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gery in all groups at the first and third postoperative month. 
The history-free (p = 0.09) and glaucoma (p = 0.19) groups 
did not demonstrate a statistically significant difference in 
MFT values between the preoperative and 6-month mea-
surements. MFT values 6 months after cataract surgery in the 
diabetes and ERM groups remained significantly higher (p  !  
0.01). Despite these findings, VA increased significantly (p  !  
0.01) in all groups at all postoperative follow-ups.  Conclu-

sions:  MFT values increased significantly in all groups at the 
first and third months after cataract surgery. At 6 months, 
MFT values returned to preoperative levels in the history-
free and glaucoma patients, while they remained significant-
ly higher in the diabetic and ERM patients. Despite these 
macular alterations, BSCVA improved significantly after cata-
ract surgery in all groups at all postoperative follow-ups. 

 Copyright © 2012 S. Karger AG, Basel 

 Introduction 

 Postoperative macular structural alterations mainly 
consist of macular thickening, which is a result of post-
surgical inflammatory cascades  [1, 2] . The final common 
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 Abstract 

  Background/Aims:  To evaluate the alterations of mean fo-
veal thickness (MFT) and visual acuity (VA) outcomes after 
uncomplicated cataract surgery in different groups of pa-
tients.  Methods:  This study included eyes of consecutive pa-
tients who underwent cataract surgery between November 
2007 and June 2009. The patients included in the study were 
divided into 4 groups, as follows: history-free patients, pa-
tients with diabetes mellitus without macular involvement 
at baseline, patients with glaucoma, and patients with 
epiretinal membrane (ERM). Preoperatively and at 1, 3 and 6 
months postoperatively, patients were evaluated for MFT by 
optical coherence tomography at the central 1-mm macular 
zone and for logarithm of the minimum angle of resolution 
best spectacle-corrected VA (BSCVA).  Results:  A total of 202 
eyes were included in the study. MFT values demonstrated a 
statistically significant increase (p  !  0.01) after cataract sur-
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pathway of inflammation after ocular procedures ap-
pears to be the increased perifoveal capillary permeabil-
ity and breakdown of the blood-retina barrier, resulting 
in accumulation of fluid in the outer plexiform and inner 
nuclear layers of the retina  [3] . This condition is referred 
to as cystoid macular edema (CME) or Irvine-Gass syn-
drome  [4–6] .

  Postoperative CME can occur as a complication of a 
variety of surgical procedures. The incidence of CME 
with subsequent visual loss following uncomplicated 
phacoemulsification with an intact posterior capsule has 
been reported to be 0–2%  [7, 8] . The condition may be 
identified and described using different diagnostic tech-
niques such as ophthalmoscopy, fluorescein angiography 
and optical coherence tomography (OCT).

  Time domain OCT delivers a series of indices that can 
be used for the assessment of macular thickness, with the 
most important being mean foveal thickness (MFT). 
MFT as a means of evaluating macular thickness offers 
an objective and reliable value and demonstrates satisfac-
tory repeatability  [9–11] . The MFT measurement is based 
on 512 data points, rather than the 6 data points from 6 
scan lines from which the mean minimal foveal thickness 
is calculated. Accordingly, it is less sensitive to decentra-
tion  [10] .

  The risk of CME after cataract surgery may increase 
in the presence of ocular or systemic diseases such as 
epiretinal membrane (ERM) or diabetes mellitus  [12, 13] . 
The aim of the present study was to assess OCT changes 
(MFT) and visual acuity (VA) over a 6-month period in 
different groups of patients (history-free patients and pa-
tients with glaucoma, diabetes mellitus or ERM) under-
going cataract surgery. To the best of our knowledge, this 
is the first prospective study comparing postcataract 
macular thickness alterations and visual outcomes in dif-
ferent groups of patients.

  Patients and Methods 

 Patient Population 
 This prospective study included consecutive patients sched-

uled to undergo cataract surgery at the University Hospital of 
Heraklion, Greece, between November 2007 and June 2009. All 
eyes were analyzed by OCT for changes in MFT and by logarithm 
of the minimum angle of resolution (logMAR) best spectacle-cor-
rected VA (BSCVA) measurements at 4 time points: preoperative-
ly and 1, 3 and 6 months after surgery.

  Patients were divided into 4 groups, as follows: history-free 
patients (patients free of any ocular and systemic disease with 
ophthalmic involvement); patients with diabetes; patients with 
glaucoma, and patients with an ERM. All patients were informed 

of the risks and benefits prior to cataract surgery, and they gave 
their written informed consent in accordance with institutional 
guidelines and the Declaration of Helsinki for human research. 
Study approval was obtained from the postgraduate committee of 
the University of Crete, Faculty of Medicine.

