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1. Streszczenie

Naczynidwka jest struktura anatomiczng, ktorej gtéwna funkcja jest zapewnienie
dystrybucji tlenu 1 sktadnikéw odzywczych w siatkdwce. W medycynie ludzkiej wykazano
korelacje pomigdzy wymiarem naczyniéwki a ludzkim wiekiem, picig, wadami refrakcji,
dtugoscia osiowg gatki ocznej, jak 1 moca refrakcji rogowki. Choroby zwyrodnieniowe
siatkowki psow dzieli si¢ na dziedziczny, postgpujacy zanik siatkowki (ang. progressive
retinal atrophy - PRA) i niedziedziczne, pozapalne zwyrodnienia siatkowki. Do
charakterystycznych objawow PRA obserwowanych podczas badania oftalmoskopowego
nalezy nadmierna refleksyjno$¢ — obserwowana we wczesnych stadiach choroby, nastepnie
zanik naczyn krwiono$nych, nieprawidtowa pigmentacja i zanik siatkowki, a takze atrofia
kragzka nerwu wzrokowego. Spektralna optyczna koherentna tomografia (SD-OCT)
to nieinwazyjna, bezkontaktowa metoda zapewniajaca przekrojowe obrazy siatkowki
i naczyniéwki in vivo w czasie rzeczywistym. W literaturze naukowej z zakresu medycyny
weterynaryjnej brak byto doniesien o wptywie parametrow fizjologicznych, jak i chordb

narzadu wzroku na parametry morfometryczne naczyniowki.

Celem badan byla ocena wplywu wieku 1 plci na grubo$¢ naczynidwki
w poszczegolnych okolicach dna oka, okreslenie grubosci warstw naczynidéwki w réznych
okolicach dna oka u psow oraz ocena morfologiczna i morfometryczna naczynidwki
w poszczegdlnych okolicach dna oka u pséw chorujacych na zanik siatkowki w typie
postepujacego zaniku siatkéwki przy uzyciu SD-OCT. Do badan zakwalifikowano psy
mezocefaliczne, rasy mieszanej, ktore zostaty podzielone z uwzglednieniem poszczegolnych
celow badawczych. Pierwsza grupa stuzyla ocenie wpltywu wieku 1 plci na grubos¢
naczynidowki w poszczegolnych okolicach dna oka. Grupa obejmowala 41 klinicznie
zdrowych pséw podzielonych na kolejne dwie podgrupy, 17 psow w wieku $rednim (MA),
4-7 lat oraz 24 psy w wieku starszym (SN), 8-13 lat (artykut 1). W drugiej grupie przy
uzyciu SD-OCT przeprowadzono badania grubos$ci poszczegdlnych warstw naczyniowki
w roznych okolicach dna oka. Grupa sktadata si¢ z 45 klinicznie zdrowych psow, ktore
podzielono na dwie podgrupy ze wzgledu na wiek: 21 psow w wieku $rednim, 4—7 lat oraz
24 psy w wieku starszym, 8—13 lat (artykut 2). W trzeciej grupie przeprowadzono badanie
morfologiczne 1 morfometryczne naczynidowki w poszczegodlnych okolicach dna oka przy
uzyciu SD-OCT u pséw chorujacych na zanik siatkowki w typie postepujacego zaniku

siatkowki. Wykonano takze elektroretinografi¢ (ERG). Do badan zakwalifikowano 50 psow
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podzielonych na dwie podgrupy: 25 psow ze zdiagnozowanym zanikiem siatkowki -
z objawami typowymi dla PRA (grupa RA) w wieku 2-12 lat, oraz 25 zdrowych psow
w wieku 2-12 lat jako grupa kontrolna (Kontrola) (artykut 3).

Badania wykazaty, ze grubo$¢ naczyniowki w obszarze dogrzbietowym byla
najwigksza zaréwno u psow starszych (SN), jak i w s$rednim wieku (MA). Kolejno
naczyniowka osiggata najwigksza grubos¢ w okolicy skroniowej a najmniejszag w okolicy
dobrzusznej. Nie zaobserwowano istotnych zmian grubosci poszczegdlnych obszarow
naczyniéwki w odniesieniu do wieku. Grubo$¢ naczyniowki byta istotnie wicksza u samcow
nizu samic w okolicy dobrzusznej. W okolicy nosowej byta ona istotnie mniejsza u samcow
niz u samic (artykut 1). U wszystkich badanych pséw kompleks nabtonka barwnikowego
siatkowki — btony Brucha — choriocapillaris i btony odblaskowej (RPE-BmCc) w regionie
dogrzbietowym i warstwa naczyn naczyniowki o $redniej $rednicy (MSVL) w regionie
nosowym z btong odblaskowa byty istotnie najgrubsze w pordéwnaniu z pozostalymi
regionami. Ponadto warstwa RPE-BmCc byta znacznie grubsza w obszarze skroniowym
z blong odblaskowa niz w obszarze dobrzusznym. Co wigcej, warstwa MSVL byta ciefisza
w regionie dobrzusznym niz w obszarze dogrzbietowym, skroniowym z i bez btony
odblaskowej, a takze nosowym z btong odblaskowg. Warstwa MSVL byla istotnie ciensza
W regionie nosowym bez btony niz w obszarze dogrzbietowym. Grubos$ci warstwy naczyn
naczyniéwki o wigkszej $rednicy (LVLS) i catkowita grubo$¢ naczyniowki (WCT) byty
istotnie wigksze w regionach dogrzbietowym 1 skroniowym z btong odblaskowg niz
w pozostalych regionach i mniejsze w regionie dobrzusznym niz w pozostatych regionach
(artykut 2). U pséw rasy mieszanej chorujacych na zanik siatkdéwki w typie postepujacego
zaniku siatkowki dochodzi do zmniejszenia grubo$ci warstwy naczyn wigkszej $rednicy
1 calkowitej grubosci naczyniowki w regionach btony ciemnej dna oka, a takze warstwy
naczyn o S$redniej Srednicy we wszystkich obszarach dna oka, co moze laczy¢ si¢

z zaburzeniami ukrwienia warstw zewnetrznych siatkéwki (artykut 3).

Stowa kluczowe: naczyniowka, okulistyka psow, optyczna tomografia koherentna, zanik

siatkowki



2. Summary

The choroid is an anatomical structure with the primary function of supplying oxygen
and nutrients to the retina. In human medicine, a correlation has been observed between the
choroid dimensions and patient characteristics such as age, sex, refractive error, axial length
of the eye, and corneal refractive power. Canine retinal degenerative diseases are
differentiated between the hereditary, progressive retinal atrophy (PRA) and the non-
hereditary, postinflammatory retinal degenerations. The telltale symptoms of PRA observed
during ophthalmoscopic examinations of the fundus include hyperreflectivity — observed in
the early stages of the disease — followed by initially localized, and later general, reduction
in thickness and atrophy of blood vessels, abnormal retinal pigmentation, and atrophy of the
optic disc. Spectral domain optical coherence tomography (SD-OCT) is a non-invasive, non-
contact method that provides real-time in vivo imagery of the retina and the choroid. In the
scientific literature in the field of veterinary medicine, there were no reports on the influence

of physiological parameters or eye diseases on the morphometric parameters of the choroid.

The aim of the study was to assess the influence of age and gender on the thickness
of the canine choroid, to determine the thickness of the choroidal layers in different regions
of the fundus in dogs, and to assess the morphology and morphometry of the choroid
in individual regions of the fundus in dogs suffering from retinal atrophy in the type
of progressive retinal atrophy using SD-OCT. Mesocephalic, mixed breed dogs were
qualified for the study and divided according to individual research objectives. The first
group was used to assess the influence of age and gender on the thickness of the choroid in
individual regions of the fundus. The group included 41 clinically healthy dogs divided into
two subgroups: 17 middle-aged dogs (MA), 4-7 years old, and 24 senior dogs (SN), 8-13
years old (article 1). In the second group, SD-OCT was used to examine the thickness of
individual choroid layers in different regions of the fundus. The group consisted of 45
clinically healthy dogs, divided into two subgroups based on age: 21 middle-aged dogs, 4—
7 years old, and 24 senior dogs, 8-13 years old (article 2). In the third group, morphological
and morphometric examination of the choroid in individual regions of the fundus was
performed using SD-OCT in dogs suffering from retinal atrophy in the progressive retinal
atrophy type. Electroretinography (ERG) was also performed. 50 dogs were qualified for the
study, divided into two subgroups: 25 dogs diagnosed with retinal atrophy - with symptoms



typical of PRA (RA group) aged 2-12 years, and 25 healthy dogs aged 2-12 years as
a control group (Control) (article 3).

Studies have shown that the thickness of the choroid in the dorsal region was the
greatest in both older (SN) and middle-aged (MA) dogs. The choroid was subsequently the
thickest in the temporal region and the thinnest in the ventral region. No significant changes
in the thickness of individual choroid regions were observed in relation to age. The thickness
of the choroid was significantly greater in males than in females in the ventral region. In the
nasal region, it was significantly lower in males than in females (article 1). In all dogs
studied, the retinal pigment epithelium—Bruch’s membrane—choriocapillaris complex (RPE-
BmCc) in the dorsal region and the medium-sized vessel layer (MSVL) in the nasal tapetal
region were significantly thicker than in the other regions. Furthermore, the RPE-BmCc
layer was significantly thicker in the temporal tapetal region than in the ventral region.
Moreover, the MSVL layer was thinner in the ventral region than in the dorsal, temporal
tapetal and nontapetal, and nasal tapetal regions. The MSVL layer was significantly thinner
in the nasal nontapetal than in the dorsal region. The thicknesses of the large vessel layer
with lamina suprachoroidea (LVLS) and whole choroidal thickness (WCT) were
significantly greater in the dorsal and temporal tapetal than in the other regions and smaller
in the ventral region than in the other regions (article 2). In mixed-breed dogs diagnosed
with retinal atrophy with symptoms of progressive retinal atrophy, there was a decrease in
the large vessel layer with lamina suprachoroidea and whole choroidal thickness in the
nontapetal fundus, as well as in the medium-sized vessel layer in all fundus regions, which

may be associated with impaired blood supply to the outer retinal layers (article 3).

Keywords: choroid, canine ophthalmology, optical coherence tomography, retinal atrophy



3. Wykaz skrotow

Btona ciemna — pojecie kliniczne nieuj¢te w terminologii anatomicznej okreslajace obszar
dna oka w ktorym nie wystepuje btona odblaskowa

Btona jasna —pojecie kliniczne nieujete w terminologii anatomicznej okreslajace obszar dna
oka w ktorym wystepuje btona odblaskowa

D (ang. dorsal) — region dogbrzietowy dna oka

LVLS (ang. large vessel layer with lamina suprachoroidea) - warstwa naczyn naczyniowki
o wigkszej srednicy wraz z blaszkg nadnaczyniowkowa

MA (ang. middle-aged) - grupa psow rasy mieszanej w $rednim wieku

MSVL (ang. medium-sized vessel layer) — warstwa naczyn naczyniowki o $redniej $rednicy
NasNT (ang. nasal nontapetal) - region nosowy bez btony odblaskowej dna oka

NasT (ang. nasal tapetal) - region nosowy z btong odblaskowg dna oka

PRA (ang. progressive retinal atrophy) - postepujacy zanik siatkowki

RA (ang. retinal atrophy) — zanik siatkoéwki w typie postepujacego zaniku siatkowki

RP (ang. retinitis pigmentosa) — pigmentowe zapalenie siatkowki

RPE (ang. retinal pigment epithelium) - nabtonek barwnikowy siatkowki

RPE-BmMCC (ang. retinal pigment epithelium- Bruch’s membrane - choriocapillaris) —
kompleks nabtonka barwnikowego siatkowki — btony Brucha — choriocapillaris i blony
odblaskowej

SD-OCT (ang. spectral domain optical coherence tomography) — spektralna optyczna
tomografia koherentna

SN (ang. senior) — grupa psow rasy mieszanej W starszym wieku

TempNT (ang. temporal nontapetal) - region skroniowy bez btony odblaskowej dna oka
TempT (ang. temporal tapetal) - region skroniowy z btong odblaskowg dna oka

V (ang. ventral) - region dobrzuszny dna oka

WCT (ang. whole choroidal thickness) — catkowita grubos¢ naczyniéwki

VEGF (ang. vascular endothelial growth factor) - czynnik wzrostu s$rodbtonka

naczyniowego
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4. WYKAZ PRAC NAUKOWYCH WCHODZACYCH W SKEAD CYKLU
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3, s. 266 -273, DOI: 10.1556/004.2021.00040;

Liczba punktow MEiN: 70, IF: 0,959

Wkiad polegat na: inicjatywa badan, twoérca hipotezy badawczej, opracowanie metodyki;
realizacja badan (zalozenie badan, wykonanie poszczegdlnych etapéw badan); analiza i
opracowanie wynikow, sformutowanie wnioskow; napisanie pierwszej wersji

manuskryptu; redakcja publikacji. M6j udziat procentowy szacuj¢ na 70%.

(2) Jowita Zwolska, Ireneusz Balicki, Agnieszka Balicka; Morphological and
Morphometric Analysis of Canine Choroidal Layers Using Spectral Domain Optical
Coherence Tomography; 2023; International Journal of Environmental Research and
Public Health; 2023 T.20, Nr 4, s. 3121, DOI: 10.3390/ijerph20043121;

Liczba punktow MEiN: 140(zalacznik: od 21.12.2021 do 17.07.2023), IF: 0 (zalaczniki
1,2,3)

Wktad polegat na: inicjatywa badan, tworca hipotezy badawczej, opracowanie metodyki;
realizacja badan (zalozenie badan, wykonanie poszczegolnych etapéw badan); analiza i
opracowanie wynikow, sformutowanie wnioskow; napisanie pierwszej wersji

manuskryptu; redakcja publikacji. M6j udziat procentowy szacuje na 75%.

(3) Jowita Zwolska, Agnieszka Balicka, Barbara Kuduk, Ireneusz Balicki; Morphological
and morphometric assessment of the choroid in dogs diagnosed with retinal atrophy (RA)
with symptoms of progressive retinal atrophy, using spectral-domain optical coherence
tomography (SD-OCT); 2024; Polish Journal of Veterinary Sciences; 2024 T. Nr, s., DOI:
10.24425/pjvs.2024.149356;

Liczba punktow MEIN: 100, IF: 0,8

Wktad polegat na: inicjatywa badan, tworca hipotezy badawczej, opracowanie metodyki;

realizacja badan (zatozZenie badan, wykonanie poszczegdlnych etapow badan); analiza i
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opracowanie wynikow, sformutowanie wnioskow; napisanie pierwszej wersji

manuskryptu; redakcja publikacji. M6j udziat procentowy szacuje na 75%.

Sumaryczna liczba punktow wedtug komunikatu MEIN obowiqgzujgcego w roku wydania

pracy: 310 punktow

IF (zgodnie z rokiem opublikowania): 1,759
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5. Wstep

Naczynidwka jest strukturg anatomiczng, ktorej gtéwna funkcja jest zapewnienie

dystrybucji tlenu i1 skladnikow odzywczych w siatkéwce (Samuelson, 2013, McLellan
1 Narfstrom, 2014). Swoim zasi¢giem obejmuje prawie calg tylng potkule gatki ocznej.
Znajduje si¢ pomig¢dzy twardowka a  nablonkiem barwnikowym siatkowki (RPE).
Do elementow ja budujacych naleza naczynia krwionosne, nerwy oraz liczne komorki
barwnikowe (Dubielzig i in., 2010).
Graniczaca z RPE btona Brucha przylega do lezacej zewnetrznie od niej blaszki naczyn
wlosowatych, czyli choriokapilar. U wigkszosci zwierzat domowych, zewngtrznie
w stosunku do choriokapilar znajduje si¢ btona odblaskowa. W przypadku zwierzat
migsozernych, sktadajg si¢ na nig wieloboczne komorki zawierajace refleksyjny material,
odpowiadajace za odbijanie §wiatta (Ollivier 1 in., 2004). Nastepna warstwg jest blaszka
naczyniowa, tj. warstwa naczyn krwiono$nych o $redniej $rednicy, odpowiadajgca warstwie
Sattlera i warstwa naczyn o wigkszej srednicy, odpowiadajgca warstwie Hallera u cztlowieka.
Elementem oddzielajagcym naczynidowke od twardowki jest natomiast blaszka
nadnaczyniéwkowa (Esmaeelpour i in., 2014). Naczyniowka zaopatruje przylegajace do niej
warstwy zewngtrzne siatkowki - fotoreceptory, w ktdrych brak jest naczyn krwionosnych
(Dubielzig i in., 2010). W pozostatych warstwach siatkowki prawidtowa perfuzje krwi
gwarantuja naczynia wewngtrzne zwane tetnicami siatkOwkowymi, biorgc swodj poczatek
od tetnic rzeskowych tylnych krétkich (Fick 1 in., 2015). Naczynia te widoczne sg zwykle
na powierzchni dna oka w trakcie wykonywania badania oftalmoskopowego (Ofri, 2018).
Oprocz funkcji odzywczej, rola naczynidwki jest rowniez zapewnienia odpowiedniej
termoregulacji, co konieczne jest do zachowania prawidtowego funkcjonowania siatkdwki -
jednej z najaktywniejszych metabolicznie tkanek organizmu.

W medycynie ludzkiej wykazano korelacj¢ pomiedzy wymiarem naczyniowki
a wiekiem, picig, dlugoscia osiowa galki ocznej, moca refrakcji rogéwki, jak réwniez
pochodzeniem etnicznym (Kim i in., 2011, Li i in., 2014, Shao i in., 2015, Zhu i in., 2017).
Przeprowadzone badania wykazaty, ze wigksza grubo$¢ naczyniowki zwigzana byta
z wieksza nadwzrocznoscia, mtodszym wiekiem, ptcig meska jak rowniez zwiekszong moca
refrakcyji rogéwki (Ruiz-Moreno i in., 2013, Zhu i in., 2017). Odnoszac si¢ do parametrow
fizjologicznych, zaobserwowano réwniez roéznice stosunku poszczegdlnych warstw

naczyniowki a wiekiem pacjenta. Badania przeprowadzone przez Xu i in. wykazaty, ze
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stosunek grubosci warstwy Sattlera do warstwy Hallera byt wigkszy u ludzi w starszym
wieku, co sugeruje zwigzane z wiekiem $cienczenie warstwy Hallera. W badaniu wykazano,
ze stosunek grubosci warstwy Sattlera do Hallera jest istotnie najwyzszy w okolicy

skroniowej, a najnizszy w okolicy dogrzbietowo-nosowej i nosowej (Xu i in., 2017).

Nieobojetny dla badan nad gruboscig naczynidowki jest stan ogdlny pacjenta. Istotne
znaczenie miaty choroby skutkujace spadkiem poziomu biatek osocza, tym samym
spadkiem ci$nienia onkotycznego. Swiadcza o tym badania przeprowadzone na pacjentach
pediatrycznych ze zdiagnozowanym zespotem nerczycowym, u ktéorych grubos¢
naczyniéwki byla wigksza w stosunku do grupy kontrolnej (Zhang i in., 2019). Spadek
ci$nienia onkotycznego ma $cisty zwigzek nie tylko z retencja wody w siatkdwce oraz
w naczyniowce, skutkujaca wzrostem jej grubo$ci, ale rowniez z powazniejszymi
zjawiskami, takimi jak obustronne odwarstwienie siatkéwki, czy obrzek plamki (De
Benedetto i in., 2012). Siatkéwka jest fizjologicznie chroniona przed nadmierng akumulacja
w niej zbednych substancji dzigki zabezpieczajaca przed tym zjawiskiem barierg
anatomicznym. Pierwsza z nich tworzy nabtonek barwnikowy, ktory oddziela naczyniowke
od zewngtrznych warstw siatkoéwki. Drugg barier¢ stanowig komoérki nabtonka naczyn
wewnetrznych siatkowki wraz z przylegajacymi do nich blonami podstawnymi. Réznica
ci$nienia osmotycznego pomiedzy siatkdwka a naczynidéwka przyczynia si¢ do odplywu
ptynu z siatkdwki. Gwarantuje réwniez wzajemne przyleganie RPE do zewngtrznych warstw
siatkowki. W momencie spadku r6znicy powyzszych cisnien dochodzi do braku odptywu
wody oraz do jej akumulacji zarowno w siatkéwce, jak 1 w przestrzeni podsiatkowkowe;j

(Dubielzig i in., 2010).

Wykazano zmiany grubo$ci naczyniowki u ludzi w ciggu doby. Najmniejszym
zmianom grubos$ci naczyniowka ulegala w godzinach pomigdzy 9:00 rano a 13:00
popotudniu, a wahania w tym okresie miescity si¢ w granicy 3 mikrometréw. Natomiast
$rednia rozbiezno$¢ pomiardw grubosci naczynidowki u tych samych os6b o réznych
godzinach oscylowata pomig¢dzy 0,016 a 0,029 mm (Chakraborty i in., 2011). Badania
przeprowadzone na kurach oraz na ludziach wykazaty, ze grubo$¢ naczyniowki zwigksza si¢
W ciggu nocy i zmniejsza w trakcie dnia, kiedy to dlugo$¢ osiowa gatki ocznej jest
najwieksza (Nickla i in., 1998). Zauwazono statg korelacje pomigdzy warto$ciami dtugosci
osiowej galki ocznej a grubos$cig naczyniowki, ktore zmieniaty si¢ w sposob przeciwstawny.
Wzrost jednej wielkosci powigzany byl z rownoczesnym spadkiem drugiej. Biorgc pod
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uwage dotychczasowe badania, ktore okreslity dlugos$¢ osiowa gatki ocznej jako odlegtos¢
pomiegdzy przednig powierzchnig rogéwki a nablonkiem barwnikowym siatkowki, oraz fakt
przylegania naczyniowki do siatkowki, przypuszcza si¢, ze rozszerzenie 1 kurczenie si¢
naczyniowki moze prowadzi¢ do zmian potozenia RPE i bezposrednio przyczynia si¢
do dobowych zmian dtugosci osiowej gatki ocznej (Chakraborty i in., 2011). Dowodem
na wplyw powyzszych zalezno$ci na dostosowywanie osi dlugiej gatki ocznej celem
optymalizacji funkcjonowania ukladu optycznego sg badania przeprowadzone
na kurczetach. Swiadcza one o istotnym znaczeniu naczynidwki oraz zmian jej grubosci
w procesie rozwoju narzadu wzroku, ktory nabywa umiejetnosci widzenia
normowzrocznego pod wplywem doswiadczen wizualnych (Nickla 1 in., 1998).
W badaniach tych oceniano ci$nienie wewnatrzgatkowe w cyklu dobowym u 2-3
tygodniowych kurczat utrzymywanych w naturalnych warunkach dnia i nocy oraz
w warunkach ciggtej ciemnos$ci. Wykazano, ze oczy kurczat wykazuja dobowy rytm zmiany
cisSnienia wewnatrzgatkowego, ktory utrzymuje si¢ w ciaglej ciemnosci, chociaz
ze zmniejszong amplitudg. Naczyniowka wykazuje rytmiczne zmiany grubo$ci wywotanej
dzialaniem ci$nienia wewnatrzgatkowego, a im grubsza naczynidowka, tym wigcej
proteoglikanoéw twardowki syntetyzuje, wptywajac w ten sposob na wydtuzenie gatki ocznej

(Wallman i in., 1995).

Optyczna koherentna tomografia (OCT) to nieinwazyjna, bezkontaktowa metoda
zapewniajgca przekrojowe obrazy siatkowki i naczynidowki in vivo w czasie rzeczywistym
(Murthy i in., 2016 ). Jest to rowniez obiektywna metoda pomiaru i analizy kazdej warstwy
siatkowki (Gabriele 1 in., 2011, Whitmore i in. 2015, Singh 1 in., 2021, Hassanpoor i in.,
2021, Birtel 1 in., 2021). Budowa naczyniowki jest przedmiotem zainteresowania wielu
naukowcow. Do czasu wynalezienia OCT badania naczynidwki ograniczaty si¢ do badan
histologicznych. Najnowsze technologie pozwolily na nieinwazyjne obrazowanie oraz
jakosciows i ilosciowg oceng in vivo ludzkiej naczyniowki (Sohrab i in. 2012). W niektérych
badaniach wykorzystywano metody automatycznego pomiaru poszczegélnych warstw
naczyniowki (Cheniin., 2017, Masood i in. , 2019, Eghtedar 1 in., 2022). W kilku badaniach
udokumentowano zastosowanie OCT do pomiaru naczyniéwki kawii domowych (Chen 1 in.,
2020, Jnawali i in., 2018, Li i in., 2016, Yu i in. 2021, Zhang i in., 2019). Li i in. (2016)

zastosowali OCT do oceny grubosci siatkowki 1 naczynidéwki u kawii domowych w celu
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poréwnania z przekrojami histologicznymi. Autorzy odnotowali znaczng zgodno$¢

pomiedzy pomiarami in vivo i pomiarami histologicznymi.

