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Purpose: To investigate exposure to and comfort with advanced technology intraocular lenses (ATIOLs) and ascertain residency
program characteristics predictive of increased exposure and comfort.

Patients and Methods: A survey was created in REDCap and distributed to fourth-year (PGY-4) ophthalmology residents across the
United States through the Association of University Professors in Ophthalmology (AUPO). The survey included questions on
characteristics of ophthalmology residency training programs, understanding of preoperative counseling, intraoperative steps, and
postoperative management pertinent to ATIOL implantation. Continuous and ordinal outcomes were analyzed using Kruskal Wallis or
Wilcoxon Rank Sum Test and ordinal logistic regression, respectively.

Results: There were 72 residents who completed the survey. Programs with multiple faculty offering ATIOLs provided greater
opportunity for residents to observe preoperative counseling for presbyopia-correcting IOLs (OR 9.49 [1.70-52.8]; p=0.010) and
practice preoperative toric IOL counseling themselves (OR 9.89 [1.70-57.6]; p=0.011). These residents also reported greater comfort
with patient selection for presbyopia-correcting IOLs (OR 5.15 [1.05-25.3]; p=0.044). Programs with 10-25 faculty offered greater
opportunity for residents to observe pre-op toric IOL (OR 4.98 [1.17-21.13]; p=0.03) and presbyopia-correcting IOL counseling (OR
8.98 [1.98-40.84]; p=0.004) compared to those with 0—-10 faculty. Programs with industry-subsidized ATIOL programs had greater
number of resident cataract cases as primary surgeon (Mean 184 vs. 137; p=0.014).

Conclusion: Incorporating exposure to ATIOLs into residency training curricula will equip trainees to be proficient with options that
align with patients’ expectations. This can be achieved by supporting clinician-educator faculty that use ATIOLs themselves and
permitting industry representatives to interact with trainees.
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Introduction
Advanced technology intraocular lenses (ATIOLs) include toric IOLs, which can correct astigmatism, and presbyopia-
correcting IOLs (PC-IOLs), which reduce bifocal and trifocal dependence by extending depth of field or providing
multifocality."* These IOLs offer positive visual and refractive outcomes and less reliance on corrective glasses after
surgery, but may also be associated with photopsias (eg. glare, halos, and starbursts) or loss of contrast in some patients.
As such, working with this technology requires that the surgeon develop a skill-set that includes being discerning with
patient selection, providing proper education, maintaining best practices for IOL power calculations, being technically
proficient with orienting and centering these lenses intraoperatively, and being in a position to help the patient with
surface enhancements or IOL exchange in the event of postoperative complications.

Despite the obvious benefits ATIOLs confer, surveys conducted by the American Society of Cataract and Refractive Surgery
(ASCRS) in both 2016 and 2019 demonstrated limited exposure to and confidence with these lenses among ophthalmologists-in-
training and those less than 5 years out of practice. In the 2016 survey, 61% of respondents had never implanted a PC-IOL and
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70% rated their residency experience with PC-IOLs as somewhat or very inadequate, while in 2019, 34.7% had still never
implanted one.** In 2016, only 15% stated they were very comfortable and 31% were somewhat comfortable with patient
selection for these IOLs. Similarly, in the 2019 survey, only 25% of young ophthalmologists stated they were very confident and
39.1% were somewhat confident in preoperative evaluation, implantation, and management of PC-IOLs.*

While there are many factors that might contribute to the statistics above, one possible explanation is that residents
are not acquiring the unique skills required to feel comfortable with this technology in the course of their training. It is
not known how widespread structured ATIOL curricula are among US ophthalmology residency training programs.
While the Accreditation Council for Graduate Medical Education (ACGME) requires that residents perform a minimum
of 86 cataract surgeries to graduate, there is no mandated curriculum for ATIOL education. Furthermore, International
Council of Ophthalmology Surgical Competency Assessment Rubric (OSCAR) and ACGME ophthalmology program
requirements do not specifically mention ATIOLs.>® Despite this, academic ophthalmologists recognize that ATIOL
education is important. In a survey of U.S. ophthalmology program directors, toric IOL selection and implantation was
recognized as the third most important cataract surgery technique for residents to learn and master before graduating.’

The purpose of this study was to assess current ophthalmology residents’ exposure to and comfort with ATIOLs, and
correlate these findings with residency program characteristics, with a goal of identifying program features associated
with resident education in this domain.

