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Abstract
Background Cystoid macular edema (CME) is a well-
known complication after cataract surgery, and diabetic
retinopathy is reported to be an important risk factor for
impaired visual recovery. In this prospective study, we
compared visual outcome 6 months after surgery in eyes
with moderate retinopathy and no previous ME with a
control group, and observed the incidence of ME seen on
fluorescein angiography (FA) and optical coherence
tomography (OCT).
Methods Thirty-four patients with type-2 diabetes and 35
controls were enrolled. Best-corrected visual acuity (VA)
letters ETDRS was measured pre-op, at day 7, week 6 and
month 6. FA performed pre-op and at week 6 was divided
into three leakage patterns. OCT performed pre-op, at week
6 and month 6 was qualitatively divided into three types.
Macular thickness was measured in three circular fields
(central subfield, inner and outer circle) from the macular
maps.
Results There was no statistically significant difference
in VA before surgery, at day 7 or at 6 months, but at
6 weeks there was a significant difference with lower
VA in the diabetic group. Six percent of control and
12% of diabetic eyes developed a clinical CME defined
as a loss of >5 letters between day 7 and week 6.

Incidence of FA leakage was 23% in control and 76%
in diabetic eyes. At 6 weeks, 20% of control and 44%
of the diabetic eyes had qualitative changes on OCT. A
statistically significant increase in thickness was ob-
served for all three macular areas in both groups, part
of it remaining at 6 months. There were, however, no
differences in central macular thickness between the
groups at any visit. Retinal thickening had poor
correlation with VA.
Conclusion The final visual outcome in eyes with mild to
moderate retinopathy, without previous ME, is as good as
in normal eyes, but an increased frequency of macular
changes may protract recovery of full vision. Changes on
OCT or FA are often seen without any obvious effect on
VA. OCT is as good as FA at detecting a clinical CME, and
is the technique recommended for follow-up before FA is
considered.
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Introduction

Cystoid macular edema (CME) sometimes occurs after
uncomplicated cataract surgery. A delayed visual recovery
can be observed, but the visual prognosis is good [1]. The
phenomena is referred to as pseudophakic edema or the
“Irvine–Gass syndrome” first described by Irvine in 1953,
and later in careful biomicroscopic and angiographic
descriptions by Gass and Norton in 1966 [2, 3]. In most
cases the edema is transient, but some patients will
experience chronic cystic changes in the macula, with
permanent visual loss [1, 4, 6].
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In patients with diabetes mellitus and retinopathy,
macular edema (ME) is the major reason for unfavourable
visual outcome after cataract surgery [7, 8]. Duration of the
diabetic disease, level of retinopathy, glycaemic control
and, above all, ME present at surgery have been reported to
increase the risk for postoperative, persistent CME [7–11].
Postoperative CME is also suspected to be more frequent in
patients with non-insulin-dependent diabetes mellitus
(NIDDM) than in those with insulin-dependent diabetes
mellitus (IDDM) [12]. Some authors have reported that
retinopathy and macular alterations in diabetics are accel-
erated by cataract surgery [12–14], while others found that
these complications are more likely due to the natural
course of the diabetic disease [10, 15, 16]. However, it
is often difficult to distinguish cystic macular changes
caused by surgery from edema due to pre-existing diabetic
maculopathy.

CME can as a rule be identified on biomicroscopic
examination, and when associated with a decrease in visual
acuity (VA) it is categorized as clinical CME. The incidence of
clinical CME after phacoemulsification is reported to be 0.1-
2% in healthy populations, [1, 4, 17]. Fluorescein angiogra-
phy (FA) is the gold standard for confirming ME. In
angiographic ME, fluorescein leaks from dilated perifoveal
capillaries, and when the hyperfluorescens takes a petaloid
pattern in the late phase of the angiogram it is termed cystoid
macular edema (CME). Angiographic edema can often be
observed without visual impairment, and is then referred to
as sub-clinical CME. The incidence of sub-clinical CME in
healthy subjects has been reported to be 9 -19% after
uncomplicated phacoemulsification [18, 19]. In diabetic
patients, the situation is more complex. Different results
can be expected between studies on different cohorts with
respect to diabetes type, level of retinopathy or previous
treatment with laser or intraocular steroid injections [7–9,
11–13]. Thus reported incidence of CME after cataract
surgery ranges from 31% to 81% [7, 8, 16].

