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Background: This study aimed to a find a consensus on the validity of a new hybrid surgical training scheme at times
of pandemics and post-pandemics including: (1) identifying a minimum number of surgical sessions sufficient for
steady surgical progression using the Eyesi virtual reality (VR) simulator alone during the pandemic, and live surgery
sessions alone or in combination with the Eyesi VR simulator in the post-pandemic phase; and (2) predicting surgical
performance and progression using the Eyesi VR simulator inbuilt modular reports and their role and validity as alter-
natives to surgical supervisor reports during pandemics. Method: A prospective study using a tailored, structured ano-
nymized questionnaire of the mixed open questions and closed questions type was carried out over two years from
March 2020 to March 2022. Results: Fifty-eight responses favoured one surgical session as sufficient to maintain and
improve surgical performance using the Eyesi VR simulator alone or live surgery alone or combination of both; fifty
responses favoured two surgical sessions. In all 108 responses, participants indicated that a combination of practice on
the Eyesi VR simulator and live surgery is advantageous in improving surgical skills versus live surgery practice only.
Additionally, 79 responded that practice on the Eyesi VR simulator alone might enhance the acquisition of surgical
skills and improve performance, which can predict in parallel an improved surgical performance on live cases, but 29
responses did not support this notion. Conclusions: A dedicated 1-2 sessions of practice on a surgical Eyesi VR simu-
lator alone during pandemics, or a combination of the Eyesi VR simulator and live surgical cases or sole live surgery
during post-pandemic times, might be an integral part of the training curriculum to ensure a steady improvement in
the acquisition of surgical skills. The use of the Eyesi VR simulator modular reports might be helpful as an alternative

to surgical supervisor reports at times of pandemics or in conjunction with these at post-pandemic times.
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There is a worldwide recognized increased need to address

ophthalmic surgical learning in general and phaco-
emulsification in particular." There is also a rising need to
estimate, predict and measure this learning process from the
early stages up to senior levels via regular supervisors’
reports and simulation platform reports.” Different types of
simulation have been tried as part of this learning process,

many of them proving to be integral for learning.’

The demand to monitor and

emulsification learning process among different grades of eye

improve the phaco-
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surgeons alongside the increased need for simulated surgical
learning became more evident during the COVID-19 pan-
demic, and the position of simulation has been well recog-
nized during a time of staggered surgical training.*

The popularity of the use of surgical Eyesi VR simulators in
general and the Eyesi simulation platform specifically in-
creased during the COVID-19 pandemic.” There is unequiv-
ocal evidence in the literature that training on the Eyesi
virtual reality (VR) simulator is essential for the progression
of surgical skills. This progress can be measured using well-
defined computer software via sequential score-based mod-
ules.®'% The scores in each module on an eye surgery Eyesi
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VR simulator in the early stages of a residency program may
help to predict a resident’s future performance in the operat-
ing room. It was found that these scores may allow early
identification in an objective way of junior surgeons who
might need supplemental training in cataract surgery.® Also,
it has been noticed that proficiency-based training on an
Eyesi VR simulator using its different modules can improve
clinically relevant cataract surgical skills. Junior surgeons
and surgeons of an intermediate level of experience showed
progression in their operating room performance score.”

Additionally, Thomsen et al. concluded that performance on
the Eyesi simulator as matched to real-life surgical perfor-
mance can be significantly and closely correlated. However,
it is recommended that data from multiple sources should
be used to make performance and proficiency assessments.”
Moreover, the results of a study by Solverson et al. showed
that the performance of experienced surgeons can be quanti-
fied and monitored by the Eyesi VR simulator, and this sim-
ulator can also be a valid individualized task training
platform that may help improve junior surgeons’ dexterity
to expert surgeon level.”

The Royal College of Ophthalmologists in London, UK, in
its report from another study, came to the conclusion that
the rates of unadjusted posterior capsular rupture (PCR) in
the first and second years of ophthalmology training have
decreased since 2009. This has significant benefits for
patients undergoing cataract surgery, and this 38% reduction
in complication rates aligns with the introduction of Eyesi
VR simulator training."’

