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}  Corneal Epithelium

Anatomy

Cornea

Bowman's Epithelium
Membrane

stroma

Descemet's Membrane '}!!

|

5-6 cell layers thick
non-keratinized stratified
sguamougells

No goblet cells

Conj epithelium consists of
stratified columnaepiw
numerous goblet cells

Rapidly renewing tissue which
loses its surface cells into tear
film

Turnover 46 days

Maintains smoothness of optical
surface

Barrier against micr@rganisms
Maintaingeturgenceof stroma

Regulates metabolic activity of
stromalkeratocytes

At limbus thickens to 10 cell
layers

Basal epithelial cells of the limbus



Limbal Stem Cells
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+ Basal cells lie deep in thickened epithelial cell layer (protected)
Tightly attached to underlying BM
Rich network of blood supply

oi mbal palisades of Vogtoo
LimbalStem Cells

Undifferentiated cells which serve as an important source of new
epithelium

Make up 515% of cells at limbus and reside in this basal layer



Limbal Stem Cells

' Conjunctiva Limbus Peripheral Cornea Central Cornea
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<O 7 Terminally differentiated Cell
Basement membrane

(@) Transient amplfying Cell

eiSor MMelanocy!e
a / /Limbalﬂbroblast
? @ Limbal epithelial stem Cell

A Undergo asymmetric cell division
producing a stem cell
daughter early transient amplifying cell
transient amplifying cells (TAC),
terminally differentiated cells (DC)
A Slow cycling
can become hiahlv oroliferative to help renlenish the stem cell nool



Epithelial Regeneration

1 Centripetal and circumferential movement of cells from the
peripheral cornea responsible for post traumatic healing
Adjacent cells will fill in small defects
Limbal cells are called in to fill in large defects
Moving centrally at rate 17um/day
Central defects heal by migration 4946 mn/hr

Large defects heal at a faster rate due to increased mitotic activity of
TAC, although recovery time is longer
If complete loss of stem cells and conj regen is required it will be greatly
prolonged
} Conjunctival stem cells are located in the forniceal region and
migrate in a centripetal fashion away from fornices to cover bulb
and tarsal conj
N
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Anatomy

Capable of wide variety of fibroblasti

activity,

. Secretion of collagen

;. Glycosaminoglycan ground substance

; Collagenase (MMP) and collagenase
inhibitors

Keratocytes araisustatic and inactive

w no appreciable synthesis of collag

or collagenase, unless trauma

Metabolic function okeratocytes
regulated from cytokines from
epitheliumjnflammecells and other
keratocytes

Mobilized fromadjareas to repopulatc
damaged area,

; Migration begins on endothelial side
Keratocytesynthesis of collagen
requiresascorbatgdrom the aqueous
;. CBepitypically secretes but damaged b



Etiology of Chemical Burns

A Ocular burn injuries
Radiant (thermal, UV)
Chemical (acid, alkad)True Ocular Emergency
A Epidemiology
Eye injuries account fot-7%o0f workplace injuries
84% are chemical burns

Location of Chemical Injuries
Work place injuries (66%)
Safety glasses are no match for strong chemicals under high pressure
Construction sites

Chemical plants
Machine factories

Home based injuries (33%)
Most serious injuries by lime and drain cleaners
Safety glasses helpful

School based (1%)



Etiology of Chemical Burns

A Incidence
30 per 10,000
82-91%men
Occurring in prime ofife 1645 years
90% accidental

Alkali make up majority cdiccidents 2x acids

Automotive battery acid burns are increasingly comndaturing
recharging of leadcid storage battery (25% sulfuric acid, hydrogen
and oxygen gasgs

Colder months, After dark, Young men, igniting
match to look at battery, Improper use of cables
Intentional
Most occurring as a results of assault
4 were chronic alcoholic® 32% intoxicated at time aidmission

Luckily most chemical injuries are mild with a good
prognosis




Irreversible

Damage-

Irreversible

Damage.
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Examples of solutions at this pH