Material and Methods
This survey study received approval from the Penn State College of Medicine Institutional Review Board and was carried
out in compliance with the tenets of the Declaration of Helsinki. Survey participants were able to indicate online implied
consent prior to beginning the online survey and all participants’ data was maintained confidentially throughout the study.
The survey was developed by the primary authors, which includes a full-time academic ophthalmologist involved in
residency cataract surgery education and a medical student pursuing ophthalmology. The survey included demographic
questions, questions about respondents’ respective residency programs and level of involvement with ATIOLs, respon-
dents’ cataract surgery numbers using ATIOLs, and level of comfort and exposure to monofocal toric and PC-IOLs.
Respondents were surveyed on their comfort with preoperative counseling, intraoperative steps, and postoperative
management of patients with these IOLs. The survey was prepared and administered using the Research Electronic
Data Capture (REDCap) platform and is provided as Supplemental Figure 1.

All PGY-4 ophthalmology residents at Accreditation Council for Graduate Medical Education (ACGME) accredited
ophthalmology training programs in the U.S. were eligible to complete the survey. Residents with no experience

performing cataract surgery as primary surgeon were excluded from the study.

After review and approval by the Association of University Professors of Ophthalmology (AUPO) Data Resource
Committee, the survey link was sent to the program directors and program coordinators of all U.S. ophthalmology residency
programs to distribute among their fourth-year residents. An incentive of a $10 gift card was offered to residents who
completed the survey. The survey remained open for approximately 3 weeks from April 3, 2025 to April 26, 2025 with
areminder Email sent to residency programs 2 weeks after the initial recruitment Email to encourage completion of the survey.

Descriptive statistics were used to characterize participants’ demographic information, cataract surgery numbers, and
residency program characteristics. Continuous outcomes surveying resident cataract numbers were analyzed using either
Kruskal Wallis or Wilcoxon Rank Sum tests to determine if the residency program factors queried in the survey were
associated with these outcome variables. Nonparametric data for multiple pairwise group comparisons between each
residency program factor was adjusted for with Dwass, Steel, Critchlow-Fligner method. Spearman correlation was used
to determine association between frequency of observing or practicing with ATIOLs and ordinal outcomes measuring
level of comfort using these IOLs and managing patients with them. Chi-square was used for the survey variable
measuring comfort with lens centration using intraoperative purkinje images as the response options represented distinct
categories of experience and knowledge rather than ordinal Likert scale options. Ordinal logistic regression models were
used to analyze the residency program characteristics significantly associated with resident experience and comfort,
which are ordinal outcomes with Likert scale response options. All statistical analyses were performed in SAS (V9, SAS
Institute Inc, Cary, NC). P values <0.05 were considered statistically significant.
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Results
The survey was sent to all 121 ACGME-certified ophthalmology residency training programs which were instructed to
distribute the survey among fourth-year residents. There were 72 fourth-year ophthalmology residents who met the
inclusion criteria, responded to the survey, and were included in the analysis. Thirty-five residents were between the ages
26-30 (48%), 34 (47.2%) were between the ages 31-35, and there was an approximately even distribution of women and
men respondents (Table 1). The majority of respondents were training in the Midwest (25, 34.7%) or South (23, 31.9%),
followed by Northeast (16, 22.2%), West (7, 9.7%), and 1 (1.4%) chose not to answer.

Regarding program size, 27 (37.5%) residents were at programs with between 10-25 full-time faculty, 26 (36.1%) at
programs with between 25-50 faculty, 10 (13.9%) at programs with 0-10 faculty, 8 (11.1%) at programs with 50+

Table | Respondent Demographics and Residency Program Characteristics

Variable N (%)
Age
26-30 35 (48.6)
31-35 34 (47.2)
3640 2 (2.8)
24| 1 (1.4)
Gender
Woman 32 (44.4)
Man 38 (52.8)
Prefer not to answer 2 (2.8)
Ethnicity
Hispanic/Latino/Spanish origin 2 (2.8)
Not Hispanic/Latino/Spanish origin 69 (95.8)
Prefer not to answer 1 (1.4)

Race (choose all that apply)

Asian 25 (31.3)
Black or African American 5 (6.3)
White or Caucasian 39 (48.8)
Prefer not to answer 2 (2.5
Race unknown 1 (1.3)

Program Region

Northeast 16 (22.2)
Midwest 25 (34.7)
South 23 (31.9)
West 7(9.7)
Prefer not to answer 1 (1.4)
(Continued)
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Table | (Continued).

