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Objective: To assess the visual results after surgical lens
removal in patients with diabetic retinopathy.

Design: A multicenter randomized clinical trial de-
signed to assess the effect of photocoagulation and aspi-
rin in patients with mild to severe nonproliferative or early
proliferative diabetic retinopathy and/or macular edema.

Participants: Of the 3711 patients enrolled in the Early
Treatment Diabetic Retinopathy Study, lens surgery was
performed on 205 patients (270 eyes) during follow-up
that ranged from 4 to 9 years.

OutcomeMeasurements:Visual acuity,macularedema
status, and degree of diabetic retinopathy. In addition, risk
factors associated with lens extraction and with poor post-
operative visual acuity (worse than 20/100) were assessed.

Results: The risk of lens extraction increased with in-
creasing age, female sex, and baseline proteinuria. Ocu-
lar variables associated with increased risk of lens sur-
gery included poor baseline visual acuity and vitrectomy
performed during the course of the study. At 1 year after
lens surgery, visual acuity improvement of 2 or more lines
from preoperative levels occurred in 64.3% of the oper-
ated-on eyes assigned to early photocoagulation and 59.3%
of eyes assigned to deferral of photocoagulation. In eyes
assigned to early photocoagulation, 46% of eyes achieved
visual acuity better than 20/40; 73%, better than 20/100;
and 8%, 5/200 or worse at 1 year after surgery. Visual acu-
ity results for eyes assigned to deferral of laser photoco-
agulation at 1 year were not as favorable; 36% achieved
visual acuity better than 20/40; 55%, better than 20/100;

and 17%, 5/200 or worse at 1 year after surgery. Evalua-
tion of 1-year postoperative visual acuities for all eyes with
mild to moderate nonproliferative diabetic retinopathy at
the annual visit before lens surgery showed that 53% were
better than 20/40; 90%, better than 20/100; and 1%, 5/200
or worse. However, for eyes with severe nonproliferative
or worse retinopathy at the annual visit before lens sur-
gery, only 25% were better than 20/40; 42%, better than
20/100; and 22%, 5/200 or worse at 1 year after lens sur-
gery. There was little change in visual acuity between 1
and 2 years postoperatively. Increased severity of reti-
nopathy and poor visual acuity before surgery were asso-
ciated with visual acuity of worse than 20/100 at 1 year
after surgery. Lens surgery was associated with a border-
line statistically significant increased risk of progression
of diabetic retinopathy in the adjusted analyses (P = .03).
No statistically significant long-term increased risk of macu-
lar edema was documented after lens surgery.

Conclusions: Visual acuity results after lens surgery in
patients in the Early Treatment Diabetic Retinopathy Study
were better than published results for similar patients. This
may be because of more intensive photocoagulation for
lesions of diabetic retinopathy in the Early Treatment Dia-
betic Retinopathy Study than in previously reported stud-
ies. Although patients with severe nonproliferative reti-
nopathy or worse before lens surgery had poorer visual
results, visual improvement was seen in 55% of these pa-
tients at 1-year follow-up. The main causes of poor visual
results in eyes after lens surgery were complications of pro-
liferative retinopathy and/or macular edema.
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C ATARACT IS a major cause
of visual loss in patients
with diabetes mellitus.1

Results of lens surgery in
persons with diabetic reti-

nopathy have been reported to be less fa-
vorable than those in nondiabetic per-
sons. These published reports suggest that
postoperative visual acuity of 20/200 or
worse may occur in 28% to 50% of pa-
tients with diabetic retinopathy.2,3 Accel-

erated progression of diabetic retinopa-
thy has been reported after lens surgery.4,5

The Early Treatment Diabetic Reti-
nopathy Study (ETDRS) was a random-
ized clinical trial designed to assess the ef-
fect of photocoagulation and aspirin in the
treatment of patients with mild to severe
nonproliferative or early proliferative dia-
betic retinopathy and/or macular edema.
This prospective study with 4 to 9 years of
follow-up offered an opportunity to study
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the visual acuity and the course of the retinopathy after
lens surgery in 205 patients with diabetic retinopathy.

