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Objective: To study the association of annual surgeon volume of cataract procedures with the risk of
postoperative adverse events.

Design: We used population-based administrative health records to conduct a retrospective cohort study
from 2001 through 2003.

Participants: The number of surgeons who performed more than 50 cataract surgeries annually ranged from
231 to 243 over the 3 years. There were 284 797 cataract surgeries in patients older than 20 years performed at
70 hospitals or eye surgery centers in the province of Ontario, Canada.

Methods: We calculated cataract surgery volume for each surgeon and tested for the presence of a
volume-outcome association. We used generalized estimating equations to account for the effect of clustering
of patients according to individual surgeons and to adjust estimates for the potential confounding effects of
patient age and gender.

Main Outcome Measures: We used a composite outcome of postoperative adverse events from cataract
surgery that included billing claims for vitrectomy, vitreous aspiration or injection of medication, vitreous air or
fluid exchange, and dislocated lens extraction performed by any ophthalmologist between 1 and 14 days after
cataract surgery. These procedures are surrogate markers for the outcomes of retinal detachment, lost lens or
lens fragment, and suspected endophthalmitis.

Results: In each year, fewer than 1 in 200 patients experienced an adverse event (range, 0.33%-0.41%).
Surgeons performing 50 to 250 cataract surgeries per year had an adverse event rate of 0.8%. Surgeons performing
251 to 500 cataract surgeries per year had an adverse event rate of 0.4% and an adjusted odds ratio of postoperative
adverse events of 0.52 (95% confidence interval [CI], 0.39-0.69) compared with surgeons performing 50 to 250
procedures per year. Surgeons performing 501 to 1000 cataract surgeries per year had an adverse event rate of 0.2%
and an adjusted odds ratio of 0.31 (95% ClI, 0.22-0.43), and surgeons performing more than 1000 cataract surgeries
per year had an adverse event rate of 0.1% and an adjusted odds ratio of 0.14 (95% ClI, 0.09-0.23).

Conclusions: Selected adverse event rates for surgeons performing more than 50 cataract surgeries per year
are low. There is a volume-outcomes relationship for cataract surgery, and this relationship persists even for very
high-volume surgeons. Ophthalmology 2007;114:405-410 © 2007 by the American Academy of Ophthalmology.

Volume-outcome studies have found that surgeons who
perform more procedures have better patient outcomes than
surgeons who perform fewer procedures.! In these studies,
the definition of high-volume surgeons varies considerably,

depending on the type of procedure, the distribution of cases
across surgeons and hospitals, and the definition of high
volume.? For example, one study showed that the number of
surgeries performed by surgeons in the highest volume
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category for pancreatic resection was 4 or more procedures
per year, whereas 162 procedures per year was considered
high volume for coronary artery bypass grafting.> Some
researchers and health policy advocacy organizations have
sought to identify a minimum threshold number of surgeries
performed per year to obtain a high level of proficiency and
to provide optimal patient outcomes.*>

There are few volume-outcomes studies in the field of
ophthalmology compared with other surgical specialties,
despite the relatively large surgical volume.®’ These studies
involved relatively few surgeons, sites, and patients. Popu-
lation-based administrative health records encompass a
large sample of patients, surgeons, and hospitals. Access to
these records provided us with the opportunity to study the
association of surgeon volume of cataract procedures with
the risk of surrogate markers for important postoperative
adverse events within the first 2 weeks after cataract sur-
gery. Our hypothesis was that there was a volume-outcomes
effect in cataract surgery similar to that of other surgical
procedures.

Patients and Methods

We identified patients 20 years of age and older who underwent
cataract surgery using the Ontario Health Insurance Plan physician
claims database for the period between April 1, 2001, and March
31, 2004 (we categorized data according to the Ontario fiscal year,
which begins on April 1). The province of Ontario has a universal
insurance program that covers all 12 million residents. Billing
outside of the program is not permitted; thus, data can be consid-
ered population based. The database has excellent reliability for
procedure performance.®

We identified individual ophthalmologists using their physician
specialty code and their unique billing identifiers. We calculated
each surgeon’s annual cataract surgery volume based on the num-
ber of claims submitted for each fiscal year. We selected only those
ophthalmologists performing more than 50 (approximately 1 per
week) cataract surgeries in 1 year for inclusion in the analysis. By
excluding those surgeons performing an extremely low number of
procedures, we sought to minimize the possibility of misclassifi-
cation bias. As a result, we excluded 1746 of the total of 286 543
(0.6%) procedures over the study period. Ophthalmologists per-
forming more than 50 cataract surgeries in 1 year then were linked
with their respective patients to comprise the cohort for analysis.

