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ABSTRACT
Background: Optical Coherence Tomography (OCT) is a noninvasive imaging technique for analysing retinal
architecture. It is a common investigation for various optic disc and macular diseases like glaucoma and diabetic
macular oedema nowadays. OCT image quality is affected by many factors especially media opacity due to cataract.
This study was done to compare macular thickness measurements by OCT in the presence of cataract and after
removal of the cataract by Small Incision Cataract Surgery (SICS).
Methods: A prospective observational study was designed which included 99 eyes of 99 patients with no optic disc
and retinal pathology who underwent uncomplicated small incision cataract surgery. Routine ophthalmological
evaluation including scans using macular analysis protocols of Cirrus HD OCT were done on the first visit to
outpatient department and repeated on the day of surgery, one week and three weeks after surgery. The difference
between the visits were analysed by Student’s t-test for paired samples.
Results: The best corrected visual acuity and signal strength of OCT scans improved significantly after surgery.
Among the macular parameters the temporal inner, nasal inner and nasal outer area thicknesses showed significant
improvement from preoperative to postoperative values. The foveal thickness, nasal inner and nasal outer thicknesses
changed significantly between two postoperative visits.
Conclusions: The presence of cataract and small incision cataract surgery affects the macular measurements
performed with Cirrus HD OCT. This should be taken into consideration while managing macular diseases like
diabetic macular oedema.
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INTRODUCTION
Optical Coherence Tomography (OCT) was introduced in
1991 and since then it has become an invaluable tool in
the diagnosis and management of different retinal
disorders. OCT is a method of analysing the in-vivo
retinal architecture. It is particularly useful and accurate
for measuring retinal nerve fibre layer (RNFL) thickness
and macular thickness.1 OCT uses light reflectance signal
from the retina to measure its thickness. Macular oedema
(ME) occurs in a variety of pathological conditions and

accounts for different degrees of vision loss. Early
detection of ME is therefore critical for diagnosis and
management. OCT has been routinely used in measuring
retinal thickness for the evaluation of ME caused by
diseases such as age-related macular degeneration,
diabetic retinopathy, central serous retinopathy,
hereditary retinal degenerations, retinal vein occlusion,
after cataract surgery, epiretinal membrane (ERM) and
uveitis. Diabetic macular oedema is the most common
macular pathology detected in the macular OCT. Fluid
accumulation in diabetic macular oedema can be in the
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form of diffuse retinal thickening, cystoid macular
oedema and serous retinal detachment.2 Management of
macular oedema by intravitreal injection of anti VEG- F
agents and need for repeat injections are decided based on
foveal thickness by OCT.
OCT image quality is influenced by many factors like
visual acuity less than 20/40, moderate to severe cataract,
past cataract surgery, advanced glaucoma stage, open
angle glaucoma and peripapillary atrophy. Cataract was
associated with an increased frequency of artifacts. As
cataract severity increased, it was more likely that the
corresponding scan would contain at least one artefact.
Media opacity of any kind can affect OCT signal
strength.3 In the elderly population, cataract is the most
common cause of media opacity that is known to
influence the OCT image quality and measurements.
During OCT, cataract is likely to increase the light
scattering and degrade the OCT image quality. Senile
cataract is the most common potentially reversible
blinding disorder (72.0%) among eyes presenting with
blindness in south Indian population.4 Cataract is
managed by removal of the cataractous lens and
implantation of posterior chamber intraocular lens. As
cataract is a common co existing disease with glaucoma
and diabetic retinopathy, it can be a common
confounding factor in the diagnosis and follow up of
these patients.5
While managing optic disc diseases and macular diseases,
one must be aware of how cataract affects the OCT
measurements and how the measurements are altered
after the removal of cataract. There are a few studies
which compared the OCT measurements before and after
phacoemulsification.1,6-9 The studies by Bambo MP et al,
Martin EG et al, Pasova P et al and Gharbhiya M et al,
found that the macular thicknesses are increasing after
removal of cataract and some other studies like Ching
HY et al, found that the macular thicknesses are
decreasing after phacoemulsification.1,6-9 Hence this study
was done to analyse the change in the macular OCT
measurements using Cirrus HD OCT model 500, after
removal of cataract by uncomplicated small incision
cataract surgery. Small Incision Cataract Surgery (SICS)
may be the more appropriate surgical procedure for the
treatment of cataract in high volume camp surgery of
rural patients in the developing world as compared to
clear corneal phaco with rigid IOL. It is nonmachine
dependent, quicker, cost effective and gives good visual
results. SICS should be the preferred option in rural
patients who cannot afford a folable IOL.10 The temporal
SICS with number 11 disposable surgical blade and
nucleus delivery by sandwich method gave excellent
outcome with minimal astigmatism and low complication
rate at economic cost.11
METHODS
This was a prospective observational study which
included 103 patients who underwent small incision

