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IntroductIon
Central macular thickness changes following intraocular 
surgeries have been shown to impair visual outcomes even 
in uncomplicated cases.1-5 Acute reduction of intraocular 
pressure (IOP) after glaucoma filtering surgery could result in 
reversible central macular thickening and retinal changes.5-9 
Such macular thickening after glaucoma filtering surgery could 

be a physiological reaction to the stress of the retina after a 
sudden reduction of IOP.7,8 Although many other etiological 
factors are associated with the development of macular 
changes, the most accepted explanation is the diffusion of 
inflammatory mediators from the anterior chamber into the 
vitreous cavity, causing secondary leakage from retinal blood 
vessels.6,8 In addition, IOP reduction increases postoperative 
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Purpose: To assess postoperative changes in central retinal thickness (RT) following trabeculectomy and combined phaco-trabeculectomy 
using spectral domain-optical coherence tomography.

Methods: In a prospective interventional comparative study, 64 consecutive glaucoma patients who underwent trabeculectomy (32 eyes) or 
phaco-trabeculectomy (32 eyes) were included. A macular thickness map using the Early Treatment Diabetic Retinopathy Study circles of 
1 mm, 3 mm, and 6 mm was the standard to evaluate the 9-subfield thickness preoperatively and again at 1 and 3 months after surgery. Four 
subfields in each of the 3 mm and 6 mm rings were considered parafoveal and perifoveal regions, respectively.

Results: Preoperative measurements were similar in the two groups, except patients in the combined group which were older (P = 0.002). The 
mean RT in the combined phaco-trabeculectomy group at month 1 was significantly higher than baseline measurements at central subfield 
retinal thickness (CSRT) (P = 0.01), temporal (P = 0.001), and inferior (P = 0.04) parafoveal and temporal (P = 0.01), superior (P = 0.02), 
and nasal (P < 0.001) perifoveal quadrants; however, RT changes in the trabeculectomy-only group were not statistically significant at months 
1 and 3 (P > 0.05). The increase in the temporal perifoveal RT of the combined phaco-trabeculectomy group persisted at month 3 (P = 0.01), 
while the RT in other sectors returned to preoperative values. The two treatment groups did not differ in terms of changes in the CSRT over 
time (P = 0.37). In addition, no difference was observed between the treatment groups regarding the parafoveal RTs at each time points 
(0.06 ≤ P ≤ 0.29).

Conclusions: There was no significant difference in the pattern of changes of CSRT and parafoveal RT between trabeculectomy and combined 
phaco-trabeculectomy treatment groups up to 3 months after surgery. Some detectable increase in RT in the combined phaco-trabeculectomy 
will reverse to baseline values 3 months after surgery, except in the temporal perifoveal region.
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ocular blood flow, especially in the central retinal area and 
possibly even the choroid.10-12 Studies have shown no difference 
in macular changes between patients treated with or without 
adjunctive antifibrotic medications, including mitomycin C 
(MMC) or 5-fluorouracil (5-FU), after trabeculectomy.8,9 In 
addition, diabetes mellitus (DM) or prostaglandin drops usage 
before surgery has not been shown to have any impact on these 
postoperative macular changes.8,13 However, some studies have 
shown that early postoperative changes in macular thickness 
can be different, defined by spectral domain-optical coherence 
tomography (SD-OCT), in different quadrants of the macula.14

Combined phacoemulsification and trabeculectomy is a 
commonly performed procedure for certain glaucoma patients 
with significant cataracts.15 However, studies evaluating 
the short-term effects on central macular thickness after 
combined phacoemulsification and trabeculectomy are lacking. 
Furthermore, it is not known if adding a procedure, such 
as phacoemulsification, to trabeculectomy would affect the 
macular thickness more than glaucoma surgery alone. The aim 
of our study was to assess early postoperative changes in the 
central retinal thickness (RT) following trabeculectomy and 
phaco-trabeculectomy surgery.

