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MepiAnyn

OL SL08epULKEG KAPSLONOYLKEG eTEPPRACELG Eeki-
vnoav otnv KINVLatplkr emotiun to 1970 kat
amo TOTE KAl OTN CUVEXELA TO eSO AUTO EPPAVL-
o€ aflohoyn €EENLEN. ZTIG PEPEG PaG Elval EQLKTO
€va peyalo eUpog amod emePBACELG, OL OTIOLEG TiE-
pLAapBavouv tn SLa0TOA PE PTIOAOVAKL KAl TNV
ToToBETNON PETAAALKOU ayyelovdpBnka (stent)
OE TIEPLTITWOELG OTEVWONG TwV PaABlSwv | twv
HeydAwv ayyeiwv, tn oUYKAELON CUYYEVWV ayyeL-
OKWV QVWHOALWY PE ELSLKEG OUOKEVEG 1 EAACHA-
TQ, TN OUYKAELON TIAPAEVOVTOG PHECOKOLALAKOU N
HMECOKOATILKOU TPAHATOG HE €LSLKI CUCKEUN, TNV
TomoBétnon evSokapSlakou PBnuatodotn oe Te-
PUTTWOEL CUUTITWHATLKAG Bpaduappubuiag, T
Slevépyela Bloyiag evdokapdlakwy palwv Kat T
XELPOUPYLKN ATTOPAKpUVON Ttapacitwy. To mapdv
apBpo amotelel pla avaokdTnon Twv TILo CUXVWV
ETEPPATIKWV TEXVLKWV TIOU TIPAYHUATOTIOLOUVTAL PE
otdyo tn Beparela TwWV CUYYEVWVY KapSLOTIABELWV.

Abstract

Percutaneous cardiac interventions were intro-
duced in veterinary medicine in the 1970s and
the field has had a remarkable growth since then.
Nowadays a wide variety of procedures are being
performed including balloon dilation and stent im-
plantation for stenotic valves or vessels, closure of
abnormal vessels with devices or coils, closure of
septal defects with devices, intracardiac pacing for
symptomatic bradyarrhythmias, biopsy of intracar-
diac masses and extraction of parassites. The pres-
ent article reviews the most common procedures
that are performed in congenital cardiac diseases.
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Elcaywyn

H emepBatikn kapSlohoyia amoteAel éva eEeAlypé-
vo Ttedlo tng kapSLloloylag To otolo XpnoloTioLel
ENAXLOTA ETIEPPATIKEG TEXVLKEG PEOW SLASEPULKOU
KaBeTNPLAoPOU TWV PEYOAWV ayyelwv yla tn Sd-
yvwon Kat tn Bepamneia apkeTwyv SOPIKWY KapSLo-
maBelwv. Katd tn SLdpKeLa Twv eMEPPATIKWY TEXVL-
KWV, SLEVEPYELTAL OUVEXNG ATIELKOVLON TOU TIESLOU
HE SlayvwoTika péca (ouvnbwg aktvookdmnon
ME 1 xwplg Tautdxpovo utEpnXOoKapSLOYpaPnHa),
Tapexovtag Kabodrynon Kal EMLTPEMOVIAG TNV
SLaKkaBeTnpLakn TPOOoTEAACn TNG KapdLag HEow
TIEPLPEPLKWV ayyelwy, TOOO yLa tn Stevépyela St-
AYVWOTIKWVY TEXVIKWV (TLY. ayyeloypapia) 6o kat
yla tn BEPATTEUTLKN QVTLPETWTILON TWV VOO HATWV.
OL 8La8epULKEG KAPSLOAOYLKEG eTIEPPAOELG EeKi-
vnoav otn Sekastia tou 1960 0TV LATPLKI) TOU av-
Bpwrou (Faxon kat Williams 2016) kat €xouv ava-
pepbel amod tn Sekaetia tou 1970 TNV KTNVLATPLKA
emtotipn (Musselman kat ouv 1976, Bright kat cuv
1987). ATtd TLG TIPWTEG PLRALOYPAPLKEG aVAPOPEC
To edlo auTo TN KTNVLATPLKAG KapSLloAoylag xel
ETEKTABEL KaL OTLG PEPEG Pag TIEPLAAPPAVEL Eva pE-
YG@Ao €UpOG eMEPPACEWY OTIWG TNV AYYELOTIAAOTL-
K HJE MTIAAOVAKL KAl TNV TOToBETNON PETAALKOU
ayyelovapOnka (stent) o€ MEPLMTWOELG OTEVWOEWY
oe BaABideg iy ayyeia (Scansen 2015, Kleman 2015),
TNV €MSLOPOWON CUYYEVWV AYYELOKWY AVWHAALWY
HE OUOKEUEG ) eAdopata (Gordon kat Miller 2005,
Gordon kat cuv 2010, Leach kat cuv 2010), tnv oU-
YKAELON HECOKOATILKNAG I} HECOKOLALAKNG ETILKOLVW-
viag pe el8kég ouokeUég (Bussadori kal ouv 2007,
Gordon kat ouv 2009, Saunders kat ouv 2013), Tnv
ToToBETNON PNUATOSOTN OE TIEPLOTATIKA CUPTITW-
patkng Bpaduappubpuiag (Oyama kat cuv 2001,
Hildebrandt kat cuv 2009, Estrada 2015), tn Bodia
Twv evéokapdLakwy palwv Kat Tnv agaipeon mna-
pacitwv (Saunders 2015). To apoév dpBpo £oTLd-
{eL OTLG eTMEPPACELG QUTEG TIOU £apuolovTal yLa
TNV QVTLPETWTILON TWV CUYYEVWVY KAPSLOTIABELWV.

Ztévwon TG TIVEVHOVLKIG aptnpiag

H otévwon tng mveupovikng aptnptag (ZM) eivat
N OUXVOTEPN CUYYEVNC KapSlomdbela oto OKUAO
(Oliveira kat ouv 2011, Schrope 2015) kat katnyopt-
ottoteital wg uttepParPBLELKr, BaABLELKA Kal uTo-
BaABLSLKA. ATTO TLG TPELG AUTEG TIEPLTTTWOELG, N BaA-
BLSLKA OTévwon TNg TIVEUUOVLKNAG aptnplag elvat
N ouxvoTepa EPWaVLI{OpEVN 0To OKUAO (Schrope
2005). H BaABLSKR otévwan SlapopotioLeital Ku-
plwg og Vo tUMoug. O tuTog A xapaktnpiletat
amo PUOLOAOYLKN SLAPETPO TOU LVWEOUG SAKTUAL-
ou, ouvtnén Twv yAwxivwv tng BaABidag pe Ama
TAYXUVon Kal amd PETACTEVWTLKY Slatacn Tng

Treatment of congenital cardiac disease

Introduction

Interventional cardiology is an advanced field of
cardiology that uses minimally invasive catheter-
based techniques to diagnose and treat several
structural heart diseases. During the procedures,
imaging (usually fluoroscopy alone or together
with echocardiography) provides guidance and al-
lows catheterization of the heart from peripheral
blood vessels so that diagnostic tests (e.g. angi-
ography) and therapeutic management of the dis-
ease can occur.

Percutaneous cardiac interventions were intro-
duced in the 1960s in human medicine (Faxon and
Williams 2016) and have been described since the
1970s in veterinary medicine (Musselman et al 1976,
Bright et al 1987). Since the first reports this field of
veterinary cardiology has expanded and nowadays
includes a wide variety of procedures like balloon
dilation and stent implantation for stenotic valves
or vessels (Scansen 2015, Kleman 2015), closure of
abnormal vessels with devices or coils (Gordon and
Miller 2005, Gordon et al 2010, Leach et al 2010),
closure of septal defects with devices (Bussadori
et al 2007, Gordon et al 2009, Saunders et al 2013),
intracardiac pacing for symptomatic bradyarrhyth-
mias (Oyama et al 2001, Hildebrandt et al 2009, Es-
trada 2015), biopsy of intracardiac masses and ex-
traction of parassites (Saunders 2015). This article
focuses on those procedures that are performed in
congenital cardiac disease.

Pulmonary valve stenosis

Pulmonic stenosis (PS) is the most common con-
genital heart disease in dogs (Oliveira et al 2011,
Schrope 2015) and can be classified into supravalvu-
lar, valvular and subvalvular stenosis. Of the three,
valvular pulmonic stenosis is the most commonly
reported in dogs (Schrope 2005). The valvular ste-
nosis can be differentiated into 2 main types. Type
A is characterized by normal annular size, fusion
of the valve leaflets that are mildly thickened and
post stenotic dilation of the pulmonary artery. Type
B is characterized by hypoplasia of the annulus and
the main pulmonary artery and various degrees of
leaflet thickening/ immobility with minimal fusion
(Bussadori et al 2000). Cases with aspects of both
type A and type B stenosis also exist.

