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Abstract Objective The study aimed to evaluate the safety and efficacy of resident surgeons
performing femtosecond laser assisted cataract surgery (FLACS).
Methods A retrospective chart review was conducted at the University of Wisconsin-
Madison from postgraduate year four residents performing FLACS between 2017 and
2019. Data were also collected from residents performing manual cataract surgery, and
attending surgeons performing FLACS for comparison. Recorded data included patient
demographics, pre- and postoperative visual acuity, pre- and postoperative spherical
equivalent, nuclear sclerotic cataract grade, ocular and systemic comorbidities, intraocular
lens, duration of surgery, cumulative dissipated energy (CDE), and intraoperative and
postoperative complications.
Results A total of 90 cases were reviewed with 30 resident manual cases, 30 resident
FLACS cases, and 30 attending FLACS cases. Resident manual (25.5�6.8minutes) and
resident FLACS (17.5�7.1minutes) cases took a significantly longer time to complete
compared with attending FLACS cases (13.6� 4.4minutes; p<0.001). There was higher
CDE in resident FLACS and resident manual cases compared with attending FLACS cases,
but thedifferencewasnot statistically significant (p¼0.06). Postoperative visual acuitywas
not statistically different at 1-day and 1-month after surgery among the three groups.
Resident FLACS complications, which included one case requiring an intraoperative suture
to close the wound, two cases with intraoperative corneal abrasions, two cases with
postoperative ocular hypertension, and one case with cystoid macular edema, were not
significantly greater than attending FLACS complications (p¼0.30).
Conclusion The FLACS performed by resident surgeons had comparable visual acuity
outcomes to FLACS performed by attending surgeons, and to manual cataract surgery
performed by resident surgeons. However, resident FLACS cases took significantly longer
time to complete, and theywere associatedwith a higher CDE andminor complication rate
compared with attending FLACS cases. Introducing advanced technologies into surgical
training curricula improves resident preparedness for independent practice, and this study
suggests FLACS can be incorporated safely and effectively into resident education.
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The learning curve for resident surgeons performing cata-
ract extraction with phacoemulsification has been well
studied, demonstrating that complication rates decrease
with the number of surgeries performed.1,2 The Accredita-
tion Council of Graduate Medical Education (ACGME)
requires that resident surgeons perform a minimum of
86 cataract surgeries as the primary surgeon, and the
national average is 208�68 (mean� standard deviation)
cases among U.S. graduates.3 However, the ACGME does
not provide guidelines or requirements regarding cataract
surgery technique, approach, or the implementation of
new technology.4

Advancing technology has drastically altered the way
cataract surgery is performed with the introduction of
phacoemulsification and astigmatism-correcting lenses,
which have reduced surgical complications and improved
patient outcomes. The femtosecond laser was approved for
cataract surgery by the Food and Drug Administration in
2010, and has gained popularity by offering automation and
greater precision to several surgical steps, including corneal
wounds, anterior capsulotomy, and lens fragmentation.5–7

Although femtosecond laser assisted cataract surgery
(FLACS) has been demonstrated to be safe, studies have
shown that complications are more common in the first
200 cases performed.7–11 This extended learning curve
suggests that resident surgeons should be exposed to FLACS
under the supervision of an experienced surgeon prior to
graduation in attempt to better prepare them to operate
safely in future independent practice.

Ophthalmology residency programs are given flexibility
to incorporate new technology into their cataract training
program, including FLACS and other advanced procedures.
However, a survey conducted by Yeu et al reported a
perceived deficiency in preparing ophthalmology residents
for advanced procedures and techniques that they are likely
to perform after completing training.12 A 2017 survey of 71
program directors revealed only 44.1% of residency pro-
grams had residents perform FLACS.13 The greatest barriers
to introducing FLACS to residency training curricula include
cost, location of the femtosecond laser, inexperienced
faculty, training obstacles, and quality concerns.14 In our
practice at Madison Surgery Center, FLACS requires an
increased out-of-pocket contribution from the patient.
While industry sponsored programs help to alleviate
some of these costs for resident performed cases, the
remaining out of pocket contribution may still be significant
for our patients that live on a fixed income. Combined, we
find the cost of FLACS, along with limited available out-
comes data from the trainee performed procedures, has
severely limited our ability to recruit patients appropriate
for FLACS who are also willing to have the procedure
performed by a trainee.

