Ew. 1. ZXnpatir anedvion twv oTipddwy tou
kepatoeldn) xirova. 1. TIpokepdtiog Sakpuikr
otpada, 2. EmBrio, 3. T8 ovola (oTpdpa),
4. MepPpdvn touv Descemet, 5. Evdobrhio.
(Tpomomoinon amé: Gilger BC, 2007. Diseases
and Surgery of the Canine Cornea and Sclera).
Fig. 1. Corneal layers. 1. Precorneal tear film, 2.
Epithelium, 3. Stroma, 4. Descemet’s membrane,
5. Endothelium. (Modified by: Gilger BC, 2007.
Diseases and Surgery of the Canine Cornea and
Sclera).
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Ew. 2. Mikpokepartoedng. Xkvlog, ¢ulrg Maltese,
NG 7 €T@V TOU TIAOXEL QTGO  HETATPAVHATIKY
payoeditida  otov 8e€6 opBalpd. Melwon Tov
peyéboug tov KX e€attiog ¢pBiong tov Porfov. Xtov
ndoxovta opBapo o KX, oe avtiBeon pe tov vy, Sev
KataapPavet OAGKANp TNV enmipavela TnG PAepaptiig
oxoung. Mapatnpeitat eniong oidnpa tov KX, xabog
Kat vrtepatpia Tov BoABIKOV EMUTEGUKITA CUUTTTOUATA
IOV apPOTEPA GLYVOSELOLY TNV payoetdiTida.

Fig. 2. Microcornea. Dog, Maltese, 7 years old, suffering
from post-traumatic uveitis in the right eye. Decrease in
corneal size due to phthisis bulbi. In the diseased eye
the cornea, in contraction to the healthy one, does not
occupy the entire palpebral fissure. Corneal edema and
hyperemia of bulbar conjunctiva are also noticed, and
they are both symptoms accompanying uveitis.
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Ewk. 3. Meyohokepatoetdr)c. ZKOAOG, fiyds, 8 eToV
TIOL TIKOXEL ATIO XPOVL0, TEAKOV GTASIOL YAAXUKWHA
KAeWoTG ywviag otov aplotepd opBohpo. H
av€non touv peyéBoug tou KX ocuvumdpyer pe
N yevikevpevn av€non tov dykou Tov PoAPov
tov  opBorpod  (BovgpBopog). TMapoatnpeitat
niapovoia owdrparog Tov KX, kabmg kot apxopevn
evamndBeon xpwotikg (BEAN).

Fig. 3. Megalocornea. Dog, cross breed, 8 years
old, suffering from chronic, end stage, close-
angle glaucoma of the left eye. Increase in corneal
size coexists with the generalized increase in
globe’s volume (buphthalmos). Corneal edema
and incipient pigmentation (arrows) are noticed.



Ew. 4. Kepatdkwvog. Xkvlog, pyds Pekingese,
10 eTOV pe LIOTOPIKO KAKWOTG TOL 0pBaApoD and
apPAy opyavo. Xpovia kepaTitiSo e peiwon
TNG aVIOXNG TOU OTPWUATOG KEVIPIKE Kol
abvé€non NG evioTIKOTNTAG TOL GTNV AVTIOTOLKN
nieptoxn]. Tapartnpeitat emiong oidnua tov KX
KaBo¢ kat avamtun mepipeplkng ev T Pabdet
veoayyeiwong (BEAn).

Fig. 4. Keratoconus. Dog, cross breed, Pekingese,
10 years old, with history of blunt eye trauma.
Chronic keratitis, with decrease in corneal
resistance centrally and increase of compliance
in the same area. Corneal edema and deep
peripheral neovascularisation are also noticed

(arrows).
b

Ew. 5. EmiBnhiako oidnua (Aevkd BéAn) e€attiog
EMPAVELAKOV ENKOUG. XKUNOG, pUATG [eppavikog
TMowevikog, nAwiog 10 etov. TMaparnpeitat
axopa atpodia TG iptdag Aoyw TpoxwpNHEVNG
nAwioag (mpaowvo Pélog), kabwg kat BoAwon
TOU KPLOTAAOELSOUG PaKOD AOY® KATAPPAKTN
(kOKKIVO BENOG).

Fig. 5. Epithelial edema (white arrows) due to
superficial ulcer. German Shepherd, 10 years
old. Old aged iris atrophy is also observed (green
arrow), as well as opacification of the lens due to
cataract (red arrow).

Clinical signs of corneal lesions in dog and cat.

Ex. 6. Quoohidadng «epatomdBeior  emi
eddgpoug exkpvlong tov evdobnhiov tov KX.
YKONOG, pryas, nhkiag 12 etwv. ‘Hro, diayuto,
ev8oOnhiakng mpoélevong, oidnua tov KX.
[Mapovoia Svo  (IKPOOTAYOVWY  €VTOG  TOL
oTpOpATOS (Havpa BeAn). TMapatnpeitat emiong
atpodia, Moyw nhkiag, g ipdag (mpaova
Bén)

Fig. 6. Bullous keratopathy due to degeneration
of the endothelium. Dog, cross breed, 12 years
old. Mild, diffuse, corneal edema of endothelial
origin. Presence of two microdrops into the
stroma (black arrows). Age-related iris atrophy
is also present (green arrows).