The questions in this questionnaire were informed by search-
ing peer-reviewed journals on online sources like PubMed,
Google Scholar, and Embase using the search key words: pha-
coemulsification, simulation, Eyesi, COVID-19, training,
learning. A mixed open questions and closed questions type
of questionnaire was used in this study in a prospective way.
Each respondent was given at least 24 h to read, understand
and complete the questionnaire. The questionnaire was an-
swered in an anonymized way whereby the names of
respondents were removed but members of each of the three
groups were given a code to identify their group.

The study was multicentre, with an equal number of ques-

tionnaires allocated to each group of surgeons.

Participants

A total of 108 ophthalmic surgeons of varying grades of expe-
rience in phaco-emulsification completed the questionnaire.
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There were 36 ophthalmology consultants, 36 middle grade
surgeons and 36 ophthalmology junior surgeons. All of these
surgeons were involved in simulation training during the
COVID-19 pandemic period using the Eyesi VR simulator
but to a variable level, and were involved in a combination of
live surgery and VR simulation in the post-COVID-19 phase.

The duration of each training session on the Eyesi VR simu-
lator and the number of cases/tasks were perceptually and
practically matched to the duration of a standard teaching
phaco-emulsification theatre list. Each session was for ap-
proximately 3 h including training on modular tasks that
included: injection of viscoelastics, capsulorrhexis, hydrodis-
section, phaco-chop or divide and conquer, irrigation and
aspiration, and intra-ocular lens (IOL) implantation. The
participants were required to include simulator or live
surgery sessions that were of similar duration, or to add up
shorter sessions to make up one session of 3 h duration.

For the steps that did not feature in the Eyesi VR simulator
like making corneal incisions and side ports, time could be
compensated for by repeating some other tasks to match the
same total amount of time for each session.

Main outcome measure

Direct questionnaires were completed during the period
March 2020-March 2022 by ophthalmic surgeons of various
levels of phaco-emulsification experience. The responses to
these questions were based on each surgeon’s own personal
qualitative assessment based on the Eyesi simulator’s inbuilt
modular reports of progression and their personal surgical
supervisors’ reports and phaco-emulsification surgical audit,
and each surgeon’s own comparison of Eyesi VR simulator-
based phaco-emulsification training alone during the
COVID-19 pandemic compared with a combination of
Eyesi VR simulator/real surgery training or predominantly
real surgery on live patients during the post-COVID-19
phase. Each participant completed one questionnaire only.
Bias was minimized by using questions that were checked
against basic linguistic standards, and using simple, self-
explanatory questions.

Statistical design and analysis

In this study, we used a purposive type of sampling with a
mixture of critical case sampling, where participants are
likely to provide important and specific answers to the re-
search question, and maximum variation sampling, where
the selected participants represent the whole range of a spec-
trum of eye surgeons whereby we could capture a full pic-
ture of different practices related to phaco-emulsification
training from the responses in the questionnaire.
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The sample size was calculated using the Survey Monkey
Calculator. The sample size used at a 95% confidence inter-
val was associated with a 5% margin of error for the study.
The choice of 36 candidates in each response group was cal-
culated using a two-tailed test based on power (1 — f) =
0.80 and = 0.05. The confidence interval was calculated by
adding and subtracting the margin of error from the sample
mean with the aid of a statistician. The P-value was calcu-
lated from the t-distribution table.

The chi-squared test, using the SPSS package, was used for
analysis of the responses to define the level of significance.
We used the chi-squared test because we mainly tested cate-
gorical variables in this study, with questionnaire answers of
the yes/no type, or answers that returned percentages
or counts.

Ethics and consent

Ethical approval was not required as the study did not in-
volve patients or volunteers. All live surgery sessions were
done as part of planned routine practice rather than as part
of the study. All participants in the questionnaire survey
have consented to the publication of the analysis of results.

