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Learning outcomes

Trachoma and other causes of painful blindness

) . . Mechanism schematic
e |dentify the conjunctival structures that

maintain the ocular surface.

e Explain how trachoma causes scarring,
trichiasis, severe dry eye, and visual loss.

Trachom _, | Cicatrizati

e Compare infectious, chemical, immune- Anatomy [~
d on

mediated, and iatrogenic pathways to
cicatrization.

Cases

e Relate conjunctival anatomy to tissue-
preserving surgical decisions.




Why conjunctival injury threatens vision

Mechanism schematic

e The conjunctiva contributes to tear-
film delivery and maintenance.

e Chronic scarring can damage the
fornix, goblet cells, or lacrimal

ductules.

e Pain and visual impairment may

Secretory +
= | Mechanical |~
changes

emerge from loss of ocular surface

protection.

Corneal

injury

—

Visual
loss




Conjunctiva: Three functional zones

Schematic e conjunctival regions
e Palpebral conjunctiva lines the inner

eyelid.

e Forniceal conjunctiva forms a recess
between lid and globe.
e Bulbar conjunctiva covers the ocular /

surface up to the limbus.
Palpebral Bulbar

Conjunctlva Conjunctiva
Fornix




Palpebral conjunctiva: Attachment matters

Mechanism schematic
e The palpebral conjunctiva is firmly

tethered to the underlying tarsus.

e |ts normal covering is low-profile

pseudostratified epithelium.

Tarsal

Palpebral . . .
Epithelium Attachment REBEIEEs

e Inflammation may produce fine

papillary folds on this surface.



Fornix: A specialized protective recess

Schematic ® forniceal recess
e The fornix has pseudostratified

columnar epithelium.

f Goa et-cell-richf h
Fornix
e Goblet cells are abundant in this
region.
e Accessory lacrimal tissue and
lacrimal duct outflow are associated
with the fornix.
\ J J

[ Lid surface ] [ Globe surface ]




Goblet cells support surface mucin

Functional loss ® mucin

OOOO0C0

Intact goblet-cell population

e Forniceal goblet cells provide mucin
to the ocular surface.

e Severe cicatrization may eliminate
goblet cells by obliterating the fornix.

Fornix Reduced mucin
e Mucin deficiency contributes to cicatrization Contribution
failure of the protective surface film.

Diagram is conceptual; No cells were imaged.




Lacrimal delivery depends on conjunctival ductules

Fornix e lacrimal outflow
e Accessory lacrimal tissue lies within

the fornix.
{ Main lacrimal }
: : . land
e The main lacrimal gland empties S
through ductules in the superior- l
lateral fornix.
Conjunctival Ocular surface
Ductules Tear delivery
e Scarring of these ductules diminishes

tear delivery.

Scarring may interrupt outflow



Bulbar conjunctiva: A different epithelium

e The bulbar conjunctiva consists of Mechanism schematic

nonkeratinizing stratified squamous
epithelium.

e |t covers the visible globe outside the

cornea.

Conjunctival Tear-film Corneal

Function Maintenance Protection

e |ts histologic architecture differs

from the goblet-cell-rich fornix.



Limbus: Junction and transition

Mechanism schematic
e The limbus marks the transition of

conjunctival to corneal epithelium.

e Qcular surface stem cells reside at

the limbus.

Conjunctival . Corneal
Epithelium | | UMPUS T Eoihellum
e Conjunctival pathology must be

understood in relation to this
junction.



Regional anatomy predicts injury consequences

Schematic e conjunctival regions
e Forniceal injury threatens mucin

production and agueous secretion.

e Palpebral contraction can alter
eyelid—cornea contact.

e Corneal injury becomes a /
downstream consequence of

conjunctival disease. Palpebral Bulbar

Conjunctlva Conjunctiva
Fornix




Two contributors to the ocular surface film

e Goblet-cell mucin and lacrimal Functional convergence

agueous output are distinct
protective inputs.

Goblet cells Lacrimal ductules

: - : mucin -> aqueous deliver
e Cicatrization can compromise both 2 9 y

inputs simultaneously. \ /

e The net result is an inadequately

maintained tear film. Maintenance of ocular
Surface tear film




Mucin loss: The first failure route

Functional loss ® mucin
e Extensive fornix loss removes mucin-

secreting goblet cells.

e Anintact lacrimal gland does not @ @ @ @ Q Q

compensate for lost conjunctival Intact goblet-cell population
mucin.
Fornix Reduced mucin
e The ocular surface becomes cicatrization Contribution

vulnerable to chronic irritation.