To begin to address these barriers to expanding our FLACS
training program, as well as other advances surgical training
programs around the country, we evaluated the safety and
efficacy outcomes of resident performed FLACS by compar-
ing these surgeries to attending performed FLACS cases and
resident manual cataract extraction cases.

Methods

After receiving institutional reviewboard approval, a retrospec-
tive case–control study of resident- and attending-performed
FLACS and resident-performed manual cataract surgery was
completed. In our training program, FLACS procedures are
performed at the Madison Surgery center (MSC, Madison,
WI) by residents in their final year of training during their
4-month comprehensive ophthalmology rotation. Here, we
include the data of all FLACS cases performed by senior
residents at MSC over the 2017 to 2018 and 2018 to 2019
academic years (six residents and five cases per resident). Our
trainees also perform a small number of FLACS procedures at
the William S. Middleton Veterans Hospital. Data from those
procedures are not included in this report to maintain results
that are generalizable to a larger population and due to patient
datausage constraints of the institution.Data from thefirstfive
consecutive casesperformedbyeach of thesix residents during
their comprehensive ophthalmology rotations without the
femtosecond laser were included as resident manual cases.
The first 15 consecutive femtosecond laser assisted cases
performed by attending ophthalmologists during the same
academic year time periods were included as attending FLACS
cases. Cases that received femtosecond-laser assisted wound
construction, anterior capsulotomy, and lens fragmentation
were included in the study. All femtosecond laser steps were
performed with the LenSx Femtosecond laser system (Alcon
Laboratories, Inc., Fort Worth, TX).

Preoperative data included patient demographics, visual
acuity, spherical equivalent, cataract grade, and ocular comor-
bidities. Cataract grade was based solely on nuclear sclerotic
cataract grade and rounded to the nearest half integer. Intra-
operative data included intraocular lens (IOL), cumulative
dissipated energy (CDE) as measured on the Alcon Centurion
PhacoemulsificationUnit (Alcon Laboratories, Inc., FortWorth,
TX), length of surgery, and complications. Length of surgery
wasdefinedas the timefrom incision to completionofa case at
the operating microscope and did not include the time at the
femtosecond laser or the time transporting the patient.
Postoperative data included corneal edema, visual acuity at
1-day and 1-month after surgery, spherical equivalent, and
complications.

AlldatawerecollectedandanalyzedbyusingMicrosoftExcel
365. Snellenvisual acuitieswere converted to a logarithmof the
minimumangle of resolution (LogMAR) scale for comparison.15

The statisticalmethods used for comparison included Pearson’s
Chi-square test for categorical values and analysis of variance
(ANOVA) for continuous variables. Independent t-tests
were used to assess means between two groups. Differences
were accepted at the p <0.05 significance level.

Results

Cataract cases were reviewed from 90 patients with 30 resi-
dent manual cases, 30 resident FLACS cases, and 30 attending
FLACS cases. The CDE data were not available in 27 cases.
Between the three groups, there were no statistically signifi-
cant differences among patient demographics, preoperative
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visual acuity, or preoperative spherical equivalent (►Table 1).
Among the three groups, attending FLACS cases had a signifi-
cantly lowermean nuclear sclerotic cataract grade (p<0.001).
Ocular comorbidities, as summarized in ►Supplementry

Table S1 (available in online version) were not significantly
different among the three group (p¼0.48).

The IOL selection varied among the three groups
(p<0.001); 90% of the resident manual cases used a mono-
focal SN60WF lens and 10% used a toric lens, which contrasts
with 90% of attending FLACS cases using premium lenses
(toric or multifocal lens). Fifty-three percent of resident
FLACS cases used premium lenses as well.