Ew. 7. EmOn\aknig mpoéevong oidnpa Tov
otpoparog ov KX amd Pabl, mpodeokepetico
é\koc. XKONoG, GUANG Pekingese, nAikiag 13 etv.
TMapotnpeitat PeYoAn TUKVOTHTA TOL OWBHUATOG
oty meploxr) Tov KX mou yerrvidlet pe To AKog Kot
TIPOOSEVTIKT) ApatieaT) TOU, KABMS ATTOHAKPUVOUKTTE
a6 auTo. XapoKTNPIOTIKT Kot €56 1) aTpodia, Aoy
g NAiag, e ipdag (BeAn).

Fig. 7. Stromal edema of epithelial origin due to
deep pre-descemetic ulcer. Dog, Pekignese, 13
years old. Dense edema is noticed around the
ulcer which is gradually reduced while standing
out from it. Age-related iris atrophy is also
present (arrows).

Ewk. 8. EvSoOnliokrg mpoéevong oidnua tov
otpopatog Tov KX. ZkONog, pyds nhikiog 14 e¢v,
IOV TIAOXEL ATO EKPUALOT) ToL evdoBnhiov Tov KX.
TMapatnpodvTaL TOMAIIAEG AEVKWITTEG €0TIEG, e T
HopPr) CUVVEPWYV, EVTOG TOL OTPWOUATOG JTOL TEVOUV
va auvevwBoby peta Touc. Emum\éov, onpetdveTat
apxopevn evanéBeon pehavivng atov KX (BéAn).

Fig. 8. Stromal edema of endothelial origin.
Dog, cross breed, 14 years old, suffering from
corneal endothelial degeneration. Multiple
whitish, cloudy-like, spots are observed in the
stroma tending to unify to each other. Moreover,
incipient corneal pigmentation is noticed
(arrows).
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Eik. 9. MIKTiG TIpoé\evong oldnpa ToL 0TP@UATOS
Touv KX. Xk0Aog, puliic Pekingese, 4 €16V 1oL TdOXEL
art6 Badv éAkog Touv oTpwpatos Tov KX ko poobia
payoeditlda. Awdxuto oidnpa tov KX, 1o omoio
au€dveton oTnV TEPLOXT) YOp® atd To €AKog. Me Ta
AevKd BEAN onpeIdVOVTAL T OPLX TNG AITOKOAANONG
Tov emOnAiov Tov KX Kot e Tax Tpdotva Tar dplar Tov
é\koug Tov oTpROpaToC. TTapatnpeitat CLYKEVTPKOT)
PAeypOV®OSOUG LAIKOV (UTTOTILO) EVTOG TOU TTpoadiov
Bodpov  (umhé  Péln), évtovn umepaipia Tov
eMTEPUKOTA, KAODG Kot avartTtuén EMmPAVELOKTG
veoayyeiwong Tov KX.

Fig. 9. Mixed origin corneal edema. Dog,
Pekignese, 4 years old, suffering from deep
stromal corneal ulcer and anterior uveitis. The
diffuse corneal edema is increasing around
the ulcer. White arrows mark the epithelial
detachment margins and green arrows the
margins of the stromal ulcer. Inflammatory
matrix concentration (hypopyon) is observed in
the anterior chamber (blue arrows), as well as
intense conjunctival hyperemia and superficial
corneal neovascularisation.
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Ex. 10. Ai&peco oidnpa Tov GTpOHATOG
tov KX . Zkvdog, pryde, nAiag 5 etwv
TIOL TIGOXEL QTS ENPT) KEPATOETUTEPUKI-
Tda. To oidnua evromiletat 6To KéVTpo
tov KX. IMapatnpeitat emiong avdamruén
emeavelakng veoayyeiwong otov KX,
koBmg Kot BAevvorumdeg €KKplpar IOV
xapaktnpilet ™ véoo Kat emKoOMATOL
ota PAEpapa.

Fig. 10. Interstitial stromal edema
of cornea. Dog, cross breed, 5 years
old, suffering from keratoconjunctivi-
tis sicca. The edema is located in the
center of the cornea. Superficial cor-
neal neovascularisation and mucopu-
rulent discharge is also present, which

Ew. 11. Zxnuatikn) anedovion towv Slapopov Hetald empavela-
KnG Kat ev T Pabel veoayyeiwong tov KX. Ztnv empaveakn (apt-
oTePd), Ta veoayYeia eUPaVIlovTaL wG GUVEXELES TWV AYYEIDY TOL
enutepukoTa, Stakhadifovtal pe ) popdr Khadiov dévdpou Kat
éxouv {wnpd KOKKIVO Xpopa. Xtnv ev tw Bdbet (5e€id), Ta ayyela
epgpavifovtat va KKLvohy armd To GKANPOKEPATOELSES OpLo Kal Sev
AITOTENOVV GUVEXELEG TV AYYElWV TOU EMUTEPUKOTA, SlaTAaTovTaL
TopaAANAa petafy touvg kat Stakhadifovtar edylota. To xpopa
Toug givat Babv KOKKLVO.

Fig. 11. Illustration of the differences between superficial and deep
corneal neovascularisation. In superficial (left), new vessels are con-
tinuous with the conjunctival vessels, they are branching and are
bright red in color. In deep (right), vessels arise from limbus and are
not continuous with conjunctival vessels; they are parallel to each
other and do not branch. Color is dark red.