Methods
This prospective interventional comparative case series 
was performed from 2014 to 2019 at the Glaucoma clinic, 
Rassoul Akram Hospital, Iran University of Medical Sciences, 
Tehran, Iran. The study protocol adhered to the tenets of the 
Declaration of Helsinki. Written informed consents were 
obtained, and the Ethics Committee of the Iran University 
of Medical Sciences approved the study design (IR.IUMS.
REC.1394.8911215327). Patients with inadequately controlled 
glaucoma with maximally tolerated medical therapy or 
intolerance to glaucoma medications who were scheduled 
for combined phaco-trabeculectomy or trabeculectomy alone 
were included. Patients younger than 18 years old, pregnant 
or nursing mothers with a previous history of intraocular 
surgery (except phacoemulsification more than 6 months prior 
to the study), diabetic retinopathy or macular edema of any 
stage, retinal vascular disease, chronic or recurrent uveitis, 
neovascular glaucoma, ocular surface infection within 2 weeks 
of surgery, any kind of intravitreal injections or other intraocular 
surgeries during the study period were excluded from the 
study. Moreover, patients with intraoperative or postoperative 
complications including hypotony maculopathy, vitreoretinal 
interface disorders, choroidal detachment, papillopathy, and 
complicated cataract surgery which needed significant iris 
manipulation or any more surgical intervention were excluded.

In the preoperative assessment, all subjects underwent a 
comprehensive ophthalmic examination, including slit-lamp 
biomicroscopy, IOP measurement by a calibrated Goldmann 
applanation tonometer, dilated funduscopy, gonioscopy, and 
same day macular SD-OCT (Spectralis, Heidelberg Engineering, 
Carlsbad, CA, USA). A macular thickness map using Early 

Treatment Diabetic Retinopathy Study circles of 1 mm, 3 mm, 
and 6 mm was the standard to evaluate the 9-subfield thickness. 
Four subfields in each of the 3 mm and 6 mm rings were 
considered parafoveal and perifoveal regions, respectively.

I n  c o m b i n e d  p h a c o - t r a b e c u l e c t o m y,  s t a n d a r d 
phacoemulsification from the temporal site with intraocular 
lens insertion was performed, and surgical wounds were closed 
using 10/0 nylon sutures. Then a standard trabeculectomy 
was carried out. The surgical procedure of trabeculectomy 
for each patient included a fornix-based trabeculectomy 
with a half-thickness trapezoidal scleral flap (3 mm × 2 mm) 
in the superonasal quadrant. After creating the scleral flap, 
MMC (0.2 mg/mL) was applied using multiple thin sponges 
under the scleral flap and between the sclera and Tenon capsule 
for 2 min. Then the sponges were removed, and the surgical 
field was irrigated with at least 50 ml of balanced salt solution. 
Keratectomy was performed with a Kelly-Descemet punch, 
and the peripheral iridectomy was performed with Vannas 
scissors. The scleral flap was closed with two 10-0 nylon 
sutures using the releasable technique. The conjunctival closure 
was carried out using 10-0 nylon sutures. In both groups, from 
postoperative day 1, patients were treated with ciprofloxacin 
eye drop (four times a day for 1–2 weeks) and betamethasone 
eye drop every 2 h for 2 weeks. Betamethasone was tapered 
off slowly over the next 8–10 weeks. Releasable sutures were 
removed if needed based on the postoperative IOP, individual 
target IOP, and bleb morphology in each patient.

Patients were followed up on day 1, 1-week, 1-month, and 
3-month intervals after the surgery. A window of 10 days was 
allowed for the 1 and 3-month visits. IOP, types of medications, 
slit-lamp biomicroscopy, bleb characteristics, funduscopy as well 
as complications were assessed and recorded at each visit. Macular 
SD-OCT was done for all subjects at the 1 and 3-month visits.