Postepujacy zanik siatkéwki (ang. progressive retinal atrophy - PRA) jest zespotem
niejednolitych genotypowo choréb dziedzicznych opisanym u ponad stu ras psow. Objawy
zaniku siatkowki identyczne jak w przypadkach PRA stwierdzono takze u mieszancow
(Balicki i in 2024) . Zwigzek choroby z mutacjg w poszczegolnych genach jest odmienny
1 zalezny od rasy. Kazda z odmian PRA zdarza si¢ u jednej lub kilku ras. Wyjatkiem jest
diagnozowana u ponad 20 ras psow PRA- PRCD (Progressive Rod-Cone Degeneration)
(André i in., 2008). Do objawow PRA obserwowanych podczas badania oftalmoskopowego
dna oka zaliczajg si¢ hiperrefleksyjnos¢ - widoczna na wezesnym etapie choroby, po ktorej
nastepuje $cienczenie 1 zanik naczyn krwiono$nych, nieprawidlowa pigmentacja siatkowki
i zanik krazka nerwu wzrokowego. Zmiany te dotycza obydwu galek ocznych i sa
symetryczne. Zespot chordb zaliczany do postepujacego zaniku siatkowki, taczy ten sam
obraz kliniczny, jednak wyraza swojag odmienno$¢ pod wzgledem etiologii, czasu
wystapienia pierwszych objawow chorobowych oraz tempa postepu zaniku (André i in.
2008, Downs 1 in., 2014). Powszechnie przyjmuje si¢, ze PRA zaczyna si¢ obwodowo i
postepuje w kierunku $rodka dna oka. Jak jednak wynika z najnowszych badan, zanik
siatkowki u pséw chorych na PRA rozpoczyna si¢ w okolicy dobrzusznej dna oka, gdzie
znajduje si¢ blona ciemna, i rozprzestrzenia si¢ powyzej nerwu wzrokowego w okolice btony

jasnej (Balicki i in. 2024).

Zmiany w obrebie siatkoéwki charakteryzujace sie asymetrycznym, niekiedy
niepostgpujacym, lokalnym lub rozlegtym charakterem, moga wigza¢ si¢ ze stanem
zapalnym, infekcjg lub intoksykacja (Barnett 1 in. 1983, Maggs 1 in. 2017). W pozapalnym
zwyrodnieniu siatkowki obszary retinopatii mogg by¢ ograniczone do jednego oka lub moga
dotyczy¢ obu oczu, ale nie w tym samym stopniu. Do znanych przyczyn pozapalnego
zwyrodnienia siatkowki naleza choroby zakaZne, takie jak nosowka psow, toksoplazmoza,
kryptokokoza, blastomykoza, leiszmanioza, histoplazmoza. Zwyrodnienie siatkoéwki moze
rowniez wystapi¢ w chorobach ogoélnoustrojowych, takich jak cukrzyca i zapalenie nerek.
Moze mie¢ takze zwigzek z takimi chorobami, jak zwichnigcie soczewki czy nowotwory

wewnatrzgatkowe (Barnett 1 in., 1983, Maggs i in. 2017).
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Diagnozowane wsrod ludzi pigmentowe zapalenie siatkowki (RP), ze wzgledu
na zbiezno$¢ fenotypowa, jest uznawane za odpowiednik PRA u psow. Nazwa choroby
wprowadza w btad ze wzgledu na brak zapalnego charakteru tej choroby. Natomiast
nazwanie jej ,,pigmentowym” wystepuje w odniesieniu do gromadzenia si¢ melaniny
w siatkowce gatki ocznej. Grupg chordb - zaliczanych do ogdlnego terminu, jakim jest
pigmentowe zapalenie siatkowki - charakteryzuje dziedziczny i progresywny charakter
zmian, ograniczenie pola widzenia, obnizenie funkcji wzroku przy stabym $wietle oraz
zredukowana odpowiedz fotoreceptorow podczas badania za pomoca elektroretinografii
(Poornachandra i in. 2019). Slepota zmierzchowa zwiazana jest z utrata precikow
we wstepnej fazie choroby, ktéra w pdzniejszym etapie konczy si¢ zanikiem catej warstwy
fotoreceptorow rozpoczynajacym si¢ od obszarow peryferyjnych siatkowki, a konczacym
na utracie receptoréw plamki zo6ttej (Liu 1 in. 2016, Milam i in. 1998). Najwczesniej
widoczng zmiang wychwytywalna podczas przeprowadzania badania histopatologicznego
jest skrocenie zewnetrznej warstwy fotoreceptorow (Deretic i Papermaster, 1995).
Natomiast obrazowanie z zastosowaniem autofluorescencji dna oka wskazuje - na tym
samym etapie - rowniez zaburzenia dotyczace lipofuscyny nabtonka barwnikowego
siatkowki. Badania wykonane z wykorzystaniem metod immunofluorescencji wskazujg
natomiast na nieprawidlowosci siatkowki poprzedzajace jej zmiany morfologiczne.
Immunoreaktywno$¢ pewnych biatek cytoplazmatycznych zostaje utracona jeszcze przed
pojawieniem si¢ zmian na poziomie komérkowym w odniesieniu do degeneracji populacji
precikéw (Milam 1 in. 1998). Analizy skanow uzyskanych przy pomocy optycznej
tomografii koherentnej wskazujag na liniowa redukcj¢ pola widzenia wystepujaca wraz
Z obnizaniem grubosci zewnetrznej warstwy fotoreceptoréw. Natomiast spadek dlugosci
strefy elipsoidalnej fotoreceptorow (EZ) taczy si¢ z obnizong wrazliwoscia pola widzenia
(Liu 1 in. 2016). Nastepstwem degeneracji fotoreceptorow jest odlaczenie RPE od blony
Brucha 1 migracja jego komoérek do siatkowki wewnetrznej. Na zaawansowanym etapie
choroby obserwuje si¢ zmian¢ morfologii kragzka nerwu wzrokowego, §cieficzenie naczyn
krwiono$nych siatkowki oraz dysfunkcje siatkdwki wewnetrznej (Milam i in., 1998).
W nastepstwie apoptozy fotoreceptorow dochodzi do migracji komoérek RPE do siatkéwki
wewnetrznej 1 hipertrofii komorek Miillera na zewnatrz, do obszaru blony Brucha. (Blair i
in., 1991, Schuschereba i Silverman, 1992, Gouras i in., 1994). W przebiegu barwnikowego
zapalenia siatkowki w przypadkach zaawansowanych obserwowane s3 ogniska

hiperrefleksji — bedace wyrazem kumulacji makrofagow, migrujacych komorek nabtonka
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barwnikowego oraz wynaczynionych lipoprotein - na obszarze warstwy jadrowej
wewnetrznej, warstwy jadrowej zewnetrznej oraz przestrzeni podsiatkdéwkowej. Kolejnym
waznym elementem ulegajacym degeneracji na przebiegu pigmentowego zapalenia
siatkowki jest naczynidwka (Adhi i in.,. 2013, Finzi i in., 2014; Poornachandrai in., 2019;
Korte 1 in., 1984). Cechami charakterystycznymi jest zanik choriokapilar, zmiany
morfologiczne naczyn krwiono$nych, nieregularna budowa warstw naczyniowki, brak
regularnych granic pomigdzy naczyniowka a twardowka, zmiana grubosci naczyniowki
w poszczegdlnych kwadrantach. W przypadku pacjentow ze zdiagnozowanym RP,
naczyniéwka wykazywala najwigksza grubos¢ w kwadrantach skroniowych, a najmniejsza

w kwadrantach nosowych (Shintani et al. 2009; Oh et al. 2020).

Siatkowka psa posiada wiele cech odrdzniajacych ja od ludzkiej, co nalezy mie¢
na uwadze w trakcie analizy patogenezy poszczegdlnych chordb, w tym postepujacego
zaniku siatkowki. Najwyrazniej dostrzegalng r6znicg morfologiczng na przebiegu siatkowki
jest wystepowanie btony odblaskowa w kwadrantach gornych. Cata btone odblaskowa
przenikaja gat¢zie fenestrowanych naczyn wlosowatych. Spelniaja one funkcje tacznika
pomiedzy blaszka naczyn wlosowatych - choriokapilar, a warstwa naczyn krwionosnych
o Sredniej Srednicy. Warstwa choriokapilar tworzy rozlegly anastomozujaca sie¢ naczyn
krwionos$nych, potozonych w sasiedztwie nablonka barwnikowego siatkowki. Odmienny
jest przebieg tych naczyn w poblizu RPE w przypadku regionéw naczyniowki zawierajacych
btone odblaskowa oraz obszaréw jej niezawierajacych. W przypadku okolic, w ktérych
znajduje si¢ btona odblaskowa, choriokapilary majg tgcznos¢ z nabtonkiem barwnikowym
siatkowki. Nie wystepuje to na obszarach pozbawionych blony odblaskowej (Lesiuk 1 in.,
1983). W tych samych badaniach Lesiuk i wsp. (1983) wykazali rowniez odmienng grubos¢
btony Brucha w poszczeg6lnych rejonach naczyniowki. Nad obszarami zawierajagcymi btone
odblaskowa, btona Brucha byta ostabiona 1 ciensza w stosunku do swojej grubosci nad
obszarami naczyniowki jej niezawierajacymi. Potozony w sasiedztwie btony odblaskowej
nabtonek barwnikowy siatkdwki pozbawiony byl melanosoméw, podczas gdy na obszarach

obwodowych byt pigmentowany.
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6. Hipotezy i cele badawcze

Na podstawie analizy danych literaturowych oraz badan wst¢pnych postawiono nastepujace

hipotezy badawcze:

1. Grubos$¢ naczynidwki i jej poszczegdlnych warstw u psOw moze zmieniac si¢ wraz z

wiekiem oraz ze wzgledu na pte¢;
2. Grubo$¢ naczyniowki 1 jej poszczegolnych warstw u psow sg zalezne od okolicy dna oka;

3. U psow chorujacych na zanik siatkdwki w typie postepujacego zaniku siatkdwki moze

dochodzi¢ do zmian morfologicznych i morfometrycznych naczyniéwki.

Aby zweryfikowa¢ hipotezy sformutowano nastepujace cele:

1. Ocena wptywu wieku 1 plci na grubo$¢ naczyniowki w poszczegdlnych okolicach dna

oka. (Artykut nr 1)

2. Okreslenie grubosci poszczegolnych warstw naczynidéwki w réznych okolicach dna oka

u psow. (Artykut nr 2)

3. Ocena morfologiczna i morfometryczna naczyniéwki w poszczegdlnych okolicach dna
oka u psow chorujacych na zanik siatkowki w typie postgpujacego zaniku siatkdwki.

(Artykut nr 3)
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7. Materialy i Metody
7.1. Zwierzeta

Wszystkie psy byly pacjentami Katedry i Kliniki Chirurgii Zwierzat Uniwersytetu
Przyrodniczego w Lublinie. Wiasciciele =zostali poinformowani o szczegdlach
przeprowadzonych badan klinicznych 1 wyrazili zgode. Badanie zostalo wykonane zgodnie
z prawem polskim oraz Dyrektywa Parlamentu Europejskiego i Rady 2010/63/UE z dnia 22
wrzesnia 2010 r. w sprawie ochrony zwierzat wykorzystywanych do celow naukowych,
Rozdzial [ art. 1, pkt 5 (b). Badanie uzyskato takze akceptacje Komitetu Badanh Naukowych
Katedry i Kliniki Chirurgii Zwierzat Uniwersytetu Przyrodniczego w Lublinie (nr 3/2018

oraz nr 6/2018) w odniesieniu do pacjentow klinicznych nieeksperymentalnych.
7.1.1 Grupy badawcze

Do badan zakwalifikowano psy mezocefaliczne, rasy mieszanej, ktore zostaty

podzielone z uwzglednieniem poszczegdlnych celow badawczych.

Pierwsza grupa stuzyta ocenie wplywu wieku i plci na grubo$¢ naczynidwki
w poszczegdlnych okolicach dna oka. Grubos¢ naczynidowki badano przy uzyciu spektralnej
koherentnej tomografii optycznej (SD-OCT). Grupa obejmowata 41 klinicznie zdrowych
psow podzielonych na kolejne dwie podgrupy. Klasyfikacji dokonano na podstawie tabeli
wieku psa z uwzglednieniem zalezno$ci wieku od masy ciata (Fortney, 2012). 17 psow
w grupie MA (ang. middle aged) — w wieku $rednim (6 samcow i 11 samic) 47 lat oraz 24

psy w grupie SN (ang. senior) — w wieku starszym (12 samcow i 12 samic) 813 lat.

W drugiej grupie przy uzyciu SD-OCT przeprowadzono badania grubosci
poszczegbdlnych warstw naczyniéwki w réznych okolicach dna oka. Grupa sktadata si¢ z 45
Klinicznie zdrowych psow, ktore podzielono na dwie podgrupy ze wzgledu na wiek: 21 psow
w wieku $rednim — grupa MA (9 samcow i 12 samic) w wieku 4—7 lat oraz 24 psy w wieku

starszym - grupa SN (12 samcéw i 12 samic) w wieku 813 lat.

W trzeciej grupie przeprowadzono badanie morfologiczne i morfometryczne naczyniowki
w poszczegolnych okolicach dna oka przy uzyciu SD-OCT u pséw chorujacych na zanik siatkowki
w typie postepujacego zaniku siatkowki. Wykonano takze elektroretinografie (ERG).
Do badan zakwalifikowano 50 psow podzielonych na dwie podgrupy: 25 psoéw

ze zdiagnozowanym zanikiem siatkowki - z objawami typowymi dla PRA (grupa RA)
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w wieku 2-12 lat, 18 samcow i 7suk oraz 25 zdrowych psow w wieku 2-12 lat, 15 samcow

I 10 samic, jako grupa kontrolna (Kontrola).

7.2 Badanie kliniczne

Wszystkie psy zostaly sklasyfikowane jako zdrowe na podstawie badania
klinicznego, szczegélowego badania okulistycznego i badania krwi. Badania krwi
obejmowaty morfologi¢ krwi oraz badanie biochemiczne z oznaczeniem poziomu glukozy,
mocznika, bilirubiny catkowitej, kreatyniny, transaminazy asparaginianowej, transaminazy
alaninowej, fosfatazy alkalicznej i amylazy. Psy byly odrobaczane minimum dwa razy

w roku.

7.3 Badanie okulistyczne

Badanie przedniego odcinka narzadu wzroku przeprowadzono przy uzyciu lampy
szczelinowej (Shin-Nippon, Japonia). Badania dna oka wykonano za pomocg oftalmoskopu
posredniego obuocznego (Keeler, Wielka Brytania), oftalmoskopu bezposredniego (Welch
Allyn, USA) 1 oftalmoskopu panoptycznego (Welch Allyn, USA). Zdjecia dna oka
wykonano przy uzyciu kamery Handy NM 200D Fundus Camera (Nidek, Japonia)
podiaczonej do komputera z zainstalowanym oprogramowaniem IrfanView (Wiener
Neustadt, Austria). U wszystkich psow wykonano badanie neurookulistyczne oceniajac
odruchy zZreniczny, chromatyczny odruch zreniczny, odruch oslepienia. Przeprowadzono
badanie sprawno$ci wzroku za pomocg oceny odruchu na zagrozenie, odruchu $ledzenia
wzrokiem poruszajacych si¢ przedmiotow, reakcje umieszczania oraz test labiryntowy
w warunkach skotopowych i1 fotopowych. Pomiary ci$nienia wewnatrzgatkowego (IOP)
wykonano przy uzyciu tonometru TonoVet (iCare, Finlandia). IOP u wszystkich badanych
zwierzat wynosito od 15 do 20 mmHg. U wszystkich pacjentow wykonano obustronnie test
tzowy Schirmera (Eickemeyer, Niemcy). U Zadnego psa z grupy pierwszej i drugiej oraz
z grupy kontrolnej grupy trzeciej nie stwierdzono zadnych chorob okulistycznych oraz

zaburzen sprawnos$ci wzroku.
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7.4 Badanie elektroretinograficzne (ERG)

7.4.1 Przygotowanie do badania ERG

Wszystkie psy z zanikiem siatkowki w typie postepujacego zaniku siatkowki (grupa
RA) z trzeciej grupy badawczej zostalty poddane badaniu ERG aparatem RETIportERG
(Acrivet; Hennigsdorf, Niemcy). Przed badaniem ERG u zwierzat przeprowadzono
co najmniej 12 godzinng glodéwke. Przez co najmniej 2 godziny przed zabiegiem unikano
jasnego Swiatta. Maksymalne rozszerzenie Zrenic uzyskano stosujac krople do oczu
zawierajace 1% tropikamid (Tropicamidum 1%, WZF Polfa S.A., Polska). Do premedykacji
uzyto medetomidyny podanej domigsniowo w dawce 0,03 mg/kg (Cepetor 1 mg/ml, CP
Pharma, Niemcy). Wykonywano znieczulenie dysocjacyjne przy uzyciu ketaminy
(Vetaketam 100 mg/ml, Vet-Agro Sp. z o0.0., Polska) podawanej domig$niowo w dawce 5
mg/kg. W przypadkach wymagajacych przedluzenia znieczulenia kontynuowano podajac
dozylnie ketaming wedlug efektow dziatania. Po intubacji psy utozono w pozycji
mostkowej. Czestos¢ akcji serca, zapis elektrokardiograficzny i pomiar saturacji Krwi

mierzono za pomocg wieloparametrowego monitora pacjenta (iMec 12, Mindray).

7.4.2. Wykonanie badania ERG

W przypadku zwierzat zastosowano protokot dotyczacy psow, zatwierdzony przez
European College of Veterinary Ophthalmologists - ECVO (Ekesten i in. 2013).
Do rejestracji zapisu ERG zastosowano podskérne elektrody iglowe (BIONEN S.as.,
Wiochy). Elektrode odniesienia umieszczono w odleglosci okoto 2 cm ogonowo
od bocznego kata powiek, elektrode uziemienia umieszczono nad zewngtrznym guzem
potylicznym. Rogdéwke znieczulono miejscowo z wykorzystaniem 0,5% chlorowodorku
proksymetakainy (Alcaine®, Alcon Inc, USA.). Krople 2,5% roztworu hypromelozy
(GONIOVISC, HUB Pharmaceuticals, LLC, Rancho Cucamonga, CA, USA) umieszczono
narogowce, aby utrzymac jej wilgotnos¢ i utatwi¢ przewodzenie pradu za pomocg elektrody
Kooijmana. Jako elektrode aktywng zastosowano soczewke kontaktowa z wbudowanymi
diodami elektroluminescencyjnymi (LED, Kooijman/Damhof ERG Lens®, Medical
Workshop BV, Groningen, Holandia). Wartosci referencyjne amplitudy i latencji fali ERG
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uzyskano z grupy kontrolnej sktadajacej si¢ z 10 zdrowych pséw rasy mieszanej (5 samcoOw

I 5 samic) w wieku od 2 do 11 lat.

7.5 Badanie metodg optycznej tomografii koherentnej (SD-OCT)

7.5.1. Wykonanie badania SD-OCT

Badania SD-OCT i ERG wykonywano w odstgpie co najmniej 7 dni. U wszystkich
psow badanie SD-OCT przeprowadzono w godzinach od 9:00 do 13:00. Zrenice rozszerzano
kroplami do oczu z tropikamidem (Tropicamidum WZF 1%, Polfa Warszawa S.A., Polska).
Do sedacji uzyto medetomidyny w dawce 0,03 mg/kg (Cepetor 1 mg/ml, CP Pharma,
Niemcy) podawanej domig$niowo. Znieczulenie miejscowe powierzchni rogdéwki
i spojowki uzyskano stosujac 0,5% chlorowodorek proksymetakainy (Alcaine 5 mg/ml,
Alcon, USA). Podczas badania SD-OCT rogoéwke nawilzano co 30 sekund roztworem soli

fizjologiczne a gatke oczng stabilizowano poprzez uchwycenie spojowki gatkowej peseta.
7.5.2 Analiza skanow 1 wykonanie pomiarow

Obrazowanie SD-OCT przeprowadzono dla obydwu gatkach ocznych kazdego
pacjenta aparatem Topcon 3D OCT-2000 (Topcon, Japonia) przy dtugo$¢ fali 840 nm
z wykorzystaniem skandéw liniowymi, promienistych, krzyzowych i wizualizacji 3D.
Oprogramowanie urzadzenia umozliwito precyzyjna lokalizacje pomiaréw naczynidowki na
uzyskanych skanach. Do manualnego wykonywania pomiarow naczyniowki wykorzystano
funkcj¢ pomiarowg aparatu zintegrowang z jego oprogramowaniem. W przypadku
pierwszego celu badawczego wykonano pomiar catkowitej grubosci naczyniowki (WCT).
W drugim i trzecim celu badawczym oprécz WCT dokonano pomiaru poszczegdlnych
warstw naczyniéwki, tj. kompleksu RPE blona Brucha — choriokapilary z btong odblaskowa
w regionie btony jasnej (RPE-BmCc), warstwy naczyn $redniej srednicy (MSVL) i warstwy
naczyn o wiekszej srednicy z blaszkg nadnaczyniowkowa (LVLS ). W celu oceny wptywu
wieku na naczynidéwke, w przypadku drugiego celu badawczego, okreslono rowniez

stosunek grubo$ci MSVL do LVLS.
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Rycina 1. Pomiary catkowitej grubosci naczyniowki na skanie SD-OCT okolicy skroniowej (zielona
strzatka na zdjeciu dna oka odpowiada miejscu wykonania skanu). Pierwszy pomiar widoczny
w centrum skanu oraz dwa pozostale po prawej i lewej stronie w odlegtosci 1500 pm od centrum

(artykut 1, rycina 2).

Rycina 2. A. Pomiary catkowitej grubosci naczyniowki w okolicy dogrzbietowej na skanie SD-OCT
(zielona strzalka na zdjeciu dna oka odpowiada miejscu wykonania skanu). Czerwona linia
przedstawia granice kompleksu nabtonka barwnikowego siatkowki — btony Brucha — choriocapillaris
i blony odblaskowej. Niebieska linia przedstawia wewnetrzng powierzchnie twardowki.
B. Lokalizacja skanu pokazana na ryc. 1A. C. Wyznaczenie miejsca pomiaru w odlegtosci od 5000
do 6000 pm (odlegtos¢ od krazka nerwu wzrokowego). Skanowanie wykonano na odcinku

o dlugosci 1000 pum widocznym jako krétki odcinek w gornej czedci oznaczenia (artykut 1, rycina

1).

Rycina 3. Pomiary grubosci naczyniéwki w okolicy dobrzusznej w badaniu SD-OCT (zielona

strzatka na zdjeciu dna oka odpowiada miejscu wykonania skanu). Pomiary wykonywano
w odleglosci 5000-6000 um od krazka nerwu wzrokowego (biate strzatki na zdjeciu fundus) (artykut
2, rycina 3).

24



Grubo$¢ naczynidwki zdefiniowano jako pionowa odleglto§¢ od granicy
hiperrefleksyjnego kompleksu RPE — btony Brucha do hiperrefleksyjnej powierzchni
wewnetrznej twardowki (Branchini 1 in., 2013). W przypadku drugiego i trzeciego celu
badawczego, pomiarow skroniowych i nosowych dokonano zarowno w okolicy dna oka
zawierajace] btone odblaskowa (skroniowym: TempT, nosowym: NasT), jak i w okolicy
dnia oka jej niezawierajacej (skroniowym: TempNT, nosowym: NasNT). Pomiary
w obszarach TempT i NasT wykonano w odlegtosci 500-2000 um dogrzbietowo od granicy
mi¢dzy obszarami blony jasnej i ciemnej. Pomiary w obszarach skroniowych i nosowych
w okolicy btony ciemnej (TempNT i NasNT) wykonano w odlegtosci 5002000 pm
w kierunku dobrzusznym od granicy miedzy obszarami blony jasnej i ciemnej (Ryc.4).
W kazdym regionie wykonano trzy pomiary: w centrum skanu i w odleglosci 1500 um
od centrum po lewej i prawej stronie. Wyniki trzech pomiaréw nast¢pnie usredniono dla
kazdego segmentu. Aby unikng¢ rozbieznosci metodyki pomiarowej, wszystkie pomiary

zostaty zweryfikowane przez tych samych dwoch autorow.

