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Abstract
Background  Cataract surgery requires a high level of dexterity and experience to avoid serious intra- and post-
operative complications. Proper surgical training and evaluation during the learning phase are crucial to promote 
safety in the operating room (OR). This scoping review aims to report cataract surgery training efficacy for patient 
safety and trainee satisfaction in the OR when using virtual reality simulators (EyeSi [Haag-Streit, Heidelberg, Germany] 
or HelpMeSee [HelpMeSee foundation, Jersey city, New Jersey, United States]) or supervised surgical training on 
actual patients programs in residents.

Methods  An online article search in the PubMed database was performed to identify studies proposing OR 
performance assessment after virtual-reality simulation (EyeSi or HelpMeSee) or supervised surgical training on 
actual patients programs. Outcome assessment was primarily based on patient safety (i.e., intra- and post- operative 
complications, OR performance, operating time) and secondarily based on trainee satisfaction (i.e., subjective 
assessment).

Results  We reviewed 18 articles, involving 1515 participants. There were 13 using the EyeSi simulator, with 10 studies 
conducted in high-income countries (59%). One study used the HelpMeSee simulator and was conducted in India. 
The four remaining studies reported supervised surgical training on actual patients, mostly conducted in low- middle- 
income countries. Training programs greatly differed between studies and the level of certainty was considered low. 
Only four studies were randomized clinical trials. There were 17 studies (94%) proposing patient safety assessments, 
mainly through intraoperative complication reports (67%). Significant safety improvements were found in 80% of 
comparative virtual reality simulation studies. All three supervised surgery studies were observational and reported 
a high amount of cataract surgeries performed by trainees. However, intraoperative complication rates appeared to 
be higher than in virtual reality simulation studies. Trainee satisfaction was rarely assessed (17%) and did not correlate 
with training outcomes.

Conclusions  Patient safety assessment in the OR remains a major concern when evaluating the efficacy of a training 
program. Virtual reality simulation appears to lead to safer outcomes compared to that of supervised surgical training 

Virtual reality simulation and real-life training 
programs for cataract surgery: a scoping 
review of the literature
Lea Dormegny1,2*, Van Charles Lansingh3,4,5,6, Anne Lejay2,7, Nabil Chakfe2,7, Rémi Yaici1,2, Arnaud Sauer1,2, 
David Gaucher1,2, Bonnie An Henderson3,8, Ann Sofia Skou Thomsen9,10,11 and Tristan Bourcier1,2

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12909-024-06245-w&domain=pdf&date_stamp=2024-10-31


Page 2 of 17Dormegny et al. BMC Medical Education         (2024) 24:1245 

Background
Cataract surgery is the most common surgical procedure 
in ophthalmology, with 20 million operations performed 
worldwide each year [1]. Cataract surgery represents 
80–85% of all ophthalmic surgeries [2], and it is there-
fore a key element of surgical training in ophthalmology. 
Patient safety is closely related to the quality of this train-
ing. In most countries, cataract surgical training is based 
on traditional “learning on patients” apprenticeship 
models, where surgeries are performed on real patients 
in the operating room (OR). Training, however, has 
been undergoing a revolutionary change with the addi-
tion of virtual reality simulation-based (VRS) training, 
and the availability of VRS surgical training facilities has 
increased in many university hospitals [3, 4]. Postgradu-
ate ophthalmology trainees who have not yet completed 
their specialty training (i.e., residents), can, however, 
struggle to find access to virtual reality simulators. This 
is mainly due to cost, as few virtual reality simulators 
are commercially available, and they can be expensive to 
use [5]. Thus, some residents may have no choice but to 
participate in traditional supervised surgical training on 
actual patients [6, 7].

There is a lack of evidence that skills learned during 
supervised cataract surgery on actual patients train-
ing leads to improved patient safety. In fact, no previous 
reviews of training efficacy include supervised surgical 
training programs. Moreover, supervised cataract surgi-
cal training outcomes have never been assessed alongside 
VRS training outcomes. We believe that such an assess-
ment is valuable. There are two widely used virtual reality 
(VR) simulators that should be chosen for such a com-
parison: the EyeSi VR Magic (Haag-Streit, Heidelberg, 
Germany) and HelpMeSee (HMS, [HelpMeSee founda-
tion, Jersey city, New Jersey, United States]) as each VR 
simulator varies greatly from each other, most notably for 
accessibility issues.

Supervised cataract surgery trainings on actual patients 
are offered in countries with high cataract surgery 
demand and a shortage of eye surgeons [6]. These are at 
the trainees’ expense and do not include VRS. The EyeSi 
and HMS virtual reality simulators have each been spe-
cifically designed for cataract surgery training, but the 
training design, purpose, and accessibility differ between 
the two simulators. EyeSi is a widespread, commercially-
available cataract surgery simulator designed for phaco-
emulsification and vitreoretinal surgery self-guided 

training [8] that is mostly used in high-income coun-
tries (HICs) [9]. HMS focuses on resource-limited areas 
in low- and middle-income countries (LMICs). HMS 
establishes local training centers mainly for manual small 
incision cataract surgery (MSICS), although phacoemul-
sification and vitrectomy modules are available. HMS 
training sessions are supervised by certified instruc-
tors. Courses are not limited to medical doctors, but 
also to allied health personnel where allowed, and they 
include a reimbursement system for trainees operating in 
resource-limited areas [6]. Despite their significant use, 
reports of HMS simulator outcomes are sparse compared 
to those of the EyeSi simulator. Although not included in 
this review, other simulation training methods for cata-
ract surgery learning have been studied with encourag-
ing efficacy results [10, 11], these include wet-lab training 
(i.e., using organic animal tissues, such as porcine eyes), 
and less frequently, dry-lab training (i.e., using synthetic 
materials). The efficacy of VRS over wet-lab and dry-lab 
training methods vary between studies, although efficacy 
results tend to be higher for VRS [12, 13].

Skill transfer in the OR and patient safety outcomes 
represent the two highest factors in Kirkpatrick’s model 
for the assessment of training program efficacy [14]. 
There is a lack of data on skill transfer from a simulation-
based training to the OR in ophthalmology, as reported 
in 2015 [8]. In 2020, Lee et al. reported higher efficacy 
with the EyeSi virtual reality simulator compared to other 
training modalities for cataract surgery [12]. This finding 
was confirmed in Nayer et al.’s review, who added that 
there was less evidence of efficacy for other virtual reality 
simulators (MicroVisTouch [ImmersiveTouch, Chicago, 
IL, USA] and an in-house virtual reality phacoemulsifi-
cation simulator). The HMS simulator was not included 
in these studies [15]. A review including six random-
ized controlled trials (RCTs) reported the higher efficacy 
of VRS training compared to no supplementary train-
ing in postgraduate trainees with uncertain evidence. 
The results were less consistent compared to those with 
wet-lab training [13]. Also, the assessment of trainee 
satisfaction during training represents the first level of 
Kirkpatrick’s model for training program efficacy and 
provides a complementary subjective assessment [8].