When considering whether balloon valvuloplas-
ty (BVP) is indicated for a patient, the severity and
type of stenosis, the presence of clinical signs and
the concurrent cardiac defects/ systemic disease
are considered. The severity of the stenosis can be
determined by several methods but the most used
one is the indirect measurement via continuous
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TIVEUPOVLKNG aptnplag. H tumou B otévwon xapa-
Ktnpidetal amod umomAaocia tou wdoug SakTuliou
Kat TG KUPLAg TIVEUPOVLKNG aptnplag Kat Stago-
pou Babpou mayxuvon twy yAwxivwv/akwnota pe
eNdyLotn ocuvévwon petafl toug (Bussadori kat
ouv 2000). YTIapXOoUuV ETILONG TIEPLOTATIKA PE PLKTA
gupnuata peta&l twv SVo tuTwv (mixed form).

‘OTtav OKEPTOPAOTE AV eVSelkvUTAL N AyYELOTIAG-
OTLKA PE PTtaAovakt (AMM) o€ évav aoBevry okUAo,
TpemeL va AapBavovtat uttoyn o Babpog kat o Tu-
TIOG TNG OTEVWONG, N TIAPOUCLA CUPTITWHATWY, Kal
Ol OUVUTIAPXOUCEG OUYYEVELG KapSLoTidbeLeg 1 ta
OUVUTIAPXOVTA CUOTNHATLKA voorpata. O Babpog
NG OTéVWOoNG PTtopel va TpooSLopLoTEL Pe SLayo-
pEG PEBOSOUG WOTOOO N TILO CUXVN OTIO QUTEG €l-
vat €pueon Pe tn pétpnon péow Doppler cuvexoug
KUPATOG KATA TO UTtEpNYoKapsLloypdpnua. Metpw-
VTAG TNV PEYLOTN TaXUTNTA pOong Tou alpatog otnv
TIVEUHOVLKN aptnpla, pmopel va uttoAoyLotel n St-
apopd n n StaBdbpuion ieong pEow TG OTEVWONG:
n Nma otévwon opidetat wg StaBabuion mieong
10-50 mmHg, n pétpla otévwaon UTIApXEL OTav n
StaBabpuion mieong tooutal pe 50- 80 mmHg kat n
ooBapn otévwaon otav n staBabuion miieong stvat
>80 mmHg (Kittleson 1998, Martin kat Dukes-Mc
Ewan 2010).

FeVLkd, oL oKUAoL pe Aria ZIM €xouv puUGLoAoyL-
KO TIPOCGSOKLPO (WG KAl TIAPAPEVOUV ACUPTITW-
patkol katda tn Stapkela tng wng touc. H AMM
8€ oUOTNVETAL O AUTA TA TIEPLOTATLKA. Ol OKUAOL
pe coBapou Babpou XM €xouv auvénuévo Kivéuvo
EPPAVLONG ETLSEWVOUPEVWY  CUUTITWHATWY, OU-
HTIEPIAOPBAVOPEVWV TWV AUTOBUPLKWY KpLloEwvy,
¢ aduvaplag katd tnv doknon, tTng cupopntL-
KNG KapSLAKNG QVETTAPKELAG Kal Tou atpvisdiou Ba-
vatou (Francis kat ouv 2011). H AMM cuotrjvetat
(Slaltepa o€ AUTA TA TIEPLOTATIKA KABWG PEAETEG
€xouv emLBeRatwoel OTL oL okUAOL {OuV yLa TIEPLO-
odtepo xpdvo peta tny emépPaon (Johnson kat cuv
2004, Ewey kat ouv 1988). & aoBeveig oKUAOUG pE
METPLA OTEVWON, Sev uTtdpyouv Eekabapeg odnyli-
€G. QOTO00 pLa PEAETN TIPOTEIVEL OTL OL OKUAOL pE
kAlon mieong avw amod 60 mmHg Kat avemtapkeLa
™™g TpLyAwyvng BaABidag £xouv auénuéva mooo-
otd KapdLoyevoug Bvnotpotntag onote n AMM Ba
TpemeL va AapBavetat urtoyn kat og autd ta {wa
(Francis kat ouv 2011).

O tUTI0G TNG OTEVWONG PTtopEL va emnpedoeL TNV
emtuxia tng AMM kat Ba mpémel va Aappavetal
uttdyn otav cuntolvtal TA TOCOOTA eTmLTUXiag
NG M€ TOUG KNSEPOVEG TWV aoBeVWVY. TKUAOL HE
oTévwon Tumou A gpgpavidouv peyoAltepn PeAtiw-
on oto Baduod tng M CUYKPLTIKA PE TNV TuTou B
otévwon (Bussadori kat ocuv 2001). Ot cUyxpoveg
o8nylec, wotdoo, cuotrvouv va Stevepyeitat AMM

wave Doppler in echocardiography. By measuring
the peak velocity of the pulmonary artery flow, the
peak pressure gradient through the stenosis is es-
timated; mild stenosis is defined as a 10-50 mmHg
pressure gradient; moderate stenosis is when the
gradient is 50- 80 mmHg and severe stenosis when
the gradient is >80 mmHg (Kittleson 1998, Martin
and Dukes-Mc Ewan 2010).

Generally, dogs with mild PS have normal life
span and remain asymptomatic throughout life.
BVP is not recommended in these patients. Dogs
with severe PS are at increased risk of developing
clinical signs, including syncope, exercise intoler-
ance, congestive heart failure and sudden death
(Francis et al 2011). BVP is strongly recommended
in these patients as studies have confirmed that
dogs live longer after intervention (Johnson et al
2004, Ewey et al 1988). In patients with moderate
stenosis, recommendations are not clear; however
a study suggests that dogs with a pressure gradi-
ent above 60 mmHg and tricuspid regurgitation
have an increased probability of cardiac death and
BVP is usually considered in these patients (Francis
etal 2011).

The type of stenosis can affect the success of BVP
and should be considered when the success rate of
BVP is discussed. Dogs with type A stenosis have a
greater improvement in severity of PS compared to
type B stenosis (Bussadori et al 2001). Current rec-
ommendation, however, is to consider performing
BVP in all patients with severe obstruction regard-
less of the type of stenosis (Schrope 2005).

The procedure

Two approaches are possible for BVP, the jugular
vein or the femoral vein, and the access to the vein
can be achieved by surgical cut-down (which allows
visualization of the vessel) or transcutaneous ap-
proach (Seldinger technique).

Regardless of the type of approach and the vein
used, with the patient under general anesthesia, a
vascular sheath is placed in the vein and this pro-
vides access to the vessel for the catheters and
guidewires that are used during the procedure.

Under fluoroscopic guidance, a first catheter is
passed into the heart and pulmonary artery and
the pressures within the pulmonary artery, the
right ventricle and the right atrium are measured
and recorded. The catheter is then replaced by
an angiographic catheter, usually a pigtail, that is
placed in the right ventricle. An angiogram is per-
formed and measurement/ accurate localization of
the pulmonary valve annulus is achieved. Based on
the measurement, the balloon catheter size is se-
lected. The angiographic catheter is then replaced
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oe 6Aoug toug aobevelg pe coBapol Babuou Ep-
PPAEN aoxETWE TOu TUTIOU TNG otévwong (Schrope
2005).

H snéuPacn

AUO TIPOOTIEAACELG €lval EPLKTEC yLa TN SLEVEPYELA
AMM, péow tng opayitida eAERag r tng pnplatag
PAEBag, omou n TpocPacn oto ayyelo pmopel va
ylvel péow XeLpoUpPYLKAG TOUNG TTavw amd auto (n
oTtola KaBLOTA opaTO TO ayyelo) 1 Sladepuika (te-
XVLIKN Seldinger).

AOCXETWG TNG TIPOCTIEAACNG KAL TOU ayyelou HEoW
Tou ottolou ylvetat, e tov acBevr) oKUAO UTIO YeVL-
K| avaloBnotla, TomoBeTelTal KEVIPLKOG ayYELOKOG
KaBeTpag WOTE va UTIApXEL TTPOoPRacn oto ayysio
yla Toug KaBeTrpeg Kal Ta 0dnya cuppata Tou Ba
XpnotpgototnBouv Katd tn SLapKeLa TG mePPa-
ong.