RPE-BmCc zdefiniowano jako warstwe o plamistym wygladzie (Povazay i in., 2009)
1 silnie refleksyjnych granicach w obszarach blony odblaskowej. Na niektorych skanach
mozliwa byta identyfikacja warstwy choriokapilar naczyniéwki (Ryc. 5), ale w wielu
przypadkach oddzielenie choriokapilar od RPE, btony Brucha i btony odblaskowej byto
trudne lub niemozliwe. Dlatego struktury te oceniano jako warstwe — RPE-BmCc. Obraz
RPE-BmCc byt silniej refleksyjny niz MSVL. MSVL definiowano jako warstwe
zawierajaca naczynia o s$rednicy <100 um, ktore byly widoczne jako hiporefleksyjne
przestrzenie otoczone hiperrefleksyjnym zrgbem. Warstwa MSVL znajdowata si¢
bezposrednio pod warstwag RPE-BmCc. LVLS klasyfikowano jako zewngtrzng warstwe
naczyniowki zawierajgcg duze naczynia o $rednicy >100 pm (Branchini i in., 2013).
Zewnetrzng granice LVLS definiowano jako granice naczynidéwkowo-twardéwkowa.
Gléwnymi kryteriami réznicujacymi warstwy MSVL 1 LVLS byto $§wiatto naczyn 1 gestosé
tkanki migdzynaczyniowej (Roy i in., 2018) (Ryc.6).
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Rycina 4. Pomiary grubosci warstwy naczyniowki w okolicy nosowej niezawierajacej btony
odblaskowej na skanie SD-OCT (zielona strzatka na zdjeciu dna oka). Pomiary w obszarze
niezawierajacym blony odblaskowej wykonano w odlegtosci 500-2000 pm w kierunku brzusznym

od granicy btony odblaskowej (biata linia na fotografii dna oka) (artykut 2, rycina 4).

Rycina 5. Obraz choriokapilar - czarna strzatka - hiporefleksyjna linia znajdujaca sie pomiedzy

kompleksem blonowym RPE — Brucha a blong odblaskowg (artykut 2, rycina 2).
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Rycina 6. Pomiar warstw naczyniowki w okolicy btony odblaskowej btony (I) i btony ciemnej (II):

(A) RPE — btona Brucha — choriokapilary (RPE-BmCc) z btona odblaskowa, (B) warstwa naczyn
o $redniej $rednicy (MSVL) i (C) warstwa naczyn o wigkszej §rednicy z blaszkg nadnaczyniowkowa
(LVLS) (artykut 2, rycina 1).

7.6 Analiza statystyczna

W zalezno$ci od poszczegolnych celéw i1 zadan badawczych przeprowadzono nastgpujace

analizy statystyczne.

1) Test normalnosci danych sprawdzono za pomoca testu Shapiro-Wilka. Istotno$¢ réznic
zidentyfikowano za pomocg testu U Manna—Whitneya. Analizy przeprowadzono przy
uzyciu programu Statistica 12 (TIBCO Software Inc., USA). Istotnos¢ statystyczng przyjeto

na poziomie p < 0.05.

2) Sprawdzenie normalnosci rozktadu zmiennych w badanych grupach wykonano
za pomocg testu normalnosci Shapiro-Wilka. Do zbadania rdéznic pomiedzy dwiema
grupami zastosowano test t-Studenta. Oceng roéznic pomigdzy warstwami naczyniowki
wykonano przy pomocy analizy wariancji ANOVA (wraz z testem post-hoc RIR Tukeya).
Baz¢ danych i badania statystyczne przeprowadzono w oparciu o oprogramowanie
komputerowe Statistica 9.1 (StatSoft, Polska). Istotnos¢ statystyczng przyjeto na poziomie

p < 0.05.
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3) Normalnos$¢ danych sprawdzono metoda Lillieforce’a i zweryfikowano testem Shapiro
Wilka. Istotnie r6zne poréwnania zidentyfikowano za pomocg testu U Manna-Whitneya.
Analizy przeprowadzono przy uzyciu oprogramowania Statistica 10 (TIBCO Software Inc.).

Istotno$¢ statystyczng przyjeto na poziomie p < 0.05.

8. Omowienie wynikow badan

8.1 Ocena wplywu wieku 1 ptci na grubo$¢ naczynidwki w poszczegdlnych okolicach dna

oka.

Grubos¢ naczyniowki w okolicy dogrzbietowej, dobrzusznej, skroniowej i nosowej u psow

mieszanych w starszym i Srednim wieku przedstawiono w tabeli 1.

Tabela 1.

Srednia grubo$é¢ naczyniéwki [um] + odchylenie standardowe (SD) dla obszaréw dogrzbietowego
(D), dobrzusznego (V), skroniowego (T) i nosowego (N) u pséw w $rednim (MA) oraz starszym

(SN) wieku.

D V T N
MA 188 £28 116 £23 152 +£30 135+27
SN 184 + 33 111+ 16 151 +26 132 £18

Grubos$¢ naczynidwki w obszarze dogrzbietowym byta najwigksza zaréwno u pséw
starszych (SN), jak 1 w srednim wieku (MA). Naczynidéwka osiggata najwigksza grubos¢
w okolicy skroniowej, najmniejszg w okolicy dobrzusznej. Nie zaobserwowano istotnych
zmian grubo$ci poszczegdlnych obszaré6w naczynidwki w odniesieniu do wieku. Jednakze
zaobserwowano statystycznie istotne roznice grubosci pomiedzy poszczegdlnymi obszarami
naczyniowki zard6wno w grupie MA, jak 1 SN. W obu grupach grubos$¢ naczyniéwki byta
statystycznie istotnie wigksza w okolicy dogrzbietowej niz w okolicy skroniowej, nosowej
1 dobrzusznej, natomiast naczynidwka w okolicy skroniowej byta istotnie grubsza niz

w okolicy nosowej i dobrzusznej. Naczynidéwka w okolicy dobrzusznej byta istotnie ciensza
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niz w okolicy nosowej zar6wno w grupie MA, jak 1 SN. Grubos$¢ okolicy dogrzbietowe;j,
dobrzusznej, skroniowej i nosowej naczynidowki u samic i samcoéw przedstawiono
w tabeli 2. Zar6wno u samcéw jak i u samic naczyniowka byta najgrubsza w okolicy
dogrzbietowej, nastgpnie w okolicy skroniowej, a najciensza w okolicy dobrzuszne;j.
Chociaz nie zaobserwowano statystycznie istotnej réznicy pomig¢dzy psami w réznych
grupach wiekowych, roznice statystyczne zaobserwowano pomi¢dzy samcami i samicami.
Grubos¢ naczynidowki byla istotnie wigksza u samcoé6w niz u samic w okolicy dobrzusznej.

W okolicy nosowej byta ona istotnie mniejsza u samcoOw niz u samic.

Tabela 2

Srednia grubo$é naczyniowki [um] £ odchylenie standardowe (SD) podawana dla obszaréw

dogrzbietowego (D),dobrzusznego (V), skroniowego (T) i nosowego (N) u samcow (M) i samic (F).

D \Y T N
M 181 £32 117+16 * 150 £26 128 + 20*
F 190 £+ 30 111+21 153 +30 138 £23

* wynik istotny statystycznie (p<0,005)

8.2 Ustalenie grubosci poszczegolnych warstw naczynidéwki w roznych okolicach dna oka

u psoOw.

Srednie grubos$ci warstw naczynidowki w obszarach D, V, TempT, TempNT, NasT

I NasNT przedstawiono w tabeli 3.

Nie zaobserwowano roznic grubosci warstw naczyniowki zwiazanych z wiekiem.
Z tego wzgledu, rdznice w grubosci poszczegdlnych warstwy i calej naczyniowki oceniano
pomiedzy regionami bez podziatu pséw na grupy wiekowe, a pomiary przeprowadzono
na 90 oczach 45 pséw (Tabela 3).
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Tabela 3

Srednia grubo$¢ warstw naczyniowki (kompleks RPE - btona Brucha — choriokapilary : RPE-BmCc,

warstwa naczyn o $redniej Srednicy: MSVL, warstwa naczyn o wigkszej $rednicy z blaszka

nadnaczynidowkowa: LVLS) i catkowita grubo$¢ naczyniowki (WCT) [um] + SD w okolicach

dogrzbietowej (D), dobrzusznej (V), skroniowej z btong (TempT) i bez btony odblaskowej

(TempNT), a takze nosowej z blong (NasT) i bez blony odblaskowej (NasNT) u psow w $rednim
(MA) i starszym (SN) wieku.

RPE-BmCc MSVL LVLS WCT
D
MA 28.7+7.49 32.59 +£7.83 121.72 +24.58 183.02 +£30.15
SN 26.44 +5.04 31.62+7.62 124.87 +28.32 182.93 +32.01
Vv
MA 7.71 £0.96 2443 £ 8.07 78.21 £19.22 110.24 +23.50
SN 8.13£0.50 24.33+6.21 75.39+14.28 107.84 £ 17.68
TempT
MA 10.76 £2.17 38.15+7.64 126.78 + 35.78 175.69 + 38.58
SN 10.90 +2.38 45.43+£10.29 125.67 £19.96 182.00 + 23.54
TempNT
MA 8.12+0.91 27.11+9.87 84.45+17.24 119.68 +24.81
SN 8.25+0.68 30.86 = 6.94 99.59 +22.98 138.62 +26.81
NasT
MA 9.83+1.43 32.90 +10.02 96.78 + 12.56 139.52 +£15.67
SN 9.33+1.47 33.03 +£5.40 102.33 +24.48 144.69 + 24.06
NasNT
MA 8.05+£0.86 26.34 £+ 8.90 89.72 + 14.19 124.12 £ 19.40
SN 8.44 +0.69 29.74 +7.50 90.59 +12.43 128.77 £ 16.89
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U wszystkich badanych pséow warstwa RPE-BmCc w regionie dogrzbietowym
I MSVL w regionie nosowym z btong odblaskowg byly istotnie najgrubsze w porownaniu
z pozostatymi regionami. Ponadto warstwa RPE-BmCc byta znacznie grubsza w obszarze
skroniowym z btong odblaskowg niz w obszarze dobrzusznym. Co wigcej, warstwa MSVL
byta ciensza w regionie dobrzusznym niz w obszarze dogrzbietowym, skroniowym z i bez
btony odblaskowej, a takze nosowym z btong odblaskowg. Warstwva MSVL byta istotnie
ciensza w regionie nosowym bez btony niz w obszarze dogrzbietowym. Grubosci LVLS
1 WCT byly znaczaco wigcksze w regionach dogrzbietowym i skroniowym z btong
odblaskowg niz w pozostatych regionach 1 istotnie mniejsze w regionie dobrzusznym niz

w pozostatych regionach (Tabela 4)

Tabela 4

Roznice w $rednich grubosciach [$rednia + odchylenie standardowe] RPE-BmCc, MSVL, LVLS i
WCT u wszystkich badanych pso6w pomiedzy okolicg dogrzbietowa (D), dobrzuszng (V), skroniowa
z btong (TempT), i bez blony odblaskowej (TempNT), nosowa z btona (NasT) i bez btony

odblaskowej (NasNT).

Warstwa | Region | Srednia + SD Istotno§¢  |Warstwa| Region | Srednia+ SD Istotno$¢
statystyczna statystyczna

RPE- DvsV [2742+6.28 vs P<0.001 MSVL DvsV |2742+6.28vs P<0.001
BmCc 7.99 +£0.70 7.99 +0.70

D vs TempT [27.42 + 6.28 vs P<0.001 D vs TempT |27.42 + 6.28 vs P<0.001
10.84 £2.24 10.84 £2.24

D vs 2742 £6.28 vs P<0.001 D vs 2742 +6.28 vs P=0,67
TempNT 8.21+0.75 TempNT 8.21+0.75

D vs NasT [27.42+6.28 vs P<0.001 D vs NasT |27.42+6.28 vs P=1.00
9.56 + 1.44 9.56 +1.44

D vs NasNT [27.42 £6.28 vs P<0.001 D vs NasNT |27.42 £6.28 vs P<0.05
8.24 +£0.79 8.24 £0.79

V vs TempT | 7.99 +0.70 vs P<0.05 V vs TempT | 7.99 £ 0.70 vs P<0.001
10.84 +2.24 10.84 £2.24
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Warstwa Region Srednia + SD Istotnos¢ Warstwa| Region Srednia = SD Istotnos¢
statystyczna statystyczna
RPE- V vs 7.99+£0.70 vs P=1.00 MSVL V vs 7.99 £0.70 vs P<0.05
BMCC | TempNT | 821+0.75 TempNT | 821+0.75
V vsNasT | 7.99+0.70 vs P =047 V vs NasT | 7.99+0.70 vs P<0.001
9.56 + 1.44 9.56+1.44
V vs NasNT | 7.99 £0.70 vs P=1.00 V vs NasNT | 7.99 £0.70 vs P=0.11
8.24 +0.79 8.24+0.79
TempTvs |10.84 +£2.24 vs P=0.08 TempTvs |10.84 £2.24 vs P <0.001
TempNT 8.21+0.75 TempNT 8.21+0.75
TempTvs |10.84+2.24 vs P=0.85 TempTvs |10.84 +2.24 vs P <0.005
NasT 9.56 + 1.44 NasT 9.56+1.44
TempT+vs | 10.84 +£2.24 vs P=0.05 TempTvs |10.84 +2.24 vs P <0.001
NasNT 8.24+0.79 NasNT 8.24+£0.79
TempNT vs | 8.21 £0.75 vs P=0.73 TempNT vs | 8.21 £0.75 vs P=0.64
NasT 9.56+1.44 NasT 9.56 +1.44
TempNT vs | 8.21 £0.75 vs P=1.00 TempNT vs | 8.21 £0.75 vs P=0,92
NasNT 8.24 +0.79 NasNT 8.24 +0.79
NasT vs 9.56 +1.44 vs P=0.69 NasT vs 9.56 +1.44 vs P=0,13
NasNT 8.24+0.79 NasNT 8.24+0.79
LVLS DvsV |2742+6.28vs P<0.001 WCT DvsV |27.42+628vs P<0.001
7.99 +£0.70 7.99+0.70
D vs TempT | 27.42 £ 6.28 vs P=1,00 D vs TempT |27.42 + 6.28 vs P=0.99
10.84 £2.24 10.84 +£2.24
Dvs 27.42 +£6.28 vs P<0.001 Dvs 27.42 +£6.28 vs P<0.001
TempNT 8.21+0.75 TempNT 8.21+0.75
D vs NasT [27.42+6.28 vs P<0.001 D vs NasT [27.42+6.28 vs P<0.001
9.56 + 1.44 9.56+1.44
D vs NasNT [27.42 £6.28 vs P<0.001 D vs NasNT |27.42 £6.28 vs P<0.001
8.24 £0.79 8.24+0.79
V vs TempT | 7.99 +£0.70 vs P<0.001 V vs TempT | 7.99 +£0.70 vs P<0.001
10.84+£2.24 10.84 £2.24

32



Warstwa | Region | Srednia £ SD Istotno§¢  |Warstwa| Region | Srednia+ SD Istotno$¢
statystyczna statystyczna
LVLS V vs 7.99 +0.70 vs P<0.001 WCT V vs 7.99 +£0.70 vs P<0.001
TempNT 8.21+0.75 TempNT 8.21 £0.75
V vs NasT | 7.99+0.70 vs P<0.001 V vs NasT | 7.99+0.70 vs P<0.001
9.56+1.44 9.56+1.44
V vs NasNT | 7.99 +0.70 vs P<0.05 V vs NasNT | 7.99 +0.70 vs P<0.005
8.24 +0.79 8.24+£0.79
TempTvs [10.84+2.24 vs P<0.001 TempTvs |10.84 £2.24 vs P<0.001
TempNT 8.21+0.75 TempNT 8.21+0.75
TempTvs |10.84 £2.24 vs P<0.001 TempTvs |10.84 £2.24 vs P<0.001
NasT 9.56 +1.44 NasT 9.56+1.44
TempTvs |10.84+2.24 vs P <0.001 TempTvs |10.84 +2.24 vs P<0.001
NasNT 8.24 +0.79 NasNT 8.24+0.79
TempNT vs | 8.21 £0.75 vs P =0,96 TempNT vs | 8.21 £0.75 vs P=0,73
NasT 9.56 +1.44 NasT 9.56+1.44
TempNT vs | 8.21 £0.75 vs P=0,90 TempNT vs | 8.21+0.75 vs P=0,85
NasNT 8.24+0.79 NasNT 8.24 +£0.79
NasT vs 9.56 +1.44 vs P =047 NasT vs 9.56 +1.44 vs P=0,13
NasNT 8.24+0.79 NasNT 8.24+0.79

Stosunek grubosci MSVL do LVLS nie byt powigzany z wiekiem w zadnym

z badanych obszarow naczynidowki psow (Tabela 5). Stosunek ten byt podobny dla kazdego

obszaru naczyniowki 1 wynosit odpowiednio w grupach MA 1 SN: 0,28 + 0,26 dla regionu
D, 0,32 £+ 0,33 dla regionu V, 0,32 + 0,37 w obszarze TempT, 0,32 £+ 0,32 dla regionu
TempNT, 0,35 + 0,34 dla regionu NasT i 0,29 + 0,33 dla regionu NasNT.
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Tabela 5. Stosunek grubosci warstwy naczyn o $redniej Srednicy (2) do grubosci warstwy naczyn

o wicgkszej $rednicy z blaszka nadnaczyniowkowa (3) u psow w $rednim (MA) i starszym wieku

(SN) u pséw w okolicy dogrzbietowej (D), dobrzusznej (V) skroniowej z btong (TempT) i bez btony

odbaskowej (TempNT), nosowej z btong (NasT) i bez blony odblaskowej (NasNT).

MA Srednia + SD SN Srednia + SD
D2:D3 32.59+7.83: 121.72 + 31.62+7.62: 124.87 +
0.28 0.26
24.58 28.32
24.43 £8.07 : 78.21 £ 24.33+6.21:75.39+
V2:V3 0.32 0.33
19.22 14.28
38.15+7.64:126.78 + 45.43 +£10.29 : 125.67
TempT2:TempT3 0.32 0.37
35.78 +19.96
27.11+9.87 :84.45 + 30.86+6.94 : 99.59 +
TempNT2:TempNT3 0.32 0.32
17.24 22.98
32.90+10.02:96.78 + 33.03+£540:102.33 +
NasT2:NasNT3 0.35 0.34
12.56 24.48
26.34 £ 8.90: 89.72 + 29.74 +£7.50 : 90.59 +
NasNT2:NasNT3 0.29 0.33

14.19

12.43

8.3 Ocena sprawnos$ci wzroku w przypadku zaniku siatkdwki w typie postepujacego zaniku

siatkowki.

8.3.1 Badanie neurookulistyczne i badanie sprawnosci wzroku.

Wyniki badan neurookulistycznego i sprawnos$ci wzroku u pséw z grupy kontrolnej

byty prawidtowe. W tabelach 6 1 7 przedstawiono wyniki badan neurookulistycznych

1 sprawno$ci wzroku u poszczegolnych pacjentow w grupie RA. Na podstawie badania

sprawnosci wzroku i1 badania neurookulistycznego u wigkszosci psoOw w grupie RA

stwierdzono znaczne ograniczenie sprawnosci wzroku, co §wiadczy o zaawansowanym

etapie zmian siatkowki.
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Podczas badania dna oka u wszystkich psow w grupie RA stwierdzono typowe
objawy PRA. Obserwowano nadmierng refleksyjno$¢ w okolicy blony jasnej, Scienczenie
1 zanik naczyn krwiono$nych, nieprawidtowg pigmentacj¢ w okolicy blony jasnej, blados¢
kragzka nerwu wzrokowego, zaniki pigmentacji w okolicy blony ciemnej - tzw.
,mottling”oraz wystepowanie pozostatosci po naczyniach - naczynia widmowe - ,,ghost
vessels”. Objawy byly symetryczne i obustronne. Chorobe potwierdzono dodatkowo
w badaniach ERG i SD-OCT. Z informacji uzyskanych od wilascicieli wynikato,
ze obserwowali u nich postepujace pogorszenie sprawnosci wzroku, poczatkowo

w warunkach przyciemnionego o$wietlenia.

Tabela 6. Wyniki badania sprawnos$ci wzroku i badania neurookulistycznego w grupie RA.

Odruch na
zagrozenie Odruch , Test labiryntowy Odruch oslepienia
N : . Reakcja . .
Tpsa Sledzenia umieszczania
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P — prawa gatka oczna

L — lewa gatka oczna
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Tabela 7 Wyniki badania neurookulistycznego u pséw w grupie RA.

Odruch Zreniczny Chromatyczny odruch zreniczny

Nrpsa P L

Czerwone Niebieskie Czerwone Niebieskie

P L

b | =
f
f
f
|
I
f
|

LR [0 ENT [ [V) B (V5
f
|
f
|
I
f
|
I
f
|

H
=
|
|
|
|
|
|

11 + + + + + +
12 +- +— +— +— +— +—
13 - - - - - -
14 - - - - - -
15 - - - - - -
16 + + + + + +
RS - — - — -
18 + + + + + +
19 - - - - - -

20+ +/— - +/— - +/—

21 — — — — — —

a7 4 4 4 4 4 4
s

24 - - - - - -

25 + + + + + +

P — prawa gatka oczna

L — lewa gatka oczna

8.3.2 Badanie elektroretinograficzne.

Amplituda fali b byta znaczaco nizsza przy wszystkich intensywnosciach §wiatla
w 11 przypadkach w grupie RA (psy nr 1, 2, 6, 7, 11, 16, 18, 20, 22, 23, 25). Amplituda fali
a byla rowniez znaczaco nizsza przy wszystkich intensywnos$ciach $wiatta u 11 psow
dotknietych RA. W zaawansowanym stadium choroby u 14 pséw (psy o numerach 3, 4, 5,
8,9, 10,12, 13, 14, 15, 17, 19, 21, 24) stwierdzono nierejestrowane wygaszenie (ptaska linia
wykresu) skotopowych i fotopowych odpowiedzi ERG.
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Przyktady reakcji skotopowych i fotopowych: prawidiowe, ostabione i wygaszone
odpowiedzi ERG zarejestrowane odpowiednio u trzech psow — prawidlowy wynik badania
u psa z grupy kontrolnej (A) i wynik dwodch chorujacych na RA — odpowiednio

we wczesnym (B) i zaawansowanym (C) stadium choroby, przedstawiono na rycinie 7.

Ryc. 7 Przyktady reakcji skotopowych i fotopowych: prawidlowe, ostabione i wygaszone
odpowiedzi ERG zarejestrowane u trzech psow — odpowiednio u zdrowego pacjenta z grupy
kontrolnej (A) i dwoch zwierzat chorych na RA — odpowiednio we wczesnym (B) i zaawansowanym
(C) stadium choroby. (artykut 3, rycina 2)

8.3.3 Badanie SD-OCT

Pomiar warstw naczyniowki na skanach SD-OCT byt mozliwy u 22 z 25 pséw
chorych na RA. Wyniki tych pomiaréw uwzgledniono w analizie statystycznej. Wykluczono
z badan 3 psy (nr 5, 9 1 14), gdyz w zaawansowanym stadium choroby doszto u nich
do zaniku naczyniowki i w konsekwencji braku mozliwos$ci wyodrgbnienia naczyniowki lub

zrdznicowania jej warstw, az do catkowitego zaniku naczyniowki (Ryc. 8.).