In order to provide a comprehensive picture of cata-
ract surgery training efficacy and assessment in residents, 
this scoping review aimed to report on and evaluate the 
impact of three different widely used methods of surgical 

on actual patients alone, which encourages its use prior to performing real cases. However, actual training programs 
need to be more consistent, while maintaining a balance between financial, cultural, geographical, and accessibility 
factors.
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training (i.e., supervised surgery on actual patients, EyeSi 
virtual reality simulator, and HMS virtual reality simu-
lator) primarily on patient safety in the OR, including 
complications and OR performance, and secondarily, on 
trainee satisfaction.

Materials and methods
The proposed scoping review was conducted in accor-
dance with the JBI methodology for scoping reviews [16].

A comprehensive research strategy was designed to 
retrieve all articles of interest by combining [cataract 
surgery OR phacoemulsification OR MSICS OR ECCE] 
AND [Virtual Reality training AND (EyeSi OR HelpMe-
See)] OR [live-surgery training program OR hands-on 
training program OR supervised training program] in the 
PubMed database. All studies published from inception 
to September 2023 with an English abstract and available 
full text were reviewed. All abstracts were read by one 
author (L.D.) who retrieved potentially eligible trials to be 
read independently in full by two authors (L.D. and T.B.). 
Eligibility was decided by committee. All selected studies 
proposed an assessment of OR performance (objective 
and/or subjective) after EyeSi or HMS or supervised sur-
gery on actual patients trainings. Performance outcomes 
had to be assessed on patients operated in the OR. Stud-
ies reporting only performance outcomes outside of the 
OR (i.e., VRS performance, wet-lab performance) were 
excluded. Participants had to be ophthalmology train-
ees who had not yet completed their specialty training, 
or residents. All types of studies were included except 
reviews and meta-analyses.

Outcome evaluation was based on assessment of:

 	• Patient safety (primary outcome):

 	– Intraoperative complications.
 	– Postoperative complications.
 	– Operating time in the OR.
 	– Surgical performance in the OR (objective 

assessment).

 	• Trainee satisfaction (secondary outcome):

 	– Surgical performance in the OR (subjective 
assessment including performance improvement, 
comfort, and self-confidence in the OR).

Search results were compiled using Zotero (6.0.26) soft-
ware (Zotero, Fairfax, Virginia, United States). Two 
experienced reviewers (LD, TB) screened the retrieved 
articles and extracted data from each eligible study using 
a standardized data extraction sheet following presence 
or absence of inclusion and exclusion criteria.

For each selected study, first author, publication date, 
study type, and country were retrieved. The follow-
ing information on the methods were reported: training 
modality (EyeSi, HMS, or supervised surgical training on 
actual patients), defined groups (if applicable), number 
of participants per group, previous experience in phaco-
emulsification/MSICS, number of surgeries performed 
during the study, OR skills assessed, assessment tool, use 
of satisfaction questionnaire, and training sequence. The 
outcomes for each study were also reported for further 
discussion.

The accessibility of each training modality was reported 
according to the number of studies available, the number 
of countries and participants per countries involved, and 
facilitated access (duration, mentoring). The number of 
surgeries performed per participant in the selected stud-
ies was calculated as a surgical ratio (number of surgeries 
performed/number of participants). Costs and financial 
information were also reported when available.

Results
Study selection
The database identified 585 articles. After removing 299 
duplicates, 286 articles were reviewed based on title and 
abstract. Of these, 184 were excluded by the first reviewer 
(L.D.) for being out of the scope of this study (i.e., not 
about cataract surgery, not about surgical training, not 
evaluating ophthalmology trainees, not about EyeSi, 
HMS, or hands-on training on actual patients with super-
vision, not evaluating OR performance). There were 22 
articles considered relevant and reviewed independently 
by L.D. and T.B.: 16 for the EyeSi simulator, two for the 
HMS simulator and four for supervised surgical training. 
Four articles were excluded for being of an inappropriate 
study type (i.e., review, metanalysis) or for exclusion cri-
teria found after full-text examination. In total, 18 arti-
cles including 1515 participants were assessed for review. 
There were 13 evaluating the EyeSi simulator, one involv-
ing the HMS simulator, and four with supervised surgical 
training on actual patients. A study selection flowchart is 
presented in Fig. 1.

General information
Study setting
The reviewed studies were published from 2011 to 2023 
and conducted in eight different countries. EyeSi stud-
ies took place in the United States (n = 5) [17–21], Den-
mark (n = 3) [21–23], the United Kingdom (n = 2) [24, 25], 
Morocco (n = 1) [26], China (n = 1) [27], and Brazil (n = 1) 
[28]. The HMS study took place in India [29]. The four 
studies which reported supervised training on actual 
patients took place in rural communities in China [30], 
India [31], Egypt [32], and the United States [33] (Fig. 2).
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Study design
Ten studies were randomized clinical trials (n = 4) [17, 23, 
26, 29] or comparative studies (n = 6) [18–21, 25, 28], all 
using virtual reality simulators. In these studies, the con-
trol group was either a wet-lab training group [17] or a 
“without virtual reality simulator” group. The latter could 
involve wet-lab training in common with the simulator 
group [18–20], or no planned training [21, 26, 29], or 
the participants training themselves immediately before 
simulation training [23]. In two studies, participants 
who performed cataract surgeries prior to the purchase 
of an EyeSi simulator were included in the control [25, 
28]. Four EyeSi studies were noncomparative and obser-
vational [22, 24, 27, 34]. Of the four supervised training 
studies, one was a case report [32] and the three others 
were retrospective non-comparative observational stud-
ies [30, 31, 33].

Surgical intervention and previous surgical experience
The EyeSi simulator was exclusively used for phacoemul-
sification training, the HMS simulator for MSICS. Two 

supervised surgical training studies evaluated phaco-
emulsification [31, 32] and one MSICS [30].