Even though qualitative evaluation of various leakage
patterns observed on FA is possible, quantification of the
fluorescence leakage is difficult. Optical coherence tomog-
raphy (OCT), on the other hand, can be evaluated both
qualitatively [20–22] and quantitatively [23, 24]. OCT has
also been suggested to be more sensitive for the detection
of discrete ME in patients with diabetes compared to a
contact lens examination [25, 26].

In the present study, patients with type 2 diabetes
scheduled for cataract surgery, with mild to moderate
retinopathy, and with no pre-existing ME were included.
The patients had not previously been treated with laser. An
equally sized control group was also included in this
prospective, comparative cohort study. The visual outcome,
the incidence and the type of ME on FA and OCT were
evaluated after the surgery.

Materials and methods

Subjects

The study was conducted in accordance with the guide-
lines of the Declaration of Helsinki, and the protocol was
approved by the local ethics committee. The study
participants signed an informed consent, and were
examined at the Department of Ophthalmology, Uppsala
University Hospital. Sixty-nine patients, average age
71 years, (range 54–82), 26 women and 43 men, were
enrolled. The study participants consisted of a consecu-
tive cohort of 34 patients with diabetes mellitus type 2
with mild to moderate retinopathy, and 35 controls that
were scheduled for cataract surgery (Table 1). A full
medical and ocular history was taken before the cataract
surgery. An ocular examination was performed initially,
and on each follow-up visit. This included tonometry, slit-
lamp examination of the anterior segment and dilated
retinal biomicroscopy. Best-corrected visual acuity (BCVA)
was determined with the ETDRS chart at 2 meters. A visual
acuity score of 85 letters is equivalent to Snellen 20/20. We
used a loss of >5 letters between day 7 and week 6 in
combination with macular changes on FA and/or OCT as a
definition of clinical CME.

The non-diabetic controls were verified with HbA1c
taken less than 1 month before surgery. Patients
underwent examination preoperatively, at 7 days, 6 weeks
and 6 months postoperatively. Exclusion criteria were
ocular disease other than diabetes or cataract, pre-
proliferative or proliferative retinopathy, previous laser
treatment, eyes with a central subfield thickness
>250 μm on OCT, subjects with intraoperative compli-
cations and eyes with clinically significant diabetic
macula edema (CSME) on fundoscopy with 60 diopters
lens according to the ETDRS criteria [27]. Eyes with
fluorescein leakage in the central macula from perifoveal
capillaries were excluded, but small areas of hyperfluor-
escence from microaneurysms in extrafoveal locations
were allowed.

Fundus photography and fluorescein angiography

The Topcon digital system camera model TRC-50 IX
was used. Each eye underwent 7-field fundus photogra-
phy with red-free images preoperatively. Angiography
was performed preoperatively and at 6 weeks postoper-
atively. In cases where cataract caused poor angiographic
quality and made analysis impossible, the angiography
was performed 7 days ± 1 day after the operation and
classified as preoperative. This time was chosen on the
basis of the study by Klein and Yanuzzi, who reported a
very low incidence of angiographic edema within 1 week
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after cataract surgery [28]. Fluorescein angiographic
findings were categorized qualitatively into the following
three patterns based on the classification by Kang et al.
[21] (see Fig. 1). One masked reviewer (GB) classified the
diabetic retinopathy from the red-free images into mild or
moderate from the ETDRS scale, [29] and also catego-
rized the angiographic leakage patterns. If more than one
pattern was observed in an eye, it was classified as a
combination, for example patterns 1+2.

Optical coherence tomography (OCT)

The Stratus OCT 3 (Carl Zeiss Meditec.Dublin,CA, USA.)
with software 4.0.1 was used. The OCT technique has been
described elsewhere [30, 31]. Examinations were performed
at the baseline visit, 6 weeks, and 6 months after the surgery.
The majority of the OCT examinations were performed by
one of the authors (UE or EG), and a few by an experienced
technician. In a previous study, we found a good repeatabil-

Diabetics Non-diabetics

Number of patients 34 35

Men/women 27/7 16/19

Age 71 (54–82) 70 (58–81)

Pre-op median letters ETDRS
and interquartile range

65 (59–73) 70 (64–74)

Pre-op Snellen equivalent
median and interquartile range

20/50 (0.4)
20/63–20/32 (0.32–0.63)