Wyniki grubo$ci poszczegolnych warstw oraz catkowitej grubosci naczynidwkowe;j
dla kazdego obszaru dna oka przedstawiono w Tabeli 8. U wszystkich pséw dotknigtych RA
zaobserwowano statystycznie istotne zmniejszenie grubosci MSVL w poréwnaniu z grupa
kontrolng we wszystkich badanych obszarach. Statystycznie istotne zmniejszenie grubosci
LVLS i WCT stwierdzono we wszystkich obszarach niezawierajgcych btony odblaskowe;j

w poréwnaniu z kontrolg.
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Ryc. 8 Skany siatkowki i naczyniowki w réznych stadiach choroby. Pomiar naczyniowki i jej warstw
nie byt mozliwy w najbardziej zaawansowanym stadium — A (pies nr 9), B (pies nr 14). Na skanach
C - piesnr. 2i D — pies nr. 25 widoczne sg odpowiednie warstwy naczyniowkowe: 1 — RPE-BmCec,
2 —MSVL, 3- LVLS. (artykut 3, rycina 3)

W badaniu obrazowym SD-OCT stwierdzono zaawansowanie procesu chorobowego
w obszarach niezawierajacych blony odblaskowej (ryc. 8). Grubos$¢ warstwy LVLS 1 WCT
w okolicach niezawierajacych btony odblaskowej byta mniejsza w porownaniu do skanow
uzyskanych w grupie kontrolnej, co potwierdzita analiza statystyczna (Tabela 8). Brak
mozliwosci réznicowania poszczegolnych warstw naczyniowki i jej zanik byty bardziej

nasilone w obszarach niezawierajacych btony odblaskowej (Ryc. 8).
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Tabela 8. Grubo$¢ poszczegdlnych warstw i catkowita grubo$¢ naczyniowki (mediana (pum)

[minimum (Min) - maksimum (Max)]) w badanych okolicach dna oka w grupie kontrolnej i RA.

Okolica dna oka

D v
Warstwa Kontrola | RA Kontrola | RA
RPE-BmCc  29.17[19.00; 39.33] 22.33 [10; 37.50]* 7.67 [6.33; 9.33] 8.18 [7.00; 9.17]*
MSVL 32.25[22.00; 44.60] 24.75 [8.83; 38.0]* 24.20 [15.67; 36.17] 15.00 [12.50; 25.00]*
LVLS 120.80 [89.50; 170.67] 118.17[58.83;174.83] 71.00[57.00; 113.50]  51.00[19.00; 88.67]*
WCT 190.50 [134.83; 222.83] 163.00 [79.67: 237.17]  104.00 [80.67; 153.00]  75.83 [26.33; 116.33]*
_— TempT TempNT
Warstwa Kontrola | RA Kontrola | RA
RPE-BmCc 10.00 [7.33; 15.67] 10.00[8.33; 15.17] 7.67 [7.00; 9.40] 8.33 [7.00; 12.00]
MSVL 49.00 [36.50; 69.33] 34.20[11.33; 51.67]% 30.00 [15.00; 39.50] 15.92 [9.33; 24.42]*
LVLS 138.67 [80.50; 171.33] 125.00[62.00; 171.33]  87.00 [63.00; 110.33]  62.00 [38.00; 113.00]*
WCT 202.50 [125.50; 223.67] 164 [83.33; 219.00]  119.50+ [85.00; 147.67] 86.00 [55.00; 146.00]*
Warstwa NasT NasNT
Kontrola | RA Kontrola | RA
RPE-BmCc 10.33 [7.50; 12.00] 10.50 [8.50; 11.50] 7.67 [7.00; 9.75] 8.17 [7.00; 10.67]
MSVL 35.00[27.33; 40.50] 22.67[19.00; 30.33]* 30.00 [16.67; 43.00] 18.52 [12.67; 23.67]*
LVLS 92.00 [76.00; 110.00]  94.67[74.67; 113.00]  89.67 [71.67: 110.00]  70.67 [44.50; 106.00]*
WCT 139.50 [123.60; 151.33] 130.33[104.17; 148.50] 123.00 [95.33; 162.00]  97.42 [54.50; 140.00]*
*p < 0.005

Ryc. 8 Zaawansowanie zaniku siatkdwki i naczyniowki w zaleznos$ci od obecnosci blony odblakowej

(pies nr 20). Zaawansowany zanik siatkowki, $cienczenie i dezorganizacja naczyniowki sag widoczne

w okolicy bez blony odblaskowej. Zielona strzatka na zdj¢ciu dna oka wskazuje lokalizacje skanu.

Kroétka zielona linia na granicy obszaru blony jasnej i ciemnej, prostopadta do zielonej strzatki

na zdjeciu dna oka, odpowiada zielonej pionowej linii widocznej na skanie odpowiadajacej

lokalizacji zaznaczonego miejsca.
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9. Dyskusja

Celem badan bylo okreslenie grubosci naczynidwki oraz jej poszczegdlnych warstw
in vivo za pomocg SD-OCT u pséw mezocefalicznych rasy mieszanej, zarowno zdrowych
jak 1 chorujacych na zanik siatkowki w typie postepujgacego zaniku siatkowki. Potozenie
kompleksu btonowego RPE—Brucha oraz wewnetrznej powierzchni twardowki okreslono
metoda pomiaru grubo$ci naczyniéwki ludzkiej (Jin 1 in., 2016, Abadia i in., 2018,
Sahinoglu-Keskek i Canan, 2018, Steiner i in., 2019, Uyar i in., 2019, Pinheiro-Costa i in.,
2020, Zhao i in., 2020), a takze na podstawie wczesniejszych badan z zakresu histologii
naczyniéwki pséw (Kotb i in. 2019) oraz obrazowania siatkowki psow metodag SD-OCT
(Staurenghi i in., 2014, Carpenter i in., 2018, Grozdanic i in., 2019, Osinchuk i in., 2019,
Graham i in., 2020, Occelli i in., 2020). Uprzednie badania z wykorzystaniem metody SD-
OCT, przedstawily pewne metody pomiarow warstw naczyniowki cztowieka. Uzyskane
w trakcie badan wtasnych skany pozwolity na doktadne okreslenie poszczegolnych warstw
naczyniowki. Metoda zaproponowana przez Branchini i in. (2013) do analizy $rednicy
swiatla naczynia byla czesto stosowana w uprzednich badaniach (Xu i in., 2017,
Hanumunthadu i in., 2019, Baek i in., 2019). Choriokapilary to sie¢ naczyn wlosowatych
zlokalizowana na zewnatrz od btony Brucha. Pochodza one z tetniczek obecnych w warstwie
naczyn S$redniej $rednicy, zwanej rowniez warstwa Sattlera (Nickla 1 in., 2010). U ludzi
warstwa choriokapilar ma grubo$¢ okoto 10 um w obrebie dotka srodkowego, gdzie gestos¢
naczyn wlosowatych jest najwieksza, a na obszarach peryferyjnych dna oka warstwa
choriokapilar jest ciefsza wynoszac okolo 7 pm (Nickla i in.,, 2010). W badaniu
przeprowadzonym przez Soukup i in. (2019) zidentyfikowano choriokapilary u czterech
gatunkéw zwierzat, u ktérych nie wystepuje btona odblaskowa. Choriokapilary
uwidoczniono jako hiporefleksyjng warstwe zlokalizowang pomig¢dzy kompleksem RPE —
btona Brucha a naczyniowka zewnegtrzng. Mischi 1 in. (2022) ocenili widocznosé
choriokapilar zobrazowanych za pomoca SD-OCT u pséw i kotow. Warstwa choriokapilar
u psow byla widoczna w ponad 80% i ponad 90% linii skanowania, w zalezno$ci
od oceniajgcego. Badania wtasne pokazuja, ze refleksyjny charakter btony odblaskowe]
zaktoca widocznos¢ naczyniowki. Choriokapilary sa mozliwe do rozréznienia na niektorych
skanach SD-OCT, jednakze czgsto bylo trudne Iub niemozliwe oddzielenie sieci
choriokapilar od kompleksu RPE — btona Brucha w celu prawidlowego pomiaru. Z tych

wzgledow te warstwy naczyniowki przedstawiono jako kompleks RPE-BmCc-btona
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odblaskowa, ktory byt najcienszy w obszarach niezawierajacych btony odblaskowe;j

i zawierat 7,99 pm.

Zgodnie z badaniami Povazay i in. (2009), w badaniach wiasnych warstwg¢ MSVL
zdefiniowano jako warstwe zawierajgcg naczynia krwionosne o $rednicy <100 um,
natomiast LVLS zdefinowano jako zewnetrzng warstwe naczyniowki zawierajagcg naczynia
o S$rednicy >100 pm. W badaniach wilasnych zewnetrzng granice naczyniowki (tj.
wewnetrzng powierzchni¢ twardowki) okreSlono na podstawie weterynaryjnej literatury
okulistycznej opisujacej budowe histologiczng naczyniowki psa (Kotb 1 in., 2019) oraz
literatury okulistycznej cztowieka opisujacej metode pomiaru grubo$ci naczyniowki
(Abadia i in., 2018, Steiner i in., 2019, Jin i in., 2016, Sahinoglu-Keskek i in., 2018, Zhao
iin., 2020, Uyar i in., 2019, Pinheiro-Costa i in., 2020). Granica naczyniowki byta widoczna

jako hiperrefleksyjna linia znajdujaca si¢ zewngtrznie od warstwy LVLS.

Btona odblaskowa jest opisywana jako zaokraglona, trojkatna struktura
0 niewyraznej granicy. Jej podstawa zwykle styka si¢ z krazkiem nerwu wzrokowego
(Yamaue i in., 2014). Centralna cz¢s¢ btony odblaskowej psa zawiera strukture odbijajaca
swiatlo 1 sktadajacg si¢ z 1520 warstw wielokatnych, bogatych w cynk komorek o $redniej
grubosci 3-28 um (Lesiuk i Breakevelt, 1983). Liczba warstw komodrek maleje wraz
ze wzrostem odlegtosci od centrum blony odblaskowej. Blona Brucha rowniez ma rdzna
grubos$¢ 1 jest najciensza w obszarach zawierajacych btone odblaskowa (Lesiuk i1 Breakevelt,
1983). Yamaue i in. (2014) dzigki badaniu histopatologicznemu odkryli, Ze najgrubsza czgs¢
btony odblaskowej znajdowata si¢ dogrzbietowo-skroniowo w stosunku do krazka nerwu
wzrokowego 1 miala zroznicowana grubos$¢ od 20 do 70 um. Takie warunki anatomiczne
maja bezposredni wptyw na grubo$¢ naczyniéwki mierzong metodg SD-OCT. W badaniach
wlasnych, warstwa naczyniowki ztozona z nabtonka barwnikowego siatkowki, warstwy
choriokapilar, btony Brucha i blony odblaskowej, byta najgrubsza w okolicy blony jasnej
w regionie dogrzbietowym u pséw zdrowych i wynosita 27,42 pm ulegajac Scienczeniu
do 10,81 pm w obszarze skroniowym z btong odblaskowa 1 9,56 um w obszarze nosowym
z btong odblaskowg (artykul nr 2). Przyczyng znacznej rdznicy w grubosci naczynidwki
w obszarach nosowym 1 skroniowym pomigdzy regionami zawierajagcymi 1 nie
zawierajagcymi blony odblaskowej, byta réznica w grubosci warstwy LVLS. Yamaue i in.
(2014) zbadali bton¢ odblaskowa psa pod katem jej makroskopowych zmian i przedstawili
histologiczny opis wynikow. Z badan tych wynika, ze wraz z wiekiem blona stawata si¢
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atypowa. Btong atypowa opisywano jako struktur¢ o mniejszej powierzchni i bardziej
zrdznicowang pod wzgledem ksztattu, konturu i koloru. Atypowa blona odblaskowa miata
tendencj¢ do zanikania na obwodzie, zwlaszcza w czg¢$ci nosowej 1 dobrzusznej. Jednak

nasze badanie nie wykazalo istotnych réznic zwigzanych z wiekiem grubosci RPE-BmCec.

W trakcie badan nad grubo$cia naczynidéwki bez rdéznicowania regionow
skroniowego i nosowego na zawierajace i niezawierajgce btony odblaskowej, stwierdzono,
ze grubos¢ naczyniowki w okolicy skroniowej (T) wynosita 152 1 151 pm oraz 1351 132
um w okolicy nosowej (N) odpowiednio w grupach MA i1 SN (artykut nr 1). W trakcie
dalszych badan okolicg¢ skroniowa i nosowg réznicowano na region zawierajacy i nie
zawierajacy btony odblaskowej (artykut nr 2). Wykazano, ze grubo$¢ naczyniowki byla
istotnie grubsza w okolicy blony jasnej, niz w okolicy btony ciemnej, zar6wno w regionie
skroniowym, jak i nosowym w grupach MA i SN. Interesujgce jest, ze, nie bylo to zwigzane
z obecnoscig btony odblaskowej ze wzgledu na jej nieznaczng grubo$¢ w regionie
skroniowym z blong odblaskowa oraz nosowym z blong odblaskowa. Badania wlasne
wykazaly ze warstwy naczyniowe naczyniowki, tj. MSVL 1 LVLS, byly najgrubsze
w obszarze skroniowym z btong odblaskowa. Badanie przeprowadzone przez Mowat i in.
(2008) u 9 psow rasy beagle wykazato, ze area centralis, tzw. obszar sSrodkowy znajduje si¢
w punkcie potozonym 1,5 £+ 0,2 mm skroniowo i 0,6 = 0,1 mm dogrzbietowo w stosunku
do krazka nerwu wzrokowego, w blonie jasnej. Mozna przypuszczaé, ze obszar area
centralis moze by¢ powigzany z wiekszym ukrwieniem poprzez naczynia naczyniowki,
co nalezy podda¢ dalszym badaniom. W badaniach wtasnych nie stwierdzono, aby warstwa
RPE-BmCc z btong odblaskowa byta najgrubsza w okolicy TempT, gdzie znajduje si¢ area
centralis co jest zgodne z wezeséniejszymi badaniami przeprowadzonymi przez Yamaue i in.
(2015). W przekrojach histologicznych siatkowki i naczynidéwki wykonanych przez Yamaue
1 in. (2015) obszar siatkowki o najwigkszej ostrosci widzenia, w tym wypadku pasmo
wzrokowe (ang. visual streak), znajdowal si¢ w obszarze btony jasnej, ale nie w najgrubsze;j

czesci blony odblaskowe;j.

W badaniach wlasnych wykazano statystycznie istotne réznice miedzy samcami

1 samicami w okolicy dogrzbietowej i nosowej naczynidéwki. U samcéw grubosé
naczyniowki byla istotnie wigksza w okolicy dobrzusznej oraz istotnie mniejsza w okolicy
nosowej w poréwnaniu do samic (artykut nr 1). Dobrze udokumentowano roéznice miedzy
ptciami w grubos$ci naczyniéwki mierzonej metodg OCT u ludzi Wang i in. (2018). Autorzy
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odkryli, ze mezczyzni mieli grubsza naczynidwke niz kobiety. Sanchez-Cano i in. (2014)
stwierdzili podobna grubos$¢ naczyniowki zardbwno u mezczyzn, jak i u kobiet. Zwigzane
z plcig roznice w grubosci naczyniowki mozna czeSciowo wyjasni¢ roznicg w statusie
hormondéw piciowych. Estrogen moze wplywaé na przeptyw krwi w gatce ocznej u kobiet
(Centofanti i in., 2000, Deschenes i in., 2010). Moze to mie¢ wptyw na grubo$¢ naczyniowki.
Ograniczeniem naszych badan byt brak danych na temat cyklu rujowego, czy leczenia
hormonalnego oraz brak informacji na temat sterylizacji/kastracji przeprowadzanych

u psow.

W badaniach Kotb i in. (2019) wykorzystano analizy histomorfometryczne
do pomiaru grubos$ci naczyniowki pieciu galek ocznych uzyskanych od dorostych, klinicznie
zdrowych pséw. Jednakze pomiary te przeprowadzono po$miertnie. Natomiast dzigki
pomiarowi grubosci naczyniéwki in vivo przy wykorzystaniu SD-OCT, w badaniach
wlasnych udokumentowano, ze grubo$¢ naczyniéwki in vivo jest znacznie wigksza niz
pos$miertna. Srednia gruboéé posmiertna naczyniéwki u psow wynosita 49,81 um (Kotb
11n., 2019), natomiast w badaniach wiasnych stwierdzono, ze naczyniéwka byla najciensza
w regionie dobrzusznym u psoéw starszych — $rednia 111 pm, a najgrubsza w regionie

dogrzbietowym u psow w Srednim wieku, osiggajac srednio 188 um.

Jednym z celow badan wiasnych nad warstwami naczyniowki u psow byla ocena
ewentualnych, zwigzanych z wiekiem r6znic morfometrycznych. Ruiz-Medrano i in. (2017)
badali profile naczyniowki w réznych grupach wiekowych w zdrowej populacji ludzkie;.
Srednia grubo$é¢ naczyniowki w okolicy dotka $rodkowego i $rednia grubo$¢ warstwy
Hallera w roznych grupach wiekowych zmniejszata sie stopniowo wraz z wiekiem. Srednia
grubos¢ choriokapilar 1 warstwy Sattlera w okolicy dotka $rodkowego nie wykazywaty
u ludzi tej tendencji do postepujacego $cienczenia wraz z wiekiem. Kamal Abdellatif i in.
(2019) przebadali 125 zdrowych Egipcjan w wieku od 20 do 79 lat. Nabtonek barwnikowy
siatkowki o grubosci zewngtrznego segmentu fotoreceptorow wykazywal znaczne
scienczenie wraz z wiekiem 1 zmniejszajacg si¢ gruboscig naczyniowki. Zarowno nabtonek
barwnikowy siatkowki z zewngtrznym segmentem fotoreceptordéw, jak i catkowita grubosé
naczyniowki wykazywaty istotng statystycznie ujemng korelacj¢ z wiekiem. Badania wtasne
nie wykazaly roznic grubo$ci naczyniowki zwigzanej z wiekiem. Udokumentowaly one
statystycznie istotne roznice pomi¢dzy odpowiednimi obszarami naczyniowki zarowno
w grupie psow w Srednim wieku (MA), jak 1 w wieku starszym (SN) (artykul nr 1).
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Naczyniowka psa byla najgrubsza w okolicy dogrzbietowej, nastepnie odpowiednio
w okolicy skroniowej i nosowej, a najciensza w okolicy dobrzusznej, Nasze wyniki nie
wykazaty takze zadnych réznic w grubosci poszczegdlnych warstw naczyniowki u psow
zwigzanych z wiekiem. Nie zaobserwowano istotnych réznic w grubosciach RPE-BmCec,
MSVL, LVLS i WCT w kazdym rejonie naczynidéwki pomigdzy grupami psow mtodych

1 psow w $rednim wieku (artykut nr 2).

Badania przeprowadzone przez Xu i in. (2017) wykazaty u ludzi wyzszy stosunek
grubo$ci warstwy matych i §rednich naczyn okolicy brodawki nerwu wzrokowego (SMVL)
do grubosci warstwy duzych naczyn (LVLS) okolicy brodawki nerwu wzrokowego byt
powiazany ze starszym wiekiem, co sugeruje zwigzane z wiekiem $cienczenie LVLS u ludzi.
Stwierdzono, ze stosunek grubosci SMVL do LVLS jest istotnie najwyzszy w okolicy
skroniowej, a najnizszy w okolicy nadnosowej, gérnej i nosowej (Zhao i in., 2018). Badania
wlasne wykazaly, ze stosunek grubosci MSVL do LVLS u pséw nie byl powigzany
z wiekiem. Poréwnujac wyniki grup MA 1 SN, stosunek warstw byt podobny dla kazdego

regionu naczyniowkowi (artykut nr 2).

Grubos$¢ naczynidowki zmienia si¢ cyklicznie w ciggu dnia u kurczat 1 ludzi (Nickla
1 in., 1998; Chakraborty 1 in., 2011). U kurczat grubo$¢ naczyniéwki jest najwigksza
o pétnocy, a pdzniej w nocy zaczyna si¢ zmniejszac¢ (Nickla i in., 1998). Podobnie jak u kur,
grubo$¢ naczynidwki zwieksza si¢ rowniez u ludzi w ciggu dnia, jak wynika z pomiarow
wykonanych migdzy godzinami 9:00 a 21:00. Aby zminimalizowaé ryzyko dobowych
wahan grubosci naczyniowki, podczas prowadzenia badan wiasnych wszystkie pomiary
wykonywano w godzinach od 9:00 do 13:00. Ramy czasowe te okre$lono na podstawie
doniesien, z ktorych wynikato, ze zmiany grubosci naczyniowki w tych godzinach byty
minimalne i wahaly si¢ nie wigcej niz 3 um . Natomiast $rednia dzienna amplituda zmiany

grubosci naczyniowki u ludzi wyniosta 0,029 + 0,016 mm (Chakraborty i in., 2011).

W dostepnym pismiennictwie brak jest danych dotyczacych wptywu medetomidyny
na grubos$¢ naczyniowki, dlatego tez nie jesteSmy w stanie oceni¢, w jakim stopniu srodek
ten mogt wptyna¢ na wyniki naszych badan. Wiadomo jednak, ze $rodki znieczulajace moga
wpltywaé na cis$nienie wewnatrzgatkowe (Webb i in., 2018). Badania wykazatly, ze nie
zaobserwowano znaczacych zmian ci$nienia wewnatrzgatkowego u psoéw po 5, 10, 20 i 40

minutach po podaniu medetomidyny (Verbruggen i in, 2000, Kanda i in 2015). Istnieje
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korelacja pomigdzy ci$nieniem wewnatrzgatkowym a gruboscig naczyniowki (Saeedi i in.,
2014; Wang i in., 2016). Aby zminimalizowa¢ wplyw ci$nienia wewnatrzgatkowego
Na nasze pomiary grubosci naczyniowki, badania prowadzono jedynie u psOw z ci$nieniem
wewnatrzgatkowym wynoszacym 15-20 mmHg. Do badan wiasnych zastosowano sedacje
przy uzyciu medetomidyny w celu dziatania uspokajajacego co pozwolitlo na wykonanie
wysokiej jakosci skandw w doktadnie okreslonej odlegtosci od krazka nerwu wzrokowego
u wszystkich zwierzat wykorzystanych w badaniach. W praktyce klinicznej badanie SD-
OCT jest mozliwe do wykonania u spokojnych psOw w znieczuleniu miejscowym.

W badaniach dotyczacych wplywu medetomidyny w podaniu domig$niowym
na uktad krazenia oraz uktad oddechowy wykazano, ze medetomidyna powoduje wzrost
$redniego cis$nienia tetniczego krwi u psow w pordwnaniu z warto§ciami wyjsciowymi, az
do 40 minut od momentu podania. Najwigkszy wzrost nastegpowat bezposrednio po podaniu
w okresie pierwszych 10 minut (Ko i in., 2000). W badaniach wtasnych u wszystkich pséw
zastosowano ten sam protokoét sedacji, aby wyeliminowaé mozliwo$¢ zmian wywotanych
znieczuleniem, ktére moglyby zaburzy¢ poréwnania grubo$ci naczyniowki. Badanie
przeprowadzono w okresie od 15 do 30 minut po podaniu medetomidyny.

W przebiegu barwnikowego zwyrodnienia siatkowki (RP), bedacego ludzkim
odpowiednikiem PRA u pséw, dochodzi do zmian grubosci naczyniowki w poszczegolnych
regionach dna oka. W grupie kontrolnej ludzi stwierdzono, Ze naczyniowka jest najgrubsza
w okolicy dotka srodkowego, a najciensza w okolicy nosowej. Natomiast u pacjentow
chorych na RP naczyniowka byta najgrubsza w okolicy skroniowej, a najciensza w okolicy
nosowej (Adhiiin., 2013). W badaniach wtasnych wykazano, ze w przypadku psow chorych
na RA podobnie jak u pséw zdrowych, calkowita grubo$¢ naczynidowki byta najgrubsza
w regionie skroniowym z blong odblaskowa, nastgpnie w rejonie dogrzbietowym,
a najciensza w rejonie dobrzusznym. Jednoczes$nie zaobserwowano istotne statystycznie
zmniejszenie catkowitej grubosci naczynidwki we wszystkich obszarach blony ciemnej dna
oka. W przypadku oceny skanow siatkowki oséb chorujacych na RP zglaszano trudnosci
w rozroznieniu poszczegolnych warstw naczyniowki (Adhi i1 in. 2013). W grupie kontrolnej
0sOb zdrowych w badaniu obrazowym wyraznie uwidoczniono choriokapilary, naczynia
krwionos$ne $redniej 1 wigkszej Srednicy. Tymczasem u pacjentdow chorych na RP
odroznienie na skanach choriokapilar od naczyn o $redniej $rednicy okazato si¢ trudne.
Niemniej jednak do oszacowania $rednich zmian grubos$ci wykorzystano potaczona grubosé

obu warstw. Analizy grubo$ci wykazaly zmniejszenie grubo$ci warstwy naczyn o wiekszej
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srednicy, natomiast grubos$¢ choriokapilar w potaczeniu z warstwa naczyn sredniej Srednicy
pozostata niezmieniona (Adhi i in. 2013). W badaniach wiasnych poszczegolne warstwy
naczyniowki byly nie do odrdznienia w najbardziej zaawansowanych przypadkach RA.
Z pomiardéw trzeba byto wykluczy¢ psy w zaawansowanym stadium zaniku siatkowki
1 naczyniowki ze wzgledu na brak mozliwos$ci pomiaru poszczegdlnych warstw. Natomiast
u pozostatych psow wyniki wykazaty zmniejszenie grubosci warstwy MSVL we wszystkich
analizowanych obszarach. Zmniejszenie grubosci warstw LVLS i WCT zarejestrowano
jedynie w obszarach blony ciemnej, gdzie réwniez zaobserwowano bardziej zaawansowany

zanik siatkbwki w pordwnaniu z obszarami blony jasne;.

