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Purpose: To evaluate whether cataract surgery is associated with decreased risks of central retinal vein
occlusion (CRVO) or branch retinal vein occlusion (BRVO) development using the American Academy of
Ophthalmology Intelligent Research in Sight (IRIS�) Registry.

Design: Retrospective database study of the IRIS Registry data.
Participants: Patients in the IRIS Registry who underwent cataract surgery and 1:1 matched control par-

ticipants from the IRIS Registry using a decision tree classifier as a propensity model.
Methods: Control and treatment groups initially were selected using Current Procedural Terminology codes

for uncomplicated cataract surgery and other straightforward criteria. To accomplish treatmentecontrol match-
ing, a decision tree classifier was trained to classify patients as treatment versus control based on a set of chosen
predictors for treatment, where best-corrected visual acuity and age were the most important predictors.
Treatment and control participants subsequently were matched using the classifier, the visit dates, and the
identifications of the practice. Cox regression was performed on the matched groups to measure the hazard ratio
(HR) of retinal vein occlusion development adjusted for age, sex, race, primary insurance type, and previous
diagnosis of diabetic retinopathy (DR), glaucoma, and narrow angles.

Main Outcome Measure: The HR of retinal vein occlusion developing in patients who underwent cataract
surgery compared with matched control participants.

Results: The HRs for CRVO and BRVO developing in patients who underwent cataract surgery compared
with matched control participants who did not during the first year after either cataract surgery or baseline visit
were 1.26 [95% confidence interval [CI], 1.16e1.38; P < 0.001] and 1.27 [95% CI, 1.19e1.36; P < 0.001],
respectively, after controlling for age, sex, race, insurance, and history of DR, glaucoma, and narrow angles.
Diabetic retinopathy was the strongest predictor associated with CRVO (2.79 [95% CI, 2.43e3.20; P < 0.001])
and BRVO (2.35 [95% CI, 2.09e2.64; P < 0.001]) development after cataract surgery.

Conclusions: Cataract surgery is associatedwith a small increase in risk of retinal vein occlusionswithin the first
year; however, the incidence is low and likely not clinically significant.OphthalmologyScience 2021;1:100041ª 2021
by the American Academy of Ophthalmology. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Supplemental material available at www.ophthalmologyscience.org.
Retinal vein occlusion (RVO), which includes central RVO
(CRVO) and branch RVO (BRVO), is the second most
common vision-threatening retinal vascular disorder. Pooled
data from population studies report a prevalence rate of 3.77
per 1000 adults for BRVO and 0.65 per 1000 adults for
CRVO.1 Known risk factors of CRVO and BRVO include
increasing age, systemic hypertension, smoking, diabetes,
glaucoma, and intraocular pressure (IOP), although with
varying consistency.2,3

Most of known RVO risk factors are systemic and
outside the scope of ophthalmology. However, glaucoma
and IOP are potential ophthalmic risk factors that can be
targeted easily by ophthalmologists. Cataract surgery is the
most commonly performed ophthalmic surgery in the
United States, and data from Medicare Part B suggest that
more than 3 million procedures are performed each year.4,5

It has been shown to reduce IOP and the number of required
ª 2021 by the American Academy of Ophthalmology
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/). Published by Elsevier Inc.
ocular hypotensive medications for glaucoma patients.6e11

Furthermore, reports of RVO during the postoperative
period after cataract surgery are rare.12e15 However, the
effects of cataract extraction on glaucoma and IOP and their
influence on the incidence of RVO are not currently known.

The American Academy of Ophthalmology Intelligent
Registry in Sight (IRIS) Registry is an enormous clinical
dataset that includes 60 million unique patients and is well
positioned to answer clinical questions at a population
level.16 It has been used to report epidemiologic features, to
identify subtle biomarkers, to analyze national practice
patterns, and to compare results in a clinical setting with
those of randomized controlled trials.17e21 The registry
provides a unique opportunity to investigate retrospectively
the effects of an intervention on the development of an
uncommon disease compared with a carefully selected and
matched control group, similar to how a randomized clinical
1https://doi.org/10.1016/j.xops.2021.100041
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trial would be designed. This type of research methodology
and analysis was not possible previously with epidemiologic
studies in RVO.3,22,23 In this study, we use the IRIS
Registry to study the effects of cataract extraction on
RVO compared with machine learningematched control
participants.

