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ABSTARCT

Title: A one year longitudinal study to assess the comredothelial morphology and
central corneal thickness in diabetic patients and-diabetic patients undergoing

Manual small incision cataract surgery

Introduction: Understanding the impact of MSICS on corneal heaglarticularly in
vulnerable populations such as diabetic patiestgritical for optimizing surgical

outcomes and patient care.

Objectives:

1. To compare corneal endothelial cell changes ineadieb and non-diabetic
patients who underwent manual small incision catssargery,

2. To correlate endothelial cell changes and centraieal thickness in diabetics
and non-diabetic patients who underwent manual Isinalsion cataract

surgery.

Methodology: A hospital based prospective study was conduateohg 35 diabetic
patients and 35 non-diabetic controls who were m@dnfor manual small incision
cataract surgery. Through a non-contact specularosgope, corneal endothelial cell
changes, co-efficient of variance, and central earnthickness was assessed on
preoperative day, followed by post-op day 1, 1 wdeknonth, and 3 month following

surgery.

Results: Among diabetic patients, the central corneal théds increased from pre-
operative period (508.4+36.1), to day 1 (548.9+h3ahd subsequently reduced

towards normal on one week (527.0+36.6), one m@b86.8+38.9), and 3 month

vii



(508.6+38.0). Similar results were noted among diabetics (pre-
operative:495.1+30.9. 1 day post-op: 531.3+36.6yekk post-op: 512.9+24.0, 1
month post-op: 505.6+22.8, 3 month post-op: 495/2A2 While the cases were
higher among diabetics, the difference was notissizdlly significant. The co-
efficient of variation increased among diabeticugrérom 0.45+0.04 at pre-operative
phase to 0.49+0.09 at 3 months post-operative pl&selarly, among non-diabetic
phase, it increased from 0.45+0.05 at pre-operathase to 0.47+0.06 at 3 months

post-operative phase.

Conclusion: While MSICS proved to be a safe and effective pdoce for both
diabetic and non-diabetic patients, diabetic caneahibited a non-significant

delayed recovery and a slightly greater suscejpiltd surgical trauma and stress.
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INTRODUCTION

Cataract is the leading cause of reversible blisghand is the second most common
cause of severe visual impairment worldwidemong population aged 50 years or
above, cataract and refractive error constitutesSi of blindness and 77% of
severe visual impairment worldwidéSurgical management is the mainstay treatment
for cataract™ Among the various techniques available for cataramoval, Manual
Small Incision Cataract Surgery (MSICS) remain®puypar and cost-effective option
due to its affordability, short learning curve, gigo surgical time, and suitability for
resource-limited setting® In addition, smaller incisions are associated wéttiuced
post-operative astigmatism and glaucdmanderstanding the impact of MSICS on
corneal health, particularly in vulnerable popuwas such as diabetic patients, is

critical for optimizing surgical outcomes and patieare®

Diabetes mellitus (DM) is a chronic metabolic daemr characterized by
hyperglycemia resulting from defects in insulin re¢ion, insulin action or both. An
estimated 537 million worldwide suffer from diabet@ellitus and it is expected to
increase to 783 million by 2045With an estimated prevalence of 77 million cases,
India ranks second in diabetes mellitus prevalemoddwide? It is of concern as
their complications extend to majority of orgaf. Cataract, posterior capsular
opacification, diabetic retinopathy and diabeticcolar oedema are the common
ocular complications in diabetic patientd? Compared to non-diabetics, the
incidence of cataract is 4 times higher among diedén younger population (<65
years) and it is two times higher in elderly popioka (>65 years}® Moreover,
diabetes mellitus increases the risk of compliceifollowing cataract surgefyThis

includes morphological and functional impairment @irneal endotheliur?™**
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Hence, understanding the relationship between thabeellitus and cataract surgery

at anatomical level is of utmost importance.

Cornea is an convex, aspheric, and avascular steldiarrier of the ey&. They are

thin at the centre (551 to 56§ and thick at the periphery (612 to 64R™ The
corneal cellular components include epithelial<€d-7 cell layers), keratocytes and
endothelial cells (single layetj*®* The monolayer hexagonal corneal endothelium
cells play a critical role in maintaining corneghrisparency by regulating stromal
hydration through an active pump-leak mechafisfiwhile the endothelial cell
density is approximately 3500 cells/mmt birth, they progressively decrease at a
rate of 0.6% per year in adulthobt® Moreover, corneal endothelial cells have
limited regenerative capacily*® Hence, damage or change in these parameters are

indicative of morphological or functional stre$g?

The corneal and their endothelial parameters likatral corneal thickness and
endothelial cell density are particularly importamithe context of diabetes mellitus
and cataract surgefy:® As diabetes mellitus is a hyperglycaemic stats, itelieved
to induce oxidative stress, glycation of endothediateins, impaired endothelial cell
function and microvascular damage, which colledyivaompromise endothelial cell
function’®?® Based on previous studies, it is hypothesized thhese
pathophysiological changes lead to reduced endathadll density, central corneal
thickness, hexagonal cell ratio and co-efficienéywariance’*?? Increased central
corneal thickness (CCT) in diabetic patients hasnbattributed to endothelial
dysfunction and increased stromal hydrafiff. Moreover, cataract surgeries pose
challenges to corneal endothelial health due to hamgical stress from surgical

instruments, irrigation fluids, and intra—ocuIansl;eimplamtatior’r:r"26 However, long

term recovery of endothelial cell following cataraurgery is note&?®These are
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postulated to be due to endothelial cell enlargeﬁ‘?e‘ﬁowever, there are limited
studies on the impact of diabetes mellitus on hgadind recovery of endothelial cell
following cataract surgeries. Understanding thésges in the context of diabetes is

crucial for predicting surgical outcomes and plagrfiollow-up care.

Despite the extensive literature on diabetes atdraet surgery, few studies have
focused on the long-term impact of MSICS on correzalothelial morphology and
CCT in diabetic patients. Most studies are limitegshort-term follow-ups or fail to
include a comparative analysis with non-diabetitgpas. This study aims to fill this

gap by providing a comprehensive, year-long evalnaif these parameters.

This study aimed to conduct a one-year longitudistaldy to assess the corneal
endothelial morphology and CCT in diabetic and da@betic patients undergoing
MSICS. The findings will contribute to the growilgdy of knowledge on surgical
outcomes in diabetic populations and provide irtsigmto postoperative care

strategies.
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Aims & Objectives

AIMS AND OBJECTIVES

PRIMARY OBJECTIVE:

To compare corneal endothelial cell changes iatias and non-diabetic patients

who underwent manual small incision cataract syrger

SECONDARY OBJECTIVE:

To correlate endothelial cell changes and cemwmiaheal thickness in diabetics and

non-diabetic patients who underwent manual smaisian cataract surgery
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Review of literature

REVIEW OF LITERATURE

The review of literature will be discussed in foling subheadings:

A. Cornea

B. Diabetes Mellitus and its effect on cornea
C. Cataract in diabetes mellitus

D. Manual incision cataract surgery

E. Effect of MSICS on cornea

F. Previous studies

G. Lacunae and need for study
A. Cornea
Overview

The cornea is a transparent, avascular structtegred to the optical and protective
functions of the ey& Its unique structural and biochemical propertiewait to
serve as a refractive medium while maintainingitland mechanical strength lts
anatomy and histopathology are foundational to tstdading how systemic
conditions like diabetes and surgical interventisagh as Manual Small Incision

Cataract Surgery (MSICS) impact corneal health.
Dimensions and Shape
Diameter: Horizontally 11-12 mm and vertically 9-+hin.

Curvature: The anterior curvature is 7.8 mm andgyas curvature is about 6.5 mm.
Cornea contributes to about 40-44 D of refractivevgr and accounts for

approximately 70% of total refraction.
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Corneal Thickness

The central corneal thickness (CCT) in normal eyes is found to range from 551 to
565 u and the peripheral corneal thickness from 612 460 £.°°° The corneal
thickness is influenced by age, hydration and sy&teconditions. The gradual
increase in thickness from the central to peripheoanea is attributed to higher
collagen density in the peripheral stroma and @&ntestromal rigidity that stabilizes
corneal curvature and resists changes in hydratidhThe central corneal thickness
(CCT plays) a critical role in maintaining corneatvature for optimal refraction, and
providing structural integrity to withstand intradar pressure chang&s® It also
serves as a bhiomechanical indicator of endothgliaip function and stromal

hydration®*°

Centval

\-2mm
foracentral S-tmm

Figure No.1 : Diagrammatic representation of cornebthickness and anterior

(Ra) and posterior (Rp) corneal curvature

The role of corneal thickness is critical in mamagaet of glaucoma, refractive
surgeries (LASIK and photorefractive keratectomyld acorneal pathologies like
subclinical keratoconus, Fuchs endothelial dystyopaind pellucid marginal
degeneration>*® Moreover, it is an important assessment paranfeiercataract

surgery and diabetes. Various techniques are usedhdasure central corneal
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thickness. Ultrasound Pachymeter (US), Optical @aiee Tomography (OCT),
Topographer (TOPO), Specular Microscope (MS), anoh-Bbntact Tonometer

(TONO) are few of the commonly used measures wadei?
Layers of the Cornea

The cornea is composed of six well-defined layeessh serving unique functional

and structural roles:

i. Epithelium

They are made up of non-keratinized, stratifiedasgous epithelium composed of 5—
7 cell layers®>*! It is about 5Qu in thickness.They act as a barrier against miatobi
chemical, and mechanical insults™ It also provides a smooth optical surface for
light refraction. The epithelial cells regenerateery 7-10 days, maintaining the

integrity of the surfac&=!

ii. Bowman'’s Layer

Bowman's membrane is condensation of collagen aotegglycans. It is a 12
structure and is made up of Type | and V collagemwaell as proteoglycans. It has no

regenerative ability>>* Hence they are prone for scarring upon damageyinj*
iii. Stroma

They account for 80-85% of corneal thickness. Tlaeg composed of highly
organized collagen lamellae (Type I, V, VI) and aglgaminoglycans (GAGSj:!

They provide mechanical strength, transparency, laydtration regulation to the
cornea:>** Any dysregulation of stromal hydration or collagemangement can lead

to loss of transparency (Example: corneal oedémia).
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iv. Pre-Descement’'s membrane

This layer is also known as Dua’s layer and wasaliered in 2013 by Dr. Harminder
Dua. It is an acellular structure located antefioDescement’s membrane and is 6 to

15 p thick, strong and impervious to air. Thereraréeratocytes in this layét.

v. Descemet's Membrane

They are the basement membrane for endotheliab’ééfi They are secreted
throughout life and thicken with age. They provelasticity and serve as a barrier

and scaffold for endothelial cefts®!

vi. Endothelium

They are single layer of metabolically active hex@a cells that do not
regeneraté>3! The apical regions of the cells are interconnedtgdight junctions

and gap junctions, accompanied by interdigitatitas connect adjacent ceffs®*

Scanning electron microscopy highlights the preseraf surface villi and
membranous pores. These cells are rich in mitoalnénd hence have high
metabolic activity’> The corneal endothelium demonstrates passive (dsititg,

permitting the diffusion of large molecules acrdssbarrier’? This includes nutrient
and ion transport from aqueous humour to stromaavshea® Endothelial cells
maintain corneal clarity by actively pumping excesater out of the stroma via
Na+/K+ ATPase pumps and carbonic anhydrase patht¥aysThis transport is

through pump leak mechanisth.
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Figure No.2 : Pump leak mechanism of cornea

They maintain corneal transparency by regulatimgnsal hydration through active
ion pumps. Loss of endothelial cell density, paificly in diabetics or post-surgery,

can lead to corneal oedema and loss of transpafeéficy

Epithelium

—t—1 BOwMman’s membran

—t—— Stroma

—t—1 Keratocyte

> Dua's layer
4—» Descement'’s membra

Lxrwr)um’ﬂ'ﬂm\ —an

Figure No.3 : Description of layers of cornea
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Endothelial cell density: The endothelial cell density (ECD) of the corneaies
with age and is crucial for maintaining corneahsparency? The following points

summarize the key aspects of endothelial cell dgnsi

Average ECD Values:

e At birth: Approximately 35004000 cells/mr23*
e In adults: Declines to around 2600 cells/mm?2 byetyhth decade of lif&>*

e Age-Related Decline: The endothelial cell densiggreéases by about 0.6% per
year throughout adulthodd3* This decline is accompanied by an increase in
polymegathism (variability in cell size) and pleampieism (irregularity in cell

shape)>3*

e A minimum critical ECD (400-500 cells/fmm?) is repd to maintain these
functions® If the ECD drops below this critical threshold rmeal oedema and

decompensation may occir.
Biomechanics of cornea

Mechanical Properties of the Cornea

i. Viscoelastic Behaviour: The cornea exhibits visasttity, balancing

immediate elastic responses with time-dependenouis deformatiofi’

ii. Elasticity: Immediate resistance to deformation agritical for maintaining

shape®

iii. Viscosity: Dissipates energy under sustained oretidype stress and hence

reducing damag¥.
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Figure No.4 : Diagrammatic representation of interral and external environment

impacting corneal elasticity’®

Anisotropy and Heterogeneity

i. Anisotropy: Mechanical properties differ along difént meridians of the cornéa.
The superior-inferior axis may exhibit differentffstess compared to the nasal-

temporal axis®

ii. Heterogeneity: Central cornea is mechanicatiprgyer, while the periphery is

more flexible to accommodate intraocular pressi®®) fluctuations’™

Hydration and Biomechanics

Proper hydration is critical for maintaining strdrttickness and transparenty.
Overhydration: Weakens stromal strength and ineeagsceptibility to deformation.
Dehydration: Leads to stiffening and reduced fléjb>°

Biomechanical Changes with Aging

Ageing is associated with increased collagen drdgaly (non-enzymatic) enhances

stiffness but reduces flexibilif?. In addition, decrease in GAG content impairs
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hydration regulation and shock absorption. Ageingliso associated with reduced

keratocyte density which stromal repair and maiatee>°
Assessment of cornea using non-contrast specularenoscope

Specular microscopy is a non-invasive imaging tepieused to evaluate the corneal
endothelium by utilizing the principle of specutaflection®’ This optical principle
involves the reflection of light from the smoothdethelial surface at specific angles,

which enables high-resolution imaging of cell boarieis®’

Figure No.5 : Specular microscope

Specular light reflex is based on the principle tiagle of incident beam is equal to
the angle of the reflected bedfiThe endothelial cells have a refractive index rea
than 1.336 value for the aqueous humor,which alloeBection of light at
endothelial-aqueous interfateThis reflected light is captured and analysedreaie
an image of the endothelial cell layer. This allovesal time visualization and

assessment of endothelial célis.
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Figure No.6 : Principle of specular microscope (ancident light ray, c= reflected

light ray, ab: angle of incident, bc: angle of refction)®’

The endothelial cell morphology analysis includedl area (square micrometre),
endothelial cell density (cells/nfin polymegathism (in co-efficiency of variance),

and pleomorphism (% of hexagonal ceffs).

e The cell density is determined by the following eaton:

10°

Cell density = ————
©  Average cell area

e The coefficient of variaton (CV) is derived by theequation:

SD cell area
~ Mean cell area, um?

