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Abstract 
 

Background: Glaucoma leads to changes in visual fields, optic nerve head (ONH) and retinal nerve fiber layer 

(RNFL). It is important to detect glaucomatous damage to avoid visual impairment and initiate treatment. Reversal 
of glaucomatous damage after intraocular pressure (IOP) lowering treatments has been reported in glaucoma 
patients. ONH and RNFL imaging by optical coherence tomography (OCT) are important to evaluate anatomical 
changes in glaucoma patients. 
Objective: To assess the mean change in retinal nerve fiber layer thickness (RNFLT) on optical coherence 

tomography (OCT) in glaucoma patients after trabeculectomy. 
Study type, settings & duration: This quasi-experimental study (pre-post intervention) was carried out in the 

Department of Ophthalmology, Bahawal Victoria Hospital, Bahawalpur from August 2022 to February 2023.   
Methodology: A total of 30 patients of either gender undergoing trabeculectomy, having a duration of glaucoma 

>03 months, between the ages of 30-60 years were included. Patients having media opacity, or previous 
intraocular surgery and/or patients with history of trauma were excluded. After taking history, ophthalmic 
examination was carried out. OCT was done to measure the baseline and 03 months post-operative RNFLT. 
Results: There were 63.3% males and 36.7% females, the mean age was 51.83±16.24 years, and the mean 

duration of disease was 16.50±10.46 months. Mean pre-operative and post-operative RNFLT was 48.56±9.46 
µm and 58.03±16.81 µm respectively, and the mean RNFLT change after trabeculectomy was 24.43±18.61 µm 
which was statistically significant (p <0.004). 
Conclusion: This study showed significant increase in RNFLT after trabeculectomy which is a good prognostic 

factor in the control of glaucoma. 
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Introduction 
 

 fter cataracts, glaucoma is the most common 
ophthalmic disease mentioned in the     

literature
 
leading to irreversible blindness and is 

considered an important public health problem 
across the globe.

1-3
 With a global prevalence of 

2.20%, about 57.50 million world’s population is 
suffering from primary open angle glaucoma 
(POAG). In Europe, 7.8 million people are affected 
by POAG with a cumulative prevalence of 2.51%. 
POAG is more prevalent in the United Kingdom, 
affecting 2% of adults over 40 years of age and 10% 
of adults over the age of 75 years.

3 
Glaucoma 

particularly the POAG is a disorder of progressive 
neurodegeneration 

4
 of retinal ganglion cells (RGCs) 

and retinal nerve fiber layers (RNFL)
3
 resulting in 

poor quality of life, visual impairment, and blindness. 
Glaucoma can lead to certain structural changes in 
the optic nerve head (ONH) and RNFL along with 
progressive loss of visual fields. This functional and 
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structural damage is highly variable among all 
glaucoma patients. It is also important to detect this 
glaucomatous damage to avoid serious visual 
impairment and initiate appropriate treatment.

5
 
 

 Conventional automated visual field (VF) 
analysis is routinely used in glaucoma evaluation 
and its progression. Now a days ONH and RNFL 
imaging by optical coherence tomography (OCT) 
are getting popular to evaluate anatomical changes 
in glaucoma patients.

5,6
 OCT is a reliable, 

convenient imaging tool for the diagnosis and 
monitoring of retinal disorders. By utilizing infrared 
light,

7
 OCT provides us a tomographical three 

dimensional (3-D) study with quantitative and 
repeatable measures of the optic nerve head 
(ONH), macular, and RNFL parameters. Reversal of 
ONH and RNFL glaucomatous damage after 
intraocular pressure (IOP) lowering treatments has 
been reported in primary congenital glaucoma and 
infantile glaucoma in children and primary open 
angle glaucoma (POAG) in adults.

8
 Analyses of 

ONH/RNFL and confocal scanning laser 
ophthalmoscopy (CSLO) on experimental models 
and humans showed reversal of ONH and RNFL 
parameters after IOP reduction by medical or 
surgical treatment.

8,9
 Changes in the neuro retinal 

rim area and the cup volume of the optic disc are 
also documented by stereoscopic disc 
photographs.

7
 The effects of IOP reduction on 

peripapillary RNFL is conflicting and still not clear. 
Earlier studies showed increased RNFLT after 
trabeculectomy surgery

10
 but certain later studies

 

mentioned no change in the thickness of RNFL after 
IOP lowering surgery.

