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Learning objectives

• Localize inflammatory exudate within anterior ocular compartments.

• Interpret hypopyon, cells, flare, and keratic precipitates as distinct findings.

• Trace anterior and posterior synechiae to their major complications.

• Distinguish anterior segment inflammation from vitreous involvement.

Anatomy Inflammatory signs Adhesions Clinical effects



The eye reveals vascular inflammatory responses

• The anterior chamber is optically 
accessible to direct clinical examination.

• Leukocyte accumulation and exudate 
can be observed rather than inferred.

• Acute and chronic inflammation yield 
different visible patterns.
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Anatomy: Limits of the anterior chamber

• Cornea forms the anterior boundary.

• Iris forms the posterior boundary.

• Trabecular meshwork occupies the 
chamber angle laterally.
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The posterior chamber is a separate space

• The posterior chamber lies behind the 
iris and in front of the lens.

• It is not synonymous with the vitreous 
chamber.

• The pupil connects posterior and 
anterior chambers.
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Aqueous humor originates in the ciliary body

• Aqueous humor is formed by the pars 
plicata of the ciliary body.

• Fresh aqueous enters the posterior 
chamber.

• It normally passes through the pupil to 
the anterior chamber.

Anterior → posterior

Cornea

Anterior 
chamber

Iris Lens

Posterior 
chamber

Pupil

Flow of aqueous



Aqueous leaves through the chamber angle

• Most aqueous egress occurs through 
the trabecular meshwork.

• The meshwork is positioned at the 
peripheral cornea–iris junction.

• Adhesions at this site can obstruct the 
ordinary outflow route.
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Lens epithelium interacts with aqueous humor

• The anterior surface of the lens lies 
adjacent to aqueous.

• The lens is avascular; The epithelium 
relies on aqueous contact for nutrition.

• Persistent inflammatory adhesion can 
alter this relationship.

Lens epithelium and anterior capsule

Anterior epithelium

Aqueous-facing anterior surface



Iris and ciliary vessels supply the exudate

• Corneal infection can induce 
inflammatory exudation from iris and 
ciliary body vessels.

• Cells and fluid then enter the aqueous-
filled chamber.

• The corneal infection and the chamber 
response occupy different 
compartments.
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Anterior chamber is an inflammatory observation site

• Direct inspection can reveal a layered leukocytic deposit.

• Slit-lamp optics reveal individual cells and light scatter.

• Adherent inflammatory cells may be seen on corneal endothelium.

Leukocytes in fluid Exudate scatters light Cells deposit on endothelium



Pathologic sequence: Insult to chamber exudate

• An inflammatory stimulus acts on the anterior ocular structures.

• Vessels in iris and ciliary body produce an exudative response.

• Cells and exudate in aqueous become clinically detectable.

Local ocular insult Vascular response Cells + exudate Visible chamber signs



Corneal infection can trigger remote chamber inflammation

• An acute infected cornea may be 
accompanied by an anterior-chamber 
exudate.

• The exudate can arise from intraocular 
vessels despite the corneal site of 
infection.

• The site of the original lesion is not 
necessarily the site of the visible 
leukocyte layer.
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Hypopyon: Dependent leukocyte accumulation

• Inflammatory leukocytes may sediment 
within aqueous humor.

• Gravity produces a white dependent 
layer in the lower anterior chamber.

• This visible layer is termed a hypopyon.

Anterior chamber — schematic cross-section

Gravity

Dependent leukocyte layer



Gravity explains the position of a hypopyon

• Cells suspended in aqueous settle 
toward the inferior chamber.

• A fluid–cell interface produces the 
characteristic layered appearance.

• The position reflects sedimentation, not 
a distinct inferior tissue lesion.

Anterior chamber — schematic cross-section

Gravity

Dependent leukocyte layer



Hypopyon can be visible without a slit lamp

• A sufficiently developed hypopyon may 
be recognized by penlight examination.

• The sign is an observable white layer, 
not an inference from symptoms.

• A penlight does not characterize all the 
remaining microscopic chamber 
findings.

