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Abstract Objective The objective of our paper is to review all of the relevant literature in
ophthalmology microsurgical education and identify which teaching methodologies
were most effective.
Methods A systematic review and meta-analysis of the literature was conducted.
Electronic databases, including Ovid MEDLINE, Cochrane CENTRAL, and EMBASE, were
searched with preset terms. The search was through December 11, 2019. Eligibility
criteria included studies with sufficient data for analyzing associations between
surgical teaching techniques and success rates in surgical skills and the organization
of the intervention as amicrosurgical skills course, curriculum, or program. The articles
were independently reviewed by two authors. Each included study was evaluated for
quality using the Grades of Recommendation, Assessment, Development, and Evalua-
tion (GRADE) approach and risk of bias using the Cochrane Collaboration’s tool for
assessing bias.
Data Extraction and Synthesis Data extraction was performed by two reviewers and
disagreements were checked by a third reviewer. A random-effects analysis was used to
pool the outcomes of studies.
Main Outcomes and Measures Outcomes included time for completion of surgical
task, level of preparedness, competency score, and number of surgeries with
complications.
Results A total of 439 studies were reviewed and 13 studies (n¼8,790 surgical cases;
n¼115 trainees) were included in the meta-analysis. Excluded articles studied cataract
simulation training as the primary intervention or were not related to ophthalmology.
All pooled results demonstrated a positive association with surgical outcomes;
however, video-based education (standardized mean difference [SMD]¼2.49 [95%
confidence interval (CI): 0.36–4.63]; four effects [four studies]; n¼ 69; I2¼90%) and
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Surgical skills’ curriculums are essential in training for
surgically competent ophthalmologists, thereby also im-
proving patient safety and outcomes in ophthalmic surgery.
Ophthalmic surgical expertise requires trainees to master a
diverse set of surgical skills including general surgical tech-
niques and principles, microsurgical skills and instrumenta-
tion, and laser surgery expertise. With complex new surgical
techniques consistently being introduced in this field, there
is a need for efficient and flexible educational methods. The
nature of ocular surgical procedures allows limited direct
interactions between the supervising attending and resi-
dent, and surgical education at the level of the junior resident
often results in the trainee learning through observation.
There has been significant study into alternative surgical
teaching techniques outside of the operating room to
improve resident satisfaction and competence in surgical
skills.

Wet-laboratory training is one of the most widely used
teaching techniques in surgery. In the wet laboratory, resi-
dents are able to develop hand–eye coordination and learn
the steps for surgical procedures in a systematic and low-
stress setting. Residents have shown increased technical
proficiency and enhanced confidence after completing a
structured wet-laboratory curriculum.1 Specifically for oph-
thalmology, animal and model eyes have been used to train
residents.2 Studies have illustrated a significant decrease in
the frequency of intraoperative complications after the
introduction of wet-laboratory training. Previous studies
are predominantly retrospective studies, most of which do
not control for innate skill levels of each resident, and many
lack quantitative methods to measure residents’ confidence
levels.

The stepwisemethod is a teaching technique that involves
learning a surgical procedure in defined steps.3 In some
studies, this method was paired with deliberate practice
which aims to improve an individual’s performance through
strategic and highly focused sessions.3 Although these stud-
ies showed that bothmethods paired together contributed to
increasing residents’ confidence, there were limited conclu-
sions made regarding the success of either individually.

A variety of other surgical teaching methods have been
explored which yielded promising results. Residents who
were under supervision of an attending surgeonwhodirectly

observed their procedural skills and provided immediate
feedback reported increased satisfaction and improvement
of their skills.4Other literature has looked into utilizingmore
video-based surgical teaching modules and video review in
place of traditional didactic lectures.5,6 Live teaching has the
benefit of incorporating nonverbal two-way communication
between the lecturer and trainee, and opportunity for real-
time question and answer. Video teaching offers trainees the
ability to rewind and replay. However, there is uncertainty
about which of these teaching techniques is most effective.
To our knowledge, no previous study has provided an over-
arching statistical analysis of all the evidence produced from
these studies as they relate to ophthalmic surgical skills
education.