RESULTS

RISK FACTORS ASSOCIATED
WITH LENS EXTRACTION

Lens surgery occurred in 270 eyes of 205 persons during
follow-up. Table 1 compares baseline characteristics for
patients with and without lens surgery. Those having sur-
gery were more likely to be white, to be older, and to have
had type 1 diabetes mellitus. With the use of the data from
the entire cohort of patients (n = 3711), a Cox propor-
tional hazards model was performed to determine the risk
factors associated with having lens surgery in this popu-
lation. Univariate analyses were performed on selected ocu-
lar variables (visual acuity, severity of retinopathy, pres-
ence of non–high-risk proliferative diabetic retinopathy,
macular edema, intraocular pressure, and assignment of
laser photocoagulation (early focal, early scatter, or de-
ferred) and general variables (age, sex, race, type and du-
ration of diabetes, assignment of aspirin use, blood pres-
sure at baseline, diuretic use, body mass index [calculated
as weight in kilograms divided by the square of height in
meters], smoking, glycosylated hemoglobin concentra-
tion, proteinuria, and serum cholesterol level). Risk fac-

tors that were significant at P,.10 were placed in the fi-
nal model. The significant risk factors in the final
multivariable analyses are shown in Table 2.

For every increase in age by 10 years, there was a 66%
increase in the risk of lens surgery. This means that the risk
of lens surgery was increased by almost 5-fold in a 55-year-
old compared with that of a 25-year-old. Women had a 41%
increased risk of lens extraction compared with men, and
patients with proteinuria had a 52% increased risk.

Ocular risk factors associated with increased risk of
lens surgery included poor visual acuity at baseline. Each
decrease of 10 letters (or 2 lines of vision) was associ-
ated with a 32% increased risk of lens surgery.

An additional analysis was performed with the base-
line variables and the nonbaseline variable of vitrec-
tomy. With this additional factor, the previous results of
the Cox proportional hazards model were not changed.
Patients who had vitrectomy during the course of the study
before the cataract surgery had more than a 7-fold in-
crease in the risk of lens extraction compared with pa-
tients who did not have the procedure.

PHOTOCOAGULATION BEFORE
LENS EXTRACTION

The proportions of eyes that received focal and/or scat-
ter photocoagulation are shown in Table 3. Eyes as-

SUBJECTS AND METHODS

From April 1980 to July 1985, the ETDRS enrolled 3711 pa-
tients with diabetes mellitus who met the following ocular
criteria: (1) no macular edema, visual acuity of 20/40 or bet-
ter, and moderate or severe nonproliferative or early prolif-
erative diabetic retinopathy; or (2) macular edema, visual
acuity of 20/200 or better, and mild, moderate, or severe non-
proliferative or early proliferative diabetic retinopathy.6 All
patients were bilaterally phakic, and the refractive medium
of each eye was clear enough to allow good-quality stereo-
scopic fundus photographs. Red reflex photographs were
taken of each eye to exclude marked cataract that impaired
the quality of the stereoscopic fundus photographs. Pa-
tients were scheduled for follow-up examinations at 4-month
intervals, and slitlamp biomicroscopy was performed ac-
cording to protocol.6 Informed consent was obtained from
each patient before enrolling in the study.

All patients were assigned randomly to receive aspi-
rin, 650 mg/d, or placebo. One eye of each patient was as-
signed randomly to early photocoagulation and the other
eye to deferral of photocoagulation, ie, photocoagulation
only if “high-risk” proliferative diabetic retinopathy devel-
oped during follow-up. Details of the study design and strat-
egies of photocoagulation have been described previ-
ously.7,8 The assessment of different types of cataract
(nuclear, cortical, or posterior subcapsular), either clini-
cally or photographically, was not included in the design
of this study. There were no defined criteria for lens ex-
traction in the protocol. Lens surgery was determined to
be necessary by the study ophthalmologist. The technique
of lens surgery (intracapsular or extracapsular lens

surgery, phacoemulsification, lens implantation, or cap-
sulotomy), the intraoperative complications, and postop-
erative course were not documented on the ETDRS data
forms.