Three EyeSi studies required no previous phacoemul-
sification experience [19, 20, 28] and one study only 
minimal experience [24]. One EyeSi study voluntarily 
divided surgeons into four different levels of experience, 
including novice, intermediate, experienced, and expert 
participants (0, 1–75, 76–999, and > = 1000 independent 
phacoemulsifications previously performed, respectively) 
[23]. Only limited experience in MSICS prior to the study 
(< 20 MSICS procedures) was required in the HMS study 
[29]. No previous surgical experience requirements were 
imposed for the other included study. However, very low 
experience levels (< 20 cataract surgeries performed) 
were reported in three studies [21, 30, 34] and previous 
experience without details in the three other studies [17, 
27, 31].

Number of participants and number of surgeries performed
The median number of participants in supervision surgi-
cal training studies was two [1–989], and one of the four 
supervised surgery studies did not specify the number of 

Fig. 1  Flow chart representing study selection
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participants [33]. Two studies included only one and two 
participants, respectively [30, 32]. One study retrospec-
tively reported the outcomes of 989 participants over a 
9-year period after a specific phacoemulsification train-
ing program in Indian centers [31]. The median number 
of participants in VRS studies was 19 [3-265]. One EyeSi 
study was a 7-year audit database retrospective analysis 
which included 265 participants [25]. Apart from this 
study, the range of participants was three to 38. The 
median number of procedures performed per participant 
(surgical ratio) was 167 [58-1034] for supervised surgical 
training, and 20 [1-301] for VRS training (20 [20] for the 
HMS study and 18 [1-301] for EyeSi).

Training program modalities
VRS training programs varied greatly between studies. 
Numerous studies included didactic lectures prior to 
the training, lasting from 10  min to 2  h [19, 22, 27, 29, 
34]. Warm-up sessions [22, 23, 26, 34], wet-lab [19, 20, 

24] or dry-lab [29] sessions sometimes preceded the 
VRS program. Prior extraocular surgery practice was 
also included [24]. Training on the simulator variously 
included: (1) preselected modules to be performed with-
out time limits [22, 23, 28, 34]; (2) preselected modules 
with milestones to be reached granting access to the next 
module, with [19] or without time limits [17, 18, 27]; and 
(3) only a minimum duration of practice on the simula-
tor [20, 21, 24, 26, 29]. The modules proposed and train-
ing duration were not specified in one study [25]. HMS 
included e-Book reading, e-learning courses, classroom 
instructions, dry-lab activities, VRS (80% of the pro-
gram), and a supervised surgery phase on actual patients 
[29]. Hands-on training courses with supervised surgery 
phases on actual patients lasted several weeks (up to 3 
months) [30]. Additional training preparations included 
didactic lectures [30–32], wet-lab activities [30, 31], OR, 
or video observations [31, 32], conference attendance, 
and discussions [31]. supervised surgeries on actual 

Fig. 2  Country distribution for all the reviewed studies (A), EyeSi studies (B), supervised surgery studies (C) and HelpMeSee studies (D)
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patients were conducted as a stepwise approach in the 
OR [31] and sometimes included postoperative examina-
tion as part of the training [32].

The characteristics and outcomes of the selected stud-
ies are detailed in Table  1. The distribution of patient 
safety assessment parameters used according to surgical 
training type is presented in Fig. 3.

Primary outcome of the study
Intraoperative complications
We found 12 studies (67%) reporting intraoperative com-
plications, including 10 VRS studies (nine with EyeSi, one 
with HMS) [17–21, 24–26, 28, 29] and three supervised 
surgery studies [30, 32, 33]. Of the ten EyeSi studies, four 
reported significant decreases in the number of intra-
operative complications after VRS training, mostly for 
posterior capsular rupture (PCR) and vitreous prolapse 
[19, 25, 26, 28]. One study reported a lower PCR rate 
compared to that of first year residents in the literature 

[24]. The median PCR rate in the reported studies was 
2.6% [1–10%]. A decrease in errant continuous curvilin-
ear capsulorhexis (CCC) was found after intensive CCC 
training [18]. The number of intraoperative errors during 
MSICS decreased after the HMS training program [29].

The median PCR rate in supervised surgery trainings 
was 8% [2–15%], including cases of vitreous loss [30, 32, 
33]. In two of these studies, the intraoperative complica-
tion rate decreased at the end of the training period (last-
ing 2 weeks and 2 to 3 months, respectively) [30, 32].

Postoperative complications
Postoperative findings were reported in three out of 
the four supervised surgery training studies (n = 2) [30, 
32, 33]. Only two VRS studies (EyeSi) included postop-
erative complication assessment [19, 24]: One reported 
no significant decrease in postoperative complications 
after passing two beginner modules on the EyeSi simu-
lator [19]; the other did not report any postoperative 

Table 1  Characteristic and outcome distribution within the selected studies, according to surgical training type
Characteristic and outcome distribution EyeSi VRS studies

(n = 13)
HMS VRS studies
(n = 1)

Supervised surgery 
studies
(n = 4)

Total
(n = 18)

Characteristics
No. of participants 504 19 992* 1515
Study design
  RCT 3 1 0 4
  Retrospective comparative 6 0 0 6
  Prospective noncomparative 1 0 0 1
  Retrospective noncomparative 3 0 3 6
  Case report 0 0 1 1
Surgical intervention
  Phacoemulsification 13 0 2 15
  MSICS 0 1 2 3
Previous experience in cataract surgery
  Yes 8 1 2 11
  No 4 0 0 4
  Not available 1 0 2 3
Patient safety outcomes (No. comparative studies)
  Intraoperative complications 9 (8) 1 (1) 2(0) 12
  Postoperative complications 2 (1) 0 3(0) 5
  Operating time in the OR 4 (3) 0 1(0) 5
  Surgical performance in the OR 8 (6) 0 0 8
  None of the above outcomes 0 0 1(0) 1
Trainee satisfaction outcomes
  Surgical performance in the OR 3(2) 0 0 3
No. comparative studies with significant results for patient 
safety outcomes (%)
  Intraoperative complications 7 (88%) 1 / 8
  Postoperative complications 1 (100%) / / 1
  Operating time in the OR 2 (66%) / / 2
  Surgical performance in the OR 4 (67%) / / 4
HMS, HelpMeSee; MSICS, manual small incision cataract surgery; OR: operating room; RCT, randomized controlled trial; VRS: virtual reality simulation

*The number of participants was available in only three out of the four studies
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complication in a single group that trained for 50  h on 
the EyeSi simulator [24].

