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Objective: To evaluate the contribution of periopera-
tive glycemic control to progression of diabetic retinopa-
thy and maculopathy.

Methods: Postoperative progression of diabetic retinopa-
thy and maculopathy were compared in 87 patients with
type 2 diabetes mellitus who underwent monocular phaco-
emulsification cataract surgery performed by a single
surgeon. Twenty-seven patients had had poor glycemic con-
trol preoperatively and underwent rapid preoperative
glycemic correction; 30 patients had poor control preop-
eratively that was not corrected postoperatively; and 30
patients had good preoperative glycemic control. The grade
of diabetic retinopathy and maculopathy in the oper-
ated-on eye and the fellow eye was assessed preopera-
tively and for 12 months postoperatively.

Results: There were no significant differences in the pro-
gression rate of diabetic retinopathy among the 3 groups
(P=.27). However, the progression rate of diabetic macu-
lopathy was significantly higher in the group that under-
went rapid control than in the other 2 groups (P=.02).
Patients with moderate to severe nonproliferative diabetic
retinopathy preoperatively in the rapid control group had
significantly higher progression rates of diabetic retinopa-
thy and maculopathy (P=.002 and .008, respectively).

Conclusions: Rapid preoperative glycemic control should
be avoided in patients with moderate to severe nonpro-
liferative diabetic retinopathy because it may increase the
risk of postoperative progression of retinopathy and
maculopathy.
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P REVENTING THE PROGRES-
sion of retinopathy and
maculopathy in patients with
diabetes mellitus after cata-
ract surgery is important for

improving visual prognosis, but the means
to achieve this goal have not been clari-
fied. Postoperative progression of reti-
nopathy is reportedly less common in pa-
tients undergoing phacoemulsification1-15

than in those undergoing extracapsular
cataract extraction,16-19 but postoperative
progression is still observed in 20% to 30%
of patients after phacoemulsification. The
causes of progression of retinopathy and
maculopathy after cataract surgery in-
clude systemic factors (poor glycemic
control,4,10,16,19 use of insulin,16,17 and
age18), the preoperative stage of retinopa-
thy,2,3,7,13,16,19 natural course of the dis-
ease,3,4 and surgical techniques.12

In the present study, we focused on the
contributionofperioperativeglycemiccon-
trol to progression of retinopathy because
therolesofoptimalglycemiccontrol forsur-
geryandtheappropriatepostoperativeman-
agementofbloodglucose levels remainun-

clear. We prospectively assessed glycemic
control (glycosylated hemoglobin [HbA1c]
values) and the progression of retinopathy
and maculopathy during the perioperative
period, toevaluate thepostoperativeeffects
of blood glucose levels on retinopathy and
maculopathy.Asingleexperiencedsurgeon
performedalloperationswith theuseof the
same procedure and intraocular lens (IOL)
implantation, to minimize the variations in
surgical invasiveness. The consistency
achieved allowed evaluation of the effects
of glycemic control on retinopathy and
maculopathy.

METHODS

The subjects of the present study were 87 pa-
tients with type 2 diabetes mellitus who under-
went phacoemulsification and IOL implanta-
tion in 1 eye each between March 1, 1999, and
February 28, 2003. All procedures were per-
formed by a single experienced surgeon (C.S.)
who had performed phacoemulsification cata-
ract surgery in more than 3000 cases. All pa-
tients were monitored prospectively from 6
months before surgery to 1 year after surgery.
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The patients were divided into 3 groups. The rapid preop-
erative glycemic correction (RPGC) group consisted of 27 pa-
tients with HbA1c values of 9% or higher at 6 months before
surgery in whom HbA1c values were decreased by 3% or more
at 3 months before surgery, and in whom good postoperative
glycemic control was maintained during hospitalization. The
poor control group consisted of 30 patients with postopera-
tive HbA1c values of 8.5% or higher in whom preoperative gly-
cemic control was poor because of refusal to undergo hospi-
talization and poor compliance. The good control group
consisted of 30 patients with preoperative and postoperative
HbA1c values of approximately 7.0%.

