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VISION 2020: RIGHT TO SIGHT INDIA – 

STRATEGIC PLAN (APRIL 2021 TO MARCH 

2026) 

 

Objectives of Vision 2020 

Objective I: Universal Eye Health Coverage 

• Primary Eye Care: Delivered through vision 

centres and community outreach services to 

ensure basic eye care reaches underserved 

populations. 

• Integrated People-Centred Eye Care (IPEC): 

 • Eye problems are addressed holistically, 

region by region. 

 • Continuum of care for all age groups within 

a population. 

• School Eye Health Services: 

 • Screening for eye diseases, refractive errors, 

and distribution of spectacles. 

 • Aligned with Rashtriya Swasthya Karyakram 

(RSKK) to integrate eye health into general 

school health services. 

• Addressing Equity and Vulnerability: 

 • Identification and targeted support for 

unreached and vulnerable communities. 

Objective II: Consolidation of Resources for 
Effective Policy Implementation 
• Policy Demonstration: 
 • Eye care services demonstrated through 
Community Health Centres (CHCs), Primary 
Health Centres (PHCs), health and wellness 
centres. 
 • Active participation of Accredited Social 
Health Activists (ASHAs). 
• District Level Management Models: 
 • Focus on creating scalable and effective 

management frameworks at the district level for 
eye care services. 

Objective III: Systematization of Eye Care 
Services 
• Health Management Information System 
(HMIS): 
 • Implementation of a comprehensive system 
for data collection and management in eye care. 
• Teleconsultation System: 
 • Leveraging technology to provide remote 
consultations, especially in underserved areas. 
• Behavior Change Communication (BCC): 
 • Strategies to influence and improve health-
seeking behaviors related to eye care. 
• Innovations in Technology: 
 • Adoption of new technologies for diagnosis, 
treatment, and management of eye conditions. 

Objective IV: Intra-Organizational 
Coordination 
• Strengthening the Network: 
 • Coordination among various stakeholders 
within the Vision 2020 India network to ensure a 
unified approach to eye care. 

Objective V: Policy Advocacy 
• Central and State Government Engagement: 
 • Policy advocacy to integrate and prioritize 
eye health in broader health policies at both 
central and state levels. 

 

Implementation Strategies 

I. Strengthening Advocacy 
• National and State Levels: 
 • Public awareness campaigns through press 
releases, articles, broadcasts, and telecasts. 
 • Involvement of professional organizations 
like AIOS, EBAI, and IMA in eye care programs. 
 • Introduction of eye care topics in school 
curricula to educate children from an early age. 
• District Level: 
 • Strengthening District Blindness Control 
Society (DBCS). 
 • Engaging NGOs, community leaders, and 
volunteers for local-level advocacy and 
support. 



Author: Dr. Ranjan Sharma MBBS MS Ophthalmology           Instagram: eye_doctor_2017 Copy to: REH Warangal PGs 

 

 • Use of media and interpersonal 
communication for public awareness based on 
local needs. 

II. Reduction of Disease Burden 
• Cataract: 
 • Largest cause of blindness, with 62.2% of 
blindness in those aged 50+ attributed to 
cataracts. 
 • Objectives include improving surgery 
quantity and quality, with free IOL surgeries for 
bilateral cases and underserved populations. 
 • Target Cataract Surgery Rate (CSR) is 6000 
per million population. 
 • YAG capsulotomy services at district 
hospitals. 
• Childhood Blindness: 
 • Prevalence: 0.8 per 1000 children. 
 • Causes include vitamin A deficiency, 
measles, ROP, congenital cataract, and 
childhood glaucoma. 
 • Strategies include early detection, 
prevention of vitamin A deficiency and ROP, and 
prompt treatment of congenital conditions. 
• Refractive Errors and Low Vision: 
 • 13.4% of visual impairment in those aged 
50+ and 29.6% in those aged 0–49 due to 
refractive errors. 
 • Targets include refraction services at all 
PHCs and low-cost spectacles for children. 
• Glaucoma: 
 • Causes 5.5% of blindness in the 50+ 
population. 
 • Opportunistic screening recommended for 
those aged 35+ with diabetes or family history of 
glaucoma. 
• Diabetic Retinopathy: 
 • Responsible for 1.2% of blindness in the 50+ 
population. 
 • Strategies include awareness, periodic 
follow-up, and treatment at tertiary level 
facilities. 
• Corneal Blindness: 
 • 7.4% of blindness in those aged 50+ due to 
corneal opacity. 
 • Strategies include preventing eye infections, 

injuries, and enhancing eye donation through 
keratoplasty and eye banking. 

III. Human Resource Development 
• Mid-Level Ophthalmic Personnel (MLOP): 
 • Hospital-Based MLOP: Includes ophthalmic 
nurses, technicians, optometrists, and 
orthoptists. 
 • Community-Based MLOP: Includes primary 
eye-care workers and ophthalmic assistants 
involved in outreach. 

IV. Eye-Care Infrastructure Development 
• Vision Centres: 20,000 centres, each 
covering 50,000 people with an ophthalmic 
assistant. 
• Service Centres: 2,000 centres, each 
covering 500,000 people with two 
ophthalmologists and 8 paramedics. 
• Training Centres: 200 centres, each catering 
to a population of 5 million for training 
ophthalmologists. 
• Centres of Excellence (COE): 20 centres, 
each covering 50 million people with 
comprehensive subspecialty services. 

 

Summary Table: Vision 2020 Objectives and 
Strategies 

Mnemonic: VISIONS 
• V: Vision centres 
• I: IPEC 
• S: School services 
• I: Infrastructure 
• O: Organizational coordination 
• N: Network strengthening 
• S: Strategic policy advocacy 
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Objectives of Vision 2020 

Objective Key Components 

I. Universal Eye Health Coverage - Primary Eye Care via vision centres & outreach  
- IPEC: holistic, region-based, all-ages care  
- School Services: screening, spectacles, RSKK alignment  
- Equity & Vulnerability: targeted support to unreached 

II. Consolidation of Resources - Policy Demonstration through CHCs/PHCs & ASHAs  
- District Management Models: scalable frameworks 

III. Systematization of Eye Care - HMIS for comprehensive data  
- Teleconsultation in underserved areas  
- BCC to improve health-seeking behavior  
- Tech Innovation: diagnosis/treatment advancements 

IV. Intra-Organizational 
Coordination 

- Strengthen coordination within Vision 2020 India network 

V. Policy Advocacy - Central & state-level engagement for eye health 
integration 

 

Implementation Strategies 

Strategy Details 

Strengthening Advocacy – National/State - Awareness: press, articles, media  
- Partner orgs: AIOS, EBAI, IMA  
- Eye care in school curricula 

Strengthening Advocacy – District - Empower DBCS  
- NGO, leader, volunteer involvement  
- Media & interpersonal local outreach 

Disease Burden – Cataract - 62.2% blindness in 50+  
- Free IOL surgeries for bilateral/underserved  
- CSR target: 6000/million  
- YAG capsulotomy services 

Disease Burden – Childhood Blindness - 0.8/1000 prevalence  
- Causes: vit A deficiency, measles, ROP, congenital 
issues  
- Early detection, prevention, prompt care 

Disease Burden – Refractive Errors & Low 
Vision 

- 13.4% (50+), 29.6% (0–49) impairment  
- PHC refraction, affordable spectacles for kids 

Disease Burden – Glaucoma - 5.5% blindness in 50+  
- Screen age 35+ with diabetes/family history 
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Disease Burden – Diabetic Retinopathy - 1.2% blindness in 50+  
- Awareness, follow-up, tertiary treatment 

Disease Burden – Corneal Blindness - 7.4% blindness in 50+  
- Prevent infections/injuries  
- Promote eye donation, keratoplasty 

Human Resource Development - Hospital MLOP: nurses, optometrists, etc.  
- Community MLOP: outreach assistants 

Infrastructure Development - Vision Centres: 20k (50k pop. each)  
- Service Centres: 2k (500k pop. each)  
- Training Centres: 200 (5 million pop.)  
- COEs: 20 (50 million pop., subspecialties) 
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NUTRITIONAL FACTORS CAUSING OCULAR 

MORBIDITY 

1. Vitamin A Deficiency 
 

• Pathophysiology: 
o Essential for the synthesis of rhodopsin 

(needed for low-light vision) and 
epithelial maintenance. 

o Deficiency leads to keratinization of 
conjunctiva and cornea. 
 

• Clinical Manifestations: 
o Night Blindness (Nyctalopia): Early 

symptom due to impaired dark 
adaptation. 

o Xerophthalmia: Includes conjunctival 
xerosis, Bitot’s spots, and corneal 
dryness. 

o Keratomalacia: Severe deficiency 
causes corneal melting, ulceration, and 
blindness. 
 

• Therapeutic Doses: 
o Children under 6 months: 

▪ 50,000 IU orally on Day 1, Day 2, 
and Day 14. 

o Children 6–12 months: 
▪ 100,000 IU orally on Day 1, Day 

2, and Day 14. 
o Children above 12 months: 

▪ 200,000 IU orally on the same 
schedule. 

o Pregnant Women: 
▪ 10,000 IU daily or 25,000 IU 

weekly (avoid high doses to 
prevent teratogenicity). 
 

• Prophylactic Doses: 
o Children 6–11 months: 

▪ 100,000 IU orally every 6 
months. 

o Children 12–59 months: 
▪ 200,000 IU orally every 6 

months. 
o Infants under 6 months: 

▪ 50,000 IU orally every 6 months 
(if breastfed inadequately). 

 
• Sources: 

o Carrots, spinach, liver, milk, eggs, and 
orange/yellow fruits. 

 
 
2. Vitamin B Deficiencies 
 

• Vitamin B1 (Thiamine): 
o Deficiency Syndromes: 

▪ Optic neuropathy: Loss of 
central vision, 
dyschromatopsia. 

▪ Wernicke’s encephalopathy: 
Nystagmus, external 
ophthalmoplegia. 

o Sources: Whole grains, pork, nuts. 
 

• Vitamin B2 (Riboflavin): 
o Deficiency Effects: 

▪ Photophobia, corneal 
vascularization, and angular 
blepharoconjunctivitis. 

o Sources: Eggs, almonds, milk. 
 

• Vitamin B6 (Pyridoxine): 
o Deficiency Effects: 

▪ Peripheral neuropathy, optic 
neuritis. 

o Sources: Fish, bananas, potatoes. 
 

• Vitamin B12 (Cyanocobalamin): 
o Deficiency Effects: 

▪ Nutritional optic neuropathy, 
retrobulbar neuritis. 

▪ Common in alcoholics, vegans, 
and pernicious anemia. 

o Treatment: 
▪ 1,000 µg intramuscularly 

weekly for 4 weeks, then 
monthly maintenance doses. 

o Sources: Meat, fish, fortified cereals. 

 
3. Vitamin C Deficiency 

• Role in Ocular Health: 
o Antioxidant, protects ocular structures 

from oxidative stress. 
• Clinical Manifestations: 

o Subconjunctival hemorrhages due to 
fragile capillaries. 

o Delayed wound healing after ocular 
surgery. 

• Prophylaxis/Treatment: 
o Daily intake of 75–90 mg for adults; up 

to 2,000 mg in severe cases. 
• Sources: Citrus fruits, strawberries, broccoli. 

 
4. Vitamin D Deficiency 

• Role in Ocular Health: 
o Anti-inflammatory properties, 

modulates immune responses. 
• Clinical Manifestations: 

o Exacerbates uveitis and contributes to 
dry eye disease. 

• Treatment: 
o 1,000–2,000 IU daily or high-dose 

weekly supplements. 
• Sources: Sunlight, fortified dairy products, fish 

oil. 
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5. Protein Deficiency 
• Pathophysiology: 

o Affects epithelial repair and tear 
production. 

• Clinical Manifestations: 
o Keratomalacia, poor ocular wound 

healing. 
• Sources: 

o Meat, legumes, eggs, dairy. 

 
6. Zinc Deficiency 

• Importance: 
o Integral to vitamin A metabolism and 

retinal function. 
• Clinical Manifestations: 

o Night blindness, impaired 
photoreceptor function, macular 
degeneration. 

• Prophylaxis/Treatment: 
o Recommended daily allowance: 8–11 

mg/day. 
o Oral supplementation of 40 mg/day in 

deficiency. 
• Sources: Meat, shellfish, nuts, legumes. 

 
7. Alcohol and Tobacco 

• Impact: 
o Alcohol and tobacco reduce nutrient 

absorption, particularly vitamins B1, 
B12, and folate. 

• Clinical Manifestations: 
o Nutritional optic neuropathy causing 

central scotomas and vision loss. 
• Management: 

o Cessation of alcohol/tobacco. 
o Multivitamin B-complex 

supplementation. 

 
 
 
 
 
 
 
Mnemonic: Nutritional Ocular Risks 
"All Brave Doctors See Perfect Zest" 

• A: Vitamin A – Xerophthalmia, night blindness. 
• B: Vitamin B complex – Optic neuropathy, 

photophobia. 
• D: Vitamin D – Uveitis, dry eye. 
• C: Vitamin C – Subconjunctival hemorrhages. 
• P: Protein – Keratomalacia. 
• Z: Zinc – Night blindness, macular degeneration. 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Summary Table: Nutritional Factors and Ocular 
Morbidity 
 

Nutrie
nt 

Deficiency 
Manifestati

ons 

Sourc
es 

Prophylaxis/Treat
ment 

Vitami
n A 

Night 
blindness, 
xerophthal
mia, 
keratomalac
ia 

Carrot
s, 
spinac
h, 
dairy 

Prophylactic and 
therapeutic doses 
(as above) 

Vitami
n B1 

Optic 
neuropathy, 
nystagmus 

Whole 
grains, 
pork 

Multivitamin or oral 
supplementation 

Vitami
n B2 

Photophobi
a, corneal 
vascularizat
ion 

Eggs, 
almon
ds 

B2-rich diet 

Vitami
n B12 

Nutritional 
optic 
neuropathy 

Meat, 
fish 

IM: 1,000 µg weekly 
for 4 weeks, then 
monthly 

Vitami
n C 

Subconjunct
ival 
hemorrhage
s, poor 
wound 
healing 

Citrus 
fruits, 
green 
peppe
rs 

Daily dose: 75–90 
mg, up to 2,000 mg 
if severe 

Vitami
n D 

Uveitis, dry 
eye 

Sunlig
ht, 
fortifie
d dairy 

1,000–2,000 IU 
daily 

Protei
n 

Keratomala
cia, poor 
wound 
healing 

Meat, 
legum
es 

Balanced protein 
diet 

Zinc Impaired 
night vision, 
macular 

Shellfi
sh, 
nuts 

40 mg/day orally 
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degeneratio
n 
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Cornea  
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CORNEAL TRANSPARENCY

1. Introduction 

 • Overview of the cornea’s role in vision: 
The cornea is the eye’s outermost layer and acts as a 
protective barrier and a major refracting surface, 
contributing approximately two-thirds of the eye’s total 
refractive power. 

 • Importance of corneal transparency in 
maintaining visual acuity: 

Corneal transparency is essential for light to pass and 
focuses on the retina, allowing for sharp, clear vision. 
 
2. Anatomy of the Cornea 

 • Diameter: 11.5 mm vertically, 12 mm horizontally. 

 • Thickness: 540 µm centrally, thicker towards the 
periphery. 

 • Central Corneal Thickness (CCT): Key determinant 
in measuring intraocular pressure (IOP). 

 

• Innervation: V1 (Ophthalmic nerve) branch of 
Trigeminal nerve. 

 

Layers of the cornea:  

 • Epithelium: The outermost layer, serving as a 
barrier against environmental insults.  

It plays a role in maintaining the tear film, which is 
crucial for transparency. 

• Bowman’s Layer: A thin, acellular layer beneath the 
epithelium. If damaged, doesn’t regenerate, leads to 
corneal haze. 

 • Stroma: Constitutes 90% of the corneal thickness, 
with collagen fibrils arranged in a regular, lattice-like 
pattern essential for transparency. 

 • Descemet’s Membrane: The basement membrane 
of the endothelium, offering resilience and elasticity. 

 • Endothelium: A monolayer of cells responsible for 
maintaining corneal dehydration by regulating fluid 
transport. 

 
3. Mechanisms of Corneal Transparency 

Anatomical Factors 

 • Regular arrangement of collagen fibrils: According 
to the Lattice Theory, the uniform spacing of collagen 
fibrils in the stroma prevents light scattering. 

 • Avascularity of the cornea: The absence of blood 
vessels eliminates potential opacities that could 
interfere with light passage. 

 • Homogeneous refractive index: The similar 
refractive index between corneal components reduces 
light scattering. 

Physiological Factors 

 • Barrier function: The epithelium and endothelium 
prevent excess water influx, maintaining optimal 
hydration. 

 • Endothelial pump mechanisms: The Na+/K+ 
ATPase pumps in endothelial cells actively remove 
water from the stroma to the aqueous humor. Several 
enzyme systems control fluid transport, including:  

 • Na+/K+ ATPase pump 

 • Bicarbonate-dependent ATPase 

• Na+/H+ pump 

 

 

  

 • Maintenance of dehydration: The cornea’s 
hydration level is tightly regulated to preserve 
transparency. 

o Hydration level : 78% (Normal) 
o Maintained by Endothelium & Epithelium. 
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 • Role of corneal crystallins: These proteins in 
keratocytes minimize light scattering at the cellular 
level. Water-soluble proteins like transketolase and 
aldehyde dehydrogenase contribute to transparency 
at the cellular level. 

4. Theories Explaining Corneal Transparency 

 • Lattice Theory (Maurice): Describes the precise 
spacing of stromal collagen fibrils that allow light to pass 
without significant scattering. 

 • Goldmann and Benedek Theory: Fibrils smaller 
than half the wavelength of light avoid diffraction & allow 
transparency. 

 • Destructive Interference Theory: light scattered by 
the fibrils is canceled out by destructive interference, 
contributing to overall transparency. 

 
5. Metabolism of the Cornea 

 • Nutrient sources: 

 • Oxygen from the atmosphere diffuses through the 
tear film. 

 • Glucose and other nutrients are delivered via the 
aqueous humor and perilimbal capillaries. 

 • Metabolic pathways: 

 • The primary metabolic pathway is anaerobic 
glycolysis due to the cornea’s avascular nature. 

 • The Na+/K+ ATPase pump is vital for maintaining 
ion balance and corneal hydration. 

 
6. Factors Affecting Corneal Transparency 

➢ Age-related Changes: 
With aging, there is a gradual thickening of Descemet’s 
membrane and a reduction in endothelial cell density, which 
can compromise transparency. 
 

➢ Diseases and Conditions: 

• Corneal edema: Can result from 
endothelial dysfunction or increased intraocular 
pressure. 

• Keratoconus and dystrophies 
such as Fuchs’ endothelial dystrophy lead to 
structural and functional changes that reduce 
transparency. 

➢ Trauma and Surgery: 
 

• Trauma can disrupt corneal architecture, leading 
to opacities. Surgical interventions, if not 
carefully managed, may damage the 
endothelium, resulting in edema and loss of 
transparency. 

• Damage to Bowman’s membrane leads to loss of 
transparency. 
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➢ Environmental Factors: 
 

• Prolonged UV exposure can cause 
photokeratitis, leading to temporary corneal 
opacities.  

• Vitamin A deficiency can lead to 
xerophthalmia, affecting the epithelial 
integrity.  

 
➢ Vascularisation of Cornea 

 

• Vascularisation of cornea leads to loss of 
transparency. 

• Chemical theory: Vasostimulatory factor (VSF) 
diffuses to the limbus, promoting 
neovascularization. 

• Mechanical theory: Edema loosens stromal 
collagen, enabling blood vessels invasion. 

• Three common corneal neovascularization (NV) 
morphologies are A: deep NV overlying 
Descement membrane, B: stromal NV, and C: 
superficial vascular pannus.  

• Vascularisation may be due to Keratitis or 
Trauma. 

C 
 
onditions leading to loss of Corneal transparency 

1. Dry eye disease 
2. Bullous keratopathy 
3. Corneal Hydrops in Keratoconus 
4. Corneal dystrophies 
5. Corneal Ulcer 
6. Corneal scarring 
7. Corneal degeneration 

8. Mooren’s ulcer 
9. Chemical Injury 
10. Limbal Stem Cell Deficiency 

 
7. Clinical Implications of Corneal Transparency 

 • Diagnosis and monitoring: 
Specular microscopy is used to assess endothelial cell density 
and morphology, which are critical in maintaining 
transparency. 

 • Impact on IOP measurement: 
Corneal thickness variations can affect the accuracy of 
tonometry, used to measure intraocular pressure. 

 • Corneal transplantation: Success largely depends 
on the donor endothelium’s health, as its function is 
crucial for maintaining transparency post-transplant. 

 
8. Maintenance and Restoration of Corneal Transparency 

 • Role of the epithelium and endothelium in fluid 
regulation: Both layers are essential in maintaining 
corneal dehydration and clarity. 

 • Treatment approaches: 

 • Hypertonic saline solutions help reduce corneal 
edema. 

 • Bandage contact lenses provide symptomatic relief 
in bullous keratopathy. 

 • Emerging treatments include gene therapy and 
bioengineered corneal tissues. 

 • Advances in corneal surgeries: Procedures like 
DMEK (Descemet’s Membrane Endothelial Keratoplasty) 
have revolutionized the treatment of endothelial 
dysfunction. 
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CORNEAL ENDOTHELIUM 

1. Anatomy and Physiology 
 
General Characteristics 

 • Cornea’s Role: ~75% of optical power. 

 • Hydration Level: Maintained at 78%. 

 • Nutrient Supply: 

 • Posteriorly: Aqueous humor. 

 • Anteriorly: Tears. 

 • Innervation: First division of the trigeminal 
nerve. 

 
Dimensions 

 • Horizontal Diameter: 12 mm. 

 • Vertical Diameter: 11.5 mm. 

 • Thickness: 

 • Central: 540 μm. 

 • Peripheral: Thicker than central. 

 • Hydration: 78%, critical for corneal 
transparency. 

 

2. Structure of the Cornea 
 

  

• Epithelium: Stratified, squamous, non-keratinized. 

 • Key Features: 

 • Layers: Basal cells, wing cells, and 
squamous surface cells. 

 • Functions: Barrier function and tear film 
adherence. 

 • Bowman Layer: Acellular collagen layer. 

 • Stroma: ~90% thickness, regular collagen fibrils 
maintain transparency. 

 • Descemet Membrane: Basement membrane of 
the endothelium, regenerative. 

 • Endothelium: 

 • Monolayer of hexagonal cells. 

 • Density: ~3000 cells/mm² in adults, decreases 
with age. 

 • Function: Maintains corneal deturgescence via 
fluid pumps. 

 

3. Corneal Endothelium 
 
Development 

 • Origin: Neural crest cells. 

 • Timeline:  

40 days Double-layered cells. 

3rd month Single cell layer develops. 

4th month Zonulae occludentes form. 

6th month Descemet’s membrane delineated. 

 

Key Features 

 Structure: Single layer of hexagonal cells forming a 
honeycomb mosaic. 

 Functions: 

 • Barrier: Semipermeable, regulates electrolyte 
and water flow. 

 • Active Pump: Maintains corneal hydration and 
transparency. 

 • Transparency: Achieved by active ionic control. 

 Cellular Changes with Age: 

 • Birth: ~6000 cells/mm². 

 • Young adults: ~3000 cells/mm². 

 • Critical threshold: <500 cells/mm² → Corneal 
edema. 

  

Compensation: 
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 • Cells do not regenerate; damage compensated 
by: 

 • Polymegathism: Cell enlargement. 

 • Pleomorphism: Variation in cell shape. 
 
 

 

 
 

4. Hydration Control by Pump Mechanisms 
 

 

1. Active Enzyme Pump Systems 
 
   - Na+/K+ ATPase Pump 
      • Removes Na+ from tissue. 
      • Inhibited by ouabain → Corneal overhydration. 
      • Activity enhanced by steroids, insulin. 
    
   - Bicarbonate-dependent ATPase 
      • Depletion → Corneal swelling. 
      • Located in mitochondria. 
      • Inhibited by thiocyanate → Swelling. 
    
   - Carbonic Anhydrase 
      • Produces bicarbonate ions. 
      • Inhibitors → Decreased fluid flow → Swelling. 
    
   - Na+/H+ Pump 
      • Maintains ionic balance. 
 
 
2. Passive Ion Movement 
   - K+, Cl–, HCO3– ions: Diffuse into aqueous humor. 
   - Na+, Cl–, HCO3– ions: Diffuse from aqueous humor into 
cornea. 
 
5. Clinical Features of Endothelial Dysfunction 
 
Compensation and Decompensation 

 • Compensatory Mechanisms: 

 • Adjacent cells enlarge and change shape 
(polymegathism, pleomorphism). 

 • Functional reserve prevents early 
decompensation. 

 • Decompensation: 

 • Occurs when >75% of cells are lost (cell density 
<500 cells/mm²). 

 • Results in corneal edema, loss of transparency, 
and reduced vision. 

 
Temperature Reversal Phenomenon 

 • Cooling halts enzymatic activity → Corneal 
thickening and opacity. 

 • Restoring normal temperature reverses changes. 
 

6. Examination of Endothelium 

 • Slit-Lamp: Corneal layers and DM folds in 
stromal edema. 

 • Pachymetry: Measures corneal thickness. 

 • Specular Microscopy: Assesses cell density and 
morphology. 

 • In-vivo Confocal Microscopy: High-resolution 
imaging. 

 • AS-OCT: Non-invasive evaluation. 
 

7. Clinical Correlations and Treatment 
 

Causes of Endothelial Damage 

 1. Surgical: Trauma during intraocular surgeries. 

 2. Inflammatory/Immune: 

 • Anterior uveitis. 

 • Corneal graft rejection. 

 3. Metabolic/Pharmacological: 

 • Cytokines, CA inhibitors. 
 
 
 
Corneal Edema Types 
 

Classification Etiologies Characteristics 
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Primary 

Endothelial 

failure 

CHED, Fuch’s 

dystrophy, ICE 

Syndrome, 

PPMD 

 

(Endothelial 

Dystrophies) 

Stromal edema  

 

Diffuse 

 

Progressive 

Secondary 

Endothelial 

failure 

Acute or Chronic 

trauma, 

Chemical, 

Inflammatory, 

Hypoxia 

Stromal edema 

 

Focal or Diffuse 

 

Acute or Chronic 

 

Normal 

Endothelium 

Elevated IOP Epithelial edema 

 

Microcystic 

 

Central or Diffuse 

 

Acute 

Management 

 1. Control inflammation and underlying causes. 

 2. Maintain IOP (avoid CA inhibitors). 

 3. Surgical options: 

 • Penetrating keratoplasty. 

 • Endothelial keratoplasty (DMEK, DSAEK). 
 

 
 
 

 
8. Summary Table 
 

Aspect Key Points 

Development Neural crest origin, maturation by 6 

months 

Structure Single hexagonal layer, honeycomb 

mosaic 

Function Barrier, active pump, transparency 

Density 3000 cells/mm² in adults, <500 → 

Edema 

Compensation Polymegathism, pleomorphism 

Examination Specular microscopy, pachymetry, 

OCT 

Treatment Control IOP, inflammation; surgery 

if needed 

 

Mnemonic for Revision 
 
“BE SMART” 

 • B: Barrier function of the endothelium. 

 • E: Enzymatic pump systems maintain hydration. 

 • S: Specular microscopy evaluates cell health. 

 • M: Mosaic appearance (hexagonal cells). 

 • A: Active compensation (polymegathism, 
pleomorphism). 

 • R: Reserve capacity prevents early dysfunction. 

 • T: Treatments include keratoplasty and IOP 
control. 

 

  



Author: Dr. Ranjan Sharma MBBS MS Ophthalmology           Instagram: eye_doctor_2017 Copy to: REH Warangal PGs 

 18  
 

METHODS OF MEASURING CORNEAL 

CURVATURE 

Introduction 
 
Corneal curvature measurement is critical in assessing 
corneal shape, diagnosing ocular conditions like 
keratoconus, and determining the fit of contact lenses. 
Various methods have been developed to study corneal 
curvature, utilizing either reflection-based or 
projection-based techniques. 
 

Classification of Techniques 
 
I. Reflection-Based Techniques 
 
These methods rely on the principle that the anterior 
corneal surface acts as a convex mirror. The image size 
formed by this mirror varies with curvature. 
 
1. Keratometry 

 • Principle: Measures the radius of curvature of 
the anterior corneal surface using the relationship 
between object size, image size, and curvature. 

 

 • Features: 

 • Analyzes a small central area (3-4 mm) of the 
cornea. 

 • Relies on a fixed object size and measures image 
size to calculate curvature. 

 • Types: 

 • Manual Keratometers: 

 • Examples: Helmholtz, Bausch and Lomb 
keratometers. 

 • Mechanism: Use doubling prisms to 
measure horizontal and vertical meridians. 

 • Automated Keratometers: 

 • Features: Compact, faster, infrared light 
illumination. 

 • Commonly integrated with 
autorefractors. 

 • Advantages: High precision, ease of use. 

 • Applications: 

 • Diagnosing and monitoring corneal astigmatism. 

 • Pre- and post-operative astigmatism evaluation. 

 • IOL power calculation using K-readings. 

 • Contact lens fitting. 
 
2. Keratoscopy 

 • Principle: Involves observing patterns reflected 
from the corneal surface to study curvature. 

 • Types: 

 • Placido Disk Keratoscope: Produces circular 
rings on the cornea; distortions indicate 
irregularities. 

 • Photokeratoscopy: Photographs the Placido disk 
reflection. 

 • Videokeratoscopy: Provides dynamic, high-
resolution images. 

 • Advantages: 

 • Useful for detecting corneal irregularities like 
keratoconus. 

 • Provides qualitative data over a larger area than 
keratometry. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
II. Projection-Based Techniques 
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These methods calculate the corneal shape by projecting 
an image onto the surface and analyzing elevation or 
height above a reference plane. 
 
1. Rasterstereography 

 • Principle: Projects a calibrated grid of horizontal 
and vertical lines onto the fluorescein-stained tear film. 

 • Advantages: 

 • High accuracy (±0.3 D) within a 7 mm diameter. 

 • Analyzes the entire cornea, including the scleral 
area. 

 • Not affected by corneal or stromal defects. 

 • Applications: Corneal topography and 
comprehensive curvature mapping. 

 
2. Laser Interferometry 

 • Principle: Uses light wave interference to study 
curvature. 

 • Features: 

 • Employs holography and Moiré fringe 
techniques. 

 • Can map the entire anterior ocular surface, not 
just the cornea. 

 • Limitations: Limited clinical use due to 
complexity. 

 

Advanced Methods 
 
Corneal Topography 

 • Combines reflection and projection principles. 

 • Provides 3D maps of the corneal surface. 

 • Applications: LASIK planning, keratoconus 
diagnosis, and irregular astigmatism management. 

 
Aberrometry 

 • Measures higher-order aberrations caused by 
corneal curvature irregularities. 

 • Uses wavefront analysis for precise optical 
quality evaluation. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Limitations of Methods 
 
Reflection-Based Techniques 
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 1. Assumes the cornea is spherical or 
spherocylindrical, which is not always true. 

 2. Measures only a small central area, ignoring 
peripheral zones. 

 3. Accuracy decreases with very steep or flat 
corneas. 

 
Projection-Based Techniques 

 1. Higher cost and technical complexity. 

 2. Require precise alignment and stable fixation. 
 
 

 

5. Clinical Applications 

 • Diagnosis: 

 • Detecting corneal abnormalities like keratoconus 
and astigmatism. 

 • Surgical Planning: 

 • Refractive surgery (e.g., LASIK, PRK). 

 • Intraocular lens (IOL) power calculation. 

 • Contact Lens Fitting: 

 • Customizing lenses based on corneal curvature. 

 • Post-Surgical Monitoring: 

 • Evaluating corneal shape changes after 
keratoplasty or refractive surgery. 

 

 

 

 

 

 

 

 
 
 
6. Mnemonic for Techniques 

 
“Keep Patients’ Corneas Looking Reflective” 

 • K: Keratometry. 

 • P: Photokeratoscopy. 

 • C: Corneal topography. 

 • L: Laser interferometry. 

 • R: Rasterstereography. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
  

Technique Principle Advantages Limitations 

Keratometry Reflection-based Quick, simple Limited to central cornea 

Keratoscopy Reflection of Placido rings Detects irregular astigmatism Qualitative, not 

quantitative 

Rasterstereography Projection of calibrated grid Analyzes entire cornea Expensive, complex 

Laser Interferometry Light wave interference Maps entire anterior surface Limited clinical use 

Corneal Topography Combination of reflection and 

projection 

Provides 3D maps Requires advanced 

equipment 
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KERATOMETRY: PRINCIPLE, TYPES, AND 

LIMITATIONS 

Keratometry, also known as ophthalmometry, is an 
objective method for measuring the curvature of the 
anterior corneal surface. It is commonly used to assess 
corneal astigmatism, diagnose corneal diseases, and 
assist in intraocular lens (IOL) power calculations. 

 

Principle of Keratometry 

Keratometry is based on the fact that the anterior 
corneal surface acts as a convex mirror. The reflected 
image size (Purkinje image I) varies inversely with the 
curvature of the cornea. 

Formula: 

D=(n−1)/r, Where: 

• D : Dioptric power of the cornea 

• n : Refractive index of the cornea (commonly 
taken as 1.3375) 

• r : Radius of curvature (in meters) 

By measuring the size of the reflected image and using the 
refractive index, the keratometer calculates the corneal 
power. 

 

Types of Keratometers 

1. Helmholtz Keratometer: 

o Invented in 1854. 

o First practical keratometer but rarely 
used today. 

2. Javal-Schiotz Keratometer: 

o Based on the principle of variable 
object size and constant image size. 

o Doubling achieved via a Wollaston 
prism. 

o Requires rotation of the arc for 
measurements in two principal 
meridians. 

3. Bausch and Lomb Keratometer: 

o Employs constant object size and 
variable image size. 

o Uses a single position to measure 
horizontal and vertical meridians 
simultaneously without rotation. 

 
 
 
 
 

4. Automated Keratometers: 

o Measure corneal curvature using 
infrared light and photodetectors. 

o Faster and provide additional data, such 
as astigmatism axis. 

5. Handheld Keratometers: 

o Compact and portable. 

o Used in bedridden or non-cooperative 
patients. 

 

Clinical Applications of Keratometry 

1. Detection of Astigmatism: 

o Differentiates between regular and 
irregular astigmatism. 

o Helps in monitoring pre- and post-
surgical astigmatism. 

2. Contact Lens Fitting: 

o Determines the base curve for rigid gas-
permeable (RGP) lenses. 

3. Corneal Disease Monitoring: 

o Used in keratoconus diagnosis (e.g., 
pulsating mires indicate keratoconus). 

4. IOL Power Calculation: 

o Essential in biometry for cataract 
surgeries. 

 

Limitations of Keratometers 

1. Central Measurement Only: 

o Measures a 2–3 mm zone, omitting 
peripheral corneal curvature. 

2. Assumption of Symmetry: 

o Assumes the cornea is spherical, which 
can lead to errors in irregular corneas. 

3. Media Opacity: 

o Difficult to use in eyes with corneal scars 
or opacities. 

4. Astigmatism Assessment: 
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o Cannot detect astigmatism due to 
lenticular factors. 

5. Operator Dependency: 

o Manual keratometers require precise 
alignment and calibration, which may 
introduce human error. 

 

Procedure 

1. Calibration: 

o Steel balls of known curvature are used 
to ensure instrument accuracy. 

2. Positioning: 

o The patient is seated with their chin on a 
rest, and alignment with the 
keratometer is ensured. 

3. Measurement: 

o The examiner aligns mires and adjusts 
the device until the images are focused 
and centered. 

4. Readings: 

o Readings are taken in two principal 
meridians (horizontal and vertical). 

 

Mnemonic for Types of Keratometers 

"Helmholtz Just Built An Amazing Tool": 

• H: Helmholtz. 

• J: Javal-Schiotz. 

• B: Bausch and Lomb. 

• A: Automated keratometers. 

• T: Handheld (Portable). 

