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Purpose: To evaluate efficacy of a novel risk stratification system in minimizing resident surgical complications and to evaluate
whether the system could be used to safely introduce cataract surgery to earlier levels of training.
Materials and Methods: This is a retrospective cross-sectional study on 530 non-consecutive cataract cases performed by residents
at Columbia University. Risk scores, preoperative best corrected visual acuity (BCVA), intraoperative complications, postoperative day
1 (POD1), and month 1 (POM1) exam findings were tabulated. The relationship between risk scores and POD1 and POM1 BCVAwas
modeled using linear regression. The relationship between risk scores and complication rates was modeled using logistic regression.
Logistic regression was used to model the rates of complications across different levels of training. Rates of complications were
compared between diabetic versus non-diabetic patients using t-tests.
Results: Risk scores did not have significant association with intraoperative complications. Risk scores were predictive of corneal
edema (OR = 1.36, p = 0.0032) and having any POM1 complication (OR = 1.20, p = 0.034). Risk scores were predictive of POD1 (β =
0.13, p < 0.0001) and POM1 (β = 0.057, p = 0.00048) visual acuity. There was no significant association between level of training and
rates of intraoperative (p = 0.9) or postoperative complications (p = 0.06). Rates of intraoperative complication trended higher among
diabetic patients but was not statistically significant (p = 0.2).
Conclusion: Higher risk scores were predictive of prolonged corneal edema but not risk of intraoperative complications. Our risk
stratification system allowed us to safely introduce earlier phacoemulsification surgery.
Keywords: cataract, cataract risk stratification, resident phacoemulsification surgery

Introduction
Age-related cataract is the leading cause of blindness worldwide.1 It is a well-known major public health problem and has
a direct impact on economic and social life. Cataract extraction is a common surgical procedure, in both developed and
developing countries.2,3With the dramatic rise in volume of cataract surgery performed over the last decade, acquiring optimal
visual acuity and reducing risk of complications has become increasingly important. According to annual reports from the
American College of Graduate Medical Education, the average number of primary resident phacoemulsification cases in the
United States in 2009 was 140 cases. By 2019, this number had grown to an average of 205 cases.4With such a rise in resident-
performed surgeries over the last decade, and with an emphasis on earlier introduction to primary cases, a natural question
arises: are complication rates higher in the hands of less-experienced surgeons?

An objective preoperative risk stratification system aimed at improving surgical outcomes and minimizing complica-
tions has been the subject of interest across all surgical specialties.5,6 After reviewing and identifying the most frequently
reported patient risk factors associated with intraoperative complications, Muhtaseb et al proposed a preoperative risk
stratification system for phacoemulsification cataract surgery.7 This system was validated in subsequent independent
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studies.8–10 While this risk stratification system was used to assess complication rates for consultants and registrars (the
equivalent to a fellow in US training programs), the Buckinghamshire and Butler11 system was used to evaluate both
consultants and trainees. The above studies all applied the concept of cumulative risk from individual risk factors.

We set out to create our own cataract risk stratification system with two goals in mind: 1. To be able to safely
introduce cataract surgery for earlier years of training, specifically PGY3-level residents, and 2. To evaluate whether
a modified risk stratification system, tailored to our particular educational environment, would be effective in minimizing
complication risk for resident cases in a US training program.

Materials and Methods
This is a retrospective cross-sectional study on cataract surgical cases performed by residents at Columbia University
Irving Medical Center (CUIMC)/Edward S. Harkness Eye Institute. Data were collected on non-consecutive cases carried
out between January 2017 and May 2020. The study protocol was approved by the Institutional Review Board of
Columbia University retrospectively and adheres to the tenets set forth in the Declaration of Helsinki and the Health
Insurance Portability and Accountability Act. Informed consent was not obtained as the study was performed retro-
spectively and was qualified for a waiver of informed consent by Columbia University Institutional Review Board.

The risk score (Table 1) utilized in this study was comprised of key risk factors for intraoperative and postoperative
complications. The factors and their corresponding point values were selected based on previous risk stratification
systems as well as our own faculty expert opinions. Preoperative clinical notes were systematically reviewed, and a risk
score was calculated for each case. Risk scores were used to stratify cases among residents at different levels of training.
Preoperative best-corrected visual acuity (BCVA) was tabulated from preoperative clinical notes. Clinical notes from
routine postoperative day 1 (POD1) and postoperative month 1 (POM1) visits were reviewed, and data were collected on
intraoperative complications (posterior capsular rupture, vitreous loss, dropped fragments requiring pars plana vitrect-
omy, and retinal detachment), postoperative complications (corneal edema present at POM1, pseudophacodonesis,
anterior uveitis present at POM1, and macular edema), postoperative BCVA, and surgeon level of training.