Responses received from all 108 participants indicated that a
combination of practice on the Eyesi VR simulator and live
surgery is predicted to have more benefit in improving sur-
gical skills compared with live cases practice only.
Additionally, 79 (73.1%) participants indicated that practice
on the Eyesi VR simulator alone might enhance the acquisi-
tion of surgical skills with improved performance that can
predict in parallel an improved surgical performance on live
cases. These responses came from 24 consultants, 33 middle
grade surgeons and 22 junior surgeons. Twenty-nine partici-
pants (26.9%) did not think that practice on the Eyesi VR
simulator alone could predict surgical skills as reflective of
real surgery practice. Of these, 12 were consultants, three
were middle-grade surgeons and 14 were junior grade sur-
geons (Table 1). On the other hand, 58 responses (53.7%)
thought that one surgical session of surgical Eyesi VR simu-
lator training with or without live surgical training, or live
surgery only may be sufficient to maintain and improve surgi-
cal performance, while 50 participants (46.3%) favoured two
surgical sessions. The differences between these responses are
statistically significant: the P-value is 0.00301 and after Yates
correction the P-value of 0.004722 is also significant. Of these
58 responses, the grades of surgeons that favoured one session
were 24 consultant surgeons, 18 middle grade surgeons and
only 14 junior surgeons. Conversely the responses that indi-
cated the need for two surgical sessions as a minimum

Table 1. Questionnaire responses regarding Eyesi simulator pre-
dictiveness of real surgery skills and performance

Surgeon grade (n = 108) Eyesi simulator
can predict real
surgery skills

and performance

Eyesi simulator
cannot predict
real surgery skills
and performance

Consultant (n = 36) 24 12
Middle grade (n = 36) 33 3
Junior grade (n = 36) 22 14

P =0.004722 at 95% confidence interval.

Table 2. Responses from different grades of surgeon regarding
number of surgical practice sessions required to maintain and
improve phaco-emulsification skills

Responses
favouring 1
surgical session

Surgeon’s grade (n = 108) Responses
favouring 2

surgical sessions

Consultant (n = 36) 24 12
Middle grade (n = 36) 18 18
Junior grade (n = 36) 14 22

comprised 12 from consultants, 18 from middle-grade sur-
geons and 22 from junior surgeons (Table 2).

The responses in Table 2 are based on a perceived practi-
cally matched duration of session of training on the Eyesi
VR simulator to the duration in the live operating room
(OR) environment. The duration per session was 3 h, doing
4-5 cases, whereas in a standard teaching phaco-
emulsification theatre list the number of cases ranges from 4
to 6. Also, the responses showed that 70% of consultants
had 70% access to an Eyesi VR simulator during the
COVID-19 pandemic, 40% access in the immediate 3
months post-COVID-19 pandemic, and 80% access to live
surgery during the same post-COVID-19 phase. On the
other hand, the responses showed that middle grade sur-
geons had 40% access to an Eyesi VR simulator during the
COVID-19 pandemic, 45% access in the immediate 3
months post-COVID-19 pandemic and 55% access to live

surgery during the same post-COVID-19 phase.

Junior surgeons had 95% access to an Eyesi VR simulator
during the COVID-19 pandemic, 80% access in the immedi-
ate 3 months post-COVID-19 pandemic and 70% access to
live surgery during the same post-COVID-19 phase

(Table 3).



Table 3. Access to an Eyesi surgical simulator versus live surgery
access among different surgeon grades

Surgeon Simulation Live surgery ~ Simulation Live surgery
grade access during access during access in access in
COVID-19  COVID-19 3 months 3 months
pandemic pandemic post- post-
COVID-19 COVID-19
pandemic  pandemic
Consultant 70% 0% 40% 80%
Middle grade 40% 0% 45% 55%
Junior grade  95% 0% 80% 70%

Comparison between access to live surgery and simulated surgery is
based on approximately 3 h sessions.

This study tried to address an unmet demand to identify al-
ternative designs of a training program for phaco-
emulsification at times when there is suboptimal exposure to
live surgery or when exposure is not possible at all.'' The
use of various types of surgical simulation was not only
found to address this demand, but was also found to im-
prove performance in certain surgical steps and decrease the
rate of intra-operative complications.'>'> The current study
used a questionnaire that is specifically designed with a pur-
posive selection method to include responses from eye
surgeons of different grades of proficiency in phaco-
emulsification surgery.