CcVv

While low cell density (<1000 cells/nfincan lead to corneal decompensation during
intraocular surgery, and higher co-efficiency ofriaace (>0.4%) is called

polymegathisnt’

A specular microscope measures central cornedrtégs by analysing the reflection

of light from the corneal endothelium by calculgtime distance between the anterior
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corneal surface and the reflecting surface of theothelial cells$’ The specular

microscope model used in this study is Rexxam SBM 7

Figure No.7 : Pictorial representation of a speculamicroscopy measurement of
corneal morphology (CCT: Central corneal thicknessCD: Endothelial cell

density, CV: Co-efficiency of variance, 6A: Hexagoal cell percentage}®
B. Diabetes Mellitus and its effect on cornea

Overview

Diabetes mellitus is a chronic non-communicableeake characterized by elevated
blood glucose levels due to decreased insulin Senrer insulin resistanc®. The
number of individuals living with diabetes has m&sed drastically, rising from 200
million in 1990 to 830 million in 2022 This growth is disproportionately seen in
low- and middle-income countrié$.Diabetes significantly contributes to morbidity
and mortality worldwidé? It leads to both micro and macrovascular compticast

with complications such as blindness, kidney faijuheart disease, stroke, and

amputations?
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In 2022, 14% of adults aged 18 years and older Viérg with diabetes’ Moreover,
more than half of them were not taking medicatidrihey directly attribute to 1.6
million deaths worldwidé®In India, an estimated 77 million population wefieeted

by diabetes mellitus in 2019, and it is estimatethtrease to 134 million by 2045.
Impact of Disease on Cornea

Diabetes mellitus is a hyperglycaemic state tha#¢rslstromal stiffness due to
excessive non-enzymatic collagen crosslinkhim addition, endothelial dysfunction
exacerbates hydration imbalance, reducing mechaniogegrity3® Diabetic
keratopathy is characterized by reduced corneath@fil sensitivity, recurrent
corneal ulceration, and delayed wound healihdhe hyperglycaemia state has
distinctive effects on various corneal parts. laiso associated with structural and

functional alterations in the corneal epitheliutnosa, and endotheliuf.
Following are the major changes noted:

Diabetic Corneal Neuropathy

Neuropathy results from chronic hyperglycaemia dgingthe trigeminal nerve. Due
to hyperglycaemia state, accumulation of Advancéa&@ion End Products (AGES)
and oxidative stress contribute to nerve Fiber deggion™® This leads to reduced
corneal innervation® Immunocyte accumulation and mitochondrial damage
exacerbate the condition. Chronic nerve damage impgpithelial healing and
predisposes the cornea to ulceration and perfordtidhis can also affect healing
following surgery. They are characterised by phbtdpa, irritation, and pain, though

some patients remain asymptomafic.
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Corneal Epithelium Abnormalities

Hyperglycaemia-induced overexpression of matrixath@proteinases (MMPSs) leads
to basement membrane degradafﬁ)m addition, it can lead to accumulation of
AGEs at the epithelial-stromal interface, disrugtinell adhesion and basement
membrane integrity. The AGEs are particularly distted on the basement
membrane laminin® Moreover, reduced neurotrophic factors impair hesial

homeostasis and wound healing. Key investigatimdifigs include reduced density

of basal epithelial cells, and increased cell sagability (polymegathism??

Corneal Stroma Alterations

Structural changes following diabetes mellitus wde increased central corneal
thickness (CCT) due to stromal swelling, particiylain advanced diabetic
neuropathy® Moreover, disorganized collagen fibrils and abralrmorosslinking

mediated by AGEs lead to reduced corneal transpgrén

At a cellular level, there are altered keratocygedgity and activation in response to
oxidative stress and hyperglycemiaAlso, chronic inflammation impairs stromal

matrix remodeling?®

Tear Film and Lacrimal Functional Unit (LFU) Abnoatities

Diabetes mellitus can lead to reduced tear prodoctiue to lacrimal gland
dysfunction and neuropatty.Increased tear film osmolarity triggers inflamngto

cascades, leading to dry eye syndrome (DES).
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Figure No.8 : Pathophysiology of diabetes mellitusn corned?®

Corneal Endothelium Abnormalities

Role of Advanced Glycation End Products (AGEs): dmalation of AGEs IN

Descemet's Membrane led to endothelial cell adhesial structural integrit}’

Mitochondrial Dysfunction: AGEs induce mitochondriaxidative stress,

impairing energy-dependent processes like ionitspart®

Oxidative Stress: Chronic hyperglycaemia promoteactive oxygen species
(ROS) production, damaging endothelial DNA, prageiand lipids. ROS disrupt
endothelial tight junctions, increasing permeapiliand reducing barrier

integrity.*°
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iv. Inflammatory Mediators: Elevated levels of pro-amfimatory cytokines (e.g., IL-
6, TNF-) in the agueous humour of diabetic patients exaterendothelial cell

apoptosis and dysfunctidn.

v. Structural changes in the endothelial cell likekbned Descemet’s membrane,
interferes with nutrient and ion exchange betwea®m aqueous humour and

stroma®®

These lead to thickened central corneal thicknesyced endothelial cell density,

polymegathism, and pIeomorphié?n.

Figure No.9 : specular microscopy of endothelial dechanges in diabetes mellitus

(a: shows polymegathism, b.: shows pleomorphism)

C. Cataract in diabetes mellitus

Overview

Cataract is a clinical condition defined as thegpessive loss of lens transparency,
resulting in impaired vision. This loss of clarig caused by structural and

biochemical changes in the lens fibres and proteinsluding aaggregation of
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crystallin proteins, ddisruption of lens Fiber atebture, and ooxidative stress and

accumulation of advanced glycation end-productsEa)G

Cataract is the leading cause of reversible blisgihand is the second most common
cause of severe visual impairment worldwid@ataracts significantly affect quality of
life and productivity, particularly in older adultdmong population aged 50 years or
above, cataract and refractive error constitutesSi of blindness and 77% of
severe visual impairment worldwideCompared to non-diabetics, the incidence of
cataract is 4 times higher among diabetics in yeupgpulation (<65 years), and it is
two times higher in elderly population (>65 yedrsMoreover, diabetes mellitus
increases the risk of complications following catir surgery? This includes

morphological and functional impairment at cornerdlotheliunt>**
Anatomy and Function of the Lens

The crystalline lens is a transparent, biconversaular structure located behind the
iris and anterior to the vitreous botf{** Its primary functions include focusing light
onto the retina for clear vision (light refractip@nd adjusting refractive power for

near and distant vision (accommodatidh*

The lens is enclosed within an elastic capsulesusgphended by zonular fibres from
the ciliary body*®*! It originates from surface ectoderm during embgyasis'®**
Lens fibres are continuously produced by anterjmthelial cells, with older fibres

compacted into the lens nucléldd! This lifelong growth makes the lens susceptible

to age-related changés®*
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Pathophysiology
The primary mechanisms of cataract formation inefud

i. Age-Related Changes: Reduced efficiency of nutreamd antioxidant transport
from the aqueous humour, and decreased enzymatx @ectivity and crystallin

protein solubility, leading to protein aggregatfit*

ii. Oxidative Stress: ROS generated by environmentibffa (e.g., UV light) and

metabolic processes damage lens proteins and.liPiislative damage impairs

lens transparency and induces cross-linking of tepstallins?®+*

Risk Factors
1. Non-Modifiable:

i. Aging: The most significant factor with lens opgcihcreasing progressively

with age?®*!

i. Genetic predisposition and congenital anom&fés.
2. Modifiable:

i. Poor glycaemic control in diabetics: Promotes ostnstress through the polyol

pathway'***

ii. UV light exposure: Increases ROS generation irfighs.
iii. Smoking: Elevates oxidative stress.

iv. Nutritional deficiencies: Lower antioxidant levelsacerbate lens damafje'*

Page 20



Review of literature

Classification of Cataract

Cataracts are classified based on their anatonfocation, aetiology, morphology,

and clinical grading systems.
1. Anatomical Classification

i. Nuclear Cataract: Involves the central parttioé lens (nucleus). These are
characterised by myopic shift in early stages duehtanges in lens refractive ind&x.
“1 Advanced stages (brunescent cataracts) lead tetiagland significant colour

changes (yellow to brown). They are common in ajated cataradf*?

ii. Cortical Cataract: It affects lens cortex, metng as spoke-like or wedge-shaped
opacities extending from the periphéfi’* They are primarily due to osmotic
imbalance due to electrolyte dysregulation, and megsent as glare, halos, and

reduced peripheral vision. They interfere with cast sensitivity’®*?

iii. Subcapsular Cataract (PSC): They are locatet peneath the lens capstfié?

They can be anterior or posterior subcapsular @ettalhey are commonly noted in
prolonged steroid use, diabetes mellitus, and tiadiaexposure. They present with
profound glare sensitivity, especially in brighght, and affects near vision

disproportionately® 2
iv. Capsular cataract: it involves the capsii&.

v. Polar cataract: involves capsule and the supg@ot of the cortex in the polar

region?%42

iv. Mixed Cataracts: They involve features of nplii types, commonly seen in

advanced casé&*?
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2. Morphological Classification

Morphological features provide insights into disepsogression and severity:

i. Lamellar Cataracts: Affect specific layers of thad.

ii. Cupuliform Cataracts: Cup-shaped opacities, ofteketl to trauma or specific

systemic diseases.

3. Etiological Classification

i. Age-Related Cataracts: The most prevalent tgaeised by cumulative oxidative
stress and protein denaturation. These can be &lustderotic, Cortical, Posterior

subcapsular, or mixed.

Stages of senile cataract:

i. Stage of Lamellar Separation: Patients experidhaoged vision, frequent changes
in prescription glasses due to rapid changes inrefractive index of the lens, and
painless, progressive, gradual vision loss. leiedted during a slit-lamp examination

but not visible to the naked effe.

ii. Incipient Stage: Lens opacities appear as blacksspgainst a red reflex
background during ophthalmoscoffyThe iris shadow becomes visible on the lens
surface. In this stage the patients experiencg/op@ and see colored halos. Patients

experience glare in sunlight and progressive visamhictior*?

iii. Immature Cataract: The iris shadow is present @nléms, and lens opacities
appear as black spots against a red backgroundpbthamoscopy? While
cortical cataracts present with reduced night wisemd impaired day vision,

nuclear cataracts present with "Second sight"rayapic shift*
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iv. Mature Cataract: Immature cataract progress intturaaataract characterised by
absence of iris shadow, and absence of fundal Hlofhe present with
significant visual acuity reduction, possibly lieit to light perception (PL
positive)** Cortical cataract may appear as pearly white, mnclear cataract

show coloured appearante.

v. Hyper mature Cortical Cataract (Morgagnian Catarakiie lens cortex becomes

liquefied, and the nucleus settles within the ctgrshag??

m
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Figure No.10 : Stages of senile cataract

ii. Congenital and Paediatric Cataracts: They aesgnt at birth or in early life, and
are associated with associated with genetic abriti®sa(e.g., galactosemia) or

intrauterine infections (e.g., rubelf&)*

iii. Traumatic Cataracts: Develop due to mechanioplries, radiation, or chemical

exposure. Their unique clinical features includesétte cataracts" from blunt trauma.
iv. Secondary Cataracts: Result from systemic disgar medications:

o Diabetes mellitus: Promotes osmotic stress ancativel damage.

o Corticosteroids: Increase risk of posterior subukgyscataracts.
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« Uveitis: Chronic inflammation accelerates lens dya¢
Indications for Surgery

"Guidelines for the Management of Cataract in Ihgiablished by Vision 2020: The

Right to Sight India provides guidelines for managet of cataract cas&s.

Criteria_ and Timing Cataract surgery: Cataract 8wyrds recommended for patients
with uncorrected Snellen visual acuity of 6/24 esd. Exceptions include patients
with significant visual disability affecting quafitof life despite better acuify.

However, advances in surgical techniques have ledvéne threshold for surgical

intervention due to better outconf8s.

Timing of surgery varies based on severity, urgeaogl associated conditions:

i.  Surgery within a month for bilateral cataract watlfellow eye vision >6/60.

i. Immediate surgery if visual acuity is limited tadier counting close to the fate.

Contraindications: Surgery is deferred for patieatdikely to achieve a two-line

improvement in vision or those with significant &rsic or ocular risk&®

Preoperative Assessment: Comprehensive ophthalalaation, including:

i. Best-corrected visual acuity (BCVA).
ii. Slit-lamp examination to assess lens opacification.

iii. Optical coherence tomography (OCT) for detectingcutexr oedema or retinal

pathology*®

Surgical techniques:
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i. Phacoemulsification: Ultrasound energy is usedalsify the lens, followed by
IOL implantation. It is preferred due to its minillyanvasive nature and quicker

recovery®®

ii. Manual Small-Incision Cataract Surgery (MSICS): Geffective alternative in

resource-limited setting$.

iii. Femtosecond Laser-Assisted Cataract Surgery (FLAESDances precision in

capsulorrhexis and lens fragmentation. Improvesaraes in complex casés.
D Manual Small-Incision Cataract Surgery (MSICS)

MSCIS is the preferred cataract surgery techniquéiigh load, resource limited
settings* A cross-sectional, questionnaire-based observdtismay was conducted
among 278 ophthalmologists worldwitfeThey noted that peribulbar anaesthesia was
the most commonly used (84.17%). Among the surdexiniques, majority (77.3%)
preferred capsulorrhexis before corneoscleral tunineision** Frown-shaped
incisions (52.15%) were favoured for minimizing igstatism* Among
instrumentation, continuous curvilinear capsuloxibewas used by 93.9% of
surgeoné? Anterior chamber maintainers were routinely usgddth.3%, and non-
foldable intraocular lenses (IOLs) were the prefdrchoice (62.9%). Among post-
operative practices, subconjunctival antibiotia-@ie injections were given by 59.7%
of surgeons, and stromal hydration was the mostnomm method to close side

ports**
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Pre-operative steps:

i. Start mydriatic drops 30-60 minutes before surg&rgpicamide 1% combined

with Phenylephrine 2.59%.

i. Add cycloplegics (e.g., atropine) in cases of pimtesynechiae or poor

dilation®®

iii. Local Anaesthesia Preparation (peribulbar or refilwdr block): Use 2%
lidocaine or a mixture of lidocaine and bupivacawéh hyaluronidase for

diffusion*®

iv. Sterile preparation by: cleaning the perioculasasith povidone-iodine solution
(5% for the eye and 10% for the skin). This isdaléd by draping the patient to

isolate the operative field. Use a lid speculuraxpose the ey&.

Manual small incision cataract surgery (procedure)

Conjunctival Peritomy: A fornix-based conjunctivéép is created to expose the

sclera. \l,

Scleral Tunnel Incision: A self-sealing scleralrghincision is made approximately

|

Paracentesis: One or two side-port incisions aated for instrument access.

|

Capsulotomy: An anterior capsulotomy is performeddcess the lens.

|

1.5-2 mm posterior to the limbus.
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Hydro dissection: Balanced salt solution is injddie separate the lens nucleus from

|

Nucleus Delivery: The nucleus is prolapsed into a@nérior chamber and extracted

the cortex.

using an wire vectis or phacosandwich technique.

|

Cortical Cleanup: Residual cortical material isiesgpd to prepare for IOL placement.

|

IOL Implantation: An intraocular lens is implantedo the capsular bag.

|

Wound Closure: The scleral tunnel is checked falevtightness; sutures are placed if

necessary.

v

Conjunctival Repositioning: The conjunctival flaprepositioned and secured.

