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RESEARCH ARTICLE

Evaluation of Central Macular Thickness Alterations After
Uneventful Phacoemulsification Surgery”

Objective: To evaluate the central macular thickness (CMT) alterations of cataract patients without
any risk factors who underwent uneventful phacoemulsification surgery and investigate the
incidence of Irvine Gass Syndrome (IGS) without using perioperative topical non-steroid anti-
inflammatory drugs (NSAID) treatment.

Materials and Methods: Fifty eyes of 50 cataract patients formed the study group and fellow 50
eyes with no history of previous ocular surgery formed the control group. All patients underwent a
routine ophthalmologic examination preoperatively, 1 day, 1 week, 1 and 3 months after surgery
including visual acuity, tonometry, fundoscopy and optic coherence tomography.

Results: The mean age of the participants was 69.92+9.93 (range 41-85) years. The mean CMT of
the operated eyes preoperatively, 1 day, 1 week, 1 and 3 months after surgery were 248.56+21.67,
249.08+21.36, 250.26+19.8, 254.3+24.81 and 251.36+21.3 um, respectively. In the control eyes,
those were 250.80+21.47, 251.46+21.44, 251.36+21.41, 251.3+21.51 and 251.32+20.87um,
respectively. There was a significant increase in operated eyes 1 week, 1, and 3 months after
surgery compared to preoperative measurements (P<0.05). Besides, we observed IGS in one of
the male patients (2%) 1 month after surgery.

Conclusion: Uneventful phacoemulsification cataract surgery increased CMT even in patients with
no predisposing risk factors. Moreover, topical Nepafenac treatment may accelerate the regression
of central macular edema in IGS cases.
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Komplikasyonsuz Fakoemiilsifikasyon Cerrahisi Sonrasi Makiila Kalinligi
Degisikliklerinin Degerlendirilmesi

Amag: Herhangi bir risk faktori olmayan katarakt hastalarinda komplikasyonsuz
fakoemiilsifikasyon cerrahisi sonrasi santral makula kalinhgr (SMK) degisikliklerini degerlendirmek
ve bu hastalar perioperatif topikal non-steroid anti-inflamaturar ilag (NSAIi) tedavisi kullanmadan
Irvine Gass Sendromu (IGS) insidansini arastirmak.

Gereg ve Yontem: 50 katarakt hastasinin 50 gzl galisma grubunu ve daha 6nce okiler cerrahi
Oykusi olmayan diger 50 g6zl kontrol grubunu olusturdu. Tim hastalara ameliyat 6ncesi ve
ameliyat sonrasi 1. gun, 1. hafta, 1. ve 3. ayda gérme keskinligi, tonometri, fundoskopi ve optik
koherens tomografiyi igeren rutin oftalmolojik muayene yapildi.

Bulgular: Katihmcilarin ortalama yasi 69.92+9.93 (aralik 41-85) yildi. Ameliyat 6ncesi, ameliyattan
1 gun, 1 hafta, 1 ve 3 ay sonra ortalama SMK degerleri sirasiyla 248.56+21.67, 249.08+21.36,
250.26+19.8, 254.3+24.81 ve 251.36+21.3 pm idi. Kontrol gdézlerinde ise bu degerler sirasiyla
250.80+21.47, 251.46+21.44, 251.36+21.41, 251.3+21.51 ve 251.324+20.87um idi. Opere gozlerde
ameliyattan 1 hafta, 1 ve 3 ay sonra preoperatif 6lgimlere kiyasla SMK degerlerinde anlamli bir
artis saptandi (P<0.05). Ayrica, ameliyattan 1 ay sonra erkek hastalardan birinde (%2) IGS
g6zlemledik.

Sonug: Fakoemiilsifikasyon ile komplikasyonsuz katarakt cerrahisi sonrasi predispozan risk
faktorl olmayan hastalarda SMK artis gosterdi. Ayrica, topikal Nepafenac tedavisi, IGS vakalarinda
santral makula 6deminin gerilemesini hizlandirabilir.