We found in this study that 73.1% of the respondents sup-
ported the view that training on the Eyesi VR simulator can
improve surgical performance in vitro which can help to
predict a similar performance on live cases. Findings from
other studies have also supported the strong correlation be-
tween performance on the surgical Eyesi VR simulator and
predictiveness of performance on live surgical cases and that
actually improvement in performance on the Eyesi VR sim-
ulator reflects a similar improvement on surgical cases.’"°
Starting at junior level, Lucas et al. concluded that use of the
Eyesi VR simulator has significantly lowered the rate of
intra-operative complications performed by an individual
for the first 10 phaco-emulsification operations.'* Rothschild
et al. concluded in their systematic review that there is good
evidence that Eyesi VR simulator training was useful specifi-
cally to decrease the rate of intra-operative posterior capsu-
lar rupture and out-running capsulorrhexis, but found
limited evidence in respect of other complications.”” The
Eyesi VR simulator was also found to be useful in assessing
surgeons’ dexterity in order to assist tailoring specific indi-
vidual needs while designing training programs.'®

Another finding from our study is that the Eyesi VR simula-
tor modular reports can be used to certify an individual
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surgeon’s progress and could be used as an alternative to su-
pervisor surgical reports. In order to draw this conclusion,
each surgeon response was perceptually based on exposure
to a similar environment to match a training session on the
Eyesi VR simulator with a live theatre session in terms of
the total time allowed per session and the number of cases
or tasks completed.

The well-structured modular assessment software of the
Eyesi VR simulator was found to have a pivotal role in sur-
gical skills acquisition. It helps classify surgical experience

. . 17,18
levels and improve performance on live cases.

Also, another finding from our study is that 53.7% of
responses supported the view that one surgical session of
dedicated Eyesi VR simulator training or combined Eyesi
VR simulator and live cases training per week may be ac-
cepted as a minimum sufficient number to allow the steady
acquisition and improvement of surgical skills. This in prac-
tice will invariably mean less time in dedicated surgical ses-
sions is needed for training.

Laurell et al. supported a similar view in their study when
they concluded that, in addition to decreasing complications
rates and maintaining surgical skills, Eyesi VR simulator
training may shorten training time."” Daly et al. also con-
cluded that the time spent to pass Eyesi VR simulator mod-
ules is predictive of performance and the time needed in the
theatre.”” Moreover, Belyea et al. concluded that junior sur-
geons who trained and completed Eyesi VR simulator mod-
ules were more efficient in using the phaco power, having
fewer complications and shorter learning curves.’’
Furthermore, Chun Ng et al. concluded that trainee sur-
geons who completed all Eyesi VR simulator modules were
more capable and confident to successfully complete the

most challenging tasks of phaco-emulsification.*”

This study attempted to provide focused answers towards
addressing an increasing need to tailor an ophthalmology
surgical training scheme at times of lack of exposure or sub-
optimal exposure to live surgical training and practice as in
the COVID-19 pandemic and in the post-pandemic phase.

The study concluded that 1-2 sessions of dedicated Eyesi
simulation practice alone or combined with live surgical
practice is an appropriate starting point for such a scheme.

Furthermore, the study concluded that the Eyesi VR simula-
tor system generated modular reports for each individual
surgeon that might be used as a valid alternative to surgical
supervisor reports at times of pandemics or similar crises.
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Moreover, this arrangement might successfully be extended
to post-crisis times as the study concluded that these Eyesi
reports can successfully predict a surgeon’s performance in
live cases surgery.

However, further targeted research with a larger study sam-
ple size and more objectively structured questionnaires is
recommended.

Also, this study has limitations in that the respondents to
the questionnaire in this study are not of the same grade.
Also, there needs to be more structured session matching in
terms of documenting difficulties and complications en-
countered, and the appropriateness of the length of
each session.

A future study should also take the difference in stress levels
between live surgery practice and practice on the Eyesi VR
simulator into consideration.

It might be more useful to perform a further study with sim-
ilar questionnaires targeted at a specific group of surgeons
with a junior level of phaco-emulsification experience, and
another separate one with surgeons at a senior level.
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The data supporting the findings of this article are available
from the corresponding author on request.