In three supervised surgery training studies, postop-
erative findings were reported in patient records or par-
ticipant logbooks. Significant visual acuity improvement 
(uncorrected, with pinhole or best corrected visual acu-
ity) was observed [30, 32, 33]. One study reported 25% 
of borderline or poor pinhole correction visual acuity, 
which was mainly related to refractive errors (42%), pre-
existing ocular comorbidities (25%), posterior capsular 
opacification (6%), macular edema (4%) or corneal edema 
1% [30].

Operating time
Five studies reported operating times: four compara-
tive studies (EyeSi) [17, 20, 21, 26] and one case report 
(supervised surgery on actual patients) [32]. Two EyeSi 
studies reported reduced operating times in the simula-
tion group compared to the control group (no simula-
tion) [21, 26]. In the first EyeSi study, a minimum of 2 h 
of VRS per year was required, while in the other EyeSi 
study, a 30-hour simulation program was performed over 
6 weeks. In this latter study, operating time became com-
parable with the control group during the last five cata-
ract surgeries (out of 25) [26]. One study reported shorter 
times for performing CCC in a wet-lab control group [17] 
compared to the VRS group that attended a 4-module 
course on the simulator [17]. One study reported a differ-
ence only after the first 10 cases of cataract surgery were 
performed in favor of the VRS group [20]. In the super-
vised surgery case, operating times decreased during the 
4-week course [32].

Surgical performance
Surgical performance assessment was primarily reported 
in the EyeSi studies (eight out of the 13 studies) [20] and 
was the main outcome in six [17, 18, 21, 26, 27, 34]. Three 
studies specifically assessed CCC performance [17, 18, 
26]. The first study did not find any differences in CCC 
performance when comparing VRS to wet-lab training 
courses [17]. The second study reported less errant CCC 
in trainees who completed an intensive CCC course on 
the EyeSi [18]. The third study reported trainees from the 
simulation group less likely to have a small and poorly 
centered CCC [13, 26].

Several other parameters, such as total ultrasound time 
or cumulative dissipated energy, were assessed [21, 26]. 
One study reported improvement in cumulative dissi-
pated energy management after VRS [26], another study 
reported lower percentage phaco power [21].

Objective Structured Assessment of Cataract Surgical 
Skill (OSACSS) was used in two studies to grade each 
step of the surgery on video records. One study correlated 
OSACSS with a validated test score on EyeSi simulator 
[34]. The other study reported significant improvement 
of OSACSS in novices and intermediate trainees after 
performing a validated test on the simulator. Results were 
not significant for experienced and expert trainees [23].
Thomsen AS et al. used a motion tracking system to eval-
uate path length and number of movements during OR 
surgery. The motion tracking score correlated with the 
simulator test score [22].

In the Pokroy et al. study, surgical performance was 
assessed as a secondary outcome by senior surgeons 
using a survey. They reported less need for intervention 

Fig. 3  Proportion of studies assessing patient safety parameters according to simulation training method
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by an attending physician and improvement of CCC per-
formance in the simulator group [20].

Surgical training methods, participant distribution, and 
results for patient safety assessment are listed in Tables 2 
and 3 for comparative and non-comparative studies, 
respectively.

Secondary outcome of the study
Few of the selected studies used satisfaction question-
naires (n = 3). One study proposed a survey based on the 
International Council of Ophthalmology’s Ophthalmol-
ogy Surgical Competency Assessment Rubrics (ICO-
OSCAR) to be completed by the trainees as a “perceived 
difficulty” score [27]. Higher mean perceived difficulty 
scores were reported for important steps of the surgery in 
the group without prior EyeSi training. Two other stud-
ies proposed a satisfaction questionnaire as a secondary 
outcome. One study compared the impact of EyeSi and 
wet-lab training on performing CCC in a human patient, 
resulting in satisfaction scores equivalent between the 
groups, except for instrument use, for which the wet-lab 
group felt more prepared [17]. One study reported the 
confidence of trainees after VRS training, with 63% feel-
ing somewhat prepared and 36% feeling well prepared for 
cataract surgery. For 91%, VRS training was considered 
mandatory before performing OR surgeries [19].

Discussion
This review assesses OR performance after cataract 
surgical training using either VRS (EyeSi or HMS) or 
supervised surgery training on actual patients, assessing 
patient safety as the primary outcome and trainee satis-
faction as the secondary outcome.

Setting and accessibility of the reported training
The general study setting differed greatly across the 18 
included studies (see Fig.  2). EyeSi studies mostly took 
place in high-income countries (HICs) (77%). Due to 
the high cost of this commercially-available simulator, 
it has mainly been purchased in HICs, especially the 
United Kingdom and the United States [5]. Only a few 
EyeSi simulators are located in low- and middle-income 
countries (LMICs), mainly in Turkey and China [5]. The 
HMS virtual reality simulator, on the other hand, is not 
commercially available, and as reported herein [29], pri-
marily found in LMICs [35]. Specific courses for cataract 
surgery training are funded by HelpMeSee, Inc., or other 
foundations in resource-limited areas. The higher num-
ber of EyeSi simulators in HICs, over the lower number 
of HMS simulators in LMICs, illustrates the unequal 
access to this technology. Cost issues (i.e., acquisition and 
maintenance) has unsurprisingly been reported as one 
of the main barriers to the implementation and uptake 
of simulation-based training programs [36]. Alternative 

simulation techniques might be used in LMICs or 
resource-limited communities like synthetic eyes [37] 
or wet-lab courses on animal eyes [38, 39]. Low-cost vir-
tual reality simulators have been used in oncology as an 
alternative to complex surgical procedures [40]. Other 
solutions might be to share the simulator costs across 
teaching centers [41] or remotely evaluate trainees to 
avoid travelling costs [42]. Nevertheless, virtual real-
ity systems allow multiple procedures to be performed 
without wasting consumables, leading to lower recurring 
costs compared to wet-lab training [43]. Unfortunately, 
none of the reviewed studies did propose an evaluation of 
the training programs costs and the profitability of such 
an investment in trainees’ formation.

Differing access to virtual reality simulators (EyeSi) also 
exist within HICs [9, 44]. In the United Kingdom, less 
than half junior doctors report having access to a surgi-
cal skill simulator, depending on their location [44]. For 
those who have access, the time and finance allotted for 
simulation activity appears minimal [45–47].

Given such difficulty to accessing simulation devices, 
supervised surgical training on actual patients may rep-
resent a low-cost alternative for training. Although these 
studies mostly took place in LMICs, there are not many, 
which suggests that this type of training program is rarely 
reported, compared to simulation training programs.