Battery acid, Strong Hydrofluoric Acid

Hydrochloric acid secreted
by stomach lining

Lemon Juice, Gastric Acid
Yineger

Grapefruit, Orange Juice, Soda

Acid rain
Tomato Juice

Soft drinking water
Elack Coffee

Urine
Saliva

"Pure” water

Sea water

Baking soda

Great Sa't Lake
Milk of Magnesia

Ammonia solution

Snanl) water

Bleaches
Oven cleaner

Liquid drain cleaner

ACIDIC
'

—LNEUTRAL

BASIC
(ALKALINE)




Chemical Injuries of the Cornea

} Acid- low pH

1 Alkalt high pH

} Irritant- neutral pH

+ Surfactant$®) detergentsd neither acid or alkali
Cationic, anionic, nonionigwitterionic
BAK
Liquid dishwashing detergent

} Modifying factors
Duration of contact
Solution pH
Solution quantity
Solution penetrability



Acid Burns @

} Intact corneakepi affords @ sulfuric acid
moderate protection against 0 :
penetration of dilute or weak sulturous éC'd _
acids @ hydrochloric acid

Little damage seen unless pH @ nitric acid

2.5 ° fi id

Acids bind to corneal proteins ace IC_aCI _

and act as chemical barrier @ chromic acid
Severe damagee@piremoved @ hydrofluoric acid

} Cause protein coagulation in
corneal epithelium

Also acts as barrier /ZRateS Of penetratiOn
Ground glass appearance ASulfuric Acid slowest
} Usually norprogressive and Adydrochloric acid- fast
superficial ASulfurous aci@ faster

Hydrofluoric acid is exception
Fluoride ion penetratestroma
Acts-asalkall

Adydrofluoric acid-fastest



Alkalli Burns

} Substances that have basic pH

+ More severe than acid burns

As pH rises, emulsification of lipids in cell membranes occur

Destroying barriers to penetration facilitating deeper penetration to Ant
Segment

Injurious effect on stroma involves:
Temporary binding of alkatationsto cornealmucoproteinsand collagen
Rapid destruction of corneahucoproteins
Hydration ofglycosaminoglycamesults in stromahaze
Increasing as the pH is raised above 11.5
Lipophilic
Penetrate more rapidly than acids

Detectable levels in A.C. in seconds to minutes
Once external pH is restored to normal can take 30 m#hhr to neutralize AC,
depending on penetration
Collagen fibril distortion and shortening, leadingttabecular
meshwork alterations

Inflammatory mediators released stimulate the release of
prostaglandins



Alkalli Burns

3 most common
**Calcium HydroxideCgOH], (Lime)

Found in plaster, sweep fornix
Superficiabpacificatiorof cornea

*Sodium hydroxidéNaOH (Lye)

Found in drain cleaners

Pearly opacification of deep stroma
*Ammonium hydroxide NH (ammonia)

Found in household cleaners
Deep tissue injury, corneal edenssndo damage, cataracts

**most common
*most serious, penetratesnmed invades into A.S.

Potassiunhydroxide KOH (Caustic Potash)
Magnesium hydroxide Mg[OH]

Fireworks- Combined chemical and thermal injury



Alkalli Burns

Causesaponifcatiorof cell membrane fatty acids
Stimulates inflammatory response

LiquefactivaneCrosis

Rates of penetration

Calcium hydroxide (Lime) slowest
Potassium hydroxide (Caustic Potagifpster
Sodium hydroxid€Lye) even faster

Ammonia hydroxide (Ammoni&) fastest
Found in agueous in 5 sec of contact
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Causative Agents - lrritants

} The following liquid } The following substances
products are harmlesgo will cause transient
the eye: Irritation:
bubble bath hydrogen peroxide
cosmeticsdeodorant rubbing alcohol
foods(e.g. lemon juige vinegar
Ezgg?gt?:r'lone“ hairspray 4 Maceand pepper spray are
. used in personal
laundrydetergent (liquidl : )

S protection devices. Eye
Medications Its | ked
Shampoo exposure results in marke
shaving cream eye pain and tearing.

Soap Usually these symptoms

sSunscreen subside in 30 minutes and
toothpaste there is no lasting damage.



