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OL ETILTTAOKEG

OTN XELPOUPYLKN
TWV HAAAKWY LOTWV
TWV PLKPpWYV {WwV

H XELpoupyLKr TWV PAAAKWY LOTWV glval ouyypo-
VWG TEXVN TIOU amaltel L8k ekmaidsuon kat €-
TILOTAKN Ttou oxetidetal Pe ouvexn PeAETn. OL eTL-
TIAOKEG €lval 0TeVA CUVUPACHEVEG PE TN XELPOUP-
YLK} TOU OKUAOU Kal TNngG ydtag Kat amoteAolv Te-
ALKG €va avatioPEUKTO yeyovog. Movo autol Tou
8ev XelpoupyolV & ouUVAVTOUV ETILTTAOKEG. OL Tie-
PLOCOTEPEC SLEYXELPNTLKEG ] HETEYXELPNTLKEG ETIL-
TIAOKEG OelAovTal Katd PLKPO TTOC0OTO OE TEXVL-
KA AABn kat og peydAd ooooto otnv €EEALEN TG
vOOOU Kal o€ pn TeXVIKEG SefLotntee. H paydaia a-
VATITUEN TNG XELPOUPYLKNG TOOO OTN SLayvwon 000
Kat otnv Bepareia TwV XELPOUPYLKWY TIABACEWV €-
TILBAAEL TNV CUVEXT EKPABNON VEWV EYXELPNTIKWY
TEXVLKWVY TIOU Xapaktnpifovtal Opwe TIOAAEG O-
PEG aTIO SUCKOAEG KAUTIUAEG ekpdABnong. H exmatl-
Se€ucn oTn XELPOUPYLKN armattel TTOAUXPOVEG PETA-
TITUXLOKEG OTIOUSEG SUTTAA O€ €va EUTIELPO XELPOUP-
yO Ttou apxLka Ba Sel&el oTovV ELSLKEUOUEVO TLG €Y-
XELPNTLKEG TEXVLIKEG Kal PETA Ba tov emPAEPEL Kal
Ba tov Bonbriost otnv Stevépyela tng emMéPPBaong.
Ta MTWHATKA oepLVApLa, TIOAU SnUO@LAR otnv €-
Toxn pag BonBolv otnv ekpdAbnon pepLkwy Baot-
KWV TEXVIKWVY PE Kavéva OPWG TPOTIO SEV UTIOKA-
BLotouv TNV ekmalSeuon PEoW TNG CUVEXOPEVNG -
vtaAayng epTeLplag Kat SL6pBwong Twv aoToxLwy
TO600 TOAUTLPA OTOoLXEla OTNV amdKTNon XELpoup-
YWKAG Tatdelag. OL pn TEXVLKEG S€ELOTNTEG OULVL-
OTOUV €va PeYAAO TUAMA TNG XELPOUPYLKNG eKTal-
Sguong Tou apopd O0TO GUVTOVLOHO TWV XELPOUP-
yWv, oTnV TapakoAouBnon Kat yvwon Twv Kata-
OTdoEwWVY, OTNV EMKOWVWVIA KAl oTNV opadLkr €p-
yaola. H eLoaywyn] yLa Kabe xeLpoupyLKkn emePPa-
On €VOG KATAAOYOU EAEYXOU UTIOPEL VA PELWOEL TN
oUXVOTNTA TWV XELPOUPYLKWV ETILITAOKWV. H €Loa-
yWwyn pLag oxetkng Alotag eAéyxou pmopel va e-
AQTTWOEL TN CUXVOTNTA TWV PETEYXELPNTIKWY AoL-

Complications
in small animal
soft tissue
surgery

Soft tissue surgery is both an art that requires
special training and a science that involves con-
stant study. Complications are intimately inter-
twined with canine and feline surgery and are
ultimately an inevitable event. Only those who
do not operate do not encounter complications.
Most intraoperative or postoperative compli-
cations are due partly to technical errors and in
large part to disease progression and non-tech-
nical skills. The rapid development of surgery in
both the diagnosis and treatment of surgical con-
ditions requires the continuous learning of new
surgical techniques, that are often characterized
by difficult learning curves. Training in surgery
requires many years of postgraduate studies un-
der an experienced surgeon who will first show
the resident the surgical techniques and then su-
pervise and assist the resident in performing the
surgery. Cadaveric seminars, very popular nowa-
days, help in learning some basic techniques but
in no way substitute for training through a con-
tinuous exchange of experience and correction of
failures, such valuable elements in the acquisition
of surgical literacy. Non-technical skills consti-
tute a large part of surgical education involving
surgeon coordination, situational awareness,
and knowledge, communication, and teamwork.
The introduction of a checklist for each surgical
procedure can reduce the incidence of surgical
complications. The introduction of a relevant
checklist may reduce the incidence of post-oper-
ative infections and surgical gauzes often left in
the abdominal or thoracic cavity of small animals.
Surgical complications have a significant impact
on the mentality and emotional world of sur-
geons and not infrequently distract the surgeon
from performing difficult procedures. The author

latpikh Zdwv Zuvipopldg = Tépog 11/ Texog 2 / 2022



HWEEWV KAl TWV XELPOUPYLKWV yalwv TIoU eyKata-
Aelmovtat TToAEG Qopég oTnV KOWALAKK 1 Bwpakt-
Kfj KOLOTNTA TWV PLKPWVY {Wwv. OL XELPOUPYLKEG
ETILTAOKEG €TLEPOUV onUavTika otnv PuxoouvBe-
on KAl 0ToV cuVaLoONPATLKO KOGHO TWV XELPOUP-
YWV Kal 0L OTIAVLA ATTOPAKPUVOUV TOV XELPOUPYO
amo tn Slevépyela SUOKOAWV emePBAoewv. O ouy-
ypagéag tou apbpou autou Kat n opada tou Ppé-
BnKav KATIOLa OTLYHN OE «KaKM ERSOPASa» e TIepL-
OTATIKA Va KATaAryouv amd AGyoug aveEaptntoug
aotoylag r XELpoupyLkoU AaBoug. ATIOTEAECHA TWV
YEYOVOTWV AUTWV ATAv N Ttwaon tou nkou tng o-
pdadag. H ouvéxlon tng mopelag Tpog Tn owoTtr Ka-
tevBuvon kat n otpatnytkr) uPnAou piokou amote-
Agoav TNV amAvtnon oTNV QVILHETWIILON TWV XEL-
POUPYLKWV ETILITAOKWYV TIOU CUVAVTHOA}E.

Aucipayog I'. NamadoyAou

KaBnyntrig Xeipoupytkrig
Tunpa Ktinviatpikng A.71.0.

Editorial

of this article and his team have at one time or
another found themselves in a “bad week” with
cases ending for reasons independent of failure
or surgical error. The result of these events was a
drop in the morale of the team. Continuing in the
right direction and a high-risk strategy was the
answer to dealing with the surgical complications
we encountered.

Lysimachos G. Papazoglou

Professor of Surgery
School of Veterinary Medicine
Aristotle University of Thessaloniki
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MepiAnyn

Mpdkeltal yla pla avaSpopikr) PEAETN PE OTOXO
TOV TIPOCSLOPLOHO TOU VEPPLKOU PKOUG, TIAGTOUG,
UPoUG KaL TIEXOUG TOU VEQPLKOU (pAoLoU TWV QUCL-
OAOYLKWV AELTOUPYLKWV VEPPWV O€ Eévav TIANBUCHS
€VTEKA KOWWV EupwTaikwy KOVTOTPLXWY Kal TpL-
WV KOWWV Eupwmaikwy HakpUTPLXWV YaTwV OTO
Hvwpévo BaoiAglo. Itn PeAETN CUPTIEPIANPONKaV
OUVOALKA 14 ydATeg, §¢ka ONAUKEG OTELPWHEVEG KaL
TEOOEPLG OPOEVIKEC OTELPWHEVEG, HE (PUOLOAOYL-
Kr Ve@pLKr Asttoupyla. H @UOLOAOYLKN VEQPLKN
Aettoupyla oplotnke pe BAon TLG (PUOLOAOYLKEG
VEPPLKEG BLOXNMLKEG TLPEG TOU OpoU alpatog, To
(PUOLOAOYLKO €LSLKO BApOC Twv oUpwv (dtav ntav
SLaBEoLpo) Kal TNV amoucia VEPPLKWY KAl AAAWY
KOWALOKWV TIaBriogwv. OL péoeg Slactdoelg Tou Se-
€LoU veppou TipLv amd tn oklaypdgnon ntav 3,99
+ 0,33 eK. 0€ PnKog, 2,76 + 0,33 ek. o€ TAATOG, 2,31
+ 0,21 ek. og UYog, evw ekelveg Tou aplotepol ve-
@pou Atav 3,91 + 0,34 €k., 2,79 + 0,29 €k., 2,44 + 0,20
€K., avtiotolya. To HECO TIAX0G TOU VEPPLKOU PAOL-
oU PETA TN OKLaypApnon yla Tov §€EL0 Veppo nTav
0,49 + 0,13 &k. KaL yLa Tov apLotepo 0,49 + 0,14 k.
ETiumAéov, To pNKog twv vepwv (AN f; AN) cuykpi-
BnKe Pe TO PrKog Tou SeUTEPOU 00YULKOU OTIOV-
SUAou (02) kat TN SLAPETPO TNG KOLALOKNG A0PTNG
(Ao). OL péoeg avahoyieg AN/O2 kat AN/O2 ntav

Abstract

This is a single-centre, retrospective study aimed
to determine the renal length, width, height,
and the thickness of the renal cortex of normal
functioning kidneys in a population of eleven
domestic shorthair and three domestic longhair
cats in the UK. A total of 14 cats, ten female
neutered and four male neutered cats, with normal
renal function were included in the study. The
normal renal function was considered based on
normal renal serum biochemical values, normal
urine specific gravity (when available), and the
absence of renal and other abdominal diseases.
The mean pre-contrast dimensions of the right
kidney were 3.99 + 0.33 cm in length, 2.76 + 0.33
cm in width, 2.31 + 0.21cm in height, whereas
those of the left kidney were 3.91 + 0.34 cm, 2.79
+0.29 cm, 2.44 £+ 0.20 cm, respectively. The mean
post-contrast renal cortical thickness for the right
kidney was 0.49 + 0.13 cm and for the left 0.49
+ 0.14 cm. Additionally, the renal length (RK or
LK) was compared with the length of the second
lumbar vertebra (L2) and the abdominal aorta
diameter (Ao). The mean RK/L2 and LK/L2 ratios
were 2.29 + 0.19 and 2.24 + 0.18, respectively, and
the mean RK/Ao and LK/Ao ratios were 10.25
+ 1.25 and 10.04 + 1.22, respectively. There was
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2,29 + 0,19 kat 2,24 + 0,18, avtiotolya, KaL oL HECEG
avahoyieg AN/Ao kat AN/Ao ntav 10,25 + 1,25 Kat
10,04 + 1,22, avtiotolya. Asv SLamiotwbnke otatt-
OTIKA ONUAVTLKA SLa@opd OTLG PETPHOELG HETAEU
TWV 8U0 VEQPWV. H HEAETN QUTN TTAPEXEL TLUEG ava-
(OoPAG yLa TO (PUCLOAOYLKO PEYEBOC TWV VEPPWV OF
yateg. Mepaltépw PEAETEG €lval amapaltnTeg yla
NV agloAdynon tng EQapuoyng autwy Twy TLHWY
ava@opdg otnV KAWVLKN TIpAgn.

no statistically significant difference identified
in the measurements between the kidneys. This
study provides references for the feline renal
size. Further studies are warranted to evaluate
the application of these reference values in the
clinical practice.

NEEeLg eupeTnpiou: afovikr) Topoypa@la, YATES, VEPPOC, VEPPLKEG SLAOTACELG, TTAXOG VEQPPLKOU (PAOLOU

MeSH keywords: cats, computed tomography, cortical thickness, kidney, renal dimensions, renal

Etcaywyn

H vepplki vOoOG €lval cuxvr OTLG YATEG Kal N
XPovLa VEQPLKA vOooog (XNN) elval n mo ocuyvi
HETABOALKN vO00G, L8lWG OTLG NALKLWHEVEG YATEG
NAkiag >12 etwv (Brown et al. 2016). € pia peAE-
TN pakpolwiag oe {wa ocuvtpoWldg oto Hvwuévo
BaoiAelo, n Bvnolpotnta anoS00nKe o€ VEPPLKES
Slatapayég oto 12,1% twv yatwy, pe tn XNN va
glvat n ouyvdtepn (13,6%) attia Tou evtoTioTnKe
0TNV NAKILA TWV 5 €TWV Kal Avw otLg yateg (O'Neill
et al. 2015).

H axtwoypagia kat to utepnyoypagnpa eivat
SLOYVWOTLKEG OTIELKOVLOTLKEG pEBoSoL TIou Xpn-
olpomolovtal ouvrBwg yla TNV agloAdynon tng
VEPPLKNG VOOOU OTLG YATEG. AKTLVOYPA@LKA TO
HEYEBOG TOU VEQPOU EKTLUABNKE apXLKA HE TN oU-
YKPLON TOU PAKOUG TOU HE TO PNKOG TOU SEUTEPOU
0o@uikol omovsUAou (Barrett & Kneller 1972) kat
TO (PUCLOAOYLKO HNKOG TOU VEWPOU OTLG YATeC, €l
vat 2,4-3,0 (popEG TO UNKOG TOU SEUTEPOU 0GPUIKOU
omovSUAou (umopet va eivat 1,9-2,6 PopEg o€ NALKL-
WHEVEG YATEG). YTIEPNXOYPAPLKE, TO HECO (PUCLOAO-
YIKO UNKOG TWV VEQPPWVY OTLG YATEG TIEPLYPAPETAL
amd toug Park et al. 2008, kat sival 3,83+0,51 ek.
yla Tov aplotepod Kat 3,96 +0,48 ek. yla tov SeELo
VEQPO. H utiepnyoypapla €lval o ameLKovLoTIKOG
TPOTIOG €KAOYNG yla TNV a&loAdynon Twv VEQPWVY
o€ OKUAOUG Kal YATeG, SLOTL TtapExel TAnpowopi-
€G OXETLKA pE TN BEon, To péyeBog, To oxNHa, TNV
OPXLTEKTOVLKI KAl TNV ALPHOSUVAHLKN TWV VEQPWY
Xwplg va BAdmteL Tov aobevn) pe tnVv €kBeon otnv
aktwoBoAla (Bragato et al. 2017). EmumAéov, to
uTepnxoypapnua ptopel va Bonbroel otn Sa-
yvwon kat tnv riapakoAouBnon tg XNN kat aGAwv
Tabnoewv Twv veppwv. Me Bdon pla pdopatn
dnuooieuon, mapatnpeitat petwpévo Tdyog pAoL-
oU o€ YATEG PE amMWAELA VEQPLKAG AELToupyiag Ttou

Introduction

Renal disease is common in the feline popula-
tion, and chronic kidney disease (CKD) is the
most common metabolic disease in domesticat-
ed cats, especially in older cats aged >12 years of
age (Brown et al. 2016). In a study of longevity in
companion animals in the United Kingdom, mor-
tality was attributed to renal disorders in 12.1% of
cats, with CKD being the most frequently (13.6%)
identified cause at or after 5 years of age in cats
(O'Neill et al. 2015).

Radiography and ultrasound are diagnostic im-
aging modalities commonly used for the assess-
ment of renal disease in cats. Radiographically
the renal size was first assessed by comparing its
length to the length of the second lumbar verte-
bra (Barrett & Kneller 1972) and the normal feline
kidney length is 2.4-3.0 times the length of the
second lumbar vertebra (can be 1.9-2.6 times in
older cats). Ultrasonographically the mean nor-
mal length of the feline kidneys described by Park
et al. 2008, and it is 3.83+ 0.51 cm for the left and
3.96+ 0.48 cm for the right kidney. Ultrasonogra-
phy is the imaging modality of choice for renal
evaluation in dogs and cats because it provides
information about the kidneys' position, size,
shape, internal architecture, and hemodynamics
without harming the patient with radiation expo-
sure (Bragato et al. 2017). In addition, ultrasound
can help diagnose and monitor CKD and other
renal pathology in cats. Based on a recent pub-
lication, decreased cortical thickness is observed
in cats with loss of renal function that underwent
ultrasonographic assessment and negatively cor-
relates with disease progression (Yan et al. 2020).

Computed tomography (CT) is becoming more
widely available to veterinary practitioners. Com-
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uTtoBARBNKAV O UTIEPNXOYPAPLKT AELOAGYNON KaL
ouoxetideTal apvnTka pe tnv €EEAEN NG vooou
(Yan et al. 2020).

H a&ovikn topoypayia (CT) ylvetal 6Ao Kat Lo
EUPEWG SLaBEoLun oToug KTnviatpoug. Y& cUyKpL-
on ME TNV aktwoypawia, n agovikr Topoypagia
TIPOCPEPEL EEALPETIKI aAVTIBEDN LOTWV KAl TIAPEXEL
TPLOSLAOTATEG ELKOVEG TIOU EAOXLOTOTIOLOUV TNV
OUMTIPOPBOAN Twv opyavwv. H afovikry Topoypa-
pla €xeL xpnotpotonBel yia tnv agloAoynon Sia-
POPWV OpPYyAVWVY KAl TIABACEWY OTNV KTNVLATPLKN.
MéxpL OTLypnG, povo pla peletn, Tou SLe€nxon
otnv TaiAavén, €xel afloloyroel TLG PUOLOAOYL-
KEG SLAOTACELG TWV VEPPWV OTLG ydteg (Darawiro
& Choisunirachon 2019). EmumAéov, €€ 60wV yvw-
pilouv oL cuyypayeig, Kapia PeAETn otV KTNVLa-
TPLKN BLBALoypapia Sev TtepLlypdageL To TTdxog Tou
VEPPLKOU PAOLOU OF YATEG HE PUOLOAOYLKI VEPPL-
K Aettoupyla pe Tn xprion tng a&ovikng topoypa-
olag.

OL otdyolL autng tng peAéTng Atav: (i) va kabo-
pLOTOUV TO PAKOG, TIAATOG Kat UPOG TWV PUCLOAO-
YWKWV VEQPWYV, (ii) va ouykplBel To PrKkog toug pe
TO PNKOG TOU 8£UTEPOU 00PUIKOU oTtovSUAou (02)
Kat tn Stapetpo tng aoptng (Ao) kat (iii) va Sobolv
OL (PUOLOAOYLKEG TLUEG avaopdg yLa To TdYog Tou
VEPPLKOU pAoLoU (MND).

YALKa Kat pEBodot

ZXESLAOPOG PEAETNG KAL KPLTHPLA
eTLAoynG MAnOuacpov

MPOKELTAL yLd PLa AvaSPOPLKE PEAETN. ZUAAEXON-
KV yla avAAuon oL LatpLkol PAKEAOL KAl Ol ELKOVEG
a€oVLKNG Topoypa®lag yatwy HE (PUCLOAOYLKN VE-
@PLKN Aettoupyla TTou TapamépPnkav oto Vooo-
kopeio Dick White Referrals peta&u tng 1ng lavou-
apiou 2012 kat tng 1ng Iavouapiou 2020. H &dela
yla TN xprion KAWLKWY Kat SLayVwOoTLKWY ATIELKO-
VLOTIKWV §£80PEVWV yLa TNV €peuva §GONKE pHeow
oUYKATABEONG TWV LELOKTNTWV KATA TNV £L0aywyn
TWV aoBeVWV.

O ydteg mou umoPARBNKav o€ afovikr] Topo-
ypapia kollag yta tnv afloAdynon pn VEQPLKAG
maBoAoyiag afloloyrndnkav wg TPog ta KpLtrpLa
€vtagne. ATIO TA TIEPLOTATIKA TIOU €vToTILOTNKAY,
CUMTIEPIANYONKaV oTnv Tapolod HEAETN HOVO
YATEG PE BLOXNMLKEG TLHEC opoU alpatog Kat LSt
KO Bdpog olpwv (epdoov ntav Slabéaipo) Tou
avtavakAoloav (QUCLOAOYLKN VEPPLKN AELToupyla
(kpeatwivn: 40-140 pmol/L, oupia: 6-10 mmol/L,
USG: 1,035-1,060 g/dL), émwg mpoteivetal amo t
AeBvry Etatpeia NegpikoU EvSiagépovtog (IRIS)
(www.iris-kidney.com, 2022). ATto tn peAETn aro-
KAelotnkav ydteg pe evOel&elg vepLKAG vOoou

Dimensions of normal feline kidneys

pared with conventional radiography, CT offers
excellent tissue contrast and provides three-di-
mensional images that minimise the superim-
position of organs. CT has been used to assess
various organs and pathologies in veterinary
medicine. So far, only one study, conducted in
Thailand, has assessed the normal kidney di-
mensions in cats (Darawiroj & Choisunirachon
2019). Furthermore, to the authors’ knowledge,
no study in the veterinary literature describes the
renal cortical thickness of cats with normal renal
function in CT.

The aims of this study were: (i) to determine
the length, width and height of normal kidneys,
(i) to compare their length to the length of the
second lumbar vertebra (L2) and the diameter
of the aorta (Ao), and (iii) to provide the normal
reference range values for the renal cortical thick-
ness (RCT).

Materials and methods

Experimental design and subject
selection criteria

This is a single-centre, retrospective study. The
medical records and computed tomographic
images of cats with a normal renal function
referred at Dick White Referrals hospital be-
tween January 1, 2012, and January 1, 2020, were
collected for analysis. Permission to use clinical
and diagnostic imaging data for research was
provided through informed consent from the
owners at admission.

Cats that underwent a CT study including the ab-
domen to evaluate for non-renal pathology were
assessed for the inclusion criteria. From the ca-
ses identified, cats with serum biochemical values
and a urine specific gravity (if available) reflecting
normal renal function (creatinine: 40-140pmol/L,
urea: 6-10 mmol/L, USG: 1.035-1.060 g/dL) as sug-
gested by the International Renal Interest Society
(IRIS) (www.iris-kidney.com, 2022), were included
in this study. Cats with evidence of renal disease
(e.g., degenerative, inflammatory/infectious or
neoplastic renal disease, renal infarcts, nephro-
calcinosis) or any other abdominal pathology in
the CT study, abnormal renal serum biochemical
values and/or abnormal urine specific gravity,
and cats that the CT study performed after a trau-
matic episode, e.g., a road traffic accident (RTA),
fall from height, were excluded from the study.
The information collected from the medical re-
cords included breed, age, sex, neutered status
and body weight (BW).
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(TL.X. EKPUALOTLKN, PAEyPOVWSENG/AoLPWSNG i veo-
TIAQOMATLKI VEQPLKI VOOOC, VEQPPLKA EJPPAKTAQ, VE-
PPLKN aoPBECTWON) 1] OTIOLASATIOTE AAAN KOLALOKN
mabnon otnv agovikr Topoypayia, yateg pe abo-
AOYLKEG BLOXNMLKEG TLHEG OPOU TWV VEPPWVY 1/Kat
TaBoAoyLko €L6Lk6 Bapog olpwy, KABWG Kat yATeG
OTLG oTtoleg N a&oVLKN Topoypayia TpayPatomoLn-
BnKe PETA ATIO TPAUHATLKO ETTELOOSLO, TL.Y. TpoXalo
atuxnpa, twon amno UPog. OL TTAnpowopieg TTou
OUMEXBNKav amod Ta LaTpLlka apxela mepAdppa-
vav tn QUAr, TNV nAwia, To QUAO, TNV Katdotaon
Tou {WOoU WG TIPOG TN OTE(PWON KAl TO CWHATLKO
Bdpog (ZB).

MpwTtoKoAAO ATELKOVLONG PE a§OVLKN
Topoypapia

META Tov TTpoavaloBnTIKO EAEYX0 KAl TNV KALVLKN
e€€taon, OAeg oL yateg UTIORANBNKAV OE YEVLKN
avatoBnota. KdBe yata tomoBetnBnke og otepVL-
K B€on. Ot peAéteg afovikn g Topoypaylag mpay-
patomow)dnkav pe tnv (Sta povasda 16 Topwv
(MX-16 slice, Philips Healthcare) kat mepteAaupa-
vav TNV KoWALd PE 1 xwplg GAAa Pépn TOU CWHATOG
avaloya pe Tov AOYo TG HEAETNG. Apéowg peTd
TO TEAOG TNG PEAETNG TIPLV TNV OKLAypagnaon, Xo-
pnynodnke ioversol (Optiray 320mg/ml, Guerbet),
€Vag PN LOVIKOG LwSLoUX0G OKLaypa@Llkdg Ttapa-
yovtag, o€ 86on 2 ml/kg péow svSo@AEBRLag €y-
xuong. H odpwon &ekivnoe 30-40 SeutepdAemta
HETA TNV £yXUON OKLAYPAPLKOU XPNOLUOTIOLWVTAG
TO (8L0 OTITLKO TIeSl0 pe TN PEAETN TPV amd T
okLaypdgnaon. Ol €LkOVEG TNG afOVLKAG Topoypa-
plag eAfpbnoav wg apyxeia DICOM (Digital and
Communication in Medicine).

Mé£Bo&oL pétpnong otnv agovikn
Topoypawia Kat avaAucn Se§opévwv

OL €lkdveg DICOM avaAuBnkav pe tn Xprion mpo-
ypdupatog poPoArg SeSopévwv DICOM (Osirix®,
Pixmeo SARL). OAa ta SeSopéva amelkoviotnkav
OE PLa 000V NAEKTPOVIKOU UTIOAOYLOTH Kal €L
AéxONKe éva mapdbupo paiakwv Lotwv (WL: 40,
WW: 400) yla tnv KaAUTepn amelkdvion Teo0 Twy
VEQEPWV 000 KAl TWV VEPPLKWVY ayyslwv Kat tng
aopth¢. Na tnv aglohdynon kat tn pETpnon tou
MAKOUG Tou 8eUTEPOU 00@ULkoU ottovsUAou (02)
eMAEXBNKe €va Tapdbupo ootwv (WL: 600, WW:
3000). ZTLG HEAETEG TIPLV TN OKLAypdAWnon XpnoLo-
TolBnke ToAveTiedn avakatackeur] (MPR) yla
TN PETPNON TOU PEYLOTOU PEYEBOUG KABE VEPPLKNAG
Sldotaong (pnkog, TMAGTog Kat UYPoC), Tou PAKOUG
Tou 8eUtepou 0oPUikoU orovSUAou (02) kat tng
SLapETpoU TNG KOWLAKAG aopthg (Ao). To pnkog
Tou vepouL (N) Statpolpevo Pe To prikog tou 02

CT scan imaging protocol

After the pre-anaesthetic screening and exami-
nation, all cats underwent general anaesthesia.
Each cat was positioned in sternal recumben-
cy. The CT studies were conducted by the same
16-slice  multidetector-row unit (MX-16 slice,
Philips Healthcare), and they included the abdo-
men with or without other body parts depend-
ing on the reason of the study. Immediately after
the end of the pre-contrast study, ioversol (Opti-
ray 320mg/ml, Guerbet), a non-ionic iodinated
contrast agent, was administered manually at a
dose of 2 ml/kg through intravenous injection.
The post-contrast scanning began 30-40 seconds
post-injection using the same field of view (FOV)
as the pre-contrast study. CT images were ob-
tained as Digital and Communication in Medicine
(DICOM) files.

CT measurement methods and data
analysis

DICOM images were analysed using a DICOM
viewer (Osirix®, Pixmeo SARL). All data were
displayed on a monitor device, and a soft tissue
window (WL: 40, WW: 400) was selected for the
best visualisation of both kidneys and related
structures such as the renal vessels and aorta. A
bone window (WL: 600, WW: 3000) was selected
to assess and measure the length of the second
lumbar vertebra (L2). Multiplanar reconstruc-
tion (MPR) was used in the pre-contrast studies
in order to measure the maximum size of each
renal dimension (length, width and height), the
length of the second lumbar vertebra (L2) and
the diameter of the abdominal aorta (Ao). The
length of the L2 divided by the renal length (K)
and Ao was used to calculate K/L2 and K/Ao ra-
tios. The renal length and width were measured
in the dorsal plane, and the height in the trans-
verse plane using the MPR images (Figure 1).
The renal length measu-red in the dorsal plane,
by drawing a line from the most cranial edge of
the cranial pole to the most caudal edge of the
caudal pole of the kidney. The height was meas-
ured in the transverse plane vertical to the short
axis line orientated from the middle of the renal
pelvis to the periphery of the kidney (Figure 1B).
For the width, first, a line connecting the cranial
and caudal pole was drawn. Then the width was
measured by drawing a line from the most lateral
point of the renal capsule perpendicular to the
line connecting the poles of the kidney passing
through the middle of the renal pelvis (Figure1C).
The length of the L2 was measured in the dor-
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Elkova 1. MoAuvenineseg elkdveg afoVIKAG Topoypagiag Tou apLotepouy
VEPPOU pLag ydtag mou Seixvouv tn pétpnon kabe laotaong oto ofe-
Awaio (A), eykdpoto (B) kat paytaio (C) emimedo. H, Oog- L, prjkog- W,
TIAATOC, (Ttnyn ewkdvwy: apxeio tou Dick White Referrals)

Figure 1. Multiplanar CT images of the left kidney of a cat demonstrat-
ing the measurement of each dimension in sagittal (A), transverse (B),
and dorsal (C) planes. H, height; L, length; W, width. (source of the images:
archive of Dick White Referrals)

Dimensions of normal feline kidneys
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ELKOVa 2. To prjkog Tou §€0TEPOU 0GQUIKOU GTIOVEUALKOU CWHATOG E-
TpriBnke oto payLaio eminedo (C, MpAoLvn ypappr) HETA TNV @appoyn
TIOAUETITTES NG AVAKATAOKEUNG. T13, §€Kato TP(To BwPaKLKO OTIOVSUALKO
owpa.

Figure 2. The length of the second lumbar vertebral body was meas-
ured in the dorsal plane (C, green line) after applying multiplanar recon-
struction. T13, thirteenth thoracic vertebral body.

Kal Ao XPNOLUOTIOLBNKE YL TOV UTIOAOYLOHO TWV
Aoywv N/O2 kat N/Ao. To prKog Kat To TAATOoG Tou
VEQpPOU peTpnBnkav oto paylaio eminedo kat to
UYPOG OTO EYKAPOLO ETUTIESO PE TN XPHON TwV &L-
KOvwv MPR (Ewkova 1). To prKog Tou veppol pe-
TprOnKe o0TO payialo emimedo, Pe tn xapagn pLag
YPOHHNG aTIO TO TILO KPAVLAKO OPLO TOU TIPpOcHLou
TIOAOU €WC TO TILO oupaio 6pLo tou omicBlou To-
A\ou tou vepou. To UPog HETPHONKE OTO EYKAPOLO
emninedo kdBeta otn ypappn tou Ppaxeog agova
TOU VEQPOU TIOU OUVSEEEL TO PECO TNG VEPPLKNG
TUEAOU HE TNV TIEPLPEPELA TOU VePpoU (Elkdva
1B). 'l to MAATOG, ap)LKa XapdyOnke pia ypapun
TIOU CUVESEE TOV TIPOCOLO pE TOV OTILGOLO TIOAO.
TTn OUVEXELQ, TO TIAATOG PETPNONKE PE TN XApagn
YPOHHNAG aTO TO TILO TIAAYLO ONHELO TNG VEPPLKAG
KApag KABeTa TIPOG TN YPAWMN TIOU CUVSEEL TOUG
TIOAOUC TOU VEPPOU Kal SLEPYETAL ATIO TO PECO TNG
VEQPPLKNG TIUEAOU (Elkdva 1C). To prkog tou 02 pe-
TpNOnKe o0TO payLaio eminedo, oTn PEON TOU OTIOV-
SUALkOU owpatog (Ewkdva 2) kat n SLAPETPOG TNG
aopTNG HETPRBNKE oTo paytalo eminedo, omodlwg
TNG apLOTEPNG VEPPLKNAG aptnpiag (Eltkova 3). OAeg
Ol PETPNOELG yla TLG VEPPLKEG Slaotdoelg, 02 kat
Ao Tipaypatoto)fnkav TPELG Yopeg yla KABe ve-
QPO KaL N PEYLOTN PETPNON ETAEXONKE yLa Xprion
OTn PEAETN.

To Tax0G Tou VePpLkoU @AoLol (MN®) kdBe ve-
@POU PETPRBNKE 0TNV AEOVLKI) TOPOYPAPLKN PEAE-
TN Tou Tep\AUBave Xopriynon oKlaypa@lkoU e
OKOTIO TN BeAtiotomoinon Twv oplwv PeTagy tou
VEPPLKOU PUEAOU Kal Tou (AOLOU yla TNV akpLpe-
OTePN €KTiPNoN Tou Tdyoug Tou TeAeutaiou. To
MN® petpriBnke oto paylaio emninedo, o€ 3 onpeia,
OTIOU N €UpEla BAon TNG VEPPLKAG TTUpapidag Ttou
HUgAOU oploBeteital oawe. MNa tn peETpnon g

ELkOva 3. Métpnon tng Slapétpou tng aoptrg oto paytato emimedo
(C) petd v e@appoyr] TIOAVETMESNG AVAKATACKEUNG. Ao, SLAPETPOG
aoptnc- LRA, aplotepr) vepplkn aptnpia- RRA, Se€Ld veppukr aptnpla.

Figure 3. Measurement of the aorta diameter on the dorsal plane (C)
after applying multiplanar reconstruction. Ao, aorta diameter; LRA, left
renal artery; RRA, right renal artery.

sal plane at the mid-level of the vertebral body
(Figure 2), and the aorta diameter was measured
in the dorsal plane immediately caudally to the
left renal artery (Figure 3). All measurements for
the renal dimensions, L2 and Ao were performed
three times, and the maximal dimension was se-
lected for each kidney.

The Renal Cortical Thickness (RCT) of each kid-
ney was measured in the post-contrast series to
improve the delineation between the renal me-
dulla and cortex for a more accurate thickness
assessment of the latter. The RCT was measured
on the dorsal plane, in 3 points, where the broad
base of the medullary pyramid was clearly deline-
ated. For the measurement of the RCT, a line was
drawn perpendicular to two conceivable parallel
lines representing the edge of the base of the
medullary pyramid and the edge of the renal cap-
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Elkova 4. MeAétn afovikAg Topoypagiag petd amoé oklaypdgnon
o€ Tapabupo palakwv poplwv PETE TNV epappoyr| TIOAUETIESNG
avakataokeung (A). Metd tnv MPR, To Tdxog Tou ve@pLkoU pAoLol
petpdrat oto paylaio eminedo (B) wg n andotacn ard to mpocbLo
AKPO TNG BACNG TNG HUEALKNAG TTUpaiSag £wg To oTtiobLo Akpo TG Ve-
@PLKAG KaPag oe 3 onpeia (Aeukd BEAN), OTou Tapatnpeital capwg n
€UpELa BAon NG PUEALKAG TTUpapidag.

Figure 4. Post- contrast CT study in a soft tissue window after appli-
cation of multiplanar reconstruction (A). After MPR, the renal cortical
thickness is measured on the dorsal plane (B)as the distance from
the leading edge of the base of the medullary pyramid to the trailing
edge of the renal capsule at 3 points (white arrows), where the broad
base of the medullary pyramid is clearly observed.

MN®, xapdxbnke pla ypappn kabetn o€ Suo von-
TEG TTAPANANAEG YPAPHEG TIOU AVTUTPOCWTIEVOUV
TO OpLO TNG BACNG TNG VEPPLKAG TTUpAPLSag KAt TNG
VEQPLKNG Kapag (Etkova 4). Ztn cuvéxela, UTIOAO-
ylotnke o p€ocog OPOG TWV TPLWV PETPHOEWV Kal
XPNOLHOTIOWBNKE N PECN TLUN yLa Tov KABE Vepo.

'OANEG OL PETPAOELG TipaypaToTow)Bnkav pia popa
amd évav amod toug ocuyypageig (M.M.) autrig tng
MEAETNC, xwpIC yVwon Tou Lotoplkol TwV acBevwv.

ZTATLOTLKN avaAucon

H nAwkia, to owpatikd Bdpog, n SLAPETPOG TG
KOWALOKAG 00PTrG, TO PAKOG TOU SeUTEPOU 0CYU-
kol oToVEUAOU, OL VEPPLKEG SLAOTACELG, TO Tid-
XOG TOU VEQPLKOU PAoLoU Kal oL Adyol N/O2 kat
N/Ao gkppdotnkav wg pécog dpog + TA. TEAog, oL
MEOEG TLUEG ouYKpiBNKav pe tn Slevépyela t-test
aveEapTnTwy Selypatwy. ‘OAEC OL OTATLOTIKEG ava-
AUCELG TIpaypatoToldnkav e tn Xprjon otatlott-
KoU AoylopikoU (IBM SPSS statistics, ékSoan 26.0,
Chicago, IL, USA) kat n oTATLOTLKY) ONUAVTLKOTNTA
oplotnke wg p< 0,05.

sule (Figure 4). Subsequently, the three measure-
ments were averaged, and the mean value was
used for each kidney.

All measurements were performed by a sin-
gle operator (P.M.) on a single occasion without
knowledge of the patients’ history and signal-
ment.

Statistical analysis

The age, body weight, abdominal aortic diam-
eter, length of the second lumbar vertebra, the
renal dimensions, the renal cortical thickness,
and the K/L2 and K/Ao ratios were expressed as
mean + SD. Finally, the mean values were com-
pared by running independent samples t-test. All
statistical analyses were performed using statis-
tical software (IBM SPSS statistics, version 26.0,
Chicago, IL, USA), and statistical significance was
set as p< 0.05.

Results

A total of 262 cats had an abdominal CT during
the study period. From these, 10 female neutered
cats and 4 male neutered cats met the inclusion
criteria. Eleven cats were domestic shorthair
and three were domestic long hair. The mean
age was 9.47 + 3.5 (range: 3.25-14.42) years. The
mean body weight of the population of cats in
this study was 4.27 + 0.96 (range: 2.2-5.8) kg. The
mean length of the L2 was 1.75 + 0.12 (range:
1.56-1.97) cm, and the mean diameter of the Ao
was 0.39 + 0.04 (range: 0.32-0.48) cm.

The kidney dimensions, K/Ao, and K/L2 ratios,
the renal cortical thickness, and the compari-
son results between the two kidneys are shown
in Tables 1 and 2. The right kidney had a mean
length of 3.99 + 0.33 (range: 3.58-4.8) cm, a mean
width of 2.76 + 0.33 (range: 2.35-3.39) cm, and a
mean height of 2.31 + 0.21 (range: 1.97-2.66) cm,
whereas the mean left renal length was 3.91 +
0.34 (range: 3.32-4.61) cm, the mean width was
2.79 + 0.29 (range: 2.4-3.37) cm, and the mean
height was 2.44 + 0.2 (range: 2.09-2.81) cm. There
was no statistically significant difference in the
length, width, and height (P= 0.521; P= 0.790; P=
0.123, respectively) between the two kidneys. In-
cluding the values from right and left renal meas-
urement, the mean renal length was 3.95 + 0.33
(range: 3.32-4.8) cm, the mean renal width was
2.77 + 0.3 (range: 2.35-3.39) cm, and the mean
renal height was 2.37 + 0.21 (range: 1.97-2.81)
cm. The mean K/Ao ratio for the right kidney
was 10.25 + 1.25 (range: 7.54-12.38), while the K/
L2 ratio was 2.29 + 0.19 (range: 1.99-2.67). The
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AmtoteAécpata

YUVOALKA 262 ydteg uttoBARBNKav og agovikr) Topo-
ypawia koiag katd tn SLdpkeLa tnG EPLOSOU PEAE-
NG. ATtd autég, 10 BNAUKEG OTELPWHEVEG YATEG KaL 4
OPOEVLKEG OTELPWHEVEG YATEG TIANpoUcaV Ta KPLTA-
pLa évtaéng. ‘EVieka yAteg ATav KOWEG Eupwtatkeg
KOVTOTPLYEG KaL TPELG KOWVEG EupwTtatkég pakpUTpL-
X€C. H péon nAwia Atav 9,47 + 3,5 (€Vpog: 3,25-14,42)
€tn. To YECO OWPATLKO BAPOC Tou TTANBUGCHOU TwV
YOTWV autrg tng peAétng Atav 4,27 + 0,96 (eVpog:
2,2-5,8) KIAA. To péoo pnkog tou 02 Atav 1,75+ 0,12
(eUpog: 1,56-1,97) €k., KaL N péan SLAPETPOG Tou Ao
Atav 0,39 + 0,04 (eVpog: 0,32-0,48) k.

OL 8La0TACELG TWV VEPPWV, oL Adoyol N/Ao kat N/
02, to TdY0G TOU VEQPLKOU (PAOLOU KAl TA ATIOTE-
Aéopata tng oUYKpLonG HETAEL Twv U0 VEPPWVY
Tmapouactdlovtat otoug Mivakeg 1 kat 2. O SeELog
VEQPPOG gixe péoo pnikog 3,99 + 0,33 (evpoc: 3,58-
4,8) €k., péoo TAGTOG 2,76 + 0,33 (gVpog: 2,35-3,39)
£K., KaL g€oo UPoc 2,31 + 0,21 (eVpog: 1,97-2,66) &K.
EVW TO PECO HPAKOG TOU apLoTtepol VEPPOU rTtav
3,91 + 0,34 (gUpog: 3,32-4,61) €k., TO PECO TIAATOG
Atav 2,79 + 0,29 (eVpog: 2,4-3,37) eK. KalL To Péco
Odog Ntav 2,44 + 0,2 (eVpog: 2,09-2,81) eKk. Aev
UTINPXE OTATLOTLKA CNUAVTLKNA SLagopd O0TOo PNKOG,
To TIAATOG Kat To UYog (P= 0,521, P= 0,790, P= 0,123,
avtiotolya) HETAEL TWV SUO VEPPWV. ZUPTIEPAAH-
Bavopévwy Twv TLHwv and tn pEtpnon tou e&ov
KAl Tou apLotepol VEPPOU TAUTOXPOVa, TO HECO
HAKOG Tou vewpou rtav 3,95 + 0,33 (gupog: 3,32-
4,8) €K., TO J€0O TIAATOG TOU VeppoU ftav 2,77 + 0,3
(eVpog: 2,35-3,39) k. KaL TO PECO UPOG TOU VEPPOU
Atav 2,37 £ 0,21 (eVpog: 1,97-2,81) ek.. O Yéoog Ao-
yo¢ N/Ao yla tov 8g€Ld veppd ntav 10,25 + 1,25 (€0-
pOG: 7,54-12,38), evw 0 Adyog N/O2 rjtav 2,29 + 0,19
(eVpog: 1,99-2,67). OL avtiotolyeg WETPAOELS yLa
TOV apLOTEPO VEPPO RTav 10,04 + 1,22 (eVpog: 7,35-
12,03) kat 2,24 + 0,18 (eVpog: 1,97-2,61), avtiotolya.
Agv UTTIIPXE OTATLOTLKA ONPAVTLKNA Slagopd PETAgL
TWV 8U0 VEQPWV OTLG HECEC TLHEG TWV Adywv N/Ao
kat N/O2 (P=0,644, P=0,498, avtiotolya). Ot péoot
Aoyol N/Ao kat N/O2, dtav petpribnkav cupTept-
AQpBAVOUEVWY TWV PETPNOEWY KAl amod toug SUo
veppoug, Ntav 10,15 + 1,21 (epog: 7,35-12,38) kat
2,26 + 0,18 (gUpog: 1,97-2,67), avtiotolya.

‘Ocov aopd To TIAX0G TOU VEQPLKOU PAOLOU, N
péon T autou ntav 0,49 + 0,13 (gVpog: 0,36-0,85)
€K. OTOV S€&LO VEPPO, EVW OTOV APLOTEPO VEPPO
rtav 0,49 + 0,14 (eVpog: 0,36-0,87) eK. KaL n Stao-
pa peTafl Twv SUO VEPPWVY SEV NTAV OTATLOTIKA
onpavtikn (P=0,955). TéAog, oupmep appBavo-
HEVWV TWV PETPAOEWV TOU TIAXOUG TOU VEPPLKOU
AOLOU Kat aro toug SU0 VEPPOUG, TO PECO TIAXOG
TOU VEPPLKOUL pAolol Atav 0,49 + 0,13 (eVpog: 0,36-
0,87) ek.

Dimensions of normal feline kidneys

corresponding measurements for the left kidney
were 10.04 + 1.22 (range: 7.35-12.03) and 2.24 +
0.18 (range: 1.97-2.61), respectively. There was
no statistically significant difference between the
two kidneys in the mean K/Ao and K/L2 ratios
(P=0.644; P=0.498, respectively). The mean K/Ao
and K/L2 ratios, when measured including meas-
urements from both kidneys, were 10.15 + 1.21
(range: 7.35-12.38) and 2.26 + 0.18 (range: 1.97-
2.67), respectively.

Regarding the renal cortical thickness, the
mean renal cortical thickness was 0.49 + 0.13
(range: 0.36-0.85) cm thick in the right kidney,
while in the left kidney, it was 0.49 + 0.14 (range:
0.36-0.87) cm thick, and the difference between
the two kidneys was not statistically significant
(P= 0.955). Finally, including the renal cortex
thickness measurements from both kidneys, the
mean renal cortical thickness was 0.49 + 0.13
(range: 0.36-0.87) cm thick.

Discussion

This retrospective study shows that measuring
kidney dimensions and renal cortical thickness in
CT studies of cats is feasible. In our study, we con-
cluded that the mean pre-contrast dimensions of
the right kidney were 3.99 + 0.33 cm in length,
2.76 + 0.33 cm in width, 2.31 £ 0.21cm in height,
whereas those of the left kidney were 3.91 + 0.34
cm, 2.79 £ 0.29 cm, 2.44 + 0.20 cm, respectively.
The mean RK/L2 and LK/L2 ratios were 2.29 + 0.19
and 2.24 + 0.18, respectively, and the mean RK/
Ao and LK/Ao ratios were 10.25 + 1.25 and 10.04 +
1.22, respectively. The mean post-contrast renal
cortical thickness for the right kidney was 0.49 +
0.13 cm and for the left 0.49 + 0.14 cm. There was
no statistically significant difference identified in
the measurements between the kidneys in our
study.

In the veterinary literature, there are published
reports of kidney dimensions in different modal-
ities. For example, in ultrasound, feline kidneys
can measure 3.2to 4.1 cm in length, 2.2 to 2.8 cm
in width, and 1.9 to 2.5 cm in height, according to
Walter et al. 1987. These results are in agreement
with a most recent ultrasonographic study (Park
et al. 2008). In the same study by Park et al. 2008,
the authors measured the renal cortical thickness
that was 0.47 + 0.08 cm in the left kidney and 0.47
+ 0.08 cm in the right kidney and the gross-ana-
tomical renal dimension measurements showed
no significant difference compared to the ultra-
sonographic measurements. The normal renal
length in radiography is considered to be 2.4-3.0
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Napéapstpog (ex.) EUpog (ek.) Méoog dpog (+TA)
Mrkog 3,58 - 4,80 3,99(+0,33)
AeELog vepoc (AN) MAdtoc 2,35 - 3,39 2,76 (+0,33)
og 1,97 - 2,66 2,31(£0,21)
Mrikog 3,32 - 4,61 3,91(+0,34)
ApLotepdc veppoc (AN) Nidrtog 2,40 - 3,37 2,79(+0,29)
Yiog 2,09 - 2,81 2,44 (+0,20)
MAKoC 3,32 - 4,80 3,95 (+0,33)
Kat o1 8o veppoi (N) MAdrog 2,35 - 3,39 2,77 (£0,30)
Yo 1,97 - 2,81 2,37 (£ 0,21)
®AoLdg SeELol veppol (PAN) nayog 0,36 - 0,85 0,49(+0,13)
®AoLd¢ aproTepol vepol (GAN) Nayog 0,36 - 0,87 0,49 (+0,14)
DAoL Kat Twv 500 veppwv (PN) Néayog 036 - 0,87 0,49 (+ 0,13)
KotAwaki aoptr (Ao) Avapetpog 0,32 - 0,48 0,39(+0,04)
T:::::;:::z‘::{";:;‘ MriKoC 1,56 - 1,97 1,75(£0,12)
Adyog N /Ao
AN Ao 7,54 - 12,38 10,25 (£ 1,25)
AN /Ao 7,35 - 12,03 10,04 (+1,22)
N /Ao 7,35 = 12,38 10,15 (x1,21)
Abyog N jO2
AN /02 1,99 - 2,67 2,29(+0,19)
AN /02 1,97 - 2,61 2,24(+£0,18)
N /02 1,97 - 2,67 2,26 (+0,18)
“ﬁr:t:ﬁm:::::ﬂu::?u L R (l(cu:t.'.n:t:gpst:Mz Stlvu'atzpo] Eratiotk onpacia
MriKog veppol 0,83 -0,18-0,34 P=0,521
MA&tog veppol 031 -0,27 - 0,21 P=0,790
"Yipog veppou 0,13 -0,29-0,36 P=0,123
Néyog veppLkou YAoLow 0,003 -0,11-0,10 P=0,955
Abyog NjAo 022 -0,74-1,18 P= 0,644
Noyog NfO2 0,48 -0,95-0,19 P=0,498
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Mivakag 1.

Alaotdoelg veppuy,
péyLoTn SLAPETPOG TNG
KOWALOKNG 00PTAG KAl

HNKOG Tou SeUtepou
00pUIKOU oTIOVSUAOU,
OTIWG PETPNONKaV TIpLY amo
TNV €yXUON OKLAYPAPLKOU
(peAéteg TipLy amo ™
okLaypdaenan). To mtayog
TOU VEQPPLKOU PAOLOV, OTIWG
HETPNONKE PETA TNV €yXUON
oKLaypa@LkoU (UENETEG peTd
TN oKlaypa@Lkr eEétaon).

Zuvtopoypapisg:

Ao ALGUETPOG KOWALAKIG OPTAG
N Mnkog veppou

AN Mrkog 8€€Lol veppou

AN MrKog apLotepou veppol
TA Tumkn andkALon

Mivakag 2.

YUyKpLON TWV SLACTACEWY,
N/Ao, tou N/O2 kat tou
TLAXOUG TOU VEPPLKOU
(pAoLoU petagy Tou

5€€Lou Kal Tou aplotepou
VeppoU.