Modified manual small incision cataract surgery technique for phacoemulsification-

trained surgeons (operative procedure):

i. Conjunctival Peritomy and Scleral Tunnel Creatidimbal conjunctival
peritomy is performed spanning 3-4 clock hotirScleral Tunnel is prepared by
making an incision starting 2 mm posterior to timeblus, followed by preparing

6-7 mm scleral tunnel, advancing anteriorly intee tmid-posterior corneal
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stroma®® Care should be taken to ensure a “funnel-shapedfiguration where

the internal opening is larger than the externdoditate nucleus deliver§f

ii. Large Corneal Wound Creation: Using a 2.65 nemakome, a clear corneal tunnel
(CCT) is created at 90° to the scleral turffidihis is followed by mimicking a typical
phacoemulsification incision to allow intuitive mpalation of instrument& The
clear corneal tunnel should ensure adequate spad®E insertion and removal of

cortical mattef®

liii. Capsulotomy: Stain the anterior capsule wittypan blue to enhance visibility,
especially in cases with poor red reff8sThis is followed by performing a continuous

curvilinear capsulorrhexis (CCC) using a bent 2&®die or capsulotomy forceffs.

iv. Hydro dissection and Nucleus Delivery: Hydras#ction is performed by using a
balanced salt solution to separate the nucleus fituencortex. This ensures free
mobility of the nucleu$® Inject viscoelastic beneath the nucleus to proteet

posterior capsule and endothelium. This helps atapise of nucleus into the anterior

chambef*®

Nucleus Delivery is achieved by applying controlif@@ssure on the posterior lip of
the scleral tunnéf Care needs to be taken to avoid inserting instnisneehind the

nucleus during delivery to minimize risf.

v. lrrigation and Aspiration of Cortical Matter:sihg a Simcoe cannula or an
irrigation/aspiration, probe to remove cortical eral. Perform through the corneal

wound to maintain anterior chamber stabiffty.

vi. Intraocular Lens (IOL) Insertion:
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Insert the I0L through the corneal tunnel. Folddidé&s can be implanted using an
injector system and non-foldable IOLs may requasgér tunnel incisions. Ensure

proper positioning of the IOL in the capsular Bag.

vii. Wound Closure and Conjunctival Peritomy ClesuHydrate the edges of the
corneal and scleral tunnels to achieve a watertight'® Use a single safety suture if
the scleral tunnel is large, or wound integrity dsmpromised® Oppose the

conjunctival edges without sutures or secure watltery if necessary.

Postoperative Care

i. Administer topical moxifloxacin 0.5% and dexametraes 0.1%:

ii. Antibiotics: Four times daily for 4 weeks.

iii. Steroids: Six times daily for 1 week, then taperetbur times daily for 4 weeks.

iv. Educate the patient about post-op care and sympoérmsmplications like pain,

redness, or sudden vision loss.

E. Effect of MSICS and diabetes on cornea

Biomechanics in Cataract Surgery

Surgical Impact: Manual small incision cataracigeuny (MSICS) induces mechanical

stress, particularly on the endothelium and strdina.

Postoperative Changes: Following cataract surgemgreased central corneal
thickness (CCT) may be noted due to from transestema> Progressive loss of

endothelial cells can reduce corneal stiffness times>>
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Impact of diabetes mellitus on cataract surgery

Hyperglycaemia-induced myopic shifts and corneanges are common among
diabetic patients, and these can influence catasaojery outcome®. Diabetic

corneas exhibit delayed recovery of biomechanicapgrties due to pre-existing
endothelial and stromal dysfunctidhA systematic review by Kelkar A et al noted
that Cataract surgery in diabetics can lead to &ialretinopathy (DR) progressiéh.

In addition, it increases risks of macular oedeM&); vitreous haemorrhage, and
tractional retinal detachment. In addition, postagige visual outcomes are often
influenced by glycaemic control and pre-existingulac conditions like diabetic
maculopathy’’ The review noted that Diabetics increase the gk corneal

endothelial cell loss, intraoperative hyphaema, ahdtic retinopathy. Moreover,

increased inflammatory cytokines post-surgery macerbate retinopatHy.

G. Previous studies

Pre-operative:

A prospective clinical study done by Storr-Paulgtral noted that T2DM has no
effect on corneal endothelial cell density or maiplay, provided glycaemic control
is maintained® However, CCT increased among diabetic cases. $ also noted

that, among poor glycaemic control patients, cdreedothelial cell density and CV

were low compared to non-diabetic subjééts.

A study done by Pandey S et al noted that T2DMepéi exhibited significantly
reduced endothelial cell density (ECD) (2447.3268.89/mm?2), hexagonality (6A)
(45.03 £ 6.71%), average cell area (413.97 + 5uir®), coefficient of variance

(CoV) (39.84 + 15.59%), and standard deviation ell size (167.05 + 77.9%}.
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However, there was no significant difference in C8dtween diabetic and non-
diabetic patient§" The study also noted that longer diabetes duratid® years)
correlated with decreased ECD and increased £dW. addition, Poor glycaemic
control (HbAlc >10%) significantly reduced ECD andreased average cell area (p
< 0.001)** Moreover, as the severity of DR progressed fronm-pliferative
(NPDR) to proliferative (PDR), ECD further declinehd average cell area increased

significantly (p < 0.0015! This was in contrast to study by Storr-Paulsea &

A prospective observational study including 1188592 diabetic, 596 control) by
Jha A et al noted increased CCT (522.1 £ 36r6in diabetics vs 514.9 £ 37n in
controls; p=0.001), reduced endothelial cell dgng484.5 £ 299.5 cells/mm? in
diabetics vs. 2555.9 + 258.2 cells/mm?2 in contrpks.017), increased CV (40.3 *
6.1 in diabetics vs 37.2 = 6.1; p<0.001 in conj;adsd decreased Hex (39.9 £ 5.2%
in diabetics vs 44.6 + 6.0% in controls; p<0.0&1Yhe study also noted that poor
glycaemic control showed a clear negative impactcomeal health. In addition,
increasing severity of DR linked to progressiveneal changes. However, the study
was cross-sectional in nature, and hence progeessiianges couldn't be

determined®

A case-control study by Papadakou P et al endathstill density was significantly
lower among T2DM patient. However, there were no significant different among
other parameters between diabetics and non-digb#ti@ddition, duration of T2DM,
poor glycaemic control, and progressive retinopaihffjuenced endothelial cell
density> Hence contrasting evidence are noted as per culitersture, and further

studies are recommended.
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Post small incision cataract surgery

A prospective observational study by Kudva AA etahducted among 106 patients
(54 diabetics, 52 nondiabetics) with senile uncocapeéd cataracts noted that
diabetics exhibited significantly higher endothkelimss at 1 and 3 months
postoperatively (27.5% vs. 18.3% in controls, p€a)d* They also noted that
diabetics showed consistently thicker corneas (C@dgtoperatively compared to
nondiabetics, with significant differences at 1 iogp = 0.0012). Similarly, diabetics
exhibited significantly higher postoperative CV amdluced hexagonality indicating
greater endothelial cell variability and strés&§he results emphasize the need for
appropriate monitoring of corneal parameters ieli@s undergoing cataract surgery

to mitigate potential complicatiors.

A prospective observational study by Morikubo Saseamong 93 eyes from patients
with type 2 DM and 93 eyes from nondiabetic indiats undergoing
phacoemulsification and intraocular lens implawoiativere analyzetf. The study
noted that both groups exhibited increased corrk@kness immediately after
surgery, with gradual recover§.At 1 month, the diabetic group had a significantly
higher residual increase in CCT (+1.6%) comparettiéonondiabetic group (+0.04%;
p = 0.03). Moreover, delayed recovery of cornealemea was evident in diabetics.
Postoperative endothelial cell loss was signifigamfreater in the diabetic group
(7.9% in diabetics vs. 3.6% in nondiabetics at £kvef follow up, p = 0.04J> While
polymegathism was noted in both groups, there wasignificant difference between
the groups. - While the study was a well-matchezugrstudy, with standardized
surgical techniques and robust data collectionyibe limitation of the study was its

short follow up (1 monthy?
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A cohort study by Zeba Ahmed et al among 60 diabgditients and 60 age-matched
non-diabetic controls who underwent manual smalision cataract surgery (MSICS)
noted that there was significant difference in ehdial cell density between
diabetics and non-diabetics in both pre-operativel gost-operative phasé.
Endothelial cell loss was significantly higher imaldetics (3.76%) than in non-
diabetics (2.02%). Diabetics exhibited consistehifgher CV (indicative of increased
polymegathism) postoperatively compared to nonetiab®> However, no significant
differences were noted between diabetics and naipetics in pre- or postoperative
hexagonality. One of the major limitations of thady was its shorter follow up (8

weeks)>?

A prospective comparative study by Raut NG et abagn100 diabetics and 100 non-
diabetics who underwent uneventful MSICS noted plust-operative endothelial cell
loss was significantly higher among diabetics cora@ao non-diabetics (Diabetics:
22.01 + 10.49% vs Non-Diabetics: 16.64 + 6.72%, (0001)>* Similarly, CCT was
significantly higher among diabetics during posewgtive follow up (Diabetics:
527.64 + 14.34 um vs Non-Diabetics: 523.13 + 1586 p = 0.0326* However,
no significant differences between groups acrofievieups were noted for CV and
hexogenicity. These findings emphasize the need tfmrough preoperative
evaluations, intraoperative precautions, and clpsstoperative monitoring to

optimize outcomes in this high-risk grotfp.
Lacunae and need for study

Cataract surgery-induced damage to the corneal tleelilom is multifactorial,
influenced by systemic health, ocular conditiongyrgikal techniques, and

postoperative care. Advances in surgical methodscoelastic agents, and
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medications have improved outcomes, but protecemglothelial cells remains
crucial. Providing evidence-based information t® pfatients on the effects of cataract
surgery among diabetes is important for comprekersare of the patient. Moreover,
preventive and promotive care of the patients carethanced by this information.
However, there are limited studies on the effectrafill incision cataract surgery on
endothelial properties among diabetics. But theedimited studies on this, and there

is a lacuna of evidence on them. Hence the studynecessity.
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MATERIALS AND METHODS

Source of data: Newly diagnosed and already diagnosed patienddiadfetes with
cataract attending the ophthalmology OPD of KLES Brabhakar kore Hospital and

MRC, Belagavi.

Study Design:One-year Longitudinal study
1.1 Study Period: The study was conducted between April 2023 andl 2pe4.
Sampling technique:Convenience sampling
1.2Inclusion Criteria:

» Patients aged between 50 years to 80 years

» Patient with senile uncomplicated cataract (immeatand mature)

« Patients willing to undergo Manual Small Incisioat@ract Surgery.
1.3Exclusion Criteria:

» Patients with corneal opacity

» Contact lens users.

» Patients having corneal dystrophies

» Diagnosed cases of age-related macular degeneration

* Having history of any previous ocular surgery.

* Having any other systemic illness

* Known cases of glaucoma Known/unknown cases otisvei

* Any history of trauma.
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Sample Size:

N= (Z 1a2 + Z14)°.(SD+SD,%) ™ attrition

~ xo)?

N= (1.96 + 1.64).(4.76+5.26) **attrition

(42.83-38)

N=27.95 "20%attrition

N= 35 in each group

TOTAL n=70

Sample size is calculated with 95% confidence watesind power with 20% attrition.
Where Ziq421s 1.96, Zy pis 1.64, SD1 is 4.76, SD2 is 5.26

X1is 42.83 anz Xis 38.

Therefore n = 70 i.e 35 in each group.
Study procedure:

After obtaining informed consent from subjects radieg KLEs Dr. Prabhakar Kore
Hospital, Belagavi, their demographic details, stigations and clinical history,
anterior segment examination by slit lamp bio-nmscapy, fundus examination by
indirect ophthalmoscope were be assessed for canggli with inclusion and
exclusion criteria. The patients who fulfilled theclusion criteria underwent a
random blood glucose test to uncover the undeteditdaetes. All diabetic patients
whether known or recently diagnosed underwent seglyvosylated haemoglobin,
(HbA;c) test. Through a non-contact specular microscopejeal endothelial cell
changes and central corneal thickness on preoperatay was performed and

documented.
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Pre-operative ocular dilatation was performed ugmogicamide plus eye drops. All
surgeries were performed by single surgeon undebuylbar anaesthesia prepared
using 5 ml of 2% lignocaine with 150 units of hyanidase. Surgery was using 6mm
scleral incision. All the steps of a standard mésuoeall incision cataract were carried
out and nucleus were prolapsed in anterior charafier performing capsulorrhexis
following which nucleus were delivered using wireedlis or phacosandwich
technique. Single polymethyl methacrylate intraaclgns was implanted after proper
cortical aspiration. After this stromal hydratiorr® done. Subconjunctival injection

of gentamycin and dexamethasone were given.

Post-operative assessment of corneal endothellbickanges and central corneal
thickness were done using non-contrast specularostope at day 1, 1 week, 1

month and 3 months.

Statistical analysis

Data was entered using statistical software R @ergi.2.2 and Microsoft Excel.
Frequency tables will be used to represent categlorariables. Continuous variables
were measured using mean, median, range, and stadeeiation. Chi-Square test
was used to assess the association between atribNbrmality of variable was
assessed using Shapiro Wilk test. If the data isnab then parametric test will be
used. Otherwise, non-parametric test will be u3edb sample t test / Mann Whitney
U test will be used to compare the means/distrimstibetween the groups. One-way
repeated measures of ANOVA/ Friedman test is used compare the
means/distributions over different time points.rRae t test/Pairwise Wilcoxon test
can be used as post hoc analysis. Appropriatestainid figures will be generated. P-

value less than or equal to 0.05 indicates stedilssignificance.
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RESULTS

Table No.1: Distribution of participants accordingto group

Group Frequency Percentage
Diabetic group 35 50
Non diabetic group 35 50
Total 70 100

The study included 70 participants who were planfad cataract surgery. The

participants were divided into diabetic group (838%) and non-diabetic group (35,

50%).

Table No.2 : Glycosylated haemoglobin status of dietic patients

Glycosylated Hb variable

HbALc (%)

Minimum 6.5
Maximum 7.6
Mean 7.0
SD 0.31

The mean HbA1C ranged from 6.5-7.6%, with mean @+J.31.
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Table No.3: Distribution of participants accordingto age group

Age group Diabetic Non diabetic Total P value
n (%) n (%) N (%)
50-60 years 13 (37.1) 15 (42.9) 28 (40)
0.273
61-70 years 18 (51.4) 12 (34.3) 30 (42.9)
71-80 years 4 (11.4) 8 (22.9) 12 (17.1)
Total 35 35 70

The study included 70 participants in the age ranfgB0 - 80 years, with mean of
64.1+7.0 years. They were equal distribution oftipgants among diabetic group
(35, 50%) and non-diabetic group (35, 50%). The rmage of participants among
diabetic and non-diabetic group was 63.6+6.3 yaats64.5+7.7 years, respectively.

This difference was not statistically significapt(0.590).

Overall, majority of participants belonged to thgeagroup of 50-60 years (42.9%),
followed by 50-60 years (40%), and 71-80 years1®j. On further evaluation,
majority of participants among diabetic group wardghe age group of 61-70 years
(51.4%), and in comparison, majority of particiganh the non-diabetic group
belonged to 50-60 years (42.9%). However, thisedifice was not statistically
significant (p-0.273). Hence, both group were corapke in terms of age of

participants.

Page 39



Results

Table No.4 : Distribution of participants accordingto gender

Gender Diabetic n Non-diabetic | Total n (%) P value
(%) n (%)
Male 19 (54.3) 20 (57.1) 39 (55.7)
0.810
Female 16 (35.7) 15 (42.9) 31 (44.3)
Total 35 35 70

Graph 1: Distribution of participants based on gener

Gender
m Male

m Femal
e

Majority of participants were male (55.7%), follosvby females (44.3). On further
evaluation, males were higher among diabetic g(&4p3%) and non-diabetic group

(57.1%). Hence both groups were comparable in geipd®.810).
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Table No.5 : Distribution of participants based onpre-operative diminution of vision

Diminution of Diabetic n Non-diabetic | Total n (%) P value
vision (%) n (%)
Right eye 26 (74.3) 26 (74.3) 52 (74.3) 1.00
Left eye 29 (82.9) 24 (68.6) 53 (75.7) 0.265

74.3% of the participants complained of diminutadrvision of right eye, and 75.7%

of left eye. There was no significant differencediminution of vision between the
groups (p<0.05).