Causative Agents 0 In the home

Fish bile has been shown to cause 14% of ocular chemical
burns in Norway

In India severe ocular alkali burns have occurred as a result
of bursting ofchunapackets (edible calcium hydroxide
paste), a popular additive to chewing tobacco in India

Il n 2009 40% of chemical bur
under 5 years old were because of washing detergent
capsules

The liquid detergent is a mixture of three active agents

A anionic detergent (230%)

A norrionic detergent

A cationic surfactant

dissolved in water to give an alkaline solution



Causative Agents 0 Self inflicted

Created with a
version
www.avsdyow.com




Treatment - Irrigation
@ Irrigation

“
“
“

Tetracaine

Lid speculum
Physiological saline
@ Tap water better?

Borate buffer (greater
reduction in agueous pH)

Amphoteric substances
(Diphoterineor Previn
solutions)

@ Avail at many workplaces
and hospitalgspEurope

paracentesiand reformation
of the anterior chamber

EYEWASH[ . |
STATION [




Treatment - lrrigation
A Time is of the essence with chemiaajuries
A alwaysecommend immediate irrigation.
A Thelonger hazardous materials remain in the eye, the more
severe the damage.

A Irrigate with water under low pressure for 15 minutes.
Usethe best option that is immediately available.
A A sinkfaucet
A Hosewithout a spraynozzle
A Showerto flush both eyes at the same time if needed.

A Try to keep the water tepid or at room temperature.
A Do not delay irrigation for contact lens removal.
Contacts can be removed after irrigation.



Treatment - Irrigation

} Must neutralize pH first
} Goal7.0to 7.2
} Check every 1830
minutes

pH testing OU, even if
claims only one eye affected

Trapped particles will cause
pH change after initial
normalization

Special attention to fornix

> Carolina Biological suppliesw.Carolina.com



Exam
1 Only after irrigation and neutralization of pH should an

examination be performed
} Inspect and sweep inferior and superiornices
Cotton swab / Glass rod
1 10P
digital ) =mzms
Tonopen =
1 Check MSDS == "“w

} Local poison control center S ——

1-800-222-1222 e



http://www.msdsonline.com/
http://www.aapcc.org/

Exam

e~ 3
1 Determine area of involvement

Assessed by extent of FL staining
Careful not to underestimate

} Estimate depth of corneal penetration
Evaluate loss of stromal clarity
+ Assess depth of conjunctival
penetration

Vascular ischemia / necrosis of limbal an(Earas .
bulbarcon;




Limbal Ischemia
Blanching of the vessels at the limbus

Injected is good
White is bad




Classification Schemes

+ Original classification scheme Hughes et dl946
Based on clinical findings during acute phase

} Modified byThoft1979

Dividescheminjuries into 4 categories

1 Pfisterin 1983
Mild, mildmod, mod, severe, very severe

1 Bagley et @006 classification scheme by
Depth of corneal injury
Involvement of corneal endothelium

Across the pond
1 1964 Ballen
1 1965 RopeiHall

} 2001Dua- 6 Grades / conjunctiva




Classification Schemes

} Determine extent of damage to corneal epithelium, limbus, and
conjunctiva

Determine presence or absence lrhbalischemia
Depth of penetration

Toxicity of substance

Determine quality of view through cornea
Gauge ultimate prognosis

—_— e e e

Gradel
Grade I
Grade Il
Grade IV

Use of grading system to estimate, then confirm adiuabalstem
cell injury is therapeutically useful since it can form the basis 0
recommendations regarding appropriate consideration for early
limbalstem cell replacemen



Grade |

1 Involves corneal epithelium
only

} Limbal stem cells spared
1 Cornea remains clear
Epithelium denuded
No opacity
1 No limbal ischemia

+ Prognosis: Excellent for full
recovery of normal corneal
appearance and function

Grade 1 ocular surface burn. Large corne
burn following accidentadxposure to
ammonia.There is nibimbalor conjunctival
involvement. Fluorescein stained diffuse
view-of the cornea.