Adverse Events

We used a composite outcome of selected postoperative adverse
events from cataract surgery. We identified physician billing
claims for specific procedures that were defined as the adverse
events: vitrectomy, dislocated lens extraction (with vitrectomy),
air or fluid exchange (with vitrectomy), and vitreous aspiration or
injection of medication performed by any ophthalmologist be-
tween 1 and 14 days after a cataract surgery. We used these
procedures, performed within 2 weeks of cataract surgery, as
surrogate markers for occurrences of retinal detachment, lost lens
or lens fragment, and suspected endophthalmitis. A maximum of 1
adverse event was assigned to an individual cataract surgery,
regardless of the actual number of subsequent procedures.

We divided the adverse events into those not specific for
endophthalmitis (nonendophthalmitis, which included retinal de-
tachment and lost lens or lens fragments) and those specific for
suspected endophthalmitis (suspected endophthalmitis). The non-

406

endophthalmitis adverse event of retinal detachment or lost lens/
lens fragments was defined as vitrectomy with air or fluid ex-
change, plus vitrectomy with dislocated lens extraction. The
adverse event of suspected endophthalmitis was defined as all
remaining vitrectomies plus all vitreous aspirations or injections.

Statistical Analysis

We calculated cataract surgery volume for each surgeon in each of
the 3 fiscal years studied. We first tested for the presence of a
volume-outcome association by modeling volume as a continuous
variable. We then divided the annual procedure volume into 4
categories that were identified a priori: (1) 50 to 250 procedures;
(2) 251 to 500 procedures; (3) 501 to 1000 procedures; and
(4) more than 1000 procedures. We defined the annual volume as
the number of procedures performed by a surgeon during the same
fiscal year that the procedure was performed. We also performed
analyses over the entire 3-year study period by pooling all the data.
We used generalized estimating equations to fit the models, to
account for the effect of clustering of patients within individual
surgeons, and to adjust estimates for the potential confounding
effects of patient age and gender.” We used generalized estimating
equations instead of conventional logistic regression models be-
cause it is likely that patients are not distributed randomly among
surgeons, and observations may not be independent. The relation
of cataract surgery volume to adverse event rates was expressed as
the odds ratio and 95% confidence intervals (CIs). All reported
P values are 2 sided. Analyses were performed with SAS software
version 9.1 (SAS Institute, Cary, NC).

The study was approved by the ethics committee of the Sun-
nybrook and Women’s College Health Sciences Centre and fol-
lowed data confidentiality and privacy guidelines of the Institute
for Clinical Evaluative Sciences.

Results

The number of cataract surgery procedures in Ontario increased
from 89 556 in 2001 to 99 333 in 2003 (Table 1). Between 231 and
243 ophthalmologists performed 50 or more cataract operations in
Ontario between 2001 and 2003. Surgery was performed at 70
hospitals or eye surgery centers. Almost half of the patients were

Table 1. Characteristics of Cataract Surgery Procedures
by Fiscal Year

2001/2002  2002/2003 2003/2004

Number of procedures 89 556 95908 99 333
Number of surgeons* 240 231 243

Median surgeon volume 353 (314) 391 (285) 392 (289)
(interquartile range)
Age category (%)
20-64 17.7 17.8 18.2
65-74 32.6 32.7 324
75-84 41.0 41.1 41.1
85+ 8.8 8.4 8.3
% Female 60.5 60.0 60.0
Adverse events' (%) 0.4 0.3 0.3

*Surgeons performing fewer than 50 cataract surgeries per year were
excluded.

"Adverse event included vitrectomy, vitreous aspiration, or injection of
medication performed by any ophthalmologist between 1 and 14 days after
cataract surgery.