 

 

 

 

Summary Table 

Type Principle Advantages Limitations 

Helmholtz Convex 

mirror, 

simple 

optics 

Historically 

significant 

Rarely used 

now 

Javal-

Schiotz 

Variable 

object 

size, 

constant 

image 

Accurate in 

astigmatism 

measurement 

Requires 

arc 

rotation 

Bausch 

and 

Lomb 

Constant 

object 

size, 

variable 

image 

Simultaneous 

measurement 

Assumes 

regular 

cornea 

Automated Infrared 

light 

with 

detectors 

Quick, 

reproducible, 

user-friendly 

Less 

accurate 

in 

irregular 

corneas 

Handheld Portable 

design 

Useful in non-

cooperative 

patients 

Limited 

range 

 

. 
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BAUSCH AND LOMB KERATOMETER 

Principle 
 
• The Bausch and Lomb Keratometer works on the 

principle of constant object size and variable 
image size.  

 
• It measures the curvature of the anterior corneal 

surface by analyzing the size of the reflected image, 
which varies with the curvature of the cornea.  

 
• The relationship between the object size, image size, 

and radius of curvature is utilized for calculations. 
 

 

 

Optical System and Components 
 

 
The Bausch and Lomb Keratometer consists of the 
following parts: 
 
1. Object 

 • A circular mire with two plus signs and two 
minus signs. 

 • A lamp illuminates the mire via a diagonally 
placed mirror. 

 • The light from the mire strikes the cornea and 
forms a diminished image behind it. This image 
becomes the object for the rest of the optical system. 

 

2. Objective Lens 

 • Focuses the light from the image of the mire 
along the central optical axis. 

 
3. Diaphragm and Doubling Prisms 

 • A four-aperture diaphragm is placed near the 
objective lens. 

 • Two doubling prisms: 

 • One with its base up. 

 • The other with its base out. 

 • Function: 

 • Left Aperture: Light deviated upwards by the 
base-up prism. 

 • Right Aperture: Light deviated sideways by the 
base-out prism. 

 • Upper and Lower Apertures: Do not pass 
through prisms, producing an image on the axis. 

 • Equal brightness of images is ensured by equal 
aperture areas. 

 • Doubling mechanism allows measurement of 
corneal power in two meridians without rotating 
the instrument. 

 
4. Eyepiece Lens 

 • Allows the examiner to observe a magnified view 
of the doubled image. 

 

Procedure of Keratometry 
 
1. Instrument Adjustment 

 • The keratometer must be calibrated before use. 

 • Calibration: 

 • A black line is focused sharply on white paper. 

 • Steel balls with known radii of curvature are used 
to calibrate the scale. 

 • The mires are adjusted through clockwise and 
anti-clockwise movements of the eyepiece until 
focus is achieved. 

 
2. Patient Adjustment 

 • The patient sits with their chin on the chin rest 
and forehead against the headrest. 

 • The examiner ensures the patient’s pupil aligns 
with the keratometer’s optical axis. 
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3. Mire Focusing 

 • The mire is focused at the center of the cornea. 

 • Proper focus is achieved when the central image 
is no longer doubled. 

 

 

 
4. Measurement of Corneal Curvature 

 • Horizontal Meridian: 

 • The plus signs of the central and left images are 
superimposed using the horizontal control. 

• Vertical Meridian: 

 • The minus signs of the central and upper images 
are superimposed using the vertical control. 

 • Astigmatism Measurement: 

 • The difference between horizontal and vertical 
diopter readings indicates corneal astigmatism. 

 • For oblique astigmatism: 

 • The entire instrument is rotated until 
the plus signs align. 

 • The scale shows the meridian of 
astigmatism in degrees. 

 

Interpretation of Findings 
 
Spherical Cornea 

 • No difference in power between two principal 
meridians. 

 • Mires appear as a perfect sphere. 
 
Astigmatism 

 • With-the-Rule Astigmatism: Horizontally oval 
mires. 

 • Against-the-Rule Astigmatism: Vertically oval 
mires. 

 • Oblique Astigmatism: Principal meridians are 
between 30°–60° or 120°–150°. 

 
Irregular Corneal Surface 

 • Irregular mires. 

 • Doubling of mires. 
 
Keratoconus 

 • Early Signs: 

 • Inclination or bumping of mires. 

 • Pulsation of mires. 

 • Advanced Keratoconus: 

 • Miniaturization of mires due to increased 
myopia. 

 • Distorted and wavy mires. 
 

 
Advantages of Bausch and Lomb Keratometer 

 1. Measures power in two meridians 
simultaneously (one-position keratometer). 

 2. High precision due to doubling mechanism. 

 3. Can be used for spherical and astigmatic corneal 
measurements. 

 

Limitations 

 1. Measures only the central 3–4 mm of the cornea. 

 2. Assumes the cornea is a spherical or 
spherocylindrical structure. 

 3. Accuracy decreases with very flat (<40 D) or 
steep (>50 D) corneas. 

 4. Cannot describe asphericity or irregular 
astigmatism. 

 5. Dependent on proper calibration and patient 
alignment. 

 

Clinical Applications 

 1. Measurement of corneal astigmatism. 
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 2. Calculation of IOL power using K-readings. 

 3. Monitoring corneal shape changes in 
keratoconus and keratoglobus. 

 4. Contact lens fitting by estimating corneal 
curvature. 

 5. Differentiating axial from curvature 
anisometropia. 

 

  



Author: Dr. Ranjan Sharma MBBS MS Ophthalmology           Instagram: eye_doctor_2017 Copy to: REH Warangal PGs 

26 
 

MICROBIOLOGICAL TECHNIQUES FOR 

DIAGNOSING CORNEAL ULCERS 

 

1. Introduction 
 
Corneal ulcers require microbiological diagnosis to 
identify the causative organism and guide treatment. A 
combination of clinical and laboratory techniques ensures 
accurate identification and appropriate management. 
 

2. Investigations 
 
1. Corneal Scraping 

 • Indications: 

 • Ulcers >2 mm. 

 • Involvement of middle to deep stroma. 

 • Lesions within the visual axis, chronic, or 
atypical. 

 • Procedure: 

 • Topical anesthetic: Non-preserved 
proxymetacaine 0.5% (preferred) or tetracaine. 

 • Instruments: 

 • Disposable scalpel blade (e.g., No. 11). 

 • Hypodermic needle (20- or 21-gauge). 

 • Sterile spatula (e.g., Kimura). 

 • Steps: 

 • Remove mucus and necrotic tissue 
before scraping. 

 • Scrape the margins and base of the 
lesion. 

 

 • Plate samples onto culture media and 
prepare smears for microscopy. 

 • Tips: 

 • Use flame-sterilized or fresh 
instruments for each scrape. 

 • Avoid breaking the gel surface when 
plating samples. 
 
 

 
2. Conjunctival Swabs 

 • Additional swabs may be collected, especially in 
severe cases. 

 • Useful when corneal scrapings are negative. 
 
3. Contact Lens Cases 

 • Culture contact lens cases, solution bottles, and 
lenses if applicable. 

 • Ensure they are not cleaned prior to sampling. 
 

3. Staining Techniques 

 • Gram Stain: Differentiates Gram-positive and 
Gram-negative bacteria. 

 • Giemsa Stain: Detects bacteria, fungi, 
Acanthamoeba, and microsporidia. 

 • Calcofluor White: Identifies fungi and 
Acanthamoeba (requires fluorescence microscopy). 

 • Acid-Fast Stain: Used for Mycobacterium and 
Nocardia (e.g., Ziehl–Neelsen, auramine O). 

 • Grocott–Gömöri Methenamine Silver: 
Highlights fungi and microsporidia. 

 • Periodic Acid-Schiff (PAS): Detects fungi and 
Acanthamoeba. 

 

 

4. Culture Techniques 
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Media for Corneal Scrapings 
 

Medium Organisms 

Blood Agar Most bacteria and fungi 

(except fastidious 

organisms). 

Chocolate Agar Haemophilus, Neisseria, 

and Moraxella. 

Sabouraud Dextrose 

Agar 

Fungi. 

Non-nutrient Agar with 

E. coli 

Acanthamoeba (E. coli 

acts as food source). 

Brain–Heart Infusion 

(BHI) 

Anaerobes and fastidious 

bacteria. 

Cooked Meat Broth Anaerobic bacteria (e.g., 

Propionibacterium 

acnes). 

Löwenstein–Jensen Mycobacterium and 

Nocardia. 

 

 • Procedure: 

 • Use refrigerated media warmed to room 
temperature before sample application. 

 • Plate samples directly onto media or use 
homogenized scraping in BHI broth for culture. 

 

5. Molecular Techniques 

 • Polymerase Chain Reaction (PCR): 

 • Amplifies small amounts of DNA for pathogen 
identification. 
 

 • Combined with nanopore sequencing to 
determine bacterial species and antibiotic 
resistance. 

 • Next-Generation Sequencing (NGS): 

 • Comprehensive identification of multiple 
organisms in polymicrobial infections. 

 
6. Specialized Techniques 

 • Confocal Microscopy: Provides in vivo 
visualization of pathogens like Acanthamoeba and 
fungal filaments. 

 • Enzyme-Linked Immunosorbent Assay 
(ELISA): Detects specific antigens. 

 • Immunofluorescence: Highlights specific 
pathogens with fluorescent markers. 

 

7. Limitations 

 1. Contamination risk during sample collection. 

 2. False negatives, especially in prior antibiotic use. 

 3. High cost and limited availability of advanced 
molecular techniques. 

 
 

Non-Invasive Method Invasive Method 

1. Confocal Microscopy 

 

2. AS-OCT 

1. Corneal Scrapping 

 

8. Summary Table 
 

Investigation Purpose Examples 

Corneal Scraping Collect samples for staining and culture Gram stain, culture on agar 

Conjunctival Swabs Supplementary samples Useful in severe cases 

Contact Lens Culture Identify contamination from lenses or solutions Lens cases, bottles 

Stains Rapid identification of pathogens 

Culture 
Grow organisms for identification and 

sensitivity 

Molecular Techniques Detect DNA/RNA of pathogens 

Confocal Microscopy In vivo pathogen visualization 

 

 
 
 
 
 
 
 
 
 
 
 

 
 
9. Mnemonic for Techniques 
 
“Collect Sample Carefully For Microbial Pathogen 
Detection” 
 

• C: Confocal Microscopy 

 • S: Stains (Gram, Giemsa, Calcofluor). 

 • C: Culture media (Blood, Chocolate, Sabouraud). 
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 • F: Fluorescence microscopy. 

 • M: Molecular methods (PCR, NGS). 

 • P: Plating (Corneal scrapings). 

 • D: DNA sequencing for pathogen identification. 
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SURGICAL LIMBUS: ANATOMY AND 

IMPORTANCE 

The surgical limbus plays a crucial role in ophthalmologic 

procedures due to its unique anatomical features and 

functional relevance. Below is a detailed explanation 

based on the provided references. 

 

Definition and Location 

• Anatomical Context: The surgical limbus is a 2 

mm wide circumcorneal transitional zone that 

lies between the clear cornea and the opaque 

sclera. 

• Borders: 

o Anterior Limbal Border: Overlies the 

termination of Bowman’s membrane 

and corresponds to the insertion of the 

conjunctiva and Tenon’s capsule. 

o Mid-Limbal Line: Correlates with 

Schwalbe’s line and is a key landmark for 

external reference. 

o Posterior Limbal Border: Overlies the 

scleral spur, identifiable with specialized 

illumination techniques.  

 

 

Anatomical Zones 

• Blue Limbal Zone: Lies just posterior to the 

anterior limbal border and appears bluish due to 

the underlying conjunctiva and Tenon’s capsule. 

The zone varies in size depending on the 

quadrant: 

o Superior: ~1 mm 

o Inferior: ~0.8 mm 

o Nasal and Temporal: ~0.4 mm. 

• White Limbal Zone: A constant 1 mm wide zone 

posterior to the blue limbal zone, covering the 

trabecular meshwork, aiding in superior 

quadrant-based surgical access. 

 

Clinical Significance 

• Surgical Applications: 

o Serves as a guide for precise surgical 

incisions, particularly in cataract surgery 

and glaucoma procedures. 

o Phacoemulsification utilizes clear 

corneal valvular incisions in this region 

to ensure effective access while 

minimizing complications. 
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o Trabeculectomy and other filtration 

surgeries leverage the surgical limbus to 

manage intraocular pressure efficiently. 

• Landmark for Internal Structures: 

o Critical for identifying the scleral spur, 

Schwalbe's line, and trabecular 

meshwork. 

o Ensures accurate placement of 

incisions for refractive surgeries, 

minimizing postoperative complications

. 

 

Structural and Surgical Advantages 

• Elasticity and Adaptability: The unique 

structural integration at the limbus allows for 

precise wound apposition and healing after 

surgical interventions. 

• Minimized Complications: 

o The presence of stem cells in the limbal 

epithelium facilitates regeneration and 

repair. 

o Specialized incisions, such as the 

sclerocorneal tunnel, are designed to 

utilize this zone's biomechanical 

properties. 
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Glaucoma
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ANATOMY, DEVELOPMENT, AND 

DEVELOPMENTAL ANOMALIES OF THE ANGLE 

OF THE ANTERIOR CHAMBER (AC) 

Anatomy of the Angle of the Anterior Chamber 

The angle of the anterior chamber is a critical structure 

involved in the drainage of aqueous humor, maintaining 

intraocular pressure (IOP). Its anatomical components 

include: 

Key Structures: 

1. Schwalbe's Line: 

o Circular ridge formed by the termination 

of Descemet’s membrane. 

o Marks the anterior limit of the trabecular 

meshwork. 

2. Trabecular Meshwork: 

o Network of collagen and elastic fibers 

interspersed with endothelial cells. 

o Divided into two zones: 

▪ Uveal Trabecular Meshwork: 

Inner part adjacent to the 

anterior chamber. 

▪ Corneoscleral Trabecular 

Meshwork: Outer part leading 

to Schlemm’s canal. 

3. Canal of Schlemm: 

o Circular venous channel embedded in 

the sclera. 

o Collects aqueous humor and directs it to 

episcleral veins. 

4. Scleral Spur: 

o Projection of scleral collagen fibers at 

the posterior margin of the angle. 

 

5. Ciliary Body Band: 

o Visible as a dark band behind the scleral 

spur during gonioscopy. 

Physiology: 

• Aqueous humor is produced by the ciliary 

processes, flows through the pupil into the 

anterior chamber, and drains via the trabecular 

meshwork and uveoscleral pathways. 

 

Development of the Angle of the Anterior Chamber 

The angle forms during embryogenesis as part of the 

anterior segment differentiation. Development 

progresses through several stages: 

Key Developmental Stages: 

1. Mesodermal and Neural Crest Contributions: 

o The neural crest contributes to corneal 

endothelium, trabecular meshwork, 

Schlemm’s canal, and iris stroma. 

2. Primary Anterior Chamber Formation: 

o Occurs during 4th–6th week of 

gestation. 

o Separation of the lens vesicle from the 

surface ectoderm forms the primitive 

corneal endothelium and trabecular 

structures. 
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3. Differentiation of Trabecular Meshwork and 

Schlemm's Canal: 

o By the 7th month of gestation, the 

trabecular meshwork and Schlemm's 

canal start forming and develop 

functional characteristics. 

4. Angle Maturation: 

o Complete maturation occurs 

postnatally. 

o Angle widening during the first year of life 

enhances aqueous outflow. 

 

Developmental Anomalies of the Angle of the Anterior 

Chamber 

These anomalies arise from improper differentiation or 

maturation of the angle structures: 

Enumerated Anomalies: 

1. Primary Congenital Glaucoma: 

o Associated with abnormal development 

of trabecular meshwork, leading to 

impaired aqueous drainage. 

2. Axenfeld-Rieger Syndrome: 

o Characterized by posterior embryotoxon 

(prominent Schwalbe’s line) and 

iridocorneal adhesions. 

o Often associated with systemic 

abnormalities (e.g., dental, facial 

anomalies). 

3. Peters Anomaly: 

o Central corneal opacity with underlying 

adhesions between the iris and cornea. 

o Often linked with other ocular 

abnormalities. 

4. Aniridia: 

o Partial or complete absence of the iris 

with underdeveloped angle structures. 

o Associated with glaucoma due to 

defective trabecular outflow. 

5. Sturge-Weber Syndrome: 

o Affects the anterior chamber angle with 

secondary glaucoma caused by 

increased episcleral venous pressure. 

 

6. Posterior Polymorphous Corneal Dystrophy 

(PPCD): 

o Characterized by abnormalities in 

corneal endothelium and angle 

structures, leading to secondary 

glaucoma. 
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 Summary Table: Developmental Anomalies of the 

Angle of the Anterior Chamber 

Anomaly Key Features Associated Findings 

Primary Congenital 

Glaucoma 

Abnormal trabecular meshwork, raised IOP Corneal edema, buphthalmos 

Axenfeld-Rieger Syndrome Posterior embryotoxon, iris adhesions Systemic features (e.g., dental 

anomalies) 

Peters Anomaly Corneal opacity, iris-corneal adhesions 

Aniridia Absent iris, defective outflow 

Sturge-Weber Syndrome Angle abnormalities, secondary glaucoma 

PPCD Corneal endothelial irregularities, glaucoma risk 
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DESCRIBE ANATOMY OF ANGLE OF ANTERIOR 

CHAMBER ALSO VARIOUS METHODS TO 

ASSESS THE ANGLE

Anatomy of the Angle of the Anterior Chamber 

The angle of the anterior chamber (iridocorneal angle) is 

located at the junction of the cornea and iris.  

It plays a critical role in aqueous humor outflow, primarily 

influencing intraocular pressure. The anatomical 

structures forming the angle, as visualized during 

gonioscopy, include: 

1. Schwalbe’s Line (SL): 

o The anterior-most landmark. 

o Represents the end of Descemet’s 

membrane. 

2. Trabecular Meshwork (TM): 

o Lies posterior to Schwalbe’s line. 

o Consists of two zones: 

▪ Non-pigmented (anterior TM): 

Less involved in aqueous 

drainage. 

▪ Pigmented (posterior TM): The 

primary site for aqueous humor 

outflow. 

3. Scleral Spur (SS): 

o A prominent ridge of scleral tissue. 

o Serves as the attachment for the ciliary 

body muscle and the trabecular 

meshwork. 

4. Ciliary Body Band (CBB): 

o The posterior-most visible structure. 

o Represents the ciliary body seen 

through the transparent sclera. 

5. Iris Root: 

o The peripheral attachment of the iris to 

the ciliary body. 

Note: Schlemm’s canal, while functionally crucial for 

aqueous drainage, lies external to the angle, embedded in 

the sclera, and is not directly visible during gonioscopy. 

 

 

 

Methods to Assess the Angle of the Anterior Chamber 

1. Gonioscopy: 

o Gold standard for angle evaluation. 

o Involves using a goniolens (e.g., 

Goldmann, Zeiss). 

o Classification: 

▪ Shaffer System: Grades angle 

width (Grade 4 = wide open; 

Grade 0 = closed). 

▪ Spaeth System: Describes 

angle width, iris configuration, 

and pigment density. 

2. Van Herick Technique: 

o A rapid, non-invasive slit-lamp method. 
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o Estimates the peripheral anterior 

chamber depth by comparing it to 

corneal thickness. 

3. Ultrasound Biomicroscopy (UBM): 

o Provides high-resolution cross-sectional 

images of the anterior segment. 

o Useful in visualizing structures beyond 

the capabilities of gonioscopy (e.g., 

plateau iris, ciliary processes). 

4. Anterior Segment Optical Coherence 

Tomography (AS-OCT): 

o Offers non-contact imaging of the angle. 

o Can quantify angle parameters like 

angle opening distance (AOD) and 

trabecular iris space area (TISA). 

5. Scheimpflug Imaging: 

o Rotating camera provides 3D imaging of 

the anterior segment. 

o Useful in assessing the angle and other 

anterior chamber structures. 

6. Dynamic Gonioscopy: 

o Evaluates angle dynamics with 

indentation to distinguish appositional 

from synechial closure. 

 

Clinical Significance 

• Primary Angle-Closure Glaucoma (PACG): 

Associated with narrow or occludable angles. 

• Developmental Anomalies: Abnormalities in 

angle structures can indicate conditions like 

Axenfeld-Rieger syndrome. 

• Trauma: Damage to the angle structures can 

result in secondary glaucoma. 

 

Summary Table 

Structure Key Features 

Schwalbe’s Line Transition between Descemet's membrane and TM. 

Trabecular Meshwork Key site for aqueous humor drainage. 

Scleral Spur Provides structural support and muscle attachment. 

Ciliary Body Band Represents the visible ciliary body. 

Iris Root Peripheral attachment of the iris. 

Assessment Method Features 

Gonioscopy Gold standard for angle visualization. 

Van Herick Technique Quick, non-invasive estimation of angle depth. 

Ultrasound Biomicroscopy Detailed imaging of the anterior chamber. 

AS-OCT Non-contact imaging with quantifiable parameters. 

Scheimpflug Imaging 3D imaging for comprehensive anterior chamber view. 

 

Mnemonic for Angle Structures (in gonioscopic order) 

"Some Tiny Structures Can Involve" 

• S: Schwalbe’s Line 

• T: Trabecular Meshwork 

• S: Scleral Spur 

• C: Ciliary Body Band 

• I: Iris Root 
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GONIOSCOPY 

Introduction 

• Gonioscopy is a diagnostic procedure used to 

visualize and evaluate the anatomy of the anterior 

chamber angle of the eye.  

• Since direct visualization of the angle is blocked by 

total internal reflection at the cornea-air interface, 

gonioscopy utilizes a special lens to overcome this 

optical limitation.  

• It is critical for diagnosing glaucoma and identifying 

angle pathologies. 

 

Purpose 

1. Angle Evaluation: Determines if the angle is 

open or closed. 

2. Classification of Glaucoma: Differentiates 

between open-angle, angle-closure, and 

secondary glaucomas. 

3. Pathology Detection: Identifies peripheral 

anterior synechiae (PAS), neovascularization, 

and pigment dispersion. 

4. Pre-Surgical Planning: Assesses the angle 

anatomy for laser or incisional glaucoma 

surgeries. 

 

Principle 

• The anterior chamber angle cannot be viewed directly 

due to total internal reflection at the cornea-air 

interface.  

• Gonioscopic lenses neutralize this by altering the 

angle of incidence using prisms or mirrors, allowing 

light from the angle to exit the cornea and reach the 

observer. 

 

Techniques of Gonioscopy 

1. Direct Gonioscopy: 

o Instrument: Koeppe lens. 

o Procedure: The patient lies supine, and 

the lens is placed on the cornea. 

Requires an external light source. 

o Usage: Mainly in surgical or pediatric 

settings. 

 

2. Indirect Gonioscopy: 

o Instruments: Goldmann three-mirror 

lens, Zeiss four-mirror lens, or Posner 

lens. 

o Procedure: Performed with the patient 

seated at a slit lamp. The lens is coupled 

to the cornea using a viscous substance 

or saline. 

o Advantages: Provides magnified and 

detailed views of the angle structures. 

o Common Use: Clinical settings. 

 

Procedure 

1. Preparation: 

o Instill topical anesthetic (e.g., 

proparacaine) to numb the cornea. 

o Use coupling fluid to avoid air gaps 

between the lens and cornea. 

2. Lens Placement: 
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o For Goldmann lenses, ensure smooth 

application on the cornea using coupling 

fluid. 

o Zeiss lenses, being smaller, do not 

require coupling fluid and allow dynamic 

gonioscopy. 

3. Angle Examination: 

o The slit lamp is used to illuminate the 

angle structures. 

o Examine all four quadrants (superior, 

inferior, nasal, temporal). 

o Note the presence of Schwalbe’s line, 

trabecular meshwork, scleral spur, 

ciliary body band, and any abnormalities 

like PAS or neovascularization. 

 

 

Angle Structures Seen in Gonioscopy 

From the cornea inward, the structures visualized are: 

Structure Description 

Schwalbe's 

Line 

Transition zone between 

Descemet's membrane and 

trabecular meshwork. 

Trabecular 

Meshwork 

Main site for aqueous humor 

drainage. Appears pigmented or 

non-pigmented. 

Scleral Spur A prominent white band marking the 

posterior end of the trabecular 

meshwork. 

Ciliary Body 

Band 

Dark brown structure; width varies 

with angle configuration. 

 

Grading Systems 

Grading helps assess the degree of angle openness and 

risk of angle closure. 

1. Scheie Classification: Based on visible 

structures. 

o Grade I: All structures visible, but 

narrow. 

o Grade IV: No structures visible (closed 

angle). 

2. Shaffer System: Focuses on angle width. 

o Grade 4 (35–45°): Wide open. 

o Grade 3 (25–35°): Open. 

o Grade 2 (20°): Narrow. 

o Grade 1 (10°): Very narrow. 

o Grade 0: Closed. 

3. Spaeth Classification: Most comprehensive, 

evaluating: 

o Angle width (A to E). 

o Iris insertion (r = regular, q = queer). 

o Iris configuration (f = flat, b = bowed, s = 

steep). 

 

Indications 

1. Suspected or confirmed glaucoma (angle-

closure, pigmentary, pseudoexfoliation). 

2. Secondary glaucomas (neovascular, uveitic). 

3. Post-traumatic evaluation for angle recession. 

4. Pre-surgical assessment (e.g., trabeculectomy 

or laser iridotomy). 
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Contraindications 

1. Severe corneal opacities obscuring the view. 

2. Hyphema or other anterior chamber 

hemorrhages. 

3. Acute trauma with a risk of globe rupture. 

 

Complications 

1. Patient-Related: 

o Discomfort due to lens pressure on the 

eye. 

o Transient blurring of vision due to 

coupling fluid. 

2. Procedure-Related: 

o Corneal abrasions. 

o Induction of angle hemorrhage if 

neovascularization is present. 

 

Findings in Clinical Conditions 

• Open-Angle Glaucoma: Normal open angle, 

increased pigmentation. 

• Angle-Closure Glaucoma: Peripheral iris 

obstructing trabecular meshwork. 

• Neovascular Glaucoma: Abnormal vessels in 

the angle. 

• Trauma: Angle recession, cyclodialysis cleft. 

 

 

Advantages of Gonioscopy 

• Direct visualization of the angle. 

• Differentiation of primary vs secondary 

glaucomas. 

• Dynamic gonioscopy identifies angle apposition. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Summary Table 

Aspect Details 

Purpose Diagnose glaucoma, evaluate 

angle. 

Techniques Direct (Koeppe lens), Indirect 

(Goldmann, Zeiss). 

Structures 

Visualized 

Schwalbe's line, trabecular 

meshwork, scleral spur, ciliary 

body. 

Grading Systems Scheie, Shaffer, Spaeth. 
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Complications Discomfort, corneal abrasion, 

angle hemorrhage. 

 

 

Mnemonic for Angle Structures 

"Some Tiny Snakes Crawl" 

• S: Schwalbe’s line. 

• T: Trabecular meshwork. 

• S: Scleral spur. 

• C: Ciliary body band. 
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ANTERIOR CHAMBER-ASSOCIATED IMMUNE 

DEVIATION (ACAID) 

Anterior chamber-associated immune deviation (ACAID) 

is a unique immunological phenomenon observed in the 

anterior chamber (AC) of the eye. It is a form of peripheral 

immune tolerance that protects ocular tissues from 

inflammatory damage, ensuring the preservation of vision 

by limiting immune responses within the immune-

privileged ocular environment. 

 

Key Features 

1. Immune Privilege of the Eye: 

The eye is an immune-privileged site due to its 

delicate anatomy and functional importance. 

Immune privilege helps to limit inflammation that 

could disrupt vision. 

2. Tolerogenic Mechanism: 

When antigens are introduced into the anterior 

chamber, they elicit a systemic immune 

response that is primarily suppressive rather 

than pro-inflammatory. This is mediated by 

antigen-specific regulatory T cells (Tregs). 

 

Mechanism of ACAID 

1. Antigen Capture: 

o Antigen-presenting cells (APCs), such as 

macrophages or dendritic cells, in the 

anterior chamber capture antigens. 

o These APCs migrate to the spleen via the 

bloodstream, bypassing lymphatic 

drainage. 

2. Induction of Tolerance: 

o In the spleen, the APCs induce a specific 

immune response favoring Tregs and 

suppressing effector T cells. 

o Cytokines such as transforming growth 

factor-beta (TGF-β) and interleukin-10 

(IL-10) are pivotal in modulating this 

response. 

3. Suppression of Immune Effectors: 

o Tregs inhibit cytotoxic T cells, helper T 

cells, and B-cell activation. 

o This prevents inflammation and 

immune-mediated damage in the eye. 

 

 

Clinical Significance 

1. Protection of Vision: 

ACAID minimizes ocular inflammation, 

protecting visual structures from immune 

damage. 

2. Transplant Tolerance: 

o ACAID plays a role in preventing graft 

rejection in corneal transplants. 

o Corneal allografts typically have a higher 

success rate compared to other tissues, 

partly due to ACAID. 

3. Autoimmune Diseases: 

o Dysfunction of ACAID may contribute to 

the development of autoimmune 

diseases like uveitis. 
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o Understanding ACAID mechanisms can 

lead to therapeutic strategies for 

autoimmune ocular conditions. 

4. Therapeutic Potential: 

o Harnessing ACAID mechanisms could 

provide new treatments for 

inflammatory diseases and improve 

transplant acceptance. 

 

Factors Contributing to ACAID 

• Absence of Lymphatic Drainage: 

The eye lacks conventional lymphatic drainage, 

leading to antigen presentation in a controlled, 

tolerogenic manner. 

• Presence of Immune-Modulatory Factors: 

o TGF-β: Highly concentrated in aqueous 

humor; critical for inducing Tregs. 

o Neuropeptides: Such as vasoactive 

intestinal peptide (VIP) and α-

melanocyte-stimulating hormone, 

which are immunosuppressive. 

• Blood-Aqueous Barrier: 

Limits the entry of immune cells into the anterior 

chamber. 

 

Associated Pathologies 

1. Uveitis: 

Breakdown of the blood-aqueous barrier can 

disrupt ACAID, leading to uncontrolled 

inflammation. 

2. Corneal Allograft Rejection: 

Despite ACAID, severe inflammation can 

overcome immune tolerance mechanisms. 

 

Flowchart: ACAID Mechanism 

Antigen in Anterior Chamber → APC Capture Antigen → 

APC Travels to Spleen → Induction of Tregs (via TGF-β 

and IL-10) → Suppression of Effector Immune 

Responses 

 

 

 

 

 

 

 

 

 

 

 

 

Summary Table 

Aspect Details 

Definition Systemic immune tolerance 

induced by antigens in the anterior 

chamber. 

Key Mediators TGF-β, IL-10, VIP, Tregs. 

Mechanism Antigen presentation by APCs in the 

spleen induces Tregs. 

Significance Preserves vision by limiting 

inflammation; aids in graft 

tolerance. 
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Clinical 

Relevance 

Protects against uveitis and 

enhances corneal transplant 

success. 

 

Mnemonic for ACAID Mechanism 

"Eyes Teach Calmness" 

• E: Entry of antigen into the anterior chamber. 

• T: TGF-β and other immune-modulating factors. 

• C: Capture of antigen by APCs. 

• C: Creation of Tregs for systemic tolerance. 
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BLOOD SUPPLY OF THE OPTIC NERVE 

The optic nerve receives its blood supply from various 

sources, depending on the anatomical segment. It is 

supported by a complex vascular network contributed by 

the ophthalmic artery and its branches, ensuring proper 

nourishment to prevent ischemic damage. 

1. Intraocular Portion (Optic Nerve Head) 

• Surface Layer (Nerve Fiber Layer): 

o Supplied by capillaries from retinal 

arterioles. 

o Occasionally, a ciliary-derived vessel 

may form a cilioretinal artery that 

contributes to this region. 

• Prelaminar Region: 

o Receives blood primarily from 

peripapillary choroidal vessels and 

branches of short posterior ciliary 

arteries (SPCAs). 

o Arterial circle of Zinn-Haller also 

contributes. 

• Lamina Cribrosa: 

o Mainly nourished by SPCAs and Zinn-

Haller’s circle. 

• Retrolaminar Region: 

o Dual blood supply from ciliary and 

retinal circulation. 

o Includes branches from the central 

retinal artery (CRA) and pial vessels. 

 

2. Intraorbital Portion 

• Periaxial System: 

o Formed by branches of the ophthalmic 

artery, including SPCAs, long posterior 

ciliary arteries (LPCAs), lacrimal artery, 

and the CRA before it enters the nerve. 

• Axial System: 

o Includes intraneural branches of the 

CRA and central collateral arteries 

arising from the CRA. 

 

 

3. Intracanalicular Portion 

• Supplied exclusively by the periaxial system, 

with vessels derived mainly from the ophthalmic 

artery. The pial plexus in this region plays a 

critical role. 

 

4. Intracranial Portion 

• Blood supply is derived from the periaxial 

system, including: 

o Internal Carotid Artery: Direct 

branches or through the anterior 

superior hypophyseal artery for the 

inferior optic nerve. 

o Anterior Cerebral Artery: Supplies the 

superior optic nerve. 

o Anterior Communicating Artery and 

Ophthalmic Artery: Provide smaller 

contributions. 

 

Venous Drainage 
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• Central Retinal Vein (CRV): Drains most of the 

optic nerve. 

• Pial Plexus: Drains the intraorbital and 

intracranial portions, terminating in the anterior 

cerebral and basal veins. 

 

Clinical Significance 

1. Anterior Ischemic Optic Neuropathy (AION): 

o Results from occlusion of SPCAs or 

perfusion defects in Zinn-Haller’s circle. 

o Leads to segmental infarction, 

particularly affecting the optic nerve 

head. 

 

 

2. Central Retinal Artery Occlusion (CRAO): 

o Affects the inner retina, causing sudden, 

painless visual loss. 

o Spares the optic nerve head unless the 

pial or CRA branches are involved. 

3. Optic Neuritis: 

o Inflammatory conditions can involve 

vascular compromise in the intraorbital 

region. 

4. Papilledema: 

o Increased intracranial pressure leads to 

venous congestion in the optic nerve 

head, disrupting axoplasmic flow. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Summary Table 

Segment Arterial Supply Venous 

Drainage 

Intraocular SPCAs, CRA, Circle 

of Zinn-Haller, 

Peripapillary 

Choroidal Vessels 

Central 

Retinal Vein 

Intraorbital CRA, SPCAs, LPCAs, 

Ophthalmic Artery, 

Circle of Zinn-Haller 

Pial Plexus, 

Central 

Retinal Vein 

Intracanalicular Ophthalmic Artery 

(Pial Plexus) 

Pial Plexus 
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Intracranial ICA, ACA, Anterior 

Communicating 

Artery, Superior 

Hypophyseal Artery 

Pial Plexus 

to Basal 

Veins 

 

Mnemonic for Key Arteries 

"SPLIT CAP" 

• Short Posterior Ciliary Arteries (SPCAs) 

• Pial Plexus 

• Long Posterior Ciliary Arteries (LPCAs) 

• Internal Carotid Artery (ICA) 

• Terminal branches (e.g., Anterior 

Communicating Artery) 

• Central Retinal Artery (CRA) 

• Anterior Cerebral Artery (ACA) 

• Pial Plexus. 
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ANATOMY OF CILIARY BODY AND FORMATION 

OF AQUEOUS HUMOUR 

 

Anatomy of the Ciliary Body 

The ciliary body is a part of the uveal tract, located 

between the choroid and iris. It plays a critical role in 

accommodation, aqueous humour production, and 

maintenance of the blood-aqueous barrier. 

Gross Anatomy 

1. Shape and Location: 

o It forms a 6 mm wide ring along the inner 

lining of the globe. 

o Extends from the ora serrata posteriorly 

to the scleral spur anteriorly. 

o Appears triangular in cross-section. 

2. Regions: 

o Pars Plicata (Anterior 1/3): 

▪ Contains 70–80 ciliary 

processes. 

▪ These are finger-like ridges 

responsible for aqueous 

humour production. 

o Pars Plana (Posterior 2/3): 

▪ A smooth, flat structure 

adjacent to the retina. 

3. Microscopic Layers: 

o Supraciliary Lamina: Outermost layer 

containing pigmented collagen fibers. 

o Stroma: Includes ciliary muscle, blood 

vessels, and nerves. 

▪ Ciliary muscle has three 

components: 

▪ Longitudinal Fibers: 

Extend to the 

suprachoroidal space. 