Przedstawione badanie nie wyjasnia, czy zmniejszenie grubosci warstw naczyniowki
bylo pierwotne czy wtorne w zwigzku z zanikiem siatkdwki. Badania wykazaty,
ze w przypadku zaawansowanego zaniku siatkowki obie struktury ulegly catkowitemu
zanikowi. Zarowno siatkowka, jak i naczyniowka sg tkankami, ktorych funkcja jest od siebie
zalezna. Naczynidwka syntetyzuje wiele czynnikow wzrostu zaangazowanych
w angiogenezg, takich jak czynnik wzrostu §rodblonka naczyniowego (VEGF) i czasteczki
sygnatowe. Stwierdzono, ze czynniki troficzne naczyniéwki sg niezbedne do rozwoju
I przezycia neurondw zwoju rzgskowego (Nickla i Wallman 2010). Wykazanie, ktora
struktura ulegta zanikowi jako pierwsza i doprowadzita do zaniku drugiej w przypadku RA

u psOw, wymaga dalszych szczegdtowych badan.

Badania przeprowadzone na myszach wykazaly szczegdlne znaczenie czynnika
VEGF wytwarzanego w nabtonku barwnikowym siatkowki — zdolnego do dyfuzji przez
bton¢ Brucha — w utrzymaniu naczyniéwki. U zwierzat wytwarzajacych jedynie izoformy
VEGF o niskiej zdolnosci przenikania przez blon¢ Brucha, a nie wytwarzajace izoformy
zdolne do dyfuzji w kierunku naczyniowki, zaobserwowano prawidlowy poczatkowy
rozwo0j naczyniowki. Jednak z biegiem czasu — poczawszy od 7. miesigca zycia myszy —
notowano zanik choriokapilar, zaburzenia zwigzane z blong Brucha i nabtonkiem
barwnikowym, zwyrodnienie naczyniowki 1 zwigkszong liczbg nieunaczynionych obszarow
siatkowki. Doprowadzitlo to do ostatecznej apoptozy fotoreceptorow, co wykazano
w obrazowaniu elektroretinograficznym. Ograniczenie cytowanych badafh wynikato z faktu,
ze analizowano w nich jedynie grubo$¢ catej naczyniowki, bez uwzglednienia jej
poszczegbdlnych warstw (Saint-Geniez i1 in. 2009, Liu 1 in. 2016). Interesujaca obserwacja
badan witasnych byt fakt, ze istotne zmniejszenie grubosci WCT zarejestrowano jedynie
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W obszarach blony ciemnej, gdzie nie wystepowata blona odblaskowa. W badaniach Lesiuka
i Braekevelta (1983) wykazano réznice w grubosci blony Brucha pomigdzy poszczegdlnymi
rejonami naczyniowki. W obszarach zawierajgcych bton¢ odblaskowsg, blona Brucha byta
Ciensza w poréwnaniu do obszaréw blony ciemnej. Mozna przypuszczaé, ze czestsze
wystepowanie zmian morfometrycznych i morfologicznych naczyniowki w obszarach btony
ciemnej moze by¢ zwigzane z wicksza gruboscig btony Brucha w tej okolicy, a co za tym
idzie, jej zmniejszong przepuszczalno$cig dla czynnikow wzrostu wytwarzanych przez
nabtonek barwnikowy siatkowki (RPE). Moze to by¢ jeden z czynnikow wpltywajacych

na patomechanizm PRA, chociaz potwierdzenie tego wymaga dalszych badan.

Galezie fenestrowanych naczyn wlosowatych przechodza przez cala btone
odblaskowa. Stuza jako tacznik miedzy choriokapilarami a warstwa naczyn S$redniej
srednicy (warstwa Sattlera). Choriokapilary to rozlegla sie¢ naczyn krwiono$nych
zlokalizowana w poblizu nabtonka barwnikowego siatkéwki. W poblizu RPE uktad tych
naczyn roézni si¢ pomigdzy obszarami naczyniowki zawierajacymi btone odblaskowa,
a obszarami, w ktorych jest ona nieobecna. W przypadku obecnosci btony odblaskowej,
choriokapilary zazgbiaja si¢ o RPE siatkdwki, co nie wystepuje w obszarach btony ciemne;j
(Lesiuk 1 Braekevelt, 1983). Jest to kolejny element anatomiczny oka psa, ktéry moze
potencjalnie odpowiada¢ za wigksze nasilenie objawoéw choroby w obszarach
niezawierajacych btony odblaskowej, co moze by¢ powigzane ze znacznym zanikiem

naczyniowki zewnetrznej w tych obszarach wykazanym w badaniach wiasnych (artykut 3).
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10. WhnioskKi

1. Grubo$¢ naczyniowki u psow rézni si¢ wzgledem badanego obszaru dna oka niezaleznie

od wieku.
2. Grubos¢ poszczegbdlnych warstw naczyniowki nie zalezy od wieku.

3. Naczynidowka pséw samcoOw 1 samic rézni si¢ pod wzglegdem grubosci w okolicy

dobrzusznej i nosowe;j.

4. U psoéw rasy mieszanej chorujacych na zanik siatkdwki w typie postepujacego zaniku
siatkbwki dochodzi do zmniejszenia grubosci warstwy naczyn wickszej S$rednicy
i catkowitej grubo$ci naczyniowki w regionach blony ciemnej dna oka, a takze warstwy
naczyn o S$redniej $rednicy we wszystkich obszarach dna oka, co moze taczy¢ sig

z zaburzeniami ukrwienia warstw zewngtrznych siatkowki.
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w zatgczniku do komunikatu wprowadza si¢ nastgpujace zmiany:

1) nizej wymienione pozycje otrzymujg brzmienie:
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Rada Dyscypliny Weterynaria

Uniwersytetu Przyrodniczego

w Lublinie

Oswiadczenie o wspolautorstwie

1. Zwolska Jowita, Szadkowski Mateusz, Balicka Agnieszka, Balicki Ireneusz, 2021,
Morphometrical analysis of the canine choroid in relation to age and sex using spectral

domain optical coherence tomography, Acta Veterinaria Hungarica, Tom 69 Numer 3, s. 266-

273.

Niniejszym oswiadczam, ze m6j indywidualny udzial w powstaniu pracy polegal na:
inicjatywa badan, tworca hipotezy badawczej, opracowanie metodyki; realizacja badan
(zalozenie badan, wykonanie poszczegblnych etapéw badan): analiza 1 opracowanie
wynikow, sformulowanie wnioskdw; napisanie pierwszej wersji manuskryptu: redakcja
publikacji. Moj procentowy udziat w powstaniu artykulu wynosi 70 %.

2. Zwolska Jowita, Balicki Irencusz, Balicka Agnieszka, 2023, Morphological and
morphometric analysis of canine choroidal layers using spectral domain optical coherence
tomography, International Journal of Environmental Research and Public Health, Tom 20
Numer 4, s. 3121.

Niniejszym oswiadczam, ze mdj indywidualny udzial w powstaniu pracy polegal na:
inicjatywa badan, tworca hipotezy badawczej, opracowanie metodyki: realizacja badan
(zalozenie badan, wykonanie poszczegolnych etapéw badan); analiza i opracowanie
wynikow, sformutowanie wnioskow; napisanie pierwszej wersji manuskryptu; redakcja
publikacji. M¢j procentowy udzial w powstaniu artykutu wynosi 75 %.

3. Zwolska Jowita., Balicki Ireneusz, Balicka Agnieszka, Kuduk Barbara, 2024, Morphometric

assessment of the choroid in dogs diagnosed with retinal atrophy (RA) with symptoms of

progressive retinal atrophy, using spectral-domain optical coherence tomography (SD-OCT),

Polish Journal of Veterinary Sciences, Tom 27 Numer 2, s. 261-270.

Niniejszym o$wiadczam, ze méj indywidualny udziat w powstaniu pracy polegat na:
inicjatywa badan, tworca hipotezy badawczej, opracowanie metodyki; realizacja badan
(zalozenie badan, wykonanie poszczegdlnych etapéw badan); analiza i opracowanie
wynikéw, sformutowanie wnioskow; napisanie pierwszej wersji manuskryptu; redakcja
publikacji. M6j procentowy udzial w powstaniu artykulu wynosi 80 %.
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Morphometrical analysis of the canine choreid in relation to age and sex using spectral
domain optical coherence tomography, Acta Veterinaria Hungarica, Tom 69 Numer 3, s. 266-
273

Niniejszym oswiadczam, ze méj indywidualny udzial w powstaniu pracy polegat na:
wspéltworzeniu koncepeji badan, nadzorze badan, pomocy w interpretacji wynikow,
redagowaniu manuskryptu, zatwierdzeniu ostatecznej wersji publikacji. Mdj procentowy
udzial w powstaniu artykutu wynosi 15 %.

2. Zwolska Jowita, Balicki Ireneusz, Balicka Agnieszka, 2023, Morphological and
morphometric analysis of canine choroidal layers using spectral domain optical coherence
tomography, International Journal of Environmental Research and Public Health, Tom 20
Numer 4, s. 3121.
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redagowaniu manuskryptu, zatwierdzeniu ostatecznej wersji publikacji. Mdj procentowy
udzial w powstaniu artykulu wynosi 15 %.

3. Zwolska Jowita, Balicki Ireneusz, Balicka Agnieszka, Kuduk Barbara, 2024,
Morphometric assessment of the choroid in dogs diagnosed with retinal atrophy (RA) with

symptoms of progressive retinal atrophy, using spectral-domain optical coherence
tomography (SD-OCT), Polish Journal of Veterinary Sciences, Tom 27 Numer 2, s. 261-270.

Ninigjszym oswiadczam, ze moj indywidualny udziat w powstaniu pracy polegat na:
wspottworzeniu koncepcji badan, nadzorze badan, pomocy w interpretacji wynikow,
redagowaniu manuskryptu, zatwierdzeniu ostatecznej wersji publikacji. M¢j procentowy
udzial w powstaniu artykulu wynosi 15 %.

Wyrazam zgodg¢ na wykorzystanie niniejszej publikacji w opracowaniu pt. ..Badania nad
obrazowaniem naczynioéwki u psow przy uzyciu optycznej koherentnej tomografii (SD-
OCT)” stanowigcym rozprawe doktorskg Pani lek. wet. Jowity Zwolskiegj.

> <=2 0 ( Fil
Toumausn Dol

--------------------------------



dr. n, wet. Agnieszka Balicka Lublin, 12.09.2024

agnieszka.a.balicka@gmail.com

Rada Dyscypliny Weterynaria
Wydzial Medycyny Weterynaryjnej
Uniwersytet Przyrodniczy w Lublinie

Oswiadczenie o wspélautorstwie

1. Zwolska Jowita, Szadkowski Mateusz, Balicka Agnieszka, Balicki Ireneusz, 2021,
Morphometrical analysis of the canine choroid in relation to age and sex using spectral
domain optical coherence tomography, Acta Veterinaria Hungarica, Tom 69 Numer 3, s. 266-
PAE
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RESEARCH ARTICLE ABSTRACT
m This study determined the choroidal thickness of senior (SN, n = 24) and middle-aged (MA, n = 17)
> healthy, mixed-breed mesocephalic dogs, both males (M) and females (F), using spectral domain optical
Check for coherence tomography (SD-OCT). The dogs were divided into two groups for examination: MA dogs

updates

(4-7 years old; 6 M, 11 F) and SN dogs (8-13 years old; 12 M, 12 F). Choroidal thickness of the dogs was
investigated using SD-OCT radial and linear scans. The software of the device allowed determination of
the exact measurement location on the choroid. Measurements of the choroid were taken manually
using the SD-OCT calliper function at distances of 5,000-6,000 lm (dorsal and ventral) and 4,000-
7,000 pm (nasal and temporal) from the optic disc. Mean (Um = SD) (MA, SN) dorsal (188 + 28, 184 +
33), ventral (116 + 23, 111 + 16), temporal (152 + 31, 151 + 26), and nasal (135 + 27, 132 + 18)
choroidal thicknesses demonstrated significant differences (P < 0.02-0.001) between all areas within
each group. The choroid was thickest in the dorsal region and thinnest in the ventral region. There were
no significant differences based on age. Mean (im =+ SD) (M, F) dorsal (181 + 32, 190 + 30), ventral
(117 + 16, 11 + 21), temporal (150 + 26, 153 + 30), and nasal (128 + 20, 138 + 23) choroidal
thicknesses demonstrated significant differences (P < 0.05) between dorsal and nasal regions. The
choroidal thickness in dogs depends on the area assessed independently of their age and sex.

KEYWORDS

uvea, choroid, morphometry, canine, optical coherence tomography

INTRODUCTION

The structure, functional capacity, and biochemical reactions of the retina are sufficiently
complex that a dual vascular supply is present in most species. The choroid is an anatomical
structure located between the sclera and the retinal pigment epithelium (RPE) with the
primary function of supplying oxygen and nutrients to the retina (Samuelson, 2013; McLellan
and Narfstrom, 2014). Its coverage extends to almost the entire posterior half of the bulb of

the eye. The choroid is primarily composed of blood vessels, nerves, and pigment cells.
The choroid supplies the adjacent retina layers that lack blood vessels. Oxygen and nu-
trients for the outer retina are transported through the RPE from the choriocapillaris of the
*Corresponding author. Tel.: +48 504 choroid (Dubielzig et al., 2010). In other layers of the retina, blood perfusion is maintained by
873 735. internal vessels originating from the short posterior ciliary arteries (therefore referred to as
E-mail: matszadkowski@gmail.com cilioretinal arteries). These vessels are usually visible on the surface of the fundus of the eye
during an ophthalmoscopic examination (Ofri, 2018). Specifically, retinal blood vessels are
found within the nerve fibre, ganglion cell, and inner plexiform layers of the inner retina.
’j Journals Capillaries are also present in the inner nuclear layer (Dubielzig et al., 2010). In addition to its
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nutritive function, the choroid also facilitates thermoregu-
lation for maintaining the high metabolic activity of the
retina.

In human medicine, a correlation has been observed
between the choroid dimensions and patient characteristics
such as age, sex, refractive error, axial length of the eye,
corneal refractive power (Kim et al.,, 2011; Li et al., 2014;
Shao et al.,, 2015; Zhu et al.,, 2017), and ethnic origin (Zhu
et al,, 2017). Higher hyperopic refractive error, lower age,
being male, and higher corneal refractive power are ex-
amples of patient characteristics correlated with a greater
choroidal thickness (Zhu et al., 2017). In a comparison of
healthy children and adults, the greatest choroidal thick-
ness was observed in the temporal region relative to the
retinal macula of children, and the lowest in the nasal re-
gion. Adult choroidal thickness was the greatest in the
fovea, followed by the temporal and the nasal regions
(Ruiz-Moreno et al., 2013). The thickness of the choroid is
also affected by the general clinical condition of the patient.
Diseases that decrease plasma protein can result in re-
ductions in oncotic pressure that cause increased choroidal
thickness as a consequence of increased retina and choroid
water retention. For instance, choroidal thickness was
greater in paediatric patients with nephrotic syndrome
than in controls (Zhang et al., 2019). Oncotic pressure
reductions can also result in more serious conditions such
as bilateral retinoschisis or macular oedema (De Benedetto
et al,, 2012).

Spectral domain optical coherence tomography (SD-
OCT) is a non-invasive, non-contact method that provides
real-time in vivo imagery of the retina (Murthy et al., 2016).
This imagery of the posterior eye segment can document the
emergence and development of various diseases. This
method is also an objective method of measuring and ana-
lysing each retinal layer (Gabriele et al., 2011; McLellan and
Rasmussen, 2012).

SD-OCT imaging of the canine choroid is a new research
area. The choroid, being a multifunctional structure of the
eye, can undergo pathological processes that may have a
direct effect on visual function. The SD-OCT method is an
ideal device for the in vivo, non-invasive imaging of
choroidal morphology and morphometry. Recognition of
the physiological image of the choroid in the SD-OCT scans
will allow for further recognition of pathology. It may
become an important diagnostic element.

The aim of this study was to determine choroidal
thickness in senior (SN) and middle-aged (MA) mixed-
breed mesocephalic dogs, both males (M) and females (F),
using SD-OCT.

MATERIALS AND METHODS

Animals and procedures

Forty-one mixed-breed, mesocephalic, clinically healthy
dogs were studied. The animals were patients of the
Department and Clinic of Animal Surgery at the University

Brought to you by Akadémiai Kiadé | Unauthenticated | Downloaded 10/30/21 09:10 PM UTC

of Life Sciences in Lublin. The owners were informed about
the details of the clinical trials conducted and they gave their
consent. The study was performed in accordance with the
Polish law and with Directive 2010/63/EU of the European
Parliament and of the Council of 22 September 2010 on the
protection of animals used for scientific purposes, Chapter I,
Article 1, point 5 (b). The research was also approved by the
Scientific Research Committee of the Department and Clinic
of Animal Surgery at the University of Life Sciences in
Lublin (#3/2018) concerning non-experimental clinical pa-
tients.

The dogs were divided into two groups based on age. The
classification was based on a dog age chart with regard to the
relationship between age and weight (Fortney, 2012). Dogs
in the MA group (n = 17; 6 M and 11 F) were 4-7 years old
and weighed 12-34 kg. Dogs in the SN group (n = 24; 12M
and 12 F) were 8-13 years old and weighed 13-32kg. All of
the studied males were unneutered. The spay status of 4
females was unknown, while the remaining 19 females were
non-spayed.

All dogs were classified as healthy based on physical
examinations, complete ophthalmologic examinations, and
blood test analyses. The blood tests included complete blood
cell counts as well as the determination of urea, complete
bilirubin, creatinine, aspartate transaminase, alanine trans-
aminase, alkaline phosphatase, and amylase. The dogs had
been dewormed twice a year.

Ocular examinations were performed using a slit lamp
biomicroscope (Shin-Nippon, Japan). Fundus examinations
were performed using a binocular indirect ophthalmoscope
(Keeler, UK), a direct ophthalmoscope (Welch Allyn, USA),
and a panoptic ophthalmoscope (Welch Allyn, USA). Pho-
tographs of the ocular fundus were taken using Handy NM-
200D Fundus Camera (Nidek, Japan) connected to a com-
puter operating IrfanView software (Wiener Neustadst,
Austria). In all dogs, the pupillary light reflex, both direct
and consensual, the dazzle reflex, the menace response, the
palpebral reflex, and the corneal reflex were estimated.
Behavioural ophthalmic tests that were conducted included
tracking and placing or obstacle tests under scotopic and
photopic conditions. Intraocular pressure (IOP) measure-
ments were obtained using a rebound tonometer, TonoVet
(iCare, Finland). The IOP in the study animals was 15-
20 mmHg. Schirmer’s Tear Test (Eickemeyer, Germany) was
performed bilaterally over 60s in all patients. No vision
impairment or ocular abnormalities were identified in any
dogs.

Sedation was provided with a use of medetomidine
(0.03 mg kg~ '; Cepetor 1 mg mL ™", CP Pharma, Germany)
administered im. Local anaesthesia of the corneal and
conjunctival surface was achieved using 0.5% prox-
ymetacaine (Alcaine 5mg mL™', Alcon, Poland). Pupils
were dilated with tropicamide eye drops (Tropicamidum
WZF 1%, Polfa Warszawa S.A., Poland). A timeframe was
set for the OCT examination from 9 am. to 1 p.m. The
examination was performed within 15-30 min after mede-
tomidine administration. A thumb forceps was used to grasp
the bulbar conjunctiva and to stabilise the eye.
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OCT scan and data analysis

The examination was performed using SD-OCT (wave-
length: 840nm; scan pattern: enhanced depth imaging;
Topcon 3D OCT-2000, Topcon, Japan) linear and 6-line
radial scans. The device’s software allowed determination of
the precise location of choroidal measurements on the
resulting scans. A calliper function integrated into the OCT
software was used to collect manual measurements of the
choroid. Choroidal thickness was defined as the vertical
distance from the hyper-reflective line of the RPE-Bruch’s
membrane complex to the hyper-reflective line of the inner
surface of the sclera. Measurements on linear scans were
performed at distances of 5,000-6,000 lm (dorsal and
ventral) and 4,000-7,000 pim (nasal and temporal) from the
optic disc and were parallel to the horizontal diameter of the
optic disc. Temporal and nasal scans were performed at the
middle 1/3 height of the vertical diameter of the optic disc.
Three measurements were conducted for each analysed
segment: the first one in the centre of the scan and the other

two on the right and left at a distance of 1,500 jim from the
centre (Figs 1 and 2). The central measurement on the scans
of dorsal and ventral regions was taken on the width of the
optic disc. The average of three measurements for each
segment was calculated. The measurements were performed
on 82 eyes of 41 dogs. During the SD-OCT examination, the
cornea was moistened every 30 s with saline.

Statistical methods

Data normality was tested using the Shapiro-Wilk test. The
results reported for the MA group followed a non-normal
distribution, while results reported for the SN group fol-
lowed a normal distribution. Data obtained from the ventral

and nasal regions in females, and data from the nasal region
in males followed a non-normal distribution. Significantly
different comparisons were identified using the Mann-
Whitney U test. Analyses were performed using Statistica 12
(TIBCO Software Inc., USA). A P value of <0.05 was
considered statistically significant.

Fig. 1. A. Measurements of choroidal thickness in the dorsal region on a spectral domain optical coherence tomography (SD-OCT) scan.

Three measurements were conducted for each analysed segment: the first one in the centre of the scan and the other two on the right and left

at q distance of 1,500 tm from the centre. The red lines represent the borders of the retinal pigment epithelium (RPE)-Bruch’s membrane-

choriocapillaris and tapetum lucidum complex. The blue line represents the inner surface of the sclera. B. The location of the scan shown in

Fig. 1A. C. Determination of the measurement site between 5,000 and 6,000 im (distance from the optic disc). The scan was performed on a
1,000-pm segment visible as a short segment in the upper part of the determination

Fig. 2. Choroidal thickness measurements on an SD-OCT scan of the temporal region of the choroid. Three measurements were conducted

for each analysed segment: the first one in the centre of the scan and the other two on the right and left at a distance of 1,500 im from the

centre. Measurements on linear scans were performed at distances of 4,000-7,000 im (temporal and nasal). Temporal and nasal scans were
performed at the middle 1/3 height of the vertical diameter of the optic disc
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RESULTS

Thicknesses of the dorsal, ventral, temporal, and nasal re-
gions of the choroid in the senior and middle-aged mixed-
breed dogs are presented in Table 1. The dorsal choroid
region was the thickest in both senior and middle-aged
mixed breed mesocephalic dogs, the next thickest in the
temporal region, and the thinnest in the ventral region.
There was no statistically significant difference in the
choroidal thickness of any of the four regions between the
groups (P > 0.05) (Figs 3 and 4).

No significant, age-related discrepancies were observed
in the thickness of the respective choroidal regions. How-
ever, statistically significant differences were observed be-
tween the respective choroidal regions within both the MA
and the SN groups (Figs 3 and 4).

In the MA and SN group, choroidal thickness was
significantly higher in the dorsal region than in the temporal
(P <0.001), nasal (P < 0.001) and ventral (P < 0.001) regions.
The choroid in the temporal region was significantly thicker
than in the nasal (MA, P = 0.02; SN, P < 0.001) and ventral

(MA, P < 0.005; SN, P < 0.001) regions. The choroid in the
ventral region was significantly thinner than in the nasal
region (P < 0.001) in both MA and SN groups.
Thicknesses of the dorsal, ventral, temporal, and nasal
regions of the choroid in males and females are presented in
Fig. 5 and Table 2. The dorsal choroid region was the
thickest in both males and females, the next thickest in the
temporal region, and the thinnest in the ventral region.
Although no statistically significant difference was observed
between dogs of different age groups, statistical differences
were noted between males and females. The choroidal
thickness was significantly greater in males than in females
in the ventral region (P < 0.005). It was significantly thinner
in males than in females in the nasal region (P < 0.005).

