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Abstract
Postoperative onset or aggravation of cystoid
macular oedema (CMO) in diabetic patients
after extracapsular cataract extraction (ECCE)
with intraocular lens (IOL) implantation is a
frequent problem. At present little is known
about the occurrence and prognosis of this
complication in diabetics with no clinically
detectable diabetic retinopathy (DR). Twenty
five diabetic eyes (24 subjects) without DR and
45 normal eyes (44 subjects) were studied
before surgery and 30, 90, 180, 360 days after
ECCE and posterior chamber IOL implanta-
tion. Fluorescein angiography was performed
at each examination. The frequency of angio-
graphic CMO in the two groups was compar-
able 30 days after surgery but was significantly
higher in diabetic eyes at 90, 180, and 360 days.
This finding is probably related to an impair-
ment of the blood-retinal barrier in diabetics.
Final visual acuity, however, was similar in the
two groups.
(BrJ Ophthalmol 1993; 77: 208-211)

Cataract extraction in diabetic patients may lead
to several complications, particularly during the
postoperative period. Removal of the lens
eliminates an important barrier and, when
ischaemic diabetic retinopathy is present, can
lead to the onset or aggravation of iris neo-
vascularisation and eventually to neovascular
glaucoma.'2 The risk is greater with intra-
capsular than with extracapsular cataract extrac-
tion (ECCE).

Several problems related to the evolution of
diabetic retinopathy remain poorly understood.
One of these is the postoperative onset of cystoid
macular oedema (CMO) or the aggravation of
existing proliferative diabetic retinopathy. More
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1990. All the patients were operated on by the
same surgeon using the same technique.
Twenty five eyes of 24 diabetic patients were

included in the first group. Diabetes was defined
as a fasting plasma glucose level of 140 mg/dl or
more on at least two occasions. All patients had
type II diabetes. These patients showed no
preoperative diabetic retinopathy in either eye
on clinical and fluorescein angiographic exami-
nation; ocular axial length was less than 24 5 mm
in all of them, and none had preoperative ocular
or systemic disease.

Similarly, the patients in the control group
also had to have an ocular axial length less than
24-5 mm and no preoperative ocular or systemic
disease. This group consisted of 45 eyes in 44
patients. The demographic data for the study
patients are presented in Table 1. Each patient
underwent complete ophthalmic examination
and retinal fluorescein angiography before
surgery. Eyes with severe lens opacities that
hindered observation of the fundus were
-excluded from the study.

All the eyes underwent planned ECCE by
means of the following technique: a corneo-
scleral incision was made and the anterior
chamber was filled with sodium hyaluronate. A
large anterior capsulotomy was then performed.
The nucleus was expressed and the cortex of the
lens was removed carefully by manual irrigation
aspiration. The posterior capsule was polished
and left intact in all cases. A posterior chamber
c-loop polymethylmethacrylate IOL was posi-
tioned in the ciliary sulcus. No adrenaline was
added to the infusion used for irrigation, and
acetylcholine was not added after IOL implanta-
tion. The corneoscleral cut was closed with a
continuous 10-0 nylon suture. A subconjunctival
injection of 250 mg of piperacillin and 1 mg of
betamethasone was given at the end of surgery.
During the immediate postoperative period,

topical therapy included fluocinolone and neo-

Table I Demographic datafor 24 diabetic and 44 normal
patients

Diabetic Normal

No of patients 24 44
No of eyes 25 .45
Males 11(45 8%) 19(43-2%)
Females 13 (54 2%) 25 (56-8%)
Age at cataract extraction (years)
Mean (SD) 69-8 (10-7) 70 3 (10-1)
Range 48 to 89 51 to 88

Duration of diabetes (years)
Mean (SD) 7-6 (7d1)
Range I to 20

Treatment ofdiabetes
Insulin 5 (20.8%)
Oral hypoglycaemic agents 16 (66-7%)
Dietary restriction 3 (12-5%)
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Table 2 Frequency offluorescein angiographic CMO 30,
90, 180, and 360 days after extracapsular cataract extraction
in diabetic eyes without retinopathy and normal eyes.
Statistical analysis ofCMOfrequency in both groups is
reported (Fishers exact test)

