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Objective: To describe a stepwise surgical curriculum that was implemented to teach novice 
surgeons about currently available advanced technology intraocular lenses (ATIOLs) for 
correction of presbyopia and to report the experiences and surgical results of ATIOL surgery 
performed by residents who engaged in the curriculum.
Design, Setting, and Participants: Third-year ophthalmology residents participated in 
a curriculum incorporating didactic lectures (with objective assessment and wet-lab practice) 
and observation of attending-performed ATIOL surgeries prior to performing ATIOL surgery 
as primary surgeon under direct supervision. Post-operative outcomes studied were best 
corrected distance visual acuity (BCDVA) and uncorrected distance (UDVA), intermediate 
(UIVA) near (UNVA) visual acuity and correction of astigmatism with at least 3 months of 
follow-up (POM3+). Residents were also given a survey to assess experiences with the 
surgical curriculum, preparedness for use of ATIOLs post-residency, and ATIOL practice 
pattern post-residency.
Results: A total of 12 residents from four consecutive classes completed the curriculum. 
Residents overall had a favorable opinion of the curriculum and felt well prepared to use 
ATIOLs after training. Graduates who currently perform cataract surgery felt comfortable 
using all available ATIOLs. A total of 100 eyes from 72 patients met the inclusion criteria for 
analysis in the study. At the POM3+ timepoint, 88% of eyes had UDVA of 20/30 or better, 
93% had UIVA of 20/30 or better, and 71.2% had UNVA of 20/30 (J2) or better. Among eyes 
that received an astigmatism-correcting ATIOL, 91% had <1 diopter of astigmatism after 
surgery.
Conclusion: Resident surgeons learned to perform ATIOL surgery (medical knowledge) 
and achieve strong surgical outcomes (patient care) with all currently available ATIOLs after 
completion of a stepwise curriculum. Educators may be encouraged to incorporate an ATIOL 
curriculum based on the results of this study. The curriculum presented is a prototype and 
may be further improved with future experiences and studies.
Keywords: cataract surgery curriculum, presbyopia-correcting intraocular lenses, advanced 
technology intraocular lenses, resident cataract surgery

Plain Language Summary
Recent years have seen an introduction of new intraocular lenses known as advanced 
technology intraocular lenses (ATIOLs) that help decrease the need for patients to need 
glasses for distance, intermediate, and near vision after cataract surgery. Currently, residents 
have very limited exposure to ATIOL surgery, including experience with all currently 
available ATIOLs from various manufacturers. We sought to therefore develop 
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a curriculum to teach residents how to use all currently available 
ATIOLs in the United States to supplement and enhance an 
existing standard cataract surgery curriculum. We successfully 
implemented this curriculum to four consecutive graduating 
classes while maintaining patient safety and meeting resident 
proficiency requirements. Residents reported they felt better pre-
pared to practice the full spectrum of ATIOL surgery after 
residency. Surgical results of our resident cohort are comparable 
to those reported by experienced ATIOL surgeons in the litera-
ture. We propose that our novel ATIOL curriculum may be 
implemented and further modified by other residency programs 
to enhance their own respective cataract surgery curricula.

Introduction
Cataract surgery is both a restorative and refractive surgi-
cal procedure as patients are increasingly interested in and 
motivated for surgical options to optimize distance, inter-
mediate and near vision to minimize the need for specta-
cles postoperatively. Standard cataract surgery is 
performed with the placement of a monofocal intraocular 
lens (IOL), usually set for a distance focal point. While 
patients typically report improved distance vision after 
surgery, the vast majority of patients will require presby-
opia-correcting spectacles for near vision tasks. Recent 
years have seen a significant increase in the availability 
of advanced technology intraocular lenses (ATIOLs) for 
the surgical correction of presbyopia, including: diffractive 
multifocal IOLs (MFIOLs) with different add powers; 
extended depth of focus (EDOF) IOLs; and accommodat-
ing IOLs (AIOLs), including ATIOLs with astigmatism 
correction (toric) options. Given the abundance of 
ATIOL choices and patient expectations, even experienced 
surgeons have had to quickly learn and adapt new technol-
ogy into their surgical practices.