Anahtar Kelimeler: Irvine-Gass syndrome, OCT, fakoemdilsifikasyon

Introduction

Cataract is one of the leading reasons of preventable blindness in the world (1).
With recent advances in phacoemulsification surgery, it is possible to achieve rapid
vision restoration after the procedure (2). However, even after an uneventful surgery,
desired visual acuity may not be obtained due to pseudophakic cystoid macular edema
(PCME) (3).

The PCME, also known as Irvine-Gass Syndrome (IGS) was firstly described by
Irvine in 1953 and was angiographically documented by Gass in 1966 (4, 5). Even
though several studies assessed its relation with uveitis, glaucoma, diabetes, and
epiretinal membrane, the exact reason remains still unclear (6-8). Its prevalence was
reported between 0.1-2% percent even in patients without any risk factors (9, 10).
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The IGS can be diagnosed by fundoscopy,
angiography, and optic coherence tomography (OCT)
(11). Among these options, OCT is the most accurate
diagnostic tool with its %96 specificity and %2100
sensitivity (12). It can demonstrate the alterations of
retinal layers in microns, therefore, currently, it became
indispensable diagnostic equipment of ophthalmology
clinics as being a highly repeatable and non-invasive
technic (13).

Several studies investigating macular thickness
alterations after phacoemulsification surgery revealed
contradictory results (14-16). Particularly, there is no
consensus for the perioperative prescription of topical
NSAID medications to prevent the IGS (17). Some of
these studies suggested these medications as a routine
regimen after surgery for all patients or only for the
patients with risk factors, whereas some others found no
difference between them and placebo in terms of
postoperative macular thickness alterations (10, 18, 19).
In this study, we evaluated the macular thickness
alterations of cataract patients without any risk factors
who underwent uneventful phacoemulsification surgery
and investigated the incidence of IGS without using
perioperative topical NSAID medications. Thus, we
aimed to better understand the mechanisms related with
IGS.

Materials and Methods

Study Group: This prospective, observational
study included 50 cataract patients who underwent
unilateral uneventful phacoemulsification surgery in a
tertiary ophthalmology clinic. The operated 50 eyes
formed the study group and the fellow 50 eyes with no
history of previous operations formed the control group.
Recep Tayyip Erdogan University Ethics Committee
approval (2012/120) was granted prior to the study and
all researchers agreed to follow the tenets of the
Declaration of Helsinki. The patients were verbally
informed about the study and written informed consent
was obtained from all participants.

All patients recruited in this study underwent a
routine ophthalmologic examination preoperatively, 1
day, 1 week, 1 and 3 months after surgery including
spectacle-corrected distance visual acuity (CDVA) with
Snellen’s chart, tonometry, dilated fundoscopy and
central retinal thickness measurement by OCT. Patients
>40 years old, with no history of systemic diseases such
as diabetes, hypertension, rheumatologic diseases and
ocular diseases such as uveitis, glaucoma, retinal and
vitreous disorders, and no previous ocular surgery were
included in the study. Patients who had intraoperative
complications such as posterior capsular rupture,
Descemet’s tear, and iris trauma and whose operations
lasted over 15 minutes were excluded.

Surgical Procedure: The anesthesia was applied
with the peribulbar injection of 2 mL lidocaine 2%
(containing 1/100000 adrenaline) and 2 mL bupivacaine
0.5% mixture. After sterile draping, the conjunctiva was
rinsed with povidone-iodine 5% for 3 minutes. Two side
port incisions were performed with a 19G MVR blade
according to the patient's eye and surgeon preferences.
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Trypan blue was used to increase capsular visualization.
For the patients with inadequate mydriasis, intracameral
adrenaline (1/100000) was injected to dilate the pupil.
The anterior chamber was filled with a dispersive
viscoelastic and a 3.0 mm corneal knife was used to
obtain self-sealing clear corneal incision. A 5.5-6 mm
capsulorhexis was performed and hydro dissection and
hydro delineation were applied until nucleus rotation was
achieved. Stop and chop or quick chop techniques were
used to remove the cataract with an Alcon Infinity
torsional phacoemulsification machine. Cortex remnants
were cleansed by bimanual irrigation/aspiration (I/A). A
foldable hydrophobic intraocular lens was injected with
1.4% cohesive viscoelastic and centralized inside the
capsular bag. Then, the viscoelastic was removed by
bimanual I/A, and corneal incisions were hydrated after
the intracameral injection of 0.1 mL Moxifloxacin
hydrochloride 0.5% (Vigamox, Alcon Labs, Fort Worth,
TX).