Variable N (%)

Program Full-time Faculty Size

0-10 10 (13.9)
10-25 27 (37.5)
25-50 26 (36.1)
50+ 8 (I1.1)
Prefer not to answer I (1.4)

Access to Veterans Affairs (VA)

Yes 65 (91.6)

No 6 (8.5)

Presence of Industry-Supported Grant Program for Resident ATIOL Implantation

Yes 61 (84.7)
No 8 (I1.1)
Unsure 3 (42)

Presence of Full-time Faculty Using ATIOLs

Multiple 49 (68.1)
One 10 (13.9)
None 7 (9.7)
Unsure 6 (8.3)

Resident Interaction with Industry Representatives Regarding ATIOLs

Yes 60 (83.3)

No 342

Unsure 9 (12.5)
Resident Cataract Cases as Primary Surgeon (Median, IQR) 162 (IQR 138-213)

Placement of Toric IOL 30 (IQR 15-50)

Placement of Presbyopia-Correcting IOL 3 (IQR 1-10)

Abbreviations: ATIOL, advanced technology intraocular lenses; IQR, interquartile range; IOL, intraocular lenses.

faculty, and 1 (1.4%) chose not to answer. Forty-nine (68.1%) residents were training at programs where there were
multiple full-time faculty routinely offering ATIOLs to patients, 10 (13.9%) were at programs where only 1 faculty
member offered ATIOLs, 7 (9.7%) did not have faculty members using these IOLs, and 6 (8.3%) were unsure. Sixty-five
(91.6%) had access to a Veterans Affairs (VA) facility for cataract surgery training, 69 (83.3%) were permitted to interact
with industry representatives selling ATIOLs, and 61 (84.7%) disclosed that their programs offered the opportunity to
participate in industry-supported grant programs, allowing them to gain exposure to implanting ATIOLs at a reduced/no
cost to the patient. The median number of cataract surgery cases performed as primary surgeon was 162 (IQR 138-213).
Of these, the median number of cases involving placement of toric IOLs was 30 (IQR 15-50) and those involving PC-
IOLs was 3 (IQR 1-10).
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Table 2 outlines residency program characteristics as predictors of survey respondents’ number of cataract surgery
cases and ATIOLs. Regional variation in cataract numbers was minimal, except for the number of toric IOLs implanted,
where residents in the Midwest (median [IQR] = 30 [20-50]) reported significantly more cases than those in the
Northeast (median = 10 [3-30]; p = 0.03). Access to a Veterans Affairs (VA) hospital was associated with significantly
higher number of toric IOLs implanted (p=0.007) but did not significantly impact cataract surgical volume (p=0.063) or
the number of presbyopia-correcting IOLs implanted (p=0.298). Participation in industry-supported grant programs for
ATIOLs were associated with significantly higher overall cataract surgical volume (p=0.014) but did not significantly
influence the number of toric or PC-IOLs implanted. Full-time faculty size, presence of attending faculty offering
ATIOLs, or access to industry representatives were not associated with significant differences in cataract numbers.

Toric Intraocular Lenses

Among residency program characteristics, several factors were significantly associated with exposure to and comfort
with toric IOLs (Table 3). Regional variation was noted, as residents in the Midwest were more likely to report observing
preoperative counseling regarding risks and benefits of toric IOLs (OR 3.93 [1.14-13.46], p=0.03) and to feel comfor-
table with postoperative evaluation and management of residual refractive error/blurry vision (OR 4.66 [1.38-15.84],
p=0.014). Similarly, residents in the South were more likely than those in the Northeast to observe preoperative
counseling (OR 3.94 [1.13—13.46], p=0.032). Faculty size also influenced toric IOL exposure, with programs of 10-25
faculty compared to 0—10 associated with increased odds of observing preoperative counseling (OR 4.98 [1.17-21.13],
p=0.030). The presence of multiple attending “champions” routinely offering ATIOLs was associated with higher odds of
residents actively practicing preoperative counseling (OR 9.89 [1.70-57.57], p=0.011) regarding astigmatism and risks
and benefits of toric IOLs. No significant associations were found with access to industry representatives or participation
in industry-supported ATIOL grant programs.