Diagram is conceptual; No cells were imaged.




Aqueous loss: The second failure route

Fornix e lacrimal outflow

Main lacrimal
gland

e Tear production reaching the ocular l
surface is then diminished.

e Fibrosis may obstruct the lacrimal
ductules crossing the conjunctiva.

Conjunctival Ocular surface
Ductules Tear delivery
e Concomitant goblet-cell damage

produces a compound deficit.

Scarring may interrupt outflow



Inflammation has region-specific patterns

Structural / mechanistic distinction

e Palpebral conjunctivitis can create

fine papillary folds.
Papillary pattern

e Viral conjunctivitis may enlarge
lymphoid follicles, especially in the Pa|pebfralldmucosa|
fornix. olds

. . Described with allergic
e Papillary and follicular responses do .
or bacterial

not, by themselves, establish a conjunctivitis
scarring etiology.

Follicular pattern

Lymphoid follicle
enlargement

Described with viral
conjunctivitis




Trachoma: The pathogen

Mechanism schematic

e Trachoma is caused by Chlamydia

trachomatis.

e The bacterium is obligately
intracellular.

Obligate
intracellular

—

e |ts important late pathology lies in
the host tissue response and

scarring.

Chlamydia
trachomatis

—

Conjunctival
Infection




Trachoma: Global significance

Mechanism schematic
e Trachoma as a leading cause of

preventable blindness worldwide.

e |ts significance arises from

progression beyond conjunctivitis to
ocular surface destruction. _
Inflamma |_ Painful

Infection | . .
tion visual loss

e The preventable outcome is severe,
painful visual loss.




How trachoma spreads: Direct transfer

Transmission pathways
e Infectious ocular or nasal discharge

can contaminate hands.
Ocular / nasal

Discharge

e Close personal contact allows /\

transfer between individuals.
Hands Clothes / bedding

e The source also identifies clothing, / \

Flies

bedding, and hard surfaces as
: Hard surfaces
vehicles.




How trachoma spreads: Flies

e Flies contacting infected eye or nose Transmission pathways

secretions may transport infectious L

material.
Discharge

Ocular / nasal 1

e This is an additional route, not a /\
replacement for person-to-person
transfer. [ Hands/ } [ B&{hes/bedding }

/ N\

Flies

e Transmission occurs before the late
fibrotic complications appear. [ Hard surfaces } [




Infection and blindness are different phases

Mechanism schematic
e Infection initiates conjunctival

inflammation.

e Untreated conjunctivitis may

progress to major tissue scarring.

Inflamma |_ Painful

Infection | . .
tion visual loss

e Blindness is a late consequence of
accumulated structural injury.




The central injury: Conjunctival cicatrization

Mechanism schematic
e Persistent ocular surface disease may

produce fibrous scars.

e Scar contraction alters conjunctival
architecture rather than causing

mere redness.

Inflamed . Fibrotic . Anatomic

Conjunctiva Remodeling Distortion

e Permanent anatomic distortion is the
critical link to chronic surface failure.



Why the fornix may disappear

Schematic ® forniceal recess
e The normal fornix provides a recess

between eyelid and globe.

f Goa et-cell-richf h
Fornix
e Severe scar formation can obliterate
this recess.
e |ts loss removes goblet-cell-rich
epithelium and compromises tear
function.
\ J J

[ Lid surface ] [ Globe surface ]




Tissue loss has functional specificity

Structural / mechanistic distinction

Goblet-cell loss chiefly affects mucin.

Compromised structure

Lost structure ‘

Lacrimal ductule damage chiefly

affects aqueous delivery. Goblet cells Lacrimal ductules

Both are described consequences of Mucin contribution Aqueous tear delivery
severe conjunctival scarring.



Trichiasis: A mechanical injury pathway

Schematic ® misdirected lashes
e Scarring can misdirect eyelashes

toward the cornea.

e This abnormal lash orientation is
termed trichiasis. \ \

\

Lash—cornea co

e The corneal surface is then subjected
to repeated mechanical contact. [ Trichiasis }




Three pathways converge on the cornea

Mechanisms leading to corneal injury
e Loss of mucin destabilizes the ocular

surface film.
Goblet-cellloss |>| Mucin deficit
e Decreased lacrimal outflow reduces
. : Aqueous Corneal
agueous protection. Ductule scarring deficit
Surface
injury
 Trichiasis adds direct lash-related [ Trichiasis }[ Lash contact }
irritation.