Best-corrected visual acuity was measured with loga-
rithmic visual acuity charts at baseline and each subse-
quent follow-up visit scheduled at 4-month intervals.9 A
standardized protocol for the collection of visual acuity mea-
surement was used in all clinical centers. The protocol speci-
fied that visual acuity examiners be trained and certified
and that they be masked to treatment assignment.6

The Cox proportional hazards model was used to as-
sess the potential risk factors associated with lens surgery and
to assess the significance of lens surgery as a potential risk
factor for a 2-step worsening of retinopathy in eyes assigned
to deferral of photocoagulation. Lens surgery during fol-
low-up was entered into this model as a time-dependent co-
variate. Relative risks and 99% confidence intervals (CIs) were
estimated. A relative risk equal to 1.0 indicates no associa-
tion with the risk factor (eg, a 2-step increase in retinopathy
severity). A relative risk greater than 1 indicates an in-
creased risk, and a relative risk less than 1 indicates a de-
creased risk. The generalized estimating equations (GEE) ap-
proach to logistic regression was used to assess the risk of
progression of retinopathy after lens surgery in eyes of pa-
tients who underwent unilateral lens surgery.10 The GEE ap-
proach was also used to identify risk factors associated with
decreased visual acuity for all eyes after lens surgery.

Because of multiple outcome variables and multiple
comparisons, a P value between .05 and .01 was considered
suggestive of an association and a P value of .01 or less was
considered statistically significant in these analyses. In ad-
dition, 99% CIs were used in all the ETDRS analyses.
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signed to early photocoagulation were more likely than
eyes assigned to deferral of photocoagulation to have re-
ceived scatter and/or focal photocoagulation before lens
surgery. However, 64.8% of eyes assigned to deferral of
photocoagulation also had scatter and/or focal photoco-
agulation before lens surgery.

VISUAL ACUITY AFTER LENS SURGERY

A large proportion of all the operated-on eyes had im-
proved visual acuity postoperatively, as shown on the scat-
terplot in Figure 1. After lens surgery, 64% of the oper-
ated-on eyes assigned to early photocoagulation and 49%
of the eyes assigned to deferral of photocoagulation had 2
or more lines (10 or more letters) of improvement in vi-
sual acuity at 1 year compared with the visual acuity at
the preoperative visit. Twenty-six percent experienced little
change in visual acuity (,10-letter change between pre-
operative and postoperative visual acuity), while 10% had
experienced 2 or more lines (10 or more letters) of dete-
rioration in visual acuity at 1 year after the surgery in eyes
assigned to photocoagulation. For eyes assigned to defer-
ral of photocoagulation, 36% experienced little change,
while 15% had a decrease of 2 or more lines (10 or more
letters) of visual acuity at 1 year after surgery.

Comparing 1-year postoperative visual acuity with
preoperative visual acuity showed that 54% of the eyes
assigned to early photocoagulation and 47% of the de-
ferral group had a visual acuity gain of 3 or more lines
(15 or more letters). Three-line visual acuity loss rates
at 1 year in eyes assigned to early photocoagulation and
eyes assigned to deferral of photocoagulation were 5%
and 11%, respectively.

Eyes assigned to early photocoagulation had a trend
toward a better visual acuity outcome after lens surgery
than eyes assigned to deferral, but this was not statisti-
cally significant (P = .04). At 1 year after lens surgery, 46%
of these eyes assigned to early photocoagulation achieved
visual acuity better than 20/40; 73%, better than 20/100;
and 5%, 5/200 or worse (Figure 2). Visual acuity at 1
year after lens surgery for eyes assigned to deferral of la-
ser photocoagulation was somewhat less favorable, with
36% achieving visual acuity better than 20/40; 55%, bet-
ter than 20/100; and 17%, 5/200 or worse (Figure 2). The
visual acuity results were similar at the second annual
visit after lens surgery, and the differences between the
early photocoagulation and deferral groups were not sta-
tistically significant.