Methods

This study was conducted in accordance with the tenets Declara-
tion of Helsinki. Given the use of de-identified patient data, the
review was deemed exempted by the University of Washington
Institutional Review Board. The methods of data collection and
aggregation of the IRIS Registry database have been described
previously.17,24 Version 2020_07_28 of the IRIS Registry, which
was last modified on October 23, 2020, was used for this study.

Study Patient and Control Participant Selection
Using Machine Learning Approaches

Patients in the IRIS Registry with a history of uncomplicated
cataract surgery, defined by Current Procedural Terminology code
66984, were considered as candidates for the treatment group. All
other patients were considered as candidates for the control group.
For the treatment group, the patient’s first surgery eye and surgery
date were selected as the baseline visit. For control participants, the
observed eye and baseline visit were chosen at random from the
available records. Any patients with a history of previous RVO
before the baseline visit or cataract surgery were excluded from
either group. Initial pools for the treatment and control groups were
selected based on the age of 20 to 86 years, documented best-
corrected visual acuity within 90 days before baseline visit, and
available follow-up data after the baseline visit (Fig 1).

After the patients were grouped into treatment versus control
groups, we performed 1:1 matching using machine learning models
as propensity models. Whereas many different models can be used
to assign propensity (most commonly logistic regression), machine
learning models such as tree-based classifiers are nonlinear, inter-
operable, and have been used for propensity models before.25,26

The following variables were provided as potential features for
matching in the models: best-corrected visual acuity, age, sex,
race (White, Black, Asian, other, or missing), prior history of
smoking, prior surgery in the study eye, and previous diagnosis of
diabetic retinopathy (DR) or uveitis in the surgical eye. A total of 4
models were evaluated to select the optimal matching model: a
single decision tree, a random forest, extra trees, and gradient
boosting, where all except the single decision tree are ensemble
methods. The various hyperparameters of the 4 models were tuned
using a 5-fold cross-validation grid search on a balanced sample of
140 000 control participants and surgery patients using the Cohen k
metric as a performance measure. After testing the performance of
each model in a subset of samples, we chose the single decision
tree for final matching. Further details of the model selection and
matching results are shown in the Supplemental Appendix. All
treatment patients and control participants were matched further
on the provider and the visit window of 90 days.

Outcome Variables and Covariates

Diagnoses of CRVO and BRVO were based on International
Classification of Diseases (ICD), Ninth and Tenth Revisions,
Clinical Modification, codes. The following demographic and
clinical variables were extracted: age at surgery, sex, race, insur-
ance, history of comorbid ophthalmic disease diagnoses such as
DR, glaucoma, narrow angles occurring before surgery based on
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ICD, Ninth and Tenth Revisions, Clinical Modification, codes
(Supplemental Table 1), and laterality of first surgery.

If patients had more than 1 form of insurance, a hierarchical
heuristic was used to prioritize insurers in the following order:
commercial, Medicare or Medicare Advantage, Medicaid, or other,
following methods used in previously published articles.17 Given
that date of birth is redacted in the IRIS Registry for patients 87
years of age or older at the time of data release, patients older
than 86 years were excluded from the patient and control group
selection and subsequent analyses. Laterality was matched using
the laterality specified in the eye fields of all of the tables used
in the IRIS database. Retinal vein occlusions recorded without
laterality were excluded from analysis.