cataract surgery in Jubilee Mission Medical College,
Thrissur from June 2016 to May 2017. The exclusion
criteria were those with intraocular pressure >21mmHg,
previously diagnosed glaucoma, high refractive errors –
more than 5D of spherical equivalent refraction or 3D
astigmatism, macular diseases and very poor signal
strength (<2) of OCT. All patients who were to undergo
small incision cataract surgery underwent a detailed
history and clinical examination. An informed consent
regarding the study was taken from all the included
patients. Preoperative evaluations included systemic
evaluation- blood pressure and heart rate, detailed
ophthalmic examinations-Visual acuity-unaided, with
power glass and with pin hole, subjective refraction,
intraocular pressure assessment, slit lamp examination,
dilated fundus examination, keratometry and A scan
biometry with IOL power calculation.
Visual acuity was measured by Snellen’s chart and
converted to logMar scale. All the patients subjected
OCT evaluation of macular cube 512×128 at the
preoperative visit when surgery date was decided. The
OCT machine used was the Cirrus HD OCT model 500 in
the outpatient department. In each series of macular scans
the signal strength, retinal thickness values of nine areas
corresponding to the Early Treatment Diabetic
Retinopathy Study (ETDRS)- central 1mm circle, inner
and outer rings each divided into four quadrants
(superior, nasal, inferior and temporal) were analysed.
Patients were treated with antibiotic eye drops –
moxifloxacin 0.5% eye drops one drop four times a day,
2 days prior to surgery. OCT evaluation of macula was
repeated on the day of surgery. Tropicacyl plus eye drops
containing tropicamide and phenyl ephrine was used to
dilate pupil. Peribulbar block was given with 0.5%
bupivocaine and 2% lignocaine. All patients underwent
manual Small Incision Cataract Extraction with a
superior self sealing sclerocorneal tunnel incision. All
surgeries were carried out by a single experienced
surgeon. Posterior chamber intra ocular lens was
implanted in the capsular bag for all the patients. Only
those patients who had uneventful surgery, were included
in the study. Patients were discharged on the first
postoperative day. Post operative medications were
moxifloxacin-dexamethasone combination eye drops,
fluromethalone-tobramycin combination eye drops and
flurbiprofen eye drops.
Routine ophthalmological evaluation and OCT scanning
of macula were repeated on the first postoperative review
one week after surgery and second postoperative review
three weeks after surgery. Four patients lost for second
postoperative follow up and those patients were excluded
during analysis.
Descriptive and inferential statistical analysis has been
carried out in the present study. Results on continuous
measurements are presented on Mean ± SD (Min-Max)
and results on categorical measurements are presented in
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Number (%). Significance was assessed at 5 % level of
significance. Student t test (two tailed, independent) has
been used to find the significance of study parameters on
continuous scale between two groups (Inter group
analysis) on metric parameters. Student t test (two tailed,
dependent) has been used to find the significance of study
parameters on continuous scale within each group. P
value <0.05 was considered as statistically significant.
The Statistical software namely SPSS 20.0, and R
environment ver.3.2.2 were used for the analysis of the
data and Microsoft word and Excel have been used to
generate graphs, tables etc.

In the present study the mean Best corrected visual
acuity (BCVA) by logmar was 0.96±0.24 before cataract
surgery and 0.06±0.09 three weeks after the surgery. The
change in vision was strongly significant statistically
(P<0.001). In the present study the mean signal strength
of macular scans was 5.69±1.39 preoperatively which
improved to 7.06±1.14 three weeks postoperatively. This
change was statistically significant. Signal strength more
than 5 was present in only 79.8 % preoperatively. It
improved to 97 % postoperatively. Baseline
characteristics of the study group is shown in Table 1.
Table 1: Baseline characteristics during first visit.