Cataract surgery was performed with the patient under topi-
cal anesthesia. A nonsuture sclerocorneal incision (3.8 mm from
the 12-o’clock position) was made, and continuous circular cap-
sulorrhexis was performed. For cataract surgery, phacoemul-
sification equipment (Legacy; Alcon Laboratories Inc, Fort
Worth, Tex) was used, with enriched balanced saline solution
(BSS PLUS; Alcon Laboratories Inc) as the perfusion fluid. The
nucleus was divided, and phacoemulsification and aspiration
were performed. After cortical aspiration, an acrylic foldable
IOL (Acrysof MA60BM; Alcon Laboratories Inc) was inserted.
There were no differences among the 3 study groups in cumu-
lative displayed energy (ultrasound power [given as a
percentage] � ultrasound time [in minutes]): 0.43 ± 0.8,
0.44±1.3, and 0.44±1.0, respectively. (Values are given as
mean±SD unless otherwise indicated.) Furthermore, there were
no differences among the 3 study groups in operation time:
11.2±2.1, 10.9±2.9, and 10.1±2.2 minutes, respectively. Topi-
cal antibiotics, corticosteroids, and diclofenac sodium were in-
stilled 4 times daily for 3 months after surgery.

Patients were excluded from the study if they had any of
the following conditions affecting the operated-on eye: planned
extracapsular extraction, posterior capsular rupture, posterior
capsulotomy for posterior capsular opacification, prior or con-
comitant vitreous surgery, concomitant glaucoma surgery, topi-
cal medications for glaucoma, a history of macular edema due
to uveitis, or retinal vein occlusion. In regard to the fellow eye,
patients were excluded if they had intraocular surgery during
the monitoring period, used topical medications for glau-

coma, or had a history of macular edema due to uveitis or reti-
nal vein occlusion. In addition, those undergoing laser photo-
coagulation before surgery and those with proliferative diabetic
retinopathy in either eye were excluded.

Our primary goal was to investigate whether cataract surgery
was responsible for an acceleration in the rate of progression of
diabetic retinopathy and diabetic maculopathy. We know that
regression of neovascularization should be induced by panretinal
photocoagulation before cataract surgery is undertaken. Panreti-
nal photocoagulation was recommended in eyes with severe dia-
betic retinopathy, including those with severe nonproliferative
diabetic retinopathy (NPDR) or non–high-risk proliferative dia-
betic retinopathy.Furthermore,panretinalphotocoagulationwas
not recommended by the Early Treatment Diabetic Retinopathy
Study (ETDRS) research group for eyes with mild or moderate
NPDR.20,21 These recommendationsmaynotbepossible to follow
in practice, however, because the fundus view may be inadequate
for safe panretinal photocoagulation, even when using long-
wavelengthandhigh-power laser.For thesamereason,wedidnot
performfocalorgrid laserphotocoagulationtreatment fordiabetic
maculopathy as defined by the ETDRS22 before cataract surgery.
After surgery, panretinal photocoagulation was performed in all
patients who developed proliferative diabetic retinopathy, in ac-
cordancewithestablishedguidelines.Anypatientwhodeveloped
clinicallysignificantmacularedemamore than3monthsafter sur-
gery was considered to have new or recurrent diabetic maculopa-
thyandthereforewas treatedwith laserphotocoagulationaccord-
ing to the ETDRS guidelines as soon as was practically possible.