20/40 (0.5)
20/50–20/32 (0.4–0.63)

Treatment of hypertension 20/ 34 (59%) 16/35 (46%)

Duration diabetes (year) 20.8 (5–50)

Preoperative HbA1C 7.0% (3.9–9.8%) 4.6% (4.0–6.1%)

Insulin 25

Tablet only 9

Diet only 0

Mild retinopathy 3

Moderate retinopathy 31

Table 1 Demographic data

Pattern 1

Pattern 3

Pattern 2
Fig. 1 The classification into
three fluorescein angiographic
leakage patterns in the late phase
of the angiogram (5 minutes). 1:
cystoid leakage with pooling of
dye in cystic spaces of the
macula. 2: focal leakage with
predominantly well-defined
focal areas of leakage from
micro aneurysm or localized
dilated capillaries in diabetes
patients marked by circle. 3:
diffuse predominantly
widespread and ill-defined
leakage. Last picture (bottom
right) shows a combination of
focal (white circle), cystic
(black circle)
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ity for the central subfield in normal eyes with the macular
thickness map scan protocol [33], and we therefore decided
to use that protocol in the present study. With this protocol,
six 6-mm tomographic scans, each constructed from 512 A-
scans, are manually placed over the central macula, and from
these measurements the thickness maps are constructed in
three circular fields: one centrally located circle with a
diameter of 1 mm (central subfield), one intermediate with
3 mm, and an external with 6 mm diameter (Fig. 2). The
macular volume within the area covered by the total map,
expressed in mm3, was also recorded. OCT scans were
repeated when necessary to obtain adequate image quality.
Thus, the examiners excluded all scans with artefacts. In
cases of artefacts from low reflectivity caused by the cataract,
the OCT was performed 6-8 days after surgery and recorded
as preoperative status.

OCT data were also analyzed qualitatively. The six OCT
single-scans, which build a map, were evaluated separately
by an independent observer (GB) and categorized into three
types, modified from Otani et al. [20] and Kang et al. [21],
see Fig. 3.

Surgical procedure

One experienced surgeon (AWM) performed all surgical
procedures, which consisted of topical and intracameral
anaesthesia, clear cornea small-incision, capsulorhexis, and
phacoemulsification. Implantation of a foldable hydropho-
bic acrylic intraocular lens was performed (AcrySof
MA60BM, Acrysof SA60AT or AcrySof SN60AT). At the
end of the procedure, 1 mg of cefuroxime was injected into
the anterior chamber. Postoperatively topical prednisolone
0.5% was prescribed three times a day, with a tapering

Fig. 2 The nine ETDRS-areas (A1–A9) from which the three
thickness fields are constructed. Central macular subfield (A1), inner
circle (A2–A5) and outer circle (A6–A9)

Type 1

Type 2

Type 2+3

Type 3

Normal

Fig. 3 The qualitative OCT classification. The top picture is an
example of a healthy macula. The three types are: 1 homogenous,
“smoothed-out”, thickening of the fovea, 2 sub-foveal low reflective
macular detachment, 3 thickening of the fovea with low reflecting
cystoid changes in the inner retinal layer. Bottom picture is a
combination of types 2 and 3
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schedule over 3 weeks. The prednisolone treatment was
moderated individually in cases of increased postoperative
inflammation. Clinical CME developed early in a few
patients who returned outside the study protocol after day 7
due to poor vision, and in the remaining subjects CME was
observed at the 6-week follow up. As in our normal clinical
routine, diclofenac 0.1% three times daily, with an
individual tapering schedule over 3 weeks, was added.
These patients were followed more closely outside the
study protocol.

Statistical methods

Analyses, including descriptive statistics, were performed
using SPSS version 18.0 (SPSS Inc, Chicago, IL,USA).
Letters ETDRS is in an ordinal scale, and when comparing
VA between two groups, the Mann–Whitney U-test was used.
The intra-individual difference, pre- and postoperatively was
analyzed with paired sample t-test, and independent t-test was
used when comparing macular thickness between the groups.

Results

Thirty-nine diabetic patients and 36 control patients were
enrolled in this study. One diabetic patient and one control
patient decided to withdraw from the study. One diabetic
patient was excluded due to preoperative ME on FA, and
one because of pathological thickening on OCT. One
diabetic patient was excluded because of earlier laser
treatment which was not noted when the patient was
recruited, and one diabetic when corneal opacities made
analysis of the angiograms impossible. No subjects were
excluded due to surgical complications. Thirty-four patients
with type 2 diabetes and 35 controls remained in the study.
One patient in the diabetic group died before the postop-
erative follow-up of 6 months, but was able to attend the
6-week control. For baseline characteristics of the study
population see Table 1.