Our meta-analysis aims to extract valid evidence to
elucidate the relationship between specific educational
interventions and surgical competency. We hope to fill in
the gaps of knowledge within individual studies and draw
connections between them.

Project Objectives

We conducted a systematic review and meta-analysis of
surgical teaching to establish and evaluate program adjust-
ments to the microsurgery training curriculum.

This study aimed to (1) extract valid evidence for effective
surgical skills training techniques and assessments from
ophthalmology surgical training research articles, and (2)
identify relevant and feasible surgical skills modules which
can be incorporated into an existing microsurgery training
curriculum

Methods

Scope of Review and Institutional Review Board
Approval
This review addressed five key questions, each exploring the
effectiveness of one of the following educational interven-
tions: (1) didactic lectures, (2) video-based education, (3)
wet laboratory curriculum, (4) direct supervision and feed-
back from an attending surgeon, and (5) stepwise method.
The Meta-Analysis of Observational Studies in Epidemiology
(MOOSE) guidelines were followed to report the data. The

stepwise teaching method (odds ratio [OR¼3.84 [95% CI: 2.66–5.55]; six effects [six
studies]; n¼6,968; I2¼39%) interventions were the most favorable.
Conclusion and Relevance The following five interventions evaluated in this paper
were found to be effective methods of improving performance outcomes in ophthal-
mic microsurgery: (1) didactic lectures, (2) video-based education, (3) surgical wet-
laboratory, (4) stepwise method, and (5) direct supervision and feedback. Our meta-
analysis concludes that video-based education and stepwise teaching interventions are
the most effective methods for a microsurgical ophthalmology training curriculum.
Combining the strengths of the interventions analyzed in this study should be
considered when implementing and adjusting ophthalmic surgical skills curriculums.
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protocol was approved by the University of Maryland Balti-
more (UMB) Institutional Review Board (IRB) and deter-
mined to be exempt.

Literature Search
Electronic databases including Ovid MEDLINE, Cochrane
CENTRAL, and EMBASE were used to identify cohort and
case-control studies that investigated surgical teaching. The
following search terms were used: (1) “Microsurgery,” (2)
“Ophthalmolog�,” surgery (3) “Cataract surgery,” (4) “Cata-
ract extraction,” (5) “Eye surgery,” (6) “Ocular surgery,” (7)
“Refractive surgery,” (8) “Glaucoma surgery,” (9) “Ophthal-
mologic Surgical Procedures,” (10) “Surgical Training,” (11)
“Surgical Curriculum,” (12) “Surgical Education,” (13) “Sur-
gical Skills,” (14) “Residency Education.” The searches were
conducted on December 11, 2019 (see Supplemental

Material S1, Complete Search Strategy [available in the
online version]). The database searches were supplemented
with manual searches in PubMed. The Covidence software
(Veritas Health Innovation Ltd., Melbourne, Australia) was
used for management of the screening process.

Eligibility Criteria
An initial screening of titles and abstracts was first per-
formed to identify possible relevant studies. The full texts of
identified studies were examined. Studies were considered
eligible if they met the following criteria: (1) use of a cohort,
case-control, or cross-sectional study design; (2) the study
population were of ophthalmology residents, medical stu-
dents, or other ophthalmology trainees; (3) provision of
sufficient data for analyzing associations between surgical
teaching techniques and resident satisfaction and success
rates in surgical skills; (4) the study relates to ophthalmology
and microsurgery surgical skills; and (5) the intervention in
the study was organized as a microsurgical skills course,
curriculum, or program. Studies in which surgical simula-
tors, such as EYESI, acted as the primary intervention were
excluded, as previous systematic reviews have extensively
investigated this specific intervention.7–9

Study Selection
Articles were screened independently by two authors (G.N
and J.P.). If necessary, a third author (J.A) resolved any
disagreements. Duplicate articles were removed from the
initial database search and the list of references were man-
aged with Covidence. We did not require blinding of
assessors.