Zuvtopoypayieg:

Ao MéyLotn SLapetpog
KOWLAKNG a0pTrG

CI Adotnpa gpmiotoolvng

N Mnkog veppol

02 MrjKog tou SeUtepou
00pUIKOU 0TIOVEUAOU




Dimensions of normal feline kidneys

Parameter (cm) Range (cm) Mean (£SD)
Length 3.58 - 4.80 3.99(+0.33)
Right Kidney (RK) Width 2.35 - 3.39 2.76(+0.33)
Height 197 - 2.66 231(£0.21)
Length 3.32 - 4.61 3.91(0.34)
Left Kidney (LK) Width 2.40 - 3.37 2.79(£0.29)
Height 2.09 - 2.81 2.44(+0.20)
Length 3.32 - 4.80 3.95(+0.33)
Both Kidneys (K) Width 2.35 - 3.39 2.77(0.30)
Height 1.97 - 2.81 2.37(£0.21)
Right Kidney Renal cortex (RRC) Thickness 0.36 - 0.85 0.49(+0.13)
Left Kidney Renal cortex (LRC) Thickness 0.36 - 0.87 0.49(+0.14)
Both Kidney Renal cortex (KRC) Thickness 036 - 0.87 0.49 (£0.13)
Abdominal Aorta (Ao) Diameter 0.32 - 0.48 0.39(+0.04)
v:::;:':ll:o’::i‘[z] Length 1.56 - 1.97 1.75(£0.12)
K/Ao ratio
RK/Ao 7.54 - 12.38 10.25 (+1.25)
LK/Ao 7.35 - 12.03 10.04(£1.22)
K/Ao 7.35 - 12.38 10.15 (+1.21)
K/L2 ratio
RK/L2 1.99 - 2.67 2.29(0.19)
LK/L2 1.97 - 2.61 2.24(+0.18)
K/L2 1.97 - 2.67 2.26(+0.18)
batweon ight and et Kidney | Mean difference | el significance
Kidney length 0.83 -0.18-0.34 P=0.521
Kidney width 0.31 -0.27-0.21 P=0.790
Kidney height 0.13 -0.29-0.36 P=0.123
Renal cortex thickness 0.003 -0.11-0.10 P=0.955
K/Ao ratio 0.22 -0.74-1.18 P=0.644
K/L2 ratio 0.48 -0.95-0.19 P=0.498

Table 1.

CT dimensions of kidneys,
the maximal diameter of the
abdominal aorta, and the
length of the second lumbar
vertebra as measured before
the injection of contrast
medium (pre-contrast
studies). The renal cortex
thickness as measured after
the injection of contrast
medium (post-contrast
studies).

Abbreviations:

Ao Abdominal aorta diameter
K Kidney length

RK Right kidney length

LK Left kidney length

SD Standard deviation

Table 2.
Comparison of the
dimensions, K/Ao, K/L2,
and renal cortex thickness
between the right and left
kidney.
Abbreviations:
Ao Maximal abdominal
aorta diameter
CI Confidence interval
K Kidney length
L2 Length of the
second lumbar vertebra
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zugntnon

Autr) n avadpoptkr JeAETn Selyxvel OTL N pétpnon
TWV SLa0TACEWV TWV VEQPPWV KAl TOU TIAX0UG TOU
VEPPLKOU (PAOLOU yaTwV OE PEAETEG AEOVLKNAG TOHO-
ypaplag slvat @Lktr. Ztn YeAetn pag, katalngape
OTO CUMTIEPACHA OTL OL PECEG SLAOTATELG TOU SEEL-
oU vepoU TipLv amd tn oklaypagpnon Atav 3,99 +
0,33 ek. o€ PAKog, 2,76 + 0,33 ek. o€ TAAtoG, 2,31 +
0,21 ek. o€ LY OG, EVW eKelva TOU apLOTEPOU VEPPOU
ntav 3,91 + 0,34 €k., 2,79 + 0,29 €k., 2,44 + 0,20 &x.,
avtiotolya. Ot péoot Adyot AN/O2 kat AN/O2 rtav
2,29 £ 0,19 kat 2,24 + 0,18, avtiotolyq, Kal oL JEool
Aoyot AN/Ao kat AN/Ao ftav 10,25 + 1,25 kat 10,04
+ 1,22, avtiotolya. To PECO TIAXOG TOU VEQPLKOU
PAOLOU PETA TN oKLaypApnon yla tov §e&Lo veppo
ftav 0,49 £ 0,13 k. KAl yLa Ttov aplotepo 0,49 + 0,14
€K. TN PEAETN Hag SV EVTOTILOTNKE OTATLOTLKA ON-
HavTikr Slagopd oTLG PETPNOELG PeTaL Twy SU0
VEQPWV.

TtV KTnvlatpikr BupAloypapia umapyouv 8n-
HOOLEUPEVEG avaopEG yld TLG SLACTACEL TWV
VEQPPWV pE SLdpopeg peBodoug. Ma mapddelypa,
OTOUG UTIEPNXOUG, OL VEPPOL TWV yaTWV PTTopouV
va €XouvV Pnkog 3,2 €wg 4,1 €K., TAATOG 2,2 €WG
2,8 €k. kaL UPog 1,9 €wg 2,5 k., CUPPWVA [IE TOUG
Walter et al. 1987. Ta amoteAéopata autd CUPPW-
voUV PE PLa TILO TIPOCYATN UTIEPNXOYPAPLKY| ME-
Aétn (Park et al. 2008). Ztnv {Sta peAétn twv Park
et al. 2008, oL cuyypayelg pEtpnoav To T oG Tou
@AoLoU Tou veppoU Tou Atav 0,47 + 0,08 k. oTOV
apLotepo veppd kat 0,47 + 0,08 ek. otov SeELo ve-
PO KAl OL CUVOALKEG PETPrOELG TWV AVATOPLKWY
SL00TACEWY TOU VEQPOU Sgv TIapouciacav onpa-
VTLKN SLapopd o€ oUYKPLON HE TLG UTIEPNYOYPAPL-
KEG HETPAOELG. TO PUGLOAOYLKO PKOG TOU VEQPOU
otnVv aktwoypapia Bewpeltal ot ival 2,4-3,0 wo-
PEC TO PNKOG TOU SeUTEPOU 0CYPUIKOU OTIOVSUAOU
(Barrett & Kneller 1972). MéxptL OTLyUAG, UTIAPXEL
povo pla Snuooleupévn PeEAETN ToU afloloyel
TQ HOPYOAOYLKA XOAPAKTNPLOTIKA TWV VEQPWV
O€ YATEG PE TN XPHon TN agovikrg Topoypaglag
(Darawiroj & Choisunirachon 2019). £& autr) tn pe-
AETN, OL SLACTACELG TWV VEQPWV TIPLV TN XPrion oKL-
aypag@kou Atav 3,54 + 0,46 k. o€ pkog, 2,45 + 0,27
€K. O€ TIAATOG Kat 2,05 + 0,23 ek. o€ UYPogG yLa Tov
5€€L0 vepd Kal 3,52 + 0,44 €k., 2,46 + 0,28 kaL 2,19 +
0,31 K. yLa Tov apLotepd veppo. EE dowv yvwpllel
0 OUYYPAYEQG, UTTAPXEL HOVO pia PEAETN payvnTL-
KNG topoypapiag mou afloloyel TG SLa0TACELG
TWV VEPPWVY, N oTtola OPWG aopd PoVo TLG YATEG
MNepotag (Dabanoglu & Pekoguz 2022).

To €0pPOC avaopag TIOU TIEPLYPAPETAL OTOUG
utteprixoug (Walter et al., 1987 Park et al. 2008) kat
OTLG akTwoypa@ieg (Barrett & Kneller 1972) émwg
ava@épbnkav Tapamavw, SLagépeL EAaYpWE amo

times the length of the second lumbar vertebra
(Barrett & Kneller 1972). So far, there is only one
published study assessing the feline renal mor-
phological characteristics in CT (Darawiroj and
Choisunirachon 2019). In this study, the pre-con-
trast CT renal dimensions were 3.54 + 0.46 cm in
length, 2.45 + 0.27 cm in width, and 2.05 +£0.23 cm
in height for the right kidney and 3.52 + 0.44 cm,
2.46 + 0.28, and 2.19 + 0.31 cm for the left kid-
ney. To the authors’ knowledge, there is only one
MRI study assessing the renal dimensions, but it
is breed-specific for Persian cats (Dabanoglu &
Pekoguz 2022).

The reference ranges described in ultrasound
(Walter et al., 1987 Park et al. 2008) and radio-
graphs (Barrett & Kneller 1972) mentioned above,
differ slightly from the results of our study, with
these two modalities underestimating the renal
size compared to the CT measurements of our
study. This underestimation might be explained
by the fact that CT multiplanar reconstruction
allows a more reliable measurement providing
three-dimensional images of the kidneys com-
pared to the two-dimensional ones that radio-
graphs and ultrasound provide, as described in
the human literature (Larson et al. 2011).

The renal dimensions reported in our study
disagree with the results of a CT study conduct-
ed on a healthy population of cats in Thailand
(Darawiroj & Choisunirachon 2019). The tech-
niques used for measuring the renal dimensions
in this study are almost identical, apart from
the width measurement, which was performed
slightly differently than in our study. The average
dimensions were lower in the population of cats
in Thailand. The difference in the results might
be related to the fact that the authors in the pre-
vious study included cats under the age of seven
months, which might have reduced the average
kidney dimensions and/or reflect a difference in
the kidney dimensions between Asian cats and
cats in the UK. According to an author’s experi-
ence (Mantis 2022, p. 87), some Asian breeds of
cats might have a renal length as low as 3.5 cm.
Another difference in our study was that our pop-
ulation of cats consisted of only neutered cats,
while the population of cats in the study conduct-
ed in Thailand consisted of both neutered and
entire cats. In the existing veterinary literature, it
has been reported that the reproductive status of
the feline patient might affect the size of the kid-
neys, with neutered cats usually having smaller
kidney sizes (Shiroma et al. 1999), so the differ-
ence found in our population might not reflect
the actual difference and could be even higher if
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TO ATOTEAEOPATA TNG HEAETNG PAG, HE TLG SUO QUTEG
pEBOSOUC Va UTIOTLHOUV TO PEYEBOG TWV VEPPWV
o€ OUYKPLON E TLG HETPNOELG PAG, PE TN XPHoN TG
a&ovikng topoypawpiag. Autr n umotipnon propst
va €€nynBel amo To yeyovog OTL N TIOAUETILTIESN
QVOKATAOKEUN TNG afoViKNG Topoypaglag emitpé-
TIEL PLA TILO AELOTILOTN PETPNON TIapEXovTag TpLo-
SLA0TATEG ELKOVEG TWV VEQPWVY O GUYKPLON HE TLG
5L081A0TATEG ELKOVEC TIOU TTIAPEXOUV OL AKTLVOYPa-
PLEG KAL O UTIEPNYOG, OTIWG TIEPLYPAPETAL KAL OTNV
avBpwrivn BLBAloypawia (Larson et al. 2011).

OL VEQPLKEG SLAOTACELG TIOU ava@epBnkav otn
HEAETN pag SLaPwVoUV PE TA ATIOTEAEOHATA PLAG
HEAETNG afoviknG Topoypagiag veppwy Tou St-
€€nxOn oe vyl MANBuopd yatwv otnv Tailavén
(Darawiroj & Choisunirachon 2019). OL TEXVLKEG
TIOU XpPNOLPOTIOBNKAV yla T HPETPNON TWV VE-
PPLKWV SLOCTACEWV OE aUTH TN PEAETN €lval Ta-
VOMOLOTUTIEG, EKTOC ATIO TN PETPNON TOU TAATOUG,
n oTtola TIPAYHATOTIOL ONKE EAAPPWG SLAPOPETIKA
armo tn 8K pag YeAeTn. Ot YEoEG SLAOTATELG NTAV
XapnAdtepeg otov MANBUOPO Twy yatwv otnv Ta-
Aavén. H SLapopd ota amoteAéopata pmopel va
oxetidetal pe To yeyovog OTL OL CUYYPAWELG oTnV
TIPONYOUPEVN PEAETN cupTiepLlEAaBav yateg nAwki-
aG KATW TWV EMTA PNVWY, Yeyovodg Tiou PTtopel va
Helwoe TLG PEOEC SLAOTACELG TWV VEPPWVY T/Kat
va avTkatomtpilel yia Slapopd otLg SLAoTACELG
TWV VEPPWV HETAEL TWV AOLATIKWY YATWVY KAl TWV
yatwv oto Hvwpévo Baoilelo. TUppwva Pe TNV
eumeLpla evédg amo toug ouyypaweic (Mdavtng 2022
o€\, 87), OPLOPEVEG AOLATIKEG PUAEG YATWV EVSEYE-
TAL VA £X0UV PNKOG VEQPOU POALG 3,5 K. MLa GAAn
Slapopd otn PEAETN pag Atav otL o TANBuopdg
TWV YaTWV PJag artoTeEAOUVTAV HOVO amod OTELPWE-
VEG YATEG, EVW 0 TIANBUOPOG TWV YOTWV OTN PEAETN
mou 8Le€nxOn otnv TaiAdvén amoteAovvtav TOCo
aTTO OTELPWHEVEG 00O KAL ATIO AKEPALEG YATEG. TTNV
uTtdpyouca Ktnviatpikn BipAoypagpia €xel ava-
PepBel OTL N avanapaywylkr) katdotacn propet
Va ETINPEACEL TO PEYEDOG TWV VEQPWVY, E TLG OTEL-
PWHEVEG YATEG VA £XOUV CUVHBWE PLKPOTEPO PEYE-
Bog veppwv (Shiroma et al. 1999), omdte n Slago-
pa Tov SlamiotwOnke otov TANBUOUO pag pTopel
va PNV avtavakAd tnv Tipaypatikn Stagopd Kat
Ba pmopouce va elvat akopn Peyalutepn €av ot
MEAETN pag TepAapBavovtav akepateg yateg. Me
Bdon tnv Slapopd Tou Ttapatnprndnke ota peyeon
TWV SU0 PeEAETWV eyeipetal n umoia otL ot Sia-
OTACELG TWV VEPPWV TWV ACLATIKWY YATWV PTIopEL
va lvat plkpotepeg and TG ydteg oto Hvwpévo Ba-
ol\eLo. TENOG, ot péooL Adyol N/O2 kat N/Ao, 2,22 +
0,23 kat 10,36 + 1,33, Tou avagepBnkav amo Toug
Darawiroj kat Choisunirachon, 2019, Bplokovtal o€
EAAPPWE KAAUTEPN CUPPWVLA PE Ta SIKA pag aro-

Dimensions of normal feline kidneys

entire cats were included in our study. This obser-
vation raises a further suspicion that the kidney
dimensions of Asian cats might be smaller than
the cats in the UK. Finally, the mean K/L2 and K/
Ao ratios, 2.22 + 0.23 and 10.36 £ 1.33, reported
by Darawiroj & Choisunirachon 2019, were in
slightly better agreement with our results of 2.26
+ 0.18 and 10.15 + 1.21, respectively. That might
be associated with the more stable length of the
second lumbar vertebra and aorta diameter in-
dependently of the cat’s size, age, and gender.
However, further studies with a bigger sample
size are warranted before drawing into conclu-
sions.

To the authors’ knowledge, this is the first study
attempting to measure the renal cortical thick-
ness in CT. The average renal cortical thickness
of the right kidney was 0.49 + 0.13 cm thick and
0.49 £ 0.14 cm in the left kidney. In the human
literature, an ultrasonographic study (Beland et
al. 2010) showed that RCT is more closely related
to the estimated glomerular filtration rate (eGFR)
compared to the kidneys’ length. Furthermore,
an ultrasonographic study in cats has shown that
cortical thickness has a stronger linear correla-
tion with the reciprocal of the serum creatinine
concentrationand superior diagnostic perfor-
mance of CKD compared to other kidney dimen-
sions (Yan et al. 2020). This study concluded that
decreased renal cortical thickness is observed
in cats with loss of renal function, and measure-
ment of cortical thickness using ultrasonogra-
phy could be a valuable method to evaluate CKD
progression in cats. Based on that, the reference
values provided here might be beneficial in the
future for the detection and monitoring of CKD in
cats based on CT, although the results should be
interpreted with caution due to the small sample
size in our study and further studies are warrant-
ed before drawing any conclusions.

Our study has also some limitations. The small
sample size, the absence of gross anatomy to
correlate to the actual size of the kidney, and the
lack of histopathology to confirm the lack of renal
disease are some drawbacks of this study. The
study’s retrospective nature is another limitation
as it does not allow the application of standard-
ised protocols in the study design. Also, the USG
was not available in all cats in this population. So
that might affected the results of this study as we
do not know if the remaining cases had a normal
USG, and we relied upon the renal biochemical
values only in these cases. In addition, the renal
values assessed omitted the most recent sym-
metric dimethylarginine (SDMA) serum renal bi-
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teAéopata 2,26 + 0,18 kat 10,15 + 1,21, avtiotolya.
AuTO pmopel va oxetiletal pe To otabepOTEPO PNy
KOG ToU 8€UTEPOU 00YULKOU OTIOVSUAOU Kal T SLa-
HETPO TNG aoptrg avegaptnta and to peyedog, Tnv
NAkkia kat To @UAo tng ydatag. Qotdco, amnaltou-
VTAL TIEPALTEPW PEAETEG PE PEYOAUTEPO pEyeBOG
Selypatog TpLy amo tnv €aywyr] CUPTIEPACHATWV.

EE 6owv yvwpilouv oL ocuyypaweic, autn elvat n
TIPWTN PEAETN TIOU ETILYELPEL VA PETPOEL TO TTAXOG
TOU VEPPLKOU (PAOLOU ME TN XPpron a&ovikng Topo-
ypapiag. To H€oo TIaX0G TOU VEQPLKOU PAOLOU TOU
S€€Lou veppou nNtav 0,49 + 0,13 &k., kat 0,49 + 0,14
€K. OTOV apLOTEPO VEPPO. ZTnv avBpwrivn BLBAL-
oypapia, yia utepnyxoypa@ikr perétn (Beland et
al. 2010) €8¢1&e 6t to NMN® oxetidetal KAAUTEPA HE
TOV EKTLHWUEVO pUBPO OTElpapatikig Stibnong
(eGFR) OUYKPLTIKA WE TO PNKOG TWV VEQPWV. ETiL-
TIAEOV, PLO UTTEPNXOYPAPLKI] HEAETN OF YATEC E6EL-
&€ OTL 10 TIdY0G TOU PAOLOU EXEL LOXUPOTEPN YPOAM-
HLKr] OUOXETLON PE TN OUYKEVTPWONG KPEATLVIVNG
opoU Kat KaAUTepN Stayvwotikr andsoon tng XNN
og oUYKPLON PE AANEG SLAOTACELG TWV VEQPWV (Yan
et al. 2020). H peAétn autr) katéAnge oto cupTépa-
opa Ot apatnpeltat pelwon tou Tdyoug Tou Ve-
@PLKOU PAOLOU O€ YATEC PE ATIWAEL TNG VEQPPLKAG
AeLtoupylag Kal n PETPNON TOU TIAXOUG TOU PAOL-
oU pe TN xpnon utepnxoypagiag Ba pmopouoe va
amoteAéoel TIOAUTIUN PEB0SO yLa tnv afloAdynon
g €&EALENG TG XNN otLg yateg. Me Bdon autd, ot
TIPEG avagopdg TIOU TIapEXOVTAL oTnv Tapoloa
peAETn pmopel va elvatl xprioLPeG oto PeNAOV yLa
TV aviyveuon kat tnv mapakoAouBnon tng XNN
o€ ydteg pe tn Xxprion agovikng topoypagiag, av
Kal Ta amoteAéopata Ba TIPETEL va pPNVEUTOUV
HE TIpocox AOYyW TOU HLKPOU peyeboug Tou Sely-
HATOG OTN PEAETN PAG KAl TIEPALTEPW PEAETEG ElvaL
amnapaitnteg mpLv anod tnv eEaywyr) CUPTIEPACHA-
Twv.

H peAétn pag €xeL emiong opLopEvouG TiepLlopL-
opoUG. To PKPO péyeBog Tou Selypatog, n amou-
ola JOKPOOKOTILKNG QVATOMPLKNAG €E€Taong yla T
OUOYXETLON HE TO TIPAYHATIKO pEyEBOC TOU VEPPOU
Kat n éMewpn LotomaboloyLkng §€taong ya tnv
enBePaiwon tng amouoilag VEQPLKAG VOoOOU aTto-
TEAOUV OPLOPEVA PELOVEKTNHATA QUTHG TNG HEAE-
NG O avadpoptkdg Xapaktrpag tng PHEAETNG elval
€vag AAOG TIEPLOPLOPOG, KABWG SV ETILTPETEL TNV
€(QApPUOYI TUTIOTIOLNHEVWY TIPWTOKOAAWY OTO O)XE-
SLaopo6 NG peAETNG. ETiiong, To €L8LkO BApog Twv
oUpwvV &ev NTav SLABECLPO 0 OAEG TLG YATEG AuU-
ToU Tou TAnBucpoL. ETol, auto pmopel va ennpéa-
O€ TA ATIOTEAECHATA AUTHG TNG MEAETNG, KaBwG Sev
yvwpl{oupPe av oL UTIOAOLTIEG TIEPUTTWOELG €lyav
(PUOLOAOYLKO €L8LKO BApog oUpwv Kal Baclotrka-
HE POVO OTLG VEPPLKEG BLOXNULKEG TIPEC OE QUTEG

omarker that allows detection of CKD earlier in
cats compared to serum creatinine values (Hall
et al. 2014).

In conclusion, this study shows that measure-
ment of the renal dimensions in cats is feasible
by using CT and the mean pre-contrast dimen-
sions of the right kidney are 3.99 + 0.33 cm in
length, 2.76 + 0.33 cm in width, 2.31 £ 0.21cm in
height, whereas those of the left kidney are 3.91
£0.34cm, 2.79 £ 0.29 cm, 2.44 + 0.20 cm, respec-
tively. The dimensions of the kidney when both
kidneys counted together are 3.95 + 0.33 cm in
length, 2.77 £ 0.30 cm in width and 2.37 £ 0.21cm
in height. The mean post-contrast renal cortical
thickness for the right kidney is 0.49 + 0.13 cm
and for the left 0.49 + 0.14 cm while, for both kid-
neys as a single measurement is 0.49 + 0.13 cm.
In addition, the renal cortical thickness reference
provided in this study can be used in future stud-
ies to evaluate and monitor CKD in cats. Finally,
further studies with a bigger sample size are war-
ranted for more sensitive, specific and accurate
measurement of the renal dimensions and to
evaluate their application in the clinical setting.
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TLG TIEPLTTTWOELG. ETILTAE0V, OTIO TLG VEQPLKEG TLUES
Tou a§LloloynBnkav TapaAeipOnke o Lo TpoCPa-
TOG VEQPLKOG BLOSEKTNG OpOU CUHPETPLKNAG SLE-
Bulapywvivng (SDMA) TToU ETILTPETEL TNV TIPWILUN
aviyveuon tg XNN oTLg YATEG CUYKPLTIKA MPE TLG
TLEG Kpeatwivng opoU (Hall et al. 2014).

SUMTIEPACHATLKA, N TIapouoa PEAETN Selyvel OTL
N PETPNON TWV SLACTACEWY TWV VEQPPWVY OTLG Ya-
TEG PE TN XPNON TG afovikng topoypagiag eivat
EPLKTN, KAL Ol PHEOEG SLAOTACELG TIPLV ATIO TN OKL-
aypagnon tou &e&lov veppou eival 3,99 + 0,33 ek.
o€ PNKog, 2,76 + 0,33 ek. o€ TAAtoC, 2,31 + 0,21 &k.
o€ UPoG, evw eKelveEG TOU apLotepoU vewpou elvat
3,91 + 0,34 k., 2,79 + 0,29 €k, 2,44 + 0,20 €k., QVvTi-
otolya. Ol 5LaoTACELG TOU VEPPOU OTav Kat ot SUo
veppol umtohoylotnkav padt eivat 3,95 + 0,33 k. o€
MAKOgG, 2,77 + 0,30 ek. o TAATOG KaL 2,37 £ 0,21 €K. o€
Udog. To PECO TIAXOG TOU PAOLOU TOU VEQPOU HETA
TN oklaypagnon yla tov Se€Ld veppo eivat 0,49 +
0,13 &k. kat ywa tov aplotepd 0,49 + 0,14 &k., eVw
yla toug SUo veppoUg we eviaia pétpnon etvat 0,49
+ 0,13 ek.. EmuTA¢ov, n avagpopd Tou Tdyoug Tou
VEPPLKOU (PAOLOU TIOU TIAPEXETAL OE AUTH TN PEAE-
Tn pmopel va xpnotporownBel o€ PEANOVTIKEG pe-
AETEG yLa TNV a&LoAdynon Kal Tnv apakoAoubnon
¢ XNN ot ydteg. TENOG, TIEPALTEPW PEAETEG UE
peyaAUTepo péyebog Selypatog eival amapaltnreg
yla pLa Lo gualodntn, eL8LKN Kat akpLpn pétpnon
TWV VEQPLKWY SLACTACEWV Kal TNV a&LoAdynon tng
€PAPHOYNG TOUG OTNV KALVLKI TIPAEN.
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Research - Clinical study

Prepubic urethrostomy in dogs:
a study of 7 cases (2000-2021)

Chioti E. DVM, MSc, Companion Animal Clinic, Department of Veterinary Medicine, Aristotle University of Thessaloniki | Angelou V. DVM, MSc,
PhD, Companion Animal Clinic, Department of Veterinary Medicine, Aristotle University of Thessaloniki | Chatzimisios K. DVM, MSc, PhD, MRCVS,
Companion Animal Clinic, Department of Veterinary Medicine, Aristotle University of Thessaloniki | Papadopoulou P. DVM, PhD, Companion Ani-
mal Clinic, Department of Veterinary Medicine, Aristotle University of Thessaloniki | Papazoglou L.G. DVM, PhD, MRCVS, Companion Animal Clinic,
Department of Veterinary Medicine, Aristotle University of Thessaloniki

MepiAnyn

Erttd okUAoL SLa@opwv QUAWVY, 6 apoegvikol kat 1
BnAukog, Sldpeong nAkiag 4 etwv, umtoBARBNKav
o€ TiponPBLkr oupnBpootopia PHE OKOTIO TNV AVTLHE-
TWTILON TPAUPATLKAG pAENG, oTEVWONG 1 EPPPAENS
™™g oupnBpag amd AtBouc. H KAWVLKN €lkOVA Twv
{wwv TEPAAPBavE KUpLlwG CUPTITWHATA OTpay-
youplag kat avoupiag. H StayvwoTtikn Stepelvnon
TepA\auBave TNV amhn aktivoypagia koliag Kat
TV TMaAlvSpopn oupnBpoypagia. To oTOHLO TNG
oupnBpootopiag KatéAn&e TapAamAeupa TNG AKPo-
Too6biag oe 6 {wa KaL otn peon ypapun o€ 1 {wo. OL
METEYXELPNTLKEG ETILTTAOKEG TIEPINAUBavay, TNV -
pavion awpatouplag, akpdrtelag oupwy, oUPoAoi-
HWENG, TEPLOTOPLAKAG Seppatitidag kat atoviag
™G KUOTNG. Katd tnv PETEYXELPNTLKI TIAPAKOAOU-
Bnon Stapeong Stdpkelag 4 eTwv 2 okuAoL ameBiw-
oav amo dAAn attia evw ta uttdAotra {wa eivat o
TIOAU KOAr KALVLKI Katdotaon).

Abstract

Seven dogs belonging to different breeds, 6 males
and 1 female, with a median age of 4 years, under-
went prepubic urethrostomy for the treatment of
traumatic rupture, stenosis, or obstruction of the
urethra by calculi. The dogs presented with symp-
toms of stranguria and anuria. The diagnostic in-
vestigation included abdominal radiography and
retrograde urethrography. The urethrostomy ori-
fice ended laterally to the prepuce in 6 animals and
in the midline, in 1 animal. Postoperative compli-
cations included hematuria, urinary incontinence,
urinary tract infection, peristomal dermatitis, and
bladder atony. During a median postoperative fol-
low-up of 4 years, 2 dogs died of other causes while
the remaining animals are in very good clinical con-
dition.

NEEeLg eupeTnpiou: oupnBpa, tponPLkr) oupnBpoctopia, OKUAOG

MeSH keywords: dog, prepubic urethrostomy, urethra
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Etcaywyn

OupnBpoctopia ovopaletal n XELPOUPYLKN) EKTPO-
T TNG PUOLOAOYLKNAG TIOPELOG TWV oUpwV SLape-
oou NG Snuloupylag povipng otoplag Pe tnv Ka-
BrAwon tng oupnbpag oto &éppa pe pappata.
KupLotepeg evSelelg yla tn Slevépyela NG EMEP-
Baong amoteholV n prén rj SEUTEPOYEVIG OTEVWON
NG oupnBpag PETA amd TPAUPATLONO 1 XELPOUPYL-
Kr) ETEPPaoN, Ta VEOTIAAopATA TNG ouprBpag KaL oL
uttotportdlouceg oupoAlBLaoelg (Dean et al. 1990,
Smeak 2000, Cuddy & McAlinden 2018).

H mponBikr oupnBpoaotopia (MOY) amoteAel pLa
EMEPPAON TIOU €PAPUOLETAL OWOTIKA OTIWG OE TiE-
PLOTATIKA €TavaAapBavopevng amo@pagng Kat
pévung BAABNG f otévwong egattiag tpavpatt-
OpoU TNG €VSOTIUEAKNG Holpag tng UPeEVWSEoUG
ouprBpag. ISlaltepa TpoTIPATAL OE TIEPLTITWOELG
OTIOU OL AMAEG popYEG oupnBpootopiag avtevetl-
Kvuvtal ) €xouv amotuxel (Yoshioka & Carb 1982,
Brandley 1989, Dean et al. 1990, Smeak 2000, Cuddy
& McAlinden 2018), KaBwg KaL o€ VEOTIAACHATA TNG
oupodpou 0500 (Brandley 1989). Ztnpiletat otn
Slatopr Tng oupnBpag Kal PETAPOpPA TOU OTO-
plou tng o pLa omicBla kolakn BEon, Tpocdila
aKkpLBWG Tou nPLKoL ootoU (Yoshioka & Carb 1982,
Brandley 1989). H xeLpoupyLKI) TEXVLKNA TNG EMEURa-
ongG autng, Sev elval LSlaitepa amattnTikr, woto-
00 UTIAPXEL ONPAVTLKN TILOaVOTNTA EPPAVIONG HE-
TEYXELPNTLIKWVY ETILITAOKWV TIOU TEALKA TtepLlopilouv
TNV €Qappoyr tng ota pikpa {wa Kat slaitepa
ot yateg (Baines et al. 2001). H MOY Stevepyeital
Slapéoou peong AamapoTtopng otnv omicbla Kot-
Ala pe okoTto TNV SLatrpnon PEyaAUTEPOU HIKOUG
(pUOLOAOYLKNG ouprBpag. H Statopn tng oupndpag
OTOV apOeVIKO OKUAO YILVETAL TIEPLPEPLKA TOU TIPO-
0TATN Kat 6Tov BNAUKS KovTd oTov KOATTo. H oupn-
Bpa kabnAwvetat oto SEpPa TNG HEONG KOWALAKNAG
YPAHHNG 0To BNAUKO OKUAO 1) TTapamAeupa tng Aa-
TIOPOTOMNG OTOV APOEVLKO, SLapEéoou apBAElag yw-
viag og oxéon pe tnv oupodoxo kuotn (Yoshioka &
Carb 1982, Brandley 1989, Dean et al. 1990, Smeak
2000, Cuddy & McAlinden 2018). H MOY oto okUAo
Sev €xeL TUXEL TNG amtapaltnTng TPoooxnG otnv ay-
yAdpwvn BLBAoypagia os avtiBeon pe autrv tng
yatag (Baines et al. 2001) agpou €xouv Snuocteu-
Tel HOVO 2 PEAETEC PJE OUVOALKA TIEVTE TIEPLOTATLKA
(Yoshioka & Carb 1982, Brandley 1989).

TKOTIOG TNG Tapoloag epyactiag elval n meplypa-
@r) TNG HaKPOXPOVLAG €KPBaang 7 OKUAWV TIou UTTo-
BANBnkav oe MOY. MpokeLtal yla tnv PeyaAltepn
MEAETN TToU SlevepynBnKe o€ VOONAEUTIKO (Spupa
KaL TTou avagépetat otn sebvr) BLBAloypapia.

Prepubic urethrostomy in dogs

Introduction

Urethrostomy is the surgical reallocation of the
normal flow of urine through the creation of a
permanent stoma by suturing the urethra to the
surrounding skin. The main indications for per-
forming the procedure are rupture or secondary
narrowing of the urethra after injury or surgery,
urethral neoplasms, and recurrent urolithiasis
(Dean et al. 1990, Smeak 2000, Cuddy & McAlinden
2018).

Prepubic urethrostomy (PPU) is a salvage pro-
cedure performed in recurrent obstruction or per-
manent damage or stenosis due to injury of the
intrapelvic part of the membranous urethra. It is
particularly preferred in cases where other forms
of urethrostomy are contraindicated or have failed
(Yoshioka & Carb 1982, Brandley 1989, Dean et al.
1990, Smeak 2000, Cuddy & McAlinden 2018), as
well as in neoplasms of the urinary tract (Brandley
1989). It relies on dissecting the urethra and trans-
ferring its orifice to a posterior abdominal position
just anterior to the pubic brim (Yoshioka & Carb
1982, Brandley 1989). The surgical procedure is
not particularly demanding; however, significant
potential postoperative complications limit its ap-
plication in companion animals, particularly cats
(Baines et al. 2001). PPU is performed through a
midline laparotomy in the posterior abdomen in
order to maintain a longer urethra length. The
urethral transection is made distal to the prostate
in male dogs and near the vagina in female dogs.
The urethra is sutured to the skin of the midline
incision in female dogs or lateral to the laparoto-
my in males, through a 450 or less urethrovesical
angle (Yoshioka & Carb 1982, Brandley 1989, Dean
et al. 1990, Smeak 2000, Cuddy & McAlinden 2018).
PPU in dogs has not received the needed atten-
tion in English-language literature unlike PPU in
cats (Baines et al. 2001), as the published number
of studies is 2 with a total of 5 cases (Yoshioka &
Carb 1982, Brandley 1989).

The purpose of this study is to describe the long-
term outcome of 7 dogs that underwent PPU. This
is the largest clinical study that was carried out in
a university hospital and referred to in the interna-
tional literature.

Materials and methods

For the present retrospective study, the records of
dogs that underwent PPU between January 2000
and December 2021, in the Clinic of Companion
Animals of the Aristotle University of Thessaloniki,
with a postoperative follow-up of at least 6 months,
were searched.
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YAwKa kat pgBodot

Ma tnv ekovnon tng mapoloag avadpopLKnG He-
Aétng avadntnbnkav ota apxela tng KAWLKAG Twv
Zwwv Zuvtpowldg tou AplototeAsiou Mavemiotn-
plou @gooalovikng oL PAKEAOL TWV OKUAWVY TIOU
uttoBARBNkav og MOY Katd To XPoviko Stdotnua
amo tov Iavoudpio 2000 péxplL tov AsképPBplo 2021,
HE HETEYXELPNTLKI TIAPAKOAOUONCN TOUAAXLOTOV 6
HNVWV.

ATIO Ta SeAtia twv {wwv Kataypdgnkav kKat agt-
oAoynBnkav ta Tapakatw SeSopéva: To YUAO, N
QUAN, N NAkia, To aitio TPooKOPLoNG, TA CUPTITW-
pata, TA ATELKOVIOTIKA guprjpata (amAr aktwo-
ypagia ko\iag kat maiivépoun oupnBpoypapia
o€ TIAAyLa Kal Koltopaylaia poBoAn), n xeLpoup-
YIKN] €TEPPBAON, Ol PETEYXELPNTLKEG ETILITAOKEG KAl
n €€€ALEN Tou TepLoTatikou. MAnpowopleg yla tnv
€EEALEN ToL KABE TtepLoTATIKOU aVTANBNKAV Kat Ka-
Taypa@nKav UoTEPA atod TNAEPWVLKI ETILKOWVWVLA
HE TOUG LELOKTHTEG TWV OKUAWV 1) TOUG TIAPATIEUTIO-
VTEG KTNVLATPOUG. OL LSLOKTNTEG | oL KTnviatpot
pWTNBNKAV yla TNV YeVLkr katdotacn tou {wou,
10 Babpo eAéyxou NG oUPNONG, TNV EMAVEHPAVL-
on cupTTWHAtwy ducouplag, Tn cuxvoTNTA EPPA-
VLONG oUpPOAOLPWEEWY Kal TNV Ttapoucia Sepuartt-
KWV aAoLWoewV yupw amd tnv oupnBpootopia.

OL XELPOUPYLKEG €TEUPACELG TIpayatoTowon-
Kav OAeg amd tov (8lo xelpoupyod. H Tpovapkw-
on TEPNAUBave TN xoprynon G- AywvLloTwV Kat
OTILOELSWV. ZTa {Wa YLOTAV TIPOEYXELPNTLKA EV-
SopAéBLa xopriynon kepaloAivng. H eykatdotaon
NG avalobnotag ywotav pe xoprynon mpomogo-
ANG KaL n Latrpnon g, Ye LoopAoupavio o ogu-
yovo. Ita {wa ywotav emokAnpidia avaiynola pe
piypa Eulokaivng kat BouttiBakaivng r popeivng.
MeTd tnv apyLkr algoduvapiki otabepotoinon Ye
XOPrynon UypWV KAl NAEKTPOAUTWVY Kal UTIO YEVL-
Kr) avaloBnota, ol okUAoL ToTtoBeToVVTAV O UTITLa
KATAKALON Kal ywvotav TiposTolpacia Tou xeLpoup-
ylkoU edlou amd tnv ELpoeldr| andpuaon Tou oTEP-
vou pEXpL To nPkd ootd. AkohouBouoe péon Aa-
Ttapotopr otnv omiobia kolAla pe topr) oto &éppa
mapdmieupa tng akpotoodiag (1 tour otn péon
YPAun yla to BnAukd). O mpootdtng Kat n oupr)-
Bpa avayvwpidovtav kal n ouprBpa apackeualo-
TAV PE TUPAN SLatopr| Tou TiepLoupnBpLkou Altoug
MEXPL TO TIPOOBLO XelAog Tou NPLKOU, PE TTIPOCOXN
WOoTe va amoeuxBel 0 TpaupaTopog Twy ayyel-
WV Kat Veupwv (KAASoL tng oupnBPLKAG aptnplag
Kat Tou at§olikol velpou). Metd amd amoAivwon
TOU TIEPLPEPLKOTEPOU TUNRHATOC TNG oupnBpag e
pappa moAudtoavovng 3/0 akoAoubnoe n Siato-
Hf TNg Tpoobla NG amoAivwong. ‘Eva kabnAwtt-
KO pappa tomobeTolvtav oto eAeUBeEpPO AKPO TNG

The following data were recorded and evaluated
from the animals’ records: sex, breed, age, cause
of admission, symptoms, imaging findings (ab-
dominal radiography and retrograde urethrog-
raphy in lateral and ventrodorsal views), surgery,
postoperative complications, and follow-up/out-
come. Follow-up was obtained and recorded after
telephone contact with the dog owners or refer-
ring veterinarians. The owners or veterinarians
were asked about the general condition of the ani-
mals, the control of urination, dysuria symptoms,
urinary tract infections, and the presence of skin
lesions around the urethrostomy.

The surgical procedures were all performed by
the same surgeon. Premedication included a.-
agonists and opioids. Intravenous cefazolin was
administered preoperatively. Anesthesia was in-
ducted with propofol and maintained with isoflu-
rane in oxygen. Animals were given epidural anal-
gesia with a mixture of xylocaine and bupivacaine
or morphine. After the initial hemodynamic sta-
bilization with the administration of fluids and
electrolytes and under general anesthesia, the
dogs were placed in dorsal recumbency and the
region from the xiphoid process of the sternum
to the pubic bone was prepared for aseptic sur-
gery. This was followed by a midline laparotomy
in the posterior abdomen with an incision in the
skin lateral to the prepuce in males or a midline
incision in the female. The prostate and urethra
were identified and the urethra was blindly dis-
sected from the periurethral fat, up to the anterior
pubic brim, carefully avoiding trauma to vessels
and nerves (branches of the urethral artery and
pudendal nerve). After ligation of the distal part of
the urethra with a 3/0 polydioxanone suture, the
urethra was transected and a suture was placed
at the free end of the anterior urethra to allow
manipulations. The urethra was brought either
through the already existing midline incision (fe-
males) or through a small, full-thickness skin in-
cision 2-3 cm lateral to the prepuce (males). The
urethra was brought through the abdominal wall
muscles, subcutaneous and skin tissues, following
a gentle arc to avoid kinking, which would lead to
narrowing and obstruction of the normal urine
flow. After exiting the abdominal wall, the urethra
was spatulated with a 1-2 cm incision, three times
the diameter of the urethra, on the ventral sur-
face. The urethral mucosa was sutured to the skin
with simple interrupted sutures using a 4-5/0 po-
lyamide or polypropylene suture. Before suturing
the urethra to the skin, the laparotomy was closed
in three layers as usual. Postoperatively, a Foley
catheter in a closed urine collection system was
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oupnBpag PE OKOTIO TO XELPLOWO tNG. H oupnbpa
efwteplkelovtav elte péow tng dn uTdpxoucag
péong Aamapotopng (BnAuka), eite péow HIKPNAG
TOMNG, OALkoU TIAXOUG TIoU ywoTav TapdmAeupa
NG akpotoaoBiag (apoevikd) kat o andotaocn 2-3
cm arnd tn peon ypappn. H oupnBpa Siamepvouoe
TOUG UG TOU KOLALAKOU TOLYWHATOG, TOV UTI0SOPLO
Kal To SEppa Slaypapovtag pLla opain opeia kat
amowpeVyovtag tnv Kapyn tng, n omoia Ha o&nyou-
O€ 0€ OTEVWON KAL TIAPEPTIOSLON TNG PUOCLOAOYLKNG
pong tou oVpouU. Metd TNV €£0806 TG aTod TO KOLAL-
OKO Tolywpa ywotav EMUNAKNG TOPN O PAKog 1-2
cm otnv oupnBpa, TPUTAACLO TNG SLAPETPOU TN,
oTn pla TAELUPA TNG oupnBpag Kal cuppdamtoviav
0 BAgvvoyovog TNG HE TO SEPHA PE ATIAEG XWPLOTEG
PAWEG PE pappa TToAuapidng rj TTOAUTIPOTIVAEVIOU
4-5/0. Mpwv tn kabnAwon tng ouprBpag oto Séppa
ylvotav oUyKAELON TNG AATIapoTopnG o€ Tpia otpw-
pata Katd ta yvwotd. MeteyxeLpntikd tomobetou-
vtav otnv oupnBpootopia kabetr)pag Foley oe
KAELOTO cUoTNUA cUA\OYNRG oUPOU yLa TNV Tapa-
KoAoUBnon TNg oUPNoNG yLa TLG EMOPEVEG 48 WPEG.
Ta {wa PETEYXELPNTLKA VOoonAeUovTaV oTNV EVTaTL-
Kr) Hovada ) 6to voonAeutrpLo tng KAWIKAG. H pe-
TEYXELPNTLKA PPOVTLSA ATAV KON yla OAOUG TOUG
OKUAOUG Kal TEpAAPBave: avalynotia e pn otepo-
€181 avTtLpAeypovwsn (poBevako&ifn, peAoEKApN)
Kat otiloeldn (popwivn, @awtavoin, tpapasoin),
g€pappoyn kKoMdpou EALodBet, xopryynon avtipio-
TIKOU €UPEWG PAoPATOC yla 5 nuépeg kal kabapt-
OO TNG TIEPLOXNG TIEPLPEPLKA TOU OTOMLOU TNG OU-
pnBpootoplag. e KATIOLEG TIEPLTTTWOELG YLVOTAV
Kat emAAeLdn TNG TIEPLOXNG HE AVTLRLOTLKY aAoLpn.
H mapakoAoUBnon tng oUpnong OTn CUVEXELD YL-
voTav PEOW Kataypayng tng cuxvotntag Kal Tng
TI0COTNTAG TWV 0UPWV, WOTE va elvat BERaLo OTL To
{Wwo oupel TTAEOV, PUGCLOAOYLKA.

AmtoteAécpata

Ta KupLdTEpa oTOoLXELA TNG PEAETNG TtapatiBevTal
otov Mivaka 1. ATt Toug 7 OKUAOUG TIOU GUHHETEL-
XAV OTNV PEAETN OL 6 )TaV apoevLkol Kal évag ATav
BNAUKOG, OAoL aképatol. Tpelg okUAOL nTav EAAnvL-
Kol LYVNAAQTEG KAl OL UTTOAOLTTIOL QVAKAV OTLG (PUAEG
akaboplotn, Pekingese, American Staffordshire
Terrier kat ItaAlkoU tyvnAdtn. H Sudpeon nAwkia
TWV OKUAWV TNV nuépa TpookouLong Atav 4 £tn
(eVpog 1-7 €tn) KaL to SLapeco ocwpatikd Bdapog
Twv oKVAWV Atav 19,8kg (epog 3-28kg).

OuL AdyoL Tou oérynoav otnv €@appoyr tng
EMEPPacNG oToug oKUAOUG TNG HEAETNG NTAV N HE-
TaTpaupatikn TANPNG pnEN tng oupnbpag oc 3
OKUAOUG (o€ 1 otnv TueAkr polpa Kat og 2 payt-
ala Tou 0ox€0U OTNV TIEPLVELKN XWpa SLapéoou ph-

Prepubic urethrostomy in dogs

placed, to monitor urination for the next 48 hours.
Animals were postoperatively hospitalized in the
intensive care unit or in the clinic’s hospitalization
room. Postoperative care was the same for all
dogs and included: analgesia with non-steroidal
anti-inflammatory drugs (robenacoxib, meloxi-
cam) and opioids (morphine, fentanyl, tramadol),
application of an Elizabeth collar, administration of
a broad-spectrum antibiotic for 5 days and cleani-
ng of the area around the urethrostomy orifice.
In some cases, an antibiotic ointment was placed
around the stoma. Urination was then monitored
by recording urination frequency and quantity to
ensure that the animal was urinating normally.

Results

The main clinical data of the study are presented
in Table 1. Of the 7 dogs included in the study,
6 dogs were male intact and one was female in-
tact. The breeds represented were Greek Hounds
(3 dogs) and one each: mixed breed, Pekingese,
American Staffordshire Terrier, and Italian Hound.
The median age of the dogs on the day of pres-
entation was 4 years (range: 1-7 years) and the
median weight was 19.8 kg (range: 3-28 kgs).

Indications for surgery were post-traumatic
complete rupture of the urethra in 3 dogs (in 1
dog in the intrapelvic portion and in 2 dorsal to the
scrotum in the perineal region through rupture of
the penis), obstruction of the intrapelvic urethra,
at the level of the ischial arch due to calculi and the
failure to restore urethral patency by catheteriza-
tion (in 2 dogs). Other reasons were the inability
to find the external urethral orifice due to severe
bending and prolapse of type III vaginal mucosal
fold in 1 dog, and post-traumatic stenosis of the
pelvic urethra due to a pelvic fracture in 1 dog. In
the dog with total vaginal prolapse, resection of
the prolapsed portion of the vagina through an
episiotomy was performed after urethrostomy.

Most cases had similar clinical signs, which in-
cluded stranguria (4), hematuria (2), and anuria
(3), while 1 dog urinated through an urethrocuta-
neous fistula. The only female dog had a type III
vaginal prolapse.

The diagnostic approach included abdominal
radiography in all cases, retrograde urethrogra-
phy (cases 2, 4-7), and ultrasonography in 1 (case
6). Retrograde urethrography demonstrated ex-
travasation of the contrast medium or inability to
advance the catheter to the level of the anterior
pubic rim due to calculi. Abdominal ultrasonogra-
phy indicated the presence of calculi in the blad-
der and pelvic urethra (cases 5, 6). In 2 dogs with

Hellenic Journal of Companion Animal Medicine = Volume 11/ Issue 2 /2022



112

MponBikn oupnBpoctopia 6to oKUAO

KAwvikd Sedopéva 7 okUAWVY Ttou uTtoBARBnkav oe TiponPLkr) oupnBpootopia.

. HAwkia | Bépog IotopLkéd MeteyxeLpnTikég MeTeyyeLpTLER
Aja B s (£tn) (Kg) KALVLKH ELKGVa il ETIUTIAOKEG mapakoAolfnaon 220
i OMwkry mpomtwar) | Andgpagn muehwkrg i AmeRiwoe
1 Segugi © 4 14 KGATTou - Avoupia ouprBpac 13¢m doyetn awtla
Awpatoupia
Metarpavparikr Atovia kiaTng
2 Pekingese A 1 3 Karaypa Aekdvng aTevwan Oupohoipwén 8,5 ¢t Ko
ZItpayyoupla nuehkng ouprBpag Aepparinia ng
otopiac (4 popéc)
Tpavpa and Pign neikric
3 | EMéc A 7 25 | ayployodpouvo oupiBpag 4 Kahr}
vnhatng Itpayyoupia TEpLVELKNG yWpag
Awparoupla
el e PiiEn neikic
4 EMnuLkOG A 35 19,8 u;plo\roupmlmo ouprBpac Awaroupia 45¢m Amepiwoe
LvnAdtng Tpayyoupla i ! Goyetn attia
KvnAatrny R TIEPIVELKNG XWpag OYETN
Mn avatdgpn Atovia kbotng
Epppakn muehikrg yia 2 prveg
5 AxaBopLotn A 4 9.2 Avoupia oupriBpac Adyw Méwvipn axpdtsia 3€ém Kakn
MBiaaong Oupohoipwen
Mn avatdEpn
) £pippagn MUEALKIG Akpdreia ,
6 Pitbull A 3 28 Avoupla oupriBpac Adyw Awpatoupla 2 Kahi
MBlaorng
Tpatpa and
ayployoUpouvo PREN Aepparinda . )
7 EMnLKGG A 5 22 Oupel ané v TUEALKG g otopiag L7€m Kahry
XvVnAaTng MEPLVELKT ywpa oupnBpag (2 popéc)
Itpayyoupia
Mivakag 1.

€nG Tou TEoUC), N amoépagn TG TIUEALKNG oupr)-
Bpac, oto UPog Tou LoyLakoU To&ou Adyw Atbilaong
Kat n aduvapia amokatdotaong tng StaBatotntag
OUVTNPNTLKA PE KABETNPLAoPO Kal €KTAuon (o€ 2
oKUAOUG), n aduvapia avelpeong Tou €Ew OTOWL-
oU TNG oupnBpag Adyw LoxUpPAG KapPng Kat Tpo-
TITtwong mtuxng PAevvoydvou kdATou tutou III o€
1 oKUAO KaL N HETATPAUHATLKI OTEVWON TNG TTUEAL-
KNG ouprBpag Adyw Katdypatog Aekavng o 1 okU-
AO. 210 OKUAO HIE TNV OALKN TIPOTITWGON TOU KOATIOU
META TN Slevépyela NG oupnBpootopiag akoAou-
Bno€ eKTOWN TOU TIPOTILTITOVTOC THNHATOG TOU KOA-
TIOU SLAPECOU ETILOLOTONG.

Ta mepLoocoOTEPA TIEpLOTATIKA Ttapouciadav Ta-
popola KAWLKN €lKOVa, n omola epAdpupBave tnv
gMpavion otpayyoupiag (4), awpatoupiag (2) kat
avouplag (3), evw évag okUAOG oupoloE SLaPECOU
oupnBpodeppatikol ouptyylou. O povadikdg On-
AUKOG OKUAOG, KOTA TNV TipookopLon, apouctadle
TPOTITWON KOATIOU TUTIOU IIL

H SlayvwoTikn TipoogyyLon TepAGPBave aktvo-
ypapia kolhiag o OAa Ta TIEPLOTATLKA, TNV TIAALV-
Spopn oupnBpoypagia (TMeplotatika 2, 4-7) kabwg

rupture of the penis and penile urethra at the level
of the perineal region, catheterization of the cen-
tral part of the urethra was performed and subse-
quent retrograde urethrography showed no fur-
ther urethral lesions.