Statistical Analysis

The primary outcome of interest was development of CRVO or
BRVO within 1 year of cataract surgery for the treatment group
and after 1 year of the propensity scoreematched baseline visit for
the control participants. The hazard ratio (HR) of CRVO or BRVO
developing was evaluated by performing a time-to-event survival
analysis of the treatmentecontrol pairs using a multivariate Cox
regression. Covariates in the regression model included treatment
status (cataract surgery vs. control), age (by decade), sex, race
(White, Black, other, or not available), primary insurance type
(commercial, Medicare, Medicaid, other, or not available), and
previous diagnoses of DR, glaucoma, and narrow angles. All an-
alyses were performed with R software (R Foundation for Statis-
tical Computing, Vienna, Austria), Python (Python Software
Foundation, http://python.org), and lifelines (version 0.25.7;
https://lifelines.readthedocs.io/en/latest/#).

Results

General demographic descriptions and baseline clinical fac-
tors of both patients undergoing cataract surgery and matched
control participants are shown in Table 1. A total of
approximately 4.0 million patients were included in the
propensity-matched pairs of patients and control partici-
pants. Among matched pairs, no significant difference in age,
sex, or best-corrected visual acuity were found between the
cataract surgery and control group (Supplemental Fig 4).
Compared with control participants, the cataract surgery
group showed a slightly higher proportion of narrow angle
diagnoses (3.1% vs. 2.0%) and smoking history (36.0% vs.
34.3%). A higher percentage of control participants showed
a history of prior eye surgery (10.4% vs. 7.7%), glaucoma
(8.6% vs. 7.3%), and uveitis (1.1% vs. 0.7%). Intraocular
pressure data were available for approximately 1.9 million
patients. Average � standard error baseline IOP (up to 90
days before) was 15.854 � 0.005 mmHg and 15.736 �
0.003 mmHg for the control group and surgery group,
respectively. The control and cataract surgery group
showed an average � standard error IOP reduction of
e0.250 � 0.005 mmHg and e1.202 � 0.003 mmHg,
respectively (30e365 days after surgery or baseline visit).

Incidence and Risks of Central Retinal Vein
Occlusion and Branch Retinal Vein Occlusion

The total numbers of CRVO and BRVO events during the
1-year follow-up were 2062 and 3488, respectively, which
accounted for approximately 0.1e0.2% of either group. One

http://python.org
https://lifelines.readthedocs.io/en/latest/#


Figure 1. Flowchart showing the selection process of treatment (cataract surgery) and control groups from the Intelligent Research in Sight (IRIS) Registry
database. After data preparation and cleaning, approximately half of the eligible treatment candidates were matched with control participants using the
propensity matching algorithm. These patients are used in the survival analysis for central retinal vein occlusion (RVO) and branch RVO outcomes.
BCVA ¼ best-corrected visual acuity.
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thousand one hundred forty-one CRVO events occurred in
the cataract surgery group compared with 921 events in the
control group. One thousand nine hundred forty-one BRVO
events occurred in the cataract surgery group compared with
1547 in the control group. Approximately 4% of all first-
year events in the treatment group (52/1141 CRVO and
67/1941 BRVO) occurred on the day of surgery. Subse-
quently, the number of events per day stayed relatively
constant between the cataract surgery and control groups
(Fig 2). The unadjusted Kaplan-Meier curves for develop-
ment of CRVO or BRVO between the cataract surgery and
control groups are shown in Figure 3.
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Table 1. Distribution of Covariates in the Eligible and Selected Study Populations

Variable

Unmatched Matched

Total (n ¼ 19 822 314)
Cataract Surgery Group

(n ¼ 4 201 722)
Control Group

(n ¼ 15 620 592)
Cataract Surgery Group

(n ¼ 2 209 251)
Control Group
(n ¼ 2 209 251)

Age (yrs) 60.24 � 15.34 69.39 � 8.37 57.78 � 15.85 69.16 � 8.61 69.15 � 8.77
BCVA (logMAR) 0.21 � 0.4 0.39 � 0.39 0.16 � 0.38 0.33 � 0.37 0.33 � 0.39
Insurance
Commercial 13 030 198 (65.73) 2 627 213 (62.53) 10 402 298 (66.6) 1 411 023 (63.87) 1 347 286 (60.98)
Medicare 3 854 864 (19.45) 1 232 697 (29.34) 2 622 166 (16.79) 618 054 (27.98) 637 038 (28.84)
Other/NA 2 492 607 (12.57) 286 690 (6.82) 2 205 917 (14.12) 150 732 (6.82) 188 641 (8.54)
Medicaid 444 646 (2.24) 55 122 (1.31) 389 524 (2.49) 29 442 (1.33) 36 286 (1.64)