▪ Radial Fibers: 

Connect to circular 

fibers. 

▪ Circular Fibers: Act as 

a sphincter aiding in 

accommodation. 

o Pigmented Epithelium: Continuation of 

retinal pigment epithelium. 

o Non-Pigmented Epithelium (NPE): 

Specialized cells for active secretion of 

aqueous humour. 

4. Blood Supply: 

o Major arterial circle formed by long 

posterior and anterior ciliary arteries. 

o Rich vascular network in the ciliary 

processes. 

5. Innervation: 

o Parasympathetic: From Edinger-

Westphal nucleus for accommodation. 

o Sympathetic: From superior cervical 

ganglion for blood vessel modulation. 

o Sensory: Via the ophthalmic division of 

CN V. 

 

Formation of Aqueous Humour 



Author: Dr Ranjan Sharma MBBS MS Ophthalmology   
 

 48  
 

The ciliary processes in the pars plicata produce aqueous 

humour via three mechanisms: diffusion, ultrafiltration, 

and active secretion. 

1. Processes Involved 

• Diffusion: 

o Passive movement of lipid-soluble 

molecules across cell membranes due 

to concentration gradients. 

• Ultrafiltration: 

o Movement of water and solutes from 

capillaries into the stroma due to 

hydrostatic pressure. 

 

 

• Active Secretion (Primary Mechanism): 

o Solutes such as sodium are actively 

transported by Na+/K+ ATPase in the 

NPE, creating osmotic gradients for 

water movement. 

2. Pathway of Formation 

1. Plasma-derived filtrate passes through 

fenestrated capillaries into the stromal pool of 

the ciliary processes. 

2. Active transport by NPE moves solutes like 

sodium, bicarbonate, and ascorbate into the 

posterior chamber. 

3. Water follows via osmosis. 

3. Role of Carbonic Anhydrase 

• Enzyme catalyzes the production of bicarbonate, 

a key ion that regulates water movement into the 

posterior chamber. 

• Carbonic anhydrase inhibitors (e.g., 

acetazolamide) reduce aqueous production and 

lower intraocular pressure. 

4. Rate of Production 

• Approximately 2.3 µL/min in humans. 

• Variations can occur due to physiological or 

pathological factors like blood flow, osmotic 

gradients, and intraocular pressure. 

 

Clinical Relevance 

1. Glaucoma: 

o Elevated intraocular pressure results 

from decreased aqueous outflow, 

causing optic nerve damage. 

o Carbonic anhydrase inhibitors and β-

blockers modulate aqueous secretion to 

manage glaucoma. 

2. Blood-Aqueous Barrier Disruption: 

o Tight junctions between NPE cells 

prevent protein and macromolecule 

leakage. 

o Inflammatory conditions like uveitis can 

compromise this barrier, altering 

aqueous composition. 

3. Accommodation: 

o Contraction of circular ciliary muscle 

reduces zonular tension, increasing lens 

curvature for near vision. 
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Summary Table 

Aspect Details 

Ciliary Body 

Anatomy 

Pars plicata (70–80 processes), 

pars plana, vascular stroma 

Aqueous 

Production 

Diffusion, ultrafiltration, active 

secretion (Na+/K+ ATPase) 

Role of Carbonic 

Anhydrase 

Bicarbonate formation for 

osmotic gradient 

Rate of 

Production 

2.3 µL/min in humans 

Clinical 

Significance 

Glaucoma, blood-aqueous 

barrier, accommodation 

 

Mnemonic for Aqueous Formation: "DUA" 

• D: Diffusion 

• U: Ultrafiltration 

• A: Active Secretion 
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INTRAOCULAR PRESSURE (IOP) 

Intraocular pressure (IOP) refers to the fluid pressure 

inside the eye. It plays a crucial role in maintaining the 

shape of the globe and ensuring optimal refractive 

properties. The balance between aqueous humour 

production and its outflow regulates IOP. 

 

Normal IOP and Its Characteristics 

• Normal Range: 

o 10.5–20.5 mm Hg (mean: 15.5 mm Hg). 

Values >21 mm Hg are considered 

abnormal in most cases. 

• Purpose: 

o Preserves the structural integrity of the 

eye and prevents it from collapsing. 

• Diurnal Variations: 

o IOP is typically highest in the early 

morning due to circadian changes in 

aqueous humour production. 

 

Physiology of IOP Regulation 

1. Production of Aqueous Humour: 

o Secreted by the ciliary processes into 

the posterior chamber. 

o Primary mechanism: Active secretion by 

the Na+/K+ ATPase pumps in the non-

pigmented epithelium of the ciliary body

. 

2. Outflow Pathways: 

o Trabecular Meshwork (Conventional 

Pathway): 

▪ Drains ~90% of aqueous 

humour into Schlemm’s canal 

and into the episcleral veins. 

o Uveoscleral Pathway (Unconventional 

Pathway): 

▪ Drains ~10–25% of aqueous 

humour through the ciliary body 

into the suprachoroidal space 

and systemic circulation. 

 

 

 

3. Pressure Balance: 

o IOP is determined by the equilibrium 

between aqueous humour inflow and 

outflow resistance, particularly through 

the trabecular meshwork and episcleral 

venous pressure. 

 

Factors Influencing IOP 

1. Long-Term Factors: 

o Age: IOP tends to increase slightly with 

age due to reduced outflow facility. 

o Genetics: Familial predisposition in 

diseases like glaucoma. 

o Sex: Postmenopausal women may have 

slightly higher IOP. 

2. Short-Term Factors: 

o Posture: Supine position increases IOP, 

while standing decreases it. 

o Exercise: Aerobic exercise may 

transiently reduce IOP. 



Author: Dr Ranjan Sharma MBBS MS Ophthalmology   
 

 51  
 

o Medications: Corticosteroids increase 

IOP, whereas β-blockers and carbonic 

anhydrase inhibitors decrease it. 

o Plasma Osmolarity: Hyperosmolar 

agents like mannitol lower IOP. 

 

Measurement of IOP 

IOP measurement is an essential diagnostic tool in 

ophthalmology. It helps in identifying and monitoring 

conditions like glaucoma. 

Methods of Measurement: 

1. Goldmann Applanation Tonometry (GAT): 

o Gold standard for IOP measurement. 

o Measures the force required to flatten a 

fixed area of the cornea. 

2. Non-Contact Tonometry (NCT): 

o Uses a puff of air to measure IOP without 

direct contact. 

o Useful for screening but less accurate 

than GAT. 

3. Indentation Tonometry (Schiøtz): 

o Measures the indentation caused by a 

known weight on the cornea. 

o Rarely used now due to its dependence 

on corneal rigidity. 

4. Dynamic Contour Tonometry: 

o Minimizes corneal properties' effect on 

IOP measurement. 

o Provides a more accurate estimate in 

eyes with abnormal corneal thickness. 

5. Rebound Tonometry (iCare): 

o Measures IOP by analyzing the 

deceleration of a small probe after it 

touches the cornea. 

o Portable and does not require 

anesthetic. 

 

Clinical Significance 

1. Glaucoma: 

o Elevated IOP is a major risk factor. It 

damages the optic nerve by 

compromising vascular perfusion and 

causing axonal damage. 

o Primary Open-Angle Glaucoma: 

Associated with reduced trabecular 

outflow. 

o Angle-Closure Glaucoma: Results 

from mechanical obstruction of the 

trabecular meshwork. 

2. Ocular Hypertension: 

o IOP >21 mm Hg without optic nerve 

damage. Requires regular monitoring. 

3. Hypotony: 

o IOP <6 mm Hg, often due to overfiltration 

after surgery or uveitis, leading to 

choroidal detachment and maculopathy 

4. IOP Fluctuations: 

o Fluctuations >8 mm Hg are pathological 

and common in glaucoma patients. 

Monitoring these fluctuations is crucial. 

 

Summary Table 



Author: Dr Ranjan Sharma MBBS MS Ophthalmology   
 

 52  
 

Parameter Details 

Normal IOP 10.5–20.5 mm Hg (mean: 15.5 

mm Hg) 

Measurement 

Methods 

GAT, NCT, Schiøtz, Rebound, and 

Dynamic Contour Tonometry 

Outflow 

Pathways 

Trabecular (90%), Uveoscleral 

(10–25%) 

Clinical Issues Glaucoma, ocular hypertension, 

hypotony 

Key Influences Age, posture, medications, 

plasma osmolarity 

 

Mnemonic for IOP Regulation and Measurement: 

"PATIO" 

• P: Production by ciliary body. 

• A: Active secretion (Na+/K+ ATPase). 

• T: Trabecular meshwork outflow. 

• I: Instruments for measurement (GAT, NCT, etc.). 

• O: Osmolarity effects. 

 

Figures and References 

1. Fig. 11.3: Aqueous humour flow and IOP 

regulation from Textbook of Ophthalmology by 

Mittal. 

2. IOP Measurement Methods: Details in Kanski's 

Clinical Ophthalmology, 10th Edition. 
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Instruments
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Slit-Lamp 

Introduction 

Slit lamp biomicroscopy is one of the most essential tools 

in ophthalmology, allowing detailed and magnified 

stereoscopic imaging of the anterior segment. It 

combines a high-intensity, variable-width beam (slit 

lamp) with a binocular microscope for examining 

structures like the cornea, anterior chamber, lens, and 

tear film. 

 

Historical Evolution 

1. 1823 (Purkinje): Early attempts at focused 

oblique illumination. 

2. 1911 (Gullstrand): Introduced a slit-diaphragm 

system, considered the origin of the slit lamp. 

3. 1925 (Mawas): Coined the term "biomicroscopy," 

defining the examination of the living eye with this 

instrument. 

 

Components of the Slit Lamp 

1. Observation System (Microscope) 

o Compound binocular microscope with 

objectives and eyepieces providing 

magnification (6x–40x). 

o Prisms for reinverting the image and 

enhancing stereopsis. 

2. Illumination System 

o Includes a slit-diaphragm, filters, and 

projection lens for adjustable and bright 

light. 

o Uses modern halogen or LED sources. 

3. Mechanical Support System 

o Joystick for fine control of movement. 

o Chin and forehead rests for patient 

stability. 

 

Techniques of Illumination 

1. Direct Focal Illumination 

o The light and microscope focus on the 

same region. 

o Optic section: A thin, vertical slit beam 

to analyze corneal layers and anterior 

chamber depth. 

2. Indirect Illumination 

o Light focuses adjacent to the area being 

observed. 

3. Retroillumination 

o Light is reflected from the iris or fundus 

to illuminate subtle changes in the 

cornea or lens. 

4. Sclerotic Scatter 

o Light directed tangentially at the limbus 

reveals corneal transparency issues by 

total internal reflection. 

5. Specular Reflection 

o Used to evaluate endothelial cell 

abnormalities. 

 

Applications 

1. Cornea: 

o Detects ulcers, scars, dystrophies, and 

foreign bodies. 
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2. Anterior Chamber: 

o Identifies cells and flare in uveitis; 

evaluates depth for angle closure. 

3. Lens: 

o Diagnoses cataracts, pseudoexfoliation, 

and capsular opacities. 

4. Iris: 

o Assesses neovascularization, atrophy, 

or pigmentary changes. 

5. Tear Film: 

o Diagnoses dry eye and evaluates 

breakup time. 

 

Specialized Uses and Attachments 

1. Tonometers: Measure intraocular pressure (e.g., 

Goldmann applanation). 

2. Fundus Lenses: Allow posterior segment 

evaluation. 

3. Laser Delivery: Utilized in procedures like 

iridotomy or capsulotomy. 

4. Slit Lamp Photography: For documentation and 

follow-ups. 

 

Advantages 

• High-resolution and dynamic visualization. 

• Non-invasive and precise for both diagnostic and 

therapeutic applications. 

• Attachments enhance versatility. 

 

Summary Table 

Component/Technique Purpose 

Direct Illumination Examination of cornea, 

lens, and anterior chamber. 

Retroillumination Detects opacities and 

corneal abnormalities. 

Specular Reflection Evaluates corneal 

endothelium and tear film. 

Attachments Tonometers, lasers, and 

imaging devices. 
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ELECTRORETINOGRAM (ERG) 

The electroretinogram (ERG) is a diagnostic tool that 

measures the electrical activity of the retina in response 

to light stimuli.  

It provides insight into the functionality of the 

photoreceptors, bipolar cells, Müller cells, and the retinal 

pigment epithelium (RPE). 

 

Detailed Components 

 

 

 

 

 

 

 

 

1. a-wave: 

o First, corneal-negative deflection. 

o Originates from photoreceptor 

hyperpolarization (rods and cones). 

2. Oscillatory Potentials: 

o Ripple-like wavelets superimposed on 

the ascending limb of the b-wave. 

o Generated by inner retinal circuits (likely 

amacrine cells). 

o Sensitive to ischemic changes, 

commonly abolished in diabetic 

retinopathy and central retinal artery 

occlusion (CRAO). 

3. b-wave: 

o Corneal-positive wave. 

o Reflects activity of bipolar and Müller 

cells. 

 

 

4. c-wave: 

o Positive, slower, and less clinically 

significant. 

o Represents RPE and rod activity. 

 

 

Full-field ERG (Ganzfeld ERG) 

The Full-field ERG measures the mass electrical 

response of the entire retina to diffuse light stimuli. This 

test adheres to ISCEV guidelines and typically includes 

the following standardized responses: 

1. Scotopic (Dark-adapted) Responses: 

o Rod Response: Elicited using dim 

flashes (e.g., 0.01 cd·s/m²). Produces 

small b-waves with minimal or absent a-

wave. 

o Maximal Combined Response: Uses 

bright flashes (e.g., 3.0 cd·s/m²) to elicit 

a prominent a-wave (photoreceptors) 

and b-wave (bipolar/Müller cells). 

o Oscillatory Potentials: Isolated using 

high-pass and low-pass filters during 

bright flashes. 

2. Photopic (Light-adapted) Responses: 
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o Single-flash Cone Response: Elicits an 

a-wave and b-wave, reflecting cone 

function. 

o 30 Hz Flicker ERG: Isolates cone 

responses as rods cannot follow rapid 

stimuli. 

Key Characteristics: 

• Measures generalized retinal function but lacks 

the ability to detect localized lesions like macular 

holes. 

• Amplitudes and implicit times are critical for 

assessing retinal integrity. 

 

 

 

Clinical Applications of ERG 

1. Inherited Retinal Disorders: 

o Retinitis Pigmentosa: Early amplitude 

reduction, often before 

ophthalmoscopic findings appear. 

o Leber’s Congenital Amaurosis: 

Primary diagnostic role. 

2. Diabetic Retinopathy: 

o Selective abolition of oscillatory 

potentials indicating ischemia. 

o Can predict progression to proliferative 

stages. 

3. Vascular Occlusions: 

o CRAO leads to loss of oscillatory 

potentials. 

o Central Retinal Vein Occlusion (CRVO) 

reduces the b-wave amplitude. 

4. Drug Toxicity: 

o Detects early toxicity from chloroquine, 

hydroxychloroquine, and other drugs. 

5. Unexplained Vision Loss: 

o Differentiates retinal vs. optic nerve or 

cortical issues. 

 

ERG Recording Technique 

1. Preparation: 

o Pupils are dilated. 

o Adaptation is achieved based on the 

protocol (dark or light). 

2. Electrodes: 

o Active Electrode: Often corneal 

(contact lens electrode) or newer wick 

electrodes. 

o Reference Electrode: Forehead. 

o Ground Electrode: Earlobe. 

3. Stimulus: 

o Ganzfeld dome provides uniform 

illumination. 

 

Advantages and Limitations 

Advantages: 

• Non-invasive and objective. 

• Evaluates global retinal function. 
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• Applicable in media opacities (e.g., cataract, 

vitreous hemorrhage). 

Limitations: 

• Does not detect localized macular lesions. 

• Requires patient cooperation, especially during 

dark adaptation. 

 

Mnemonic for ERG Components 

• "A Bright Candle Oscillates": 

o A: a-wave (Photoreceptors). 

o B: b-wave (Bipolar/Müller cells). 

o C: c-wave (RPE activity). 

o O: Oscillatory potentials (Inner retina, 

ischemia). 

 

Summary Table 

ERG 

Component 

Source Clinical 

Importance 

a-wave Photoreceptors Retinitis 

pigmentosa, 

cone-rod 

dystrophy 

b-wave Bipolar/Müller 

cells 

Central retinal 

function 

Oscillatory 

Potentials 

Amacrine/inner 

retinal circuits 

Diabetic 

retinopathy, 

CRAO 

Scotopic 

ERG 

Rods Night blindness 

disorders 

Photopic 

ERG 

Cones Day vision 

abnormalities 

Flicker ERG 

(30 Hz) 

Cones Isolated cone 

function 
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AUTO REFRACTOMETER 

An auto refractometer is a computerized device used for 

the objective measurement of refractive errors in the eye. 

It determines the refractive status, including sphere, 

cylinder, and axis, using infrared light. These instruments 

are widely employed for their speed, accuracy, and utility 

in mass screening programs. 

 

Principle of Operation 

The auto refractometer works on the principle of 

analyzing light rays reflected back from the retina. It uses 

near-infrared light (800–900 nm) that is projected into the 

eye. The refracted light returning from the retina is 

detected and analyzed to determine the eye's refractive 

state. 

• Primary Source: Infrared light is used as it is 

invisible to patients and efficiently reflects from 

the fundus. 

• Secondary Source: Backscatter from the fundus 

is analyzed by photodetectors. 

 

Features and Working Mechanism 

1. Fixation Target: 

o Visual fixation targets like distant images 

or patterns (e.g., Siemens stars) are 

used to relax accommodation and 

maintain fixation. 

2. Measurement Types: 

o The refractive error is assessed in terms 

of sphere, cylinder, and axis. 

o Interpupillary distance (IPD) and corneal 

reflex are also measured. 

3. Nulling vs. Open-loop Measurement: 

o Nulling Instruments: Adjust the optical 

system until the refractive error is 

neutralized (null point is reached), 

providing high signal-to-noise ratios. 

o Open-loop Instruments: Measure the 

characteristics of exiting light, often 

faster than nulling systems. 

4. Accuracy: 

o Auto refractometers account for 

chromatic aberrations caused by the 

difference in refractive index between 

visible and infrared light. 

 

Types of Auto Refractometers 

1. Standalone Auto Refractometers: 

o Used specifically for refractive error 

measurement. 

2. Autokeratorefractors: 

o Combine keratometry and 

refractometry, commonly employed in 

modern practice. 

3. Wavefront-based Refractometers: 

o Utilize advanced technologies like 

Hartmann-Shack sensors for detailed 

aberration measurements. 

 

Advantages 

• Speed: Quick measurement (often less than 5 

minutes per eye). 

• Ease of Use: Minimal patient cooperation 

required. 
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• Accuracy: High precision, especially in clear 

media. 

• Applications: Ideal for children, uncooperative 

patients, and mass screening programs. 

 

Disadvantages 

• Limited accuracy in cases of: 

o High media opacities (e.g., cataracts). 

o Irregular astigmatism. 

o Extreme refractive errors. 

• Requires subjective refraction for final 

prescription adjustment. 

 

Clinical Applications 

• Routine Eye Exams: 

o Provides a baseline measurement for 

subjective refraction. 

 

• Mass Screening: 

o Effective in school screenings and 

public health programs. 

• Post-surgical Evaluations: 

o Measures residual refractive errors after 

cataract or refractive surgeries. 

• Objective Refraction in Non-cooperative 

Patients: 

o Particularly useful for children and 

patients with disabilities. 

 

Mnemonic 

"Auto Measures, Fixes Errors Quickly": 

• A: Accurate for spherical and cylindrical errors. 

• M: Mass screening. 

• F: Fixation target for accommodation control. 

• E: Easy to operate. 

• Q: Quick and reliable measurements. 

 

Summary Table 

Feature Details 

Light Source Near-infrared light (800–900 nm) 

Measurement 

Principles 

Nulling and open-loop systems 

Fixation Target Distant visual targets to relax 

accommodation 

Types Standalone, Autokeratorefractor, 

Wavefront systems 

Advantages Quick, easy to use, accurate, 

useful for screenings 

Limitations Less reliable in high media 

opacity or irregular corneas 
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TONOMETERS 

Tonometers are instruments used to measure intraocular 

pressure (IOP), an essential parameter for diagnosing and 

managing glaucoma. They work based on different 

principles, including deformation or flattening of the 

cornea. 

 

Types of Tonometers 

1. Indentation Tonometers 

o Based on the principle that a plunger indents 

a soft eye more than a hard one. 

o Example: Schiotz Tonometer. 

o Features: 

▪ Measures IOP by displacing 

aqueous humor. 

▪ The scale reading is converted into 

IOP using calibration tables. 

o Uses: Suitable for quick screening and in 

operating rooms. 

2. Applanation Tonometers 

o Work on the Imbert-Fick Law, which states 

that the force required to flatten a sphere is 

proportional to the internal pressure. 

o Two types: 

Feature Variable Force, 

Fixed Area 

Fixed Force, 

Variable Area 

Description A fixed corneal 

area (3.06 mm 

diameter) is 

flattened; IOP is 

read by 

A constant force 

is applied, and 

the area of 

corneal 

flattening is 

adjusting the 

applied force. 

measured to 

estimate IOP. 

Example Goldmann 

Applanation 

Tonometer 

(GAT) 

Maklakov 

Tonometer 

Key 

Features 

Most widely 

used.  

 

Accurate and 

reproducible. 

Requires 

calculation of 

flattened area. 

 

3. Non-Contact Tonometers (NCT) 

o Use a puff of air to flatten the cornea. 

o Principle: Measures the time required for 

corneal deformation and calculates IOP. 

o Features: 

▪ No contact with the eye; eliminates 

infection risk. 

▪ Used in mass screenings. 

4. Dynamic Contour Tonometers (DCT) 

o Based on contour matching rather than 

applanation. 

o Example: Pascal Tonometer. 

o Provides IOP values independent of corneal 

thickness. 

5. Rebound Tonometers 

o A small probe rebounds after contacting the 

cornea. 
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o Example: iCare Tonometer. 

o Uses: 

▪ Portable and easy for children or 

uncooperative patients. 

▪ Does not require anesthesia. 

6. Electronic Tonometers 

o Use advanced sensors to measure pressure. 

o Examples: Pneumotonometer, Tono-Pen. 

o Useful for irregular corneas and measuring 

IOP over contact lenses. 

7. Specialized Tonometers 

o Implantable IOP Sensors: Continuous IOP 

monitoring via IOL-based sensors. 

o Transpalpebral Tonometers: Measure IOP 

through the eyelid; useful in corneal 

pathology. 

 

Procedure 

1. Preparation: 

o For contact tonometers, instill topical 

anesthetic (e.g., proparacaine 0.5%) and 

fluorescein dye (for applanation). 

o Ensure proper alignment of the patient 

and the instrument. 

 

2. Technique: 

o Goldmann Applanation: 

▪ The prism flattens the corneal 

area, and IOP is read when 

semicircles align correctly. 

o Schiotz Tonometry: 

▪ Place the weighted plunger on 

the cornea, record the scale 

reading, and convert it to IOP 

using calibration tables. 

o Non-Contact: 

▪ Aim the air-puff device at the 

cornea and measure the time 

for applanation. 

 

Merits and Demerits 

Type Merits Demerits 

Schiotz 

Tonometer 

Portable, 

inexpensive, easy 

to use 

Affected by 

corneal rigidity; 

less accurate. 

Goldmann 

Tonometer 

Gold standard; 

accurate and 

reproducible 

Requires slit 

lamp; 

influenced by 

corneal 

thickness. 

Non-

Contact 

Tonometer 

No anesthesia 

required; infection-

free 

Less accurate in 

high or low IOP 

ranges. 

Tono-Pen Portable, suitable 

for irregular 

corneas and 

bandage lenses 

Higher cost; 

requires 

expertise for 

accuracy. 

Pascal DCT Independent of 

corneal thickness; 

provides detailed 

IOP dynamics 

Expensive; 

requires precise 

application. 
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Factors Affecting Accuracy 

1. Central Corneal Thickness (CCT): 

o Thicker corneas give falsely high 

readings; thinner corneas give falsely 

low readings. 

2. Corneal Curvature: 

o Steeper or irregular corneas affect 

applanation readings. 

3. Astigmatism: 

o With-the-rule astigmatism 

underestimates IOP; against-the-rule 

overestimates. 

 

Precautions 

• Proper disinfection to prevent cross-infection 

(e.g., use 70% isopropyl alcohol or 3% hydrogen 

peroxide for contact tonometers). 

• Avoid excess pressure on eyelids or cornea 

during measurement. 

 

Summary Table 

Tonometer 

Type 

Principle Uses Limitations 

Indentation Plunger 

indentation 

Screening; 

portable use 

Influenced 

by ocular 

rigidity 

Applanation Corneal 

flattening 

(Imbert-

Fick) 

Gold standard 

for accurate 

IOP 

Requires 

slit lamp 

and 

fluorescein 

Non-

Contact 

Air puff to 

flatten 

cornea 

Screening; no 

infection risk 

Less 

accurate at 

extremes of 

IOP 

Rebound Probe 

rebounds 

off cornea 

Easy for 

children, 

uncooperative 

pts 

Not 

suitable for 

very high 

IOP 

Dynamic 

Contour 

(DCT) 

Contour 

matching 

Independent 

of corneal 

factors 

Expensive 

and 

requires 

training 
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APPLANATION TONOMETRY 

Applanation tonometry is the gold standard for measuring 

intraocular pressure (IOP). The Goldmann applanation 

tonometer (GAT) is the most commonly used device, and it 

operates on the Imbert–Fick law. 

 

Principle of Applanation Tonometry 

The Imbert–Fick law states: P=F/A, Where: 

• P = Pressure inside a sphere (IOP). 

• F = Force applied to flatten the sphere’s surface. 

• A = Area flattened. 

In the context of the cornea: 

• The cornea is approximated as a sphere. 

• When 3.06 mm of corneal diameter is flattened, the 

forces of corneal rigidity and capillary attraction 

cancel out, making the law applicable. Thus, the dial 

reading of the force (in grams) multiplied by 10 

directly gives the IOP in mmHg. 

 

Technique of GAT 

1. Preparation: 

o Topical anesthesia is applied. 

o Fluorescein dye is instilled to visualize the 

tear film. 

2. Procedure: 

o The cobalt blue light from a slit lamp 

illuminates the cornea. 

o The prism of the GAT is advanced until it 

contacts the cornea. 

o Two fluorescent semicircles are viewed 

through the prism. The force is adjusted 

until their inner edges touch. 

o The reading on the dial multiplied by 10 

gives the IOP. 

 

 

 

 

 

 

Factors Affecting Applanation Tonometry 

1. Central Corneal Thickness (CCT) 

• Thin Cornea: 

o Requires less force to applanate. 

o Leads to underestimation of IOP. 

• Thick Cornea: 

o Requires more force to applanate. 

o Leads to overestimation of IOP. 

• A deviation of 10 µm in CCT results in a change of 

approximately 0.7 mmHg in IOP readings. 

2. Corneal Curvature 

• Steeper Cornea: 

o Increases ocular rigidity. 

o Causes overestimation of IOP. 

• Flatter Cornea: 

o Causes underestimation of IOP. 

3. Corneal Astigmatism 
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• With-the-rule Astigmatism: 

o Underestimates IOP. 

• Against-the-rule Astigmatism: 

o Overestimates IOP. 

• Correction: 

o Align the minus axis of the prism with the 

axis of least curvature. 

4. Fluorescein Concentration 

• Excessive Fluorescein: 

o Produces thick mires, overestimating IOP. 

• Insufficient Fluorescein: 

o Produces thin mires, underestimating IOP. 

5. Corneal Irregularities 

• Scars, edema, or irregular surfaces distort mires, 

leading to inaccurate readings. 

 

 

 

 

6. Technique Errors 

• Misalignment of semicircles. 

• Excessive pressure from the examiner or eyelid 

squeezing. 

• Improper calibration of the tonometer. 

 

Advantages 

1. High accuracy and reliability. 

2. Minimal influence from ocular rigidity due to small 

displacement of aqueous (approximately 0.5 µL). 

Disadvantages 

1. Errors in cases of significant corneal abnormalities 

(e.g., post-LASIK). 

2. Requires patient cooperation. 

3. Not suitable for eyes with severe corneal opacity. 

 

Summary Table 

Factor Impact on IOP Reading 

Central Corneal 

Thickness 

Thin → Underestimates, Thick → 

Overestimates 

Corneal 

Curvature 

Steep → Overestimates, Flat → 

Underestimates 

Astigmatism WTR → Underestimates, ATR → 

Overestimates 

Fluorescein 

Amount 

Excess → Overestimates, Insufficient 

→ Underestimates 

Corneal 

Irregularities 

Distorts mires, causing inaccurate 

readings 

Examiner 

Technique 

Errors like misalignment or excess 

pressure can falsely alter readings 

 

References 

Derived from Kanski's Clinical Ophthalmology, 10th Edition, 

and Textbook of Ophthalmology by Mittal, supplemented 

with detailed procedural insights. 
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PRINCIPLE OF NON-CONTACT TONOMETRY 

(NCT) 

Non-contact tonometry (NCT), often referred to as "air-

puff tonometry," measures intraocular pressure (IOP) 

without physical contact with the cornea. This technique 

is particularly useful for rapid screening and in situations 

where avoiding corneal contact is important, such as in 

patients with corneal infections or abrasions. 

 

Principle 

NCT is based on the principle of applanation tonometry, 

similar to the Imbert-Fick law, but instead of a physical 

force (like a prism), a jet of air is used to flatten the cornea. 

• Steps in Measurement: 

1. A puff of air is directed at the cornea. 

2. The cornea is applanated (flattened) 

momentarily. 

3. Sensors in the device detect the time or 

force required to achieve this flattening. 

4. This data is converted into IOP 

measurements, often displayed in 

mmHg. 

 

Procedure 

1. Patient Positioning: The patient rests their chin 

on a support and looks into the device at a 

fixation target. 

2. Air Puff Delivery: A precise puff of air is released, 

and the device calculates the time taken for the 

cornea to applanate. 

3. Result Display: The IOP is displayed 

automatically. 

No topical anesthesia is required since there is no 

physical contact, making it non-invasive and 

comfortable. 

 

Advantages 

1. No Contact: 

o Eliminates risk of corneal abrasions. 

o No need for sterilization, reducing the 

risk of cross-infection. 

2. No Anesthesia Required: 

o Suitable for rapid screenings. 

3. User-Friendly: 

o Easy to operate and widely used by non-

specialists. 

 

Limitations 

1. Accuracy: 

o Less precise compared to Goldmann 

Applanation Tonometry (GAT). 

o Can be influenced by patient movement 

or improper alignment. 

2. Corneal Biomechanics: 

o Variations in corneal thickness (CCT), 

elasticity, or hydration may affect 

readings. 

3. False Readings: 

o Tear film irregularities or ocular surface 

abnormalities may result in false 

positives or negatives. 
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Applications 

• Ideal for mass screenings. 

• Suitable for patients who cannot tolerate 

contact-based measurements. 

• Can be used in patients with active infections to 

prevent cross-contamination. 

 

Mnemonic 

"Non-Contact Tonometers Are Always Simple": 

• N: Non-invasive. 

• C: Comfortable. 

• T: Time-efficient. 

• A: Anesthesia-free. 

• S: Screening tool. 

 

 

 

 

 

Summary Table 

Feature Description 

Principle Applanation using a jet of air. 

Advantages No contact, no anesthesia, minimal 

infection risk. 

Limitations Less accurate than GAT, influenced by 

corneal properties. 

Applications Screening and non-invasive IOP 

measurement. 
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DYNAMIC CONTOUR TONOMETER 

Introduction 

The Dynamic Contour Tonometer (DCT) is a non-

applanating contact tonometer that measures 

intraocular pressure (IOP) using the principle of contour 

matching rather than corneal flattening, as in traditional 

applanation methods. This technology minimizes 

systemic errors introduced by corneal biomechanics 

(e.g., thickness, rigidity), making it particularly useful in 

cases of corneal pathology or post-refractive surgery. 

 

Working Principle 

• The DCT tip is contour-matched to the natural 

curvature of the cornea. 

• A miniature pressure sensor embedded within 

the tonometer tip measures IOP directly. 

• The sensor generates electrical signals 

proportional to IOP, which are then digitized for a 

precise reading displayed on a digital panel. 

 

Key Features 

1. Contoured Design: 

o Matches the natural shape of the cornea 

to eliminate errors caused by 

applanation forces. 

2. Digital Output: 

o IOP is measured 100 times per second, 

providing an average value and details 

about ocular pulse amplitude (OPA). 

o A complete cycle lasts about 8 seconds. 

3. Independent of Corneal Biomechanics: 

o Factors like central corneal thickness 

(CCT) or corneal rigidity do not 

significantly affect DCT readings. This 

makes it advantageous over Goldmann 

Applanation Tonometer (GAT). 

4. Slit-Lamp Mount: 

o Easily attaches to a slit lamp, similar to 

GAT, for routine clinical use. 

 

 

 

Technique of Use 

1. Position the patient at a slit lamp. 

2. Align the tonometer tip with the center of the 

cornea. 

3. Ensure the contour-matched tip is in gentle 

contact with the corneal surface under constant 

pressure (~1 gram). 

4. The device provides audio feedback for proper 

positioning and contact. 

 

Applications 

• Ideal for post-refractive surgery patients (e.g., 

LASIK), where corneal thinning alters 

conventional applanation readings. 

• Useful in eyes with irregular, scarred, or 

edematous corneas. 

• Measures ocular pulse amplitude, useful for 

evaluating ocular blood flow. 

 

Advantages 
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• Accurate IOP measurement unaffected by 

corneal thickness or biomechanics. 

• Provides additional data like OPA, useful for 

vascular health evaluation. 

• Can be used in eyes with corneal pathology. 

 

Limitations 

• Costlier than traditional tonometers. 

• Requires patient cooperation for accurate 

measurements. 

• Longer measurement time compared to GAT. 

 

 

 

 

 

 

 

Summary Table 

Feature Details 

Technology Contour matching with a 

built-in pressure sensor 

Corneal 

Biomechanics Effect 

Negligible; independent of 

CCT or rigidity 

Output IOP, OPA, and graphical 

pressure data 

Applications Post-refractive surgery, 

corneal pathologies 

Setup Slit lamp-mounted 

 

Mnemonic for Advantages of DCT 

"CORNIA": 

• C: Contour-matching principle 

• O: Ocular pulse amplitude measured 

• R: Reliable in irregular corneas 

• N: Negligible effect of corneal thickness 

• I: Independent of LASIK-induced changes 

• A: Accurate and reproducible readings 
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FUNDUS FLOUROSCEIN ANGIOGRAPHY (FFA) 

Fundus Fluorescein Angiography (FFA) is a diagnostic 

imaging technique to assess the retinal and choroidal 

circulation. 

 

Principle 

FFA involves the intravenous injection of fluorescein 

sodium dye, which fluoresces under blue light. The dye 

highlights the vasculature and blood flow dynamics in the 

retina and choroid, providing detailed insights into 

pathological changes. 

 

Steps in the Procedure 

1. Pre-procedure Preparation: 

o Pupils are dilated using tropicamide and 

phenylephrine drops. 

o A thorough history of allergies and systemic 

conditions is taken to avoid complications. 

o Informed consent is obtained. 

2. Dye Injection: 

o 5 mL of 10% fluorescein sodium (or 3 mL of 

25%) is injected intravenously, typically into 

the antecubital vein. 

3. Image Acquisition: 

o A fundus camera captures sequential 

images after dye injection. 

o The phases of angiography are as follows: 

▪ Pre-arterial phase: Choroidal flush 

as dye reaches choroid (8–12 

seconds). 

▪ Arterial phase: Filling of retinal 

arteries (1–2 seconds after 

choroidal phase). 

▪ Arteriovenous phase: Dye fills 

capillaries and begins entering 

veins. 

▪ Venous phase: Complete venous 

filling. 

▪ Late phase: Gradual fading of 

fluorescence. 

 

 

Phases and Their Clinical Significance 

Phase Timeline 

(seconds) 

Findings 

Choroidal 

Phase 

8-12 

seconds 

Choroidal vessels fill; 

delays indicate 

choroidal 

hypoperfusion. 