All cases were treated with PPU, following a mid-
line laparotomy, the orifice of the urethra ended
2-3 cm lateral to the prepuce, on the left or right
side in male dogs, and in the midline, in female
dogs (Figure 1).

Finally, 3 of the 7 dogs that underwent PPU ex-
perienced minor hematuria, during and regard-
less of urination, caused by the exposed urethral
mucosa due to its dissection, which resolved with-
in 4 days. Two dogs experienced bladder atony
which was treated by Foley catheter placement
for 4 days in one dog and lasted 2 months in the
other. After removing the catheter, the bladder
was emptied mechanically through the abdomi-
nal wall for 2 months. Two dogs had a Staphylo-
coccus intermedius urinary tract infection, treated
with amoxicillin and clavulanic acid for 10 days,
based on the sensitivity test, 2 dogs had recurrent
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i Age Weight Background
AN = SRX (years) (Kg) clinical picture
. Total vaginal
! Segugi F 4 4 prolapse - Anuria
2 Beijing M 1 3 Pelvic fracture
Stranguria
Wild boar wound
3 Greek M 7 25 Stranguria
Hound Hematuria
Wild boar
4 Greek M 35 19.8 wound
Hound Stranguria
Hematuria
5 Unspecified M 4 9.2 Anuria
6 Pit bull M 3 28 ok
Wild boar
wound
7 Greek M 5 2 Urinates from
Hound the perineal region
Stranguria

Postoperative Postoperative
it complications monitoring sl
Pelvic urethral 13 vears Deceased
obstruction ¥ unrelated cause
Hematuria Bladder
Post-traumatic atony Urinary
pelvic urethral tract infection 8.5 years Good
stenosis Dermatitis of the
stoma (4 times)
Rupture of the
penile urethra of 4years Good
the perineal region
Rupture of the
penile urethra of Hematuria 4.5 years Deceased
the perineal region unrelated cause
Mon-reversible Bladder atony for 2
pelvic urethra manths Permanent
obstruction due incontinence Urinary 3years Good
to lithiasis tract infection
Non-reversible
pelvic urethra Incontinence 2
obstruction due Hematuria S Good
to lithiasis
Dermatitis ;
Rupture of the of the stoma 1.7years Good
pelvic urethra (2 times)

Table 1.

Clinical data of 7 dogs that underwent prescrotal urethrostomy.

KaL TNV xprion umepnyotopoypaglag oe 1 (Tept-
otatikd 6). H maAivépoun oupnBpoypapia Kate-
SeL&e SLapuyr) TNG OKLaypaPLKAG ouoiag EKTOG Twv
TpoBoAkwy oplwv tng ouprBpag rj aduvapia mpo-
wlnong TNg okLaypawglkng ouctag oto UYoG tou
mpdcoblou xelhoug tou nNBLkoU Adyw AtBlaong. To
UTIEPNXOTOHOYPAPNHA KOWALaG SLaTioTWoE TNV
mapoucia ABwv otnv oupoddxo KUOTN Kal otnv
TIUEALKN ouprBpa (TEPLOTATLKA 5, 6). € 2 OKUAOUG
TIou Ttapouciacav prgn Tou TEEOUC KAl TNG TEIKAG
oupnBpag, oto VYOG NG TEPLVELKAG XWwpag, Ste-
VEPYNONKe KABETNPLACHOC TOU KEVIPLKOU TUAHA-
TOG TNG oupnBpag Kat n taiivépopun oupnBpoypa-
pla TTou akoAoUBNoE eV KATESELEE ANNEG KOKWOELG
™G ouprBpag.

‘OAa ta mepLoTatikd avtipetwriotnkav pe NOY,
HETA amd péon Aamapotopr, To OTOMLO TG oTol-
aG KATEANYE 0ToUg apoeVLKOUG OKUAOUG 2-3 cm Tta-
pamAgupa tng akpotooBiag otnv aplotepn ) e&La
TAEUPQ, eVvw 0TO BNAUKO otn péon ypappn (Ewko-
va 1).

TéNOG amd TOUG 7 OKUAOUG Tou UTIOBANBNKav
otnv enepBaon, 3 mapouciacav PLKPRG €vtaong

peristomal dermatitis (case 2: 4 times and case 7:
twice) that was successfully treated by local ap-
plication of mupirocin ointment for 15 days and 2
were presented with urinary incontinence (cases
5 and 6) which in 1 dog (case 6) was transient and
gradually resolved within 7 days from the proce-
dure, while in the other dog, it was permanent.

After a median postoperative follow-up of 4
years (range: 1.7-13 years) [Table 1], 2 dogs died
of other causes, while the remaining animals are
in good condition.

Discussion

In the present study, 7 dogs underwent PPU due
to traumatic rupture, obstruction, or stenosis of
the urethra. Postoperative complications were
mild and were all managed conservatively. After
a median postoperative follow-up of 4 years, 70%
of the dogs were alive and in good physical condi-
tion, while 2 dogs died of other causes. This is the
largest case series in the literature coming from
the records of a single university clinic.
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Ewkova 1. MponBikr oupnBpootopia oe BNAUKS OKUAO pE €KBOAR
™G otopiag otn péon ypappn. Evag kabetripag Foley tomobetriBnke
otnv ouprBpa SLap£cou TG oTopiag. H Kewalr Tou okUAou Bpioke-
TaL 0Ta apLotepd tng elkovag. (rnyr ewovag: Mdapa Maradomoviou
DVM).

Figure 1. Prepubic urethrostomy in a female dog with stoma ex-
teriorization in the midline. A Foley catheter was inserted into the
urethra through the stoma. The dog's head is on the left side of the
image. (source of the image: Mara Papadopoulou DVM).

altpatoupia, Katd tn SLApKeLa KAl aveEaptnta tng
olpnong, Tou TPOKANRBNKe amd Tov eKTEBELPEVO
BAgvvoydvo tng oupriBpag Adyw tng Slatoung tng
Kal UTIOXWPNOE €VTog 4 nuepwy, 2 apouciacav
atovia Tng KUOTNG TIOU AVTLPETWTILOTNKE HE TOTIO-
Betnon kabetrpa Foley yLa 4 NuEPEG OTOV €va OKU-
Ao eV oTtov AAAO SLPKECE 2 PNVEG KAl PETA TNV
a@aipeon Tou KABETAPA AVTLPETWTILOTNKE PE PNXa-
VLKI KEVWON SLAPECOU TOU KOWALAKOU TOLXWHATOG
SLApKELAG 2 UNVWY, 2 TTApoUclacav oUpoAOLHWEN
amo Staphylococcus intermedius TIOU QVTIPETWTT-
OTNKE HE TN xoprnynon apo&kiAivng kat kKAaBou-
AavikoU o&gog, pe Paon tn ok gvalcdnotlag,
yla 10 nuépeg, 2 mapouciaocav UTOTPOTILA{OUOES
TIEPLOTOULAKEG SeppatiTideg (TrEpLoTaTIKo 2: 4 o-
PEG KAL TIEPLOTATLKO 7: 2 POPEG) TIOU AVTLHETWTTL-
OTNKQV ETILTUXWG HE TNV TOTILKN €QAPHOYr aAoL-
©nNG poutitpoaoivng yla 15 nuéEpeg kAbe Yopa kat 2
Tapouciacav akpdatela oUpwy (TEPLOTATLKA 5 Kat
6) Tou otov 1 (TepLotatikoé 6) Atav Taposikr Kat
uTtoxwpnoe otadlakd amd Tnv eméPPacn eviog 7
NUEPWV EVW OTOV AANOV ATV PJOVLUN.

Metd amd SLAPEDN HPETEYXELPNTIKI TIAPAKOAOU-
Bnon 4 etwv (gVpog: 1,7-13 €tn, PAme Mivaka 1) ot
2 okUAot ameBiwoav amd AAAN altia, VW Ta UTo-
Aourta {wa Bplokovtal o€ KaAn kataotaon.

zugntnon

Jtnv mapouoa epyacia 7 okUAoL uttéotnoav MNoY
AOYW TPAUPATIKAG PrENG, amo@pagng r oTevwong
NG oupnBpac. OL PHETEYXELPNTIKEG ETILITAOKEG NTAV
EAAPPEG KAl avTLPETWTILoTNKAY OAEG PE ouvtnpn-
TWKA pETpa. MeTd amod SLApEeDn PETEYXELPNTLKN TIa-
pakoAouBnon Sidpkelag 4 etwv to 70% Twv OKUL-

Most of the dogs in this study were males. Our
results are in agreement with those of other au-
thors (Yoshioka & Carb 1982, Brandley 1989). In
our study, urethral obstruction due to urolithiasis,
and urethral injuries due to wild boar or car acci-
dent were seen in 6 male dogs. The increased fre-
quency of urethral injury in male animals may be
due to both anatomical reasons (longer urethral
length and more superficial anatomical location)
and behavioral reasons in males that contribute
to being more prone to injuries, leading to ure-
thral rupture. The urethra in female dogs is less
prone to injury because it is more flexible, shorter,
and not closely attached to bone (Anderson et al.
2006, Cuddy & McAlinden 2018). Also, among the
intraluminal causes that can lead to a urethral ob-
struction, calculi are those that are more common
in male dogs (Stone & Barsanti 1992). Specifical-
ly, the urethra of the male dog follows an abrupt
change in its course, at the level of the ischial arch,
as itemerges from the floor of the pelvic cavity and
is directed anteriorly under the abdominal wall. In
addition, at this point, the urethra is surrounded
by the ischiocavernosus and bulbocavernosus
muscles. The combination of these factors makes
the region of the ischial arch more prone to ob-
struction by calculi (Stone & Barsanti 1992). In our
study, the failure to restore urethral patency was
due to the entrapment of calculi and the inability
to flush them back into the bladder following cath-
eterization and saline infusion.

The clinical signs presented in the majority of
our cases (anuria, hematuria, and stranguria) are
consistent with the findings of other authors (Pe-
chman 1982, Selcer 1982, Anson 1987, Cooley et
al. 1999).

The imaging examination of choice for the diag-
nosis of urethral obstruction or rupture is retro-
grade urethrography (Pechman 1982, Selcer 1982,
Cuddy & McAlinden 2018). This method was also
used in our study to diagnose traumatic pelvic
urethral rupture or obstruction of the pelvic ure-
thra by calculi.

Recovery from urethral injury depends on the
severity, chronicity, and location of the injury
(Cuddy & McAlinden 2018). Three techniques are
proposed for the repair of the rupture, including
a temporary bypass of the rupture and healing
by second intention in cases of partial rupture,
end-to-end anastomosis of the urethral ends, or
permanent bypass using urethrostomy or tube
cystostomy in cases of complete rupture (Pech-
man 1982, Yoshioka & Carb 1982, Brandley 1989,
Anderson et al. 2006, Cuddy & McAlinden 2018).
End-to-end urethral anastomosis has a guarded
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Awv Bplokovtav v {wr| 0€ KAAr KAtaotaon, evw 2
okUAoL aneBiwoav amo AN attia. Mpokettal ya
TNV PeyaAltepn avadpopikr) peAeTn otnv BLBALo-
ypagia Tou iponABe amo ta apxela pLag KAWLKAG.

OuL meplocdtepol OKUAOL otn Tapolod PEAE-
TN Atav apoevikol. Ta amoteAéopatd pag cUPPW-
voUV pe ekelva GMwv ouyypapéwy (Yoshioka &
Carb 1982, Brandley 1989). To yeyovog autd eppun-
vevetat a§loAoywvtag ta altia mou 0drynoav otnv
enéPPBaon autr. Tooo n €uppatn tg oupndpag
AOyw oupoOALBou, TIou amoTEAEDE alTlo yla 2 oKU-
Aoug, 600 Kal oL Tpaupatiopol tTng ouprBpag amo
aypLoyoUpouVO I QUTOKLVNTLOTIKO atuxnua ot 4
oKUAOUG Ttou Ttapatnpndnkav agopoloav apoe-
VLKoUG OKUAOUG. H au&nuévn ouxvotnta KAKWong
NG oupnBpag o apoevikd {wa propel va opel-
Aetal 1600 og avatopkd altia (peyaAltepo pn-
KOG oupnBpag Kat TiLo emupavelakn Béon) 6oo Kat
altia oupTEPLYOoPAC TWV APOEVIKWY TIOU CUMPA-
Aouv 0To va elval TILo EMLPPETA O€ TPAUPATLOPOUG,
Tou 08nyouv o€ pr&n ) Statopn tng oupndpag. H
oupnBpa Ttou BnAukoL GKUAOU elval ALlyOTepo £TiLp-
PETING OTOV TPAUMATLONO, €TELSN €lval TILO EUKI-
VNI, TILO KOVTH KAl 8€V CUVSEETAL OTEVA PE 00TO
(Anderson et al. 2006, Cuddy & McAlinden 2018).
Emiong, avapeoa ota evSoauALkd attia Tou Pttopet
va odnyrnoouv og euppagn tng ouprBpag, oL ou-
pOALBoL glval ekelvol TTOU €lval oUXVOTEPOL GTOUG
apoevikoUg oKUAoUG (Stone & Barsanti 1992). Tu-
YKEKPLUEVQ, N ouprBpa TOU apoeVLKOU OKUAOU OTO
UPoG Tou LoxLakou TdEou, akoAOUBEL pLa amotoun
aMayn) otn opela tng kabwg avadvetal amod to
€86a(pPOog TNG TIUEALKAG KOWAOTNTAG KAl KATELUBUVE-
TaL TPoobLa, KATW amod To Kowlakd tolywpa. Emt-
A0V, OTO onpelo auto, n ouprBpa TepLBAMeTaL
amod Tov Loxloonpayywdn kat PoABoonpayywsdn
pU. O cuVSUACHOG TWV TTIAPAYOVTWY AUTWY KabL-
OTA TN TIEPLOXT TOU LOXLAKOU TOEOU, TILO ETILPPETTN
otnVv éuepa&n amo AiBoug (Stone & Barsanti 1992).
TNV SIKN pag PHEAETN N ATTOTUXLa ATTOKATACTAONG
¢ StaBatotntag tng ouprBpag owellovtav oTov
0otabepd eykAWPLoOPO TV ABwV 0ToV AUAO TNG Kat
otnv aduvapia TpowdNOrg Toug oTNV 0UPOSOXO
KUOTN PETA amd KaBeTnplacpud Kat €yxuon @uolo-
AoylkoU opou.

H kAwLkr €lkéva 1ou Tapouciacav n TAeLovo-
TNTA TwV SLKWV pag TepLoTatikwy (avoupla, atpa-
Touplia Kat otayyoupia) CUPPWVEL PE Ta EuprUata
AMwv ouyypapéwv (Pechman 1982, Selcer 1982,
Anson 1987, Cooley et al. 1999).

H amewkovion ekAoyng yla tn Stdyvwon tng Y-
Ppagne n prigng g ouprBpag etvat n maiivépo-
un oupnBpoypawia (Pechman 1982, Selcer 1982,
Cuddy & McAlinden 2018). Autr} n péBo&og xpnot-
poTIolOnKe KaL otn SLKA PHag JEAETN yla T SLayvw-

Prepubic urethrostomy in dogs

prognosis related to the occurrence of postope-
rative stenosis (Layton et al. 1987). Passing a per-
manent catheter through the anastomosis or tube
cystostomy were found not to affect healing and
not to cause stenosis (Pechman 1982, Anderson et
al. 2006). In the present study, 4 dogs were diag-
nosed with a post-traumatic rupture of the penile
or pelvic urethra, and pelvic urethra stenosis due
to fracture. Due to the possibility of postoperative
stenosis following anastomosis and long-term
morbidity after anastomosis through a perma-
nent catheter, bypassing the rupture by perform-
ing a PPU was preferred. The urethra was sutured
to the abdominal wall at a gentle arc, in order
to prevent kinking and obstruction of the lumen
that could result in urinary retention. An enlarged
prostate at the time of surgery could also prevent
the urethra from being exteriorized. In these cas-
es, a partial prostatectomy is recommended to
reduce the tension of the urethral anastomosis
to the skin (Cuddy & McAlinden 2018). However,
in the present study, a similar technique did not
need to be applied even though the male animals
were intact but young with no prostatomegaly.
In female dogs, the urethrostomy orifice is usu-
ally opened in the midline, whereas in males it is
opened laterally or within the prepuce. (Yoshio-
ka & Carb 1982, Brandley 1989, Pavletic & O’Bell
2007). In our study, the end of the PPU orifice in
the female dog was located in the midline and
in male dogs, laterally to the preputial cavity. In
our study, it seems that the stoma opening site
may not affect the outcome. Postoperative use of
a Foley catheter through the stoma for 48 hours
is recommended to decompress the bladder and
avoid urine at the surgical site (Yoshioka & Carb
1982, Brandley 1989, Stone & Barsanti 1992). In
our study, it was necessary to keep the catheter
for more days to treat bladder atony in 1 dog.
Postoperative complications of prepubic ure-
throtomy in both dogs and cats that are reported
in the literature include hematuria, urine inconti-
nence, urinary tract infection, stoma narrowing,
peristomal dermatitis, and lumen obstruction
due to urethral kinking during exteriorization in
a sharp angle (Yoshioka & Carb 1982, Baines et
al. 2001). In the present study, postoperative he-
maturia, a common complication of all types of
urethrostomy, was caused by surgical urethral
transection and resolved spontaneously in a short
time. Postoperative incontinence can be caused
due to shortening of the urethra or damage of the
pudendal plexus or urethra during surgery (Yosh-
ioka & Carb 1982, Baines et al. 2001). In the pre-
sent study, the postoperative incontinence seenin

Hellenic Journal of Companion Animal Medicine = Volume 11/ Issue 2 /2022



116

MponBikn oupnBpoctopia 6to oKUAO

O TNG TPAVHATIKAG PAENG TNG TIVEALKFG 0UPABpag
N €MPPagng tng TUEALKNG ouprBpag amo Alboug.

H amokatdotacn tng KAakwong tng oupndpag
efaptatal and tnv cofapdtnta, TNV xpoviotnta
KaL TNV evtotiLlon tng kakwong (Cuddy & McAlinden
2018). Ma tnVv amokatdotacn g pAENg mpotel-
vovTal 3 TEXVIKEG TTOU TEPLAANPBAVOUV TIPOCWPL-
vr Tiapdkapyn Tng pnéng Kat tnv emouAwon Katd
Seutepo okod o€ TepimTwon PeEPLKNG pngng, Te-
ALKOTEALK] QVAOTOPWON TwWV KOAOPBWHATWY TNG
oupn6pag 1 péviun mapakapyn pe tn xpron ou-
pnBpootopiag ) KUoTEOOTOPLAG HE CWANVA OF TiE-
PUTTWOELG OALKAG pNENG (Pechman 1982, Yoshioka
& Carb 1982, Brandley 1989, Anderson et al. 2006,
Cuddy & McAlinden 2018). H TeAlko-TeALKN| ava-
OTOPWON TNG 0UPNBPAG EXEL ETILPUACKTLKN TIPO-
yvwon AOYyWw EPPAVLONG PETEYXELPNTLKAG OTEVW-
ong tou auhoU tng (Layton et al. 1987). H StéAeuan
pOVLIHOU KaBetrpa SLapécou TNG avactopwaong N
N Kuoteootopia pe cwWANva Ppednke OtL Sev €mn-
pgéacav TNV €MOVAWON KAl &gV TIPOKAAECQV OTE-
vwon (Pechman 1982, Anderson et al. 2006). Ztnv
mapoloa PeAETN o€ 4 OKUAOUG SLayVWOTnKeE e-
Tatpaupatikn pAén Tng TEKAG 1 TIUEALKAG oupn-
Bpag, kat otevwon tng TUeALKNG poipag egattiag
Kataypatog. Adyw tng mbavotntag PeTeyxeLpnTL-
KNG OTEVWONG HETA amd avaoTOPWOon KAl Tng Ha-
KpoXpoOvLaG voonpotnTag HETA amd avaotopwon
SLAPECOU POVLHOU KABETNpa TIPOTLUABNKE N TIapa-
kappn g prigng pe tn xprion NMOY. H oupnbpa ka-
BNAWBNKE 0TO KOWLaKO Tolywpa pe apPBAsia yw-
via o€ oxéon Pe TNV oupoSOX0 KUOTN £TOL WOTE va
amotparel kKapPn tng Kat armo@pagn tou aulou pE
amoTéAECHa TNV emloxeon tng oupnong. Evag Sto-
YKWHEVOG TIPOOTATNG Katd tnv enépPaocn Ba pmo-
pouoe etlong va epmodioel tnv efwtepikeuon tng
oupnBpPaAG. ZTLG TIEPLITTWOELG AUTEG GUVLOTATAL ME-
PLKI) TIPOOTATEKTOWN yla TN PElwon TN Tdong Katd
TNV avaotdpwaon tng ouprndpag oto Sépua (Cuddy
& McAlinden 2018). Qotoco otnv Tapoloa HEAE-
TN 8ev XPELAOTNKE VA £QAPHPOOCTEL avaloyn TEXVL-
Kr| TTAPOAO TIOU TA 0POEVLKA {Wa NTavV aKEpala, Ve-
apng nAlkiag aAMa xwplg Tpootatopeyaiia. Ito
BnAuk6 okUAO To otdpLo NG oupnBpoaotopiag Si-
avolyetal ocuvnBwg otn YEon ypauun, EVW ota ap-
OEVLKA TIOPATIAEUPA 1] EVTOG TNG KOWOTNTAG TNG
akpotmooBiag (Yoshioka & Carb 1982, Brandley
1989, Pavletic & O'Bell 2007). Ztn SIKA pag HEAETN N
KataAn&n tou otopiou g MOY oto BnAukd okUAO
€YLVE OTN PEON YPAMMD KAl OTOUG UTIOAOLTTIOUG ap-
ogVLKOUG OKUAOUG TIapATTAEUpa TG akpoTtoodiag.
ATIO Tn peAeTn Sev paivetal kdmota amno ta Vo on-
pela ekBoArg Tou otoplou va uTepTEPEL EVaVTL TOU
GA\OU WG TIPOG TNV €KPaon. H PeTeyxXELpNTLKN SL-
€\euon kabetrpa Foley yla 48 wpeg SLapEécou tng

2 dogs with nonreducible urethral obstruction due
to calculi, was attributed to temporary or perma-
nent damage of the pudendal plexus during dis-
section of the dorsal part of the urethra, resulting
in permanent incontinence in 1 dog. PPU causes
shortening of the functional urethra and predis-
poses to ascending urinary tract infection (Dean
et al. 1990). In our study, urinary tract infections
that occurred in 2 dogs, were treated with the ap-
propriate antimicrobials. It is not known, however,
whether the infection preexisted or occurred post-
operatively. Peristomal dermatitis and skin necro-
sis is @ common complication of PPU in cats and
is less commonly reported in dogs (Yoshioka &
Carb 1982, Brandley 1989). Urinary incontinence,
stranguria after PPU stenosis and fold dermatitis
in obese cats are reported as possible causes in
companion animals (Yoshioka & Carb 1982, Brand-
ley 1989, Baines et al. 2001). Controlling the possi-
ble causes and opening the urethrostomy within
the preputial cavity could reduce the possibility
of this complication (Brandley 1989). In our study,
the local application of antimicrobial ointment in
2 dogs led to the resolution of the problem. Blad-
der atony is a frequent consequence of long-term
distension and injury of the detrusor muscle due
to obstruction of the urethra by calculi (Stone &
Barsanti 1992). Finally, stenosis is a serious com-
plication of PPU due to a traumatic technique dur-
ing tissue dissection, inadequate incision on one
side of the urethra, increased tension in the area
of the urethral anastomosis to the skin, and poor
mucosa to skin apposition (Yoshioka & Carb 1982,
Brandley 1989, Brandley 1989, Dean et al. 1990,
Baines et al. 2001, Cuddy & McAlinden 2018). In
our study, none of the dogs had faced postopera-
tive stenosis of the PPU.

Limitations of this study include its retrospective
nature, incomplete case file data, the lack of case
homogeneity in relation to the indications for sur-
gery, and the small number of dogs that entered
the study.

In conclusion, prepubic urethrostomy is a sal-
vage technique in dogs, in order to bypass the
lower urinary tract, in case of loss of function due
to obstruction or rupture of the urethra. The pro-
cedure is performed without difficulty and with no
serious postoperative complications.
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OTOMLAG CUVLOTATAL yLla TNV ATTOCUHTILEDN TNG KU-
0TNG KAl TNV amopuyn SLaBpoxng tng mepLoxnG TG
otopiag pe oUpa (Yoshioka & Carb 1982, Brandley
1989, Stone & Barsanti 1992). Ztn 8ikn pag epyacia
KplBnke amapaltntn apapovr) Tou kabetrpa ok 1
OKUAO yLO TIEPLOCOTEPEG NUEPEG YLA TNV AVILUETW-
TILon g atoviag tng KUOTNG.

OL PETEYXELPNTLKEC ETILITAOKEC TNG MOY oto oKU-
A0 600 KAl 0Tn yata Tou avagépovtat otn BLBALo-
ypagia meplapBdavouv tnv atpatoupla, tnv akpd-
TELQ, TNV oupololpwén, tn otévwon tng otopiag,
TNV TepLoTopLlakn Seppatitida kat tnv andpain
TOU auiou Adyw kapdng tng ouprBpag katd tnv
eEwtepikevon tng (Yoshioka & Carb 1982, Baines
et al. 2001). Ztnv mapovoa PEAETN N EPPAVLON HE-
TEYXELPNTLKAG ALpATOUpLlag, oUXVR ETILITAOKI OAWV
TwV TUTIWV oupnBpoaotoplag, TIPOKANBNKE aTto Tov
XELPOUPYLKN SLatopn tng ouprnBpag kat otapdatn-
O€ QUTOHATA O GUVTOMO XPOVLKO Sldotnua. H pe-
TEYXELPNTLKN akpdAtela Pmopel va TpokAnBel amo
TV Bpayxuvon tng oupndpag r Tov TPAUPATLOPO
TOU ad0LiKoU TIAEYUaTOC KATA TNV mePBaon rj Tov
TpaupATLopo G ouprBpag (Yoshioka & Carb 1982,
Baines et al. 2001). Ztnv apoVUoa PEAETN N PETEY-
XELPNTLKN EUPAVLON AKPATELAG TIOU TIPOKANONKE o€
2 okUAoug pe pn avatdélun anowpan tng oupn-
Bpag ANoyw ABlaong, amod60nke o€ ipoowpLvn n
HOVLUN KAKWOoN Tou atSolikoU TIAEyHATog Katd T
Slatopn tou paylaiou TPRPATog TG oupnBpag pe
amotéAeopa og 1 OKUAO N OKPATEL VA ElvaLl POVL-
pn. H MOY mpokaAel Ppdxuvon TG AELTOUPYLKNG
oupnBpag Kat TPoSLaBETeL o€ avioUoa OUPOAOIHW-
&€n (Dean et al. 1990). ZtnVv peAETN pag OUPOAOLUW-
EELG TTAPOUCLACTNKAV O 2 GKUAOUG TIOU QVTLHETW-
ToTNKav e TNV KatdAnAn Stadikacta kat aywyn).
Aev glvat yvwoto av oL AoLPWEELG TIpoUTIpXav TNG
eMEPPBaoNG 1 eppaviotnkav PeTeyYXELPNTIKA. H Tie-
plotoplakn Seppatitida kat vekpwaon tou Sépua-
ToG amoteAel ouxvh emumAokn tng MOY otn yata
EVW avagépetal onavidtepa oto okUAo (Yoshioka
& Carb 1982, Brandley 1989). H akpdtela Twv ov-
pwWv, N otpayyoupia PETA amo otévwon tng Moy
Kat n Seppatitida Twv TTUXWVY O TIaXUOAPKES ya-
TECG avagépovtal wg Tbava aitia ota pkpd {wa
(Yoshioka & Carb 1982, Brandley 1989, Baines et al.
2001). H 816pBwon twv attiwv Kat n SLavolen tng
oupnBpooTtoplag eVtog TG KOWOTNTAG TNG aKPO-
mooBiag Ba pmopovcav va pelwoouv TLg Tbavo-
TNTEG EPPAVLONG TNG €TLTTAOKNG autn¢ (Brandley
1989). LTnv SKN pag epyacia n ToTLKA £@apuoyn
QVTLULKPORBLAKAG aAowprg o€ 2 okUAOUG 08rynoe
oTnNV UTIoXWpPNon Tou TpoPAruatog. H atovia tng
KUOTNG amoTeAEL OUXVI| CUVETIELA TNG HAKPOXPOVL-
ag SLATaonG Kat KAKWaong Tou eEwotripa Huog Adyw
andepa&ng tg oupnBpag amod Aiboug (Stone &

Prepubic urethrostomy in dogs

Barsanti 1992). H otévwon té\og amotelel pLa co-
Bapn emuhokn) Tng MOY Ttou oelleTal oTnv TANY-
HEAN QTPAUPATLKI TEXVLKI KATA TNV SLATour Twv
LOTWV, OTN YN ETAPK ETILPAKN TOPN OTN PLa TIAEU-
pd tng oupnBpag, otnv augnuévn tdon otnv Te-
pLoxn TNg avactopwaong tng oupndpag Pe to &ép-
pa Kat otnv pn KaA cupmAnoiacn tng oupnBpag
oto &éppa katd tn cuppagn tng (Yoshioka & Carb
1982, Brandley 1989, Dean et al. 1990, Baines et al.
2001, Cuddy & McAlinden 2018) Ztnv epyacia pag
Kavévag ato Toug oKUAOUG Sgv Ttapouaiaoe PeTey-
XELPNTLKA oTévwon tng MNOY.

Ol meploplopol Ttng apoloag PEAETNG TiEpAAp-
Bdavouv Tov avaSpopiko TNG XApaKIpa, Ta EAAL-
Tt oToLKEld TWV PAKEAWVY TWV TIEPLOTATIKWY, TN HN
OMOLOYEVELQ TWV TIEPLOTATIKWY OE OXEON HE TNV al-
tla TIPOOKOMLONG KAL TO YLKPO aplBpo Twv oKUAWY
TIOU PEAETHONKAV.

Yupmepaopatikd n MNOY oto okUAO amoteAel ow-
OTLKN TEXVLKNA yLd TNV TapdkapPn tng Katwtepng
oupopdpou 080U efaltiag TG amwAELAG AELToup-
YLKOTNTAG TG Adyw amd@pagng 1y prigng tng oupr-
Bpag. H emépPaon ekteheltatl xwplg Slaitepn Su-
OKOALQ PE OXL OOPBAPEG PETEYXELPNTIKEG ETILTTAOKEG.

ZUYKPOUGH GUHPEPOVTWV
Ou ouyypagelg SnAwvouv OTL Sev UTIAPXEL OU-
YKPOUGH CUHQPEPOVTWV.
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MepiAngn

Eltoaywyn: tnv Tapouoa epyacia Teplypagetal
N KALWVLKI) €LKOVA, N XELPOUPYLKI QVTLHETWTILON KAl
n €€EALEN okUAoU Ttou UTIORARBNKE o€ TIpoowpLVN
Kohootopia Adyw prigng tou ameubuopévou.
Meptypapn: O okUAOG TIPOOKOPLOTNKE pE SAyda
amo okUAO OTnV TEPLVEIKN xwpa. Katd tnv KAwL-
K €&étaon SLamoTwONKe EKTETAPEVO SEPPATLKO
Tpavupa Kat pr&n tou ameubuopévou oto BAevvo-
Seppatikd oplo. lMpaypatomolidnke cUyKAELoN
™G PrR&NG Tou ameuBUCPEVOU KATdA TIPWTO OKOTIO,
oA\ SLamiotwBnke SLAoTaon Tou TPAUPATOG. XTN
ouvexela SlevepynBnke Tpoowplvr] KoAootopia
yld VO QVTIPETWTILOTEL N €MPOAUVON Tou Tpau-
patog amd kompava. AkoAouBnoe Staxeiplon tou
TPaUPATOG JE ETILEETELG tie over PexpL T SnpLoup-
yla uyloUg KOKKLWEOUG LoTOoU, Kat TEAOG OUYKAELON
TOU TPAUPATOG PE agoVIKO KPNHVO PE TO S€ppa Tng
0UpAG. TECOEPLG PAVEG PETA TO XELPOUPYELD N TIepL-
VELKN xWwpa el EMOUAWOEL TIApWG Kat Tipaypato-
TIOLNBNKE AVAOTOPWON TOU EVTEPOU KAl CUYKAELON
NG koAootopiag. O okUAOG aodeVEL YUOLOAOYLKA
Kal Sev TIaPoUoLAdeL AKPATELD Eva XPOVO HETEYXEL-
pPNTLKA.

SudniTnon: Ta tpavpaTa TNG TEPLVELKAG XWPAG aTo-
TEAOUV TIPOKANGN KAl N XPrion T(pocwpLVrG KOAo-
otoplag cUPBAMEL oTnV amowuyr EmLPUoAUVONgG
TOUG aTIO KOTIpavVA Kat TNV KAAUTEPN ETOUAWON.

Abstract

Introduction: This report describes the use of a
temporary end on colostomy to treat rectal perfo-
ration associated with rectocutaneous fistulas in a
dog.

Description: The dog was presented with bite
wounds in the perineal area. On physical examina-
tion an extensive cutaneous deficit in the perineal
area and rectal perforation were identified. A pri-
mary repair of the rectal rupture was attempted
and when dehiscence occurred, a temporary end
on colostomy was performed to address fecal con-
tamination of the wound. The wound was man-
aged with tie over bandages until the formation of
a healthy granulation bed, and reconstruction was
performed with the use of a lateral caudal axial
flap. Four months after surgery the perineal region
had healed. The colostomy was closed and an end-
to-end anastomosis of the colon was performed.
One year after the final surgery, the dog showed
no fecal incontinence.

Discussion: Perineal wounds are challenging and
the use of a temporary colostomy provides fecal
diversion and facilitates healing.
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The use of temporary colostomy

NEEeLG eupeTnplou: 5LACTIAON XELPOUPYLKOU TPAUHATOG, KOAOOTOU(A, XELPOUPYLKN) TOU aTtEUBUCHEVOU

MeSH keywords: colorectal surgery, colostomy, surgical wound dehiscence

Etcaywyn

Ta tpavpata tng TEPLVELKNG XWPAG OTO OKUAO
amoTteAoVV TIPOKANCN yla Tov KTnviatpo Adyw tng
TIEPLOPLOPEVNG SlabeoipdTnTag S€pPatog yla ou-
YKAELON KAl TNG ouvexoUg €KBEONC TOU TPAUNATOG
o€ KOTIpava, PE aToTéAECHA ToV augnpévo Kivéuvo
ETLPOAUVONG Tou Tpaupatog (Bellah & Tail 2006,
Skinner et al. 2016). Ztnv LaTpPLKA TOU AVOPWTIOU
pla peBoSog Tou XpNnoLUOTIOLELTAL CUXVA YLa TNV
QVTLUETWTILON TPAUPATWY TNG TEPLVELKAG XWpPag
€lval n KoAootopla, KaBwG ETILTPETEL TNV EKTPO-
Tt TWV KOTIPAVWY PaKpLd amd To Tpavpa Kat Tnv
ETMOVAWON XWPLG ETULTIAOKEG. ZTNV KTNVLATPLKN
UTIAPXOUV TIEPLOPLOPEVEG EPYAOieg OOV aYopa T
Xpnon koAootopiag (Lewis et al. 1992, Tobias 1994,
Hardie & Gilson 1997, Williams et al. 1999, Kumagai
et al. 2003, Tsioli et al. 2009, Cinti & Pasagi 2019,
Chandler et al. 2003), yeyovdg ou mibavad eEnyeital
aTo TLG SUOKOALEG OTN PETEYXELPNTLKN Slaxelplon
TWV acBevwy Kal amo tn pn anodoxr tg pebddou
amo toug L8LoktAteg (Tsioli et al. 2009). ZkoTdG TG
Tapouoag epyaciag lvat n mepLypa@n Twv KAWL-
KWV EUPNUATWY, TNG XELPOUPYLKNG QVILUETWTILONG
Kat tng €EEALENG o€ €va okUAO Ttou uToBARBNKE o€
TIPOOWPLVI) KOAOOTOPLa KAl 0T GUVEXELA AVAOTO-
Hwon yla TNV avtigetwrion pnéng amsubuopévou
Kat cuplyylwv .

Neprypapn

TKUAOG OpPOEVLKOG OKEPALOG 9 ETWV TIPOCKOPioTN-
KE, WG EMElYOV TIEPLOTATLKO, OTNV KALVLKI PE Sny-
pata amd okUAo otnv TePLVelkn xwpa. Katd tnv
KALVLKN €€€TAON SLATILOTWONKE N TIAPOUGLa EKTETA-
MEVWV TpAUPATWY otn Bdon Tng oupag Kat Tnv Te-
PUTPWKTLKNA XWPQ, EVW TTapatnprndnke emiong ekte-
Tapévn prén Tou TOLXWHATOG TOU atteUBUCHEVOU.
Akoun Slamotwlnke €£apbpnua tou apLotepol
aykwva. O okUAo¢ otabepotiolBnke atgoduvapt-
K& pe xopriynon uypwv (Lactated Ringers o€ §6on
10 ml kg og 15 Aemtd) KAl avaAyntikwy [pmou-
nipevopyivn (Bupag, Neocell, Greece)] os 8don
0,02 mg kg IM. Emtiong xopnynonkav kepaloAivn
(Vifazolin, Vianex, Greece) oe 8don 22 mg kg™ 1V,
Kal KAvsapukivn (Dalacin, Pfizer, USA) oe §6on 11
mg kg IM. O okUAOG VOOGNAEUTNKE Kal Tipoypap-
patioTnke yla XELpoupyLkr Slepelivnon PECA OTLG
ETIOPEVEG WPEC. YTIO YEVIKN avalobnola pe agpla

Introduction

Perineal and peri-anal wounds present a challenge
for the veterinarian due to the limited availability
of skin for closure and the constant exposure to fe-
cal contaminants and the associated risk of wound
contamination (Bellah & Tail 2006, Skinner et al.
2016). In human medicine, temporary colostomy
is frequently used for the management of perine-
al wounds, since it allows fecal diversion and con-
tributes to uncomplicated wound healing. The is a
scarcity of reports of colostomy that appeared in
veterinary literature (Lewis et al. 1992, Tobias 1994,
Hardie & Gilson 1997, Williams et al. 1999, Kumagai
et al. 2003, Tsioli et al. 2009, Cinti & Pasagi 2019,
Chandler et al. 2003), due to difficulties in postop-
erative care and owners’' non-acceptance (Tsioli et
al. 2009). The objective of the present report was
to describe the clinical findings, surgical treatment,
and outcome of a dog that underwent temporary
end-on colostomy for the treatment of rectal perfo-
ration associated with rectocutaneous fistulas.

Description

A 9-year-old intact male Jack Russel dog was pre-
sented, as an emergency, with a history of bite
wounds in the perineal area. Clinical examination
revealed an extensive cutaneous deficit at the base
of the tail and the perianal region. Rectal perfora-
tion was also revealed. Luxation of the left elbow
was also identified. The dog was hemodynamically
stabilized with fluid therapy (Lactated Ringers at
a dose of 10 ml kg within 15 minutes) and anal-
gesics [buprenorphine (Bupaq, Neocell, Greece)]
at a dose of 0.02 mg kg IM. [Cefazoline (Vifazo-
lin, Vianex, Greece)] at a dose of 22 mg kg 1V, and
[clindamycin (Dalacin, Pfizer, USA)] at a dose of 11
mg kg' IM were also administered. The dog was
hospitalized and was scheduled for surgical explo-
ration and wound reconstruction over the next few
hours. Under general gas anesthesia, the wounds
were debrided, the rectal perforations were closed
with simple interrupted sutures (PDS 3/0, Ethicon,
USA) and samples were taken for culture and sen-
sitivity tests. The perineal wound was treated as an
open wound with a wet-to-dry bandage that was
changed daily (Figure 1). Closed reduction of the el-
bow luxation was performed and a spica splint was
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Ewkova 1. EniSeon tomou wet to dry (uypdg oe oteyvd emiSeopo)
(mpoowrikd apxetlo ouyypagéa M)

Figure 1. Wet to dry bandage 9 (personal file of the author MS).

Elkova 2. Aldomaon tou onuegiou pri&ng tou opBou.
Figure 2. Dehiscence of the rectal perforation site.

TIPAYHUATOTIOWONKE  XELPOUPYLKOG  KaBapLopog
TWV TPAUPATWY KAl cUPPAPr] TOU TOLYWHATOG TOU
ameuBUOPEVOU PE amAEG XWPLOTEG pawég (PDS 3/0,
Ethicon, USA), evw éywve AN SeLypatwy yla KaA-
AépyeLa kat avtBloypappa. Ta uttdAolra tpavpa-
Ta aeébnkav avolytd pe emnideon wet-to-dry wote
va TIpaypatomoLlouvTal KabnuepLveg TTAUOELG TOU
Tpavpatog Kat alayég tng enideong (Ewkova 1).
MpaypatotolrBnke kAsLotr avdataén tou eEapbpn-
HOTOG TOU aykwva Kat TomoBetrBnke vapOnkag
spica yla 14 nuEpeG. MeTeyXELPNTLKA CUVEXLOTNKE N
xopnynon avtiBlotikwy BID, kat xopnyndnkav pe-
Ao&kapn (Metacam, Boehringer Ingelheim, Spain)
(0,1 mg kg™ SC, SID) kat pmouttpevoppivn (0,02 mg
kg IM TID). Tpelg pépeg apydTEPA SLATILOTWONKE
51aoTaoN TWV TPAUPATWY TOU ateuBuopEVOoU Kat
EMLPOAUVON TWV TPAUPATWY TNG TIEPLVELKNG XWPAG
amo kompava (Ewkova 2). Artopaciotnke n Stevép-
YELO TIPOOWPLVNAG KoAootopiag. MpogyxelpnTika
Slarotwdnke avawpia [Awpatokpitng 22,3% (37,3-
61,7)], oTtOTE SLAKOTINKE N XOPryNnon HEAOELKAUNG
KAl TIPAyUOTOTIOWONKE HETAYYLON OCUHTIUKVWHE-
VWV gpuBpwV atpooatpiwyv (10ml kg™). BaoeL twv
amoteAeoudTwy TG KaAALEpyeLag (Escherichia Coli,
Enterobacter aerogenes, and Proteus mirabilis) kat
TOU avtBloypdappatog xopnynbnke svpoploa-
otvn (Baytril, Bayer, Germany) oe 86on 5 mg kg’
SC, SID. Qg mpoavalcBntikn aywyr] xopnynénkav
@evtavUAn (Fentanyl, Janssen, FAMAR, Greece)
(2 pg kg IV) kat ptdagoAapn (Dormicum, Roche
Pharma, Germany) (0,2 mg kg' IV). H eykatdota-
on g avalodnotag éywve pe ipomto@dAn (Propofol

placed on the forelimb for 14 days. Postoperatively
antibiotic administration was continued BID, and
also meloxicam (Metacam, Boehringer Ingelheim,
Spain) (0.1 mg kg SC, SID) and buprenorphine
(0.02 mg kg IM TID) were given. Three days later
dehiscence of the rectal wall and contamination of
the perineal wound with feces was noted (Figure
2). A temporary colostomy was recommended as
a treatment option. Anemia was identified prior
to surgery [Hematocrit 22,3% (37.3-61.7)], the ad-
ministration of meloxicam was discontinued and
the dog received a transfusion of packed red blood
cells (10ml kg'). Based on the results of the cul-
ture (Escherichia Coli, Enterobacter aerogenes, and
Proteus mirabilis) and sensitivity test, enrofloxacin
(Baytril, Bayer, Germany) at a dose of 5 mg kg' SC,
SID was administered. The dog was premedicated
with a combination of Fentanyl (Fentanyl, Janssen,
FAMAR, Greece) (2 pg kg™ IV) and midazolam (Dor-
micum, Roche Pharma, Germany) (0.2 mg kg IV).
Propofol (Propofol MCT/LCT/Fresenius 1%, Frese-
nius Kabi, Austria) “to effect” was administered
for anesthetic induction, and isoflurane (Iso-Vet,
Piramal Healthcare, UK) in 100% oxygen for main-
tenance of anesthesia. Fentanyl was also adminis-
tered at a constant rate infusion (CRI) at 0.1ug kg
min.

The dog was positioned in dorsal recumbency
and both the ventral and left lateral abdominal wall
were prepared for surgery. A midline laparotomy
was performed and the descending colon was tran-
sected 7 cm cranial to the pelvic brim. Both colon-
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MCT/LCT/Fresenius 1%, Fresenius Kabi, Austria) kat
n Siatrjpnon e Loo@Aoupdvio (Iso-Vet, Piramal
Healthcare, UK) og 100% o&uydvo. Xopnynonke emi-
ong otdyénv @evtavuAn og §6on 0,1pug kg™ min-.

O okUAoG ToToBeTrBNKe o€ UTTLa B€0N KAl TO
KOWLOKO Tolywpa TIPOETOLUAOTNKE aonmta. To
XELPOUPYLKO TteS0 TEpAAPBAVE Kal To TAQyLo apt-
0TEPO KOLALOKO TOlXWHA HEXPL TOV KEVEWVA. Mpay-
patomolBnke péon AQmapoTour], aveupEBnKe to
KOAOV KAl SLATPABNKE PEPLKA EKATOOTA TIPOTOLwg
™G uéAou. MpaypatoTtoLBnke cuppaPn Twv SVo
Adkpwv pe amAn ouvexn pagn (PDS 3/0, Ethicon,
USA). 2T oUVEXELQ, £YLVE KUKALKNA Tour SLapétpou
Tep(TTOU 2 EKATOOTWY OTO APLOTEPO TIAAYLO KOWALA-
KO TolywHa Kabwg Kat SLavolEn Twv JUWV TOU KoL-
ALtakoU Tolywpatog oto {8lo onpeio. To gyyug akpo
TOU KOAOU TIEPACE SLAPECW TNG OTIG TOU TIAAYLOU
KOWALOKOU TOLXWHATOG KAl a@alpEBNKE n CUVEXNG
papn Tou ixe TomoBetnBel TpocwpLvd. To KOAOV
KaBNAWONKe 0TO PUIKO TOlYWHA HE QTTAEG XWpPL-
OTEQ paWEG Kal pappa PDS 3/0, evw tomoBetron-
KQav aTAEG XWPLOTEG paweg petagu tou xelAoug Tou
KOAou Kat tou &éppatog (Polyamid 4/0, Medipac,
Greece) yLa tn SnpLoupyia tng otopiag. H oUyKAEL-
on ™G P€oNG AAapoTOMNG €YLVE KATA TA YVWOTA.
Stov {810 xpodvo €yLve Kal veapotoinon tou Tpau-
HATOG TNG TIEPLVELKNG XWPAC KAl apalpednkav ot
veKpwpevol Lotol. Emiong €ywve €k véou cuppan
Twv onpelwv préng Tou ameubBuoPEVOU PE aTTAEG
XWPLOTEG pawég (PDS 3/0, Ethicon, USA). H avavn-
Yn tou okvAou amod tnv avaicdnoia ftav opaAn,
Kat n otaydnv xopnynon QevtavuAng SLOKOTINKE
HEPLKEG WPEG HETEYXELPNTIKA. Xopnyndnke ouv-
Suaopog pmoutpevopwivng oe 86on 0,02mg kg’
IM, TID, kat tapaketapdAng (Apotel, Uni-Pharma,
Greece) og 86an 10 mg kg™ 1V, TID. KaBnuepwd
Tpaypatomololvtav TMAUCELG TOU TPAUPATOG Kal
aM\ayEg emideong tie over Pe LATPLKO PEAL UTIO pL-
Kpr) 800N TIPOTIOPOANG PEXPL TO OXNHUATLOPO UYL-
oUG KOKKLWS&N LoToU.

Ma tn Slaxelplon tng KoAootoplag PETEYXELPN-
TIKA Xpnolpotodnkav odkol KoAootopiag Tou
mpoopiovtat yia rawdd (Coloplast, Denmark) kat
uTtokAuopot. OL uttokAUGp ol TipaypatotmoLlolvtav
pia wopd nuepnoiwg pe 250 ml xAtapd vepd, kat n
otopia apnvotav ya 30 Aemttd xwplg o6dko Wote va
aTopaKpUVBOUV Ta KOTIpaAvVA. TN CUVEXELD EPap-
poZdTav €K VEOU 0 0AKOG. TLG TIPWTEG PETEYXELPN-
TIKEG PEPEG Ttapatnpndnke Stappor] uSapwv Ko-
Tpdavwy PeTa&l Tou §€PPATOC KAl TOU OAKOU TIOU
08rynoe o€ amopdkpuvon Tou odkou Kat Sgpua-
ttda mépLE tng otopiag (Ewkova 3). Aropaciotn-
KE N SLOKOTIA TWV UTTOKAUCHWY, KAl EQAPPOOCTNKE
TOTILKA KOPTLKOOTEPOELSHG — QVTLRLOTIKY aAoLyn
(Fucidin H, Leo Pharma, Denmark) kat oteyavw-

The use of temporary colostomy

ELkova 3. Aspuatitida yUpw amé tn otopia.
Figure 3. Dermatitis around the stoma.

Elkova 4. dAavtda kat Jwvn otn otopia.

Figure 4. Flange and belt on the stoma.

ic stumps were sutured with a simple continuous
simple pattern (PDS 3/0, Ethicon, USA). A two cm
circular incision was made on the skin of the left
lateral abdominal wall, and a smaller circular inci-
sion on the abdominal musculature. The proximal
colonic stump was exteriorized through the incision
and the sutures were removed. The seromuscular
layers of the colon were sutured to the abdominal
muscles with simple interrupted sutures (PDS 3/0).
The stoma was created by suturing the colon (full
thickness) to the skin with a simple interrupted
non-absorbable suture (Polyamide 4/0, Medipac,
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ELKOVa 5. MeteyyelpnTiky £lkOvVa TNG TEPLVEIKAG XWPAS HETA TN oU-

YKAELON HE TOV AEOVLKO KPNHVO.

Figure 5. Post-operative appearance of the perineal area after closure

with the axial flap.

ELKOVa 6. MepUpwKTIKEG PATEC.

Figure 6. Perianal masses.

Tk dota (Coloplast) yOpw amod tn otopia katd
TG aMay€g odkou. O odkol evdg tepayiov avtt-
kataotdBnkav amd odkoug 2 tepaxiwv kat xpnot-
pottow)Bnke {wvn yupw amd tn pécn Tou okUAoU
yla va otabeportotel to odko (Ewkdva 4). O odkog
aA\adotav Kabnuepwva evw n Bdon KABe 3-4 pépeg
otav TAéov Sev epAppode 0TO SE€pPa TOU OKUAOU.
Meta amd autég TG alayEg Sev mapatnprdnkav
SLappoEG.