RESULTS
The present study was an observational prospective
investigation of 99 patients who underwent cataract
surgery in Jubilee Mission Medical College, Thrissur
from June 2016 to May 2017. The majority of the
patients included were in the age group 61-70 years
(49.5%). 25.3% were between 51-60years group and
23.2% were between 71-80years group. The mean age of
the study population was 66.15±7.12years. Among the 99
patients 52 patients (52.5%) were females and 47 (47.5%)
were males. Right eye cataract surgery was performed in
43patients and left eye cataract surgery was performed in
56 patients. In the study group 76 patients (76.8%) were
type II diabetis mellitus patients, 51 patients (51.5%)
were systemic hypertensives and 58 patients (58.6%)
were dyslipidemic patients.

parameters
Vision (log Mar)
Age (years)
Macular measurements (µm)
Signal strength macular scans
Fovea
Superior inner
Nasal inner
Inferior inner
Temporal inner
Superior outer
Nasal outer
Inferior outer
Temporal outer

Mean ± SD (µm)
0.96±0.24
66.15±7.12
5.69±1.39
232.97±30.62
300.23±30.05
298.90±24.44
295.56±23.86
290.99±20.58
263.12±24.01
273.34±20.92
252.29±25.05
251.32±30.85

Table 2: P values by comparing macular thickness between admission to first postoperative week, admission to
third postoperative week and first and third postoperative weeks.
Macular quadrants
Fovea
Superior inner
Nasal inner
Inferior inner
Temporal inner
Superior outer
Nasal outer
Inferior outer
Temporal outer

Admission to first
postoperative week
0.117
0.693
0.102
0.118
0.023
0.596
0.008
0.273
0.112

Macular thickness was measured in nine areas
corresponding to the Early Treatment Diabetic
Retinopathy Study (ETDRS). The areas were fovea or
central macular thickness, superior inner, nasal inner,
inferior inner, temporal inner, superior outer, nasal outer,
inferior outer and temporal outer areas. Figure 1
represents the macular thickness measurements on the
day of admission, first and third week postoperative
visits. Table 2 shows the P values of each macular
parameters on comparing admission to first week,

Admission to third
postoperative week
0.055
0.517
0.040
0.127
0.018
0.528
<0.001
0.231
0.124

First to third
postoperative week
0.003
0.104
0.005
0.810
0.528
0.092
0.031
0.556
0.674

admission to third week and first to third postoperative
week. On comparing admission values with first
postoperative week values, statistically significant
increase in the thickness was found only in temporal
inner and nasal outer quadrants (P=0.023 and P=0.008).
The order of change between admission to first
postoperative visit was temporal inner (5.050 µm) >
fovea (4.222 µm) >temporal outer (4.192 µm) > inferior
inner (3.565 µm) > nasal outer (3.485 µm)> nasal inner
(2.576 µm) > inferior outer (2.273 µm) > superior outer
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(1.818 µm) > superior inner (1.051 µm) (Figure 1). On
comparing admission values with third postoperative
week values statistically significant increase in the
thickness was found in nasal inner, temporal inner and
nasal outer areas. P values were 0.040, 0.018 and < 0.001
respectively. The order of change between admission to

second postoperative visit was temporal inner (5.202 µm)
> fovea (5.152 µm) > nasal outer (4.535 µm) > temporal
outer (4.040 µm) > inferior inner (3.505 µm) > nasal
inner (3.222 µm) > inferior outer (2.495 µm) > superior
outer (2.101 µm) > superior inner (1.737 µm).
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Figure 1: Representation of macular thickness before and first and third week after small incision cataract surgery.