The characteristics of the subjects are shown in Table 1.
There were no intergroup differences in sex, age, disease du-
ration, or treatment method. There were significant differ-
ences in HbA1c values among the groups throughout the pre-
operative and postoperative periods. The HbA1c values at 6
months before surgery were 10.5%±1.2% in the RPGC group,
10.0%±1.1% in the poor control group, and 7.6%±0.9% in the
good control group. There was no significant difference be-
tween the RPGC and poor control groups (P=.11), but the good
control group differed significantly from both the RPGC and
the poor control groups (P�.001). The HbA1c value at 3 months
before surgery was 10.3%±1.4% in the RPGC group, 9.8%±0.9%

Table 1. Clinical Profile of Patients

Rapid Correction
(n = 27)

Poor Control
(n = 30)

Good Control
(n = 30)

Sex, No. M/F 15/12 13/17 11/19
Age, mean ± SD, y 63.0 ± 10.6 63.1 ± 9.2 63.7 ± 6.6
Duration, mean ± SD, y 7.8 ± 5.9 8.4 ± 4.9 9.1 ± 5.6
Treatment, No. receiving D/O/I 2/13/12 4/14/12 4/11/15
Preexisting nephropathy, No. 8 9 9
Preexisting hypertension, No. 8 11 11
Preexisting maculopathy, No. 8 6 7
HbA1c, mean ± SD, %

6 mo before surgery 10.5 ± 1.2 10.0 ± 1.1 7.6 ± 0.9
3 mo before surgery 10.3 ± 1.4 9.8 ± 0.9 7.7 ± 0.9
Immediately before surgery 7.4 ± 1.0 9.5 ± 0.6 7.5 ± 0.9
3 mo after surgery 7.4 ± 0.9 9.2 ± 0.6 7.4 ± 1.1
6 mo after surgery 7.4 ± 1.1 9.3 ± 0.6 7.4 ± 1.0
12 mo after surgery 7.5 ± 0.9 9.3 ± 0.8 7.5 ± 0.9

Stage of preoperative DR, No.
10 (NDR) 9 9 10
20-35 (Mild NPDR) 8 11 11
43-53 (Moderate-severe NPDR) 10 10 9

Abbreviations: D, diet only; DR, diabetic retinopathy; HbA1c, glycosylated hemoglobin; I, insulin therapy; NDR, no diabetic retinopathy; NPDR, nonproliferative
diabetic retinopathy; O, oral hypoglycemic agent.
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in the poor control group, and 7.7%±0.9% in the good control
group; there was no significant difference between the RPGC
and poor control groups (P=.13), although the good control
group differed significantly from both of the other groups
(P�.001). The HbA1c value immediately before surgery de-
creased to 7.4%±1.0% in the RPGC group because of inten-
sive control, while that in the poor control group was
9.5%±0.6%, and that in the good control group was 7.5%±0.9%.
There was a significant difference between the RPGC and poor
control groups (P�.001), but not between the RPGC and good
control groups (P=.55). Neither were there any significant dif-
ferences between the RPGC and good control groups with re-
spect to the HbA1c values at 3, 6, and 12 months after surgery
(P=.69, .57, and .74, respectively). Generally, the HbA1c level
provides information about glycemic conditions present 2 to
3 months before the test is performed.23 The RPGC group had
been in good control for at least 2 to 3 months before surgery.

When the preoperative stage of retinopathy could not be de-
termined because of the presence of cataract, it was determined
by fundus fluorescein angiography within 1 week after surgery.
Therefore, the preoperative stage of retinopathy includes data
obtained immediately after surgery. There were no differences
in retinopathy stage among the 3 groups. Fundus examination
was performed at 1, 3, 6, and 12 months after surgery. Postop-
erative progression of retinopathy was defined as advancement

of the disease by 1 stage or more, relative to that before surgery,
within 1 year after surgery, according to the modified ETDRS
retinopathy severity scale,21 and progression of maculopathy was
defined as the development and progression of clinically signifi-
cantmacularedemaaccordingto theETDRScriteria.22Figures1,
2, 3, 4, and 5 show the ETDRS scale stages 20, 35, 43, 53, and
65, respectively, andFigure6 shows clinically significant macu-
lar edema stages 1 through 3. In addition, progression of dia-
betic retinopathy and maculopathy was considered to be due to
surgical invasion when observed in the operated-on eye alone,
or when more severe progression was observed in the operated-
on eye than in the fellow eye. The same extent of progression in
both eyes was defined as no change. Fundus photography and
fluorescein angiography were performed with a fundus camera
with a 50° angle (TRC50LX; Topcon Corp, Tokyo, Japan), and
ophthalmologists unaware of the objectives of the present study
determined the disease stage for each patient.