Table 2 Residency Program Characteristics as Predictors of Respondent Cataract and Advanced Technology Intraocular Lens

Numbers
Predictor Cataract Numbers p-Value Toric IOLs p-Value Presbyopia IOLs p-Value
(Median, IQR) (Median, IQR) (Median, IQR)
Region NE: 140 (125-175) South vs. MW: 0.40 NE: 10 (3-30) South vs. MW: >0.99 NE: 4 (0-17) South vs. MW: 0.6
MW: 160 (132-212) South vs. NE: 0.072 MW: 30 (20-50) South vs. NE: 0.14 MW: 2 (1-5) South vs. NE: 0.99
South: 185 (145-230) South vs. West: 0.98 South: 40 (15-50) South vs. West: 0.84 South: 5 (1-10) South vs. West: 0.99
West: 200 (150-220) MW vs. NE: 0.63 West: 45 (30-60) MW vs. NE: 0.03* West: 5 (1-12) MW vs. NE: 0.93
MW vs. West: 0.42 MW vs. West: 0.72 MW vs. West: 0.69
NE vs. West: 0.13 NE vs. West: 0.07 NE vs. West: 0.99
Faculty Size 0-10: 190 (140-215) 10-25 vs. 25-50: 0.99 0-10: 21 (10-58) 10-25 vs. 25-50: 0.99 0-10: 5 3-15) 10-25 vs. 25-50: 0.24
10-25: 152 (140-210) 10-25 vs. 0-10: 0.99 10-25: 40 (12-60) 10-25 vs. 0-10: 0.94 10-25: 5 (2-15) 10-25 vs. 0-10: 0.99
25-50: 170 (141-215) 10-25 vs. 50+: 0.43 25-50: 30 (20-50) 10-25 vs. 50+: 0.35 25-50: 2 (1-10) 10-25 vs. 50+: 0.24
50+: 138 (114-187) 25-50 vs. 0-10: 0.99 50+: 20 (10-33) 25-50 vs. 0-10: 0.92 50+: 1 (0-4) 25-50 vs. 0-10: 0.64
25-50 vs. 50+: 0.41 25-50 vs. 50+: 0.34 25-50 vs. 50+: 0.82
0-10 vs. 50+: 0.46 0-10 vs. 50+: 0.98 0-10 vs. 50+: 0.53
Access to VA Yes: 168 (140-213) 0.063 Yes: 30 (20-50) 0.007* Yes: 3 (1,10) 0.298
No: 140 (120-153) No: 9 (3, 20) No: 3 (0-4)
Industry-Supported Grant Program | Yes: 170 (144-215) 0.014* Yes: 33 (20-52) 0.11 Yes: 4 (1-12) 0.15
No: 138 (114-155) No: 15 (10-38) No: | (1-4)
Faculty Members Using ATIOLs Multiple: 161 (140-210) | One vs. Multiple: 0.72 Multiple: 30 (20-50) One vs. Multiple: 0.97 Multiple: 30 (20-50) One vs. Multiple: 0.97
One: 147 (120-213) One vs. None: 0.71 One: 33 (15-58) One vs. None: >0.99 One: 33 (15-58) One vs. None: >0.99
None: 212 (135-215) Multiple vs. None: 0.77 | None: 31 (7-78) Multiple vs. None: 0.99 | None: 31 (7-78) Multiple vs. None: 0.99
Access to Industry Representatives | Yes: 153 (136-212) 0.56 Yes: 30 (15-53) 0.88 Yes: 4 (I-11) 0.17
No: 174 (141-250) No: 35 (20-50) No: | (0-3)

Notes: *Statistically significant difference, p<0.05.
Abbreviations: IQR, interquartile range; IOLs, intraocular lenses; NE, Northeast; MW, Midwest; VA, Veterans Affairs.
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Table 3 Respondent Exposure to and Comfort with Toric Intraocular Lenses

Predictor

Patient Selection
[OR (95% CI), p-Value]

Observation of Pre-Op Counseling
[OR (95% Cl), p-Value]

Practice of Pre-Op Counseling
[OR (95% CI), p-Value]

Post-Op Management
[OR (95% ClI), p-Value]

Toric IOL Rotation
[OR (95% ClI), p-Value]

Region

MW vs. NE: 2.9 (0.84-10.62), 0.09
South vs. NE: 1.16 (0.34-3.97), 0.81
West vs. NE: 2.33 (0.40-13.66), 0.35

MW vs. NE: 3.93 (1.14-13.46), 0.03*
South vs. NE: 3.94 (1.13-13.78), 0.03*
West vs. NE: 0.80 (0.15-4.23), 0.79

MW vs. NE: 2.24 (0.65-8.96), 0.19
South vs. NE: 2.16 (0.58-8.06), 0.25
West vs. NE: 5.72 (0.55-59.97), 0.15

MW vs. NE: 4.66 (1.38-15.84), 0.014*
South vs. NE: 1.68 (0.51-5.51), 0.39
West vs. NE: 0.56 (0.11-2.82), 0.48

