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Abstract
Background Virtual reality surgery simulation training
improves resident performance as measured by the simula-
tor itself and wet-lab performance. This study aims to de-
termine whether virtual surgery simulator training improves
actual resident cataract surgery performance.
Methods The first 50 phacoemulsification cases of 20 resi-
dents, at a single residency program (Henry Ford Hospital),
were retrospectively compared as two groups: before
(2007–8) and after (2009–10) introduction of the Eyesi
virtual surgery simulator to the surgical training program.
Primary outcomes were the incidence of posterior capsule
tears and operation duration. All residents received tradi-
tional didactic and wet-lab training. Instructor surgeons
were surveyed for their impression of the simulator’s con-
tribution to resident surgical training.
Results The nonsimulator and simulator groups each com-
prised 500 cases with 40 and 35 posterior capsule tears
respectively. Capsular tear rates for the nonsimulator and
simulator groups were 8.8 % and 10 % respectively for the
first 25 cases, and 7.2 % and 3.6 % (P00.11) respectively
for cases 26 through 50 . The percentage of long cases
(defined as >40 min) for cases 10 through 50 was 42.3 %
and 32.4 % (P00.005) for the nonsimulator and simulator
groups respectively.

Conclusions Virtual reality surgical simulator training
mildly shortens the learning curve for the first 50 phacoe-
mulsification cases. The less adept residents appear to ben-
efit most.
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Introduction

Cataract surgery is one of the most important surgical tech-
niques taught in ophthalmic residency. A study on resident-
performed phacoemulsification (phaco) between 1999 and
2002, without compulsory wet- lab or virtual simulation
training, showed that the phaco learning curve required
more than 80 cataract cases to plateau [1]. Up to 25 % of
residents perform less than 80 cases during residency; and
most between 80 and 140 [2]. This, in addition to the need to
decrease surgical complications, has made “outside the op-
erating room” training methods an important aspect of res-
ident cataract surgery training. The Accreditation Council
for Graduate Medical Education now requires that ophthal-
mic residents have access to wet-lab or virtual simulator
training [3]. Structured surgical training programs (includ-
ing wet-lab training, simulator training, and supervision and
feedback of resident cases) have been shown to hasten the
resident learning curve [4, 5].

Recently, virtual reality cataract surgery simulators, such
as the Eyesi (VRmagic, Mannheim, Germany), have be-
come available. Studies on the Eyesi have shown the con-
struct validity of its anterior segment anti-tremor and forceps
training modules [6], as well as its usefulness for capsulo-
rhexis [7] and phaco training [8]. Nevertheless, data show-
ing that modern simulators improve “real life” resident
surgery performance remains scant [9].
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Our institution has had a well-structured resident surgical
training program, including extensive wet-lab training and
close supervision and feedback on resident cases, for many
years. Recently, virtual reality surgical training (Eyesi) was
added to the program. The preexisting components of the
surgical training program remained unchanged. We there-
fore had an opportunity to assess the impact of the addition
of a virtual reality surgical simulator to a well-structured
surgical training program. This study aims to assess this
addition.

Methods

This retrospective consecutive comparative review of resi-
dent surgical outcomes at a single center (Henry Ford Hos-
pital) was approved by the Institutional Review Board of
Henry Ford Health System, Detroit, Michigan. Surgical logs
were retrieved from the electronic medical record. The first
50 phacoemulsification cases of 20 residents (five residents
completing residency per academic year, 2007 to 2010)
were studied. Cataract surgery cases using techniques other
than phacoemulsification, combined with other procedures,
and those where the resident was not the primary surgeon,
were excluded. Surgical technique was divide-and-conquer
on an Alcon Infinity platform. No resident had significant
phacoemulsification training prior to residency at Henry
Ford.

The study population was divided into two groups: non-
simulator group comprised ten residents trained without
access to virtual reality surgical simulation (graduating June
2007 and 2008), and the simulator group comprised ten
residents trained with the Eyesi surgical simulator (graduat-
ing 2009 and 2010). Simulator-group residents were re-
quired by the residency program to spend at least 6 h
training on the simulator within the first 18 months of
residency. All 20 residents received significant wet-lab
training (26-hour structured course, including 4 h of wet-
lab phaco), and surgical case supervision and coaching.
Both the simulator and the wet-lab were easily accessible
for residents who wanted additional training.

Outcome measures were (1) incidence of posterior cap-
sule tear with or without vitreous loss, and (2) operating
time. The operating time was recorded by the nursing and
anesthesia staff, and was considered from the first incision
up to speculum removal. Cases in which the operating time
was not accurately recorded were excluded. The five senior
surgeons who supervised the resident cataract surgery cases
were surveyed for improvement in surgical performance
between the nonsimulator and simulator groups.

Student t-test for unequal variance was used for compar-
ing means. Chi-square or Fisher’s tests were used for com-
paring categorical variables. Pearson correlation coefficient

was used to assess correlation. All tests were 2-tailed. Sta-
tistical significance was considered as P<0.05.