DISCUSSION

The aim of the study was to determine in vivo choroidal
thickness in mixed-breed mesocephalic dogs by the use of
SD-OCT. The location of the RPE-Bruch’s membrane

Table 1. Mean choroidal thickness [[tm] =+ standard deviation (SD) reported for dorsal (D), ventral (V), temporal (T) and nasal (N) regions
in the middle-aged (MA) and senior (SN) groups

D \' T N
MA 188 + 28 116 + 23 152 + 30 135 + 27
SN 184 + 33 111 + 16 151 + 26 132 + 18
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Fig. 3. Comparison of the mean thickness and SE for each choroidal region in the middle-aged (MA) group
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Fig. 5. Choroidal thicknesses reported for dorsal, ventral, temporal and nasal regions in males (M) and females (F)

complex and the inner scleral surface was determined by the ~ 2018; Steiner et al., 2019; Uyar et al., 2019; Pinheiro-Costa
human choroidal thickness measurement method (Jin et al., et al., 2020; Zhao et al., 2020), as well as on the basis of
2016; Abadia et al, 2018; Sahinoglu-Keskek and Canan, previous research on canine choroidal histology (Kotb et al.,
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Table 2. Mean choroidal thickness [im] + standard deviation (SD) reported for dorsal (D), ventral (V), temporal (T) and nasal (N) regions
in males (M) and females (F)

D \% T N
M 181 + 32 117 + 16 * 150 + 26 128 + 20"
F 190 + 30 111 + 21 153 + 30 138 + 23

*Statistically significant difference between males and females (P < 0.005).

2019) and SD-OCT retinal imaging (Staurenghi et al., 2014;
Carpenter et al., 2018; Grozdanic et al., 2019; Osinchuk et al.,
2019; Graham et al., 2020; Occelli et al., 2020).

This study documented statistically significant differ-
ences between the respective choroidal regions within both
the MA and the SN groups. The canine choroid is the
thickest in the dorsal region, followed by the temporal and
nasal regions, respectively, and it is the thinnest in the
ventral region. Differences in choroidal thickness in the
respective regions are related to the presence of the tapetum
lucidum in the dorsal part of the choroid. The tapetum is
described as rounded triangular with a smooth contour. Its
base usually has contact with the optic nerve disc (Yamaue
et al,, 2014). The central part of the canine tapetum lucidum
contains a light-reflecting material and consists of 15-20
layers of polygonal, zinc-rich cells with a mean thickness of
3-28 um (Lesiuk and Breakevelt, 1983). The number of cell
layers decreases with increasing distance from the centre of
the tapetum. Bruch’s membrane also varies in thickness and
is thinnest in areas containing the tapetum lucidum (Lesiuk
and Breakevelt, 1983). Yamaue et al. (2014) found that the
thickest part of the tapetum was located dorso-temporally to
the optic disk, varying in thickness from 20 to 70 jim. Such
anatomical conditions have a direct impact on choroidal
thickness when measured by SD-OCT. Yamaue et al. (2014)
studied the canine tapetum in terms of its macroscopic
variations and provided a histologic description of the
macroscopic results. According to the study, the tapetum
tended to be atypical with increasing age. The atypical
tapetum was described to be smaller and more variable in
shape, contour and colour than the typical one. The atypical
tapetum had a tendency to disappear from the periphery,
especially from the nasal and ventral parts. However, our
study documented no significant age-related differences of
the whole choroidal thickness when comparing the different
regions. Therefore, individual layers of the canine choroid
should be assessed in further studies.

This study reported statistically significant differences
between males and females in dorsal and nasal choroidal
regions. Sex discrepancies have been well documented in
choroidal thickness measured by OCT in humans. Wang
et al. (2018) found that men had a thicker choroid than
women. Sanchez-Cano et al. (2014) found similar choroidal
thickness for both males and females. Sex-related differences
in choroidal thickness may be partially explained by the
dissimilarity in sex hormone status. Oestrogen could affect
ocular blood flow in females (Centofanti et al., 2000;
Deschenes et al, 2010). This may influence choroidal
thickness. The limitation of our study was the lack of data on
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the pregnancy status, oestrous cycle and hormonal treat-
ment, and the absence of information about spaying/neu-
tering performed on the dogs. If a study is restricted to
humans, lifestyle practices inaccessible to most animals, such
as smoking, alcohol consumption, caffeine intake, and ex-
ercise, may be unbalanced between the sexes. Such differ-
ences between individual women and men might be
improperly attributed to sex. Nutritional status, medication
intake, occupational factors, and even educational levels may
also contribute to sex discrepancies in choroidal thickness
(Wang et al., 2018).

A previous report used histomorphometric analyses to
measure the choroidal thickness of five eyeballs acquired
from adult, clinically healthy dogs (Kotb et al, 2019).
However, these measurements were conducted post mortem.
In contrast, we used SD-OCT to measure choroidal thick-
ness in vivo. We documented that in vivo choroidal thick-
ness is substantially greater than the 49.81um mean
postmortem choroidal thickness previously reported for
dogs.

Due to the possible impact of systemic diseases on our
results, only data from clinically healthy animals were used
in our study. We established the health status of dogs by
clinical examinations that included complete blood count
and biochemical blood test results that were within the
reference ranges. We also conducted comprehensive
ophthalmological examinations that documented the
absence of ocular diseases that could affect our results.

Choroidal thickness cyclically varies throughout the day
in chickens and humans (Nickla et al.,, 1998; Chakraborty
et al.,, 2011). In chickens, choroidal thickness is the greatest
at midnight, then it starts to decrease later during the night
(Nickla et al., 1998). As in chickens, choroidal thickness
increases also in humans over the course of the day, based
on measurements taken between 9 am. and 9 p.m. To
minimise the potential for diurnal variations in choroidal
thickness, all measurements were taken between 9 a.m. and
1 p.m. This timeframe was determined based on reports
which demonstrated that changes in choroidal thickness
were minimal during those hours and varied no more than
3 um. In contrast, the mean daily amplitude of change in
choroidal thickness in humans was 0.029 + 0.016 mm
(Chakraborty et al., 2011).

Study conditions can potentially affect choroidal thick-
ness. We are unaware of documentation of the impact of
anaesthetics on choroidal thickness and cannot assess the
degree to which these agents affected our results. However, it
is known that anaesthetics can affect intraocular pressure
(Webb et al., 2018) and there is a correlation between IOP
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and choroidal thickness (Saeedi et al., 2014; Wang et al.,
2016). To minimise the potential for IOP to affect our
measurements of choroidal thickness, we only report data
from dogs with IOPs of 15-20 mmHg. Previous research
indicated that there were no significant changes of IOP in
dogs at 5, 10, 20 and 40 min after medetomidine adminis-
tration (Verbruggen et al., 2000; Kanda et al., 2015). We
used sedation as this was the only means to perform high-
quality scans positioned at the exact pre-determined dis-
tance from the optic nerve disc in all animals used in this
study. In clinical practice, the authors normally perform
OCT examinations of placid dogs under local anaesthesia or
rarely after sedation.

In research on the sedative and cardiorespiratory effects
of intramuscularly administered sedatives, medetomidine
administration led to increased mean arterial blood pressure
in dogs, compared with baseline values, up to 40 min from
the time of administration. The highest increase occurred
right after administration up to 10 min. Afterwards, arterial
blood pressure remained increased following atipamezole
administration (Ko et al., 2000). Therefore, we employed the
same sedation protocol in all dogs to eliminate the possi-
bility of anaesthesia-induced variation that could confound
the choroidal thickness comparisons. The examination was
conducted in the period between 15 and 30min after
medetomidine administration.

The aim of this research was to determine choroidal
thickness in senior and middle-aged mixed-breed meso-
cephalic dogs, both males and females. The authors did not
narrow the research to a particular dog breed. There are
many ocular diseases that are diagnosed in mixed-breed
dogs, e.g. Sudden Required Retinal Degeneration Syndrome
(SARDSY) is a disease often diagnosed in mixed-breed dogs
(Heller et al., 2017). The authors chose this group of dogs
due to the fact that many of the corresponding cases of
mixed-breed dogs are being observed with various retinal
and choroidal diseases. This group of patients might be a
reference point for further studies regarding purebred dogs.
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Abstract: The choroid, a multifunctional tissue, has been the focus of research interest for many
scientists. Its morphology and morphometry facilitate an understanding of pathological processes
within both the choroid and retina. This study aimed to determine the choroidal layer thicknesses
in healthy, mixed-breed mesocephalic dogs, both male (M) and female (F), using spectral domain
optical coherence tomography (SD-OCT) with radial, cross-sectional, and linear scans. The dogs were
divided into two groups based on age: middle-aged (MA) and senior (SN). Thicknesses of choroidal
layers, namely RPE-Bruch’s membrane—choriocapillaris complex (RPE-BmCc) with tapetum lucidum
in the tapetal fundus, the medium-sized vessel layer (MSVL), and the large vessel layer with lamina
suprachoroidea (LVLS), as well as whole choroidal thickness (WCT), were measured manually using
the caliper function integrated into the OCT software. Measurement was performed dorsally and
ventrally at a distance of 5000-6000 um temporally and nasally at a distance of 4000-7000 pm to the
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® The choroid, a multifunctional tissue, is responsible for maintaining retinal tempera-
ture, supplying its outer layers with nutrients and oxygen, and playing a role in intraocular

pressure (IOP) modulation [1]. Studies also point to its role in ocular focus normalization,
including emmetropization, and thereby the regulation of eye growth [2,3].
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morphometry provides the ability to understand pathological processes within both the
choroid and retina.

The choroid is an anatomical structure located between the retinal pigment epithelium
and the sclera. It is primarily composed of blood vessels, nerves, and pigment cells. Bruch’s
membrane, which is adjacent to the retina, adheres to the external layer of capillaries, which
constitute the choriocapillaris. Histologically, the choroid has been divided into four or six
layers, depending on whether the vascular region is considered to be one- or two-layered
and whether the lamina fusca is considered to be of scleral or choroidal origin. In most
domestic mammals, starting from the retinal (inner) side, the choroid consists of the Bruch’s
membrane, choriocapillaris, tapetum lucidum, intermediate-vessel layer, large-vessel layer,
and suprachoroidea [7].

Spectral-domain optical coherence tomography (SD-OCT) is a non-invasive and non-
contact method that provides rapid, cross-sectional, and real-time in vivo imaging of the
retina and choroid [8]. This technique is also used as an objective method for measuring
and analyzing each retinal layer [9-12].

The choroidal vascular system has been the focus of research interest for many sci-
entists. Until the invention of optical coherence tomography, studies of the choroid were
limited to post-mortem examinations. The latest technologies allow non-invasive imaging,
along with the qualitative and quantitative in vivo assessment of the human choroid [13].
At present, most ophthalmologists manually define the boundaries of the choroid to mea-
sure its thickness; however, some studies have introduced different automatic choroidal
segmentation methods [14-16]. The choroidal vasculature has been broadly investigated in
humans. A correlation between choroidal dimensions and patient characteristics, such as
age, refractive error, corneal refractive power, ethnicity, body height, and sexual maturation,
has been observed in numerous studies involving healthy human subjects [17-20]. Many
studies have investigated choroidal profiles in humans [21-23]. The morphological features
of the choroid in both physiological and pathological conditions indicate that this vascu-
lar structure plays a crucial role in many chorioretinal disorders [24]. OCT has become
increasingly essential for the diagnosis of many ocular and systemic diseases. According to
Mano et al., in the case of ocular amyloidosis, the evaluation of choroidal characteristics
may serve as a biomarker for systemic involvement [25].

Few studies have documented the use of OCT to measure the choroid in guinea
pigs [26-30]. Li et al. used OCT to assess the retinal and choroidal thickness in guinea
pigs for comparison with the histological sections. The authors reported good agreement
between the in vivo and histological measurements [29]. Nonetheless, there has been no
research concerning the in vivo analysis of canine choroidal layers.

In our previous study, we analyzed whole choroidal thickness in dogs in the dorsal (D),
ventral (V), temporal (T), and nasal (N) regions [31]. Choroidal thickness in dogs depends
on the area being assessed and not on the age of the dogs. No statistically significant
difference was observed in the whole choroidal thickness in each choroidal region between
dogs of different age groups. In both senior (SN) and middle-aged (MA) mixed-breed
dogs, the D region was the thickest, followed by the T region, and the V region was
the thinnest [31]; however, in the previous study, division into choroidal layers was not
considered.

The purpose of this study was to perform morphological and morphometric in vivo
analyses of the choroidal profiles in MA and SN dogs.

2. Materials and Methods
2.1. Animals and Procedures

Forty-five clinically healthy mixed-breed mesocephalic dogs, both male (M) and
female (F), were examined in this study. The dogs were divided into two groups based
on their age: MA and SN. The classification was based on a dog age chart indicating the
relationship between age and weight [32]. Dogs in the MA group (1 = 21; 9 M and 12 F)
were 4-7 years old and weighed 12-34 kg. The dogs in the SN group (n = 24; 12 M and
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12 F) were 8-13 years old and weighed 13-32 kg. All the males involved in the study were
unneutered. The spay status of 5 females was unknown, while the remaining 19 females
were non-spayed.

The animals were patients at the Department and Clinic of Animal Surgery at the
University of Life Sciences in Lublin. The dog owners were informed about the details of
the clinical trials, and their consent was obtained. The study was performed in accordance
with the National Research Council’s Guide for the Care and Use of Laboratory Animals,
Polish law and with Directive 2010/63/EU of the European Parliament and of the Council
of 22 September, 2010, on the protection of animals used for scientific purposes, Chapter I,
Article 1, point 5(b). The study was also approved by the Scientific Research Committee of
the Department and Clinic of Animal Surgery at the University of Life Sciences in Lublin
(#3/2018) concerning non-experimental clinical patients. Some of the patients in whom
measurements of individual choroidal layers were performed were patients included in the
authors’ most recent studies on the total thickness of the choroid [31].

All dogs were classified as healthy based on the physical examination, including the
cardiological examination (echocardiographic, arterial blood pressure), blood tests, and
comprehensive ophthalmological examinations. Blood tests included complete blood cell
count and measurement of urea, complete bilirubin, creatinine, aspartate transaminase,
alanine transaminase, alkaline phosphatase, and amylase levels. The dogs were dewormed
twice a year. Patients with a history of any retinal disease in either eye were excluded.

Ocular examinations were performed using a slit-lamp biomicroscope (Shin-Nippon,
Tokyo, Japan). Fundus examinations were performed using a binocular indirect ophthal-
moscope (Keeler, Windsor, UK), direct ophthalmoscope (Welch Allyn, Chicago, IL, USA),
and panoptic ophthalmoscope (Welch Allyn, Chicago, IL, USA). Photographs of the ocular
fundus were taken using a Handy NM-200D fundus camera (Nidek, Gamagori, Japan) con-
nected to a computer operating the IrfanView software (Wiener Neustadt, Austria). In all
dogs, the pupillary light reflex (both direct and consensual), dazzle reflex, menace response,
and palpebral reflex were estimated. Behavioral ophthalmic tests, including tracking and
placing, were conducted along with obstacle tests under scotopic and photopic conditions.
The IOP was measured using a rebound tonometer (TonoVet, iCare, Vantaa, Finland) and
was found to be 15-20 mmHg. The Schirmer’s tear test I (Eickemeyer, Tuttlingen, Germany)
was performed bilaterally in all patients. No vision impairment or ocular abnormalities
were identified in any dog. Animals with any ocular abnormalities were excluded from the
study, e.g., retinal degeneration, retinal dysplasia, sudden acquired retinal degeneration
syndrome (SARDS), retinal detachment, and retinal hemorrhage.

Pupils were dilated with tropicamide eye drops (Tropicamidum WZF 1%; Polfa
Warszawa S.A., Warsaw, Poland). Sedation was carried out using the intramuscular ad-
ministration of medetomidine (0.03 mg/kg; Cepetor 1 mg/mL, CP Pharma, Burgdorf,
Germany), and local anesthesia of the corneal and conjunctival surface was achieved using
0.5% proxymetacaine (Alcaine 5 mg/mL, Alcon, Warsaw, Poland). A timeframe was set
for the OCT examination from 9:00 a.m. to 1:00 p.m. The examination was performed
15-30 min after medetomidine administration. Thumb forceps were used to grasp the
bulbar conjunctiva and stabilize the eyes. During the SD-OCT examination, the cornea was
moistened every 30 s with saline.

2.2. OCT Scan and Data Analysis

Imaging was performed for both eyes of each animal using SD-OCT (wavelength:
840 nm; scan pattern: enhanced depth imaging, EDI; Topcon 3D OCT-2000, Topcon, Japan)
with linear, cross-sectional, and 6-line radial scans. The device software allowed the
determination of the precise location of choroidal measurements on the resulting scans. The
caliper function integrated into the OCT software was used to collect manual measurements
of the choroid.

The thickness of the choroidal layers, namely RPE-Bruch’s membrane—choriocapillaris
complex (RPE-BmCc) with tapetum lucidum in the tapetal fundus, the medium-sized
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vessel layer (MSVL), the large vessel layer with lamina suprachoroidea (LVLS), and the
whole choroidal thickness (WCT; Figure 1) were measured manually using the caliper
function integrated into the OCT software. RPE-BmCc was defined as a layer with a
spotted appearance [33] and a highly reflective border in the tapetal regions.

Figure 1. Spectral-domain optical coherence tomography (SD-OCT) scan with the choroidal layer mea-
surements in the tapetal (a) and nontapetal (b) fundus: (A) RPE-Bruch’s membrane—choriocapillaris
complex (RPE-BmCc) with tapetum lucidum, (B) medium-sized vessel layer (MSVL), and (C) large
vessel layer with lamina suprachoroidea (LVLS).

During certain scans, the choriocapillaris was identifiable (Figure 2), but in many cases,
it was difficult or impossible to separate the capillary from the retinal pigment epithelium,
Bruch’s membrane, and tapetum lucidum. Therefore, these structures were assessed as
a single layer—RPE-BmCc. The appearance of the RPE-BmCc was more reflective than
MSVL.

Figure 2. SD-OCT scan taken in the dorsal tapetal fundus. The black arrow indicates choriocapillaris
(hyporeflective line). The choriocapillaris is located between the RPE-Bruch’s membrane complex
and the tapetum lucidum.
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The MSVL is defined as a layer containing medium-sized choroidal vessels measuring
<100 um, which are visualized as medium-sized, hypo-intense spaces surrounded by a
hyper-intensive stroma. The MSVL was located immediately beneath the RPE-BmCc. The
LVLS is classified as an outer choroidal layer containing large choroidal vessels measuring
>100 pm [34]. The outer boundary of the LVLS is defined as the choroidal scleral interface
on the SD-OCT images. The major criteria to differentiate between the MSVL and LVLS
layers are the choroidal vessel lumen and the density of the inter-vascular tissue [21].
We used the method suggested by Branchini et al. to establish the outer borders of the
choroid and choroid-sclera junction, which was described as a hyperreflective line and
was localised externally to the large choroidal vessels [34]. The choroidal thickness was
defined as the vertical distance from the hyperreflective line of the RPE-Bruch’s membrane
complex to the hyperreflective line of the inner surface of the sclera [34,35]. The measure-
ments were performed dorsally and ventrally at a distance of 5000-6000 pm to the optic
disc. Temporal (T) and nasal (N) scans were taken at a distance of 4000-7000 pm to the
optic disc (Figures 3 and 4). The measurements were obtained on enhanced depth scans.
The measurements were conducted temporally and nasally in both the tapetal (temporal
tapetal: TempT, nasal tapetal: NasT) and nontapetal (temporal nontapetal: TempNT, nasal
nontapetal: NasNT) fundus. Measurements in the TempT and NasT regions were taken at
a distance of 500-2000 um dorsally from the border between the tapetal and nontapetal
regions. Measurements in the temporal and nasal nontapetal regions were taken at a
distance of 500-2000 pum ventrally from the border between the tapetal and nontapetal
regions. Three measurements were performed for each region: the first one was in the
center of the scan, and the other two were on the right and left at a distance of 1500 pm
from the center. The average of the three measurements for each segment was calculated.
In order to avoid variability, all measurements were made at one time and approved by the
same two authors.

Figure 3. Measurements of choroidal thickness in the ventral region on SD-OCT scan (green arrow in
the fundus photograph). Three measurements were conducted for each analyzed segment: the first
one in the center of the scan and the other two on the right and left at a distance of 1500 pm from the
center. The measurements were performed at a distance of 5000-6000 um to the optic disc (white
arrows in the fundus photograph).

2.3. Statistical Methods

The database and statistical analyses were carried out using Statistica 9.1 software
(StatSoft, Cracow, Poland). Quantitative data are presented as mean + standard deviation
(SD). The normality of the distribution of variables in the studied groups was checked
using the Shapiro-Wilk normality test. Student’s f-test was used to test the differences
between the MA and SN groups. The differences in layer thickness and whole choroidal
thickness between regions were assessed using analysis of variance (ANOVA). Tukey’s
honestly significant difference post hoc test was performed if an overall significance was
observed. Statistical significance was set at p < 0.05.
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Figure 4. Measurements of choroidal layer thickness in the nasal nontapetal region on SD-OCT
scan (green arrow in the fundus photograph). Measurements on linear scans were performed at
distances of 4000-7000 um. Measurements in the temporal and nasal nontapetal regions were taken
at a distance of 500-2000 pm ventrally from the border between the tapetal and nontapetal regions
(white arrows in the fundus photograph).

3. Results

The mean thicknesses of the choroidal layers in the D, V, TempT, TempNT, NasT, and
NasNT regions are presented in Table 1.

Table 1. Mean choroidal layer thickness (RPE-Bruch’s membrane—choriocapillaris complex: RPE-
BmCc, medium-sized vessel layer: MSVL, large vessel layer with lamina suprachoroidea: LVLS) and
whole choroidal thickness (WCT) (um) & SD in dorsal (D), ventral (V), temporal tapetal (TempT) and
nontapetal (TempNT), as well as nasal tapetal (NasT) and nontapetal (NasNT), regions in middle-aged
(MA) and senior (SN) dogs.

RPE-BmCc MSVL LVLS WCT
D
MA 28.7 £7.49 32.59 £7.83 121.72 +24.58 183.02 £ 30.15
SN 26.44 & 5.04 31.62 £ 7.62 124.87 + 28.32 182.93 4 32.01
\
MA 7.71 £0.96 24.43 + 8.07 7821 £19.22 110.24 £ 23.50
SN 8.13 £ 0.50 2433 £6.21 75.39 £ 14.28 107.84 + 17.68
TempT
MA 10.76 +2.17 38.15 £+ 7.64 126.78 £+ 35.78 175.69 + 38.58
SN 10.90 £ 2.38 45.43 +10.29 125.67 £ 19.96 182.00 + 23.54
TempNT
MA 8.12 £0.91 27.11 £9.87 84.45+17.24 119.68 + 24.81

SN 8.25 £ 0.68 30.86 £ 6.94 99.59 £ 22.98 138.62 + 26.81
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Table 1. Cont.
RPE-BmCc MSVL LVLS WCT
NasT
MA 9.83 +1.43 32.90 + 10.02 96.78 4+ 12.56 139.52 4+ 15.67
SN 9.33 + 147 33.03 +5.40 102.33 4= 24.48 144.69 4 24.06
NasNT
MA 8.05 + 0.86 26.34 4+ 8.90 89.72 +14.19 124.12 4+ 19.40
SN 8.44 + 0.69 29.74 +7.50 90.59 4+ 12.43 128.77 4+ 16.89

No significant age-related differences were observed in the thicknesses of the respec-
tive choroidal regions. Owing to the absence of age-related dissimilarities, the differences
in layer and whole choroidal thickness between regions were assessed without dividing
the dogs into different age groups, and the measurements were performed on 90 eyes of
45 dogs (Table 2). In all the examined dogs (1 = 45; 21 M and 24 F), the RPE-BmCc in the
D region (p < 0.001) and MSVL in the TempT region (p < 0.005) were significantly thickest
compared to those in the other regions. In addition, RPE-BmCc was significantly thicker
in the TempT region than in the V region (p < 0.05). Moreover, MSVL was thinner in the
V region than that in the D (p < 0.001), TempT (p < 0.001), TempNT (p < 0.05), and NasT
(p < 0.001) regions. The MSVL was significantly thinner in the nasal nontapetal region than
in the D region (p < 0.05). LVLS thickness and WCT were significantly greater in the D and
TempT regions than in the other regions (p < 0.001) and significantly lesser in the V region
than in the other regions (p < 0.005) (Table 2).