Table 1. Baseline Characteristics of Patients With
and Without Lens Surgery

Lens Surgery

Yes
(n = 205)

No
(n = 3506)

Sex, % male 43.3 57.2*
Race, % white 79.5 76.2
Age at entry, mean ± SD, y 54 ± 12 47 ± 14†
Age at diagnosis, y 38 ± 15 32 ± 16†
Duration of diabetes, y 16 ± 8 15 ± 7
Type of diabetes, ‡ %

Type 1 17.1 31.2†
Mixed 45.4 38.1
Type 2 37.6 30.7

Positive urine protein, % 30.9 28.2
Glycosylated hemoglobin 0.12 ± 0.03 0.12 ± 0.03

*P,.01.
†P,.001.
‡Type 1: age at diagnosis of diabetes at 30 years or younger, started

continuous insulin use within 1 year of diagnosis, and percentage of
desirable weight lower than 120%. Type 2: age at diagnosis of diabetes older
than 30 years and never or only intermittently used insulin, or age at
diagnosis of diabetes older than 40 years and percentage of desirable weight
at 120% or greater. The remaining patients are designated as “mixed.”

Table 2. Significant Risk Factors Associated
With Lens Extraction*

Variable
Relative Risk

(99% CI) P

Visual acuity at randomization
visit (each 10 letters)

1.32 (1.17-1.48) ,.001

Age (each 10 years) 1.66 (1.34-2.04) ,.001
Female sex 1.41 (1.02-1.97) .007
Vitrectomy 7.57 (4.86-11.77) ,.001
Proteinuria 1.52 (1.08-2.16) .002

*Proportional hazard of cataract surgery (n = 268) among 7394 eyes from
the Early Treatment Diabetic Retinopathy Study, 99% confidence intervals
(CIs), and P values.

Table 3. Rates of Laser Photocoagulation
Before Lens Surgery

Laser
Photocoagulation

No. (%)

Eyes Assigned
to Early

Photocoagulation

Eyes Assigned to
Deferral of

Photocoagulation

None 0 (0) 51 (35.2)
Focal only 15 (12.0) 33 (22.8)
Scatter only 14 (11.2) 30 (20.7)
Focal and scatter 96 (76.8) 31 (21.4)
Total 125 (100.0) 145 (100.0)
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Figure 1. Preoperative and postoperative visual acuities of the 270 eyes (205
patients) that underwent lens surgery. Visual acuity improved in a majority of
the operated-on eyes.
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Most of the lens surgery was done because of cata-
ract; however, some may have been performed because of
lens opacity that developed during or after vitrectomy. To
evaluate a more direct effect of primary lens surgery on vi-
sion, analyses were performed with the exclusion of pa-
tients who had both vitrectomy and lens surgery. These re-
sults showed a smaller proportion of eyes with poor visual
acuity of 5/200 or worse at 1 year after surgery: only 3%
for eyes assigned to early photocoagulation and 5% for eyes
assigned to deferral of photocoagulation (Figure 3). Pa-
tients who had both lens surgery and vitrectomy had poorer
visual results after surgery; 30% of eyes assigned to early
photocoagulation and 55% of eyes assigned to deferral had
visual acuity of 5/200 or worse at 1 year after surgery.

THE EFFECT OF LENS SURGERY
ON MACULAR EDEMA

Stereoscopicfundusphotographsandfluoresceinangiograms
performed at annual visits were used to assess the effect of
lens surgery on macular edema. The presence or absence
ofclinically significantmacularedemabeforeandafter lens
surgery was assessed by means of the gradings of the an-
nual fundus photographs that bracketed the date of the op-
eration. There was no statistically significant difference in
the proportions of eyes with clinically significant macular
edema before (29%) or after (31%) lens surgery. The pro-
portion of eyes with clinically significant macular edema
after cataract surgery was not markedly different from the
proportion of eyes that did not have lens extraction. The
proportionofeyeswithclinicallysignificantmacularedema
documented on stereoscopic fundus photographs in all
ETDRS patients treated with photocoagulation was nearly
30% at the first annual visit. The proportions of eyes with
cystoid changes associated with macular edema graded in
fundus photographs taken before and after lens extraction
were also not markedly different (2% preoperatively and
6%postoperatively).Clinical assessmentofmacularedema

4 months before and after lens surgery also showed no sta-
tistically significant difference (42% vs 45%, respectively).