Results

Table 1 compares the main outcome measures of the two
groups. Although no statistically significant differences
were seen, when stratified longitudinally in order to com-
pare the learning curves of the two groups of residents, a
trend to lower complications was seen in the simulator
group. Table 2 compares the surgical time for the two
groups. With longitudinal stratification of the surgical times,
differences between the two groups are evident. The initial
cases of the simulator residents had poorer outcomes than
the residents without simulator training. Beyond the first 10
cases, the simulator-group residents had shorter surgical
times than the nonsimulator residents.

All ten residents of the simulator group fulfilled the
program requirement of 6 h of simulator time (mean,
21.2 h; range, 7.1–47.1 h). Figure 1 shows the simulator-
group residents’ surgical proficiency parameters plotted
against the time that each resident spent training on the
simulator. Pearson correlation coefficients for these three
surgical proficiency parameters were low (poor correlation)
when all ten simulator-trained residents were analyzed, be-
cause the resident with the shortest operating times had the
longest simulation training time (2,824 min, far greater than
any other resident). Excluding this outlying resident from
the analysis yielded a trend to correlation between high
surgery duration and high simulation time. Pearson correla-
tion coefficients and P values for the median surgery dura-
tion, for the percentage of cases with duration greater than
40 min, and for the rate of posterior capsule rupture were
0.58 (P00.10), 0.61 (P00.08) and −0.40 (P00.28)
respectively.

Five senior surgeons supervised most of the 1,000 resi-
dent cases studied. These supervising surgeons’ opinions
with regard to the improvement in resident surgical profi-
ciency since the simulator was integrated into resident train-
ing are shown in Table 3. All five senior surgeons agreed
that simulation training decreased the need for instructor
intervention during resident phacoemulsification, and im-
proved capsulorhexis performance. Supervising surgeons
did not agree that resident surgery was quicker and had
fewer complications.

Discussion

Our study showed that simulator-trained residents had
shorter phaco learning curves through their first 50 cases.
Although surgical time improvement for cases 10 through
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50 was significantly better for the simulator group, compli-
cation rate was not significantly different. The difference in
surgical time between the two groups was most significant
for the number of cases longer than 40 min (Table 2), which
is a measure of overall surgical proficiency. In addition to
the simulator training, all residents received similar wet-lab,
didactic and live surgery coaching. Therefore, the quicker
surgical time of the simulator-trained residents appears to be
due to simulator training.

Comparison between the first cases showed that the non-
simulator group actually performed better (shorter operating
times for first ten cases [Table 2], statistically nonsignificant
lower incidence of complications [Table 1]). However, further
along the learning curve, the simulator residents outperformed
the nonsimulator group with regard to operating time, and
showed a trend towards fewer posterior capsule ruptures.
Possible reasons for better outcomes in the nonsimulator
group for the initial cases are that they had a better natural
ability than the simulator residents or, on the contrary, the

nonsimulator residents required greater instructor surgeon
intervention, which resulted in the attending doing most of
their initial cases. Because of the retrospective data collection,
our study is not able to differentiate between these two
possibilities.

Regardless of the reason for poorer outcomes of the initial
cases of the simulator group, our data does suggest that
simulator-trained residents had shorter learning curves. It
appears, for residents that are on the learning curve, that the
simulator is useful to practice the surgical techniques and
cognitively concentrate on the weak points of past surgical
cases. All surgeons appreciate the importance of mentally
planning and revising surgical cases, and simulation certainly
aids this mental process. Although wet-labs and video review
of surgical cases also fulfill this function, the simulator allows
for repetitive practice and provides instant feedback. There-
fore, residents who struggle with specific steps can focus on
these areas, thereby shortening the learning curve. Additional
mechanisms by which the simulator may shorten the learning

Table 1 Outcome measures of
nonsimulator and simulator
groups

Nonsimulator group Simulator group P value

No. of phacoemulsification cases 500 500

No. of residents 10 10

Male/female 4/6 5/5

Mean±SD operating time, min 41.8+15.8 40.6+16.5 .24

Median operating time, min (range) 38.0 (13–109) 37.0 (13–107)

No. of posterior capsule ruptures (%)

Resident cases 1–50 40 (8.0) 35 (7.0) .63

Resident cases 1–25 22 (8.8) 26 (10.4) .65

Resident cases 26–50 18 (7.2) 9 (3.6) .11

No. of anterior vitrectomies (%) 30 (6.0) 29 (5.8) 1.0

Table 2 Cataract surgery time comparison

Surgical cases Nonsimulator group (n0498) Simulator group (n0492) P value*

Median (min) No. of cases >40 min n (%) Median (min) No. of cases >40 min n (%)