Arterial Phase 10-14 

seconds 

Retinal arteries fill; 

any delay suggests 

arterial occlusion. 

Arteriovenous 

Phase 

14-20 

seconds 

Both arteries and 

veins fill; capillary 

perfusion seen. 

Venous Phase 20-30 

seconds 

Dye in veins; used to 

assess venous 

blockages. 

Late Phase >10 

minutes 

Persistent staining 

indicates RPE 

damage or vascular 

leakage. 
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Clinical Indications 

FFA is essential for diagnosing and managing various 

retinal and choroidal diseases: 

1. Diabetic Retinopathy: 

o Detects microaneurysms, non-

perfusion areas, and 

neovascularization. 

2. Age-Related Macular Degeneration (AMD): 

o Identifies choroidal neovascular 

membranes and leakage. 

3. Vascular Occlusions: 

o Central Retinal Vein Occlusion 

(CRVO): Delayed venous filling and 

leakage. 

o Central Retinal Artery Occlusion 

(CRAO): Blocked arterial perfusion. 

4. Macular Edema: 

o Highlights areas of leakage and 

breakdown of the blood-retina barrier. 

5. Uveitis: 

o Detects inflammatory changes in the 

retinal and choroidal circulation. 

6. Retinal Vasculitis: 

o Visualizes perivascular leakage or 

occlusion. 

7. Tumors: 

o Evaluates vascular supply to intraocular 

tumors such as choroidal melanoma. 

 

Findings 

1. Hyperfluorescence: 

o Leakage: Indicates vascular damage 

(e.g., macular edema, 

neovascularization). 

o Staining: Persistent fluorescence due to 

scar tissue. 

o Window Defect: Enhanced choroidal 

fluorescence due to RPE atrophy. 

2. Hypofluorescence: 

o Blocked Fluorescence: Obstruction by 

hemorrhage, exudates, or pigment. 

o Non-perfusion: Absence of dye due to 

vascular occlusion or ischemia. 

 

Complications 

• Mild: Nausea, vomiting, and transient 

discoloration of urine and skin. 

• Moderate: Extravasation of dye causing local 

irritation. 

• Severe: Rarely, anaphylaxis, cardiovascular 

collapse, or respiratory distress. 

 

Contraindications 

• Pregnancy and lactation (relative 

contraindication). 

• Known hypersensitivity to fluorescein. 

• Severe renal or hepatic impairment. 
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Comparison with Other Techniques 

Technique Advantages Limitations 

FFA High resolution 

of retinal 

vasculature 

Invasive, 

potential for 

complications. 

Optical 

Coherence 

Tomography 

(OCT) 

Non-invasive, 

detailed cross-

sections 

No direct 

visualization of 

blood flow. 

OCT 

Angiography 

Non-invasive, 

visualizes flow 

dynamics 

Limited field of 

view, motion 

artifacts. 

 

Summary Table 

Aspect Details 

Phases Pre-arterial, arterial, venous, late 

Indications Diabetic retinopathy, AMD, CRVO, 

etc. 

Findings Hyperfluorescence (leakage, 

staining), hypofluorescence 

(blockage, ischemia) 

Complications Nausea, anaphylaxis (rare) 
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INDIRECT OPHTHALMOSCOPE 

The indirect ophthalmoscope is a crucial instrument in 

ophthalmology used to examine the retina with a 

stereoscopic view. It is especially helpful for visualizing 

the peripheral retina and detecting retinal tears, 

detachments, or tumors. 

 

Principle 

1. The indirect ophthalmoscope works based on 

binocular indirect visualization of the retina.  

2. A powerful convex lens (usually +20 diopters) is held 

in front of the patient's eye, producing a real, 

inverted, and magnified image of the retina.  

3. The examiner views this image using a light source 

and optical system integrated into the instrument. 

Key principles include: 

1. Condensing Lens: Forms a real, inverted image 

of the fundus. 

2. Binocular Vision: Two optical paths provide a 

stereoscopic view for depth perception. 

3. Illumination: A halogen or LED light illuminates 

the retina for clear visualization. 

 

 

Parts of the Instrument 

1. Headband: 

o Adjustable, worn on the examiner's head 

for hands-free operation. 

o Contains straps and padding for 

comfort. 

2. Light Source: 

o Usually halogen, xenon, or LED. 

o Focused by an adjustable aperture to 

illuminate the retina. 

3. Viewing Optics: 

o A series of lenses and prisms split the 

light into two optical paths for binocular 

vision. 

o Reduces the inter-pupillary distance to 

~15 mm, enhancing depth perception. 

o Produces a stereoscopic, magnified 

view of the retina. 

4. Mirror or Reflector System: 

o Directs the light onto the retina via the 

condensing lens. 

5. Condensing Lens: 

o A hand-held lens, usually +20 diopters, 

creates an inverted image of the retina. 

o Other options: +28D (wider field, lower 

magnification) or +14D (higher 

magnification, smaller field). 

o  Common powers include: 

• +20D (3x magnification, ~45° 

field of view). 

• +28D (lower magnification, 

wider field ~50°). 

• +14D (higher magnification, 

smaller field ~30°). 

o The lens is aspheric to minimize 

aberrations. 

6. Filters: 

o Red-free filter: Enhances visualization 

of blood vessels and hemorrhages. 
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o Cobalt blue filter: Used with 

fluorescein for angiography. 

o Neutral density filter: Reduces glare. 

7. Adjustable Apertures: 

o Allow the selection of light intensity and 

spot size for examination. 

8. Power Supply: 

o Battery-powered (usually rechargeable) 

or connected to a wall outlet. 

 

Merits 

1. Wide Field of View: 

o Provides a large view (30–40°) of the 

retina, suitable for peripheral retinal 

examination. 

2. Stereoscopic View: 

o Allows depth perception, essential for 

detecting retinal detachments, 

elevations, or tumors. 

3. Examination through Opacities: 

o Can be used even in media opacities like 

cataracts to an extent due to Bright 

illumination. 

4. Portable: 

o Can be used in clinics, operating rooms, 

or bedside. 

 

Demerits 

1. Inverted Image: 

o Requires training to interpret the 

inverted image of the retina. 

2. Patient Discomfort: 

o Bright light and prolonged examination 

may cause discomfort. 

3. Skill Requirement: 

o Proper use requires significant training 

and practice. 

4. Reduced Magnification: 

o Compared to direct ophthalmoscopy, it 

offers lower magnification (2–5x). 

5. Expensive: 

o The instrument is costlier than a direct 

ophthalmoscope. 

6. Dilated Pupil Required: 

o Requires full pupillary dilation for 

effective examination. 

 

Comparison with Direct Ophthalmoscope 

Feature Indirect 

Ophthalmoscope 

Direct 

Ophthalmoscope 

Field of View Wide (30–40°) Narrow (5–10°) 

Magnification Low (2–5x) High (15x) 

Stereoscopic 

View 

Present Absent 

Peripheral 

Retina 

Excellent 

visualization 

Limited 

Image 

Orientation 

Inverted Upright 
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Summary Table 

Component Details 

Principle Real, inverted image using a convex 

lens, with binocular vision. 

Parts Headband, light source, viewing optics, 

condensing lens, filters. 

Merits Wide field, stereoscopic view, portable, 

examination through opacities. 

Demerits Inverted image, skill-intensive, requires 

dilation, expensive. 

 

  



Author: Dr Ranjan Sharma MBBS MS Ophthalmology   
 

 76  
 

LASER BIOPHYSICS 

Lasers (Light Amplification by Stimulated Emission of 

Radiation) are an integral part of ophthalmology for 

diagnostic and therapeutic purposes. They work based on 

the principles of photophysics and interactions between 

light and tissue. 

 

Principle of Laser Biophysics 

A laser produces high-energy, monochromatic, 

collimated, and coherent light, which can be focused 

precisely on target tissues. The key principles of laser 

biophysics include: 

1. Monochromaticity: 

o Laser emits light at a single wavelength, 

ensuring minimal dispersion and 

precise tissue targeting. 

2. Coherence: 

o All light waves are in phase, improving 

focusing ability. 

3. Collimation: 

o Laser beams are parallel and minimally 

divergent, enabling precise energy 

delivery. 

4. Energy Concentration: 

o The laser beam can concentrate energy 

into a small spot, producing highly 

localized effects. 

5. Interaction with Tissue: 

o The laser's energy is absorbed by tissue 

chromophores (e.g., hemoglobin, 

melanin) and converted to heat or other 

effects. 

 

Basic Components of a Laser System 

1. Energy Source: 

o Provides energy to excite the active 

medium (e.g., electricity, optical 

pumping). 

2. Active Medium: 

o Can be solid (e.g., Nd:YAG), liquid (dye 

lasers), or gas (argon, krypton). 

o Determines the wavelength of emitted 

light. 

3. Resonating Chamber: 

o Contains mirrors at both ends. One 

mirror reflects light completely, while 

the other transmits a small fraction to 

form the laser beam. 

4. Delivery System: 

o Slit lamp, indirect ophthalmoscope, 

transscleral probes, or fiber-optic 

systems. 

 

Tissue Interactions of Lasers 

1. Photothermal Effects: 

o Mechanism: Light energy absorbed by 

tissue pigments (e.g., melanin, 

hemoglobin) is converted to heat, raising 

the temperature to 50-80°C. 

o Uses: Retinal photocoagulation for 

diabetic retinopathy and retinal breaks. 

o Examples: Argon laser (blue-green 

light), Krypton laser. 
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2. Photodisruption: 

o Mechanism: High-energy pulses ionize 

electrons, creating plasma and 

shockwaves to break tissue bonds. 

o Uses: Posterior capsulotomy, iridotomy. 

o Examples: Nd:YAG laser. 

3. Photoablation: 

o Mechanism: Short pulses of ultraviolet 

light break molecular bonds without 

significant heat. 

o Uses: Corneal reshaping in LASIK and 

PRK. 

o Examples: Excimer laser (193 nm). 

4. Photochemical Effects: 

o Mechanism: Light activates a 

photosensitizer, producing reactive 

oxygen species. 

o Uses: Photodynamic therapy for 

choroidal neovascular membranes. 

o Examples: Verteporfin with diode laser. 

 

Common Lasers in Ophthalmology 

Laser 

Type 

Wavelength Clinical Application 

Argon 

Laser 

488–514 nm 

(blue-green) 

Retinal photocoagulation, 

trabeculoplasty, iridotomy. 

Nd:YAG 

Laser 

1064 nm 

(infrared) 

Posterior capsulotomy, 

iridotomy, vitreous strand 

lysis. 

Excimer 

Laser 

193 nm 

(ultraviolet) 

Refractive surgeries (PRK, 

LASIK), corneal ablation. 

Krypton 

Laser 

647 nm (red) Macular photocoagulation 

without affecting 

xanthophyll. 

Diode 

Laser 

810 nm 

(infrared) 

Transscleral 

cyclophotocoagulation, 

retinopathy of prematurity. 

 

Advantages 

1. Precise targeting minimizes damage to adjacent 

tissues. 

2. Minimal invasiveness reduces recovery time. 

3. Diverse clinical applications, from anterior to 

posterior segment treatments. 

 

Limitations 

1. Requires skilled operators. 

2. Potential complications like corneal burns, 

retinal hemorrhage, or macular pucker. 

3. Expensive equipment and maintenance. 
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Summary Table 

Aspect Details 

Principle Monochromatic, coherent, collimated 

light focused for tissue interactions. 

Key Effects Photothermal, photodisruption, 

photoablation, photochemical. 

Applications Retinal photocoagulation, refractive 

surgeries, iridotomy. 

Key Lasers Argon, Nd:YAG, Excimer, Krypton, 

Diode. 

 

Mnemonic for Tissue Interactions 

"The Doctors Always Care" 

• Thermal (Photothermal) 

• Disruption (Photodisruption) 

• Ablation (Photoablation) 

• Chemical (Photochemical) 
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OPTICAL COHERENCE TOMOGRAPHY (OCT) 

OCT is a non-invasive, non-contact diagnostic imaging 

technique that produces high-resolution, cross-

sectional images of biological tissues. It is particularly 

useful in ophthalmology for evaluating the retina, optic 

nerve, and anterior segment. 

 

Principle 

OCT is based on low-coherence interferometry, which 

uses near-infrared light to detect reflected signals from 

various tissue layers.  

These reflections are compared with a reference beam, 

and the interference pattern is analyzed to construct a 

tomographic image.  

This principle is analogous to ultrasound, but it uses light 

waves instead of sound waves. 

1. Michelson Interferometer: 

o A low-coherence light source is split into 

a probe beam (directed toward the eye) 

and a reference beam (directed toward 

a mirror). 

o Light reflected from the retina interacts 

with the reference beam, producing 

interference signals that are detected 

and processed into an image. 

2. Generations of OCT: 

o Time-Domain OCT: Lower resolution, 

slower acquisition. 

o Spectral-Domain OCT (SD-OCT): 

Improved resolution (5–7 µm) and faster 

scanning. 

o Swept-Source OCT (SS-OCT): Uses 

longer wavelengths, enabling better 

penetration into deeper structures like 

the choroid. 

 

Components of an OCT Machine 

1. Light Source: Low-coherence infrared light (820 

nm for the posterior segment, 1310 nm for the 

anterior segment). 

2. Beam Splitter and Reference Mirror: Integral for 

interference generation. 

3. Detector: Records light reflections to create 

interference patterns. 

4. Computer Unit: Processes signals to generate 

cross-sectional or 3D images. 

5. Display Unit: Visualizes images for 

interpretation. 

 

Uses of OCT in Ophthalmology 

1. Posterior Segment: 

o Retinal Diseases: 

▪ Macular Hole: Visualization of 

the full-thickness defect. 

▪ Macular Edema: Detects 

intraretinal or subretinal fluid. 

▪ Age-Related Macular 

Degeneration (AMD): Identifies 

pigment epithelial detachment 

(PED) and drusen. 

▪ Diabetic Maculopathy: 

Measures retinal thickness and 

identifies edema. 

▪ Central Serous Retinopathy 

(CSR): Visualizes serous 
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detachments of the 

neurosensory retina. 

o Glaucoma: 

▪ Measures retinal nerve fiber 

layer (RNFL) thickness. 

▪ Evaluates optic nerve head 

(ONH) for structural damage. 

o Vitreoretinal Interface Disorders: 

▪ Epiretinal membrane (ERM). 

▪ Vitreomacular traction (VMT). 

▪ Subhyaloid hemorrhage. 

2. Anterior Segment: 

o Cornea: 

▪ Pachymetry for corneal 

thickness. 

▪ Descemet membrane 

detachment in corneal edema. 

 

 

 

o Anterior Chamber: 

▪ Assessing angles for open or 

closed configurations (angle-

closure glaucoma). 

o Post-Surgical Assessment: 

▪ Post-keratoplasty evaluation. 

▪ Lens positioning in 

pseudophakia. 

3. OCT Angiography (OCTA): 

o Provides non-invasive imaging of retinal 

and choroidal vasculature without the 

use of dyes. 

o Useful for detecting ischemia, 

neovascularization, and vascular 

anomalies. 

 

Advantages 

1. Non-invasive and Non-contact: Provides 

patient comfort. 

2. High Resolution: Resolves structures up to 3–5 

µm. 

3. Real-time Imaging: Offers dynamic assessment 

of tissues. 

4. Wide Clinical Utility: Effective for retina, optic 

nerve, and anterior segment. 

5. Monitoring Disease Progression: Quantitative 

analysis of changes over time. 

 

Difficulties and Limitations 

1. Media Opacity: 

o Poor visualization in cases of dense 

cataracts, vitreous hemorrhage, or 

corneal scars. 

2. Motion Artifacts: 

o Requires good patient cooperation and 

fixation. 

3. Small Field of View: 

o Limited to specific areas unless multiple 

scans are stitched together. 
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4. Cost: 

o High initial cost of the equipment and 

maintenance. 

5. Training: 

o Requires expertise for accurate 

interpretation of scans. 

 

Summary Table 

Aspect Details 

Principle Low-coherence interferometry using 

infrared light. 

Uses Retina (macular hole, AMD, edema), 

Glaucoma (RNFL, ONH), Anterior 

Segment (cornea, angles). 

Advantages Non-invasive, high resolution, real-time 

imaging. 

Difficulties Media opacities, motion artifacts, cost, 

requires expertise. 
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POLYMERASE CHAIN REACTION (PCR) AND ITS 

APPLICATIONS IN OPHTHALMOLOGY 

Polymerase Chain Reaction (PCR) is a powerful 

molecular diagnostic tool used for amplifying specific 

DNA sequences, enabling the detection of pathogens, 

mutations, or genetic markers in very small samples. 

 

Principle 

PCR amplifies a target DNA sequence using: 

1. Template DNA: The target genetic material to be 

amplified. 

2. Primers: Short synthetic oligonucleotides 

complementary to the flanking regions of the 

target DNA. 

3. DNA Polymerase: Thermostable enzyme (e.g., 

Taq polymerase) that synthesizes DNA. 

4. Nucleotides (dNTPs): Building blocks of DNA. 

5. Thermal Cycler: A device that cycles through 

temperature phases required for: 

o Denaturation (94–96°C): Unwinding 

DNA strands. 

o Annealing (50–65°C): Binding primers to 

the target sequence. 

o Extension (72°C): DNA synthesis by 

polymerase. 

The exponential amplification generates millions of DNA 

copies within hours. 

 

Types of PCR in Ophthalmology 

1. Conventional PCR: Basic amplification and 

detection. 

2. Real-Time PCR (qPCR): Quantifies DNA 

amplification in real-time using fluorescent 

markers. 

3. Reverse Transcriptase PCR (RT-PCR): Converts 

RNA into complementary DNA (cDNA) for 

amplification. 

4. Multiplex PCR: Detects multiple pathogens or 

targets in a single reaction. 

 

 

 

Applications in Ophthalmology 

1. Infectious Uveitis: 

o Detects DNA of pathogens in aqueous or 

vitreous samples. 

o Examples: 

▪ Viral causes: Herpes simplex 

virus (HSV), cytomegalovirus 

(CMV), varicella-zoster virus 

(VZV). 

▪ Bacterial infections: 

Mycobacterium tuberculosis 

(ocular TB), Treponema 

pallidum (syphilis). 

▪ Parasitic infections: 

Toxoplasma gondii. 

2. Corneal Infections: 

o Identification of fungal, bacterial, or viral 

DNA in corneal ulcers. 

o Specific detection of Acanthamoeba 

and fungal species. 

3. Retinal Diseases: 
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o Detection of pathogens in retinal 

necrosis syndromes (acute retinal 

necrosis [ARN] caused by HSV/VZV). 

o Used in endogenous endophthalmitis to 

identify rare or unusual organisms. 

4. Genetic Eye Diseases: 

o Detects mutations associated with 

conditions like retinitis pigmentosa or 

Leber’s congenital amaurosis. 

5. Oncology: 

o Identifies genetic mutations in uveal 

melanoma and other ocular tumors. 

6. Epidemiological Studies: 

o Traces outbreaks or sources of 

infectious diseases using genomic 

sequencing of pathogens amplified by 

PCR. 

 

 

 

 

Advantages 

1. High Sensitivity and Specificity: 

o Detects minute quantities of DNA. 

2. Rapid Diagnosis: 

o Results available within hours. 

3. Broad Applicability: 

o Detects various organisms, even 

unculturable ones. 

4. Versatility: 

o Can be used for genotyping, pathogen 

detection, and monitoring mutations. 

 

Difficulties and Limitations 

1. Sample Quality: 

o Requires adequate DNA or RNA in the 

sample. 

2. Contamination Risk: 

o Highly sensitive to contamination, which 

may yield false positives. 

3. Cost: 

o Equipment and reagents can be 

expensive. 

4. Limited Availability: 

o Not widely accessible in low-resource 

settings. 

5. Technical Expertise: 

o Requires skilled personnel for operation 

and result interpretation. 

 

 

 

 

 

 

 

 

 

Summary Table 
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Aspect Details 

Principle Amplification of DNA using thermal 

cycling and DNA polymerase. 

Applications Infectious uveitis, corneal infections, 

genetic studies, oncology. 

Advantages Rapid, sensitive, detects unculturable 

pathogens. 

Difficulties Contamination, cost, need for 

expertise. 
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SPECULAR MICROSCOPY 

Specular microscopy is a specialized imaging technique 

that evaluates the corneal endothelium in vivo.  

It provides detailed information about endothelial cell 

density, size, and morphology, making it invaluable for 

diagnosing and monitoring corneal pathologies and 

assessing surgical outcomes. 

 

Principle 

Specular microscopy is based on reflected light 

microscopy: 

1. Light Reflection: 

o A narrow slit of light is focused onto the 

corneal surface. 

o At the interface between the corneal 

endothelium and aqueous humor, a 

small fraction of light (~0.02%) is 

reflected due to the difference in 

refractive indices. 

2. Image Formation: 

o The reflected light is captured, forming a 

high-magnification image of the 

endothelial mosaic. 

3. Quantitative Measurements: 

o Automated software analyzes cell 

density, hexagonality, and variability in 

cell size (polymegathism). 

 

Types of Specular Microscopes 

1. Contact Specular Microscopy: 

o Requires physical contact with the 

cornea using a coupling agent. 

o Provides high-resolution images but 

may cause patient discomfort and 

carries a small risk of infection. 

2. Non-Contact Specular Microscopy: 

o Uses a beam angled to avoid reflections 

from the anterior corneal surface. 

o Patient-friendly and widely used 

clinically, though slightly lower 

resolution than contact systems. 

 

3. Wide-Field Specular Microscopy: 

o Expands the field of view (up to 800 μm) 

to include larger areas of the cornea. 

o Useful for capturing more extensive 

endothelial abnormalities. 

 

Clinical Parameters Assessed 

1. Endothelial Cell Density (ECD): 

o Normal: 2500–3000 cells/mm² in young 

adults. 

o Reduced density is indicative of 

endothelial damage or dysfunction. 

2. Polymegathism: 

o Variation in cell size, measured as 

coefficient of variation (CV). 

o Normal CV: ≤0.30; higher values indicate 

endothelial stress or disease. 

3. Pleomorphism: 

o Measures the percentage of hexagonal 

cells (normal: ≥50–70% hexagonality). 
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o Decreased hexagonality suggests 

endothelial cell instability. 

4. Pachymetry: 

o Measures central corneal thickness, 

often used in conjunction with 

endothelial evaluation. 

 

Applications of Specular Microscopy 

1. Corneal Endothelial Disorders: 

o Fuchs’ Endothelial Dystrophy: Detects 

guttata and tracks endothelial cell loss. 

o Posterior Polymorphous Corneal 

Dystrophy (PPCD): Identifies abnormal 

endothelial morphology. 

2. Surgical Planning and Monitoring: 

o Cataract Surgery: Evaluates the risk of 

corneal decompensation. 

o Refractive Surgery: Assesses corneal 

health pre- and post-operatively. 

o Corneal Transplants: Used to assess 

donor corneas and monitor graft health. 

3. Intraocular Device-Related Changes: 

o Monitors endothelial damage from 

intraocular lenses or glaucoma drainage 

devices. 

4. Contact Lens-Related Complications: 

o Detects hypoxia-induced endothelial 

stress or trauma. 

5. Ocular Trauma: 

o Quantifies endothelial damage caused 

by blunt or penetrating injuries. 

6. Toxicity Evaluation: 

o Assesses corneal changes caused by 

medications or toxic substances. 

 

Advantages 

1. Non-Invasive: 

o Particularly with non-contact systems, 

providing patient comfort. 

2. Real-Time Imaging: 

o Enables direct visualization and analysis 

of the corneal endothelium. 

3. High Sensitivity: 

o Can detect subclinical endothelial 

damage or dysfunction. 

4. Quantitative Data: 

o Objective measurements aid in tracking 

disease progression and response to 

treatment. 

 

Challenges and Limitations 

1. Motion Artifacts: 

o Patient eye movement can degrade 

image quality. 

2. Learning Curve: 

o Proper operation and interpretation 

require training. 

3. Cost: 

o Equipment is expensive, making it less 

accessible in resource-constrained 

settings. 
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4. Limited Depth: 

o Cannot evaluate layers beyond the 

endothelium effectively. 

5. Accuracy Issues: 

o Highly dependent on image quality and 

alignment, which can affect 

reproducibility. 

 

Comparison: Contact vs. Non-Contact Specular 

Microscopy 

Aspect Contact 

Specular 

Microscopy 

Non-Contact 

Specular 

Microscopy 

Patient 

Comfort 

Less comfortable More comfortable 

Risk of 

Infection 

Present Absent 

Resolution Higher Slightly lower 

Ease of Use Requires 

coupling agent 

User-friendly 

 

Advantages Over Other Techniques 

Feature Specular 

Microscopy 

Alternative (Slit 

Lamp) 

Endothelial 

Imaging 

Direct 

visualization of 

cell layers 

Indirect 

observation of 

guttata 

Quantification Cell count, size, 

and 

morphology 

Subjective 

interpretation 

 

 

 

 

 

 

 

 

 

 

Summary Table 

Aspect Details 

Principle Light reflection at endothelial-

aqueous humor interface. 

Key 

Measurements 

Endothelial cell density, 

polymegathism, pleomorphism, 

pachymetry. 

Clinical 

Applications 

Fuchs' dystrophy, surgical 

monitoring, corneal graft 

evaluation. 

Advantages Non-invasive, real-time, 

quantitative data. 

Challenges Motion artifacts, cost, need for 

expertise. 
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STERILIZATION OF INTRAOCULAR LENSES 

(IOLS) AND OPHTHALMIC SURGICAL 

INSTRUMENTS 

Sterilization is crucial in ophthalmology to prevent post-

operative infections, particularly endophthalmitis, which 

is potentially sight-threatening.  

It involves eliminating all microbial life, including 

bacterial spores, from surgical instruments and 

intraocular lenses (IOLs). 

 

Sterilization Techniques 

1. Autoclaving (Steam Sterilization): 

o Principle: High-pressure saturated 

steam (121–134°C) denatures proteins 

and kills microorganisms, including 

spores. 

o Uses: 

▪ Metallic surgical instruments 

like forceps, scissors, and 

clamps. 

▪ Instruments not sensitive to 

heat or moisture. 

o Advantages: 

▪ Reliable and cost-effective. 

▪ Suitable for bulk sterilization. 

o Limitations: 

▪ Not suitable for IOLs, heat-

sensitive instruments, or 

devices with complex optics. 

2. Ethylene Oxide (ETO) Sterilization: 

o Principle: ETO gas alkylates microbial 

DNA, effectively killing all forms of 

microorganisms. 

o Uses: 

▪ Heat-sensitive instruments, 

plastic instruments, and pre-

packaged IOLs. 

o Advantages: 

▪ Low temperature makes it ideal 

for delicate devices. 

 

 

 

o Limitations: 

▪ Time-consuming (up to 16 

hours). 

▪ Requires proper aeration to 

remove toxic residues. 

3. Hydrogen Peroxide Plasma (Sterrad): 

o Principle: Hydrogen peroxide vapor is 

energized into plasma, producing free 

radicals that destroy microorganisms. 

o Uses: 

▪ Heat- and moisture-sensitive 

instruments like phaco 

handpieces, endoscopes, and 

IOLs. 

o Advantages: 

▪ Rapid cycle time (less than an 

hour). 

▪ Eco-friendly as it leaves no toxic 

residues. 
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o Limitations: 

▪ Expensive and not suitable for 

materials that absorb hydrogen 

peroxide. 

4. Cold Sterilization (Chemical Immersion): 

o Agents: Glutaraldehyde (2%), Ortho-

phthalaldehyde (OPA), and Peracetic 

acid. 

o Uses: 

▪ Instruments that cannot 

withstand high temperatures, 

such as delicate microsurgical 

instruments. 

o Advantages: 

▪ Effective against most 

microorganisms. 

o Limitations: 

▪ Requires long exposure times. 

▪ May cause corrosion with 

prolonged use. 

 

 

 

5. Gamma Radiation: 

o Principle: High-energy gamma rays 

damage microbial DNA, leading to 

sterilization. 

o Uses: 

▪ Pre-packed disposable IOLs 

and certain ophthalmic 

devices. 

o Advantages: 

▪ Suitable for bulk processing. 

o Limitations: 

▪ Requires specialized facilities 

and is not reusable for 

instruments. 

6. UV Sterilization: 

o Principle: Short-wave ultraviolet light 

(UV-C) disrupts microbial DNA. 

o Uses: 

▪ Surface sterilization of 

instrument trays or ophthalmic 

diagnostic tools. 

o Advantages: 

▪ Rapid and eco-friendly. 

o Limitations: 

▪ Limited penetration; unsuitable 

for complex or porous 

instruments. 

 

Sterilization of IOLs 

• ETO Sterilization: 

o Commonly used for pre-packed 

hydrophilic or hydrophobic IOLs. 

o Prevents thermal damage or material 

deformation. 

• Gamma Irradiation: 

o Used for IOLs during mass production to 

ensure sterility. 
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Sterilization of Specific Ophthalmic Instruments 

1. Phacoemulsification Handpieces: 

o Sterrad (hydrogen peroxide plasma) is 

the preferred method due to heat 

sensitivity. 

o Chemical sterilization with 

glutaraldehyde or OPA is an alternative. 

2. Microsurgical Instruments: 

o Autoclaving is suitable for robust metal 

instruments. 

o Hydrogen peroxide plasma or ETO 

sterilization for delicate devices. 

3. Speculums, Forceps, and Scissors: 

o Autoclaving or dry heat sterilization. 

o Chemical immersion as an alternative 

for heat-sensitive variants. 

4. Vitrectomy Probes: 

o ETO sterilization or Sterrad due to their 

delicate structure and heat sensitivity. 

 

Advantages of Proper Sterilization 

1. Prevents Infections: 

o Minimizes risk of endophthalmitis and 

other post-operative complications. 

2. Prolongs Instrument Lifespan: 

o Ensures instruments remain functional 

without corrosion or damage. 

3. Compliance with Standards: 

o Meets sterility regulations (e.g., 

ANSI/AAMI standards). 

 

Challenges in Sterilization 

1. Time-Consuming: 

o Some methods, like ETO and gamma 

irradiation, require long cycles. 

2. Cost: 

o Advanced methods (Sterrad, ETO) 

involve high operational costs. 

 

3. Training: 

o Requires skilled personnel for proper 

handling and operation of sterilizers. 

4. Compatibility Issues: 

o Not all methods are suitable for all 

instruments or materials. 

 

Summary Table 

Method Principle Uses Limitations 

Autoclaving Steam 

sterilization 

Metals, 

robust 

instruments 

Not for 

heat-

sensitive 

instruments 

ETO 

Sterilization 

DNA 

alkylation by 

gas 

Heat-

sensitive 

devices, 

IOLs 

Time-

consuming, 

toxic 

residues 

Hydrogen 

Peroxide 

Plasma 

Free radical 

generation 

Phaco tips, 

endoscopes, 

High cost 
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delicate 

devices 

Chemical 

Immersion 

Chemical 

denaturation 

Delicate 

instruments 

Corrosive 

with 

prolonged 

use 

Gamma 

Radiation 

DNA 

disruption 

by gamma 

rays 

Pre-packed 

IOLs 

Facility-

dependent 

 

Mnemonic for Sterilization Methods 

"All Experts Help Clean Glass Instruments": 

• Autoclaving 

• ETO 

• Hydrogen Peroxide Plasma 

• Chemical Immersion 

• Gamma Radiation 

• Instruments (UV for surface sterilization). 
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ULTRASONOGRAPHY IN OPHTHALMOLOGY 

Ultrasonography (USG) in ophthalmology is a diagnostic 

imaging technique that uses high-frequency sound waves 

to visualize ocular and orbital structures.  

It is particularly useful in cases where media opacities 

(e.g., dense cataract or vitreous hemorrhage) prevent 

direct visualization. 

 

Principles of Ultrasonography 

1. Sound Wave Reflection: 

o High-frequency sound waves (~10 MHz) 

are transmitted into the eye via a probe. 

o Reflected waves from tissue interfaces 

of different acoustic impedance are 

captured and processed to form images. 

2. Types of Ultrasound Displays: 

o A-Scan (Amplitude Modulation): 

▪ Provides a one-dimensional 

representation of echo 

amplitude versus distance. 

▪ Used for axial length 

measurement, biometry, and 

tissue characterization. 

o B-Scan (Brightness Modulation): 

▪ Provides a two-dimensional 

cross-sectional image of ocular 

structures. 

▪ Useful for assessing posterior 

segment pathologies in the 

presence of media opacities. 

 

Types of Ultrasonography 

1. A-Scan Ultrasonography: 

o Description: 

▪ A one-dimensional technique 

used for axial measurements 

and tissue reflectivity analysis. 

o Uses: 

▪ Biometry: IOL power 

calculations for cataract 

surgery. 

▪ Measurement of anterior 

chamber depth, lens thickness, 

and axial length. 

▪ Identification of masses (e.g., 

tumors) based on echogenicity. 

2. B-Scan Ultrasonography: 

o Description: 

▪ Produces two-dimensional, 

real-time cross-sectional 

images. 

o Uses: 

▪ Detecting retinal detachment, 

vitreous hemorrhage, tumors, 

and foreign bodies. 

▪ Identifying posterior scleral 

rupture or inflammation in 

posterior scleritis. 

▪ Monitoring intraocular tumors 

or pathology in blind eyes. 

3. Ultrasound Biomicroscopy (UBM): 

o Description: 

▪ Uses ultrahigh-frequency 

sound waves (50–100 MHz) for 
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near-microscopic resolution of 

anterior segment structures. 

o Uses: 

▪ Imaging of anterior chamber 

angles, iris, ciliary body, and IOL 

positioning. 

▪ Diagnosis of plateau iris, 

cyclodialysis, and small ocular 

foreign bodies. 

4. Doppler Ultrasonography: 

o Description: 

▪ Evaluates blood flow in orbital 

vessels using Doppler 

technology. 

o Uses: 

▪ Diagnosing carotid-cavernous 

fistula, central retinal 

vein/artery occlusion, and 

orbital vascular lesions. 

 

Applications in Ophthalmology 

1. Anterior Segment: 

o Measurement of anterior chamber 

depth. 

o Identification of anterior segment 

masses, foreign bodies, and plateau iris. 

o Corneal pachymetry for thickness 

evaluation. 

2. Posterior Segment: 

o Detection of retinal detachments, 

vitreous opacities, and tumors (e.g., 

melanoma, retinoblastoma). 

o Monitoring intraocular pathology 

obscured by dense media (e.g., mature 

cataract or vitreous hemorrhage). 

o Differentiating between retinal 

detachment and posterior vitreous 

detachment. 

3. Orbit: 

o Identification of orbital tumors, cysts, 

and foreign bodies. 

o Doppler USG for vascular abnormalities 

like orbital varices and arteriovenous 

malformations. 

o Assessment of optic nerve sheath 

diameter in papilledema or 

pseudotumor cerebri. 

 

Advantages 

1. Non-invasive and safe imaging technique. 

2. Provides real-time imaging for dynamic 

assessment. 

3. Effective in cases of media opacities, where 

fundus visualization is not possible. 

4. Portable and cost-effective compared to CT or 

MRI. 

 

Limitations 

1. Requires skilled operators for accurate probe 

placement and interpretation. 

2. Limited resolution compared to advanced 

imaging modalities like OCT or MRI. 



Author: Dr Ranjan Sharma MBBS MS Ophthalmology   
 

 94  
 

3. Artifacts caused by silicone oil, dense 

calcifications, or intraocular gas may hinder 

imaging. 

 

Summary Table 

Type Description Uses 

A-Scan 1D amplitude-

based imaging 

Axial length 

measurement, IOL 

biometry, tissue 

characterization. 

B-Scan 2D cross-

sectional 

imaging 

Retinal detachments, 

vitreous hemorrhage, 

tumors, posterior 

scleritis. 

UBM High-

frequency 

anterior 

imaging 

Anterior segment details: 

angle closure, plateau 

iris, small anterior 

masses. 

Doppler 

USG 

Blood flow 

assessment 

Orbital vascular lesions, 

carotid-cavernous 

fistula, retinal vascular 

occlusions. 
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USES OF PRISMS IN OPHTHALMOLOGY 

Prisms are triangular optical devices that alter the path of 

light by bending it towards the base of the prism while 

displacing the apparent position of the image towards the 

apex.  