MW vs. NE: 0.36 (0.09-1.42), 0.14
South vs. NE: 0.40 (0.10-1.59), 0.19
West vs. NE: 0.035 (0.003-0.46), 0.01*

Faculty Size

10-25 vs. 0-10: 0.46 (0.10-2.15), 0.33
25-50 vs. 0-10: 0.73 (0.16-3.44), 0.69
50+ vs. 0—10: 0.40 (0.06-2.63), 0.34

10-25 vs. 0-10: 0.46 (0.10-2.15), 0.33
25-50 vs. 0-10: 0.73 (0.16-3.44), 0.69
50+ vs. 0—10: 0.40 (0.06-2.63), 0.34

10-25 vs. 0-10: 0.46 (0.10-2.15), 0.33
25-50 vs. 0-10: 0.73 (0.16-3.44), 0.69
50+ vs. 0—10: 0.40 (0.06-2.63), 0.34

10-25 vs. 0-10: 0.46 (0.10-2.15), 0.33
25-50 vs. 0-10: 0.73 (0.16-3.44), 0.69
50+ vs. 0—10: 0.40 (0.06-2.63), 0.34

10-25 vs. 0-10: 0.46 (0.10-2.15), 0.33
25-50 vs. 0—10: 0.73 (0.16-3.44), 0.69
50+ vs. 0—10: 0.40 (0.06-2.63), 0.34

Access to VA

Yes vs. No: 2.11 (0.43-10.27), 0.36

Yes vs. No: 2.43 (0.52-11.45), 0.26

Yes vs. No: 2.54 (0.50-12.80), 0.26

Yes vs. No: 4.40 (0.94-20.57), 0.06

Yes vs. No: 0.86 (0.17—4.41), 0.85

Industry-Supported Grant Program

Yes vs. No: 2.48 (0.61-10.02), 0.20

Yes vs. No: 2.14 (0.55-8.36), 0.27

Yes vs. No: 2.29 (0.53-9.94), 0.27

Yes vs. No: 2.03 (0.53-7.7¢), 0.30

Yes vs. No: 0.90 (0.21-3.78), 0.89

Faculty Members Using ATIOLs

Multiple vs. None: 1.86 (0.38-9.23), 0.45
One vs. None: 1.35 (0.20-9.08), 0.76

Multiple vs. None: 3.52 (0.71-17.56), 0.12
One vs. None: 1.01 (0.15-6.67), 0.99

Multiple vs. None: 9.89 (1.70-57.57), 0.01*
One vs. None: 5.74 (0.73-45.04), 0.097

Multiple vs. None: 3.26 (0.69-15.46), 0.14
One vs. None: 3.14 (0.49-20.07), 0.23

Multiple vs. None: 1.18 (0.23-6.05), 0.85
One vs. None: 1.55 (0.22-11.15), 0.66

Access to Industry Representatives

Yes vs. No: 0.48 (0.04-5.58), 0.56

Yes vs. No: <0.001 (<0.001, >999.9), 0.97

Yes vs. No: <0.001 (<0.001->999.9), 0.98

Yes vs. No: 0.13 (0.01-1.51), 0.10

Yes vs. No: 0.65 (0.06-7.09), 0.72

Notes: *statistically significant pairwise difference, p<0.05.
Abbreviations: OR, odds ratio; IOL, intraocular lens; MW: Midwest; NE, Northeast; VA, Veterans Affairs; ATIOL, advanced technology intraocular lenses.
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Presbyopia-Correcting Intraocular Lenses

For PC-IOLs, full-time faculty size, presence of industry-supported ATIOL grant programs, and faculty members
routinely offering ATIOLs were significantly associated with exposure and comfort (Table 4). Programs with 10-25
faculty compared to 0—10 were associated with higher odds of observing preoperative counseling (OR 8.98 [1.98-40.84],
p=0.004). Participation in industry-supported grant programs was associated with increased experience with lens
centration using intraoperative Purkinje images (OR 4.70 [1.21-18.26], p=0.026). Those who participated in these
programs reported having experience performing lens centration using purkinje images 1-5 times, whereas those who
did not participate in these programs had only read about lens centration, but never performed it. Having multiple
attending champions was associated with higher odds of comfort with patient selection (OR 5.14 [1.05-25.32], p=0.044)
and increased observation of preoperative counseling (OR 9.49 [1.70-52.84], p=0.010). No significant associations were
found with resident comfort in postoperative management, IOL power calculations for exchange, or IOL exchange in the
setting of an intact bag. Access to industry representatives was also not significantly associated with residents’ exposure
to PC-IOLs.