YTIO OKTLVOOKOTILKA KaBodrynaon, 0 TpwTog Ka-
Betrpag elodyetal otnv KapdLd KAl 0TV TVEUHO-
VLK aptnpla Omou petpolvtal Kal kataypdgo-
VTAL Ol TILECELG PECA OTNV TIVEUHOVLKN aptnpla,
tn 8€&Ld Kolla Kat To Se€Ld KOATIO. ITn ouveXELa
0 kaBetrpag autog avtikabiotatat and kabetrpa
ayyeloypapiag, ouvrbwg tumou pigtail, To orolo
tomoBeteital otn €€Ld kowla. Akohoubel ayyeLo-
ypagla kat akplBrg evtorion/ Katapétpnon tou
SAKTUALOU TNG TIVEUROVLKAG BaABidag. Me Bdon
TLG HETPNOELG, ETIAEYETAL N SLAPETPOG TTIoU Ba €xeEL
TO PmaAovdkL. ITn cuvéxela avtikabiotatal o Ka-
Betnpag ayysloypapiag amo €va kateubuvtriplo
(08ny0) clUppa pe tn BorBela evog kabetrpa Tou
TomoBeTelTaL EVTOG TNG TIVEUPOVLIKAG aptnplag. O
KABETAPAG e PTTAAOVAKL TTOU €XEL eTILAEXOEL, TTpO-
woeltat Tpog TNV TIVEUPOVLKY aptnpla HEow Tou
08nyou ouppatog, Tomobeteital Slapéow NG oTé-
vwong kat StacteAetat. H StaotoAr| cuvrBwg ena-
vahapBavetatl TouldyLlotov SUo Yopég. H oupTie-
on Tou Tlapatnpeltal oTo PTaAovakL amo tnv (Sta
TN otévwon tng BaABidag (to “waist”) elvat apyka
0patr Kal Katdmly SLAoTOANG TOU HELWVETAL, Kal
QUTO aTtoTeAEL EVEELEN OTL ATAV ETLTUXNAG N ETEW-
Baon. Av empeivel va eppavidetal TOTeE SLAOTEN-
Aetal &ava to pmaAovdkl fp avtikabiotatat amo
AaM\o peyahutepng Sltapetpou. Katormv agatpeitat
0 KaBeTApAG PE TO PTIOAOVAKL KAl ETTAVEKTLUOU-
vtal ol TiEoeLg (Schrope 2005). ApoU agatpebolv
OAOL OL KABETNPEG aTod TNV KapsdLy, agatpeltat Kat
0 KEVTPLKOG Kabetrpag, kal, otnv mepimtwon tng
SLaSEPPLKNAG TTPOCTIEAQONG, EQPapHOLETalL TILeon yLa
15 Aemtd. Katd tn XELPOUPYLKN TIPOCEYYLON, aTo-
Alvwvetal n @AERa kat n oUyKAELON TOU SEPPATOG
ylvetal katd ta yvwotd.

H eméuBaon Bewpeltatl emtuxnig av Pelwbel n
SLapopd TIEONG KATA WNKOG TNG OTEVWONG TOUAG-

Treatment of congenital cardiac disease

by an exchange guidewire, with the help of an
end-hole catheter, that is passed into the pulmo-
nary artery. The selected balloon catheter is then
advanced through the guide-wire across the ste-
nosis and inflated. The inflation is typically repeat-
ed at least twice. A “waist” of the stenosis against
the balloon is visualized at the beginning and it
is reduced after inflation indicating that the “bal-
looning” was successful. If the waist persists then
the balloon is re-inflated or is replaced by a bigger
balloon. Then the balloon catheter is removed and
pressures are re-assessed (Schrope 2005). Once all
catheters have been removed from the heart the
vascular introducer is also removed and, in the
case of the transcutaneous approach, pressure is
applied for 15 minutes. In the case of the surgical
approach, the jugular vein is ligated and the skin is
closed routinely.

The procedure is considered successful if the
gradient across the stenosis is reduced by at least
50% after BVP (Thomas 1995). Follow-up echocardi-
ograms are usually performed 24h, 3 months and
6-12 months post-surgery while, beyond this point,
re-examinations depend on the degree of residual
stenosis. Uncommonly, significant re-stenosis can
occur (Schrope 2005, Bussadori et al 2001).

Newer treatment options have been developed to
address the variable results of balloon valvuloplas-
ty on annular hypoplasia and/or severely thickened
(dysplastic) valves. These include high-pressure
balloon valvuloplasty (that uses balloon dilation
catheters with higher inflation pressures than nor-
mal balloon catheters for better results) (Belanger
et al 2018), cutting balloon valvuloplasty (balloons
that have microblades on their outer surface caus-
ing controlled tears at the valve that is then rup-
tured more effectively by a high-pressure balloon)
(Goya et al 2018, Markovic and Scansen 2019) and
intravascular stent placement of the right ventricu-
lar outflow tract (RVOT) (Scansen 2017, Scansen
2018, Markovic et al 2020, Borgeat et al 2021). Re-
sults with these techniques are variable and, espe-
cially as far as the two latter techniques are con-
cerned, are not performed routinely.

Patent ductus arteriosus (PDA)

PDA is recognized as one of the most common con-
genital heart diseases in dogs with an incidence
that ranges between 17% and 26% (Oliveira et al
2011, Schrope 2015, Brambilla et al 2020). Female
and toy-breed dogs (Maltese, Pomeranians, Poo-
dles, Yorkshire Terriers) are overrepresented. The
disease is usually suspected based on the clinical
signs and the characteristic murmur and it is con-
firmed by echocardiography. In the typical PDA,
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XLOTOV Katd 50% Katomwv tng PBaABLEOTIAACTLKAG
pe praAovakt (Thomas 1995). EMAQvaANnTITIKO UTLE-
pnxokapsdLoypapnua yla Adyoug tapakoAoubnong
TWV TIEPLOTATLIKWY OLVRBWG ylveTal OTLG 24 WPEG,
TOUG 3 PNVEG, TOUC 6 KaL 12 PrVEG PJETA TNV EMEUPRA-
on, VW TIEPA a6 AUTO TO onpelo oL emaveEeTAoeLg
Ba eEaptnboulv amd to Babuod tng otévwaong Tou
TIOPAUEVEL. L€ OTIAVLIEG TIEPLTTTWOELG, EXEL AVAYPEP-
Bel n enmavaotévwon tng BaABidag petd amd ka-
ToLo Xpovikd Stactnua (Schrope 2005, Bussadori
Kat ouv 2001).

Nedtepeg OepameuTLKeG ETILAOYEG £XOUV eEeALYOel
yld va aVTLHETWTILOoUV Ta TIoK{Aa amoteAéopata
TNG AyYELOTIAQOTLKNG HE PTIAAOVAKL OE TIEPLOTATLKA
pe uttomAaoia tou Saktuiiou r/kal peyaiou Bab-
poU mdyuvon (suctAacia) tng BaABiSag. Ol vedte-
PEC TEXVLKEG TIEPLAAUBAVOULV TN BaABLSOTIAACTLK)
pe pmahovakl uPnAng Tiieong (otnv otola xpnot-
pottolouvtal KaBetrpeg Ye Pmtalovakt pe PnAote-
PEC TILECELG KATA TN SLOCTOAN ATO TOUG TUTILKOUG
KaBetrpeg yla KaAUTepa amoteréopata) (Belanger
Kat ouv 2018), TNV AyYELOTIAQOTLKY HE PTIAAOVAKL
QYYELOTIAAOTLKNAG HE ELSLKEG AETTILSEG (TO pTaAOVAKL
EXEL PLKPOAETILEEG OTNV €EWTEPLKI TOU ETLPAVELA
OL OTTOLEG TIPOKAAOUV AeYXOHEVEG PrEELG OTNV ETIL-
@Aavela tng BaiBidag, n omola otn cuveExela Stavol-
YETAL TILO ATIOTEAECHATLKA PE PTIAAOVAKL UPNAAG
niieonc) (Goya kat cuv 2018, Markovic kat Scansen
2019) Kat TNV evS0ayyeLakr TOTOBETNON PETOAL-
KoU ayyelovapBnka (stent) oto xwpo €EwBnong
g 8€€Ldg kowhlag (Scansen 2017, Scansen 2018,
Markovic kat ocuv 2020, Borgeat kat cuv 2021). Ta
amoteAéopata Twv SUO TEXVIKWY TIOU avagepdn-
KAV TEAEUTALEG TIOLKIAOUV Kal Sgv ETILAEyOVTAL WG
EMEPPRATELG pouTivag.

