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ABSTRACT… Objectives: To study the changes in Ganglion Cell Complex as measured on OCT 
after phacoemulsification with intra ocular lens implantation. Study Design: Quasi experimental 
study. Place and Duration of Study: Department of Ophthalmology, Lahore General Hospital, 
Lahore from 1-3-2017 to 30-4-2018. Materials and Methods: Ethical approval of the study 
was obtained from ‘’Ethical Review Committee’’ of Lahore General Hospital, Lahore. Patients 
presenting to the Eye OPD Lahore General Hospital were assessed for inclusion and exclusion 
criteria. All patients (n=64) diagnosed with cataract requiring surgery were included in study. 
Patients having any coexisting ocular pathology hindering the OCT measurement i.e. Corneal 
opacity, Vitreous hemorrhage, Retinal detachment were excluded from study. Retinal Ganglion 
Cell Complex thickness was measured in Superior, Inferior, Supero-Nasal, Supero-Temporal, 
Infero-Nasal and Infero-Temporal quadrants. Besides that Signal Strength on OCT was also 
documented. Pre-Operatively, Visual acuity was measured and OCT performed and the findings 
were recorded on a designed proforma. Post-Operatively, the patients were called for follow-
up after one month at which time Visual acuity was again measured and OCT performed 
and findings recorded in the proforma. All the surgeries were performed by single surgeon. 
Results: The thickness of Ganglion Cell Complex increased significantly (p<0.001) one month 
after cataract surgery. Conclusion: Cataract surgery does affect the measurement of Retinal 
Ganglion Cell Complex thickness on OCT.
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INTRODUCTION
Cataract surgery is the most frequently performed 
ocular surgery throughout the world.1 Since its 
advent, cataract surgery has undergone various 
refinements. It started as intracapsular cataract 
extraction2 which was improved to extracapsular 
cataract extraction3,4 providing capsular 
support for the implantation of intra ocular lens. 
Phacoemulsification is the latest form of cataract 
surgery which is sutureless and is associated with 
better patient comfort, early visual and physical 
recovery and minimal complications.5,6,7

Ganglion Cell Complex (GCC) comprises of two 
vital layers of retina i.e. Ganglion cell layer and 
Inner Plexiform Layer. Modern OCT software have 
enabled us to measure the thickness of both these 
layers individually and combined as ganglion cell 

complex.8,9 Macular ganglion cell thickness is 
subject to change with age10 and in response to 
various ocular diseases most important of which 
is glaucoma.11,12 The baseline thickness and the 
progression of decrease in thickness of macular 
ganglion cell complex is an important predictor 
of visual acuity outcome of the disease and its 
treatment.13 Besides glaucoma this vital layer 
can also be affected by other ocular disorders 
affecting retina14 and ocular surgery.15

Optical coherence tomography (OCT) is a non-
invasive diagnostic imaging technology that 
captures micro resolution three dimensional 
images of retina and anterior segment. Carl Zeiss 
HD OCT enables to map the three dimensional 
images of the retina and anterior segment. Its 
new Panno map analysis has enabled the wide 
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field structural damage assessment in glaucoma 
by measuring the Nerve Fiber Layer and Ganglion 
Cell Complex thickness.16

MATERIALS AND METHODS
Ethical approval of the study was obtained from 
‘’Ethical Review Committee’’ of Lahore General  
Hospital, Lahore. Patients presenting to the Eye 
OPD Lahore General Hospital were assessed 
for inclusion & exclusion criteria. All patients 
(n-64) diagnosed with cataract and requiring 
surgery were included in study. Patients having 
any coexisting ocular pathology hindering the 
OCT measurement i.e. Corneal opacity, Vitreous 
hemorrhage, Retinal detachment were excluded 
from study. Retinal Ganglion Cell Complex 
thickness was measured by OCT (Cirrus HD 
OCT by Carl Zeiss) in six quadrants i.e. Superior, 
Inferior, Supero-Nasal, Supero-Temporal, Infero-
Nasal and Infero-Temporal. Besides that Signal 
Strength on OCT was also documented. Pre-
Operatively, Visual acuity was measured and 
OCT performed and the findings were recorded 
on a designed proforma.

After aseptic measures, opsite was applied on the 
eye to be operated and paracentesis was made 
at the limbus. Viscoelastic was injected into the 
anterior chamber and continuous curvilinear 
capsulorhexis was performed. The lens nucleus 
was separated from lens cortex and lens cortex 
was separated from lens capsule by hydro 
dissection and hydrodilineation. The lens was the 
emulsified and an intraocular lens was implanted. 
Post- operative steroid and antibiotic drops were 
given every 4 hours for two weeks and 4 times 
daily for the next two weeks.