Table No.6 : Distribution of participants based onduration of diminution of vision

Duration of Diabetic % Non-diabetic Total % P value
diminution of %
vision
Up to 3 months 11.4 20.0 15.7
4-6 months 22.9 25.7 24.3
7-9 months 8.6 2.9 5.7 0.757
9-12 months 51.4 45.7 48.6
>12 months 57 57 57

Majority of the participants had vision defect #4112 months (48.6%), followed by
4-6 months (24.3%). and less than 3 months (15.Dly 5.7% had diminution of

vision for more than a year. There was no pre-dperaifference in diminution of

vision between the groups (p<0.05).
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Table No.7 : Distribution of participants based onpresence of hypertension

Hypertension Diabetic Non-diabetic Total P value
n (%) n (%) n (%)
Hypertensive 14 (40) 1(2.9) 15 (21.4)
Non hypertensive 21 (60) 34 (77.1) 55 (78.6) 0.000*
Total 35 35 70

* Statistically significant

Graph 2: Comparison of hypertension between the gnps
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40% of participants in diabetics group were hypesiee, and in comparison, only
2.9% in non-diabetic groups were hypertensive. Tdifference was statistically

significant (p=0.00).

There was no history of ocular trauma or glaucommrag participants in both

groups.
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CENTRAL CORNEAL THICKNESS

Table No.8 : Comparison of pre-operative central cmeal thickness between the

groups
Central corneal Diabetic Non-diabetic P value
thickness jm)
Mean+SD 508.4+36.1 495.1+30.9 0.104
Range 418 - 620 418-565 -

Graph 3: Boxplot comparing mean pre-operative cental corneal thickness

between the groups

6507
(7] (o]
172
o ~
£ 6007
O
=
§ o)
c | o
5 550 | .
o
s
b=
[
© 5007
L
=
®
@ .
&
2- 450 o
o

o]
400
I I
Diabetic Non diabetic
Group

Among diabetic group, the pre-operative centraheal thickness ranged from 418-
620 um, with mean of 508.4+36m. In comparison, the thickness ranged from 418-
565 um among non-diabetic group, with mean of 495.1+30™@ However, this

difference was not statistically significant (p=04)}.
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Table No.9 :

Comparison of central corneal thicknes across the study period

between the groups

Central Pre- Post-operative
Corneal operative
thickness
Pre-op Day 1 1 week 1 month 3 months
Diabetic 508.4+36.1 548.9+53.4| 527.0+36.6| 526.8+38.9| 508.6+38.0
Mean+SD
Range 418-620 | 469-681| 460-630 | 465-681 | 438-618
Non diabetic | 495.1+30.9| 531.3+36.6| 512.9+24.0| 505.6+22.8| 495.2+27.7
Mean+SD
Range 418 -565| 463-611 | 465-585 460-577 423 - 552

Graph 4: Comparison of central corneal thickness bveen the groups
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Among diabetic group, the mean central corneaktigss increased to 548.9+53.4 at

day one following surgery. This reduced to 527.063&t one week, and to pre-

operative thickness (508.6+38.0) at 3 months. &tyil among non-diabetic group, it

increased at day 1 (531.3+36.6), and subsequeetlyced close to pre-operative

phase at 3 months of follow up 495.2+27.7.
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Table No.10 : Percentage change in central cornetilickness compared to pre-

operative stage

Percentage Post-operative
reduction of Central
corneal thickness Day 1 1 week 1 month 3 months

Diabetic
Mean+SD 8.0+6.0 4.0+6.6 5.9+7.0 0.23+4.6

Median (%) 8.2% 3.4% 7.2% 1.0%
Range (%) 20.7-+7.1| 14.8-+96| 182-9.0 8.8-+8.2

Non diabetic
Mean+SD 7.1+4.0 3.5+4.7 1.8+5.1 0.06+2.3

Median (%) 6.7% 2.5% 1.1% 0.19%
Range (%) 16 --0.31 | 15.7--5.6 | 16.7--10.7 45-6.8

Graph 5: Comparison of percentage increase of cerdf corneal thickness

(median) between diabetic and non-diabetic

7.2
MW Diabetic

8.2
6.7
3.4
2.5
I l 1.1 1.1
0.19
N i

Day 1 One week One month 3 month

Percentage reduction of
central corneal thickness
O L N W H Ul OO NN 0

Period of assessment

Among diabetic patients, the central corneal thédan increased following the
procedure by 8.2% at day 1 after surgery. Howether,increase was only 1% at 3

months following the procedure.
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Among non-diabetic patients, the central corneatktiess increased by 6.7%

following the procedure. However, it improved t®&% at 1 week, 1.1% at 1 month,

and 0.19% at 3 months of procedure.

Table No.11 : Comparison of median percentage incase of central corneal

thickness between the groups

Phase of study Percentage reduction of central coeal P value
thickness (%)
Diabetic Non-diabetic
Day 1 8.2 6.7 0.307
One week 3.4 2.5 0.526
One month 7.2 11 0.003
3 months 1.0 0.19 0.823

The study noted that there was no significant dffiee in change in central corneal

thickness at post-operative day one (8.2% in dexbets 6.7% in non-diabetes,

p=0.307), one week (3.4 in diabetes vs 2.5% indiabetes, p-0.526), and 3 months

(2.0% in diabetes vs 0.19% in non-diabetes, p=0.828veen the groups. However,

higher change was noted among diabetics (7.2%) wloempared to non-diabetics

(1.1%) at one month of follow up. This differenceasvstatistically significant

(p=0.003).

Page 46



Results

ENDOTHELIAL CELL DENSITY

Table No12 .: Comparison of pre-operative endothadi cell density between the groups

Endothelial cell Diabetic Non-diabetic P value
density (um)
Mean+SD 2383+278 2342+236 0.514
Range 1834 - 2759 1836 - 2718 -

Graph 6: Boxplot comparing mean pre-operative enddtelial cell density

between the groups
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Among diabetic group, the pre-operative endothel@l density ranged from 1834 -

2759 um, with mean of 2383+2{dm. In comparison, the density ranged from 1836 -

2718 um among non-diabetic group, with mean of 2342+286 However, this

difference was not statistically significant (p=045.
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Table No.13 : Comparison of endothelial cell densitacross the study period

between the groups

Endothelial Pre- Post-operative
cell density | operative
Pre-op Day 1 1 week 1 month 3 months
Diabetic
Mean+SD | 2383+278| 2303+326 | 2302+218 | 2242+197 | 2117+216
Range 1834-2759| 1613-2894| 1624-2718 | 1528-2663 | 1624-2599
Non diabetic
Mean+SD | 2342+236 | 2286+326 | 2226+248 | 2203+257 | 2035+185
Range 1836-2718| 1775-2917| 1834-2715| 1624-2835| 1524-2553
Graph 7: Comparison of endothelial cell density beteen the groups
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Among diabetic group, the endothelial cell dendiégreased across study period with
mean at post-operative day 1, one week, one mamti,3 months of 2303+326,
2302+218, 2242+197, and 2117+216, respectively. Wgnoon-diabetic group, it

decreased from 2286+326 (day 1) to 2035+185 (3 nsdnt
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Table No.14 : Percentage change of endothelial cdknsity between the groups

Percentage Post-operative

change of
Endothelial Day 1 1 week 1 month 3 months
cell density

Diabetic
Median (%) 5.9 6.4 9.5 13
Non diabetic
Median (%) 2.1 4.7 5.2 11.7

Graph 8: Comparison of percentage endothelial cetdensity loss (median)

between diabetic and non-diabetic group
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There was variable change in endothelial cell dgrssnong both groups. Among
diabetics, there was minimal median reduction (5.8%day 1 post-operative period,
followed by subsequent reduction of 6.4%, 9.5%, 4B% at one week, one month,
and 3 months, respectively. However, among nonedi@kgroups, endothelial cell
density reduced by 2.1%, 4.7%, 5.2%, and 11.7%pst-@perative day 1, one week,

one month, and 3 months, respectively.
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Table No.15 : Comparison of median change in endogfial cell density between

the groups

Percentage change (median) of
endothelial cell density

Phase of study P value
Diabetic Non-diabetic
Day 1 5.9 2.1 0.738
One week 6.4 4.7 0.865
One month 9.5 5.2 0.593
3 months 13 11.7 0.375

The study noted that there was no significant céfiee in change in endothelial cell

density at post-operative day one (5.2% in diabetes0.09% in non-diabetes,

p=0.630), one week (1.4 in diabetes vs 3.1% in diabetes, p-0.851), one month

(9.5% in diabetes vs 4.8% in non-diabetics, p=0.28H 3 months (6.3% in diabetes

vs 8.2% in non-diabetes, p=0.445) between the group
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CO-EFFICIENT OF VARIANCE

Table No.16 : Comparison of pre-operative co-effieint of variance between the

groups
Co-efficient of Diabetic Non-diabetic P value
variance
Mean+SD 0.45+0.04 0.45+0.05 0.870
Range 0.35-0.54 0.34-0.58

Graph 9: Boxplot comparing mean pre-operative enddtelial cell density

between the groups
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The mean pre-operative co-efficiency of variances wanilar among patients with

diabetes (0.45+0.04) and without diabetes (0.4%)0.0
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Table No.17 : Comparison of Co-efficiency of variace across the study period

between the groups

Co- Pre-
efficiency of | operative
variance Post-operative
Pre-op Day 1 1 week 1 month 3 months
Diabetic
Mean+SD | 0.45+0.04| 0.47+0.06 | 0.47+0.06 | 0.49+0.08 | 0.49+0.09
Range 0.35-0.54| 0.37-0.84| 0.40-0.72| 0.36-0.85| 0.36-0.86
Non diabetic
Mean+SD | 0.45+0.05| 0.46+0.07 | 0.46+0.04 | 0.47+0.06 | 0.47+0.06
Range 0.34-0.58| 0.36-0.60| 0.39-0.59| 0.34-0.72| 0.39-0.61

Graph 10: Comparison of Co-efficiency of variance btween the groups
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CORRELATION

Table No0.18 : Correlation between change in endothial cell density loss and

reduction of central corneal thickness

Phase Correlation P value Inference
Pre-operative 0.416 0.000 Positive, moderate, and
(Baseline) significant
Day 1 0.008 0.947 Positive, negligible, and ngn-
significant

(% change)

One week 0.288 0.016 Positive, low, but significant

(% change)

One month 0.196 0.104 Positive, Negligible, and nan-

significant
(% change)

3 months (% -0.071 0.558 Negative, low, and non-

change) significant
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Graph 11: Correlation between change in corneal tltkness and endothelial cell

change at 3 months of follow up
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Endothelial cell density change at 3 months

The study showed positive, negligible, and nonifitcant correlation between
changes in central corneal thickness and endothedih density at day 1 of post-
operative period (rho=0.008, p=0.947). Howevers @orrelation was positive, low,
and significant at 1 month of follow up (rho=0.2§850.016). At 3 months of follow
up, there was negative, negligible, and non-sigaift correlation between the two

parameters (p=-0.071, p=0.558).

Page 54



Discussion

DISCUSSION

The present study aimed to evaluate the effectslariual Small Incision Cataract
Surgery (MSICS) on corneal endothelial health aedtral corneal thickness (CCT)
in diabetic and non-diabetic patients. Cataractgesyr is a well-established
intervention for vision restoration. However, them® concerns regarding its impact
on corneal endothelial integrity, particularly individuals with diabete¥®®’ The
discussion section elaborates on key findings,r tieplications, and comparisons

with existing literature. It also discusses onfilitere implications of the result.

The study included 70 participants, equally disti#a into diabetic and non-diabetic
groups. The mean age of the participants was 64€1y&ars, with no statistically
significant difference between the two groups. Maleonstituted the majority
(55.7%), and the gender distribution was comparali®ss groups. A significant
proportion of participants were housewives, busimem, and farmers, indicating the
effect of diabetes and cataract across differentipational group. The comparable
demographic characteristics between the diabetit rmom-diabetic groups ensure
homogeneity between the group, and thereby redtloais effect on the overall
treatment outcome. The findings align with previstigdies that have shown a higher
prevalence of cataract development in the eldevith diabetes being a contributing
factor to early onsef™® Vyas U et al in Ahmedabad noted that 44.4% of efie
patients had early onset catarfich community-based study in Saudi Arabia by

Alabdulwahhab KM et al. noted that 35% of diabetises had senile catarftt.

With 727 million elderly population worldwide coitsting for 13% of world

population, there is a need to focus on researcthisnpopulatior?*®® Moreover,
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studies show upward projection of diabetes mellind cataract surgeries in the near

future 84°°

Among the diabetic group, the mean HbAlc was 7 3%, which is indicative of
well-controlled diabetes. However, this may be tupre-operative control measures
and patient compliance on course for preparatiorcaihract surgery. However,
hypertension was significantly higher among diabefé0%) compared to non-
diabetes (2.9%). These are co-morbid conditions tduenultifactorial causes, but
mainly attributed to the maladaptive changes inab#wnomic nervous system and
vascular endothelial system, secondary to diabaebtus®’°® While studies on rat
(Li X et al) have demonstrated disruption of enédt#i cell barrier dysfunction and
pump function, the impact of systemic hypertensiorthese parameters are uncf&ar.
Similarly, study by Ollivier FJ et al. noted thatronic ocular hypertension (laser

induced) didn’t show significant change in cent@ineal thicknes®

In this study, the baseline central corneal thisknéCCT) was slightly higher in

diabetic patients (508.4+36.1 um) compared to riabetic patients (495.1+30.9
pum), indicative of a mean difference of 13.3um. ldwer, the difference was not
statistically significant (p=0.104). This was siamilto a previous study done by Luo
XY et af® where CCT was 5.4 pm thicker in diabetes casespaced to non-

diabetics. In contrast, a study in Singapore nateat diabetic patients had a
significantly higher baseline CCT compared to naabdtics (547.2 pm vs. 539.3 um,
mean difference of 8.9 pm, p<0.0G1)Overall, studies have noted higher pre-
operative CCT among diabetes patients. High adwhmgtgcosylated end products
(AGE's) deposition in the corneal collagen fibresogs-linkages) due to chronic

metabolic stress is postulated to the increaseteabthickness™ "2
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Similarly, preoperative endothelial cell densiBOD) was slightly higher in diabetics
(2383+278 cells/mm?) than non-diabetics (2342+28fstmm?) with no significant
difference between the groups. Similarly, Kudva Aal’* and Storr-Paulsen A et
al”® noted no significant difference between the grdupcontrast, Pandey S et al
reported decrease in endothelial cell density anthaletes patienfs: However, the
absence of a significant baseline difference irtdeathat both groups were

comparable in terms of corneal health prior to MSIC

Following MSICS, a transient increase in CCT wasewsbked in both the groups,
increasing on postoperative day 1 (548.9+53.4 umhiabetics vs. 531.3+36.6 um in
non-diabetics) which was followed by subsequenticédn towards normal. Previous
studies also noted similar changes for both MSIG® ghacoemulsification

procedured 475767778 Thjg

increase can be attributed to surgical trauma,
inflammatory response, and corneal edéMm@ver time, CCT gradually reduced
towards preoperative levels at three months pagiesy. This is attributed to slower

recovery of compromised endothelial pump {¥d ATPase pumpj®’®

Endothelial cell loss is a key concern followindaract surgery, as these cells do not
regenerate. The study found a progressive dedhinédD post-operatively, with a
higher percentage loss in diabetics (13%) comptrewn-diabetics (11.7%) at three
months follow-up. Although the difference was ndatistically significant, it
indicates that diabetic corneas are slightly mousceptible to surgical trauma.
Similarly, higher ECD loss following MSICS was ndtamong diabetics were noted
in studies from Mangalore (27.5% in diabetics vs3¥8 in non-diabeticsf, and