This property makes prisms highly versatile for diagnostic, 

therapeutic, and optical applications in ophthalmology. 

 

Principle of Prisms 

Prisms work by refracting light at two surfaces: 

1. Angle of Deviation: 

o The deviation of light depends on the 

prism's power (measured in prism 

diopters, Δ). 

o A prism diopter (Δ) displaces an object 1 

cm at a distance of 1 meter. 

2. Image Displacement: 

o Light is bent toward the base, and the 

image is shifted toward the apex. 

 

Diagnostic Uses of Prisms 

1. Measurement of Ocular Deviations: 

o Prism Bar Cover Test: 

▪ Alternating cover tests with 

increasing prism strength are used to 

quantify the angle of deviation in patients 

with strabismus. 

o Krimsky Test: 

▪ Prism placement in front of the 

deviating eye aligns corneal reflexes, 

allowing estimation of ocular deviation. 

2. Fusional Reserve Testing: 

o Prisms are used to assess the patient’s 

ability to maintain single binocular 

vision under stress. 

o Example: Base-out prisms test 

convergence; base-in prisms test 

divergence. 

 

 

 

 

3. Detection of Microtropia: 

o 4Δ Prism Test: 

▪ A 4-diopter prism is placed over 

one eye. The presence or 

absence of a fusional 

movement helps identify 

microtropia. 

4. Post-Surgical Assessment: 

o Prisms are used to measure residual 

ocular deviation and predict the risk of 

diplopia following strabismus surgery. 

5. Evaluation of Malingering: 

o Prisms are used to detect simulated 

blindness or exaggerated visual 

complaints by observing reflex 

movements. 

6. Prisms in Ophthalmic Instruments: 

o Prisms are integral components in 

various diagnostic devices: 

▪ Gonioscopes: Used to view the 

anterior chamber angle. 
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▪ Keratometers: Measure 

corneal curvature. 

▪ Applanation Tonometers: 

Accurate IOP measurements. 

▪ Slit Lamps: Provide 

illumination and visualization. 

 

Therapeutic Uses of Prisms 

1. Correction of Phorias and Tropias: 

o Base-Out Prisms: 

▪ Correct esophoria or 

convergence insufficiency. 

o Base-In Prisms: 

▪ Correct exophoria or divergence 

insufficiency. 

o Prism placement reduces the demand 

on extraocular muscles, improving 

binocular function. 

 

 

 

2. Management of Diplopia: 

o Relieves double vision caused by 

paralytic or decompensated strabismus 

in the primary gaze. 

o Yoked prisms are used to shift the visual 

field toward the area of binocular 

overlap. 

3. Treatment of Nystagmus: 

o Yoked Prisms: 

▪ Redirect the image into the null 

point (position where 

nystagmus intensity is 

reduced), improving visual 

stability. 

4. Field Expansion in Visual Field Defects: 

o Fresnel Prisms: 

▪ Thin, flexible prisms attached to 

spectacles that redirect images 

into the blind field. 

▪ Used in hemianopia, tunnel 

vision, or retinitis pigmentosa. 

o Peli Prisms: 

▪ Specialized prisms for 

hemianopia to expand 

peripheral awareness without 

compromising central vision. 

5. Enhancing Binocular Vision in Presbyopia: 

o Prisms in bifocal or multifocal glasses 

improve convergence, aiding near work. 

6. Amblyopia Therapy: 

o Prisms can be used to center an 

eccentric fixation point, facilitating 

visual training. 

 

Types of Prisms 

1. Fresnel Prisms: 

o Made of thin plastic sheets, easily 

applied to spectacle lenses. 

o Advantages: 

▪ Lightweight and adaptable for 

temporary correction. 
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o Limitations: 

▪ Reduced visual clarity and 

cosmetic acceptability. 

2. Ground-in Prisms: 

o Permanently incorporated into 

spectacle lenses. 

o Provide better optics and aesthetic 

appeal compared to Fresnel prisms. 

3. Slab-Off Prisms: 

o Designed for correcting vertical 

imbalance in anisometropia. 

o Applied to the lower segment of bifocal 

or multifocal lenses. 

4. Yoked Prisms: 

o Prism bases are oriented in the same 

direction for both eyes. 

o Used in conditions like visual field 

defects and nystagmus. 

 

Advantages of Prisms 

1. Non-Invasive: 

o Simple and reversible method for 

therapeutic and diagnostic 

interventions. 

2. Versatility: 

o Can be used in various forms, such as 

spectacle-mounted, Fresnel, or ground-

in prisms. 

3. Wide Applications: 

o Effective in both static and dynamic 

conditions like nystagmus, phorias, and 

field defects. 

 

Limitations of Prisms 

1. Cosmetic Issues: 

o Fresnel prisms can be visually 

unappealing. 

2. Reduced Visual Clarity: 

o Fresnel prisms can reduce acuity due to 

light dispersion. 

3. Complexity in High Powers: 

o High-power prisms may induce image 

distortion and chromatic aberrations. 

4. Skill-Dependent: 

o Requires proper prescription and 

alignment for optimal results. 

 

Summary Table 

Category Details 

Diagnostic 

Uses 

Ocular deviation measurement, 

fusional reserve, malingering, 

microtropia detection. 

Therapeutic 

Uses 

Phorias/tropias correction, diplopia 

management, field expansion, 

amblyopia therapy. 

Types Fresnel, ground-in, slab-off, yoked 

prisms. 

Advantages Non-invasive, versatile, widely 

applicable. 
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Limitations Cosmetic concerns, visual clarity 

reduction, high-power limitations, 

and dependency on expertise. 

 

Mnemonic for Uses of Prisms 

"Test And Treat Eyes Promptly": 

• Test: Diagnostic applications (e.g., deviations, 

reflexes). 

• Adjust: Correct phorias/tropias. 

• Treat: Manage diplopia and expand visual fields. 

• Enhance: Improve binocular vision. 

• Position: Redirect light for therapy in nystagmus 

or field defects. 

 

References 

• Theory and Practice of Optics and Refraction, 

5th Edition (Chapter on Prisms, p. 105–112). 

• Kanski’s Clinical Ophthalmology, 10th Edition 

(p. 210–215). 

• Textbook of Ophthalmology by Mittal, 

Diagnostic Applications Section (p. 125–132). 
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Lacrimal System
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BIOCHEMISTRY OF TEARS 

Tears are essential for maintaining ocular health, 

providing a clear optical surface, and protecting against 

infection. The biochemistry of tears reflects its 

multifaceted roles, including hydration, lubrication, 

immune defense, and nutrient delivery. 

 

Structure of the Tear Film 

The tear film has three distinct layers: 

1. Lipid Layer (Outer): 

o Secreted by the Meibomian glands. 

o Composition: Phospholipids, 

cholesterol esters, triglycerides. 

o Functions: 

▪ Reduces evaporation of the 

aqueous layer. 

▪ Maintains tear film thickness 

and acts as a surfactant. 

▪ Deficiency can lead to 

evaporative dry eye. 

2. Aqueous Layer (Middle): 

o Produced by the main lacrimal glands 

(95%) and accessory glands of Krause 

and Wolfring. 

o Composition: 

▪ Water (98.2%) and electrolytes: 

Na⁺, K⁺, Cl⁻, HCO₃⁻. 

▪ Proteins: Lysozyme, lactoferrin, 

immunoglobulins (IgA, IgG), 

growth factors. 

▪ Enzymes: Lactate 

dehydrogenase (LDH). 

▪ Small organic molecules: 

Glucose, urea. 

o Functions: 

▪ Provides oxygen to the corneal 

epithelium. 

▪ Washes away debris and 

noxious stimuli. 

▪ Contains antibacterial 

substances, such as lysozyme 

and lactoferrin. 

3. Mucin Layer (Inner): 

o Secreted by goblet cells of the 

conjunctiva and glands of Manz. 

o Composition: Mucins (glycoproteins). 

o Functions: 

▪ Converts the hydrophobic 

corneal surface into a 

hydrophilic one, allowing 

uniform tear spreading. 

▪ Lubricates and stabilizes the 

tear film. 

 

Chemical Composition of Tears 

Constituents Tears Plasma 

Water 98.2% 94% 

Electrolytes Na⁺: 142 

mEq/L, K⁺: 15–

29 mEq/L, Cl⁻: 

Similar 

concentrations 

except K⁺ is much 

lower. 
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120–135 

mEq/L 

Proteins 0.6–2 g/100 mL 6.78 g/100 mL 

Glucose 3–10 mg/100 

mL 

80–90 mg/100 mL 

Urea 0.04 mg/100 

mL 

20–40 mg/100 mL 

Amino Acids 8 mg/100 mL Higher 

concentrations in 

plasma. 

• Proteins include lysozyme (antibacterial), 

lactoferrin (iron-binding protein), and 

immunoglobulins (IgA predominates in tears). 

 

Functions of Tears 

1. Optical Function: 

o Smooths out corneal irregularities to 

provide a refractive surface for clear 

vision. 

2. Nutritional Function: 

o Supplies oxygen and nutrients like 

glucose to the corneal epithelium. 

 

3. Immune Defense: 

o Lysozyme, lactoferrin, and IgA offer 

antibacterial and antiviral protection. 

4. Lubrication: 

o Minimizes friction during blinking and 

eye movements. 

5. Mechanical Cleansing: 

o Removes debris, dead cells, and toxins 

from the ocular surface. 

6. Repair and Healing: 

o Contains growth factors that promote 

epithelial regeneration following injury. 

 

Clinical Relevance 

1. Dry Eye Syndrome: 

o Caused by reduced tear production or 

altered tear composition. 

o Can result in ocular surface damage and 

inflammation. 

2. Keratoconjunctivitis Sicca: 

o Associated with autoimmune conditions 

like Sjögren syndrome, leading to severe 

dry eyes. 

3. Tear Film Osmolarity: 

o Elevated osmolarity indicates dry eye 

and tear film instability. 

4. Diabetes: 

o Increased glucose levels in tears can 

indicate hyperglycemia. 

5. Infection and Inflammation: 

o Altered protein profiles, such as 

increased lactoferrin or IgE, can indicate 

allergic or infectious conditions. 

 

Mnemonic for Tear Functions 

"Tears Help Keep Vision Clear": 

• Transparency (optical). 



Author: Dr Ranjan Sharma MBBS MS Ophthalmology   
 

 102  
 

• Hydration (moistening). 

• Kleaning (mechanical cleansing). 

• Viral/bacterial protection (immune). 

• Connection (lubrication during blinking). 
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DYNAMICS OF TEAR FILM: FORMATION, 

CIRCULATION, AND DRAINAGE 

The tear film is a thin, multi-layered structure that 

provides moisture, nourishment, and protection to the 

ocular surface. Its formation, circulation, and drainage 

involve complex dynamics orchestrated by the lacrimal 

system and eyelid movements. 

 

1. Formation of the Tear Film 

The tear film consists of three layers, each with distinct 

functions and origins: 

1. Lipid Layer (Outer Layer): 

o Secreted by: Meibomian glands and 

glands of Zeiss. 

o Function: 

▪ Reduces evaporation of the 

aqueous layer. 

▪ Provides stability to the tear film 

and prevents tear overflow. 

2. Aqueous Layer (Middle Layer): 

o Secreted by: Lacrimal gland (main and 

accessory glands of Krause and 

Wolfring). 

o Function: 

▪ Provides nutrients like glucose 

and oxygen to the corneal 

epithelium. 

▪ Contains antibacterial proteins 

such as lysozyme and 

lactoferrin. 

3. Mucin Layer (Inner Layer): 

o Secreted by: Goblet cells of the 

conjunctiva and glands of Manz. 

o Function: 

▪ Converts the hydrophobic 

corneal surface into a 

hydrophilic one for even 

spreading of tears. 

▪ Facilitates adhesion of the 

aqueous layer to the ocular 

surface. 

 

2. Circulation of Tear Film 

The dynamics of tear film spreading are largely dependent 

on blinking: 

• Blinking Mechanism: 

o During blinking, the eyelids distribute 

the tear film uniformly across the ocular 

surface. 

o Shear forces created by lid movement 

help mix stagnant fluid and spread fresh 

tear fluid over the cornea. 

• Flow Path: 

o Tears flow from the lacrimal gland into 

the upper conjunctival fornix. 

o The fluid spreads across the cornea and 

conjunctiva, moving toward the medial 

canthus due to the temporal-to-nasal 

direction of blinking. 

 

3. Drainage of Tears 

Tears are drained via the lacrimal drainage system: 

1. Pathway of Drainage: 
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o Puncta: Two small openings on the 

upper and lower eyelid margins. 

o Canaliculi: Vertical and horizontal 

portions carry tears to the lacrimal sac. 

o Lacrimal Sac: Stores tears temporarily 

before they enter the nasolacrimal duct. 

o Nasolacrimal Duct (NLD): Tears flow 

into the nasal cavity via the inferior 

meatus. 

2. Role of the Lacrimal Pump: 

o During Blinking: 

▪ Contraction of the orbicularis 

oculi compresses the lacrimal 

sac, creating negative pressure. 

▪ Tears are drawn into the sac 

from the canaliculi. 

o When Eyelids Open: 

▪ Relaxation of the muscle 

creates positive pressure in the 

sac, pushing tears into the NLD. 

 

3. Evaporation: 

o A portion of the tear film evaporates, 

which is influenced by factors such as 

blinking rate, ambient temperature, and 

humidity. 

 

Key Parameters of Tear Film Dynamics 

Aspect Details 

Tear Secretion 

Rate 

1.2 µL/min. 

Tear Film 

Thickness 

Approximately 8 µm. 

Turnover Time 5–7 minutes. 

Evaporation 25% of tears lost via evaporation. 

Drainage 

Efficiency 

70% drained via the lower 

canaliculus. 

 

4. Clinical Relevance 

1. Dry Eye Syndrome: 

o Caused by reduced tear production or 

increased evaporation. 

o Results in unstable tear film and ocular 

discomfort. 

2. Epiphora: 

o Overflow of tears due to defective 

drainage (e.g., NLD obstruction). 

3. Evaluation of Tear Dynamics: 

o Tests such as the Schirmer Test, 

Fluorescein Break-Up Time (FBUT), 

and lacrimal syringing assess tear 

production, stability, and drainage. 

 

Mnemonic for Tear Film Dynamics 

"Some Eyes Require Steady Care": 

• Secretion of tears. 

• Even spreading (via blinking). 

• Retention on the ocular surface. 

• Stabilization by lipid and mucin layers. 

• Circulation and drainage. 
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DYE TESTS FOR EVALUATING CHRONIC 

DACRYOCYSTITIS 

Chronic dacryocystitis involves the inflammation of the 

lacrimal sac due to nasolacrimal duct obstruction, 

leading to tear stagnation, infection, and epiphora. Dye 

tests are pivotal in evaluating the patency and 

functionality of the lacrimal drainage system. 

 

Key Dye Tests 

1. Fluorescein Dye Disappearance Test (FDDT) 

• Procedure: 

o Instill 1 drop of fluorescein dye into both 

conjunctival sacs. 

o Observe the tear meniscus after 5 

minutes using a cobalt blue filter. 

• Interpretation: 

o Normal: Minimal fluorescein remains in 

the conjunctival sac (+0 to +1 grade). 

o Abnormal: Retention of dye (+2 to +4) 

indicates impaired tear drainage, either 

due to obstruction or atonia of the 

lacrimal sac. 

• Limitations: 

o Cannot differentiate between upper and 

lower lacrimal drainage system 

obstructions. 

• Clinical Use: Best as a complementary test with 

Jones dye tests or dacryocystography. 

 

2. Lacrimal Syringing 

• Procedure: 

o Performed under topical anesthesia. 

o Saline is pushed into the lacrimal sac 

through the lower punctum using a 

syringe and a lacrimal cannula. 

• Interpretation: 

o Free passage of saline into the nose: 

Normal patency of the drainage system. 

o Reflux of saline: 

▪ Through the same punctum: 

Canalicular obstruction. 

▪ Through the upper punctum: 

Nasolacrimal duct or common 

canaliculus obstruction. 

o Partial obstruction: Saline passes with 

resistance. 

• Clinical Use: 

o Distinguishes the level of obstruction in 

the lacrimal drainage system. 

 

3. Jones Dye Tests 

These tests are specifically designed to detect partial 

obstructions or lacrimal pump dysfunction. 

Jones Test I (Primary Test) 

• Procedure: 

o Instill 2% fluorescein dye into the 

conjunctival sac. 

o Insert a cotton-tipped swab moistened 

with local anesthetic under the inferior 

turbinate at the NLD opening. 

o After 5 minutes, inspect the swab for 

fluorescein dye. 
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• Interpretation: 

o Positive: Dye on the swab indicates 

patency, suggesting primary 

hypersecretion of tears. 

o Negative: No dye on the swab indicates 

partial obstruction or lacrimal pump 

failure. 

Jones Test II (Secondary Test) 

• Procedure: 

o If Test I is negative, flush the conjunctival 

sac with saline to remove residual 

fluorescein. 

o Perform lacrimal syringing, and check 

for fluorescein-stained saline at the 

inferior turbinate. 

• Interpretation: 

o Positive: Fluorescein-stained saline on 

the swab confirms partial NLD 

obstruction distal to the sac. 

o Negative: No fluorescein indicates 

obstruction in the upper drainage 

system (e.g., puncta, canaliculi) or 

lacrimal pump failure. 

 

4. Dacryocystography (DCG) 

• Procedure: 

o Inject a radiopaque dye (e.g., lipiodol) 

into the canaliculus. 

o Obtain lateral and posteroanterior 

radiographs to visualize the dye’s flow. 

• Interpretation: 

o Identifies the precise site and extent of 

obstruction. 

o Can also detect diverticula, strictures, 

or masses in the lacrimal drainage 

system. 

• Clinical Use: 

o Useful for surgical planning, such as 

dacryocystorhinostomy (DCR). 

 

5. Radionucleotide Testing (Lacrimal Scintillography) 

• Procedure: 

o Use technetium-99m to label tears. 

o Track the gamma-emitting tracer’s 

transit through the lacrimal drainage 

system using a gamma camera. 

• Advantages: 

o Non-invasive imaging of the functional 

integrity of the lacrimal drainage system. 

• Limitations: 

o Lacks detailed anatomical information. 

 

Summary Table 

Test Procedure Findings Clinical Use 

Fluorescein Dye Test Instill dye, observe tear 

meniscus 

Retained dye: Impaired 

drainage 

Lacrimal Syringing Flush saline through 

punctum 

Free flow: Patent; reflux: 

Obstruction 
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Jones Test I Fluorescein + nasal swab Positive: Patency; 

Negative: Obstruction 

Distinguishes hypersecretion 

vs. blockage 

Jones Test II Fluorescein + syringing Positive: NLD partial 

obstruction 

Confirms partial lower system 

obstruction 

Dacryocystography Radiopaque dye + X-ray Visualizes site and 

extent of obstruction 

Radionucleotide Scintigraphy Gamma-emitting tracer Functional flow imaging 

 

Mnemonic for Tests 

"Fast Lazy Doctors Just Don’t Relax": 

• Fluorescein Dye Test. 

• Lacrimal Syringing. 

• Dacryocystography. 

• Jones Test I. 

• Jones Test II. 

• Radionucleotide Scintigraphy. 
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Lens
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ANAEROBIC GLUCOSE METABOLISM IN THE 

LENS 

The crystalline lens, due to its avascular nature and low 

oxygen availability, predominantly relies on anaerobic 

glycolysis for its metabolic needs. This metabolic 

pathway is crucial for maintaining lens transparency, 

hydration, and ion homeostasis. 

 

1. Characteristics of Anaerobic Glycolysis in the Lens 

1. Primary Pathway: 

o Anaerobic glycolysis accounts for 80–

85% of glucose metabolism in the lens

. 

o The process occurs throughout the lens 

but is particularly active in the lens 

epithelium due to its high metabolic 

demands. 

2. Glucose Source: 

o Glucose enters the lens from the 

aqueous humor through diffusion and 

facilitated transport mechanisms. 

o The glucose concentration in the lens is 

approximately 1/10th of that in the 

aqueous humor. 

3. Steps in Anaerobic Glycolysis: 

o Glucose is phosphorylated to glucose-

6-phosphate by hexokinase. 

o Subsequent enzymatic reactions 

generate pyruvate, which is converted to 

lactate by lactate dehydrogenase. 

o Lactate diffuses out of the lens into the 

aqueous humor to prevent 

accumulation. 

4. ATP Yield: 

o The process produces 2 molecules of 

ATP per molecule of glucose—an 

energy yield significantly lower than 

aerobic pathways. 

 

2. Significance of Anaerobic Glycolysis 

1. Energy Production: 

o ATP generated supports: 

▪ Active transport mechanisms 

like Na+/K+ ATPase, which 

maintains ionic gradients. 

▪ Protein synthesis (e.g., 

crystallins). 

▪ Glutathione synthesis to 

combat oxidative stress. 

2. Adaptation to Hypoxic Environment: 

o The lens adapts to its low-oxygen 

environment by depending on this 

oxygen-independent pathway, ensuring 

continuous metabolic activity. 

3. Maintenance of Transparency: 

o Energy is critical for maintaining 

dehydration of the lens via ionic pumps, 

preventing swelling and opacification. 

 

3. Clinical Relevance 

1. Diabetes Mellitus and Cataracts: 

o Excess glucose enters the sorbitol 

pathway in hyperglycemia, leading to 

sorbitol accumulation. This causes 

osmotic stress, water influx, and lens 
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swelling, eventually resulting in cataract 

formation. 

2. Hypoglycemia: 

o In conditions like infantile 

hypoglycemia, glucose deprivation 

leads to depletion of ATP reserves, lens 

water accumulation, and loss of 

transparency. 

3. Oxidative Stress: 

o Inefficient ATP production through 

anaerobic glycolysis necessitates 

robust antioxidant defenses (e.g., 

glutathione), which are crucial for 

protecting lens proteins from oxidative 

damage. 

 

 

 

 

 

Summary Table 

Parameter Anaerobic Glycolysis in Lens 

Contribution to 

Metabolism 

80–85% of glucose metabolism 

ATP Yield 2 ATP molecules per glucose 

molecule 

End Product Lactate (diffuses into aqueous 

humor) 

Key Enzymes Hexokinase, Phosphofructokinase, 

Lactate Dehydrogenase 

Significance Energy production, ionic 

homeostasis, and maintenance of 

transparency 

Clinical 

Relevance 

Cataracts in diabetes (sorbitol 

pathway), hypoglycemia effects on 

transparency 

 

Mnemonic for Anaerobic Glycolysis in Lens 

"Low Oxygen, High Lactate, Transparent Lens": 

• Low oxygen reliance. 

• High lactate production. 

• Transparency maintenance via ionic balance. 

 

  



Author: Dr Ranjan Sharma MBBS MS Ophthalmology   
 

 113  
 

LENS METABOLISM AND FACTORS 

RESPONSIBLE FOR LENS TRANSPARENCY 

 
Lens Metabolism 
 
The metabolism of the lens plays a crucial role in 
maintaining its transparency and functionality. Since the 
lens is avascular, it relies on the aqueous humor for 
nutrient supply and waste disposal. Metabolism in the 
lens primarily revolves around carbohydrate metabolism, 
with glucose as its main energy source. The following 
metabolic pathways are involved: 

 1. Anaerobic Glycolysis (80% of glucose 
metabolism): 

 • Most glucose is metabolized anaerobically, as the 
lens has a low oxygen environment. 

 • The end product is lactate, which diffuses into the 
aqueous humor . 

 2. Pentose Phosphate Pathway (10%): 

 • This pathway generates NADPH, essential for 
maintaining glutathione in its reduced state, which 
protects lens proteins from oxidative damage . 

 3. Krebs Cycle (3%): 

 • Although limited to the epithelial cells due to the 
requirement for oxygen, it is highly efficient and 
contributes to ATP production . 

 4. Sorbitol Pathway (5%): 

 • Active during hyperglycemic states, it converts 
glucose into sorbitol. Accumulation of sorbitol can 
lead to osmotic stress and cataract formation in 
diabetes . 

 
Other metabolic features include: 

 • Protein Metabolism: The lens synthesizes 
structural proteins (crystallins) throughout life. 
Glutathione helps prevent aggregation of high-
molecular-weight proteins, preserving transparency . 

 • Antioxidant Mechanisms: The lens contains 
glutathione and ascorbic acid, which combat oxidative 
stress induced by ultraviolet light and reactive oxygen 
species . 

 

Factors Responsible for Lens Transparency 
 
Lens transparency depends on structural and biochemical 
factors: 

 1. Structural Features: 

 • Regular arrangement of lens fibers: Fibers are 
tightly packed with minimal extracellular space, 
reducing light scatter . 

 • Absence of organelles: Mature lens fibers lack 
organelles like nuclei and mitochondria, which 
minimizes light scatter . 

 • Refractive index gradient: There is a gradual 
increase in refractive index from the cortex to the 
nucleus, ensuring efficient light transmission . 

 2. Biochemical Factors: 

 • Crystallins: These structural proteins are 
densely packed and maintain a soluble, non-
opalescent state . 

 • Pump-leak mechanism: Sodium-potassium 
ATPase in the lens epithelium regulates ionic 
balance and prevents water accumulation, 
maintaining lens dehydration . 

 • Reduced Glutathione (GSH): Acts as an 
antioxidant to maintain protein thiols in a reduced 
state, preventing protein aggregation . 

 • Avascularity: The lack of blood vessels 
minimizes potential light-scattering interfaces . 

 3. Lens Capsule: 

 • The capsule’s semi-permeable nature helps 
maintain the ionic environment necessary for 
metabolic functions . 

 4. Protection from Oxidative Damage: 

 • High concentrations of antioxidants like ascorbic 
acid and glutathione protect against oxidative 
damage . 

 

Summary Table 
 

Aspect Details 

Metabolism Anaerobic glycolysis, pentose 

phosphate pathway, Krebs cycle, 

sorbitol pathway. 

Structural 

Factors 

Regular arrangement of fibers, 

absence of organelles, refractive 

index gradient. 

Biochemical 

Factors 

Dense crystallin packing, reduced 

glutathione, ionic pump 

mechanisms. 

Antioxidants Glutathione, ascorbic acid, and other 

enzymatic antioxidants. 
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Avascularity Reduces light-scattering interfaces. 

 

Mnemonic for Lens Transparency Factors: 
 
“CLEAR” 

 • Crystallins (densely packed proteins) 

 • Lens fibers (regularly arranged) 

 • Energy (metabolism for ionic balance) 

 • Avascularity (minimizes scattering) 

 • Reduced glutathione (antioxidant protection) 
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DEVELOPMENT OF THE CRYSTALLINE LENS 

 
The crystalline lens develops from the surface ectoderm 
and undergoes complex changes during embryogenesis to 
achieve its transparent, biconvex form. The key stages of 
lens development are as follows: 
 

1. Lens Placode Formation 

 • Timeline: Around the 4th week of gestation 
(embryo size: 4–4.5 mm). 

 • Process: 

 • The lens originates from the surface ectoderm 
as the lens placode, a thickened area overlying the 
optic vesicle. 

 • The optic vesicle induces the lens placode to 
invaginate and form the lens pit, which later seals 
off to create the lens vesicle . 

 

2. Formation of Primary Lens Fibers 

 • Timeline: By the 3rd month of gestation. 

 • Process: 

 • Cells of the posterior wall of the lens vesicle 
elongate towards the anterior wall, becoming 
primary lens fibers. 

 • These fibers obliterate the cavity of the lens 
vesicle, forming the embryonic nucleus, the 
innermost core of the lens. 

 • The primary lens fibers are transparent and filled 
with crystallins . 

 

3. Formation of Secondary Lens Fibers 

 • Timeline: Begins after the 3rd month of 
gestation and continues throughout life. 

 • Process: 

 • Cells from the equatorial region of the lens 
epithelium differentiate into secondary lens 
fibers. 

 • These fibers are added in concentric layers 
around the embryonic nucleus, forming the fetal 
nucleus (prenatal fibers) and, later, the infantile 
and adult nucleus (postnatal fibers). 

 • Secondary fibers meet at sutures: 

 • Anterior Sutures: Y-shaped (upright). 

 • Posterior Sutures: Inverted Y-shaped . 
 

4. Lens Capsule Formation 

 • Timeline: Develops alongside the lens vesicle. 

 • Process: 

 • The lens capsule, a true basement membrane, is 
secreted by epithelial cells of the lens vesicle. 

 • It surrounds the lens entirely and provides 
structural support . 

 

5. Vascular Supply and Regression 

 • Initial Vascular Supply: 

 • The lens is nourished by the tunica vasculosa 
lentis, a vascular network supplied by the hyaloid 
artery during development. 

 • Regression: 

 • The vascular supply regresses before birth. By 
the 7th month of gestation, the hyaloid artery 
atrophies, and the lens becomes avascular. 
Nutritional support is then derived from the 
aqueous and vitreous humor . 

 

6. Growth Postnatally 

 • After birth, the lens continues to grow 
throughout life: 

 • New fibers are added to the periphery (cortex) 
while older fibers are compressed into the center 
(nucleus). 

 • The lens shape evolves from nearly spherical in 
utero to a more ellipsoid shape in adulthood . 

 

Summary Table 
 

Stage Timeline Key Events 

Lens placode 

formation 

4th week Lens placode 

forms from 

surface 

ectoderm. 

Lens vesicle 

formation 

5th week Invagination 

forms lens 

vesicle, covered 

by basal lamina. 

Primary lens 

fibers 

By 3rd month Posterior 

vesicle cells 

elongate to form 

embryonic 

nucleus. 
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Secondary lens 

fibers 

From 3rd month 

onward 

New fibers form 

throughout life, 

creating 

concentric 

layers. 

Capsule 

formation 

Alongside 

vesicle 

Lens capsule 

develops as a 

basement 

membrane. 

Vascular 

regression 

7th month Hyaloid artery 

regresses, lens 

becomes 

avascular. 

 

 
 
 
 
 
 
Mnemonic for Lens Development: 
 
“Please Let Primary Structures Form Correctly” 

 • P: Placode (Lens placode formation). 

 • L: Lens vesicle. 

 • P: Primary fibers (form embryonic nucleus). 

 • S: Secondary fibers (added throughout life). 

 • F: Fetal nucleus (prenatal fibers). 

 • C: Capsule and vascular regression. 
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FACTORS MAINTAINING LENS TRANSPARENCY 

 
The crystalline lens achieves its transparency due to 
several structural, biochemical, and metabolic factors. 
These mechanisms work together to minimize light 
scattering and optimize the lens’s refractive function. 
 

1. Structural Factors 

 1. Regular Arrangement of Lens Fibers: 

 • Lens fibers are tightly packed with minimal 
extracellular space (<5% of total lens volume), 
reducing light scatter. 

 • These fibers are arranged in an orderly, lamellar 
pattern, which helps maintain optical clarity . 

 2. Absence of Organelles: 

 • Mature lens fibers lack organelles like nuclei, 
mitochondria, and ribosomes, minimizing light 
scattering . 

 3. Refractive Index Gradient: 

 • The lens has a refractive index gradient, with a 
higher refractive index in the nucleus (1.40) 
compared to the cortex (1.38). This gradient 
improves light transmission and reduces scatter . 

 4. Lens Capsule: 

 • The semipermeable lens capsule maintains the 
ionic balance, supporting metabolic processes and 
hydration . 

 

2. Biochemical Factors 

 1. Crystallins: 

 • These water-soluble proteins (alpha, beta, 
gamma crystallins) are densely packed in a 
paracrystalline arrangement. They maintain the 
lens’s clarity by preventing aggregation and acting 
as chaperones for damaged proteins . 

 2. Pump-Leak Mechanism: 

 • Sodium-potassium ATPase pumps in lens 
epithelium regulate ionic balance and maintain 
dehydration, which is critical for transparency . 

 3. Reduced Glutathione (GSH): 

 • Glutathione is a key antioxidant in the lens. It 
protects proteins and lipids from oxidative damage 
by maintaining them in a reduced state. This 
prevents the formation of high-molecular-weight 
protein aggregates, which can cause opacities . 

 4. Ascorbic Acid (Vitamin C): 

 • Found in high concentrations in the lens, ascorbic 
acid neutralizes reactive oxygen species generated 
by UV light exposure . 
 

 

3. Avascularity 

 • The lens is avascular, relying on nutrients and 
waste removal through the aqueous and vitreous 
humor. The absence of blood vessels minimizes 
potential light-scattering interfaces . 

 

4. Antioxidant Defense Mechanisms 

 • The lens is protected from oxidative stress 
through an intricate antioxidant system involving 
glutathione, ascorbic acid, and enzymatic antioxidants. 
These prevent damage to proteins and lipids essential 
for maintaining transparency . 

 

5. Minimal Light Scattering 

 • The combined effect of the regular fiber 
arrangement, absence of organelles, and biochemical 
stability ensures minimal light scatter within the lens . 

 

Summary Table 
 

Factors Details 

Structural Regular fiber arrangement, absence 

of organelles, refractive index 

gradient. 

Biochemical Dense crystallin packing, 

glutathione, pump-leak mechanism. 

Avascularity Reduces light-scattering interfaces. 

Antioxidants Glutathione, ascorbic acid, 

enzymatic antioxidants protect from 

UV damage. 

Lens Capsule Maintains ionic balance, supports 

hydration. 

 

Mnemonic for Lens Transparency: 
 
“Clear Lens Guards Against Scattering” 

 • Crystallins. 

 • Light scattering is minimized. 

 • Glutathione. 

 • Avascularity. 

 • Structural order. 
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METABOLISM OF THE LENS 

 
The lens depends on a carefully regulated metabolic 
system to maintain its transparency and function. Since it 
is avascular, the lens receives nutrients and removes 
waste through the aqueous humor. The metabolic 
processes are primarily anaerobic due to limited oxygen 
availability. 
 

Key Aspects of Lens Metabolism 

 1. Energy Source: 

 • The lens utilizes glucose from the aqueous 
humor as its primary energy source. 

 2. Metabolic Pathways: 

 • Anaerobic Glycolysis (80%): 

 • The major pathway for glucose 
metabolism, as the lens operates in a low-
oxygen environment. 

 • Glucose is metabolized to pyruvate and 
then converted into lactate, which diffuses into 
the aqueous humor. 

 • Provides ATP for essential functions, 
such as maintaining ionic gradients via the 
sodium-potassium ATPase pump . 

 • Pentose Phosphate Pathway (10%): 

 • Produces NADPH, which maintains 
reduced glutathione (GSH), a key antioxidant 
that prevents oxidative damage to lens proteins 
. 

 • Krebs Cycle (3%): 

 • Limited to the mitochondria of epithelial 
cells due to the low oxygen environment. 

 • Contributes minimally to energy 
production . 

 • Sorbitol Pathway (5%): 

 • Activated during hyperglycemia. Excess 
glucose is converted to sorbitol via aldose 
reductase. 

 • Sorbitol accumulation causes osmotic 
stress, leading to diabetic cataract formation . 

 3. Protein Metabolism: 

 • The lens primarily consists of water and proteins 
(crystallins), which are produced and maintained 
throughout life. 

 • Antioxidants like glutathione and alpha-
crystallin chaperones prevent protein aggregation 
and maintain transparency . 
 
 
 

 4. Role of the Lens Epithelium: 

 • The epithelium acts as the metabolic center, 
producing ATP and regulating ionic balance. 

 • Sodium-potassium ATPase pumps control the 
movement of ions, ensuring proper hydration and 
preventing swelling . 

 5. Antioxidant Mechanisms: 

 • Glutathione (GSH): Neutralizes oxidative 
damage to proteins and lipids. 

 • Ascorbic Acid (Vitamin C): Neutralizes reactive 
oxygen species, particularly those caused by UV 
light. 

 • Catalase and Superoxide Dismutase: 
Enzymatic antioxidants that further protect against 
oxidative damage . 

 

Metabolic Disorders of the Lens 

 1. Diabetic Cataract: 

 • Excess glucose activates the sorbitol pathway, 
leading to osmotic imbalance and lens opacity. 

 2. Oxidative Stress: 

 • Failure of antioxidant mechanisms results in 
protein aggregation and cataract formation. 

 

Summary Table 
 

Aspect Details 

Energy Source Glucose from the aqueous 

humor. 