Data Extraction
Covidence was used as an initial organizational tool to
extract the interventions, outcomes, and population charac-
teristics of each study. A Google Sheets spreadsheet (Google
LLC, Mountain View, CA) was then used to categorize the
articles by teachingmethods used as follows: wet laboratory,
didactic lectures, stepwise method, feedback/supervision,
and video-based education. Outcomes were subcategorized
as reduced complications, improved competency score, re-
duced time for completion, and increased level of prepared-

ness. Data extractionwasperformed by twoauthors (G.N and
J.P.) and reviewed by a third author (J.A).

Assessment of Quality and Risk of Bias
The quality of the selected studies was assessed using the
Grades of Recommendation, Assessment, Development, and
Evaluation (GRADE) approach. This assessment system clas-
sifies the quality of thebodyof evidence in the study as one of
four levels: high, moderate, low, and very low.10 It considers
“within-study risk of bias (methodological quality), direct-
ness of evidence, heterogeneity, precision of effect estimates,
and risk of publication bias.”10 A study was defined as being
“high” quality if it was a randomized trial. Quality ratings
decreased with several factors including being observational
study design, risk of bias, and small sample size.

The risk of bias assessment was completed using Covi-
dence which is integrated with the Cochrane Collaboration’s
tool for assessing risk of bias.10 Each study was assigned a
rating of low, high, or unclear risk of bias for each assessment
category. Both the GRADE and risk of bias scores were
independently assessed by two authors (G.N and J.P.). Con-
tradicting scores were mediated through discussion.

Search Results
A total of 575 studies were identified across all databases
(Ovid MEDLINE, Cochrane CENTRAL, and EMBASE). Covi-
dence identified 137 duplicates, leaving 438 records to
screen. A total of 327 studies were excluded in the title
and abstract screening and another 105 studies were exclud-
ed in the full-text screening. The most common reasons for
exclusion were studies that utilized simulation training as
the primary intervention or studies not specific to ophthal-
mology. The screening processes, as well as exclusion crite-
ria, are illustrated in►Fig. 1. Thirteen studies were reviewed
for this meta-analysis.

Quality of Studies
The majority of the studies received a GRADE Score of “low”

due to being nonrandomized observational or retrospective
cohort studies. Two randomized controlled trials received a
score of “high”11,12 (see►Table 1 for complete GRADE scores
and reasoning).

Risk of Bias
There were no studies scored with a low risk of bias across
all bias assessment categories. Mishra et al11 was found to
have the least amount of bias overall, with six of seven
domains being in the low risk category. Blinding of partic-
ipants and personnel for all outcomes was the lowest
scoring assessment category, with all 13 studies judged
with high risk of bias. This was in large part due to the
majority of the studies being nonrandomized trials or not
describing any blinding method used. Selective outcome
reporting was the best domain with all 13 studies judged
with low risk of bias. The studies included all data points
and were analyzed with appropriate statistical tests. ►Fig. 2

summarizes the risk of bias assessment for all the included
studies.
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Fig. 1 Literature search flow diagram: surgical skills educational interventions to improve surgical performance outcomes in medical students,
ophthalmology residents, and ophthalmology trainees.

Table 1 Grades of recommendation, assessment, development, and evaluation (GRADE) scores for all included studies

Study (year) Grade score Reason

Ezra et al13 (2009) Low No method of randomization to recruit residents was stated. Residents
were compared with themselves (pre-vs. postintervention)

Rogers et al14 (2009) Low Nonrandomized study, retrospective cohort study

Yulan et al15 (2013) Low Nonrandomized study, retrospective cohort study

Kloek et al3 (2014) Low Nonrandomized study, retrospective cohort study

Kaplowitz et al16 (2016) Low Nonrandomized study, retrospective cohort study

Gershuni et al12 (2013) High Randomized controlled trial with no significant sources of bias

Shen et al17 (2015) Low Nonrandomized prospective study, some outcomes were based on
subjective measures

Yu et al18 (2016) Low Nonrandomized observational study

Vagge et al19 (2017) Low Nonrandomized prospective cohort study, some outcomes were based on
subjective measures

Borboli-Gerogiannis et al20 (2019) Low Nonrandomized study with possible bias in technology difference between
2004 and 2015

Mishra et al11 (2017) High Randomized controlled trial with no significant sources of bias