Table 2. Differences in mean thicknesses (M + SD) of RPE-BmCc, MSVL, LVLS and WCT in all
examined dogs between dorsal (D), ventral (V), temporal tapetal (TempT), temporal nontapetal
(TempNT), nasal tapetal (NasT), and nasal nontapetal (NasNT) regions.

Layer Region Mean £ SD SiS;rlltiiif;ziac:ie Layer Region Mean £ SD Sisgtiri\tiifsiziacr?ie
Dvs. V 27'7%91662.?0“' p <0.001 Dvs.V 27%‘%929ii66%§0V5‘ p <0.001
D vs. TempT 271'8%f f ‘22_8213' p <0.001 D vs. TempT 271'&;'[ ffzf' p <0.001
Dvs. TempNT 742 £ 628vs <0001 Dvs. TempNT /A2 6028vs ) _o7
Dvs NasT 27525028V <001 Dvs. NasT G208V 00
Dvs NasNT 772 028Ys ) <000 Dvs. NasNT 7742 % 628 vs p <0.05
V vs. TempT 7%?;5 i’z(.’;f' p<0.05 V vs. TempT 73)?8?5 2'72(.)215' p <0.001
RPE-BmCe v ys. TempNT 7';9; f ‘ggg’ s p=1.00 MSVL V vs. TempNT 7'395 f ggg’s' p<0.05
V vs. NasT 7'9922[ f‘ﬁf’ p=047 V vs. NasT 7'99%2[ f '173:5' p <0.001
V vs. NasNT 7'2.9; f‘gg;’ s p=1.00 V vs. NasNT 7';924i f'gggv s p=0.11
Tt STy Tt WSIT o
e RmEe g Tt RESIAE o
e RmeRe o Tt OMERe
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Table 2. Cont.
TempNT vs. 8.21 £0.75 vs. _ TempNT vs. 8.21 £0.75 vs. _
NasT 9.56 + 1.44 p=073 NasT 9.56 + 1.44 p=064
TempNT vs. 821 £ 0.75 vs. ~1.00 TempNT vs. 821 £0.75 vs. ~0.92
NasNT 8.24 + 0.79 p== NasNT 8.24 + 0.79 p=5
NasT vs. 9.56 + 1.44 vs. ~ 069 NasT vs. 9.56 + 1.44 vs. ~013
NasNT 8.24 + 0.79 p=0 NasNT 8.24 + 0.79 p=5
. Statistical . Statistical
Layer Region Mean £ SD Significance Layer Region Mean £ SD Significance
27.42 + 6.28 vs. 2742 £ 6.28 vs.
Dvs. V 799 + 0.70 p <0.001 Dvs. V 799 + 0.70 p <0.001
27.42 + 6.28 vs. 27.42 + 6.28 vs.
D vs. TempT 10.84 + 2.4 p=1,00 D vs. TempT 10.84 + 2.4 p=0.99
27.42 + 6.28 vs. 27.42 £+ 6.28 vs.
D vs. TempNT 821 + 0.75 p <0.001 D vs. TempNT 821 + 0.75 p <0.001
27.42 £+ 6.28 vs. 27.42 £+ 6.28 vs.
D vs. NasT 0.56 + 1.44 p <0.001 D vs. NasT 9.56 + 1.44 p <0.001
2742 £ 6.28 vs. 27.42 £+ 6.28 vs.
D vs. NasNT 8.24 + 0.79 p <0.001 D vs. NasNT 8.24 + 0.79 p <0.001
7.99 +0.70 vs. 7.99 +0.70 vs.
V vs. TempT 10.84 + 2,04 p <0.001 V vs. TempT 10.84 + 2.04 p <0.001
7.99 +0.70 vs. 7.99 +0.70 vs.
V vs. TempNT 821 + 0.75 p <0.001 V vs. TempNT 821 + 0.75 p <0.001
LVLS 7.99 £0.70 vs. WCT 7.99 £ 0.70 vs.
V vs. NasT 956 + 1.44 p <0.001 V vs. NasT 956 + 1.44 p <0.001
7.99 £0.70 vs. 7.99 £+ 0.70 vs.
V vs. NasNT 8.24 + 0.79 p <0.05 V vs. NasNT 8.24 + 0.79 p <0.005
TempT vs. 10.84 =224 vs. TempT vs. 10.84 =224 vs.
TempNT 821+075 p<0.001 TempNT 821+ 075 p<0.001
TempT vs. 10.84 £+ 2.24 vs. TempT vs. 10.84 £ 2.24 vs.
NasT 9.56 + 1.4 p<0.001 NasT 956 + 1.4 p<0.001
TempT vs. 10.84 £ 2.24 vs. TempT vs. 10.84 £ 2.24 vs.
NasNT 8.24 £ 0.79 p<0.001 NasNT 8.24 +0.79 p<0.001
TempNT vs. 8.21 £0.75 vs. - 096 TempNT vs. 8.21 £0.75 vs. —073
NasT 9.56 + 1.44 p== NasT 9.56 + 1.44 p==
TempNT vs. 8.21 £0.75 vs. ~0.90 TempNT vs. 8.21 £0.75 vs. —085
NasNT 8.24 + 0.79 p=0 NasNT 8.24 + 0.79 p=5
NasT vs. 9.56 + 1.44 vs. — 047 NasT vs. 9.56 + 1.44 vs. ~013
NasNT 8.24 + 0.79 p="0 NasNT 8.24 + 0.79 p=5

The MSVL-to-LVLS thickness ratio was not age-related in any of the canine choroidal

regions (Table 3).

This ratio was similar for each choroidal region, amounting to

0.28 £0.26 D, 0.32 + 0.33 V, 0.32 = 0.37 in the TempT region, 0.32 £ 0.32 in the TempNT
region, 0.35 £ 0.34 in the NasT region, and 0.29 £ 0.33 in the NasNT region in the MA and
SN groups, respectively.
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Table 3. Ratio of the medium-sized vessel layer (2) thickness to the large vessel layer with lamina
suprachoroidea (3) thickness in middle-aged (MA) and senior (SN) dogs in dorsal (D), ventral (V),
temporal tapetal (TempT), temporal nontapetal (TempNT), nasal tapetal (NasT), and nasal nontapetal

(NasNT) regions.
MA Mean + SD SN Mean + SD

D2:D3 0.28 32.59 + 7.83:121.72 £ 24.58 0.26 31.62 £+ 7.62:124.87 + 28.32

V2:V3 0.32 24.43 + 8.07:78.21 £+ 19.22 0.33 24.33 £+ 6.21:75.39 + 14.28
TempT2:TempT3 0.32 38.15 + 7.64:126.78 + 35.78 0.37 45.43 £10.29:125.67 + 19.96
TempNT2: TempNT3 0.32 2711 £9.87:84.45 + 17.24 0.32 30.86 £ 6.94:99.59 4 22.98
NasT2:NasNT3 0.35 32.90 + 10.02:96.78 £ 12.56 0.34 33.03 £ 5.40:102.33 + 24.48
NasNT2:NasNT3 0.29 26.34 £ 8.90:89.72 £+ 14.19 0.33 29.74 £+ 7.50:90.59 4+ 12.43

4. Discussion

Studies in which EDI with SD-OCT has been used have presented certain methods
of performing manual measurements of human choroidal vascular layers. The scans
obtained during our research allowed the precise determination of the individual layers
of the choroid. The method suggested by Branchini et al. [34] for analyzing vessel lumen
diameter has been frequently applied in various studies [22,36,37]. According to previous
studies, MSVL is defined as the layer containing medium-sized choroidal vessels measuring
<100 pm, and LVLS is defined as the outer choroidal layer containing large choroidal
vessels measuring >100 um [33]. In our study, the location of the RPE-Bruch’s membrane
complex and the inner scleral surface was determined using a commonly used human
ophthalmological method [37]. Moreover, previous work employing SD-OCT in the field
of veterinary ophthalmology for retinal imaging was referred to [38—43]. We determined
the outer border of the choroid (i.e., the inner surface of the sclera) based on the veterinary
ophthalmology literature describing the histological structure of the dog choroid [44] and
human ophthalmology literature describing the method of measuring the thickness of
choroid [45-51].

Choriocapillaris is a highly anastomosed capillary network located externally from
Bruch’s membrane. The choriocapillaris arises from the arterioles in the medium-sized
vessel layer, also known as Sattler’s layer [1]. In humans, the choriocapillaris layer is
approximately 10 pm thick at the fovea, where the density of capillaries is the highest,
thinning up to approximately 7 um at the fundus periphery [1]. In our study, the innermost
choroidal layer, which consisted of the RPE-BmCc and tapetum lucidum in the tapetal
fundus, was thickest in the D region (27.42 um). In the other choroidal regions, it was
considerably thinner and thinnest in the nontapetal regions, ventrally declining up to
7.99 pm.

Yamaue et al. (2014) conducted a histological examination of the canine choroid. The
tapetum is described as a rounded triangle with a smooth contour. The base is usually
in contact with the optic nerve disc. The study reported that the thickest part of the
tapetum is located dorso-temporally to the optic disk, varying in thickness from 20 to
70 pm, decreasing with increasing distance from the center of the tapetum [52]. According
to Lesiuk and Breakevelt, the central part of the canine tapetum lucidum contains light-
reflecting material and consists of 15-20 layers of polygonal, zinc-rich cells with a mean
thickness of 3-28 um. The number of cell layers decreases with increasing distance from
the center of the tapetum. Bruch’s membrane also varies in thickness and is thinnest in the
areas containing the tapetum lucidum [53]. In our study, the first choroidal layer, which
consisted of the RPE-BmCc and tapetum lucidum, was the thickest in the tapetal fundus,
dorsally amounting to 27.42 um, decreasing up to 10.81 pm in the Tt and 9.56 um in the
Nt regions. However, these values correspond to the thickness of the whole RPE-Bruch’s
membrane—choriocapillaris-tapetum lucidum complex.



Int. |. Environ. Res. Public Health 2023, 20, 3121 10 of 14

A previous study identified the choriocapillaris in four animal species that lack a
tapetum lucidum. The choriocapillaris was visualized as a hyporeflective layer between
the RPE-Bruch’s membrane complex and the outer choroid [54]. Mischi et al. evaluated
choriocapillaris visibility imaged with SD-OCT in dogs and cats. According to the study,
the choriocapillaris in dogs was visible in over 80% and over 90% of scanlines, depending
on the grader [55]. The present study shows that the reflective nature of the tapetum
lucidum interferes with the visibility of the choriocapillaris and connecting vasculature.
The choriocapillaris could be differentiated on certain SD-OCT scans; however, it was often
difficult or impossible to separate the capillary network from the RPE-Bruch’s membrane
complex and tapetum lucidum for proper measurement (Figure 2). Therefore, we presented
it as an RPE-BmCc-tapetum lucidum complex.

One of the aims of this study was to assess possible age-related variations in the
thickness of different choroidal layers in MA and SN dogs. Ruiz-Medrano et al. studied the
choroidal profiles of different age groups in a healthy human population. The mean sub-
foveal choroidal and mean horizontal Haller’s layer thickness in the different age groups
decreased progressively with increasing age. The mean subfoveal choriocapillaris and
Sattler’s thickness did not exhibit this trend toward progressive thinning with increasing
age in humans [56]. Kamal Abdellatif et al. studied 125 healthy Egyptians aged between 20
and 79 years. The retinal pigment epithelium with photoreceptor outer segment thickness
showed significant thinning with increasing age and decreasing choroidal thickness. Both
the retinal pigment epithelium with an outer photoreceptor segment and choroidal thick-
ness showed a statistically significant negative correlation with age [57]. Our results did
not reveal any age-related differences in the choroidal profiles of the dogs. No significant
differences were observed in the thicknesses of the RPE-BmCc, MSVL, LVLS and WCT in
each choroidal region between the MA and SN groups.

Research conducted by Xu et al. showed that in humans, a higher peripapillary
small-to-medium vessel layer (SMVL)-to-peripapillary large vessel layer (LVLS) thickness
ratio was related to older age, suggesting a preferential age-related thinning of the LVLS
in humans. The study revealed that the SMVL-to-LVLS thickness ratio is significantly
the highest in the temporal region and the lowest in the superonasal, superior and nasal
regions [23]. Our study showed that the MSVL-to-LVLS thickness ratio was not age-related
in dogs. Comparing the results of the MA and SN groups, the ratio values were similar for
each choroidal region.

In our previous study, we analyzed whole choroidal thickness in dogs in the D, V,
T, and N regions. However, the T and N regions were not differentiated into tapetal and
nontapetal regions [31]. Choroidal thickness in the D and V regions was comparable to
the values reported in the present study. The choroidal thickness in the temporal region
was found to be 152 and 151 um in the MA and SN groups, respectively. Moreover, the
choroidal thickness in the N region was found to be 135 and 132 um in the MA and SN
groups, respectively [31]. In the present study, the choroidal thickness was 175 and 182 pm
in the TempT region in the MA and SN groups, respectively. Furthermore, the choroidal
thickness was 139 and 144 um in the NasT regions in the MA and SN groups, respectively.
The mean TempNT choroidal thickness was 119 and 138 pm in the MA and SN groups,
respectively. Furthermore, the mean NasNT choroidal thickness was 124 and 128 pm
in the MA and SN groups, respectively. The present study indicates that the choroidal
thickness varies in the N and T regions, depending on whether the fundus is tapetal or
nontapetal. The choroidal thickness in both T and N regions in the tapetal fundus was
much greater than in the nontapetal fundus. Interestingly, this was not related to the
presence of the tapetum lucidum. The thickness of the tapetum lucidum decreases in the
peripheral areas [52]. This phenomenon is consistent with our findings, where the mean
thickness of RPE-BmCc was 27.42 pm in the D, 10.81 pm in the TempT, and 9.56 um in the
Nt regions. The reason for this considerable difference in the thickness of the choroid in
the N and T regions between the tapetal and nontapetal groups was the difference in the
thickness of the LVLS layer. The average thickness of the LVLS layer was 126.14 um in
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the TempT, 94.96 um in the TempNT, 99.81 um in the NasT, and 90.15 pm in the NasNT
regions. Our study showed that the choroidal vascular layers, MSVL and LVLS, were
the thickest in the TempT region. A study performed by Mowat et al. in 9 beagle dogs
showed that the area centralis is likely to be centered at a point 1.5 &= 0.2 mm temporal and
0.6 &= 0.1 mm superior to the optic disc, within the tapetal fundus [58]. We conclude that
the area centralis might be associated with a higher choroidal blood supply. This needs to
be further studied. However, the TempT region was not found to be associated with the
thickest RPE-BmCc—tapetum lucidum layer, which is consistent with the previous studies.
In histological sections of the retina and choroid, performed by Yamaue et al., the visual
streak was located within the tapetal region but not on the thickest part of the tapetum.
The tapetum is well suited for night vision. Therefore, it would impair visual resolution in
daylight vision by scattered light [59].

Choroidal thickness demonstrates diurnal variation in antiphase with axial elongation
in animal models and humans [2,60,61]. In chickens, choroidal thickness is the highest at
midnight and starts to decrease later during the night [2]. Similarly, the choroidal thickness
increases in humans over the course of the day. In this study, all measurements were
obtained between 9 a.m. and 1 p.m. to minimize the potential for diurnal variations in
choroidal thickness. This timeframe was determined based on the reports demonstrating
that changes in choroidal thickness were minimal during those hours and varied by no
more than 3 pum [61].

We employed the same sedation protocol in all dogs to eliminate the possibility of
anesthesia-induced variation in choroidal thickness. Research on the sedative and cardiores-
piratory effects of intramuscular administration of medetomidine revealed that the increase
in the mean arterial blood pressure in dogs occurs up to 10 min after the administration and
then remains at a constant level until atipamezole administration [62]. Therefore, SD-OCT
was performed between 15 and 30 min after medetomidine administration.

The present study provides the first Spectralis SD-OCT-based data on the vascular
layers of the choroid in dogs. The aim of this study was to determine the choroidal thickness
profile in SN and MA mixed-breed mesocephalic dogs, both M and F. Our aim was not
to narrow our research to a particular dog breed. Many ocular diseases are diagnosed in
mixed breeds; for example, SARDS is a disease often diagnosed in mixed-breed dogs [63].
This group of patients could serve as a reference while studying other dog species in the
future. Our findings can also be used as an indicator for purebred dogs and to study and
compare the choroidal vascular layer measurements under different disease conditions in
certain dog breeds, such as SARDS, progressive retinal atrophy, and local retinopathy.

Knowledge of the characteristics of individual choroidal vascular layers and their
responses to certain disease conditions is limited in veterinary medicine. The assessment of
the choroid in clinically healthy animals is required for further research to elucidate the
correlation between the occurrence of each disease and vascular alterations. Additionally,
the limitation of our research is the possible influence of choroidal blood perfusion on the
choroidal thickness. This will require further research. Other limitations are the manual
caliper. In order to avoid inter-observer variability, all measurements were made at one
time and accepted by the same two authors. Measurements made with the manual calipers
are not as accurate as with the automated analysis of the OCT scans.

5. Conclusions

The present study provides the first Spectralis SD-OCT-based data on choroidal vas-
cular layer thickness in dogs. Moreover, our results revealed that the choroidal thickness
profile does not depend on age. Furthermore, the MSVL-to-LVLS thickness ratio in dogs
was not found to be age-related. Our findings can be used to study and compare whole
choroidal and vascular layer thickness measurements in different disease conditions in
different populations. SD-OCT imagery of the posterior eye segment can be used to docu-
ment the emergence and development of various choroidal diseases in dogs in the future.
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The findings and present group of patients may be a reference point for further studies on
purebred dogs.
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Abstract

The aim of the study was to determine the thickness of choroidal layers in mixed breed dogs
suffering from retinal atrophy (RA) and showing symptoms of progressive retinal atrophy (PRA),
with the use of SD-OCT. The study was performed on 50 dogs divided into two groups: 25 dogs
diagnosed with retinal atrophy (RA) with PRA symptoms aged 1.5-14 years and 25 healthy dogs
aged 2-12 years. The dogs were examined using slit-lamp biomicroscopy, tonometry, ophthalmo-
scopy, fundus camera and SD-OCT (Topcon 3D OCT 2000). Measurements of the choroidal
layers: RPE-Bruch membrane-choriocapillaris complex (RPE-BmCc) with tapetum lucidum in
tapetal fundus, medium-sized vessel layer, (MSVL), large vessel layer with lamina supracho-
roidea and (LVLS) whole choroidal thickness (WCT) were taken manually with the use of the
caliper function integrated with the SD-OCT software. The measurements were performed
dorsally (D) and ventrally (V) at a distance of 5000-6000 pm, and temporally (T) and nasally (N)
at a distance of 4000-7000 pum from the optic disc with enhanced depth scans. The measurements
were conducted temporally and nasally both in the tapetal (TempT, Nast) and nontapetal
(TempNT, NasNT) fundus. Statistical analysis was performed using Statistica 10 software (Mann
Whitney U Test). In all dogs affected by retinal atrophy (RA) with PRA symptoms, a statistically
significant (p<0,05) reduction in thickness of MSVL was observed in all the measured regions.
A statistically significant reduction in thickness of LVLS and WCT was found in all nontapetal
areas (p<0,05). RA in mixed breed dogs with PRA symptoms was accompanied by choroid
disorders such as reduction in thickness of the large vessel layer and decreased whole choroidal
thickness in the nontapetal fundus as well as the medium vessel layer in all fundus regions.

Keywords: canine, choroid, choroidal thickness, optical coherence tomography, retinal atrophy
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Introduction

Canine retinal degenerative diseases are differen-
tiated between the hereditary, progressive retinal atro-
phy (PRA) and the non-hereditary, postinflammatory
retinal degenerations. Ophthalmoscopic features of
PRA are bilateral symmetry and progressivity.
Asymmetrical, sometimes non-progressive, local or
widespread nature is characteristic for the other lesions
that can be associated with inflammation, infection
or toxicity (Barnett et al. 1983, Maggs et al. 2017).
In the post-inflammatory retinal degeneration the areas
of retinopathy may be limited to one eye, or both eyes
might be affected but not to the same degree. Known
causes of post-inflammatory retinal degeneration
include infectious diseases, such as canine distemper,
toxoplasmosis, cryptococcosis, blastomycosis, leish-
maniasis and histoplasmosis. Retinal degeneration may
also occur in systemic diseases such as diabetes melli-
tus and nephritis. It may be also associated with such
conditions as lens luxation or intraocular tumours
(Barnett et al. 1983, Maggs et al. 2017). The telltale
symptoms of PRA observed during ophthalmoscopic
examinations of the fundus include hyperreflectivity —
observed in the early stages of the disease — followed
by initially localized, and later general, reduction
in thickness and atrophy of blood vessels, abnormal
retinal pigmentation, and atrophy of the optic disc.
The changes occur symmetrically and bilaterally
(André et al. 2008, Downs et al. 2014). It is commonly
accepted that PRA begins peripherally and progresses
toward the center of the fundus. As follows from our
previous research, retinal atrophy in dogs suffering
from PRA starts in the ventral region, in the nontapetal
region, and spreads above the optic nerve into the
region of the tapetum lucidum (Balicki et al. 2018).

Due to its phenotypic similarity, retinitis pigmentosa
(RP) diagnosed in people is considered the human
counterpart of canine progressive retinal atrophy.
The group of diseases generally classified under the
category of retinitis pigmentosa are characterized by
the hereditary and progressive character of the lesions,
presence of “bone spicule pigmentation”, reduced field
of vision, deterioration of low light vision quality, and
reduced photoreceptor response during an electro-
retinography exam (Poornachandra et al. 2019). Twi-
light blindness is related to the loss of rod cells in the
early stage of the disease which, ultimately leads
to atrophy of the entire photoreceptor layer, starting
from the peripheral areas of the retina and ending
with the macular receptors (Liu et al. 2016, Milam
et al.1998). Upon closer analysis, scans taken with the
use of spectral-domain optical coherence tomography
(SD-OCT) reveal decreasing thickness of the external

photoreceptor layer. As follows from the studies con-
ducted to date, RP can also be associated with degener-
ation of the choroid (Adhi et al. 2013, Finzi et al. 2014,
Poornachandra et al. 2019, Korte et al. 1984). Previous
results in patients diagnosed with RP showed a prefe-
rential reduction in thickness of the large choroidal
vessel layer. RP was characterized by variable chorio-
capillaris atrophy. The shape of the choroid was irregu-
lar (Shintani et al. 2009, Oh et al. 2020)

Recent advances in choroid imaging techniques,
including enhanced depth imaging optical coherence
tomography, have facilitated a more thorough analysis
of this structure (Singh et al. 2019). Histologically,
the choroid can be divided into between four and six
layers, depending on whether the vascular region
is treated as a single or double layer, and whether it is
assumed that the lamina fusca is a part of the sclera
or the choroid. In most household mammals, dogs
included, starting from the retina (the inner section)
the choroid is composed of Bruch’s membrane,
the choriocapillaris, tapetum lucidum, intermediate-
-vessel layer, large-vessel layer and the suprachoroidea
(Nickla and Wallman 2010, McLellan and Rasmussen
2012, Rosolen et al. 2012).

SD-OCT is a contactless and non-invasive method
that facilitates fast, cross-sectional, real-time, in vivo
imaging of the retina and the choroid (Gabriele et al.
2011, Xu et al. 2017). SD-OCT choroidal imaging
in dogs, however, is a new area of study. As a multi-
-purpose structural element of the eyeball, the choroid
can be affected by pathological processes that may have
a direct bearing on the visual function (Brue et al. 2013,
Murthy et al. 2016, Brusini 2018). In a previous study
conducted on clinically healthy dogs, it was demon-
strated that the SD-OCT method is the perfect tool for
non-invasive, in vivo imaging of the choroid as well as
morphological and morphometric assessment of its
condition. Moreover, SD-OCT allows one to discern
the respective layers of the canine choroid. It has
also been demonstrated that the total thickness of the
choroid, as well as its respective layers does not change
with the age (Zwolska et al. 2021, 2023).