Surgical intervention
Phacoemulsification was the main type of surgery 
assessed in the included studies (see Table 1). This high-
tech and relatively expensive technique for lens removal 
has demonstrated high efficacy and low complication 
rates, making it the preferred type of intervention taught 
in developed countries and tertiary centers in develop-
ing countries [48, 49]. The machinery and instruments 
required, however, is not available everywhere. MSICS 
was proposed in three studies that took place in India 
(HMS study), rural China, and the United States (super-
vised surgery studies) [29, 30, 33].MSICS has shown com-
parable outcomes to phacoemulsification [50, 51], and it 
represents by far the most frequent type of surgery per-
formed in areas with high demand for cataract surgery 
[52]. Of note, the supervised surgery study conducted in 
the United States proposed MSICS training for residents 
who wanted to spend time in LMICs [33]. The HMS vir-
tual reality simulator offers MSICS training in LMICs to 
both ophthalmologists and non-ophthalmologists [53]. 
Nevertheless, a phacoemulsification simulation-based 
training course is also available on the HMS simulator, 
offering choices for surgeons in LMICs [54].

Study design
All the supervised surgery studies provided low evidence 
certainty (noncomparative and observational, including 
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Author Year Type of 
surgery

Simulation 
training

Control 
training

No. of 
participants

No. of
surgeries

Previous 
surgical 
experience

Primary 
outcomes

Primary outcome 
results for simulation 
vs. control group (p 
value)

SG CG SG CG

Adnane+ 2020 PKE 5 h/week on 
EyeSi during 
6 weeks

No training 6 6 150 150 No OT; errant 
CCC rate; 
PCR rate; 
CDE

OT: 20 vs. 37 min 
(p < 0.05*);
CCC: 6.7 vs. 14.7% (p 
value not specified);
PCR rate: 8 vs. 24.7% 
(p = 0.001*);
CDE: 8.1 +/- 1.8 vs.18.7 
+/- 2.2 (p < 0.001*)

Belyea 2011 PKE ≥ 2 h/year 
on EyeSi 
from its 
acquisition

No training 
(before 
acquisition 
of EyeSi)

17 25 286 306 Yes (< 20 PKE 
in mean)

Phaco time; 
percent-
age phaco 
power; 
complica-
tion rate

Time: 1.9 [0.1–7.2] 
vs. 2.4 [0.04–8.3] min 
(p < 0.002*);
Phaco power: 25.3 vs. 
28.2% (p < 0.0001*);
Complication rate: 25.3 
vs. 28.2% (p < 0.0001*)

Daly+ 2013 PKE 4 CCC train-
ing modules 
on the EyeSi

Wet-lab 
training 
(CCC in 
silicone 
eyes)

11 10 11 10 Yes (half 
of the 
participants)

CCC per-
formance 
(12-item 
score)

CCC performance 
score: -1.05 vs. 1.16 
(p = 0.608)

Ferris 2020 PKE After access 
to EyeSi 
simulator 
(selected 
centers)

Before 
access to 
or with 
no access 
to EyeSi 
simulator 
(selected 
centers)

/ / 6848 
after 
EyeSi

6919 
before 
EyeSi/ 
2264 
with-
out 
EyeSi

Yes PCR rate PCR rate: after vs. 
before access to EyeSi: 
2.6 vs. 3.5% (p = 0.001*); 
after vs. no access 
to EyeSi: 2.6 vs. 3.8% 
(p = 0.002*); before vs. 
no access to EyeSi: 3.5 
vs. 3.8% (p = 0.55)

Lucas 2019 PKE After the 
acquisition 
of EyeSi 
simulator 
(CAT-C level 
completed)

Before the 
acquisi-
tion of the 
simulator

7 7 70 70 No Intraopera-
tive compli-
cations rate 
in the first 
10 PKE

Total rate of complica-
tions after vs. before 
access to EyeSi: 12.9 vs. 
27.1% (p = 0.031*);
for PCR rate: 10 vs. 
18.6% (p = 0.14)

McCannel 2013 PKE Post-
intervention 
cohort 
(some EyeSi 
use or inten-
sive CCC 
training: 33 
steps CCC 
training)

Baseline 
cohort: no 
EyeSi use

23 25 603 434 Not specified Rate of er-
rant CCC

-68% reduction of 
errant CCC in post in-
tervention vs. baseline 
cohort (5 vs. 15.7%; 
p < 0.0001*)

Nair+ 2021 MSICS 6-day train-
ing (35 h) 
with 80% 
HMS simula-
tor and one 
supervised 
surgery 
phase on 
actual 
patients

Standard 
training 
from the 
institution 
with men-
tor surgeon

10 9 First 
20 
MSICS

First 
20 
MSCIS

Yes (< 20 
MSICS)

Intraopera-
tive errors 
during 
the first 20 
MSICS

Number of total errors: 
9.3 vs. 17.6 (p = 0.05*); 
rate of major errors: 4.9 
vs. 10.1 (p = 0.02*)

Table 2  Characteristics and outcomes of comparative studies comparing the effect of training (VR simulation only) to other 
simulation model or no training for patient safety parameters
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one case report) [30–32]. Thus, the results must be inter-
preted with care. VRS studies (EyeSi and HMS) were 
mainly comparative, lending results of higher certainty 
of evidence. However, small sample sizes and limitations 
of study design, implementation, and reporting were 
pointed out in a recent review including several of these 
studies [13]. Larger prospective studies are required to 
confirm patient safety improvement with the use of both 
EyeSi and HMS.

Outcome assessment and results of the studies
Primary outcomes
Intra- and post-operative complications  All the 
reviewed studies, except one [31], reported patient safety 
assessment parameters. Intraoperative complication rates 
were the most frequently used (67%) (see Table 1; Fig. 3). 
Intraoperative complications were associated with poor 
visual outcomes and increased risk of serious postopera-
tive complications, like endophthalmitis or retinal detach-
ment [55, 56], which make their assessment relevant. Post-
operative complications, however, were rarely assessed, as 
reported in previous reviews [13, 15], probably for practi-
cal reasons as this requires additional follow-up visits [57, 
58]. In the present review, post-operative complications 

were more frequently reported in supervised surgery 
studies where participant logbooks or patient records 
were used [30, 32, 33].