Ramani et al1 (2018) Low Nonrandomized study, retrospective cohort study

Pantanelli et al21 (2018) Low Nonrandomized study, retrospective cohort study
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Data Synthesis and Analysis
Summary tables showing study, population characteristics,
interventions, and outcomes were created for all key ques-
tions. Meta-analysis assessed several surgical performance
outcomes: time for completion of surgical task, level of
preparedness as assessed by faculty, competency score,
and number of surgeries with complications. Interventions
were interpreted as having a positive effect on surgical
performance outcomes if their results showed any of the
following: decreased time for surgical task completion, in-
creased level of preparedness, increased competency score,
or decreased surgical complications. Six studies reported a
continuous measure (time for completion of surgical task
and competency score) and seven studies reported a discrete

outcome (number of complications) or ordinal outcome
(level of preparedness). Continuous measures were con-
verted to Hedges’ g values as standardized mean differences
(SMDs), while discrete and ordinal outcomeswere converted
to odds ratios (ORs) based on calculations from study-
reported numbers of persons with and without the event
for each group. Some studies used scales that increased with
positive outcomes while others decreased. For differences in
the direction of the scales, the mean values from one set of
studies were multiplied by �1 or subtracted from the maxi-
mum possible value for the scale.

Random-effects meta-analyses on SMDs and ORs were
conducted for five educational interventions as follows: (1)
didactic lectures, (2) video-based education, (30 wet-labora-
tory curriculum, (4) direct supervision and feedback from an
attending surgeon, and (5) stepwise method. Discrete and
ordinal measures were selected over continuous measures
and outcomes assessing time for completion of a surgical task
over competency score were selected when multiple out-
comes were reported for the same study. The DerSimonian
and Laird (inverse variance) model was used to calculate the
pooled effect estimate with a 95% confidence interval (CI)
across studies. RevMan version 5.4 was used for all analyses.

Results

A total of 575 studies were reviewed. After rigorous screen-
ing, 13 studies (n¼8790 surgical cases; n¼115 trainees)
were identified that met inclusion criteria for this meta-
analysis, including 2 randomized control trials (RCTs) and 11
non-RCTs.1,3,11–21 The range of mean ages of participants
across all trials was between 25 and 37 years, although one
trial excluded preresidency trainees and therefore had a
slightly older population (range: 28–46 years).18All included
studies are listed in ►Table 2 with a summary of study
characteristics in ►Table 3.

Analysis of Educational Interventions
Key question 1: Does teaching through didactic lectures
improve surgical performance outcomes?

Didactic lectures incorporated into surgical curriculums
involve teaching the steps of the surgical task, drawing out
the relevant anatomy for each surgery, and teaching appro-
priate surgical techniques for instrument handling. Four
studies were identified that evaluate the efficacy of didactic
lectures on surgical performance. Two studies reported the
effect of their interventions on the time of completion of a
surgical task.12,13 The other two studiesmeasured changes in
surgical competency scores.11,19 The effects of the didactic
lectures intervention on the outcomes were very similar
across all compared studies. The pooled SMD was 1.04 (95%
CI: 0.51–1.57; four effects [four studies]; n¼65;
I2¼0%; ►Table 4). Our findings suggest didactic surgical
teaching has a positive effect on surgical performance,
resulting in a decrease in time to task completion and an
increase in surgical competency scores.

Key question 2: Does the use of video-based education
improve surgical performance outcomes?