  Of the 214 patients enrolled in the study, a total of 202 eyes of 
202 patients were finally included; 101 patients (50%) were male 
and 101 (50%) were female, and the mean patient age was 65.95  8  
11.68 years (range 30–86). As can be seen in  table 1 , 127 patients 
(62.87%) did not have any known preexisting ocular condition, 27 
patients (13.36%) had diabetes mellitus, 24 (11.88%) had glaucoma 
and 24 (11.88%) had ERM.

  Cataract Surgery Technique 
 After topical anesthesia, a clear corneal incision, capsulorhex-

is and phacoemulsification were performed in all eyes. The intra-
ocular lens was placed in the capsular bag. Postoperatively, all 
patients received the same treatment, namely a combination of 
steroid-antibiotic eye drops (TobraDex, Alcon Laboratories, Hel-
las AEBE, Greece) starting at 4 times daily and tapering by 1 drop 
every week for the next 4 weeks. In patients with glaucoma, pre-
operative topical glaucoma medications were maintained after 
cataract surgery.

  Patient Assessment 
 BSCVA, complete slit-lamp examination and OCT were per-

formed in all patients before surgery and 1, 3 and 6 months after 
surgery. Preoperative OCT was performed no more than 1 week 
before surgery. Ophthalmological and systemic history, preop-
erative OCT findings and perioperative data were recorded in or-
der to identify possible risk factors.

  Inclusion and Exclusion Criteria 
 The patients included in the study either had an unremarkable 

ocular and systemic history (history-free patients were consid-
ered those without any ocular and systemic disease with ophthal-
mic involvement) or presented with glaucoma, diabetes or ERM. 
The patients with glaucoma, diabetes or ERM demonstrated only 
one of these conditions; i.e., no patient with two or more patholo-
gies was included. For patients with diabetes mellitus, prolifera-
tive diabetic retinopathy as well as background retinopathy with 
macular involvement were exclusion criteria. Patients with ERM 
and glaucoma had no other ocular pathology. Patients with inad-
equate quality of preoperative OCT images and patients unable to 
attend more than one postoperative examination were also ex-
cluded. Patients who were initially included in the study but who 
experienced complications such as posterior capsule rupture were 
excluded. Patients with glaucoma receiving prostaglandin ana-
logs as topical treatment and who had had previous antiglaucoma 
surgery were also excluded from the study.

  OCT Imaging 
 OCT images were obtained with an OCT3 (Stratus OCT, Carl 

Zeiss Ophthalmic Systems, Dublin, Calif., USA). For the OCT ex-
amination, the pupils were dilated with tropicamide 0.5% and 
phenylephrine 5%. The macular thickness scan protocol was se-
lected to obtain 6 consecutive 6-mm radial scans centered on the 
macula. OCT images were analyzed using retinal thickness analy-
sis software. The analysis of each radial scan showed the macular 
anatomy and possible macular abnormalities. The retinal thickness 
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analyzer protocol also provided a 6-mm-diameter topographic ret-
inal map with a central zone of 1 mm, an eccentric zone of 3 mm 
and another eccentric zone of 6 mm, based on the 6 consecutive 
scans. To evaluate macular thickness, the MFT in the central 1-mm 
zone was used. MFT was defined as the average thickness of the 
central sector with a 1,000- � m diameter (512 data points).

  Statistical Analysis 
 Repeated-measurements ANOVA was performed for the 4 

time points documented as well as for the 4 patient groups. The 
same statistical analysis was used to assess VA. The statistical 
package JMP (software version 5, SAS Institute Inc., Cary, N.C., 
USA) was used. A p value lower than 0.05 was considered stati-
cally significant. Power calculation was carried out using the ap-
proach described by D’Amico et al.  [14] . Based on this approach, 
all tests provided a power of greater than 80% at the 0.05 level.

  Results 

 Means, standard deviations and ranges of MFT and 
logMAR VA for all groups at all time points are shown in 
 table 1 .

  OCT Outcomes 
 Preoperatively, MFT values in the history-free, diabe-

tes and glaucoma groups were on average 203, 207 and 
205  � m, respectively. Preoperative MFT for the ERM 
group was 225  � m, which was significantly higher than 
all other groups (p  !  0.01).