Ophthalmology surgical educators have a primary 
responsibility to teach trainees how to perform safe and 
effective standard cataract surgery in order to achieve 
surgical competence and adequately prepare them for the 
post-training phase of their career. Recently, there has 
been a reported trend in regards to the increasing popu-
larity of ATIOLs in surgeons’ practice. The American 
Society of Cataract and Refractive Surgery (ASCRS) 
Clinical Survey from 2018 reported that 79% of cataract 
surgeons currently use presbyopia-correcting IOLs.1 

Surgical educators therefore face the challenge of not 
only teaching standard cataract surgical techniques, but 
the appropriate use of ATIOLs. Currently, there are no 
minimum requirements or recommendations by the 

American College of Graduate Medical Education 
(ACGME) or by the Association of University 
Professors of Ophthalmology (AUPO) for residents to 
perform ATIOL surgery, which likely explains the pau-
city of structured educational programs in this area.

Residents in training are similarly increasingly motivated 
to learn about the full spectrum of ATIOL technology in order 
to better transition to the post-training phase of their career. 
While there is interest from both surgical educators and 
trainees, recent data suggest that resident experiences with 
ATIOLs can be improved.2 An earlier study (2013) reported 
that 78% of respondents had not implanted an ATIOL, and 
77% felt their exposure to this technology was inadequate.3 

When considering both trainee surgeons as well as surgeons 
in their first 5 years of practice, a 2017 study reported only 
39% of respondents had performed ATIOL surgery.4 These 
data suggest an increasing adoption of ATIOL surgeries 
among practicing surgeons for which a structured ATIOL 
curriculum may uniquely benefit surgeons in training.

A growing number of surgical educators are interested in 
and have been teaching ATIOL surgery to their trainees. 
However, strategies to efficaciously incorporate the full 
range of ATIOL types into existing surgical curricula have 
not been reported in the literature. A dual challenge exists in 
this regard: surgical educators must consider how best to 
incorporate ATIOLs into their curriculum without sacrificing 
primary cataract surgical education and resident surgeons 
must acquire additional knowledge and skills for ATIOL 
surgery.

Multiple studies have shown that quality visual outcomes 
after standard cataract surgery can be obtained throughout 
residency training, especially when coupled with a teaching 
curriculum and increased surgical volume.5–8 We hypothe-
sized that a step-wise ATIOL curriculum could enhance 
a standard cataract surgery curriculum without negatively 
affecting primary teaching objectives or resident surgical 
case volumes. Here we describe our ATIOL surgical curri-
culum, and report the experiences of residents who com-
pleted the curriculum and the results of resident-performed 
ATIOL surgery for four residency classes.

Materials and Methods
This retrospective study was approved by the Institutional 
Review Board (IRB) of the University of Chicago Medical 
Center (IRB18-0948). The IRB waived the requirement for 
informed consent for review of medical records as it was 
determined there was minimal/no risk to patients or resi-
dents being studied. This work adhered to the tenets of the 
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Declaration of Helsinki. Patient data confidentiality was 
maintained throughout the study and manuscript prepara-
tion process.

The medical records of patients who met the inclusion 
criteria and had resident-performed ATIOL surgery during 
the study period (July 2015-December 2018) were 
reviewed. Inclusion criteria included a diagnosis of 
visually significant cataract affecting a patient’s activities 
of daily living (that underwent cataract surgery); absence 
of preoperative corneal or retinal disease; placement of 
ATIOL; and at least three-month post-surgical follow-up. 
Exclusion criteria included intraoperative surgical events 
precluding use of ATIOL and post-operative complications 
requiring surgical intervention. The same attending 

surgeon (KMR) supervised all preoperative visits, discus-
sion with patients regarding patients’ choice of ATIOL, 
resident-performed ATIOL surgeries and post-operative 
visits.