The end-stage trachoma eye

Mechanism schematic
e The conjunctival fornix may be

severely shortened or obliterated.

e The eye is very dry and chronically
irritated.

Chronic

—| Dryness | — | Blindness

irritation

e Corneal damage and visual loss can
make blindness painful.




A causal chain, not a single lesion

Mechanism schematic
e Chlamydial conjunctivitis is the

initiating condition.

e Scarring damages protective

architecture and eyelid mechanics.

Inflamma |_ Painful

Infection | . .
tion visual loss

e Surface injury is the pathway from
conjunctival disease to loss of vision.




Separate infection from structural damage

Structural / mechanistic distinction
e The presence of conjunctivitis

identifies inflammatory disease. Inflammatory

Cicatricial component
component

e Fornix loss, trichiasis, and ductule
destruction indicate scarring Conjunctivitis Fornix loss * trichiasis
complications.

e The distinction matters when Visible inflammatory Altered anatomy and
interpreting advanced clinical reaction surface function
findings.



Which anatomic change explains mucin loss?

Functional loss ® mucin

OOOO0C0

e An obliterated fornix eliminates
goblet-cell-rich mucosa.

e The associated mucin deficit has a

structural basis. Intact goblet-cell population

e It cannot be explained solely by an | letlrtee .| Reduced mucin
. cicatrization Contribution
inflamed but preserved palpebral

epithelium.

Diagram is conceptual; No cells were imaged.




Which change explains reduced tears?

e The main lacrimal gland Fornix e lacrimal outflow
communicates with the fornix
through ductules.
{ Main lacrimal }
gland
e Conjunctival scarring can l
compromise this route of secretion.
Conjunctival Ocular surface
Ductules Tear delivery

e Functional loss may occur without

primary pathology inside the gland.

Scarring may interrupt outflow



Which change explains direct corneal abrasion?

Schematic ® misdirected lashes
e Conjunctival scarring can redirect

eyelashes inward.

e Trichiasis brings lashes into contact
with the corneal surface. \ \

\

Lash—cornea co

e This mechanism is independent of
the two tear-film deficits. [ Trichiasis }




The conjunctiva—cornea interface

Mechanism schematic
e The conjunctiva contributes to ocular

surface maintenance.

e The cornea depends on its surface

film for normal function.

Conjunctival Tear-film Corneal

Function Maintenance Protection
e Conjunctival disease can therefore

impair vision through secondary
corneal injury.



Conjunctival scarring has multiple causes

Multiple causes ® common endpoint
e Trachoma is one infectious cause of

( )

conjunctival fibrosis. _
C. Trachomatis
\_ J
( )
e Robbins also identifies caustic alkalis Caustic alkali
and ocular cicatricial pemphigoid. \ J Conjunctival
4 h Scarring
Cicatricial pemphigoid
o J
e Drugs and surgery can cause
( )
iatrogenic conjunctival scarring. Drugs / surgery
\ J

Different initiating disorders



Caustic alkali exposure

Conjunctival scarring pathway
e Caustic alkalis are a recognized cause

of conjunctival scarring.

e The key late finding is an injured, Caustic alkali

cicatrized ocular surface. \

e Such a history points to chemical
injury rather than trachoma. Conjunctival scar - tear-film injury




Chemical injury: Why the history matters

Structural / mechanistic distinction
e An exposure history can identify an

alternative scarring pathway.

Historical clue ‘ | Shared late finding
e The final anatomic consequences
may resemble other cicatrizing Caustic contact Conjunctival scarring
disorders.
. . Surface-film
e An observed dry scarred eye alone Noninfectious onset

compromise
cannot specify its original cause.



Ocular cicatricial pemphigoid

Conjunctival scarring pathway
e QOcular cicatricial pemphigoid as

another cause of scarring.

e The key relevance here is progressive Cicatricial pemphigoid
loss of normal conjunctival
architecture. \

e The excerpt does not provide
immunopathologic or laboratory

. ) o Cicatrization of the ocular surface
diagnostic criteria.