The patients were called for follow-up after one 
month at which time Visual acuity was again 
measured and OCT performed and findings 
recorded in the proforma. All the surgeries were 
performed by single surgeon. 

Data analysis was carried on SPSS version 22 for 
windows. Quantative variables were presented 
by their mean and standard deviation values, 
however the qualitative variables were presented 
as frequency and percentages. Paired samples 

t-test was applied to determine the difference 
between the Ganglion Cell Complex thickness of 
pre-surgery and one month post-surgery. P value 
≤0.05 was considered statistically significant.

RESULTS
64 patients were included in study. Mean age of 
patients was 60.2±5.2 years. 36 (56.3%) patients 
were male and 28 (43.8%) patients were female. 29 
(45.3%) patients had their left eye operated while 
right eye was operated in 35 (54.7%) patients. 42 
patients had a pre-surgery visual acuity of 6/60 
(65.6%) while 22 (34.4%) patients had a visual 
acuity of 6/36 pre-operatively. Post operatively, 
38 (59.4%) patients had a visual acuity of 6/6, 
12 (18.8%) patients had 6/9 visual acuity, visual 
acuity in 8 (12.5%) patients was 6/12, 5 (7.8%) 
patients had visual acuity 0f 6/18 and one (1.6%) 
patient had visual acuity of 6/36. (Table-I).

Mean Ganglion Cell Complex thickness pre-
operatively was 84.69±4.93 which increased to 
88.09±4.80 one month after surgery (p<0.001). 
Similarly, mean superior Ganglion Cell Complex 
thickness was83.92±5.60 before surgery which 
increased to 87.44±4.71 after surgery (p<0.001). 

Pre-operatively, mean supero-nasal Ganglion 
Cell Complex thickness was 82.27±3.67 and 
85.78± showing an increase in thickness 
(p<0.001). Mean supero-temporal Ganglion 
Cell Complex thickness was 83.09±4.60 before 
surgery which increased to 87.0±4.30 one 
month after surgery (p<0.001). Pre-operatively, 
mean inferior Ganglion Cell Complex thickness 
was 81.67±4.47 which increased to 85.05±4.39 
one month after surgery (p<0.001). The mean 
thickness in infero-nasal area was 83.06±4.87 
pre-operatively and 86.67±4.13 after one month 
of surgery suggesting an increase in thickness 
(p<0.001). In the infero-temporal area, mean pre-
operative Ganglion Cell Complex thickness was 
82.38±4.93 which increased post-operatively 
to 89.22±3.93 (p<0.001). The mean signal 
strength on OCT pre-operatively was 5.41±0.49 
which increased to 8.53±0.50 post operatively 
(p<0.001). (Table-II).

The above results suggest that the mean 
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Ganglion Cell Complex thickness increased one 
month after cataract surgery as well as the signal 
strength on OCT. The increase in Ganglion Cell 
Complex thickness and Signal Strength was 
statistically significant.

Sr. No Parameter n
1 Age in Years* 60.2±5.2
2 Gender

Male 36 (56.3%)
Female 28 (43.8%)

3 Eye Laterality
Left 29 (45.3%)
Right 35 (54.7%)

4 Pre-Surgery Visual Acuity
6/60 42 (65.6%)
6/36 22 (34.4%)

5 Post-Surgery Visual Acuity
6/6 38 (59.45%)
6/9 12 (18.8%)
6/12 8 (12.5%)
6/18 5 (7.8%)
6/36 1 (1.6%)

Table-I. Distribution of age, gender, laterality and 
visual acuity.

Catagorical variables were presented as Frequency and Percentage.
Continuous variable* was presented as Mean±Standard Deviation.

DISCUSSION
The authors present the changes in Ganglion 
Cell Complex thickness after cataract surgery. In 
this study the Ganglion Cell Complex thickness 
increased significantly after one month of cataract 
surgery. The authors believe that this increase 
could be due to multiple factors one of which is 
increased clarity of ocular media after cataract 

surgery which also explains the increased signal 
strength on OCT after cataract surgery. So 
this study shows that Ganglion Cell Complex 
thickness measurement on OCT is affected by 
presence of cataract or any media opacity.

Celik E and associates17 have studied the effects 
of cataract surgery on subfoveal choroidal 
thickness and Ganglion Cell Complex. Their study 
showed an increase in Ganglion Cell Complex 
thickness from 85.0±4.4 microns to 89.2±5.3 
microns. They concluded that cataract surgery 
does affect the measurement of Ganglion Cell 
Complex thickness.