In eight diabetic eyes and four of the control eyes, the
FA and OCT examinations were repeated on day 6-8 due to
poor preoperative quality caused by the cataract.

Fluorescein angiography

The distributions of fluorescein angiographic patterns at
6 weeks are presented in Table 2. In control eyes, cystoid
fluorescein leakage (pattern1) was observed in 23%. No
focal or diffuse leakage was seen. In diabetic eyes,
increased fluorescein leakage was seen in 76%. Twelve
percent showed cystoid leakage on FA (pattern 1), 12%
well-defined focal areas of leakage outside the fovea
(pattern 2), 18% diffuse leakage (pattern 3) and 35% had

a combination of more than one pattern. Figure 4 is an
example of a late (5 min) angiogram in a diabetic patient
preoperatively and at week 6. On the preoperative image,
discrete hyperfluorescent spots can be seen in extrafoveal
locations. An increase in hyperfluorescence/leakage can be
observed in these areas at week 6, as well as a central cystic
leakage from the perifoveal capillaries and a diffuse leakage
in a large surrounding area.

OCT qualitative evaluation

At 6 weeks, seven of 35 eyes in the control group (20%),
and 15 of 34 eyes (44%) of diabetics had visible changes on
OCT. According to our classification, they were divided
into three types (Fig. 3). The distribution is shown in
Table 3. Type 1, a homogenous thickening of the fovea,
was seen only in diabetic eyes (26%). Type 2 and type 3
OCT changes (cystoid/subfoveal) were equally frequent in
eyes with (18%), and without diabetes (20%). These
changes were evaluated to be completely resolved in all
eyes at 6 months except in three diabetics, where they still
were visible but had diminished.

OCT and FA qualitative changes were compared, as seen
from Table 4a and b. Six of eight control eyes with cystic
changes on FA (pattern 1) also had subfoveal or cystoid
changes on OCT (type 2 and/or 3). In the diabetic eyes on
the other hand, there was no obvious correspondence
between changes on FA and OCT.

OCT quantitative-macular thickness

The data for the average retinal thickness in the central
macular subfield (A1), the inner circle, the outer circle, and
the total macular volume are presented in Table 5.
Preoperatively, there were no significant differences be-
tween the groups. At 6 weeks, a statistically significant
increase in thickness was observed for all macular areas, as
well as macular volume in both groups. The thickness and
the volume remained significantly increased at 6 months
when compared to preoperative values. There were no
differences between diabetic and control eyes for the central
subfield or inner circle at any visit. At 6 weeks, however,
significantly higher values were recorded in diabetic eyes
for the outer circle and the total macula volume (p=0.005,
p=0.020). This difference remained statistically significant
at 6 months (p=0.013, p=0.026).

Best-corrected visual acuity

The VA measured at the different visits in diabetic and
normal eyes is presented in Fig. 5. There was no
statistically significant difference in median VA between
the two groups preoperatively (p=0.06), or at day 7 (p=
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0.12) but at week 6 after surgery a significant difference
was observed, with lower VA in eyes with diabetic
retinopathy (p=0.004). At 6 months, however, VA in the
two groups was almost the same, with no statistically
significant difference between them (p=0.97). Two control
eyes (6%) and four diabetic eyes (12%) experienced a loss
of >5 letters between day 7 and week 6. This clinical CME
was transient in all eyes except in one diabetic eye (2.5%),

in which a CSME developed. After focal laser treatment,
this eye ended up with a 7 letter loss compared to the
preoperative VA.

VA at week 6 vs percent change in central subfield (A1)
thickness between baseline and week 6 is plotted in Fig. 6.
Most of the control eyes had a good VA, and only a small
change in macular thickness, but there were a few eyes with
a low VA and corresponding extensive thickening. The
diabetic eyes appeared more “scattered”, and revealed some
eyes with surprisingly good VA despite a more than 50%
thickening of the macula.

Discussion

The present study clearly demonstrates that the visual
outcome in diabetic eyes with mild to moderate retinopathy
is as good as in the control group 6 months after cataract
surgery. However, at 6 weeks there was a significant
difference, with lower visual acuity in eyes with diabetic
retinopathy combined with a higher frequency of macular
changes both on FA and OCT compared to the control
group.