  All groups demonstrated a statistically significant in-
crease in MFT at the first and third postoperative months 
(p  !  0.05 for all 4 groups). MFT reached maximum values 
1 month after cataract surgery in all groups. A gradual 
regression 3 and 6 months after surgery was seen in all 
groups. The evolution of average MFT values followed the 
same pattern in all groups. However, at the last postop-
erative examination, the ERM group (MFT increased 
from 225.1 to 231.5  � m; p  !  0.05) and the diabetes pa-
tients (MFT increased from 206.6 to 223.2  � m; p  !  0.05) 
showed a statistically significantly higher MFT when 
compared with preoperative values. In contrast, the his-
tory-free patients (MFT increased from 202.8 to 206.9 
 � m; p = 0.09) and the glaucoma group (MFT increased 
from 205.4 to 206.7  � m; p = 0.19) did not display signifi-
cantly different changes in MFT ( table 1 ;  fig. 1 ). The dif-
ference between the last postoperative and preoperative 
mean MFT values was 4.09, 16.59, 1.34 and 6.44  � m for 
history-free, diabetic, glaucoma and ERM patients, re-
spectively. The group of diabetic patients presented the 
greatest difference in MFT value when compared with all 
other groups. T
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  VA Outcomes 
 VA improved significantly in all groups after cataract 

surgery. Mean logMAR VA improved from a preopera-
tive value of 0.55 to 0.03 at 6 months postoperatively (p 
 !  0.05) in the history-free group, from 0.66 to 0.07 (p  !  
0.05) in the diabetes group, from 0.53 to 0.09 (p  !  0.05) 
in the glaucoma group and from 0.57 to 0.09 (p  !  0.05) 
in the ERM group. Postoperative BSCVA was not corre-
lated with preoperative VA measurements in any of the 
eyes (p = 0.88). VA improvement was independent of pre-
existing ocular and/or systemic diseases (p = 0.11). Fur-
thermore, VA at each postoperative examination was not 
statistically significantly different when comparing the 
history-free group with the other 3 groups (p = 0.08). A 
trend for better VA outcomes was seen for the history-
free group when compared with the other groups, with 
VA better on average at all postoperative examinations. 
The VA values for all groups are shown in  table 1  and 
 figure 2 .

  Discussion 

 Structural alterations of the macula occur after intra-
ocular surgery or may develop in the presence of ocular 
or systemic diseases  [1, 2, 6] . The pathophysiology is at-
tributed to the induced inflammation, which destabiliz-
es the blood-retina barrier  [3] . This causes increased vas-
cular permeability and thus accumulation of fluid with-

in the retinal tissue, resulting in macular thickening (i.e. 
edema). Macular thickness changes may be quantified 
by OCT but are not always linked to a decrease in VA 
(subclinical or clinically insignificant macular altera-
tions).

  In the present study, we prospectively examined mac-
ular thickness alterations using MFT and BSCVA out-
comes after uneventful cataract surgery in four distinct 
groups of patients. All groups demonstrated a statistical-
ly significant increase in MFT (increase in macular 
pachymetry) at the first and third postoperative month. 
A regression of MFT was demonstrated in all groups at 3 
and 6 months postoperatively. An identical pattern of 
macular thickness change was noted in all groups, which 
may indicate that surgically induced inflammation 
causes early (1 month after surgery) macular changes, 
which then regress 3–6 months postoperatively as the in-
flammation subsides (triggering factor). Several other 
studies have concluded that macular thickening after un-
eventful cataract surgery does occur, demonstrating sta-
tistically significant changes during the first 6 postopera-
tive months  [2, 15] .

  All groups demonstrated their lowest values of post-
operative MFT at the 6-month examination. Although 
the history-free and glaucoma groups did not show a sta-
tistically significant MFT change when comparing the 
preoperative values and the last follow-up, MFT in the 
diabetes and ERM groups remained statistically signifi-
cantly different 6 months after surgery. In the diabetic 

0.55

0.08

0.05 0.03

0.66

0.14

0.12

0.07

0.53

0.14

0.09 0.09

0.57

0.14

0.12
0.09

0
0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
0.65
0.70

–1 0 1 2 3 4 5 6 7

VA
 (l

og
M

A
R)

Time (months)

History free
Diabetes mellitus
Glaucoma
ERM

C
o

lo
r v

er
si

o
n 

av
ai

la
b

le
 o

n
lin

e

  Fig. 2.  logMAR VA of each group at all examination time points. 
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group, this may be attributable to the systemic disease, 
which influences vascular permeability (the pathophysi-
ologic basis of macular thickness alteration)  [16] . Fur-
thermore, diabetic patients showed the greatest differ-
ence between postoperative and preoperative macular 
thickness (16.59  � m) at 6 months. This may indicate that 
cataract extraction influences the underlying pathophys-
iology, leading to delay in postoperative macular fluid ab-
sorption or prolonged vascular exudation. However, 
postoperative VA recovery was not compromised in our 
diabetic patients, indicating that the changes at the mac-
ular level remained subclinical in this group, which did 
not have macular involvement related to diabetic retinop-
athy preoperatively.