All patients received Moxifloxacin hydrochloride
0.5% (Vigamox, Alcon Labs, Fort Worth, TX) eye drops
5 times a day for a week and Prednisolone acetate 1%
(Pred-forte, Allergan, USA) eye drops 8 times a day for 4
weeks in tapering doses after surgery.

OCT Measurements: The central macular
thickness measurements of all subjects were performed
with Cirrus HD spectral-domain OCT (Carl Zeiss Meditec
Dublin, CA) by the same technician. Subjects’ pupils
were dilated and measurements were repeated until a
clear scan was obtained with a signal strength over 6.
The macular cube 5X5 mm protocol was applied for the
central macular thickness measurement. The thinnest
thickness of fovea centered 1mm diameter-circle which
was calculated by the software was recorded for
statistical analysis.

Data Analysis: Statistical analyses were
performed using SPSS version 23.0 for Windows
(SPSS, Inc., Chicago, IL). Sample size calculation was
conducted using WSSPAS: Web-Based Sample Size &
Power Analysis Software. The variables were
investigated with analytical methods to determine
whether they were normally distributed. Descriptive
statistics were presented as mean + SD for normally
distributed variables and as median with minimum and
maximum values for non-parametric variables. The chi-
square test was used for categorical variables. Repeated
measures ANOVA test was used to compare normally
distributed values and Friedman test was used to
compare non-parametric measures at different time
points. Bonferroni correction was performed for multiple
comparisons. Independent samples t-test was used for
variables with normal distribution and the Mann Whitney-
U test was used for variables without normal distribution
for the comparison of differences between groups.
Correlation analysis between IOP and CMT was
performed with the Spearman’s and Pearson correlation
tests. All analyses were performed with a power of 95 %
Cl. The level of statistical significance was set at P<0.05.
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Results

The minimum sample size required to detect a
significant difference using this test should be at least 47
in each group, (94 in total), considering type | error (alfa)
of 0.05, power (1-beta) of 0.95, and effect size of 0.69.
This study included 100 eyes of 50 patients who
underwent unilateral uneventful cataract surgery. The
mean age of the participants was 69.92+9.93 (41-85)
years. There were 26 males (52%) and 24 females
(48%). Right-eye (52%) operations were slightly higher
than the left eyes (48%). The cataract types of patients
are shown in Figure 1.

The median spectacle-CDVA of the operated eyes
preoperatively, 1 day, 1 week, 1 and 3 months after
surgery were 0.30 (0.10-0.60), 0.60 (0.10-1.00), 0.70
(0.40-1.00), 0.90 (0.40-1.00) and 1.0 (0.80-1.00),
respectively. The median CDVA significantly increased
in all examinations compared to initial and previous
measurements (P<0.05), (Figure 2).

We observed a non-significant increase in IOP 1
day after surgery, however, the IOP significantly
decreased 1 week, 1 and 3 months postoperatively
compared to preoperative measurements. Even though
there was a slight increase between 1st and 3rd-month
measurements, that was not statistically significant
(P=0.263), (Table 1, Figure 3).

The mean CMT of the operated eyes
preoperatively, 1 day, 1 week, 1 and 3 months after
surgery were 248.56+21.67, 249.08+21.36,
250.26+£19.8, 254.3+24.81 and 251.36+21.3 pum,
respectively. In the control eyes, those were
250.80+21.47, 251.46+21.44, 251.36+21.41,
251.3+21.51 and 251.32+20.87 pm, respectively. There
was a significant increase in operated eyes 1 week, 1,
and 3 months after surgery compared to preoperative
measurements (P<0.05). On the other hand, even
though there was a slight increase in the mean CMT of
control eyes, that was not statistically significant in any
of the measurements compared to preoperative values.
We also evaluated the CMT alterations of both groups
and the differences were significant at preoperative-1st
and 3rd months and 1st week-1st month alteration
comparisons (Table 2, Figure 4). In addition, Pearson
and Spearman correlation tests between IOP and CMT
alterations were non-significant at any of the time points
(Table 3).