Discussion

Exposure to ATIOLs in residency positively influences resident knowledge about them and may impact future practice
patterns.® Despite this, our national survey of US PGY-4 ophthalmology residents found considerable variability in
exposure to these technologies. While all respondents’ cataract case numbers exceeded ACGME requirements, experi-
ence with PC-IOLs was limited. The median number of PC-IOLs implanted per resident in the present study was only 3
(IQR 1-10). This is consistent with the 2016 report from Schallhorn et al, in which 61% of ophthalmology trainees and
recent graduates had never implanted a PC-IOL and only 29% reported being comfortable with patient selection for these
lenses.® Despite nearly a decade of innovation in IOL design and expanded adoption in clinical practice, our results
suggest that resident training in PC-IOLs has not substantially changed. Although PC-IOLs are increasingly used, the
limited exposure to these technologies among trainees suggests that related educational opportunities are not expanding
at the same pace as clinical adoption. This may have important implications for future practice as young ophthalmol-
ogists could enter independent practice underprepared to manage these lenses.

There may be discrepancies in perceived and actual comfort with PC-IOLs among faculty and residents. In a prior
study, program directors reported that 59.9 £ 36.1% (range 0—100%) of graduating residents were competent in selecting
and implanting multifocal IOLs.” This is in contrast to our findings, and those of others,”> where trainees expressed low
comfort with handling PC-IOLs.

In contrast to PC-IOLs, exposure to toric IOLs was found to be more common, with residents reporting a median of 30
(IQR 15-50) cases. This aligns with the ASCRS Young Eye Surgeons Clinical Surveys where respondents from the 2016
and 2019 surveys had more experience and greater comfort using toric IOLs compared to PC-IOLs.** The greater exposure
to toric IOLs might be explained by the perceived safety profile of toric over PC-IOLs. Research has found that residents
using toric IOLs in cataract surgery achieve positive refractive and safety outcomes, with outcomes comparable to those of
experienced surgeons.® ! A second reason for the increased toric IOL exposure might be the value program directors place
on their incorporation into training curricula. In a prior survey of program directors, toric IOL implantation was identified as
the third most important cataract surgery skill for residents to master before graduation.” Our study extends the above
findings by identifying specific program-level factors associated with increased toric IOL exposure, including faculty size,
regional variation, and the presence of attending “champions” routinely offering ATIOLSs to their patients.

We found that residents in the Midwest implanted significantly more toric IOLs compared to those in the Northeast.
The reasons underlying this regional variation are unclear and may be explained by variations in patient demographics,
faculty practice patterns, institutional resources, institutional relationships with industry, reimbursement patterns, or
regional adoption of ATIOLs. The training background of faculty across regions and their comfort with using ATIOLs
can also influence resident exposure to these technologies. However, this survey instrument did not assess these factors,
and future studies are required to evaluate regional variation in ATIOL training.

Residents training alongside multiple faculty members who routinely offered ATIOLs were more likely to report
comfort with patient selection, observation of preoperative counseling, and active practice of counseling skills. This
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Table 4 Respondent Exposure to and Comfort with Presbyopia-Correcting Intraocular Lenses

Predictor

Patient Selection

[OR (95% CI), p-Value]

Observation of Pre-Op Counseling
[OR (95% CI), p-Value]

Practice of Pre-Op Counseling

[OR (95% CI), p-Value]

Technical (Purkinje)

[OR (95% CI), p-Value]

Post-Op Management
[OR (95% CI), p-Value]

I0L Power Calculation

[OR (95% CI), p-Value]

10L Exchange in Intact Bag
[OR (95% CI), p-Value]