Statistical analysis
Statistical analyses were performed using SPSS software 
version 22 (SPSS, Inc., Chicago, IL, USA). A P < 0.05 was 
considered statistically significant. Baseline characteristics of 
the two groups were compared using a Chi-square (categorical 
variables) and Mann–Whitney U tests (continuous variables). 
A two-way repeated measure mixed model analysis of variance 
(ANOVA) was used to simultaneously test three null hypotheses 
of the study: (1) all mean values of RT at different time points 
are the same (referred to as the main effect of time); (2) all 
mean values of RT in different groups are the same (referred 
to as the main effect of surgical intervention); and (3) there is 
no interaction between time and surgical intervention (the two 
groups do not differ in their degree of change in the RT over 
time). Therefore, we evaluated whether the two surgeries affect 
the RT differently over time by considering intervention × time 
interactions as our primary outcome measure. The changes of 
RT at the baseline and follow-up examinations in each group 
of the study (intragroup) were analyzed by one-way repeated 
measure ANOVA and post hoc tests. Furthermore, we evaluated 
the test-retest variability of the OCT machine by considering 
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the proportion of the patients showing at least a 5% increase 
in macular thickness at postoperative months 1 and 3 in both 
groups, compared with Fisher’s exact test. The sample size 
was calculated based on the one-way ANOVA formula using 
G*Power software (developer by heinrich-heine university, 
Düsseldorf, Germany). By assuming ɑ = 0.05, power = 80%, 
the standardized Cohen effect size (f = 0.40), and a 10% 
dropout rate, the final sample size of each group was estimated 
at 30 patients.

results
Sixty-four eyes of 64 patients were enrolled. All of the subjects 
were phakic in the trabeculectomy group. The baseline 
demographics were similar between the two groups, except 
the patients in the combined phaco-trabeculectomy group 
were slightly older (P = 0.002) [Table 1]. Furthermore, there 
was no statistically significant difference between the two 
groups, with regard to the main outcome measures at baseline, 
including central subfield retinal thickness (CSRT) (P = 0.88) 
as well as parafoveal (0.58 ≤ P ≤ 0.89) and perifoveal 
(0.25 ≤ P ≤ 0.60) RT.

The mean baseline IOP was 22.96 (standard deviation [SD] = 
9.75) mmHg (ranging from 10 to 50 mmHg) in the combined 
phaco-trabeculectomy group and significantly decreased 
to 11.96 mmHg (SD = 3.97, P < 0.001, ranging from 6 to 
20 mmHg) at 1 month and further to 12.73 mmHg (SD = 7.52, 
P < 0.001, ranging from 6 to 47 mmHg) at 3 months. In 
the trabeculectomy-only group, the IOP decreased from 
22.87 (SD = 9.03) mmHg (ranging from 10 to 50 mmHg) 
to 13.00 mmHg (SD = 4.53, P < 0.001, ranging from 4 to 
20 mmHg) at 1 month and 10.63 mmHg (SD = 3.92, P < 0.001, 
ranging from 4 to 27 mmHg) at 3 months. There were two 
patients with hypotony (IOP ≤5 mmHg) at 1 month, including 
one with an IOP of 4 mmHg. At month 3, only one patient had 
hypotony with an IOP of 4 mmHg. 

Effects of surgical intervention on central subfield retinal 
thickness: Based on the mixed model analysis, no significant 
interaction was detected between time and intervention groups 
for CSRT (P = 0.25); therefore, the two treatment groups 
did not differ in terms of changes in CSRT over time. The 
CSRT was not different between treatment groups (P = 0.37) 
at each time point. Tables 2 and 3 show the changes of the 
CSRT in the follow-up intervals. Although the changes of 
CSRT in the two groups were similar at 1 month (P = 0.49) 
and 3 months (P = 0.41) [Table 3], the increase of CSRT was 
significant in the combined phaco-trabeculectomy group at 
1 month (P = 0.01), but mostly reversed to the preoperative 
value at 3 months (P = 0.15). Figure 1 illustrates the trend 
of the changes of CSRT at preoperative, 1 and 3 months 
in trabeculectomy and phaco-trabeculectomy groups. In 
comparison to baseline values, there was at least a 5% 
increase in CSRTs in nearly 10% of the patients in both groups 
[Table 4]. Moreover, the proportion of patients with significant 

Table 1: Baseline characteristics of 64 patients with glaucoma

Variables Trabeculectomy (n=32), n (%) Trabeculectomy + phacoemulsification (n=32), n (%) P
Age (years) 57.45 (14.10) 67.72 (9.10) 0.002a