Ew. 12. Emg¢avelokn veoayyelwon
touv KX. XxAog, pulr¢ Poodle, 9 etcorv
TI0UL TIAOXEL ATTO ENPA& KEPATOETILITEPV-
kitlda. Toa veoayyela epdpavitovrat
00V GUVEXELEG TWV AYYEIWV TOU ETTLITE-
pukoTa, Stakiadilovral e Tn Hopdn
Khadiwv Sévdpou Kat €xouvv (wnpd
KOKKIvO xpwpa. Afloonueiwtn eivat
erniong n BoAwon tov KpuoTaAloeldn
PpaKod NOyw KaTappaKTr).

Fig. 12. Superficial corneal neovas-
cularisation. Dog, Poodle, 9 years old
with keratoconjuctivitis sicca. New
vessels appear to be continuous with
the conjunctival vessels, branch, and
are bright red in color. The lens opaci-
fication due to cataract formation is

is typical of the disease and adheres to
the eyelids.

also remarkable.

Ew. 13. Em¢avelakr veoayyeiwon tov KX. [dta,
¢puArg Kown¢ Evpomaikng, nhkiag 2 etov mov
ndoxeL and xpovia votporalovoa kepatitida
Aoyw polvvong amo tov feline herpesvirus-1
(FHV-1). Eivat XapakTnptoTikr) 1 avamntugn enmt-
pavelakng veoayyeiwong (pavpa PEA), kabog
Kat n vmapén ayyeiov oe otadlo TaAvSpoun-
ong (kokkwa PEAn) Kal dAA@v Tov €xouv 1dn
vrtooTtpadel (Aeukda PEAN) Kot éxeL Tapayeivel To
{xvog toug otov KX (pavtdopara ayyeiov).

Fig. 13. Superficial corneal neovascularisation.
Cat, DSH, 2 years old with chronic recurrent
keratitis due to feline herpesvirus-1 (FHV-1).
Superficial corneal neovascularisation is typical
(black arrows), as well as collapsed vessels (red
arrows) and others already resolved (white ar-
rows) with only their trace remaining in the cor-
nea (ghost vessels).
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Ew. 14. Ev 10 Pdbet veoayyeiwon tov KX. Xko-
Aog, puArig Poodle, 12 etchv mov m&oXeL ATO
npoobia payoeditida. Ta ayyeio eppavitovrar
Va EKKIVOUV aItd TO OKANpokepatoeldég oplo,
SlataocovTal mapdAAnia peta€b Toug Kat St-
axhadiCovtatr eldylota. TMapatnpeital emiong
evamnofeon PpAeypovdSovG LAKOV He T HOP¢T
KOKK®V &ppov atnv omioBia emipdveia tov KX,
e0pNUA TIOL GLXVE cuvodelel Tig Tpdabieg pa-
yoelditideg.

Fig. 14. Deep corneal neovascularisation Dog,
Poodle, 12 years old with anterior uveitis. Vessels
appear to begin from limbus, are parallel to each
other and branch minimally. Focal accumulation
of inflammatory precipitates resembling sand
granules on the corneal endothelium, which is
a common sign of anterior uveitis, are also ob-
served.
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Ew. 15. Ev 10 Bd0et veoayyeiwon tov KX. Xkb-
Aog ¢uAng, West Highland White Terrier, mov
mdoyel ano vnefapOpnua kpuoTaloedr) pa-
KoU Kat yAavkopa. TTapatnpeitar adayr tov
OXAHATOG TNG KOPNG, AOY®w TNG EPIITELONG TOV
KpuoTaAloeldovg pakov atnv iptda, Kabag Kat
£€vtovn OTAOT TWV ayYEiwV TOU EMITEGUKOTA
(Havpa BEAN) Kat TOL GKANPOL XiTOVaA (TTpdotva
Ben).

Fig. 15. Deep corneal neovascularisation. Dog,
West Highland White Terrier, with lens sublaxa-
tion and glaucoma. Alteration in the pupil’s size
is observed due to overriding of the lens on iris
and intense enlargement of conjunctival (black
arrows) and scleral vessels (green arrows).
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Ew. 16. Empaveiakr) evanobeon pelavivng atov
KX. Zk0log, puAng Pug, nAikiag 3 et@v mouv md-
oxel amd tpiyioon Aoyw vrepPolkng avartuéng
TV SEPUATIKOV TITUX®V TOUL TIpocwrtov. Tlapa-
mpeitar empavelakn veoayyeinon (BéAn) mov
niponyeitat cuviBwg g evamoBeong pelavivg.

Fig. 16. Superficial corneal melanin deposition.
Dog, Pug, 3 years old, with trichiasis due to ex-
cessive facial skin folds. Superficial corneal neo-
vascularisation is observed (arrows), which com-
monly precedes melanin deposition.

Ew. 19. EvandéBeon pelavivng oto ev8obriio
tov KX. Tata, ¢pulrg Siamese, nAwiog 2 1oV
110V TT&OXEL artd pdabiar 1Stomadn payoetditida.
Abdyw TG XpovIOTNTAG TNG PAEYHOVIG, LITAPXEL
evamnofeon pelavivng otnv omicbix empavela
tov KX (mpaowva BéAn). Mapartnpeitat emiong
evamnofeon pelaviving oto mpocbio mepipdKio
(Aevkd BENN), Kat HEA&YXPWOT) HLOG TTEPLOXTIG TNG
iptdag (koxkwvo PéNog), n omoia eivat maxupévn
KOl UTIEPALHLKT).