Bell et al - Surgeon Volumes and Patient Outcomes in Cataract Surgery

Table 2. Cataract Surgery Procedures by Surgeon Volume and Fiscal Year

2001/2002 2002/2003 2003/2004
50-250 251-500 501-1000 >1000 50-250 251-500 501-1000 >1000 50-250 251-500 501-1000 >1000
Number of procedures 12 600 36 797 33574 6585 9162 40 477 38160 8109 8602 41924 39897 8910
Number of surgeons 85 97 53 5 60 106 59 6 64 111 61 7
Age category (%)
20-64 21.2 17.5 16.8 16.3 20.4 17.7 17.3 17.8 22.8 18 17.6 17.9
65-74 339 323 324 33.4 33.8 327 324 325 325 324 32.0 34.6
75-84 36.8 41.2 421 41.8 38.2 40.9 41.8 42.7 373 41.3 42.0 40.3
85+ 8.2 9.1 8.8 8.4 1.7 8.8 8.5 7.0 7.1 8.3 8.6 7.3
% Female 59.3 60.9 60.4 61.9 59.2 60.2 59.8 60.7 58.1 60.1 60.3 59.6
Adverse events* (%) 0.9 0.5 0.2 0.1 0.7 0.4 0.2 0.1 0.8 0.4 0.2 0.1

*Adverse event included vitrectomy, vitreous aspiration, or injection of medication performed by any ophthalmologist between 1 and 14 days after cataract

surgery.

aged 75 years or older, and approximately 60% were women. In
each year, fewer than 1 in 200 patients experienced an adverse
event of vitrectomy, vitreous aspiration, or injection of medication
(range, 0.3%—0.4%).

In each year of the study, the most common annual surgical
volume category was 251 to 500 procedures (Table 2). The dis-
tribution of surgeon volume, patient age, and patient gender was
similar over the 3 years of the study. The rate of adverse events
was inversely related to surgeon volume in each of the study years.
In 2003, surgeons who performed 50 to 250 procedures annually
had an adverse event rate of 0.8%, as compared with 0.4% for
surgeons who performed 251 to 500 procedures, 0.2% for surgeons
who performed 501 to 1000 procedures, and 0.1% for surgeons
who performed more than 1000 procedures annually.

In each study year, there was a statistically significant linear
relationship between volume and outcome (P<<0.001). This asso-

ciation between the volume of cataract surgeries performed by a
surgeon and the surgeon’s adverse event rate for 2003/2004 is
presented in Figure 1. The figure was truncated at 900 procedures
per year to protect the anonymity of the high-volume surgeons.
The results of the unadjusted and adjusted regression models are
summarized in Table 3. In these analyses, data from all 3 study
years were pooled. There was a consistent and statistically signif-
icant association between procedure volume and risk of adverse
events. Surgeons performing 50 to 250 cataract surgeries had an
adverse event rate of 0.8%. Surgeons performing 251 to 500
cataract surgeries per year had an adverse event rate of 0.4% and
an adjusted odds ratio of postoperative adverse events of 0.52
(95% CI, 0.39-0.69) compared with surgeons performing 50 to
250 procedures per year. Surgeons performing 501 to 1000 cata-
ract surgeries per year had an adverse event rate of 0.2% and an
adjusted odds ratio of 0.31 (95% CI, 0.22-0.43), and surgeons
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Figure 1. Scatterplot showing the proportion of complications by the volume of cataract surgery of each surgeon, fiscal year 2003/2004. Complications
include codes for treatment of retinal detachment, lost lens or lens fragment, and suspected endophthalmitis. The number of surgeries per year was

truncated at 900 to protect the identity of individual surgeons.
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Table 3. Effect of Surgeon Cataract Procedure Volume on Risk
of Combined Adverse Events, 2001 through 2003*

Mean Annual Cataract
Surgery Volume

Odds Ratios
(95% Confidence Intervals)

Unadjusted

Adjusted”

50-250 1 1
251-500 0.52 (0.45-0.61) 0.52 (0.39-0.69)
501-1000 0.31 (0.26-0.37) 0.31 (0.22-0.43)

>1000 0.14 (0.10-0.22) 0.14 (0.09-0.23)

Models account for the clustering of patients within surgeons.

*Adverse event included vitrectomy, vitreous aspiration, or injection of
medication performed by any ophthalmologist between 1 and 14 days after
cataract surgery.

TAdjusted for patient age and gender.

performing more than 1000 cataract surgeries per year had an
adverse event rate of 0.1% and an adjusted odds ratio of 0.14 (95%
CL 0.09-0.23).