The aim of the present study was to analyze the
thickness of respective choroidal layers in particular
regions of the eye in dogs suffering from retinal atrophy
(RA) with PRA symptoms and compare the results
to those obtained from healthy dogs. As it was impossi-
ble to establish PRA heredity in particular mixed breed
dogs included in the study, the authors chose to describe
the diagnosed condition as retinal atrophy (RA) with
PRA symptoms.
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Materials and Methods

Animals

The study was performed on 50 mixed breed dogs
divided into two groups: 25 dogs diagnosed with retinal
atrophy (RA) with PRA symptoms aged 2-12 years,
18 males and 7 females (RA) and 25 healthy dogs aged
2-12 years, 15 males and 10 females, as the control
group (Control). The animals were patients of the
Department and Clinic of Animal Surgery at the Univer-
sity of Life Sciences in Lublin. The owners were
informed of the nature of the examinations and gave
their consent. The research was approved by the Scien-
tific Research Committee of the Department and Clinic
of Animal Surgery at the University of Life Sciences
in Lublin on February 1, 2018 (#6/2018) in a decision
concerning non-experimental clinical patients. The study
was performed in accordance with Polish law and
Directive 2010/63/EU of the European Parliament
and of the Council of 22 September 2010 on the protec-
tion of animals used for scientific purposes, Chapter I,
Article 1, point 5(b).

Clinical examination

All the dogs were classified as healthy based on
physical examinations and blood test results. The blood
tests included complete blood cell counts, urea, com-
plete bilirubin, creatinine, aspartate transaminase,
alanine transaminase, alkaline phosphatase, and amy-
lase. Only animals whose results were within the refer-
ence ranges were qualified for the study. The dogs had
been dewormed twice a year. The examinations did not
indicate that the dogs had previously suffered from any
systemic or ophthalmic disorders.

Ophthalmological examination

Ocular examination was performed using a slit
lamp biomicroscope (Shin-Nippon, Japan). Intraocular
pressure (IOP) measurements were obtained using
a rebound tonometer TonoVet (iCare, Finland). Only
animals with an intraocular pressure (IOP) within the
range of 15-20 mmHg were qualified. The pupillary
light reflex, both direct and consensual, chromatic
pupillary light reflex, menace response and dazzle
reflex were estimated in all the dogs. Behavioral
ophthalmic tests included tracking and placing or
obstacle tests under scotopic and photopic conditions.
Fundus examination was performed using a binocular
indirect ophthalmoscope (Keeler, UK), direct ophthal-
moscope (Welch Allyn, USA), and a panoptic ophthal-
moscope (Welch Allyn, USA). Photographs of the ocu-
lar fundus were taken using a Handy NM-200D Fundus

Camera (Nidek, Japan) connected to a computer opera-
ting IrfanView software (Wiener Neustadt, Austria).
No vision impairment or ocular abnormalities were
identified in any dogs from the Control group.

Preparation of animals for electroretinography

All dogs from the RA group underwent an electro-
retinography (ERG) exam (RETIportERG: Acrivet;
Hennigsdorf, Germany). The animals fasted for at least
12 hours prior to the ERG recording. Bright sunlight
was avoided for a minimum of 2 hours prior to the pro-
cedure. Maximal pupillary dilation was obtained
by applying eyedrops containing 1% tropicamide
(Tropicamidum 1%, WZF Polfa S.A., Poland).
The dogs were sedated with an intramuscular injection
of medetomidine at a dose of 0.03 mg/kg (Cepetor
1 mg/mL, CP Pharma, Germany). General anesthesia
was induced with an intramuscular injection of keta-
mine (Vetaketam 100 mg/ml, Vet-Agro Sp. z o.0.,
Poland) at a dose of 5 mg/kg. When prolonged general
anesthesia was required, ketamine was administered
intravenously as needed. After intubation, the dogs
were placed in sternal recumbency. Heart and respira-
tory rates, electrocardiographic trace and pulse oxime-
try were measured using a multiparameter monitor.

ERG procedures

The canine protocol endorsed by the European Col-
lege of Veterinary Ophthalmologists was used (Ekesten
et al. 2013). Steel subdermal needle electrodes
(BIONEN S.a.s., Italy) were used to record the ERG.
A reference electrode was placed approximately 2 cm
caudally to the lateral canthus of the tested eye and
a ground electrode was placed over the external
occipital protuberance. The cornea was anesthetized
with a local administration of 0.5% proparacaine hydro-
chloride (Alcaine®, Alcon Inc.). A drop of 2.5% hypro-
mellose solution (GONIOVISC, HUB Pharmaceuti-
cals, LLC, Rancho Cucamonga, CA) was placed on the
cornea to keep it moist and facilitate electrical conduc-
tion with the ERG electrode. A contact lens with built-
in electroluminescent diodes served as the active elec-
trode (LED, Kooijman/Damhof ERG lens®, Medical
Workshop BV, Groningen, The Netherlands). All the
lights in the room were switched off before the ERG
exam started.

Each ERG session included scotopic and photopic
ERG. The rod response was evaluated under scotopic
adaptation during a 20-minute adaptation period.
Response to the stimulation using a light impulse with
an intensity of 0.03 cd*s*m? was measured 5 times,
every 4 minutes. A 10 Hz rod flicker was observed
at the same level of stimulation. The mixed rod and cup
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Fig. 1. Measurement of the respective choroidal layers (1 — RPE-BmCc, 2 - MSVL, 3 — LVLS) in dogs suffering from retinal atrophy

(RA) in the tapetal (A) and nontapetal region (B).

response was recorded under scotopic adaptation using
light flash stimulation with an intensity of 3 cd*s*m™.
Photopic response was recorded with background
illumination at a level of 30 cd*m?, using a standard
3 cd*s*m™ impulse. To obtain the transient response
result, 3 individual flashes were averaged, while the
flicker response was measured using 31 Hz light-flash
stimulation.

The reference values for the ERG wave amplitude
and latency were obtained from the control group com-
posed of 10 healthy mixed breed dogs (5 males and
5 females) aged between 2 and 11 years old.

Preparation of animals for the SD-OCT

The SD-OCT and ERG examinations were per-
formed at least 7 days apart. In all dogs, SD-OCT
was performed between 9 a.m. and 1 p.m. Pupils were
dilated using tropicamide eye drops (Tropicamidum
WZF 1%, Polfa Warszawa S.A., Poland). The dogs
were sedated with medetomidine 0.03 mg/kg (Cepetor
I mg/mL, CP Pharma, Germany) administered intra-
muscularly. Local anesthesia of the corneal and con-
junctival surface was achieved using 0.5% proxymeta-
caine hydrochloride (Alcaine 5 mg/mL, Alcon, Warsaw,
Poland). A thumb forceps was used to grasp the bulbar
conjunctiva and stabilize the eye. During the SD-OCT
examination, the cornea was moistened every 30 s with
saline.

OCT scan and data analysis

The imaging was performed for both eyes of each
animal using SD-OCT (wavelength: 840 nm; scan
pattern: enhanced depth imaging, EDI; Topcon 3D
OCT-2000, Topcon, Japan) with linear and cross-sec-
tional radial scans. The device’s software allowed pre-
cise location of the choroidal measurements in the scans
obtained. The caliper function integrated with the OCT
software was used to manually perform choroid

measurements. The measurements were performed
as described previously (Zwolska et al., 2023) and
applied to the respective layers of the choroid. The mea-
surement sequence included, starting from the inner-
mostlayer, the RPE-Bruch’s membrane — choriocapil-
laris complex (RPE-BmCc) with tapetum lucidum
in the tapetal fundus, the medium-sized vessel layer
(MSVL), the large vessel layer with lamina supracho-
roidea (LVLS), and whole choroidal thickness (WCT)
—Fig. 1.

Choroidal thickness was defined as the vertical dis-
tance from the hyperreflective line of the RPE-Bruch’s
membrane complex to the hyperreflective line
of the inner sclera surface. Measurements were taken
in the dorsal and ventral regions at 5000-6000 um from
the optic disc. Temporal (T) and nasal (N) scans were
taken at 4000-7000 pm from the optic disc. Temporal
and nasal measurements were taken both in the tapetal
(temporal: TempT, nasal: NasT) and nontapetal fundus
(temporal: TempNT, nasal: NasNT). Measurements
in the TempT and NasT regions were taken at 500-2000
um dorsally from the border between the tapetal and
nontapetal regions. Measurements in the temporal
and nasal nontapetal regions were taken at 500-2000 um
ventrally from the border between the tapetal and non-
tapetal regions. In each region, three measurements
were taken: at the center of the scan and at 1500 pm
from the center to both left and right. The results
of the three measurements were then averaged for each
segment. To avoid variability, all the measurements
were taken at the same time of day and verified by the
same two authors.

Statistical methods

Data normality was tested using Lillieforce’s method
and verified with the Shapiro-Wilk test. Significantly
different comparisons were identified using the
Mann-Whitney U test. Analyses were performed using
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Table 1. Results of vision examinations and neuro-ophthalmic tests in the RA dog group.

Menace response . Visual Obstacle course test Puplrliailirgxhght Dazzle reflex Chr(;gillttl:e%iiﬂlary
Dog Tracking placing  Scotopic Photopic
R L I Treflex con con- R L R L R L
ditions  ditions
RED BLUE RED BLUE
1 +/- +/— +/— +/— - + + + + + + + + +
2 +/— +/— +/— - - - +/— +/— +/— +/— - +/— - +/—
3 _ — _ — _ — _ _ — _ _ — _ _
4 _ _ _ _ _ _ _ _ _ _ _ _ _ _
5 _ — _ — _ — _ _ — _ _ — — _
6 - - - - - - +/— +/— +/— +/— - +/— — +/—
7 +/—- +/— +/— +/— - + + + + + + + + +
8 _ — _ — _ — _ _ — _ _ — — _
9 _ — _ — _ — _ _ _ _ _ — _ _
10 - - - - - - - - - - - - - -
11 + + + + + + + + + + + + + +
12 - - - - - - +/— +/— - - - = = -
13 - - - - - - - - - - - - - -
14 - - - - - - - - - - - - - -
15 - - - - - - - - - - - - - -
16 +/—- +/—- +/— +/— - + + + + + + + + +
17 - - - - - - +/— +/— +/— +/— - +/— — +/—
18 + + + + + + + + + + + + + +
19 - - - - - - - - - - - - - -
20 +/— +/—- - +/— - + +/— +/— - - - +/— - +/—
21 - - - - - - - - - - - - - -
22 +/— +/— +/— +/— - + + + + + + + + +
23 - - - - - - +/— +/— +/— +/— - +/— — +/—
24 - - - - - - - - - - - - - -
25 + + + + + + + + + + + + + +

Menace response, tracking reflex, visual placing reflex, dazzle reflex: (+) = present, (—) = absent, (+/—) = unclear (uncertain). Obstacle
course test: (—) =dog had difficulty navigating the course, (+) = dog did not have difficulty navigating the course.

Pupillary light reflex, chromatic pupillary light reflex: (—) = mydriasis with absent pupillary light response (PLR),(+/—) =delayed PLR,
(+) = normal PLR. Dazzle reflex: (+) = present, (—) = absent. Chromatic pupillary light reflex (cPLR): (+) = cPLR present, (—) = cPLR

absent, (+/—) = delayed cPLR.

Statistica 10 software (TIBCO Software Inc.). Statisti-
cal significance was set at p<0.05.

Results

Clinical examinations

Clinical examinations revealed no irregularities in
any of the dogs included in the study. Complete blood
counts and biochemistry results for all dogs were within
reference ranges.

Vision and neuro-ophthalmic tests

Only dogs that did not have any ophthalmological
diseases or vision impairments were selected for the
Control group. Vision and neuro-ophthalmic tests were
normal in the Control group dogs. Incipient cortical cat-
aracts were found bilaterally in one 8-year-old male and
one 13-year-old male from the RA group. An 8-year-old
male also had asteroid hyalosis. The results of vision
examinations and neuro-ophthalmic tests in the RA
group are presented in Table 1.

All the dogs in the RA group showed typical PRA
symptoms which included tapetal hyperreflectivity,
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Fig. 2. Representative electroretinogram (ERG) waveforms recorded using the dog protocol for an animal from the control group (A),
adog in an early stage of RA (dog no. 11) (B), and a dog in an advanced stage of RA (dog no. 24) (C). The results in each column
were obtained for the same dogs. The graphs present scotopic and photopic ERG.

vascular attenuation, abnormal pigmentation of the
tapetal fundus, peripapillary halo, mottling, beading
of retinal vessels, and ghost vessels. The changes were
symmetrical and bilateral. In addition, the disease was
confirmed by the ERG and SD-OCT examinations.
Information obtained from the owners indicated that
they had observed progressive vision impairment,
initially in the scotopic condition.

Electroretinographic examinations

The amplitude of the b-wave was significantly
decreased at all light intensities in 11 RA cases (dog
numbers 1,2,6,7,11,16,18,20,22,23,25). The a-wave
amplitude was also significantly lower at all light inten-
sities for the 11 RA-affected dogs. At the advanced
stage of disease, in 14 dogs (dog numbers 3,4,5,8,9,10,
12,13,14,15,17,19,21,24), there were non-recordable
extinguished (flatline) ERG responses for the scotopic
and photopic ERGs.

Examples of scotopic and photopic responses:
correct, decreased, and non-recordable ERG responses
recorded for three dogs — one control group animal and
two animals suffering from RA — respectively, in an
early and advanced stage of the disease, are presented in
Fig. 2.

SD-OCT examinations

Measurement of choroidal layers in SD-OCT scans
was possible in 22 of the 25 dogs suffering from RA.
The results of these measurements were included in the
statistical analysis. The scans of 3 dogs (no. 5, 9, and
14) were excluded as the advanced stage of the disease
led to atrophy of the choroid and, consequently, it was
impossible to distinguish the choroid or its respective
layers (Fig. 3 — example scans).

Choroidal layer and whole choroidal thicknesses
results for each respective region of the fundus are
provided in Table 2. In all dogs affected by RA, there

was a statistically significant reduction in thickness
of MSVL compared to Control in all the regions
measured. Statistically significant reduction in thick-
ness of LVLS and WCT was found in all nontapetal
areas in comparison to Control.

The advancement of the disease process in the non-
tapetal regions is visible in the scan (Fig. 4). The thick-
ness of the LVLS and WCT layer in the nontapetal
region was lower as compared to the scans obtained
in the control group, as confirmed by the statistical
analysis. The blurring of choroidal layers and choroidal
atrophy was more severein the nontapetal regions.

Discussion

The morphometric choroid analysis conducted in
dogs suffering from RA revealed more advanced atro-
phy, i.e. more significant reduction in thickness of both
LVLS and WCT layers, in all regions where the tapetum
lucidum was not present, as compared to tapetal
regions. As follows from our earlier research, retinal
atrophy in dogs suffering from RA also begins in the
ventral region, i.e. the region of the nontapetal fundus,
from where it progresses above the optic nerve into the
region of the tapetum lucidum (Balicki et al. 2018).
This may suggest a direct connection between the
advancement of the disease and changes developing
in the large vessel layer with the lamina suprachoroidea,
as well as reduction of overall choroidal thickness.

In the course of retinitis pigmentosa (RP), which
is the human counterpart to canine PRA, choroid thick-
ness changes in particular quadrants of the fundus.
It was reported that in the human control group,
the choroid was found to be thickest beneath the fovea
and thinnest in the nasal quadrants. Whereas in the case
of patients suffering from RP, the choroid was the thick-
est in the temporal quadrants, and the thinnest in the
nasal quadrants (Adhi et al. 2013). In our study, it was
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Fig. 3. Images of the retina and the choroid in various stages of the disease. Measurement of the choroid and its respective layers was
impossible in the most advanced stage — A (dog no. 9), B (dog no. 14). In scans C — dog no. 2 and D — dog no. 25 the respective
choroidal layers are visible: 1 — RPE-BmCc, 2 - MSVL, 3- LVLS.

demonstrated that in the case of dogs suffering from
RA, the WCT was, similarly to the control group, thick-
est in the TempT region followed by the D region, and
thinnest in the V region. At the same time, a statistically
significant reduction in thickness of the WCT was obser-
ved in all nontapetal regions of the fundus. In the con-
text of RP, difficulties were reported in terms of distin-
guishing the respective layers of the choroid (Adhi et al.
2013). In the control group, the imaging clearly showed
the choriocapillary vessels, medium-sized and large
blood vessels. Meanwhile, in patients suffering from
RP, it proved difficult to distinguish the choriocapillaris
from the medium-sized vessel layer in the scans. None-
theless, the joint thickness of the two layers was used to

estimate mean thickness changes. The thickness analy-
ses evidenced reduction in thickness of the large vessel
layer, while the joint thickness of the choriocapillaris
and medium-sized vessel layers remained unaffected
(Adhi et al. 2013). In our study conducted on dogs,
the particular choroidal layers were indistinguishable
in the most advanced cases of RA due to the simultane-
ous atrophy of the retina. Dogs in the advanced stage of
retinal and choroidal atrophy had to be excluded from
the measurements due to the impossibility of measuring
the respective layers. In the remaining dogs, however,
the results revealed reduction in thickness of the MSVL
layer in all the analyzed regions. Reduction in thickness
of the LVLS and WCT layers was registered only in the
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Fig. 4. Scan presenting the different stages of retinal and choroidal atrophy advancement relative to the presence of the tapetum lucidum
(dog no. 20). Significant advancement of retinal and choroidal atrophy in the nontapetal region. The green arrow in the fundus
photograph indicates the location of the scan. The short green line on the border of the tapetal and nontapetal region, perpendicu-
lar to the green arrow in the fundus photograph corresponds to the green vertical line visible in the scan.

Table 2. Choroidal layers and whole choroidal thicknesses (median (um) [minimum (Min) - maximum (Max)]) in certain fundus regions

in the Control and RA dog groups.

Fundus region

Layer D \Y
Control RA Control RA
RPE-BmCc 29.17 [19.00-39.33] 22.33 [10-37.50]* 7.67[6.33-9.33] 8.18 [7.00-9.17]*
MSVL 32.25[22.00-44.60] 24.75 [8.83-38.0]* 24.20 [15.67-36.17] 15.00 [12.50-25.00]*
LVLS 120.80 [89.50-170.67] 118.17 [58.83-174.83] 71.00 [57.00-113.50] 51.00 [19.00-88.67]*
WCT 190.50 [134.83-222.83] 163.00 [79.67-237.17] 104.00 [80.67-153.00] 75.83 [26.33-116.33]*
Layer TempT TempNT
Control RA Control RA
RPE-BmCc 10.00 [7.33-15.67] 10.00 [8.33-15.17] 7.67 [7.00-9.40] 8.33 [7.00-12.00]
MSVL 49.00 [36.50-69.33] 34.20[11.33-51.67]* 30.00 [15.00-39.50] 15.92 [9.33- 24.42]*
LVLS 138.67 [80.50-171.33] 125.00 [62.00-171.33] 87.00 [63.00-110.33] 62.00 [38.00-113.00]*
WCT 202.50 [125.50-223.67] 164 [83.33-219.00] 119'?2? ([)é;?oo_ 86.00 [55.00-146.00]*
Layer NasT NasNT
Control RA Control RA
RPE-BmCc 10.33 [7.50-12.00] 10.50 [8.50-11.50] 7.67 [7.00-9.75] 8.17 [7.00- 0.67]
MSVL 35.00 [27.33-40.50] 22.67[19.00-30.33]* 30.00 [16.67-43.00] 18.52 [12.67-23.67]*
LVLS 92.00 [76.00-110.00] 94.67 [74.67-113.00] 89.67 [71.67-110.00] 70.67 [44.50-106.00]*
WCT 139.50 [123.60-151.33] 130.33 [104.17-148.50] 123.00 [95.33-162.00] 97.42 [54.50-140.00]*

D — dorsal, V — ventral, TempT — temporal tapetal, TempNT — temporal nontapetal, NasT — nasal tapetal, NasNT — nasal nontapetal.

nontapetal regions where more advanced retinal atro-
phy was also observed, as compared to the tapetal
regions.

The present study does not explain whether the
reduction of thickness of choroidal layers was primary
or secondary to retinal atrophy. The research indicated
that in the case of advanced retinal atrophy, both struc-
tures were completely atrophied (Fig. 3). Both the reti-
na and the choroid are tissues that complement each
other. The choroid synthesizes a number of growth

factors involved in angiogenesis, such as vascular endo-
thelial growth factor (VEGF), and signal molecules.
It was found that trophic factors from the choroid were
necessary for the development and survival of the
ciliary ganglion neurons (Nickla and Wallman 2010).
Demonstrating which structure atrophied first and led
to the atrophy of the other structure in case of RA needs
further detailed research.

Studies conducted on mice evidenced the particular
importance of the VEGF factor produced in the retinal
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pigmental epithelium - capable of diffusion across
Bruch’s membrane — in maintaining the choriocapil-
laris. In animals that produce only VEGF isoforms with
low ability to permeate Bruch’s membrane, and not the
isoforms capable of diffusion towards the choriocapil-
laris, correct initial development of the choroid was
observed. However, over time — starting from the
7™ month of a mouse’s life — atrophy of the choriocapil-
laris was reported, as well as disorders related to Bruch’s
membrane and the pigmental epithelium, degeneration
of the choroid, and an increased number of non-vascu-
larized areas in the region. This led to eventual photore-
ceptor apoptosis, as evidenced in electroretinographic
imaging. The limitation of the cited studies stemmed
from the fact that they only analyzed whole choroid
thickness without considering its respective layers
(Saint-Geniez et al. 2009, Liu et al. 2016). An interes-
ting observation in the present study was that a signifi-
cant decrease in the WCT thickness was registered only
in the nontapetal regions where tapetum lucidum was
not present. In a study conducted by Lesiuk and
Braekevelt (1983), differences in the thickness of
Bruch’s membrane were evidenced between respective
regions of the choroid. Over the areas with tapetum
lucidum, Bruch’s membrane was thinner compared
to its thickness over the areas where it was not present.
It could be posited that the higher rate of morphometric
and morphological choroidal lesions in the nontapetal
regions may be related to the greater thickness
of Bruch’s membrane in the area, and consequently
its reduced permeability for growth factors produced
by the retinal pigment epithelium (RPE). This may be
one of the factors contributing to the pathomechanism
of PRA, although further research is required to cor-
roborate this.

Branches of fenestrated capillaries pass through the
entire tapetum lucidum. They serve as the link between
the choriocapillaris and the layer of medium-sized
blood vessels (Sattler’s layer). The choriocapillaris
is a vast anastomosing network of blood vessels located
in the vicinity of the retinal pigmental epithelium. Near
the RPE, the layout of these vessels differs between
the choroidal regions containing the tapetum lucidum
(tapetal and peritapetal areas) and the regions where
it is absent (peripheral nontapetal areas). In the case
of locations where the reflective membrane is present,
the choriocapillaris indents the retinal epithelium,
which does not occur in areas where the tapetum luci-
dum is not present (Lesiuk and Braekevelt. 1983).
This is yet another anatomical element of the canine eye
that may potentially account for the greater severity
of the symptoms of the disease in areas not containing
the tapetum lucidum. The previously demonstrated lack
of direct contact between the choriocapillaris and

the external layers of the choroid in the nontapetal
region may be related to the greater progression of outer
choroidal atrophy in those areas.

The limitations of the study reported here were typi-
cal of retrospective studies. The study does not allow
which structure, retina or choroid, atrophied first, to be
determined, which requires further detailed research.
Despite these limitations, this study aimed to analyze
the morphometrics of the choroid without considering
the retina. Subsequent work may include research
on the relationship between retinal atrophy and the
choroid, which would include a larger research group
allowing for the identification of quantitatively homo-
genous subgroups with a similar degree of retinal
atrophy.

Conclusion

This studyis the first to consider morphological and
morphometric choroidal changes observed in dogs suf-
fering from RA. RA in mixed breed dogs was accompa-
nied by reduction of the thickness of the large vessel
layer and overall choroidal thickness in the nontapetal
fundus as well as the medium vessel layer in all fundus
regions. Our research showed a change in choroidal
layer thicknesses in dogs diagnosed with RA, which
can affect the outer retinal blood supply. SD-OCT ana-
lyses of choroidal thickness profiles may shed a new
light on the pathomechanism of RA and form the basis
for further research to be continued in purebred dogs.
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