Fig. 2 Risk of bias summary: a summary of the author’s judgements
on each risk of bias item for each included study. Green circle¼ low
risk of bias; yellow circle¼ unclear risk of bias; red circle¼high risk of
bias. Software used: Review Manager v5.4 (The Nordic Cochrane
Centre, The Cochrane Collaboration, Copenhagen Denmark).
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Video-based education was defined as the utilization of
either video tutorials presurgery or video review postsur-
gery as part of a surgical curriculum. Three studies reported
the effect of video-based education on surgical competen-
cy,11,17,18 while one study measured the time of completion
of a surgical task.12 The effects of the video-based education
interventions varied substantially, and the result of the
pooled analysis is likely to be affected by the high degree
of heterogeneity between studies (pooled SMD¼2.49 [95%
CI: 0.36–4.63]; four effects [four studies]; n¼69;
I2¼90%; ►Table 4). The largest effect across all continuous
outcomes was found with a cataract surgery training pro-
gram. Ophthalmology trainees were required to review their
surgery videos with an attending during weekly discussion
meetings.18 At 3-month follow-up, the mean competency
score for trainees had improved from 2.3 (SD¼0.2) to 4.3
(SD¼0.2) which converted into an SMD of 9.66 (95% CI:
6.56–12.75; ►Fig. 3). Our findings indicate that video-based
education has a positive effect on surgical performance
outcomes resulting in improvement in competency scores
and decreased time to task completion.

Key question 3: Does a structured wet-laboratory curricu-
lum improve surgical performance outcomes?

Wet-laboratory curriculums described in the studies in-
clude training sessions with either goat or porcine eyes to
practice microsurgical skills. Written precognitive and post-
cognitive tests were utilized to assess resident knowledge of
the instruments, anatomy, and steps involved with cataract
surgery in one study.14,22 Five studies were identified that
evaluated the impact of surgical wet-laboratory curricula on
ophthalmic surgical performance. All five studies reported
the effect of their interventions on the number of surgical
complications.1,14,15,20,21 More specifically, the number of
posterior capsule tears in cataract surgery was compared
between pre- and postintervention groups. The effects of
wet-laboratory curriculum intervention varied between
studies. The pooled OR was 3.10 (95% CI: 1.95–4.93; 5 effects
[five studies]; n¼8,325; I2¼67%; ►Table 4). The studies
reported an improvement in surgical performance and a
reduction in surgical complications using a structured sur-
gical wet-laboratory curriculum.

Key question 4: Does direct supervision and feedback from
an attending surgeon improve surgical performance
outcomes?

Five studies were identified that evaluated the impact of
direct supervision and feedback from an attending surgeon
on surgical performance in surgical trainees. Direct super-
vision and feedback were incorporated into the various
surgical curriculums by having attending surgeons oversee
wet-laboratory practice sessions and intraoperative surger-
ies. Faculty provided verbal real-time and written delayed
feedback. Two studies emphasized the use of formative
feedback which focuses on giving participants the resources
they need to improve and identify their strengths and
weaknesses.14,21 This differs from the more traditional
summative feedback which evaluates only proficiency.
Four studies reported the effect of attending feedback on
the number of surgical complications,14,16,20,21 while one
study evaluated the level of preparedness of residents as
judged by faculty.3 The pooled OR was 3.49 (95% CI: 2.17–
5.60; five effects [five studies]; n¼7,485;
I2¼68%; ►Table 4), suggesting that the use of direct super-
vision and feedback from an attending surgeon has a
positive effect on surgical performance outcomes. All five
studies reported an increase in surgical performance, a
reduction in surgical complications, and an improvement
in resident preparedness using direct supervision and feed-
back from an attending surgeon.

Key question 5: Does implementing a stepwise method of
teaching improve surgical performance outcomes?

The stepwise method of surgical teaching involves decon-
structing surgical procedures into specific critical steps. The
learner practices many repetitions of each step before per-
forming the entire surgical procedure. Five studies reported
the effect of utilizing the stepwise teaching method on the
rate of complications in cataract surgery.1,15,16,20,21 One
study evaluated the level of preparedness of residents as
judged by faculty.3 This intervention had the greatest effect
of the dichotomous outcomes with a pooled OR of 3.84 (95%

Table 3 Summary of study characteristics of all included
studies of surgical skills educational interventions to improve
surgical performance outcomes in medical students,
ophthalmology residents, and ophthalmology trainees (13
studies, n¼ 8,790 surgical cases, and n¼115 trainees)

Characteristics No. of studies %

All studies 13 100

Study design

RCT 2 15

RCS 9 69

PCS 2 15

Quality rating

High 2 15

Low 11 85

Conducted in the United States 9 69

Intervention type

Didactic lectures 7 54

Video-based education 5 38

Wet laboratory 9 69

Feedback/supervision 8 62

Stepwise method 7 54

Primary intervention outcomes

Complication rate 6 46

Competency score 6 46

Surgical task completion time 3 23

Level of preparedness 1 8

Abbreviations: PCS, prospective cohort study; RCS, retrospective cohort
study; RCT, randomized controlled trial.
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CI: 2.66–5.55; six effects [six studies]; n¼6,968;
I2¼39%; ►Table 4). These studies reported an increase in
surgical performance using the stepwise method of teaching
with a reduction in surgical complications and an increase in
level of preparedness.