Pseudophakic clinical CME is defined differently by
various authors. A commonly cited level is a visual acuity
of 20/40 or worse in combination with ophthalmoscopic or
angiographic CME. In the present study, we have defined
clinical CME as a 5 or more letters loss between day 7,
when clinical CME is rare [28], and the 6-week control
when most CME has developed [1, 7, 8, 16]. The
comparison with day 7 VA was chosen in order to avoid
any effect of the cataract on VA. There was an incidence of
6% clinical CME in the control eyes and 12% in the
diabetic eyes. This is lower than previously reported in
diabetic eyes [7, 8, 16], which might be explained by the
milder forms of retinopathy in the eyes included with no
pre-existing macula edema. The higher incidence in
healthy eyes compared to previous studies [1, 4, 18, 19]
may be due to our definition of clinical CME, based on a
change in VA rather than a certain VA level. This result on
clinical CME suggests that a small transient reduction in
VA after uncomplicated phacoemulsification might be easily
overlooked.

Table 2 The distribution of eyes between the three fluorescein angiographic patterns at week 6 after surgery

Pattern 1 Pattern 2 Pattern 3 Pattern 1+2 Pattern 1+3 Pattern 2+3 Normal

Diabetic eyes 4 (12%) 4 (12%) 6 (18%) 1 (3%) 10 (29%) 1 (3%) 8 (24%)

Control eyes 8 (23%) 0 0 0 0 0 27 (77%)

Pattern 1. Cystoid leakage with pooling of dye in cystic spaces of the macula.

Pattern 2. Focal leakage with predominantly well-defined focal areas of leakage.

Pattern 3. Diffuse predominantly widespread and ill-defined leakage.

Fig. 4 A late-phase fluorescein angiogram (5 min) from an eye with
diabetic retinopathy. a Pre-operatively, only small areas of hyper-
fluorescent microaneurysms are seen on the temporal side and there is
no leakage in the central macula. b At 6 weeks, an increase in
fluorescence from the microaneurysms is observed, as well as cystic
leakage from the perifoveal capillaries, and a diffuse leakage in a large
area around the central macula
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Not surprisingly, macular changes on FA were observed
more frequently in diabetic eyes (76%) than in controls
(23%). These figures are within the range of previous
studies, 9-19% for normal eyes [18, 19] and 31-81% for
diabetic eyes [7, 8, 16]. Twice as many diabetics (44%)
revealed qualitative OCT changes as compared to the non-
diabetics (20.5%) at 6 weeks postoperatively, but the
incidence of cystic changes in the macula was of the same
order (∼20%) in both groups (Table 3). This suggests
that a surgically induced “Irvine–Gass” component affect-
ed both groups similarly. However, only two of eight
control eyes and four of eight diabetic eyes with cystoid
changes had a clinical CME according to our classification.
Thus, only 25% of the cystoid changes observed with OCT
in control eyes, compared to 50% in eyes with diabetic
retinopathy.

Previous studies have demonstrated a correlation between
FA and OCT in diabetic patients with CME [21, 34]. In the
present study, where eyes had recently developed ME after
surgery, such a correlation could not be found. Diabetic eyes
with normal OCT or OCT type 1 change, both showed FA of
various patterns, mostly containing a diffuse leakage compo-

nent (Table 4a). More than half of the eyes classified as
normal on OCT had a leakage on FA. However, the central
subfield in the 11 eyes with FA leakage but a normal OCT
was slightly thicker at 6 weeks than in the eight eyes without
FA leakage, (247 vs 209 μm, p<0.01, compared to 217 vs
201 μm at baseline [not significant, Mann–Whitney U-test]),
suggesting that qualitative evaluation of OCT images will
overlook small, and most likely clinically unimportant,
changes in the macula. In healthy subjects, on the other hand,
the correspondence between cystoid leakage on FA and OCT
type 2+3 was good (Table 4b).

