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Long-term follow-up of dogs with

patent ductus arteriosus

Postocclusion survival data from dogs with left-to-right shunting

patent ductus arteriosus (PDA) was available from 80 dogs,
diagnosed from 1990 to 2000. Of these, 37 had undergone a

procedure to close the ductus and were re-evaluated at the time

of this study; clinical data from the follow-up examination was

compared with that from the original examination. Radiographically,
the right ventricle remained apparently enlarged, and the aortic

bulge associated with dilation of the descending aorta did not

disappear after closure. On M-mode echocardiography, left

ventricular chamber diameter in diastole and systole and left

ventricular posterior wall in systole decreased significantly. Mitral
endocardiosis was a common feature. Residual flow was evident in
46 per cent of the animals. Late closure occurred In 8 per cent of

the dogs, and trivial recanalisation in 19 per cent. The maximum

survival time postclosure was 168 months and, after non-occlusion,
114 months, suggesting that dogs with PDA follow an unpredictable

course. However, there was a significant difference In survival times

between the corrected and non-corrected group.
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INTRODUCTION

The ducrus arreriosus is a normal Feral
structure which shuns blood from the
ETL]EHI(‘IIJ.F_\' ;ST'[\'.'-__\' £ ] :ji"_‘ SR !n PL!FI‘F'[E.".&;.
the ducrus arreriosus funcrionally closes a
few days afrer birth (King 1999). Parent
ductus arceriosus (PDA) s caused by the
Gilure of the duct 1o clase, and 3§ one of
the most commuonly recognised congenital
cardiac lesions found in dogs (Parterson
1968, Tidholm 1997, Kitleson [998)
Currently, i&l_'l_r.':'i'l:td Il‘:ll:']'.l[:l:.t'n' for PDA are
surgical ligation (requinng theracoromy)
and wanscatheter coil embaolisation (via
femoral arteryfvein) (Buchanan 2001},
Although several large studies evalu.
anng the surgical ourcomie uf'du:._{l; Frallome-
ing surgical ligation have been Eu]l}li.\'h{'t[
(Eyster and others 1975, Birchard and

others 1990, Hunt and others 2001), none
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has evaluared the long-term echocardio-
praphic findings (ie, over a period of more
than nine monchs), Only shore-rerm stud
wes of limiced case numbers are available for
the elec |r'.ln..lldiuttl.i|'l|'|i-.: I.r.'igh.l :ingn with a
fullow-up dme of two daes o nine
monchs, Ackerman and ochers 19781 and
|:-|||-|-|||FIT.||'||'||L Lll:lrl}'ll:'\ rl‘:l.“-l' ||'|||[||:P['|'h :||'||.|
tollaw-up times undetermined, Bechanan
P97 2 bive dogs with tollow-up times ang
ing Feom ane o 200 weeks, Ackernum and
athers 1978 afrer DA occlusion, & retros
spective evaluadon of PO oeclusion
wsintg haemoclips in 20 dogs bas also been
published. based oo seliographic and
-.'LlluL.L|1||1l:./;r.lp]lil.' :.'I|;|||t_';¢“; [Cort winl
athery 2000)

Myocardial Fuilure and resicdaal shine-
ing are well recognised findings alter PEWA
closure (Kictleson 1998, Corti and others
2000, Van lscadl and others 20023, bur che
long-term clinical significance of these
findings remains unknown. The main
objective of this study was, therefore, 10
evaluate the long-rerm echocardiographic
teatures of PDA following closure of the
diucrus, with special emphasis on lefr ven-
ricular systolic and diastelic function,
An addidonal aim was o compare three
different closure wehniques:  standard
ducral  dissection and  double |ig:_1[im1
(Buchanan 1994}, dissection using the
Jackson-Henderson technique (Jackson
and Henderson 1979}, and transcacheeer
closure  using Cook detachable coils
(Srokhof and ochers 2000, Schaeider and
others 2001). based on residual shunting,
récanalisation  and  lare  spontaneous
closure, The sarvival time afrer PDA
acclusion was also assessed.

MATERIALS AND METHODS

Survival study

The owners of 90 dogs with DA as an
isolated lesion, describved inoa I,JI'L:‘.-'iL‘I-LI";l]."
published retrospecrive study (Van lsragl
and ochers 20020, were contacted b}*
lclcia]l::l:c ar by post o obin fol Lo
up dara,

SRLALL ARIMAL PEAC TICE = YO, 44 = MOVEMHBER 2009



IF the dog had undergone ducral dosure,
the owner’s permission was gained for
participation in g Jong-term follow-up
study {n=371.