Discussion

Our meta-analysis included 13 studies, evaluating the effi-
cacy of following five methods of surgical education: (1)
didactic lectures, (2) surgical videos, (3) surgical wet labora-
tories, (4) stepwise method, and (5) direct supervision and
feedback. All five interventions were found to be effective
and consistently beneficial.

Among the interventions that reported a continuous out-
comemeasure, the video-based education interventions were
more effective than didactic lecture interventions. Video
review is effective for surgical teaching, as it allows partic-
ipants to view and repeat at their own paces and increases
accessibility for faculty to identify areas of improvement.21

The cataract surgery training program reported by Yu et al
showed a more substantial effect compared with the other
three video-based education studies. Thiswas likely explained
by differences in curriculum structure and guidelines, includ-
ing a longer training time and rigorous protocol. The training
phase for this study was 3 months compared with other
studies which ranged from 1 day to 7 weeks.11,12,17,18 Addi-
tionally, the program expectations were rigorous. Trainees
were taught one step of cataract surgery at a time and were
required to meet a certain International Council of Ophthal-
mology – Ophthalmology Surgical Competency Assessment
Rubrics (ICO-OSCAR) score before being able to proceed to the
next surgical step.18 In comparison, other studies had more
flexible curriculums, allowing for self-study or independently
practice with no mandatory goals.11,12,17

When comparing the interventions that reported a binary
outcome, wet laboratory, direct supervision and feedback,
and stepwise method, all had extremely favorable results
with an OR>3. Implementation of a stepwise method of
teaching, yielded themost positive relationshipwith surgical
performance.

Wet-laboratory curriculums are outstanding for introduc-
ing microsurgical techniques as they allow participants to
orient themselves to using their fine stereoscopic vision,
improve dexterity,21 and grow surgical confidence without
excessive worry of patient harm.

Direct supervision and feedback from attending surgeons
highlight a personalized approach to teaching and can be
easily integrated into any curriculum. Participants may
establish specific goals by having an experienced mentor
who follows a trainee’s progress longitudinally.

The stepwise method of teaching emphasizes mastery of
surgical fundamentals. Participants were required to meet a
certain level of proficiency with each step of the surgery
before progressing which may have indirectly increased the
amount of time they spent practicing.3 This wouldmean that
trainees were more prepared when finally performing the
entire surgery which may have contributed to the lowerTa
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number of surgical complications observed compared with
the other interventions.

When the studies were stratified by level of training of
their candidates (medical students of postgraduate year
(PGY)-1/PGY-2/PGY-3, PGY-4, and attending physician),
there were noted differences in the effectiveness of the
methods for different groups. The stepwise teachingmethod,
wet-laboratory curriculum, and direct supervision and feed-
back interventions were most effective for PGY-4 level
residents. Video based education was most effective for
ophthalmologists at the attending physician level and didac-
tic lectures did not showa significant difference between the
groups. We believe that that these teaching methods gener-

ally had a larger impact in more experienced candidates due
to their increased level of exposure to microsurgical proce-
dures. Compared with participants who have just started
training, PGY-4 and attending level candidates have the
opportunity to immediately demonstrate improved surgical
outcomes due to the higher volume of procedures they
participate in. They have a stronger foundation and thus
can focus more on refining rather than learning the skills
targeted in the curriculums.