Anterior chamber — schematic cross-section

Gravity

Dependent leukocyte layer



Hypopyon does not prove anterior-chamber infection

• In corneal infection, the infected tissue and aqueous exudate need not contain identical 
material.

• Organisms are seldom present in the hypopyon.

• Its presence establishes an inflammatory cell layer, not the microbiology of the chamber.

Infected cornea Iris/ciliary exudation Leukocytes in chamber
Hypopyon ≠ organism 

proof



Corneal focus and chamber response are distinct

• Primary site: Corneal infection or 
inflammation.

• Secondary observed response: 
Exudation from iris and ciliary vascular 
beds.

• Anatomical separation explains why 
hypopyon is not a direct microbial stain.
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Slit lamp: An optical examination of aqueous

• The slit lamp permits observation of 
otherwise subtle intraocular 
inflammatory products.

• Suspended inflammatory cells reflect 
light within the chamber.

• Background haze reflects exudate in 
aqueous humor.

Cells + proteinaceous exudate alter the optical view



Normal aqueous is optically transparent

• Clear aqueous ordinarily transmits the 
viewing beam without a conspicuous 
murky appearance.

• Inflammatory exudate changes its 
optical properties.

• The clinical change is termed flare.

Light scatter makes aqueous appear murky



Cells: Discrete reflected points of light

• Individual inflammatory cells can appear 
as sparkling points.

• The slit-lamp beam makes them 
conspicuous against a darker 
background.

• “Cells” describes suspended 
inflammatory cellular elements in the 
aqueous.

Cells reflect light in the slit-lamp beam



Flare: Diffuse light scatter by exudate

• The aqueous appears murky when it 
contains inflammatory exudate.

• Flare is a diffuse optical finding rather 
than a single sedimented layer.

• It can coexist with visibly suspended 
cells.

Light scatter makes aqueous appear murky



Cells and flare are related but different signs

• Cells: Individual inflammatory elements 
detected optically.

• Flare: Clouding caused by inflammatory 
exudate.

• The combined phrase “cell and flare” 
denotes an active anterior-chamber 
response.

Cells + proteinaceous exudate alter the optical view



Blunt trauma may produce cells and flare

• An anterior chamber inflammatory 
response may follow noninfectious 
blunt injury.

• Observed cells and flare are therefore 
not synonymous with microbial disease.

• Interpret the finding with its 
precipitating event.

Cells + proteinaceous exudate alter the optical view



Corneal inflammation may produce cells and flare

• An inflamed cornea can be associated 
with an intraocular chamber response.

• The chamber sign does not require the 
initial process to arise within the iris.

• Recognizing a corneal trigger helps 
explain the distribution of inflammation.
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Iris and ciliary inflammation may produce cells and flare

• Inflammation involving the iris or ciliary 
body directly affects uveal vascular 
tissues.

• Exudate from these structures enters 
the chamber.

• The common slit-lamp response does 
not by itself identify a single etiology.
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Keratic precipitates: Endothelial cell deposits

• Inflammatory cells may adhere to the 
corneal endothelium.

• These deposits are called keratic 
precipitates.

• Their location distinguishes them from 
cells suspended freely in aqueous.

Inflammatory deposits on endothelium



Keratic precipitates are surface-associated

• Corneal endothelium is the chamber-
facing layer of the cornea.

• Inflammatory cells adhering at this 
surface form discrete deposits.

• A keratic precipitate is not the same 
structure as an inferior fluid-layer 
hypopyon.

Inflammatory deposits on endothelium



Three anterior-chamber signs answer different questions

Finding Anatomic location Physical basis

Hypopyon Dependent anterior chamber Sedimented leukocytes

Cells and flare Suspended in aqueous Cell reflection + exudate scatter

Keratic precipitates Corneal endothelium Adherent inflammatory cells



Exudate may lead to tissue-to-tissue adhesion

• Persistent inflammatory exudate can promote adhesions across normally separate 
surfaces.

• This process with pleural adhesions after exudative inflammation.

• In the eye, such adhesions are termed synechiae.