Fig. 19. Corneal endothelial melanin deposition.
Cat, Siamese, 2 years old, with anterior idiopathic
uveitis. Melanin deposition occurs on to posteri-
or corneal surface (green arrows), due to chronic
inflammation. Melanin deposition is also noticed
on the anterior lens capsule (white arrows) and
iris regional pigmentation (red arrow), which is
thickened and hyperemic.

Ew. 17. Empaveiakr) evanodeon pelavivng otov
KX. Zkolog, ¢uhng Tepupavikog Tlowpevikog, 4
ETMV TTOL TIAOYEL OTTO XPOVIOL ETILGOVELOKT) KEPATI-
©da. Mapatnpeitat Sidpeco oidnua, empovelaxn
veoayyeiwon Kat pAeypovadng dubnon tov KX
(BéAN), adhotwaoelg Tov xapaktnpitovy T vooo.

Fig. 17. Superficial corneal melanin deposition.
German Shepherd, 4 years old, suffering from
chronic superficial keratitis. Typical lesions of the
disease as interstitial edema, superficial neovas-
cularisation and corneal inflammatory infiltration
(arrows) are observed.

Ew. 20. EvandBeon pukpoxpuotdAwv otov KX.
Ykohog, pryag gpuing Collie, nhikiag 6 etwv, mov
Tiaoyel artd SuaTpoPia TOL KEPATOELDT.

Fig. 20. Microcrystal corneal deposition. Dog.
Collie-cross, 6 years old with corneal dystrophy.
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Ew. 18. EvandBeon pelaviving 0to oTpOpa TOU
KX. Tdta, ¢puArig Persian, mmov maoyel and vé-
Kpwaon touv KX. IMapatnpeitat évrovn avarmtuén
EMPAVELAKIG VEOAYYEIwONG, KaBwg Kot oidnpa
tov KX mouv evtomiletar paywaia tng meploxng
NG VEKPWOTG.

Fig. 18. Corneal, stromal melanin deposition.
Cat, Persian, suffering from corneal sequestrum.
Marked superficial neovascularisation is ob-
served, as well as corneal edema dorsally to se-
questrum.

Ew. 21. EvanéBeon pikpokpuoTdAwv XoAnote-
poAng atov KX. Xkvlog, Hiyds, 5 eT@v mov mé-
oxet a6 voBupeoetdiopo Kat ekpuion tov KX.
IMapatnpeitatl emiong avamtuén veoayyeiwong
AOY® TNG XPOVIOTNTAG TNG aANoiwonG.

Fig. 21. Cholesterol microcrystal deposition on
cornea. Dog. cross-breed, 5 years old with hypo-
thyroidism and corneal degeneration. Neovascu-
larisation is also present due to chronicity of the
lesions.
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Euw. 22, EmiOnAioko éxkog Tov KX. Xk0Nog, pyds
PUANG Teppavikog TToupevikdg, mov TAoXEL ATIO
xpovio vrotpomialov embnhiakoé £kog Tov KX
a. TTapatnpeital Ao embnAiakng mpoélevong
oidnua tov KX, kabd¢ kot armokdAAnon tou emt-
On\iov otnV mepipépeta Tov €Akoug (BEAn) b. To
€\KOG HETA TN XpWOT TOL e SIAAVHA GpAOVOpPE-
OKetvng.

Fig. 22. Superficial epithelial corneal ulcer. Ger-
man Shepherd with chronic corneal superficial
recurrent ulcer. a. Mild edema of epithelial ori-
gin is apparent, as well as epithelial detachement
around the ulcer (arrows) b. Fluorescein staining
of the ulcer.

Ew. 23."EXkog otpopatog touv KX. Zkvlog, ¢pu-
g Poodle, nAiiog 6 eT6v oL TI&GXEL ATTd 0EY,
BBV (1/2 Tov TAXOLG TOL CTPWUATOG) T ETIL-
mAeypévo éNkog. Tapatnpeital KApdKwon oto
TOIXWHX TOL €AKOUG, TO OToi0 £xel TN popdr
Kpatnpa. ZnHelOVeTal emiong fmo oidnpa Kot
anovaoia veoayyeiwong Aoyw tng ofutnTag tng

BAGBrG.

Fig. 23. Stromal corneal ulcer. Dog. Poodle, 6
years old with acute deep (1/2 of total stromal
thickness) uninfected corneal ulcer. A crater
shape escalated ulcer wall is observed. Mild ede-
ma and absence of vascularisation is noticed, due
to acuteness of lesion.

Ew. 24. TIpodeokepetikd éAkog tov KX. H idiax
TEPIMTTWOT) TNG EIKOVAG 10 HeTA TN XpdoT He Sii-
Avpa provopeokeivng. H otifada tov Descemet
0L aTtoTeAel TOV TTVBHEVA TOV €AKovg Sev oL-
ykpatel T xpwotikn. To iSlo Kot Ta TotX@HATd
TOU TIOV EKTOG ATTO €VA LLKPO THRHA TOUG EXOLV
emOnAiomonBei oTo peyaADTEPO [EPOG TOUG.

