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Abstract
Aim—To investigate change in the area of
anterior capsular opening (ACO) after
cataract surgery and its relation to the
degree of postoperative anterior inflam-
mation in patients with diabetes mellitus
(DM).
Methods—31 eyes of 31 patients with DM
and 30 eyes of 30 normal controls sched-
uled to undergo cataract surgery were
examined prospectively. The area of ACO
was measured with an anterior eye seg-
ment analysis system (EAS-1000) on the
day following surgery and 3, 6, and 12
months after surgery. Comparative analy-
ses were made on the area of ACO relative
to the presence of DM and diabetic retin-
opathy (DR). The percentage reduction of
area of ACO was calculated from values 1
day and 12 months after surgery, and mul-
tiple regression analysis was performed
on the presence of DM, patient age, ACO
area on the first postoperative day, and
aqueous flare intensity 1 day and 12
months after surgery.
Results—The area was significantly
smaller in the DM group at 3 (p=0.015,
Student’s t test), 6 (p=0.011), and 12
(p=0.010) months postoperatively. Pa-
tients having DR showed significantly
smaller ACO area than the non-DR group
3 (p=0.039), 6 (p=0.033), and 12 (p=0.028)
months after surgery. Multiple regression
analysis revealed that presence of DM
(p=0.003) and aqueous flare intensity 12
months after surgery (p=0.039) signifi-
cantly correlated with the percentage
reduction of area of ACO. Age, ACO area
at 1 day postoperatively, and aqueous flare
intensity immediately after surgery were
not relevant to ACO contraction.
Conclusions—Anterior capsular contrac-
tion after cataract surgery was greater in
eyes of DM patients, especially in those
with DR and increased permeability of the
blood-aqueous barrier.
(Br J Ophthalmol 2001;85:21–23)

In cataract surgery, continuous curvilinear
capsulorhexis (CCC) has become the pre-
ferred method of anterior capsulotomy. The
CCC facilitates phacoemulsification of the
nucleus in the posterior chamber and secures
in the bag fixation of the intraocular lens
(IOL). On the other hand, there are potential
complications of CCC, including shrinkage
and opacification of the anterior capsule,1–3

which interferes with postoperative fundus-

copy of the peripheral retina, retinal photoco-
agulation, and vitreous surgery in case they are
necessary. This is especially crucial in patients
with diabetes mellitus (DM), since the pres-
ence of DM is considered to be a risk factor for
the contraction of anterior capsular opening
(ACO).4

Proliferation of the residual lens epithelial
cells associated with increased collagen pro-
duction is thought to be responsible for ACO
contraction.5 It has been suggested that surgi-
cal invasion and contact with the IOL stimu-
late residual lens epithelial cells to produce
cytokines such as interleukin 1 (IL-1), IL-6,
IL-8, basic fibroblast growth factor, and trans-
forming growth factor â. These cytokines may
in turn aVect the epithelial cells as autocrine
and/or paracrine factors, and induce collagen
production and fibrous proliferation.5 In paral-
lel with these processes, aqueous prostaglandin
E2 concentration is elevated, leading to damage
of the blood-aqueous barrier and an increase in
the aqueous protein concentration.6 Thus, the
degree of postoperative inflammation may be
related to the development of ACO contrac-
tion. Moreover, suggested risk factors of severe
anterior capsular contraction include DM,4

pseudoexfoliation syndrome,7 pigmentary reti-
nal degeneration,6 8 high myopia,9 advanced
age,10 and uveitis.7 Many of these eyes have
pre-existing deterioration of blood-aqueous
barrier function, and/or are more predisposed
to the barrier damage induced by surgical
invasion. Therefore, it seems natural to assume
a strong correlation between ACO contraction
and anterior chamber inflammation, but there
has been no study to confirm such an assump-
tion.

This prospective study was undertaken to
quantitatively assess the changes in ACO area
after cataract surgery and to investigate the
relation between ACO contraction and the
degree of postoperative anterior chamber
inflammation in patients with DM.