Sex (female %) 9/32 (28.1) 8/32 (25.0) 0.78b

Laterality (OD%) 17/32 (53.1) 18/32 (56.3) 0.80b

Diabetes (%) 5/32 (16.1) 3/32 (9.4) 0.47b

Systemic hypertension (%) 7/32 (22.6) 11/32 (34.4) 0.30b

Previous PI (%) 4/32 (12.5) 6/32 (18.8) 0.46b

Axial length (mm) 23.51 (0.44) 23.19 (0.61) 0.91c

Visual field indices
Median deviation −14.67 (10.55) −17.21 (9.08) 0.94c

Pattern SD 6.29 (1.32) 5.03 (3.78) 0.22c

Preoperative IOP (mmHg) 22.87 (9.23) 22.96 (9.75) 0.94a

Type of glaucoma
POAG 14/32 (43.8) 18/32 (56.3) 0.32b

PACG 18/32 (56.3) 14/32 (43.8)
aMann-Whitney U-test, bChi-square test, cIndependent sample t-test. IOP: Intraocular pressure, SD: Standard deviation, POAG: Primary open-angle 
glaucoma, PACG: Primary angle-closure glaucoma, PI: Peripheral iridectomy

Figure 1: Trend of the changes of central subfield retinal thickness at 
preoperative, 1 and 3 months in trabeculectomy and phaco‑trabeculectomy 
groups
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thickening was similar between diabetes and nondiabetes 
subjects (0.58 ≤ P ≤ 0.99). 

Effects of surgical intervention on parafoveal retinal thickness: 
There was no significant difference between the two 
treatment groups in terms of the changes of parafoveal RTs 
over time. In addition, no difference was observed between 
the treatment groups regarding the parafoveal RTs at each 
time point. The main effect of time was also not statistically 
significant in all quadrants (0.06 ≤ P ≤ 0.29). Tables 2 and 
3 show the trend of changes in the parafoveal RTs over 
time. The inferior and temporal parafoveal RTs increased 
transiently at 1 month and then decreased at 3 months in the 
combined phaco-trabeculectomy group, while changes in the 
parafoveal RTs were not significant in the trabeculectomy-only 
group (0.26 ≤ P ≤ 0.99). Furthermore, the changes of 
the inferior and temporal parafoveal RT in the combined 
phaco-trabeculectomy group were significantly more than the 
changes in the trabeculectomy-only group at 1 month (both 
quadrants) and 3 months (temporal quadrant only) [Table 3].

Effects of surgical intervention on perifoveal retinal thickness: 
There was a significant difference between the two groups 
in terms of temporal (P = 0.020) and superior (P = 0.007) 
perifoveal RT changes over time [Figure 1]. The main effect 
of time was also significant in the temporal (P < 0.001), 
superior (P = 0.001), and nasal (P = 0.02) quadrants, but 
the main effect of intervention groups was not significant 
(0.43 ≤ P ≤ 0.97). Overall, RT in the superior, temporal, 
and nasal perifoveal quadrants changed significantly over 
time in the combined phaco-trabeculectomy group. The 
combined phaco-trabeculectomy group showed significant 
thickening in all regions of perifoveal RTs, except the 
inferior quadrant [Table 2]. The perifoveal RT returned to the 
preoperative measures in the superior (P = 0.05) and nasal 
quadrants (P = 0.11) while it remained at higher levels in 
the temporal quadrant (P = 0.01) till month 3. The combined 
phaco-trabeculectomy group also had more increase of the 
perifoveal RT in the temporal, superior, and nasal RTs at 
1 month compared to the trabeculectomy-only group [Table 3].

Table 2: Macular thickness profiles of 64 patients with glaucoma at preoperative, 1 and 3 months following 
trabeculectomy with (n=32) or without phacoemulsification (n=32)

Variables Follow‑up 
times

Trabeculectomy (n=32) Trabeculectomy with 
phacoemulsification (n=32)

Difference between 
two groups at each 

time point

Difference between 
total pattern of two 

groups

Mean (SD) Pa Pb Mean (SD) Pa Pb Pc Pd

Central subfield 
thickness (µm)