Table 1 Preoperative Risk Factors and Their Corresponding Point of
Value in Our Risk Stratification System

Risk Category Score

1. Previous pars plana vitrectomy 1

2. Corneal opacity 1

3. Small pupil (<3mm) 1

4. Shallow anterior chamber depth (<2.5mm) 1

5. Age >88 years 1

6. High ametropia (>6D of myopia or hyperopia) 1

7. Posterior capsule plaque/posterior subcapsular cataract 1

8. Posterior polar cataract 1

9. Guttae 1

10. Post-LASIK 1

11. Alpha blockers 1

12. Dense/brunescent cataract 3

13. Pseudoexfoliation syndrome 3

14. Phacodonesis 3
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At the inception of our study, diabetic status was not featured as a risk score in our system; however, we felt that lens
disassembly was often more challenging for our residents in diabetic patients. Therefore, we separately studied our surgical
results in diabetic patients vs non-diabetic patients to examine if the presence of diabetes could warrant a risk score in our system.

Risk Stratification by Year of Training
We instituted a policy in which starting PGY3 surgeons were only assigned patients with a risk score of 0–1, while more
experienced PGY4 surgeons could operate on any risk score.

Descriptive statistics were calculated to assess the rates of different types of complications and BCVA outcomes
reported as LogMAR. The relationship between preoperative risk scores and POD1/POM1 LogMAR BCVAwas modeled
using linear regression in order to evaluate whether risk score was an effective predictor of visual outcome. The
relationship between preoperative risk scores and rates of each type of complication were modeled using logistic
regression. Rates of complications were compared between diabetic versus non-diabetic patients using t-tests.

Logistic regression was used to model the association between surgeon level of training and rate of each type of
complication. Odds ratios were calculated before and after adjusting for the difficulty of cases carried out across the
different trainee levels using risk scores.

Results
Data were collected on 530 cataract cases for patients ranging in age from 19 to 90 years, with a mean age of 71 years.
Risk scores ranged from 0 to 8, with a mean of 1.31. Most eyes had a risk score of 1 or less, with 179 eyes (33.8%)
having a risk score of 1 and 176 eyes (33.2%) having a risk score of 0 (Figure 1).

The most common preoperative risk factor was posterior subcapsular cataract, noted in 158 cases, followed by high
ametropia in 112 cases and small pupils in 73 cases.

Intraoperatively, 4.7% of cases had a posterior capsular rupture, 3.8% had vitreous loss requiring anterior vitrectomy,
and 1.5% of cases had dropped fragments requiring pars-plana vitrectomy. Retinal detachment did not occur in any cases.
At POM1, 5.8% of cases had corneal edema and 1.3% of cases had macular edema. Mean POM1 visual acuity was 0.37
LogMAR, and 80% of cases had visual acuity equal to or better than 0.20 at POM1. Average POM1 visual acuity for
cases that had posterior capsular rupture was 0.56 LogMAR (Figure 2).

Figure 1 Risk score distribution. Of 530 patients, the majority had a risk score of 0 or 1.
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Risk scores did not have a significant association with posterior capsule rupture, vitreous loss, or having an
intraoperative complication overall. The odds of corneal edema at POM1 increased significantly with increasing risk
scores (OR = 1.36, 95% CI 1.11–1.68, p = 0.0032). Risk score was also predictive of having any POM1 complication
(corneal edema, macular edema, uveitis, or pseudophacocodonesis), OR = 1.20, 95% CI 1.02–1.34, p = 0.034, and having
any complication overall (OR = 1.21, 95% CI 1.05–1.34, p = 0.014). There was a significant association between risk
scores and POD1 (β=0.13, SE = 0.023, p < 0.0001) and POM1 (β=0.057, SE = 0.016, p = 0.00048) visual acuity.