AEKAOKTW PEPECG PETA TO XElpoupyelo, elxe oxn-
paTLoTEL UYLAG KOKKLWSENG LOTOG OTO Tpaupa tng
TIEPLVELKNG XWPAG KAl TIPOYPAHATiOTNKE OUYKAEL-
on Tou Tpavpatog. Autr Tep\dpBave tn xprion
afovikoU kpnuvou amd to &€ppa TnG oupdg yla
va KOAUQBel To SeppPatikd ENAELUPA TNG TIEPLVEL-
KNG xwpag. MpaypatomolrBnke topr otn paylata
ETLUPAVELA TNG OUPAG, SLaXWPLOTNKE TIPOCEKTLKA TO
S€ppa amod TouG UTTOKELPEVOUG PUEG KaL 00TA WOTE
va SlatnpnBoulv oL £€E€w KOKKUYLKEG apTnpleg, Kal n
oUPA aKPWTNPLACTNKE. To S€pPa TNG OUPAG XpNotL-
HoTIOLRONKE yLa va KaAUWOel To SepPATLKO ENNELY-
pa Kal yla va mpaypatorownfel avadopnon tou
BAEVVOSEPUATIKOU OplOU OTOV TIPWKTO HE ATIAEG
XWPLOTEG pawég (Polyamide 3/0, Medipac, Greece).
AkOUN Katd TN oUyKAELON TOTIOBETHONKE TIAPOXE-
TeUoN KAELOTOU TUTOU yla 3 nuépeg (Ewkdva 5).

Oydovta pépeg PeTd to xelpoupyeio, elxe oAo-
KANpwBel n emovAwoN Tou TpaVPATOC TNG TEPL-
VELKNG XWpag kat Slamiotwbnke OTL €lxe amoka-
Taotabel n AeLToupyLlkdTNTA TOU CPLKTHPA PU TOU
TpwKToU Katd tnv KAWLKA e&€tacn Slamotwonke
n Tapoucia SU0 TEPLTPWKTLKWY Palwv Kat avgn-

Greece). The midline laparotomy was closed rou-
tinely. The perineal wound and rectal perforations
were debrided and closed with simple interrupted
sutures (PDS 3/0). Recovery from anesthesia was
uneventful, and the fentanyl CRI was continued
for a few hours postoperatively. A combination of
buprenorphine at a dose of 0.02mg kg' IM, TID,
and paracetamol (Apotel, Uni-Pharma, Greece) at
a dose of 10 mg kg IV, TID was administered. The
perineal wound was lavaged daily under a small
dose of propofol and a tie-over bandage with medi-
cal honey (L-Mesitran, Bioskin, Greece) was applied
until the formation of a healthy granulation bed.
Postoperatively the stoma was managed by
using colostomy bags designed for children (Col-
oplast, Denmark) and by colonic irrigation. Irriga-
tion was performed once daily with 250 ml of warm
water, and the stoma was left without a bag for 30
minutes, to allow for colonic evacuation. Then the
bag was reapplied. During the first postoperative
days leakage of watery feces between the skin and
colostomy bag was observed, resulting in peristo-
mal dermatitis (Figure 3). Colonic irrigation was
consequently discontinued, and dermatitis was
treated with local application of a steroid-antibi-
otic ointment (Fucidin H, Leo Pharma, Denmark)
and a sealing paste (Coloplast) around the stoma
during bag changes. A two-piece colostomy bag
replaced the single-piece bag and a belt adjusted
to the dog’s waist was also used to support and
stabilize the colostomy bag (Figure 4). The bag was
changed daily and the flange every 3-4 days, when
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ELkova 7. To kdMov éxel kwntomotnBel amé To Kouakd Tolxwya.

Figure 7. Colon has been mobilized from the abdominal wall.

The use of temporary colostomy

ELkOva 8. TEAKO-TEALKF QvaOTONWON TOU TTAaXE0G EVIEPOU.
Figure 8. End to end colonic anastomosis.

on tou peygboug tou evog opxn (Ewkova 6). Ztnv
KUTTAPOAOYLKN €€étaon Twv palwv 8 Pmopouoe
va yilvel Slagopotoinon PeTagl adsvwpatog Kat
05EVOKAPKIVWHATOG, OTIOTE  TIPAYHATOTIOW|ONKE
XELPOUPYLK €€alpeon Twv paldwv KAl OpXEKTO-
pf. Ta amoteAéopata tng LoToTtaBoAoyLknG e&e-
Taong €8elfav OTL ETPOKELTO yLA TIEPLTTPWKTLKA
adsvwpata Tou Ealpebnkav TANPwWG. To TeALKO
XELpoupyelo avaPBAnBnke wote va €MOUAWBEL N
TIEPLOX M) TOU TIPWKTOU. META TNV AN PN €MOVAWON
TNG TEPLOXNG, TECOEPLG UAVEG PETA TO APXLKO XEL-
poupyelo, TTPOyPANUATIOTNKE N ATIOKATACTACH TNG
Kohootopiag. O okUAog éhaBe aketulomipopadivn
(Acetylpromazine, Alfasan, Netherland) oe &don
0,02mg kg IM kat BoutopwavdAn (Dolorex, MSD,
USA) og 86on 0,2mg kg IM wg TpoavalodnTikn
aywyn. H eykatdotaon kat tatrjpnon tng avatedn-
olag €ylve OTIWG avagepeTal kaL apamnavw. Mpay-
patomolOnkKe PEan AAmapoTOMr KAl TAUTOXpova
KUKALKI) TOMM oTo S€ppa yUpw armd tnv Kohootopia
Kat SLaywpLopog Tou KGAoU arod Toug yUpw LoToug.
ITn OUVEXELO TO KOAOV CUPPAYTNKE TpocwpLvd
KAt SLOPECW TNG OTIAG OTO KOWALOKO TolXwHa ELONA-
Be otnV KoLakr kootnta (Ewkdva 7). Aveupédn-
KE TO ATIW AKPO TOU KOAOU, VEAPOTIOLBNKAV Kal Ta
500 KoAoBwpata Kat €yLVE EVTEPOAVACTOPWON HUE
amAég XwpLotég pawég (PDS 3/0, Ethicon, USA) (Et-
KOva 8). ITn OUVEXELA €yLVE OUYKAELON TNG KOLALA-
KNG KOWAOTNTAG Kal cuppayr) Tou onueiov e£66ou
tn¢ KoAootopiag og 3 otpwpata. H avavnyn tou
oKUAOU Tav opaAn.

Katd tn pETEYXELPNTIKT VOonAela o OKUAOG
mapouciace évtovn kat emipovn Slappola Kat
OKPATELD  KOTIPAVWY, TIOU  QVTLHETWTILOTNKAV

HE xprion Tavag kat xopryynon HETpovisaloAng

it stopped adhering to the dog’s skin. No further
leaks were reported after these changes.

Eighteen days post-operatively, a healthy granu-
lation bed had formed on the perineal wound, and
closure was scheduled. A lateral caudal axial pat-
tern flap was created to cover the perineal skin de-
fect. A dorsal midline incision was made over the
tail, the skin was carefully dissected from the un-
derlying tissues taking care to preserve the lateral
caudal arteries and veins. The tail was then am-
putated. The skin of the tail was used to cover the
perineal skin defect and to reconstruct the anus
(simple interrupted sutures were used (Polyamide
3/0, Medipac, Greece). A closed suction drain was
placed during reconstruction for three days (Fi-
gure 5). Eighty days postoperatively, the perineal
wound had healed completely and the anal sphinc-
ter function was restored. Two anal masses (Figure
6) and unilateral testicular enlargement were iden-
tified on clinical examination. Cytology from the
perianal masses could not differentiate between
adenoma and adenocarcinoma, so resection of
the masses and orchiectomy were performed. The
histopathologic diagnosis was perianal adenomas
that were completely excised. The final surgery was
postponed to allow the rectal area to heal. After the
rectal area had healed completely, four months af-
ter the initial surgery, the repair of the temporary
colostomy was scheduled. The dog was premedi-
cated by the administration of acetylpromazine
(Acetylpromazine, Alfasan, Netherlands) at a dose
of 0.02mg kg IM and butorphanol (Dolorex, MSD,
USA) at a dose of 0.2mg kg™ IM. Anesthesia was in-
duced and maintained as described above. A mid-
line laparotomy was performed and following a
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(Metrobactin, Dechra, UK) o 86on 15mg kg™ kat
npoBlotikwv (Fortiflora, Purina, USA) ywa 1 prva.
O oKUAOG €EAABE aTId TNV KALVLKI TIEVTE PEPEG PETA
TO XELPOUPYELD KAL CUVEXLOE TNV aywyr OTo oTiiTL.
H akpdtela Twy KOTIPAVWY HELWONKE TO ETIOUEVO
Sltaotnua. Eva xpovo PETA to Xelpoupyelo, 0 OKU-
AOC aodeVel KavoVLKA Kal Sev Tapatnpouvtal
ETIELOOSLA AKPATELAG,

zugntnon

Alyeg avapopég prnéng amsubuopévou uTdpxouv
oTnNV KTNVLaTplki PBLpAoypapia. Ta o ouyva
attia pr&ng ameubuopévou eival to tpavpa (ka-
Taypata muéhou, Srypata), n veomhaoia, n evéo-
OKOTINGN TOU KATWTEPOU YUOTPEVIEPLKOU KAl N
aktwoBeparneia (Anderson et al. 2002, Chandler
et al. 2005, Fransson 2008, Hoffberg et al. 2016,
Lee et al. 2021, Muir 1998, Schiller 1967, Weaver &
Omamegbe 1981, Woolhead et al. 2020). Zto okUAo,
n pnén ouvrnbwg eivat eEwmepttovaikn Kat awopd
Ta TeEAevtala 4 €k amo Tov TPWKTO (Lewis 1992). Ou
SLaBEoLpEeG BepaTTEUTIKEG ETUAOYEG elval n oUYKAEL-
o Katd TIpWTo OKOTIO, N KOAooTopia, 1) N TIpocwWpL-
VN xprion stent yLa TNV amopakpuvon Twv Kotpad-
VWV KaL TNV EAayLotoTtolnon tng mpyoAuvong tou
TpalPATOG, N XPNON MUKWV KPNUVWV 1 BLOUALKWY
(Riggs et al. 2018, Skinner 2016, Tobias 1999). H ko-
Aootopia, TpocwpLvn i Hovun, lvat pla TeXVLKn
TIoU £@apPOleTal ouxvd oTnv avBpwTiLvn LOTPLKN
yld TNV QVTIHETWTILON SLapopwy TIabroewV TIou
aPopoUV TO KOAOV KAl TOV TIPWKTO, CUMPTIEPIAON-
Bavopévng kat Tng pr&ng ameubuopévou. Ito Ta-
pOV TIEPLOTATLKO, APXLKA EYLVE TTPOOTIABELA KATA TO
Suvatov Alyotepo TAPEPPATIKAG AVTLHETWTILONG,
OTIOTE TIPAYUATOTIOLONKE CUYKAELON KaTd TIpW-
TO OKOTIO TOU TOLXWHATOG TOU ameLBUCPEVOU Kal
Slayeiplon tou TepLvelkoUL TpaVPATOG Pe emideon
wet-to-dry. H xprion uUSpOKOANOELSWV Kal UYpPRG
eMoVAWONG Ba elyav PELWOEL TO XPOVO HEXPL TO
OXNMATLOPO KOKKLWSEOUG LoToU 0 GUYKPLON HE TNV
xprion emsécewv wet-to-dry. TpeLg PEPEG PETA TO
XElpoupyelo apatnprbnke Sldomacn Tou TolXw-
patog Tou ameubuopévou. H amotuyia emovAwong
Tou ameubuopévou TBava egnyeital and tn oxetL-
KA OTwXN OLUATWON TOU O OXEON HE GAAEG TiepL-
0X€G TOU YaOoTPEVTEPLKOU OWANVA, TO BAKTNPLAKO
Tou poptio Kat Tnv arouacia emuAdou (Riggs et al.
2018). Otav mapatnpridnke n dtaomacn, mpaypa-
TOTIOLONKE TIPOOWPLVI TEALKI] KOAOOTOU{A, WOTE
va SLac@aALOTEL N EKTPOTIA TWV KOTIPAVWVY aTto TO
Tpavpa. H xpron stent amoppiyOnke Adyw Tng LSL-
oouykpaoiag Tou {Wou Kat Tou KLvSUVou Eu@pagng
I ateAoUG EKTPOTING TWV KOTIPAVWY ATIO TO TpAUpa.
Alyeg avagpopég kohootoplag uTtapyxouv otnv La-

circular incision around the stoma the descending
colon was exteriorized and resection of the stoma
from the abdominal wall was performed. The mo-
bilized colon was closed temporarily with sutures
and returned to the abdominal cavity (Figure 7).
Debridement of the central and peripheral colonic
stump and end-to-end anastomosis with single in-
terrupted full-thickness sutures (PDS 3/0, Ethicon,
USA) (Figure 8) was performed. The abdominal
cavity was then closed routinely and the colostomy
site was sutured in 3 layers (muscular wall, subcu-
taneous, and skin). The recovery of the dog was
uneventful.

During the postoperative hospitalization, the
dog presented persistent diarrhea and fecal in-
continence, which was treated with metronidazole
(Metrobactin, Dechra, UK) at a dose of 15mg kg
PO BID for 20 days and probiotics for one month
(Fortiflora, Purina, USA) at a dose of 1g SID. The
dog was discharged from the clinic five days af-
ter surgery and continued the treatment at home.
Fecal incontinence decreased over time. One year
after surgery, the dog defecates normally and no
episodes of incontinence are observed.

Discussion

There are a few reports of rectal perforation in the
veterinary literature. The most common causes
of rectal perforation are trauma (pelvic fractures,
bite wounds), neoplasia, lower gastrointestinal
endoscopy and irradiation therapy (Anderson et
al. 2002, Chandler et al. 2005, Fransson 2008, Hoff-
berg et al. 2016, Lee et al. 2021, Muir 1998, Schiller
1967, Weaver & Omamegbe 1981, Woolhead et al.
2020). In dogs, perforation of the rectum is usually
extraperitoneal and occurs within 4 cm away from
the anus (Lewis 1992). Treatment options include
primary closure with sutures, colostomy, or tem-
porary stenting to divert feces and minimize fecal
contamination of the wound, or the use of muscle
flaps or biomaterials (Riggs et al. 2018, Skinner
2016, Tobias 1999). Permanent or temporary co-
lostomy is a surgical technique that is widely used
in human medicine in the management of colonic,
rectal, and anal conditions, rectal perforation in-
cluded. In the present case, an attempt was initial-
ly made to manage the perineal wound and rectal
rupture as less invasively as possible, so primary
closure of the rectal wall and management of the
perineal wounds with wet-to-dry bandages were
performed. The use of autolytic debridement and
moist wound healing would have reduced the time
of open wound management until granulation tis-
sue formation compared to the use of wet-to-dry
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TPLKN TwV {WWV ouvTpoPLAG. H koAootopia pmopel
va glvat TeAkn 1 aykUANG. H teAkn meplhapBavel
TN ouPPAP) TOU VIEPOU ameubeiag og €va oTOULO
OTO KOWALOKO TOlXWHA agrivovtag éva TUPAO AKpo
0TO AW TP PA TOU yaoTpevTeEPLKOU owAnva. H Ko-
Aootopta aykUANG TepAapBavel tn cuppayr) piag
QVOLKTNAG €ALKAG EVTEPOU OTO KOWALOKO Tolywpa
(Chandler 2005). Ot TiLO CUYVEG €TLTTAOKEG elval n
TIPOTITWON TOU EVTEPOU aTIO TN oTopia Kal n deppa-
TiSLa yUpw amo tn otopia (Hardie & Gilson 1997).
IMavIOTEPEG EMUTAOKEG glval n TepLtovitida, o €L-
A€OC, Ta eVSOKOLALOKA ] UTIOSOPLA ATIOOTHATA, N
VEKPWON TOU OTOMPIOU Kal N autopatn oUYKAELON
Tou otopiou. ZTov AvBpwTo N KoAootopia ayku-
ANG patvetal va TIPOOCTILTITEL TILO cUXVA aTto OTL N
TeAkn) (Corman 1998). £Toug KTNVLATPLKOUG aobe-
velg Sev €xeL mapatnpnBel pomtwon. O epedLopdg
TOU S€pPATOC TIPOKUTITEL AOYW TNG aKPATELAG TIOU
TIPOKaAeL N KoAooTopia kal dpa Tn ouVeEXH €A
TOU 8¢ppatog Pe KOTpava. ITtov avBpwro €xouv
XPNoLoTIolNBel SLAPOPEG TEXVLKEG YLO VA AVTLUE-
Twrlotel N akpdtela, €k TWV oTolwv n TiLo aro-
TEAEOPATLKN €lval N Xprion UTIOKAUCHWV KABe 24
wpeg (Sanada et al. 1992). Ou Williams et al ékavav
€PELUVA YLA TN XPrON UTIOKAUGPWY O OKUAOUG ME
KOAOCTOMIA KAl EVW S&V AVTIPETWTTLOTNKE TEAElWG
N aKPATELQ, PELWONKE TTOAU N TTapaywyr] KoTpAvwy
TwV oKVUAWV péoa oto 24wpo (Williams et al. 1999).
OL 0GKoL GUAAOYNG TWV KOTIPAVWVY TIOU XPNOLpo-
Tolovvtal otov AvBpwTio cUPBAAOLV CNUAVTIKA
otn pelwon tng Seppatitidag mepLE Tng otopiag.
‘OpWE, oL KOAAEG Kal TA OTEYAVWTLKA TIOU Xpnot-
pottolouvtal eivat oxedlacpéva yLa Tto avBpwrilvo
Séppa kat Sgv Tpoolovtal KaAd oto Sépua Tou
okUAou (Hardie & Gilson 1997). Akoun n gyyutnta
TNG EMLyOVATLAG TITUXNG OTO onpelo TNg otopiag
Suoxepaivel TV TpdoPuUon Tou oAKou. Q¢ amoTeE-
AEopQ, N XPON CAKWVY KOAOOTOWLAG NTav averL-
TUXNG OE APKETEG KTNVLATPLKEG avawopEg (Cinti &
Pasagi 2019, Hardie & Gilson 1997). Zto mapov Te-
PLOTATLKO, SEV TTapaTnPrRBnKe TPOTITWON TNG OTOo-
pilag Kat xpnolPoToBnkav ETLTUXWG AKOL KOAO-
oToMLlag yLa TNV AVTLPETWTILON TNG aKPATeLag. MNa
Vv eAaylotomoinon tng depuatitidag yupw armo
tn otopla, epappdoTNKavV UTIOKAUCHOL Katd Tn
HETEYXELPNTIKA VoonAela, aA\d Stakotminkav Adyw
NG ouvexoUg TTapaywyng LSAPWY KOTIPAVWVY TIOU
odnyouoe o Seppatitida. Ol oakol KoAootopiag
avTLKataotdnkav amoé odkoug Svo tepayiwv (xw-
pLot Baon kat 6dkog), Kat xpnotporotrtnke {wvn
KOAOOTOWLAG KAL OTEYAVWTLKN TIAOTA yLa va BeATL-
wBel n pdouon Tou odKou OTo SEpHa. AUTEG oL
aAM\ay€G ouvEBOAQV OTOV TIEPLOPLOUO TOU £pedL-
opoU Tou SEpPatog Kat SlteukoAuvav tn Staxeipt-
on tng otopiag amo toug kndepdveg oto omitt. H

The use of temporary colostomy

bandages. Dehiscence of the rectal wall was ob-
served 3 days after its reconstruction. The failure
of the caudal rectum to heal could be explained by
its relatively poor blood supply compared to other
areas of the gastrointestinal tract, its bacterial load,
and the lack of omentum (Riggs et al. 2018). When
dehiscence of the rectum was observed, a tempo-
rary end-on colostomy was performed to assure
the diversion of the feces away from the wound.
The use of a rectal stent was not considered due to
the patient’s temperament and the risk of obstruc-
tion, or incomplete diversion of the feces away
from the wound. There are few colostomy reports
in small animal medicine. Two types of ostomies
exist, end-on and loop. End-on or transverse osto-
mies involve suturing the intestine directly to a sto-
ma in the abdominal wall and leaving a blind end
in the aboral portion of the intestinal tract. Loop
ostomies involve suturing an open loop of intestine
to the stoma in the body wall (Chandler 2005). The
most common complications are prolapse of the
intestine through the stoma and dermatitis around
the stoma (Hardie & Gilson 1997). Rare complica-
tions include peritonitis, ileus, abdominal or sub-
cutaneous abscesses, stomal necrosis, and spon-
taneous stomal closure. In human patients, loop
colostomy prolapses more frequently compared
to end-on colostomy (Corman 1998). In veterinary
patients, no prolapse has been reported. Skin irri-
tation is a result of the incontinence that is caused
by the colostomy, and the constant contact of the
skin with feces. Numerous methods have been
used to achieve continence in human patients with
colostomies, the most successful being colonic irri-
gation with enemas once daily (Sanada et al. 1992).
Williams et al investigated the use of irrigation in
dogs with colostomy. Even though incontinence
was not completely resolved, they report a signif-
icant reduction in fecal production over a 24-hour
period (Williams et al. 1999). Fecal collection bags
that are used in human patients contribute signif-
icantly to minimizing peristomal dermatitis. The
problem is that glues and adhesives designed for
human skin adhere poorly to canine skin (Hardie &
Gilson 1997). Moreover, the proximity of the flank
fold to the site of the stoma makes the adhesion of
the bag challenging. As a result, the use of colosto-
my bags has been unsuccessful in many veterinary
reports (Cinti & Pasagi 2019, Hardie & Gilson 1997).
In the case presented here, no prolapse of the sto-
ma was observed, and colostomy bags were used
to manage fecal incontinence. In order to minimize
peristomal dermatitis and facilitate the manage-
ment of the colostomy, colonic irrigation was im-
plemented in the post-operative management, but
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XPron 0AKWVY KOAOCTOMLAG ATAV ETILTUXNG OE AUTO
TO TIEPLOTATLKO, O€ avTiBeon PE TLG TIEPLOCOTEPES
TIPONYOUHEVEG AVAPOPEG.

Ta Seppatikd eAElPPaTA OTNV TIEPLVELKN XWwpa
mapouctdlouv SuckoAia otn oUykAelon, Kabwg
Sev umdpyel Aeovalov Séppa otnv TEPLOXN. Z€
KATIOLEG TIEPUTTWOELG WTIOPEl va XPnoLPoTIoL-
Bel To SEppa TOU 00XEOU OE APOEVIKOUG OKUAOUG
HETA amd opyeKTOWN N n TrTuxn paxtalia tou at-
Solou og BnAukoug okUAoug (Bellah & Tail 2006,
Grigoropoulou et al. 2013). Avagépstal kat n xpron
a€ovikoU KpnuvoU PE To S€épua tng oupdg (Lee et
al. 2021, Kokkinos et al. 2017, Saifzadeh et al. 2005)
yla TV KAAUPn EMELPPATWY TOoo paylaia 6oo Kal
KOWALOKA TOU TIpwKToU. ‘Otav To S€ppa oTpEPeTal
KEPAALKA, AOyw TNG Yopdg €KQUONG TOU TPLYXWHA-
TOG TO AMOTEAECHA eV lval aTTOAUTWE KOGHNTLKO
(Bellah & Tail 2006). £T0 TApPOV TIEPLOTATLKO, AOYyW
™G B€onGg Kat tng €Ktaong tou eAAelppartog xpn-
olwgomotBnke o afovikdg Kpnuvog Pe to Seppa
NG ouPAG. H oUyKAELON TIpayHaATOTIOWONKE PETA
TO OXNMATLOPO UYLOUG KOKKLWSOUG Lotou. H ava-
OKeUn Tou BAevoSEPUATIKOU 0plou TOU TIPWKTOU
Sev mapouctade Tdon Kal n EMOUAWON Tng TEPLO-
XNG €V TTAPOUCLACE ETLTTAOKEG.

SUMTIEPACHATLKA, N TIPOCWPLVI KOAOCTOMLa PTTo-
pel va xpnolwpomonBel wg pepog NG SLaxeiplong
TWV TPAUPATWY TNG TEPLVEIKAG XWPAG TIOU OXETL-
Covtal pe pri&n Tou aneubUCPEVOU KaL TO oXNHaTtL-
Opo ouplyylwv étav n empdAuvon amd ta KOTpa-
va duoxepalvel TNV emovAwon.

ZUYKPOUGT) CUHPEPOVTWV
OL ouyypageilg SnAwvouv OTL Sev UTIApXEL OU-
YKPOUGH GUHPEPOVTWV.
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was discontinued due to the constant production
of watery feces that led to peristomal dermatitis.
Colostomy bags were replaced by two-piece bags
(separate flange and bag), and a colostomy belt
and an adhesive paste were used to improve seal-
ing around the stoma. These changes led to a re-
duction of skin irritation and facilitated colostomy
management for the owners after the dog was dis-
charged. The use of colostomy bags was successful
in this case, in contrast to most previous reports.

Perineal skin defects present difficulties in man-
agement due to the lack of excessive skin in the
area. In some cases, the scrotum can be used in
male dogs following castration, or the dorsal vulvar
skin in female dogs (Bellah & Tail 2006, Grigoropou-
lou et al. 2013). The tail skin as a flap (lateral caudal
axial pattern flap) has also been described (Lee et
al. 2021, Kokkinos et al. 2017, Saifzadeh et al. 2005)
to cover defects both dorsally and ventrally to the
anus. When the skin is flapped cranially, the ap-
pearance of hair growth is not completely cosmetic
(Bellah & Tail 2006).

To cover the perineal skin defect, that extended
dorsally and around the anus, a caudal lateral axial
pattern flap was used. The skin reconstruction was
performed after the formation of a healthy granu-
lation bed on the wound. The reconstruction of the
mucocutaneous junction of the anus was tension
free and the healing of the area was completed
without complications.

To conclude, temporary end-on colostomy could
be used as part of the management of perineal
wounds in dogs associated with rectal perforation
and rectocutaneous fistula formation when fecal
contamination of the wound is an inhibiting factor
in healing.
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Tumor ablation in veterinary oncology
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MepiAnyn

O kapkivog ota {wa cuVTPOPLAG TTAPAPEVEL O PEYA-
AUtepog tapayovtag BvnoLyotnTag, Pe Ta mEPLoTa-
TWKA Kapkivou va au&avovtal, kabwg n pakpolwia
Twv {WWV oLVTPOWYLAG ouveyileL va BeAtlwvetal. H
XnHeloBeparela, n aktwobeparela kat n xelpoup-
yLKn emépPBaon elvat ol KUpLeG péBoSoL Bepameiag
TOU Kapk{vou 0TV KTNVLATPLKN, aAAAd oL Bepartteieg
QUTEG £XOUV CNUAVTIKOUG TIEpLOPLOPOUG. Q¢ aro-
TEAECHA TWV TIEPLOPLOPWY TWV CNUEPLVWY Bepa-
TIEUTIKWV PeBOSwy, Slvetal Slaltepn mpoooxn
otnV avamtugn eAdyLlota emepPBatikwy Bepameutt-
Kwv pEBOSWVY yLa tn Beparmeia Twv KapKivwy Twv
{WWV OUVTPOWLAG, TIPOKELPEVOU VA TIEPLOPLOTEL
n voonpotnta, va BeAtlwbel o EAeyxog Tou Oykou
Kat va tpoAn@Bolv oL petaoctdoel. ElSikotepa, N
EVEPYELOAKN KATAAUGT TOU OYKOU ATIOTEAEL EAKUOTL-
KO PEOO yLa TNV eAdyLoTa eTepBatikr EGAeLPN TOou
KQPKLVLKOU LOTOU, TOC0 PHECW BEPULKWVY OCO Kal Hn
BEPPLKWY pNXaVLIoPWV. XTo Tapdv apbpo, Siepeu-
VOUE TLG apXEG, T peBoSooyla Kal TLG EQapHOYES
SLaPopwWV BEPULKWVY Kal Pn Bepulkwy Bepateutt-
KWV HEBOSWVY KatdAuong Tou Kapkivou oe {wa
OUVTPOWLAG. ZUYKEKPLPEVQ, eEeTAlOUPE TOUG Bep-
HLKOUG TPOTIOUG KATAAUGONG, CUMPTIEPAaPBavopE-
VWV TNG Kpuomn&lag, Tou €0TLOCPEVOU UTIEPHXOU
udbnAng évtaong (HIFU), Tng katdAuong pe Aélep,
NG KATAAUONG PE PLKPOKUPATA KAl TNG KATAAUONG
HE padloouxvoTnTeg, KaBWGE KaL Toug pn BepuLkoug
TPOTIOUG KATAAUONG, CUUTIEPAQUPBAVOPEVWY TNG
totobpupiag, TG pn avaotpePLung nAEKTPosdLa-

Abstract

Cancer in companion animals remains the
largest contributor to mortality, with cancer inci-
dence increasing as companion animal longevity
continues to improve. Chemotherapy, radio-
therapy, and surgery are the main treatment
modalities for cancer in veterinary medicine, but
these therapies harbor significant limitations. As
a result of the limitations of current treatment
modalities, significant attention is being paid to
the development of minimally-invasive thera-
peutics for the treatment of companion animal
cancers in order to limit morbidity, improve
tumor control, and prevent metastasis. In partic-
ular, energy-based tumor ablation represents
an attractive means of minimally-invasively
eradicating tumor tissue, via both thermal and
nonthermal mechanisms. Herein, we explore
the principles, methodology, and applications of
various thermal and nonthermal ablation thera-
peutics in the treatment of cancer in companion
animals. Specifically, we review thermal ablation
modalities including cryoablation, high-intensity
focused ultrasound (HIFU), laser ablation, micro-
wave ablation, and radiofrequency ablation, as
well as nonthermal ablation modalities including
histotripsy, irreversible electroporation (IRE),
and high-frequency irreversible electroporation
(H-FIRE), and evaluate the clinical applications of
each in small animal oncology.
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tpnong (IRE) kat tng pn avaotpePLung nAEKTpo-
Sldtpnong udnAng cuyvétntag (H-FIRE), kat a&Lo-
AOYOULE TLG KALVLKEG EQAPHOYEG TOU KaBevog otnv
oykoAoyia Hkpwv (Wwv.

NEEeLg eupeTnpiou: yata, EAdxLOTA TEPPATIKEG PEBOSOL, KapKivog, OKUAOG

MeSH keywords: cat, dog, minimally invasive methods, tumor

Etcaywyn

O kapkivog amotelel Ttov peyaAUtepo Tapdyovta
BvnoLuotntag oToug OKUAOUG CUVTPOPLAG, KAl €V
HEPEL AOYW TNG augnpévng pakpolwiag Twv (wwv
OUVTPOWLAG, N CUXVOTNTA EUPAvVIoNG veomAaot-
ag ota {wa ouvtpoplag ouveyilel va augdvetat
(Vascellari et al. 2009). Ot Baoikot dEoveg tng Oe-
pareiag tou kapkivou ota {wa cuVTPOYLAG TiEpL-
AapBAvouv TNV XELPOUPYLKNA €MEPPRacn, tnv xn-
peloBepameia kat tnv aktwvoBeparmeia. Qotodoo,
N XELPOUPYLKN EKTOMIN OUXVA aTOKAEleTal Aoyw
TOU auEnpévou KWEUVOU voonpoTNTAG KAl TWV
TBavwy EMUTAOKWY TNG avdppwons. Evw n xn-
petoBepaneia kat n aktvoBepaneia xpnotporot-
olvTal CUXVA OE JLa TIPOoTIABELa va amotpamouy
Ol PETAOCTACELG, VA QVILHETWTILOTOUV TA KALVLKA
OUPTITWHATA KAl va EemepaotolV oL TepLlopLopol
TNG XELPOUPYLKNG TtEpBAAYNG, OL HETAOTACELG TWV
TPWTOTMABWY OYKWV TIAPAPEVOUV HLd CNUavTL-
k] attla Bavdtou otoug KTnvLatplkolg acBevelc.
Katd ouvemela, amattouvtal €MeELyOVTWG BEATIW-
HEVEG OTpaTNYLKEG Bepateiag Tou Kapkivou yia t
BeAtiwon NG SLaxelpLong TG VEOTIAACHATLKAG VO-
00U OTNV KTNVLATPLKN.

ISLaltepo evLapépov amodidetal otnv avamtu-
&n e\aylota emepBatikwy BepaTEUTIKWY PHEBOSWY
O€ JLa TIpooTtdbeLa va TEpLOPLOTEL N voonpotnta
KAl TaUTOXpOova va peyLototolnBel o €Aeyxog Tou
OYKOU Kal va amo@euxbolv oL PETACTACELG OF
aoBevn amo Kapkivo {wa CUVTPOPLAC. TUYKEKPLHE-
VaQ, N EVEPYELAKN KATAAUGN TOU OyKOU avadelkvu-
€TAL WG PLO PEAALOTLKN, ATIOTEAEOPATLKN Kat Su-
VNTLKA OLKOVOPLKA aTtoS0TLKN Ttapépfaon yla Tov
Kapkivo ota {wa cuvTpoPLAG.

Tu elval n katdAuon 6ykwv pE Bacn tnv
EVEPYELQ;

OL Bepareleg apaipeong dykwv pe Bdon tnv evép-
YELQ TIEPIAAPPBAVOUV TNV £0TLOKN EQAPUOYT| EVEP-
YELAG yla TNV KATAOTPO®r] TWV OYKWV, PE OTOXO
Vv efdheldn OAWV TWV VEOTIAACHATIKWY KUTTA-

Introduction

Cancer represents the largest mortality factor in
companion dogs, and partially due to increased
longevity of companion animals, the incidence
of neoplasia in companion animals continues
to rise (Vascellari et al. 2009). The mainstays of
cancer therapy in companion animals include
surgery, chemotherapy, and radiotherapy. How-
ever, surgical resection is frequently precluded
due to increased risk for morbidity and poten-
tial recovery complications. While chemotherapy
and radiotherapy are often employed in an effort
to inhibit metastasis, manage clinical symptoms,
and overcome surgical care limitations, metas-
tasis of primary tumors remains a major cause
of death in veterinary patients. Subsequently,
improved cancer therapeutic strategies are ur-
gently needed to improve neoplastic disease
management in veterinary medicine.

Special interest is being paid toward the devel-
opment of minimally-invasive therapeutics in an
effort to limit morbidity while maximizing tumor
control and preventing metastasis in compan-
ion animal cancer patients. Specifically, ener-
gy-based tumor ablation is emerging as a rea-
listic, efficacious, and potentially cost-effective
intervention for cancer in companion animals.

What is Energy-Based Tumor Ablation?

Energy-based tumor ablation therapeutics in-
volve the focal application of energy to destroy
tumors, with the goal of eradicating all neoplastic
cells within a specified target volume while spar-
ing surrounding healthy tissues. These ablation
modalities are administered non- or minimally
-invasively, under image-guidance, and can be
used as sole treatment modalities, or as adju-
vants to surgery, chemotherapy, and radiother-
apy. Depending on the ablation modality em-
ployed, treatment may induce thermal (Figure
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Figure 1. Summary of A) thermal and B) nonthermal energy-based ab-
lation modalities. A) Thermal ablation of tumor tissue can be achieved
via hypothermic mechanisms through application of cryogenic energy,
or via hyperthermic mechanisms through application of high-intensity
focused ultrasound (HIFU) or various frequencies of electromagnetic
energy (laser ablation, microwave ablation, radiofrequency ablation). B)
Nonthermal ablation of tumor tissue can be achieved through mechani-
cal tissue disruption by application of high-intensity mechanical focused
ultrasound (histotripsy), or via disruption of cellular homeostasis after
treatment with pulsed electric fields in irreversible electroporation (IRE)
and high-frequency irreversible electroporation (H-FIRE).

PWV EVTOG £VOG KOBOPLOPEVOU OYKOU-OTOXOU, EVW
TapAaMnAa Tpootatevovtal oL yUpw UYLELS LoTol.
AUTEG oL pEBoSoL KatdAuong epappolovtal pn- N
ENAXLOTA ETMEPPATIKA, HE OTIELKOVLOTLKN KaBodn-
ynon, Kat Ymopouv va xpnotporotnfolv wg po-
vaSLkEG peBodol Beparmelag N wg BondnTikd péoa

1A) or nonthermal (Figure 1B) tumor tissue de-
struction. Here, we explore the mechanisms, ad-
vantages and limitations, and most up-to-date
applications of each of various modalities of
thermal and nonthermal energy-based ablation
of spontaneous tumors in veterinary medicine.
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OTNV XELPOUPYLKN €MEPPRacN, TNV xnpelobepameia
KAl TNV aktwobepareia. Avaloya pe TN XpnoLdo-
Toloupevn péBodo katdAuong, n Beparmela pmopet
va ipokaAéael Beppikn (Etkova 1A) 1 pn Bgputkn
(Ewkdva 1B) kataotpo@r TOu LoToU TOU OYKOU.
ESw, SlepeuvoUpE TOUG PNXAVLIOPOUG, Ta TIAEOVE-
KTAMATA KAl TOUG TIEPLOPLOKOUG, KABWG KAl TLG TILO
oUYXPOVEC EPAPHOYEG KADEULAG aTIO TLG SLAPOPEC
pEBOSOUG BEPULKNG KAl PN BEPULKNG EVEPYELAKNG
KATAAUONG OYKWVY OTNV KTNVLATPLKT).

KatdAuvon tou 0ykou pécw
OepULKAG eVEPYELAG

OL BeppLkeg pEBOSOL KATAAUONG OYKWVY UTIOPOUV
va €0UV KUTTAPOTOELKN Spdon PEow UTIoBEpuL-
KWV 1 UTIEPBEPULKWY UNXAVIOPWY yla TtV TIpo-
KANGN VEKPWONG TwV LoTWV. Ot péBoSol BepULKNG
KataA\uong oykwv TepAapBdavouv tnv kpuomnéia,
TNV KatdAuon pe AéLep, TNV KAtdAuon PE PLKpo-
KOpata (MWA), tTnv katdhuon pe padloouyvotn-
Teg (RFA) Kat Ttnv Kat@huon pe uteprxous UPNARG
évtaong (HIFU).

Kpuomnnéia

H kpuomnéla ypnotpomolel utoBeppLkolG pnxa-
viopoUg yla Tnv TIpokAnon Yuxpou Tpaupatiopol
HE OKOTIO TNV Kuttapotogkotnta. Katd tn &dp-
Kela tng Stadikaolag, £va uypoTIoLNPEVO KPUOYOVO
a€pLo, Tio ouxva apyo, YuxeL évav kabetnipa, Ttpo-
KaAWVTAG TN petagopd Beppdtntag amd tov Loto
otov kpuoBetrpa. To Ao uPnAng Tleong otov
KPUOKABETpa XPpNOLHOTIOLE(TAL 0T CUVEXELA yLa
Vv enavaiapBavopevn YuEn kat amdPuin tou
Lotou. (Hinshaw et al. 2014). H Beppokpacia mou
amatteltat ya va mpokAnBel kpuotmnéia Lotwv el-
vat -20 €wg -40°C, kal oL Beppokpacieg autég Tpée-
TIEL VA eKTElVOVTaL TOUAG)LoToV 1 cm Tépa amo ta
OpLa TOU OYKOU TIPOKELUEVOU va eEANeLPOEL TIAN-
pwg 0 OykoG. H kpuotnéia emiSpd otoug LoToUg
péow dueong Kuttaplkng PAARNG péow oxnupatt-
opoU o@alpldiwv TAyou Kat TINKTLKAG VEKPWONG,
avoootpototiolnong, ayyeltakng BAaBng kat toyat-
ptag. (Erinjeri & Clark 2010).

H kpuomngla emitpémel TNV €UKOAN amelkovion
NG oaipag mayou, Tou cuoxetiletat Pe tn wvn
KAtdAuong, HEOW UTIEPHXWVY, AEOVLKAG I HayvnTL-
KNG Topoypapiag. EmumAéoy, n kpuomn&la sivat At-
YOTEPO EMWELVN AOYW TWV avaLodnNTIKWY emLspd-
oewV NG PUENG TWV VeUPWVY KAl TWV LoTwV. Kabe
KPUOKABETrpag Pmopel va evepyel aveEaptnta amo
GA\OUG KPUOKOBETNPEG, ETILTPETIOVTAG TIOAU AKPL-
B puBuLon tng Cwvng Kataluong Kat 1o €&ato-
MLKELPEVN Beparela. TENOG, KaTA TN SLApKELA TNG
kpuomn&lag, av kat mapatnpeitat BpopyBwon pi-

Thermal Energy-Based
Tumor Ablation

Thermal tumor ablation modalities can induce
cytotoxic effects via hypo- or hyperthermic
mechanisms to induce tissue necrosis. Thermal
tumor ablation modalities include cryoablation,
laser ablation, microwave ablation (MWA), ra-
diofrequency ablation (RFA), and high-intensity
focused ultrasound ablation (HIFU).

Cryoablation

Cryoablation utilizes hypothermal mechanisms
to induce cold injury for cytotoxicity. During the
procedure, a liquified gas cryogen, most often
argon, cools a probe, causing heat to be trans-
ferred out of the tissue into the cryoprobe. High
pressure helium in the cryoprobe is then used
to repeatedly cool and thaw the tissue (Hinshaw
et al. 2014). The temperature required to induce
cryoablative tissue damage is -20 to -40°C, and
these temperatures must extend at least 1 cm
beyond the tumor margin in order to fully elim-
inate the tumor. Cryoablation impacts tissue via
direct cell injury via ice ball formation and coag-
ulative necrosis, immunomodulation, vascular
injury, and ischemia (Erinjeri & Clark 2010).
Cryoablation allows for easy visualization of
the ice ball, correlating with the ablation zone,
via ultrasound, CT, or MRI. Additionally, cryoab-
lation is less painful due to the anesthetic effects
of cooling nerves and tissues. Each cryoprobe
can act independently of other cryoprobes, al-
lowing for very precise tuning of the ablation
zone and more customizable treatment. Final-
ly, during cryoablation, although small vessel
thrombosis is observed, larger blood vessels are
generally spared (Hinshaw et al. 2014). Despite
its numerous advantages, cryoablation carries
limitations that restrict its applicability in veter-
inary oncology. First, tumor lysis syndrome and
the heat sink effect are possible side effects that
may complicate treatment, as well as a possibil-
ity of systemic cryoshock (Hinshaw et al. 2014).
Additionally, although cryoablation spares large
blood vessels, due to the lack of large vessel
thrombosis and coagulation, hemorrhagic com-
plications are a concern after cryoablation (Erin-
jeri & Clark 2010). Treatment can also be limited
by cooling efficiency, which is limited to the small
surface area around the cryoprobe (Hinshaw et
al. 2014). Finally, a particularly notable risk of
cryoablation is organ fracture, which can occur
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KpWV ayyelwy, Ta geyaAUtepa alpgopopa ayyeia ye-
VLKA TipopuAdcoovtat (Hinshaw et al. 2014). Mapa
Ta TOALAPLBpa TIAEoVEKTAPATA TG, N Kpuomngla
(PEPEL TIEPLOPLOPOUG TIOU SECHPEVOUV TNV €QAp-
HOyn TNG OTNV KINVLATPLKY oykoAoyia. Mpwtov,
TO oUVSpPOPO AUONG TOU OYKOU Kal TO (PALVOUEVO
™G amoppong Beppodtnrag eival Tbaveg mape-
VEPYELEG TIOU PTtopEl va TiepUAEEoLY TN Beparela,
Kabwg Kat n mlavotnTa cUCTNUATIKOU KPUOGCOK.
(Hinshaw et al. 2014). EruriAéov, TtapdAo Tou N Kpu-
omn§la TPoWUAACCEL Ta PeyaAa atpo@opa ayyela,
AOyw NG EMebng BpopBwong kat TENG Twv pe-
YAAwv ayyelwv, Ol alPOpPAYLKEG ETILTTAOKEG ATTO-
TEAOUV €vav TpoBANUatIopd PeTAd TtV KpuoTnéla.
(Erinjeri & Clark 2010). H Bepameia pmopet emniong
va TEpLopLlotel amd TNV AmMOTEAECPATIKOTNTA TNG
YUENg, n omola eplopileTal otn PIKPr ETLPAVELT
yUpw amd to kpuokabetnpa. (Hinshaw et al. 2014).
Télog, évag 8Laitepa agloonueiwtog kivbuvog tng
kpuormn&lag etval n Bpavion opyavwy, n omola pro-
pel va oupBel og eBpALOTOUG TIAYWHEVOUG LOTOUG
O€ TIEPLTITWOELG UTIEPBOALKIG POTING TOU KPUOKABE-
pa n petatdmniong tou (Erinjeri & Clark 2010).

H xprion tng kpuomn&lag oTnV KTNVLATPLKA ava-
PEPETal KUPLWE yLa SEpUATIKOUG KAl UTIOSOPLOUG
OYyKOUC, ME TIOlKIAoUG PBaBuolg acalelag Kat
OTIOTEAECHATIKOTNTAG. Z€ PLA QVASPOMLKI HEAETN
kpuottn&lag yla 0ykoug Tou S§€pUAtog Kat Tou UTto-
86pLou og okUAOUG, To 35% Twv oTolwv rTtav Ka-
konBelg BAABEG, emLteUxBnKe OALKT) KATAAUGN OTO
94,5% twv BAaBwv xwplc umotpotr) f geTdoTaon
(Ma et al. 2021).

Y& €vav OKUAO, ava@epBnKe PAKPOXPOVLOG EAEY-
XOG UTTOTPOTILALOVTOG PLVLKOU ASEVOKAPKLVWHATOG
HETA amo kaBodnyoUpevn pe a&ovikr Topoypagia
Slappuvikn kpuotngla. OL eTLTAOKEG TTOU OXeTL{0-
vtav pe tn Bepamela mEpAAPPBavay eotlakn Avon
TOU TETPNMEVOU TIETAAOU TOU NBP0ELSOUG 00TOU, N
oTtola AUTOETAUONKE 13 Prveg Petd tn Bepanela,
KAl NTILO XPOVLO PLVLKO €KKplpa. O okUAog uTto-
BANBNke o€ eubavaocia 21 prveg peta tn Bepameia
AOyw o&€og alpotepttovalou Kat KAtd tn VEKPO-
Pla Slayvwotnke pla NTatikr pada cOP@WVN Pe
odpkwpa. (Murphy et al. 2011). Z& évav okUAO pe
LVOOApKWHA TNG Avw yvabou, eTLTEUXONKE PEPLKN
Ueon Tou dykou petd amo kpuomnigia, Staaptnpt-
aKO gPBOALOPO KAl CUCTNHATLKA XNHELOBepaTeia.
(Weisse et al. 2011). Ze pia peAétn S€ka oKUAWY
HE pLvikd akavBokuttaplkd Kapkivwua (SCC), agi-
oloyr|Bnke o ouvduaopdg ektopng pe Aéwlep CO,
Kal KPUOXELPOUPYLKAG yLa TNV avakoupLon. Metd
v apaipeon pe Aéwlep CO,, TIPAYHOTOTIOLONKE
kpuotin&la otov opatod dyko, kabwg Kat o€ Tapa-
Kelpevoug Kal UTIOTIOPAKE{PEVOUG LOTOUG HEOW
TPV KUKAWV taxelag katapuing/apyng amdu-

Tumor ablation in veterinary oncology

in brittle frozen tissues in cases of excessive cry-
oprobe torque or cryoprobe displacement (Erin-
jeri & Clark 2010).

The use of cryoablation in veterinary medicine
is most reported for skin and subcutaneous tu-
mors, with varying degrees of safety and efficacy
noted. In a retrospective study of cryoablation
for skin and subcutaneous tumors in dogs, 35%
of which were malignant lesions, total ablation
was achieved in 94.5% of lesions without relapse
or metastasis (Ma et al. 2021).

In one dog, long-term control of post-radiation
recurrent nasal adenocarcinoma was reported
after CT-quided transnasal cryoablation. Treat-
ment-associated complications included focal ly-
sis of the cribriform plate which self-resolved 13
months post-treatment, and mild chronic nasal
discharge. The dog was euthanized 21 months
post-treatment due to acute hemoperitoneum,
and a sarcoma-consistent hepatic mass was di-
agnosed at necropsy (Murphy et al. 2011). In one
dog with maxillary fibrosarcoma, partial tumor
remission was achieved following cryoablation,
transarterial embolization, and systemic chemo-
therapy (Weisse et al. 2011). In a study of ten cli-
ent-owned dogs with nasal squamous cell carci-
noma (SCC), combination CO, laser ablation and
cryosurgery was evaluated for palliation. Fol-
lowing CO, laser ablation, cryoablation was per-
formed on the visible tumor, as well as adjacent
and subadjacent tissue via three rapid freeze/
slow thaw cycles. Treatment resulted in an over-
all survival time of 260 days (Ierace et al. 2018).
Tumor recurrence occurred in seven of the ten
treated dogs 33-136 days after treatment. Dogs
with tumor recurrence were re-treated with
combined CO, laser ablation and cryoablation
immediately following recurrence, with three
dogs experiencing a second recurrence and one
dog experiencing five recurrences. This study
demonstrated acceptable palliation of canine
nasal SCC, with improved air passage in all dogs
and excellent aesthetic outcome (Ierace et al.
2018).

Laser ablation

Laser ablation, often referred to as laser intersti-
tial thermal therapy (LITT), utilizes electromag-
netic energy to induce coagulative necrosis via
hyperthermic mechanisms. During LITT ablation,
lasers deliver specific wavelengths of electro-
magnetic energy, typically in the near-infrared
(IR) range, which is absorbed by tissue-specific
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Enc. H Bepamela elxe WG aMOTEAECHA GUVOALKO
Xpovo emBiwong 260 nuepwv. (Ierace et al. 2018).
YTIOTPOTI| TOU OYKOU E€PPAVIOTNKE OF ETTA ATIO
Toug 8¢ka okUAOUG Tou éAapav Beparmeia 33-136
NUEPEG PETA TN Beparela. OL OKUAOL JE UTIOTPOTIN
Tou OyKou UTIOBANBNKav ek véou ot Beparmela pe
ouvduaopevn agaipeon pe Aéwlep CO, Kat KpuOTIN-
&la apéowg PETA TNV UTIOTPOTIN, PE TPELG OKUAOUG
va epgavifouv SgUTePn UTIOTPOTIH KAl €vav OKU-
Ao va ep@avilel TIEVTE UTIOTPOTIEG. AUTH N HEAETN
KateSeLlEe aTIOSEKT) TTAPNYOPNTLKY AVTLHETWTILON
TOU PLVLKOU aKavBoKUTTAPLKOU KAPKLVWHATOG TOU
OKUAOU, pE BeATlwpévn §lodo aépa o OAOUG TOUG
OKUAOUG Kat aploto atobnukd amnotéleopa (Ierace
et al. 2018).