The SPSS for Windows computer program (SPSS Japan Inc,
Tokyo) was used for statistical analysis. Analysis of variance was
used for the comparison of preoperative HbA1c values among the
3 groups, and �2 contingency table analysis was used for inter-
group comparisons. Univariate and multivariate analyses were per-
formed to investigate the relationships between postoperative pro-
gression of retinopathy or maculopathy and 5 preoperative factors
(rapid correction of blood glucose levels, preoperative retinopa-

A B

Figure 1. Early Treatment Diabetic Retinopathy Study stage 20: definite microaneurysms only (white arrows), other characteristics absent.

A B

Figure 2. Early Treatment Diabetic Retinopathy Study stage 35: mild nonproliferative diabetic retinopathy with 1 or more of the following: at least 1 venous loop
definitely present, soft exudates, intraretinal microvascular abnormalities, or questionable venous bleeding; retinal hemorrhages present; and at least 1 hard
exudate and at least 1 soft exudate definitely present (hard exudates are indicated by single white arrows; soft exudates, double white arrows; and retinal
hemorrhages, black arrows).
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thy of stage 43 or worse, continuous proteinuria, hypertension,
and the presence of maculopathy before surgery).

RESULTS

DIABETIC RETINOPATHY

Progression of retinopathy due to surgical invasion was ob-
served in 8 (30%) of 27 eyes in the RPGC group, 5 (17%)
of 30 eyes in the poor control group, and 4 (13%) of 30
eyes in the good control group. There were no significant
differences in the rate of retinopathy postoperatively among
the 3 groups (P=.27, �2 test). The numbers of eyes with
progression, including progression likely to be spontane-
ous and that which was similar in both eyes, were 10 eyes
(37%), 10 eyes (33%), and 6 eyes (20%), respectively
(P=.33, �2 test). Retinopathy was classified into 4 stages
in accordance with the ETDRS scale (Table2). The num-
ber of eyes in each group showing progression due to sur-
gical invasion was as follows: 8 eyes in the RPGC group (1
eye with no preoperative diabetic retinopathy and 7 eyes
with moderate to severe NPDR), indicating the presence
of significant differences according to the preoperative stage
of retinopathy (P=.002, �2 test); 5 eyes in the poor con-
trol group (1 eye with no preoperative diabetic retinopa-
thy, 1 eye with mild NPDR, and 3 eyes with moderate to
severe NPDR), ie, no significant differences (P=.38, �2 test);
and 4 eyes in the good control group (1 eye with no pre-
operative diabetic retinopathy, 2 eyes with mild NPDR, and
1 eye with moderate to severe NPDR), again showing no
significant differences (P=.84, �2 test).

Furthermore, 6 eyes (22%) in the RPGC group and 2
(7%) in the poor control group required retinal photo-
coagulation after cataract surgery. Postoperative progres-
sion of retinopathy was observed in all 7 patients who
showed postoperative progression of maculopathy with
moderate to severe NPDR in the RPGC group.

Univariateanalysis showedsignificantdifferences in the
postoperativeprogressionof retinopathytoberelatedto the
4 factors shown in Table 3, but not to rapid correction of

bloodglucose levels.Onmultivariateanalysis,onlythepres-
ence of maculopathy before surgery was significantly asso-
ciated with progression (Table 4).The severity of preex-
istingretinopathy,except formoderate tosevereNPDR,was
not a risk factor for progression of retinopathy.