RISK OF PROGRESSION OF RETINOPATHY
AFTER LENS SURGERY

The results of the Cox proportional hazards model analy-
ses of all eyes assigned to deferral of photocoagulation, in-
cluding the 145 eyes that had lens extraction, showed that
lens surgery, when entered into the model as a time-
dependentcovariable,wasnotassociatedwithastatistically
significant increased risk of a 2-step worsening of diabetic
retinopathy. This model was adjusted for age, duration of
diabetes, baseline retinopathy severity, and baseline glyco-
sylated hemoglobin concentration. The odds ratio (OR) of
an association of lens surgery and a 2-step progression of
retinopathywas1.50,witha99%CIof0.78to2.08(P = .13).

We also assessed the possible association of lens sur-
gery with worsening retinopathy by means of GEEs. In the
140 patients with unilateral lens surgery, the GEE results,
adjusted for severity of retinopathy at baseline and treat-
mentassignment, showedthat theeyewith lenssurgeryhad
astrong trend toward increasedriskof a2-stepprogression
of diabetic retinopathy when compared with the eye that
didnotundergosurgery.However, this trend(OR,2.1;99%
CI, 0.9-5.7; P = .03) failed to reach the predetermined sta-
tistical significance level of .01. Also, the assessment of the
severity of retinopathy in the preoperative fundus photo-
graphs may have been compromised to an unknown de-
gree by media opacity, resulting in a biased comparison.

DEVELOPMENT OF IRIS
AND ANTERIOR CHAMBER

NEOVASCULARIZATION

In the eyes that underwent lens surgery, 23 had devel-
oped iris and anterior chamber neovascularization, 7 be-
fore and 16 after cataract surgery. This rate of iris neo-
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Figure 3. Distribution of visual acuity before and 1 and 2 years after lens
extraction for all eyes, excluding eyes treated with concurrent lensectomy and
vitrectomy. The results are stratified according to the random assignment of
laser photocoagulation at baseline, both early and deferred treatment.
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Figure 2. Distribution of visual acuity before and 1 and 2 years after lens
extraction for all eyes, stratified according to the random assignment of laser
photocoagulation at baseline, both early and deferred treatment.
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vascularization (9%) is significantly higher than for the
study as a whole (1.9% [141/7422]) (P = .001).

Not surprisingly, iris neovascularization was associ-
ated with a poor visual outcome. Seventy percent (16/23)
of eyes with lens surgery and iris neovascularization had
visual acuity of less than 5/200 at 1 year after lens surgery.
Thirteen of these 23 eyes with iris neovascularization and
lens surgery also had vitreous surgery. All 13 had visual
acuity of less than 5/200 at 1 year after lens surgery.

RISK FACTORS ASSOCIATED WITH
VISUAL ACUITY WORSE THAN
20/100 AFTER LENS SURGERY

Possible risk factors associated with a poor visual out-
come (visual acuity never 20/100 or better after lens sur-
gery) were assessed by GEE analysis. The risk factors as-
sessed included the following systemic characteristics:
age, sex, race, body mass index, type of diabetes, dura-
tion of diabetes, blood pressure, fasting serum choles-
terol level, urine proteinuria, and glycosylated hemoglo-
bin concentration. Other risk factors included current
cigarette smoking, diuretic use, and treatment group as-
signment (both photocoagulation and aspirin). Ocular
risk factors included macular edema at baseline, reti-

nopathy severity before lens surgery (Table 4), intra-
ocular pressure, and preoperative visual acuity.