To compare pooled effects between SMDs and ORs, a
transformation formula was used as described in the
Cochrane handbook.10 Across all studies, video-based edu-
cation interventions had the largest effect. Video-based

Fig. 3 Surgical skills interventions outcomes summary: standardized mean difference and odds ratio between postintervention and
preintervention groups, by intervention. CI, confidence interval.
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education combines both visual and reflective learning, two
effective strategies that are crucial for improving proficiency
with complex skills. The results of thismeta-analysis can give
institutions an overview of which interventions to imple-
ment when forming a microsurgical skills curriculum. One
phacoemulsification training program incorporated both
video-based education and a stepwise method of teaching
into its study. The result of this study was an OR of 7.17 (95%
CI: 1.58–32.50; n¼240; ►Fig. 3), the highest effect out of
studies with a n>100 sample size.15

Some of the programs implemented in the studies were
short term, occurring within a day, while others were longer
term, occurring over a span of years. We can see how both
time frames offer unique benefits for ophthalmology micro-
surgery. Short-term curriculums are easier to administer, as
they require less resources and time investment. This allows
them to be more applicable across a wider range of institu-
tions. They also can bemore focused and target a certain skill.
Since microsurgery is known to have a steep learning curve,
the ability of short-term programs to target weaknesses is
valuable to rapidly improve surgical outcomes. Long-term
curriculums can integrate multiple teaching strategies that
can complement one another, as seen in programs that
incorporate stepwise teaching, wet laboratories, and forma-
tive feedback. Being able to track the progress of trainees
over the course of years allows for more comprehensive
assessments. Additionally, these longer curriculums allow
for superior skill retention compared with shorter programs
due to the continued follow-up that occurs.

While our study did not include surgical training programs
outside ofophthalmology, a reviewof the literature shows that
similar to thefindingsofourmeta-analysis, stepwise approach
or surgical video review were found to be effective surgical
training methods in general surgery and urology.23–25

Curriculums focusing on cataract surgical simulation plat-
forms (such as EYESI surgical simulator) as the primary
intervention were specifically excluded from this study for
two reasons. First, the benefits and utility of this surgical
education intervention have been previously published and
well established.7–9 Second, due to cost and availability,
these tools are not available for all surgical training pro-
grams. We therefore focused this meta-analysis on inter-
ventions that are broadly available and applicable.

Limitations

There were some limitations associated with this review.
Studies which did not design their interventions into a
program or curriculum framework were excluded, even if
their trials addressed improvements in surgical performance
outcomes. Second, interventions implemented infields other
than ophthalmology were excluded, although some did
utilize the same educational methods explored in included
studies. Third, since the study population included ophthal-
mology residents, medical students, and other ophthalmol-
ogy trainees, the participant’s prior surgical experience may
be a confounding variable that contributed to results. Three
included studies had active surgical simulators as part of

their program.3,14,20 Although these simulators were not the
primary intervention of the curriculum and their effects
were not specifically discussed, their presence could have
influenced the benefit of other training modalities. Limita-
tions of our meta-analysis include sample size, retrospective
study designs, heterogeneity, and subjective nature of
assessments. Small sample sizes were likely due to the size
of resident classes. Randomized trials on educational inter-
ventions are difficult to conduct, as they deny participants in
the control group access to potentially helpful resources,1

thus leading to the retrospective design of most studies.
Surgical performance outcomes were heterogeneous, with
three out of five outcome groups having an I2>60%
(►Table 4). This suggests that the studies varied substantial-
ly, making it difficult to draw conclusions. Finally, outcomes
such as competency score and perceived resident prepared-
ness are subjective.

For future studies, randomized controlled trials focusing
on the effects of each intervention separately on objective
measures would be valuable. The issue of withholding
advantageous interventions may be addressed by using
medical student volunteers or allowing all residents access
to the resources after conclusion of data collection or with a
cross-over study design.

Conclusion

The following five interventions evaluated in this paper were
found to be effective methods of improving performance
outcomes in ophthalmic microsurgery: (1) didactic lectures,
(2) video-based education, (3) surgical wet laboratory, (4)
stepwise method, and (5) direct supervision and feedback.
Our meta-analysis concludes that video-based education
and stepwise teaching interventions are the most effective
methods for teaching a microsurgery training curriculum.
Combining the strengths in these methods should be con-
sidered when implementing and adjusting ophthalmic sur-
gical skills curriculums.
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