DIABETIC MACULOPATHY

Postoperative progression of maculopathy was defined as
progression in the stage of maculopathy relative to the pre-
operative stage or new onset of maculopathy after surgery.
Progression was found in 9 eyes (33%) in the RPGC
group, 4 eyes (13%) in the poor control group, and 1
eye (3%) in the good control group, ie, the number of

Figure 3. Early Treatment Diabetic Retinopathy Study stage 43 (fluorescein
angiogram): moderate nonproliferative diabetic retinopathy with 4 to 5
moderate or 1 severe hemorrhage (H) or microaneurysm (MA) or 1 to 3
definite intraretinal microvascular abnormalities (IRMAs) (not both) (Hs/MAs
are indicated by white arrows; IRMAs, black arrows).

Figure 4. Early Treatment Diabetic Retinopathy Study stage 53 (fluorescein
angiogram): severe nonproliferative diabetic retinopathy with 1 or more of
the following: 2 or more of the 3 level 47 characteristics (4-5 definite
intraretinal microvascular abnormalities [IRMAs], 2-3 severe hemorrhages
[Hs] or microaneurysms [MAs], 1 instance of definite venous bleeding [VB]),
at least 4 to 5 severe Hs/MAs, at least 1 moderate IRMA, at least 2 to 3
instances of definite VB (IRMAs, white arrows; VB, black arrows).

Figure 5. Early Treatment Diabetic Retinopathy Study stage 65 (fluorescein
angiogram): moderate proliferative diabetic retinopathy with either of the
following: (1) at least 1 new vessel elsewhere (NVE) (�1 disc diameter [DD]
from the disc) or new vessel–disc (NVD) (within 1 DD of the disc), and
absent or questionable vitreous hemorrhage (VH) and preretinal hemorrhage
(PRH); or (2) VH or PRH (within 1 DD of the disc) and less than 1 NVE and
no NVD (NVE, black arrows; PRH, white arrow).
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eyes with progressive maculopathy was significantly
greater in the RPGC group (P=.02, �2 test). The num-
ber of eyes with progression of maculopathy in each
group based on the preoperative stage of retinopathy
was as follows: 9 eyes in the RPGC group (1 eye with
no diabetic retinopathy, 1 eye with mild NPDR, and 7
eyes with moderate to severe NPDR, indicating signifi-
cant differences related to the preoperative stage of reti-
nopathy [P=.008]); 4 eyes in the poor control group

(1 eye with mild NPDR and 3 eyes with moderate to
severe NPDR [P=.14]); and 1 eye in the good control
group with mild NPDR (P=.41) (Table 5).

Furthermore, 4 eyes (15%) in the RPGC group and 2
(7%) in the poor control group required retinal focal pho-
tocoagulation for maculopathy after cataract surgery.

The results of univariate and multivariate analysis of
the progression of maculopathy according to the 5 pre-
operative factors are shown in Table 6 and Table 7,

A B

C D

E F

Figure 6. Early Treatment Diabetic Retinopathy Study criteria for clinically significant macular edema. A and B, Stage 1. A zone or zones of retinal thickening (white
arrows) 1 disc area or larger, any part of which is within 1 disc diameter of the center of the macula. C and D, Stage 2. Hard exudates (white arrows) at or within 500 µm
of the center of the macula, if associated with thickening of adjacent retina (not residual hard exudates remaining after disappearance of retinal thickening). E and F,
Stage 3. Thickening of the retina (white arrows) at or within 500 µm of the center of the macula. Areas of edema are indicated by the dashed white circles.
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respectively. Univariate analysis showed a significant in-
fluence of 4 factors, with only hypertension having no
effect (Table 6). Multivariate analysis showed that rapid
correction of blood glucose level and the presence of
maculopathy before surgery were significantly associ-
ated with progression (Table 7).