First 50 38.0 220 (44.2) 37.0 191 (38.8) .1

11 to 50 38.0 196 (42.3) 34.0 129 (32.4) .005

21 to 50 36.5 112 (37.3) 33.0 83 (27.9) .017

31 to 50 36.0 64 (32.0) 31.0 43 (21.7) .028

41 to 50 35.0 25 (25.0) 29.5 17 (17.3) .253

First 10 41.0 51 (52.0) 46.5 62 (66.0) .07

11 to 20 43.0 57 (57.0) 39.0 46 (46.0) .157

21 to 30 40.0 48 (48.0) 37.0 40 (40.0) .319

31 to 40 36.0 39 (39.0) 32.5 26 (26.0) .07

41 to 50 35.0 25 (25.0) 29.5 17 (17.3) .253

First 25 42.0 137 (55.2) 42.0 131 (53.7) .8

26 to 50 36.0 83 (33.2) 31.5 60 (24.2) .034

* Comparison of number of cases >40 min, two-tailed chi-squared

Graefes Arch Clin Exp Ophthalmol (2013) 251:777–781 779



curve is by increasing resident’s surgical confidence, and by
aiding the resident to keep focused on cataract surgery during
rotations when he or she has few cataract cases. Granted, wet-
labs and video review of surgical cases can also fulfill these
functions [4, 5].

Upon analyzing the simulator group, an unexpected cor-
relation between real surgical time and simulation time was
seen, suggesting that those residents whose cases were tak-
ing longer spent more time on simulation training. Consid-
ering that the surgical times of the simulator group as a

whole were shorter than the nonsimulator group, this corre-
lation, although not statistically significant, is noteworthy. A
probable explanation is that the “slower” residents of the
simulator group improved their surgical times by additional
(all completed 6 compulsory hours) voluntary simulator
training, thus shortening their times and decreasing the
average surgical time of the simulator group; while the more
adept residents used the simulator less. Therefore, the
“slower” residents probably benefitted most from the addi-
tion of the simulator to the training program.
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Fig. 1 Scattergrams of the simulator group residents’ surgical profi-
ciency parameters plotted against the time spent training on the simu-
lator with x0y reference lines (ten residents, each having ∼50 cases). a

Median surgery duration. b Percentage of cases with surgical time
greater than 40 min. c Number of cases complicated by ruptured
posterior capsule

Table 3 Supervising surgeons’ opinions regarding improved resident surgical performance

Supervising
surgeon

Improved hand–eye
coordination

Improved
learning curve

Quicker
surgery

Less attending
intervention

Less
complications

Improved
capsulorrhexis

Improved phaco

A 4 4 4 5 4 4 4

B 5 5 5 5 4 5 4

C 4 4 3 4 3 4 3

D 4 5 3 5 3 5 4

E 5 4 3 5 3 5 4

Mean 4.4 4.4 3.6 4.8 3.4 4.6 3.8

Median 4 4 3 5 3 5 4

10strongly disagree, 20disagree, 30neutral, 40agree, 50strongly agree
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Supervising senior surgeons felt that the addition of sim-
ulator training improved resident surgical proficiency. These
senior surgeons were all experienced cataract tutors. Their
impression of improvement was possibly limited by their
memory of the nonsimulator residents, who formed the two
resident classes before the simulator was introduced into the
program. Improved capsulorhexis, corroborating the find-
ings of the recent study of Privett et al. [7], and less instructor
intervention were the prominent opinions. Less instructor
intervention may partly explain the shorter learning curve
of the simulator group. Shorter learning curve, improved
eye–hand coordination, and improved phacoemulsification
technique were agreed on by most instructors, albeit less
convincingly.

Although decreased surgical time and fewer complica-
tions were apparent in the statistical analysis, these were not
the opinions of most of the instructor surgeons. This incon-
sistency may be explained by the initial poorer outcomes of
the simulator group, which may have blunted the impression
of better performance further along the learning curve. Al-
ternatively, although the statistical analysis showed that the
simulator group performed significantly better in the latter
40 cases, the improvement due to simulator training was
nevertheless subtle.

Limitations of our study include its retrospective design,
and that it was spread over four resident classes. However,
surgical technique and instrumentation, and the dominant
surgical instructors were consistent. Although prospective
randomization of residents for virtual reality simulator train-
ing would make for a more powerful study, this would
require preventing, or at least delaying, residents’ access to
a possibly useful training tool, and is therefore probably not
feasible. Variation in ocular comorbidities and cataract char-
acteristics of patients were not accounted for. Further, vari-
ation in resident characteristics could not be accounted for.
Since there were 500 cataract cases and ten residents in each
group, these variations should be spread more or less evenly
amongst the two groups, although including more residents
would have strengthened our study.

Our study shows that the addition of a modern virtual
reality surgery simulator alongside an organized surgery

training program appears to slightly improve resident real
surgery performance, with the less adept residents benefit-
ting most. Adding modules that simulate intraoperative
complications may further improve the simulator’s impact
as a surgery training tool.
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