Prior history
Smoking 5 911 250 (29.82) 1 548 844 (36.86) 4 362 406 (27.93) 795 833 (36.02) 758 763 (34.34)
Eye surgery 1 305 379 (6.59) 322 064 (7.67) 983 315 (6.29) 169 721 (7.68) 228 783 (10.36)
DR 703 974 (3.55) 178 952 (4.26) 525 022 (3.36) 87 597 (3.97) 83 454 (3.78)
Glaucoma 1 048 351 (5.29) 290 292 (6.91) 758 059 (4.85) 161 522 (7.31) 188 640 (8.58)
Uveitis 178 273 (0.9) 29 113 (0.69) 149 160 (0.95) 15 679 (0.71) 24 962 (1.13)
Narrow angles 330 875 (1.67) 116 553 (2.77) 214 322 (1.37) 69 063 (3.13) 43 497 (1.97)

Race
White 13 869 167 (69.97) 3 200 039 (76.16) 10 669 128 (68.3) 1 702 53 (77.06) 1 654 974 (74.91)
Black 1 481 106 (7.47) 260 245 (6.19) 1 220 861 (7.82) 135 301 (6.12) 154 039 (6.97)
Asian 583 333 (2.94) 92 783 (2.21) 490 550 (3.14) 46 118 (2.09) 50 577 (2.29)
Other 186 609 (0.94) 39 245 (0.93) 147 364 (0.94) 20 289 (0.92) 21 117 (0.96)
Missing 3 702 099 (18.68) 609 410 (14.5) 3 092 689 (19.8) 305 040 (13.81) 328 544 (14.87)

Sex
Female 11 559 311 (58.31) 2 494 991 (59.38) 9 064 320 (58.03) 1 317 399 (59.63) 1 284 195 (58.17)
Male 8 263 003 (41.69) 1 706 731 (40.62) 6 556 272 (41.97) 891 852 (40.37) 924 056 (41.83)

BCVA ¼ best-corrected visual acuity; DR ¼ diabetic retinopathy; logMAR ¼ logarithm of the minimum angle of resolution; NA ¼ not applicable.
Data are presented as mean � standard deviation or no. (%).
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The unadjusted HR of CRVO and BRVO developing for
patients who underwent cataract surgery comparedwith those
who did not was 1.22 (95% CI, 1.12e1.33; P < 0.001 and
1.24 (95% CI, 1.16e1.32; P < 0.001), respectively. After
controlling for age, sex, race, insurance, and history of DR,
glaucoma, and narrow angles, the adjusted HR for CRVO and
BRVO was 1.26 (95% CI, 1.16e1.38; P < 0.001) and 1.27
(95%CI, 1.19e1.36; P< 0.001), respectively (Fig 4). For the
population of matched patients, the strongest predictor of
CRVO or BRVO in our adjusted models was prior
Figure 2. Bar graphs showing central retinal vein occlusion (CRVO) and
branch retinal vein occlusion (BRVO) event rates for the cataract surgery
group (blue) and matched control group (orange). The x-axis shows the
follow-up duration in days after cataract surgery or baseline visit (day 1).
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history of DR (HR for CRVO, 2.79 [95% CI, 2.43e3.20;
P < 0.001], HR for BRVO, 2.35 [95% CI, 2.09e2.64;
P < 0.001]), followed by glaucoma (CRVO, 2.11 [95% CI,
1.89e2.36; P < 0.001]; BRVO, 1.56 [95% CI, 1.42e1.71;
P < 0.001]), and then Black race (CRVO, 1.95 [95% CI,
1.71e2.23; P < 0.001]; BRVO, 1.53 [95% CI, 1.37e1.72;
P < 0.001]). Central retinal vein occlusion and BRVO were
more common in those with older age, in men, and in
patients with a history of DR, glaucoma, and narrow angles
(Fig 4). Despite the increased risk of CRVO and BRVO
seen for cataract surgery patients compared with control
participants, the absolute risk for CRVO and BRVO
remained very low. For CRVO, 5.2 cases occurred per
10 000 cataract surgery patients compared with 4.2 cases
per 10 000 control patients. For BRVO, 8.8 cases occurred
per 10 000 cataract surgery patients compared with 7.0
cases per 10 000 control patients.