COMMENT

A significant advantage of the present study is that a single
surgeon performed phacoemulsification cataract sur-
gery in 1 eye of each patient using the same procedure
and type of IOL. Furthermore, postoperative progres-
sion of retinopathy and maculopathy were compared be-
tween the operated-on and non–operated-on eyes of in-
dividual patients. Various factors, such as the surgical
procedure,11,12,24 IOL type,25 incision width,25 and sur-
geon,13 may cause differences in surgical invasiveness. We
tried to minimize the variations in surgical invasiveness
in our patients by standardizing the relevant factors as
much as possible. This facilitated evaluation of postop-
erative progression. We believe that our approach al-
lows spontaneous progression of diabetic retinopathy to
be distinguished from that due to surgical invasiveness.

Comparisonofrecentreportsonphacoemulsificationcata-
ract surgery showsdifferences inevaluationmethods, such
as the observation period (6 months after surgery2,6,10,13 or
12monthsafter surgery1,3,4,7,8,14), themethodof stagingreti-
nopathy(ETDRSscalevsascale thatdivides thedisease into
4 stages,1,4,7-9,13 or other scales2,3), and the presence of pro-
gressionofmaculopathy(with3,13 orwithout1,4,6,8-10 progres-
sionof retinopathy). In thepresent study,weseparatelyde-
termined the progression of retinopathy and maculopathy
at 12 months after surgery by using the ETDRS scale.

We assessed the changes in retinopathy and macu-
lopathy due to surgical invasion in patients with rapid
preoperative glycemic correction (RPGC group), pa-
tients undergoing surgery despite poor glycemic con-
trol (poor control group), and patients undergoing sur-
gery with good glycemic control (good control group).

POSTOPERATIVE PROGRESSION
OF DIABETIC RETINOPATHY

Postoperative progression of retinopathy was seen in 30%
of the RPGC group, 17% of the poor control group, and
13% of the good control group, with no significant differ-
ences among the 3 groups. The proportion of eyes with
postoperative retinopathy progression in those undergo-
ingphacoemulsificationcataract surgery is reportedly20%
to 30%, and it has been suggested that glycemic control
has a smaller influence on postoperative progression of
retinopathy in patients undergoing phacoemulsification
cataract surgery than in those undergoing planned extra-
capsular cataract extraction because phacoemulsification
surgery is less invasive.3,5 Ithasalsobeenreportedthatpost-
operative progression of retinopathy is more common in
patients with high HbA1c values immediately before sur-
gery.2,10 Kato et al3 reported that glycemic control does not
influencethepostoperativeprogressionofretinopathy,with
the mean preoperative HbA1c value being the same (7.8%)

in the progression and nonprogression groups, and they
found postoperative progression due to surgical invasion
in 24.2% of their patients at 1 year after surgery. Squirrell
et al4 reported the progression of retinopathy and
maculopathy to be spontaneous and more often observed
in patients with higher preoperative HbA1c values and in
patients using insulin. On the basis of these findings, the
relationship between preoperative glycemic control and
postoperative progression of retinopathy is unclear. In the
present study, we found the percentage of eyes with post-
operative progression of retinopathy to be consistent with
existing data. The absence of any significant differences
among the 3 groups indicates that postoperative progres-

Table 2. Progression of DR in Relation to Preoperative
Stage of DR*

Level

Rapid
Correction
(n = 27)

Poor
Control
(n = 30)

Good
Control
(n = 30)

10 (NDR) 1/9 1/9 1/10
20-35 (Mild NPDR) 0/8 1/11 2/11
43-53 Reinput (moderate to

severe NPDR)
7/10 3/10 1/9

P value† .002 .38 .84

Abbreviations: DR, diabetic retinopathy; NDR, no diabetic retinopathy;
NPDR, nonproliferative diabetic retinopathy.

*Data are given as number/total number of patients.
†By �2 test.

Table 3. Progression of DR in Relation to Individual
Preoperative Factors

No. With
DR Progression

(n = 17)
P

Value

RPGC (n = 27) 8 .12
DR �ETDRS stage 43 (n = 29) 11 .004*
Preexisting nephropathy (n = 26) 10 .001*
Preexisting hypertension (n = 30) 7 .02*
Preexisting maculopathy (n = 21) 10 .001*

Abbreviations: DR, diabetic retinopathy; ETDRS, Early Treatment Diabetic
Retinopathy Study; RPGC, rapid preoperative glycemic correction.