Major Pathways Anaerobic glycolysis (80%), 

pentose phosphate pathway 

(10%), Krebs cycle. 

Key Antioxidants Glutathione (GSH), ascorbic acid, 

catalase, superoxide dismutase. 

Protein 

Maintenance 

Crystallins are protected by 

antioxidants and chaperones. 

Sorbitol Pathway Activated during hyperglycemia; 

excess sorbitol causes osmotic 

stress. 
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Mnemonic for Lens Metabolic Pathways: 
 
“GAPS in Lens Metabolism” 

 • G: Glycolysis (Anaerobic). 

 • A: Antioxidants (Glutathione, Vitamin C). 

 • P: Pentose Phosphate Pathway. 

 • S: Sorbitol Pathway. 
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PATHOPHYSIOLOGY OF SENILE CATARACT 

 
Senile cataract, also referred to as age-related cataract, 
occurs due to progressive age-related changes in the lens. 
These changes are influenced by biochemical, structural, 
and oxidative mechanisms, leading to loss of lens 
transparency. 
 

1. Biochemical Mechanisms 

 1. Protein Changes: 

 • Progressive aggregation of soluble lens proteins 
into insoluble aggregates reduces transparency. 

 • Crystallins undergo post-translational 
modifications, leading to the formation of high-
molecular-weight aggregates that scatter light . 

 • Decreased soluble proteins and increased 
insoluble proteins are characteristic of mature 
cataracts. 

 2. Water Imbalance: 

 • Increased water content in the lens cortex causes 
separation of lens fibers, leading to lamellar 
separation and vacuole formation. This 
phenomenon is most significant in cortical cataracts 
. 

 3. Electrolyte Imbalance: 

 • Elevated sodium and calcium levels and reduced 
potassium levels disrupt ionic homeostasis, 
contributing to lens opacity . 

 4. Oxidative Stress: 

 • Depletion of antioxidants such as glutathione 
(GSH) and ascorbic acid increases the susceptibility 
of lens proteins to oxidative damage. 

 • Oxidation of protein thiol groups forms disulfide 
bonds, causing protein aggregation and 
opacification . 

 

2. Types of Senile Cataracts 

 1. Nuclear Cataract: 

 • Caused by dehydration and compaction of the 
lens nucleus, resulting in nuclear sclerosis. 

 • Associated with urochrome pigment deposition, 
giving the nucleus a brownish appearance 
(brunescent cataract) . 

 2. Cortical Cataract: 

 • Results from hydration and structural disruption 
of cortical lens fibers. 

 • Wedge-shaped opacities originate in the 
peripheral cortex and extend centrally . 

 3. Posterior Subcapsular Cataract: 

 • Opacity forms in the posterior cortex beneath the 
lens capsule. 

 • Commonly associated with UV exposure, 
steroids, and diabetes . 

 

3. Risk Factors 

 1. Age: 

 • Most common factor; prevalence increases 
significantly after the age of 50 . 

 2. Ultraviolet (UV) Radiation: 

 • Chronic exposure to UV light induces photo-
oxidative damage, generating reactive oxygen 
species that damage lens proteins . 

 3. Systemic Conditions: 

 • Diabetes mellitus accelerates cataract formation 
through the sorbitol pathway and increased 
oxidative stress. 

 • Smoking depletes antioxidants and promotes 
heavy metal accumulation in the lens . 

 4. Nutrition: 

 • Deficiencies in antioxidant vitamins (C, E) and 
micronutrients increase susceptibility to cataract 
formation . 

 

Summary Table 
 

Aspect Details 

Protein Changes Aggregation of soluble proteins 

into insoluble aggregates. 

Water Imbalance Increased hydration leads to lens 

fiber separation and vacuole 

formation. 

Electrolyte 

Imbalance 

Altered sodium, potassium, and 

calcium levels impair ionic 

homeostasis. 

Oxidative Stress Depletion of glutathione and 

antioxidants promotes protein 

oxidation. 

Types of 

Cataracts 

Nuclear, cortical, and posterior 

subcapsular cataracts. 
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Risk Factors Age, UV radiation, diabetes, 

smoking, and poor nutrition. 

 

Mnemonic for Pathophysiology: 
 
“Cataracts Cause Blurry Vision” 

 • C: Crystallin aggregation. 

 • C: Cortical fiber hydration. 

 • B: Biochemical imbalance (proteins and 
electrolytes). 

 • V: Vulnerability to oxidative stress. 
 

  



Author: Dr Ranjan Sharma MBBS MS Ophthalmology   
 

 122  
 

PATHOGENESIS OF SUGAR CATARACT 

 
A sugar cataract, most often seen in conditions like 
diabetes mellitus and galactosemia, is caused by 
abnormal carbohydrate metabolism within the lens. The 
key mechanisms responsible for the development of 
sugar-induced cataracts include the osmotic hypothesis, 
oxidative stress, and protein glycation. 
 

1. Sorbitol Pathway and Osmotic Hypothesis 

 • In hyperglycemic states (e.g., diabetes), excess 
glucose enters the sorbitol pathway: 

 • Glucose is converted into sorbitol by the enzyme 
aldose reductase. 

 • Sorbitol is further converted into fructose by 
sorbitol dehydrogenase; however, this step is 
slow, leading to sorbitol accumulation. 

 • Sorbitol, being osmotically active, cannot exit the 
lens freely. Its accumulation causes: 

 • Increased osmotic pressure in the lens. 

 • Imbibition of water into the lens fibers, 
disrupting their structure. 

 • Formation of vacuoles, water clefts, and 
opacities, ultimately leading to cataract formation . 

 

2. Oxidative Stress 

 • Excessive glucose metabolism generates 
reactive oxygen species (ROS), leading to oxidative 
damage to lens proteins and membranes. 

 • Antioxidants such as glutathione (GSH) are 
depleted in hyperglycemia, increasing the vulnerability 
of lens proteins to oxidative modification . 

 

3. Non-Enzymatic Glycation 

 • Chronic hyperglycemia leads to non-enzymatic 
glycation of lens proteins, particularly crystallins. 

 • Glycated proteins undergo further reactions, 
forming advanced glycation end products (AGEs), 
which: 

 • Cause protein aggregation. 

 • Cross-link lens fibers. 

 • Induce light-scattering opacities . 
 

4. Galactosemia and Dulcitol Accumulation 

 • In galactosemia (an inherited disorder), 
galactose is converted to dulcitol (galactitol) by 
aldose reductase. 

 • Similar to sorbitol, dulcitol accumulates in the 
lens, causing osmotic imbalance and opacification . 

 

 
 
Key Features of Sugar Cataract 

 1. True Diabetic Cataract: 

 • Often referred to as “snowflake cataract”, it 
appears as white, subcapsular cortical opacities. 

 • Common in juvenile diabetes with poor glycemic 
control . 

 2. Galactosemic Cataract: 

 • Presents as “oil droplet” opacities in the central 
lens. 

 • Can regress if galactose is excluded from the diet 
early . 

 

Summary Table 
 

Mechanism Key Process Result 

Sorbitol 

Pathway 

Glucose → Sorbitol 

(by aldose 

reductase). Sorbitol 

accumulation causes 

osmotic stress. 

Lens swelling, 

vacuoles, and 

opacities. 

Oxidative 

Stress 

ROS production due 

to glucose 

metabolism. 

Depletion of 

antioxidants like 

glutathione. 

Protein and 

membrane 

damage. 

Protein 

Glycation 

Non-enzymatic 

glycation forms 

AGEs. 

Crystallin 

aggregation and 

opacification. 

Galactose 

Pathway 

Galactose → Dulcitol 

accumulation in 

galactosemia. 

Similar osmotic 

effects as 

sorbitol. 

 

Mnemonic for Sugar Cataract Pathogenesis: 
 
“SOG” – Sugar Overloads the Globe 

 • S: Sorbitol Pathway. 

 • O: Oxidative Stress. 

 • G: Glycation of Proteins. 
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 Eyelid 
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ANATOMY OF THE EYELID AND LEVATOR 

PALPEBRAE SUPERIORIS (LPS) 

 

1. Anatomy of the Eyelid 
 
The eyelid consists of multiple layers and structures that 
provide protection, tear distribution, and facial aesthetics. 
The upper and lower eyelids meet at the medial and 
lateral canthi and are responsible for covering the eye. 
 
Gross Anatomy: 

 • The upper eyelid covers approximately 1/6th of 
the cornea, while the lower lid rests just below the 
limbus. 

 • Palpebral aperture: The elliptical opening 
between the eyelids. In adults, it measures 
approximately 28–30 mm horizontally and 9–11 mm 
vertically . 

 
Layers of the Eyelid: 
From superficial to deep: 

 1. Skin: 

 • The thinnest skin in the body, highly elastic for 
mobility. 

 2. Subcutaneous Areolar Tissue: 

 • Loose connective tissue without fat, allowing for 
easy mobility and swelling. 

 3. Orbicularis Oculi: 

 • A muscle divided into orbital and palpebral parts, 
responsible for eyelid closure. 

 4. Fibrous Layer: 

 • Includes: 

 • Tarsal Plate: Dense connective tissue 
that provides structural support and houses 
meibomian glands. 

 • Orbital Septum: Separates orbital 
contents from the eyelid. 

 5. Retractors: 

 • Includes the levator palpebrae superioris 
(LPS) for the upper lid and fascial extensions of the 
inferior rectus for the lower lid. 

 6. Conjunctiva: 

 • The innermost layer, continuous with the ocular 
surface . 

 
Glands of the Eyelid: 

 • Meibomian Glands: 

 • Sebaceous glands embedded in the tarsal plates, 
producing the lipid layer of the tear film. 

 • Glands of Zeis and Moll: 

 • Sebaceous and sweat glands associated with the 
eyelashes . 

 

2. Levator Palpebrae Superioris (LPS) 
 
The LPS is the primary muscle responsible for elevating 
the upper eyelid. 
 
Anatomy: 

 • Origin: 

 • Arises from the lesser wing of the sphenoid bone, 
near the annulus of Zinn. 

 • Course: 

 • Passes anteriorly above the superior rectus 
muscle and transitions into a broad, glistening 
aponeurosis. 

 • Divides into medial and lateral horns: 

 • Medial Horn: Inserts near the medial 
canthal tendon. 

 • Lateral Horn: Divides the orbital and 
palpebral lobes of the lacrimal gland . 

 
Insertion: 

 • The aponeurosis spreads widely: 

 • Anterior fibers attach to the upper eyelid skin 
(forming the lid crease). 

 • Posterior fibers insert into the superior tarsal 
plate and superior conjunctival fornix. 

 
Function: 

 • Elevates the upper eyelid. 

 • Acts synergistically with the superior rectus 
during upward gaze . 

 
Nerve Supply: 

 • Supplied by the superior division of the 
oculomotor nerve (cranial nerve III) . 
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Summary Table 
 

Structure Key Features 

Eyelid Layers Skin → Subcutaneous 

Tissue → Orbicularis → 

Tarsal Plate → LPS → 

Conjunctiva. 

Eyelid Aperture Horizontal: 28–30 mm; 

Vertical: 9–11 mm. 

Meibomian Glands Secrete lipid component 

of tear film; located in the 

tarsal plates. 

LPS Origin Lesser wing of sphenoid, 

near the annulus of Zinn. 

LPS Insertion Skin of eyelid, superior 

tarsal plate, and 

conjunctival fornix. 

LPS Nerve Supply Superior division of 

cranial nerve III 

(oculomotor nerve). 

 

Mnemonic for Eyelid Layers: 
 
“Some Skin Often Forms Clear Coverage” 

 • S: Skin. 

 • S: Subcutaneous tissue. 

 • O: Orbicularis oculi. 

 • F: Fibrous layer (tarsal plate + septum). 

 • C: Connective tissue (submuscular areolar layer). 

 • C: Conjunctiva. 
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CLINICAL ASPECTS OF EYELID AND LEVATOR 

PALPEBRAE SUPERIORIS (LPS) 

 
The eyelids and LPS play critical roles in protecting the 
eye, maintaining tear film, and enabling functional vision. 
Various clinical conditions are associated with their 
dysfunction or structural abnormalities. 
 

1. Clinical Aspects of Eyelids 

 1. Ptosis: 

 • Drooping of the upper eyelid due to: 

 • Neurogenic: Injury to the oculomotor 
nerve (CN III) or Horner’s syndrome 
(sympathetic chain disruption). 

 • Myogenic: Weakness of the LPS (e.g., 
myasthenia gravis, congenital ptosis). 

 • Aponeurotic: Dehiscence of the LPS 
aponeurosis, common in elderly (involutional 
ptosis). 

 • Symptoms: Reduced visual field, compensatory 
head tilt, or chin elevation . 

 2. Eyelid Retraction: 

 • Excessive elevation of the upper eyelid, 
commonly seen in: 

 • Thyroid eye disease (Graves’ 
orbitopathy). 

 • Sympathetic overactivity. 

 • Cicatricial conditions. 

 3. Blepharitis: 

 • Inflammation of the eyelid margin caused by 
blockage of the meibomian glands, bacterial 
infection, or seborrheic dermatitis. 

 • Symptoms: Redness, crusting, irritation, and 
foreign body sensation . 

 4. Chalazion: 

 • Chronic granulomatous inflammation of a 
blocked meibomian gland. 

 • Presents as a painless, firm nodule on the eyelid . 

 5. Hordeolum (Stye): 

 • Acute infection (usually staphylococcal) of the 
glands of Zeis or meibomian glands. 

 • Symptoms: Painful swelling, redness, and 
localized abscess. 

 6. Entropion and Ectropion: 

 • Entropion: Inward turning of the eyelid, leading 
to trichiasis (lashes rubbing the cornea). 

 • Ectropion: Outward turning of the eyelid, 
causing exposure keratopathy and tear film 
instability. 

 7. Lagophthalmos: 

 • Incomplete closure of the eyelids, often due to 
facial nerve palsy. 

 • Leads to exposure keratitis, corneal drying, and 
ulceration . 

 8. Eyelid Tumors: 

 • Benign: Papilloma, seborrheic keratosis. 

 • Malignant: Basal cell carcinoma (most common), 
squamous cell carcinoma . 

 

2. Clinical Aspects of Levator Palpebrae Superioris 
(LPS) 

 1. LPS Dysfunction: 

 • Weakness or paralysis leads to ptosis. 

 • Testing includes: 

 • Marginal Reflex Distance (MRD): 
Measures the distance from the corneal light 
reflex to the upper lid margin. 

 • Lid Crease Height: Assesses the 
insertion of the LPS aponeurosis. 

 2. Horner’s Syndrome: 

 • Sympathetic pathway disruption affects Müller’s 
muscle (LPS accessory muscle), causing mild ptosis 
and miosis (pupil constriction). 

 3. Myasthenia Gravis: 

 • An autoimmune condition affecting the 
neuromuscular junction of the LPS, leading to 
fluctuating ptosis. 

 • Often worsens with fatigue and improves with 
rest. 

 4. Congenital Ptosis: 

 • Caused by dysgenesis of the LPS muscle. 

 • Severe cases may lead to amblyopia if untreated. 

 5. Traumatic or Surgical Damage: 

 • Injury to the LPS or its aponeurosis can occur 
during orbital or eyelid surgeries, leading to 
functional or cosmetic issues. 
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Summary Table 
 

Condition Cause Symptoms/Signs 

Ptosis CN III palsy, 

myasthenia 

gravis, 

trauma 

Drooping eyelid, 

reduced field of 

vision, 

compensatory 

head posture. 

Blepharitis Infection, 

seborrhea 

Redness, crusting, 

irritation along 

the lid margin. 

Entropion/Ectropion Aging, 

scarring 

Eyelash 

misalignment, 

tearing, exposure 

keratopathy. 

Hordeolum (Stye) Staph 

infection 

(gland of 

Zeis or Moll) 

Painful nodule, 

localized swelling. 

Lagophthalmos Facial nerve 

palsy 

Incomplete eyelid 

closure, corneal 

drying. 

Horner’s Syndrome Sympathetic 

chain 

damage 

Mild ptosis, 

miosis, anhidrosis 

(triad). 

 

Mnemonic for Eyelid Conditions: 
 
“People Blink To Keep Eyes Healthy” 

 • Ptosis. 

 • Blepharitis. 

 • Tumors. 

 • Keratopathy (lagophthalmos). 

 • Ectropion/Entropion. 

 • Hordeolum. 
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Microbiology  
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ACANTHAMOEBA KERATITIS (AK) 

 
Acanthamoeba keratitis is a rare but serious corneal 
infection caused by Acanthamoeba, a free-living 
protozoan found in soil and water. It most commonly 
affects contact lens users but can also occur due to corneal 
trauma or exposure to contaminated water. 
 

Etiology and Risk Factors 

 1. Acanthamoeba Morphology: 

 • Exists in two forms: 

 • Cystic form: Dormant, resistant to harsh 
environments. 

 • Trophozoite form: Active, invasive, and 
responsible for tissue damage . 

 2. Risk Factors: 

 • Contact lens wear (most common in developed 
countries): 

 • Poor hygiene practices (e.g., using tap 
water to clean lenses, swimming while wearing 
lenses). 

 • Ocular trauma. 

 • Exposure to contaminated water or soil . 
 

Pathogenesis 

 • The trophozoites bind to mannose 
glycoproteins on the corneal epithelium. 

 • They secrete cytolytic proteins and proteases, 
leading to epithelial destruction and penetration into 
the stroma. 

 • The cystic form may resist treatment and lead to 
chronic infection . 

 

Clinical Features 

 1. Symptoms: 

 • Severe ocular pain disproportionate to clinical 
findings. 

 • Redness, photophobia, blurred vision, tearing. 

 2. Signs: 

 • Early (epithelial stage): 

 • Irregular epithelial surface, 
pseudodendrites. 

 • Radial keratoneuritis (perineural 
infiltrates, pathognomonic for AK). 

 • Late (stromal stage): 

 • Ring-shaped infiltrate (typical feature). 

 • Stromal opacification, scleritis, corneal 
melting. 

 • Absence of vascularization in most cases . 
 

Differential Diagnosis 

 • Herpetic keratitis (similar early-stage 
pseudodendrites). 

 • Fungal keratitis. 

 • Bacterial keratitis . 
 

Diagnosis 

 1. Noninvasive Methods: 

 • Confocal Microscopy: Visualizes cysts and 
trophozoites. 

 2. Invasive Methods: 

 • Corneal scraping: 

 • Stains: Calcofluor white, Giemsa, PAS. 

 • PCR for DNA detection. 

 • Culture: Non-nutrient agar with 
Escherichia coli overlay (visualizes trophozoite 
feeding tracks) . 

 

Management 

 1. Medical Therapy: 

 • Cationic Antiseptics: 

 • Polyhexamethylene biguanide (PHMB) 
0.02%. 

 • Chlorhexidine 0.02%. 

 • Diamidines: 

 • Propamidine isethionate 0.1%, 
Hexamidine 0.1%. 

 • Imidazoles (antifungal agents): 

 • Miconazole, Ketoconazole . 

 • Combination therapy is common (e.g., PHMB + 
Propamidine). 

 • Duration: Prolonged treatment (several months), 
as cysts are resistant to therapy. 

 • Topical steroids: Avoided initially but may be 
used after infection control to reduce inflammation. 
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 2. Surgical Therapy: 

 • Epithelial Debridement: Removes infected 
tissue and enhances drug penetration. 

 • Keratoplasty: 

 • Therapeutic keratoplasty for resistant 
cases or corneal perforation . 

 

 
 
Complications 

 • Scleritis. 

 • Corneal scarring. 

 • Secondary bacterial or fungal infections. 

 • Severe visual impairment in untreated cases . 
 

 
Summary Table 
 

Aspect Details 

Forms Cystic (dormant, resistant) and 

trophozoite (active, invasive). 

Risk Factors Contact lens use, trauma, 

exposure to contaminated 

water/soil. 

Symptoms Severe pain, redness, 

photophobia, blurred vision. 

Pathognomonic 

Signs 

Radial keratoneuritis, ring-

shaped stromal infiltrate. 

Diagnosis Confocal microscopy, staining 

(Calcofluor white, PAS), PCR, 

culture. 

Treatment Cationic antiseptics, diamidines, 

imidazoles, surgical 

debridement, PKP. 

 

Mnemonic for Acanthamoeba Features: 
 
“Cyst-Ring Pain” 

 • C: Contact lens-related. 

 • Y: Yeast-like resistance (dormant cysts). 

 • S: Severe pain. 

 • T: Trophozoites (invasive stage). 

 • R: Radial keratoneuritis (pathognomonic). 

 • I: Infiltrate (ring-shaped). 

 • N: Non-responsive to typical treatments 
(antibiotics/antivirals). 

 • G: Giemsa, PAS for cyst visualization. 
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CYSTICERCOSIS 

 
Cysticercosis is an infection caused by Cysticercus 
cellulosae, the larval form of the pork tapeworm (Taenia 
solium). Ocular cysticercosis is one of the manifestations 
and can involve various parts of the eye and orbit. 
 

Etiology and Pathogenesis 

 1. Mode of Infection: 

 • Occurs when humans ingest the eggs of Taenia 
solium through contaminated food, water, or due to 
autoinfection in individuals with intestinal 
taeniasis. 

 • The eggs hatch into embryos, penetrate the 
intestinal wall, and disseminate via the bloodstream 
to organs with high vascularity, including the eye . 

 2. Ocular Involvement: 

 • The cysts commonly lodge in the vitreous cavity, 
subretinal space, or less frequently in the anterior 
chamber, conjunctiva, and orbit. 

 • Inflammation occurs when the larva dies, 
releasing antigens that provoke an intense immune 
response . 

 

Clinical Features 

 1. Symptoms: 

 • Vision Changes: Diminished vision, floaters, or 
scotomas depending on the cyst location. 

 • Pain: Occurs during ocular movement if the orbit 
is involved. 

 • Redness: Common in cases of anterior segment 
involvement . 

 2. Signs: 

 • Subretinal Cysts: Visible as translucent, globular 
lesions with a scolex at one end (diagnostic feature). 

 • Retinal Detachment: Caused by inflammation 
or cyst migration. 

 • Vitritis and Endophthalmitis: Seen when the 
cyst dies and leaks antigens . 

 

Investigations 

 1. Ocular Examination: 

 • Slit-lamp and indirect ophthalmoscopy for cyst 
visualization. 

 2. Ultrasound (USG): 

 • Shows a cyst with a sonolucent area and a highly 
reflective scolex. 
 
 
 

 3. CT and MRI: 

 • Useful for diagnosing neurocysticercosis and 
orbital involvement . 

 4. Serological Tests: 

 • ELISA for anticysticercal antibodies, though less 
reliable for ocular cases . 

 

Management 

 1. Medical Therapy: 

 • Anthelmintic agents (Albendazole or 
Praziquantel) are avoided in ocular cysticercosis to 
prevent severe inflammation caused by larval 
death. 

 • Corticosteroids: Used to control inflammation . 

 2. Surgical Management: 

 • Preferred treatment for intraocular cysts: 

 • Pars Plana Vitrectomy (PPV): For 
intravitreal cysts with cyst aspiration or lysis. 

 • Subretinal Cyst Removal: Via 
transscleral approach in cases with subretinal 
involvement. 

 • Surgical removal is mandatory for live cysts to 
prevent irreversible damage . 

 

Complications 

 • Retinal detachment. 

 • Severe vitritis leading to endophthalmitis. 

 • Submacular scarring causing permanent visual 
loss . 

 

Summary Table 
 

Aspect Details 

Cause Larval stage (Cysticercus 

cellulosae) of Taenia 

solium. 

Transmission Ingestion of contaminated 

food/water or 

autoinfection. 
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Sites of Ocular 

Involvement 

Vitreous, subretinal 

space, anterior chamber, 

orbit. 

Symptoms Vision loss, floaters, 

redness, pain. 

Diagnosis Ophthalmoscopy, USG, 

CT/MRI, ELISA. 

Treatment Surgical removal; 

corticosteroids for 

inflammation; avoid 

antiparasitic drugs. 

 

 
 
Mnemonic for Clinical Features of Ocular 
Cysticercosis: 
 
“CYSTIC” 

 • C: Clear cyst with scolex (diagnostic). 

 • Y: Yielding vision changes. 

 • S: Subretinal or intravitreal locations. 

 • T: Tractional or rhegmatogenous retinal 
detachment. 

 • I: Intense inflammation with dying cyst. 

 • C: Calcified granulomas in chronic cases. 
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LIFE CYCLE OF TOXOPLASMA GONDII AND 

OCULAR LESIONS 

 

Life Cycle of Toxoplasma gondii 
 
Toxoplasma gondii is an obligate intracellular protozoan 
with a complex life cycle involving definitive hosts (cats) 
and intermediate hosts (humans, rodents, livestock). It 
exists in three forms: oocysts, tachyzoites, and 
bradyzoites. 

 1. Definitive Host (Cats): 

 • Cats ingest tissue cysts (bradyzoites) from 
infected prey. 

 • In the cat’s intestine, sexual reproduction occurs, 
resulting in the formation of oocysts, which are shed 
in feces . 

 2. Environmental Phase: 

 • Oocysts become infective after sporulation in the 
environment (1–5 days). 

 • Contaminated soil, water, or food can harbor 
infective oocysts . 

 3. Intermediate Hosts (Humans, Rodents, 
Livestock): 

 • Infection occurs by ingestion of: 

 • Oocysts from contaminated water/soil. 

 • Tissue cysts in undercooked or raw 
meat. 

 • Tachyzoites via transplacental 
transmission (congenital infection). 

 • Tachyzoites multiply in host cells, causing tissue 
destruction and immune response. 

 • Tachyzoites eventually encyst as bradyzoites in 
tissues (e.g., brain, muscle, retina), marking the 
chronic phase . 

 4. Congenital Transmission: 

 • If a pregnant woman acquires toxoplasmosis, 
tachyzoites can cross the placenta, causing 
congenital toxoplasmosis . 

 

Ocular Lesions in Toxoplasmosis 
 
Toxoplasma gondii primarily causes necrotizing 
retinochoroiditis, which may be congenital or acquired. 

 1. Congenital Toxoplasmosis: 

 • Occurs due to transplacental infection. 

 • Severe inflammation leads to: 

 • Necrotizing retinochoroiditis: 
Bilateral, often involving the macula. 

 • Scarring: Results in heavily pigmented 
punched-out lesions resembling macular 
coloboma. 

 • Accompanied by systemic features such as 
hydrocephalus, intracranial calcifications, and 
seizures (classic triad) . 

 2. Acquired Toxoplasmosis: 

 • Retinochoroiditis is typically unilateral and 
associated with reactivation of latent infection. 

 • Clinical features: 

 • Satellite Lesions: New necrotic lesions 
adjacent to old scars. 

 • Vitritis: “Headlight in the fog” 
appearance due to dense vitreous haze over 
active lesions. 

 • Vasculitis: Perivascular inflammation 
leading to vascular occlusions . 

 3. Complications: 

 • Retinal detachment. 

 • Cystoid macular edema. 

 • Secondary glaucoma. 

 • Optic nerve involvement (papillitis, optic 
atrophy) . 

 

Summary Table 
 

Stage Process Result 

Oocyst Excreted in cat 

feces and 

ingested by 

humans or 

animals. 

Sporulated 

oocysts infect 

hosts via food 

or soil. 

Tachyzoite Active, 

proliferative 

form. 

Causes tissue 

destruction and 

inflammation. 

Bradyzoite Dormant form 

within tissue 

cysts. 

Chronic 

infection with 

potential 

reactivation. 
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Congenital 

Lesions 

Bilateral 

necrotizing 

retinochoroiditis, 

macular scars. 

Severe vision 

loss, systemic 

neurological 

damage. 

Acquired 

Lesions 

Unilateral 

retinochoroiditis, 

satellite lesions, 

vitritis. 

May lead to 

permanent 

vision damage. 

 

 
 
 
 
 
 
 
 
Mnemonic for Toxoplasmosis Life Cycle: 
 
“Cats Take Big Risks” 

 • C: Cats (Definitive hosts). 

 • T: Tachyzoites (Active stage). 

 • B: Bradyzoites (Tissue cysts). 

 • R: Risks (Transmission via soil, meat, or 
congenital). 
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OCULAR TOXOPLASMOSIS 

Ocular toxoplasmosis is a common cause of infectious 
posterior uveitis, caused by the protozoan parasite 
Toxoplasma gondii. It can present as congenital or 
acquired disease and is the most common identifiable 
cause of necrotizing retinochoroiditis. 
 

Pathogenesis 
 
Toxoplasma gondii exists in three forms: 

 1. Oocysts: Shed by cats (definitive host) in feces, 
becoming infectious after sporulation in the 
environment. 

 2. Tachyzoites: Active, rapidly multiplying form 
causing acute tissue destruction. 

 3. Bradyzoites: Dormant, encysted form within 
tissues, including the retina, which can reactivate and 
cause disease . 

 
Human infection occurs via: 

 • Ingestion of contaminated food or water. 

 • Transplacental transmission during pregnancy. 

 • Consumption of undercooked meat harboring 
tissue cysts. 

 

Ocular Manifestations 

 1. Congenital Toxoplasmosis: 

 • Results from transplacental spread of 
tachyzoites. 

 • Key Ocular Features: 

 • Bilateral retinochoroiditis, especially 
in the macula. 

 • Punched-out, heavily pigmented 
chorioretinal scars resembling macular 
colobomas. 

 • Associated systemic findings include 
intracranial calcifications, hydrocephalus, and 
seizures (classic triad). 

 • May result in vision loss, nystagmus, and 
strabismus . 

 2. Acquired Toxoplasmosis: 

 • Most cases involve reactivation of latent 
infection. 

 • Clinical Presentation: 

 • Sudden onset of floaters, blurred vision, 
and photophobia. 

 • Unilateral focal necrotizing 
retinochoroiditis with a yellow-white lesion and 
overlying dense vitritis (“headlight in the fog” 
appearance). 

 • Satellite lesions near old chorioretinal 
scars. 

 • In immunosuppressed patients (e.g., AIDS), 
lesions may be bilateral, multifocal, and more 
fulminant . 

 3. Anterior Segment Involvement: 

 • Spillover anterior uveitis with granulomatous 
keratic precipitates. 

 • Elevated intraocular pressure in 10-20% of cases 
. 

 4. Complications: 

 • Cystoid macular edema. 

 • Retinal vasculitis with vessel occlusion. 

 • Optic nerve involvement (neuroretinitis, 
papillitis). 

 • Rhegmatogenous or tractional retinal 
detachment . 

 

Investigations 

 1. Clinical Examination: 

 • Fundus findings: Active retinitis near 
chorioretinal scars. 

 • Vitreous haze with focal inflammation. 

 2. Serological Tests: 

 • ELISA for IgG and IgM antibodies. 

 • Goldmann-Witmer coefficient for intraocular 
antibody synthesis . 

 3. Molecular Tests: 

 • PCR on aqueous or vitreous samples for 
Toxoplasma gondii DNA . 

 

Treatment 

 1. Indications for Treatment: 

 • Lesions near the macula, optic nerve, or large 
vessels. 

 • Severe vitritis or vision-threatening 
complications. 

 • Immunocompromised patients . 

 2. Medications: 



Author: Dr Ranjan Sharma MBBS MS Ophthalmology   
 

 137  
 

 • Triple Therapy: Pyrimethamine, sulfadiazine, 
and folinic acid. 

 • Pyrimethamine: Folic acid antagonist; 
requires blood count monitoring due to bone 
marrow suppression. 

 • Clindamycin: Often combined with sulfadiazine. 

 • Steroids: Oral prednisolone is added after 24-48 
hours of antimicrobial therapy to reduce 
inflammation but should be used cautiously in 
immunocompromised patients . 

 3. Alternative Options: 

 • Intravitreal clindamycin and dexamethasone for 
macular-threatening lesions. 

 • Co-trimoxazole for systemic therapy in some 
cases . 

 4. Prognosis: 

 • Healing occurs over 6–8 weeks with eventual 
formation of a pigmented retinochoroidal scar. 

 • Recurrence is common, with 50% of patients 
experiencing relapse within three years . 

 

Summary Table 
 

Aspect Details 

Forms Congenital (bilateral scars, macular 

coloboma) or acquired. 

Symptoms Floaters, blurred vision, 

photophobia. 

Signs Retinochoroiditis, vitritis, “headlight 

in the fog” lesion. 

Complications CME, vasculitis, optic neuritis, retinal 

detachment. 

Treatment Pyrimethamine, sulfadiazine, folinic 

acid, ± corticosteroids. 

 

Mnemonic for Ocular Toxoplasmosis Features: 
 
“SCAR” 

 • S: Satellite lesions. 

 • C: Chorioretinitis (necrotizing). 

 • A: Anterior uveitis. 

 • R: Recurrence. 
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TOXOPLASMA GONDII: CHARACTERISTICS 

AND DIAGNOSIS 

 

Characteristics of Toxoplasma gondii 
 
Toxoplasma gondii is an obligate intracellular protozoan 
parasite with a complex life cycle and global distribution. 
It is the causative agent of toxoplasmosis, affecting 
various organs, including the eye. 

 1. Morphological Forms: 

 • Tachyzoite: 

 • Crescent-shaped, measures 4–8 µm. 

 • Actively dividing stage responsible for 
acute infection. 

 • Found intracellularly in host tissues 
during active infection. 

 • Bradyzoite: 

 • Found in tissue cysts, measuring 10–100 
µm. 

 • Dormant, slowly multiplying form seen 
in chronic infections. 

 • Found in tissues like brain, muscle, and 
retina. 

 • Oocyst: 

 • Shed by felines (definitive host) in feces. 

 • Unsporulated oocysts are non-infectious 
but sporulate in the environment, becoming 
infective after 1–5 days. 

 • Each oocyst contains two sporocysts 
with four sporozoites each. 

 2. Hosts: 

 • Definitive Host: Domestic and wild cats. 

 • Intermediate Hosts: Humans, livestock, 
rodents. 

 3. Transmission: 

 • Ingestion of raw/undercooked meat containing 
tissue cysts. 

 • Ingestion of food or water contaminated with 
oocysts. 

 • Transplacental (congenital toxoplasmosis) when 
the mother is infected during pregnancy. 

 4. Lifecycle: 

 • Sexual reproduction occurs in the intestine of 
cats, forming oocysts. 

 • In intermediate hosts, ingested oocysts release 
tachyzoites, which invade tissues and form 
bradyzoite cysts during chronic infection. 

 

Diagnosis of Toxoplasma gondii 
 
Diagnosis is based on clinical suspicion, serological tests, 
imaging, and molecular methods. 

 1. Clinical Examination: 

 • Symptoms include retinochoroiditis, floaters, 
reduced vision, and systemic signs (e.g., fever, 
lymphadenopathy in systemic toxoplasmosis). 

 2. Serological Tests: 

 • Enzyme-Linked Immunosorbent Assay 
(ELISA): 

 • Detects antibodies to T. gondii. 

 • IgM: Indicates recent infection. 

 • IgG: Indicates past or chronic infection. 

 • Avidity Test: 

 • Differentiates recent from chronic 
infection by measuring the strength of IgG 
binding. 

 • Low avidity = recent infection. 

 3. Molecular Diagnostics: 

 • Polymerase Chain Reaction (PCR): 

 • Detects T. gondii DNA in blood, amniotic 
fluid, aqueous humor, or cerebrospinal fluid. 

 • High sensitivity and specificity, 
especially in ocular and congenital 
toxoplasmosis. 

 4. Ocular Sampling: 

 • Aqueous or Vitreous Fluid Analysis: 

 • PCR for T. gondii DNA. 

 • Goldmann-Witmer coefficient (GWC): 
Measures intraocular antibody production, 
indicating local infection. 

 5. Histopathology: 

 • Identifies tachyzoites or bradyzoites in tissue 
biopsies, stained with hematoxylin-eosin (H&E), 
Giemsa, or PAS stains. 

 6. Imaging: 
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 • Fundus Examination: 

 • Active necrotizing retinochoroiditis with 
a yellow-white lesion adjacent to old scars. 

 • Dense vitritis (“headlight in the fog”). 
 

 • Neuroimaging (CT/MRI): 

 • Useful for detecting cerebral 
toxoplasmosis in immunocompromised 
patients. 

 • Shows ring-enhancing lesions. 
 

Summary Table 
 

Aspect Details 

Morphology Tachyzoite (crescent-shaped), 

bradyzoite (cystic), oocyst 

(sporulated). 