Manandhar A. Phacoemulsification learning curve in first 500
cases. Glob J Cataract Surg Res Ophthalmol 2023; 2: 30-33.
https://doi.org/10.25259/GJCSRO_30_2022

Carricondo PC, Fortes AC, Mourao Pde C, Hajnal M, Jose NK.
Senior resident phacoemulsification learning curve. Arq Bras
Oftalmol 2010; 73(1): 66-69. https://doi.org/10.1590/S0004-
27492010000100012

Pradeep TG, Sundaresh DD, Ramani S. Adoption of newer
teaching methods to overcome challenges of training in oph-
thalmology residency during the COVID-19 pandemic. Indian J
Ophthalmol 2021; 69(5): 1292-1297. https://doi.org/10.4103/ijo.
JO_3063_20

Campbell S, Hind J, Lockington D. Engagement with ophthal-
mic simulation training has increased following COVID-19 dis-
ruption—the educational culture change required? Eye (Lond)
2021; 35(10): 2660-2661. https://doi.org/10.1038/s41433-021-
01494-1

Carr L, McKechnie T, Hatamnejad A, Chan J, Beattie A.
Effectiveness of the Eyesi surgical simulator for ophthalmology
trainees: systematic review and meta-analysis. Can ]
Ophthalmol 2024; 59(3): 172-180. https://doi.org/10.1016/j.jcjo.
2023.03.014

Roohipoor R, Yaseri M, Teymourpour A, Kloek C, Miller JB,
Loewenstein JI. Early performance on an eye surgery simulator
predicts subsequent resident surgical performance. J Surg Educ
2017; 74(6): 1105-1115. https://doi.org/10.1016/j.jsurg.2017.
04.002

Thomsen ASS, Bach-Holm D, Kjerbo H, Hejgaard-Olsen K,
Subhi Y, Saleh GM, et al. Operating room performance
improves after proficiency-based virtual reality cataract surgery
training. Ophthalmology 2017; 124(4): 524-531. https://doi.org/
10.1016/j.0phtha.2016.11.015

Thomsen ASS, Smith P, Subhi Y, Cour M, Tang L, Saleh GM,
et al. High correlation between performance on a virtual-reality
simulator and real-life cataract surgery. Acta Ophthalmol 2017;
95(3): 307-311. https://doi.org/10.1111/a0s.13275

Solverson DJ, Mazzoli RA, Raymond WR, Nelson ML, Hansen
EA, Torres MF, et al. Virtual reality simulation in acquiring
and differentiating basic ophthalmic microsurgical skills. Simul
Healthc  2009; 4(2): 98-103. https://doi.org/10.1097/STH.
0b013e318195419¢

Ferris JD, Donachie PH, Johnston RL, Barnes B, Olaitan M,
Sparrow JM. Royal College of Ophthalmologists’ National
Ophthalmology Database study of cataract surgery: report 6.
The impact of EyeSi virtual reality training on complications
rates of cataract surgery performed by first and second year
trainees. Br J Ophthalmol 2020; 104(3): 324-329. https://doi.
org/10.1136/bjophthalmol-2018-313817

Sarkar S, Gokhale T, Jacob N, Jossy A, Suneel S, Kaliaperumal
S. The surgical simulator-assisted postgraduate ophthalmology
residency training during the COVID-19 pandemic. Indian J
Ophthalmol 2021; 69(8): 2234-2236. https://doi.org/10.4103/ijo.
1JO_1628_21

Maubon L, Nderitu P, O’Brart DPS. Returning to cataract sur-
gery after a hiatus: a UK survey report. Eye (Lond) 2022; 36(9):
1761-1766. https://doi.org/10.1038/s41433-021-01717-5

Hu KS, Pettey J, SooHoo JR. The role of technology in ophthal-
mic surgical education during COVID-19. Curr Surg Rep 2022;
10(12): 239-245. https://doi.org/10.1007/s40137-022-00334-9
Lucas L, Schellini SA, Lottelli AC. Complications in the first 10
phacoemulsification cataract surgeries with and without prior
simulator training. Arq Bras Oftalmol 2019; 82(4): 289-294.
https://doi.org/10.5935/0004-2749.20190057