A

B

Figure 2: (A) Macular scan of a patient on the day of admission, (B) Three weeks postoperatively Macular thinning
in the fovea and nasal inner disappeared in the postoperative scan.
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On comparing first and second post operative visit
macular thicknesses the statistically significant change
was found in the foveal thickness, nasal inner and nasal
outer areas. The P values were 0.003, 0.005 and 0.031
respectively. The order of change of macular thickness
from first to second postoperative visits were nasal outer
(1.051 µm) > fovea (0.929 µm) >superior inner (0.687
µm) > nasal inner (0.646 µm) > superior outer (0.283
µm) > inferior outer (0.222 µm) > temporal outer (0.152
µm) = temporal inner (0.152 µm) > inferior inner (0.061
µm). Figure 2 shows improvement in the foveal and nasal
inner macular thickness following SICS.

contribute to this change in the results. In the present
study the measurements on the day of surgery and first
and third postoperative week were compared, rather than
the measurements one month before and one month after
the surgery as in case of above studies. The influence of
cataract surgery on intraocular pressure and the release of
inflammatory mediators inducing disturbed blood retinal
barrier permeability with vessel leakage are factors that
could affect the thickness measurements. These factors
are highly individual to the patient. Upto 3-5 weeks post
surgery these factors can play a role in the OCT
measurements.5

DISCUSSION

Ching HY et al, in their study found that the mean
preoperative thickness was higher than postoperative
thickness.9 The mean preoperative foveal thickness was
189.367±26.83mm and postoperative thicknesses were
175.747±26.79mm,
180.257±27.13mm
and
176.587±26.45mm at 2weeks, 4weeks and 8weeks
postoperatively. It was explained by possibility of error in
preoperative measurements because of the presence of
cataracts, or it may be due to an apparent thinning of the
retina when the crystalline lens is replaced by an
intraocular lens. This is not comparable to our study. In
our study Cirrus HD OCT model 500 was used for image
acquisition. Each OCT machine will have differences in
hardware, like superluminescent diode power, charge
coupled device camera and software, like postacquisition
processing of the signal. All the SD OCT devices on the
market will show a different influence of opacities on
change in measurements.5

In a study by Garbhiya M et al, at day 1 after surgery,
mean retinal thickness of all macular subfields of the
operated eyes decreased significantly in comparison to
the fellow eyes.8 There was a significant increase in
retinal thickness of the outer macular area from one week
postoperatively onwards with a peak at 1 month, while
retinal thickness of the central fovea began to increase
from the first month, with a peak at 2 months. At 6
months after surgery, retinal thickness tended to
normalize in the central fovea, whereas it remained
increased in the outer macular area. As in case of
aforementioned observations, in the present study also the
central foveal thickness didn’t show significant increase
till three weeks after surgery. Furthermore, in the present
study the significant increase in the thickness was found
only in temporal inner and nasal outer quadrants one
week after surgery and in nasal inner, temporal inner and
nasal outer areas showed significant increase three weeks
after surgery. This finding was comparable to that of
Gharbhiya et al. Lobo CL et al, studied macular
alterations following small incision cataract surgery and
found not only retinal leakage after cataract extraction,
using a prototype of confocal scanning laser fluorometer
but also located the leaking sites in the perifoveal zone by
angiography.12 These leaking sites, which could represent
focal inner blood retinal barrier disruption, were located
in the vascularised regions of the macula, outside the
foveal avascular zone. The above observations may
explain the different patterns of change in thickness
found in the present study.
In the study by Bambo MP et al, all macular parameters
were significantly increased after surgery with Cirrus
OCT.1 The largest difference was noticed in the fovea
thickness (60µm). Using spectralis OCT the macular
thickness measures were not significantly different after
surgery. In contrast Martin EG et al, depicted all macular
parameters were significantly increased after surgery
based on measurements with the Cirrus OCT.6 The
largest difference was in the superior outer thickness
(34.3µm). The macular thickness measurements made
with the Spectralis OCT were not significantly different
after surgery. There are several causes which may

CONCLUSION
The signal strength of macular scans improved
significantly after removal of cataract. Statistically
significant change in the macular thickness from
preoperative to postoperative values were found in the
temporal inner, nasal outer and nasal inner areas only (P<
0.05). Significant change in thickness between first and
second postoperative visits were found in foveal
thickness, nasal inner and nasal outer areas (P<0.05).
According to the present study the change in the macular
thickness postoperatively may be due to various factors
like absence of cataract, presence of intraocular lens,
changes in the intraocular pressure during surgery, blood
retinal barrier disruption and the type of machine used for
measurements. The change in thickness should be
considered while monitoring diseases like diabetic
macular oedema and other macular pathologies post
cataract surgery.
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