We developed a three-phase, stepwise surgical curricu-
lum to incorporate the use of available ATIOLs into our 
existing resident cataract surgery education program 
(Table 1). Each phase had specific objectives, teaching 
methods and assessment criteria. The same attending sur-
geon also supervised all phases of the surgical curriculum. 
Full details of the curriculum, including lecture slides and 
educational materials, are available upon communication 
with the corresponding author (KMR). Brief details are 
provided below.

Table 1 The ATIOL Surgical Curriculum

Objectives Teaching Methods Assessment Methods

Phase 

1

To learn the basics of ATIOL 

technology:

1. How to select appropriate candi-

dates for ATIOL surgery

2. Risks/benefits of ATIOLs, including 

alternatives for presbyopia correc-

tion (monovision, etc.)

3. Overview of all currently available 

non-toric and toric ATIOLs includ-

ing advantages and disadvantages of 

each model

● Didactic lectures, including use of surgical videos, 

given early in the academic year by the surgical 

educator(s)
● Wet-lab environment to practice ATIOL insertion, 

centration and rotation in animal eye and artificial 

eye models

● Multiple-choice test given at end of lectures to 

assess residents’ knowledge of ATIOLs
● Supervising faculty overseeing wet-lab environment 

to assess residents’ abilities in regards to technical 

skills necessary for ATIOL surgery (insertion and 

rotation of ATIOL, etc.) through direct observation 

and additional instruction, if needed

Phase 

2

To demonstrate sufficient knowledge 

about ATIOL surgery, including:

1. Preoperative counseling

2. Preoperative ATIOL selection

3. Intraoperative steps of ATIOL 

surgery

4. Postoperative management

● Direct observation of supervising faculty perform-

ing preoperative exam, including use of appropriate 

diagnostic tools and imaging; patient expectations; 

and appropriate ATIOL choice to determine ATIOL 

candidacy
● Direct observation of supervising faculty perform-

ing other preoperative steps for ATIOL surgery 

(calculating the power of the ATIOL, model of the 

ATIOL, etc.)
● Direct observation of supervising faculty perform-

ing ATIOL surgery
● Direct observation of supervising faculty examining 

patients in the postoperative period, including dis-

cussions regarding satisfaction and need for post- 

surgical management

● Residents observe the supervising faculty perform at 

least 5 complete preoperative examinations and 

discussions for patients undergoing ATIOL surgery
● Residents to then practice the preoperative exam-

ination and discussion with patients undergoing 

ATIOL surgery under direct observation by teaching 

faculty
● Teaching faculty to intervene during any of these 

steps in order to correct preoperative discussion
● Residents to practice ATIOL calculation, especially 

for placement of toric ATIOLs and review these 

calculations with teaching faculty
● Residents to observe and practice postoperative 

management of patients who have previously 

undergone ATIOL surgery

Phase 

3

To perform ATIOL surgery under 

teaching faculty supervision

● Residents perform ATIOL surgery under direct 

supervision from teaching faculty

● Residents receive objective assessment of ATIOL 

surgery (ICO-OSCAR form), with emphasis given 

to size/centration of capsulorrhexis, centration of 

ATIOL and on-axis placement of toric ATIOLs
● Residents review surgical video with attending sur-

geon after ATIOL surgery
● Additional wet-lab time employed as needed

Dovepress                                                                                                                                                              Riaz et al

Clinical Ophthalmology 2020:14                                                                                             submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                       
2443

http://www.dovepress.com
http://www.dovepress.com


Phase 1: Residents were first given instruction about 
the optical principles and technology involved in each 
ATIOL, advantages and disadvantages of each ATIOL, 
and review of published clinical results. Didactic lectures 
and videos (approximately 3–4 hours lecture time) were 
used to introduce preoperative principles such as patient 
selection (inclusion and exclusion criteria) and currently 
available ATIOLs (MFIOL, EDOF IOL, AIOLs and toric 
variants). Lecture titles included, “Introduction to Cataract 
Surgery with Advanced Technology Lenses”, “Overview 
of Currently Available ATIOLs in the United States” and 
“Perioperative Management of ATIOL Surgery”. 
Important aspects of clinical examination and interpreta-
tion of necessary pre-surgical diagnostic imaging were 
also reviewed. A thirty-question multiple-choice test was 
administered to assess understanding of the didactic mate-
rial (Supplemental Material, Exhibit A). Residents then 
participated in an attending-supervised wet-lab environ-
ment early in the academic year (approximately 2–3 
hours wet-lab time) to practice ATIOL insertion in animal 
and artificial eye models, especially AIOL insertion, given 
the extra surgical maneuvers associated with this ATIOL.