Egypt’*(21.3% in diabetics vs 6.5% in non-diabetics).
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Endothelial cell loss is a well-established postapee outcome, with previous
studies reporting similar findings. The increasesceptibility of diabetic patients can
be attributed to surgical trauma, chronic hypergig@-induced endothelial

dysfunction, oxidative stress, and impaired woueallimg®%*

Endothelial cell loss is a permanent process dues® of regeneration of lost cells.
This is followed by compensatory mechanism of inseein size of endothelial cell to
bridge the gap. This leads to change in shapeiaad&endothelial cells, resulting in
increased co-efficient of variation in cell sfZ€%®'In our study, an increase in the
coefficient of variation was observed in both greupndicating postoperative
polymegathism. This suggests endothelial stresscamdpensatory mechanisms to
maintain corneal clarity. While polymegathism wasren pronounced in diabetics
(0.45+0.04 at pre-operative to 0.49+0.09 at 3 n®rgbst-op) compared to non-
diabetics (0.45+0.05 pre-operative to 0.47+0.08 atonths post-op), the difference
was not statistically significant. Steady increas@olymegathism following cataract
surgery with comparative higher changes among tiabeompared to non-diabetics
were also noted in previous studi&&*®%0ur study further strengthens these findings.
In addition, decrease in percentage of hexagoniasl (seiggestive of change in shape)

was also noted in previous studfés’+7®

A moderate, significant positive correlation wasetlved between endothelial cell
loss and CCT changes at baseline, suggesting #ients with greater endothelial
cell loss exhibited more significant corneal swelli However, this correlation
diminished over time. These results suggest thateed edema resolves as endothelial

function stabilizes.
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The findings of this study have important clinicaplications. While MSICS is a safe
procedure for both diabetic and non-diabetic p&diethhe slight delay in recovery and
greater susceptibility to endothelial cell losgliabetics highlight the need for careful
perioperative management. Preoperative assessméntenadothelial health,
intraoperative protective measures (e.g. use afoeisstic substances) and close
postoperative monitoring are essential in diabgiatients undergoing cataract

surgery.
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CONCLUSION

This study assessed the effects of Manual Smaisibrc Cataract Surgery (MSICS)
on corneal endothelial health in diabetic and niafpekic patients. We can conclude
that both the groups experienced a gradual redudtioendothelial cell density

following surgery, but no significant difference svabserved between them. An
increase in the polymegathism (coefficient of itmi® was noted in both groups,
without significant intergroup differences. Thisidy also correlates endothelial cell
changes and central corneal thickness (CCT) ineti@land non-diabetic patients.
Based on our study, we conclude that, while CCTreiased during the first

postoperative day, it subsequently decreased ower However, the changes in CCT
did not significantly differ between diabetic andnrdiabetic patients. It is inferred
that corneal edema resolves as endothelial funst@mbilizes. These findings indicate
the While MSICS proved to be a safe and effectirec@dure for both diabetic and
non-diabetic patients, diabetic corneas exhibitedekyed recovery and a slightly

greater susceptibility to surgical trauma and stres
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SUMMARY

A one year longitudinal study was conducted in KLUEs Prabhakar Kore Hospital,
Belagavi among 35 diabetic patients and 35 nonetialpatients planned for manual
incision cataract with a aim of comparing cornagal@helial cell changes in diabetics
and non-diabetic patients who underwent manuallsn@sion cataract surgery. The
study assessed corneal parameters like centrakalothickness, endothelial cell
density, and co-efficient of variation at pre-opgee, post op day 1, 1 week, 1 month,

and 3 month following surgery. Following are tladient results of the study:

General characteristics: The study included 70 participants in the age eaofg 50 -
80 years, with mean of 64.1+7.0 years. The mearphgarticipants among diabetic

and non-diabetic group was 63.6+6.3 years and @4/5¢#ears, respectively.

CCT: While the pre-operative CCT was higher among diabecompared to non-
diabetics, this difference was not statisticallgnsicant (508.4+36.m in diabetics

vs 495.1+30.8m in non-diabetics, p=0.104). Among diabetics, gupsratively, the
CCT increased at day 1 (548.9+538) and subsequently decreased over 3 months
(508.6+38.am) towards normal. Similar results were noted amang-diabetics
(increased to 531.3+3Gut at day 1 and steadily decreased to 495.2+27.dt 3
months). There was no significant difference inTC€hange between the groups

across the study period (p<0.05).

Endothelial cell density (ECD): They were comparable between the group at pre-
operative phase ( 2383+ in diabetics vs 2342+236n, p=0.514). The ECD loss
occurred in both groups with decreased in ECD @eziod of time. At 3 months of
follow up, ECD loss was non-significantly higher @mg diabetics compared to non-

diabetics (13% in diabetics vs 11.7% in non-diatsetp=0.375). At 3 months of
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follow up, ECD loss was non-significantly higher @my diabetics compared to non-

diabetics (13% in diabetics vs 11.7% in non-diatse(p=0.375).

Co-efficient of variation: At pre-operative phase, the mean pre-operative co-
efficiency of variance was similar among patientgshwdiabetes (0.45+0.04) and
without diabetes (0.45+0.05). The co-efficient afigtion increased among diabetic
group from 0.45+0.04 at pre-operative phase toD4® at 3 months post-operative
phase. Similarly, among non-diabetic phase, itaased from 0.45+0.05 at pre-

operative phase to 0.47+0.06 at 3 months post-tpenshase.

The study concluded that, while MSICS proved tocabsafe and effective procedure
for both diabetic and non-diabetic patients, di@bebrneas exhibited a delayed

recovery and a slightly greater susceptibility wogécal trauma and stress.

Page 62



Bibliography

BIBLIOGRAPHY

1. Flaxman SR, Bourne RRA, Resnikoff S, Ackland P,itBrgaite T, Cicinelli MV,
et al; Vision Loss Expert Group of the Global Burde Disease Study. Global
causes of blindness and distance vision impairnd®®0-2020: a systematic
review and meta-analysis. Lancet Glob Health. 20Eg;5(12):e1221-e1234.

doi: 10.1016/S2214-109X(17)30393-5.

2. Cataracts in adults: management. London: Natiomstitute for Health and Care

Excellence (NICE); 2017 Oct. PMID: 29106797.

3.Zhang JH, Ramke J, Lee CN, Gordon |, Safi S, Lingha et al. A Systematic
Review of Clinical Practice Guidelines for CataraEvidence to Support the
Development of the WHO Package of Eye Care Intdives. Vision (Basel).

2022 Jun 20;6(2):36. doi: 10.3390/vision6020036.

4. Singh K, Misbah A, Saluja P, Singh AK. Review ofmaal small-incision cataract
surgery. Indian J Ophthalmol. 2017 Dec;65(12):12888. doi:

10.4103/ij0.1JO_863_17.

5. Gurnani B, Mishra D, Kaur K, Heda A, Sahu A. Evauat of manual small-
incision cataract surgery from 8 mm to 2 mm - A poemensive review. Indian J

Ophthalmol. 2022 Nov;70(11):3773-3778. doi: 10.4163JO_1567_22.

6. Haldipurkar SS, Shikari HT, Gokhale V. Wound coustion in manual small
incision cataract surgery. Indian J Ophthalmol. 2@an-Feb;57(1):9-13. doi:

10.4103/0301-4738.44491.

7.Forouhi NG, Wareham NJ. Diabetes: basic facts. épidlogy of diabetes.

Medicine. 2022 Oct;50(10):638-43. doi: 10.1016/jmeal.2022.07.005.

Page 63



Bibliography

8. Pradeepa R, Mohan V. Epidemiology of type 2 diabdte India. Indian J

Ophthalmol. 2021 Nov;69(11):2932-2938. doi: 10.4§63JO_1627_21.

9. Tomic D, Shaw JE, Magliano DJ. The burden and rigsksmerging complications
of diabetes mellitus. Nat Rev Endocrinol. 2022 $8(9):525-539. doi:

10.1038/s41574-022-00690-7.

10. Deshpande AD, Harris-Hayes M, Schootman M. Epidégio of diabetes and
diabetes-related complications. Phys Ther. 2008 ;88§11):1254-64. doi:

10.2522/ptj.20080020.

11.Kiziltoprak H, Tekin K, Inanc M, Goker YS. Cataraotdiabetes mellitus. World

J Diabetes. 2019 Mar 15;10(3):140-153. doi: 10.A2RPv10.i3.140.

12.Haddad NM, Sun JK, Abujaber S, Schlossman DK, Si& Cataract surgery
and its complications in diabetic patients. Semiphtbalmol. 2014 Sep-

Nov;29(5-6):329-37. doi: 10.3109/08820538.2014.9691

13.Yang Y, Chai H, Ding Z, Tang C, Liang Y, Li Y, LignH. Meta-analysis of
corneal endothelial changes after phacoemulsifinatiin diabetic and non-
diabetic patients. BMC Ophthalmol. 2023;23:174.: db0.1186/s12886-023-

02924-2.

14.Kudva AA, Lasrado AS, Hegde S, Kadri R, Devika FetBy A. Corneal
endothelial cell changes in diabetics versus agammatched nondiabetics after
manual small incision cataract surgery. Indian ht@almol. 2020 Jan;68(1):72-

76. doi: 10.4103/ij0.1J0_406_19.

15. Sridhar MS. Anatomy of cornea and ocular surfandian J Ophthalmol. 2018

Feb;66(2):190-194. doi: 10.4103/ij0.1JO_646_17.

Page 64



Bibliography

16.Eghrari AO, Riazuddin SA, Gottsch JD. Overview bk tCornea: Structure,
Function, and Development. Prog Mol Biol Transl|.S2015;134:7-23. doi:

10.1016/bs.pmbts.2015.04.001.

17.Huang MJ, Wirostko BM. Endothelial cells count: Tihgoortance of monitoring
corneal endothelium when approving new ocular naidins and devices.

Ophthalmol Glaucoma. 2020;3(6):407-408.

18.Kumar R, Wahi D, Tripathi P. Comparison of changegndothelial cell count
and central corneal thickness after phacoemulsiicaand small-incision
cataract surgery: A prospective observational statdw tertiary care center of
eastern Uttar Pradesh. Indian J Ophthalmol. 2022;7M0¢11):3954-3959. doi:

10.4103/ij0.1J0_1906_22.

19.Zhao H, He Y, Ren YR, Chen BH. Corneal alteratiod gpathogenesis in
diabetes mellitus. Int J Ophthalmol. 2019 Dec 1@8221939-1950. doi:

10.18240/ij0.2019.12.17.

20. Kim YJ, Kim TG. The effects of type 2 diabetes lb@$ on the corneal
endothelium and central corneal thickness. Sci R@p1 Apr 15;11(1):8324. doi:

10.1038/s41598-021-87896-3.

21.Pandey S, Singh A, Vannadil H, Agrawal M. Corneatgmeters in diabetics
versus non-diabetics and correlation with variole®t sugar parameters. Rom J

Ophthalmol. 2024 Apr-Jun;68(2):128-134. doi: 10.2@80.2024.24.

22.Storr-Paulsen A, Singh A, Jeppesen H, Norregaard THolesen J. Corneal
endothelial morphology and central thickness inepas with type Il diabetes

mellitus. Acta Ophthalmol. 2014 Mar;92(2):158-60i:d.0.1111/a0s.12064.

Page 65



Bibliography

23.Luo XY, Dai W, Chee ML, Tao Y, Chua J, Tan NYQ, Tim& C, Aung T, Wong
TY, Cheng CY. Association of Diabetes With Centalrneal Thickness Among
a Multiethnic Asian Population. JAMA Netw Open. 20Jdan 4;2(1):e186647.

doi: 10.1001/jamanetworkopen.2018.6647.

24.Su DH, Wong TY, Wong WL, Saw SM, Tan DT, Shen S¥ph SC, Foster PJ,
Aung T; Singapore Malay Eye Study Group. Diabetegyerglycemia, and
central corneal thickness: the Singapore Malay &yely. Ophthalmology. 2008

Jun;115(6):964-968.e1. doi: 10.1016/j.ophtha.20BD21.

25.Vital MC, Jong KY, Trinh CE, Starck T, Sretavan Bndothelial Cell Loss
Following Cataract Surgery Using Continuous Cumnalr Capsulorhexis or
Precision Pulse Capsulotomy. Clin Ophthalmol. 20a8 16;17:1701-1708. doi:

10.2147/OPTH.S411454.

26.Yang C, An Q, Zhou H, Ge H. Research progress eniripact of cataract
surgery on corneal endothelial cells. Adv OphthdlPiact Res. 2024;4(4):194-

201. doi: 10.1016/j.a0pr.2024.08.002.

27.Lundberg B. Corneal endothelial changes seven yafées phacoemulsification
cataract surgery. Int Ophthalmol. 2024,44:169. d6i:1007/s10792-024-03044-

6.

28.Kim DH, Wee WR, Hyon JY. The pattern of early cahendothelial cell
recovery following cataract surgery: cellular migpa or enlargement? Graefes
Arch Clin Exp Ophthalmol. 2015 Dec;253(12):2211d6i: 10.1007/s00417-015-

3100-5.

Page 66



Bibliography

29. Geraghty B, Whitford C, Boote C, Akhtar R, Elsheikh Age-related variation
in the biomechanical and structural properties lef torneo-scleral tunic. In:
Derby B, Akthar R, editors. Mechanical propertiésageing soft tissues. 1st ed.

Springer; 2014. p. 207-235. doi: 10.1007/978-3-83970-1.

30.Sinjab MM, editor. Corneal optics and geometry. Gorneal Tomography in
Clinical Practice (Pentacam System): Basics anaic@i Interpretation [Internet].
1st ed. Jaypee Brothers Medical Publishers; 20[citéd 2025 Jan 4]. Available

from: https://www.jaypeedigital.com/eReader/chai¥e89386261106/ch1l.

31.Meeney A, Mudhar HS. Histopathological reportingaoirneal pathology by a
biomedical scientist: the Sheffield Experience. Byend). 2013 Feb;27(2):272-

6. doi: 10.1038/eye.2012.282.

32.Whiteley HE, Peiffer RL. The eye. In: Handbook obxicologic Pathology
[Internet]. 2nd ed. Vol. 2. Academic Press; 2002539-584. Available from:

https://doi.org/10.1016/B978-012330215-1/50039-9.

33.Bonanno JA. Molecular mechanisms underlying theneak endothelial pump.

Exp Eye Res. 2012 Feb;95(1):2-7. doi: 10.1016/j.804.1.06.004.

34.Vaiciuliene R, Rylskyte N, Baguzyte G, Jasinska®isk factors for fluctuations
in corneal endothelial cell density: A review. EXper Med. 2022;23:129. doi:

10.3892/etm.2021.11052.

35.Blackburn BJ, Jenkins MW, Rollins AM, Dupps WJ. éview of structural and
biomechanical changes in the cornea in aging, séseand photochemical
crosslinking. Front Bioeng Biotechnol. 2019;7:66. oi:d

10.3389/fbioe.2019.00066.

Page 67



Bibliography

36. Mlyniuk P, Maczynska-Walkowiak E, Rzeszewska-Zamid; Grulkowski I,
Kaluzny BJ. Probing biomechanical properties of ¢bhenea with air-puff-based
techniques — an overview. Adv Opt Technol. 20216)}3675-391. doi:

10.1515/a0t-2021-0042.

37.Chaurasia S, Vanathi M. Specular microscopy iniadin practice. Indian J

Ophthalmol. 2021 Mar;69(3):517-524. doi: 10.41@81§O_574 20.

38.Martin R. Cornea and anterior eye assessment Wattiqo-disc keratoscopy, slit
scanning evaluation topography and scheimpflug ingagpmography. Indian J

Ophthalmol. 2018;66(3):360-366. doi: 10.4103/ij@.1850_17.

39.Global Burden of Disease Collaborative Network. lalloBurden of Disease
Study 2021. Results. Institute for Health MetricadaEvaluation. 2024

(https://vizhub.healthdata.org/gbd-results/).