Exudate persists
Opposed surfaces 

contact
Inflammatory 
organization

Synechia develops



Synechiae are classified by adhesion site

Type Adhesion Most relevant consequence

Anterior Iris cornea / trabecular 
meshwork

Outflow obstruction; pressure 
elevation

Posterior Iris anterior lens Loss of aqueous contact; anterior 
subcapsular cataract



Anterior synechia: Iris adheres to cornea

• Inflammation can cause iris–corneal 
attachment at the anterior chamber 
periphery.

• Contact abolishes a normally open 
tissue separation.

• Peripheral adhesions may involve the 
aqueous-drainage angle.

Anterior synechia: Iris adheres forward

Cornea Iris

Adhesion

Angle outflow can be obstructed



Anterior synechia: Trabecular angle obstruction

• An iris–trabecular adhesion can 
mechanically impede aqueous egress.

• The defect is at the outflow interface.

• Impaired drainage supplies a direct 
route from inflammation to ocular 
hypertension.

Anterior synechia: Iris adheres forward

Cornea Iris

Adhesion

Angle outflow can be obstructed



The trabecular meshwork is a functional bottleneck

• Most aqueous fluid exits through this 
peripheral drainage apparatus.

• Angle adhesions reduce access to the 
outflow route.

• Continued aqueous production despite 
impaired egress can elevate intraocular 
pressure.
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Anterior adhesions can elevate intraocular pressure

• Inflammatory synechiae may close portions of the angle.

• Resistance to aqueous outflow increases as drainage is impaired.
• The pressure consequence depends on obstruction, not merely on the presence of 

inflammatory cells.

Anterior synechiae Trabecular obstruction Reduced outflow Pressure elevation



Pressure elevation can damage the optic nerve

• Synechial obstruction may raise pressure sufficiently to harm the optic nerve.

• The important adverse outcome is structural/functional neural injury.

• Inflammation thus may have consequences beyond the initial chamber reaction.

Angle adhesion ↑ Intraocular pressure Optic nerve damage Vision risk



Posterior synechia: Iris adheres to lens

• Inflammatory exudate can unite iris and 
anterior lens surface.

• The adhesion is posterior to the iris, 
near the lens-facing side.

• Its major lens-related consequence 
differs from that of anterior synechiae.

Posterior synechia: Iris adheres to lens

Iris Lens

Iris–lens adhesion



Posterior adhesion alters the iris–lens interface

• The lens anterior surface normally 
interfaces with aqueous humor.

• Adherent iris covers portions of that 
surface.

• Persistent contact deprives underlying 
epithelium of normal access to aqueous.

Posterior synechia: Iris adheres to lens

Iris Lens

Iris–lens adhesion



Lens is enclosed by a capsule

• Lens capsule is the basement 
membrane of the lens epithelium.

• The epithelium and derived lens fibers 
remain within this enclosed system.

• This organization is relevant when 
epithelial injury leads to opacity.

Lens epithelium and anterior capsule

Anterior epithelium

Aqueous-facing anterior surface



Lens epithelium normally depends on aqueous

• Because the crystalline lens is avascular, 
aqueous provides crucial support.

• Prolonged iris–lens adhesion reduces 
epithelial contact with aqueous.

• The resulting epithelial change is a 
tissue response to the abnormal 
interface.

Lens epithelium and anterior capsule

Anterior epithelium

Aqueous-facing anterior surface



Fibrous metaplasia follows sustained posterior adhesion

• Prolonged iris–lens contact to fibrous metaplasia of lens epithelium.

• Metaplastic lens epithelial changes lie beneath the anterior capsule.

• The resultant opacity is classified anatomically as anterior subcapsular.

Posterior synechia
Restricted aqueous 

contact
Fibrous metaplasia Anterior lens opacity



Anterior subcapsular cataract is a sequela

• Opacity develops beneath the anterior 
lens capsule.

• The mechanism is associated with lens 
epithelial fibrous metaplasia.

• It is a structural complication of chronic 
anterior segment inflammation.