In the reviewed studies, the intraoperative complica-
tion rate were not systematically reduced after surgical 
training [20, 21]. In the literature, many studies struggled 
to demonstrate a clear decrease in intraoperative compli-
cation rate after VRS training [13, 59]. This could be due 
to the great heterogeneity of currently proposed train-
ing programs. Virtual reality simulators enable repeated 
training on one or several steps of the surgery with-
out requiring any equipment or consumables, or risk-
ing injuring patients, which renders numerous training 
options possible. For instance, intensive targeted train-
ing on CCC (i.e., using 33 modules) has been seen to 
help reduce the rate of errant CCC in trainees [18]. This 
was not the case with shorter CCC VRS training pro-
grams (i.e., using four modules) [17]. In other surgical 
specialties, immersive VRS training programs were uti-
lized and showed positive results for patient safety [60]. 
Considering the entire surgical procedure, spaced-out 
sessions on a virtual reality simulator (i.e., spread over 
more than 6 months [20, 21]) did not significantly reduce 

Author Year Type of 
surgery

Simulation 
training

Control 
training

No. of 
participants

No. of
surgeries

Previous 
surgical 
experience

Primary 
outcomes

Primary outcome 
results for simulation 
vs. control group (p 
value)

SG CG SG CG

Pokroy 2013 PKE 6 h training 
on EyeSi 
within the 
first 18 
months of 
residency.
Wet lab in 
both groups

No VRS 
training.
Wet lab 
in both 
groups

10 10 500 500 No OT; inci-
dence of 
PCR during 
the first 50 
PKE

OT : 40.6 +/- 16.5 vs. 
41.8 +/- 15.8 min 
(p = 0.1);
PCR rate: 35 vs. 40% 
(p = 0.63)

Staropoli 2018 PKE CAT-A 
and CAT-B 
modules 
completed 
on EyeSi.
Wet lab in 
both groups

No 
simulation 
training.
Wet lab 
in both 
groups

11 11 501 494 No Intraopera-
tive compli-
cation rate

Complication rate: 2.4 
vs. 5.1% (p = 0.037*);
PCR rate: 2.2 vs. 4.8% 
(p = 0.032)

Thomsen 2017 PKE Three 
cataract sur-
geries after 
proficiency-
based test 
on EyeSi

Three 
cataract 
surgeries 
before 
proficiency-
based test 
on EyeSi

18 18 3 3 Novice = 0
Intermedi-
ate = 1–75
Experi-
enced = 76–
99
Ex-
pert = > 1000

Perfor-
mance of 
the entire 
surgery 
(OSACSS 
score)

Improvement of 
OSCASS score after 
EyeSi test significant 
for novice (+ 5 points 
or + 32%) and inter-
mediate (+ 9.8 points 
or + 38%) groups, not 
significant for expe-
rienced and expert 
groups

+Randomized Control Trials; *Statistically significant (p < 0.05)

CAT, cataract; CCC, continuous curvilinear capsulorhexis; CDE, cumulated dissipated energy; CG, control group; HMS, HelpMeSee; MSICS, manual small incision 
cataract surgery; OSACSS, Objective Structured Assessment of Cataract Surgical Skill; OT, operating time; PCR, posterior capsular rupture; PKE, phacoemulsification; 
SG, simulation group; VR, virtual reality

Table 2  (continued) 
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Author Year Type of 
surgery

Cataract 
training

No. of 
participants

No. of 
surgeries

Previous 
surgical 
experience

Primary 
outcomes

Measure-
ment tool

Results for pri-
mary outcomes
(p value)

Baxter 2013 PKE 3-year program: 
50 h of EyeSi 
simulator + ex-
traocular 
surgeries on 
actual patients (2 
years); PKE train-
ing (1 year)

3 903 Yes 
(minimal)

Complication 
rate and case 
number after 
the first 2 years

Video record 
of PKE; 
report and 
analysis of 
complica-
tions to 
director

Number of cases: 
150 after 6 months 
and 250 after 1 
year; PCR rate of 
1% after 6 months 
and 0.66% after 
one year

Farooqui 2013 PKE 2-week program 
including wet 
lab; cataract 
surgeries on 
actual patients 
by Day 7

989 1,022,508 Yes (MSICS 
mainly)

Report PKE 
surgeries 
performed by 
trainees over 9 
years, for at least 
one year after 
the training

Not 
specified

1,022,805 PKE 
performed in 9 
years after training 
completion; 90% of 
participants contin-
ued to perform PKE 
after 9 years

Huang 2013 MSICS 1-week wet lab, 
then surgery (up 
to 2–3 months)

2 334 
patients

Yes (very 
low)

Outcomes of 
cataract surgery 
performed 
by novices 
during training 
program

Patients 
examination 
by trained 
interviewers

Rate of good 
outcome (i.e., 
PHVA ≥ 6/18): 85%; 
rate of good uncor-
rected VA: 75%; rate 
of correctly esti-
mated postopera-
tive refraction: 25%; 
rate of PCR: 15%

Jacobsen 2019 PKE 3 cataract 
surgeries on 
patients, then 
EyeSi training 
(validated test 
of 7 modules 
rated on 100 
points); includ-
ing surgeons of 
different levels of 
experience

19 57 
(including 
incom-
plete 
surgeries)

Yes Correlation 
between VR per-
formance and 
surgical perfor-
mance (scored 
with adapted 13 
items OSACSS)

Videos re-
cords (three 
masked 
assessors)

Correlation 
between total 
simulator score 
and OSACSS across 
all experience 
levels (R2 = 0.42; 
p = 0.003*)

Lynds 2018 MSICS MSICS proce-
dures performed 
by a resident 
as first surgeon 
with 1 attending 
between 2005 
and 2012

Not specified 52 Not 
speficied

Intra and 
postoperative 
outcomes and 
complications 
(reported)

Pre and post 
operative 
reports

Visual acuity 
improvement 
(p < 0.001); 9.6% 
peri operative 
complications and 
23% post operative 
complications

Table 3  Characteristics and outcomes of non-comparative studies reporting the effect of surgical training (VR simulation or 
supervised surgery on actual patients) on patient safety parameters
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complication rates, while studies reporting high mini-
mal training duration (> 30 h) concentrated in a shorter 
period of time (several weeks) did find such a reduction 
[24, 26, 29]. In two studies, supervised cataract surger-
ies on real patients were proposed, which could have 
improved surgical performance and contributed to a 
decrease in intraoperative complications [24, 29]. Some 
studies did not outline the training program and its dura-
tion [25]. Overall, training heterogeneity between studies 
made it difficult to draw strong conclusions about effi-
cacy. Some aspects of training programs might have been 
overlooked and led to ineffective training, as reported 
in a recent study [61]. Simulation-based education pro-
grams can be embedded into a curriculum in simulation 
centers that adheres to specific accreditation standards 
to increase the positive outcomes of training on patient 
safety.