Phase 2: Residents performed face-to-face surgeon- 
patient discussions about ATIOLs, including risks and 
benefits, under the supervision of the attending surgeon. 
Trainees also observed the attending surgeon during the 
preoperative (counseling in clinic and appropriate ATIOL 
selection, including power calculation and model selec-
tion), intraoperative (performing ATIOL surgery), and 
postoperative (managing patient expectations and limita-
tions) phases.

Phase 3: ATIOL surgical cases were performed by 
residents as primary surgeon under attending supervision. 
Residents also performed postoperative care under the 
supervision of the same attending surgeon to assess their 
surgical outcomes and maintain continuity of care. When 
deemed necessary by the surgical educator, some residents 
required additional time in the wet-lab during Phase 3.

Preoperatively, all patients received a complete 
ophthalmic examination including slit-lamp biomicro-
scopy, tonometry, refraction, keratometry (Topcon KR- 
8000; Paramus, NJ), optical biometry (Lenstar LS900 
(Haag-Streit Diagnostics, Switzerland) and dilated fundus 
examination. Topography was additionally performed on 
all patients found to have >1.5D astigmatism on kerato-
metry or optical biometry. Based on clinical findings dur-
ing the dilated fundus exam, some patients underwent 
additional testing with optical coherence tomography of 

the macula to rule out any significant retinal pathology that 
would preclude the use of an ATIOL.

The choice of ATIOL depended on the preoperative 
discussion among the resident, attending surgeon and the 
patient, wherein a full explanation of the potential benefits 
and risks of each available ATIOL was discussed. Patients 
made the final decision to determine if they wanted an 
ATIOL and if so, which ATIOL model they wished to 
receive. They also gave consent for the resident to serve 
as primary surgeon under appropriate supervision. No 
patient was charged any additional fees for an ATIOL 
per institutional policy (ie residents at our institution 
have gratis access to all studied ATIOLs for educational 
purposes).

ATIOLs implanted in this study included diffractive 
multifocal IOLs (Alcon SN6AD1 and SV25T0; Johnson 
and Johnson ZKBOO, ZLBOO and ZMBOO models); 
extended depth of focus IOL models (Johnson and 
Johnson Symfony ZXROO); and an accommodating IOL 
model (Bausch and Lomb Crystalens AO1UV). Toric- 
ATIOLs included toric diffractive multifocal IOL models 
(Alcon SV25Tx and SND1Tx); a toric-extended depth of 
focus IOL model (Johnson and Johnson Symfony 
ZXTxxx); and a toric accommodating IOL model 
(Bausch and Lomb Trulign BL1UT). Patients with more 
than 0.75D keratometric astigmatism received an ATIOL 
combined with a manual limbal relaxing incision (LRI) or 
an ATIOL with astigmatism (toric) correction depending 
on either the availability of toric-ATIOLs or recommenda-
tion of the supervising surgeon.

All surgeries were performed by third-year residents 
via phacoemulsification. Primary cases included for this 
study were defined as cases wherein the resident per-
formed >75% of surgical steps during the procedure, 
including insertion of the ATIOL. The approximate length 
of ATIOL surgeries varied among the resident surgeons, 
with most cases requiring 30–40 minutes. Neither intrao-
perative aberrometry nor femtosecond laser-assisted catar-
act surgery was performed in any cases as these were not 
available for resident use at our institution. Residents 
received an objective assessment (ICO-OSCAR form) 
after the completion of every ATIOL surgery from the 
supervising surgeon, as well as subjective comments.