Hollo G et al18 have compared the measurement 
of Ganglion Cell Complex between two software 
versions (6.3 &6.12) of RTVue-100 OCT. The 
Ganglion Cell Complex thickness values did not 
differ between the two soft wares both before 
and after surgery. However, The Ganglion Cell 
Complex thickness increased after surgery as 
measured by both soft wares but the increase 
documented by software version 6.12 was 
statistically significant (p<0.0001). Neither Focal 
Loss Volume (FLV) nor Global Loss Volume (GLV) 
differed between the software versions before 
and after surgery.

Nakatani Y and colleagues19 have studied the 
Post cataract surgery changes in Ganglion Cell 
Complex thickness on Fourier Domain OCT. 
The study showed high segmentation errors in 
Ganglion Cell Complex thickness measurements. 

Sr. No Parameter Pre Cataract Surgery 1-Month Post 
Cataract Surgery P-Value

1 Total Ganglion Cell Complex (GCC) Thickness 84.69±4.93 88.09±4.80 <0.001
2 Superior GCC Thickness 83.92±5.60 87.44±4.71 <0.001
3 Supero-Nasal GCC Thickness 82.27±3.67 85.78±3.59 <0.001
4 Supero-Temporal GCC Thickness 83.09±4.60 87.00±4.30 <0.001
5 Inferior GCC Thickness 81.67±4.77 85.05±4.39 <0.001
6 Infero-Nasal GCC Thickness 83.06±4.87 86.67±4.13 <0.001
7 Infero-Temporal GCC thickness 82.38±4.93 89.22±3.93 <0.001
8 Signal Strength on OCT 5.41±0.49 8.53±0.50 <0.001

Table-II. Changes in ganglion cell complex thickness after cataract surgery
Continuous variables were presented as Mean±Standard Deviation.

Paired sample T test was applied. P value ≤0.05 was considered as significant.
Ganglion Cell Thickness is measured in microns.
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Multivariate analysis in the study showed that 
high segmentation errors were due to a poor Pre-
operative SSI and lenticular opacity. The eyes 
without segmentation errors showed a statistically 
significant increase in Signals Strength Index (SSI) 
and slight increase in Ganglion Cell Complex 
parameters post operatively. 

Baba T and associates20 have studied the changes 
in Ganglion Cell Complex thickness after internal 
limiting membrane peeling during vitrectomy for 
macular hole. They noted a decrease in thickness 
of Ganglion Cell Complex from 95.5±6.8 microns 
to 84.9±10.0 at three months and 84.2±10.8 
at six months after surgery. This decrease in 
Ganglion Cell Complex thickness both at three 
and six months was statistically significant.

Esin SS et al21 have compared the effect of intra-
cameral anesthesia on Ganglion Cell Complex 
after uneventful phacoemulsification surgery. They 
divided the patients into two groups. One group 
received preservative free 1% lidocaine while the 
other group received sham balanced salt solution 
at the end of uneventful phacoemulsification 
surgery. Post Operatively, Both groups showed 
increase in Ganglion Cell Complex thickness at 
one week and at one month (p<0.001).

Seo KH and associates22 have studied changes 
in macular Ganglion Cell Complex thickness 
after indocyanin green assisted internal limiting 
membrane peeling. The mean Ganglion cell 
complex thickness pre-operatively was 78.9 
microns which reduced to 70.93 microns at one 
month and 67.64 microns at six months. This 
decrease in Ganglion Cell Complex thickness 
was statistically significant (p<0.001).

Eun KL and collegues23 have studied Ganglion 
Cell Complex thickness changes after epi retinal 
membrane surgery. In this study the post-
operative Ganglion Cell Complex thickness was 
compared with the fellow normal eye after six 
months. The Ganglion Cell Complex thickness 
was significantly lower in eyes which underwent 
surgery i.e.71.77±10.21 as compared to the 
normal fellow eyes i.e. 81.69±5.33 microns. 

CONCLUSION
Presence of cataract affects the measurement of 
retinal ganglion cell complex thickness by Optical 
Coherence Tomography and cataract surgery 
enhances the ability of Optical Coherence 
Tomography to image retinal ganglion cell 
complex leading to an accurate measurement. 
Since retinal ganglion cell complex is important 
in the response to treatment of various ocular 
diseases, the authors suggest a large randomized 
trial in order to develop an algorithm for the 
assessment of retinal ganglion cell complex by 
OCT in phakic and pseudophakic patients.
Copyright© 12 Oct, 2018
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