KatdAvon pe Aéwlep

H katdAuon pe Aéllep, TIOU CUXVA QVAPEPETAL WG
Slapeon Beppobepareia (laser interstitial thermal
therapy) pe Aéwlep (LITT), xpnotpoTtolel nAektpo-
HAyVNTLKN €VEPYELA yLd TNV TIPOKANGN TINKTLKNAG
VEKPWONG HEOW UTIEPBEPHLKWY PnXaviopwy. Katd
TN SLapkeLa NG katdAuong pe LITT, Tta Aéwlep ma-
PEXOUV CUYKEKPLUEVA HAKN KUPATOG NAEKTPOHA-
YVNTLKAG €VEPYELAG, OLUVABWG OTNV TIEPLOXN TOU
gyyug uttépubpou (IR), n omola amoppowdtal amo
XPWHOPOPA TWV KUTTAPWY CUYKPLUEVWY LOTWV. Ta
KUTTOPA PETATPETIOUV TNV ATIOPPOPOUEVN EVEP-
Yela og BeppoTNTa, N oTola Slaygetatl oToug apa-
Kelpevoug Lotolg (Hinshaw et al. 2014).

H LITT €xeL yxpnolpomonBel ektevwg yla tnv
apatlpeon OyKwV oTNV KTNVLATPLKN oykoloyla yLa
HeYGAn TolkAla emupavelakwy Kat Pabutepwv
OYKWV, CUUTIEPIAAUBAVOUEVWY SLAYOPWVY KaPKL-
VWHATWY, CAPKWHATWY KAl OSEVWHATWY, KaBwg
KAl OYKWV TOU EYKEPAAOU, TOU HAOTLKOU LOTOU
KAl TOU TIPOOTATn, He €EQLPETIKA TIOLKIAG aTtoTE-
Aéopata. Ze pLa PEAETN pE eyyug uttepuBpou LITT
O€ TPLAVTA OKTW OKUAOUG HE amtoppagn Aoyw Kap-
KLVWHATOG Tou petaBatikol emBnAiou (TCC) tng
KATWTEPNG OUPOYOPOU 050U, TIAPOAO TIOU N SLApE-
on emBlwon ntav 380 NUEPEG, UTIPXAV ONUAVTL-
kol kivSuvol pe tn Stadikaoia, pe EMUTAOKEG OTIWG
otpayyoupia (§Uo okUAOL), OTEVWON OTNV KUOTEOD-
oupnBpLk CUKPBOAN (TpeLg okUAoL), oTtopd tou TCC
0TNV KAtwtepn oupodpo 080 Kal 0To onUELo TG
oupnBpootopiag (SUo okUAol) kat Sldtpnon tng
oupnBpag (évag okVAog). (Cerf & Lindquist 2012).

Te SU0 EeXWPLOTEG PENETEG yla T XPRon tng
SlaevSookotitkig LITT yia tn Bepamela tng oxeTL-
{opevng e To Spirocerca lupi veomhaclag Tou oL-
oo@ayou og oKUAOUG (8U0 Kal Sekaemtd okUAOL),
N katdAuon pe LITT cUoXETIOTNKE PE XAUNAOTEPN
voonpoTNTa, cUyKplolun pakpotpoBeopn emBilw-
0N KAl CUVTOPOTEPEG VOONAEleg O€ OUYKPLON HE TN

chromophores in cells. The cells convert the ab-
sorbed energy into heat, which diffuses to adja-
cent tissues (Hinshaw et al. 2014).

LITT has been used extensively for tumor abla-
tion in veterinary oncology for wide varieties of
superficial and deep tumors, including various
carcinomas, sarcomas, and adenomas, as well
as tumors of the brain, mammary tissue, and
prostate, with extremely variable outcomes. In
one study of near-IR LITT for thirty-eight dogs
with obstruction due to lower urinary track tran-
sitional cell carcinoma (TCC), although median
survival was 380 days, there were significant
risks with the procedure, with complications in-
cluding stranguria (two dogs), stenosis at the
cystourethral junction (three dogs), TCC seeding
of the lower urinary tract and urethrostomy site
(two dogs), and urethral penetration (one dog)
(Cerf & Lindquist 2012).

In two separate studies of the use of transen-
doscopic LITT for the treatment of Spirocerca lu-
pi-associated esophageal neoplasia in dogs (two
and seventeen dogs), LITT ablation was associat-
ed with lower morbidity, comparable long-term
survival, and shorter hospitalizations compared
with surgical management (Yas et al. 2013, Shi-
pov et al. 2015). Another study demonstrated
successful endoscopic LITT ablation of a trache-
al osteochondroma in a four-month-old golden
retriever using a diode laser, with no notable
post-treatment complications (Bottero et al.
2016). In these studies, LITT ablation appeared
to be a safe and effective palliative treatment
option for esophageal and tracheal tumors of
various histopathologic subtypes.

LITT ablation has also been applied to super-
ficial tumors in veterinary medicine for both ab-
lation and excision of tumors. In a study of thir-
ty-eight client-owned dogs with a total of forty
skin tumors of various types, CO, lasers were
used to compare excision, ablation, and com-
bined excision and ablation laser techniques.
Local tumor recurrence occurred in two cases.
Healing times was less than twelve days in 88%
of dogs treated with the combined excision and
ablation protocol, with total procedure times of
less than ten minutes (Paczuska et al. 2014). This
study demonstrated the advantages of CO, laser
treatment for ablation of superficial tumors, and
its potential as an alternative to surgery for skin
tumors, as it allows for non-contact excision,
simplified procedures, and negligible damage to
surrounding tissues (Paczuska et al. 2014).
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XELPOUPYLKN avtipetwrion (Yas et al. 2013, Shipov
etal. 2015). Mwa &AAN peAéTn KatéSeLEe Tny eTLtuxn
€VS00KOTILKN KataAuon LITT evog ooteoxovépwpa-
TOG TNG Tpaxelag o€ éva Golden Retriever nAtkiag
TECOAPWVY PNVWV pe xprion SLodlkou AéLlep, Xw-
plg a&loonuelwteg emumAokég petd tn Bepameia
(Bottero et al. 2016). Z& QUTEG TLG HEAETEG, N EKTOUN
LITT @Avnke va amoteAel ao@aArG KAl amoTeAe-
OMATLKN TIApNyopNTLKA Bepameutikn €mAOyn yLa
OYKOUG TOU OLOOYAYOU KaL TNG Tpaxelag Stapodpwv
LOTOTIABOAOYLKWY UTIOTUTIWV.

H katdAuon pe LITT €xeL emiong epappootel o€
ETILPAVELAKOUG OYKOUG OTNV KINVLATPLKN TOCO
yld TNV KAtaotpo@r 000 KAl yLd TNV EKTOMN TwV
OYKWV. Z€ PLA JEAETN TPLAVTA OKTW OKUAWV HIE OU-
VOALKA oapdavta Seppatikolg Oykoug SLa@opwv
Tunwy, xpnotpototribnkav Aélep CO2 yua tn ov-
YKPLON TNG EKTOPNG, TNG KATAAUONG KAl TwWV CUVSU-
OOHEVWV TEXVLIKWVY AELLEP EKTOUNG KAl KATAAUONG.
Ye 80 TIEPLITTWOELG CNUELWONKE TOTILKY UTIOTPOTINA
TOU OyKoU. O XpOVOG EMOUAWCNG ATAV PLKPOTEPOG
aTmo SWEEKA NUEPEG 0TO 88% TWV OKUAWV TIOU UTIO-
BAnBnKav o Beparmela Pe TO CUVSUACHEVO TIPWTO-
KOANO EKTOMNG KAl KATAAUONG, PE CUVOALKO XpOvo
emépBaong Atyotepo amd Séka Aemtd. (Paczuska et
al. 2014). Auth n peAéTn KatéSELEE Ta TIAEOVEKTUa-
Ta NG Beparmeiag pe Aewlep CO2 yla tnVv KatdAuon
ETILPAVELAKWY OYKWV KAl TLG SUVATOTNTEG TNG WG
EVOAOKTLKAG AUONG OTn XELPOUPYLKN ETEPPAoN
yla Toug OyKOUG TOU SEpPUATOC, KABWG ETILTPETEL
TNV ektopn Slxwg magn, TLG ATTAOUCTEUHEVEG SL-
adkaotleg kat tnv apeAntéa BAARN otoug epLAA-
Aovteg Lotouq. (Paczuska et al. 2014).

O ouvduaopog tng LITT awaipeong tou Oykou
Kal SLapopwy (pWTOEUALoOBNTOTIONTWY £XEL SLe-
peLVNBEL O SLAYOPEG KTNVLATPLKEG OYKOAOYLKEG
€QAPUOYEG. MLa peAETn Tou a&loAdynoe TNV Kut-
TOPOTOELKN €MISPACN TNG €VSOOYKLKAG E£yXUONG
vavopapBSswv xpucoou, TPV amod TNV agaipeon Je
A€Lep, OYKWV TOU JaoToU o€ §£Ka OKUAOUG Kal €L
Yateg, £6€L&e AN PN VYPESN OTO 62,5% TwWV (WWV, UE
25% Twv {WWV va UTOTPOTILA{OLV PETA TNV apxL-
K| avtamokplon otn Beparmeia. EldikdTepQ, oL va-
vopapséoL xpuoou Sev eiyav tolkn enidpacon oto
TpoiA Tou alpatog ) otn Asttoupyla TwWV VEQPWVY
I TOU ATAtog Kat n cuvoAwkn emBiwon Atav 315
nuépeg (Abdoon et al. 2016). T pLa Eexwplotr pe-
AETN, TPELG EVEOOYKLKEG 5O0ELG vavopaRSwy Xpu-
ooU KAl XapnAng 8éong LITT og Staotripata SVo
€BSopadwy €6elEav OTL oL dykoL ekpndeviotnkav
KUplwGg péow amomtwong pe pelwon tou Padpou
KakonBeLag Petd amo pia Bepameia kat TTARpn uTo-
XWPNon HETA ato TpeLg. Ol YETAOTACELG anouaia-
{av oTLG aKTWVoypaWleg €va €T0G PeTaA tn Bepareia
(Ali et al. 2016).

Tumor ablation in veterinary oncology

The combination of LITT tumor ablation and
various photosensitizers has been investigated
in various veterinary oncologic applications. One
study evaluating the cytotoxic effect of intratu-
moral injection of gold nanorods prior to laser
ablation of mammary tumors in ten dogs and
six cats showed complete remission in 62.5%
of animals, with 25% of animals relapsing after
initial treatment response. Notably, gold nano-
rods had no toxic effect on blood profile or func-
tion of the kidney or liver, and overall survival
was 315 days (Abdoon et al. 2016). In a separate
study, three doses of intratumoral gold nano-
rods and low-dose LITT at two-week intervals
demonstrated that tumors were ablated mainly
via apoptosis with a reduction in tumor grade
after one treatment and complete regression af-
ter three. Metastasis was absent on radiographs
one year post-treatment (Ali et al. 2016).

Microwave ablation

Microwave ablation (MWA) is a thermal abla-
tion modality that involves the transmission of
microwave electromagnetic energy through an
antenna into tumor tissue. The microwave ener-
gy results in the orientation of water molecules
within an electromagnetic field, which contin-
uously realign when an oscillating microwave
field is applied. The continuous realignment of
the water molecules increases kinetic energy,
raising the temperature of the tissue to cause
coagulative necrosis of the tumor (Hinshaw et
al. 2014). Similarly to other ablation modalities,
MWA is performed under ultrasound or CT im-
age guidance.

The use of MWA may be particularly advanta-
geous for the ablation of high-impedance tum-
ors of the lung and bone, because microwave
energy penetrates biological tissues regardless
of impedance to electrical current (Andreano &
Brace 2013). Further, MWA rapidly achieves high
temperatures to reduce treatment times, can
create relatively large ablation zones with in-
creased consistency across tissue types, and is
relatively insensitive to heat sink effects of large
peritumoral blood vessels (Andreano & Brace
2013)

Importantly, there are some limitations of MWA
that may reduce its application in veterinary on-
cology. The necessity of cooling mechanisms in
microwave antennas complicates treatment pro-
cedures. Additionally, there is a significant clini-
cal learning curve due to the high temperatures
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KatdAvon pe pikpokipatra

H katd\uon pe pdikpokupata (MWA) sivat pla pé-
B080¢ BepULKAG €KTOPNG TIOU TEPIAAUPBAVEL TN
HETAS00N NAEKTPOPAYVNTLKAG EVEPYELAG PLKPOKU-
paTwy péow pLag kepatag otov LoTod Tou dykou. H
EVEPYELD TWV PLKPOKUPATWY EXEL WG ATIOTEAECHA
TOV TIPOCAVATOALOHO TWV Hoplwv TOU VEPOU EVTOG
€VOG NAeKTpopayvntikou Tedilou, ta otmola enava-
poodlopllovtal ouveXWG otav epappodetal Eva
TOAQVTEUOPEVO TIESIO HPLKPOKUPATWY. H ouveXng
avampooappoyr Twv Hoplwv vEpoU AugAveL TNV KL-
VNTLKI TOUG eVEPYELa, auEdvovTag tn Beppokpacia
TOU LOTOU WOTE va TIPOKANBEL TINKTIKN VEKPpWON
Tou OyKou. (Hinshaw et al. 2014). Opolwg pe GAAeg
peBOSoug katdAuong, N MWA ekteAeital utto kabo-
Srynon pe uteprixoug r ge a&ovikr Topoypapia.

H xprion tng MWA prmopel va elval Saitepa
TIAEOVEKTLKN yLa TNV apaipeon 0ykwv unAng nAe-
KTPLKNG aQvTLloTaong Tou TVEUPOVA KAl TwV 00TWY,
ETIELSN) N EVEPYELA PLKPOKUPATWY SLELOSUEL OTOUG
BLoAoytkoUg Lotoug avegdptnta amd tnv aviiota-
on 0To NAEKTPLKO pevpa (Andreano & Brace 2013).
EmumAéov, n MWA emituyxavel ypriyopa ulnAég
Beppokpaocieg pe peiwon tou xpdvou Bepameiac,
pTIopel va SnULOUPYNOEL OXETLKA PEYAAEG JWVEG
KATAAUONG JE TTapOPOLa ATIOTEAECUATA O SLAPO-
POUG TUTIOUG LOTWV Kal glval oXeTka un evatodn-
TN OTLG TS PACELG aToppOPnonG BeppoTNTAg TWV
HEYOAWV alpgoopwy ayyelwv yupw amo Tov OyKo
(Andreano & Brace 2013).

Elvat onpavtikd otL uttdpxouv opLopévoL TIEPL-
optopol tng MWA Tou pmopel va peLwoouv Tnv
€PAPHOYN TNG 0TNV KTNVLATPLKN oykoAoyia. H ava-
ykatdtnta pnyxaviopwv Pugng otLg kepateg PLkpo-
KUPATWY TIEPLTTAEKEL TLG Sladlkaoleg Beparmelag.
ETiUTAg0V, UTTAPXEL PLa ONPAVTLKY KAWVLKE KQuTIO-
An gkpabnong Aoyw twv uPnAwv BeppoKpACLWY
Kat Tng taxelag avénong tng Beppokpaciag mou
ETILTUYXAVETAL KATA TN SLapkela tng Beparmelag
(Andreano & Brace 2013). Téhog, n MWA eival pla
TILO TIPOOYATN TPOCEYYLON TNG BepULKAG apaipe-
ONG OYKWV Kat €lvat yyevwg ALyOTEPO SLEPELVNHE-
vn and aM\eg peBodoug Bepuikng apalpeong Kat,
WG €K TOUTOU, Ta KAWVIKA SeSopéva elval ehdyLota.
H avamtuén BeAttwpévwy ocuotnpdtwy MWA Tou
avTLUETWTIL{OUV aUTOUG TOUG TIEPLOPLOPOUG EXEL
odnynoeL oe auénuevn epappoyn tg MWA otov
avBpwrto, n otola pmopel va petagpaoctel otLg
KTNVLATPLKEG EQPAPHOYEG. Mapd Tn OXETKA TIPO-
oQatn €Loaywyn tg MWA otnv KTnvLaTpLkn, €xeL
SlepeuvnBel oe Teploplopévo Babpo yla egpappo-
YEG 0TNV Katdhuon Oykwv Lotwv uPnAdtepng avti-
otaong, 6w  To NTap, 0 TIVELOVAG, OL VEPPOL Kat
Ta 00TA.

Y€ PLa JEAETN OTIOU CUMHETELXAV TIEVTE OKUAOL PE

and rapid temperature increases achieved dur-
ing treatment (Andreano & Brace 2013). Finally,
MWA is a more recent iteration of thermal tumor
ablation and is inherently less explored than
other thermal ablation modalities, and therefore
clinical data is sparse. Development of improved
MWA systems that address these limitations has
led to increased application of MWA in humans,
which may translate to the veterinary applica-
tions. Despite the relatively recent introduction
of MWA into veterinary medicine, it has been
limitedly explored for applications in the abla-
tion of tumors of higher impedance tissues such
as the liver, lung, kidney, and bone.

In a study of five dogs with nonresectable pri-
mary and metastatic liver tumors, MWA was per-
formed without procedural complications (Yang
et al. 2017). However, assessing survival bene-
fit and disease-free periods were not within the
scope of this study. In a study including two dogs
with metastatic hemangiosarcoma of the liver
and primary hepatocellular carcinoma, technical
feasibility of laparoscopic MWA was established,
with no procedural complications (Oramas et al.
2019). This study also probed six canine cadav-
ers to confirm that all liver lobes were laparo-
scopically accessible for MWA, suggesting that
laparoscopic MWA may be a feasible, minimal-
ly-invasive treatment option for nonresectable
hepatic neoplasia. Percutaneous MWA has also
been successfully applied for the treatment of
renal carcinoma in one dog, with no complica-
tions occurring and the dog still alive 3 years
post-treatment (Culp et al. 2017).

MWA has also been explored for the treatment
of both metastatic and primary appendicular os-
teosarcoma. In a 10-year old mixed breed dog
with pulmonary metastasis secondary to ap-
pendicular osteosarcoma, video-assisted MWA
was performed thoracoscopically without com-
plication (Mazzaccari et al. 2017). The dog lived
for 257 days after the procedure with improved
clinical signs after treatment, however the pa-
tient had previously undergone doxorubicin and
carboplatin chemotherapy prior to the diagnosis
of the pulmonary lesion, and it is likely that the
observed survival benefit after MWA is partial-
ly attributable to the chemotherapy. In another
study of two dogs with appendicular osteosar-
coma with presumptive pulmonary metastasis
undergoing chemotherapy, Dornbush et al. per-
formed percutaneous MWA under ultrasound
and CT image guidance (Dornbusch et al. 2020).
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pn €EaLPECLPOUG TTPWTOTIABELG KAl PETAOTATIKOUG
OyKoug Tou nmatog, N MWA mpaypatotolrdnke
xwplg Steyxelpntikég emumhokég (Yang et al. 2017).
Qot0600, n aflohdynon Tou opeloug eTLBlwong Kat
TWV TEPLOSWV XWpLg vooo Sev ntav oto mAaiolo
QUTAG TNG MEAETNG. Z€ PLa HEAETN TIOU TIEPLEAAWPa-
ve SU0 OKUAOUG [E PETAOTATLKO ALYAYYELOOAPKW-
HQ TOU ATIATOC KAl TIPWTOTIABEG NTIATOKUTTAPLKO
Kapkivwpa, SLamotwlnke n TEXVLKI OKOTILUOTNTA
NG AAmapooKoTilkiG MWA, Xwplg SLEYXELPNTIKES
emumAokéG (Oramas et al. 2019). Autf n peAétn
Xpnolpotoinoe miong £€EL TTWPATA OKUAWY yLa va
emPBeBatwoel 6TL 6AoL oL AoBol Tou ATatog fTtav
AamapookoTikd Tpoofactpol yia MWA, yeyovog
TIou UTIOSNAWVEL OTL N AamapookoTiikr) MWA prto-
pel va elval pLa e@ktr, eAdyLota emeyBatikr Be-
PATIEUTLKN ETILAOYN Yyla PN €EALPECLUEG NTIATLKEG
veomhaoieg. H Stadeppikr) MWA éxel emtiong epap-
pootel pe emituyia yla tn Beparmela kapkivou tou
vepoU o€ evav OKUAO, xwplg va TtapoucLactouv
ETILTTAOKEG KAL 0 OKUAOG eEakoAouBel va CeL 3 xpo-
via peta tn Bepareia. (Culp et al. 2017).

H MWA g€xeL emtiong StepeuvnBetl yila tn Bepamneia
TOOO TOU PETAOTATIKOU 00O KAl TOU TpWwToTa-
Boug (primary appendicular osteosarcoma) oote-
00QPKWHATOG TWV AKPWV. L€ OKUAO PLKTAG QUANAG
NAkiag 10 €ETWV PE TIVEUPOVLKI HPETAOTACN OOTE-
000PKWHATOG TWV GKpwv, n umoBonBolpevn pe
Bivteo MWA &levepynbnke BwpakookoTiLka Xwplg
eTLMAOKEG (Mazzaccari et al. 2017). O okUAoG €Znoe
257 nNUEPEG PETA TNV eMéPPaocn Pe BeEATLwpPEVA KAL-
VLKA onpeta petd tn Bepaneia, wotdoo o acbevr|g
elxe ponyoupévwg uttoBAnBel og xnueloBeparneia
pe SoEopouBiLkivn kat kapBorAativn Tipv amod t
SLdyvwon Tng TveUPoVLKAG BAARNG Kat elvat ba-
vO TO TapaTnNPOUPEVO OYEAOG eLPBlwong PETA TN
MWA va opeiletal ev pEpeL otn XnHeLoBeparneia.
Y& pla GAN PEAETN SU0 OKUAWV PE O0OTEOCAPKW-
Ma TWV AKPpWV PE TIBav TIVEUPOVLKI PETAOTAON
UTIO xnueloBepameia, ot Dornbush et al. mpayua-
tomoinoav tadeppikry MWA uttd tnv kabodrynon
UTTEPNXWV Kal a&oVLKn¢ Topoypagiag. (Dornbusch
et al. 2020). L& autr tn PEAETN, Kat ol U0 OKUAOL
UTIEOTNOAV NTILO KAl PETPLO TIVEUHOBWPAKA KATd
TN SLdpkeLa TG emepPaong, Pe xpovoug emBlwong
TIOU NTaV CUYKPIOLPOL PE TOUG OKUAOUG TIOU &gV
€Napav Beparmeia. Qotooo, n enépBaocn kdGoTLoE 50-
66% 000 pLa BwpakoTour) Je AoBektopn Tvelpova,
YEYOVOG TIoU UTTOSNAWVEL OTL N MWA TwVv TVeUpo-
VLKWV PETAOTACEWV PTIOPEL va glval onpavTikd 1o
aToSOTLKN aTIO TN XELPOUPYLKN EMEPPBaaN.

H xprjon tg MWA yla tn Bepareia OyKwv Twv
00TWV TIApoUCLAleL LSLAlTEPO EVELAPEPOVY, AOYW
™G UPNANG NAEKTPLKNG avtiotaong Twv 00Twv
Tou TteplopileL TNV epappoyr] AAwv pebodwv Bep-

Tumor ablation in veterinary oncology

In this study, both dogs sustained mild and mod-
erate pneumothorax during the procedure, with
survival times that were comparable to dogs that
did not receive therapy. However, the procedure
was 50-66% as expensive as a thoracotomy with
lung lobectomy, suggesting that MWA of lung
metastasis may be significantly more cost effec-
tive than surgery.

The use of MWA for the treatment of bone tu-
mors is of particular interest, due to the high im-
pedance of bone that limits application of other
thermal ablation modalities. MWA for the treat-
ment of neoplastic bone has been limitedly ex-
plored, with extremely variable clinical respons-
es. In the first veterinary pilot study of MWA for
bone tumors, six dogs with distal radial osteo-
sarcoma were treated with fluoroscopy-guided
MWA (Salyer et al. 2020). There were no proce-
dural complications, but long-term follow up on
clinical signs was not reported. Tumor necrosis
post-treatment varied significantly between 30
and 90%, necessitating larger sample sizes and
longer follow-ups to further assess applicabili-
ty of MWA for the treatment of bone tumors in
dogs.

Radiofrequency ablation

Radiofrequency ablation (RFA) applies alternat-
ing electrical currents (200-1, 200 Hz) between
interstitial electrodes, to activate the Joule ef-
fect. Under the Joule effect, flow of the electric
current causes ions in adjacent tissues to rapidly
oscillate, which raises tissue temperature near
the electrodes via friction (Hong & Georgiades
2010). The resulting thermal ablation zone can
then grow via thermal diffusion and conduc-
tion. RFA can be monopolar, in which current is
transmitted through an interstitial electrode and
returns through grounding pads on the skin,
or bipolar, in which current oscillates between
two interstitial electrodes in the absence of a
grounding pad (Hong & Georgiades 2010).
Despite the minimally-invasive nature of RFA
and customizability of treatment with electrode
configurations, there are significant setbacks to
this modality that limit its application in veteri-
nary medicine. Dermal wounds can easily occur
during treatment if there are insufficient quan-
tities or uneven placement of grounding pads
(Rhim et al. 2004). The nature of RFA also lim-
its its application to certain tissue types. Specif-
ically, heat transfer via conduction is slow and
struggles to overcome local tissue perfusion and
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HLKAG KatdAuong. H MWA yia tn Bepamnela veoTiAa-
OMATWVY TWV 00TWV EXEL SLepeuVNBEL TTIEPLOPLOPIEVA,
HE €EALPETLKA SLAPOPETLKA KALVLKA amoTeAéoaTa.
ZTNV TIPWTN KTNVLATPLKNA TILAOTLKI PEAETN TNG MWA
yld 00TIKOUG OYKOUG, £EL OKUAOL IE OOTEOCAPKWHA
TNG TIEPLPEPLKNG KEPKISaG uTtoRANBNKav oe Bepa-
mela pe kaBodnyoUpevn Pe aKTLVOOKOTINGN MWA
(Salyer et al. 2020). Aev umtpE€av €MUTAOKEG Katd
T Swadikacia, aA\a Sev avagepBbnke pakpoxpo-
vLd TIapakoAoUONOoN TWV KAWLKWY CUUTITWHATWV.
H vékpwon tou Oykou PeTd TN Bepareia Kupawvo-
tav petagL 30 kat 90%, yeyovog TIou onpatveL Twg
arattovvtal HeyaAUTEPEG KAL PE TILO HAKPOXPOVLA
TiapakoAoUBbnaon HEAETEG, yla TNV epaltépw a&Lo-
Adynon tg MWA yia tn Beparmela 00TKWY OYKWY
o€ OKUAOUG.

KatdAuon pe padtocuyvotnteg

H katdAuon pe padtoouyvotnreg (RFA) epappolet
EVOANOOOOPEVA NAEKTPLKA peUpata (200-1.200 Hz)
peTtagU nAektpodiwv yla tnv evepyottolnon Tou
@awopévou Joule. Ito TAaiolo Tou QaAlvopEvou
Joule, n por} Tou NAEKTPLKOU PEVPATOC TPOKAAEL
taxela ToAdvtwon Twv LWOVTWV OTOUG TIOPAKELYE-
VOUG Lotoug, n omtola au€dvel tn Beppokpacia Twv
LOTWV KOVTA 0Ta NAEKTPOSLA péow TpLRng (Hong &
Georgiades 2010). H mpokumtouca wvn BepULKNG
KataA\uong PTopel otn cuvexela va auénbel peow
BepuLkng Staxuong Kat aywyng. H RFA pmopel va
€lval JOVOTIOALKN), KATA TNV oTola To pevpa PETa-
Sidetal péow evog Sladueoou nAekTpoSiou Kal €L~
OTPEPEL PEOW ETILPAVELWV Yelwong oto &épua, N
SUTOALKN), Katd TNV oTola To PEUPA TAAQVTWVETAL
peTagU SUo Slapecwv NAeKTpoSlwv eNeleL eTL-
@avelag yelwong. (Hong & Georgiades 2010).

Mapd tnv eAdyLota emepBatikn puon tng RFA kat
TNV TPOCAPPOCTIKOTNTA TNG Bepareiag pe TLg SLa-
HOPPWOELG TwV NAEKTPOSIWY, UTIAPXOUV CNUAVTL-
KA PELOVEKTNHATA OE auTr Tn pEBoSo Tou TepLopi-
{ouv TNV €Qappoyn TNG oTnNV KTNVvLatpLkn. Katd tn
SLapkeLla Tng Beparmelag pmmopolV €UKOAA va TIpo-
KANBouv tpalpata oto SEppa eav Sev XproLUOTIOL-
nboulv emapkn | cwotd tomobetnuéva pagapla
yelwong (Rhim et al. 2004). H @Uon tng RFA mept-
oplletL emiong tnv €@appoyr TG o€ OPLOHEVOUG
TUTIOUG LOTWV. JUYKEKPLUEVQ, N PETaWopd Beppd-
NTag péow aywyng elvat apyn kat SuckoAevetal
va emepdoeL TNV TOTILKA LOTKA atpgdtwon A Tov ae-
PLOPO OTOUG TIEPLOCOTEPOUG LOTOUG, YEYOVOG TTIOU
odnyel og onpavtikn Stakupavon twv {wvwv RFA
avAAoya PE TNV ETEPOYEVELA TOU LOTOU.

Ektog amd tig epappoyEg yla tn Bepamela Tou
uttepBupeoelSiopou (Mallery et al. 2003) kat tou
uttepriapadupeosldiopol (Pollard et al. 2001), n
TIAELOVOTNTA TNG XPronG NG RFA otnv ktnviatpt-

ventilation in most tissues, which leads to signif-
icant variation in RFA zones depending on the
tissue heterogeneity.

In addition to applications for the treatment
of hyperthyroidism (Mallery et al. 2003) and
hyperparathyroidism (Pollard et al. 2001), the
majority of the use of RFA in veterinary oncol-
ogy has been in experimental tumor models,
with limited case reports in spontaneous dis-
ease. To the best of the authors’ knowledge, the
only cases of the use of RFA for the ablation of
spontaneous tumors in veterinary patients are
for prostatic carcinoma and cardiac chemodec-
tomas. In the case of one dog diagnosed with
prostatic carcinoma, RFA was performed intra-
operatively via direct visualization of the pros-
tate tumor, with successful ablation and no
complications (Culp et al. 2017). In the first de-
scription of percutaneous echo-guided RFA of
aortic tumors, ultrasound-guided RFA was used
to treat chemodectomas in five dogs, yielding
no complications during the procedure or in the
following 24 hours (Gomez Ochoa et al. 2021).
Procedures were generally 35 minutes long with
discharge times of two hours, suggesting that
echo-guided RFA may be a robust and cost-ef-
fective method for treatment of cardiac tumors
in dogs. There was a marked reduction in tu-
mor size in all dogs one month after treatment,
and these size reductions were only slight three
months after treatment, suggesting incomplete
ablation. However, one dog was treated with a
second percutaneous echo-guided RFA eight
months later to relieve vena cava compression,
and the dog remained stable 6 months after this
procedure, suggesting that serial echo-guided
RFA may be feasible for the treatment of canine
chemodectomas (Gomez Ochoa et al. 2021).

High-intensity focused ultrasound (HIFU) abla-
tion

HIFU ablation involves the delivery of high pow-
er, converging ultrasound beams from an ex-
tracorpeal ultrasound transducer into targeted
tissue volumes (Figure 2). The mechanical vi-
bration of the focused sound waves generates
heat in the tissue, causing coagulative necrosis
of target tissue within the focal plane of the ul-
trasound beam (Ter Haar 2016). HIFU ablation
is performed under MR or ultrasound image
guidance, and is considered the least invasive
thermal ablation modality when using an extra-
corpeal transducer for the ablation of superfi-
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Kr) oykoAoyia €xeL ylvel o€ TIELPAPATIKA HOVTEAQ
OYKWV, PE TIEPLOPLOPEVEG AVAPOPEG TIEPLOTATLKWY
oe (wa meAatwv. EE dowv yvwpidouv oL cuyypa-
Pelg, oL pOVEG IepUTTWOELG Xpriong RFA yLa tnv Ka-
TAAUON OYKWV O€ KTNVLATPLKOUG aoBevelg elval yia
TO KOPK{VWHA TOU TIPOOTATN KAl TA KapSLaka xn-
HELOSEKTWHATA. TNV TIEPITITWON EVOG OKUAOU TIOU
SLayVWOTNKE PE KapKIVWHa Tou Tipootdatn, n RFA
TIPAYHATOTIOLBNKE SLEYXELPNTLIKA HECW QVOLKTAG
EMEPPBAONG yla OYKO TOU TIPOOTATN, HPE ETLTUXN
KatdAuon Kat xwpig emumhokég (Culp et al. 2017).
TNV TIPpWTN TIEPLYPAPN TNG SLASEPULKNAG NXoKabo-
Snyoupevng RFA aopTikwv Oykwy, n RFA utto ute-
PNXOYPaYLK Kabodrynon xpnolpotol)dnke yia
Tn Bepamneia xNUELOSEKTWHATWY O€ TTEVTE OKUAOUG,
XwpLg ETUITAOKEG KaTA TN SLApKeLa TNG emepBaong
| TG eMopeveC 24 wpeg (Gomez Ochoa et al. 2021).
Ou emepPaoelg Stapkovoav yevika 35 Aemtd pe
XPOVOUCG OAOKANpwWONG tng miokePng SUO Wpwy,
YEYOVOG TIOU UTTOSNAWVEL OTL N NXoKaBosnyoupe-
vn RFA propel va elval pLa amoTeAECPATIKN Kal
OLKOVOMLKA amo8otiki pEBodog yia tn Beparmeia
KapSLaKWV OYKWV o€ okUAoUC. YTirp&e a&loonpel-
wTtn pelwon Tou PeyEBoug Tou OYKOU 0€ OAOUG TOUG
OKUAOUG €va prva Peta tn Bepamela evw n EAATTw-
on Tou PeyEBoUC Tou OYKOU NTAv PLKPOTEPN TPELG
MNVEG PETA TN Beparela, yeyovog TTOU UTTOSNAWVEL
ateAr] katdAuon. Qotdoo, évag okUAOG UTIORAR-
Bnke o€ Beparela pe Seltepn SLASEPULK) NXOKa-
Bodnyolpevn RFA oktw PrveG apydtepa yla Tnv
avakoU@LoN TG ocupTiieong tng KolAng PAERag Kat
0 OKUAOG TIapEpELVE 0TABEPOG 6 PRVeEG PeTA amd
autn tn Sladlkaota, yeyovog Tou UTIoSNAWVEL OTL
n enavaiAnyn tg nxokabodnyoupevng RFA pmopetl
va glvat epiktn yla tn Bepamneia Twv XNHUELOSEKTW-
pdtwv okVOAWv. (Gomez Ochoa et al. 2021).

KatdAvon pe vrtepriyous uPnAng évraong (HIFU)

H katdAuon HIFU meplAapBdvel tnv mapoxn ou-
YKAlvouoag §€opng uteprixwv uPnAng Loxvog ano
€EWOWHATLKO E0TLAKO UTIEPNXOYPAPO TIPOG TOUG
oToxeLpEVOUG Oykoug (Ewkdva 2). H pnyavikn §6-
VNon TWV E0TLAOPEVWY NYXNTLKWY KUPATWY Ttapd-
YEL BeppdTNTA OTOV LOTO, TIPOKAAWVTAG TINKTLKN
VEKPWON TOU LOTOU-0TOXOU EVIOG TOU €0TLAKOU
EMUTESOU TNG Séopng uteprxwv (Ter Haar 2016).
H katdAuon HIFU mpaypatoroteitat umd kabo-
Snynon pe payvntikn topoypagia 3 tn Bonbela
UTtEPrXWV Kal Bewpeltal n Alyotepo €mMePPATLKN
pEBOSOC BEPULKAC EKTOUNG OTAV XpnoLyoTIoLElTal
€EWOWPATLKOG €0TLAKOG UTIEPNXOYPAPOCG yld TNV
KATOOTPOYN ETLPAVELOKWY KaAoNBwV OyKwv TIou
Sev mepLBANovTal amo ootd Kat aépa. (Knavel &
Brace 2013). H HIFU propel emiong va ekteheotel
pe SlopBikoug, Slapecoug Kat SladeppLkolg €0TL-
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cial and benign tumors not surrounded by bone
and air (Knavel & Brace 2013). HIFU can also be
performed with transrectal, interstitial, and per-
cutaneous transducers for the ablation of pros-
tate tumors, biliary and esophageal tumors, and
deeper tumors with limitations, respectively (Ter
Haar 2016).

In addition to being the only completely non-in-
vasive thermal ablation modality, HIFU ablation
can generally be performed with high precision
between treated and untreated tissue. Howev-
er, HIFU ablation is potentially less effective for
deeper tumors because of low penetrance of
ultrasound through tissues (Ter Haar 2016). Ad-
ditionally, there is risk of skin burns, peripheral
nerve damage, and intestinal injury due to scat-
ter and reflection of ultrasound waves, particu-
larly when treating in areas obstructed by bone,
that lead to off-target beam focus (Seward et al.
2019). HIFU ablation is further limited in its use
in areas that are subject to respiratory motion
due to decreased precision, or are shielded by
bone (Seward et al. 2019).

HIFU ablation has a wide range of clinical ap-
plication for tumor ablation in veterinary oncolo-
gy, but many studies are retrospective in nature
and there have been few controlled clinical trials
of the use of HIFU tumor ablation in veterinary
patients.

Ryu et al. report a retrospective study of elev-
en dogs that underwent HIFU ablation of solid
tumors, which included multiple transitional cell
carcinomas of the bladder, as well as carcinomas
and mast cell tumors of the mammary gland, or-
bit, hip, and abdominal cavity (Ryu et al. 2018).
The majority of truncal and axillary tumors and
all extremity tumors were targetable with HIFU,
while head and spinal tumors were the least tar-
getable tumor types. Clinical signs improved in
five of the treated dogs, while stopping bleeding
in four dogs with hemorrhagic tumors despite
some complications including hyperthermia, er-
ythema, enteritis, and skin burns. The optimal
treatment volume for HIFU ablation of STS was
determined to be <200 cm?3, with optimal and
maximum target depths of <8 cm and <11 cm,
respectively. In another retrospective study of
dogs with soft tissue sarcoma, based on imaging
analysis, accessibility of the tumor site by ultra-
sound beam, and proximity to the spinal cord,
Seward et al. report that 81% of dogs diagnosed
with soft tissue sarcoma had tumors targetable
with MR-guided HIFU ablation. Head and spinal
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IXAMa 2. Oepanela UTOSAPLWY OYKWY HE EOTLAOHEVOUG UTIEPAXOUG
unAng evtaong (HIFU) oe aoBeveig okAoug. A) Evag okUAoG Tou St-
AYVWOTNKE PE OApKWHA HOAGKWY Hopilwv xapnAol Babpol Bpioketal
UTTO ELOTIVEUOTLKR YEVLKN avatoBnoia. Mia KAwikr cuckeur) HIFU kabo-
SnyoUPEVN HE UTIEPHXOUG XPNOLUOTIOLELTAL YLa TN OTOXEUGH TOU OYKOU
TIoU BploKETAL OTOV APLOTEPO TIAAYLO PNPOG TOU okKUAou. H povasa Be-
parelag TomobeTELTaL TTAVW aTd TOV GTOXEUOHEVO OYKO Kal n Bepameia
TiapakohouBeital og Tpaypatikod xpovo péow Utepnyotopoypagiag. (B)
MaKpOOKOTILKN ELKOVA £VOG OyKou Tou €xeL uTtootel Beparmeia pe HIFU.
To K{TPLVO aOoTEPL UTIOSELKVUEL TO GTOXEUHEVO TR TOU OyKou, TO oTolo
Xapaktnpildetat amo SLaxutn alpoppayia Kat ckoUpo KOKKLVO Ewg Haupo
xpwpa. (C) Etkdva pkpooKoTiiou Tou oToxeupévou dykou pe xpwon H&E,
n oTtola KATASELKVUEL TINKTLK VEKPWOT KAl atdoppayia 0To oToXEUHEVO
onpelo, TTou SLaypdagetat €VTova amod ToV Pn CTOXEUHEVO LOTO TOU GyKOU
(kitpwn ypappny). (rnyn etkdvwv: TpoowTikd apxeio ouyypapéwv)

Figure 2. High-intensity focused ultrasound (HIFU) treatment of subcu-
taneous tumors in canine patients. A) A dog diagnosed with a low grade
soft tissue sarcoma is under inhalational general anesthesia. A clinical
ultrasound-guided HIFU device is used to target the tumor located at the
left lateral thigh of the dog. The treatment unit is positioned over the tar-
geted tumor, and the treatment is monitored in real time via ultrasonog-
raphy. (B) Gross image of a HIFU-treated tumor. The yellow star indicates
the treated portion of the tumor, characterized by diffuse hemorrhage
and dark red to black color. (C) Microscopy image of the treated tumor
stained with standard H&E, demonstrating coagulative necrosis and
haemorrhage at the treated site, sharply delineated from the untreated
tumor tissue (yellow line). (source of the images: personal authors'’ file)

aKOUG UTIEPNXOYPAPOUG YLA TNV EKTOUI OYKWV TOU
TIPOOTATN, OYKWVY TNG XOANG KAL TOU 0LGOPAYOU Kal
BabUtepwv OyKwV HE TIEPLOPLOHOUG, avtioTolya
(Ter Haar 2016).

Ektdg Tou OTL €lval n povn evteAwg pn eneppa-
TIKA P€B0SOG BePPLKNG KATAAUONG, N Kataluon Je
HIFU pmopel yevika va paypatomolnfel pe peya-
An akpiBeta peTaty uyloug Kal pn uyloug Lotou.
Qot0o00, N katdhuon pe HIFU glval Suvntka Alyo-
TEPO ATIOTEAECHATLKN yLa BaBUTEPOUG OYKOUGAOYW
™G XapnAnG Steloduong Twv UTIEPAXWVY PECW TWV
Lotwv (Ter Haar 2016). ETuAéoy, uttdpxet KivSuvog
Seppatikwy eykaupdtwy, BAABNG Twv TEPLYEPL-
KWV VEUPWV KaL EVTEPLKOU TPAUHPATLOHOU AOYW TNG
OKESAONG KAl TNG aVAKAAONG TWV KUPATWVY UTTE-
prAxwv, &lwg katd tn Beparmeila os EPLOXEC TIEPL-
B&M\ovtat amd ootd, TTou 08nyouV o€ €0TLAON TNG
8¢opng ektdg atoyou. (Seward et al. 2019). H katd-
Auon pe HIFU meplopidetal mepattépw otn xprnon
TNG O€ TIEPLOXEC TIOU UTIOKELVTAL OE AVATIVEUOTLKN
Klvnon Adyw petwpévng akpiBeLag r mpootatevo-
vtat arod ootd (Seward et al. 2019).

H katdAuon HIFU éxeL eupl @ACHA KAWLKWY
EPAPHPOYWV YL TNV EKTOPN OYKWV OTNV KInvLa-
TPLKN oykoAoyia, aANG TIOAAEG PEAETEG elval ava-
SpopLknG Yuong Kat €xouv SleEayBel Alyeg eAeyxo-
HEVEG KALVIKEG SOKLUEG yLa TN XPrON TNG EKTOUNG

tumors were least likely to be targetable, but all
extremity tumors and most truncal and axillary
tumors were considered targetable, suggest-
ing potentially wide clinical application of HIFU
ablation for the treatment of canine soft tissue
sarcoma.

Clinical trial evaluation of HIFU ablation of
spontaneous tumors in veterinary patients is
limited, but a number of small studies have been
reported evaluating HIFU ablation for a variety
of tumor types, both superficial and deep. Ko-
pelman et al. investigated the use of MR-guided
HIFU for the ablation of hepatocellular carcino-
ma in one dog, applying four separate treat-
ments over eight weeks. Following excision of
the tumor after the final HIFU treatment, HIFU
appeared to target the tumor with high preci-
sion but induced focal thermal injury to the car-
tilage of the right lower ribs, causing infection
requiring surgical intervention and negating the
noninvasive nature of the HIFU ablation (Ko-
pelman et al. 2006). Although the patient was
healthy ten months post-treatment, this study
highlights the potential risks of applying HIFU
ablation to deep-seated tumors. HIFU ablation
has been shown to successfully induce total tu-

= latpikh Zdwv Zuvipopldg = Tépog 11/ Teuxog 2 / 2022



oykwv HIFU o€ ktnviatpikoug acBevelg. Ot Ryu et
al. avagépouv pla avaSpopLKr HEAETN EVTEKA OKU-
Awv Ttou UTIOBAABNKAV O KATAOTPOWPr] CUPTIAYWV
Oykwv pe HIFU, ol omolot mepteAdpBavav ToA-
AQTAG KOPKLVWHAOTA HPETAPRATIKWY KUTTAPWY TNG
o0UpodOXOU KUOTNG, KABWE Kal KAPKLVWHATA Kat
HOOTOKUTTWHATA TOU PAoTLkoU adéva, Tou ogBaA-
HLKOU KOYXOU, TOU LoXLOU KaL TNG KOLWALOKIG KOLWAO-
tntag (Ryu et al. 2018). H mAelovotnta twv dyKwv
TOU KOPHOU KAl TNG HaoXAANG KAt OAOL oL OyKOL TWV
AKpWV NTav otoxevoLpot pe HIFU, evw oL 0ykoL tng
KEPAANG Kal TNG OTIOVSUALKNG OTAANG Tav oL Alyo-
TEPO OTOXEVUCLUOL TUTTOL OYKWV. Ta KAWVLIKA onuela
BeATlwBNKav o€ TEVTE amo Toug OKUAOUG TTOU UTTo-
BANBnkav o Bepatela, EVW oTapdtnoe n algoppa-
yla o€ téooepLg okKUAOUG PE alpoppayLkolg OyKoug
TIAPA TLG OPLOPEVEG ETILTAOKEC, OTIWG UTtEpBepia,
€pUBNUQ, evtepitida kal eykavpata oto gppa. O
BéAtiotog Oykog Bepamelag yla tnv ektopny HIFU
tou STS mpooélopiotnke OtL elvar €200 cm?, pe
BEATLOTO Kal pEyLoto BaBog otoxou <8 cm Kat <11
cm, avtiotolya. Ze pla AAAN avadpopLKn HEAETN o€
OKUAOUG [E OApKWHA POAaKwY poplwy, pe Baon
TNV avaAuon Tng ateLkovLong, TNV TpocBactyotn-
TA TNG TIEPLOXNG TOU OYKOU OO TN SECUN UTIEPHXWV
KaL TNV gyyutnta oTtov vwtlaio pueAd, ot Seward
KAl ouv. ava@epouv OTL To 81% TWV OKUAWV Tou
SLayvwotnKav Pe oapkwpa JaAakwy poplwv eiyav
OYKOUG TIOU pTtopoucav va otoxeuBouv pe MR-ka-
Boényolpevn katdAuon pe HIFU. Ot dykol tng Ke-
(OAANG Kal TG OTIOVSUALKNG OTANG ATav Alydtepo
TOavo va eivat otoxeloLpoL, alAd 6Aot oL dykol
TWV GKPWV KaL OL TIEPLOCOTEPOL OYKOL TOU KOPHOU
Kat tng paoxdAng Bswpnbnkav otoxeuoLyoL, Ye-
YOVOG TIOU UTTOSNAWVEL SUVNTLKA EUPELA KALVLKN
€pappoyn tng kataAuong e HIFU yla tn Bepamneia
TOU GOPKWHATOG JAAOKWY HOPLwV OKUAWV.