The supervised surgery studies reported intensive 
cataract surgery training with high number of surger-
ies performed by the trainees. Intra- and post-operative 
complications were frequently reported (75%): complica-
tion rates were relatively high compared to VRS studies 
(median PCR rate of 8% vs. 2.6%, respectively), and to 
those reported in the literature for resident-performed 
phacoemulsifications (1.8%) [62]. Also, the rate of com-
plications in supervised surgery studies was consistent 
with the one found in rural areas from developing coun-
tries. This highlighted a disparity between those regions 
and wealthier urban areas in developing countries [30, 
63]. The geographical location of supervised surgical 
training on actual patients tended to be associated with 
higher rates of complications and poorer outcomes for 
patients. Also, none of the supervised surgery studies 

assessed surgical performance, while they tracked the 
number of surgeries performed during and after the 
training.

Surgical performance  Objective assessment of surgical 
performance was proposed in 44% of the studies (n = 8) 
[17, 18, 20–23, 26, 34]. The OSACSS assessment score was 
used in two studies [22, 33]. The OSACSS scoring system 
is a recommended, fast-to-complete technical-skill scor-
ing system in ophthalmic surgery, along with ICO-OSCAR 
[63]. It is commonly used to assess surgical performances 
on actual patients, beyond cataract surgeries [15, 50]. 
OSACSS construct validity has been demonstrated for 
trainee surgeons with low levels of experience in phaco-
emulsification surgery (less than 50 or 250 procedures 
performed) [64]. Interestingly, Thomsen et al. found sig-
nificant improvement of OSACSS score after VRS train-
ing in novice and intermediate surgeons (i.e., less than 
75 procedures performed), but not in more experienced 
ones [23]. This score has also been adapted and validated 
to evaluate cataract surgery during VRS [64] to indicate 
whether surgeons practicing on the simulator are ready 
to practice in the OR [65–67]. ICO-OSCAR-phaco, which 
is based on OSACSS, includes behavioral anchors for 
each level at each step of the surgery [68] and is the most 
widely-used tool for the assessment of phacoemulsifica-
tion. Targeted assessment scores were also used, notably 
for CCC [17, 18]. There is currently no widely-accepted 
CCC assessment score, and other studies proposed using 
specific steps of the ICO-OSCAR score [69].

Motion tracking software parameters (total path length 
and number of movements) obtained from a video of 
the microscope view were used in one study [22]. This 

Author Year Type of 
surgery

Cataract 
training

No. of 
participants

No. of 
surgeries

Previous 
surgical 
experience

Primary 
outcomes

Measure-
ment tool

Results for pri-
mary outcomes
(p value)

Ripa 2023 PKE 4-week training 
with at least 2 
daily cataract 
surgeries on 
actual patients

1 58 Not 
specified

Report one 
trainee’s 
experience 
gain in training 
program

Logbook 
(patients 
details, pro-
cedures ob-
served and 
performed)

PCR rate: 8.6%; 
decrease of operat-
ing time during last 
week of training 
compared to first 
week: 48.8 +/- 9.7 
vs. 19.3 +/- 1.3 min 
(p = 0.046*)

Thomsen 2017 PKE 3 cataract 
surgeries on 
patients, then 
EyeSi training 
(validated test of 
7 modules rated 
on 100 points)

11 33 Yes Correlation be-
tween OR per-
formance and 
EyeSi simulator 
performance

Video 
records, mo-
tion tracking 
system

Correlation be-
tween simulation-
based test score 
and motion track-
ing score (R2 = 0.43; 
p = 0.01*7)

*Statistically significant (p < 0.05)

CAT, cataract; CCC, continuous curvilinear capsulorhexis; CDE, cumulated dissipated energy; MSICS, manual small incision cataract surgery; OR, operation room; 
OSACSS, Objective Structured Assessment of Cataract Surgical Skill; PHVA, pinhole visual acuity; PCR, posterior capsular rupture; PKE, phacoemulsification; VR, 
virtual reality

Table 3  (continued) 
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system differentiated novice from expert surgeons, as 
the former showed greater path length and number of 
movements during surgery [70]. Similarly, one recent 
study assessed instrument position under the microscope 
during a corneal suturing procedure. However, no dif-
ference was found between expert and novices, which 
was attributed to the short duration of the surgical step 
[71]. Body movements and muscular force have been 
assessed by simple video record, electromyogram (EMG) 
sensors, and appropriate dynamometer, respectively 
[71–73]. Finally, the parameters of the phacoemulsifica-
tion machine were reported [23, 34]. Phacoemulsification 
parameters have a significant impact on patient safety. 
Although high cumulative dissipated energy (EDC) might 
not influence postoperative visual acuity results [74], it is 
associated with postoperative complications, like cystoid 
macular edema [75].

Overall, various assessment tools for the quality of cat-
aract surgery have been developed and used among stud-
ies. Because of this variability of assessment tools, it was 
difficult to compare studies regarding training methods. 
Even though the ICO-OSCAR and OSACSS are the most 
commonly used, further standardization of measurement 
tools would aid in future comparison studies [64].

Operating time  Operating time was considered a pri-
mary outcome in this study as the prolonged duration of a 
surgery increases the likelihood of complications [76, 77]. 
Operating time was not systematically recorded, although 
it would not be difficult to measure. Several VRS studies 
did not show reduction in operating times after training 
[17, 20]. Those studies did not find significant results for 
other safety assessment parameters either, suggesting the 
design or structure of the training courses was not effi-
cient. In the literature, phaco time modification after sur-
gical simulation is rarely assessed [15]. VRS is widely used 
in other surgical specialties and is associated with reduced 
operating times. Nevertheless, such a reduction in surgi-
cal time does not yet correlate with improved surgical 
outcomes [78]. Only one small study showed a decrease 
in operating time for one participant [32].

Trainees’ previous experience  Eight comparative VRS 
studies included trainees with minimal surgical experi-
ence (< 20 complete cataract surgeries) [19–21, 23, 24, 
26–28]. Those studies reported an improvement of patient 
safety outcomes. This was not the case for one VRS study 
including more experienced trainees [23]. Many of the 
included studies did not clearly detail trainee experience 
levels [17, 18, 24, 27, 32], so it is difficult to ascertain the 
impact of the training alone.