The multivariable model identified 2 statistically sig-
nificant risk factors. These were more severe diabetic reti-
nopathy preoperatively (P = .001) and decreased visual acu-
ity before lens surgery (P,.001) (Table 5). Patients with
moderate to severe nonproliferative diabetic retinopathy
and proliferative diabetic retinopathy had an increased risk
of poor visual results when compared with patients with
mild nonproliferative retinopathy (OR, 3.8; 99% CI, 0.9-
13.5; and OR, 5.8; 99% CI, 1.6-20.8, respectively). It is ex-
pected that poor visual acuity before lens surgery is more
likely to be associated with poor visual acuity outcome af-
ter surgery. Patients with poor preoperative visual acuity
had an increased risk of decreased postoperative visual acu-
ity (OR, 12.6; 99% CI, 2.6-63.5 for eyes having preopera-
tive visual acuity worse than 20/400 compared with eyes
having preoperative visual acuity of 20/100 or better).

The importance of the severity of retinopathy at the
time of cataract surgery is seen in the visual acuity re-
sults at 1 year after surgery (Figure 4). Comparing the
eyes with mild nonproliferative diabetic retinopathy be-
fore surgery with the eyes with more severe retinopathy
showed that the proportion of eyes with visual acuity bet-
ter than 20/40 at 1 year after surgery was 53% vs 25%
(P,.001). More strikingly, only 1% of the eyes with mild
nonproliferative diabetic retinopathy had visual acuity
worse than 5/200 1 year after surgery compared with 22%
of the eyes with more severe retinopathy (P,.001).

CAUSES OF VISION LOSS

In the 11 eyes with mild to moderate retinopathy before
lens surgery and visual acuity of 20/200 or worse at 1 year
after surgery, macular edema accounted for the poor vi-
sual acuity in 8 eyes (73%). In contrast, of the 37 eyes
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Figure 4. Distribution of visual acuity before and 1 year after lens extraction
for all eyes, stratified by the severity of retinopathy before lens extraction.
Mild NPDR represents mild to moderate nonproliferative diabetic
retinopathy; severe DR, severe nonproliferative retinopathy to proliferative
retinopathy with or without vitreous or preretinal hemorrhage.

Table 4. Severity of Retinopathy at Annual Visit
Before Lens Extraction*

No. (%)

Immediate Deferred

NPDR
Mild 48 (47.1) 31 (25.4)
Moderate 17 (16.7) 30 (24.6)
Severe 2 (2.0) 6 (4.9)

PDR 34 (33.3) 51 (41.8)
VH/PRH on fundus examination

and no photograph
1 (1.0) 4 (3.3)

Total 102 (100.0) 122 (100.0)
No grade (not gradable, or no

photograph and/or examination)
23 23

*NPDR indicates nonproliferative diabetic retinopathy; PDR, proliferative
diabetic retinopathy; and VH/PRH, vitreous hemorrhage or preretinal
hemorrhage.

Table 5. Risk Factors Associated With Visual Acuity
Less Than 20/100 1 Year After Lens Extraction
(Multivariate Analysis)*

OR (99% CI) P

Retinopathy level before lens extraction
Mild NPDR 1.0
Moderate-severe NPDR 3.4 (0.9-13.5) .001
PDR 5.8 (1.6-20.8)

Preoperative visual acuity†
.20/100 1.0
20/100-20/400 8.7 (2.4-32.0) ,.001
,20/400 12.6 (2.5-63.6)

*OR indicates odds ratio; CI, confidence interval; NPDR, nonproliferative
diabetic retinopathy; and PDR, proliferative diabetic retinopathy.

†Visual acuity as assessed at last visit before lens surgery.
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with severe nonproliferative retinopathy or worse be-
fore lens surgery and visual acuity of 20/200 or worse at
1 year after surgery, vitreous hemorrhage and/or trac-
tion retinal detachment that required vitrectomy ac-
counted for the poor visual acuity in 20 eyes (54%). Nine
of these 20 eyes had lens surgery at the time of vitrec-
tomy, 8 after, and 3 before the vitrectomy. The remain-
ing 17 (43%) of these 37 eyes had poor visual outcome
secondary to macular edema associated with hard exu-
date plaques in the center of the fovea.