Major outcomes studied were uncorrected distance 
visual acuity (UDVA), best corrected distance visual 
acuity (BCDVA), uncorrected intermediate visual acuity 
(UIVA), uncorrected near visual acuity (UNVA) and post-
operative astigmatism. Patients were seen one day, one 
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week, one month, and between three to six months (POM3 
+) after surgery by both the resident and attending sur-
geon. Monocular UDVA alone was measured for the 1-day 
and 1-week visits. UDVA, BCDVA with manifest refrac-
tion, binocular UIVA and binocular UNVA were measured 
at the 1-month and POM3+ visits.

Residents were given an anonymous online questionnaire 
regarding their experiences with the curriculum, knowledge 
of ATIOLs, preferences for the studied ATIOL models and 
current post-residency surgical practice patterns with 
ATIOLs (Supplemental Material, Exhibit B). Responses to 
each question were graded using a 5-point Likert scale.

Results
A total of 12 residents from four residency classes com-
pleted the surgical curriculum and performed 122 ATIOL 
surgeries (10.17±6.58) during the study period. Figure 1 
shows the number of ATIOL surgeries performed by each 
resident. Table 2 shows the results of an anonymous sur-
vey (Supplemental Material, Exhibit B) that asked resi-
dents to quantify their level of comfort with aspects of 
ATIOL surgery as well as post-graduate practice patterns. 
Notably, all respondents performing cataract surgery (8 of 
12 residents) after training indicated that their residency 
experiences helped prepare them for using ATIOLs in their 
current practice. Figure 2 shows residents’ personal pre-
ferences regarding ATIOL types.

Due to loss to follow-up after the 1-month post- 
operative visit (16 eyes) and/or operative complications 

(6 eyes), a total of 100 eyes from 72 patients were 
included in the final analysis of the study. Figure 3 
shows the Standard Graphs for Intraocular Lens-Based 
Refractive Surgery at the POM3+ time point. Table 3 
displays the post-operative visual acuity data (UDVA, 
UIVA and UNVA) for all ATIOL types at the post- 
operative month 3 or greater (POM3+) timepoint. 
Postoperative refractive data from astigmatism-correcting 
ATIOLs were additionally entered into the online double- 
angle plot tool to assess the treatment of astigmatism with 
toric ATIOLs and are shown in Figure 4.9

Discussion
Previous studies have reported favorable visual outcomes 
of resident-performed cataract surgery with toric IOLs and 
first-generation ATIOLs by a single manufacturer.10–12 

During this study, we developed a novel surgical curricu-
lum to teach ophthalmology residents the peri-operative 
management of all currently available ATIOLs in the 
United States. The purpose of this study was not to com-
pare the superiority of one ATIOL over another, but rather 
to demonstrate that resident surgeons can learn to effec-
tively use a diversity of ATIOLs during residency and 
achieve clinical results that approximate those previously 
reported for resident-performed cataract surgeries. The 
encouraging surgical results and novice surgeons’ attitudes 
across four residency classes demonstrate the merits of this 
curriculum.

0
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30
ATIOL Surgeries Performed by Resident

Figure 1 ATIOL surgeries performed by each resident over four residency classes.
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Residents felt the curriculum increased their knowl-
edge and comfort with ATIOL surgery. All (8/8) post- 
graduate surgeons practicing cataract surgery affirmed 
that their residency experiences helped prepare them for 
using ATIOLs in their current practice environments. 
Residents had slightly less enthusiastic attitudes about 
the actual effectiveness of ATIOLs. Interestingly, residents 
had varying attitudes in regards to their preference for 
a given ATIOL; in general, for both non-toric and toric 
ATIOLs, residents most preferred using EDOF IOLs and 
least preferred AIOLs. The relatively recent introduction 
of this “new” ATIOL (August 2016) to market during the 
study period may partially explain this enthusiasm.