8
 

The gradual and progressive degeneration 
of the retinal ganglion cell complex is the hallmark of 
POAG. VF defects on standard automated 
perimetry are seen when structural damage up to 
40% has already occurred. Detecting early 
structural changes and their progression in the 
RNFL and ONH is very crucial in the management 
of POAG. The purpose of our study is to assess the 
mean RNFLT change by using OCT after 
trabeculectomy in POAG patients. Previously no 
local data was available on this topic, so our study 
will not only provide local statistics but will also 
encourage clinicians to intervene early and timely in 
these patients to prevent them from developing 
advance glaucomatous damage and VF defects in 
future. Our study will improve the existing 
knowledge of ophthalmologists and will provide 
ideas for further future research. 

 
Methodology 

 

 This quasi experimental study (pre-post 
intervention) using non-probability purposive 

sampling technique was carried out in the 
Department of Ophthalmology, Bahawal Victoria 
Hospital, Bahawalpur from August 2022 to February 
2023. By using open epi software, the calculated 
sample size was 30 patients with 5% level of 
significance, 80% power of study and taking 
preoperative RNFLT as 52.56±17.40 µm and 
postoperative RNFLT as 58.48±20.20 µm.

10
  

 Patients of either gender with an age of 30-
60 years undergoing trabeculectomy and having 
duration of glaucoma >03 months were included. 
Patients with previous history of trauma, glaucoma 
or intraocular surgery, having media opacity 
(corneal opacity, dense cataract etc), and patients 
having OCT scan signal strength index < 8 were 
excluded. After getting informed consent, every 
patient was given a through explanation of the entire 
procedure. A detailed medical and ophthalmic 
history was taken, and through examination of the 
anterior and posterior segments was carried out 
including visual acuity (VA), best corrected visual 
acuity (BCVA), slit lamp examination, IOP 
measurement by applanation tonometery with its 
correction according to central corneal thickness 
(CCT), CCT by ultrasound pachymetery, anterior 
chamber angle examination by three mirror 
gonioscopy lens, dilated fundus examination of optic 
nerve and retina using +90 diopter lens, and 30-2° 
visual field (VF) analysis by automated perimetry. A 
prototype OCT 3000 (three circular scans, each 
scan having 3.4mm diameter centered on the optic 
disc) was done in all patients to measure the 
baseline RNFLT in microns (μm), then each patient 
underwent standard trabeculectomy procedure and 
after 03 month of surgery OCT was done in each 
patient to measure the postoperative RNFLT. All the 
findings and other variables like age, gender, 
duration of disease were documented on an already 
developed questionnaire. 

 The Statistical Package for Social 
Science (SPSS) version 22.0 was used to analyze 
all the data. The quantitative data like age, duration 
of disease and changes in RNFLT (pre-operative, 
post-operative) was presented as mean and 
standard deviation (SD) whereas the qualitative 
variables like gender was presented by frequency 
and percentage. Paired sample t-test was applied to 
compare pre-operative and post-operative RNFLT 
measurement at 95% CI. Through stratification, 
effect modifiers like age and duration of disease 
were controlled by applying independent sample t-
test to measure their effect on RNFLT. A P-value of 
≤ 0.05 was regarded as statistically significant. 

 The ethical approval was obtained from the 
Institutional Ethical Review Board of Quaid-e-Azam 
Medical College, Bahawalpur vide letter no. 1801/ 
DME/QAMC. 
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Results 
 

Out of 30 patients, 63.3% (n=19) were 
males and 36.7% (n=11) were females with a mean 
age of 51.83±16.24 years and a mean duration of 
disease 16.50±10.46 months. There were 33.3% 
(n=10) patients between 30-45 years and 66.7% 
(n=20) were between 46-60 years of age. Duration 
of disease was 04-15 months in 56.7% (n=17) 
patients and 16-45 months in 43.3% (n=13) 
patients. The mean pre-operative and post-
operative RNFLT of these patients was 48.56±9.46 
µm and 58.03±16.81 µm respectively. (Table), and 
the mean change in RNFLT was 24.43±18.61 µm 
which was statistically significant (p <0.004). The 
statistically insignificant difference was seen with 
stratified age and duration of disease (Table). 
 
Table: Comparison of various characteristics of study 
participants. 
 

Variables Mean± SD (µm) p value 
    

RNFLT  
(µm) 

Pre-operative 
(n=30) 

48.56±9.46  
0.004 

Post-operative 
(n=30) 

58.03±16.81 

Age 30-45 years 
(n=10) 

22.20±17.07  
0.650 

46-60 years 
(n=20) 

25.55±19.65 

Disease 
Duration 

4-15 months 
(n=17) 

25.71±19.93 0.676 
 

16-45 months 
(n=13) 

22.76±17.37 

    

 

Discussion 
 

 Glaucoma, in its early stage, has no 
apparent symptoms and signs

11 
and is known as a 

silent killer of human sight. Patients with advance 
stage glaucoma are usually symptomatic having 
only central tunnel

12
 vision and eventually 

irreversible damage leading to permanent blindness 
occurs. Measurement of IOP and cup-disc ratio 
(CDR), examination of VF, and OCT analysis of 
RNFL and ONH are important components in the 
diagnosis of glaucoma. OCT is an optical biopsy

12
 of 

the retina to evaluate the structural anatomy of the 
optic nerve and it is the best tool

13
 to detect the 

progression of glaucomatous damage. 
 According to a 2004 survey of Pakistan's 
national blindness and visual impairment, POAG is 
considered as a third most common (7.1%) cause of 
irreversible blindness in Pakistan.