Effect of Diabetic Status on Complications
Of the 530 cases undergoing cataract surgery, 245 had diabetes (46.2%). Initially, diabetic status was not included in the
data collection as it was not part of our preoperative risk scoring system; however, during the study, our surgeons
observed that diabetic cases may contribute to a higher rate of complications due to more challenging nucleus
disassembly. We therefore collected and compared rates of complications in diabetic versus non-diabetic patients and
found that rates of each type of intraoperative complication trended higher among patients with diabetes: 5.7% of
diabetic patients had a posterior capsular rupture compared to 3.9% of non-diabetic patients (OR = 1.51, 95% CI 0.67–
3.39, p = 0.3), 5.3% of diabetic patients had vitreous loss versus 2.5% of non-diabetic patients (OR = 2.2, 95% CI 0.87–
5.67, p = 0.09), and 2.4% of diabetic patients had dropped fragments versus 0.7% of non-diabetic patients (OR = 3.5,
95% CI 0.71–17.76, p = 0.12) (Figure 3). Although the incidence of each intraoperative complication appeared higher in
diabetic patients, none of these comparisons reached statistical significance, likely due to small sample sizes and an
overall low rate of complications in both groups.

Rates of Intraoperative and Postoperative Complications Stratified by Year of Training
Four hundred and eighty-four cases were performed by surgeons in PGY4, and 46 cases were performed by surgeons in
PGY3. The mean risk score of cases performed by surgeons in PGY4 was 1.36, versus 0.86 for cases done by surgeons in
PGY3. There were 81/484 cases with at least one complication in PGY4 and only 3/46 cases with at least one

Figure 2 Rates of intraoperative complications. Of 530 cases, 4.7% experienced posterior capsular rupture, 3.8% had vitreous prolapse, and 1.5% developed dropped
nuclear fragments requiring pars plana vitrectomy.
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complication in PGY3. The rate of intraoperative complications was 4.9% for surgeons in PGY4 compared to 4.6% for
surgeons in PGY3 (OR = 1.07, 95% CI 0.24–4.68, p = 0.9, before adjusting for risk score). The rate of postoperative
complications was 13.2% in PGY4 and 2.3% in PGY3 (OR = 6.4, 95% CI 0.86–47.3, p = 0.06, before adjusting for risk
score). After adjusting for risk score, the risk of intraoperative complications for PGY4 vs PGY3 was OR = 1.1, 95% CI
0.25–4.87, p = 0.8, and the postoperative complication risk for PGY4 vs PGY3 were OR = 5.7, 95% CI 0.77–42.6, p =
0.08 (Figure 4).

Discussion
Our study demonstrates that risk scores did not have a significant association with intraoperative complications. However,
higher risk score was significantly associated with higher odds of postoperative complications, especially POM1 corneal
edema. This can be explained by more complex cases with higher risk scores requiring the utilization of more phacoemulsi-
fication energy and longer surgical times. The Auckland study12 validated both the Muhtaseb and the Buckinghamshire
preoperative risk scoring systems. They concluded that risk of intraoperative complications increases with higher risk scores
using both systems. Additionally, the Buckinghamshire risk score correlated with postoperative complications.

While diabetic status was not initially included in our risk score, we observed that our trainees experienced more
challenges with diabetic patient cataract extraction, which might lead to higher rates of complications. We therefore
studied diabetes as an independent risk factor for complication. Rates of intraoperative complications trended higher in
patients with diabetes, but the differences did not reach statistical significance. A recent multicenter study on 179,159
eyes found higher rates of posterior capsule rupture and dropped nuclear fragments in diabetic patients undergoing
phacoemulsification surgery compared to non-diabetics.13 Rate of posterior capsule rupture was 2.1% in the diabetic
group compared to 1.6% in non-diabetics. 0.3% of diabetic patients had dropped nuclear fragments, compared to 0.2% of
non-diabetics.13 Diabetes (with or without retinopathy) was found to be a risk factor for posterior capsule rupture with an
OR of 1.263. It was proposed that diabetes may increase the rate of posterior capsule rupture owing to increased surgical
complexity from poor pupillary dilation, denser cataract, or prior vitrectomy.13 While the Buckinghamshire system
included diabetic retinopathy as one of the preoperative risk factors, neither they nor the Muhtaseb system had diabetic

Figure 3 Intraoperative complication rates stratified by diabetic status. 245/530 (46.2%) eyes were in patients with diabetes. Of these, there was a trend toward higher
intraoperative complication rates compared to patients without diabetes; however, differences did not reach statistical significance.
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status as a preoperative risk factor. A future analysis comparing the relationship of HbA1c and rates of intra and
postoperative complications would be interesting.