Days Diabetic Normal

(n= 16) (n=40)
30 CMO 68-8%(n=11) 62 5%(n=25)

noCMO 31-2%(n=5) 37-5%(n=15)
p=0-452

(n=20) (n=45)
90 CMO 65 0%(n=13) 33-3%(n=15)

no CMO 35 0% (n=7) 66-7% (n=30)
p=0-017

(n= 14) (n=36)
180 CMO 42-9% (n=6) 8-3% (n=3)

noCMO 57-1% (n=8) 91-7% (n=33)
p=0.009

(n=25) (n=45)
360 CMO 24-0% (n=6) 0 0% (n=0)

noCMO 76-0% (n= 19) 100-0% (n=45)
p=0-0013

mycin eye drops four times daily plus tropica-
mide eye drops once a day. In no case were eye
drops containing adrenaline derivatives instilled.
The patients were examined thoroughly 30, 90,
180, and 360 days after surgery, and retinal
fluorescein angiography was performed at all

these intervals. Informed consent was obtained
in all cases.
At ophthalmoscopical examination, CMO

appears to be composed of cystic spaces located
in the macular region and filled with clear fluid.
Retinal fluorescein angiography highlights the
typical petaloid distribution of these cystic
spaces. In this study, the minimal change that
was considered positive for angiographic CMO
was the presence of fluorescein pooling in the
macular region with less than perifoveal distribu-
tion (incomplete petaloid changes) on late phase
angiograms.3 Early and late phase angiograms
were evaluated independently by two of the
authors.
The difference in the frequency of angio-

graphic CMO between the eyes of normal and
diabetic patients at each follow up was analysed
by Fisher's exact test. Furthermore, the correla-
tion between the duration of diabetes and the
presence of angiographic CMO at each follow up
was analysed by Fisher's exact test. Ten year
duration of diabetic disease was chosen as cut off
point.

Results
No patient in either group showed any ocular or

systemic disease that could have affected the
postoperative course (that is, high myopia, severe
pigment changes in the macula, glaucoma,
systemic hypertension), and in no case was the
posterior capsule broken during surgery. Nd:

Table 3a Corrected visual acuity normal eyes

Postoperative days

Visual 30 (n=40) 90 (n=45) 180 (n=36) 360 (n=45)
acuity* No (%) No(%) No (%) No (%)

6/6->6/7-5 6(15-0) 22(48-9) 20(55 6) 29(64-5)
6/7-5-6/12 28 (70 0) 20 (44 4) 13 (36-1) 14 (31*1)
6/15-6/30 6(15-0) 3(6-7) 3(8-3) 2(4-4)

*Visual acuity is expressed in 6 m standard.

Table 3b Corrected visual acuity - diabetic eyes

Postoperative days

Visual 30 (n= 16) 90 (n=20) 180 (n= 14) 360 (n=25)
acuity* No (%) No (%) No (%) No (%)

6/6->6/7-5 3 (18-7) 6 (30 0) 6 (42-9) 13 (52 0)
6/7-5-6/12 8 (50-0) 8 (40-0) 5 (35-7) 11(44 0)
6/15-6/30 5 (31-3) 6 (30-0) 3 (21-4) 1(4-0)

*Visual acuity is expressed in 6m standard.

YAG laser capsulotomy was not required in any
case.

Results and statistical analysis are reported in
Table 2. The two groups appeared homogeneous
when compared for age and sex. Some patients
either did not show up for the intermediate
follow ups, or refused fluorescein angiography,
but all were examined 360 days after surgery.
The frequency of angiographic CMO in normal
and diabetic eyes was the same 30 days after
surgery, but there was a significant difference at
90 and 180 days. In almost all cases with
complete follow up, onset of fluorescein angio-
graphic CMO was observed at 30 days (21/22
normals, 9/10 diabetics). In two cases onlyCMO
was initially detected at 90 days. One year after
surgery, 24-0% of the diabetic eyes still had
angiographic CMO, while none of the normal
eyes was affected. In no case did a diabetic eye
develop angiographically or clinically detectable
diabetic retinopathy. Interobserver variability
was low (5%).
There was no correlation between the pres-

ence of angiographic CMO and the duration of
diabetes at every follow up. This was valid for
diabetic disease, respectively, of 10 years or less,
and of more than 10 years in duration.

Visual acuity in the normal eyes was better
than in the diabetic eyes at every follow up
(Tables 3a and 3b), but this difference was not
significant.

Table 4 reports mean visual acuity in the two
groups at the four follow up intervals. In order to
assess the influence of CMO and diabetes on
visual acuity, we performed a two way analysis of
variance (general linear models procedure). The
results indicated that 30 days after surgery
neither CMO nor diabetes were connected with
visual acuity, while at the 90 day examination the
presence of diabetes was related (p=0 03) with a
worst visual acuity. Finally, 180 and 360 days
after surgery, the presence ofCMO was, respect-
ively, close to significance (p=0 06) and signific-
antly related (p=0 03) with a lower visual acuity.

Table 4 Average visual acuity ofnormal and diabetic eyes
without retinopathy, with and without angiographic cystoid
macular oedema (CMO), at thefollow ups. (Visual acuity is
expressed in 6 m standard.)