NMapapévwyv aptnpLlakdég mépog (MAIM)

O MAIM €xeL avayvwploTel OTL elvat amod TLG oUXVo-
TEPEC OUYYEVELG KaPSLOTIABELEG OTOUG OKUAOUG
HE ouxvotnta ep@aviong PETatyu 17% kal 26%
(Oliveira kat ouv 2011, Schrope 2015, Brambilla kat
ouv 2020). Tuxvotepa gpavidetal og BnNAUKOUG
OKUAOUG Kal OKUAOUG VaVOoWHWY QUAWV (Maltese,
Pomeranian, Poodle, Yorkshire Terrier). TiBetat
uttopia yla tn vooo pe Baon ta KAWLKA guprpa-
TA KAl TO XOPAKTNPLOTLKO pUonUa Kat n apoucia
™G emPeBalwvetal pe utEpnyoKapSLoypagpnua.
2TO TUTILKO TiEPLOTATIKO pe MAT, pe Stapuyn amo
apLoTEPA TIPOG Ta Se€Ld, To alpa pEeL amod TNV aop-
T TIPOC TNV TIVEUPOVLKN aptnpla H€ow Tou Ttopou.
H au&nuévn pon tou alpatog odnyet o cupPopn-
On TIVEUPOVWY, UTIEPYPOPTWON OYKOU TOU ApLOTE-
poU KOATIOU Kal TNG aplotePng KoWlag Kat odnyet
OE QPLOTEPI] CUPQOPNTLKN) KAPSLAKI QVETTAPKELA
(ZKA). OpLopévol okUAoL pttopel va yevvnBouv pe

with a left to right shunt, blood flows from the aor-
ta to the pulmonary artery through the ductus. The
increased blood flow causes pulmonary overcircu-
lation, volume overload of the left atrium and left
ventricle and leads to left-sided CHF. Some dogs
are born with or develop pulmonary hypertension
due to the chronic volume overload and reversal of
flow through the PDA (from the pulmonary artery
to the aorta) may occur (right to left or reversed
PDA) (Kittleson and Kienle 1998, Buchanan 2001).

If ligation or occlusion is not performed, most
dogs with typical PDA develop congestive heart
failure (CHF) within the first year of age; for this
reason, ductal closure is recommended in these
cases (Kittleson and Kienle 1998, Buchanan 2001).
On the other hand, occlusion is contraindicated in
dogs with right-to-left shunting because of severe
pulmonary vascular disease or in dogs with concur-
rent cardiac conditions that rely on the PDA for sur-
vival (e.g. tetralogy of Fallot) (Kittleson and Kienle
1998, Buchanan 2001).

Various techniques for PDA closure have been
described and include surgical PDA ligation, thora-
coscopic PDA occlusion and transcatheter occlu-
sion. Selection of the method of closure depends
on the patient’s size, PDA size and morphology as
well as cost of the procedure.

The first report of PDA surgical closure in a dog
was reported in 1952 while, since 1994, when the
first transvascular PDA closure was performed,
minimally-invasive percutaneous techniques have
been employed in dogs and have become the treat-
ment of choice for most cardiologists (Stokhof et
al 2000, Glaus et al 2002, Sisson 2003, Gordon and
Miller 2005, Campbell et al 2006, Hogan et al 2006,
Nguyenba and Tobias 2007, Smith and Martin 2007,
Nguyenba and Tobias 2008, Achen et al 2008, Hen-
rich et al 2010, Hildebrandt et al 2010, Blossom et
al 2010, Gordon et al 2010, Singh et al 2012). A va-
riety of occlusion devices intended for human use,
such as thrombogenic or embolization coils (Stok-
hof et al 2000, Gordon and Miller 2005, Campbell
et al 2006, Schneider et al 2007, Henrich et al 2010,
Hildebrandt et al 2010, Blossom et al 2010, Gordon
et al 2010), Amplatzer vascular plug (Smith and
Martin 2007, Achen et al 2008), Amplatzer Duct Oc-
cluder (Glaus et al 2002, Sisson 2003), and differ-
ent routes, such as transvenous and transarterial
(Stokhof et al 2000, Schneider et al 2001, Sisson
2003, Hogan et al 2006, Achen et al 2008, Henrich et
al 2010, Hildebrandt et al 2010, Blossom et al 2010,
Stauthammer 2015), have been used. More recent-
ly, the Amplatzer Canine Duct Occluder (ACDO), a
device developed specifically to fit the shape of the
canine PDA, has replaced the previously used de-
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TIVEUHIOVLKN] UTIEPTAON 1) va TNV avamtuouv Adyw
NG XPOVLAG UTIEPYPOPTWONG HE OYKO alpaTog Kat
pTopel va kataAn&ouv peE avtlotpo@r tng Pong
Tou atpartog péow tou MANM (amd tnv TVEUPOVLKN
aptnpia tpog tnv aoptn) (amd Se&La mpog ta apt-
otepd ) avdotpowo MNAIM ) §€La-aplotepn Stapu-
yn) (Kittleson kat Kienle 1998, Buchanan 2001).

Av 8ev SlevepynBel amoAivwon rj cUyKAELon Tou
TOpOU, OL TIEPLOCOTEPOL OKUAOL PE TUTILKO AN Ba
EMPaViOOUV CUHPPOPNTLKA KAPSLAKN aveTApKeLa
(ZKA) péoa otov pwto Xpovo {whg Kay, yla autd
To AOYO, cucoTtrhvetal n cUykAsLon tou (Kittleson kat
Kienle 1998, Buchanan 2001). Amo tnv dAAn, n ou-
YKAELON avTevSelkvuTal o€ OKUAOUG HE avAoTpoyn
por tou aipatog amnod Se€Ld pog ta aplotepd (Se-
Elo-aplotepn Slaguyn) eEattiag coBapng vooou
TWV TIVEUPOVLKWV ayYyelwV 1] o€ 0KUAOUG PE OUVU-
TIApYoVTa KapSLOAOYLKA voorpata Tou Bacilovtal
otov MAN ywa tnv emBiwor) toug (m.x. Tetpaioyia
tou Fallot) (Kittleson kat Kienle 1998, Buchanan
2001).

ALAQOpEG TEXVLKEG €XOUV TIEPLYpAPEl yla TNV
oUykAeLon tou MAM kat TepAapBdavouv TNV xe-
poupyLkn amoAivwon tou MAM kat ™ Slakabetn-
PLOKI) OUYKAELON UTIO AKTWVOOKOTILKI) KaBodrynon.
H emloyn] tng peBodou olykAELONG Eaptatal amo
10 péyeBog Tou acBevr), To peyebog Tou MAM Kat tn
Hop@oAoyia Tou Kabwg Kat To kOOTog TNG eMEPPa-
ong.

H mpwtn avag@opd XeLpoupyLKNG CUYKAELONG OF
TepLotatiké MAM o€ okUAO avagepBbnke to 1952,
evw amd to 1994, dtav €ylve n Tpwtn Slakabetnpt-
akr) oUykAgLon MAT], kal €meLta Stevepyouvtal 0To
OKUAO €AAXLOTA ETTEPUPRATIKEG SLASEPHLKEG TEXVLKEG
Kal €xouv yilveL n Beparmela ekAoyng yla toug Te-
pLocotepoug kapSLloAoyoug (Stokhof kat cuv 2000,
Glaus kat cuv 2002, Sisson 2003, Gordon kat Miller
2005, Campbell kat ouv 2006, Hogan kat cuv 2006,
Nguyenba kat Tobias 2007, Smith kat Martin 2007,
Nguyenba kat Tobias 2008, Achen kat cuv 2008,
Henrich kat ocuv 2010, Hildebrandt kat ocuv 2010,
Blossom kat cuv 2010, Gordon kat cuv 2010, Singh
Kat ouv 2012). Exel xpnotporownBel oto okUAo €va
€UPOG CUOKELUWV OUYKAELONG TIOU Tipoopilovtav
yla avBpwritvn xprion, 61w ta BpopBoydva r eAd-
opata epBoAng (Stokhof kat ouv 2000, Gordon kat
Miller 2005, Campbell kat cuv 2006, Schneider kat
ouv 2007, Henrich kat ocuv 2010, Hildebrandt kat
ouv 2010, Blossom kat cuv 2010, Gordon kat cuv
2010), n ayyslakn cuokeun olykAswong Amplatzer
(Smith kat Martin 2007, Achen kat ouv 2008), | n
OUOKEUN OUYKAELONG apTnpLakol topou Amplatzer
(Glaus kat ouv 2002, Sisson 2003), KaL SLAPOPETLKEG
pEBoSoL pooTieEAacn, SLAYAEPRLKN ) SLapTnpLakn)
(Stokhof kat ouv 2000, Schneider kat cuv 2001,

Treatment of congenital cardiac disease

vices, for its ease of use, degree of PDA closure and
low complication rate (Nguyenba and Tobias 2007,
Nguyenba and Tobias 2008, Gordon et al 2010, Sin-
gh et al 2012) and it is now the device of choice for
the majority of PDA occlusions38,44.

The procedure

The ACDO is a self-expanding device, made of
2-3 layers of nitinol mesh, with two distinct disks:
a smaller distal disk designed to expand into the
pulmonary artery and a bigger proximal disk that
expands into the ductal ampulla. The two disks are
separated by a short “waist” that occludes the PDA
(Nguyenba and Tobias 2007).