Transmission Ingestion of cysts, contaminated 

food/water, or transplacental. 

Serology IgM (acute infection), IgG (chronic), 

avidity testing. 

Molecular 

Tests 

PCR detects T. gondii DNA in body 

fluids or ocular samples. 

Fundus 

Findings 

Active lesions: yellow-white 

necrosis with surrounding 

inflammation. 

Histopathology Tachyzoites and bradyzoites in 

infected tissues. 

 

Mnemonic for Toxoplasma gondii Diagnosis: 
 
“PCR IGM” 

 • P: PCR for DNA detection. 

 • C: Clinical features (retinochoroiditis, systemic 
signs). 

 • R: Retinal examination (headlight in the fog). 

 • I: IgG and IgM antibodies. 

 • G: Goldmann-Witmer coefficient for ocular 
samples. 

 • M: MRI/CT for CNS lesions. 
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HYPOPYON ULCER 

 
A hypopyon ulcer is a severe corneal infection 
characterized by the accumulation of leukocytes (sterile 
or infected) in the anterior chamber due to bacterial 
toxins or inflammation. 
 

Causes 

 1. Bacterial Infections: 

 • Staphylococcus aureus, Streptococcus 
pneumoniae, Pseudomonas aeruginosa, and 
Neisseria gonorrhoeae are common causes. 

 • Pseudomonas and pneumococcus are 
particularly virulent and can cause rapid stromal 
necrosis . 

 2. Fungal Infections: 

 • Caused by Fusarium, Aspergillus, and Candida. 

 • Typically presents with a feathery-edged ulcer 
with satellite lesions and fixed hypopyon . 

 3. Trauma or Contaminated Contact Lens Use: 

 • Particularly associated with Pseudomonas 
aeruginosa, which thrives in moist environments . 

 4. Other Factors: 

 • Dacryocystitis (lacrimal sac inflammation) may 
predispose the eye to secondary infections with 
pneumococcus . 

 

Morphology, Staining, and Lesions Caused by 
Pseudomonas aeruginosa 
 
Morphology 

 • Pseudomonas aeruginosa is a Gram-negative, rod-
shaped bacterium. 

 • It is motile due to polar flagella and produces 
pigments such as pyocyanin (blue-green) and 
fluorescein (yellow-green) . 

 

Staining Characteristics 

 1. Gram Stain: 

 • Appears as Gram-negative bacilli (pink due to 
thin peptidoglycan layer). 

 2. Culture: 

 • Grows on blood and MacConkey agar, producing 
colonies with a fruity odor. 

 • Forms pigmented colonies due to pyocyanin 
production . 

 
 
 
 

 

Lesions Caused by Pseudomonas aeruginosa: 

 1. Corneal Ulcer: 

 • Rapidly progressive ulcer with a necrotic, 
“soupy” stromal appearance. 

 • Surrounding cornea appears hazy and 
edematous, with a ground-glass appearance . 

 2. Hypopyon Formation: 

 • Toxins from Pseudomonas induce intense 
anterior chamber inflammation, leading to 
hypopyon. 

 • Associated with significant anterior chamber 
reaction . 

 3. Ring Abscess: 

 • Characteristic ring-shaped infiltrates in the 
corneal stroma . 

 4. Complications: 

 • Corneal perforation, iris prolapse, pseudocornea 
formation, and endophthalmitis are severe 
outcomes of untreated infections . 

 
Summary Table 
 

Aspect Details 

Hypopyon Ulcer Causes Staphylococcus, 

Streptococcus 

pneumoniae, 

Pseudomonas, fungi, 

trauma. 

Pseudomonas 

Morphology 

Gram-negative rod, 

motile, produces 

pyocyanin (blue-green 

pigment). 

Staining Gram stain (pink rods), 

grows on 

blood/MacConkey agar, 

produces fruity odor. 

Corneal Lesions Rapid necrosis, ground-

glass edema, ring abscess, 
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hypopyon, and 

perforation. 

 

Mnemonic for Pseudomonas in the Eye: 
 
“PSEUDO” 

 • P: Perforation of the cornea. 

 • S: Soupy necrosis. 

 • E: Edema with ground-glass appearance. 

 • U: Ulceration with ring abscess. 

 • D: Discharge (greenish-yellow, mucopurulent). 

 • O: Odor (fruity from pyocyanin production). 
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MORPHOLOGY OF MYCOBACTERIUM 

TUBERCULOSIS AND ITS OCULAR 

MANIFESTATIONS 

 

Morphology of Mycobacterium tuberculosis 

 1. Shape and Characteristics: 

 • Mycobacterium tuberculosis is a slender, rod-
shaped bacterium (bacillus). 

 • It measures 2–4 µm in length and 0.2–0.5 µm in 
diameter. 

 2. Cell Wall Composition: 

 • The bacterium has a high lipid content, 
particularly mycolic acid, which makes it acid-fast. 

 • This lipid-rich cell wall is responsible for its 
resistance to desiccation, antibiotics, and 
phagocytosis . 

 3. Staining Properties: 

 • Acid-fast staining (Ziehl-Neelsen technique) 
reveals bright red bacilli against a blue background. 

 • Auramine-rhodamine staining, used in 
fluorescence microscopy, makes the bacilli appear 
yellow-green under UV light . 

 4. Growth Characteristics: 

 • Slow-growing organism on Lowenstein-Jensen 
(LJ) medium, forming rough, buff-colored colonies 
after 2–6 weeks. 

 • Obligate aerobe. 
 

Ocular Manifestations of Mycobacterium tuberculosis 
 
Tuberculosis can involve the eye as part of disseminated 
disease or a hypersensitivity reaction. It can affect 
virtually all ocular structures except the lens. 

 1. Anterior Segment: 

 • Phlyctenular Keratoconjunctivitis: 

 • Hypersensitivity reaction presenting as 
small, raised, hyperemic nodules on the 
conjunctiva or cornea. 

 • Tubercular Scleritis: 

 • Nodular or diffuse inflammation of the 
sclera. 

 • Granulomatous Anterior Uveitis: 

 • Characterized by large, greasy keratic 
precipitates and iris nodules . 

 2. Posterior Segment: 

 • Choroidal Tuberculosis: 

 • Choroidal Tubercles: Small, yellowish 
lesions in the choroid, often seen in miliary 
tuberculosis. 

 • Choroidal Tuberculoma: Large, dome-
shaped granulomatous lesion that may mimic a 
tumor. 

 • Serpiginous-like Choroiditis: 

 • Diffuse choroidal inflammation 
spreading in a serpentine pattern. 

 • Eale’s Disease: 

 • Peripheral retinal periphlebitis with 
vascular sheathing, hemorrhages, and 
neovascularization. 

 3. Optic Nerve Involvement: 

 • Optic Neuritis: 

 • Inflammation or swelling of the optic 
nerve leading to vision loss. 

 • Neuroretinitis: 

 • Involves the optic nerve and retina, often 
presenting with a macular star . 

 4. Eyelid and Adnexa: 

 • Lupus Vulgaris: 

 • Chronic granulomatous inflammation of 
the skin with reddish-brown nodules on the 
eyelids. 

 • Orbital Tuberculosis: 

 • Rare, but can cause abscess or 
granuloma formation in the orbit. 

 

Diagnosis 

 1. Investigations: 

 • Mantoux test (PPD skin test). 

 • Interferon-gamma release assays (IGRA, e.g., T-
SPOT.TB). 

 • Imaging: Chest X-ray or CT to confirm systemic 
involvement. 

 • Ocular Sampling: PCR, biopsy, or culture for 
detecting M. tuberculosis in aqueous or vitreous 
humor. 
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 2. Histopathology: 

 • Caseating granulomas with multinucleated giant 
cells are hallmarks of tuberculous inflammation . 

 

Management 

 1. Antitubercular Therapy (ATT): 

 • Standard four-drug regimen: Isoniazid, 
Rifampicin, Ethambutol, and Pyrazinamide for 2 
months, followed by Isoniazid and Rifampicin for 4–
6 months. 

 • Regular eye examinations are necessary as 
Ethambutol can cause optic neuropathy . 

 2. Steroids: 

 • Systemic or periocular steroids are often used in 
conjunction to reduce inflammation, especially in 
uveitis. 

 3. Surgery: 

 • Reserved for complications like cataract, retinal 
detachment, or non-resolving abscesses. 

 

Summary Table 
 

Aspect Details 

Morphology Rod-shaped, acid-fast bacilli, 

lipid-rich cell wall, obligate 

aerobe. 

Staining Ziehl-Neelsen (red), Auramine-

rhodamine (fluorescent yellow-

green). 

Anterior Segment Phlyctenular 

keratoconjunctivitis, scleritis, 

anterior uveitis. 

Posterior 

Segment 

Choroidal tubercles, 

tuberculoma, serpiginous 

choroiditis, Eale’s disease. 

Optic Nerve Optic neuritis, neuroretinitis. 

Diagnosis Mantoux, IGRA, PCR, 

histopathology. 

Management ATT, steroids, surgery for 

complications. 

 

Mnemonic for Ocular TB Manifestations: 
 
“CATCH TB” 

 • C: Choroidal tubercles/tuberculoma. 

 • A: Anterior uveitis (granulomatous). 

 • T: Tubercular scleritis. 

 • C: Conjunctival granulomas. 

 • H: Hypersensitivity reactions (phlyctenulosis). 

 • T: Tubercular optic neuritis. 

 • B: Blood vessels (retinal vasculitis/Eale’s 
disease). 
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OCULAR MANIFESTATIONS OF 

STAPHYLOCOCCAL INFECTIONS 

Staphylococcal infections commonly involve the eyelid, 
conjunctiva, cornea, and adnexa due to their ubiquitous 
presence on the skin and mucosal surfaces. The 
pathogenic strains of Staphylococcus aureus are of 
particular clinical relevance. 
 

1. Eyelid Disorders 

 • Blepharitis: 

 • Chronic inflammation of the eyelid margins 
caused by staphylococcal overgrowth or 
hypersensitivity. 

 • Symptoms: Redness, crusting, itching, and 
foreign body sensation. 

 • Signs: Telangiectasia of the lid margins, 
meibomian gland dysfunction, and collarettes 
around eyelashes . 

 • Hordeolum (Stye): 

 • Acute staphylococcal abscess of an eyelash 
follicle (external) or meibomian gland (internal). 

 • Presents as a painful, tender swelling on the lid . 
 

2. Conjunctival Infections 

 • Acute Bacterial Conjunctivitis: 

 • Caused by S. aureus or S. epidermidis. 

 • Symptoms: Mucopurulent discharge, redness, 
and eyelid sticking in the morning. 

 • Signs: Papillary conjunctival reaction, hyperemia, 
and chemosis. 

 • Purulent conjunctivitis caused by S. aureus may 
progress to keratitis if untreated . 

 

3. Corneal Infections 

 • Bacterial Keratitis: 

 • Staphylococcal keratitis presents as a gray-white 
stromal infiltrate with epithelial defects and 
stromal thinning. 

 • Symptoms: Pain, photophobia, reduced vision, 
and discharge. 

 • Signs: Focal infiltrate with minimal surrounding 
edema and anterior chamber reaction (e.g., 
hypopyon) . 

 • Marginal Keratitis: 

 • Hypersensitivity reaction to staphylococcal 
exotoxins and antigens. 

 • Presents as peripheral corneal stromal infiltrates 
with a clear zone separating the infiltrate and 
limbus. 

 • May lead to recurrent episodes and corneal 
scarring . 

 

4. Staphylococcal Hypersensitivity 

 • Delayed type IV hypersensitivity to 
staphylococcal antigens, associated with: 

 • Peripheral corneal infiltrates. 

 • Phlyctenules: Raised, vascularized, wedge-
shaped nodules near the limbus. 

 • Sectoral conjunctival injection with minimal 
anterior chamber reaction . 

 

5. Orbital Infections 

 • Orbital Cellulitis: 

 • Secondary to eyelid or paranasal sinus infections. 

 • Symptoms: Pain, fever, proptosis, and restriction 
of ocular movements. 

 • Requires urgent intervention to prevent 
complications such as cavernous sinus thrombosis . 

 

Complications of Staphylococcal Infections 

 1. Chronic Blepharitis: 

 • Can lead to madarosis (loss of eyelashes), 
trichiasis (misdirected lashes), and corneal 
irritation. 

 2. Corneal Scarring: 

 • Repeated episodes of keratitis or marginal ulcers 
may cause permanent stromal opacities. 

 3. Endophthalmitis: 

 • Rare but vision-threatening complication 
following surgery or trauma . 

 

Summary Table 
 

Manifestation Clinical Features 

Blepharitis Chronic lid inflammation with 

redness, crusting, and lid 

margin telangiectasia. 
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Hordeolum Painful, localized swelling in 

the lid margin (external or 

internal). 

Acute 

Conjunctivitis 

Mucopurulent discharge, 

conjunctival hyperemia. 

Bacterial Keratitis Gray-white stromal infiltrate 

with anterior chamber 

reaction. 

Marginal Keratitis Peripheral infiltrates separated 

from limbus by a clear zone. 

Phlyctenulosis Wedge-shaped, raised corneal 

or conjunctival nodules. 

Orbital Cellulitis Painful proptosis, fever, and 

restricted ocular movement. 

 
 

Mnemonic for Staphylococcal Ocular Manifestations: 
 
“Be Kind to Staphylococcus” 

 • B: Blepharitis. 

 • K: Keratitis (Marginal/Bacterial). 

 • T: Toxic conjunctivitis. 

 • S: Styes (Hordeolum). 
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DISINFECTION OF OPERATION THEATRE (OT) 

 
The proper disinfection of an operation theatre is crucial 
for infection control, reducing the risk of surgical site 
infections (SSI), and maintaining a sterile surgical 
environment. The process includes the cleaning, 
disinfection, and sterilization of the theatre, equipment, 
and instruments. 
 

1. General Principles of OT Disinfection 

 • Maintain an environment with low microbial 
load to prevent contamination during surgery. 

 • Use a layered cleaning approach involving 
mechanical cleaning, disinfection, and sterilization. 

 

2. Methods of OT Disinfection 

 1. Daily Cleaning: 

 • Before Surgery: 

 • Clean all horizontal surfaces, such as the 
operating table, lights, and monitors, with 
disinfectant solutions (e.g., 70% isopropyl 
alcohol or sodium hypochlorite). 

 • During Surgery: 

 • Maintain an aseptic field. Immediate 
cleaning of blood or fluid spills using absorbent 
material soaked in disinfectant. 

 • After Surgery: 

 • Disinfect floors, walls, and surgical 
instruments used during the procedure . 

 2. Terminal Cleaning (After Day’s Last Surgery): 

 • Cleaning of walls, ceilings, lights, and all exposed 
surfaces with broad-spectrum disinfectants such as 
quaternary ammonium compounds, phenolics, or 
hydrogen peroxide solutions. 

 • Floors should be wet-mopped using sodium 
hypochlorite (1%) solution . 

 3. Weekly Cleaning: 

 • Perform fumigation or fogging using 
formaldehyde or hydrogen peroxide-based fogging 
systems to reduce airborne microbes. 

 • Clean and sterilize air filters and HVAC systems . 
 

3. Disinfectants Used in OT 

 1. Chemical Disinfectants: 

 • Alcohol-Based Solutions: Effective against a 
broad range of microorganisms. Used for surfaces 
and equipment. 

 • Sodium Hypochlorite (1%): Ideal for blood 
spills and general surface cleaning. 

 • Hydrogen Peroxide (6%): Used in fumigation 
or high-level surface disinfection. 

 • Phenolic Compounds: Used for non-critical 
surfaces . 

 2. UV Irradiation: 

 • Ultraviolet-C (UVC) light is employed in 
unoccupied OTs to achieve surface and air 
sterilization. 

 

4. Sterilization of Instruments 

 • Instruments used in surgery are sterilized using: 

 • Autoclave (Steam Sterilization): For heat-stable 
items. 

 • Ethylene Oxide Gas: For heat-sensitive 
materials. 

 • Plasma Sterilization: Advanced method using 
hydrogen peroxide plasma for delicate surgical 
tools . 

 

5. Air and HVAC System Maintenance 

 • Laminar Airflow: Ensures the circulation of 
sterile air at a controlled rate. 

 • Airborne bacteria count should not exceed 35 
CFU/m³. 

 • Air filters (HEPA) must be cleaned and replaced 
regularly. 

 

Summary Table 
 

Aspect Method/Agent Used 

Daily Cleaning Alcohol-based wipes, 

sodium hypochlorite for 

surfaces. 

Terminal Cleaning Broad-spectrum 

disinfectants, fumigation, 

hydrogen peroxide. 

Air Sterilization UVC irradiation, laminar 

airflow systems, HEPA 

filters. 
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Instrument 

Sterilization 

Autoclave, ethylene oxide 

gas, or plasma sterilization. 

Disinfectants Sodium hypochlorite, 

alcohol, phenolic 

compounds. 

 
 

Mnemonic for OT Disinfection: 
 
“Clean, Sterilize, Air Purify Daily” 

 • C: Clean surfaces after every case. 

 • S: Sterilize instruments. 

 • A: Air system maintenance. 

 • P: Purify air with fumigation or UV. 
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GUIDELINES FOR HANDLING CULTURE-

POSITIVE OPERATION THEATRES (OT) 

 
The presence of microbial contamination in an operation 
theatre (OT), indicated by a positive culture, necessitates 
specific actions to ensure patient safety and prevent 
surgical site infections (SSIs). 
 

When to Close an OT 

 1. Actionable Thresholds: 

 • If airborne bacterial counts exceed 35 colony-
forming units (CFU) per cubic meter in a laminar 
airflow system or 180 CFU/m³ in a standard system 
. 

 • When surface swabs show the growth of 
pathogenic organisms like Staphylococcus aureus, 
Pseudomonas, or Aspergillus in critical areas (e.g., 
operating table, instruments). 

 • Any culture showing multi-drug resistant 
organisms (MDROs) such as MRSA. 

 2. Specific Scenarios: 

 • Persistent growth in cultures despite regular 
cleaning. 

 • Outbreaks or clusters of SSIs linked to the OT. 

 • Visible contamination (e.g., mold on walls or 
ceilings). 

 • Failure of air filtration systems (HEPA). 
 

When to Reopen an OT 

 1. Reopening Criteria: 

 • After comprehensive terminal cleaning and 
fumigation, repeat cultures should be performed. 

 • Reopening is advised only when two 
consecutive culture reports (24–48 hours apart) 
are negative. 

 • Maintain bacterial counts below recommended 
limits: 

 • <35 CFU/m³ for laminar flow systems. 

 • <180 CFU/m³ for conventional 
ventilation systems. 

 2. Post-Cleanup Testing: 

 • Perform air, surface, and water sampling. 

 • Test high-touch areas like lights, switches, and 
instruments for residual contamination. 

 

Practical Points 

 1. Prevention of Culture Positivity: 

 • Daily Cleaning: Ensure thorough cleaning of all 
surfaces after each surgery. 

 • Air Handling Systems: 

 • Regularly maintain HEPA filters and 
ensure airflow is functioning effectively. 

 • Conduct annual validation of laminar 
flow systems. 

 • Disinfectants: Use appropriate agents (e.g., 
alcohol for surfaces, sodium hypochlorite for spills). 

 • Sterilization of Instruments: Follow autoclave 
or ethylene oxide protocols consistently. 

 2. Immediate Actions for Positive Cultures: 

 • Temporary Closure: Halt all surgeries until 
cleaning and fumigation are complete. 

 • Root Cause Analysis: 

 • Identify the source (e.g., HVAC failure, 
staff hygiene lapses, or infected equipment). 

 • Enhance Cleaning Protocols: Double frequency 
of surface and air disinfection. 

 3. Staff Training and Hygiene: 

 • Reinforce surgical asepsis among staff, 
emphasizing: 

 • Hand hygiene. 

 • Proper donning and doffing of sterile 
attire. 

 • Avoid overcrowding in the OT. 

 4. Documentation and Reporting: 

 • Maintain a record of positive cultures and 
corrective actions taken. 

 • Report clusters or outbreaks to infection control 
teams. 

 5. Fumigation: 

 • Use formaldehyde (1:2 ratio with water) or 
hydrogen peroxide-based fogging agents. 

 • Seal the OT for at least 12–24 hours post-
fumigation for effective microbial kill . 

 6. Monitoring After Reopening: 
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 • Conduct weekly environmental surveillance for 
the first month after reopening. 

 • Implement routine microbiological testing every 
6–12 months during normal operations. 

 

 
 
 
 
 
 
 
 
Summary Table 
 

Step Actions 

When to Close High bacterial counts, MDROs 

detected, persistent positive 

cultures, SSI clusters. 

Cleaning Measures Terminal cleaning, fumigation, 

HVAC system inspection, and 

staff retraining. 

When to Reopen Two consecutive negative 

culture reports, adherence to 

CFU limits. 

Prevention Regular cleaning, disinfection, 

and air quality monitoring. 

 

Mnemonic for OT Safety: “Clean, Test, Train, and 
Open” 

 • C: Clean thoroughly. 

 • T: Test with cultures. 

 • T: Train staff on asepsis. 

 • O: Open after negative cultures. 
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OCULAR VIRUSES AND THEIR LESIONS 

 

1. Common Ocular Viruses 
 

Virus Type 

Herpes Simplex Virus 

(HSV) 

DNA Virus (HSV-1, HSV-

2). 

Varicella Zoster Virus 

(VZV) 

DNA Virus 

(Chickenpox/Shingles). 

Cytomegalovirus (CMV) Beta Herpes Virus. 

Adenovirus DNA Virus. 

Epstein-Barr Virus 

(EBV) 

DNA Virus. 

Rubella Virus RNA Virus. 

Measles (Rubeola) RNA Virus. 

Molluscum 

Contagiosum Virus 

DNA Poxvirus. 

 

2. Lesions Caused by Specific Viruses 
 
A. Herpes Simplex Virus (HSV): 

 • Primary Infection: 

 • Blepharoconjunctivitis with vesicles on the 
eyelid. 

 • Follicular conjunctivitis. 

 • Recurrent Infection: 

 • Corneal Epithelial Lesions: 

 • Dendritic ulcers with terminal bulbs 
(stains with fluorescein and Rose Bengal). 

 • Geographical ulcers (progression of 
untreated dendritic ulcers). 

 • Corneal Stromal Lesions: 

 • Disciform keratitis: Hypersensitivity 
reaction with stromal edema. 

 • Necrotizing stromal keratitis: Tissue 
destruction with necrosis. 

 • Other Lesions: 

 • Anterior uveitis with iris atrophy and 
elevated intraocular pressure . 

 
B. Varicella Zoster Virus (VZV): 

 • Primary Infection (Chickenpox): 

 • Follicular conjunctivitis. 

 • Reactivation (Herpes Zoster Ophthalmicus, 
HZO): 

 • Vesicular rash along the ophthalmic nerve. 

 • Punctate epithelial keratitis, dendritic lesions, 
nummular keratitis. 

 • Anterior uveitis with trabeculitis causing 
secondary glaucoma. 

 • Severe cases: Acute retinal necrosis (ARN), optic 
neuritis . 

 
C. Cytomegalovirus (CMV): 

 • Common in immunocompromised individuals 
(e.g., AIDS). 

 • Causes necrotizing retinitis with “pizza pie” 
appearance (retinal hemorrhages, necrosis). 

 • Optic atrophy and retinal detachment are late 
complications . 

 
D. Adenovirus: 

 • Epidemic keratoconjunctivitis (EKC): 

 • Follicular conjunctivitis with petechial 
hemorrhages. 

 • Pseudomembranes, subepithelial infiltrates . 

 • Pharyngoconjunctival fever (PCF): 

 • Associated with upper respiratory infection. 

 • Self-limiting follicular conjunctivitis. 
 
E. Epstein-Barr Virus (EBV): 

 • Causes chronic conjunctivitis and may lead to 
keratitis in immunosuppressed individuals. 

 
F. Rubella Virus: 

 • Congenital rubella syndrome: 

 • Salt-and-pepper retinopathy, cataract, 
microphthalmia. 

 • Anterior uveitis and glaucoma . 
 
G. Measles (Rubeola): 

 • Keratoconjunctivitis, xerophthalmia, and optic 
neuritis. 

 • Common in malnourished children. 
 
H. Molluscum Contagiosum: 
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 • Umbilicated nodules on the eyelid. 

 • Chronic follicular conjunctivitis due to viral 
shedding into the tear film . 

 
I. SARS-CoV-2 (COVID-19): 

 • Conjunctivitis: Hyperemia, chemosis, and watery 
discharge. 

 • Retinal microangiopathy and rare cases of optic 
neuritis . 

 

3. Complications of Viral Ocular Infections 

 • Secondary bacterial or fungal infections. 

 • Scarring of cornea, conjunctiva, or eyelid. 

 • Vision-threatening conditions such as retinal 
detachment, glaucoma, and optic atrophy. 

 

 
Summary Table 
 

Virus Lesion Key Features 

HSV Dendritic/geographical 

ulcers 

Reduced 

corneal 

sensitivity. 

VZV Nummular keratitis, 

uveitis 

Hutchinson’s 

sign, optic 

neuritis. 

CMV Necrotizing retinitis “Pizza pie” 

retinal 

appearance. 

Adenovirus EKC, PCF Subepithelial 

infiltrates. 

Rubella Salt-and-pepper 

retinopathy 

Associated 

with 

congenital 

syndrome. 

Molluscum Lid nodules, follicular 

conjunctivitis 

Chronic viral 

shedding. 

Measles Keratitis, 

xerophthalmia 

Common in 

malnourished 

children. 

SARS-CoV-

2 

Conjunctivitis, retinal 

microangiopathy 

Associated 

with systemic 

COVID-19. 

 

Mnemonic for Viral Lesions: 
 
“VIRAL” 

 • V: Vesicles (HSV, VZV, Molluscum). 

 • I: Infiltrates (Adenovirus, HSV). 

 • R: Retinopathy (CMV, Rubella). 

 • A: Atrophy (Optic atrophy in CMV, Rubella). 

 • L: Lid lesions (Molluscum). 
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MICROBIOLOGICAL TECHNIQUES TO 

DIAGNOSE AND IDENTIFY THE CAUSE OF 

CORNEAL ULCER 

 

1. Sample Collection 

 • Corneal Scrapings: 

 • Collected from the base and edges of the ulcer 
using a sterile Kimura spatula, Bard-Parker blade, 
or 26-gauge needle. 

 • Scrapings are the most reliable samples for 
diagnosing infectious keratitis. 

 • Conjunctival Swabs: 

 • Not commonly useful but can identify secondary 
conjunctival infections. 

 • Contact Lens Material: 

 • Contact lens, case, and solution are examined in 
cases of contact lens-associated keratitis. 

 • Anterior Chamber Paracentesis: 

 • Performed in cases of deep ulceration or when 
scrapings provide insufficient material . 

 

2. Microscopic Examination 

 • Stains Used: 

 • Gram Stain: Differentiates Gram-positive and 
Gram-negative bacteria. 

 • Giemsa Stain: Identifies bacteria, fungi, and 
Acanthamoeba cysts. 

 • Potassium Hydroxide (KOH) with Calcofluor 
White: Highlights fungal filaments and 
Acanthamoeba cysts. 

 • Ziehl-Neelsen Stain: Detects acid-fast 
organisms like Mycobacterium. 

 • Periodic Acid-Schiff (PAS) and Gomori 
Methenamine Silver: Useful for fungal infections . 

 

3. Culture Methods 

 • Common Culture Media: 

 • Blood Agar: Grows most aerobic bacteria and 
some fungi. 

 • Chocolate Agar: For fastidious organisms like 
Haemophilus and Neisseria. 

 • Sabouraud’s Dextrose Agar: Ideal for fungal 
growth. 

 • Non-Nutrient Agar with E. coli Overlay: For 
Acanthamoeba. 

 • Lowenstein-Jensen Medium: Cultures 
Mycobacterium species . 

 

4. Molecular Techniques 

 • Polymerase Chain Reaction (PCR): 

 • Detects microbial DNA, providing high sensitivity 
and specificity. 

 • Rapidly identifies bacteria, fungi, and 
Acanthamoeba. 

 • Real-Time PCR: 

 • Quantifies pathogen load and is particularly 
useful for viral keratitis. 

 • Next-Generation Sequencing (NGS): 

 • Emerging technique for comprehensive 
pathogen detection . 

 

5. Additional Investigations 

 • Direct Fluorescent Antibody Test: 

 • For Acanthamoeba and viral infections. 

 • Enzyme-Linked Immunosorbent Assay 
(ELISA): 

 • Used for serological detection of viral and 
bacterial antigens. 

 • Confocal Microscopy: 

 • Non-invasive imaging to detect fungal filaments, 
Acanthamoeba cysts, and infiltrates in the cornea. 

 

6. Indications for Advanced Techniques 

 • If initial cultures are negative and infection is 
suspected, perform: 

 • Corneal Biopsy: Collect deeper tissue for 
analysis. 

 • Repeat Scrapings: Improve diagnostic yield. 

 • Histopathology: Evaluate fixed tissues with 
specialized stains like PAS or Gomori Silver . 

 

Summary Table 
 

Technique Use 

Corneal Scrapings Primary diagnostic 

sample; smears and 

cultures. 
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Gram and Giemsa Stains Identify bacteria, fungi, 

and protozoa. 

KOH + Calcofluor White Highlights fungal 

filaments and 

Acanthamoeba cysts. 

PCR/Real-Time PCR Molecular detection of 

bacterial, fungal, and viral 

DNA. 

Culture Media Blood, chocolate, 

Sabouraud’s agar for 

microbial growth. 

Confocal Microscopy Non-invasive imaging for 

fungal filaments and 

Acanthamoeba. 

 

Mnemonic for Microbiological Diagnosis: 
 
“SCRAPE FAST” 

 • S: Staining (Gram, Giemsa, KOH). 

 • C: Cultures (Blood agar, Sabouraud’s). 

 • R: Real-time PCR. 

 • A: Acanthamoeba-specific techniques (Confocal, 
non-nutrient agar). 

 • P: PCR for broad pathogens. 

 • E: Enzyme-based serology (ELISA). 

 • FAST: Fluorescent microscopy, advanced 
sequencing techniques. 
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HLA ANTIGENS AND THE EYE 

 
The Human Leukocyte Antigen (HLA) system is a group of 
genes encoding cell surface proteins that regulate 
immune responses. These antigens are crucial for the 
pathogenesis and associations of various ocular diseases, 
particularly those involving inflammatory or autoimmune 
mechanisms. 
 

HLA Classes and Ocular Associations 

 1. Class I (HLA-A, HLA-B, HLA-C): 

 • Present on most nucleated cells. 

 • Associated with diseases such as acute anterior 
uveitis and Behçet syndrome. 

 2. Class II (HLA-DR, HLA-DP, HLA-DQ): 

 • Found on antigen-presenting cells (e.g., 
macrophages, dendritic cells). 

 • Strongly linked to diseases like Vogt–Koyanagi–
Harada (VKH) syndrome and sympathetic 
ophthalmia. 

 

HLA Associations with Ocular Diseases 
 

HLA 

Type 

Associated Disease Ocular Features 

HLA-

B27 

Seronegative 

spondyloarthropathie

s 

Recurrent acute 

anterior uveitis, 

hypopyon, 

posterior 

synechiae . 

HLA-

B51 

Behçet syndrome Posterior uveitis, 

retinal vasculitis, 

hypopyon . 

HLA-

A29 

Birdshot 

chorioretinopathy 

Multiple 

hypopigmented 

choroidal lesions, 

night vision loss . 

HLA-

DR4 

VKH syndrome, 

Sympathetic 

ophthalmia 

Granulomatous 

panuveitis, Dalen–

Fuchs nodules . 

HLA-

B7/DR

2 

Presumed ocular 

histoplasmosis 

syndrome (POHS) 

Peripapillary 

atrophy, macular 

scars, choroidal 

neovascularizatio

n . 

 

Examples of HLA-Associated Conditions 

 1. HLA-B27-Associated Uveitis: 

 • Typically presents as recurrent, unilateral or 
alternating acute anterior uveitis. 

 • Severe cases may show fibrinous reaction, 
hypopyon, and posterior synechiae formation. 

 • Often associated with systemic diseases such as 
ankylosing spondylitis, reactive arthritis, and 
inflammatory bowel disease (IBD) . 

 

 2. Behçet Syndrome (HLA-B51): 

 • Multisystemic disease with hallmark recurrent 
oral ulcers, genital ulcers, and ocular inflammation. 

 • Ocular features include posterior uveitis, retinal 
vasculitis, and vitreous haze. 

 3. Vogt–Koyanagi–Harada Syndrome (HLA-
DR4): 

 • Presents with bilateral granulomatous 
panuveitis, exudative retinal detachment, and 
neurological symptoms. 

 • Other findings: Vitiligo, alopecia, and auditory 
dysfunction. 

 4. Birdshot Chorioretinopathy (HLA-A29): 

 • Rare posterior uveitis presenting with bilateral 
choroidal depigmented lesions, vascular leakage on 
fluorescein angiography, and nyctalopia . 

 

Key Investigations 

 1. HLA Typing: 

 • Performed via serological or molecular methods 
to detect HLA antigen presence. 

 • Useful for diagnosing conditions like HLA-B27 
uveitis, Behçet syndrome, and VKH syndrome. 

 2. Ocular Imaging: 

 • Fluorescein angiography and optical coherence 
tomography (OCT) to identify retinal and choroidal 
inflammation. 

 3. Systemic Screening: 

 • Evaluate for associated systemic conditions (e.g., 
sacroiliitis in ankylosing spondylitis). 
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Summary Table 
 

HLA Disease Ocular Lesions 

HLA-B27 Ankylosing 

spondylitis, 

reactive arthritis 

Anterior uveitis, 

hypopyon, 

fibrinous 

reaction 

HLA-B51 Behçet syndrome Posterior 

uveitis, retinal 

vasculitis 

HLA-A29 Birdshot 

chorioretinopathy 

Hypopigmented 

choroidal 

lesions, 

nyctalopia 

HLA-DR4 VKH, Sympathetic 

ophthalmia 

Granulomatous 

uveitis, 

exudative 

detachment 

 

 
 
 
 
Mnemonic for HLA Associations in Eye: 
 
“B-B-D-R” 

 • B: Behçet’s (B51). 

 • B: Birdshot (A29). 

 • D: Diseases like ankylosing (B27). 

 • R: Retinal detachment in VKH (DR4). 
 

  



Author: Dr Ranjan Sharma MBBS MS Ophthalmology   
 

 156  
 

HYPERSENSITIVITY IN THE EYE 

Hypersensitivity reactions in the eye involve immune 
responses that lead to inflammation or damage in ocular 
tissues. These responses are classified into four types 
based on Gell and Coombs’ classification. 
 

Types of Hypersensitivity Reactions and Ocular 
Examples 

 1. Type I (Immediate Hypersensitivity): 

 • Mechanism: IgE-mediated mast cell 
degranulation and release of histamine. 

 • Ocular Examples: 

 • Seasonal and Perennial Allergic 
Conjunctivitis (SAC and PAC): 

 • Triggered by allergens like pollen or 
dust mites. 

 • Symptoms: Itching, redness, watery 
discharge. 

 • Signs: Conjunctival chemosis, lid edema. 

 • Vernal Keratoconjunctivitis (VKC): 

 • Chronic, severe allergic condition, 
common in children. 

 • Cobblestone papillae on the upper tarsal 
conjunctiva. 

 • Shield ulcers in advanced cases. 

 • Atopic Keratoconjunctivitis (AKC): 

 • Chronic bilateral inflammation in 
patients with atopic dermatitis. 

 • Scarring, limbal thickening, and cataract 
may occur . 

 

 2. Type II (Cytotoxic Hypersensitivity): 

 • Mechanism: Antibody-mediated destruction of 
cells. 

 • Ocular Examples: 

 • Mucous Membrane Pemphigoid 
(MMP): 

 • Autoantibodies target the basement 
membrane of the conjunctiva. 

 • Progressive scarring (cicatrization), 
symblepharon formation, and forniceal 
shortening. 

 • Can lead to keratinization and 
ankyloblepharon. 

 • Peripheral Ulcerative Keratitis 
(PUK): 

 • Associated with autoimmune diseases 
like rheumatoid arthritis . 