Region

MW vs. NE: 1.05 (0.32-3.39), 0.94
South vs. NE: 1.09 (0.33-3.61), 0.88

West vs. NE: 0.69 (1.14-3.54), 0.66

MW vs. NE: 0.93 (0.28-3.05), 0.91
South vs. NE: 2.91 (0.85-9.99), 0.09

‘West vs. NE: 1.11 (0.21-5.85), 0.90

MW vs. NE: 0.74 (0.23-2.41), 0.61
South vs. NE: 1.05 (0.32-3.48), 0.93

West vs. NE: .11 (0.21-5.75), 0.90

MW vs. NE: 1.19 (0.38-3.71), 0.77
South vs. NE: 2.50 (0.77-8.21), 0.13

West vs. NE: 1.38 (0.28-6.87), 0.69

MW vs. NE: 0.57 (0.18-1.83), 0.35
South vs. NE: 0.87 (0.27-2.85), 0.82

West vs. NE: 1.35 (0.26-7.04), 0.72

MW vs. NE: 0.55 (0.10-3.10), 0.50
South vs. NE: 0.86 (0.17-4.45), 0.86

‘West vs. NE: 0.60 (0.05-7.50), 0.69

MW vs. NE: 1.27 (0.39-4.12), 0.69
South vs. NE: 0.57 (0.17-1.89), 0.36

‘West vs. NE: 0.88 (0.17-4.56), 0.88

Faculty Size

10-25 vs. 0-10: 2.21 (0.55-8.94), 0.27
25-50 vs. 0-10: 1.05 (0.27-4.19), 0.94

50+ vs. 0-100: 0.52 (0.09-2.92), 0.45

10-25 vs. 0-10: 8.98 (1.98-40.84), 0.004*
25-50 vs. 0-10: 1.49 (0.35-6.24), 0.58

50+ vs. 0-10: 1.00 (0.17-6.01), 0.99

10-25 vs. 0-10: 2.05 (0.51-8.28), 0.31
25-50 vs. 0-10: 1.07 (0.27-4.25), 0.93

50+ vs. 0-10: 1.30 (0.23-7.43), 0.77

10-25 vs. 0-10: 2.66 (0.67-10.55), 0.16
25-50 vs. 0-10: 0.82 (0.21-3.18), 0.78

50+ vs. 0-10: 0.55 (0.10-2.99), 0.49

10-25 vs. 0-10: 2.73 (0.68-10.99), 0.16
25-50 vs. 0-10: 0.71 (0.18-2.79), 0.62

50+ vs. 0-10: 1.02 (0.18-5.73), 0.98

10-25 vs. 0-10: 2.13 (0.21-22.03), 0.53
25-50 vs. 0-10: 1.04 (0.09-12.29), 0.98

50+ vs. 0-10: 3.23 (0.23-45.05), 0.38

10-25 vs. 0-10: 2.12 (0.52-8.63), 0.29
25-50 vs. 0-10: 1.26 (0.31-5.10), 0.75

50+ vs. 0-10: 2.89 (0.49-16.96), 0.24

Access to VA

Yes vs. No: 1.41 (0.31-6.43), 0.66

Yes vs. No: 1.72 (0.36-8.09), 0.49

Yes vs. No: 1.74 (0.38-7.98), 0.48

Yes vs. No: 2.97 (0.66-13.32), 0.15

Yes vs. No: 1.31 (0.29-5.93), 0.73

Yes vs. No: >999.9 (<0.001->999.9), 0.97

Yes vs. No: 1.88 (0.40-8.81), 0.43

Industry-Supported Grant Program

Yes vs. No: 2.48 (0.64-9.57), 0.19

Yes vs. No: 3.12 (0.76-12.81), 0.12

Yes vs. No: 2.07 (0.54-8.03), 0.29

Yes vs. No: 4.70 (1.21-18.26), 0.03*

Yes vs. No: 2.67 (0.69-10.27), 0.15

Yes vs. No: 1.32 (0.15-11.38), 0.80

Yes vs. No: 2.28 (0.57-9.09), 0.24

Faculty Members Using ATIOLs

Multiple vs. None: 5.14 (1.05-25.32), 0.04*

One vs. None: 2.62 (0.41-16.82), 0.31

Multiple vs. None: 9.49 (1.70-52.84), 0.01%

One vs. None: 6.34 (0.87-46.01), 0.07

Multiple vs. None: 2.47 (0.46-13.40), 0.29

One vs. None: 1.00 (0.14-7.06), 0.99

Multiple vs. None: 0.89 (0.19-4.21), 089

One vs. None: 0.20 (0.03-1.27), 0.09

Multiple vs. None: 1.76 (0.38-8.19), 047

One vs. None: 1.73 (0.28-10.90), 0.56

Multiple vs. None: 1.10 (0.10-11.49), 0.94

One vs. None: 0.65 (0.03-13.20), 0.78

Multiple vs. None: 1.95 (0.40-9.45), 040

One vs. None: 1.59 (0.24-10.38), 0.63

Access to Industry Representatives

Yes vs. No: 0.68 (0.08-6.09), 0.73

Yes vs. No: 1.44 (0.16-12.97), 0.74

Yes vs. No: 0.24 (0.03-2.25), 0.21

Yes vs. No: 0.46 (0.05-4.42), 0.50

Yes vs. No: 6.56 (0.73-58.88), 0.09

Yes vs. No: 0.31 (0.03-3.51), 0.35

Yes vs. No: 0.52 (0.06-4.36), 0.55

Notes: *statistically significant pairwise difference, p<0.05.
Abbreviations: OR, odds ratio; IOL, intraocular lens; MW, Midwest; NE, Northeast; VA, Veterans Affairs; ATIOL, advanced technology intraocular lenses.
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highlights that even in the absence of formal curricular requirements, faculty engagement and prioritization of ATIOL
education can markedly influence the quality of resident training. Prior studies on medical education and other specialties
have demonstrated that local faculty expertise and a “‘champion” can influence the implementation of new techniques and
technologies, underscoring the critical role of engaged mentors in shaping resident competence and skills.'*'?

Importantly, our data reveal that structured exposure to ATIOLs is not uniform across training programs. Participation in
industry-supported programs was associated with increased odds of intraoperative experience with Purkinje images for PC-IOL
centration, an essential step in optimizing postoperative outcomes. However, reliance on industry-supported programs raises
concerns about sustainability and equity. Programs without such partnerships may leave residents under-exposed, which could