With the patient under general anesthesia and in
lateral recumbency the femoral artery is surgical-
ly isolated and cannulated with a vascular sheath.
Under fluoroscopic guidance, a sizing pigtail an-
giographic catheter is introduced and advanced
into the aorta immediately cranial to the junction
between the aorta and PDA. This catheter has ra-
diopaque reference markers near its tips and al-
lows accurate measurement of the minimal ductal
diameter (MDD) for ACDO selection. Angiography
is performed by injecting iodine contrast solution
with an angiographic injector and allows visualiza-
tion of the ductal morphology as well as accurate
measurement. If transesophageal echocardiog-
raphy is available PDA sizing as well as procedure
monitoring can be achieved without the need for
angiography limiting (Silva et al 2013) or eliminat-
ing (Porciello et al 2014) fluoroscopy exposure.

Following ACDO size selection, a flexible ex-
change wire is placed across the PDA from the
aorta into the main pulmonary artery with the aid
of an angle-tipped end-hole catheter. A guiding
catheter and its dilator are then advanced over
the exchange wire across the PDA into the pulmo-
nary artery. The dilator and the exchange wire are
then removed and the selected ACDO is advanced
through the guiding catheter until the first disk is
deployed within the main pulmonary artery. The
partially deployed ACDO and the catheter are then
retracted and the second disk is released into the
ductus ampulla. Correct ACDO position and stabil-
ity are confirmed and the ACDO is detached. The
catheter and vascular sheath are then removed
and the femoral artery is repaired (Nguyenba and
Tobias 2007). The incision is then closed routinely.

Subvalvular aortic stenosis (SAS)

Aortic stenosis is one of the most common con-
genital cardiac diseases in dogs and cats (Oliveira
et al 2011, Schrope 2015). Subvalvular stenosis is
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Sisson 2003, Hogan kat ouv 2006, Achen kat cuv
2008, Henrich kat ouv 2010, Hildebrandt kat cuv
2010, Blossom kat ocuv 2010, Stauthammer 2015).
Mo Tpdowata, n CUCKEUN OUYKAELONG aptnpL-
akol mopou Amplatzer (Amplatzer Canine Duct
Occluder, ACDO), mou €€eAixBnke aMOKAELOTIKA
yla va tatpldgel oto oxnua tou MAM tou okuAou,
€XEL AVTLKATAOTHOEL TLG OUOKEUEG TIOU TOTIOBETOU-
vtav oto mapeABov, yla Tnv uxpnotia Tou, yla To
BaBuod ocUykAeLoNG TIOU ETLTUYXAVETAL KAL yLd TO
XAUNAOG 0000t eriumAokwy (Nguyenba kat Tobias
2007, Nguyenba kat Tobias 2008, Gordon kat cuv
2010, Singh kat ocuv 2012) kat eivat TAéov n oly-
XPOVN CUCKEUN €KAOYNG yla TNV TIAELOVOTNTA TWV
EMEPPACEWV OE TIEPLOTATLKA pE MATM.

H eméuBaan

H ouokeur) ACDO elvat pla autopata SLaoTteAAd-
HEVN OUOKEUT), OTLAYUEVN aTtO 2-3 OTPWOELG TIAEY-
HATOG VLITLVOANG, He U0 XWwpLotoug SLoKOUG: Evav
HIKpOTEPO ATW SioKO Tou elval oxeSLaopévog va
SLaOTENETAL EVTOG TNG TIVEUUOVLKIG aptnplag Kat
€va peyoAUTepo eyyug Sloko Tou SlacteAAetal
pEoa otov Tapapévovta mopo. OL Svo Slokol St-
axwpifovtat amd évav Pkpd oTEVOTEPO SAKTUALO
Tou KAelvel tov MAM (Nguyenba kat Tobias 2007).

Me tov aoBevry okUAO UTIO Yevikr avalcbnola
Kal o€ TAdyla KatdkAlon n pnplaia aptnpia ma-
paockeudadetal XELPOUPYLKA Kal kabetnpLaletat pe
KEVTPLKO apTnpLaKO KABEeTrpa. YTIO AKTLVOOKOTILKN)
kaBodnynon évag kabetnpag ayysloypagiag tu-
Ttou pigtail eLoayetat oTtnv aoptr yLa TV ektipnon
Tou peyEBoug tou MANM Kat Tpowdeltal oto onpeilo
Tou o MAIM ekueTaL amod v aoptr. O Kabetpag
aUTOG €XEL OKTLVOOKLEPA onpela avagopdg kovtd
OTO AKPO TOU KaL ETLTPETIEL TLG AKPLBELG PETPN-
OELG TNG EAAXLOTNG SLAPETPOU TOU TIOPOU yld TNV
emloyn tou ACDO. Alevepyeital ayysloypagia pe
TNV €yxuon WwsLouxou oKLaypapLlkol SLaAUPATOG
HEoWw KaBetrpa ayyeloypapiag Kal EMITPETEL TNV
ETLOKOTINON TNG popoloylag tou Tdpou Kabwg
Kat akpLBelg HETPrioeLg. Av To SLoLooayeLlo UTte-
pnxokapdloypdpnua eivar Stabeotpo, sival e@t-
KTN N ektipgnon tou peyéBoug tou MAM Kabwg kat
N SLEyXELPNTLKN TIapakoAouBnon tng emeppaocng,
Xwplg va xpetadetal ayysloypagia, eplopidovtag
(Silva kat ouv 2013) 1} e€aielpovtag (Porciello kat
ouv 2014) tnv €KBECN OTO OKTLVOOKOTILO.

Katotv tng emhoyng tou ACDO, pe tn Bonbela
oUppatog odnyou, tomobeteital kabetrpag peoa
otnv KUPLA TIVEUHIOVLKN aptnpla Stapéow tou MATMM.
To oUppa agatpeital kat n cuckeur) ACDO Ttou €xeL
em\exOel TpowBeital péow tou 08nyou kabetrpa
HEXPL 0 TIpwTOG Slokog va SlavolyBel evtdg tou KU-
pLou kKA&Sou tng TveupovLkn G aptnplag. To ACDO,

the most common form of the disease while val-
vular stenosis is more rarely seen. In large breed
dogs and particularly in certain breeds (Boxer, Bull
Terriers, Bullmastiffs, German Shepherds, Dogues
de Bordeaux, Golden Retrievers, Newfoundlands
and Rottweilers) the disease is more common
(Ontiveros and Stern 2021). Subvalvular stenosis
is characterized by the presence of fibromuscular
nodules, a ridge or a ring of fibrous tissue located
underneath the aortic valve that cause obstruction
of the left ventricular outflow tract. Dogs with se-
vere disease are at increased risk for sudden death
that occurs commonly early in life (within the first 3
years of age) (Kienle et al 1994).

Over the years, treatment options have included:
medical therapy (use of beta-adrenergic blockers
(i.e. athenolol)), transcatheter balloon valvuloplas-
ty and open-heart resection of the fibrotic ridge or
ring. However, the available treatment options re-
main controversial; surgical and interventional op-
tions have not showed a survival benefit compared
to treatment with atenolol (Orton et al 2000, Meurs
etal 2005) and, similarly, treatmentwith atenolol did
not influence survival compared to control group in
dogs with severe stenosis (Eason et al 2014). The
use of cutting balloon catheter (a balloon that fea-
tures 3-4 microsurgical blades on its outer surface)
combined with high-pressure balloon valvuloplasty
(balloons with increased inflation pressures) has
been described in dogs (Kleman et al 2012) and re-
sults show that this procedure is a potential option
for symptomatic dogs with severe disease (Schmidt
et al 2010, Kleman et al 2013, Sykes et al 2020). The
rationale behind this procedure is that the mi-
croblades of the cutting balloon cause controlled
tears to the obstruction/ vessel and allow to the
high-pressure balloon to stretch and dilate it more
effectively. Previous reports show that reduction
in severity gradient is possible in some dogs with
severe disease and owners report improvement of
clinical signs. However, data comparing the bene-
fits of this procedure to medical treatment or no
treatment are currently lacking.

The procedure

With the patient under general anaesthesia and
lateral recumbency the right carotid artery is ac-
cessed and cannulated with a vascular introducer.
Under fluoroscopy, a pigtail catheter is advanced
through the aortic valve into the left ventricle and
aortic root for pressure measurements and angi-
ography. The diameter of the subvalvular obstruc-
tion and the aortic annulus are measured, and the
appropriate cutting balloon and high-pressure
balloon are selected. A thin guidewire is advanced
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TIou €lval PEPLKWE avVoLXTO, KAl 0 KABeTpag otn
OUVEXELA EAKOVTAL TIPOG TA TIoW Kal 0 SeUTepog Si-
0KOG SLAOTENAETAL P€oa OTOV TIOPO. H owoTr) ToTo-
Betnon kat otaBepotnta tou ACDO emiBeBatwvo-
vtat kat to ACDO amodeopeveTal 0Tov aptnpLako
opo. O KABETAPAG KAL O KEVTPLKOG AYYELAKOG Ka-
Betripag agpatpouvtal Kat n pnptata aptnpla cup-
papetal (Nguyenba kat Tobias 2007). AKOAOUBEL N
OUYKAELON TNG TOHNG KATA TA YVWOTd.