Secondary outcome  Assessment of trainees’ satisfac-
tion was rarely reported. In fact, the studies were more 

likely to emphasize objective cataract surgery assessment. 
When subjective questionnaires were collected, the effect 
of VRS was not clearly demonstrated. Resident satisfac-
tion with VRS training was similar to that of wet-lab train-
ing [17] and only a small percentage of trainees (36%) felt 
well prepared after VRS training [19]. Also, subjective 
questionnaires can provide different results from objec-
tive assessments [19], suggesting they might be affected 
by external factors (e.g., coffee service or time schedules) 
more than the specific learning outcomes.

Validated questionnaires have been designed to 
increase the reliability and reproducibility of trainees’ 
satisfaction assessment. They are based on literature 
review, the content validity index, and Cronbach’s alpha 
coefficient for reliability estimation [79, 80]. However, 
there is no such questionnaire available for ophthalmol-
ogy simulation training. The use of the recommended 
ICO-OSCAR technical skill scoring system in ophthalmic 
surgery was proposed in one study to create a trainees’ 
“perceived difficulty” score [27]. Otherwise, “homemade” 
post-teaching questionnaires are used in some studies, in 
association with the objective assessment of one surgical 
skill [81, 82].

In this study, several results indicated that training with 
a virtual reality simulator can help increase patient safety 
in the OR, enhance the precision of hand movements 
during surgery, and increase trainees’ self-confidence [17, 
19, 21, 24–29, 34]. There is no standardized protocol on 
how to use the simulator before beginning to operate on 
real patients. Virtual reality simulators can be useful to 
address specific needs when training on one particular 
step of the surgery is necessary. Supervised surgical train-
ing on actual patients enables trainees to perform a large 
number of cataract surgeries over several weeks. Surger-
ies performed on actual patients fulfill a high demand for 
lens extraction, although the rate of complications is high, 
notably at the beginning of the course. Surgery quality is 
poorly assessed, which could compromise patient safety 
while trainees are on the steep learning curve [30, 32, 33].

EyeSi, HelpMeSee and other VRS devices
Although EyeSi and HMS virtual reality simulators have 
both demonstrated construct validity [15, 83, 84] and 
have encouraging results for improved safety [13], it 
remains difficult to compare them to each other. The sim-
ulators differ in their haptic systems, focus on different 
surgical procedures, and their use around the world.

Other, less widely used VRS devices also exist. The 
MicroVisTouch has a robotic arm with a handpiece to 
control the instrument used in the simulation. This sim-
ulator has a tactile feedback interface and can perform 
corneal incisions, capsulorhexis, and phacoemulsifica-
tion. Its construct validity still needs to be confirmed by 
further studies [15]. The Phacovision (Melerit Medical, 
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Linkoping, Sweden) is a 3D personal computer with a 
handpiece for phacoemulsification, a nucleus manipula-
tor, foot pedals, and microscope [85]. Other devices for 
phacoemulsification include the Phantom phaco-simu-
lator and the cataract surgery simulator [86]. Construct 
validity was shown for this type of virtual reality simu-
lator, although skill transfer to the OR has not yet been 
studied [85]. The HMS simulator also proposes tactile 
feedback [87], corneal incision and suturing training, 
among other ophthalmological surgical techniques [88], 
which is not available in EyeSi. Both simulators offer vit-
reoretinal surgery training modules [89].

According to the results of this study, supervised sur-
gical courses on actual patients are associated with a 
relatively high risk of complications, which raises the 
question of the acceptability of such training programs. 
Nevertheless, supervised surgical courses on actual 
patients are rarely reported in the literature and need fur-
ther exploration in the domain of surgical training. It is 
reasonable to wonder if a VRS phase prior to surgery on 
actual patients, as proposed in the HMS training curricu-
lum and in one EyeSi study reported here [24, 29], could 
help reduce complication rates. Access to virtual reality 
simulators in resource-limited areas is difficult. However, 
HMS already proposes a fee-for-service basis approach 
for its MSICS training curriculum with differing rates 
based on the region. For example, in LMIC in Sub-Saha-
ran Africa, there is no cost to the trainee [6]. The novel 
phacoemulsification simulation-based training course 
offered by HMS might help bring phacoemulsification 
expertise in LMICs [54]. Also, costs of simulation-based 
training should be evaluated by considering the number 
of complications avoided. For example, the potential sav-
ings of decreasing the PCR rate after EyeSi simulation 
training would equal the price of 20 EyeSi simulators 
within 4 years [25]. Both the EyeSi and HMS simulators 
can play a significant role in massive cataract surgical 
training, although they will probably evolve in different 
geographic areas and with different goals.

Study limitations
This study was limited by the small number of articles 
retained from the study selection and its descriptive 
design. Only VRS and supervised surgery studies were 
retained as training methods. Other simulation devices 
(i.e., wet lab and dry lab) should be considered, notably 
in areas with no access to VRS. The participants were 
exclusively residents. It has been demonstrated that skill 
transfer only improves in surgeons with limited cata-
ract surgery experience (less than 75 completed surger-
ies) [23]. Thus, VRS may be more important for novice 
surgeons [29, 90]. In this review, only 6 studies required 
limited phacoemulsification experience in participants 
[19, 20, 23, 24, 28, 29]. Other aspects of surgical training 

might increase patient safety, such as non-technical skills 
assessment [64]. These are rarely assessed and should 
perhaps be included in future research on this subject.

Conclusions
This review evaluated patient safety as the primary 
parameter for the evaluation of training programs’ effi-
cacy. Intraoperative complication rate was the most fre-
quently used parameter. VRS training appeared to be 
the safest method for efficient cataract surgery learn-
ing, superseding supervised surgical training on actual 
patients. However, virtual reality simulators are sparsely 
distributed around the world with numerous access diffi-
culties and lack of standardization between training pro-
grams. Supervised surgical training on actual patients, 
on the other hand, is more readily available but is asso-
ciated with a higher risk of surgical complications. The 
role of each different training program should be further 
explored and clearly defined for learners. Overall, when 
learning cataract surgery, several factors should be con-
sidered such as the type of surgical training method and 
its impact on patient safety. These factors must be con-
sidered along with the financial, cultural, geographical, 
and accessibility factors for the trainees. Assessment 
of the profitability of one training program considering 
trainees formation and the reduction of complications 
rate would be interesting to add to this research.
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