Our results show that residents can achieve excellent 
visual outcomes after ATIOL surgery similar to those 

reported by experienced surgeons.13–15 The majority of 
patients achieved good UDVA, UIVA and UNVA (88%, 
93%, and 71%, respectively) at the POM3+ timepoint. Our 
UDVA results with ATIOLs are comparable to the UDVA 
results of resident-performed standard cataract surgery 
reported in several studies.6–8 Among the studied 
ATIOLs, AIOLs had good UIVA but did not perform as 
well for UDVA and UNVA at POM3+, which is similar to 
experienced surgeons’ results in the literature.15 This may 
also explain residents’ lower preferences for this model. In 
both the wet-lab and operating room, we observed that 
AIOLs require additional surgical dexterity compared to 
the other ATIOL models, especially with the insertion 
maneuver. Due to this learning curve, it is possible that 
with more experience with AIOLs, novice surgeon results 
may improve over time. Finally, the excellent results for 
toric ATIOLs to reduce astigmatism in our study are espe-
cially promising.

Table 2 Results of Anonymous Resident Survey After the 
Completion of the ATIOL Surgical Curriculum*

Survey Question Mean 
Score

How comfortable (or knowledgeable) do you feel you 

are about preoperative knowledge of ATIOLs, 
presurgical clinical exam, workup and testing prior to 

using ATIOLs

4.50 ± 

0.52

How comfortable (or knowledgeable) do you feel you 

are about patient selection for ATIOLs and/or making 

recommendations for an ATIOL?

4.08 ± 

0.90

How comfortable (or knowledgeable) do you feel you 
are about intraoperative steps that are necessary when 

using ATIOLs (eg, marking the patient, inserting the 

IOL, aligning the IOL, etc.)?

4.50 ± 
0.52

How comfortable (or knowledgeable) do you feel you 

are about postoperative management (including 
expectations) of patients who receive ATIOLs?

4.00 ± 

0.85

To what degree do you think that currently available 
ATIOLs will provide spectacle independence for all 

three zones of vision (distance, intermediate and near) 

for patients?

3.58 ± 
1.00

Do you feel that your residency experiences helped to 

better prepare you for using ATIOLs in your future or 
current practice?

4.63 ± 

0.48

To what degree do you think you will use ATIOLs (or 
are currently using ATIOLs) in your surgical practice 

after residency?

4.38 ± 
0.48

Notes: Residents were asked to rank from 1 (“not at all”) to 5 (“a great deal”) how 
comfortable (or knowledgeable) do you feel with each step of ATIOL surgery? 
*Four respondents indicated that they are practicing surgical retina and do not/will 
not perform cataract surgery after residency.
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(±1SD)

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

Restor Toric Symfony Toric Trulign

Resident Preference for Toric ATIOLs
(±1SD)

Figure 2 Resident preferences for ATIOLs implanted during the study. Panel (A) 
shows preferences for non-toric ATIOLs (scale 1–4; 4 most preferred) and Panel 
(B) shows preferences for toric ATIOLs (scale 1–3; 3 most preferred).
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The intra-operative complication rate of resident- 
performed ATIOL surgeries, including posterior capsule 
rupture (6.7%), is comparable to previously reported resi-
dent cataract surgery complication rates.16–19 Reviewing 
these results, we observed the inclusion of ATIOL surgery 
to our curriculum did not lead to increased or unacceptable 
complication rates when compared to standard cataract 
surgery alone. Out of 122 surgeries performed for this 
study, there were six patients (4.9%) that were excluded 
due to various intraoperative complications, which is 
within the expected range of surgeons in training. These 
patients were successfully managed by the attending sur-
geon completing the surgery as the primary surgeon; none 
of these six patients required additional surgical 

procedures or experienced vision loss postoperatively. An 
additional 15 eyes were excluded due to lack of follow-up 
at the POM3+ visit. One patient with a toric ATIOL 
(included in final analysis) required a return to the operat-
ing room due to postoperative rotation of the ATIOL; in 
this case, the ATIOL was rotated successfully without any 
further complications. Finally, one patient reported intract-
able glare and haloes persisting six months after surgery 
requiring removal of the ATIOL and placement of 
a monofocal IOL (not included in final analysis); this 
patient experienced no further complications.