*Statistically significant.

Table 4. Logistic Regression Analysis of Factors Related
to Progression of Retinopathy

Variable
Odds Ratio
(95% CI)*

P
Value

RPGC 3.33 (0.89-12.49) .08
DR �ETDRS stage 43 1.66 (0.39-7.16) .49
Preexisting nephropathy 2.66 (0.59-12.07) .21
Preexisting hypertension 2.98 (0.80-11.12) .10
Preexisting maculopathy 4.06 (1.05-15.61) .04†

Abbreviations: CI, confidence interval; DR, diabetic retinopathy; ETDRS,
Early Treatment Diabetic Retinopathy Study; RPGC, rapid preoperative
glycemic correction.

*Odds ratio of greater than 1.00 denotes increased risk; less than 1.00,
decreased risk; and 1.00, no apparent increased or decreased risk.

†Statistically significant.
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sion of retinopathy occurs at the same rate regardless of
whether preoperative glycemic control is improved. Uni-
variateandmultivariateanalysisof therelationshipbetween
postoperative progression of retinopathy and 5 preopera-
tive factors (RPGC, preoperative retinopathy of stage 43
or worse, continuous proteinuria, hypertension, and the
presence of maculopathy before surgery) showed only the
presence of maculopathy before surgery to be significantly
related to postoperative progression of retinopathy. The
use of RPGC did not significantly influence progression,
accordingtotheresultsofunivariateandmultivariateanaly-
ses, and was not detected as a factor causing postopera-

tive progression of retinopathy. The latter indicates that
thepostoperativerateofretinopathyprogressionis thesame
regardless of whether rapid correction is attempted in pa-
tients with poor preoperative glycemic control.

The overall rate of progression, including spontane-
ous progression, was reported to be 36.3% by Kato et al3

and 22.0% by Squirrell et al.4 The present study showed
comparable results with 37% in the RPGC group, 33%
in the poor control group, and 20% in the good control
group, with no significant differences among the 3 groups.
However, the rate of eyes with progression in each of the
3 groups according to the preoperative stage of retinopa-
thy was interesting. Some reports have indicated that the
postoperative progression rate is higher in patients with-
out retinopathy before surgery,3 while other reports have
found that the rate is higher in patients with severe reti-
nopathy before surgery,2,7,13 so there is no consensus. In
our study, unrelated to glycemic control, univariate analy-
sis showed that preoperative retinopathy of stage 43 or
worse was associated with postoperative retinopathy pro-
gression, whereas multivariate analysis showed that it was
not associated. It was difficult to establish a strong cor-
relation between the preoperative retinopathy stage and
postoperative progression. However, in the present study,
the progression rate in patients with moderate to severe
NPDR before surgery was significantly higher in the RPGC
group than in the other groups. If the early worsening
reported by the Diabetes Control and Complications Trial
Research Group26,27 occurs as a result of aggressive cor-
rection of glycemic control, the risk of postoperative pro-
gression would be greatly affected in patients with mod-
erate to severe NPDR before surgery.