Apart from the qualitative analysis, OCT also provides
thickness values for the central retina. This offers an
opportunity to investigate a possible correlation between
VA and retinal thickness. Several authors have reported a
correlation between VA and foveal thickness in eyes with
diabetic retinopathy, including eyes with a long history of
maculopathy and chronic edema [20, 35–39]. The situation
after cataract surgery can, however, be different, as the
surgical trauma itself induces a rapid increase in macular
thickness [11, 41]. This postoperative macular thickening
has been reported to occur also in healthy eyes [40–44],

FA pattern OCT type

a. Diabetic eyes

Normal 1 (smooth) 2 (subfov) 3 (cystic) Type 2+3 Total

None 8 8

1 (cystic) 2 2 1 5

2 (focal) 1 1 1 3

3 (diffuse) 4 1 1 0 6

1+2 1 1

1+3 4 4 2 10

2+3 1 1

Total 19 9 1 0 5 34

b. Control eyes

Normal 1 (smooth) 2 (subfov) 3 (cystic) Type 2+3 Total

None 26 0 0 0 1 27

1 (cystic) 2 0 1 1 4 8

Total 28 0 1 1 5 35

Table 4 Cross-table of
qualitative FA patterns and OCT
types 6 weeks postoperatively

Table 3 The distribution of eyes in the three qualitative OCT types

OCT types at 6 weeks OCT at 6 months

Type 1 Type 2 Type 3 Type 2+3 Normal Unchanged Diminished Resolved

Diabetic eyes 9 (26%) 1 (3%) 0 5 (15%) 19 (56%) 0 3 (20%) 12 (80%)

Control eyes 0 1 (3%) 1 (3%) 5 (14%) 28 (80%) 0 0 7 (100%)

Type 1. Homogenous thickening of the fovea.

Type 2. Sub-foveal low reflective macular detachment.

Type 3. Thickening of the fovea with low reflecting cystoid changes in the outer retinal layer.
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where one author found a correlation between VA and
macular thickness [40] while others did not [44, 45].
Obviously, other conditions like postoperative corneal
edema, anterior segment inflammation or macular ischemia
[36] can also impair the vision. Further, as normal macular

Fig. 6 Scatter plot of the change (in percent) in OCT central macular
subfield thickness (A1) before surgery and at week six, (x-axis) and
the BCVA (letters ETDRS) at the 6-week follow up (y-axis)

M

Fig. 5 Box plots of visual acuity in letters ETDRS comparing
controls (white boxes) and diabetics (striped boxes) preoperatively, at
day 7, week 6, and at month 6. Median VA is drawn as lines. Boxes
include interquartile range (25-75% of observations). Outliers are
drawn as circles and extremes as triangles. There was no significant
difference in median VA between the groups preoperatively (p=0.06),
at day 7 (p=0.12) or at month 6 (p=0.97). A significant difference was
observed at 6 weeks (p=0.004) (Mann–Whitney U-test)

Table 5 Preoperative and postoperative macular thicknesses and volumes

Diabetic eyes N diab Control eyes N cont Confidence intervals Diabetics vs controls