Patients and methods
Thirty one eyes of 31 consecutive DM patients
(DM group, mean 68.9 (SD 8.3) years) and 30
eyes of 30 patients without DM (control group
69.5 (9.3) years), scheduled to undergo
cataract surgery, were included in this study. If
the patient was bilaterally treated, the eye
which was first operated on was selected for the
analysis. None of the eyes had any history of
previous ocular surgery. Eyes were not in-
cluded if they had pseudoexfoliation, pigmen-
tary retinal degeneration, high myopia, history
of trauma, or uveitis which are among the
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known risk factors of ACO shrinkage. Of the
31 diabetic eyes, 12 had diabetic retinopathy
(DR group; 69.2 (4.9) years) and 19 had no
retinopathy (NDR group; 68.7 (10.0) years).
All eyes in the DR group had non-proliferative
retinopathy. There was no significant diVer-
ence in the mean age between the DM and
control groups, and DR and NDR groups. All
patients provided informed consent.

All cataract operations, consisting of phacoe-
mulsification through a small incision and IOL
implantation, were performed by one surgeon
(TK). A CCC approximately 5.0 mm in diam-
eter was created using a needle cystotome.
After hydrodissection, phacoemulsification of
the nucleus and cortical aspiration were
performed. After the anterior chamber was
filled with a viscoelastic agent, a foldable IOL
with a 6.0 mm round optic (MA60BM; Alcon
Surgical Inc) was inserted in the capsular bag.
The viscoelastic agent was then washed out.
One day postoperatively it was confirmed that
the edge of CCC lay on the IOL optic
completely, otherwise the eye was not included
in the study population.

Postoperatively, all patients received similar
routine medication, comprising topical appli-
cation of diclofenac sodium, fluorometholone,
and ofloxacin (antibacterial agent) four times
daily for a month.

The aqueous flare intensity was measured
using a laser flare cell meter (FC-1000 Kowa
Co, Ltd) before surgery and 1 day, 3, 6, and 12
months after surgery. The flare intensity was
measured 30–60 minutes after the application
of 0.5% tropicamide and 0.5% phenylephrine
hydrochloride (Mydrin P, Santen). Measure-
ments were repeated 10 times and averaged to
obtain final results for flare intensity. The area
of ACO was determined by diaphanoscopy
using the anterior eye segment analysis system
EAS-1000 (Nidek, Inc) at 1 day, 3, 6, and 12
months postoperatively. The EAS-1000 system
is composed of a Scheimpflug charge coupled
device video camera unit and an online image
analysis computer.11 12 The computer includes
a software package to calculate the area of the

eye’s anterior segment that can also quantitate
the area of ACO.8 If poor pupillary dilatation
hindered the complete observation of the 360
degree anterior capsule margin, the patient was
excluded from the study. The percentage
reduction of area of ACO 12 months after
cataract surgery was calculated as follows:

Percentage reduction of area of ACO (%) =
((ACO area 1 day after surgery − ACO area 12
months after surgery) × 100)/ACO area 1 day
after surgery

Multiple regression analysis was performed
to investigate the relation between various vari-
ables and the rate of ACO contraction at 12
months postoperatively. Variables tested in-
cluded the presence of DM, patient age, ACO
area on the first operative day, and aqueous
flare intensity 1 day and 12 months after
surgery.

Results
There was no significant diVerence in the mean
area of ACO between the DM and control
groups at 1 day postoperatively. Postopera-
tively, the DM group exhibited significant con-
traction of ACO (Fig 1). The ACO area in the
DM group at 3 (p=0.00002, paired t test), 6
(p=0.000001), and 12 (p=0.00001) months
postoperatively was significantly smaller than
the value on the first operative day. The values
in the control group did not fluctuate signifi-
cantly throughout the study period. The ACO
area in the DM group was significantly smaller
than that of the control group at 3 (p=0.015,
Student’s t test), 6 (p=0.011), and 12
(p=0.010) months postoperatively.

Figure 2 shows changes in the mean area of
ACO in the DR and non-DR groups. There
was no intergroup diVerence on the day
following surgery, but the mean ACO area was
significantly smaller in the DR group than in
the non-DR group at 3 (p=0.039), 6
(p=0.033), and 12 (p=0.028) months postop-
eratively. In the DR group, the ACO area at 3
(p=0.0009), 6 (p=0.0006), and 12 (p=0.001)
months postoperatively was significantly

Figure 1 Area of anterior capsule opening in relation to
the presence of diabetes mellitus. NS = not significant.
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Figure 2 Area of anterior capsule opening in relation to
the presence of diabetic retinopathy. *p<0.05 (Student’s t
test), NS = not significant.
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smaller than the value on the first operative
day. In the non-DR group, such fluctuation
was not observed.