Fig. 24. Pre-descemetic corneal ulcer. Same case
as in Figure 10 after fluorescein staining. The
Descemet’s membrane is not stained. The ulcer
walls have already been re-epithelialised and also
are not stained except from a small area.

Ew. 25. Awtitpaivov éhkog tov KX pe mpomnto-
on mg ipdag (otapulwua). Zkohog, piyds, 11
ET@V.

Fig. 25. Perforating corneal ulcer with iris pro-
lapse (staphyloma). Dog, cross breed, 11 years
old.
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Ew. 26. Aeppoeidrig kvotn tov KX. Xkohog, ¢pu-
AN Schnauzer, 7 pnvav.

Fig. 26. Corneal dermoid . Dog, Schnauzer, 7
months old.
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Ew. 27. Neomlaoia tov KX. XkbOAog, piydg
Collie, nAwiog 12 €16V TTOL TTACXEL ATTO TTPWTO-
naBég apayyeoodprkwpa tov KX. Tlapatnpei-
Tou £vTovn) emipavelakr) veoayyelwon tov KX.

Fig. 27. Corneal neoplasia. Dog, Collie-cross,
12 years old, suffering from primary corneal he-
mangiosarcoma. Intense superficial neovascu-
larisation is noticed.



Ew. 28. Avantu€n Kokkimdoug otob otov KX.
>Yk0NoG, puATG Boxer, nAikioag 5 eT@V OV TTACXEL
artd Xpovio vrtotpotialov embnhiaké ko Tov
KX. Ta 6plo Tov evepyol €AKOUG OTHELOVOVTAL
pe mpdotva PéAn. E€autiag g advvapiog g
¢puotohoyikic embnliomoinong Ttov  é\Koug,
UTTApPXEL SEVTEPOYEVIG AVATTTUEN KOKKL®SOUG
1oToL oV enmpavelx tov KX (pavpa féNn). Ia-
patnpeitat emiong oidnua Kat veoayyeiwaon Tov
KX.

Fig. 28. Corneal granuloma tissue formation.
Dog, Boxer, 5 years old, suffering from chronic
recurrent superficial corneal ulcer. Margins of
active ulcer are highlighted with green arrows.
Secondary granule tissue formation occurs on
the surface of the cornea due to ulcer’s inability
to heal (black arrows). Corneal edema and neo-
vascularisation are also noticed.

'

Ew. 31. Zupgutikd Aevkopa. [ara, pulng Kot-
v Evpomaikng, nhikiag 2 eTév mov naoyet arod
mahatd Swatitpaivov tpadpa tov KX. o A&yt
ewdva G alloiwong omov armekovilovtat ot
11p6obieg ovppvaoelg g ipdag. B. Kata pétwmo
elKOVL OTNV OTOl0 TIAPATNPEITAL TTOPTEAAVHD-
ONG, AELKOU XPWHATOG OULAN OTN TIEPLOXT] TWV
OUUPVOEWV.

Clinical signs of corneal lesions in dog and cat. / ’

Ew. 29. Eootvodihiky Stifnon tov KX. Tara,
GUANC Siamese, nAkiag 5 TGOV TOL TTACXEL ATIO
en0tvVoPIAKT KepatiTiSar.

Fig. 29. Corneal, eosinophilic infiltration. Cat,
Siamese, 5 years old, suffering from eosinophilic
keratitis.

Fig. 31. Adhesive leukoma. Cat, DSH, 2 years old,
with old, perforating, corneal trauma. a. Lateral
view of anterior iris synechiae b. Front view. A
porselanoid, white scar on synechiae site is no-
ticed.

Ew. 30. Avémtu€n ovladoug totob otov KX. H
Ol mepintwon g ekovag 21, 45 npépeg peta
TN XELPOUPYIKI| AITOKATACTACT pe TN Xprion Pt-
OMOYIKOUD GANOHOOXEVHATOC. TNV TEPLOXT] TNG
vékpwong éxet avarmtuxBel apatdg ovhadng
101G e T pop¢n vepehwpatod. Iapatnpeitat
utooTpodr Twv veoayyeiwv tov KX (mpdotva
BéAN) Ta ixvn TV OmoiwV TAPAUEVOLY CaV ay-
yeia-pavrdopata (pavpa BENN).

Fig. 30. Fibrous tissue formation on cornea.
Same case as in Figure 21, 45 days later after sur-
gical restoration using a biological allograft. In
the area of sequestrum sparse connective tissue
appears as a nebula lesion. Collapse of the new-
vessels is noticed (green arrows) and their traces
appear like ghost vessels (black arrows).

Eik. 33. T[ToMammAég alotwoelg Tov KX, Xko-
Ao¢, duAiig Teppavikog ITotpevikog, nhiag 5
€TOV TTOL TIdoXel amd Paby €Nkog TOL OTP®-
patog, emi e8APOUS  XPOVING  ETLPAVELXKIG
Kepatitdag. AlGpeco oidnpa Tov OTPWHATOS
touv KX, emgavelakr veoayyeiwon, evanodeon
XpwoTikig (pekavivn), preypovadng dunon
(BéAn), éAkog TOL OTPOUATOG Kot EMONALXKIG
Tpoéhevang oidnua Tov oTpwpatog Tov KX. To
Televtaio evromiletal yUpw amd 1o €AKOG Kat
eivat mukvoTepo amd To dldpeco oidnpa mov
evTomiletal oTov vitoAotto KX.