perpetuate disparities in readiness for independent practice. Similar concerns have been raised in prior literature on surgical
device training, where industry involvement can augment exposure but should not replace standardized curricula.'* To increase
exposure to ATIOLs when industry-supported initiatives are not available, there must be an emphasis on ATIOL education in the
residency curriculum. This could include simulation-based training, wet-lab opportunities, ATIOL-specific cases in education
lectures, a formal didactics curriculum, and institutional support to encourage ATIOL exposure. These strategies require support
from residency program leadership to provide consistent exposure to ATIOLs while reducing dependence on industry-sponsored
initiatives.

The implications of these findings are significant for both training and patient care. As cataract surgery increasingly
functions as a refractive procedure, patient expectations for spectacle independence continue to rise. Trainees unexposed to
ATIOLSs during residency may enter independent practice without adequate skills to counsel patients on refractive options
or manage postoperative concerns. A lack of preparedness in these areas could limit new graduates’ ability to meet patient
expectations and may delay adoption of new technologies in clinical practice. These results underscore the need for
structured, standardized ATIOL curricula within U.S. residency programs. Currently, ACGME program requirements and
the ICO OSCAR rubric do not mention ATIOLs, leaving training highly program-dependent.”® At the University of
Chicago, faculty created a stepwise surgical curriculum introducing ATIOLS to residents.'> The success of this curriculum
offers a blueprint for other residency programs to incorporate ATIOL education into didactics, simulation-based training,
and wet lab experiences to provide residents with foundational knowledge and technical practice. Collaborative efforts by
national organizations such as AUPO, AAO, and ASCRS to design an ATIOL didactic and wet lab curriculum may help
establish minimum benchmarks for ATIOL exposure, ensuring equitable and comprehensive education across programs.

Our study has several limitations, most notably due to the inherent nature of a survey study. As it is a voluntary survey,
there is response bias, and not all programs were represented. Case numbers were self-reported, which may introduce recall
error. Additionally, this study only surveyed PGY-4 residents, and we did not capture earlier exposure that may occur during
residency. The survey instrument was developed by the authors and reviewed and approved by the AUPO Data Resource
Committee, but was not formally pilot tested or validated before being distributed, which did not allow for assessing the clarity
and reliability of the survey. Despite these limitations, this study provides one of the most up-to-date assessments of ATIOL
training in U.S. ophthalmology residency programs and highlights specific factors associated with meaningful exposure.

Conclusion

This study demonstrates substantial variability in ATIOL training among U.S. ophthalmology residency programs. While
toric IOL exposure has improved relative to prior reports, PC-IOL experience remains limited despite their growing role
in modern cataract surgery. Faculty engagement, program size, and industry-supported opportunities influence resident
preparedness, but broader curricular reform will be necessary to ensure consistent training in these increasingly important
technologies. Future research should investigate the impact of ATIOL training on graduates’ early-practice patterns and
patient outcomes, as well as barriers to implementing standardized curricula. Longitudinal evaluation of exposure across
all years of residency would also help identify the most effective timing and methods for ATIOL education in residency
curricula. We advocate for greater ATIOL exposure and practical application of surgical techniques for ophthalmology
trainees. Utilizing multiple education modalities such as journal clubs, active resident participation in during cataract
evaluations, industry-sponsored wet labs, didactics, and standardized benchmarks can help achieve greater exposure to
ATIOLSs for trainees.
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