YmoBaABLSLKN aoptikn otévwon (YAZ)

H aoptikn otévwon elvat pla amo TG cuxvOTEPES
ouyyevelg KapSLoTIABELEG OTOUG OKUAOUG Kal OTLG
yateg (Oliveira kat ouv 2011, Schrope 2015). H utto-
BaABLSLK oTévwon glval n TLo cuXVN Hop®r TG
vooou evw N PBaAPLSLkr oTévwaon aveuploketat
TILO OTIAVLA. € OKUAOUG PEYOAOOWHWY (PUAWV Kal
(Slaitepa o€ oplopéveg YUAEG (Boxer, Bull Terrier,
Bullmastiff, Teppavikol Mowpevikol, Dogues de
Bordeaux, Golden Retriever, Newfoundland kat
Rottweiler) elval cuxvotepn n ePYAvLoN TNG VOCOOU
(Ontiveros kat Stern 2021). H uttoBaABLSLKNA OTE-
vwon xapaktnpidetal anod tnv mapoucia Vopuw-
Swv olLslwy, 1 amo eva Enappa r SaKTUALO WVW-
S0ug LoToU Ttou evtoTiileTal KATW aTo TNV A0PTLKN
BaABisa kat tapepTiodilel To xwpo e&wbnong tng
apLoTePNG KolAlag. Ot okUAOL PE Bapld vooo €xouv
auv&npevo kivduvo yla awpvidio Bdvarto Tou emép-
XETAL OXETIKA Vwplg (péoa ota 3 mpwta xpdvia
{wnc) (Kienle kat ouv 1994).

OL BepaTeEUTIKEG €TAOYEC TIEPIAAPBAVOUV: TN
(PappaKeUTIKN Beparteia (xopryynon Brta adpevep-
YIKWV amoKAELOTWVY (TI.Y. atevoAoAn), tn Slakabe-
TNELaKN BaABLSOTIAQOTIKY HE PTTAAOVAKL KAl TNV
XELPOUPYLKN €MEPBacn avolytrng KapSLdg PE EKTO-
Hf Tou Wvwdoug Lotol 1 SaktuAlou. QoTtdoo, oL
amoeLg doov apopd TLG SLaBECLUEG BEPATIEVUTLKEG
€MAOYEG ouveyiCouv va Sliotavtal: oL XeLpoupyt-
KEG KOL OL ETIEPPATLKEG TEXVIKEG SEV £XOUV TIPOOPE-
PEL TIAEOVEKTAHATA WG TIPOG TNV €MLPBlwan cuykpL-
TKA pe tn Bepareia pe atevoAdAn (Orton kat cuv
2000, Meurs kat ouv 2005) kat, opoilwg, n Bepamneia
ME aTteVOAOAN oe okUAoUC pe coPapol PBabuoul
otévwon Sev PeTaBAMEL To xpovo emBlwong ou-
YKPLTIKA PE OKUAOUG Pe coBapr) OTEVWON TIOU &gV
AapBavouv @appakeutikn aywyn (Eason kat ouv
2014). H xpnon Kabetripa pe PTIAAOVAKL ayyeELo-
TIAQOTLKNG HE ELSLKEG AETILSEG (TO PTIAAOVAKL €XEL
3-4 PIKPOAETILSEG OTNV EEWTEPLKNA TOU ETILPAVELQ)
o€ ouVSUAOPO PE PeTtadlavolgn pe BarBLsomAaott-
KA LPNAAG Ttieong (UTIAAOVAKL TIOU SLACTEANETAL PE
uPnAég TiLéoeLg) Exel avagepBel oto okUAo (Kleman
Kal ouv 2012) kat Ta anotedéopata Seiyvouv otL n
enéPPBaon autn elvat pla mbavr] mloyn yLa Toug
CUMTITWHATIKOUG OKUAOUG HE coBapou Babuou

Treatment of congenital cardiac disease

through the pigtail catheter into the left ventricle
and the catheter is removed. The cutting balloon
is then advanced over the guidewire and inflated
2-3 times rapidly at the level of the subaortic ob-
struction. The cutting balloon and the guidewire
are then removed.

The pigtail catheter is placed again into the left
ventricle and an exchange stiff guidewire is placed
into the left ventricle through the pigtail. The pig-
tail catheter is then removed and the high-pres-
sure balloon catheter is advanced over the guide-
wire and across the center of the SAS. The balloon
is inflated 2-3 times and both the balloon dilation
catheter and the guidewire are removed. Left ven-
tricular and aortic pressure measurements and an-
other angiography (to evaluate the degree of aortic
regurgitation) are performed. Finally, the vascular
introducer is removed and the carotid artery is li-
gated. The incision is then closed routinely (Kleman
et al 2012).

Other congenital cardiac defects

Atrial and ventricular septal defects

Percutaneous transcatheter closure of atrial and
ventricular septal defects has been reported in
dogs (Sanders et al 2005, Bussadori et al 2007, Mar-
giocco et al 2008, Gordon et al 2009, Gordon 2015,
Durham et al 2015).

Atrial septal defects (ASD) are relatively rare con-
genital anomalies in dogs and cats and long-term
prognosis is usually good for small-sized, isolated
ASDs (Margiocco et al 2008). Large ASDs (> 12 mm)
and the presence of concurrent congenital or ac-
quired disease may worsen prognosis and inter-
vention may be indicated (Gordon et al 2009).
Ventricular septal defects (VSD) are common in
cats and dogs and are typically located in the pe-
rimembranous portion of the septum, high in the
ventricular septum beneath the aortic and pul-
monary valve. Most animals with isolated, small,
“restrictive” VSDs have a very good prognosis and
normal life expectancy (Bomassi et al 2015).

Device occlusion is usually recommended when
a hemodynamically significant shunt exists causing
moderate to severe cardiac remodeling and the
anatomy of the defect is favorable for occlusion
(sufficient tissue rim around the defect). Devices
that have been used for this purpose include var-
ious types of Amplatzer (Amplatzer Atrial Septal
Occluder, Amplatzer Patent Foramen Ovale (PFO)
Occluder, Amplatzer Multi-Fenestrated Septal Oc-
cluder, Amplatzer muscular Ventricular Septal De-
fect Occluder) and detachable coils (Gordon et al
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vooo (Schmidt kat ouv 2010, Kleman kat cuv 2013,
Sykes kat cuv 2020). H Aoykr) Tilow amd autr| tnv
enépPPBaon Baoidetal oTo OTL oL HIKPOAETILSEG TTAVW
0TO PTIAAOVAKL TIPOKAAOUV EAEYXOPEVEG PrEELG OTO
onuelo epppa&ng 1 ™ BoABlSa kal emLTpETTOULY
oto uPNAng Tiieong PTIAAOVAKL va SLACTAAEL Kat va
Slavol&el TLo amoteAeopatika tnv mepLloxn. Mpon-
youpEeva SNUOCLEVHEVA TIEPLOTATLKA Selxvouv OTL
n pelwon tou Babpou otévwong eivatl bavn oe
OPLOPEVOUC OKUAOUG PE ooPapr] VOoo Kat oL L&Lo-
KTATEG ava@épouv BeATiwon TWV CUPTITWHATWVY.
Qotoc0 Tpog to Tapov Sev uttdpyouv SeSopeva
TIOU VO CUYKPLVOULV Ta 0@EAN auTnig TNG EMEPBaong
HE TN QaPHOKEUTIKN Bepameia 1 pe tnv amoucia
Bepamneiag.