Fig. 33. Multiple corneal lesions. German Shep-
herd suffering from deep stromal corneal ulcer
and chronic superficial keratitis. Interstitial
stromal edema, superficial neovascularisation,

Fig. 32. Symblepharon. Cat, DSH, 5 months of age,

with history of neonate keratoconjunctivitis. pigmentation (melanin), inflammatory infiltra-

tion (arrows), stromal ulceration and stromal
edema of epithelial origin. The last is presented
around the ulcer with higher density compared
to interstitial edema which is noticed in the rest
of the cornea.

Ewk. 32. ZuppAépapo. Tdta, puirg Kowvric Evpwmai-
KNG, NAKIAG 5 UV He I0TOPIKO GLVSPOHOL Kepa-
TOEMUTEPUKITISUG TNG VEOYVIKNG NAIKING.
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Clinical signs of corneal
lesions in dog and cat

> Abstract

Corneal damage in dog and cat can alter its clarity and transparency in light, which are essential
for its function. Corneal lesions include edema, neovascularisation, pigmentation, microcrystal
depositions, ulceration, inflammation or regenerative tissue formation, scar formation and finally
those involving its size and curvature. This lesion may occur solely or in conjunction and may be
caused by corneal, other ophthalmic or systemic diseases. In this study the above mentioned
corneal lesions of the dog and cat are extensively reported and described.

Cornea is the frontier, clear and transparent in
light part of the fibrous tunic of the eye. Cornea
is the first and most important diopter of the eye’s
refractive structures, since it ensures the 2/3 con-
vergence of light rays on the retina. Any corneal
damage, which leads to change of its size, shape
or transparency, may alter more or less the vision.
Clinicians should to be able to understand the
pathophysiology of corneal lesions, as well as to
identify and describe them, in order to be able to
correlate them with certain diseases. This study
describes the most commonly presented corneal
lesions of the dog and cat in everyday practice.

Mean corneal thickness in the dog is 0,562mm?*
and in the cat® 0,546mm and it consists from out-
wards to inwards of:

+ Anterior epithelium

« Stroma

+ Descemet’s membrane

+ Endothelium

In these four anatomical layers of cornea one
more has to be added (Fig. 1), the precorneal tear
film (PTF).6

Corneal integrity is essential for vision quality,
while its role is mechanical and optical.

Mechanically, cornea contributes in the forma-
tion of eye globe, supporting and protecting its
inner anatomical structures. It is worth to be men-
tioned, in regards to its fine structure, the high
resistance of cornea to elevated intraocular pres-
sure and environmental injuries.

Optically, cornea functions as a convergent lens.
Moreover, it is the most important convergent
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lens of the eye’s refractive system, as its conver-
gence capability is 42 D. Corneal function is cor-
related to its own clarity and transparency in light.
These are based on:

1. Normal corneal curvature and smooth opti-
cal surface. Normal curvature depends on the
anatomical integrity of cornea. Its smooth and
shiny surface is provided by the PTF.

2. Nonkeratinized surface epithelium. Corneal
epithelium is stratified squamous epithelium
with high regenerative capability. It consists
of 7-9 cell layers. The anterior layers are not
keratinized in order to remain transparent.

3. Lack of blood vessels. Healthy cornea is avas-
cular. Nutrition is provided in a limited level
by the limbus vessels and mainly from PTF
through epithelium and from aqueous humor
through endothelium. In contrast to vascular-
isation, sensitivity of cornea is very extended
and is considered as one of body’s most sensi-
ble tissues. Nerve endings are provided from
ciliary nerves, which are the ending branches
of the ophthalmic branch of trigeminal nerve.
Nerve endings are distributed into epithelium
and superficial stromal layer which may ex-
plain that superficial corneal lesions are more
painful than deeper ones.

4. Special stromal architecture, which forms 90%
of total cornea’s thickness. Stroma is mainly
consisted of lamellae of fibrous tissue, few fi-
brocytes (keratocytes) and interstitial matrix
(glycosaminoglycans). The architectural ar-
rangement of stromal collagen fibrils and la-
mellae differs from those of other connective
tissue, providing stromal transparency.

5. Regulation of stromal humidity level. Stromal
transparency depends on the maintenance
of stromal humidity level. Increase in corneal
humidity leads to corneal edema and loss of
transparency. The integrity of both epithe-



lium and endothelium is essential for maintain-
ing the hydrostatic state of stroma. Epithelium is
water resistant and consisting a barrier to water
diffusion from PTF to stroma. Endothelium, even
though consisting of a single cell layer, is respon-
sible for energy-dependent ion and water trans-
fer from stroma to aqueous humor and anterior
chamber.

1. Size and curvature abnormalities

Microcornea: The decrease of corneal size may be
congenital, as a part of microphthalmia” or acquired
following a phthisis bulbi (Fig. 2).

Magalocornea: Magalocornea is a rare condition, usually
congenital.” When acquired it follows the total increase
in bulbi size, due to increased intraocular pressure (end
stage chronic glaucoma- buphthalmus) (Fig. 3).

Ceratoconus. Unlike human, in dogs and cats cerato-
conus is not a primary disease. It is usually secondary
to chronic keratitis or central corneal ulcer, which re-
sults in central corneal thinning and increased com-
pliance centrally (Fig. 4).