H a&loAdynon o€ KAWLKEG SOKLUEG TNG KATAAU-
ongG auBéppunTwy oykwv pe HIFU og KTnviatplkoug
aoBevelc elval teploplopévn, ala exeL avapepBel
€vag aplBpdg YLkpwv HEAETWV TToU a&LloAoyouv tnv
kataAuon pe HIFU yua Stdpopoug TUTIoug OyKwy,
TOOO emupavelakolg 6oco kat Pabutepoug. OL
Kopelman et al. Stepevivnoav tn xprion tng MR-ka-
Bodnyoupevng HIFU yla tTnv KAt@Auon nmatokuT-
TOPLKOU KAPKLVWHATOG O €vav oKUAO, pappdlo-
VTaG TE00EPLG EEXWPLOTEG Bepareleg oe Slaotnua
OKTW ERSOPASWY. META TNV €KTOMR TOU OyKou
HETA tnV teAeutala Bepamela HIFU, n HIFU @avn-
KE VA OTOXEVEL TOV OYKO HE PEYAAN akpiBela, aA\a
TIPOKAAECE €oTlaKA Bepuikr) PAAPRN oto XOvSpo
TWV SeELWV KATW TIAEUPWY, TIPOKAAWVTAG AolpwEN
TIou amattoUoE XELPOUPYLKN ETEPPBAON Kal avat-
pWVTAG TN YN eMePPATikr) YUON TNG EKTOMNG HE
HIFU (Kopelman et al. 2006). NMapoAo Tou o aoBe-
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mor remission of a large oral neurilemmoma of
the left maxilla of one canine patient, despite
some procedural adverse events including buc-
cal mucosa burns requiring surgical and hyper-
baric oxygen management (Ranjan et al. 2021).
While suggesting that HIFU ablation may cir-
cumvent the need for surgical resection of bony
tissue in the treatment of canine oral cancer, this
study also identified elevated proliferation of T
cells in tumor and blood samples, suggesting
that HIFU ablation may further its antitumor ef-
fect via engagement of the immune system. In
a clinical trial of HIFU ablation of spontaneous
tumors in veterinary patients, superficial tumors
of the neck, leg, face, back, and belly were treat-
ed with MR-guided HIFU in six dogs and four
cats (Antoniou et al. 2022). Coagulative necrosis
of the tumor was evident in 80% of cases, but
lower magnification histological images falsely
suggested total destruction of all cancer cells,
while higher magnification images revealed in-
tact cancer cells. This suggests that HIFU may
be most effective when used as an adjunct to
radiation therapy or chemotherapy in order to
ensure total elimination of tumor cells. In the
largest clinical trial of HIFU ablation of spontane-
ous tumors in veterinary patients to date, Carroll
et al. performed HIFU for partial tumor ablation
in twenty dogs diagnosed with subcutaneous
solid tumors, including fifteen soft tissue sarco-
mas, three mast cell tumors, one osteosarcoma,
and one thyroid carcinoma. HIFU treatment was
well-tolerated, with only one dog experiencing a
clinically significant adverse event. A degranula-
tion event occurred in a patient diagnosed with
a mast cell tumor, which was restricted to the
tumor site and subsequently addressed during
the planned surgical resection post-HIFU. Tum-
ors were resected three to six days after HIFU
treatment, with complete tissue ablation and im-
mune cell infiltration evident on pathology and
immunohistochemistry. Additionally, this study
identified an increase in the expression of T-cell
activation-related genes post-HIFU ablation,
suggesting that HIFU may induce immunostimu-
latory changes to modulate the tumor microen-
vironment (Carroll et al. 2022). Ablation of the
entire tumor was not a goal of this study, and
therefore additional work is needed to assess
survival and clinical benefit of HIFU ablation of
subcutaneous tumors, both as a sole treatment
modality and as an adjunct to standard thera-
pies for the treatment of subcutaneous tumors
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VG ATav LyLNG 8€ka PAVeG PeTd tn Bepamneia, n pe-
A€Tn autr) uttoypappideL Toug TiBavoug KLvsUvoug
™G €pappoyng tng katdAuong pe HIFU ot ev tw
BdBeL Oykoug. ExeL SelxBel OTL N kKatdAuon pe HIFU
TIPOKAAECDE E ETILTUYX A TIAI PN UPEDN TOU OYKOU O€
£va peydho otopatiko veupeipwpa (oBavvwpua)
NG apLoTEPNG Avw yvabou evdg acBevoug oKUAOU,
TIAPA TLG OPLOPEVEC QVETILOUUNTEG TIAPEVEPYELEG,
OUPTIEPIAOMBAVOUEVWY TWV EYKAUPATWY TOU OTO-
patikou BAEVVOYOVOU TIOU amaltoloav XELPoupyL-
Kn kau uttepPBapikr Bepameia pe ofuyovo. (Ranjan
et al. 2021). Evw umodnAwveL O0TL N KatdAuon pe
HIFU pmopel va mapakdpdel tnv avaykn ya xet-
POUPYLKN EKTOMI TOU 00TLKOU LOTOU ot Bepamneia
TOU KOPK{VOU TOU OTOPATOG TwV OKUAWVY, N HEAETN
auTr EVTOTILOE £TTLONG AUENPEVO TTOANATIAQCLAOHS
Twv T KUTTdpwv o€ Selypata Oykou Kal alpatog,
uttoSnAwvovtag OtL N KatdAuon pe HIFU prmopetl
va evioXUOEL TNV QVTLKAPKLVLKI TNG Spdon PEow
TNG EUTIAOKNG TOU OVOOCOTIOLNTIKOU CUCTIHATOG,. €
HLA KALVLKE SOKLUN KaTdAuong auBopunTtwy OyKwv
pe HIFU o€ ktnviatpikoUg acBevelg, emupavelakol
OyKOL TOU AQlpoy, Tou ToSloU, TOU TIPOCWTIOU,
NG TMAATNG KAl TNG KOWLAG QVTLHETWTIOTNKAV YE
MR-kaBo&nyoupevn HIFU o€ &L okUAOUG KaL TECOE-
pLG yatec. (Antoniou et al. 2022). H TINKTLKI VEKPW-
O TOU OYKOU NTaV EPYavig oto 80% TwV TEPLTTTW-
0wV, OAM\A OL LOTOAOYLKEG ELKOVEG XOUNASTEPNG
peyéBuvong umeSel§av ec@aApEva TNV TIANPN Ka-
TAOTPOWPN OAWV TWV KAPKLVLKWY KUTTAPWY, £VW
oL €LkOVeG uPNAOTEPNG peyEBuvong amokdaiupav
ABKTa KAPKLWVIKA KUTTapa. Autd UTToSNAWVEL OTL
n HIFU prmopel va elvat o amoteAecpatikn otav
XPNOloTIoLE(TAl WG CUPTIARPWHA TNG OKTLVOBE-
parelag n g xnuelobepameiag, TPOKELPEVOU va
eEaoahilotel N MAAPNG eEAAELPN TWV KAPKLVLKWY
KUTTAPWV. ITn PEYOAUTEPN PEXPL ONHEPA KALVLKN
Sokiun Bepamelag aubdpuntwy dykwv pe HIFU og
KTnviatplkoug acbevelg, ol Carroll et al. mpaypa-
tomolnoav HIFU ylLa pepLkr) katdAuon OYyKwv Ot
€lkool OKUAOUG Ttou elxav SLayvwotel pPe umodo-
pLoUG oupTIayelG OyKOUG, CUMTIEPIAAMPBAVOUEVWY
SEKATIEVTE OOUPKWHATWY POAAKWY HOpLwy, TPLWV
HOOTOKUTTWHATWY, €VOG OOTEOCAPKWHATOG KAl
€VOG KOPKLVWHPATOG Tou Bupeosldoug. H Beparmeia
pe HIFU ntav KaAd avektn, Je Povo Evav oKUAo va
EPPaviel KAWVIKA ONUAVTIKO avemBuunto Cup-
Bdv. Eva cupBav amokokkiwong onuewwdbnke o€
€vav acBevr] TIou SLayVWOTNKE PE PAOTOKUTTWHA,
To omolo Teplopiotnke otn B€on Tou OyKou Kal
OTN OUVEXELA AVTLPETWIILOTNKE KAtA Tn SldpKeLa
NG TIPOYPAPHATIOPEVNG XELPOUPYLKAG EKTOMNG
petd tn HIFU. Ot dykol agatpednkav TpeLg €wg 8L
NUEPEG peTa tn Bepamneia pe HIFU, pe AR pn kata-
OTPOWYN TOU OTOXEUHEVOU LoToU Kat Sténon avo-

in dogs and cats.

Nonthermal Energy-Based Ablation in
Veterinary Medicine

Energy-based tumor ablation can also be
achieved via nonthermal mechanisms. In non-
thermal tumor ablation modalities, energy is
still applied to tumors, but rather than inducing
temperature changes in the tissue to kill cells
via thermal mechanisms, these modalities ap-
ply energy to manipulate cellular properties or
mechanically disrupt target cells to kill cells via
nonthermal mechanisms. By not relying on tem-
perature changes within tissue to kill neoplastic
cells, which are dependent on tissue properties
that are highly heterogenous in neoplastic tis-
sue, nonthermal tumor ablation may achieve
more uniform ablation and be more widely ap-
plicable across various tissue types and near
critical structures. Nonthermal ablation modal-
ities of interest in veterinary medicine include
histotripsy, irreversible electroporation (IRE),
and high-frequency irreversible electroporation
(H-FIRE).

Histotripsy

Histotripsy is a recently developed noninvasive,
non-ionizing, mechanical, cavitation-based ther-
apy that employs pulsed high-intensity focused
ultrasound waves for the nonthermal destruc-
tion of targeted tissues (Bader et al. 2019, Xu et
al. 2021). Histotripsy involves the delivery of very
high amplitude, short-duration ultrasound puls-
es, which generate a dense, energetic bubble
cloud in the tissue, resulting in mechanical tissue
fractionation following repeated expansion and
collapse of bubbles of endogenous gases in tis-
sue upon interaction with the ultrasound beam
(Vlaisavljevich et al. 2016b). These cavitation mi-
crobubbles are thought to form in the extracel-
lular matrix, the rapid expansion and collapse of
which produces high strain and stress on adja-
cent cells (Vlaisavljevich et al. 2016b), effectively
liquifying the target tissue into a homogenate
of acellular debris to be reabsorbed by the body
over 1-2 months (Vlaisavljevich et al. 2016a).
Tissue-damage thresholds for histotripsy are
tissue-specific (Vlaisavljevich et al. 2014), indi-
cating potential for treatment optimization, tu-
mor-specific ablation, and sparing of healthy tis-
sue. Because cell death by histotripsy occurs by
binary mechanisms, with cellular damage only
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COKUTTAPWV gavr) otnv taboloyla kat tTnv avo-
colotoxnuela. EmUTAéoV, autn n PEANETN EVTOTILOE
avgnon tng ékgpaong yovidiwv Tou oxetifovtat Pe
TNV evepyottoinon Twv T-KUTTAPWVY PETA TNV EKTO-
pf pe HIFU, yeyovdg ou umtodnAwvel étL n HIFU
HTIOpEl va TIPOKAAECEL AVOCOSLEYEPTIKEG AANAYEG
yla tn SLapop@waon Tou PLKpoTePLBAAAOVTOG TOU
oykou. (Carroll et al. 2022). H agpaipeon oAdkAnpou
TOU OYKOU 8ev NTav 0TOX0G AUTHG TNG HEAETNG Kad,
WG €K TOUTOU, amattolvTalL TIPOCHETEG epyacieg yla
Vv a&lohdynon tng emBlwong Kat Tou KALWLKOU
0PENOUG TNG aPaipeong TWV UTIOSOPLWVY OYKWVY HE
HIFU, T600 w¢ povasikr Bepameutikn pEBosog 660
KAl WG CUPTIANPWHATLKN HEBOSOG OTLG ouvnBeLg
Bepameieg yla tn Bepameia Twv UTIOSOPLWY OYKWVY
o€ OKUAOUG Kat YATeG.

Mn-8gppLkn} kataAuon pe Baon tnv evép-
YELQ GTNV KTNVLATPLKN

H evepyelakr kKatdAuon Tou Oykou ptiopel emiong
va eTULTEVXOEL HEOW PN BEPPULKWY INYXAVIOHWV. ZTLG
MN-BEpULKEG HEBOSOUC EKTOUNG OYKWVY, N EVEPYELA
eEakoloubel va epappdletal oToug 0yKouc, aAAd
avti va ipokaiouvtal PeTaBoAEg Tng Beppokpaat-
ag otov Lotd yla tn Bavatwon Twv KUTTdpwy HEow
BEPULKWV PNXAVIOPWY, aUTEG oL peéBodol epap-
pHOJouV evEpYELa yla VA XELPAYWYNOOUV TLG KUT-
TAPLKEG LELOTNTEG 1) va Statapdfouv pnyavika ta
KUTTapPa-oToOXOoUG yla TN Bavdtwon Twv KUTTapwyv
HEOW pN BEPULKWV pnxaviopwv. Mn Baotlopevn
OTLG HETAPBOAEG TG BeppoKpaciag eVTOg Tou LoTou
yla T Bavatwon Twv VEOTIAACHATIKWY KUTTApWY,
oL oTtoieg e€aptwvtal amd TG LSLOTNTEG TOU LoToU
TIou €lval eEALPETIKA ETEPOYEVELG OTOV VEOTIAACHA-
TLIKO LOTO, N PN-B€pPLKN KATAAUGCT OYKWVY PTIOPEL va
ETILTUXEL TILO OPOLOPOP PN EKTOUN KaL va elvat Eupu-
TEPA EPAPPOOLUN OE SLAPOPOUG TUTIOUG LOTWV Kal
KOVTA o€ KPLOLPEG aVATOULKEG SOPEG. OL pn-Beppt-
KEG pEBodoL katdAuong Tou Ttapouctalouv evéla-
(PEPOV OTNV KTNVLATPLKN TIEEPIAAPBAVOUV TNV LoTo-
Bpubia, Tn pn avactpePiun nAektpodiatpnon (IRE)
Kat Tn pn avaotpePpn nAektpodidtpnon vPnAng
ouxvotntag (H-FIRE).

IotobpLyia

H wotobpupia elval pia mpdopata avamtuypevn
pn emepPatikn, pn oviouoa, pnyavikn Beparmeia
pe Bdon tn onnAaiwan, TIoU XpnOLUOTIOLEL TIOAL-
KA €0TLAOMEVA KUPATA UTIEPHXWV UPNANG €vtaong
yla T pn-6€pPLKN) KAaTaoTpoWr] TwV OTOXEUUEVWVY
Lotwv (Bader et al. 2019, Xu et al. 2021). H totobpt-
Yla mepAapBavel TNV apoxr TIOAPWY UTIEPHXWVY
TIOAU UPNAOU TAGTOUG, PLKPRG SLApKELAG, oL oTToloL
SnuLoupyolV €va TIUKVO, EVEPYELAKO VEPOG PUOA-

Tumor ablation in veterinary oncology

occurring when ultrasound pressure exceeds
the cavitation threshold, histotripsy ablation
results in very sharp boundaries between ab-
lated and unablated tissue, with transition zone
of partial ablation only spanning a few hundred
microns (Maxwell et al. 2013). This nonthermal
mechanism of histotripsy ablation overcomes
many limitations associated with thermal abla-
tion, such as the heat sink effect, lack of precise
margins, and predictability of therapy (Xu et
al. 2019). The feasibility of using histotripsy as
a blood vessel-sparing ablation technique has
also been shown in porcine liver in vivo (Vlais-
avljevich et al. 2014). Because histotripsy uses
extracorporeal transducers, tumor ablation can
be performed noninvasively. Additionally, the
liquification of the tumor eliminates need for
tumor excision, thus reducing risk of surgery-as-
sociated complications such as thrombosis (Xu
et al. 2021).

The applicability of histotripsy for ablation of
tumors in gas-rich organs, such as the lung and
gastrointestinal tract, is limited due to the ex-
ceptionally low cavitation thresholds in these tis-
sues which could result in significant off-target
effects (Xu et al. 2021). Additionally, the applica-
tion of histotripsy in areas significantly blocked
by bone is limited (Xu et al. 2021).

Due to the novelty of the histotripsy technol-
ogy for tumor ablation, its applications in vet-
erinary medicine are limited but accelerating.
Proof of principle studies demonstrate efficacy
of histotripsy in ablating excised canine osteo-
sarcoma tumors (Arnold et al. 2021). Addition-
ally, in the first clinical trial of histotripsy for
partial ablation of osteosarcoma in five dogs,
successful ablation was achieved within target
treatment volumes as evidenced by gross pa-
thology and histology, with no significant clini-
cal adverse events (Ruger et al. 2022b). A first in
patient pilot study of the same technology has
been completed for the treatment of canine soft
tissue sarcomas, demonstrating the feasibility,
safety, and treatment-induced tumor microen-
vironment changes (Ruger et al. 2022a). These
studies established safety and feasibility of his-
totripsy for non-invasive treatment of primary
bone tumors (Figure 3) and soft tissue sarcomas
(Figure 4) in dogs, but additional work is needed
to evaluate long-term efficacy and survival ben-
efit. Additional ongoing clinical trials continue to
investigate histotripsy for the ablation of canine
brain tumors and feline soft tissue sarcoma.
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ASWV oToV LOTO, PE AMOTEAECHA TN PNXAVLKI KAQ-
opatomoinon Twv LOTWV PETA amod emavoAappa-
vOpevn SLaOTOAN Kal KATApPEUon TwV YUOAALSWY
TwV evdoyevwv agpiwv tou Lotou (Vlaisavljevich et
al. 2016b). Autég oL pkpoYUoahiSeg ortnAaiwaong
ToteveTal OTL oxnuati{ovtal oto €§WKUTTAPLKO
UALKO, Kal N Tayela SLaoToAr Kal Katappeuaon Toug
Tapdyel uPnAr TAoN KAl KATamovnon ota mapa-
kelpeva kuttapa (Vlaisavljevich et al. 2016b), peu-
OTOTIOLWVTAG OUCLAOTLKA TOV LOTO-0TOXO Of €va
OMIOLOYEVEG ATIO UN-KUTTAPLKA UTIOAE(pPATA TIOU
Ba emavapponBoulv amd tov opyaviopo oe SLd-
otnua 1-2 pnvwv (Vlaisavljevich et al. 2016a).

Ta katwtata 6pLa BAGBNG Tou LotoU yLa TNy LoTo-
Bpwhia eival el&kd yla kdBe 1oto (Vlaisavljevich et
al. 2014), umodetkvlovtag Suvatdtnteg PeAtioto-
moinong tng Bepameiag, €LSKA yla TNV KatdAuon
TOU VEOTIAQOPATLKOU LOTOU, KAl TPOOTATEUOVTAG
TOUG UYLELG LoTOUG. ETIELSN 0 KUTTaplkog Bavatog
amo tnv otoBpuwpia ocupBaivel pe Suadlkoug pn-
XaviopoUg, PE TNV Kuttaplkn PAABRn va cupBal-
VEL JOVO OTav N TIleon UTEPrXwv uTieEpPaivel to
Katw@AL otinAdiwong, n katdAuon pe Lotobpupia
o8nyel og TOAU ocar] dpla peta&u LoToU TIoU EXEL
UTTOOTEL KaTdAuon Kat LoToU TIou eV €XEL UTIOOTEL
KataAuon pe tn petapatikny {Wvn PEPLKAG KATAAU-
ONG VA EKTELVETAL HOVO OE PEPLKEG EKATOVTASEG WL-
kpopetpa (Maxwell et al. 2013). Autog 0 pn-Beppt-
KOG UNXavLopog kataluong pe LotoBpudia Eemepva
TIoAAOUG TIEPLOPLOPIOUG TIoU oxeTilovTal pe tn Bep-
HLKI KOTAAUOT), OTIWG TO PALVOHEVO TNG ATIAYWYNG
Bepuotnrag, n EMeldn akplBwv oplwv Kat n Tpo-
BAeyrpdTnTa tng Bepameiag (Xu et al. 2019). H oko-
TILPOTNTA TNG XPROoNG TNG LotoBpudiag wg TEXVLKNAG
TIOU TIPOOTATEVEL TA Alpoopa ayyela £xeL emiong
amodelyBel oto Amap xoipou in vivo (Vlaisavljevich
et al. 2014). Emeldn n wotoBpupia xpnotpomolel
€EWOWPATLKOUG ECTLAKOUG UTIEPNXOYPAPOUG, N Ka-
TaotpoWr] Tou dykou pmopel va paypatorondel
pn emtepBatikd. ETumAgoy, n uypotoinon Tou ykou
eEalelpel TNV avaykn KTOPNAG Tou OyKou, HELWVO-
VTG €TOL ToV KIVEUVO ETILITAOKWVY Ttou oxeTidovtat
HE TN XELPOUPYLKN eMEPBaocn, émwg n BpdpBwon
(Xu et al. 2021).

H Suvatdtnta spappoyng tng Lotobpuplag yla
TNV EKTOMN OYKWV O€ Opyava TAoucla O€ a€paq,
OTIWG O TIVEUOVAG KAL O YOOTPEVTEPLKOG CWANVAG,
elval TepLOpLOpEVN AOYW TWV €EALPETIKA XaN-
Awv oplwv omtnAatwong o€ autolg Toug LoToug, Ta
ottola Ba prtopovcav va 08NyrooUV OE GNHAVTLKEG
ETILTTTWOELG €KTOG OTOXOU (Xu et al. 2021). ETLTAE-
ov, N gpappoyn tng Lotobpubiag o TEpLOXEG TTIOU
TiepLKAELovTaL amd 00Td elval TEPLOPLOPEVN (Xu et
al. 2021).

AOyw TNG Kawotoplag tng texvoloyiag Lotobpt-

Irreversible Electroporation (IRE) and High-Fre-
quency Irreversible Electroporation (H-FIRE)

During irreversible electroporation (IRE), cells
are exposed to monopolar pulsed electric fields
that elevate the transmembrane potential of tar-
get cells, destabilize the cell membrane, and in-
duce nonthermal cell death (Davalos et al. 2005).
Electric fields are generated and pulsed through
target tissues between two needle electrodes
inserted into tumors. The second generation of
IRE, high-frequency irreversible electroporation
(H-FIRE), delivers high-frequency, bipolar pulsed
electric fields to induce sharply demarcated re-
gions of nonthermal ablation. Compared to IRE,
H-FIRE allows for simpler procedures as it does
not require the need for neuromuscular block-
ade or cardiac synchronization, and reduces
the number of electrodes needed for treatment
(Arena et al. 2011).

The nonthermal mechanisms of IRE and
H-FIRE permit ablation near heat-sensitive struc-
tures, and for preservation of nerves and blood
vessels enabled by careful placement of needle
electrodes. IRE and H-FIRE tumor ablation is also
minimally invasive, and has been shown to elic-
it anti-tumor adaptive immune response (Rin-
gel-Scaia et al. 2019). Additionally, H-FIRE pref-
erentially ablates neoplastic cells while sparing
healthy cells at the tumor margin, allowing for
precise tumor ablation (Ivey et al. 2015). How-
ever, the insertion and removal of needle elec-
trodes into a tumor poses risk of neoplastic cell
seeding along the electrode tracks during IRE
and H-FIRE tumor ablation.

IRE (Figure 5) and H-FIRE (Figure 6) have been
employed in a number of small case studies for
tumor ablation in spontaneous canine neopla-
sia. IRE has been used for the ablation of soft
tissue sarcoma in one canine patient (Neal et
al. 2011), and for the ablation of canine glioma
both as a sole treatment modality (Rossmeisl| et
al. 2015) and with adjuvant radiotherapy (Gar-
cia et al. 2011). When IRE was employed for the
ablation of a periarticular histiocytic sarcoma
of the hindlimb, clinical signs of lameness im-
proved, but tumor relapse occurred. The dog
received a CCNU chemotherapy regimen and
was re-treated with IRE to address focal relapse
four months post-treatment presumably due to
CCNU resistance, and total tumor remission was
achieved (Neal et al. 2011). The dog survived for
an additional 5 years post treatment and was
euthanized due to unrelated causes. This study
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Plag yta Tnv Katdhuon OyKwv, Ol EQYAPHOYEG TNG
OTNV KTNVLATPLKN €lval TIEPLOPLOPEVEG AN ETTL-
tayUvovtat. MAOTLKEG PEAETEG KATASELKVUOUV TNV
amoteAeopatikdTnTa TG LotoBpudlag otnv eKToun
OYKWV 00TEOCAPKWHATOG o€ oKUAoUG. (Arnold et
al. 2021). EmumAgov, otnv Wt KAWVLKA SOKLUM TNG
LotoBpudiag yLa JePLKI) EKTOHI OOTEOCAPKWHATOG
O€ TIEVIE OKUAOUG, ETILTEUXONKE ETILTUXNG EKTO-
M €VTOG TOu OYKOU-OTOXOU TNG Beparmelag, OTwg
TpokUTITEL amd tnv taboAoyla kat Tnv Lotoloyia,
XWPIC ONUAVTIKEG KALVIKEG QVETILOUPNTEG EVEPYEL-
£6. (Ruger et al. 2022b). Npdowata, oAokAnpwoN-
KE PLa TIPWTN TILAOTLKI HEAETN YL TNV AVTIPETW-
TILON COPKWHATWY PHAAAKWY LOTWY O OKUAOUG, UE
™V pappoyn tng tdlag texvoloylag, otnv omola
amodeiytnkav oL aAAaygg Tou TipokaAolvtal oto
HLKpOTIEPLBAANOV TOU OyKOU, N ao@AAELd TNG Me-
B68ou kat n okompoéTNTa TNG XPriong tng (Ruger
et al. 2022a). Autég oL peléteg tekpnplwoav tnv
QOMAAELO Kal TN OKOTILPOTNTA TNng LotoBpudlag
yla ™ pn €mepPatikn Bepamneia Twy Mpwtomabwy
OYKWV TWV 00TWV (Elkova 3) Kat TwV CopKWHATWY
TWV JaAaKWV popiwv (Elkova 4) og 0KUAOUG, aAAG
amattouvtal TIPOCOETEG Epyacieg yla tnv a&LloAo-
ynon tng HaKpoTPOBECHNG ATIOTEAECPATLKOTNTAG
KaL TOU 0@EA0UG eTLRLWoNG. ETILITAE0V KALVIKEG S0-

Tumor ablation in veterinary oncology

Zxnpa 3. Eykatdotaon Bepareiag pe wotobpudia kal Bepareia ooteooap-
KWHOTOG oKUAOU A) MPpwTomabég 00TE0TEPKWHA OTNV AMW KEPKISA £VOG
aoBevolg okUAOU. To TpiXWHA TIOU KAAUTITE TO S€pPa TIAVW arod Tov OyKo
apaLpédnke yla tnv mpostolpacia tng Bepareiag pe Lotobpupia. B) Aoxelo
0UCevENG yLa tn Bepameia pe LotoBpupia yepdto pe anagpwpévo vepd Tou
tomoBeteltal mdvw amd tov dyko. C) EoTLakGG uttepnxoypaog totobpui-
ag 500kHz, 32 otolyeiwv pe SLayVWOTIKO UTIEPNXOYPAWO (KOKKWVO BENOG)
op0oa&oviKd UBUYPAPULOPEVOG YLa ATELKOVLON OE TIPAYHATIKO XpOvo Katd
™ SLdpkeLa g xoprynong tng Beparteiag. D) O e0TLaKGG UTIEPNXOYPAPOG
Kal To Soxelo oUZeVEnG TomtoBeTnpéva padl kat €ToLda yla tnv apoyxr Oe-
paretag. E) TOvwvepo @uoaliSwy omnhaiwong mou Snuloupyeital katd t
SLapkeLa tng Bepartelag Lotobpudiag (umtoSetkvieTat amod To KOKKLVO BEAOG).
F) MaKpoOKOTILKN] €LKOVA TIPWTOYEVOUG GYKOU 00TOU Tiou UToBArBnKe og
Beparmeia, Pe To KOKKWO BENOG va UTTOSELKVUEL TN B€0n OTOXEUONG KAl TO
UTIAE BENOG VA UTTOSELKVUEL TOV I OTOXEUHEVO OYKO.

Figure 3. Histotripsy treatment setup and treatment of canine osteosarco-
ma A) Primary appendicular osteosarcoma on the distal radius of a canine
patient. Hair covering the skin over the tumor was removed in preparation
for histotripsy treatment. B) Histotripsy treatment coupling bowl filled will
degassed water placed over the tumor. C) 500kHz 32-element histotripsy
transducer with ultrasound probe (red arrow) co-axially aligned for re-
al-time imaging during treatment delivery. D) Transducer and treatment
bowl positioned together and ready to deliver treatment. E) Cavitation bub-
ble cloud generated during histotripsy treatment (indicated by red arrow).
F) Gross pathology of treated primary bone tumor, with red arrow indicating
treatment site, and blue arrow indicating untreated tumor.

established the potential application of IRE for
the treatment of primary neoplasms, as well as
for the treatment of tumors refractory to other
therapeutics. Garcia et al. later employed IRE
with adjuvant fractionated radiotherapy for mul-
timodal treatment of spontaneous canine glio-
ma in one patient, resulting in a 75% reduction
in tumor size 48 hours post-IRE and significant
improvement in clinical signs in the weeks fol-
lowing IRE throughout the course of radiothera-
py (Garcia et al. 2011). Complete remission was
documented four months post-IRE, despite evi-
dence of early-delayed radionecrosis eventually
necessitating euthanasia 149 days post-IRE, with
no evidence of tumor recurrence at necropsy.
Taken together, it is possible that IRE treatment
radiosensitized glioma in this patient, which
warrants further investigation. In a later study
of seven dogs with spontaneous glioma treat-
ed with IRE alone, severe post-treatment tox-
icity, including fatal aspiration pneumonia and
treatment-associated cerebral edema, occurred
in two dogs. However, clinical signs improved
uniformly, with survival times up to 940 days
post-IRE with a median survival time of 119 days

= Hellenic Journal of Companion Animal Medicine = Volume 11/ Issue 2 /2022

147



148

KatdAuon OyKwv TNV KTNVIATpLKA oyKoAoyia

KLHEG Ttou Bplokovtat o€ e€€AEn ouveyidouv va St-
€PEUVOLV TNV LoTtoBpudla yLa tnv Katdhuon OyKwv
TOU €YKEPAAOU O€ OKUAOUC KAl OAPKWHATOG PHaAa-
Kwv poplwv o€ ydteg.

Mn avaotpéPrun nAektpodiatpnon (IRE) kat un
avaotpéPiun nAektpodidtpnon vyPniig cuxvotn-
tag (H-FIRE)

Kata tn Stapkela tng pn avaotpePiung nAektpo-
Slatpnong (IRE), ta kUttapa ektibevtal o€ povo-
TIOALKA TTOAMLKA NAEKTPLKA TiedSia Tou au&dvouv
TO SLAPEPPBPAVIKO SUVAPLKO TWV KUTTAPWV-0TO-
XWV, amootabepotoloUV TNV KUTTAPLK HEPPRPA-
VN Kat TIpoKaAouv pn-Beputkd kuttaplkd Bdvaro.
(Davalos et al. 2005). Ta nAektpLka edia SnuLoup-
youvTal Kat TTaAPoS0TouVTaL HECW TWV LOTWV-0TO-
XWV peTa&U U0 NAekTpodSiwv BeAdvag TTou eLoayo-
VTAL 0TOUG OYKoUG. H Sgutepn yevid tng IRE, n pn
avaotpePLun nAektpodiatpnon ubnAng cuxvotn-
tag (H-FIRE), mapéxel upnAng ouyvotnrag, Suro-
AKA TTAAPLKA NAEKTPLKA TIESLA yLa TV TIpOKANGN
OPLOBETNUEVWV TIEPLOXWV HN-BEPULKNG KATAAUGONG.
Y& oUykplon pe tnv IRE, n H-FIRE emttpémnel amAou-
OTEPEG KAWLIKEG Sladlkaoieg, kabwg Sev amattel
TNV avAykn VEUPOHUIKOU QTTOKAELOHPOU 1) Kapdia-
KOU OUYXPOVLOMOU, KAl HELWVEL TOV aplBpd Twv
NAekTpoSilwv TOU amattouvtal yla tn Beparmeia.
(Arena et al. 2011).

Ot pn-Beppikol pnxaviopol tng IRE kat tou
H-FIRE emLTpEmouV TNV KatdAuon Kovtd o€ Beppo-
evaioBnteg Sopég kaL yla tn Slatripnon tng Ast-
TOUPYLAG TWV VEUPWV KAL TWV ALPOPOpWY ayyelwv
TIOU ETILTPETIEL I TIPOCEKTLKI) TOTIOBETNON TWV NAE-
KTpoSiwv Tng BeAdvag. H katdAuon Twv OyKwv pe
IRE kat H-FIRE €lval emiong eAaylota emepBatikn
KaL €xeL SelxBel OTL TIPOKANEL TIPOCAPPOOTLKI Avo-
OOAOYLK amdkplan Katd tou oykou (Ringel-Scaia
et al. 2019). EmumAéoy, n H-FIRE kataAlel katd
TPOTIPNON Ta VEOTIAQOPATIKA KUTTAPAQ, OE OXEon
HE Ta vyl KUTTapa oto TEPLBWPLO TOU OYKOU, ETIL-
TpETovTag TNV akpLPn agaipeon tou oykou. (Ivey
et al. 2015). Qotoo0, N €loaywyn Kat n agaipeon
NAEkTpoSlwv PeAdvag o €vav OYKO EVEXEL TOV
KLVSUVO OTIOPAG VEOTIAQOUATIKWY KUTTAPWY KATa
HAKOG TWV SLaSPOoPWV TwV NAEKTPOSIWV Katd T
SLapkeLa tng katdAuong pe IRE kat H-FIRE.

H IRE (Ewkova 5) kat n H-FIRE (Ewkéva 6) éxouv
XPNOLPOTIONOEl OE CUYKEKPLUEVEG ULKPEG HEAETEG
TIEPLOTATIKWY YLA TNV QVTLPETWTILON OYKWVY OE OKU-
Aouc. H IRE €xeL xpnotpotmonBetl yla tTnv katdAuon
COPKWHATOG HOAAKWY poplwv og évav okUAo (Neal
et al. 2011), Kat yLa Tnv KAtaAuon yAoLWPATOG OKU-
AoU WG povadikn péBodog Beparmeiag (Rossmeisl
et al. 2015) kal pe €MKOUPLKN aktwobepareia
(Garcia et al. 2011). ‘Otav n IRE xpnotyotolrnke

ZxNHa 4. Mnxavikd, ubnAig £vtaong e0TLacHEVN e UTEPAXOUG KatdAuon
COPKWHATOG HaAaKWY popiwv okVAou pe Lotobpupia. A) Zdpkwua poAa-
KWV popiwv oTnV TEAMATLala TTuxr Tou aplotepol petatapoiov, umodn-
Awvovtag to onpelo Bepaneiag (KuKAwpPEVO). B) Zwvtavr elkova Katd tn St-
dpkela g Bepameiag pe Lotobpupia Tou amelkovileL T VEPOG YUOTAISWY
ornAatwong evtog tou oykou (BéNog). C) Ewkoveg afoviknig topoypapiag
EVLOXUPEVNG PE OKLAYPaPLKO TipLv amd tn Bepareia kat D) 1 nuépa petd
Bepameia pe LotoBpupia Tou SNAWVEL TNV ENELPN EVioXUONG OKLAYPAPLKOU
otn {wvn ektopr|G (BENG). E) MAKpOOKOTILKY ELKOVA TTIOU SNAWVEL ALoppa-
yia (BéNog) kat F) totortaBoloytkr) €lkdva Tou SNAWVEL TIARPN ATIWAELD TNG
BLWOLHOTNTAG TWV KUTTAPWY EVTOG HLAG EUKPLVWG 0pLoBeTnUEéVNG wvng
ektopng (aotépt).

Figure 4. Mechanical, high-intensity focused ultrasound ablation of a ca-
nine soft tissue sarcoma with histotripsy. A) Soft tissue sarcoma on the plan-
tar aspect of the left metatarsal, denoting the treatment site (circled). B) Live
image of histotripsy treatment illustrating the cavitation bubble cloud within
the tumor (arrow). C) Contrast-enhanced CT images before treatment and
D) 1 day post-treatment with histotripsy denoting the lack of contrast en-
hancement in the ablation zone (arrow). E) Gross image denoting hemor-
rhage (arrow), and F) histopathology image denoting complete loss of cell
viability within a sharply-demarcated ablation zone (star).

(Rossmeisl et al. 2015).

Procedural limitations and treatment-related
complications of IRE tumor ablation in veterinary
medicine prompted the development of H-FIRE,
which has been investigated for the ablation of
spontaneous canine meningioma and hepato-
cellular carcinoma. In a study of H-FIRE ablation
of spontaneous meningioma in three dogs, La-
touche et al. performed H-FIRE without intra- or
postoperative complication in two of three dogs,
with resection-associated hemorrhage and hy-
potension occurring in one dog (Latouche et al.
2018). Uniform necrotic ablations were achieved
in two of three dogs, but nonuniform treatment
occurred in one dog, likely due to intratumoral

= latpikh Zdwv Zuvipopldg = Tépog 11/ Teuxog 2 / 2022



Tumor ablation in veterinary oncology

ZXNMO 5. ITEPEOTOKTLKA, QMELKOVIOTIKG KaBodnyoUpevn katdAuon
yAowwpatog udhniol Babpol kakonBelag o oKUAO e Pn avactpeéPiun
nAektpodiatpnon (IRE). MapaoBehiaia , peTa-oKLaypa@LKoy HayvnTikni
topoypagia TIW (A) kat SLeyXeLpnTLKr| HETA-OKLAYPAPLKOU aEOVLKN TO-
poypagtia (B) mou aretkoviouv Tov eVIoXUGHEVO OyKO OTOV PETWTILALO
0RO pe Tov 181K KaBetrpa kat Tov 08nyo autol (PGP) Ttou £xeL epgpu-
TeuBel oTo UTEPKEipEVO peTwiLaio 0oTd (BENOG, A). TUyXWVEUOT ELKO-
VWV HaYVNTLKAG TOPOYpaplag KaL SLeyXELpNTLKAG aEOVLKNG Topdoypagpiag
(C) Tou katadetkveL TNV in situ TomoBétnon 5Vo nAektpodiwv (pavpa
BEAn) oL XpnoLpoTIoLOUVTAL YLA TNV KATAAUGT) PEOW TOu PGP atov OyKo.

Figure 5. Stereotactic, image-guided ablation of a canine high-grade
glioma with irreversible electroporation (IRE). Parasagittal, post-contrast
TIW MRI (A) and intraoperative post-contrast CT (B) illustrating the
enhancing tumor in the frontal lobe with probe guide pedestal (PGP)
implanted in the overlying frontal bone (arrow, A). Fusion of MRI and
intraoperative CT images (C) demonstrating in situ placement of two
electrodes (black arrows) used for ablation through the PGP into the
tumor.

yld TNV €KTOUN €VOG TEPLAPOPLKOU LOTLOKUTTAPL-
KOU 0OpKWHATOG TOU OTiloBLou AKpou, Ta KALVLKA
oupTITWPaTa XWASTNTAG PeAtwdnkav, aAAd on-
HEWWONKE UTTOTPOTIA TOU Oykou. O okUAOG €Aafe
XnpeloBeparmeutikly aywyr] e CCNU kat uttoBAn-
Bnke ek véou o Bepameia pe IRE yla TNV avtlpe-
TWTILON €0TLAKNAG UTIOTPOTING TECOEPLG WNVEG PETA
TN Beparmela, mBavwg Adyw avtoxng otnv CCNU,
Kal emLtelxdnke oALkn Upeon tou dykou. (Neal et
al. 2011). O okUAog eméCNOE yLa eMUTAEOV 5 XpovLa
MeTA tn Bepameia kal umtoBARBNnKe os eubavacia
AOYW ACXETWV ALTLWV. AUTN N HEAETN KABLEPWOE TN
duvntikn epappoyn tng IRE yla tn Bepamela mpw-
Tomabwv veoTAaoLwyY, Kabwg Kat yLa tn Bepamneia
OYKWV QVOEKTIKWY OE AANEG BEPATIEUTIKEG AYWYEG.
Ol Garcia et al. xpnotpotoinoav apyotepa tnv IRE
HE ETILKOUPLKI KAaopatoToltnpévn aktivobeparneia
yla TNV TIOAUTPOTILKY Beparela yAOLwpATOg OKU-
A\ou o€ évav acBevny, Ye amotéAeopa tn pelwon tou
pEyEBOUC Tou OYKOU Katd 75% 48 wpeg Petd tnv IRE
Kal TN ONHavTikn BEATIWoN TwV KALVLIKWY CUPTITW-
patwv TG ERSopadeg petda tnv IRE kab’ 6An tn St-
dpkela TnG aktwvobeparneiag (Garcia et al. 2011). H
TIANPNG VYPEDN TEKPNPLWONKE TECOEPLG PNVEG PETA
tnv IRE, Ttapd ta otolyela TNG TMpWLKNG-kabuote-
PNUEVNG AKTLVOVEKPWONG, TIOU TEALKA KATEOTNOE
avaykatla tnv eubBavaocia 149 nuepeg petd tnv IRE,
Xwplc evSel&eLg UTTOTPOTIG TOU OYKOU KATA TN Ve-

mineralization. One dog remained tumor-free
six months post-treatment, and tumor recur-
rence was suspected in another dog five months
post-H-FIRE (Latouche et al. 2018). This study
established safety and clinical feasibility of the
intracranial H-FIRE procedure, but due to the
treat-and-resect nature of this study, additional
work is needed in order to evaluate long-term
efficacy of H-FIRE in inducing tumor remission
for dogs diagnosed with meningioma. In a later
study of H-FIRE for the ablation of hepatocellular
carcinoma in three dogs, Partridge et al. demon-
strated well-defined percutaneous ablation in
two out of three patients, with mild muscle con-
traction and no cardiac arrhythmia, and without
clinically significant treatment-related adverse
events (Partridge et al. 2020). Infiltration of CD3+
lymphocytes was observed in reactive zones sur-
rounding treated tumor volumes, suggesting
the induction of a pro-inflammatory immune
response after H-FIRE ablation of hepatocellu-
lar carcinoma. Two of three dogs were still alive
more than twelve months after treat-and-resect
H-FIRE treatment, with no evidence of tumor re-
currence or metastasis (Partridge et al. 2020).
Additional work is needed in order to evaluate
the survival benefit and long-term antitumor
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kpoyia. ZUVOALKG, elval TiBavo otL n Bepameia IRE
aktwoevalobntormoinoe to yAolwpa o€ autov Tov
aoBevr), yeyovog Tou Stkatoloyel Tepaltépw Ste-
pelivnon. Z€ PLa PETAYEVESTEPN PENETN ETTTA OKU-
Awv pe yAolwpa Tou uTtoBANBnkav oe Bepareia
povo pe IRE, epgpaviotnke coBapn to&lkotnta petd
tn Bepamela, cupmepapBavopévng Bavatngo-
pag TVeUPoVIaG amd EL0POPNON KAl EYKEPAALKOU
oldnpatog mou oxeti{otav pe tn Beparmela, o€ SUo

Zevyog alsbntripwv 1 Zevyog alebnTripwyv 2

Zevyog alsbntripwv 3

effects of H-FIRE in the ablation of spontaneous
canine hepatocellular carcinoma without tumor
resection, but this study established safety and
feasibility of the procedure with promising clin-
ical results. Investigations of the use of H-FIRE
for the treatment of primary lung tumors in
dogs are ongoing.

Zelyog alsbntripwy 4

Probe pair 1 Probe pair 2

Probe pair 3

Probe pair 4

ZXAHa 6. Xprjon pn avaotpédipng NAEKTpoSLATPNong UPNARG cuxvo-
tntag (H-FIRE) yLa tnv KatéAuon Oykwv JaAaKWY popiwv o€ oKUAOUG. A)
TuvSuaopol TTOAPLKWY aKOAOUBLWY avdpeoa o€ U0 SUTOALKA NAEKTPO-
Sta H-FIRE prtopoUv va emtUXouv pLa XwpLka HeyaAuTepn, cuykAlvouoa
{wvn katdAuong Lotou. B) MapdAnAa, StroAtkd neektpddia H-FIRE tou
ouyKpatouvtal Pe TpokabopLopévn andotacn YETa&l Toug Péocw TPLo-
Slaotata ektumwpévou 0dnyol (aplotepd) elodyovtal os Tpwtomadn)
OYKO TOU ATIATOC, XPNOLUOTIOLWVTAG XELPOUPYLKN SLadLkaoia aVOLKTAG
mpocgyylong (péon). Eloaywyr] evog povo SumoAtkoU nAektpodiou yia
OTOXEUPEVN KATAAuon TIOMAMAWY 6wy oTnV EMLPAVELX TOU HATIATOG
(8€kLa).

Figure 6. Use of high-frequency irreversible electroporation (H-FIRE)
for ablation of canine soft tissue tumors. A) Combinations of pulsing
sequences across two bipolar H-FIRE electrodes can achieve a spatially
larger, convergent tissue ablation zone. B) Parallel, bipolar H-FIRE probes
held with predetermined distance between them via 3D-printed guide
(left) are inserted into a primary liver tumor, using an open approach
surgical procedure (middle). Insertion of a single bipolar electrode for
targeted ablation of multiple nodules at the surface of the liver (right).
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OKUAOUG. Q0TO00, TA KALVLKA CUMTITWHATA BEATLW-
Bnkav opolopopEa, pe xpovoug emBlwong £wg Kat
940 nuépeg petd tnv IRE pe Stapeco xpovo entPiw-
ong 119 nuépeq. (Rossmeisl et al. 2015).

Ou SLadikaotikol TEpLOPLOPOL KAl OL ETILITAOKEG
Tou oxetilovtal pe tn Bepamela TG KAtdAuong
OYyKwv pe IRE oTnv KTnVvlatplkr odrlynoav otnv
avamtuén tng H-FIRE, n omola £xeL Stepsuvnbel yLa
TNV KatdAuon Tou PNVLYYLWHATOG KAl TOU NTato-
KUTTOPLKOU KAPKLVWHATOG OKUAWV. Z€ PLa HEAETN
NG kat@Auong pe H-FIRE auBdppuntou pnviyylwpa-
TOG O€ TPELG OKUAOUG, oL Latouche kat ouv. tpaypa-
tomolnoav H-FIRE ywplg SLeyXeLpNTLKN 1 HETEYXEL-
PNTLKNA ETILTAOKNA 0g SU0 aTIO TOUG TPELG OKUAOUG,
KaL e alpoppayia kat uttdtacn Tou oxetidovtav Ye
TNV XELPOUPYLKN KTOMN o€ évav okUAo. (Latouche
et al. 2018). OPOLOPOPYEG VEKPWTLKEG KATAAUGCELG
emLteV)ONKav o€ U0 AT TOUC TPELG OKUAOUG, AAAG
Hn opolopopyn Bepameia ep@aviotnke oe evav
okUAo, TiiBavwg Adyw avopyavoTtoinong Tou eow-
TEPLKOU TOU OyKou. Evag oKUAOG TTapEPELVE ENEVOE-
pOG OYKOU £EL PNVEG PETA TN Bepamela, EVw UTIAPXE
uttopia uTtoTPOTIAG TOU OGyKOU O €vav AAAO OKUAO
TIEVTE PAVEG JeTd TV H-FIRE. (Latouche et al. 2018).
AUTI N PEAETN KABLEPWOE TNV ACPAAELA KAl TNV
KALVLKI) OKOTILMOTNTA TNG EVEOKPaVIaKAG Sladika-
olag H-FIRE, aA\a Aoyw tng Bepameutiknig puong
aUTAG TNG MEAETNG, amattouvtal TPOCOETEG epya-
oleg TpokeLpévou va aglohoynBel n pakpotpobe-
opn amoteAeopatikotnta tou H-FIRE otnv Tpo-
KANon UPEONG TOU OYKOU O OKUAOUG TIOU €XOUV
Stayvwotel pe pnvlyylwpa. e pgua getayeveotepn
peAETn tou H-FIRE yla tnv KatdAuon nratokutta-
PLKOU KOPKLVWHATOG OE TPELG OKUAOUG, oL Partridge
KAl ouv. Katedel§av KaAd KabopLopévn SLadeppikn
KatdAuon oe 0o amd Toug TPELG AoBEVELG, PE NTILA
HUIKI GUOTOAN Kal Xwplg KapdLakr appubuia, kat
XWPLC KALVLKA ONUAVTIKEG QVETILOUNTEG EVEPYELEG
Tou oyxetidovtal pe tn Bepareia. (Partridge et al.
2020). MNapatnpnBnke 8w Bnon CD3+ Aep@okuttd-
PWV OTLG aVTLSPAOTIKEG {WVEG TIOU TIEPLBAAOUY
TOUG OTOXEUPEVOUG OYKoUg Ttou uttoBARBnkav oe
Beparmela, yeyovdg TTOU UTTOSNAWVEL TNV €aywyn
HLOG TIPOPAEYHOVWSEOUCG AVOTOAOYLKIG ATIOKPLONG
HETA tnv katdAuon H-FIRE tou nratokuttapikol
KAPKLWVWHATOG. AUo amd toug Tpelg okUAoUG e&a-
KoAouBoUoav va {ouv TeEpLoCOTEPO ATIO SWEEKA
MAVeG petd tn Bepameia pe H-FIRE, xwplg evdel&elg
uTtoTpOTIAG 1 petdotaong tou oOykou. (Partridge
et al. 2020). Atattovvtal TPOCOEeTeG PEAETEG TIpO-
KELPEVOU va eKTLPNOEL To 0@eNog emLBlwong kat
TA PAKPOTIPOBECUA AVTIKAPKLVIKA QTIOTEAECUATA
g H-FIRE otnv avTlgeTWILon Tou aubopuntou
NTIOTOKUTTAPLKOU KAPKWVWHATOG OKUAWV XWPLg
XELPOUPYLKN EKTOUN TOU OyKou, aAAd n mapoloa

Tumor ablation in veterinary oncology

Conclusions

Energy-based tumor ablation warrants further
investigation in veterinary medicine, as it demon-
strates particular promise in offering both cura-
tive and palliative treatment to companion an-
imals with cancer. Energy-based ablation has
the potential to offer outpatient, minimally- or
non-invasive, precise, and customizable antineo-
plastic therapy, while limiting morbidity associ-
ated with standard treatment modalities. The
widespread use of energy-based tumor ablation
therapeutics in veterinary medicine is in its early
stages, largely due to technical expertise needed
and cost of new instrumentation systems. With
further investigation, both thermal and nonther-
mal energy-based tumor ablation modalities can
be optimized and applied as sole therapeutics or
as adjuvants to standard treatment modalities
for the treatment of diverse tumor types in vet-
erinary oncology.
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HEAETN KOBLEPWOE TNV ACPAAELA KAL T OKOTILUOTN-
Ta TNG SLadLlkaolag Pe TIOAA UTIOCXOHEVA KALVLKA
amnoteAéopata. Ol €peuveg yla tn Xprjion tou H-FIRE
yla tn Bepamnela Mpwtonabwy OyKwv Tou TveUpo-
va o€ oKUAoUG Bplokovtal o€ eEEALEN.

ZupTEpAacpata

H evepyelakr katdhuon Oykwv xprleL TEpaLTEPW
Slepelivnong otnV KTNVLATPLKN, Kabwg uttdoxetal
Slaltepa va TpooEPEL TOOO BepATEUTIKY 00O
KAl TtapnyopnTikn Bepareia o {wa CUVTPOPLAG
Me Kapkivo. H katdAuon pe Bacn tnv evépyela
€XEL TN SUVATOTNTA VA TIPOCPEPEL EEWVOOOKOHEL-
akr), EAAXLoTa 1 PN EMEPPRATLKN, Kal TIPooappoct-
pn avtwveomhaopatikn Beparela, Teplopilovtag
TapdMnAa tn voonpdtnta mou oxetidetal Pe TG
ouvnBeLg peBoSoug Beparmeiag akpLBelag. H eupeila
Xxprjon Beparmeutikwy PeBOSWVY katdAuong OyKwv
HE BAon TNV evépyeLla otnV KTnvLatpikn Bploketat
O€ TIPWLHO OTASLO, KUPLWG AOyw TNG amattoUpe-
VNG TEXVLKNG EUTIELPOYVWHOOUVNG KAl TOU KOOTOUG
TWV VEWV oUCTNPATWY. Me TiEpaLtépw Slepelivnon,
TOOO0 oL BEPPLKEG 00O Kal oL pn BepuLkeég pHEBoSoL
KATAAUCNG OYKWV UE BACN TNV €VEPYELA PUTIOPOUV
va BeAtiotomonBolv Kal va €QAPPOCTOUV WG
MOVASLKEG BEPATIEUTIKEG AyWYEG 1 WG Bondntika
HEOQ OTLG oUVNBELG BepaTEVTIKEG PEBOSOUG yLa T
Bepamela Stapdpwv TUTIWV GYKWV OTNV KTNVLATPL-
Kr) oykoAoyia.

ZUYKPOUGELG GUUPEPOVTWV

OL Drs Dervisis, Rossmeisl, kat Davalos €xouv kat-
EPWOEL TIATEVTA I/KAL EKKPEPOUV TIATEVTEG EUPEDL-
TEXVLAG OTOV TOPEQ TNG PN avaoTtpePLUNG NAEKTpO-
Slatpnong. OL Drs Dervisis kat Davalos uttnpgtouv
WG emotnuovikol cUpBouloL otnv ManaMedTech
LLC. O Dr. Vlaisavljevich €xgL 0LKOVOULKO CUHPEPOV
KAl ouveXL{OPEVN €PEUVNTLKI CUVEPYAOLA HE TNV
HistoSonics Inc.

EuxapLotieg

©a BéAape va suxaplotriooupe Beppd dAoug Toug
APOCLWHEVOUG TIEAATEG/YOVE(G KATOWKISLWY Wwv
KAl Toug KTnVldtpoug Tpwtofaduiag ppovtidag
TOUG yLa TNV evepyd TipooTiddeLa va eyypadouv ta
{Wwa Toug oTLG SLAPOPEG KALVLIKEG SOKLHEG TIOU OU-
voyidovtal og autd To XELPOypao. Xwpig autoug,
Sev pmopel va uttapéel kapia mpdodog otov Topéa
TNG KTNVLATPLKAG QVTLKAPKLVLKNG LATPLKNG.

YmevOuvn aAAnAoypapiag
Corresponding author:

Kelsey Murphy
krmurphy96@vt.edu

= latpikh Zdwv Zuvipopldg = Tépog 11/ Teuxog 2 / 2022



BLBAloypayia / References

= Abdoon AS, Al-Ashkar EA, Kandil OM, Shaban AM, Khaled HM, El
Sayed MA, El Shaer MM, Shaalan AH, Eisa WH, Eldin AA, Hussein
HA, El Ashkar MR, Ali MR, Shabaka AA (2016) Efficacy and toxicity
of plasmonic photothermal therapy (PPTT) using gold nanorods
(GNRs) against mammary tumors in dogs and cats. Nanomedi-
cine 12, 2291-2297.