Similar end point, distinct etiologies

Multiple causes ® common endpoint
e Trachoma is linked to C. Trachomatis

infection. f R
C. Trachomatis
\_ J
e Caustic exposure is chemical; g k
Cicatricial pemphigoid is an immune- SIBIEELEL
. - ~ o Conjunctival
mediated condition. . . :
Scarring
Cicatricial pemphigoid
. \_ J
e All can produce scarring that
( )
threatens the surface film. Drugs / surgery
\ J

Different initiating disorders



Drug-related 1atrogenic scarring

Conjunctival scarring pathway
e Reaction to drugs may scar the

conjunctiva.

. - , I Drug-associated reaction
e The source identifies this possibility 8

without naming specific agents. \

e A medication and ocular-treatment
history is therefore relevant to {

, , Conjunctival scarring
attribution.




Surgery-related conjunctival scarring

e Surgical manipulation or removal of Wechanism schematic

conjunctival tissue can create a
scarred surface.

e Resection may remove essential

goblet cells or damage lacrimal

ductules. —_—
Conjunctival |__ | Gobletcells/

— A
Excision Ductules at risk Painful dry eye

e Visual function can be impaired even
after successful lesion removal.



Why conventional cancer margins may harm the eye

e Wide excision normally aims to Mechanism schematic
remove invasive disease and
adjacent at-risk tissue.

e |n the conjunctiva, an overly
extensive excision may sacrifice

protective surface structures.

Tumor-directed Preserve fornix Surface

Excision Structures Function

e The functional cost may be chronic
painful dry eye.



Goblet-cell preservation in tumor surgery

Functional loss ® mucin

OOOO0C0

e Goblet cells are concentrated in the
fornix.

e Extensive resection of this mucosa

can diminish mucin production. Intact goblet-cell population
e The extent of excision must be | letlrtee .| Reduced mucin
: : cicatrization Contribution
considered against ocular surface

preservation.

Diagram is conceptual; No cells were imaged.




Lacrimal ductules: Structures to spare

e Main-gland ductules traverse Fornix  lacrimal outflow

conjunctiva in the superior-lateral
fornix. _ .
Main lacrimal

gland
e Damage can compromise tear l
delivery.
Conjunctival Ocular surface

e The surgical field must therefore be Ductules Tear delivery

interpreted anatomically, not simply
by tumor size.

Scarring may interrupt outflow



Invasive tumor versus intraepithelial involvement

Structural / mechanistic distinction

e Removing the invasive components

of conjunctival neoplasms.

) Intraepithelial
Invasive component

involvement
* Intraepithelial disease may instead N Tissue-sparing
receive tissue-sparing treatment. Excision modality

e The goal is to balance disease control
with preservation of the ocular

surface.

Limit unnecessary

Remove invasive tissue i
tissue loss



Examples of tissue-sparing modalities

Structural / mechanistic distinction

e Cryotherapy for intraepithelial

involvement.
Intraepithelial disease

Invasive component ‘

e Topical chemotherapy delivered as N Tissue-sparing
eye drops is another cited approach. Local excision options

e These are exa?mples of the | Remove invasive tissue Cryot:eraplyhortoplcal
pathology-driven preservation chemotherapy

principle, not a treatment protocol.



A functional model of ocular-surface surgery

e The lesion must be addressed Mechanism schematic

without unnecessary loss of
conjunctival function.

e Goblet cells and lacrimal ductules

are structures of concern.

Tumor-directed Preserve fornix Surface

Excision Structures Function
e The late adverse outcome is dry,

painful, vision-compromising ocular
surface disease.



Causes compared: Initiating event

Multiple causes ® common endpoint
e Trachoma begins with infection and

conjunctivitis. i R
C. Trachomatis
\_ J
( )
e Alkali exposure begins with chemical Caustic alkali
injury. - o Conjunctival
( h Scarring
o Cicatricial pemphigoid
e Pemphigoid, drugs, and surgery L y
provide other routes to conjunctival 4 N
scarring. Drugs / surgery
\ J

Different initiating disorders



Causes compared: Shared consequence

e \Whatever the trigger’ scar formation Mechanism schematic

may affect the fornix and ocular
surface.

e Tear-film delivery or maintenance
may then be compromised.

Secretory +
= | Mechanical |~
changes

Corneal . Visual

injury loss

e Anatomy explains the symptom
overlap better than the initiating
category alone.




Papillae and follicles are not synonyms

Structural / mechanistic distinction

e Papillary folds may occur in palpebral

allergic or bacterial conjunctivitis.