Discussion

Based on the review of approximately 4 million pairs of
patients who underwent cataract surgery versus matched
control participants in the IRIS Registry, we found that the
incidence of CRVO and BRVO during the first year after
cataract surgery is low, ranging from 5 to 9 cases per 10 000.
Compared with the matched control participants, we found
no clinically significant difference in the adjusted hazard
rate of CRVO and BRVO developing in patients who



Figure 3. Unadjusted Kaplan-Meier curves for central retinal vein occlusion (CRVO) and branch retinal vein occlusion (BRVO) stratified by cataract
surgery patients (blue) and matched control participants (orange). The y-axis shows the proportion of patients without the event, and the x-axis shows
follow-up duration in days after cataract surgery or baseline visit (day 1). The survival rate after 1 year is more than 99.8% in both groups. Number of events
represents the number of CRVO and BRVO events at 100 days, 200 days, and 300 days. The total number of CRVO and BRVO events during the 1-year
follow-up are 2062 and 3488, respectively.
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underwent cataract surgery after controlling for age, sex,
insurance, history of DR, uveitis, glaucoma, and narrow
angles. Cataract extraction and its effects on lowering IOP
do not seem to be protective against RVO.

Prior studies have found associations between glaucoma
and RVO.27,28 Multiple mechanisms have been proposed,
including high IOP leading to decreased perfusion,
compression of vein by the artery either in the lamina
cribrosa or retrolaminar space for CRVOs or at the site of
arteriovenous crossing in BRVOs, and degenerative
changes of the venous endothelium and intima
media.29e32 In our study, glaucoma was a risk factor for
the development of RVOs after cataract surgery, with a
higher adjusted HR for CRVO compared with BRVO.
Although cataract surgery lowered IOP in line with prior
reports, the surgery itself did not seem to protect against the
Figure 4. Forest plot showing hazard ratios (HRs) of central retinal vein occlu
Cox proportional hazards regression over 1 year of follow-up involving Intellig
receiving treatment (cataract surgery). Age, sex, race, insurance, and history of
are the included covariates. The adjusted HR for CRVO and BRVO developing
not are 1.26 (95% confidence interval [CI], 1.16e1.38) and 1.27 (95% CI, 1.1
variables. NA ¼ not applicable.
development of RVO in our study.6e11 Intraocular pressure
was not recorded consistently or at the same intervals; thus,
IOP analyses were performed only on approximately half of
the patients.

Limited literature exists regarding potential associations
between cataract surgery and RVOs. The low absolute risk
of CRVO or BRVO developing after cataract surgery seen
in this study reflects the few number of cases reported in the
literature.12e15 Interestingly, 4% of RVOs occurred on the
day of surgery in our cohort. Retinal vein occlusions that
were reported on the first postoperative visit could have
occurred before surgery because examinations are not usu-
ally conducted at the time of surgery. However, several
perioperative factors may put patients at risk of RVOs
transiently. For example, IOP during surgery can fluctuate,
and spikes can occur after surgery.33,34 Additionally,
sion (CRVO) and branch retinal vein occlusion (BRVO) developing from
ent Research in Sight Registry database patients matched by propensity of
diabetic retinopathy, glaucoma, and narrow angles before the baseline visit
in patients who underwent cataract surgery compared with those who did
9e1.36), respectively. Shading denotes the multilevel race and insurance
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cataract surgery leads to an intraocular inflammatory
response, which may increase the risk of RVOs.35 Patients
undergoing cataract surgery, who tend to be older and at a
higher risk of cardiovascular comorbidities, commonly are
instructed to hold systemic medications on the day of
surgery.36,37 The higher rate of perioperative RVOs may
point to a potential area where routine perioperative
management may be modified to decrease the risks of
RVO, particularly in patients at higher risk.