The aqueous flare intensity before surgery
and 1 day, 3, 6, and 12 months after surgery
were 9.4 (SD 3.9) (photon counts/ms), 14.8
(11.1), 9.3 (3.7), 9.2 (4.3), 9.2 (3.2) in the DM
group and 9.0 (3.8), 13.7 (11.8), 8.9 (5.9), 8.4
(5.9), 8.3 (3.5) in the control group.

Multiple regression analysis showed that
presence of DM (p=0.003) and aqueous flare
intensity 12 months after surgery (p=0.027)
were significantly correlated with the percent-
age reduction of area of ACO (R2= 0.250,
Table 1). Age at surgery, ACO area at 1 day
postoperatively, and aqueous flare intensity
immediately after surgery were not relevant to
ACO contraction.

Discussion
In the present study, the percentage reduction
of area of anterior capsule opening (ACO) was
significantly greater in the diabetes mellitus
(DM) group than in the control group. When
compared in the DM group, patients with dia-
betic retinopathy exhibited more shrinkage of
ACO than those without diabetic retinopathy.
These findings are consistent with the results
reported by Hayashi et al.4 It has been also
reported that significant capsular contraction
occurred in diabetic eyes as early as 1 month
after surgery.2 Severe shrinkage of the ACO
will hamper the management and treatment of
diabetic retinopathy. Thus, in consideration of
the occurrence of ACO contraction, treatment
such as retinal photocoagulation, if indicated
after cataract surgery, should be carried out
without delay. In addition, the current study
revealed that no significant association exists
between the original size of ACO and the per-
centage reduction of area of ACO. The
percentage reduction of area of ACO being
constant, attention should be given to the fact
that a smaller capsulorhexis will result in a
greater loss of the opening area. Creation of a
relatively large ACO is recommended at the
time of cataract surgery in patients with DM,
especially in those having diabetic retinopathy.
However, it should be noted that in the current
study all eyes had the edge of the CCC stay on
the IOL optic completely, and thus these argu-
ments will not apply for the situation where the
anterior capsular edge lies outside the IOL
optic.

The current study showed that there is a sig-
nificant correlation between aqueous flare
intensity 12 months after surgery and the per-
centage reduction of area of ACO. On the

other hand, flare intensity at 1 day postopera-
tively did not correlate with ACO contraction
rate. Aqueous flare intensity immediately after
surgery is thought to reflect the degree of
operative invasion to the eye, while flare inten-
sity in the late postoperative period represents
the integrity of the blood-aqueous barrier.13

The current results indicate that more exten-
sive ACO contraction occurs in eyes with
increased permeability of the blood-aqueous
barrier. The development of anterior capsular
contraction after cataract surgery has been
attributed to fibrous proliferation of residual
lens epithelial cells with increased collagen
production.4–6 Postoperatively, residual lens
epithelial cells are stimulated to produce
cytokines, which may in turn aVect the epithe-
lial cells as autocrine and/or paracrine factors,
inducing collagen production and fibrous pro-
liferation.4 Prostaglandin E2, synthesised at the
same time, may cause damage of the aqueous-
blood barrier, resulting in an elevation of flare
intensity.5 Thus, it is assumed that the anterior
capsular contraction and an elevation of flare
intensity, as a result of the actions of cytokines
produced following surgery, occurred simulta-
neously in the DM patients. Moreover, it has
been known that DM patients are predisposed
to the breakdown of the blood-aqueous
barrier,14–16 and aqueous flare intensity in-
creases in parallel to the progression of
retinopathy.15 16 These factors seem to have
contributed to the extensive ACO contraction
in patients with DM, especially in those with
retinopathy.
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Table 1 Results of multiple regression analysis to assess factors relevant to anterior capsule
contraction 12 months after cataract surgery

Standardised regression
coeYcient p Value

Presence of diabetes mellitus 0.367 0.003
Age 0.150 0.213
ACO area 1 day after surgery −0.05 0.696
Aqueous flare intensity 1 day after surgery 0.046 0.721
Aqueous flare intensity 1 year after surgery 0.258 0.039

R2=0.250.
ACO = anterior capsule opening.
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