Diabetic Normal
Days Mean (SD) Mean (SD)

(n= 16) (n=40)
30 cMO 13-9(7-6) 10 1(4-6)

noCMO 9-6(2-3) 12-6(7 9)
(n=20) (n=45)

90 CMO 119(7-2) 8-8(3-0)
noCMO 10-3(2-8) 8-0(3 3)

(n= 14) (n=36)
180 CMO 13-5(90) 90(30)

noCMO 7-7(2-2) 8-1(3-5)
(n=25) (n=45)

360 cMO 9-8(3 8) -
noCMO 7 0(1-7) 7-7(3-9)
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Discussion
Clinical CMO has been defined as reduction in
prior visual acuity associated with ophthalmo-
scopically visible cystoid changes in the macula
or angiographic evidence of CMO.4 Angio-
graphic CMO has been described as CMO
detected with retinal fluorescein angiography in
patients who do not have noticeable disturbance
in their vision.3
The incidence of CMO after ECCE in normal

subjects is higher 4-12 weeks after surgery,
although CMO may occur months or even years
later.' Angiographic CMO has been reported in
10% of those cases with an intact posterior
capsule.5 This anomalous permeability of the
macular capillary network, however, along with
that of the optic nerve head, usually improves
after about 3 months. Clinical CMO after ECCE
and posterior chamber IOL implantation
becomes chronic in almost 1% of cases,4
causing a progressive impairment of vision.
Alpar reported a 13 3% and 11-1% incidence of,
respectively, clinical and angiographic CMO in
diabetic patients 2 years after cataract surgery
and IOL implantation in the sulcus.9
The known causes of post-cataract CMO are:

mechanical (vitreous or iris incarceration in the
surgical wound), iatrogenic (instillation of
adrenaline and its derivatives), inflammatory
(continuous iris irritation by an iris-fixated
IOL), and physical (ultraviolet radiation reach-
ing the retina when the lens is removed). The
presence and integrity of the posterior lens
capsule is an important element.6 10

A breakdown of the blood iris barrier in
aphakic patients indicates that the inflammatory
agent causingCMO affects the capillary network
in several ocular districts."

Improvements in surgical technique, such as
the development of ECCE, have significantly
reduced the frequency of CMO.4 " This tech-
nique preserves the compartmentalisation of the
anterior and posterior segments of the eye, and
the inflammatory agents released in the anterior
chamber during surgery do not easily reach the
retina. Furthermore, the posterior lens capsule
prevents anterior vitreous displacement. We
think that there is a threshold above which
inflammatory agents lead to breakdown of the
inner retinal barrier with consequent CMO. The
action of these agents is greater in the weeks
immediately after surgery and progressively
decreases over a period of a few weeks.
The first sign of diabetes induced changes in

the retina is the breakdown of the blood-retinal
barrier.'2 Diabetes induces changes of the inner
retinal barrier that are histologically evidenced
by hypertrophy of the endothelial cells,
increased basement membrane thickness, and
loss of pericytes.'3 Loss of pericytes occurs early
in the disease, and leads to an increase in vascular
diameter and permeability. 124 The outer retinal
barrier is affected as well, with changes and
disorganisation ofthe retinal pigment epithelium
cells. 'I 'I The fluid transport capacity of the
retinal pigment epithelium appears compro-
mised in diabetes and this could be a cause of
macular oedema.'3
When inflammation consequent to cataract

surgery affects the diabetic patient's vascular

walls, it may lead to an increase in permeability
more easily and with greater severity than in the
non-diabetic subject, with a higher incidence of
CMO and iris-blood barrier breakdown in conse-
quence."

In our study, this increase in permeability and
the consequent angiographic CMO was compar-
able in normal and diabetic patients without
retinopathy at 30 days after surgery. However, a
significant difference was observed at the 90,
180, and 360 day follow ups. We believe that
even a moderate inflammatory stimulus that
persists can in time alter vascular permeability in
diabetic patients. It is possible, however, simply
that it is more difficult to restore a normal barrier
function in diabetic eyes, even when diabetic
retinopathy is absent.
No significant correlation was found in this

study between duration of diabetes and the
presence ofCMO. A possible explanation for this
observation may be the fact that the time of
diagnosis of type II diabetes unfortunately does
not always reflect the real duration of the disease,
which may remain undetected for several years.

It is worth noting that, despite the difference
in the fluorescein angiographic CMO rate, there
was no significant difference in visual function
between normal controls and diabetic patients
without retinopathy. This is consistent with
previous studies.'016
The diagnosis of angiographic CMO in this

study was made by trained observers who
examined early and late phase fluorescein angio-
grams. Inter and intraobserver variations are
among the known drawbacks of this subjective
method. Recently developed computerised
quantitative image analysis appears to be a
promising and effective method providing more
accurate, objective quantitative evaluation of
macular leakage.'7

This work was presented at the 1st Meeting of the European
Association for the Study of Diabetic Eye Complications
(EASDEC) London, UK, 8-9 September 1991.
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