COMMENT

The risk factors associated with lens extraction in the
ETDRS included increasing age, female sex, and baseline
proteinuria. Age and female sex were previously reported
to be significant risk factors associated with cataracts.11-13

Similar to the results of the risk factor analysis of cataract
extraction in the Wisconsin Epidemiologic Study of Dia-
betic Retinopathy, proteinuria at baseline was a signifi-
cant risk factor associated with cataract development in
the ETDRS.14 Proteinuria at baseline may be an impor-
tant marker of other unknown metabolic effects of diabe-
tes that may increase the risk of development of cataract.

There are limitations to using a study such as the
ETDRS for the analyses of risk factors because patients
were highly selected. Patients had to be in relatively good
health, be willing to enter a clinical trial, and have speci-
fied levels of diabetic retinopathy. The lens of each pa-
tient in the ETDRS had to have sufficient clarity to al-
low quality fundus photographs. There are also limitations
to the study regarding the visual acuity results. The lens
surgery occurred relatively late in the course of the study;
thus, 20% finished the study before their first annual fol-
low-up and 49% before their second annual follow-up
visit after surgery. However, strengths of the data from
the ETDRS cohort of patients include the low rate of losses
to follow-up, the availability of the best-corrected visual
acuities throughout the study, good documentation of
retinopathy severity at annual intervals, and the enroll-
ment of patients with retinopathy at clinically impor-
tant stages.

There are interesting similarities and differences of
our results compared with other published data. The find-
ings of the risk factor analyses for lens extraction were
similar to those of the Wisconsin Epidemiologic Study
of Diabetic Retinopathy, a population-based study.14 The
visual acuity results of patients who had lens surgery in
the ETDRS seem generally better than in previously pub-
lished series.2,3,15,16 However, the lack of uniformity in the
classification of the diabetic retinopathy used by other
investigators makes it difficult to compare our results with
published results. In addition, the duration of follow-up
in other studies was variable, and the sample sizes were
often small. In one previously published series in which
eyes were classified as having nonproliferative retinopa-
thy with or without macular edema, the proportion of
patients with visual acuity worse than 20/100 ranged from
25% to 31%.2 In another study, which included only eyes
with “background diabetic retinopathy” at the time of lens
surgery, 50% (16/32) of patients had visual acuity of
20/100 or worse on follow-up.9 In the ETDRS, only 11%

of patients with mild to moderate nonproliferative reti-
nopathy before cataract had this level of visual acuity at
1 year of follow-up.

The visual acuity results at 1 year after lens surgery
for ETDRS patients with severe nonproliferative reti-
nopathy or worse at the annual visit before lens surgery
were worse than for eyes with less severe retinopathy.
Again, study methods make comparison with previ-
ously published studies difficult. However, in several case
series that included eyes with more severe retinopathy
at the time of lens surgery, the proportion of eyes with
visual acuity worse than 20/200 postoperatively ranged
from 25% to 50%.2,9,15-19 Severity of retinopathy at the time
of lens removal is the most important predictor of poor
visual acuity outcome in previously reported studies19 and
in ETDRS patients. However, even in the group of ETDRS
patients with more severe retinopathy, a large propor-
tion (55%) did improve by 2 lines of vision, with 25%
achieving visual acuity of 20/40 or better and 42% achiev-
ing 20/100 or better.

The random assignment of 1 eye of each ETDRS pa-
tient to immediate photocoagulation was one of the vari-
ables included in the multivariable regression analyses
for risk factors associated with poor visual acuity after
lens surgery. Although eyes assigned to the early pho-
tocoagulation group in general had a better outcome af-
ter lens surgery than eyes in the deferral of photocoagu-
lation group (46.3% vs 36.4% with visual acuity better
than 20/40 at 1 year after surgery), early photocoagula-
tion was not a statistically significant risk factor in the
multivariable regression analysis. However, early scat-
ter photocoagulation was associated with less severe reti-
nopathy before lens surgery. In addition, because the study
design required scatter photocoagulation for all eyes that
reached high-risk proliferative retinopathy, and be-
cause the study protocol eventually recommended focal
photocoagulation for eyes assigned to deferral of photo-
coagulation that had clinically significant macular edema,
a majority of patients (81% of eyes in this report) re-
ceived some photocoagulation before lens surgery. Two
thirds of these eyes had focal photocoagulation and al-
most half had scatter before lens surgery.