https://doi.org/10.25259/GJCSRO_30_2022
https://doi.org/10.1590/S0004-27492010000100012
https://doi.org/10.1590/S0004-27492010000100012
https://doi.org/10.4103/ijo.IJO_3063_20
https://doi.org/10.4103/ijo.IJO_3063_20
https://doi.org/10.1038/s41433-021-01494-1
https://doi.org/10.1038/s41433-021-01494-1
https://doi.org/10.1016/j.jcjo.2023.03.014
https://doi.org/10.1016/j.jcjo.2023.03.014
https://doi.org/10.1016/j.jsurg.2017.04.002
https://doi.org/10.1016/j.jsurg.2017.04.002
https://doi.org/10.1016/j.ophtha.2016.11.015
https://doi.org/10.1016/j.ophtha.2016.11.015
https://doi.org/10.1111/aos.13275
https://doi.org/10.1097/SIH.0b013e318195419e
https://doi.org/10.1097/SIH.0b013e318195419e
https://doi.org/10.1136/bjophthalmol-2018-313817
https://doi.org/10.1136/bjophthalmol-2018-313817
https://doi.org/10.4103/ijo.IJO_1628_21
https://doi.org/10.4103/ijo.IJO_1628_21
https://doi.org/10.1038/s41433-021-01717-5
https://doi.org/10.1007/s40137-022-00334-9
https://doi.org/10.5935/0004-2749.20190057

Rothschild P, Richardson A, Beltz J, Chakrabarti R. Effect of
virtual reality simulation training on real-life cataract surgery
complications: systematic literature review. J Cataract Refract
Surg 2021; 47(3): 400-406. https://doi.org/10.1097/j.jcrs.000000
0000000323

Chilibeck, C. Consolidating approaches to maximise outcomes
and minimise complications of contemporary cataract surgery
[Doctoral thesis]. Auckland: Library and Learning Services, The
University of Auckland; 2022. Available from: https://research
space.auckland.ac.nz/items/08dfa0a5-0de4-4476-ac69-2cle5a7c7405
Nayer ZH, Murdock B, Dharia IP, Belyea DA. Predictive and
construct validity of virtual reality cataract surgery simulators. ]
Cataract Refract Surg 2020; 46(6): 907-912. https://doi.org/10.
1097/j.jcrs.0000000000000137

Thomsen ASS, Kiilgaard JF, Kjaerbo H, la Cour M, Konge L.
Simulation-based  certification for cataract surgery. Acta
Ophthalmol 2015; 93(5): 416-421. https://doi.org/10.1111/a0s.12691

A. Hadi Al Hassany Eyesi virtual reality simulator 67

Laurell CG, Soderberg P, Nordh L, Skarman E, Nordqvist P.
Computer-simulated phacoemulsification. Ophthalmology 2004;
111(4): 693-698. https://doi.org/10.1016/j.0phtha.2003.06.023
Daly MK, Gonzalez E, Siracuse-Lee D, Legutko PA. Efficacy of
surgical simulator training versus traditional wet-lab training
on operating room performance of ophthalmology residents
during the capsulorhexis in cataract surgery. J Cataract Refract
Surg 2013; 39(11): 1734-1741. https://doi.org/10.1016/].jcrs.
2013.05.044

Belyea DA, Brown SE, Rajjoub LZ. Influence of surgery simula-
tor training on ophthalmology resident phacoemulsification
performance. J Cataract Refract Surg 2011; 37(10): 1756-1761.
https://doi.org/10.1016/j.jcrs.2011.04.032

Ng DS, Sun Z, Young AL, Ko ST, Lok JK, Lai TY, et al. Impact
of virtual reality simulation on learning barriers of phacoemul-
sification perceived by residents. Clin Ophthalmol 2018; 12:
885-893. https://doi.org/10.2147/OPTH.S140411


https://doi.org/10.1097/j.jcrs.0000000000000323
https://doi.org/10.1097/j.jcrs.0000000000000323
https://researchspace.auckland.ac.nz/items/08dfa0a5-0de4-4476-ac69-2c1e5a7c7405
https://researchspace.auckland.ac.nz/items/08dfa0a5-0de4-4476-ac69-2c1e5a7c7405
https://doi.org/10.1097/j.jcrs.0000000000000137
https://doi.org/10.1097/j.jcrs.0000000000000137
https://doi.org/10.1111/aos.12691
https://doi.org/10.1016/j.ophtha.2003.06.023
https://doi.org/10.1016/j.jcrs.2013.05.044
https://doi.org/10.1016/j.jcrs.2013.05.044
https://doi.org/10.1016/j.jcrs.2011.04.032
https://doi.org/10.2147/OPTH.S140411

	Active Content List
	Introduction
	Materials and methods
	Results
	Discussion
	Conclusion
	Conflict of interest
	Funding
	Data availability
	References