Resident-performed cataract surgery already includes 
additional costs in the form of increased operating room time 
and faculty involvement.20,21 Introducing a supplemental 

Figure 3 Four Standard Graphs for Intraocular Lens-Based Refractive Surgery at POM3+. Panel (A) displays a comparison of preoperative corrected distance visual acuity 
with postoperative uncorrected distance visual acuity. Panel (B) shows a comparison of postoperative uncorrected distance visual acuity with corrected distance visual 
acuity. Panel (C) displays spherical equivalent (SE) refractive accuracy of target SE compared with actual SE. Panel (D) displays the postoperative refractive cylinder values.
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curriculum places additional resource demands on a training 
program and must be deliberately integrated within other 
existing surgical curricula and training requirements for resi-
dents. For the ATIOL curriculum, additional faculty time was 
required for the conception and implementation of the educa-
tional program. For example, Phase 1 required approximately 
4–8 hours for lectures and wet-lab practice. Materials required 
for the wet-lab were acquired gratis from the educational 
training instruments and models provided to residents by the 
ATIOL manufacturers; no additional costs were incurred by 
the residency program. The other two phases did not signifi-
cantly add additional time or resources as these were incorpo-
rated into the routine clinical care of patients. The addition of 
an ATIOL curriculum did not adversely affect primary surgical 
education objectives; all of the residents involved in the study 
exceeded the required ACGME criteria for cataract surgeries 
(average 187.17 ± 47.58). As described above, we were able to 
successfully implement this curriculum across four residency 
classes. In this case, having the same teaching surgeon allowed 
for consistency in education and surgical supervision to all 
residents in the study, although other programs could choose to 
expand the number of faculty to distribute the teaching 
responsibilities.

A strength of our curriculum lies in a stepwise, pro-
gression-of-phases model with objective and subjective 
metrics that successfully incorporates the use of these 
ATIOLs. We were especially motivated to develop 
a curriculum that included the full spectrum of available 
ATIOLs in order to not only educate trainees, but also to 
minimize bias or preference for a given ATIOL from the 

surgical educator. We approached all three ATIOL manu-
facturers with our request for practice instruments and 
models equally. However, all educational materials (didac-
tic lectures, tests, etc.) were developed internally by the 
surgical educator without manufacturer influence. 
Residents also had opportunities to practice in the wet 
lab with each ATIOL during Phase 1. Therefore, we 
believe it is both possible and ideal for this curriculum to 
exist without undue industry involvement or bias.

This study has several limitations. First, only 3 months 
of follow-up was required to be included in the study. 
Although many of the patients had 1-year follow-up data 
that were used when available, a significant number of 
patients lacked refractive data after the POM3+ visit, and 
therefore we are unable to report the long-term refractive 
results of our study population. Second, though there was 
discussion among the patient, attending surgeon and resi-
dent surgeon regarding ATIOL options, the final decision 
for ATIOL model was, of course, left to the patient. As 
a result, we observed a discrepancy among the number of 
ATIOLs across the various models in this study. We also 
observed that several resident surgeons performed more 
ATIOL surgeries than others (Table 2). This is expected in 
a resident surgery population and may be explained by 
a variety of reasons, including but not limited to: avail-
ability of suitable patients for ATIOL surgery and time of 
the academic year when the resident surgeon was on the 
attending surgeon’s rotation; resident surgeon skill level; 
and variable motivation levels of residents to perform 
ATIOL surgery. Moreover, due to patient preferences, the 

Table 3 Visual Acuity Results at POM3+ for All ATIOLs Used in This Study

ATIOL Model Number of 
ATIOLs

N (%) UDVA of 
20/30

N (%) UIVA of 
20/30

N (%) UNVA of 
20/30

Diffractive MFIOLs ZKBOO, ZLBOO, 

ZMBOO

38 37 (97.4) 37 (97.4) 34 (89.5)