Preoperative

Central subfield 216.7 (25.8) 33 211.6 (19.6) 35 −16.1 to 6.1 ns

Inner circle 262.6 (49.3) 33 266.3 (15.6) 35 −14.2 to 21.7 ns

Outer circle 231.0 (14.6) 33 226.4 (13.6) 35 −15.4 to 15.5 ns

Macular volume 6.79 (0.40) 33 6.65 (0.37) 35 −0.38 to 0.01 ns

Six weeks

Central subfield 270.7 (80.9) * 34 255.8 (83.8) * 35 −55.8 to 24.5 ns

Inner circle 304.1 (38.3) * 34 290.3 (32.7) * 35 −31.0 to 3.4 ns

Outer circle 253.4 (23.8) * 34 240.0 (17.5) * 35 −25.6 to −4.8 *

Macular volume 7.50 (0.74) * 34 7.12 (0.56) * 35 −0.76 to −0.09 *

Six months

Central subfield 231.8 (36.5) * 33 219.4 (20.9) * 34 −27.0 to 2.2 ns

Inner circle 283.2 (28.0) * 33 274.7 (17.1) * 34 −20.0 to 2.8 ns

Outer circle 239.4 (18.9) * 33 230.3 (14.1) * 34 −18.5 to −1.6 *

Macular volume 7.02 (0.50) * 33 6.80 (0.40) * 34 −0.54 to −0.05 *

Numeric values for macular thickness in μm and volume in mm3 given as mean, standard deviation and with confidence intervals. The hypothesis of
no difference in thickness between preoperative and 6-week measurements and between preoperative and 6-month measurements were tested using paired
t-test (column). Differences between the groups (row) were calculated with independent sample t-test. * = p<0.05, ns = not significant.
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thicknesses vary widely [33, 46], it is not surprising that
there seems to be a poor correlation between macular
thickness and VA. Therefore, as in the studies by Kim et al.
[11, 47], we choose to evaluate whether the size of the
change in macular thickness was related to VA. Kim et al.
found that an increase in OCT ‘center point’ thickness of
more than 30% in diabetic patients after phacoemulsifica-
tion was associated with a visual loss at 1 month [11]. In
accordance with this, Kim and Bressler recently suggested
that the observation of more than 40% increase in retinal
thickness from baseline on OCT is a valid method for
confirming ‘clinically relevant’ CME after cataract surgery
[48]. However, in the present study we did not find that a
modest increase in foveal thickness is a strong support for
clinically relevant CME, since a VA of ≥75 letters ETDRS
(≥ Snellen 20/32) was found in five of nine eyes with an
increase in thickness in the central subfield (A1) of more
than 40% (Fig. 6). A likely explanation for the discrepancy
between the studies is that different types of patients have
been included. In the present study, the baseline OCT
thickness values were not significantly different between
diabetic and normal eyes (Table 5), which is in accordance
with the report by Massin et al., who found no differences
in macular thickness comparing healthy subjects and
diabetics without CSME [49]. ME at the time of surgery,
as well as previous laser treatment and, to some extent,
the level of retinopathy are important risk factors for
developing CME and poor visual outcome after cataract
surgery in diabetic eyes [1, 4, 7, 8]. Kim et al. studied
patients with various levels of retinopathy, including
patients with no retinopathy. Furthermore, some had
previously been treated with laser or steroid injections,
and the preoperative macular thickness reported in the
central subfield was higher than in the present study,
275 μm versus 217 μm. These facts, together with the
longer follow-up in the present study, may explain the
different outcomes.

In the present study, the thickness of the central macular
subfield (A1) increased significantly between the preoper-
ative measurements and the 6-week follow up in both
diabetics and controls. There was, however, no significant
difference between the two groups (Table 5). A similar
finding, with an equal thickening of the central macula in
diabetic and non-diabetic subjects 4 weeks after surgery, is
also reported by Degenring et al. [41]. In the present study,
measurements outside the central macula were also
recorded. In these areas, cataract surgery had a more
pronounced effect on diabetic than normal eyes. This was
also seen in FA patterns, where a majority of the diabetic
eyes had an increased leakage from areas with micro-
aneurysms as well as a diffuse widespread leakage, while
the control eyes only developed centrally located cystic
changes (Table 2). For examples, see Fig. 1, patterns 1 and

3, and Fig. 4. However, parafoveal changes seem to have
little effect on VA, and between 6 weeks and 6 months two-
thirds of the thickening had been reversed in both diabetic
and control eyes (Table 5). This suggests a retained
capacity to remove excessive fluid from the retina also in
diabetic eyes.

Finally, the present study is one of few reports where
attempts have been made to compare (OCT) with the gold
standard (FA) on postoperative macular changes [14, 45].
In diabetic eyes, the incidence of macular changes on FA
was considerably higher than on qualitative OCT evalua-
tion, and the correspondence between the two techniques
was poor. In control eyes, on the other hand, the incidence
and type of macular changes on FA were consistent with
those found on OCT.

This study demonstrates that clinical post-surgical CME
can be detected with OCT as efficiently as with FA. Also,
OCT is non-invasive, reproducible and quick to perform.
Consequently, OCT is the technique to be recommended in
clinical routine. However in cases where laser is indicated,
FA is needed for qualitative evaluation and treatment
planning.

In conclusion, the final visual outcome for patients with
mild to moderate retinopathy without preoperative ME was
as good as in healthy patients. The incidence of cystoid
changes and thickening in central macula on OCT was in
the same order for both groups, suggesting an “Irvine–
Gass” component that affected both groups similarly. These
changes regressed or disappeared in all the study eyes.
Postoperative changes on OCT were often seen without a
significant deterioration of the VA, and do therefore not
require immediate treatment. A clinical recommendation
would be to perform OCT in order to detect CME in cases
with unexpectedly low VA after surgery, treat conservatively
with topical steroids and NSAID and to follow the visual
development together with OCT before FA is considered.
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