Lens epithelium and anterior capsule

Anterior subcapsular 
opacity

Inflammation-associated fibrous metaplasia



Inflammatory and age-related cataract differ

Feature Inflammatory anterior 
subcapsular

Age-related nuclear

Location Beneath anterior capsule Lens nucleus

Process in Robbins Fibrous epithelial metaplasia Age-related nuclear opacification

Context Prolonged posterior synechia Aging



Chronic inflammation may produce two adhesions

Axis Anterior adhesion Posterior adhesion

Tissue pair Iris–cornea / meshwork Iris–lens

Immediate disturbance Drainage obstruction Abnormal lens contact

Downstream effect Pressure / optic nerve risk Subcapsular lens opacity



Figure 29.11: Integrated pathologic sequence

• Exudate in the chamber, anterior and posterior synechiae, and anterior subcapsular 
cataract.

• The enucleated-eye example illustrates several long-term consequences together.
• A radial-fold appearance in the original lens is explicitly identified as artifact—not 

disease.

Chronic inflammation Chamber exudate
Anterior + posterior 

synechiae
Pressure risk + cataract



Aqueous obstruction and lens injury are different

Question Anterior synechiae Posterior synechiae

Where is the lesion? Chamber angle Iris–lens interface

What changes? Aqueous drainage Epithelial aqueous exposure

What can follow? Pressure-related optic neuropathy Anterior subcapsular cataract



Pupillary dilation and cycloplegia prevent adhesion

• Pharmacologic pupillary dilation and 
cycloplegia in anterior segment 
inflammation.

• Their purpose in this context is 
prevention of synechiae and their 
sequelae.

• This is a preventive principle; The text 
does not supply a drug, dose, or 
protocol.

Posterior synechia: Iris adheres to lens

Iris Lens

Iris–lens adhesion



Prevention targets irreversible structural complications

• Inflammatory cells and flare are observable signs of exudation.

• Synechiae create persistent mechanical or contact abnormalities.

• Preventing adhesions reduces the pathway to pressure elevation and lens opacification.

Inflammation detected Prevent apposition Limit synechiae Avoid sequelae



Iritis is anatomically a form of uveitis

• The uvea comprises iris, ciliary body, 
and choroid.

• Inflammation of the iris is therefore 
uveal inflammation.

• Clinical “uveitis” terminology often 
denotes a broader chronic disease 
group.
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Anterior uveal disease may be systemic or local

• Uveitis associated with systemic conditions or confined to the eye.

• Anterior-predominant inflammation can occur in chronic uveitic disease.

• The shared chamber signs do not alone establish a systemic cause.

Local ocular disease Uveal inflammation Chamber signs
Systemic context may 

matter



Granulomatous disease can yield “mutton-fat” deposits

• Sarcoidosis is a Robbins example of 
granulomatous uveitis.

• In the anterior segment, its exudate can 
evolve into “mutton-fat” keratic 
precipitates.

• The precipitates describe an observable 
manifestation, not an etiologic diagnosis 
by themselves.

Inflammatory deposits on endothelium



Endophthalmitis requires vitreous involvement

Feature Anterior segment inflammation Endophthalmitis

Required location Anterior ocular compartment Vitreous humor involved

Anterior-chamber inflammation May be present May coexist

Naming criterion Anterior findings alone Vitreous involvement



Inflammatory pressure rise is not every glaucoma

Process Initial mechanism Outflow consequence

Inflammatory synechia Iris adheres to cornea/meshwork Drainage-angle obstruction

Primary angle closure Pupillary block; iris bombé Peripheral iris covers meshwork

Open-angle pathway Increased outflow resistance in 
open angle

Reduced aqueous egress



Glaucoma implies optic-nerve and field pathology

• Glaucoma through characteristic optic-nerve cupping and visual-field change.

• Pressure elevation is common but not present in every glaucomatous eye.

• Anterior chamber synechiae are an important pressure-raising mechanism, not by 
themselves a full glaucoma diagnosis.

Synechiae Outflow resistance IOP may rise Optic nerve/field injury



Transient optical signs versus persistent damage

Level Observable feature Pathologic significance

Inflammatory product Cells / flare / hypopyon Current chamber exudate

Structural adhesion Synechiae Abnormal tissue contact

Organ damage Optic nerve damage / cataract Potential visual loss



Case 1 — corneal infection with a white chamber layer

Interpretive case (hypothetical)

• A patient with acute corneal infection 
has a white inferior layer visible on 
penlight examination.