Papillae ‘ | Follicles
* Follicles reflect a lymphoid response; Folded palpebral Enlarged lymphoid
Viral conjunctivitis is an example. mucosa aggregates
e Neither reaction should be mistaken Epithelial surface Immune-cell tissue
for the full cicatricial mechanism of response response

blindness.



Recognizing a cicatrizing phenotype

Mechanism schematic
e A history of chronic conjunctivitis or

injurious exposure is relevant.

e Anatomic indicators include fornix
alteration and abnormal lash

direction. Relevant Dry eye /
. — | Fornix /lashes [— y €y
History cornea

e Tear-film compromise links these
findings to pain and visual loss.



A patient with chronic irritation and trichiasis

Clinicopathologic reasoning

e History: Prolonged ocular

inflammation.

e Finding: Eyelashes misdirected

toward the co

Observe the
Structural finding

rnea.

e Question: What scar-related

mechanical change explains corneal

irritation?

Identify the impaired
Protective function




Case analysis: The trichiasis mechanism

° Trichiasis is abnormal Iash Schematic ® misdirected lashes

orientation resulting in corneal
contact.

e The problem is mechanical even
when conjunctival inflammation has
subsided.

e Mucin or aqueous deficiency may
coexist, but is a distinct pathway. [ Trichiasis }

\

Lash—cornea co




A patient with a shortened conjunctival fornix

Clinicopathologic reasoning
e History: Chronic cicatrizing ocular

surface disease.

Observe the
Structural finding

e Finding: Marked fornix scarring with
profound dryness.

e Question: Which two protective Identify the impaired
inputs are most directly jeopardized? Protective function




Case analysis: Why fornix loss 1s decisive

Functional convergence
e Fornix obliteration removes goblet-

cell-rich mucosa.

Goblet cells Lacrimal ductules

. "
e Scarred ductules can obstruct the < e = aqueous delivery

route for lacrimal secretion.

e One lesion location can produce a

dual tear-film failure. Maintenance of ocular
Surface tear film




Dry eye after conjunctival tumor excision

Clinicopathologic reasoning
e History: Removal of a conjunctival

neoplasm.

Observe the

Structural finding
e Finding: New chronic ocular irritation

after surgery.

e Question: How can tumor-directed Identify the impaired
surgery itself produce surface injury? Protective function




Case analysis: Anatomical cost of excision

Mechanism schematic

e Conjunctival resection removes
epithelium and supporting tissue.

e Loss of goblet cells or lacrimal

ductules may reduce surface-film

function.

Conjunctival Goblet cells /
Excision Ductules at risk

e Tissue-sparing approaches may be
considered for intraepithelial

involvement.

—

Painful dry eye




The shared causal architecture

Mechanisms leading to corneal injury
e Diverse insults produce conjunctival

scarring.
Goblet-cell loss |*| Mucin deficit
e Scarring removes secretory
structures or distorts eyelid
_ y Ductule scarring [> A:ufe-c{us Corneal
mechanics. ericit Surface
injury
e Tear-film failure and lash trauma
converge on corneal damage and UHBAIESE oo e

painful visual loss.



Anatomic distinctions to retain

Schematic e conjunctival regions
e Palpebral conjunctiva: Tarsal

attachment and papillary response.

e Fornix: Goblet cells, accessory
lacrimal tissue, and gland ductules.

e Bulbar conjunctiva and limbus: /
Ocular covering and epithelial

transition. Palpebral Bulbar

Conjunctlva Conjunctiva
Fornix




Clinical-pathologic synthesis

i ] . Mechanism schematic
Trachoma is a preventable infectious

pathway to conjunctival blindness.

Late visual loss reflects scarring and
failure of ocular surface protection.

. .. Secretory + .
Alkalis, pemphigoid, drugs, and surgery —| Mechanical |—| €orneal | | Visual

injur loss
can converge on the same structural end changes Jary
point.

Conjunctival tissue preservation is
central to the clinical logic.




References and scope

Source and limitations

e Robbins, Cotran & Kumar. Pathologic Basis of Disease. 11th ed. Chapter 29, “The Eye,” pp.
1190-1191.

e Conjunctival anatomy and ocular surface context are taken from the preceding “Conjunctiva”
subsection.

e All drawn structures are original editable teaching schematics, not clinical photographs or
microscopic evidence.

* No external treatment guideline, diagnostic grading system, or therapeutic dose is
represented.
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