When analyzed separately, the results were similar for all 3
adverse event categories and followed the general pattern of the
overall analysis (Table 4). For 2001 through 2003, surgeons per-
forming 251 to 500 cataract surgeries per year had an adjusted
odds ratio of lost lens or lens fragment adverse events of 0.45 (95%
CI, 0.30-0.70) compared with surgeons performing 50 to 250
procedures per year. Surgeons performing 501 to 1000 cataract
surgeries per year had an adjusted odds ratio of 0.22 (95% CI,
0.12-0.40), and surgeons performing more than 1000 cataract
surgeries per year had an adjusted odds ratio of 0.08 (95% CI,
0.03-0.21). For retinal detachment adverse events, surgeons per-
forming 251 to 500 cataract surgeries per year had an adjusted
odds ratio of lost lens or lens fragment adverse events of 0.36 (95%
CI, 0.21-0.61) compared with surgeons performing 50 to 250 per
year. Surgeons performing 501 to 1000 cataract surgeries per year
had an adjusted odds ratio of 0.16 (95% CI, 0.09-0.28), and
surgeons performing more than 1000 cataract surgeries per year
had an adjusted odds ratio of 0.13 (95% CI, 0.05-0.38). For
suspected endophthalmitis adverse events, the adjusted odds ratio
was 0.63 (95% CI, 0.45-0.90) for the surgeons performing 251 to
500 surgeries compared with the surgeons performing 50 to 250
procedures, 0.46 (95% CI, 0.32—0.66) for the surgeons performing
501 to 1000 procedures, and 0.22 (95% CI, 0.12-0.41) for those
surgeons performing more than 1000 surgeries.

Discussion

We examined all cataract surgeries performed in the prov-
ince of Ontario over a 3-year period. The overall adverse
event rate, defined as relevant procedures performed by any
ophthalmologist between 1 and 14 days after cataract sur-
gery, was less than 0.5% in each year. The adverse event
rate was inversely related to the annual volume of cataract
surgery procedures performed by a surgeon. Separation of
the adverse events into those specific to suspected endoph-
thalmitis and those not specific to suspected endophthalmi-
tis resulted in a similar effect.

Previous studies have examined the association of sur-
geon procedure volume on outcomes of cataract surgery.
Habib et al® evaluated only intraoperative complication
rates of 16 975 cases performed by 6 surgeons over 6 years
at 1 hospital and found strong evidence of a decrease in
complication rates with an increase in surgical volume.
Schein et al” evaluated 772 cases performed by 75 surgeons
in 3 cities and found that the rates of intraoperative, peri-
operative, and 4-month postoperative adverse events and
the improvement in visual acuity did not differ either by
surgical technique (phacoemulsification or extracapsular
cataract extraction) or volume stratum. Venkatesh et al'®
evaluated outcomes of 593 cataract surgeries performed by
3 high-volume surgeons (defined as 80 surgeries per day) on
6 randomly selected high-volume days in a developing
country. With 94% of patients obtaining a best-corrected
visual acuity after surgery of 6/18 or better and 98% expe-
riencing no intraoperative complications, the authors con-
cluded that high-volume cataract surgery using appropriate
techniques and standardized protocols does not compromise
quality of outcomes.

One of the strengths of our findings is that our patient
sample is consecutive and population based. It includes a
large number of surgeons, patients, and hospitals. This
allowed us to capture adverse events of patients who sought
follow-up treatment from their surgeon as well as the adverse
events of those patients who sought follow-up treatment from
other ophthalmologists. This is important because specialized
care frequently is required for some of the postoperative ad-

Table 4. Effect of Surgeon Cataract Procedure Volume on Risk of Adverse Events Presented Separately*

Lost Lens/Lens Fragments

Retinal Detachment Suspected Endophthalmitis

(N = 509)" (N =137)° (N = 535)
Odds Ratios Odds Ratios Odds Ratios
Mean Annual Cataract (95% Confidence Intervals) (95% Confidence Intervals) (95% Confidence Intervals)
Surgery Volume Unadjusted Adjusted* Unadjusted Adjusted” Unadjusted Adjusted’

50-250 1 1

1 1 1 1

251-500
501-1000
>1000

0.46 (0.37-0.57)
0.23 (0.18-0.30)
0.08 (0.04-0.17)

0.45 (0.30-0.70)
0.22 (0.12-0.40)
0.08 (0.03-0.21)

Models account for the clustering of patients within surgeons.
*Adverse events included vitrectomy, vitreous aspiration, or injection of medication performed by any ophthalmologist between 1 and 14 days after

cataract surgery.