• What is the name of this finding?

• Does it prove that microorganisms are 
present within the dependent layer?

Anterior chamber — schematic cross-section

Gravity

Dependent leukocyte layer



Case 1 — interpret the inflammatory compartment

• Finding: Hypopyon, produced by gravity-dependent leukocyte sedimentation.

• Likely source of exudate in this mechanism: Iris/ciliary vessels.

• Microorganisms are seldom present in the hypopyon itself.

Corneal infection
Intraocular vascular 

exudation
Leukocyte 

sedimentation
Hypopyon



Case 2 — blunt trauma with a murky optical view

Interpretive case (hypothetical)

• After blunt ocular trauma, slit-lamp 
examination shows sparkling cells and 
diffuse aqueous haze.

• Name the two optical findings.

• Does this observation alone establish an 
infectious etiology?

Cells + proteinaceous exudate alter the optical view



Case 2 — distinguish cells from flare

Observation Mechanism What it does not establish

Sparkles in slit beam Suspended inflammatory cells Organism identity

Diffuse haze Aqueous exudate / flare Specific inflammatory etiology



Case 3 — recurrent inflammation with rising pressure

Interpretive case (hypothetical)

• An eye with chronic anterior-chamber 
exudation develops iris attachment at 
the corneal periphery.

• Which adhesion is present?

• Trace the anatomical pathway to 
possible optic nerve injury.

Anterior synechia: Iris adheres forward

Cornea Iris

Adhesion

Angle outflow can be obstructed



Case 3 — anterior synechia obstructs aqueous outflow

• Anterior synechia links the iris to cornea or trabecular meshwork.

• The adhesion can impede drainage and elevate intraocular pressure.

• Sustained pressure elevation may damage the optic nerve.

Anterior synechia Trabecular obstruction Pressure elevation Optic nerve injury



Case 4 — iris–lens adhesion and lens opacity

Interpretive case (hypothetical)

• An eye with prolonged anterior segment 
inflammation develops iris adhesion to 
the lens.

• Later, an opacity appears beneath the 
anterior lens capsule.

• Identify the synechia and explain the 
epithelial response.

Posterior synechia: Iris adheres to lens

Iris Lens

Iris–lens adhesion



Case 4 — an epithelium-driven cataract mechanism

• Posterior synechia holds iris against the anterior lens surface.

• Prolonged contact restricts normal exposure of lens epithelium to aqueous.

• Fibrous metaplasia produces anterior subcapsular cataract.

Posterior synechia Altered aqueous contact Fibrous metaplasia
Anterior subcapsular 

cataract



Integrated mechanism: Inflammation to visual injury

Entry event Intermediate structure Important end result

Exudate in aqueous Hypopyon / cells / flare / deposits Visible inflammatory response

Iris–cornea/meshwork adhesion Anterior synechia Pressure-mediated optic nerve 
injury

Iris–lens adhesion Posterior synechia Anterior subcapsular cataract



Diagnostic pattern recognition: Four target signs

Visible feature Anatomic level Name

Dependent white layer Inferior chamber Hypopyon

Sparkles + murky aqueous Within aqueous Cells and flare

Deposits on posterior corneal 
surface

Endothelium Keratic precipitates

Iris attached to another surface Angle or lens interface Synechia



Synthesis: Anatomy determines consequence

• The anterior chamber displays inflammatory products of the uveal vascular response.

• Anterior synechiae chiefly threaten aqueous outflow and optic nerve integrity.

• Posterior synechiae chiefly threaten lens epithelial integrity and transparency.

• Vitreous inflammation is the defining boundary for endophthalmitis in this text.

Recognize chamber sign Identify compartment
Locate adhesion if 

present
Predict complication



Reference and scope of this lecture

• Robbins, Cotran & Kumar: Pathologic Basis of Disease, 11th edition (2026).

• The Eye: anterior segment inflammation, plus adjacent anatomy, cataract, 
glaucoma and uveitis discussions.

• Mechanism illustrations are original editable schematics; no clinical or histologic 
specimen images are reproduced.
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