14,15
 More than 1.8 

million people in Pakistan have glaucoma and half of 
them had permanent vision loss prior to the 
diagnosis.

12
 In Pakistan, few studies have been 

carried out to find out the effects of trabeculectomy 
on RNFLT in POAG patients. Latif S et al.

15
 in their 

study in Pakistan, reported that mean pre-treatment 
RNFLT was 0.072 (72 μm)±0.0049 µm which was 
increased to 0.080 (80 μm)±0.0048 µm three months 
after trabeculectomy. In a study conducted in POAG 
patients by Rafique A et al.

16
 in Pakistan, mean 

increase in RNFLT three months after 
trabeculectomy was 0.028±0.012 μm. Amjad A et 
al.

17 
and Shahid M et al.

6
 from Pakistan in their 

studies showed that a significant increase in mean 
RNFLT is also seen after phacoemulsification 
cataract surgery. 
 In a study conducted by Sarkar KC et al.

10
 

the mean preoperative RNFLT was 52.56±17.40 
µm, the mean postoperative RNFLT was 
58.48±20.20 µm and the mean change (5.94±8.70 
µm) was statistically significant (p <0.0001). Our 
study results are almost similar to this study. Chang 
PT et al.

18
 studied 21 glaucomatous eyes of 21 

patients, all patients received IOP lowering 
medical/surgical treatment. No obvious overall 
change in RNFLT on OCT was seen in this study. 
This difference could be due to the intervention 
variation in their study as opposed to our study in 
which we did trabeculectomy only. Raghu N et al.

8
 

studied 17 glaucomatous patients post 
trabeculectomy. They observed a significant 
increase in the average (p =0.019) RNFLT after 01 
week of surgery but values reverted to baseline 
after 03 months of surgery. The initial results of this 
study were similar to that of our study but later 
variations in their study might be due to differences 
in their sample population. Variation in results might 
also be due to the advance glaucoma stage in these 
studies as previous studies

 
have shown that the 

reversal of glaucomatous damage is more likely 
seen in the early stages of glaucoma. 
 Ali Aydin et al.

19
 reported a statistically 

significant increase in mean RNFLT after 
trabeculectomy procedure (p <0.0001). The mean 
thickness increase in RNFL (0.5 µm / mm Hg IOP 
decrease) was much correlated with IOP reduction 
(r =-0.41; p =0.03). A similar significant overall mean 
RNFLT increase was found in our study as well. The 
findings of our study are in agreement with the 
findings of a study conducted by Sharma Y et al.

20
, 

which reported a statistically significant increase in 
RNFLT in all four quadrants after trabeculectomy 
surgery. A recent study conducted by Koenig SF et 
al.

21
 also showed a significant increase in RNFLT 

after filtration surgery as seen in our study. 
 The results of our study showed a 
statistically significant link between RNFLT and 
glaucoma and RNFLT can be used as an important 
parameter in glaucoma assessment particularly at 
an early stage. The results of this study in the local 
population will complement the national and 
international research evidence on this important 
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subject that has already been published. 
Our sample size was limited and follow-up 

was limited to three months, a large sample size 
with longer follow-up is required to study the effects 
of RNFLT in such glaucoma patients. The effects of 
trabeculectomy on retinal ganglion cells (RGCs) is 
also an important predictor in glaucoma progression 
which should also be included in future studies. Our 
study is imperative and can be used for further 
clinical research in future. 
 Our study concluded that trabeculectomy 
has a beneficial effect on RNFLT and there was 
significant increase in RNFLT after trabeculectomy 
surgery which is a good prognostic factor in the 
control of glaucoma in these patients. RNFLT is an 
important indicator of documenting early glaucoma 
and monitoring progression to improve quality of life 
and to prevent from development of advanced 
glaucomatous damage in these patients. 

The results of our study can be 
generalizable in Pakistan and other developing 
countries. OCT is currently available in almost all 
hospitals in Pakistan and can be utilized for routine 
monitoring of glaucoma patients to prevent 
advanced glaucomatous VF defects and future 
blindness. 
 
Conflict of interest: None declared. 
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