heterogeneity between studies. Funnel plots
and Eggers' test indicated no publication bias between the two groups.

Conclusion. Simulation-based virtual reality bronchoscopy training is effective in
novices but does not reach experts' skills.

Practical Implications. The process of bronchoscopy is critical in the evaluation of the
lungs. In the past, it was generally taught by having students do it on people. Despite the
low danger, this may be stressful for trainees. Using virtual reality as a simulator, this
research aimed to analyze the abilities of experts and novices in medical education, as
well as the effectiveness of virtual reality in medical education. A new training option for
bronchoscopy simulation training can be considered for examination of the airways,
particularly in the future years, stressing the need of continued medical education.
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Extended Abstract

Background

Simulation-based  virtual reality training
bronchoscopy is used in many training centers. For
this purpose, it is necessary to acquire technical

skills to perform this invasive method and assess its
efficacy. Flexible bronchoscopy is the standard
endoscopic method for diagnosing various airway
and lung disorders. It is also necessary to correctly
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perform the technique while decreasing the risk of
tissue damage or damage to the endoscopes.
However, complications such as bleeding,
respiratory depression, cardio-respiratory arrest,
arrhythmia, and pneumothorax may occur.
Computerized-based bronchoscopy simulations
can play an essential role in training novices.
Fundamental proficiency for beginners needs their
first 100 bronchoscopies to be accomplished based
on the USA and UK bronchoscopy guidelines.

Methods

We conducted a systematic review using
Boolean queries in PubMed and Scopus databases
until April 15, 2022. We examined the effect of the
virtual reality (VR) technique on bronchoscopy
training. For this purpose, we analyzed the
following four groups: Group 1: the time of
performing virtual reality bronchoscopy by novices
before and after training; Group 2: the time of
performing bronchoscopy by novices trained with
virtual reality and experts; Group 3: the score of
performing bronchoscopy before and after training
with virtual reality by novices; and Group 4:
BSTAT score of performing bronchoscopy before
and after training by novices. Additionally, we
performed heterogeneity tests, subgroup analysis,
bias, and trim and fill operations. When there was
heterogeneity among studies, we considered
subgroup A 2011-2022 and subgroup B 2000-2010
analyses. All meta-analysis and statistical analyses
were performed with the Meta-MUMS software
(developed by Mashhad University of Medical
Sciences). Also, to evaluate the quality of the
studies, the RoB2 and ROBINS-I tools provided by
Cochrane were used for RCTs and non-RCTs,
respectively.

Results

The systematic review procedure complied with
the PRISMA guideline. Two of the studies were
RCTs, seven were prospective studies, and seven
were observational articles. RCTs and non-RCTs
had a good quality. In group 1, the result of the
meta-analysis comparing the time of bronchoscopy
before and after training novices by VR was SMD=
1.401, P=0.004. The SMD's positivity and P's

significance showed less time after training than
before. The heterogeneity test parameters were
Q=50.587, df= 7, P<0.001, and I’= 86.162, which
means heterogeneity was 86.162%. In the subgroup
analysis, by excluding Jiang B's study, the statistics
results were SMD,= 2.552, P,<0.001, SMDs=
0.289, Pg= 0.542, SMD = 1.607, and P,z<0.001. In
the subgroup analysis A and B, the positivity of
SMD and the significance of P meant that novices
performed in less time compared to before training
by VR. Heterogeneity test parameters wrere Qs=
9.367, dfa=3, I’a= 67.973, Pa= 0.025, Q= 0.972,
dfy= 2, I’s= 0, Py= 0.615 and Qqyerai= 37.048, df= 6,
I’= 83.805, P<0.001, Quetween= 13.267, P<0.001, R*=
79.202, In subgroup analysis A, heterogeneity was
67.973%. In subgroup analysis B, heterogeneity
was insignificant and equal to zero, while overall
heterogeneity was significant (83.805). The
significance of Qpeveen and the value of R* showed
that subgroup analysis can explain 79.202% of the
heterogeneity. The results of publication bias tests
were as follows: Interceptsyr= 4.136, P= 0.0583.
Interceptsye= 1.464, P= 0.440, and Interceptegge=
3.963, P=0.30. The P values and the funnel plot did
not indicate publication bias. In group 2, a meta-
analysis was applied to compare the times of
novices after training by VR with the times of
experts (SMD= 0.684, P= 0.03). The positivity of
the SMD and the significance of P meant that
experts performed bronchoscopy in less time than
novices, and virtual reality training could not bring
novices to the level of experts. Heterogeneity test
results were as follows: Q= 16.613, df= 5, I’=
69.904, P= 0.005, and 69.904%, with a significant P.
In group 3, a meta-analysis was applied to compare
the score of performing bronchoscopy before and
after training novices by VR, which resulted in
SMD= -1.294 and P= 0.001. The negativity of the
SMD and P significance meant that novices
performed bronchoscopy with a higher score
compared to before training. Heterogeneity
parameters were Q= 53.098, df= 7, P<0.001, and
I’= 86.817. The meta-analysis results in group 4
comparing BSTAT scores on performing
bronchoscopy before and after training novices by
VR were as follows: SMD = -5.226 and P<0.001.
The negativity of the SMD and the significance of
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the P value meant that novices had a higher
BSTAT score than before training. The
heterogeneity parameters were Q= 136.608, df= 4,
I’= 97.072, and P<0.001. Publication bias test
parameters were as follows: Interceptsye= -9.311,
P= 0402, Interceptsyr=6.183, P=  0.564,
Interceptgge= -8.083, and P= 0.044. Since Eggers'
test indicated a publication bias, trim and fill was
applied. In the trim and fill operation, to balance
the publication bias, a new study was added to the
studies. After a random re-meta-analysis, the
statistics with SMD= -3.541 and P= 0.009 were
obtained. The negativity of SMD and the
significance of the P value meant that novices
performed bronchoscopy with higher BSTAT
scores than before training by VR. The
heterogeneity test parameters were Q= 167/131,
df=5, I>= 97.008, and P<0.001, showing 97.008%
heterogeneity. The effect size of Kennedy's study
was smaller than the present study. The
heterogeneity of I* in the study of Kennedy was
27.21%, and the result in the current research for

four groups of novices was more than 70%. Our
results regarding the time to perform
bronchoscopy are similar to Kennedy's study.
Kennedy's study included advanced diagnostic
procedures such as endobronchial ultrasound or
biopsy. This study was conducted on the time and
speed of acquiring bronchoscopy skills before and
after training by novices, as well as scoring and
BSTAT scoring in the virtual simulation
environment.

Conclusion

This systematic meta-analysis showed that
bronchoscopy training with simulation and virtual
reality is effective in novices but can never enhance
their skills as experts. Further studies on
bronchoscopy simulation through virtual reality
are needed to further access this promising
training tool. As a result, increasing the application
of this technique in training centers by experts and
beginners will encourage other medical experts to
take the required advantages of this technique.
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