Operative and postoperative outcomes are summarized
in►Figs. 1 and2. Therewas a statistically significant difference
in procedure duration among the three groups at 25.5�6.8
minutes in resident manual cases, 17.6�7.1minutes in resi-
dent FLACS cases, and 13.6�4.4minutes in attending cases
(p�0.001). When comparing the duration of resident and

attending FLACS cases, which did not include time performing
the femtosecond laser steps, the difference remained statisti-
callysignificant (p¼0.02). Therewasa trend towardhigherCDE
used in resident manual and resident FLACS cases compared
with attending FLACS cases; however, the difference was not
significant (p¼0.06). There were no statistical differences in
postoperativevisual acuityat 1-dayor1-monthafter surgeryas
well. The difference in spherical equivalent at postoperative
month was significant between the three groups (p¼0.047);
however, there was not a significant difference when only
comparing the resident- and attending-performed FLACS cases
(p¼0.70).

Regarding intraoperative complications, one resident FLACS
case required sutured wound closure, and two resident FLACS
cases sustained corneal abrasions. Postoperatively, two resi-
dent FLACS and two attending FLACS cases developed ocular
hypertension, and one resident manual case and one resident
FLACS case developed cystoid macular edema. There were no

Table 1 Baseline patient characteristics

Resident manual, n¼ 30
Mean (SD)

Resident FLACS, n¼ 30
Mean (SD)

Attending FLACS, n¼ 30
Mean (SD)

p-Value

Cases, n 30 30 30

Sex (% male) 43% 37% 43% 0.83

Eye (% right) 50% 50% 43% 0.84

Age 71.8 (7.1) 69.5 (7.5) 67.5 (7.56) 0.09

VA preoperative LogMAR 0.45 (0.24) 0.36 (0.29) 0.34 (0.24) 0.23

SE preoperative �1.9 (3.3) �3.1 (4.4) �3.78 (4.27) 0.22

Nuclear sclerotic grade 2.6 (0.51) 2.3 (0.6) 1.8 (0.6) <0.001

IOL, n (%)
SN60WF
toric
multifocal

27 (90%)
3 (10%)
0 (0%)

14 (47%)
12 (40%)
4 (13%)

3 (10%)
3 (10%)
24 (80%)

<0.001

Abbreviations: FLACS, femtosecond laser assisted cataract surgery; IOL, intraocular lens; LogMAR, logarithm of theminimum angle of resolution; SD,
standard deviation; SE, spherical equivalent, VA, visual acuity.

Fig. 1 Operative measures. Duration of the procedure was statistically different (p< 0.001���). CDE, cumulative dissipated energy.
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cases of posterior capsule rupture, anterior vitrectomy,
endophthalmitis, or retinal tear/detachment. There was a total
complication rate of 3% in the residentmanual cases, 20% in the
resident FLACS cases, and 7% in the attending FLACS cases,
which was not statistically significant (p¼0.30).

Discussion

The femtosecond laser has changed the way many practicing
ophthalmologistsperformcataract surgery.However, advanced
cataract techniques, including FLACS, are perceived as under-
exposedduring residencytraining,whichmaybeattributedtoa
lack of ACGME standards or an absence of accepted training
models.12 Additional barriers to expanding FLACS training for
resident surgeons includes cost, lower procedural efficiency,
femtosecond-laser location, inexperienced faculty, and quality
concerns.14,16 Despite these challenges, inclusion of FLACS into
training curricula will ease the considerable learning curve for
new surgeons who will soon be operating independently. This
study examines the safety and efficacy of introducing FLACS
into residency surgical curriculum.

Several studies have previously demonstrated longer oper-
ating times for both attendings and residents who are begin-
ning to perform FLACS cases compared with traditional
phacoemulsification.16–18 Similar to Pittner and Sullivan, our
data demonstrated that resident cases, performed both man-
ually andwith femtosecond laser, and took significantly longer
than attending FLACS cases.16 Interestingly, our data reveal
that duration of resident FLACS cases (17.5�7.1minutes) was
shorter than resident manual cases (25.5�6.8minutes). We
attribute this difference inpart to how thedatawere collected;
operative duration was measured as the time from start to
finish at the operating microscope, which did not include the
time at the femtosecond laser or the time transporting the

patient from the laser suite to the operating room. The time
difference also may be attributed to patients not being signed
up for FLACS due to underlying characteristics that may
preclude them from being a good candidate for FLACS, such
as a small pupil, which would require more time during
surgery toaddress, althoughthis specificallywasnotevaluated
for in this study due to a lack of data regarding preoperative
pupil size. Regarding the time difference specifically at the
operating microscope, the femtosecond laser created wound,
anterior capsulorhexis, and lens fragmentation likely contrib-
ute to a shorter operating time in the FLACS cases compared
with the traditional cases where these steps were completed
manually.