Preoperative 251.83 (20.03) - 0.16 237.50 (21.63) - 0.10 0.88 0.25
1 month 256.00 (17.39) 0.11 245.75 (20.16) 0.01 0.31
3 months 253.83 (16.42) 0.37 245.25 (15.20) 0.15 0.42

Temporal parafoveal 
thickness (µm)

Preoperative 300.00 (19.06) - 0.54 293.25 (12.74) - 0.26 0.81 0.31
1 month 301.67 (20.26) 0.39 299.75 (11.76) 0.001 0.33
3 months 301.00 (19.70) 0.58 295.00 (14.17) 0.70 0.13

Superior parafoveal 
thickness (µm)

Preoperative 308.67 (22.41) - 0.73 310.25 (12.76) - 0.33 0.89 0.73
1 month 310.17 (23.90) 0.41 314.50 (16.66) 0.23 0.86
3 months 310.17 (19.93) 0.60 313.00 (17.80) 0.47 0.37

Nasal parafoveal 
thickness (µm)

Preoperative 313.50 (16.91) - 0.30 308.50 (14.62) - 0.12 0.87 0.56
1 month 316.33 (19.11) 0.29 313.75 (15.09) 0.08 0.46
3 months 316.50 (18.52) 0.26 311.25 (16.07) 0.33 0.42

Inferior parafoveal 
thickness (µm)

Preoperative 310.50 (18.57) - 0.94 297.75 (15.71) - 0.19 0.58 0.11
1 month 311.00 (19.56) 0.75 308.00 (15.00) 0.046 0.56
3 months 310.50 (22.06) >0.99 303.00 (16.55) 0.46 0.77

Temporal perifoveal 
thickness (µm)

Preoperative 261.17 (22.94) - 0.31 260.00 (9.62) - 0.02 0.50 0.02
1 month 263.00 (24.02) 0.24 267.25 (9.91) 0.01 0.69
3 months 262.83 (23.68) 0.28 267.25 (9.67) 0.01 0.19

Superior perifoveal 
thickness (µm)

Preoperative 269.00 (26.41) - 0.44 276.75 (15.78) - 0.02 0.60 0.007
1 month 270.17 (28.36) 0.35 284.25 (17.97) 0.02 0.30
3 months 270.00 (27.33) 0.27 281.50 (17.29) 0.05 0.46

Nasal perifoveal 
thickness (µm)

Preoperative 286.17 (24.49) - 0.77 281.75 (19.38) - 0.04 0.58 0.06
1 month 287.17 (27.04) 0.64 290.25 (19.96) <0.001 0.69
3 months 287.17 (27.08) 0.68 286.75 (23.11) 0.11 0.25

Inferior perifoveal 
thickness (µm)

Preoperative 260.83 (21.96) - 0.65 270.00 (11.20) - 0.63 0.25 0.71
1 month 262.17 (23.00) 0.38 274.25 (15.67) 0.44 0.39
3 months 261.17 (22.44) 0.83 272.00 (20.22) 0.82 0.11

aOne-way ANOVA repeated measure post hoc tests for comparing with preoperation, bOne-way ANOVA repeated measure Greenhouse-Geisser correction 
to evaluate the changes of thickness over time in each group, cIndependent student t-test, dOne-way ANOVA repeated measure Greenhouse-Geisser 
correction to evaluate the interaction between time and surgery. SD: Standard deviation, ANOVA: Analysis of variance
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In subjects with primary open-angle glaucoma (OAG), there were 
no differences between the baseline RTs and their changes at 1 
and 3 months for the trabeculectomy and phaco-trabeculectomy 
groups, except in the temporal perifoveal area at 1 month. The 
phaco-trabeculectomy group had more increase in RT than 
the trabeculectomy group (P = 0.02). However, in subjects 
with primary angle-closure glaucoma, the increase of RTs in 
the temporal and inferior perifoveal areas were higher in the 
phaco-trabeculectomy groups than the trabeculectomy groups 
at 1 and 3 months (see supplement digital content 1 showing 
the subgroup analysis between primary open-angle and 
angle-closure glaucoma following trabeculectomy with and 
without phacoemulsification). 