Grade Il

1 Partial loss of limbal stem
cells

} Focallimbalischemia
< 1/3 of limbus

+ Cornea is hazy, but
anterior segment
structures are visible

} Prognosis: Good

concerns:

Persistent epithelial
dysfunction

Conjunctivalization
Haze
Neovascularization




Grade Il

Extensive limbal ischemia
+ 1/3 to 1/2 oflimbus

Loss of most limbal stem cells

Stromalhaze limits visualization of iris an@
lens

Prognosis: Guarded
} Surgery needed for visual rehabilitation




Grade IV

1 Complete loss of corneal
epithelium and limbal stem cells

} Loss of proximal conjunctival
epithelium
} Opague cornea
No view of iris or pupil
Porcelainization
+ Limbalischemia (more than 50%)

+ Ischemic necrosis of proximal
conjunctiva and sclera

+ Prognosis: Extremely poor

High risk for sterile ulceration and
corneal melt
1 Even with most aggressite
limbalstem cell death most likely
too advanced




Grade IV
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Stages of Ocular Surface Recovery

} McCullewet aldivided the clinical course into 4 distinct
phases

} Immediate (Day 0)
Grades IV (V and VI)

+ Acute (Days 0 to 7)
} Intermediate/early repair (Days 7 to 21)
} Late repair (After day 21)



Acute - Day Oto 7

+ Epithelial regrowth begins

Keratocyteactivation begins in response to injury
Allows initiation of collagen synthesis
Little or no collagen breakdown occurs
First wave of cell infiltration occurs

Decrease inflammation

Avoid topical medicationdamaging
to epithelium




Early repair - Days 7 to 21

Continuation of epithelial migration
Reepithelialized Grade |
PEDA Grade |l
Delayed in Grade Il
Non-existent Grade IV
Especially if not debrided
Ocular surface inflammation may be present
Persists as long as cornea is denuded

Keratocytes working to repair damage to
stroma

Resultant collagen and collagenase production
Collagen breakdown vs. collagen synthesis

Dictates potential for corneal melting Grade 4 alkali burn 10 days after initial
Goals: maximize collagen synthesis and minimizqnjury_ Corneais beginningo show

collagenase activity _
some clearing centrally, however, a

Second wave of inflammatory cell infiltration ~ significant epithelialefect and ocular
Important in G 1I/11l to hit early witiPred surface inflammatioremains
Debridement G IV

‘.
e )

@ Clinical suspicion of eonfirmed
total limbalstem cell loss should
develop by the end of the early repair
phase if there is nepiinsidelimbus ]



Late Repair -Days 21 to eé

} Depends on extent of injury

Grade I: normal corneal surface-established
Transient ocular surface wettirpnormalities

Grade II: focatonjunctivalization
Sectoralepidefect in quadrant with complete limbal stem cell loss
Superficial vasculgannus
Goblet cell dysfunction



Late Repair -Days 21 to &

} Depends on extent of injury
Gradelll: delayed reepithelialization

corneal surface populated wittonjunctivalepithelium

? whether it will providevascularlyderived collagenase inhibitors to prevent
sterile ulceration

Grade IV: poor prognosis, eyes usually not saved
Continued absence of epithelium from cornea and conj

Continued evidence of proximal conjunctival and limbal ischemia and
Nnecrosis

Progressive sterile enzymatic destruction may have already been initie
in the early repair phase

Evidence of andegmennecrosisretrocornealmembranes, PAS
cataracts, GLChypotonyand phthisidulbi



Initial Treatment

1 Encourage epithelial healing
proper corneal phenotypitransdifferentiation

+ Augment Collagen synthesis while minimizing collagen breakdown
Sterile ulceration

1 Control 1st and 29 wave of inflammation

1 Prevent infection

+ Epithelial recoverwill be slowed due:
persistent inflammation
enzymatic products aflegranulatin’MN leukocytes
stimulation ofkeratocytecollagenase by leukocyte cytokines

Corneal stromal inflammation persists as long as the epithelial defect
remains, or as long as necrot@onjunctivakissue provides a foci of
iInflammatory infiltration

all contribute toward sterile enzymatic digestion of the corngtabma
during 23 post injury weeks



Inflammation Control

} First Wave occurs 1224 hours after cheminjury with
Infiltration of peripheral cornea with PMN and mononuclear
leukocytes.