40. Cicinelli MV, Buchan JC, Nicholson M, Varadaraj ¥Xhanna RC. Cataracts.

Lancet. 2023;401(10374):377-389. doi: 10.1016/SEAAB6(22)01839-6.

41. Murrill CA, Stanfield DL, VanBrocklin MD, et al. Ga of the adult patient with
cataract. Optometric Clinical Practice Guidelind. Souis, MO: American

Optometric Association; 1999.

42.Kumari R. Senile Cataract. J Community Med Healttu 2024; 5: 001-007.

DOI: 10.29328/journal.jcmhs.1001041

43.Vision 2020: The Right to Sight India. Guidelinesr fthe Management of

Cataract in India. New Delhi: Vision 2020: The Rigi Sight India; 2011.

Page 68



Bibliography

44.Madhani CH, Trivedi KY, Bhagat PR. Global preferrpdactice patterns in
manual small incision cataract surgery. Glob J @ataSurg Res Ophthalmol.
2022;1(1):4-9. DOI: 10.25259/GJCSRO_6_2021. Avélab from:

https://www.gjcsro.com/

45.Gurnani B, Mishra D, Kaur K, Heda A, Sahu A. Evaat of manual small-
incision cataract surgery from 8 mm to 2 mm - A poemensive review. Indian J

Ophthalmol. 2022;70(11):3773-8. d0i:10.4103/ijo.1A667_22.

46.Ting DSJ, Chua D, May KO, Aung M, Kumar A, Farook k&t al. Modified
manual small incision cataract surgery techniquepfacoemulsification-trained
surgeons. Ther Adv Ophthalmol. 2020;12:1-10. DOI:
10.1177/2515841420977372. Available from:

https://doi.org/10.1177/2515841420977372.

47.Aribaba OT, Adenekan OA, Onakoya AO, Rotimi-Samiglatosi JO, Musa
KO, Oyefeso AO, Akinsola FB. Central corneal thieka changes following
manual small incision cataract surgery. Clin Oplmtizd. 2015 Jan 20;9:151-5.

doi: 10.2147/OPTH.S75580.

48.0brosova IG, Chung SS, Kador PF. Diabetic catarde&thogenesis, animal
models, and therapeutic measures. J Ophthalmol0;2010:608751. doi:

10.1155/2010/608751.

49.Kelkar A, Kelkar J, Mehta H, Amoaku W. Cataractgary in diabetes mellitus:
A systematic review. Indian J Ophthalmol. 2018;85(1401-1410.

doi:10.4103/ij0.1JO_1158_17.

Page 69



Bibliography

50.Jha A, Verma A, Alagorie AR. Association of severdf diabetic retinopathy
with corneal endothelial and thickness changestrepts with diabetes mellitus.

Eye (Lond). 2022 Jun;36(6):1202-1208. doi: 10.1638433-021-01606-X.

51.Papadakou P, Chatziralli I, Papathanassiou M, LaimbaV, Siganos CS,
Theodossiadis P, Kozobolis V. The Effect of Diabetdellitus on Corneal
Endothelial Cells and Central Corneal Thickness: Case-Control Study.

Ophthalmic Res. 2020;63(6):550-554. doi: 10.1159807197.

52.Morikubo S, Takamura Y, Kubo E, Tsuzuki S, Akagi Gorneal changes after
small-incision cataract surgery in patients withaldites mellitus. Arch

Ophthalmol. 2004;122(7):966-969. doi:10.1001/ard¢hdR2.7.966.

53.Ahmed Z, Ahmed SM, Tasneem AF, Jafar FS, Shraavy&mlothelial cell
changes after small incision cataract surgery abelic and non-diabetic patients:
A  cohort  study. Int J Med  Ophthalmol. 2022;4(1) 2-

doi:10.33545/26638266.2022.v4.i1a.109.

54 .Raut NG, Chauhan R, Sonarkhan S. Corneal enddthmihloss after small
incision cataract surgery in diabetic versus nabseiic patients. Med Res Chron.

2016;3(1):146-155.

55.Bird AB, Cheung AY, Sheppard JD. Corneal diseask imimpact on cataract
surgery [Internet]. Cataract - An Update on Clihiaad Surgical Management.
IntechOpen; 2023. Available from:

http://dx.doi.org/10.5772/intechopen.1002404.

Page 70



Bibliography

56.Peterson SR, Silva PA, Murtha TJ, Sun JK. CataBacgery in Patients with
Diabetes: Management Strategies. Semin Ophthal@@l8;33(1):75-82. doi:

10.1080/08820538.2017.1353817.

57. Ugcan Gundiz G, UlutaHG, Parmak Yener N, Yalcinbayir O. Corneal
endothelial alterations in patients with diabeti@aamlar edema. J Surg Med.

2021;5(2):120123.

58.Khan J, Shaw S. Risk of cataract and glaucoma anubdgr persons with
diabetes in India: a cross-sectional study basedA®i, Wave-1. Sci Rep. 2023

Jul 24;13(1):11973. doi: 10.1038/s41598-023-38229-z

59.Vyas U, Khandekar R, Trivedi N, Desai T, Danayak Magnitude and
determinants of ocular morbidities among persorth Wiabetes in a project in
Ahmedabad, India. Diabetes Technol Ther. 2009 S3¢p)B01-7. doi:

10.1089/dia.2009.0033.

60. Alabdulwahhab KM. Senile Cataract in Patients vidiabetes with and Without
Diabetic Retinopathy: A Community-Based Comparatbeidy. J Epidemiol

Glob Health. 2022 Mar;12(1):56-63. doi: 10.1007/k%A-021-00020-6.

61.Mahmood MN, Dhakal SP. Ageing population and sgciet scientometric

analysis. Qual Quant. 2022 Aug 25:1-18. doi: 1071§01135-022-01509-3.

62.Sabri SM, Annuar N, Rahman NLA, Musairah SK, MuiallA, Subagja IK.
Major Trends in Ageing Population Research: A Ribietric Analysis from
2001 to 2021. Proceedings. 2022, 82(1):19.

https://doi.org/10.3390/proceedings2022082019.

Page 71



Bibliography

63.Zhang Y, Gu Z, Xu Y, He M, Gerber BS, Wang Z, Liy IFeng C. Global
scientific trends in healthy aging in the early 2tentury: A data-driven
scientometric and visualized analysis. Heliyon. 4£00(1):e23405. doi:

10.1016/j.heliyon.2023.e23405.

64.Rowley WR, Bezold C, Arikan Y, Byrne E, Krohe S.abetes 2030: Insights
from Yesterday, Today, and Future Trends. Popul ItHedManag. 2017

FeDb;20(1):6-12. doi: 10.1089/pop.2015.0181.

65.Pesudovs K, Lansingh VC, Kempen JH, et al. Glostimates on the number of
people blind or visually impaired by cataract: atamanalysis from 2000 to

2020. Eye. 9 March 2024. doi: 10.1038/s41433-0236Q21.

66.Shu Y, Shao Y, Zhou Q, Lu L, Wang Z, Zhang L, BiGhanging Trends in the
Disease Burden of Cataract and Forecasted Tren@hiima and Globally from
1990 to 2030. Clin Epidemiol. 2023 May 1;15:525-534doi:

10.2147/CLEP.S404049.

67.Naha S, Gardner MJ, Khangura D, et al. Hypertensialiabetes. [Updated 2021
Aug 7]. In: Feingold KR, Anawalt B, Blackman MR, at, editors. Endotext
[Internet]. South Dartmouth (MA): MDText.com, In&2000-. Available from:

https://www.ncbi.nlm.nih.gov/books/NBK279027/.

68.Petrie JR, Guzik TJ, Touyz RM. Diabetes, Hypertmsiand Cardiovascular
Disease: Clinical Insights and Vascular MechanisitBan J Cardiol. 2018

May;34(5):575-584. doi: 10.1016/j.cjca.2017.12.005.

Page 72



Bibliography

69.Li X, Zhang Z, Ye L, et al. Acute ocular hypertesrsidisrupts barrier integrity
and pump function in rat corneal endothelial ce8si Rep. 2017;7:6951. doi:

10.1038/s41598-017-07534-9.

70.Ollivier FJ, Brooks DE, Komaromy AM, Kallberg ME,mdlrew SE, Sapp HL,
Sherwood MB, Dawson WW. Corneal thickness and dmadiail cell density
measured by non-contact specular microscopy andypatry in Rhesus
macaques (Macaca mulatta) with laser-induced odwgertension. Exp Eye

Res. 2003 Jun;76(6):671-7. doi: 10.1016/s0014-483850055-1.

71.Kaji Y, Usui T, Oshika T, Matsubara M, Yamashita AMraie M, Murata T,
Ishibashi T, Nagai R, Horiuchi S, Amano S. Advangéaation end products in

diabetic corneas. Invest Ophthalmol Vis Sci. 20808;81(2):362-8.

72.Kaji Y, Amano S, Usui T, Suzuki K, Tanaka S, OshikaNagai R, Horiuchi S.
Advanced glycation end products in Descemet's mangband their effect on
corneal endothelial cell. Curr Eye Res. 2001 Dg6Ra869-77. doi:

10.1076/ceyr.23.6.469.6968.

73.Zou C, Wang S, Huang F, Zhang YA. Advanced glycatamd products and
ultrastructural changes in corneas of long-ternrepgtizotocin-induced diabetic
monkeys. Cornea. 2012 Dec;31(12):1455-9. doi:

10.1097/IC0O.0b013e3182490907.

74.Ciorba AL, Roiu G, Abdelhamid AM, Saber S, Cavalu Evaluation of the
Corneal Endothelium Following Cataract Surgery iati2tic and Non-Diabetic
Patients. Diagnostics  (Basel). 2023 Mar  15;13(A)511 doi:

10.3390/diagnostics13061115.

Page 73



Bibliography

75.

76.

7.

78.

79.

80.

81.

Maadane A, Boutahar H, Bourakba S, Sekhsoukh RIukiran endothéliale
cornéenne des patients diabétiques aprés une phalsification [Corneal
endothelial evaluation of diabetic patients aftdragpemulsification]. J Fr

Ophtalmol. 2019 Apr;42(4):381-386. French. doi:1006/j.jfo.2018.09.012.

Dhasmana R, Singh IP, Nagpal RC. Corneal changekalretic patients after
manual small incision cataract surgery. J Clin Di&es. 2014 Apr;8(4):vVCO03-

VCO06. doi: 10.7860/JCDR/2014/7955.4288.

Busted N, Olsen T, Schmitz O. Clinical observationghe corneal thickness and
the corneal endothelium in diabetes mellitus. Byphthalmol. 1981;65:687—-90.

doi: 10.1136/bjo.65.10.687.

Lee JS, Oum BS, Choi HY, Lee JE, Cho BM. Differenae corneal thickness
and corneal endothelium related to duration in eie® Eye (Lond). 2006

Mar;20(3):315-8. doi: 10.1038/sj.eye.6701868.

Singh M, Mishra D, Sinha BP, Anand A, Singhal S.r@&al endothelial
protection during manual small-incision cataractgsty: A narrative review.
Indian J Ophthalmol. 2022 Nov;70(11):3791-3796. > doi

10.4103/ij0.1J0_1048_22.

Edelhauser HF. The resiliency of the corneal erelntin to refractive and
intraocular surgery. Cornea. 2000;19(3):263-273.i: db0.1097/00003226-

200005000-00002

Gupta PK, Berdahl JP, Chan CC, et al. The cornaeddt@elium: clinical review
of endothelial cell health and function. J Catafetract Surg. 2021;47(9):1218-

1226. doi: 10.1097/}.jcrs.0000000000000650

Page 74



Bibliography

82.Sahu PK, Das GK, Agrawal S, Kumar S. Comparativaliation of Corneal
Endothelium in Patients with Diabetes Undergoingd@emulsification. Middle
East Afr J Ophthalmol. 2017 Apr-Jun;24(2):74-80. i:do

10.4103/meajo.MEAJO_242_15.

83.Sudhir RR, Raman R, Sharma T. Changes in the doeneathelial cell density
and morphology in patients with type 2 diabeteslitnsl a population-based
study, Sankara Nethralaya Diabetic Retinopathy lliatecular Genetics Study
(SN-DREAMS, Report 23). Cornea. 2012 Oct;31(10)%22. doi:

10.1097/1C0O.0b013e31823f8e00.

Page 75



Bibliography

ANNEXURE — | - INFORMED CONSENT FORM

“A one year longitudinal study to assess the cornéandothelial morphology and
central corneal thickness in diabetic patients andnon-diabetic patients

undergoing Manual small incision cataract surgery.”

Name of Student/Principal Investigator:

Name of Guide/Co Investigators:

Introduction: There is a part of eye known as cornea. This coesade of many
layers of cells, the innermost membrane is knowarakothelial cell layer. These cells
help in maintaining hydration, thickness and tramspcy of cornea. This cell count in

this layer let us know the hydration of the cornea.

We are doing this study to know the changes indhlklayer in patients with raised

blood sugar levels and normal healthy subjects avbaindergoing cataract surgery.

Explanation of procedure: In this study we will do regular examination where
cataract will be graded and routine investigatibks checking blood sugar levels,
cell count on non-contact specular microscope Ww#l done. After the proper
collection of investigations and satisfactory exaation, patient will undergo regular
cataract surgery. Cell count will be measured hy-omntact specular microscope on
day 1 after surgery, and on further regular follops after 1 week, 1 month and 3

months later.

Withdrawal from participation in the study: Participation in this study in
voluntary. You will be free to decide whether @rfcipate in this study or continue
participation once enrolled. In case you decidevithdraw your participation, you

are free to do so. However, please convey theidads the principal investigator.
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Possible benefits from participating in the study: You will not get any benefits by

participating in this study. The data gathered wélp population at large.

Possible risks from participating in the study: There are no risks involved in

participating in this study.

Privacy and confidentiality: The information collected from you will be coded, t
prevent any person to identify you. Your identityl never be revealed. The data
collected from you will be kept confidential andlymprocessed or aggregated data

will be used for publication.

Financial incentives: You will not receive any payment for participafiin this

study.

Cost of investigationsdone during the course of study will be part ofitiwe

investigations, thus no extra amount to be paithbyarticipant.

Authorization for publication of aggregated data: Results obtained after
processing of the aggregated data will be publisteedscientific purpose and or

presented to scientific groups. However, your iemvill never be revealed.

Questions: In case of any questions with regard to this stydy, are free to contact:
Dr Harsha Hegde, Chairperson, Ethical committee JOIMC, 0831-2473777

Extension 4052.

Legal rights: By signing this consent form, we are not wavingy af your legal

rights
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CONSENT STATEMENT

I am making a voluntary decision to participatetie study A one year
longitudinal study to assess the corneal endothelianorphology and central
corneal thickness in diabetic patients and non-diadtic patients undergoing
Manual small incision cataract surgery. My signature below indicates that | have
decided to participate and | have read the infoionaprovided above or the
information provided above has been read to ménénlanguage that | understand
best. | was given the opportunity to ask questams that they have been answered

to my satisfaction.

Name of the participant:

Signature or left thumb impression of the partioipa

Name of the witness:

Signature or left thumb impression of the witness:

Name of the investigator:

Signature of the investigator:
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ANNEXURE - Il - PROFORMA

Hospital ID: Study ID:

NAME:

AGE: Years GENDER: MALEEMALE

ADDRESS:

OCCUPATION:

CONTACT NUMBER:

DATE OF EXAMINATION: /1

CHIEF COMPLAINTS:

1. DIMINUTION OF VISION: YES/ NO

RE: DURATION Days/Months/Years LE: DURI®N
Days/Months/Years

GRADUAL / SUDDEN WITH PAIN / PAINLESS.