Correlation between changes of intraocular pressure and 
changes of retinal thickness: Changes of CSRT (rs = −0.83, 
P = 0.04) and temporal parafoveal RT (rs = −0.81, P = 0.049) 

were significantly correlated with changes of IOP at 1 month. 
Further reduction of IOP caused more increase in postoperative 
RT. Other parafoveal and perifoveal sectors did not have a 
significant correlation with changes of IOP (0.08 ≤ P ≤ 0.91). 
No significant correlation between changes of RT and IOP was 
found at 3 months (0.07 ≤ P ≤ 0.72).

dIscussIon
Our study investigated the central RT changes by SD-OCT 
after trabeculectomy and combined phaco-trabeculectomy. We 
did not find a significant difference in the pattern of changes 
of CSRT between the treatment groups up to 3 months after 
surgery. In addition, the two treatment groups did not show any 
difference in terms of the changes of parafoveal RTs over the 
study period. However, the pattern of changes was statistically 
significantly different in the temporal and superior perifoveal 

Table 3: Comparing the changes of macular thickness in 64 patients with glaucoma at preoperative, 1 and 3 months 
following trabeculectomy with (n=32) or without phacoemulsification (n=32)

Variables Follow‑up 
times

Trabeculectomy Trabeculectomy with phacoemulsification Pa

Mean (SD) Percentage Mean (SD) Percentage
Changes of central subfield thickness (µm) 1 month 1.80 (5.51) 0.71 4.13 (8.46) 1.74 0.49

3 months 2.00 (5.63) 0.79 5.40 (19.63) 2.27 0.41
Changes of temporal parafoveal 
thickness (µm)

1 month 1.20 (3.49) 0.40 5.50 (8.35) 1.88 0.03
3 months 0.68 (5.14) 0.22 7.50 (15.26) 2.56 0.03

Changes of superior parafoveal thickness (µm) 1 month 0.80 (3.55) 0.26 5.88 (8.36) 1.89 0.10
3 months 0.18 (11.30) 0.06 5.93 (13.46) 1.91 0.09

Changes of nasal parafoveal thickness (µm) 1 month 1.90 (4.77) 0.61 8.50 (9.93) 2.76 0.08
3 months 0.93 (5.63) 0.30 5.46 (15.93) 1.77 0.16

Changes of inferior parafoveal thickness (µm) 1 month 0.40 (4.14) 0.12 8.75 (8.94) 2.94 0.01
3 months 1.79 (6.35) 0.58 6.50 (15.84) 2.18 0.15

Changes of temporal perifoveal thickness (µm) 1 month 1.10 (3.00) 0.42 9.75 (8.76) 3.75 0.01
3 months 0.38 (7.22) 0.14 4.11 (12.33) 1.58 0.19

Changes of superior perifoveal thickness (µm) 1 month 0.60 (3.17) 0.22 7.63 (7.09) 2.76 0.005
3 months 0.07 (7.48) 0.02 2.30 (11.69) 0.83 0.38

Changes of nasal perifoveal thickness (µm) 1 month 0.10 (4.86) 0.03 8.75 (7.00) 3.11 0.006
3 months 1.26 (9.94) 0.44 3.82 (8.56) 1.35 0.05

Changes of inferior perifoveal thickness (µm) 1 month 1.80 (3.49) 0.69 6.25 (9.87) 2.31 0.20
3 months 2.08 (12.58) 0.80 1.31 (14.37) 0.49 0.37

aIndependent student t-test. All comparisons were made in comparison to the baseline measurements. SD: Standard deviation

Table 4: Proportion of patients showing at least five percent increase in the macular thickness at postoperative months 
1 and 3