2. Corneal edema’

Edema is the most common corneal defect. Usually
it coexists with other corneal defects. Corneal edema
is characterized by the overhydration of corneal tis-
sue, which leads to corneal opacity and decreased
transparency. There are several causes of corneal
edema and sometimes more than one can occur con-
currently. Corneal edema can be focal or diffuse and
concerns epithelium, stroma or both.

Epithelial edema (Fig. 5) usually is mild. In slit lamp bi-
omicroscopy epithelial edema appears like a vapour
on a pane of glass. Following installation of glycerine
dilute, epithelial edema is temporally disappeared.
Epithelial edema is caused by erosion or loss of the
epithelium, which results in imbibition of PTF fluid by
the inner epithelium layers or superficial stroma. For
this reason the edema is confined to the area of epi-
thelial defect.

Stromal edema appears as a mild or severe corneal
opacity which in some cases may appear milky. In the
beginning, slit lamp biomicroscopy reveals multiple
white corneal spots with haze edges which tend to
join each other. Upon slit lamp examination low or
high degree of corneal thickness (proportional to the
degree of edema) is typically observed. A special form
of stromal edema is bullous keratopathy, in which
there is not a corneal fluid imbibition by stromal in-
terstitial tissue but micro-drops accumulation in the
stroma’ (Fig. 6). Causes of corneal edema can be epi-
thelial, endothelial or both in origin. A unique form
of edema is the interstitial stromal edema in which
epithelium, as well as endothelium is intact.

Stromal edema of epithelial origin is caused by the
disruption of the epithelial barrier between PTF and
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stroma, due to epithelial injury (Fig. 7). This results in
absorbing water by glycoaminoglycanes of stromal
interstitial substance. Corneal ulceration is the most
common cause of epithelial origin edema. In these
cases stromal edema is located in and around the le-
sion and its density is proportional to its extension,
depth and chronicity.

Stromal edema of endothelial origin (Fig. 8) is
caused by endothelial functional incapability to
move water from the stroma to aqueous cham-
ber37 In these cases the flow is reversed and aque-
ous humor enters stroma. Decrease in endothelial
functional capacity is commonly caused by inflam-
mation (endothelitis), which may be primary or sec-
ondary to anterior uveitis.® Typical stromal edema
of endothelial origin is noticed in canine adenovi-
rus-1 infection (CAV-1).° Less common causes of en-
dothelial damage and subsequent stromal edema
formation is endothelial dystrophy and degenera-
tion,"™"" iris anterior synechiae, as well as trauma
during intraocular procedures.? The extension and
density of edema is also related to the severity of
endothelial injury

Corneal edema of mixed, epithelial and endothelial,
origin is caused by injury of both epithelium and
endothelium (Fig. 9). In these cases endothelial in-
jury causes a diffuse homogenous corneal edema,
while epithelial regional defect increases locally its
density.

In interstitial stromal edema both epithelium and
endothelium are intact (Fig. 10). Initially, it is periph-
eral and is extended gradually centrally to the cor-
nea. Interstitial keratitis is the most common cause
of interstitial edema which is commonly accompa-
nied by inflammatory cell infiltration. Another form
of stromal interstitial edema is the one accompany-
ing canine leishmaniosis, even though in these cas-
es edema is caused mainly by anterior uveitis and
endothelitis.

3. Corneal Neovascularisation™

Normal cornea is avascular. Vascularisation beyond
limbus, as part of corneal tissue defense function
is always pathologic and leads to decrease corneal
transparency. The form, density and depth of vascu-
larisation is of high diagnostic importance. Morpho-
logically, corneal new-vessels may form bunches,
branches or may expand circularly to limbus.

Density of neovasularisation may vary and is corre-
lated to the severity of the underlying disease. The
density and the length of corneal new-vessels are
proportional to chronicity of the lesion, as their de-
velopment does not exceed 1-2mm/24h.

Corneal neovascularisation may be either superficial
or deep (Fig. 11). In superficial vascularisation (Fig. 9,
10, 11), new-vessels are derived from limbus vessels
and are continuous with the conjunctival vessels.
They are located in the corneal epithelial layer or
underneath; they form brightly red colored branch-
es. Superficial neovascularisation is related to acute
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or chronic superficial corneal lesions (e.g. superficial
ulcers, superficial keratitis). Frequently, only vascular
walls (ghost vessels) are observed in cornea, which
indicate previous corneal vascularisation (Fig. 13). In
deep corneal neovascularisation (Fig. 14, 15) new-
vessels begin from ciliary vessels; and thus they ap-
pear to start from limbus and they are not continu-
ous with the conjunctival vessels. They are located in
stroma, in parallel order and are minimally branched.
Frequently they have a brush appearance. They are
dark red. Deep corneal neovascularisation is related
to stromal diseases (e.g. deep ulcers, interstitial kera-
titis), as well as to uveitis and glaucoma.

4. Corneal pigmentation

Corneal pigmentation is most commonly presented
in the dog than in the cat. Melanin is the most com-
mon pigment, while infrequently pigmentation with
hemoglobin or metal dyes due to foreign metal body
fixation in the cornea, may occur.