We observed IGS in one of the male patients 1
month after surgery. The operative CMT of the patient
was 242 ym and it was increased to 336 um in 1st-
month measurement. The patients CDVA was 0.3
preoperatively and that was increased to 0.5 in the
postoperative 1st day and to 0.7 in the 1st week.
However, it was decreased to 0.4 in the 1st-month
examination. He received topical nepafenac (Nevanac,
Alcon Labs, USA) 5 times a day for 2 months and his
CMT decreased to 266 um and his CDVA was 1.0 in the
3rd-month examination (Figure 5).
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Table 1. The IOP measurements of the patients

I0P (mm-Hg) N MeanzSD Minimum Maximum
Pre-op 50 15.442.22 11 19
1st day 50 15.56+3.68 10 22
1st week 50 14.6+£1.94 11 18
1st month 50 13.568+2.03 10 18
3rd month 50 13.86+2.02 10 17

IOP: Intraocular pressure, SD: Standart Deviation

Table 2. The CMT differences comparison of the two groups (um)

Group N Mean*SD P
Operated 50 0.52+4.34
1st day-Preop 0.867
Control 50 0.66+4.0
Operated 50 1.745.65
1st week-Preop 0.251
Control 50 0.56+4.34
Operated 50 5.7414.8
1st month-Preop <0.001
Control 50 0.5+4.4
Operated 50 2.844.61
3rd month-Preop <0.001
Control 50 0.52+4 1
Operated 50 1.1815.0
1st week-1st day 0.158
Control 50 -0.1£3.91
Operated 50 4.04+13.9
1st month-1st week 0.011
Control 50 -0.64£3.23
Operated 50 -2.94+13.54
3rd month-1st month 0.187
Control 50 0.02+3.24

CMT: Central macular thickness, SD: Standard Deviation, Significant values are shown in bold

Table 3. Correlations between central macular thickness and intraocular pressure alterations

Time Points A CMT (um) A 10P (mm-Hg) P r

1st Day- Preop 0.52+4.34 0.16+3.58 0.485 -0.1012
1st Week- 1st Day 1.1845.0 -0.5(-5.0-4.0) 0.220 -0.177°
1st Month- 1st Week 4.04+13.9 -1.0 (-4.0 - 2.0) 0.119 0.223°
3rd Month — 1st Month -2.94+13.54 0.0 (-3.0-4.0) 0.175 0.195°

CMT: Central macular thickness, IOP: Intraocular pressure, A: difference  *Pearson correlation  PSpearman correlation
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1st month

3rd Month

Figure 5. Preoperative, postoperative 1st and 3rd month
OCT images of the Irvine-Gass Syndrome patient

Discussion

This study revealed that the mean CMT
significantly increased 1 week, 1, and 3 months after
uneventful phacoemulsification surgery even in patients
with no risk factors for IGS. The increase reached its
peak level in the postoperative 1st month and showed a
declining trend in the postoperative 3rd month. We
detected IGS in one of the patients (%2) of this study in
postoperative 1st month and the PCME was dissolved
with topical NSAID treatment in the 3rd-month
examination after surgery.