= Ali MR, Ibrahim IM, Ali HR, Selim SA, El-Sayed MA (2016) Treat-
ment of natural mammary gland tumors in canines and felines
using gold nanorods-assisted plasmonic photothermal therapy
to induce tumor apoptosis. Int ] Nanomedicine 11, 4849-4863.

= Andreano A, Brace CL (2013) A comparison of direct heating
during radiofrequency and microwave ablation in ex vivo liver.
Cardiovasc Intervent Radiol 36, 505-11.

= Antoniou A, Evripidou N, Panayiotou S, Spanoudes K, Damianou
C (2022) Treatment of canine and feline sarcoma using MR-guid-
ed focused ultrasound system. J Ultrasound.

= Arena CB, Sano MB, Rossmeisl JH Jr., Caldwell JL, Garcia PA,
Rylander MN, Davalos RV (2011) High-frequency irreversible
electroporation (H-FIRE) for non-thermal ablation without mus-
cle contraction. Biomed Eng Online 10, 102.

= Arnold L, Hendricks-Wenger A, Coutermarsh-Ott S, Gannon J,
Hay AN, Dervisis N, Klahn S, Allen IC, Tuohy J, Vlaisavljevich E
(2021) Histotripsy Ablation of Bone Tumors: Feasibility Study in
Excised Canine Osteosarcoma Tumors. Ultrasound Med Biol 47,
3435-3446.

= Bader KB, Vlaisavljevich E, Maxwell AD (2019) For Whom the
Bubble Grows: Physical Principles of Bubble Nucleation and
Dynamics in Histotripsy Ultrasound Therapy. Ultrasound Med
Biol 45, 1056-1080.

= Bottero E, Cagnasso A, Gianella P (2016) Diode laser ablation of a
tracheal osteochondroma in a dog. J Small Anim Pract 57, 382-5.

= Carroll ), Coutermarsh-Ott S, Klahn SL, Tuohy J, Barry SL, Allen
IC, Hay AN, Ruth J, Dervisis N (2022) High intensity focused ultra-
sound for the treatment of solid tumors: a pilot study in canine
cancer patients. Int ] Hyperthermia 39, 855-864.

= Cerf DJ, Lindquist EC (2012) Palliative ultrasound-guided endo-
scopic diode laser ablation of transitional cell carcinomas of the
lower urinary tract in dogs. ] Am Vet Med Assoc 240, 51-60.

= CulpW, Johnson E, Palm C. Use of thermal ablation techniques in
the treatment of canine urogenital neoplasia. In: Proceedings of
Veterinary Interventional Radiology and Interventional Endosco-
py Society Meeting 2017, Cabo San Lucas, Mexico, p. 6.

= Davalos RV, Mir IL, Rubinsky B (2005) Tissue ablation with irre-
versible electroporation. Ann Biomed Eng 33, 223-31.

= Dornbusch JA, Wavreille VA, Dent B, Fuerst JA, Green EM, Selmic
LE (2020) Percutaneous microwave ablation of solitary pre-
sumptive pulmonary metastases in two dogs with appendicular
osteosarcoma. Vet Surg 49, 1174-1182.

= Erinjeri JP, Clark TW (2010) Cryoablation: mechanism of action
and devices. ] Vasc Interv Radiol 21, 187-91.

= Garcia PA, Pancotto T, Rossmeisl JH, Jr., Henao-Guerrero N, Gus-

Tumor ablation in veterinary oncology

tafson NR, Daniel GB, Robertson JL, Ellis TL, Davalos RV (2011)
Non-thermal irreversible electroporation (N-TIRE) and adjuvant
fractionated radiotherapeutic multimodal therapy for intracra-
nial malignant glioma in a canine patient. Technol Cancer Res
Treat 10, 73-83.

Gomez Ochoa P, Alferez MD, de Blas I, Fernendes T, Sanchez
Salguero X, Balana B, Melendez Lazo A, Barbero Fernandez A,
Caivano D, Corda F, Corda A (2021) Ultrasound-Guided Radiof-
requency Ablation of Chemodectomas in Five Dogs. Animals
(Basel) 11.

Hinshaw JL, Lubner MG, Ziemlewicz TJ, Lee FT, Jr., Brace CL (2014)
Percutaneous tumor ablation tools: microwave, radiofrequency,
or cryoablation-what should you use and why? Radiographics
34, 1344-62.

Hong K, Georgiades C (2010) Radiofrequency ablation: mecha-
nism of action and devices. ] Vasc Interv Radiol 21, $179-86.

lerace MK, Canfield MS, Peters-Kennedy J, Kane CW (2018) Com-
bined carbon dioxide laser and cryosurgical ablation of rostral
nasal septum squamous cell carcinoma in 10 dogs. Vet Dermatol
29, 431-e142.

Ivey JW, Latouche EL, Sano MB, Rossmeisl| JH, Davalos RV,
Verbridge SS (2015) Targeted cellular ablation based on the
morphology of malignant cells. Sci Rep 5, 17157.

Knavel EM, Brace CL (2013) Tumor ablation: common modalities
and general practices. Tech Vasc Interv Radiol 16, 192-200.

Kopelman D, Inbar Y, Hanannel A, Dank G, Freundlich D, Perel
A, Castel D, Greenfeld A, Salomon T, Sareli M, Valeanu A, Papa M
(2006) Magnetic resonance-guided focused ultrasound surgery
(MRgFUS). Four ablation treatments of a single canine hepato-
cellular adenoma. HPB (Oxford) 8, 292-8.

Latouche EL, Arena CB, Ivey JW, Garcia PA, Pancotto TE, Pavlisko
N, Verbridge SS, Davalos RV, Rossmeisl JH (2018). High-Frequen-
cy Irreversible Electroporation for Intracranial Meningioma: A
Feasibility Study in a Spontaneous Canine Tumor Model. Technol
Cancer Res Treat 17, 1533033818785285.

MaJ, Yu X, Lv}, Lin D, Lin J, Bai Y, Wang Y, Li X, Dong J (2021)
Cryotherapy mediates histopathological and microstructural
changes during the treatment of skin and subcutaneous tumors
in dogs. Cryobiology 98, 164-171.

Mallery KF, Pollard RE, Nelson RW, Hornof W, Feldman EC (2003)
Percutaneous ultrasound-guided radiofrequency heat ablation
for treatment of hyperthyroidism in cats. ] Am Vet Med Assoc
223,1602-7.

Maxwell AD, Cain CA, Hall TL, Fowlkes B, Xu Z (2013) Probability
of cavitation for single ultrasound pulses applied to tissues and
tissue-mimicking materials. Ultrasound Med Biol 39, 449-65.

Mazzaccari K, Boston SE, Toskich BB, Bowles K, Case JB (2017)
Video-assisted microwave ablation for the treatment of a meta-
static lung lesion in a dog with appendicular osteosarcoma and
hypertrophic osteopathy. Vet Surg 46, 1161-1165.

Murphy SM, Lawrence JA, Schmiedt CW, Davis KW, Lee FT, Jr.,

Hellenic Journal of Companion Animal Medicine = Volume 11/ Issue 2 /2022

153



154

KatdAuon OyKwv TNV KTNVIATpLKA oyKoAoyia

Forrest LJ, Bjorling DE (2011) Image-guided transnasal
cryoablation of a recurrent nasal adenocarcinoma in a
dog. ) Small Anim Pract 52, 329-33.

= Neal RE, 2nd, Rossmeisl JH, Jr., Garcia PA, Lanz OI,
Henao-Guerrero N, Davalos RV (2011) Successful treat-
ment of a large soft tissue sarcoma with irreversible
electroporation. ] Clin Oncol 29, e372-7.

= Oramas A, Case B, Toskich BB, Fox-Alvarez WA, Boston
SE, Giglio RF, Dark MJ (2019) Laparoscopic access to the
liver and application of laparoscopic microwave ablation
in 2 dogs with liver neoplasia. Vet Surg 48, 91-98.

= Paczuska J, Kielbowicz Z, Nowak M, Antonczyk A, Ciaputa
R, Nicpon ] (2014) The carbon dioxide laser: an alternative
surgery technique for the treatment of common cutane-
ous tumors in dogs. Acta Vet Scand 56, 1.

= Partridge BR, O'Brien TJ, Lorenzo MF, Coutermarsh-Ott
SL, Barry SL, Stadler K, Muro N, Meyerhoeffer M, Allen
IC, Davalos RV, Dervisis NG (2020) High-Frequency Irre-
versible Electroporation for Treatment of Primary Liver
Cancer: A Proof-of-Principle Study in Canine Hepatocellu-
lar Carcinoma. J Vasc Interv Radiol 31, 482-491 e4.

= Pollard RE, Long CD, Nelson RW, Hornof WJ, Feldman
EC (2001) Percutaneous ultrasonographically guided
radiofrequency heat ablation for treatment of primary
hyperparathyroidism in dogs. ] Am Vet Med Assoc 218,
1106-10.

= Ranjan A, Kishore D, Ashar H, Neel T, Singh A, More S
(2021) Focused ultrasound ablation of a large canine oral
tumor achieves efficient tumor remission: a case report.
Int ) Hyperthermia 38, 552-560.

= Rhim H, Dodd GD, 3rd, Chintapalli KN, Wood BJ, Dupuy
DE, Hvizda JL, Sewell PE, Goldberg SN (2004) Radiofre-
quency thermal ablation of abdominal tumors: lessons
learned from complications. Radiographics 24, 41-52.

= Ringel-Scaia VM, Beitel-White N, Lorenzo MF, Brock
RM, Huie KE, Coutermarsh-Ott S, Eden K, McDaniel DK,
Verbridge SS, Rossmeisl| JH, Jr., Oestreich KJ, Davalos RV,
Allen IC (2019) High-frequency irreversible electropora-
tion is an effective tumor ablation strategy that induces
immunologic cell death and promotes systemic anti-tu-
mor immunity. EBioMedicine 44, 112-125.

= Rossmeisl JH, Jr., Garcia PA, Pancotto TE, Robertson JL,
Henao-Guerrero N, Neal RE, 2nd, Ellis TL, Davalos RV (2015)
Safety and feasibility of the NanoKnife system for irreversi-
ble electroporation ablative treatment of canine spontane-
ous intracranial gliomas. ] Neurosurg 123, 1008-25.

= Ruger L, Yang E, Gannon J, Sheppard H, Coutermarsh-Ott
S, Ziemlewicz TJ, Dervisis N, Allen IC, Daniel GB, Tuohy
J, Vlaisavljevich E, Klahn S (2022a) Mechanical High-In-
tensity Focused Ultrasound (Histotripsy) in Dogs with
Spontaneously Occurring Soft Tissue Sarcomas. IEEE
Trans Biomed Eng PP.

= Ruger LN, Hay AN, Gannon JM, Sheppard HO, Couter-
marsh-Ott SL, Daniel GB, Kierski KR, Ciepluch BJ,
Vlaisavljevich E, Tuohy JL (2022b) Histotripsy Ablation of
Spontaneously Occurring Canine Bone Tumors In Vivo.
IEEE Trans Biomed Eng PP.

Ryu MO, Lee SH, Ahn JO, Song W), Li Q, Youn HY (2018)
Treatment of solid tumors in dogs using veterinary
high-intensity focused ultrasound: A retrospective clinical
study. Vet 234, 126-129.

Salyer SA, Wavreille VA, Fenger JM, Jennings RN, Selmic

LE (2020). Evaluation of microwave ablation for local
treatment of dogs with distal radial osteosarcoma: A pilot
study. Vet Surg 49, 1396-1405.

Seward MC, Daniel GB, Ruth JD, Dervisis N, Partanen A,
Yarmolenko PS (2019) Feasibility of targeting canine soft
tissue sarcoma with MR-guided high-intensity focused
ultrasound. Int | Hyperthermia 35, 205-215.

Shipov A, Kelmer G, Lavy E, Milgram J, Aroch I, Segev G
(2015) Long-term outcome of transendoscopic oesopha-
geal mass ablation in dogs with Spirocerca lupi-associat-
ed oesophageal sarcoma. Vet Rec 177, 365.

Ter Haar G (2016) HIFU Tissue Ablation: Concept and
Devices. Adv Exp Med Biol 880, 3-20.

Vascellari M, Baioni E, Ru G, Carminato A, Mutinelli F
(2009) Animal tumour registry of two provinces in north-
ern Italy: incidence of spontaneous tumours in dogs and
cats. BMC Vet Res 5, 39.

Vlaisavljevich E, Greve J, Cheng X, Ives K, Shi}J, Jin L,
Arvidson A, Hall T, Welling TH, Owens G, Roberts W, Xu
Z (2016a) Non-Invasive Ultrasound Liver Ablation Using
Histotripsy: Chronic Study in an In Vivo Rodent Model.
Ultrasound Med Biol 42, 1890-902.

Vlaisavljevich E, Kim Y, Owens G, Roberts W, Cain C, Xu Z
(2014) Effects of tissue mechanical properties on suscep-
tibility to histotripsy-induced tissue damage. Phys Med
Biol 59, 253-70.

Vlaisavljevich E, Maxwell A, Mancia L, Johnsen E, Cain C,
Xu Z (2016b) Visualizing the Histotripsy Process: Bubble
Cloud-Cancer Cell Interactions in a Tissue-Mimicking
Environment. Ultrasound Med Biol 42, 2466-77.

Weisse C, Berent A, Solomon S. Combined transarterial
embolization, systemic cyclophosphamide, and cryother-
apy ablation for “Hi-Lo"” maxillary fibrosarcoma in a dog.
In: Proceedings of the 8th Annual Meeting, Veterinary
Endoscopy Society 2011, San Pedro, Belize.

Xu W, Zhang X, Hu X, Zhiyi C, Huang P (2019) Translation-
al Prospects of ultrasound-mediated tumor immuno-
therapy: Preclinical advances and safety considerations.
Cancer Lett 460, 86-95.

Xu Z, Hall TL, Vlaisavljevich E, Lee FT, Jr. (2021) Histotripsy:
the first noninvasive, non-ionizing, non-thermal ablation
technique based on ultrasound. Int ] Hyperthermia 38,
561-575.

Yang T, Case JB, Boston S, Dark M), Toskich B (2017)
Microwave ablation for treatment of hepatic neoplasia in
five dogs. ] Am Vet Med Assoc 250, 79-85.

Yas E, Kelmer G, Shipov A, Ben-Oz J, Segev G (2013)
Successful transendoscopic oesophageal mass ablation
in two dogs with Spirocerca lupi associated oesophageal
sarcoma. ] Small Anim Pract 54, 495-8.

= latpikh Zdwv Luvipopldg = Toépog 11/ Tedxog 2 / 2022




/¥ Duaribetaw and
V. Ktnvidtpoug

"EASTROI NTESTINAL-LOW FAT
“ULTRA-HYPOALLERGENIC

(AT
B ‘t
GLUTEN & GRAIN-FREE OINT & MO
VETERINARY DIET 7Eco e R—

‘ {STERILISED
brit-petfood.gr SUEG HIGH FIBRE | ouimniany

| KTENAS

AnoxkeroTikdg Avrpoownog EMadag
Aviac Napaoxeurg 114°, Xahdvbpr 15232,
(#30) 210 6854 300, info@ktenasgroup.g, ktenasgroup.gr




Jtopatitida tng yartag

BiBAloypagikn avackomnon

Xpovia ouAoctopatitida tng ydrag,
OUOTNUATIKNA avackomnon tng BiBAloypawiag

Koukn M.I. Kunviatpog, MSc, PhD, EAeOBepn EmayyeApatiag

156

Review

Feline chronic gingivostomatitis,
systemic review of the literature

Kouki M.I. Veterinarian, MSc, PhD, Private Practitioner

MepiAngn

H xpovia ouhootopatitida tng yatag (XOr) amote-
Ael pla Slattepa emwduvn mABNON TNG OTOPATLKNG
KOWOTNTag tng ydtag. Ou mpooBePAnpéveg yateq
elvat duvatd va mapouctdlouv SLABPWTIKEG, €A-
KWTLKEG I KAL UTTEPTIAAOTLKEG AAAOLWOELG O€E OTIoLa-
énrmote mepLoyr Tou BAEVWOYOVOU OL OTIOLEG YTTO-
pouV va cuvodevovtal amd AAEG 0SOVTLATPLKEG
TadnoeLg. OL aAMoLWOELG TNG ouAooTopatitidag Ba
TIPETIEL va Slakpivovtal amd AAAEG PAEYHOVWSELG
TIaBr0€LG TOU OTOPATOG TNG YATAG PE TIApOpoLa KAL-
VLK ELKOVA OTIWG lval AANEG HOPYEG oTopaTiTLSAG
1 veomAdopata. H attiohoyia mapapével ayvwotn,
OPWC oxetlleTal YE PN PUCLOAOYLKI QVOCGOAOYLKN
QTIAVTNON OE AVTLYOVLKO €PEOLOPO TIOU TIPOKAAEL
N PKPoBLaKr TIAGKA TNG OTOPATLKNG KOWAOTNTAG.
ATtd Toug LoyeVELG TTapAyovTeg, 0 KAAUKOLOG pali-
vetal va Stadpapatidet teAkd karmoto pdro. Ospa-
TIEUTLKQ, £X0UV epappootel TToAudpLBua Bepareu-
TIKA TIPWTOKOAAQ, PE TIOLKIAQ amtoteAéopata. Ma tn
Bepameia tng otopatitidsag Exouv SOKLUAOTEL KAL-
VIKA QVOOOKATAOTAATLKOL, avOooOopuUBULoTLKOL Kat
QAVTLPAEYHOVWSELG TIAPAYOVTEG. QOTOOO, N KALVLKN
€LKOVA TWV yaTwy pe XOT @aivetal va BeAtlwvetal
EVTUTIWOLAKA UOTEPA ATIO EKTETAPEVEG EEAYWYEC.
Tautdxpova, kplvetat amapaitntn n xopnynon
(PAPPAKEUTLKAG AyWYNG YLO OPKETA PEYANO XPOVL-
KO 5LA0TNHA 1 aKOPa KAl €9’ 0pou {wr|G OE OpPLOYE-
va TEPLOTATLKA.

H xpovia oulootopatitida tng yatag (XOr) ei-
vat pla slaitepa emwduvn YAeypovwdng abnon
TNG OTOMATLKAG KoWotNTag. Xapaktnpidetat amd
SLaxutn @Agypovr) Tou otopatikol PAevvoydvou
kat elvat Suvatd va cuvuttdpyel PE oTtoLadHTo-
TE GAAN TABNON TNG OTOMATLKAG KOWAOTNTAG Kal

Abstract

Feline chronic gingivostomatitis (FCG) is a partic-
ularly painful disease of the oral cavity of the cat.
Affected cats exhibit erosive, ulcerative or hyper-
plastic lesions at any site of the mucosa that can
be accompanied by other dental diseases. Feline
gingivostomatitis should be differentiated by oth-
er inflammatory conditions of the mouth, such as
other types of stomatitis or neoplasms. Aetiology
remains elusive, but is considered to arise from
an inappropriate immune response to antigenic
stimulation. Feline calicivirus also seems to play
a role. Therapeutically, various protocols with
diverse results have been pursued. Immunosup-
pressive, immunomodulatory and antinflamma-
tory agents have been tried in clinical practice.
However, the clinical picture of cats affected by
FCG, is impressively improved after extended ex-
tractions. Medical treatment should be adminis-
tered concomitantly for extended periods, even
for life in specific cases.

Feline chronic gingivostomatitis (FCG) is a
particularly painful disease of the oral cavity. It
is characterized by extended inflammation of
the mucosa and can be accompanied by other
dental diseases. Feline chronic gingivostomati-
tis has been previously described as plasmacyt-
ic gingivitis-pharyngitis of the cat, plasmacytic
stomatitis-pharyngitis, lymphocytic-plasmacytic
gingivitis (Williams & Aller 1992), gingivitis-sto-
matitis-pharyngitis complex, chronic gingivi-
tis-stomatitis (Diehl & Rosychuk 1993), and also
as gingivostomatitis (Lyon 2005). The disease
was originally described based on the infiltration
of the oral mucosa by lymphocytes and plas-
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Twv Sovtwwv. H XOTI €xel avagepbel maAidtepa
WG TIAQOPOKUTTAPLKN OUA(TLSa-@apuyyitida tng
ydtag, TTAQOPOKUTTAPLKN otopatitida-papuyyitt-
8a, Aépo-Aacpokuttaptkr] ouAitida (Williams &
Aller 1992), cUpTAEypa OUALTIS aG-oTopatiTISag-pa-
puyyitidag, xpovia ouAittsa-otopatitidéa (Diehl
& Rosychuk 1993), aMd kat wg oulootopatitida
(Lyon 2005). H Tipwtn MPOCTIAOELd EPTIEPLOTATW-
HEVNG TIEpLYpa®ng TNG vOoou eixe gotlaotel ot
S1BNoN TWV PHOAOKWY LOTWV TNG OTOPATLKAG KOL-
AOTNTAC amo Agp@okUTIapa Kat TAacpokUTTapa
KaBWG KAl OTOV EVTOTILOPO AUENUEVWY ETILTTESWV
y-opalplvwy otov aipga twv TpooBeBAnuEvwv
{wwv (Johnessee & Huritz 1983). O 6pog oV €xEL
ETLKpaTroeL otn olyxpovn BLBALoypaypia elvat av-
TOG TNG XPOVLAG oUAooTopatiTLSag tng ydtag (XOr)
(Camy et al. 2010). H LotomtaBoloyikn) €€taon aro-
TeAEl XpriOLHO SLaYVWOTLKO pYAAELD yLa TOV KALVL-
KO, OJWG, N XOPAKTNPLOTLKY KALVLKI ELKOVA O€ OUV-
8Uaopd PE TO LOTOPLKO Tou {Wou, CUXVA apkel yla
pla acpaln Stayvwon.

Feline stomatitis

macytes as well as on the high concentration of
y-immunoglobulines in the blood of the affected
animals (Johnessee & Huritz 1983). Modern liter-
ature describes the disease as feline chronic gin-
givostomatitis (FCG) (Camy et al. 2010). Histolog-
ical examination constitutes a useful diagnostic
tool, but the characteristic clinical appearance
combined with medical history should suffice for
an accurate diagnosis.

NégeLg eupetnpiou: Bepaneia, oTopatiki KOWOTNTA, oTopatitida tng ydtag, GAsypovr

MeSH keywords: feline stomatitis, inflammation, oral cavity, therapy

KAwiKa cupmtwpata

H vdoog apopd {wa kat Twv §U0 YUAWY, OAWV TWV
QUAWV Kal peydAou nAkLakou €upoug (10 pnvwv
€wg 15 €TWV) pe péoo dpo ta 8 £tn ( Healey et al.
2007, Hennet et al. 2011). Zta KAWLKA cupTtwpata
TeptAapBavovtat o dVog TG OTOPATLKAG KOWAO-
™tag ) movog Katd tnv YnAdgnon tou puyxoug,
N otopatikn Sucoopia, n oduvopaylia, n oLEAOpP-
pOLA KATIOLEC (POPECG CUVOSEVDOHEVN ATIO TTapouasia
alpaTog 0T OTOMATLKI KOWAOTNTA, N PELWHEVN TIE-
purtolnon 1 n amoucia TeEPUTOLNONG TOU TpLYWHA-
TOG, N PELWPEVN OPEEN 1 N AvaoToAr TNG OpeEng, N
OTIWAELA oWHATIKOU BAapoug, N aAhayn Tng CUPTIE-
PLPOPAG KAL N KAKM OYn TPLXWHATOG KAL N PHELWE-
vn Kwnukotnta (Winer et al. 2016). Ta {wa sivat
Suvato va apouctalouy SLABPWTLKEG, EAKWTLKEG
I KAl UTIEPTTIAQCTLKEG AANOLWOELG O OTIOLASATIOTE
TLEPLOXN TOU PAevvoydvou, OTIWG ota OUAQ, OTO
BAEVVOYOVO TWV XEEWV/TIAPELWV KAL TNG UTIEPW-
ag, 0tn YAwooa, oTo olehoydvo adéva Twv yop@i-
WV TNG KATW yvAabou, oTLg YAWOoOoOUTIEPWLEG KAPA-
pEC Kat ato @dapuyya (Bellows 2010, Lommer 2013)
(Ewkdveg 1-3). H xpovla ouloctopatitida pe Bdon
TNV TOTIOYPAPLKN EVTOTILON TWV AAAOLWOEWV TIEPL-
AapBavet tn (Camy et al. 2010):

Clinical symptoms

The disease affects animals of both sexes, all
breeds and ages (10 months-15 years) with an
average age of 8 years (Healey et al. 2007, Hen-
net et al. 2011). Clinical signs include oral pain
or pain upon palpation of the muzzle, halitosis,
ptyalism sometimes accompanied by traces of
blood, decreased grooming, hyporexia, weight
loss, irritability, decreased activity (Winer et al.
2016). Animals may exhibit erosive, ulcerative
and/or hyperplastic lesions at any site of the mu-
cosa, such as the gums, lip/buccal and palatal
mucosa, the tongue, the molar salivary gland,
the palatoglossal arches and the pharynx (Bel-
lows 2010, Lommer 2013) (Figures 1-3). Based
on the distribution of the lesions, FCG can be de-
scribed as (Camy et al. 2010):

FCG type 1, where the inflammation is mainly
located on the gingival and lip/buccal mucosa
and FCG type 2, where the inflammation is main-
ly located on the gingiva of the aboral part of the
oral cavity, with or without gingival and/or lips/
buccal mucosa inflammation.

Feline chronic gingivostomatitis should be dif-
ferentiated by other inflammatory conditions
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Zropatitda tng ydrag

ELkova 2. Xpévia oulootopatitida tng ydtac. Xapaktn-
PLOTLKEG €LVAL OL UTIEPTIAQOTLKEG AANOLWTELG OTLG TIAPELEG
(AeukdGg aotepiokog) KaL N YAEYHOV TWV GLEAOYOVWY TwV
yoH®iwv (Havpog aotepiokog).

ELkOva 1. Ektetapévn @Aeypovr) ue EAKWSELS Kat
ATLA UTIEPTIAQOTIKEG OANOLWOELG OTLG YAWOoOoU-
TIEPWLEG KapApeG. (Tnyn ekdvwv: Mapia Koukn,
Tepayeip Namadnuntpiou)

Ewkova 3. Extetapévn @Aey-
povn TG YAWooag pe UTEPTIAG-
OTLKEG AANOLLCELG OTLG TIAGYLEG
EMLPAVELEG TNG (aoTepiokog).

Figure 1. Extensive inflammation with ulcerative
and mild hyperplastic lesions of the palatoglossal
arches. (source of the images: Maria Kouki, Sera-

Figure 2. Feline chronic gingivostomatitis. Hyperplastic
lesions of the cheeks (white asterisk) and inflammation of
the molar salivary glands are characteristic (black asterisk).

Figure 3. Extensive inflam-
mation of the tongue with hy-
perplastic lesions of the lateral

158

feim Papadimitriou)

surface (asterisk).

XOr tumou 1, émou n @Aeypovr| evtomidetat Ku-
plwg 0To BAEVVOYOVO TWV OUAWVY KAl TWV XEWNEWV/
Tapelwv kat tn XOr tumou 2, 0TIoU N PAEyHOVH
evrotiletat Kupiwg oto BAevvoyovo tou otiLobiou
THAMPATOG TNG OTOHATLKAG KOLAOTNTAG CUVOSEUOE-
vn 1 OxL amd PAEYHOV TwV OUAWVY Kal TWV XEWAE-
WV/TIapELWV.

OL aMowwoelg Tng XOr Ba mpémel va Slakpivo-
vTal anod AMEeG PAeyHOVWSEELG TIaBNOELG TOU OTO-
HaTOG TNG YATAG PE TIAPOHOLA KALVLKI] ELKOVA OTIWG
AM\EC HOopYEG oTopatitidag, n eplodovtitida Twv
VEQPWV YATWV, TO EWCLVOPIALKO KOKKIWHA, SLdpo-
PEG PETAPBOALKEG TTABAOELG OAAA KaL VEOTIAAOHATA
agou n Beparmeia kat N Tpdyvwon Slaepouv onua-
VTLIKA ava Tiepimtwon. YroAoyiletal 8¢, OTL €W Kal
10 30% TWV yatwv Tou Tidoyouv amd XOT, TeEAK,
Sev avtamokpivovtal o€ kapia Beparmeia (Jennings
et al. 2013). ErumAéoy, €xel avayepBel otL n ou-
VTPLITTLIKN TAELoPN@la TWV yatwv Tou TIAcXouV
amo6 XOr, avantiooouv Kat olcoayitida n omola
WOoTO00 gV CLVOSEVETAL ATIO KALVLKA onpela, lowg
AOYW TNG KAAUYPNG TWV CUPTITWHATWY TOU OLoOYA-
YOU aTto TN Baputnta TG KALWVLKNG ELKOVAG TNG OTO-
patikig kootntag (Kouki et al. 2017). Ztnv (Swa
€peuva, Slamotwlnke emiong n UTapén petamnia-
olag o€ 5 Selypata owooaytkou BAevvoydvou, eV
HETA aTtd €MAVAANTITLIKY) evE00KOTINOoN o€ SU0 {wa
Tou Bepamevtnkav amno tn XOr, Siamotwlnke dtL
n olcopayitida eiye, emiong, Label pOKPOOKOTILKA.

Artiodoyia tng XOr

H atttoAoyia tng XOT mapapével ev toAoig dyvw-
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of the oral cavity of the cat with similar clinical
appearance, such as other types of stomatitis,
juvenile periodontitis, eosinophilic granuloma,
various metabolic disorders and also neoplasms
since therapy and prognosis greatly vary. It is
estimated that 30% of the cats affected by FCG
do not respond to any treatment (Jennings et
al. 2013). Moreover, it has been postulated that
the vast majority of cats suffering from FCG also
develop esophagitis which is not clinically appar-
ent, probably because it is veiled by the severity
of oral cavity symptoms (Kouki et al. 2017). In the
same study, squamous epithelium was replaced
by metaplastic columnar epithelium in 5 biopsy
specimens from the esophagus, while revision
endoscopy revealed macroscopic healing of the
esophageal mucosa in 2 animals that were FCG
free.

Etiology of FCG

Etiology of FCG remains elusive, even though it
is generally accepted it is multifactorial in nature
with various inciting factors. It seems that FCG
results from an improper immune response to
oral antigenic stimulation (Lommer & Verstraete
2003, Lommer 2013, Farcas 2014).

Systemic pathogens such as F1V, FelV, Barton-
ella kat FCV, as well as various dental diseases
(tooth resorption, periodontal disease) and hy-
persensitivity to microbial plaque, food allergy
etc. have been implicated (Tenorio et al. 1991,
Pedersen1992, Reubel et al. 1992, White et al.




0Tn, WOTO00 €lVaL YEVIKWG ATIOSEKTO OTL EMTIAE-
KOVTOL TIOLKIAOL TIOPAYOVTEG, KATIOLOL ATIO TOUG
otoloug TBavwg amoteAoUV To évaucua yla thv
ekdNAWoN TG vooou. TeAkE, Opwe @alvetat n
XOr va oxetiletal PJe pn QUOLOAOYLKI AVOCOAOYLKN
QTIAVTNON O€ QVTLYOVLKO £PEBLOPO TNG OTOPATLKAG
kKoldtntag (Lommer & Verstraete 2003, Lommer
2013, Farcas 2014).

Katd katpolg, cuotnuatikd maboyova otwg ot
FIV, FelV, Bartonella kat FCV €xouv katnyopnBel
WG altia TPOKANGCNG TG VOOOU, EVW EXEL QVAPEP-
Bl n oxéon oSovtikwy Tabroswv (aTToPPOPHoELG
SOVTLWVY, TIEPLOSOVTLKI VOOOG) PE TNV Ttaboyeveld
NG, aM\A Kal avtlSpdoeLg uttepeualobnotag otn
HLKPOBLaKN TIAGKA TWV SOVTLWY, TPOPLK aAepyla
K. d. (Tenorio et al. 1991, Pedersen1992, Reubel et
al. 1992, White et al. 1992, Diehl & Rosychul 1993,
Waters et al. 1993, Reubel et al. 1994, Lommer
&Verstraete 2003, Lyon 2005, Quimby et al. 2007,
Lee 2010, Lommer 2013). Z& peAétn twv Krumbeck
et al. (2011) SlatumwOnKe n UTIOBECN TIWG OPLOE-
VOL PHUKNTEG EVEEXETAL VA CUPPETEXOUV OTNV aLTL-
omaBoyévela tng vooou. ATtd Tt PEAETN TOU LkoU
TPo@iA Twv {WWV TIOU VOooUV, 0 KAAUKOLOG €XEL
peAeTnBel meplocdTepo yla tnv TBavr), EUTIAOKN
Tou otnv aboyévela tng vooou, Xwplg wotodcoo va
€xEL amodeLyBel olog elval o akpLBAg poAog Tou
otnV aboyéveLa TNG VOOOU KAl JE TA AMOTEAECHA-
TA TWV OXETLKWV EPEUVWV VA ELVAL AVTIKPOUOHEVA
(Nakanishi et al. 2019, Fried et al. 2021, Fontes et
al. 2022). To pdAo AotLpoydvou Ttapayovta Uttootn-
pllel Kal pla akoun mpooatn PEAETN n otola Ka-
TASELKVUEL TIWG YATEG TTIOU {OUV O€ OTILTLA E AANEG
yarteg, elvat mbavotepo va aoyouv amd otoparti-
T8a (Peralta & Carney 2019). SUUTIEPACHATLKA, O
HAVOG LLKOG AoLoyovog TtapayovTdag o ottolog pai-
VETaL va Stadpapatilel kKAmoLlo poAo otnv attiomna-
Boyevela tng XOr eivat o kahukoidg, xwplg va eivat
Staca@nvLopévog o poOAoG Tou.

H TIOLKIAOTNTA TWV PLKPOOPYAVLOPWY TNG OToHA-
TLKAG KOWOTNTAG TWV yatwv pe XOI €xeL peAeTn-
Bel pe peBOSOUC EEQPTWHEVEG KAL PN €EQPTWHEVEG
amo KAAALEpYELA. ALATILOTWONKE OTL N TIOKIAGTNTA
TWV PLKPOOPYAVLOHWY 0TNV oPASa TwV {WwV TIoU
vooouoav amd XOI ntav onuavtlka PKpotepn
OUYKPLTIKA PE TLG UYLELG yateg, pe tnv Pasteurella
multocida subsp. multocida va kuplapxetl, evw 4,7%
amo ta €6 Baktnplwv Tou TautoTodnkav Ka-
tnyoplomolBnkav wg véa (Dolieslager et al. 2011).
EriumAéov, oUpgwva pe toug Dolieslager kat ouv.
(2013), paivetat 6tL n Tanerella forsythia TipokaAel
EKTETAPEVN QVOOOAOYLKN amdvtnon amo TAEUPAG
Eeviot. ANMwoTe, exel amodelyBel n ouvepylkn
Spdon twv 2 plkpoopyaviopwy (Sharma 2010).
AvtioTolya, oTnV opasda TWV LYLWV yatwy, Kuplap-
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1992, Diehl & Rosychul 1993, Waters et al. 1993,
Reubel et al. 1994, Lommer &Verstraete 2003,
Lyon 2005, Quimby et al. 2007, Lee 2010, Lom-
mer 2013). Krumbeck et al. (2011) described the
potential role of fungi on the etiopathogenesis
of the disease. Among the implicated viruses,
feline calicivirus is more often investigated but
the conflicting results of the studies do not allow
for safe results to be drawn concerning its role in
the pathogenesis of the disease (Nakanishi et al.
2019, Fried et al. 2021, Fontes et al. 2022). A re-
cent study concluded that cats living in multi-cat
households are more prone to develop stoma-
titis, stressing out the role of infectious agents
(Peralta & Carney 2019). To sum up, feline calici-
virus seems to play a role in the etiopathogene-
sis of FCG which is yet to be elucidated.

The oral bacterial flora of cats with FCG has
been identified with culture dependent and cul-
ture independent methods. It was found that the
microbial diversity significantly decreases in cats
with FCG in which the predominant species is P.
multocida subs. Multocida and 4,7 % of the identi-
fied species were classified as novel (Dolieslager
et al. 2011). Moreover, according to Dolieslger et
al. (2013), Tanerella forsythia arises extended im-
mune response on behalf of the host. The syner-
gistic mechanism of action between the two mi-
croorganisms has been proven (Sharma 2010).
On the other hand, Capnocytophaga canimorsus
represented the predominant species among
healthy cats and 43.7 % were identified as nov-
el (Dolieslager al. 2011, Dolieslager et al. 2013).
The infiltration of the gingiva with high num-
bers of mast cells, suggests the notion that they
may play a role in the shift of the microbial flora
in cats with FCG (Arzi et al 2010). However, Ro-
drigues et al. (2019) found higher bacterial diver-
sity in cats suffering from periodontitis or FCG,
with Bacteroides phylum being the most abun-
dant, highlighting the important role played by
the bacterial biofilm. Nevertheless, researchers
conclude that the microbial flora of FCG cats is
mainly constituted by gram-negative anaerobic
microorganisms (Rodrigues et al. 2019). The con-
tribution of the microbial plaque is also stressed
out by Hennet (1995) and Bellei et al. (2008).

According to the aforementioned studies, the
clinical appearance of FCG cats is greatly im-
proved following extensive dental extractions
That way, additional microbial plaque built up
is prevented. Finally, stress and food allergens
have been incriminated (Williams & Aller 1991,
Diehl & Rosychuk 1993, Lommer 2013).

Concerning the immunological background of
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X0 €L80¢ amotelovoe to Baktrplo Capnocytophaga
canimorsus Kal o€ TI0000TO 43,7% aviyveuBnkav
mlavwg kat véa eidn (Dolieslager et al. 2011,
Dolieslager et al. 2013). Elvat tBavo n ektetapévn
HLKPOOKOTILKN S1Bnon tTwv oUAWV amd CLTEUTLKA
KUTTapa va opeiletal otn HETABOAN TNG PLKpoPLa-
KAG xAwp{8ag Tou 0TOPATOG TV yatwy pe XOT (Arzi
et al. 2010). Qotooo, ol Rodrigues kat cuv., (2019)
Slantiotwoav peyalltepn PLKPORLAKN TIOKIAOTNTA
OTLG YATEG TIOU £TTac)aV ard Teplodovtitida rp XOr
HE TO UAO Bacteroidetes va emikpatel Kuplwg oTLg
yateg pe XOr, mpoteivovtag éva mbavéd poAo tou
BaktnplakoU BLo@A\p otnv attlomaboyevela tng
vooou. MNapdAa autd, oL EPELVNTEG CUPPWVOULV OTL
N PwkpoPLakn xAwpida tou oTdPATOG TWV YaTwy
pe XOr amoteAeital kKuplwg amd gram-apvnTkoug
Kal avagpoploug Mikpoopyaviopoug (Rodrigues
et al. 2019). H KataAuTIKr] GUPPBOAN TNG MIKPOPL-
aKNG TMAAKAG TWV SOVTLWV oTnV attlomaboyévela
TNG VOOOU KATASELKVUETAL KAL aTtd TLG HEAETEG TWV
Hennet (1995) kat Bellei kat cuv. (2008).

TOP@WVA PE TG TIAPATIAVW PEAETEG, N KALVLK EL-
KOVA TWV yatwv pe XOI BEATLWVETAL EVTUTIWOLAKA
UoTEPA AT EKTETAPEVEG EEAYWYEC, aYOoU PE AUTOV
TOV TPOTIO ATIOTPETETAL O ONUAVTIKO Babud n
OUCOWPEUCH TWV HLKPOOPYAVIOPWY TIOU OXNUa-
ti¢ouv N pkpoPLakn TAdka. TEAOG, WG TIPOG TNV
EMLEEIVWON TWV CUPTITWHATWY TNG VOOOU £X0UV
gvoxottolnBel mapdyovieg OTWG TO OTPEG KAl Ta
aMepyloydva Twv tpowv (Williams & Aller 1991,
Diehl & Rosychuk 1993, Lommer 2013).

IXETLKA PE TO AVOOOAOYLKO UTIORaBpo TNg XOI
€xeL avaepBel OTL oL aoBevelg yateg eppdavicav
auénuévn OUYKEVTPWON OCQALPLVWY OTOV 0pO
TOU alpatog Kat TTOAUKAWVLKN Y -opalplvoTdadbeia
(Johnessee & Hurvitz 1983, White et al. 1992). Ot
Zetner kat ouv. (1989), Slamiotwoayv, o€ yATeg HE
XPOVLEG (PAEYPOVWSEELG TIABAOELG TNG OTOHATLKNG
KOWAOTNTAG, au§npévn OUYKEVTPWON avooooyal-
pwwv G, M kat A (IgG, IgM, IgA) otov opo Tou ai-
HATOG. X€ AAAN PEAETN SLATILOTWONKE OTL OL YATEG
pe XOT mapouciadav onuavikd augnuéveg ouyke-
vTpwoelg IgG, IgM kat IgA otov opd Tou alpatoq
Kat auénuéveg ouykevipwoelg IgG, IgM kat Agu-
KWHATWWY OTO OGALO, OAAA ONPAVTLKA XapnAn
IgA oto odALo og oxéon pe TLg uyLelg (Harley et al.
2003). MNepattépw evSelEELG OXETIKA PE TO QVOOO-
AOYLKO UTIOBaBpO NG VOOOU TIapEXOVTAL KAl ATIO
TN PEAETN TNG LOTOTIABOAOYLKNG ELKOVAG TWV TIPO-
KAAOUHEVWY 0ANOLWOEWY, AAAA Kal arod T PEAETN
TOU (PALVOTUTIOU TOU alpatog Twv TpooBeRAnpe-
VWV {WwV. Ze TTAALOTEPN AVOCOLOTOXNHLKI HEAETN
o€ Selyparta pooBeBAnpévou otopatikol BAevvo-
yovou, Slamiotwbnke n avgnuévn ouykévtpwon T
Aepokuttapwy (cupmepapBavopévwy twv CD4

the disease, affected cats exhibit elevated con-
centrations of immunoglobulins in the blood se-
rum and polyclonal hypergammaglobulinemia
(Johnessee & Hurvitz 1983, White et al. 1992).
Zetner et al. (1989), found elevated concentra-
tions of G, M, and A immunoglobulins (IgG, IgM,
IgA) in the blood serum of cats with chronic in-
flammatory conditions of the oral cavity. Another
study showed that cats with chronic gingivosto-
matitis had significantly higher salivary concen-
trations of IgG, IgM and albumin, and higher
serum concentrations of IgG, IgM and IgA, but
significantly lower salivary concentrations of
IgA than their healthy counterparts (Harley et
al. 2003). Evidence on the immunological basis
of the condition is further suggested by the de-
scriptions of the histopathological changes and
blood phenotype of the affected cats. A previous
study on the immunohistochemical characteri-
zation of oral mucosal lesions, detected numer-
us T (including CD4+ and CD8+ cells) and B lym-
phocytes, mast cells in the lamina propria and
submucosa with CD8+ cells predomination over
CD4+ (Harley et al. 2011). Significant increase in
mRNA toll-like receptors and proinflammato-
ry genes encoding TNF-a, IFN-y, IL-13, and IL-6
were found in tissue biopsies obtained from FCG
cats (Dolieslager et al. 2013). Vapniarsky et al.
(2020), found that the oral mucosal tissues from
cats with FCG had high tissue infiltration of B and
T cells including both CD4+ and CD8+ lympho-
cytes and cells positive for CD25 and FOXP3 and
mixed gene populations associated with inflam-
matory signaling pathways. Respectively, high
CD8+ T lymphocytes and other proinflammato-
ry cytokines have been detected in the blood of
FCG cats (Arzi et al. 2016, Arzi et al. 2017, Arzi et
al. 2020).

In conclusion, the cause of FCG remains elu-
sive, although inappropriate immune response
in underlying infectious agents, such as bacteria
and some viruses has been implicated.

Treatment of FCG

Therapeutically, surgical and medical approach-
es have been proposed. However, medical treat-
ment alone does not have favorable long-term
results, constituting the surgical approach, the
gold standard (Lee et al. 2020). Regardless of
modality, the importance of analgesic thera-
py cannot be overemphasized (Lee et al. 2020).
Long-term administration of opiates such as
buprenorphine has been proven both safe and
effective (Stathopoulou et al.). Meanwhile, new
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Kat CD8), B AgpPOKUTTAPWY KAl PACTOKUTTAPWY
oto xoOplo/uttoBAevvoyovia otBada pe Kuplap-
X0 TANBuopO ta CD8+ oe oxéon pe ta CD4+ Aep-
pokuttapa (Harley et al. 2011). Ze Selypata tou
otopatikol PBAevwoyovou €XOUV ETILONG AVEUPE-
Bel auénuéva emimeda mRNA uttoSoxéwv toll-like
Kal TIPOWAEYHOVWEWY YovLS{WV TIOU KWSELKOTIOL-
oUv TNF-q, IFN-y, IL-1B, kat tnv IL-6 (Dolieslager
et al. 2013). EmumAéov, o€ TTPOCPATN PEAETN TwV
(Vapniarsky et al. 2020) Siamiotwbnke SBnon
TOU oTtopatikol BAevvoyovou Twv yatwv pe XOr
amo B kat T KUTTAPA, CUPTIEPIAANPBAVOUEVWY TWV
CD4+, CD8+ Aeppokuttapwy kabwg kat amo CD25
kat FOXP3, 6mwg Kat €vag augnpévog PELKTOG TIAN-
Buopwv yovisiwv Tou oxetidovtal Ye TNV EKPpaon
MWV Ttapayoviwv @Aeypovhg. Avtiotolxa, oto
alpa yatwv mou doyouv amd XOT €xel Slamiotw-
Bl avEnon twv CD8+ T AEUPOKUTTAPWY Kal AAAWY
TIPOWYAEYHOVWSEWY KUTTApOKWWY (Arzi et al. 2016,
Arzi et al. 2017, Arzi et al. 2020).

TUPTIEpPACHATLKA, N atttoAoyia tng XOr mapapé-
VEL aSLEUKPLVLOTN, OPWG xapaktnplletal amo pn
(PUGLOAOYLKI) QVOCOAOYLKI OTIAVTINGN OE UTIOKELHE-
va avTlyovika gpebiopata, 0Twe ta BaktrpLla g
HKPOBLaKAG TIAGKAG Kal opLopévol Lot.

Oepameia tng cTtopatitidag

OepaTEUTLKQ, €xouv TipoTabel SU0 TipooeyyloELS: N
XELPOUPYLKN KAl N QPAPHPAKEUTIKN. Qotdoo, n pap-
MOKEUTLKI TIPOCEYYLON €XEL HOVO Bpayxutipobecpa
OPEAN KaBLOTWVTAG TN XELPOUPYLKH TtapepBaon
HE 1 XWpPLg EMKOUPLKY YapUaKEUTIKY Bepareia,
TO XPUCO KaVOVA yla TNV AVTLPETWILon tng XOr
(Lee et al. 2020). Ze kABe TepiMTWON, N AVTLHETW-
TiLon tou Tdvou armoteAel tov akpoywviaio Ao
o omoLodnmote Bepameutikd TIAAVO  eTILAEYEL
(Lee et al. 2020). Nedtepeg PENETEG KATASELKVU-
OUV TN POKPOXPOVLA XOPHYNon OTILOELSWVY OTIWG
N Boutpevop@ivn ao@aAr] Kal AmOTEAECHATLKN
(Stathopoulou et al.), evwy tapdAAnAa avadelkvu-
ovtal véol «BepameuTikol oToxoL» yLa tn Bepareia
g XOT, omwg to evSokavvaBLVoelség ouotnua
(Polidoro et al. 2020). Z& yevIKéG YPAPHEG TTAVTWC,
OL (PaPUOAKEVTIKEG Bepareleg TTou €xouv Sokipaotel
HEXPL ONpEPa @aivetal va tapouctalouv TIOLKIAN
avTamnokpLon, AOyw TnG TTOAUTIAPAYOVTLKAG pUONG
TOU VOO paToC,.

H Stdyvwon kat n Bepareta tng XOr pmopet va
TPOBANHATLOEL KL va QPEPEL TOV KTNVLATPO o€ B¢-
PATIEUTLIKO aSLe€odo. EmumAéov, Ba mpemeL o LSL-
OKTNTNG TOU (WOU Va EVNHEPWVETAL OTL, TEALKQ,
OKOTIOG TNG Bepamelag O OPKETEG TIEPLTTTWOELG EL-
VAL 0 ETIAPKNG EAEYXOC TWV UTIOTPOTIWV Kat n Sta-
OPAALON LKAVOTIOLNTIKOU emtmeéSou Stapiwong yLa

Feline stomatitis

“therapeutic targets” for treating FCG, like the
endocannabinoid system have been emphasized
(Polidoro et al. 2020). In general, medical thera-
pies exhibit various outcomes due to the multi-
factorial nature of the disease.

Diagnosis and treatment of FCG, can be trou-
bling and bring the clinician to a therapeutic end.
The cat owner should be informed that the ulti-
mate target of therapy is to adequately control
relapses and assure a substantial quality of life
rather than complete remission. Leading treat-
ment modalities are discussed below.

Surgical treatment

Four published studies have investigated the
effectiveness of tooth extraction in FCG cats
(Hennet 1997, Bellei et al. 2008, Jennings et al.
2015, Druet & Hennet 2017). A substantial im-
provement or resolution in 80% the FCG cas-
es, and little or no improvement in 20% of the
cases has been shown in two studies (Hennet
1997, Bellei et al. 2008). Jennings et al. (2015)
revealed that 28.4% of cats achieved complete
resolution, 39% achieved substantial clinical im-
provement, 26.3% had little improvement, and
6.3% had no improvement following dental ex-
tractions. Finally, in a study of Druet and Hennet
(2017), 51.8% achieved clinical cure or significant
improvement within a median time of 38 days.
Partial-mouth extraction plus extraction of other
teeth that have indication for extraction, such as
periodontitis, fracture, resorption, root retention
is the evidence-based recommendation for sur-
gical management. In case there is no positive
response within 1-4 months after partial-mouth
extractions, full-mouth extractions should be
performed (Lee et al. 2020). Finally, cauterization
with CO2 laser also seems to be beneficial (Lewis
et al. 2007) (Figure 4).

Medical management

Besides surgical management, adjuvant medi-
cal management, sometimes lifelong, is deemed
necessary in most FCG cases. As already men-
tioned, FCG is an immune-mediated inflamma-
tory disease, the therapy of which is based on
fighting anaerobic bacteria, and immunosup-
pression (Winer et al. 2016). Proposed medica-
ments for FCG involve mainly antimicrobials and
non-steroidal antinflammatory drugs, steroids,
recombinant interferon -w, cyclosporin and
more recently mesenchymal stem cells.

Medical management is included in all treat-
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TNV acBevn) yata, mapd n mANRpng tacn tou {wou.
Mapakdtw avagepovtal Jovo oL cUXVOTEPaA XPNnotL-
poTttoloUpeveg Bepareleg orjuepa.