SN6AD1, SV25TO 6 6 (100) 6 (100) 5 (83)

EDOF-IOLs ZXROO 19 18 (94.7) 17 (89.5) 10 (52.6)

Accommodating IOLs AO1UV 14 12 (85.7) 13 (92.9) 11 (78.6)

Astigmatism-Correcting 

IOLs

SND1Tx, SV25Tx 7 6 (85.7) 5 (71.4) 3 (42.9)

ZXTxxx 7 5 (71.4) 7 (100) 4 (57.1)

BL1UT 9 4 (44.4) 8 (88.9) 4 (44.4)

Totals 100 88 (88) 93 (93) 71 (71)

Notes: Uncorrected distance visual acuity (UDVA), uncorrected intermediate visual acuity (UIVA), and uncorrected near visual acuity (UIVA) were measured. UDVA was 
measured monocularly and UIVA and UNVA were measured binocularly.
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final distribution of chosen ATIOLs significantly favored 
diffractive MFIOLs followed by EDOF IOLs. However, 
we believe this discrepancy furthers our assertion that we 
did not perform this study to assess or compare the super-
iority of a particular ATIOL as our study was not suffi-
ciently powered to ensure equality among studied ATIOL 
models. Third, patient satisfaction surveys were not admi-
nistered to assess the patients’ subjective experience with 
ATIOLs after surgery, especially with long-term satisfac-
tion or level of spectacle independence after three months. 
Fourth, while all patients were pseudophakic at the time of 
POM3+ binocular UIVA and UNVA testing, some patients 
had ATIOLs in both eyes and others only had an ATIOL in 
one eye (with a monofocal IOL in the fellow eye). These 
fellow eyes, though used for binocular UIVA and UNVA 

for the included eyes, did not meet the follow-up criteria 
and thus were not included in the final analysis. This high 
rate of loss to follow-up is not unsurprising for a resident 
surgical population. Nevertheless, our refractive results 
can at best be used to demonstrate non-inferiority of resi-
dent-performed ATIOL surgeries rather than be used as 
a comparative benchmark among ATIOL surgery studies 
comparing visual outcomes with more rigorous study 
designs.

In addition, this study took place at one academic 
institution with one teaching attending (KMR) involved 
at both the curriculum and surgical supervision levels. An 
ideal next step would be to expand this curriculum to 
multiple academic centers and perform a prospective 
study with this surgical curriculum (including any 
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Figure 4 Preoperative corneal astigmatism and postoperative refractive astigmatism graph and double-angle astigmatism plots for toric ATIOLs at POM3+.
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necessary modifications). Other steps would include the 
involvement of multiple experienced surgical educators to 
further refine the didactic lectures and assessment test(s) 
(Phase 1); the description of specific wet-lab objectives 
and proficiency assessments (Phase 1); and the develop-
ment of objective assessment tools of ATIOL surgery 
(similar to the ICO-OSCAR form used for standard catar-
act surgery) (Phase 3). Additionally, we did not perform 
pre-curriculum surveys to assess our residents’ knowledge 
of ATIOL surgery; thus, quantitative assessment of before- 
and after-effects of the ATIOL curriculum was not avail-
able. Finally, a more standardized approach to ensure an 
equal number of ATIOL models, though challenging to 
implement, may also provide useful information for better 
comparison among ATIOL models in future studies.

Conclusion
Our results show that a stepwise curriculum can be safely, 
efficiently, and effectively implemented to teach resident 
surgeons regarding the full spectrum of available ATIOLs, 
especially when preoperative, intraoperative, and post-
operative care is supervised appropriately. Residents’ 
experiences with ATIOLs serve to enhance their residency 
training and may better prepare them for a post-residency 
surgical practice that requires an ability to manage 
ATIOLs that is not currently an educational requirement 
in ophthalmology. Educators may be encouraged by our 
prototype ATIOL curriculum and surgical results to imple-
ment and further expand the use of available ATIOLs into 
their own respective surgical educational programs.
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