H eméuBaan

Me tov acBevr] okUAO o€ yevikn avalobnola kat o€
TAQyLa KaTAkALon, Slevepyeltal TipooTiéAacn Kat
KaBetnplacpog tng Se&Lag kapwtidag aptnplag pe
KEVTPLKO QYYELOKO KABETNPpa. YTIO OKTLVOOKOTINGN,
€vag kabetrpag tutou pigtail mpowdeital péow
NG aoptikng BaABlSag péoa otnv apLotepr| Kowla
KAl 0TO aopTLKO TOEO yLa va Katapetpnboulv oL Tit-
€0€LG Kal va ylvel ayyeloypagia. Mvetat pétpnon
NG SLapETpou TNG UTIORAABLSLKAC OTEVWONG Kal
TOU LVW&0UE SAKTUALOU TNG aopTng Kal ETIAEyETAL
N KATdAANAN SLAPETPOC yla TO PTIAAOVAKL ayyeLo-
TIAQOTLKNG PE AETILSEG KAL TO PTIAAOVAKL SLAOTOANG
pe unAn Tiieon. Eva Aemttd 06nyo cUppa ipowdel-
Tal gEow Tou Kabetrpa pigtail péoa otnv aplotepn
KoWla Kal otn cuvéxela o kabetrpag agatpeitad.
To PTIAAOVAKL PE TLG HLKPOAETILSEC TTIpowBeital otn
OUVEXELA TIAVW aTIO TO 08Ny0 oUPHA KAl SLAOTEA-
A€TaL ypriyopa 2-3 (opeG 0To eMiMeSO TNG UTIAoPTL-
KNG OTEVWONG. TO ITTIAAOVAKL AYYELOTIAQOTLKNG KaL
TO 08nY0 oUppa agatpouvtat. O kabetrpag TUTIOU
pigtail emavanpowBeltal otnv apLotepr) KoWla Kat
€va Akaptto o8nyo cupUa TomoBeTe(Tal oTtnV apt-
oTePN KOWla péow tou kabetrpa pigtail. O kabe-
Tpag pigtail otn ouvéxela agpalpeitat kat To pma-
Aovdkt uPnAng Tiieong powdeital Sta péow tou
oUPHATOG WOTE Va Slamepvd TO KEVTPO NG YAZ.
To pmaAovakL SLaoTtéENNeTal 2-3 QOPEG KAl TOCO
0 KaBetrpag SLacToANG 600 Kal To 08nNy6 cUppa
agatpovvtal. MNvovtal PETPAOELG OTNV apLOTEPN
KoWAla, petpdral n Tiieon p€ow TNG aopThG KAl ETA-
vahapBavetal n ayyeloypagia (yla va agltohoynbet
0 BaBpdg TG aopTLKNG avaywyng aipatog). TéAog,
0 KEVTIPLKOG ayyELOKOG KABeTApag agatpeital Kat
ylvetat ouppapn tng kapwtidag aptnplag. Ako-
AouBel n oUYKAELON KAl ouppan TNG TOPNG Katd
Ta yvwotd (Kleman kat ocuv 2012).

2009, Gordon 2015). Hybrid techniques have also
been described where a surgical approach (usual-
ly through direct access to the left atrium) is com-
bined with the transcatheter techniques (Gordon
et al 2009, Saunders et al 2013, Gordon 2015).

Access to the heart is obtained through the fem-
oral or jugular vein and fluoroscopy and trans-
esophageal echocardiography are used for device
selection, wire and catheter exchange, secure de-
vice positioning and release.

Tricuspid valve stenosis

Tricuspid valve stenosis is a rare congenital mal-
formation in dogs and cats (Oliveira et al 2011,
Schrope 2015). It is more commonly seen in Lab-
rador Retrievers, Dogue de Bordeaux, German
Shepherds, Irish Setters and Great Danes. Severe
cases develop right-sided congestive heart failure
(CHF) and syncope/episodic weakness that affect
quality of life and life expectancy (Kittleson 1998,
Navarro-Cubas et al 2017). There are only limited
reports of balloon valvuloplasty in dogs with tri-
cuspid stenosis (Brown and Thomas 1995, Kunze
et al 2002, Navarro-Cubas et al 2017, Lake-Bakaar
et al 2017) that show improvement or resolution of
clinical signs post-procedure. However, recurrence
of clinical signs, in particular ascites, may occur in
these dogs and the procedure is contraindicated in
patients that have moderate-to-severe tricuspid re-
gurgitation (TR) to begin with, due to the risk of TR
worsening and development of severe CHF follow-
ing valvuloplasty (Lake-Bakaar et al 2017).

Cor triatriatum dexter (CTD)

CTD is a rare congenital defect associated with the
failure of the right sinus venosus valve to regress
during embryogenesis causing presence of an in-
tra-atrial membrane in the right atrium. This mem-
brane may be imperforate or perforate to varying
degrees and causes obstruction of the blood flow
through the caudal vena cava towards the right
atrium. Clinical signs include hepatic congestion
and ascites or cyanosis due to right-to-left shunt
flow through a patent foramen ovale (Kittleson and
Kienle 1998, Moral et al 2016).

Several minimally-invasive techniques have been
described for CTD treatment and include conven-
tional balloon dilation, cutting-balloon dilation and
intravascular stent implantation (Adin and Thomas
1999, Atkins and DeFrancesco 2000, Leblanc et al
2012, Barncord et al 2016). Hybrid balloon dilation
has also been described (Uemura et al 2019).
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AAAOL TUTIOL EAELPHATWY OTLG
CUYYEVELG KapdLottabeLeg

M&eGOKOATILKI] I} HECOKOLALAKN
ETMKOLVWVLiA

H Sladepuikr oUYKAELON HECW KABETPA YECOKOA-
TILKNAG I HECOKOWALAKNAG ETILKOWVWVIAG EXEL aVaWeEpP-
Bl oto okUAo (Sanders kat cuv 2005, Bussadori kat
ouv 2007, Margiocco kat cuv 2008, Gordon kat cuv
2009, Gordon 2015, Durham kat ouv 2015).

Ta PECOKOATILKA Tprpata (MKoT) elval oxetika
OTIAVLA OUYYEVH EAElPPATA OTOUG OKUAOUG KAL OTLG
YATEG KaL n pakpotpdBeopn ipdyvwon elvat cuvn-
Bwg KaAn yla ta PkpoU peyEBoUG, aTIOPOVWHEVA
MKoT (Margiocco kat ouv 2008). Eupeyébn MKoT
(> 12 mm) pe Tautdxpovn mapoucia cuyyevoug 1
ETLKTNTNG KapSLoTIABELAG PTIOPEL VA ETILEELVWOOUV
TNV TPOYVWON Kal O AUTEG TLG TIEPUTTWOELG OU-
OTAVETAL N XELPOUPYLKN Tipoogyylon (Gordon Kat
ouv 2009).

Ta pecokollakda tprpata (MKolAT) elval cuxva
OTOUG OKUAOUC KaL OTLG YATEG KAl ouVNBwG evto-
miovtal oTo TEPLUEPPPAVWEEG TUNHA TOU PECO-
KOWALaKOU SLappaypatog YnAd oto PECOKOLALOKO
Stappaypa katw and tnv BaABida tng aoptnig Kat
TNG TVEUPOVLKAG aptnplag. Ta meplocotepa (wa
HE QMOPOVWHEVA, PLKPQ, «TIEPLOPLOTIKA» MKOWAT
€XOUV TIOAU KOAM TIpOyvVWon Kal QUCLOAOYLKH St-
dpkela {wng (Bomassi kat ouv 2015).

H oUyKAELON PE OUOKEUN CUOTAVETAL CUVHBWG
OTaV UTIAPXEL QALPIOSUVAMLKA Onuavtikd tprua
TIPOKAAWVTAG PETPLOU WG coBapol Babuou kap-
SLaKn avadlapopwaon Kal €pocov N avatopia
TOU eM\ElPPATOG ETILTPETEL TN OUYKAELON (ETIAPKNG
LOTOG TIEPLUETPLKA TOU €MAelpatog). Ol CUOKEU-
€G TIOU €youv xpnotlpomolnBel yia to okomd autd
meplapBdavouv  Stapopoug tumoug Amplatzer
(Amplatzer TUykAewong MeCOKOATILKOU TprpATog,
Amplatzer TUykAelong AvolxtoU Qoeglsoug Tpn-
patog, Amplatzer ywa tn ZUykAelon Aldtpntou
EMelppatog, Amplatzer yla tn ZUykAeLon puikou
Mapapévovtog Meookohlakol TpApatog) Kat armo-
omwpeva eAdopata (coils) (Gordon kat cuv 2009,
Gordon 2015). Ot UBPLSLKEG TEXVLKEG £XOUV ETTLONG
avaepBel, oTLG OTIOLEG N XELPOUPYLKN) TIPOCEYYLON
(ouvBwg péow dueong POCRacnG OToV apLOTEPO
KOATIO) cUVSUAZETAL PE TLG SLOKABETNPLAKES TEXVL-
ké¢ (Gordon kat ouv 2009, Saunders kat ocuv 2013,
Gordon 2015).

H kap&lakfy TpooTiéAdOn EMLTUYXAVETAL HECW
kaBetnplacpoL Tng pnplaiag aptnplag i tng opa-
yl{tidag eA£BRag kat yivetatl aktivookomnon 1 Stot-
COWPAYELO UTIEPNXOKAPSLOYPAPNHA YLd TNV ETILAO-
YN TNG CUCKEUNG, yLa TNV TOTTOBETNON TWV 08Nywv

Treatment of congenital cardiac disease

Double-chambered right ventricle

Double-chambered right ventricle (DCRV) is a rare
congenital cardiac anomaly resulting from anoma-
lous muscle or fibromuscular band that divide the
right ventricle into two compartments: a proximal,
high pressure, chamber and a distal, low pressure,
chamber, close to the pulmonary artery (Winter et
al 2021, Schober et al 2017). Due to the obstruction
the proximal chamber becomes hypertrophied and
as the disease progresses clinical signs develop like
exercise intolerance, syncope, right-sided CHF and
sudden death. To prevent or alleviate clinical signs
early intervention is indicated. Techniques like
balloon angioplasty, cutting balloon followed by
high-pressure balloon dilation, hybrid surgery-in-
terventional procedure and open-heart surgical ex-
cision have been described. Most of the interven-
tional procedures reported in veterinary literature
provide temporary but not long-term relief of clin-
ical signs and surgical approach seems to be the
preferred treatment for DCRV patients (Winter et al
2021, Schober et al 2017).