Surgeries in this study were performed by residents in their PGY3 and PGY4 year of training. No significant
relationship was found between level of training and rates of intraoperative or postoperative complications, both before
and after adjusting for case mix. This suggests that our risk stratification system was successful when used to stratify
cases among residents with different levels of training and demonstrates that an earlier introduction to primary intraocular
surgery does not result in worse patient outcomes. In the Auckland study,12 residents and fellows did not have
significantly higher or lower complication rates in comparison to attending physicians before and after case-mix
adjustment using the preoperative Muhtaseb score.

Of note, all cases were staffed with a group of 9 seasoned attending cataract surgeons. Although intraoperative times may
have been prolonged due to more challenges in nucleus disassembly or cortical removal, it is likely that our attending surgeons
were able to recognize when a complication was about to occur, and therefore were able to prevent complications that may
have otherwise been associated with higher preoperative risk scores. It is also possible that a higher number of cases analyzed
would have revealed a correlation between risk score and intraoperative or postoperative complication, but given the lack of
a trend towards significance, we believe that the former explanation is more likely.

Our study was performed on 530 non-consecutive cases operated on over a 3-year period at CUIMC, as the risk score
stratification sheet was not recovered for every case performed by the residents. A total of 1922 cataract cases were
performed by 18 residents at CUIMC over the same time period. For the sake of uniformity, these cases did not include
several hundred more cases performed at our other major teaching site, Harlem Hospital Center, but we expect the results
and complication rates to be similar at this site, as the core attendings are the same in both locations. Overall, we found
the following rates of intraoperative complications over the 1922 cases: 3.7% posterior capsule rupture, 2.6% vitreous
prolapse requiring anterior vitrectomy, and 1.5% dropped nuclear fragments requiring pars plana vitrectomy.

At POM1, 80% of our cases had visual acuity equal to or better than 20/30. Of note, patients with history of diabetic
retinopathy, glaucoma, or other retinal pathologies were not excluded from this study.

Figure 4 Intraoperative complications stratified by level of training. There was not a significant association between level of training and rates of intraoperative
complications.
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Given that our complication rates for the risk stratification cases (n = 530) were higher than the rate of complications
for the overall pool (n = 1922), we feel confident that the stratification scores did not underestimate the overall rate of
complications in our study cohort.

We reviewed previous studies examining complication rates in resident-performed phacoemulsification surgery. Rutar et al
at the University of California, San Francisco, found an intraoperative complication rate of 4.7%, which included 3.1% of
patients with vitreous loss.14 Rogers et al at the University of Iowa studied the impact of a structured surgical curriculum on
resident phacoemulsification intraoperative complication rates and found that implementation of the curriculum reduced the
rate of posterior capsular tears from 7.17% to 3.77%.15 Our rates of posterior capsular rupture of 4.7% in the risk stratification
cohort (n = 530) and 3.7% in the overall cohort (n = 1922) compare favorably with these two studies.

Limitations of this study include a small sample size and lack of consecutive cases. Additionally, intraoperative time,
intraoperative phacoemulsification energy used, hemoglobin A1c, and level of intervention by attending physicians were
not measured.

Conclusion
We report on a novel method for preoperative risk stratification of cataract surgeries and demonstrate its efficacy for
minimizing intra- and postoperative complications across PGY3 and PGY 4 levels at a single US residency training
program. Risk scores were found to be predictive of POD1 and POM1 BCVA, as well as POM1 complications,
specifically prolonged corneal edema.

Our scoring system found no significant relationship between level of training and rates of intraoperative and
postoperative complications. This suggests that using this system to stratify cases of different complexity among
residents with different levels of training is effective and can be used for earlier introduction of cataract surgery in
training programs without increasing risk of complications.

Diabetic status was not included in our preoperative risk score classification. However, diabetic patients appeared to
have higher rates of both intraoperative and postoperative complications. Differences between diabetic and non-diabetic
outcomes did not reach statistical significance, likely because of relatively small study numbers and an overall low rate of
complications. Nonetheless, based on the trends in our study, as well as results from the recent multicenter study, we will
be adding diabetic status to our risk stratification system in the future.13

As educators, we all strive to achieve the fine balance between optimal patient care and outstanding surgical training
for novice physicians. We feel that this cataract risk stratification system may be a useful tool to achieve both goals.
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