Long-term follow-up study

inelead electrocardiograms pre- and post-
closure were available from 35 dogs,
Radiographs pre- and postclosure were
available for 18 antmals which were fully
prosn an the dme ol inital presentation,
Thirty-seven animals were re-presented to
e cardiolopy clinie for full repeat assess-
ment, including listory, physical exming-
tion, electrocurdiography, radiography and
ethocardiography,

History

An extensive general history of sach dog
was obtained, The dave of birth, sex, breed
and weight were all recarded,

Physical examination

A detatled cinical examinanon of the
cardiorespiratory svstem of each dog was
made, Bach dog was carefully auscultated
at rest inoa o quier énvironment, using
a Linmann Cardiology 11 stethoscope
(AM. USAY Hearm murmurs which were
detected were localised and graded (1 1o
V1) according to the classification of
Perloff and Braunwald {1998), with a note
made of the character, radiation, duraton
and lecation in dhe candiac cycle.

Electrocardiography

The six-lead elecirocardiographic strips
(BECGs; (ECG 5chiller, Cardiovir 60,
Swiczerland) were assessed for the presence
of thythm distorbances. Complex siees
(P and QRS amplitude and  duration,
P-CHQ-T interval, Q-T scgment) were
measured according o the recommenda-
tions of Tilley (1992), and compared with
the ECG findings ar initial presenration,
measured in o similar way by the same
author (NVI1) (Van Israél and others
2002),

Radiography
Couplets of right laceral and dorsoventral

radiographs pre- and postclosure were
blinded and assessed independendy of
other by NVI, [bllowing the
recommendations of Suter and  Lord
(1977), The presence of individual cham-

Ll l.'h

ber or vessel enlargement was recorded.
‘.:-'H".!l[}l'l'lfgﬂl}' Wilk .l'}ﬁnwﬂi HL‘irlll_'r [l'“..' YOIt
bral hear size (VHS) scale (Buchanan and
Buchler 1995). Pulmonary pecfusion wis
wssessed in the domsoventral view by com-
paring the width of the pulmenary areery
with that of the ninth rib, at the poine of
intersecnon [Srickle and Anderson 1978),
Pulmonary parenchyma was assessed for
the presence of interstitial, mixed or alveos
far patterns

Animals which were fully prown at
initial presentavion (eighe months of age
for the small breeds, 12 and |8 months for
large and giant breeds, respecrively) were
compared at the nme of follow-up, for
VHS,
chamber or vessel enlargement.

pulmonary overperfusion  and

Echocardiographic axamination/

colour flow Doppler axamination

The l-uﬂuw—up wlrasound examinations
were all performed using & Vingmed CEM
800 muachine (BMS, UK} Echopac
iVingmed Sound; Horten) was used to
analyse the dara (average of five consecu-
ove heart cycles) and videotapes (Super
VHS 180, JVC) were meviewed for the
presence of fow across the ducnus: Studies
were performed in accordance vich recom-
mendarions for standardised transthoracic
imaging planes (Thomaé and others
1993}, and Doppler echocardingraphic
views were onentated to permic optimal
alignmeént with blood flow (Darke and
athers 1993).

Lefr amial size was assessed using a
combination of two-dimensional findings
(left arrial diameter parallel o the mitral
valve annulus before opening of the mirral
witlve i right parasternal long-axis view and
right parasternal shorr-axis owo-dimen-
stomal left atium:aoria ratio by planimery)
(Hiapgstrom and others 1994, O'Grady
and others 1986, Boon 1998b), and right
parasternal shore-axis Memode findings
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(lefr arriunyaorea i) (Boon 1998c),

From the shoreazis view, the lelt ven-
tricular Momaode soudy wan measured
using the leading edge 1o leading edge
technigque {Sahn and ochers 1978). Dia-
stole was mensured ar the stare of the QRS
complex on the ECG, Systole was deter-
mined as the nadie ol sepral posienor
motion, Uhe values foe left veocricular
diamerer, lebt venereular posterior wall,
and ineerventricular seprum i diastale
and systole were compared with previously
recorded normal values for dhe appropriae
bBreed and  bodyweighe (Boon 19986,
Maximal aorne outflow velocities were
abniined via the subcostal view {(Lelumkuhl
and Bonagurea R and the anrtic valve
was sereened for insuticiency using colous
How Doppler ultrasound,

Mulmonary arery tlow was assessed by
using the right parasternal shorr-axis view,
and the lelt erimal parasternal shortaxis
vigw for outtlow velocity, presence ot insuf
ficiency and ductal How, Left venericular
systalic funcrion was interpreted ay being
compromised if one ar more of the follow-
ing were identified: fractional shorrening
{FS) less than 25 per cenc (Luis-Fuences
and others 2000}, ejeceion fraction calcu-
lated by Simpsons rule (EF) less than 40)
per cent (Boon 1998¢), and systolic tme
intervals (pre-gjection period/cjection dme
[PE:ET] rate more chan 044 seconds,
mzsured using specrral Doppler analysis of
aortic flow) (Boon 1998h). Teft vencricular
diaseolic dysfuncrion was assessed via the
combination of mitml inflow parcerns
{abnormal iF FzA s less than 1), isevolu-
merric relasarion time (IVRT) (abnormal if
IVET is over 0-08 seconds), pulmonary
venous How parcerns (normal wave veloci-
ties: S, 0:25 to (:53 misecond; D, 042 to
0-70 m/second; Ar, 012 o 028 m'secand)
and mirral E-wave deceleration dme EYT
tabnormal IFEDT s maore chan (1038 sec-
onds) (Schober and others 1998).