IS THE PATIENT ELIGIBLE FOR STUDY? YE D NO

HAS INFORMED CONSENT BEEN GIVEN?D YESD NO
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PAST HISTORY':

1. DIABETES: PRESENT/ ABSENT
DURATION OF DIABETES: Months/Years
ANY MEDICATION: YES /NO

2. HYPERTENSION: PRESENT/ ABSENT

3. OCULAR TRAUMA: PRESENT /ABSENT

4. SPECTACLE USE: YES/ NO IF YES, DURATION:

5. H/O GLAUCOMA: YES/ NO

IF YES, DURATION:

ANY MEDICATION: YES /NO

6. DRUG HISTORY:

7. HHOOCULAR SURGERY: YES / NO

OCULAR EXAMINATION:

a. ANTERIOR SEGMENT: RIGHT EYE
LEFT EYE
VISUAL ACUITY
PINHOLE
WTH GLASSES
NEAR VISION
WITH GLASSES
EXTRA OCULAR MOVEMENTS
EYELIDS
CONJUNCTIVA

CORNEA
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C.

ANTERIOR CHAMBER

IRIS

PUPIL

LENS

POSTERIOR SEGMENT:

LEFT EYE

GLOW

MEDIA

DISC

C:D

B/V

B/G

MACULA

REFRACTION:

Annexures

RIGHT EYE

SPH CYL

AXIS

SPH

CYL

AXIS

NV

NV
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d.

f.

g.

INTRA OCULAR PRESSURE:

OD:

os:

NASOLACRIMAL DUCT PATENCY:

OD:

OS:

DIAGNOSIS:

DIABETIC / NON- DIABETIC

Sr.
No

Parameter

Ip/Op
No.

Pre-
Operative

Post Op
1 Day

Post Op
1 Week

Postop

Month

Post Op
3
Months

Date

CENTRAL
CORNEAL
THICKNESS

ENOTHELIAL
CELL
DENSITY

COEFFICIENT
OF
VARIANCE

Page 82




Annexures

NOTE (IF ANY):

NAME OF PRINCIPAL INVESTIGATOR:

SIGNATURE OF PRINCIPAL INVESTIGATOR:

NAME OF GUIDE:

SIGNATURE OF GUIDE:
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ANNEXURE — Il - PHOTOGRAPHS

Photograph 2:Anterior segment assessment on slit lamp biomicrospe
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MASTER CHART

Page 85



DIMINUTION DIABETE BCVA ANTERIOR TOP (in mmHg) FUNDUS CENTRAL CORNEAL ENDOTHELIAL CELL DENSITY COEFFICIENT OF VARIANCE
HYPERTE| s
S || AGE(N | GENDE |occyparion "Es " |Svesino| Hortc omcnoss  |ope | POST| POST | ‘G (G0 lpreoe post | posT | post | L Ipreop| post | post | posT | 1503
NO.| YEARS) R op | os d opb | os op os op os oD os op | or1 ERATI [OPDAY| OP1 | OP1 ERATI |OPDAY| OP1 | OP1
DURATIO| AND | (%) RATH pay 1|week | MON [MON| =g 1 | week |monTH[MONTH| “ve 1| week [month| MONT
N)  |DURATIO VE TH | THS s HS
N
1 70 |FEMALE| HOUSEWIFE | YES - NO NO - 618 | 69 [GREYISH| PCIOL 209 | 205 | NORMAL | NORMAL RIGHTEVESENILE | yo5 | c1g | 400 | 508 | 488 | 2270 | 2277 | 1943 | 2322 | 2083 | a3 | a4 | a6% | 30% | 30
: IMMATURE CATARACT
LEFT EYE SENILE
2 68  |FEMALE| HOUSEWIFE | YES | YES NO NO - 618 | 618 |GREYISH| GREYISH | 164 | 132 | moma normal IMMATURE CATARACT | 483 | 509 | 400 | 402 | 487 | 2200 | 2024 | 2408 | 2411 | 2110 | 47 | 44% | 3% | % | 42%
CF12 SMALL LEFT EYE SENILE
3 60 MALE | FARMER | YES | YES NO NO - 618 | "o [GREYISH| GREVISH | 166 | 116 s | SMALLDISC| | e CATARACT | 506 | 534 | 408 | 400 | 507 | 2588 | 2532 | 2207 | 2380 | 1953 | 40% | 46% | 43% | 50% | 47%
DETAILS
4 68 MALE | BUSNESSMA | yes | ves NO NO 612 |cF1mtr|crevisn| BROWN 14 158 | NORMAL | NOTMaDE | -EFT EYEBROWN 516 | 535 | 506 | 523 | 518 | 2008 | 2134 | 2277 | 2335 | 1961 | 46% | 45% | 44% | 50% | 42%
N CATARACT ouT CATARACT
DETAILS
BUISNESSMA PEARLY NOT RIGHT EYE SENILE
5 58 MALE N YES | NO NO NO HMCF | a1z |\ oo 14 | 142 | e | NORMAL | e aTARACT | 565 | 611 | 533 | 507 | 537 | 2255 | 2521 | 2547 | 2440 | 2143 | 51% | 3% | 41% | 4% | 5%
our
6 62  |FEMALE| HOUSEWIFE | NO | YES NO NO 6/6 | CF2M | PCIOL | GREYISH | 157 | 196 | NORMAL | NORMAL LEFT EYE SENILE 462 | 496 | 493 | 465 | 483 | 2254 | 2092 | 2147 | 1968 | 2053 | 45% | 45% | 43% | 47% | 46%
: IMMATURE CATARACT ; ;
Cr25 RIGHT EYE SENILE
7 67 MALE | TRADER YES | YES NO NO Ve | 6660 [GREYISH| GREYISH | 122 | 104 | NORMAL | NORMAL | |\ oF @ s | 465 | 518 | 518 | 534 | 483 | 2163 | 2204 | 2208 | 1007 | 2053 | 4%% | 44% | 42% | 52% | 46%
BUISNESSVA LEFT EYE SENILE
8 58 MALE N NO | YES NO NO 66 | CFIMir| PCIOL | GREYISH | 125 | 132 | NORMAL |HAZY VIEW | oo oo o ey | 497 | 535 | 506 | 505 | 500 | 2655 | 2687 | 2395 | 2586 | 2288 | 44% | 42% | 47% | 45% | 46%
BUISNESSMA LEFT EYE SENILE
9 58 MALE N NO | YES NO NO 6/18 | 6/18 |GREYISH| GREYISH | 135 13| NORMAL | NORMAL | o o ATARACT | 5% | 589 | 543 | 528 | 534 | 2411 | 2607 | 2685 | 2214 | 2267 | 46% | 42% | 42% | 50% | 46%
10 57 |FEMALE| HOUSEWIFE | YES | YES NO YESS | 67 69 | 612 |GREYISH| GREYISH | 19 208 | NORMAL | NORMAL LEFT EYE SENILE 531 | 549 | 543 | 534 | 564 | 2460 | 2715 | 2689 | 1007 | 2260 | 46% | 48% | 42% | 52% | 46%
YEARS IMMATURE CATARACT ; ;
RIGHT EYE SENILE
1 67  |FEMALE| HOUSEWIFE | YES | NO NO NO 606 | 66 |GREYISH| GREYISH | 172 | 166 | NORMAL | NORMAL | -/ fZ=o " | 418 | ann 465 | 438 | 2503 | 1624 | 2505 | 2354 | 2203 | 50% | 72% | 47% | 45% | 58%
HYPEREMI RIGHT EYE SENILE
60 MALE | FARMER | YES | YES NO NO CF 1Mir| CF2Mir |GREYISH| GREYISH | 162 | 139 [ o/ c - NORMAL | o f o ey | 474 | 499 | 470 | 478 | 475 | 1920 | 1775 | 1834 | 1872 | 1642 | 43% | 48% | S% | 46% | 40%
LEFT EYE SENILE
13 80 MALE |ELECTRICIAN| NO | YES NO NO 69 | 636 [GREYISH| GREYISH | 181 | 101 | NORMAL | NORMAL | oot o oo oacT | 505| 570 | 543 | 523 | 513 | 2835 | 2122 | 2214 | 2200 | 2004 | 51% | 47% | 50% | 47% | 47%
LEFT EYE SENILE
14 50  |FEMALE| FARMER NO | YES NO NO 612 | 636 |GREYISH| GREYISH | 139 | 171 | NORMAL | HAZY VIEW| oot oo oo o | 596 | 598 | 540 | 550 | 552 | 2553 | 2067 | 2715 | 2553 | 2003 | do% | 44% | a4% | 47 | 45%
RIGHT EYE SENILE
15 71 |FEMALE| FARMER | YES | NO NO NO 6/24 | 6/24 |GREYISH| PCIOL 186 | 199 | NORMAL | NORMAL | | oo o RaCT | 489 | 521 | 528 | 402 | 486 | 2412 | 2172 | 2214 | 2221 | 2005 | 35% | 40% | 44% | 498 | 41%
RIGHT EYE SENILE
16 52 MALE | FARMER | YES | YES NO NO 6/12 | 618 |GREYISH| GREYISH | 17 156 | NORMAL | NORMAL | |\t aTARACT | 5% | 556 | 549 | 530 | 528 | 2718 | 2007 | 2715 | 2538 | 2324 | 48% | 50% | 47% | 51% | 60%
BUISNESSMA LEFT EYE SENILE
17 70 |FEMALE N NO | YES NO NO 69 |CF2Mir| PCIOL | GREYISH | 133 | 108 |NORMAL | NORMAL | oot oo oo et | 507 | 509 | 511 | 577 | 518 | 2440 | 2418 | 2427 | 2423 | 2208 | 34% | 36% | 45% | 49% | 42%
DETAILS
NEAR NOT RIGHT EYE SENILE
18 72 MALE | RETIRED | YES | NO NO NO HMCF | 618 |\ cioc| GREYVISH | 196 | 187 | M | NORMAL |\ Soiior o o |45 | 4% | 400 | 02 | 446 | 2301 | 2050 | 2019 | 1672 | 1827 | 4% | 51% | 50% | S® | 46%
out
19 60  |FEMALE| HOUSEWIFE | YES | NO NO NO 6/9 6/6 |GREYISH| GREYISH | 142 | 169 | NORMAL | NORMAL RIGHTEYESENILE 1 ooq | g3y | 403 | 499 | 507 | 2588 | 2531 | 2207 | 280 | 1953 | a0 | 4o% | 43 | so% | a7
- IMMATURE CATARACT ; ;
MODERAT
YES 1 HYPERMAT| £ DETAILS |, err v HYPERMATURE
20 62 MALE | FARMER | YES | YES NO q 69 | 618 | CFCF |GREYISH 188 | 141 |DIABETIC | NOT MADE 495 | 540 | 534 | 532 | 530 | 2741 | 1613 | 1897 | 2179 | 2244 | 43% | 47 | 46% | 49% | 42%
YEAR URE CATARACT
RETINOPA|  OUT
THY
LEFT EYE POSTERIOR
21 70 MALE |  TAILOR YES | YES NO NO 624 | 6/24 |GREYISH| GREYISH | 172 16 | NORMAL | NORMAL SUBCAPSULAR 494 | 556 | 538 | 508 | 462 | 2315 | 2073 | 2018 | 1834 | 2182 | 50% | 46% | 4% | 4% | 46%
CATARACT
DETAILS
RETIRED GREYISH NOT RIGHT EYE SENILE
22 72 MALE | oo e YES | YES NO NO CRIMur | oFMtr (S| GREVISH | 118 | 143 | b | NORMAL | o ARACT | 518 | 542 | 532 | 524 | 513 | 2470 | 1872 | 2170 | 2083 | 2208 | 46% | 5% | 1% | 4% | 47%
our
23 70 MALE | SHOPOWNER| YES | YES NO NO 6/36 | 6/24 |GREYISH| GREYISH | 142 16 | NORMAL | NORMAL RIGHTEYESENILE 1 g | o565 | 403 | 490 | 461 | 2100 | 2073 | 2105 | 2090 | 2023 | ame | 4ae% | 4196 | 3mw6 | aow
- IMMATURE CATARACT ; ;
DETAILS
YES,5 PEARLY NOT | FEWHARD |  RIGHT EYE SENILE
24 60 MALE | SHOPKEEPER | YES | YES NO vears | 7| crmer | crame [FUAET GREVISH | 104 | 159 | nrl | DO | ATURE CATARaCT | 557 | 62L | 607 | 577 | 544 | 2619 | 2309 | 2360 | 2423 | 2437 | 4% | 4%% | 4% | 4o% | 45%
out
GRADE 1
CF12 NASAL RIGHT EYE SENILE
25 57 MALE | FARMER | YES | NO NO NO 6/12 |GREYISH| PTERYGIU | 152 | 152 | NORMAL | NORMAL 485 | 521 | 519 | 500 | 506 | 2388 | 2172 | 2102 | 2579 | 2083 | 46% | 60% | 48% | 44% | 43%
Mtr M WITH IMMATURE CATARACT
PCIOL
DETAILS
PEARLY NOT RIGHT EYE SENILE
2 52 |FEMALE| HOUSEWIFE | YES | NO NO NO CRCF | 666 | | POIOL 189 | 16 | e | NORMAL | i ARAGT | 523 | 607 | 585 | 520 | 528 | 2500 | 2680 | 2473 | 2378 | 2214 | 55% | 44% | 51% | 52% | 50%
our
HAEMORRH | RIGHT EYE SENILE
27 60  |FEMALE| FARMER | YES | YES NO NO CF2Mir| CFOF |GREYISH| GREYISH | 178 | 211 | NORMAL | -on IMMATURE CATARACT | 488 | 524 | 519 | 495 | 490 | 2322 | 2433 | 2312 | 2816 | 1834 | 3% | 41% | 42% | 43% | 54%