} Resulting from:
Blood elements from injured vesselsaonjand uvea
Necrotic tissue of bulbar and tarsal conj
Chemotacticalhattracted byproducts oépiand stromal tissue

} Second, more aggressive wave of inflammatory cell infiltration
begins at 7 days and peaks when corneal repair and degradat
are maximal (bet 121 day)



Inflammation Control

} Prompt debridement of necrotic bulbar andrsalcon]
tissue eliminates source of infiltration on enzymatic signal

} Aggressivéx of 15t wave infiltration is imperative tdec
incidence of corneal ulceration Bv2"9\Wave



Inflammation Control

Corticosteriodshelp by:
Reduce cell infiltration and stabilize PMN membranes

Know SE of Interfere w stromal wound repair by impairkeyatocyte
migration and collagen synthesis

Key to successful use is to maximize themtiinflammeffect during
7-10d when riskbenefit favorable

Progestationasteroidso 1% topicaimedroxyprogesterone

Medroxyprogesterondécetate 0.5% or 1% Ophthalmic Suspension
less potent but min effect on stromal repair & collagen synthesis



Inflammation Control

10%Ascorbated TopicaNit C
AscorbicAcid 10% Ophthalmic Suspens®8i7.85/10m|

10% Citrated Topicald Calciumchelator
SodiumCitrate 10% Ophthalmic Solution $69.10/10ml

TCN /DCN
Autologous Serum
N-AcetylcysteindMucomys}
Acetyl Cysteine 520% Ophthalmic Solutigof $77.9597.70/10m|
Oral NSAID



Grade | Medical Management

+ Antibiotic ointment QID
} Cycloplegidor comfort
1 Preservative free tears

+ Topical corticosteroids when epithelium healed
prednisoloneacetate 1% QID with taper

} Follow up every 12 days
} Supportive therapy to ocular surface



Grade Il olll Medical Management

1 Control inflammation
Intensive topical corticosteroids x 1wk then hold off x1io
prednisolone acetate 1% hourlplrezol g2h

1 Other considerations
Cycloplegia
Do not usephenylepherin@nd other adrenergic drugs should not be used,

owing to theirvasocostrictiveaction leading to the worsening bimbal
iIschemia

Oral narcotics

Oral NSAID

4t generation FQ

Topical sodiumascorbatel0% and Citrate
oral vitamin C ? Limited value

Oral tetracycline

Preservative free tears

Glaucoma meds as needed
Systemic Diamox Neptazane

Topical NSAIDs an@8CL?




Grade Il olll Medical Management
TopicalNSAIDs and BCL have limitdaenefit

} There is little role for topicahonsteroidalagentan a
severe chemical injury. Thantrinflammatory power
Is dwarfed by that of the recommendedpical
corticosteroidsand they have the potential tcause
Issueswith epithelial healing.

} Bandageontact lenses are of margindility in the
acute management of chemical burngaseyeis
usually too inflamed to tolerate a foreigpody onits
surface and does not cover the defect.



Medical Management

+ Autologous Serum

Central corneal alkali wounds were produced on the right eye of 16
rabbits, by a 6&econd application of a®m round filter paper
soaked in 1 N sodium hydroxid&NGOH). One group of rabbits (n=8)
was treated with nordiluted autologous serum, the other control
%roup (_n:8l) was treated with physiologic saline, topically 4 times a de
he epithelial healing of the wounds was followed on a slit Iamﬁ with
and without fluorescein staining daily for 1 week. On day 7, bot
corneas of each rabbit were excised and asse&sstdpathologically

A significant increase in the epithelial healing rate was observed in th
autologous seruntreated corneas compared with the controls.
Epithelial hyperplasia was noticed in specimens with thickened surfac
cells with multilayers, revealing dlsorgnanlzatlon In both groups.The
autologous seruntreated epithelium showed a relatively wel
organized appearance.