0.36 (0.24-0.53)
0.15 (0.09-0.26)
0.13 (0.05-0.37)

0.36 (0.21-0.61)
0.16 (0.09-0.28)
0.13 (0.05-0.38)

"There were 65 cases over the 3 years with both retinal detachment and lost lens or lens fragment.
*Adjusted for patient age and gender.

0.63 (0.50-0.81)
0.46 (0.35-0.59)
0.22 (0.13-0.38)

0.63 (0.45-0.90)
0.46 (0.32-0.66)
0.22 (0.12-0.41)
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verse outcomes of cataract surgery. Another strength relates to
the consistent and robust effect of surgeon volume demon-
strated in the volume-outcome analysis. Although some may
contend that extremely high-volume ophthalmologists may
be operating on a disproportionate number of uncompli-
cated patients or that low-volume surgeons may be operat-
ing on a disproportionate number of more complicated
cases, the effect of surgery volume was consistent across all
4 of the volume groupings.

Because vitrectomy, vitreous aspiration, and injection of
medications are performed for suspected endophthalmitis as
well as proven cases of endophthalmitis, our data likely
overestimate its true incidence. However, these procedures
should still be considered adverse clinical events because
they are unanticipated occurrences related to a previous
procedure and would be interpreted as negative experiences
by patients. Moreover, the nature of the diagnoses mini-
mizes the possibility of detection bias—where one group is
more likely to have the complication diagnosed than another
group—because the events are not subtle and usually
present fairly quickly after the procedure. Further, our ob-
served adverse event rate is comparable with a combination
of the estimates for postoperative endophthalmitis and lost
lens or lens fragment rates from previous studies.!!~!

Our study has several limitations. First, we used admin-
istrative health data, which lack clinical information for
detailed case-mix adjustment. Adjusting for the difficulty of
the cataract surgery using clinical records may account for
some of the differences in patient outcomes between low-
and high-volume surgeons.!® However, our analysis did
account for patient age and gender, which is also important
for adjustment of surgical complexity. Second, complica-
tions resulting from surgical resident cases at teaching hos-
pitals are ascribed to the staff physician. Although this may
play a small role, most of the care provided to patients in the
province occurs outside of academic institutions. A large num-
ber of the academic surgeons would have to be concentrated in
the lower surgical volume categories for this to impact our
overall findings and conclusions significantly. Further, our data
demonstrate that the volume-outcome effect persists through-
out all levels of surgeon volume. Moreover, previous work in
other surgical procedures has shown that volume-outcomes
effects still persist at academic centers and that teaching status
may even be associated with better patient outcomes.!”:!8
Third, we did not measure the potential effect of hospital or
surgical facility volume on patient outcome, and differences in
endophthalmitis incidence across surgical centers have been
found.'®?° Fourth, we did not measure the clinical effective-
ness of cataract surgery, such as visual acuity or visual func-
tion. Fifth, we included only surgeons who performed 50 or
more procedures per year, so conclusions about lower-volume
surgeons cannot be made. Sixth, it is possible that the adverse
events are linked to the eye that did not have cataract surgery,
because our analysis does not identify the eye undergoing the
procedure. It would be extraordinarily rare to require such care
for an unoperated eye within 2 weeks of surgery on the
contralateral eye. Seventh, our estimates of selected adverse
events were made by counting procedures that were surrogate
markers for the outcomes of retinal detachment, lost lens or
lens fragment, and suspected endophthalmitis. These estimates

are susceptible to all limitations inherent in the use of surrogate
markers. Finally, it should be emphasized that our findings
reflect relative differences and that cataract surgery is usually
well tolerated and free of complications. For example, even the
grouping with the lowest-volume surgeons had an adverse
event rate of less than 1% in each year of the study. We believe
it is unlikely that any of these limitations would affect our
analyses to such an extent as to invalidate our principal find-
ings that the risk of adverse events decreases with increasing
surgical volumes.

Our population-based analysis of the risk of selected
adverse events after cataract surgery found that patients
operated on by surgeons with high annual procedure vol-
umes had a lower risk of adverse events than patients
operated on by surgeons with lower annual volumes. This
effect occurred throughout the spectrum of measured surgi-
cal volumes, was present when the adverse events were
analyzed separately, and was not explained on the basis of
variations in patient age or gender. Professional organiza-
tions may consider formulating recommendations about the
appropriate number of cataract surgeries required for sur-
geons to maintain a high level of proficiency.
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