4a. Melanin deposition'

Melanin is the most common pigment deposited
on the cornea. It suggests chronic lesion. Cornea
melanin originates from limbal, ciliary body and iris
melonocytes. Transportation takes place through
vessels, thus it is highly correlated with neovascu-
larisation. Melanin, depending on its cause, is accu-
mulated superficially and more rarely in stroma or
endothelium.

Epithelial deposition of melanin suggests complica-
tion of chronic corneal edema or chronic corneal ir-
ritation (e.g. distichiasis, trichiasis, entropion, corneal
overexposure due to exophthalmos etc.) (Fig. 16).
Moreover, superficial accumulation of melanin ac-
companies frequently or follows superficial inflam-
mations, such as chronic superficial keratitis and
keratoconjunctivitis sicca (Fig. 17).

Stromal deposition of melanin is observed mainly in
corneal sequestrum of the cat' (Fig. 18).

Deep deposition of melanin is less common and usu-
ally it is noticed in chronic anterior uveitis (Fig. 19).
In such cases, melanin granules, originated from the
inflamed anterior uvea, swing in the aqueous humor
and accumulate on the posterior corneal surface.

4f.Hemoglobin deposition

Corneal hemoglobin deposition is rare. It results
from anterior chamber hemorrhage and stromal in-
filtration of hemoglobin through endothelium and
Descemet’s membrane. Hemoglobin deposition in
the beginning is brownish in color and with time it
becomes green and yellow-green.

5. Microcrystal deposition”

It concerns lipid, cholosterole or calcium microcrys-
tal deposits of metallic lustre in the cornea. They are
usually bilateral and symmetrical. Usually they are
correlated with corneal dystrophy or degeneration

latpikn Zwwv Zuvtpoiag « Topog 1 « Tevxog 1 « lavoudplog 2012

(Fig. 20). Rarely are they associated with systemic
diseases, which cause alterations in lipids or calcium
metabolism (hypothyroidism, diabetes mellitus,
pancreatitis) (Fig. 21).

6. Corneal ulceration” >

Corneal ulceration refers to any corneal tissue loss.
Epithelial ulcers concern only epithelial loss. A partic-
ular epithelial ulcer form is the chronic recurrent cor-
neal ulcer (Fig. 22). When it concerns stromal defect,
it is characterized as stromal ulcer (Fig. 23). In case
of full thickness stromal defect, it is characterized
as pre-descemetic ulcer (Fig. 7). In these cases De-
scemet’s membrane is protruding within the ulcer in
various degrees due to its elasticity. It must be men-
tioned that in most cases, stromal ulcer is accom-
panied by other lesions (edema, neovasularisation).
Fluorescein staining is positive in ulcers although in
case of pre-descemetic ulcer, only its vertical walls
are stained, if they are not epithelialized and not its
floor (Fig. 24). Finally, in Descemet’s membrane rup-
ture the ulcer is characterized as perforated, while
from its floor it may protrude a part of iris (staphy-
loma), which is usually covered by fibrin (Fig. 25).

7. Neoplastic tissue development/ inflammatory
reaction

Dermoid is congenital and it results from the devel-
opment of skin tissue on cornea (Fig. 26). This tissue
may include all anatomical features of the skin, as
well as hair follicles.™

Several types of corneal neoplasms have been de-
scribed such as squamous cell carcinoma, papilloma,
lymphosarcoma, hemangiomas, hemangiosarcoma
and adenocarcinoma.”” They are presented like
raised areas, rich in vascularisation (Fig. 27).

In some chronic keratitis or during ulcer healing
process, cornea is infiltrated by inflammatory cells/
granular tissue. This inflammatory infiltrations form
smaller or larger red-white raised corneal spots. Usu-
ally, they are rich in vascularisation with an irregular
surface (Fig. 28). When these infiltrations are located
away from limbus they are irrigated from one or two
vessels. Occasionally, in the inflamed area erosions
are apparent and fluorescein staining is positive but
this does not correspond to corneal ulcer. A special
form of inflammatory corneal infiltration is the eo-
sinophilic keratitis of the cat in which eosinophils
predominate'® ' (Fig. 29).

8. Scar formation™

Superficial lesions of the cornea concerning epithe-
lium as well as superficial stromal layers heal without
scar formation, even though a minimal alteration in
corneal curvature may be noticed leading to astig-
matism. In deeper stromal lesions scar tissue forma-
tion is usual. This is caused by the inability of proper
reparation of corneal architecture, which is responsi-
ble for its clarity. The scar tissue may have the form
of nebula (Fig. 30) which is transparent or of a dense



white to percenaloid area which is opaque. A special category of
scar formation is the adherent leukoma in which iris attaches cor-
nea posteriorly and suggests previous corneal penetration (Fig.
31). Finally, severe keratoconjunctivities may result in adhesions
between cornea and conjunctiva or/and eyelids (symblepharon).
These lesions vary in extension and appear frequently in cats suf-
fering from keratoconjunctivitis due to the feline upper respira-
tory syndrome (Fig. 32).

Clinical signs of corneal lesions in dog and cat. ’ ,

The aforementioned lesions may appear solitary or in combina-
tion (Fig. 33). When more than one lesion coexists, clinician should
observe and describe them using a bright light source and appro-
priate magnifying equipment. Then, history and other findings of
the ophthalmic examination are taken under consideration pay-
ing attention in the sequence in which these signs first appeared.
Differentiation of corneal lesions as primary or secondary is of
great importance, for both the diagnostic approach and the treat-
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