HAZY
YES 7 HAZY VIEW,|  RIGHT EYE SENILE .
28 54 MALE |  TAILOR YES | YES NO VEARs | 71 | CFMur| CFaMir |GREYISH| GREYISH | 171 | 205 Ng m | NoRmAL | imATURE caTARACT 498 | 510 | 513 | 523 | 514 | 2686 | 2503 | 2298 | 2335 | 2369 | 42% | 40% | 47% | 44% | 45%
YES, 10 CF25Mt|GREYISH RIGHT EYE SENILE
29 60  |FEMALE| HOUSEWIFE | YES | YES NO vers | 74 | Cramtr |TTTNHRIALET| GREYISH | 203 | 203 | NORMAL | NORMAL |\ RACT | 476 | 518 | 522 | 521 | 508 | 1013 | 2208 | 2368 | 2105 | 1930 | 52% | 42 | 4% | 4% | 47%
PEARLY DETAILS LEFT EYE SENILE
9 9
30 63 MALE |  CLERK NO | YES NO NO &9 | crck | PooL | il | 143 12 | NORMAL NO‘I(') r\lj :DE MATURE CATARACT | 485 | 519 | 513 | 507 | 493 | 2204 | 2102 | 2208 | 2195 | 2104 | 42% | 42% | 45% | 47% | 41%
YES, 10 LEFT EYE SENILE
31 58 MALE | TRADER NO | YES NO VEARS 7 618 | CFaMir [GREYISH| GREYISH | 17.3 | 206 | NORMAL | NORMAL | ot oot o | 483 | 460 | 472 | 530 | 443 | 2131 | 2223 | 2115 | 2182 | 218 | 5% | 42% | 4% | 52% | 49%
YES 1 PEARLY DETAILS LEFT EYE SENILE
32 68 MALE | FARMER | YES | YES NO vear | 66 | 618 | HMCF |GREVISH| T iE | 121 | @9 | NORMAL NOTO r\J _/;DE MATURE CATARACT | 5% | 550 | 543 | 528 | 521 | 2460 | 2143 | 2214 | 2342 | 2234 | 46% | 51% | 50% | 48% | 36%
YES, 6 CF12 GREYISH RIGHT EYE SENILE
33 68  |FEMALE| HOUSEWIFE | YES | YES NO vears | 74 | mu | 918 |whie | GERYISH | 163 | 186 | NORMAL | NORMAL | oo or" -t o | 509 | 585 | 560 | 540 | 524 | 2535 | 2473 | 2599 | 2215 | 2205 | 47 | 51% | 49% | 46% | 49%
YES 1 hazy RIGHT EYE SENILE
3 7 MALE | SHOPKEEPER | YES | NO NO q 68 | 6/24 | 66 |GREYISH| GREYISH | 186 | 185 | VIEW, | NORMAL 544 | 630 | 530 | 508 | 544 | 2750 | 2519 | 2232 | 2473 | 1592 | 43% | 58% | 52% | 85% | 86%
YEAR NORMAL IMMATURE CATARACT
DETAILS
YES, 1 PEARLY NOT RIGHT EYE SENILE . . .
ES 70  |FEMALE| FARMER | YES | NO NO | vonmw | 72 | HMCE | e |TOi o GREYISH | 173 | 173 | b | NORMAL | n e aRACT | 483 | 549 | 534 | 535 | 484 | 2053 | 2288 | 2267 | 2121 | 2048 | 46% | 8% | 4% | 46% | 5%
our
YES, 8 CFY2 BROWN DETAILS LEFT EYE BROWN
) 9
3% 72 MALE | SHOPKEEPER | NO | YES | YES | yoooo | 69 86 | vy |OREYISH| curemacr| 246 | 122 | NORMAL NO‘I(') r\lj :DE CATARACT 507 | 521 | 483 | 584 | 505 | 2449 | 2186 | 2118 | 2098 | 2004 | 36% | 50% | 51% | 53% | 51%
GREYISH| PEARLY DEI\IT(/;':'LS DETAILS LEFT EYE SENILE
9 9
37 80 MALE | RETIRED | YES | YES NO NO crer | Hmer (Sl e | 81| 18 | oo NOTO IS_/;DE MATURE CATARAGT | 467 | 495 | 400 | 402 | 401 | 2060 | 2774 | 1881 | 1780 | 1015 | 8% | 5% | 51% | 4% | 60%
our
YES, 4 LEFT EYE SENILE
38 52 |FEMALE|HOMEMAKER| NO | YES NO vears | 72 69 | 618 [GREYISH| GREYISH | 211 | 207 |NORMAL | NORMAL | oot 0 oo oacT | 506 | 573 | 578 | 564 | 504 | 2327 | 2221 | 2263 | 2341 | 2255 | 42% | 61% | 42% | 40% | 43%
YES, 10 MODERAT| MODERATE | LEFT EYE SENILE
39 5  |FEMALE| HOUSEWIFE | NO | YES | YES | (Zto | 75 69 | 612 | POIOL | GREYISH | 173 | 206 | Cyoio NPOR IMMATURE CATARACT | 493 | 532 | 504 | 524 | 470 | 2650 | 2208 | 2255 | 2815 | 2100 | 3% | 50% | 4% | 49% | 61%
RIGHT EYE SENILE
40 63  |FEMALE| FARMER | YES | NO YES NO 6036 | 612 |GREYISH| GREYISH | 113 | 112 | NORMAL | NORMAL | o/ -t o=o | 418 | 463 | 484 | 488 | 423 | 2503 | 2411 | 1836 | 1836 | 1834 | 48% | 47% | 4% | 52% | 54%
YES 1 GREYISH LEFT EYE SENILE
41 70 MALE | RETIRED | YES | YES NO vear | 65 | 612 | e@e | pooL | ALPT | 173 | 173 | NORMAL | NORMAL | oot oo oo acr | 620 | 651 | 630 | 68L | 618 | 2475 | 2646 | 2510 | 2222 | 2284 | 42% | 47% | S8% | 6% | 40%
BUISNESSMA YES 45 LEFT EYE SENILE
42 65 MALE N YES | YES NO | vioNTh s_| 65 | 624 | 624 |GREVISH| GREYISH | 146 | 134 | NORMAL | NORMAL | ot oo ool o | 523 | 562 | 514 | 578 | 555 | 2710 | 2341 | 2270 | 2263 | 1832 | 44% | 40% | 41% | 42% | 48%
YES, 10-15 RIGHT EYE SENILE
43 70 |FEMALE| HOUSEWIFE | YES | YES NO VeARs | 69 | 618 [CF3Mir|GREYISH| GREYISH | 142 | 166 | NORMAL | NORMAL | oot oF @ e | 499 | 532 | 521 | 484 | 408 | 1834 | 2244 | 2247 | 2236 | 2213 | 54% | 40% | 40% | 47% | ag%
DETAILS
BUISNESSMA YES,6 PEARLY LEFT EYE SENILE
a4 80 MALE N NO | YES No | vons| 7 6036 | HMCF [GREYISH| "o 5 | 183 | 187 | NORMAL NOTO r\J _/;DE MATURE CATARACT | 4% | 5% | 532 | 521 | 483 | 2427 | 2282 | 2271 | 2186 | 2102 | 45% | 52% | 4% | 50% | 4%%
45 60  |FEMALE| HOUSEWIFE | NO | YES NO NO 6/9 | 660 |GREYISH| GREYISH | 145 | 181 | NORMAL | NORMAL LEFTEYE SENILE 473 | 505 | 492 | 483 | 488 | 2233 | 2133 | 2178 | 2053 | 1836 | 45% | 44% | 4% | 46% | 5%
- IMMATURE CATARACT
LEFT EYE SENILE )
46 75 MALE | RETIRED | YES | YES NO NO 6/18 |CF3Mtr|GREYISH| GREYISH | 87 73 | NORMAL | NORMAL | | oo o TARacT | 515 | 552 | 527 | 514 | 516 | 2004 | 2222 | 1088 | 2004 | 1961 | 43% | 50% | 41% | 45% | 46%
YES 10 | YES 10 LEFT EYE SENILE ) .
a7 6  |FEMALE| HOUSEWIFE | YES | YES | {oioc | yeage | 67 | 612 [CFLMIU|GREYISH| GREYISH | 207 | 225 | NORMAL | NORMAL | . ootoor oo | 402 | s52 | 533 | 505 | 502 | 2178 | 2553 | 2547 | 2004 | 2386 | 44% | 45% | 41% | 51% | 40%
BUISNESSMA YES 45 | YES3 CF15 GREYISH LEFT EYE SENILE . )
48 63 MALE N VES | YES | uovme| veare | 74 | 624 | Twy |SREVISH| CWhire | 146 | 146 | NORMAL | NORMAL | oot or o eacT | 456 | 514 | 521 | 530 | 443 | 1086 | 2670 | 2447 | 2663 | 2131 | 4%% | 41% | 4% | 48% | 49%
peTAILS | GRADEL
cF12 nor  |HYPERTENSI oot eve sENILE
49 70 MALE | RETIRED | YES | YES NO NO CF2Mtr [GREYISH| GREYISH | 161 | 17.2 VE 489 | 521 | 528 | 492 | 486 | 2481 | 2172 | 2214 | 2221 | 2015 | 3% | 40% | 44% | 49% | 4%
Mitr MADE IMMATURE CATARACT
RETINOPAT
out
HY
DETAILS
50 65 maLE |sHorkeerer| No | ves | ves | YES4 1 75 | em2 | cror | PoioL | cREvisH | 14 98 | NORMAL | NOT MADE LEFT EYE SENILE 446 | 469 | 512 | 501 | 453 | 1993 | 2322 | 2071 | 2307 | 1728 | 40% | 37% | 53% | 48% | 50%
YEARS - ouT IMMATURE CATARACT : :
YES 15 HAZY RIGHT EYE SENILE ) .
51 67  |FEMALE| HOUSEWIFE | YES | NO YES | ypape | 74 |CFIMu| @12 |GREYISH| GERYISH | 138 | 177 | yiou | NORMAL | oot ol et | 454 | 480 | 460 | 478 | 470 | 2190 | 2804 | 2430 | 1071 | 2100 | 48% | 36 | 42% | 54% | 61%
RIGHT EYE SENILE .
52 60  |FEMALE| HOUSEWIFE | YES | NO NO NO 636 | 66 [GREYISH| GREYISH | 181 | 144 |NORMAL | NORMAL | oio/ fo o | 500 | 542 | 508 | 403 | 490 | 2502 | 2504 | 1930 | 2501 | 2144 | 46% | 40% | 47% | 41% | 46%
CF LEFT EYE SENILE ) )
53 5  |FEMALE| HOUSEWIFE | YES | YES NO NO ot | CF2MU[GREYISH| GREYISH | 151 | 164 | NORMAL | NORMAL | oot o0 “oo | 504 | 524 | 513 | 498 | 4% | 2336 | 2315 | 2071 | 2213 | 2255 | 4%% | 49% | 3% | 48% | 42%
YES 1 | YES2 RIGHT EYE SENILE )
54 6  |FEMALE| HOUSEWIFE | YES | NO | (oo | yoame | 72 | 6086 | &24 |GREYISH| GREYISH | 212 | 169 | NORMAL | NORMAL | ooio ol o | 402 | 534 | 530 | 528 | 527 | 2108 | 2532 | 2718 | 2214 | 1088 | 45% | 46% | 48% | 50% | 41%
RIGHT EYE SENILE .
55 72 MALE | RETIRED | YES | NO NO NO 624 | 618 |GREYISH| PCIOL 205 | 91 |NORMAL | NORMAL | | o o ARacT | 488 | 401 | 481 | 471 | 483 | 1836 | 1015 | 1021 | 1624 | 1524 | 2% | 60% | SM% | 2% | 61%
CORNEA DEN%MTLS LEFT EYE SENILE
56 7 MALE | RETIRED NO | YES NO NO 624 | /18 L GREYISH |ERROR| 125 NORMAL 483 | 499 | 500 | 491 | 479 | 1872 | 1834 | 2024 | 1971 | 1832 | 52% | 54% | 47% | 50% | 50%
MADE IMMATURE CATARACT
OPACITY Ut
YES 23 | YES7 LEFT EYE SENILE .
57 6  |FEMALE| HOUSEWIFE | YES | YES | \paod | Jone | 76 69 | CFIMT [GREYISH| GREYISH | 215 | 203 | NORMAL | NORMAL | ‘o o0 ooho - o |54 | 602 | 507 | 495 | 499 | 2456 | 1650 | 2252 | 2407 | 2002 | 45% | 60% | 50% | a4% | 46%
CFL5Mt LEFT EYE SENILE . )
58 53 |FEMALE| HOUSEWIFE | YES | YES NO NO 612 »V|GREVISH| GREYISH | 217 | 176 | NORMAL | NORMAL | oot or o o | 506 | 86 | Sou | 46 | 500 | 2583 | 2385 | 2377 | 2501 | 2024 | 40% | 41% | 48% | 39% | 44%




YES, 10

RIGHT EYE SENILE

0 ,
59 68 MALE TRADER YES NO NO YEARS 75 CF3Mtr 6/24 |GREYISH| GREYISH 16 17 NORMAL NORMAL IMMATURE CATARACT 510 548 543 547 521 2255 2444 2685 2255 2115 51% 44% 48% 55% 50%
DETAILS
YES 1 BROWN LEFT EYE HYPERMATURE
60 62 MALE FARMER YES YES NO YEAR 6.7 6/18 CFCF |GREYISH CATARACT 188 141 NORMAL NOTO’S:DE CATARACT 495 540 535 521 528 2741 1613 2271 2247 2234 43% 114% 43% 40% 48%
GRADET | GRADEL |  RIGHTEVE SENILE
ves7 | ves HYPERTE |HYPERTENSI| IMMATURE CATARACT
61 68 MALE | SHOPOWNER YES YES YEA‘RS VEA'RS 71 6/24 6/18 |GREYISH| GREYISH 14 113 NSIVE VE WITH GRADE 1 521 484 471 475 479 2427 1836 1624 1834 1838 40% 47% 2% 54% 48%
RETINOPA | RETINOPAT | HYPERTENSIVE
THY HY RETINOPATHY
62 62 FEMALE| HOUSEWIFE YES YES NO YES 8 72 6/18 6/18 |GREYISH| GREYISH 144 153 NORMAL NORMAL RIGHT EYE SENILE 483 564 534 531 465 2053 2759 2267 2447 1996 46% 54% 52% 50% 59%
YEARS - IMMATURE CATARACT
DETAILS
BUISNESSMA YES, 2-3 YES, 6 PEARLY NOT RIGHT EYE SENILE
6 58 MALE N ves | ves | Y5231 VESS | 67 | mmcr| e |TARLY | Grevisn | 179 | 203 | N | Normal | FMOPTEYESINLE | su | eoo | sor | ao7 | sa1 | 2678 | 1650 | 2252 | 1097 | 2469 | aev | 6o% | 0% | ame | 4o%
ouT
ves oo o RIGHT EVE SENILE
64 62 FEMALE| RETIRED YES YES NO N 74 6/18 6/18 |GREYISH| GREYISH 142 153 MILD NPDR | IMMATURE CATARACT 456 513 521 539 471 1960 2670 2447 2657 1624 50% 41% 47% 48% 2%
YEARS NPDR
WITH MILD NPDR
RIGHT EYE SENILE
65 60  |FEMALE| HOUSEWIFE | YES | NO no | JERS | 76 | en2 | o |oRevisn| GRevisn | 102 | 21 |MOREEAT|MODERATE | iMMATURE CATARACT | Soa | ee1 | 546 | Sea | 51| 260 | 2178 | 2son | 1000 | 1078 | a3 | dc | o | % | 4o
WITH MODERATE NPDR
oETALS | NS
YES, 10 CF12 PEARLY NOT RIGHT EYE SENILE
66 7 MALE | ReTReD | ves | ves | ves | VR0 | 72 | GUZ L ena |TRRCYI poiol | 202 | 195 | N VE T Camnmne | 507 | 521 | 483 | 584 | 507 | 2449 | 2185 | 2118 | 2098 | 203 | 3% | s0% | 5106 | 536 | 4%
RETINOPAT
ouT
HY
YES, 810 CcF12 BROWN MoDERAT| DETAILS LEFT EYE BROWN
67 55 |FemaLe| sHomceeper| ves | ves | no [ PSBON 67 | ens | V2 lerevisn| SROVRL | 173 | s MOPERA NoT MADE ol 498 | 510 | 513 | 523 | 514 | 2686 | 2503 | 2208 | 2335 | 2360 | a2%6 | 0% | a7e | a4 | as%
YES, 1012 PEARLY MODERAT| DETAILS LEFT EVE SENILE
: 0
68 55 MALE | SHOPKEEPER NO YES YES YEARS 71 6/12 HMCF |GREYISH WHITE 122 125 ENPDR NOTO’S:DE MATURE CATARACT 564 659 586 542 560 2759 2575 2335 2599 2394 4% 54% 41% 40% 47%
YES, 2 GERYISH MILD LEFT EVE SENILE
69 64 |FemaLe| Housewire | No | ves | ves | JES2 | 6o | e | crmr|erevisn| RO | 195 | 168 | WED | MILDNPDR | IMMATURECATARACT | 483 | 469 | 472 | 530 | 443 | 2308 | 2223 | oms | e | 2ms | swe | a2 | 46 | s2% | 4o
WITH MILD NPDR
LEFT EVE SENILE
70 56 MALE BU‘SNESSMA NO YES YES :EEASVRsS 71 6/12 6/36 |GREYISH| GREYISH 131 146 MEOI\[:;:R)QT MO’\[‘)FFDR:TE IMMATURE CATARACT 533 550 543 528 521 2469 2143 2214 2234 2202 46% 51% 50% 48% 36%

WITH MODERATE NPDR