 

 3. Type III (Immune Complex Hypersensitivity): 

 • Mechanism: Deposition of immune complexes in 
tissues leads to complement activation and 
inflammation. 

 • Ocular Examples: 

 • Phlyctenular Keratoconjunctivitis: 

 • Hypersensitivity to microbial antigens 
(e.g., Staphylococcus aureus or 
Mycobacterium tuberculosis). 

 • Presents with limbal phlyctens and 
associated conjunctival inflammation. 

 • Scleritis: 

 • Severe inflammation of the sclera, often 
associated with systemic autoimmune 
diseases . 

 

 4. Type IV (Delayed Hypersensitivity): 

 • Mechanism: T-cell-mediated immune response. 

 • Ocular Examples: 

 • Contact Dermatitis: 

 • Reaction to cosmetics, preservatives, or 
topical medications (e.g., neomycin, 
atropine). 

 • Symptoms: Lid erythema, swelling, and 
scaling. 

 • Giant Papillary Conjunctivitis (GPC): 

 • Reaction to contact lenses, sutures, or 
prosthetics. 

 • Symptoms: Itching, mucus discharge, 
and contact lens intolerance. 

 • Signs: Giant papillae (>0.3 mm) on the 
superior tarsal conjunctiva . 

 

Summary Table 
 

Type Mechanism Ocular Examples 
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Type I IgE-mediated mast 

cell degranulation. 

SAC, PAC, VKC, AKC, 

anaphylaxis-related 

angioedema. 

Type II Antibody-

mediated 

cytotoxicity. 

MMP, PUK. 

Type III Immune complex 

deposition. 

Phlyctenular 

keratoconjunctivitis, 

scleritis. 

Type IV T-cell-mediated 

delayed response. 

Contact dermatitis, GPC, 

ocular tuberculosis-

related uveitis. 

 

Mnemonic for Hypersensitivity Types: 
 
“ACID”: 

 • A: Anaphylaxis/Allergy (Type I). 

 • C: Cytotoxic (Type II). 

 • I: Immune complex (Type III). 

 • D: Delayed (Type IV). 
 

Treatment Overview 

 1. Type I (Allergic): 

 • Antihistamines: Emedastine, olopatadine. 

 • Mast cell stabilizers: Sodium cromoglycate. 

 • Steroids for severe cases: Loteprednol or 
fluorometholone. 

 2. Type II: 

 • Immunosuppressive therapy: Systemic 
corticosteroids, cyclophosphamide. 

 • Surgical interventions for cicatricial 
complications. 

 3. Type III: 

 • Treat underlying infection (e.g., antitubercular 
drugs in phlyctenular keratitis). 

 • Anti-inflammatory agents. 

 4. Type IV: 

 • Discontinuation of causative agents. 

 • Topical steroids for acute reactions. 
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IMMUNOLOGICAL BASIS OF OCULAR 

SURFACE INFLAMMATION 

 
The ocular surface comprises the cornea, conjunctiva, tear 
film, and associated structures. These structures rely on 
immune mechanisms to defend against pathogens while 
maintaining tissue integrity. Inflammation of the ocular 
surface can result from an imbalance in these 
mechanisms, leading to hypersensitivity and autoimmune 
conditions. 
 

1. Types of Hypersensitivity Reactions in the Eye 
 
The immune-mediated processes responsible for ocular 
surface inflammation can involve one or more of the 
following types of hypersensitivity: 

 1. Type I Hypersensitivity (Immediate): 

 • Mechanism: IgE-mediated mast cell 
degranulation releasing histamine and other 
inflammatory mediators. 

 • Examples: 

 • Allergic conjunctivitis (seasonal and 
perennial). 

 • Vernal keratoconjunctivitis (VKC). 

 • Atopic keratoconjunctivitis (AKC) . 

 2. Type II Hypersensitivity (Cytotoxic): 

 • Mechanism: Antibody-mediated destruction of 
host cells. 

 • Examples: 

 • Cicatricial pemphigoid leading to 
conjunctival scarring. 

 • Stevens-Johnson syndrome (drug-
induced reaction causing epithelial damage) . 

 3. Type III Hypersensitivity (Immune Complex): 

 • Mechanism: Deposition of antigen-antibody 
complexes that activate complement and cause 
inflammation. 

 • Examples: 

 • Peripheral corneal ulcers in systemic 
autoimmune diseases like rheumatoid arthritis. 

 • Marginal keratitis due to 
hypersensitivity to bacterial exotoxins (e.g., 
Staphylococcus aureus) . 

 4. Type IV Hypersensitivity (Delayed): 

 • Mechanism: T-cell-mediated response causing 
tissue damage. 

 • Examples: 

 • Phlyctenular keratoconjunctivitis (T-cell 
response to bacterial antigens). 

 • Contact blepharoconjunctivitis due to 
cosmetics or preservatives in eye drops . 

 

2. Key Immune Mechanisms in Ocular Surface 
Inflammation 

 1. Barrier Integrity: 

 • Tight junctions in the corneal and conjunctival 
epithelium protect against microbial invasion. 

 • Disruption (e.g., trauma or infection) exposes the 
underlying immune system to antigens, triggering 
inflammation . 

 2. Tear Film Immunity: 

 • Components: 

 • Lysozyme: Bacterial cell wall lysis. 

 • Lactoferrin: Iron sequestration, 
inhibiting bacterial growth. 

 • Immunoglobulin A (IgA): Prevents 
microbial adhesion to the epithelium. 

 • Tear film instability leads to inflammation, as 
seen in dry eye syndrome and meibomian gland 
dysfunction . 

 3. Role of Mast Cells: 

 • Abundant in the conjunctiva, especially at the 
limbus. 

 • Release histamine and prostaglandins upon 
activation, leading to vasodilation, chemosis, and 
itching . 

 4. T-Cell Dysregulation: 

 • Excessive activation of helper T cells (Th1, Th2, 
or Th17) drives chronic inflammation in conditions 
like VKC and AKC. 

 • Regulatory T cells (Tregs) suppress immune 
responses and prevent autoimmunity but may be 
deficient in chronic conditions . 

 5. Autoimmune Reactions: 

 • Immune responses directed against self-antigens 
in systemic diseases (e.g., Sjögren’s syndrome, 
lupus) can involve the ocular surface, causing 
keratoconjunctivitis sicca and episcleritis . 
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3. Clinical Examples of Ocular Surface Inflammation 
 

Condition Type of 

Hypersensiti

vity 

Pathogenesis 

Allergic 

Conjunctivitis 

Type I Mast cell 

degranulation 

causing itching, 

redness, and 

chemosis. 

Vernal 

Keratoconjunctivitis 

Types I and IV Chronic mast 

cell activation 

and T-cell 

infiltration of 

conjunctiva 

and cornea. 

Marginal Keratitis Type III Immune 

complexes 

deposit in 

cornea due to 

bacterial 

exotoxins. 

Phlyctenular 

Keratoconjunctivitis 

Type IV Delayed T-cell 

response to 

bacterial 

antigens. 

Stevens-Johnson 

Syndrome 

Type II Cytotoxic 

destruction of 

conjunctival 

epithelium and 

mucous 

membranes. 

 

4. Diagnostic and Therapeutic Insights 

 1. Diagnosis: 

 • Cytology: Detect eosinophils in allergic 
conjunctivitis or granulomas in phlyctenulosis. 

 • Tear Analysis: Elevated inflammatory mediators 
in dry eye syndrome. 

 • Immunohistochemistry: Identifies immune cells 
infiltrating the conjunctiva . 

 2. Treatment: 

 • Type I (Allergy): 

 • Mast cell stabilizers (e.g., sodium 
cromoglycate). 

 • Antihistamines (e.g., olopatadine). 

 • Corticosteroids for severe inflammation. 

 • Type II and III: 

 • Immunosuppressive agents (e.g., 
cyclosporine, tacrolimus). 

 • Type IV: 

 • Topical steroids or systemic 
immunosuppressants. 

 • Avoidance of triggers and barrier 
restoration with artificial tears . 

 

Summary Table 
 

Aspect Details 

Key Mechanisms Mast cells, T cells, tear film, 

complement. 

Conditions Allergic conjunctivitis, VKC, 

marginal ulcers. 

Hypersensitivity 

Types 

Types I-IV (IgE-mediated to T-

cell responses). 

Treatment Mast cell stabilizers, steroids, 

cyclosporine. 

 

Mnemonic for Hypersensitivity Reactions: 
 
“A-B-C-D”: 

 • A: Anaphylaxis (Type I, mast cell). 

 • B: Binding (Type II, cytotoxic antibodies). 

 • C: Complexes (Type III, immune complexes). 

 • D: Delayed (Type IV, T-cell mediated). 
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KOCH-WEEKS BACILLUS (HAEMOPHILUS 

AEGYPTIUS) 

Overview 

 • Koch-Weeks bacillus refers to Haemophilus 
aegyptius, a Gram-negative bacillus. 

 • It is a causative organism for acute bacterial 
conjunctivitis, commonly termed “pink eye.” 

 

Morphology 

 • Gram-negative, pleomorphic coccobacilli. 

 • Non-motile and facultatively anaerobic. 
 

Epidemiology 

 • Highly contagious, transmitted through direct 
contact with infected secretions. 

 • Outbreaks are common in crowded 
environments and during warmer seasons. 

 

Clinical Features 

 1. Acute Mucopurulent Conjunctivitis: 

 • Marked conjunctival hyperemia (redness). 

 • Copious mucopurulent discharge leading to 
sticky eyelids, especially in the morning. 

 • Discomfort, burning, mild photophobia, and 
foreign body sensation. 

 • Edema of the eyelids and chemosis. 

 2. Complications: 

 • Marginal corneal ulcers or secondary bacterial 
infections if untreated . 

 

Diagnosis 

 1. Clinical Examination: 

 • Classic symptoms of bacterial conjunctivitis. 

 2. Microbiology: 

 • Corneal scrapings or conjunctival swabs are 
cultured. 

 • Smears may be stained using Gram stain for 
visualization of Gram-negative bacilli. 

 

Treatment 

 1. Hygiene Measures: 

 • Frequent irrigation of the conjunctival sac to 
remove discharge. 

 • Avoid eye bandaging, as it promotes bacterial 
proliferation. 

 2. Medications: 

 • Topical broad-spectrum antibiotics such as: 

 • Ciprofloxacin or gatifloxacin eye drops. 

 • Chloramphenicol ointment for nighttime 
application. 

 • Systemic antibiotics in severe cases or if corneal 
involvement is suspected. 

 

Prevention 

 • Avoid sharing towels or personal items. 

 • Good hand hygiene practices. 
 

Summary Table 
 

Aspect Details 

Organism Haemophilus aegyptius (Koch-Weeks 

Bacillus) 

Clinical 

Features 

Acute conjunctivitis with redness, 

discharge, sticky eyelids 

Diagnosis Clinical symptoms, Gram stain, culture 

of conjunctival swab 

Treatment Topical antibiotics, irrigation of 

conjunctival sac 

 

Mnemonic for Koch-Weeks Conjunctivitis: 
 
“KWB - Keep Washing Bacteria” 

 • K: Koch-Weeks bacillus. 

 • W: Watery or mucopurulent discharge. 

 • B: Broad-spectrum antibiotics. 
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LABORATORY DIAGNOSIS OF CHLAMYDIA 

TRACHOMATIS 

 
The diagnosis of Chlamydia trachomatis, an obligate 
intracellular pathogen, involves a combination of 
cytology, serology, and advanced molecular techniques. 
Below is a summary of the key diagnostic methods: 
 

1. Cytology 

 • Giemsa Staining: 

 • Detects Halberstaedter–von Provazek 
inclusion bodies in the cytoplasm of conjunctival 
epithelial cells. 

 • Useful for early detection but has limited 
sensitivity . 

 

2. Culture Methods 

 • Cell Culture: 

 • McCoy cells, HeLa cells, or Buffalo green monkey 
cells are used to grow C. trachomatis. 

 • Highly specific but labor-intensive and less 
sensitive than molecular tests. 

 • Gold standard for chlamydial research . 
 

3. Molecular Techniques 

 • Polymerase Chain Reaction (PCR): 

 • Most sensitive and specific method for detecting 
C. trachomatis DNA in ocular scrapings, urine, or 
genital swabs. 

 • Preferred test for diagnosing chlamydial 
conjunctivitis . 

 • Nucleic Acid Amplification Tests (NAATs): 

 • Detects specific C. trachomatis RNA/DNA with 
high accuracy. 

 • Applicable to conjunctival swabs and other 
clinical specimens. 

 • DNA Hybridization Probe: 

 • Used for targeted detection but less sensitive 
than NAATs . 

 

4. Immunological Methods 

 • Direct Immunofluorescence Antibody Test: 

 • Detects elementary bodies of C. trachomatis in 
epithelial cells. 

 • Sensitivity and specificity around 90% . 

 • Enzyme-Linked Immunosorbent Assay 
(ELISA): 

 • Detects chlamydial antigens in clinical 
specimens. 

 • Relatively inexpensive but less sensitive than 
PCR . 

 

5. Serological Tests 

 • Useful in systemic infections or trachoma 
diagnosis. 

 • Measures anti-chlamydial antibodies but may not 
distinguish past from current infections. 

 

6. Histological Examination 

 • Histological analysis of conjunctival scrapings 
shows lymphocyte infiltration, follicular hyperplasia, 
and inclusions in the conjunctival epithelium. 

 

Summary Table 
 

Diagnostic Test Features 

Giemsa Staining Detects intracytoplasmic 

inclusion bodies. 

Cell Culture Gold standard but labor-

intensive. 

PCR and NAATs Highly sensitive and 

specific; preferred method. 

Direct 

Immunofluorescence 

Test 

Visualizes elementary 

bodies with 90% accuracy. 

ELISA Detects antigens; less 

sensitive than molecular 

tests. 

 

Mnemonic for Diagnosis of C. trachomatis: “PCR Eyes 
GEar Up” 

 • P: PCR. 

 • C: Cell culture. 

 • R: Rapid NAATs. 

 • E: ELISA. 

 • G: Giemsa stain. 

 • I: Immunofluorescence. 
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LIFE CYCLE AND LABORATORY DIAGNOSIS OF 

ACANTHAMOEBA 

 

Life Cycle of Acanthamoeba 
 
Acanthamoeba is a free-living protozoan found in water, 
soil, and air. It has a simple life cycle consisting of two 
forms: 

 1. Trophozoite Stage: 

 • Active, feeding, and replicative form. 

 • Measures 15–45 µm in size. 

 • Possesses spine-like projections called 
acanthopodia for locomotion and feeding. 

 • Reproduces by binary fission and is responsible 
for tissue invasion and damage in humans. 

 2. Cyst Stage: 

 • Dormant, double-walled form resistant to harsh 
environmental conditions, including disinfectants. 

 • Cysts are the infectious stage for humans, leading 
to chronic or latent infections. 

 • Converts back to trophozoites under favorable 
conditions . 

 

Pathogenesis 

 • Infection occurs when trophozoites or cysts 
invade tissues via: 

 • Direct contact with the cornea (e.g., 
contaminated contact lenses). 

 • Inhalation or entry through broken skin. 

 • In the eye, Acanthamoeba causes Acanthamoeba 
keratitis by adhering to and lysing corneal epithelial 
cells. 

 

Laboratory Diagnosis 
 
The diagnosis of Acanthamoeba infections, particularly 
keratitis, relies on clinical suspicion and laboratory 
confirmation. 

 1. Specimen Collection: 

 • Corneal Scrapings: Obtained from the ulcer base 
and margins. 

 • Contact Lens Material: Lenses, cases, and 
solutions are tested in contact lens-associated 
keratitis. 

 • Aqueous/Vitreous Samples: Collected in cases 
of intraocular spread. 

 2. Microscopic Examination: 

 • Wet Mount Preparation: 

 • Detects motile trophozoites and cysts. 

 • Calcofluor White Staining: 

 • Binds to chitin in the cyst wall, appearing 
fluorescent under UV light. 

 • Giemsa or Gram Stain: 

 • Identifies trophozoites but less effective 
for cysts . 

 3. Culture: 

 • Inoculation on non-nutrient agar (NNA) 
overlaid with Escherichia coli. 

 • Trophozoites feed on bacteria, creating 
characteristic tracks visible under the microscope. 

 4. Advanced Diagnostic Methods: 

 • Confocal Microscopy: 

 • Non-invasive imaging of live 
trophozoites and cysts in the cornea. 

 • Polymerase Chain Reaction (PCR): 

 • High sensitivity for detecting 
Acanthamoeba DNA in clinical samples. 

 • Immunofluorescence Assay (IFA): 

 • Uses antibodies to detect cysts and 
trophozoites. 

 5. Histopathology: 

 • Tissue biopsy stained with Periodic Acid-Schiff 
(PAS) or Gomori Methenamine Silver to identify 
cysts in advanced cases . 

 

Summary Table 
 

Diagnostic Method Utility 

Wet Mount Rapid identification of 

trophozoites and cysts. 

Calcofluor White Highlights cyst walls under UV. 

Non-Nutrient Agar 

Culture 

Confirms diagnosis; 

trophozoites create feeding 

tracks. 
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PCR High sensitivity for DNA 

detection. 

Confocal 

Microscopy 

Non-invasive, identifies live 

forms in the cornea. 

Histopathology Identifies cysts in tissue 

samples. 

 

Mnemonic for Diagnosing Acanthamoeba: “WCC-PH” 

 • W: Wet mount. 

 • C: Calcofluor White stain. 

 • C: Culture on NNA. 

 • P: PCR. 

 • H: Histopathology. 
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MICROBIOLOGICAL STAINS AND CULTURE 

FOR THE DIAGNOSIS OF FUNGAL CORNEAL 

ULCER 

 

1. Sample Collection 

 • Corneal Scrapings: 

 • The most critical diagnostic sample. 

 • Scrapings should be taken from the base and 
edges of the ulcer. 

 • Instruments: Kimura spatula, Bard-Parker blade, 
or a 26-gauge needle . 

 

2. Stains for Fungal Detection 
 
Staining is the first step in diagnosis and helps identify 
fungal elements. 
 

Stain Organisms 

Visualized 

Appearance 

Potassium 

Hydroxide 

(KOH) Wet 

Mount 

Fungal 

filaments and 

Acanthamoeba 

cysts 

Clear, refractile 

hyphae or septa 

against a 

digested corneal 

background. 

Calcofluor 

White (CFW) 

Fungal cell 

walls, 

Acanthamoeba 

cysts 

Bright green 

under 

fluorescence. 

Gram Stain Fungi and 

bacteria 

Fungi stain 

Gram-positive 

(purple). 

Giemsa Stain Fungal elements Shows fungal 

filaments and 

cells. 

Periodic Acid-

Schiff (PAS) 

Fungal cell walls Stains hyphae 

pink-magenta. 

Gomori 

Methenamine 

Silver 

Fungal elements Stains fungi 

black. 

 

 • KOH Wet Mount: Most sensitive, especially with 
a concentration of 10–20%. 

 • Calcofluor White: Useful when fluorescence 
microscopy is available . 

 

3. Culture Media for Fungal Growth 
 
Cultures are critical for species identification and 
antifungal susceptibility testing. 
 
 
 
 
 
 
 
 
 
 

Culture 

Medium 

Purpose Incubation 

Sabouraud 

Dextrose Agar 

(SDA) 

Growth of 

filamentous 

fungi (e.g., 

Aspergillus, 

Fusarium). 

Room 

temperature or 

25–30°C. 

Blood Agar Secondary 

growth for fungi 

and bacteria. 

35°C. 

Brain Heart 

Infusion Broth 

Fungi, especially 

for deeper 

infections. 

Room 

temperature. 

Thioglycollate 

Broth 

Anaerobic fungi 

and bacteria. 

35°C. 

 

 • Cultures should be monitored for up to 4–6 
weeks before declaring them negative, as fungi grow 
slowly . 

 

4. Molecular Techniques 

 • Polymerase Chain Reaction (PCR): 

 • Detects fungal DNA with high sensitivity and 
specificity. 

 • Ideal for identifying Fusarium and Aspergillus 
species. 

 • Confocal Microscopy: 

 • Non-invasive technique to visualize fungal 
hyphae directly in corneal tissue . 

 

5. Interpretation 
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 1. Positive Identification: 

 • Fungal hyphae in wet mounts or stained slides, 
confirmed with culture growth. 

 • Satellite lesions or feathery edges on clinical 
examination often correlate with fungal findings. 

 2. Negative Cultures: 

 • May occur if antifungal treatment is started prior 
to sampling or due to improper scraping 
techniques. 

 

Summary Table 
 

Diagnostic Step Details 

Sample Collection Corneal scrapings from ulcer 

base and edge. 

Stains KOH, Calcofluor White, Gram, 

PAS, Gomori Methenamine 

Silver. 

Culture Media SDA, blood agar, brain heart 

infusion broth, thioglycollate 

broth. 

Advanced 

Techniques 

PCR, confocal microscopy. 

Interpretation Correlate clinical findings with 

microbiological results. 

Mnemonic for Fungal Ulcer Diagnosis: 
 
“SCRAPE & STAIN” 

 • S: Scrapings from corneal ulcer. 

 • C: Calcofluor White stain. 

 • R: Routine Gram and KOH stains. 

 • A: Agar cultures (SDA, blood). 

 • P: PAS/Gomori Silver stains. 

 • E: Enrichment media. 

 • S: Species identification with PCR. 

 • T: Timeline of culture (4–6 weeks). 

 • A: Antifungal therapy based on results. 

 • I: Interpret findings in clinical context. 

 • N: Non-invasive confocal microscopy for early 
identification. 
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MORAX-AXENFELD BACILLUS: CLINICAL 

ASPECTS 

 

Morphology and Pathogenic Features 

 • Organism: Moraxella lacunata, also known as 
Morax-Axenfeld bacillus. 

 • Gram-Negative Diplobacilli: 

 • Arranged end-to-end, resembling a “brick wall.” 

 • Habitat: Part of the normal flora of the upper 
respiratory tract but can become pathogenic in certain 
conditions. 

 • Produces proteolytic enzymes that macerate 
epithelial cells, particularly in the conjunctiva and lid 
margins. 

 

Clinical Manifestations 

 1. Angular Conjunctivitis (Diplobacillary 
Conjunctivitis): 

 • Mild chronic inflammation localized at the canthi 
(corners) of the eyes. 

 • Symptoms: 

 • Itching, irritation, and a burning 
sensation in the eye. 

 • Collection of foamy mucopurulent 
discharge at the angles. 

 • Redness and maceration at the angles of 
the lid. 

 • Signs: 

 • Hyperemia of bulbar conjunctiva near 
the canthi. 

 • Eczematous changes on the periocular 
skin due to maceration. 

 • Chronic cases may lead to blepharitis or 
shallow marginal corneal ulceration . 

 2. Infectious Keratitis: 

 • Occurs in patients with compromised ocular 
surfaces (e.g., pre-existing conditions or trauma). 

 • Features: 

 • Indolent corneal infiltrates, often 
inferiorly located. 

 • May progress to full-thickness corneal 
involvement or perforation in 
immunocompromised hosts . 

 

Transmission 

 • From the nasal cavity to the eyes via 
contaminated fingers or handkerchiefs. 

 • May colonize contact lenses in wearers. 
 

Complications 

 • Chronic infection can lead to: 

 • Persistent blepharitis. 

 • Marginal corneal ulcers with potential scarring 
and vision loss . 

 

Treatment 

 1. Topical Antibiotics: 

 • Tetracycline or Oxytetracycline (1%) 
ointment: Applied 2–3 times daily for 2 weeks. 

 • Quinolones or aminoglycosides may be used for 
resistant strains. 

 2. Zinc-Based Eye Drops: 

 • Inhibit proteolytic enzymes and reduce 
maceration. 

 3. Supportive Care: 

 • Warm saline irrigation to clean discharge and 
debris . 

 

Preventive Measures 

 • Maintain hygiene, especially in patients prone to 
recurrent conjunctivitis. 

 • Avoid sharing personal items like towels or 
handkerchiefs. 

 

Key Features Summary Table 
 

Feature Details 

Common 

Presentation 

Angular conjunctivitis with 

redness and discharge at canthi. 

Pathology Enzyme-induced epithelial 

maceration, chronic inflammation. 

Transmission From nasal cavity via 

contaminated fingers or objects. 

Treatment Tetracycline ointment, zinc drops, 

and hygiene measures. 

 

Mnemonic for Symptoms: 
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“DRIFT”: 

 • D: Discharge (foamy, mucopurulent). 

 • R: Redness at canthi. 

 • I: Irritation and burning. 

 • F: Foamy secretions. 

 • T: Tenderness with skin excoriation. 
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MORPHOLOGY AND CULTURE OF BACILLUS 

PYOCYANEUS (PSEUDOMONAS AERUGINOSA) 

Morphology 

 • Shape and Size: 

 • Pseudomonas aeruginosa (formerly known as 
Bacillus pyocyaneus) is a Gram-negative, rod-
shaped bacterium. 

 • Dimensions: Approximately 1–3 µm long and 
0.5–0.8 µm wide. 

 • Motility: 

 • Actively motile with a single polar flagellum, 
allowing it to move in moist environments. 

 • Pigment Production: 

 • Produces characteristic pigments: 

 • Pyocyanin: Blue-green color. 

 • Pyoverdine: Yellow-green, fluorescent 
under UV light. 

 • Pyorubin: Reddish pigment 
(occasionally). 

 • Capsule: 

 • May have a polysaccharide capsule, enhancing 
virulence and resistance to phagocytosis . 

 

Staining Characteristics 

 • Gram Stain: 

 • Appears as Gram-negative pink rods due to the 
thin peptidoglycan layer in the cell wall. 

 • Other Stains: 

 • May be visualized with acridine orange and 
Giemsa stain in specific contexts, especially in tissue 
sections. 

 

Cultural Characteristics 

 1. Aerobic Growth: 

 • Obligate aerobe, grows optimally at 37°C but can 
tolerate up to 42°C. 

 2. Growth on Media: 

 • Nutrient Agar: 

 • Forms large, flat colonies with irregular 
margins. 

 • Colonies are pigmented (blue-green) 
and have a characteristic fruity odor due to 
volatile compounds. 

 • MacConkey Agar: 

 • Produces non-lactose fermenting 
colonies (colorless). 

 • Blood Agar: 

 • May produce beta-hemolysis (clear zone 
of lysis around colonies). 

 3. Selective Media: 

 • Cetrimide Agar: 

 • Selective for P. aeruginosa. Pyocyanin 
and pyoverdine production are enhanced. 

 • King’s Medium A and B: 

 • Specialized media to promote and 
differentiate pigment production. 

 4. Other Characteristics: 

 • Resistant to many disinfectants and antibiotics. 

 • Thrives in moist environments, making it a 
common nosocomial pathogen. 

 

Key Points 

 • P. aeruginosa is a major cause of hospital-
acquired infections. 

 • In ophthalmology, it is a leading pathogen in: 

 • Contact lens-associated keratitis. 

 • Corneal ulcers with rapid necrosis and 
hypopyon formation. 

 

Summary Table 
 

Feature Details 

Morphology Gram-negative, motile rods, blue-

green pigment production. 

Staining Pink on Gram stain, may use Giemsa 

or acridine orange. 

Culture Media Nutrient agar, MacConkey agar, 

blood agar, cetrimide agar. 

Pigments Pyocyanin (blue-green), pyoverdine 

(fluorescent), pyorubin (red). 

 

Mnemonic for P. aeruginosa: 
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“P-PRODUCE” 

 • P: Pigments (Pyocyanin, Pyoverdine). 

 • P: Polar flagella (Motile). 

 • R: Rod-shaped (Gram-negative). 

 • O: Odor (Fruity). 

 • D: Disinfectant resistance. 

 • U: Ubiquitous in moist environments. 

 • C: Cetrimide agar growth. 

 • E: Extracellular enzymes (Elastase, Exotoxin A). 
 
 

CLINICAL ASPECTS OF PSEUDOMONAS 

AERUGINOSA (BACILLUS PYOCYANEUS) 

 

Ophthalmic Infections 
 
Pseudomonas aeruginosa is a highly virulent pathogen 
commonly associated with aggressive infections of the 
eye, particularly in immunocompromised or trauma-
affected individuals. It thrives in moist environments, 
making it a major concern in hospital and contact lens-
related infections. 
 

1. Corneal Infections 

 1. Bacterial Keratitis: 

 • One of the most aggressive causes of infectious 
keratitis. 

 • Symptoms: 

 • Severe ocular pain, redness, 
photophobia, and discharge. 

 • Signs: 

 • Rapidly progressing corneal ulceration 
with a soupy stromal necrosis. 

 • Ring-shaped infiltrate. 

 • Dense hypopyon (pus in the anterior 
chamber). 

 • Perforation in advanced cases. 

 • Risk Factors: 

 • Contact lens use (poor hygiene or 
overnight wear). 

 • Trauma with organic matter. 

 • Pre-existing corneal surface diseases 
(e.g., dry eye, keratoconjunctivitis sicca). 

 

2. Post-Surgical Infections 

 1. Endophthalmitis: 

 • Rare but devastating intraocular infection 
following surgery (e.g., cataract surgery) or trauma. 

 • Presents with sudden-onset pain, loss of vision, 
and hypopyon. 

 • Infections by Pseudomonas can lead to rapid 
necrosis of intraocular tissues. 

 2. Suture-Related Abscesses: 

 • Associated with corneal sutures used in 
surgeries, especially if proper sterilization 
protocols are not followed. 

 

 
 

3. Orbital and Adnexal Infections 

 1. Preseptal Cellulitis: 

 • Infection confined to the anterior tissues of the 
eyelid. 

 • Presents as swelling, redness, and tenderness of 
the lid. 

 2. Orbital Cellulitis: 

 • Extension of infection into the orbit. 

 • Symptoms include painful proptosis, restricted 
eye movements, and fever. 

 • May progress to orbital abscess or cavernous 
sinus thrombosis. 

 

4. Contact Lens-Associated Infections 

 • The most common cause of contact lens-
associated keratitis. 

 • Poor lens hygiene or contaminated solutions 
allow Pseudomonas to colonize the cornea, leading to 
rapid ulceration. 

 

5. Other Ocular Complications 

 1. Conjunctivitis: 

 • Purulent discharge, redness, and conjunctival 
hyperemia. 

 • Typically resolves with antibiotic therapy. 

 2. Blepharitis: 
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 • Chronic inflammation of the lid margin, often 
with crusting and scaling. 

 3. Pseudomonas Dacryocystitis: 

 • Infection of the nasolacrimal duct presenting as 
swelling and erythema near the medial canthus. 

 

Virulence Factors 

 1. Pyocyanin: 

 • Blue-green pigment with cytotoxic effects on 
corneal epithelial cells. 

 2. Exotoxins: 

 • Exotoxin A: Inhibits protein synthesis. 

 • Elastase and Proteases: Break down stromal 
collagen and cause tissue destruction. 

 3. Biofilm Formation: 

 • Helps the bacterium adhere to contact lenses and 
surfaces, increasing resistance to antibiotics. 

 

 
 
 
 
Management 

 1. Topical Antibiotics: 

 • Fluoroquinolones (e.g., ciprofloxacin, 
moxifloxacin) are the first-line treatment. 

 • Fortified antibiotics (e.g., tobramycin, 
ceftazidime) for severe cases. 

 2. Systemic Antibiotics: 

 • Used in severe infections such as 
endophthalmitis or orbital cellulitis. 

 3. Surgical Intervention: 

 • Therapeutic keratoplasty for corneal perforation. 

 • Vitrectomy for endophthalmitis. 

 4. Contact Lens Care: 

 • Education on proper hygiene and avoiding 
overnight use. 

 

Summary Table 
 

Infection Clinical 

Features 

Complications 

Keratitis Pain, 

photophobia, 

ring infiltrate, 

hypopyon. 

Perforation, 

secondary 

endophthalmitis. 

Endophthalmitis Pain, vision 

loss, 

hypopyon, 

purulent 

discharge. 

Permanent 

vision loss. 

Orbital Cellulitis Proptosis, 

pain, fever, 

restricted eye 

movements. 

Orbital abscess, 

cavernous sinus 

thrombosis. 

Conjunctivitis Redness, 

purulent 

discharge. 

Chronic 

infection if 

untreated. 

 
 

Mnemonic for Pseudomonas Clinical Features: 
 
“K.E.O.C.” 

 • K: Keratitis (rapidly progressive ulcer). 

 • E: Endophthalmitis. 

 • O: Orbital infections. 

 • C: Conjunctivitis. 
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FUNGI AFFECTING THE EYE 

 
Fungal infections of the eye, or ocular mycoses, can 
involve different parts of the eye, such as the cornea, orbit, 
conjunctiva, and intraocular structures. These infections 
often occur in immunocompromised individuals or after 
trauma, especially with plant material. 
 

1. Types of Fungi Affecting the Eye 

 1. Filamentous Fungi: 

 • Fusarium species: 

 • Commonly associated with traumatic 
corneal injuries. 

 • Causes rapid progression of keratitis 
with feathery-edged infiltrates and satellite 
lesions. 

 • Aspergillus species: 

 • Found in soil and decaying matter. 

 • Associated with keratitis, 
endophthalmitis, and orbital infections. 

 • Mucor species: 

 • Opportunistic infections, often seen in 
diabetic ketoacidosis or immunosuppressed 
patients. 

 • Causes rhino-orbital-cerebral 
mucormycosis with proptosis and necrosis. 

 2. Yeasts: 

 • Candida species: 

 • Part of normal flora but can cause 
infection in immunosuppressed individuals or 
after surgery. 

 • Associated with keratitis, 
endophthalmitis (post-cataract surgery), and 
conjunctivitis. 

 3. Dimorphic Fungi: 

 • Histoplasma capsulatum: 

 • Causes presumed ocular 
histoplasmosis syndrome (POHS). 

 • Associated with choroidal scars, 
peripapillary atrophy, and choroidal 
neovascularization. 

 

2. Ocular Conditions Caused by Fungi 

 1. Fungal Keratitis: 

 • Symptoms: 

 • Severe pain, redness, tearing, 
photophobia, and discharge. 

 

 • Signs: 

 • Feathery-edged corneal infiltrates. 

 • Satellite lesions. 

 • Hypopyon and corneal perforation in 
severe cases. 

 2. Endophthalmitis: 

 • Intraocular fungal infection, often post-surgical 
or post-trauma. 

 • Candida is the most common cause. 

 • Presents with decreased vision, pain, and 
floaters. 

 3. Orbital Fungal Infections: 

 • Associated with mucormycosis or aspergillosis. 

 • Presents with proptosis, lid edema, 
ophthalmoplegia, and necrosis. 

 4. Presumed Ocular Histoplasmosis Syndrome 
(POHS): 

 • Caused by Histoplasma capsulatum. 

 • Presents with “punched-out” chorioretinal scars 
and maculopathy due to neovascularization. 

 

3. Diagnosis 

 1. Clinical Examination: 

 • Corneal scraping for keratitis. 

 • Fundus examination for endophthalmitis or 
chorioretinitis. 

 2. Laboratory Tests: 

 • KOH mount and Calcofluor white staining. 

 • Culture on Sabouraud’s agar. 

 • PCR for fungal DNA detection. 

 3. Imaging: 

 • CT or MRI for orbital involvement. 
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Summary Table 
 

Fungi Ocular 

Conditions 

Key Features 

Fusarium Keratitis Feathery infiltrates, 

satellite lesions. 

Aspergillus Keratitis, 

endophthalmitis, 

orbital mycoses 

Necrosis, proptosis 

(orbital 

mucormycosis). 

Candida Endophthalmitis, 

keratitis 

Associated with 

surgery or 

immunosuppression. 

Histoplasma 

capsulatum 

Presumed ocular 

histoplasmosis 

syndrome 

Choroidal scars, 

neovascularization. 

Mucor Rhino-orbital-

cerebral 

mucormycosis 

Rapid progression in 

diabetics. 

 

Mnemonic for Fungal Eye Pathogens: 
 
“FAMOUS C” 

 • F: Fusarium. 

 • A: Aspergillus. 

 • M: Mucor. 

 • O: Ocular histoplasmosis. 

 • U: Uncommon yeasts (Candida). 

 • S: Satellite lesions in keratitis. 

 • C: Chorioretinitis in histoplasmosis. 
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