The release of inflammatory cytokines such as
prostaglandin and arachidonic acid leads to the
breakdown of the blood-retinal barrier which causes the
CME in IGS (20, 21). Besides, a positive correlation
between postoperative anterior camera flare and
macular thickness was previously reported which points
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out the inflammatory mechanisms behind IGS (22).
However, various hypotheses were proposed to explain
the triggers of inflammation. Firstly, the surgical trauma,
particularly iris contact, was thought to be associated
with the increased inflammation (20, 23). Taipale et al
reported that utilization of pupil expansion devices in
cataract surgeries were related to increased risk for
PCME (24). Moreover, these devices require longer
surgery times which may also alleviate the inflammation.
However, another study revealed that Femto-assisted
cataract surgeries in which the anterior chamber
manipulations are minimal, CMT alterations were also
significantly reduced (25). In our study, although the
surgery times of experienced surgeons were under 15
minutes and no pupil expansion device was applied, we
still observed significantly increased CMT. Therefore, it
is conceivable that surgical trauma may not be the only
factor, even if it affects the development of the IGS. The
microscope light source, which is an indispensable
equipment of all surgeries, were angiographically
demonstrated to cause remodeling of parafoveal vessels
(26). Considering the parafoveal location of CME in the
IGS, the retinal photochemical alterations induced by the
microscope illumination may explain the vascular
leakage.

The PCME after uneventful cataract surgery was
previously demonstrated even in patients with no
predisposing factors (6). Although surgical maneuvers
and light exposure occur in all surgeries, only very few
patients suffer IGS. In an animal model, Xu et al
reported that surgical interventions induce expression of
chemokine ligand 2 and increased interleukin-13
upregulation in choroid and retina (27). Therefore,
individual differences of gene expressions in retinal
layers may explain the tendency to face this
complication.

Several studies reported that the CMT peak occurs
4 to 6 weeks after cataract surgery (28, 29).
Consistently, we also detected the highest CMT values
in the postoperative 1st-month measurements. However,
despite the increase in CMT after surgery, CDVA levels
were also significantly increased over time. The mean
CMT elevation is usually subclinical and does not affect
visual acuity (30). It was reported that the increase in
CMT after cataract surgery reaches preoperative values
spontaneously in an average of 2 to 6 months (9, 28). In
our study, the CMT values tended to decrease in the 3rd
month after surgery, however that was still significantly
higher compared to preoperative values. Besides, we
observed that the CMT values were comparable in the
1st week and 3rd month after surgery. The cataract
formation blocks 18-40% of the light reaching the retina
and that may cause different OCT measurements due to
its light scattering effect (30, 31). Hence, IOL and the
new optic media after surgery may also alter the
measurements.

The 10P was usually decreased after cataract
surgery (32). In our study, we also observed significant
decreases in IOP in the 1st week and 1st month. The
retinal vasculature alterations caused by the decreased
IOP may also lead to a parafoveal leak (33, 34).
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However, Zhou et al did not find a correlation between
the IOP and CMT (26). Similarly we also did not detect
significant correlation between these two parameters in
any of the examinations. Therefore, further studies are
needed to explain the relationship between |IOP change
and CME development.

The prevalence of IGS after phacoemulsification
surgery was reported between 0.1-2.3% in various
studies (21, 35, 36). Although there was no risk factor, a
66-year-old male patient (2%) in this study suffered IGS
in the 1st month after uneventful phacoemulsification
surgery. This rate is consistent with the current literature.
The PCME disappeared by topical NSAID treatment and
the CMT was decreased and the CDVA was improved in
the 3rd-month examination. Considering the role of
inflammation in the development of IGS, topical
corticosteroid eye drops alone may sometimes fail to
control the postoperative inflammation. Zaczek et al.
observed lower CMT values in patients receiving topical
NSAID treatment after phacoemulsification surgery (37).
Similarly, Tzelikis et al. reported that topical NSAIDs
significantly reduced CMT but did not make a significant
impact on CDVA (38). Although postoperative topical
NSAID treatment was recommended in patients with
known risk factors such as uveitis, VMT, diabetes, or
ERM, it is controversial to recommend these
medications in all cases as a routine postoperative
regimen due to their ocular surface side effects (39).
Besides, it was reported that postoperative CMT
increase may spontaneously regress in 80-95% of cases
within 3-12 months (6, 40). Even though there are plenty
of topical NSAID options, topical Nepafenac was shown
to be safe and effective in several studies to manage the
post-phacoemulsification  inflammation (24,  38).
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