XeLpoupyLkn Beparmeia

TEOOEPELG SNPOCLEVHEVEG HEAETEG £peLVOUV TNV
QTTOTEAEOUATIKOTNTA TNG €€aywyrg SOVILWV OTLG
yateg pe XOr (Hennet 1997, Bellei et al. 2008,
Jennings et al. 2015, Druet & Hennet 2017). £tig §Uo
amo autég (Hennet 1997, Bellei et al. 2008), avagé-
petaL OtL teplou To 80% TwV yatwv Tapouciacav
onpavtkn BeAtiwon 1 taon Twv aAAOLWOEWY TNG
XOr petd tnVv e€aywyr] SOVTLWY, EVW OL UTIOAOLTIEG
20% eixav pkpn r kapia BeAtiwon. Ot Jennings kat
ouv. (2015) avagéepouv OTL To 28,4% TWV yatwv La-
Bnke TANPWG, To 39% eixe onuavtikn BeAtiwon, To
26,3% €lxe pLkpn BeAtiwon Kat To 6,3% eV WPeAn-
Bnke KaBOAou amo TG e§aywyEe. TEAOG, 0T PEAETN
Twv Druet kat Hennet (2017) to 51,8% TwWv yatwv
Tapouciacav KAWLKG (aon | onuavtikn BeAtiwon
€VTOC 38 NuUEPWV.

Truepa, N BACN TNG XELPOUPYLKNG AVTLHETWTILONG
otnpiletat otnv €€aywyr Twv omobiwv Sovtiwv
KaL tautdxpova otnVv e€aywyr AAwWY SoVTLWVY TIoU
EVSEXOPEVWG VA €XOUV OUYKEKPLUEVN €VEELEN €Ea-
ywyng (meplodovtitida, kdtaypa Sovtiou, amop-
popnon dovtloL, mapapovr pLiwv). e Tepimtwon
TIou 8ev UTTAPXEL PETAPBOAN TNG KALVLKNAG ELKOVAG
evtog 1-4 pnvwv, Ba TpEmeL va yivetal eEaywyn
OAWV Twv Sovtlwy (Lee et al. 2020). Téhog, avayo-
pLKA PE TN XELPOUPYLKN Bepameia tng XOT, guep-
YETLKA amoTeAéopata @aivetal va €xeL 0 Kautnpt-
aopdg Twy alowwoswy pe laser CO2 (Lewis et al.
2007) (Ewkova 4).

dappakeUTLKA Bepameia

Ita TEPLOOOTEPA TEPLOTATIKA XOI, €KTOG TNG
efaywyng Sovtlwy, amalteltal emMKOUPLKN Qap-
MOKeUTIK Bepamela n omola oe oplopéva TepL-
OTatTKA evSéxeTal va xopnyeitat Sta Bilou. Omwg
Nén avaepOnke, n XOT elvat pAeypovwsdng vooog
HE avoooloylko umtoBabpo, cuvenwg n Baon tng
(PAPPOKEUTLKNG Beparmelag elval n KatamoAéun-
on Twv avagpoplwy Baktnpiwv Kat N avoookata-
otoAn (Winer et al. 2016). ATO Ta (QPAPUAKEUTIKA
okevdopata Tou €xouv peAeTnBel TeplocoTeEpO,
AVaPEPOVTAL TA AVTLPLKPOPLAKA, Ta PN OTEPOELSN
QAVTLPAEYHOVWEN, TA KOPTLKOOTEPOELSH, N AVACUV-
Suaopévn wteppepovn Q, n Kukhootopivn Kat
TIPOOYATWG N XOPryNon TwV HECEYXUHATLKWY BAa-
OTOKUTTAPWV.

H xopriynon avtluikpoBLakwy Qapuakwy TepL-
AapBdvetal otnv MAsLoPn@la Twv BePATIEVTIKWY

Ewkova 4. 'Kautnptaopéq egpévouowv aMowwoewv pe laser CO, o€ pn
QVTATIOKPLVOHEVO TIEPLOTATLKO.

Figure 4. CO, laser cauterization in a refractory case.

ment protocols that have been tested, without
prior swabbing for cultivation and antibiogram
(Krumbeck et al. 2021). Commonly used antibi-
otics include clindamycin, amoxicillin, amoxicillin
with clavulanic acid, metronidazole and doxycy-
cline (Frost & Williams, 1986, Harvey 1991, Har-
vey 1994, Lyon 2005, Wiggs 2007). Dolislager
(2012) also suggests cefovecin based on her
study results.

When dealing with chronic and acute post-sur-
gical pain, non-steroidal antinflammatory drugs
constitute the cornerstone (Epstein et al. 2015).
According to the literature, none of the veteri-
nary approved non-steroidal antinflammatory
drugs has been associated with greater risk for
side effects (Kukanish et al. 2012). Meloxicam is
been approved in many countries worldwide. On
the other hand, corticosteroids have been tradi-
tionally considered to be the holy grail for treat-
ing immune mediated diseases. Ergo they have
been empirically used widely in FCG. Nonethe-
less, the clinical outcome and duration of their
potential benefit has been minimally studied. A
study concerning calicivirus positive cats with re-
fractory FCG, prednisolone was used in the con-
trol group as opposed to a group treated with re-
combinant interferon Q (Ueda et al. 1993). Three
out of 11 cats of the study treated with prednis-
olone (23%) were significantly improved (Ueda
et al. 1993). Even though it is a common belief
that cats are resistant to corticosteroid side ef-
fects, their administration should be closely
monitored as long-term use has been linked to
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OXNMATWVY TIOU €X0UV SOKLUAOTEL, Ywplg va amat-
teltat mponyoupevn Andn Setypatog and tn oto-
MATLKR KOWAOTNTA KAl SlevEpyela KAALEPYELAG Kal
avtiBloypappatog (Krumbeck et al. 2021). Ta avtt-
HKpoBLakd Tou ouvrBwg xopnyouvtal Uotepa
aTo TN XELPOUPYLKN ETEPBaoN TiEpAapBavouv TNV
KAWSapukivn, tTnv apo&ukiAAivn, TNV apo§UKIAAL-
vn He KAaBouAaviko o&U, tn petpovidadoAn kal tn
80EUKUKALVN (Frost & Williams, 1986, Harvey 1991,
Harvey 1994, Lyon 2005, Wiggs 2007). EmiuAéoy, n
Dolislager (2012) mpoteivel tn xopriynon KepopPe-
Klvng Baollopevn ota amoteAéopata tng SIKAG Tng
HEAETNG.

TXETIKA PE TN SLaxelplon Ttou xpdviou aAa Kat
TOU GPECOU PETEYXELPNTLKOU TIOVOU, TA N OTEPO-
€81 avtupleypovwsdn @dppaka (MZA®) armote-
AoUv Tov TUAWva yla tn Staxeiplon tou (Epstein
et al. 2015). Ztn BLRAoypaypia Sev umdpyel Kapia
€vSelEn OtTL Kamolo and ta MIAD pe eyKeKpLUEVN
XPrioN yLa Toug OKUAOUG Kal TLG YATeg, oxetiletal
HE PHEYAAUTEPO KIVEUVO yLa aveTiltBUPNTEG EVEPYEL-
€6 (Kukanish et al. 2012). H xprjon tng HEAOELKAUNG
8¢, elval eyKeKPLPEVN yla Hakpoxpovia xoprynon
o€ xapnAn 86on o€ TIOMEG XWPEG TOU KOGHOoU. Ta
KOPTLKOOTEPOELSH €XOUV TIAPASOCLOKA QTIOTEAE-
O€L TO XpUCO Kavova otn Bepameia Twv voonua-
TWV TIOU €X0UV AVOCOAOYLKO UTtoRabpo. Eumelpt-
KA €xouv xpnoigotiolnBel kat xpnotpototolvtat
EUPEWG OTNV QPAPPAKEUTIKN Bepameila tng XOr.
QO0TO00, TO KALVLKO ATIOTEAECHA TOUG KAl aKOMA
TIEPLOOOTEPO, N SLAPKELA TNG EVEPYETLKNG EMiSpa-
ONG Toug, €xeL EAdyLoTa peAeTnOel BLBALOYpa@LKA.
Ye pla €pguva Tou aopouoe YATeG BETIKEG OTOV
KOAUKOLO Kal PE PN avtamokplvopevn otlg ega-
YWYEG XOT, n mpe&vi{oAOvn XpNnOLUOTIOLRONKE WG
QAPHOKO EAEYXOU OE OXEON HE TNV AVACUVSUACHE-
vn wtepyepovn Q (Ueda et al. 1993). Ztn peAétn
autn), ot 3 amd TG 11 yateg oTLg oTIoleg Xopnynon-
Ke N TpedvL{oAdVn (23%) TTapouciacav cnUavtikn
BeAtiwon Twv KAWKWY cupmtwpdtwy (Ueda et
al. 1993). Qotdoo, mapdAo Tou emKpatel n avti-
Angn otL oL yateg lval avBeKTIKEG OTn Xoprynon
TWV KOPTLKOOTEPOELSWY, N Xoprynon toug Ba Tpé-
TeL va ylvetal oe olveon KaBwg oL ETLTTAOKEG TIOU
€xouv SLamLotwhel petd amd pakpoxpovia xopryn-
or) Toug, elval onuavtkég (Smith et al. 2004, Lowe
et al. 2006, Campbell & esGraves 2008, Nerhagen
2021). H xpron KOPTIKOOTEPOELSWY aTd TO OTOA
Il TTAPEVTEPLKA ELVAL TIPOTLUOTEPN OE OXEON YE EKEL-
vwv Bpadelag amodeéopeuong a@ou KATAOTEANOUY
Alydtepo tov d€ova UTIoBaAapOG-UTIOPUGCN-ETILVE-
epidla, eAéyxetal akplBeotepa n Soocoloyia kat
€xouv ALlyotepeg Ttapevépyeleg (Feldman & Nelson
2004). ZtnVv TepiMTWon TOU N XPrion KOPTLKOOTE-
POELSWV KplveTal amoAUTw amapaitntn, n Xxprnon

Feline stomatitis

serious complications (Smith et al. 2004, Lowe
et al. 2006, Campbell & Graves 2008, Nerhagen
2021). In general, oral or parenteral formula-
tions are preferred over repositol corticosteroids
because there is less prolonged suppression of
the hypothalamic-pituitary-adrenal axis, a great-
ly enhanced ability to monitor and adjust the
dose, and less pronounced side effects (Feldman
& Nelson 2004). The use of repositol corticoste-
roids should be reserved for those cats in which
oral dosing is not possible due to patient or own-
er compliance (Lowe et al. 2008).

Feline recombinant interferon -w (rFelFN-w)
has been studied for its efficacy in FCG. rFelFN-w
has been traditionally used for its antiviral prop-
erties (Ueda et al. 1993) and is believed to pro-
mote immunoregulation via lymphoid tissues
(Schellekens et al. 2001, Cummins et al. 2005). Af-
ter 3 months of transmucosal administration of
rFeIFN-w in 19 cats, 45% of the animals showed
clinical remission while 10% of which were clini-
cally cured (Ueda et al. 1993). However, the study
concludes that the use of rFelFN-w does not out-
weight the use of prednisolone. Matsumoto et
al. (2018), stated that the subcutaneous injection
of rFeIFN-w in FCG cats that are co-infected with
calicivirus may be of benefit.

Cyclosporin A (CsA) is an immunosuppressant
which has been used in FCG treatment protocols.
CsA is involved mostly in the cell-mediated rath-
er than the humoral immunity. Very few studies
have investigated the mechanism of action of
cyclosporin in cats. Nonetheless, CsA suppress-
es in vitro the lymphoblast transformation, and
mRNA expression for IL-2, IL-4, IL-10, GM-CSF,
IFN-y, TNF-a, and lymphocytes releasing IL-2 in a
dose dependent manner in the peripheral blood
(Colombo & Sartori 2018). It may also have inhib-
itory effects on B-cell reproduction (Winslow et
al. 2006). The efficacy of CsA in FCG has been re-
ported in two studies. Vercelli et al. (2002), exam-
ined the efficacy of oral cyclosporine in 8 cats not
previously treated with extractions, half of which
(50%) were reported to achieve clinical remis-
sion, whereas the rest had partial to fairly good
improvement. In another long-term clinical trial
oral cyclosporine was administered to 9 cats that
had previously been treated with extractions,
there was a statistical significance in the number
of cats experiencing significant clinical improve-
ment (77.8%). At the end of the 6-week obser-
vation period, there was a statistically significant
difference among cats with whole-blood cyclo-
sporine levels > 300 ng/ml (72.3 % improvement)
compared with cats with cyclosporine levels <300
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ekelvwyv Bpadelag amodeéopeuong Ba TipETEL va Tie-
plopiletal ota meplotatikd omou elvat aduvatn n
xopriynon amd to otopa Adyw KOAAPatog Tou L8t
oktntn ite tou {wou (Lowe et al. 2008).

H avacuvéudopévn wtepyepdvn-w Tng ydtag
(rFelFN-w) éxeL emiong peAetnBel wg TpPoOg TNV
amoteAeopatikdTnTd NG otn Bepamnesia tng XOT.
H rFelFN-w €xeL xpnotpomotnBel yia tnv avtiikn
Spaon tng (Ueda et al. 1993) kat TiLoteVeTaL OTL N
otopatoBAevvoyodvia amoppoPnaorn tng Sleyelpel
TNV avoooppUBHLON HECW TWV AEPPOELSWY LOTWV
(Schellekens et al. 2001, Cummins et al. 2005). 'Yote-
pa amo xopryynon tng rFelFN-w SLa Tou oTtopatikou
BAevvoydvou yla 3 pnveg o 19 ydteg, mapatnpn-
Bnke BeAtiwon oto 45%, 10% amod TLG OTIolEG TIa-
pouciacav KAWLKN taon (Ueda et al.1993). Qoto-
00, OTIWG KATAANYEL CUUTIEPACHATIKA N PEAETN, TA
aTIOTEAEOPATA TNG XPNONG TNG WVTEPYEPOVNG, SV
UTIEPTEPOUV OE OX€0N e eKelva TG Bpaxuxpoviag
xopriynong mpedvi{oAovng. Tehog, ol Matsumoto
Kat ouv. (2018), peAétnoav tnv uttodopLa xopnyn-
on tng rFelFN-w o€ yateg pe XOT uttootnpifovtag
OTL N XPNON TNG EVSEXETAL VA EXEL EVUEPYETLKN ETIL-
Spaon otLg yAteg TIou elval Tautoxpova HOAUCHE-
VEG aTiO KAAUKOLO.

AKOUO pla (OpPPOKEUTLKI OUola PE avoooKata-
OTAATIKA §pdacn n otola €xeL xpnotporonBel otn
Bepameia tng XOr eival n kukAootopivn A (CsA).
H CsA eumAéketal kKUplwg OTNV KUTTAPLKN, Tapd
0Tn UMLK avooia. EAGXLoTeG PEAETEG €xOUV ETTL-
KevTpwBel otnv Spdon tng CsA otn yata. Mapoia
autd, @alvetat Ot in vitro KataoTtéMEL TO pETa-
OXNHOTOPS TWV Aep@oBAACTWY KAl OTO TIEPLYPE-
PLKO alpa KaTaoTéNAEL TNV €k@paon tou MRNAs
yuwa tg IL-2, IL-4, IL-10, GM-CSF, IFN-y, tov TNF-a,
Kat éva aplBpd AEPPOKUTTAPWY TIoU EKAUOULV IL-2
pe Socoefaptwpevo tpomo (Colombo & Sartori
2018). Ev8éxetay, €miong, va £xeL aVaOTAATLK 5pa-
on otnv avamnapaywyr twv B kuttdpwv (Winslow
et al. 2006). Tnv amoteAecopatikotnta tng CsA otn
XOr mpaypatevovtal U0 SNUOCLEUPEVEG PMENETEC.
Ttn peAétn twv Vercelli kat ouv. (2006), cuptept-
ApBnkav 8 ydteg ot oTtoleg Sev eixe TponynOel
e€aywyr] SOVTLWV Kal Ol YLOEG aTIO AUTEG (PAVNKE VA
Beparmevtnkav. Ztnv eUTEPN HAKPOXPOVLA PEAETN,
n omola mepleAaBave 9 ydteg pe XOI otig omoleg
elxe ponynBel e€aywyr| Twv omobiwv ) OAWV Twv
S0VTLWY, TO TTOCOOTO KALVLKNG Laong ATav onuavtt-
K& peyalutepo (77,8%). 'Yotepa amod mapatrpnon
6 BSOPASWY, UTIPXE OTATLOTLKWG ONHUAVTLKN SL-
a@opd aVAPESA OTLG YATEG HE ETILTIES A CUYKEVTPW-
ong KukAooTopivng oto aipa > 300 ng/ml (72,3%
BeAtiwon) oe oxéon pe ekelveg Trou eiyav < 300 ng/
ml (28,2% BeAtiwon) (Lommer 2013).

Yta mAaiola Tng pooTabelag avoocoppubuLong

ng/ml (28.2 % improvement) (Lommer 2013).

In the context of immunomodulation, mesen-
chymal stem cells (MSC) have been administered
in cats with refractory FCG. Mesenchymal stems
cells play an important role in the regulation of
the immune system. They produce various an-
tinflammatory and proinflammatory cytokines,
chemocines, and prostaglandines. They are con-
sidered to be safe with minimal or no mutagen-
ic effect and can be used for revitalizing or re-
pairing damaged tissues (Dias et al. 2019). Their
immunomodulatory effect has been studied in
inflammatory and immune mediated diseases
of the cat such as FCG, acute and chronic renal
disease, enteropathies and asthma (Quimby
& Borjesson 2018). The efficacy of both autolo-
gous and allogenic, fresh, adipose-derived MSCs
administered intravenously has been studied
in cats with refractory FCG (Arzi et al. 2016, Arzi
et al. 2017). Treatment with autologous adi-
pose-derived MSCs in 7 cats resulted in a posi-
tive response rate reflected by clinical remission
in 42.8%, and substantial improvement in 28.6%
of the cats (Arzi et al. 2016) compared to treat-
ing with allogenic MSCs (28.6% achieved clinical
remission, 28.6% achieved substantial improve-
ment) (Arzi et al. 2017). In both clinical trials,
all cats had undergone full-mouth extractions,
while administration of stem cells without prior
extraction failed.

Summary

FCG constitutes a particularly painful, multifac-
torial immune-mediated disease, possibly po-
tentiated or exacerbated by viral infection. The
current first-line of treatment involves tooth
extractions with or without concurrent medical
treatment. New modalities of treatment for the
control of inflammation and pain ought to be
sought to replace the current sometimes life-
long required medical treatments.
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TWV acBevwy yatwv HPE PE M aVTATIOKPLVOMPEVN
XOrl, peAeTATAL KAl N XPNnon Twv ToAUSUVAPWY
MECEYYXUHATIKWY PBAACTIKWV KUTTApwv (BAacto-
KUTTApwv). Ta peosyyupatika Kuttapa mailouv
ONMAVTLKO POAO OTNV PUBULON TOU AVOCOTIOLNTL-
KoU ouotrpatog. Mapayouv peydAn TokAia avtt-
PAEYHOVWSEWVY KAL TIPOPAEYHOVWEWV TIAPAYOVTWY,
OTIWG OL KUTTAPOKIVEC, oL XNUELOKIVEG Kal oL Ttpo-
otayAadiveg. Oswpolvtal ac@air] pe EAGXLOTN N
kapia tepatoydvo Spaon Kat Propouv va Xpnot-
pototnBoulv yla tnv avalwoydévnon Kat Tnv €mt-
516pBwon twv Lotwv (Dias et al. 2019). Ztig yateg,
OL OVOOOPPUBPLOTLKEG LELOTNTEG TOUG EXOUV PEAE-
Ol 0g PAEYHOVWSEELG KL AVOCOAOYLKNG YUOEWG
TIaBOAOYLKEG KATAOTATELG OTIwG N XOT, n o&ela kat
N XPovia VEPPLKN vOOOG, OL EVIEPOTIABELEC KAl TO
AacBpa (Quimby & Borjesson 2018). H amoteAecpa-
TIKOTNTA TWV AUTOAOYWV KAl AAAOYEVWV PECEYYU-
HATIKWV BAACTIKWVY KUTTAPWY, TIPOEPXOHEVWY ATIO
TO AT CUVSETLKO LOTO, EXEL PHEAETNBOEL peTd amo
eVEOWAEBLA €yxuaon O YATEG PE PN QAVTATIOKPLVO-
pevn otopatitida (Arzi et al. 2016, Arzi et al. 2017).
OL 7 ydteg otlg omoleg xopnyndnkav autdloya
HECEYXUHOTLIKA KUTTApQ, Qalvetal va ixav KaAu-
Tepn avtanokplon (42,8% mapouciaoav {aon Kat
T0 28,6% onuavtikni BeAtiwon) (Arzi et al. 2016), o
ox€on Me 7 yAteg OTLG oTToleG YopnynBnkav aAAo-
YEVI HECEYXUMATLKA KUTTapa (28,6% Ttapouciacav
taon Kat to 28,6% onuavtikn BeAtiwon) (Arzi et al.
2017). Kat otig 800 SnpocteVoEeLg, 0 ONEG TLG YATEG
€lxe mponynBel oAtkn e€aywyr] Twv Sovtlwy, VW N
XOoprlynon twv PAACTOKUTTAPWY Ot yAteg e XOI
Xwplc va €xeL mponynBel e€aywyr| Sovtiwv Sev eixe
BeTIka amoteAéoparta.

ZUPTIEPACHA

H XOrI amotelel €éva Slaltepa emMwSUVO Kat TIOAU-
TIAPAYOVTLKO VOONHQ, HE AVOOOAOYLKO UTIORpabpo
Tou TBavwg upodoteitat and Loyevelg apdyo-
vteg. To xpuoo kavova yla tn Beparmeta tng XOr
amoteAel n e€aywyn Sovtlwv PE 1 xwplg Tauto-
XPOVN ETILKOUPLKI XOPHYNon QapHAKEUTLKNG ayw-
ynG. Elvat emBePAnpévn n poomdbela avelpeons
VEWV, ATTOTEAECHATIKWY BEPATIELWV E OKOTIO TOV
EAEYXO TNG PAEYHOVNG, TOU TIOVOU KAl TNV aVTLKa-
TAOTACN TWV CNUEPVWY BEPATIEVTIKWY TIPOCEYY(-
OEWV ME TNV-oUXVA Sla Blou- amattoUpevn pappa-
KEUTLKN aywyn).

ZUYKPOUGH GUHPEPOVTIWV
H ouyypawéag SnAwveL 0TL Sev UTIAPXEL CUYKPOUON
OUPPEPOVTWV.
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1-2 AmpiAtou 2023, ZevoSoxelo Porto Palace, @eooahovikn

37™ Small Animal Veterinary Association of Belgium - Flemish Divisions (SAVAB)
2-4 April 2023, Bruges, Belgium

European Veterinary Dental Forum (EVDS)
27-29 April 2023, Krakow, Poland

Awnpepida pe BEpa: «KapSLoAoyia tou okUAOU Kat tnG yatag» (EAEKZE)
13-14 Mdiou 2023, =evodoxeio Ionian Blue, Acukada

European College of Veterinary Ophthalmologists Conference 2023 (ECVO)
18-21 May 2023, Rhodes, Greece

Equine Science Society Symposium - 2023 Texas (ESS)
1June 2023, Grapevine, United States

European Veterinary Emergency and Critical Care Society Annual Congress (EVECC)
1-3 June 2023, Lisbon, Portugal

France Vet
9-10 June 2023, Porte de Versailles, Paris
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0dnyieg TPog TOUG CUYYPAYEIG

OdnYieg MPOG TOUG GUYYPAWEIC

Author Guidelines

H uttoBAnBeioa epyacia Ba Tpémel va cuppopPw-
VETAL PE TLG O8Nyleg TTpog Zuyypawels kat va ou-
VOSEeUETAL ATIO CUVOSEUTLKI ETILOTOAN TWV CUYYPaA-
PEWV, AETITOPEPELEG yLa TNV oTiola avagépovtat
TIAPAKATW.

TUTOL SnHOCLEUCEWV

1) ApBpa cuvta&ng

TUvtopa apBpa oxoAlacpoU 1 Kplong emikalpwy
Bepdtwy, Ta omola cuvtacoovtat UoTEPA Ao TPO-
OKANon tng AtebBuvong Tuvtagng (A.Z.).

2) EpeuvNTLKEG/KALVLKEG EpYAOieg
MpokeLTal yla pwtdtutia apbpa KAWLKAG 1 Baot-
KNG €pEUVAG, TIPO-OTITIKOU 1| avaSpopLlkoU xapa-
KTpa. H €KTaon Tou KUplwg KELWEVOU Sev TIPETTEL
va elvat peyaAUtepn twv 4.000 AgEewv kat n PLRAL-
oypawia va pnv uttepPatvet tig 40 avagopeg.

3) BLBALOYPAWYLKEG AVACKOTINGELG
Mapouclalovtal oL TpoowWateg EeAl&elg o éva
ONHAVTLKO KALVLKO TIPOBANHA Kal n eumeLpia tTwv
OUYYPAPEWY, EVW TIAPAANAa pTtopEl va avagépo-
VTAL KAL T CUPTIEPACHATA OELPAG EPEUVNTIKWY HE-
AETWV 1) EVELAPEPOVTA TIEPLOTATLKA TWV CUYYPAPE-
wv. H éktaon tou Kuplwg KELPEVOU SV TIPETIEL VA
elvat peyahutepn twv 5.000 Aé€ewv kat ot BLBALo-
YPAWLKEG avaopEg va lvat kat’ eAdyLotov 30 kat
va pnv utepBatvouv tig 50.

4) EVELaEPOUCEG TIEPLTITWOELG

ATIOTEAOUV OTIAVLEG I LELALTEPEG TIEPUTTWOELG VO-
ONUATWY 1] EQAPUOYN VEWV SLOYVWOTIKWY HEBO-
SWV 1 BEPATIEUTIKWV PETPWV/TEXVIKWVY TIOU APO-
poUV o€ €va £WG TIEVTE TIEPLOTATLKA. EQv 0 aplBuog
TWV TIEPLOTATIKWY UTIEPPRalveL Ta TEVTE N PEAETN
uTtdyetal otnv Katnyopia TnNG €PEVVNTLIKAG KALVL-
KNG epyaciag r) TG ouVToPNG avaopdg. H éktaon
TOU KUPLWG KELPEVOU SEV TIPETEL Va Elval PeyaAv-
TEPN Twv 3.000 Aé€gwv kat n BLBAoypagia va pnv
uttepPalvel TG 20 avaypopec.

5) Bfjpa 1tpog Bripa

Mapouciaon kamoLag eviLa@époucag TEXVLKNG, HE
TO aTaPAlTNTO OTITLKO UALKO, AeCAVTEG ELKOVWV, KAl
TIEPLOPLOPEVNG €KTAONG KElpEVO (OXL TTeEpLoadTEPO

Submitted manuscripts should comply with the
Instructions to Authors and be accompanied by a
cover letter from the authors, the details of which
are set out below.

Manuscript types

1) Editorials

Short articles commenting on or reviewing cur-
rent issues, which are written folloawing an invi-
tation by the Editor.

2) Research and Clinical Studies

These are original clinical or basic research arti-
cles, prospective or retrospective The main text
should be limited to 4,000 words with up 40 ref-
erences.

3) Reviews

The recent developments in an important clinical
problem and the experience of the authors are
presented, while at the same time the conclu-
sions of a series of research studies or interesting
cases treated by the authors may be mentioned.
The length of the main text should be no more
than 5,000 words and the references should be at
least 30 and up to 50.

4) Case reports

Detailed description of unique or rarely reported
clinical entities or application of new diagnostic
methods or therapeutic interventions of one to
five cases. If the number of the cases presented
is higher than five then the manuscript should be
submitted as an original clinical study or short
communication. The text should be limited to
3,000 words, with up to 20 references.

5) Step by step

Presentation of some interesting technique, with
the visual material required, image captions, and
limited text (no more than 1,500 words), in which
the technique will be described step by step with
corresponding images for each step.

6) Letter to the Editor
They are commentaries referred to articles pub-
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amd 1.500 Aégelg), otnv omola Ba meplypdpetat
Brjpa Tpog Brpa n TEXVLKN YE TLG AVTLOTOLYEG ELKO-
VEG yLa KaBe Bripa.

6) MpAppa TPoG Tov EKSOTN

MepLEXEL KPLOELG yLa SNHOCLEUPEVEG HEAETEG OTO
TIEPLOSLKO. H €KTAON TOU KUPLWG KELPEVOU eV TTpE-
TIEL va elvat peyahutepn twv 1.000 AéEswv Kal n
BLBALoypapia va pnv utepPaivel TG 5 avapopeg.

MpostoLpacia tng epyaciag

Ol epyaoieg utoBdAovtal pEow NAEKTPoVLIKOU Ta-
Xudpopetlou otn StevBuvon iatrikizs@hcavs.gr padi
HE OUVOSEUTLKN ETILOTOAN, N otola ameuBuvetat
otov AteuBuvtr) TUVTAENG. TNV €MLOTOAN ava@éE-
povtat: o T{TAOG Kal N Katnyopia tng epyaociag, ot
N TeAeutala Sev £XEL HEPLKWG 1 TIARPWG SNPOGCLEV-
Tel Kat Sev €xeL uToBANBEL Tautoxpova yLa dnpo-
oleuon og GANO €VTUTIO ] NAEKTPOVLKO PETO, OTL N
HEAETN SLeENXON ocupYwva Pe TNV €BVIKN VopobE-
ola ou SLEmeL TNV Slaxeiplon Twv {wwv, OTL Aol
Ol OUYYPAWELG €xOUV SLABACEL KAl aTIOSEXTEL TO
Kelpevo NG epyaociag kal otL og Teplmtwon aro-
8oxn¢ yLa Snpoocieuon ta TveELPATIKA Slkalwpata
avrkouv otnv L.Z.X. Katd tnv umoBoAr tng, n €p-
yaola AapBdvel évav AplBpo Avagopdg Tou Kowvo-
Toteltal otov uelBuvo aAAnAoypagiag, o omolog
TOV XPNOLUOTIOLEL OE KABE ETLKOVWVLA TOU PE TO
TiepLoSLko. Kabe epyaocia umtoBdAAetat otnv EAAN-
VLKN 1 otnv AyyAwkn yAwooa, o€ apxeto doc r docx
(MS Word). OL ypapég TIPETIEL va £XOUV CUVEXN
apiBunon og 6AN TNV €KTAON TOU KELPEVOU OTO apL-
OTePO TIEpLBWPLO TNG OEALSAC.

Y& autr epapBavovtal Katda oeLpa:

1. (a) o tithog tng epyaciag pe meld éviova ypdp-
pata (Bold), (B) ta ovopata twv ouyypapéwy
(emiBeto, ApXLKO PLKPOU OVOUATOG KAl TIPOAL-
PETLKA TOU TIATPWVUHOU), (y) To eméyyeApa Kat
OL T{TAOL TWV CUYYPAPEWY, O SLOXWPLOPOG TWV
omolwv yivetal pe aplBuntikoug skbéteg, (8)
TO OVOWQ, N TAXUSPOULKA KAl N NAEKTPOVLKN
SLevbuvaon, Kabwg Kat To TNAEPWVO TOU UTIEL-
Buvou aAAnloypapiag, To 6vopa Tou otolou
emonuaivetal kal ye aotepioko (*), (€) o Bpa-
xUg tithog tng epyaoiag, péxpL oapdvta xapa-
KTrPEG.

2. NepiAnyn kal AégeLg evupetnpiov
H éktaor| tng Sev Ba mpemeL va elvat peyalu-
Tepn amo 300 Aggelg, otnv (Sla oeAida pe tov
T{TAO. Aopnuéveg epANPELG amattouvTal yla
OAOUG TOUG TUTIOUG TWV EPYACLWY, EKTOG TOU
YPAUHOTOC TIPOG TOV €KSOTN. H Sour) TipEmeL va
elvat oOpwvn Pe tn Sopn tng epyaciag (BA.

lished by the journal. Their length should be lim-
ited to 1,000 words, with up to 5 references.

Preparation of the manuscript

Manuscripts must be submitted via email to:
iatrikizs@hcavs.gr accompanied by a cover letter,
addressed to the Editor-In-Chief. The letter should
state: the title and the type of manuscript, that
the latter has not been partially or fully published
and has not been simultaneously submitted for
publication in another printed or electronic medi-
um, that the study was conducted in accordance
with national legislation governing the manage-
ment of animals, that all authors have read and
accepted the text of the manuscript and that in
case of acceptance for publication the copyright
belongs to H.J.C.A.M. On submission, the man-
uscript receives a Reference Number which is
communicated to the corresponding author, who
uses it in all communications with the journal.
Manuscripts are submitted in Greek or English,
in a doc or docx (MS Word) file. Lines should be
numbered consecutively throughout the text in
the left margin of the page.

Manuscript should include:

1. (a) the title in bold lowercase letters, (b) the
names of the authors (their surnames, the
initials of their first name and optionally their
patronymic), (c) affiliations of all authors,
separated by numerical superscripts, (d) the
name, postal and electronic address, as well
as the telephone number of the correspond-
ing author, whose name is also marked with
an asterisk (*), and (e) the short title of the
manuscript, consisting of up to forty charac-
ters.

2. Abstract and keywords

Abstracts must be up to 300 words on the
same page as the title. Structured abstracts
are required for all types of manuscript ex-
cept letters to the editor. The structure must
be in line with the structure of the manuscript
(see below). Three to five keywords should
be provided below the abstract. Keywords
should correspond to the international terms
of MeSH (Medical Subject Headings, https://
meshb. nim.nih.gov/search) and be rendered
in Greek.

3. Main text
Research/clinical studies should include:

i) Introduction: It should provide enough
pertinent information on the topic and a
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TIAPAKATW). Katw aro tnv epiAnyn avagépo-
VTAL aTto TPELG EWG TIEVTE AEEELG EVPETNPLOU, OL
oTIolEG TIPETIEL VA AVTLOTOLYOUV OTOUG SLeBVELlg
6poug Tou MeSH (Medical Subject Headings,
https://meshb.nim.nih.gov/search) kat va
amodidovtal ota eEMNVIKA cUPPWVA PE TNV
emionun Latplkr opoAioyia.

Kupiwg keipevo
OL £peUVNTLKEG/KALVLKEG €pyacieg TIPETEL
va rteplAapBavouv:

i) ELoaywyn: Mep\apPBAveL CUVOTTTIKY TEPL-
Ypa®r) tTng UTApXoUcaAG yVwWaong KAt TOV OKoTtO
TNG HEAETNG PE CaPrVeLa.

ii) YAwka kat péBosdot: MephapBavouy tnv Te-
pLypa®n Tou Tpomou APNG twy UAKWY 1/Kat
NG €mAoOYNG Twv {WWV TIOU CUHPETELXQV 0TN
HEAETN, KABWG Kal Tn oA TEPLYpar TNG He-
BoSoloylag TIou EpapPOOTNKE Kal TG HeBOSoug
OTATLOTIKAG avAAuong Tou Xpnolgotiowion-
Kav. € TEp(MTWaon PJEAETWY TIOU a@opolV otn
XpNnon mepapatolWwwy TIPETIEL VA avapEépeTal
0 aplBpdg TG AdeLlag TELPAPATIOPOU aTto TV
apposdia Ktnviatpikr) Apxr). Ze meplmtwon KAL-
VLKWV TIEPLOTATLKWY TIPETEL Va AdpBAavetal n
ouykatdBeon tou L8LokTr TN Tou {Wwou.

iii) AmoteAéopata: Mpénel va mapouctdlo-
VTAL PE AOYLKN OELPQ, va €lval OXETIKA PE TO
0TOXO0 TNG €PEUVAG, VA AVTATIOKPLvVovVTaL OTLG
ATIALTACELG TNG KAL VA aTto@eVUyovTal oL Emava-
AnPeLg oto keipevo. OL Tiivakeg kat Ta Staypay-
pata elvat embupnta wote va meplopiletal n
€KTOON TOU KELPEVOU.

iv) Zudfitnon: e autr) oxoAlagovtal ta onua-
VTLKOTEPA €Uprpata tng €pyaciag. ulntou-
VTOL TO OTIOTEAECUATA OE OXEON HE TO OKOTIO
NG epyaciag ou kaboplotnke otnv eLoaywyn.
Eav umdpyouv eupruata Tou &gV avapévo-
vtav n elvat avtiBeta pe tnv apytkr utobeon,
ylvetal mpoomdbela va eEnynbouv. H oulntn-
on 8gv TIPETEL va €lval pla amin emavainyn
Twv amoteAeopdtwy. Euprjpata mou Sev Tept-
YPA@nKav ota amoteAéopata Sev TIPETEL va
avaépovtat kat va oxoAldlovtat otn ouln-
tnon. MpéemeL va ylvetat olykpLon Pe Ta armo-
TeEAéopaTa AAWV EPELVWV TTIAPAAANAA PE TNV
avagopd Twv eupnpdtwy tng epyaciag, omwg
QUTA TIPOKUTITOLV aTld TA ATOTEAECHATA TNG.
TéNog, TipemeL va Sivovtal Ta cupmepdopata
NG epyaciag kat n mbavr) Qpappoyr) otnv KAL-
VLK TIPAEN.

OL BLBALOYPAPLKEG QVAOCKOTIAOELG KEWAAALO-
Tolovvtal eAeUBepa pe BAoN TLG ETUAOYEC TV
OUYYPOPEWV.
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Author Guidelines

clear statement of the purpose of the study.

ii) Materials and methods: There should
be a description of how the materials were
obtained and/or how the animals that par-
ticipated in the study were selected, as well
as a clear description of the methodology ap-
plied and the methods of statistical analysis
used. In the case of studies involving the use
of laboratory animals, the approval number
by the competent Veterinary Authority must
be mentioned. If clinical cases are involved,
a sample of the owner’s informed consent
should be provided.

iii) Results: They must be presented in a
rational order, be relevant to the aim of the
research, meet the requirements of the re-
search and avoid repetitions in the text. Ta-
bles and diagrams are desirable in order to
limit the length of the text.

iv) Discussion: In this the most important
findings of the work are commented on. The
results are discussed in relation to the aim of
the study stated in the introduction. If there
are findings that were not expected or are
contrary to the original hypothesis, an at-
tempt to explain them should be made. The
discussion should not be a simple repetition
of the results. Findings not described in the
results should not be mentioned and com-
mented on in the discussion. A comparison
with the results of other research should be
made, alongside reporting the findings of the
study as they emerge from its results. Finally,
the conclusions of the study and the possible
application in clinical practice must be given.
Reviews are capitalized freely based on the
authors’ choices.

Case reports should be comprised by intro-
duction, description and discussion.
Step-by-step articles and letters to the editor
are not subdivided into sections.

Conflict of interest

Authors are required to disclose any poten-
tial financial conflict of interest, for example
patent ownership, stock ownership, consul-
tancies or speaker fees. Such financial ar-
rangements with companies that are direct
competitors for any product featured in the
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0dnyieg TPOg TOUG CUYYPAYEIG

Ol eVELAWEPOUOEG TIEPLTITWOELG TIPETIEL VA ETTL-
pepiovtal oe eLoaywyn, TEpLypa@n TepLoTa-
TLKOU Kat ocuZAtnon.

Ta apbpa Brpa Tpog Brpa Kat Ta ypappata
TIPOG ToV €KSOTN Sev emipepilovtal o€ TUrPata.

ZUYKPOUGH GUHPEPOVTWV

OL ouyypagelg umoxpeolvTal va amokaAv-
TITouv  KABe TBavr] OLKOVOLKR oUYKpouaon
OUPPEPOVTWY, yla TapASelypa LSLoKTnoila
EUPEOLTEXVLWY, LSloKkTnola petoxwy, cupBou-
Aoug 1 apolBEg opAnTwy. Tétolou eidoug ot-
KOVOULKEG pubploelg pe etalpleg mou elvat
AQUECOL AVTAYWVLOTEG YLA OTIOLOSHTIOTE TIPOLOV
To omolo mepAapBavetal otn Snuocisuon Be-
wpeltat eniong ouykpouon CUPPEPOVTWVY. €
Tieplmtwon amouciag oUYKPOUaonG CUHWPEPO-
VTWV, 0To onueio autd ypagetat «OL ouyypa-
pelg SNAwvouv OTL Sev UTIAPYEL OUYKPOUON
OUHPEPOVTWV».

Euxaplotieg
MpémeL va ameublvovtal os ekelvoug Tou &l-
XAV TIpaypatiki cupBoAn otnv epyaotia.

BLBALOYPAWPLKEG AVAPOPEG

OL ava@opég TpoetoLyadovtal XpnolpoTolw-
vtag To Tpotuto Harvard. Epdoov kamola ava-
(POpA avagépetal os epyacia otnv EAANVLIKN
YAWooaq, PTtopel va ypagel ota eAANVLKG, akKo-
Aoubwvtag tnv (8L ogLpd avaypayng ovoua-
Twv, Xpovohoylag, TLTAOU KATIL.

OL avapopeg péca oto Kelpevo mapouotddo-
VTAL PJE TA OVOPATA CUYYPAPEWY KAl AKOAOUBEL
10 £t0¢ Snuooieuong (.. Jones 1997, Gregory
1999). ‘Omou umdpxouv SVo cuyypayeic, Ba
TIPETIEL VA CUPTIEPIANPOOULV Kat ot SUo padl pe
NV xpovoloyia (m.y. Pascoe & Bennett 1999).
‘OTIoU UTTAPXOUV TPELG I} TIEPLOCOTEPOL CUYYPA-
(el TO Gvopa TOU TIPWTOU OUYYPAYPEQ TIOU
akohouBeital amd et al. (my. Williams et al.
2016). OL cuyypaweig elvat uttelBuvol yla tnv
akpiBela kat tnv TANPOTNTA TWV AVAPOPWV.
Mn SNHOCLEUPEVEG TIOPATNPHOELG, TIPOCWTILKEG
QVAKOLVWOELG, UTIoBANBEVTa Eyypapa TIou Sev
€XOUV aKOMN Yilvel Sektd kal TepAPeLg Sev
TIPETEL Va eJpaviovTal OTO TUAHA aVapopwV.

Mapadsiypata BLBALOYPAPLKWY AVAPOPWV
oToV KatdaAoyo:

ApBpo meptodikou

Tangner CH, Hobson HP (1982) A retrospective
study of 20 surgically managed cases of col-
lapsed trachea. Vet Surg 11, 146-149.

Breznock EM, Berger B, Pendray D, Wagner S,
Manley P, Whitting P, Hornof W, West D (1983)
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7. Nivakeg

OL mivakeg apBpolvtal pe apaplkoug apLb-
HOUG PE TN OELPA EPPAVLONG TOUG OTO Kelpe-
vo. Aev TIpETEL va TieplAapBdavovtal TIVaKeEG
oL oTtoloL Sev avagEpovtal Peoa oTto KUpLwg
Kelpevo. OL TIVAKEG TIPETIEL VA elval auTovopoL
KAl ETAPKWG EMEENYNUATIKOl, WOTE va pTo-
pouv va SlaBactolv Kal va amodisouv vonua
ave€apTrTWE TOU KUPLWG KELYEVOU. TTO EMAVW
MEPOC YEpouv Tov aplBuod toug (m.y. Mivakag
1) KaL otn ouvéxela tov Titho toug e Teld
ypappata. Epdoov uttapyouv eTegnynoeLg Ttou
BonBouv otnv Katavonon tou Tivaka spavi-
{ovTal WG UTIOONPELWOELG KAl onpatvovtat pe
OUPBOAD WG EKDETEG.

8. ELKOvEGg

OL pwtoypayleg, Ta oxnuata Kat ta sdtaypdp-
MATA AV KOUV OTLG «ELKOVEG». OL €lKOVEC apLB-
pouvtal pe apaBlkoug aplbpoug Pe tn oepd
EPPAVLONG TOUG OTO KELPEVO. OL ELKOVEG TIPETIEL
va armootéAovtal og popn jpeg n tiff kat n
avaAuor] Toug va elvat touhdytotov 300dpi. Ot
AECAVTEG TWV ELKOVWV QVAPEPOVTAL HETA TOUG
Tilvakeg. Ze KABe AedAvta TIPETIEL VA QVAPEPE-
TAL N TNy TNG ELKOVAG, EKTOC AV QUTH TIPOEp-
XETAL ATIO TO TPOCWTILKO apxelo Twv ouyypa-
PEWV.

ddappaka, HOVASEG HETPNONG, GUVTOHOYPA-
pieg

OL apPOKEVTIKEG OUCLEG avapépovTal P Baon tn
Spaotikny oucia Toug Kat 0L PE TNV EPTIOPLKT| OVO-
pacta toug. Tnv Tpwtn Yopd Tou eppavidovtat
oto Kelpevo akolouBel oe tapévBeon n PTIOPLKN
OVOLaoLa TOU OKEUACHATOG TIOU XPNOLUOoTIOWOnKE
Kal n etalpeia mapaokeung (epmopikr] emwvupia
ovopaoia mpoidvtog, statpeia, TOAN Kat KPAToc).
H 860N, n 080G xopriynong Kat n ocuxvotnta xopn-
YyNonG TWV OUCLWV TIOU X0opnyndnkav TIPETEL va
TomoBeToUvVTaAlL o€ TIapevBeon PEoA OTO Ke(pEVO.
Ol povasdeg petpnong Twv SLaopwv peyebwv ako-

Author Guidelines

USA, pp. 1055-1058

7. Tables

Tables are numbered consecutively with Ara-
bic numerals, in the order of their appearance
in the text. Tables that are not mentioned in
the main text should not be included. Tables
should be self-contained and sufficiently
self-explanatory so that they can be read and
made sense independently of the main text.
At the top there is their number (e.g. Table
1) and then their title in lowercase letters.
If there are explanations that can help the
reader understand the table content, they
should appear as footnotes and be marked
with superscript symbols.

8. Figures

Figures, graphs, diagrams, etc. are “figures”.
Figures are numbered with Arabic numerals
as cited in the text. Figures are submitted in
jpeg or tiff file format, with a resolution of at
least 300dpi. Figure legends should be pro-
vided after tables. In each legend the source
of the image must be stated, unless the au-
thors hold the copyright.

Drugs, units of measurement, and abbre-
viations

Drugs are referred with the name of their active
ingredient and not their commercial name. The
first time they appear in the text they are fol-
lowed by their generic name and manufacturer in
brackets (trade name or name of product, com-
pany, city and state). Dose, route and frequency
of administration must be presented in brackets
in the text. Units should follow the international
system (SI) (e.g. mg kg-1). Any abbreviation used
should be spelled out the first time appeared in
the text followed by the abbreviation in brackets.

All manuscripts submitted to the journal are re-
viewed by a minimum of two reviewers, who
are experts on the field and are unaware of au-
thors’ names. To ensure blind reviewing, authors
should omit any details of their names or affilia-
tions. Authors are notified of acceptance or re-
jection of the manuscript for publication within
a reasonable period of time. In case of serious
disagreement between the two reviewers, the
manuscript will be sent to a third reviewer. The
final decision is upon the Editor. If modifications
or clarifications are required, the manuscript to-
gether with the reviewers’ comments is returned
to the corresponding author. If the authors mod-
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0dnyieg TPOg TOUG CUYYPAYEIG

AouBouv to Stebvég olotnua (SI) (r.x. mg kg-1). Na
TN XpnoLyomoinon omoLacsnToTe cuvTopoypagi-
ag, TIPETIEL TIPONYOUUEVWG VA €XEL XpnotpoTioLn el
0AOYPAPWG TNV TIPWTN POPA TIOU CUVAVTATAL OTO
KelpEVO, KaTA TNV oTtola n cuvtopoypayia Totmobe-
teltal péoa og mapévbeon.

‘OAeg oL epyacieg ou uttoBaANovtal yla dnpoacieu-
oI OTO TIEPLOSLKO Kplvovtal amod ToUAdxLoTov SUo
KPLTEC, oL ottolol lvat e8ikol yla to Bgpa emotn-
poVeg kat Sev yvwpidouv Ta ovopata Twy ouyypa-
E€wv. a To OKOTIO aUTO, OL CUYYPAPELG TIPETEL VA
mapaieimouv amd to kuplwg KelpeVo omtoloSATIOTE
otolyxelo pmopel va amokaAUPeL TNV TpoéAeuon 1
Ta ovopaTa Twv ouyypaéwv. OL cuyypagelg €L-
Somolovvtal o€ EUAOYO XPOVLKO SLACTNHA yLa TNV
arodoxn 1 anoppudn NG Epyactiag yla dSnuocteu-
on. Z& eplmtwon coPapng Stapwviag petaly Twv
800 KpLTwy, N epyacia amooTENeTAL yLa Kpion o€
Tpito KpLTr. H TeAkn amdpaon apapével otn A.L.
Epdoov amaltolvtal TPOTIOTIOLOELG 1] SLEUKPLVN-
0o€LG, N epyaocia padl pe TG apaTnprosLg TWv KpL-
TWV ETILOTPEPETAL OTOV UTEUBUVO aAnAoypagiac.
Epooov oL cuyypagelc TPOTIOTIOLIOOLV TNV £pya-
ola Toug r/Kat amavtroouy oTLG TIApaTNPrOELG TWY
KpLTwy, TNV enavumoBdriouv os Sltdotnpa tecod-
pwv gpdopddwv. Epodoov n epyaocia yivel amode-
Kt yla Snpooieuon, anootéMetat amd tn A.X. o€
HETAWpaOoTH, yla va TtV amodwoel otn Seltepn
yAWooa tou TepLoSLkou. Tnv euBUVN yLa TO TEALKO
HETAPPACHEVO KELPEVO TNV €XOUV OL CLYYpPAYELq
NG epyaoctiag. To kelpevo autd amooTENAETAL TIPOG
€yKpLon otov uTeUBuvo aAnAoypayiag, o otolog
TIPETIEL VA TO ETILOTPEYPEL PE TLG TUXOV SLOPBWOELG
og SLaotnpa Vo gRSopdadwy. Ta Vo TeEAKA Kel-
pEva, EMANVLKO Kal ayyALKO, aTIOOTEANOVTIAL OTOV
utteBuUVO aAANAoypa@lag amod TO TUTIOYPAYELO
TIPOKELPEVOU VA TIPAYHATOTIOLOEL TOV TEALKO €Aey-
X0. META TO 0TASL0 QUTO SeV ETLTPETETAL KAPia aA-
Aayn oto kelpevo. Avdtuta Sev Slatibevtal, ala
TA TEALKA KE(PEVA PETA TOV TUTIOYPAPLKO EAEYXO
amootéAovTaL oTov UTteUBUVo aAnAoypayiag o€
NAEKTPOVLKN pop@r] (apxelo pdf).

Tedeutala tpomomoinan: Askéupptog 2022

ify their paper and/or respond to the reviewers’
comments, they will have to resubmit within four
weeks. Once the manuscript is accepted for pub-
lication, it is sent by the Editor to a translator,
to have it translated into the second language
of the journal. The authors of the paper are re-
sponsible for the final translated manuscript. The
translated manuscript will be sent for approval
to the corresponding author and it should be
returned to the journal within a 2 week period.
The two final proofs, Greek and English, are sent
to the corresponding author for the final correc-
tions. After this stage no changes are allowed in
the text. Reprints are not available, but a copy of
the final manuscript will be provided via email to
the corresponding author (pdf file).
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