POSTOPERATIVE PROGRESSION
OF DIABETIC MACULOPATHY

Only a few studies have separately investigated the
postoperative progression of maculopathy and reti-
nopathy. In the present study, we evaluated postopera-
tive progression of maculopathy according to the find-
ings on fundus fluorescein angiographic findings. The
postoperative progression rate of maculopathy was
significantly higher in the RPGC group (33%) than in
the other 2 groups. This result is noteworthy because
significant postoperative progression of retinopathy
was not observed in the RPGC group. The postopera-
tive progression rate of maculopathy was significantly
higher in patients with moderate to severe NPDR as
the preoperative stage of retinopathy in the RPGC
group. As the result of univariate and multivariate
analysis of the relationship between postoperative pro-
gression of maculopathy and the 5 preoperative factors
(RPGC, preoperative retinopathy of stage 43 or worse,
continuous proteinuria, hypertension, and the pres-
ence of maculopathy before surgery), the presence of
maculopathy before surgery and RPGC were signifi-
cantly related to postoperative progression. This indi-
cates that early worsening might be due to irreversible
invasive damage to the macula resulting from vascular
hyperpermeability in patients with rapid correction of
glycemic control who have maculopathy before sur-
gery. On the basis of these findings, rapid reduction of

Table 5. Progression of Maculopathy in Relation
to Preoperative Stage of DR*

Level

Rapid
Correction
(n = 27)

Poor
Control
(n = 30)

Good
Control
(n = 30)

10 (NDR) 1/9 0/9 0/10
20-35 (Mild NPDR) 1/8 1/11 1/11
43-53 reinput (moderate to

severe NPDR)
7/10 3/10 0/9

P value† .008 .14 .41

Abbreviations: DR, diabetic retinopathy; NDR, no diabetic retinopathy;
NPDR, nonproliferative diabetic retinopathy.

*Data are given as number/total number of patients.
†By �2 test.

Table 6. Progression of Diabetic Maculopathy in Relation
to Individual Preoperative Factors

No. With
Maculopathy
Progression

(n = 14)
P

Value

RPGC (n = 27) 9 .01*
DR �ETDRS stage 43 (n = 29) 10 .001*
Preexisting nephropathy (n = 26) 9 .002*
Preexisting hypertension (n = 30) 6 .62
Preexisting maculopathy (n = 21) 10 .00*

Abbreviations: DR, diabetic retinopathy; ETDRS, Early Treatment Diabetic
Retinopathy Study; RPGC, rapid preoperative glycemic correction.

*Statistically significant.

Table 7. Logistic Regression Analysis of Factors Related
to Progression of Maculopathy

Variable
Odds Ratio
(95% Cl)*

P
Value

RPGC 8.27 (1.58-43.34) .01†
DR �ETDRS stage 43 2.88 (0.49-16.79) .24
Preexisting nephropathy 3.03 (0.49-18.85) .24
Preexisting hypertension 0.80 (0.16-3.93) .78
Preexisting maculopathy 11.25 (2.25-56.24) .003†

Abbreviations: CI, confidence interval; DR, diabetic retinopathy; ETDRS,
Early Treatment Diabetic Retinopathy Study; RPGC, rapid preoperative
glycemic correction.

*Odds ratio of greater than 1.00 denotes increased risk; less than 1.00,
decreased risk; and 1.00, no apparent increased or decreased risk.

†Statistically significant.

(REPRINTED) ARCH OPHTHALMOL / VOL 124, JAN 2006 WWW.ARCHOPHTHALMOL.COM
44

©2006 American Medical Association. All rights reserved.
 at University of Toronto Library, on March 2, 2006 www.archophthalmol.comDownloaded from 

http://www.archophthalmol.com


blood glucose levels should not be advocated for
patients with moderate to severe NPDR and maculopa-
thy before surgery because it may increase the risk of
postoperative progression of both retinopathy and
maculopathy.

CONCLUSIONS

The optimal preoperative glycemic control strategy for pa-
tientswithdiabetesmellitusundergoingcataract surgery is
yet to be determined. However, the present study indicates
that RPGC should be avoided in patients with moderate to
severe NPDR because it may increase the risk of postopera-
tive progression of retinopathy and maculopathy. In addi-
tion, it appears tobepossible toperformsurgery inpatients
whose retinopathy is not in the moderate to severe NPDR
stageorworseregardlessofwhetherglycemiccontrol isgood
or poor. To achieve a good visual outcome, it may be im-
portant to perform surgery in cooperation with physicians
who are advised to avoid RPGC in patients with moderate
to severe NPDR or maculopathy.
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