Conclusion

Techniques that are currently commonly per-
formed to treat congenital diseases in small ani-
mals were reviewed in this report. Interventional
cardiology continues to expand in veterinary med-
icine and more techniques, that are routinely used
in the human field, are becoming available for ani-
mal treatment as equipment and training advance.
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CUPHATWY KAl TNV evaAAayr TwWv KaBeTrpwy, Ka-
Bwg kat Tnv acaAn tomobETnon kat Stavolén tng
OUOKEUNG,.

Ztévwon tng TpLyAwxLvhg BaABidag

H otévwon tng tpyAwywng PaApidag elval pLa
OTIAVLA CUYYEVNG KapSLOTIABELA 0TOUG OKUAOUG Kat
otLg yareg (Oliveira kat ouv 2011, Schrope 2015).
Tuxvotepa ekdnAwvetal ota Labrador Retrievers,
ota Dogue de Bordeaux, otoug leppavikoug Mot-
pevikoUg, ota IpAavsika Setters kat otoug Meyd-
Aoug Aavoug. Ta Bapld mepLoTatika epgavifouv
8€ELA ouPPOPNTLKA KapSLakr avemdpkela (ZKA)
KAl AUTTOBUPLKEG KPLOELG/€TELOOSLAKT) HUTKA adu-
vapia mou emnpeddel tnv moldtnTa {wng Katl To
xpovo emniBiwong (Kittleson 1998, Navarro-Cubas
Kal ouv 2017). YIIApXOULV TIEPLOPLOKEVEG AVAPOPEG
o€ BAABLEOTIAQOTLKY PE PUTIAAOVAKL GE OKUAOUG e
otévwan NG TtpyAwxvng BaiBiSag (Brown kat
Thomas 1995, Kunze kat ouv 2002, Navarro-Cubas
Kat ouv 2017, Lake-Bakaar kat cuv 2017) otig omol-
€q uttNpée BeAtiwon rj UTTIOXWPNON TWV CUPTITWHA-
TWV PETA TNV emépPBaon. Qotdoo, N EMAVEPEPAVLON
TWV CUPTITWHATWY, ELSLKA TOU aokitn, pmopel va
TPoKUYPEL 0 autoUGg TOUG OKUAOUG, Kal n emépBa-
on autr avtevdeikvutal o€ acbevelg okUAOUG TTIOU
€XOuV N8N pETpLa TIpog coBapou Babpol avemdap-
KELO TNG TpLyAwyvng BaABidag (AT), e€attiag tou
KlwSUvou emideivwong tng AT Kat Tng avamtuéng
ooBapng IKA petd tnv BaABiSomAaoctikr (Lake-
Bakaar kat ouv 2017).

Arvarpepévog Se§LOG KOATIOG
(AAK, COR triatriatum dexter)

O AAK elval pLa omtdvia ouyyevr|g Suothacia oy
oxetietatl pe tnv pn €€dAswdn tng BaABidag tou
S€€Lol PAeBwSoug KOATIOU Katd TNV ePPpuUOYEVE-
on, 08NYWVTag 0TNV EUPAVLON PLAG EVEOKOATILKIG
HEUBPAvNg oto 8e€L0 KOATO. H pepPpavn autn
pTopel va gival pn statpntn f Stdtpntn os Stago-
poug Babpoulg kat tapepmodilel TNV KukKAopopla
Tou alpatog péow NG omicBlag KolAng QAERag
TIPOC To S€&€LO KOATTO. Ta cupmTwata epAappBa-
VOUV TNV NTIATIKN CUPEOPNON KAl TOV aokitn ) tnv
Kudvwon egattiag porg amd Se€La Tpog Ta aplote-
pA PEOW avolXtoU woeldoug tpruatog (Kittleson
kat Kienle 1998, Moral kat ouv 2016).

ALaopeg eNdyLoTa eMEPPATIKEG TEXVLKEG EXOUV
eplypagel yia tnv Bepameia tou AAK kat Tept-
AapBAvouv TNV TUTILKI SLACTOAR PE HTIOAOVAKL,
TN SLOOTOAN HE MPTIAAOVAKL QYYELOTIAQOTLKNAG HE
ELSIKEG AETILSEG Kal TV TOTOBETNON PETAAALKOU
ayyetovapBnka (“stent”) (Adin kat Thomas 1999,
Atkins kat DeFrancesco 2000, Leblanc kat cuv 2012,
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Barncord kat ouv 2016). H UBpLSIKA SLACTOAN e
pmtahovakL éxel emiong avagepBel (Uemura kat
ouv 2019).

Ailxwpn S€€La kKolAila

H Sixwpn &€€Ld kolila (AAK) elvat pla omtavia cuy-
YEVAG KapSLomdbeLla Tou TIPOKUTITEL aTtd SUCTIAQ-
OTLKOUG PUG 1 LVOPUWEELG Tawvieg Ttou Staxwpidouv
T 8€€Ld kola og SUo ecwteplkd Stapepiopata:
€va gyyUg, uPnAng Tileong SLapEpLopa Kal Eva amuw,
XAUNANG Tileong SLapépLopa KOVTA oTNV TIVEUHOVL-
KA aptnpla (Winter kat ouv 2021, Schober kat ouv
2017). EEattiag tng éupagng to gyyug Stapéplopa
odnyeltal otnv utepTpoia Kal Kabwg emSEVW-
VETAL N v6oog eppavidovtal KAWVIKA CUPTITWHATA
OTIWG HELWHEVN QVTOXN OTNV Aoknon, AutoBupt-
KEG kploelg, 6e€La KA kat aupvidiog Bdavatog. MNa
TNV TPOANYN KAl TNV UTIOXWPNON TWV KAWIKWY
OUMPTITWHATWY eVSelkvuTaAl N TIPWLHPN QVTLHETW-
TiLon. TEXVLKEG OTIWG N SLACTOAN HE PTIGAOVAKL, 1
HE PTIOAOVAKL OYYELOTINAOTLKAG HE ELSLKEG AETTLSEG
KaL OTn OUVEXELA N PETASLATACN PE PTIOAOVAKL O
UPNAEG TILECELG, OL UPPLELKEG XELPOUPYLKEG Kal SL-
OSEPPLKEG ETEPPRATELG KAL OL ETTEPBATELG AVOLXTNG
KapSLAag £xouv avayepBel oto TtapeAbov. OL ieplo-
OOTEPEC ATIO TLG SLASEPPLKEG ETIEPPATIKEG TEXVIKEG
TIOU Qva@E£povTal otnV KTnvLatpikn BiBAloypapia
TIAPEXOUV TIPOCWPLVN AANG OXL pakpoTpdBeoun
UTIOXWPNGON TWV KALVLKWY CUPTITWHATWY KAl N XEL-
POUPYLKN QVTLPETWTILON QalveTal va lvat n mpott-
HWpevn Bepareia yla toug aoBeveig pe AAK (Winter
kat ouv 2021, Schober kat ouv 2017).

ZUPTIEPAGHA

Jtnv mapovoa avackoTnon avageépovtal oL ouy-
XPOVEG TEXVLKEG TIOU TIPAYHATOTIOLOUVTAL CUXVO-
TEPA PE OTOXO TN BEPATIEVTLKA QVTLPETWTILON TWV
ouyyevwv Kapdlomabelwy ota {wa ouvtpolds. H
emepBatikr kapSlohoyla ouveyidel va eEelloostal
OTNV KTNVLATPLKI ETLOTAYN, KAl TIEPLOCOTEPES TE-
XVLKEG TIOU XPNOLHOTIOLOUVTAL TUTILKA OTNV LATPLKN
Tou avBpuwrou, apyifouv va yivovtal SLabEoLpeg
Kat yla tn Bepamela Twv KatokiSlwy (Wwv Kabwg
eEeAlooovtal 1600 0 €EOTIALOPOG 600 Kal N ekmal-
8€U0N TWV KTNVLATPWV.

ZUYKPOUGH GUHPEPOVTIWV
H ouyypagéag SnAwveL 0TL Sgv UTIApXEL CUYKPOU-
0N CUPPEPOVTWV.
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