Salman IAGundd du C. Epithelial healing in experimental corneal alkali wounds
with nondiluted autologous serum eye drops. CutanOcul Toxicol. 2010 Jun;29(2):116
21.
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Medical Management

1 AutologusSerumSuspension

+ Thisstudy shows that alkainjured corneal epithelial
wounds heal faster when treated with amniotic membrane
suspension than with autologous serum or preservative
free artificial tears.

. Comparison of the effect of amniotic membrane
suspension and autologous serum on alkallne corneal epithelial wound healing in the rabbit model.
2008 Dec;27(10):114%80


http://www.ncbi.nlm.nih.gov/pubmed?term="Shahriari HA"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Shahriari HA"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Shahriari HA"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Tokhmehchi F"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Tokhmehchi F"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Tokhmehchi F"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Reza M"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Hashemi NF"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Hashemi NF"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Hashemi NF"[Author]

Medical Management

1 Umbilical Cord Serum

33 eyes of 32 patients with acute ocular chemical burns of grad
111, IV, and V severity were randomized into three groups:
umbilical cord serum (n = 12), autologous serum (n = 11), and
artificial tears (0.5% HPMC+0.3% glycerin; n ¥ 10

By day 21, the mean percentage decrease in epithelial defect
diameter was 94.63 11.99 with cord serum compared with
53.17+ 34.81 and 64.22 42.43 with autologous serum and
artificial tears, respectively (P = 0.01).

By month 3, the extent ofimbalischemia with cord serum
showed a mean percentage decrease of 73.25.51 compared
with 35.64+ 25.60 and 43.7% 28.71 with autologous serum
and artificial tears, respectively (P = 0.008). More patients had
clear corneas with cord serum compared with autologous
serum and artificial tears (P = 0.048).

Shearma NGoel,VelpandiafTitiyal STandorizVajpayee RIEvaluation of umbilical cord serum therapy in acute
ocular chemical burns./nvesOphthalmd/is Sc2011 Feb 25;52(2):1082. Print 2011 Feb.
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Surgical Management

} If epithelial healing falters or comes to a complete halt or
progressive corneal melting occurs, then surgical
maneuvers recommended

} Theraples A Avastinfor corneal neo
Debridement A Keratoprosthesis

Cyanoacrylate A Simple mask O2 therapy
Perforation seal

RGPOs
Augmentedenoplasty

PTK

Tenoplasty

AMT

LSCT

PK 3



PTK

} CLINICAL RELEVANCE:

} After corneal chemical damage, 188 excimerlaser PTK
accelerates epithelial wound healing.

.- Re- eplthellallzatlon |n cornea organ culture after chemlcal burns and
eXC|mer laser treatment. 2001 Nov;119(11):16342.
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Hard Contact Lens

Glued tostroma

Serves as artificial epithelium and protects cornea from early
complications

Helps preventonjunctivilization

Avoidskertoplasty

. [Significance of immediate affixation of a hard contact lens in the emergency

treatment of severe alkall burns of the cornea (case report)]. [Article in GermpH 2005
Nov;222(11):905
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Surgical Management

1 Amniotic membranes

Innermost of 3 membranes forming the fetal
membrane

Translucent membrane composed of an inner layer
of epithelial cells, basement membrane that is
connected to a thin connective tissue membrane
by filamentous strands.

Avascular anacellular It will facilitate epithelial
healing acting as a basement membrane

Combined action with other cytokines is supposed
to stimulate epithelialization and SC proliferation

Acts as barrier for efflux of immune cells giving
antkinflammatory properties

Reduces intolerable pain
Temporizing measure for LSCT and inhibit fibrosis

Does not re-establish the ocular surface or
prevent ulceration in severe burns




Surgical Management

Grade IV lime burr{a) At
presentation, right eye had
total limbalischemia, 100%
epithelial defect and
superiorconjunctival
necrosis (b) After 2 months
of AMT granulomas
pyogenicumPED, corneal
vascularization, and
symblepharonvere noted.
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