Variable Trabeculectomy, n (%) Trabeculectomy with phacoemulsification, n (%) Pa

Central subfield thickness 2/32 (6.3) 5/32 (15.6) 0.43
Temporal parafoveal thickness 0/32 (0) 6/32 (18.8) 0.02
Superior parafoveal thickness 1/32 (3.1) 4/32 (12.5) 0.35
Nasal parafoveal thickness 0/32 (0) 4/32 (12.5) 0.11
Inferior parafoveal thickness 1/32 (3.1) 5/32 (15.6) 0.20
Temporal perifoveal thickness 1/32 (3.1) 5/32 (15.6) 0.20
Superior perifoveal thickness 0/32 (0) 5/32 (15.6) 0.05
Nasal perifoveal thickness 1/32 (3.1) 4/32 (12.5) 0.36
Inferior perifoveal thickness 0/32 (0) 4/32 (12.5) 0.11
aFisher’s exact test
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RTs. The changes in the inferior and temporal parafoveal 
RT in the combined phaco-trabeculectomy group were 
significant compared to changes in the trabeculectomy-only 
group at 1 month (both quadrants) and 3 months (temporal 
quadrant only). The combined phaco-trabeculectomy group 
also had an increase in the perifoveal RTs in the temporal, 
superior, and nasal quadrants at 1 month compared to the 
trabeculectomy-only group.

There is controversy in the literature regarding changes in 
macular thickness after trabeculectomy. These contradictory 
results could be attributed to the different study populations 
in terms of age, type of glaucoma, the severity of glaucoma 
as well as surgical procedures, postoperative IOP changes, 
and follow-up intervals. In a small sample study (10 subjects 
including 1 tube shunt, 2 combined phaco-trabeculectomy, 
7 trabeculectomy), Pitale et al. 6 showed an increase in the total 
macular thickness in 70% of their cases. Their study included 
patients who had macular SD-OCT scans within 1 year prior 
to and up to 2 years following surgery. They did not find a 
correlation between the amount of IOP reduction and the change 
in macular thickness. Kadziauskien et al.5 looked at 106 eyes 
and found that trabeculectomy, with or without 5-FU, may 
induce a slight postoperative macular thickening, which is more 
pronounced in the early postoperative period. However, in that 
study, the macula remained thicker only at the central and inner 
nasal subfields 6 months after surgery. They concluded that IOP 
reduction plays an important role in the thicker postoperative 
macula; however, inflammatory mechanisms should also be 
considered. Huq Ridoy et al.7 studied 25 OAG patients before 
and 1 and 3 months after trabeculectomy. Macular thickness 
increased from 229.82 μm preoperatively to 243.88 μm at 
1 month and 233.52 μm at 3 months postoperatively, and neither 
was statistically significant. These findings are comparable 
to our study, which found an increase in CSRT from 252 μm 
preoperatively to 256 μm at month 1 and 253 μm at 3 months 
postoperatively in the trabeculectomy-only group [Table 2].

In a prospective study on 44 patients (45 eyes), Karasheva 
et al.9 investigated the thickness of the fovea and the 
extrafoveal retina using OCT, before and after glaucoma 
filtration surgery. They excluded patients undergoing 
combined cataract surgery and trabeculectomy. Central 
macular thickness changed from 164 μm before surgery to 
173 μm after 1 month and 165 μm 3 months after surgery. 
However, they did not find a statistically significant change 
in the mean thickness of the extrafoveal retina. In addition, 
there was no significant correlation between the reduction 
of IOP and RT.9 Similar to our study, they included patients 
with different etiology of glaucoma. Sesar et al. 8 found a 
slight subclinical increase in the macular thickness after 
uncomplicated trabeculectomy with or without MMC in 
32 patients (34 eyes) with OAG. They followed their patients 
up to 1 month after surgery and considered their findings 
to be related to the reduction of IOP. They had 7 diabetic 
patients who did not show significant variation in outcomes 
in comparison to nondiabetic cases.

There have been reports that the usage of prostaglandin analogs 
may lead to disruption of the blood-aqueous barrier and 
subsequent development of cystoid macular edema in patients 
with pseudophakia or aphakia.16 Sesar et al.8 showed that there 
was no significant difference in the change of macular thickness 
in patients who had used topical prostaglandins compared with 
those who had used other topical medications. Such findings in 
terms of the neutral effect of DM status and prostaglandin drops 
usage on postoperative macular changes were confirmed in 
another study by Drukteiniene et al.13 They studied 93 eyes from 
90 patients who underwent trabeculectomy and followed them up 
to 12 months. They found mild macular thickening, which was 
more pronounced in the early postoperative period (6 months).