The proportion of patients treated with photoco-
agulation for lesions of diabetic retinopathy before lens
surgery appears to be much higher in the ETDRS pa-
tients than in previously published series. Prior photo-
coagulation may be one of the reasons for the appar-
ently relatively good visual results in the ETDRS series
of patients. Photocoagulation in patients with severe non-
proliferative diabetic retinopathy or clinically signifi-
cant macular edema should be considered before lens sur-
gery when possible. If this is not feasible, photocoagulation
should be considered soon after lens surgery.

Although it was reported in previous studies, we did
not observe an increased rate of macular edema after lens
surgery. The rates of macular edema preoperatively and
postoperatively were nearly identical in both the 4-month
clinical assessment and the annual photographic assess-
ment. Because of the timing of these assessments, an ac-
celerated rate of macular edema development immedi-
ately after lens surgery cannot be ruled out. In the long
term, however, there were no demonstrable increased rates
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of macular edema after surgery. It is possible that the rate
of macular edema was not increased, but that the sever-
ity of edema after surgery was increased. It is also pos-
sible that the high rate of focal photocoagulation per-
formed before surgery may have had a protective effect
on the development of postoperative macular edema in
the ETDRS population.

Macular edema, especially when associated with ex-
tensive hard exudate or fibrous plaque, accounted for a
large proportion of eyes with poor postoperative visual
acuity. In a previous report of the ETDRS results, el-
evated serum lipid levels were associated with an in-
creased risk of retinal hard exudate.20 Although retinal
hard exudate usually accompanied diabetic macular
edema, increasing amounts of exudate appear to be in-
dependently associated with an increased risk of visual
impairment. Treatment of preexisting macular edema and
the often accompanying elevated serum lipid levels be-
fore lens surgery seems indicated.20,21

Previous studies have reported an acceleration of reti-
nopathy severity after lens surgery, while 1 prospective
study found no increased risk of progression associated
with lens extraction.22 Our study found a nonstatisti-
cally significant trend toward an increased risk of wors-
ening retinopathy after lens surgery, by means of both
the Cox proportional hazards model and the GEE model.
Differences between our results and those previously pub-
lished may be related to a difference in the methods of
analysis or the considerable differences in the popula-
tions studied. Many of the previous studies did not ad-
just for baseline retinopathy, duration of diabetes, or de-
gree of glucose control. A more important difference may
be related to the amount of photocoagulation before lens
surgery in our study compared with previous studies. We
performed our proportional hazards analyses on eyes that
were assigned to deferral of photocoagulation, but even
in this group, 65% of the 145 eyes had received some pho-
tocoagulation before the lens surgery. This extensive de-
gree of photocoagulation may have been responsible for
less progression of retinopathy than previously reported,
especially in patients with type 2 diabetes mellitus.23

No systemic risk factors were found to be associ-
ated with poorer visual acuity at the annual visit after lens
surgery. The ocular risk factors associated with poor post-
operative visual acuity included more severe retinopa-
thy and poor preoperative visual acuity.

The relatively good visual outcome for ETDRS pa-
tients after lens surgery is encouraging. The high rate of
photocoagulation before lens surgery in ETDRS pa-
tients may be partially responsible for these encourag-
ing results. On the basis of these data, one might initiate
photocoagulation before (when possible) or soon after
lens surgery for patients with severe nonproliferative reti-
nopathy or worse and for all patients with macular edema.
Patients with severe nonproliferative retinopathy or worse
before lens surgery, regardless of photocoagulation sta-
tus, should be warned of a guarded prognosis.
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