Hou et al showed that resident-performed FLACS cases
used 22.5% less CDE than resident-performed manual pha-
coemulsification, and lower CDE rates have been correlated
with less endothelial cell damage and loss.19 Our study
revealed a trend toward lower CDE in resident and attending
FLACS cases, although the differences were not statistically
significant (p¼0.06). The association of lower CDE likely is
attributed to the lens fragmentation of the femtosecond
laser, requiring less phacoemulsification time needed to
sculpt and crack the lens prior to fragment removal.

Postoperative visual acuity among the three groups were
comparable postoperatively. However, there was a significant
difference in postoperative spherical equivalent between the
three groups. This difference is most likely attributed to the
higher rate of premium lenses used in resident and attending
FLACS cases. Notably, there was not a significant difference in
spherical equivalent between resident and attending FLACS
cases (p¼0.70).

New surgical technology is often accompanied with a
learning curve and the potential for an increased number
of operative complications, and FLACS is no exception. Bali et

Fig. 2 Postoperative outcomes. Postoperative spherical equivalent was significant comparing resident manual to resident- and attending-
performed FLACS (p¼ 0.047). There was not a significant difference in spherical equivalent when comparing the resident- and attending-
performed FLACS cases (p¼ 0.70). FLACS, femtosecond laser-assisted cataract surgery; LogMAR, logarithm of the minimum angle of resolution;
VA: visual acuity.
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al and Christy et al20 both describe a learning curve with
attending surgeons first using femtosecond laser in their
cataract practice. Our study likewise supports this finding;
the resident FLACS group had the greatest complication rate
at 20%, which was three times greater than the attending
FLACS group; however, the difference was not statistically
significant (p¼0.30). Fortunately, all complications were
minor, and none resulted in vision-threatening outcomes.
Despite this initial learning curve, our study and other
studies demonstrate a similar safety profile and refractive
outcomes of FLACS compared with manual cataract surgery
supporting its incorporation into resident surgical
education.21

Although our data were completed by senior residents,
Cohen et al proposed integrating the femtosecond laser in
residency education as a tool to perform the most compli-
cated steps of cataract surgery.21 Doing so could create a
step-wise educational model for junior residents allowing
them to proceed to themanual steps of cataract surgery after
demonstrating competency at thebasics of bimanual surgery
and surgical steps that were FLACS assisted. Further, earlier
integration of the FLACS into residency education may
help flatten the learning curve seen with this advanced
technology.

Although our analyses yielded statistically significant com-
parisons between resident FLACS and manual cases and
attending FLACS cases, our study was limited by its retrospec-
tive design and relatively small sample size. Unfortunately, the
sample size was limited by number of available cases, which
we see as a symptom of both the relative paucity of data of
resident FLACS cases and the absence of an ACGME model or
requirement for teaching advanced surgical techniques. A
larger sample size would provide a better understanding of
FLACS-associated complications rates, which were too low to
be significant in our study. In addition, all femtosecond
laser steps were performed with the same femtosecond laser
machine, whichmay compromise the generalizability to other
femtosecond platforms. Further, the resident FLACS and
manual surgery cases were completed by PGY-4 residents
who already have a solid foundation in cataract surgery, so
our outcomes are limited to this cohort of residents and we
cannot commenton thesafetyandefficacyof residentFLACSin
more novice surgeons. Lastly, despite the preoperative data
being comparable among all three groups, there was likely
selection bias when choosing patients suitable for resident
FLACS and manual cases.

Conclusion

This study provides early evidence of safety, efficacy, and
good visual outcomes of resident FLACS, a crucial first step in
helping support and build larger resident teaching oppor-
tunities in advanced surgical techniques. Resident surgeons
performing FLACS were less efficient than attending
surgeons at performing FLACS, so additional time should
be factored into teaching these cases at academic centers.
Introducing FLACS curriculum to residency training presents
additional challenges, such as cost and the absence of defined

training standards. However, expanding resident surgical
curriculum to include FLACS training under the guidance
of experienced surgeons will better prepare new graduates
to incorporate advanced technologies into their independent
practice.
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