Unexpectedly, DR was associated with the greatest in-
crease in risk of both CRVO and BRVO after cataract sur-
gery. However, it is important to note that the distribution of
DR in the analysis population may be different from that of
the underlying IRIS database. The presence of end-organ
damage from diabetes mellitus previously was linked to
an increased risk of CRVO; however, the association of
diabetes with RVOs has varied in prior studies in the liter-
ature.38 A population-based study from China did not find
an association between diabetes and RVO.39 In the age-
adjusted analysis of the Beaver Dam Eye Study, diabetes
was a risk factor for CRVO, but not BRVO.40 A similar
trend of finding associations between DR and CRVO, but
not with BRVO, were seen in meta-analyses.41,42 In
addition to the differences in the distribution of DR,
another possible explanation for the discrepancy between
our study results and previously published results is that
we relied on DR codes rather than systemic diabetes
mellitus codes. Thus, we would have considered only
cases of diabetes severe enough to be accompanied by
ocular manifestations, unlike previous studies.
Furthermore, it is possible that the presence of intraocular
diabetic vascular pathologic features may increase the risk
of RVO development even more in the setting of cataract
extractionerelated perioperative risk factors.

Matching was used to derive a control group with a
similar baseline risk profile as the intervention group.
However, age, race, and history of DR were still found to
have associations with the risk of RVO development after
cataract surgery. This may stem from interactions with other
confounders that were not measured in the IRIS Registry.
For example, hypertension is a known risk factor for RVOs
but is captured incompletely in the IRIS Registry.22 Other
factors that previously were associated with RVO, but
were not included, are shorter axial length, reduced ocular
perfusion pressure, elevated systemic blood pressure, focal
6

arteriovenous nicking, and lower education level.43e46

Although we included as many risk factors as possible for
RVO that were available within the current IRIS Registry
dataset, omission of unavailable ones may affect the
adjusted HR calculated in our study. Future versions of the
IRIS Registry that include additional data will be beneficial.

Race and insurance status showed small associations with
RVOs after cataract surgery in our study. Prior studies of
RVO have reported increased risk of CRVO associated with
Black race in a United Statesebased population study
compared with White race (HR, 1.58; 95% CI, 1.25e1.99).38

In contrast, a pooled population study analysis found a higher
prevalence of BRVO in Hispanic participants (5.98 per 1000;
95% CI, 4.81e7.15) compared with other ethnic groups.47

However, no difference was found in the prevalence of
CRVO between races in this study.47 We found a
substantial amount of missing data regarding race and
insurance status; thus, the associations that we found may
be an underestimate or overestimate of risks. However, our
findings are consistent with previous literature and suggest
that health care disparities may exist between different
groups in our study population.

Strengths of this retrospective study include the use of a
large national dataset collected retrospectively with
extensive matching by machine learning approaches to
overcome biases between the control and treatment groups.
However, limitations exist. Health records are subject to
coding error or missing data. Although RVO events were
analyzed as having occurred at the visit they were first
recorded, events could have occurred at any time up to the
prior visit or before if the diagnosis was not recorded
properly. Although the data are from a national dataset,
certain groups still can be overrepresented or underrepre-
sented. Additionally, our analysis included as many cova-
riates as possible that may affect RVO outcomes; however,
the effects of the residual confounding, unmeasured con-
founders, or both in the IRIS Registry cannot be ruled out.
Finally, the risk factor findings are associations and do not
necessarily imply causation. Further validation studies are
warranted.

In conclusion, cataract surgery was not associated with a
clinically meaningful change in the risk of RVO develop-
ment. The risk factors for development of RVO after
cataract surgery may differ from baseline population study
risk factors.
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