In nearly 10% of the patients in our study, we found at 
least a 5% increase in CSRT in comparison to the baseline 
in both groups [Table 4]. In another study, Pardianto 
et al.17 studied 27 eyes of 27 subjects who underwent 
uncomplicated phacoemulsification. They evaluated all nine 
areas of the macula by SD-OCT preoperatively and 2 months 
postoperatively. They showed that the thickness of three 
quadrants significantly increased in the paracentral macular 
area (superior, temporal, and nasal). Furthermore, they found 
a significant increase in the peripheral macular thickness in 
the superior and temporal areas. 17 In comparison, in our study, 
the changes of the inferior and temporal parafoveal RT in the 
combined phaco-trabeculectomy group were significantly 
more than the changes in the trabeculectomy-only group at 
1 month (both quadrants) and 3 months (temporal quadrant 
only). The combined phaco-trabeculectomy group also had 
more increase in the perifoveal RTs in the temporal, superior, 
and nasal quadrants at postoperative month 1 in comparison 
to the trabeculectomy-only group, which is again compatible 
with the findings from Pardianto et al. [Table 3]. Kojima 
et al.11 evaluated the changes in the choroidal area after IOP 
reduction following trabeculectomy on 74 eyes using enhanced 
depth imaging OCT. The authors concluded a reduction in the 
IOP after trabeculectomy surgery will lead to an increase in 
the macular and also peripapillary choroidal thickness. They 
excluded patients with significant cataracts from the study.11

During the first few months after the filtering surgeries, patients 
may not have good visual acuity due to different causes such as 
fluctuations in the IOP, usage of mydriatic eyedrops, postoperative 
induced astigmatism and corneal tear-film irregularity; therefore, 
many detectable changes in the visual acuity may be transient and 
unreliable. In addition, there are many patients with advanced 
glaucoma and very low visual acuity before the surgery which 
makes this variable hard to evaluate. In contrast to visual acuity, 
OCT is an objective, reliable, and accurate test and can be easily 
performed in nearly all patients. Intraocular surgeries may induce 
macular changes such as thickening and edema which is more 
frequent during 6–8 weeks after the surgery with or without 
detectable visual symptoms. Hence, OCT findings would give 
more informative and can be a good surrogate to subjective tests 
as far as the visual acuity is not captured during the first 3 months 
of trabeculectomy or combined phaco-trabeculectomy. Based on 
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our findings, which showed no significant anatomical changes in 
the macular area, we now know that if any changes in the visual 
acuity happen during the first 3 months of the surgery, it would 
less likely to be related to the structural changes in the macula, 
and other causes should be considered.

Our study has its strengths and limitations. We evaluated 
the changes in postoperative RT in patients who underwent 
trabeculectomy and combined phaco-trabeculectomy 
separately. In addition, the prospective nature of the study 
and the inclusion of a uniform group of glaucoma patients 
for each procedure are among the strengths of this study. 
However, the short duration of follow-up could be a limitation 
because it has been shown that changes in RT may last up 
to 6 months postoperatively.18 The absence of a control 
phacoemulsification group is another limitation as RT may 
increase in the early postoperative period after cataract surgery 
and affect the findings in the combined phaco-trabeculectomy 
group. Furthermore, the clinical relevance of the findings could 
be more valuable if the proper visual acuity data could be 
available. On the other hand, since the quality of obtained OCT 
images would improve after concomitant cataract surgery in the 
combined phaco-trabeculectomy group, this could affect the 
final results and create an unavoidable bias in the interpretation 
of results. The two groups did not match in terms of age, 
which could have affected the results. We recommend future 
studies with a longer duration of follow-up and consideration 
of phacoemulsification group as a control, also evaluation of 
macular changes using the OCT angiography method.

In conclusion, macular thickness significantly increased in 
some subfield sectors (inferior and temporal parafoveal; 
superior, temporal, and nasal perifoveal) 1 month after the 
combined phaco-trabeculectomy but not the trabeculectomy 
surgery. No significant changes were detected at month 3 
postoperatively, except in the temporal perifoveal sector in 
patients with the combined procedure. Therefore, it seems 
that the increase of RT in combined phaco-trabeculectomy 
will reverse to baseline values 3 months after surgery, except 
in the temporal perifoveal region.
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