  Eriksson et al.  [17]  studied a similar group of diabetic 
patients and compared them with a group of normal pa-
tients. They also found increased macular thickness val-
ues postoperatively in diabetics, which, however, did not 
reach a statistically significant level; VA of both diabetics 
and normals was equally improved in their study  [17] . 
Kim et al.  [18]  reported a significantly greater difference 
between preoperative and 3-month postoperative macu-
lar thickness in diabetic patients with moderate and se-
vere diabetic retinopathy, which was accompanied by an 
inverse correlation between visual improvement and 
macular thickness. In the same study, the OCT-docu-
mented macular thickness changes in diabetic patients 
without retinopathy were significantly smaller, in the 
range of 14–18  � m. This correlates well with the findings 
of our study, in which diabetic patients were enrolled only 
if there was no macular involvement.

  Macular ERM causes tractional stress on the retinal 
tissue, resulting in macular deformational thickening 
and cystoid space formation with or without traction-in-
duced leakage of macular capillaries. This likely explains 
the significant preoperative difference in MFT between 
the ERM patients and the other 3 groups. In the ERM 
group, the surgically induced blood-retina barrier break-
down (which increases vascular permeability) combined 
with the ERM-induced tractional stress seem to signifi-
cantly influence macular alterations even 6 months after 
cataract surgery  [13] .

  VA improved significantly after cataract surgery in all 
eyes. Moreover, there was no evidence that the rate of VA 
improvement differed according to the risk factor status 
(i.e. VA did not depend on patient group; p = 0.11) or that 
postoperative VA was correlated with preoperative VA 
measurements (p = 0.885).

  VA outcomes were not influenced in any eyes that 
demonstrated significant macular pachymetry increases. 

Thus, direct correlation between OCT-documented reti-
nal structural changes and VA could not be confirmed. 
This lack of correlation has been reported by other au-
thors  [17] .

  Kim et al.  [18]  showed decreased visual improvement 
in diabetic patients who developed postcataract macular 
thickening that exceeded the 130- � m value, in compari-
son with patients who developed thickening of around 15 
 � m. In our study, the maximum preoperative to postop-
erative difference in macular thickness at 6 months was 
found in diabetic patients and reached 16  � m, which may 
explain the good visual recovery in this group; in this 
context, we must note again that in this study we enrolled 
diabetic patients without proliferative diabetic retinopa-
thy or macular involvement at baseline. These findings 
may suggest that the severity and stage of diabetic reti-
nopathy play a significant role in postcataract visual out-
comes.

  This study is limited by the relatively small numbers 
of patients with ocular and systemic diseases. Further-
more, we did not include glaucoma patients who were 
treated with prostaglandin analogs. An additional group 
with patients receiving such topical medication would of-
fer further information about prostaglandin-related 
CME development. Our study followed patients for 6 
months after cataract surgery; however, longer follow-up, 
especially in patients with diabetes, is necessary in order 
to assess macular thickness changes. Finally, quality of 
vision (such as measured by contrast sensitivity, for ex-
ample) was not assessed in this study. Even though VA 
did not appear to be influenced by macular alterations in 
this study, the same may not apply for visual quality. Fi-
nally, in this work we used time domain OCT for the as-
sessment of the thickness; utilization of spectral domain 
OCT might have revealed additional information (such 
us inner/outer segment defects) permitting more accu-
rate correlation of macular morphology with visual func-
tion.

  We conclude that after uneventful cataract surgery, 
MFT values demonstrated a statistically significant in-
crease in all groups at the first and third postoperative 
month. By the sixth postoperative month, MFT values 
had regressed to preoperative levels in the history-free 
and glaucoma patients, while they remained significantly 
higher in ERM and diabetic patients (without macular 
involvement at baseline). Even though MFT values re-
mained statistically higher at 6 months in these two 
groups, macular thickness did not reach clinically sig-
nificant levels. Independent of these subclinical macular 
alterations, BSCVA demonstrated significant improve-
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ment after cataract surgery in all groups. Although pa-
tients with ERM and diabetes mellitus warrant closer fol-
low-up after cataract operation, the expected visual out-
comes do not seem to be influenced by macular edema 
development.
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