Dhctal flow was assessed from the right
and left parasternal short-axis views at the
level of the pulmonary arrery bifurcation
with the aid of colour flow Dappler ultra-
sound, continuous and pulsed Doppler

Akl



Table 1, Breods of dog with PDA represented in the survival study (n=80)

Number  Breed

of dogn

16 Goerman shapherd dog

s Cavallor Wing Chatles spaniel

8 Englinh springer spanion]

5 Grosabioed, Border collle

a West Highlmnd white terder, Inck Russall termaer

3 Blehen Arise, Labradar

2 Paplllon, Yarkshire terter, Welsh corgl, English cocker spaniel, Brittary spaniel
1

Shatiand sheepdof, weimaraner, fiel coated retnever, bearded collio, Tibetan spaniol,

minlature dachshund, Tilbetan terrarn, Newloundland, Border terioe, Dandke Dinmont
{orries, tereler Nallon grévhound, chiuahua, old English shoopoog. ish sotter, roltwoilar

signatls, The amonnt was graded as none,
erace, mild. moderace and severe, based on
the jer aren and its wadeh v angin, simplhi-

fying methods described by a number of

wuthars (Helmike and others 1987, Keren
i Lejernel 1989, Perry 1989),

The shune rave was caleulated from the
following formuli, where O as the pul-
monary fow and Q) the sysiemic Qowy
PAsy the scroke volume through the pul-
menary artery, and ACk, the aortic stroke
virlume (Boon 199%8a):

QIQ, = AD IPA,

Boch scrole volumes were calculared by
multplving the welocity time  nregral
tobtained by tracing the Doppler outflow
profile of the aora and pulmeonary artery,
respectively) by che area of the vessel (7).
The diameter (radius’{r] ¥2) of the anra
was megsured from the lefr apical nwo-
chambier view ar the level of the sinotubu-
lar  juncrion. The diamerer of  the
pulmonary artery was measured from the
right parasternal shore-axis view ar the level
of the valve leatlers,

Omly left ventricular M-mode indices
idivided by the body surface area to accom-
modate differences in body stee) were com-
pared pre- and postocclusion in dogs which
were adules at initial presentarion. Dara
bram  the inital colour Bew Doppler
echocardiographic studies obained by
multiple expericnced  cardiologists with
similar rraining were retrieved from the caise
records (Van lsraél aned others 20025,

481

Statistical analysis

Statistical analysis of the comparstive
dara was performed using Sigmasta sofe

ware (2,03, 5P55), Survival daoy analysis
was done using 2 Minirab (132, Miniab)
statstical package. Elecrrocardiographie,
radiographic and echocardiographic dara
pre- and postclosure were compared wsing
a p.!jch t-rest (il the dare was normally
distnbuted) or Wilcoxon test (if the data
was not normally distobuced or i vanance
was unequal}, after a normalicy st was
performed. The Mann-Whitney Rank
Sum test was used o sce if there was a cor-
relation berween age at presentasion and
the ooeurrence of aortie. pulmonary or
aunicular bulges on thoracic radiographs
(companng rerofone bulge wich twolthree
bulges).

The comparison of residual shundng,
late closure and recanaliszanon beoseen
groups was done using the Chi-squared or
Fisher's exact test. Recanalisation was con-
sidered 10 have occurred if che colour flow
Diappler study at the time of discharge did
not show any residual shunting, but chis
was present at follow-up cxamination. Lage
closure was considered 1o have occurred if
the colour flow Doppler study at the time
of discharge showed residual shunting and
that this was absent ar tollow-up examina-
tion,

Initially; all the animals which under-
went PRA cosure were \_m'np;in:qi with the
non-occluded animals. For furchersurvival
analysis, all animals {including the re-eval-
uated dogs and the cases followed up by

telephone) thae did noe receive suurpicil o
rranscacheter closure and all animals wich
concurrent defects were excluded, Dara
were excluded o animals were sl alive, or
the time of most cecent mtormation il they
were lose o HJ”MW—Llp. l{_ﬂl‘.ﬂliil]-ML"H_'J'
curves were drawn and the log rnlk e
was used to detect any staastically sigaifi-
cant  differences  berween independen
growps of suevivil nimes, The significance
lewel Fer all eests weas P<005,

RESULTS

Survival study

Epldemiology

Survival daga were obraned from 80 dogs
anel L0 dops were lose to follow-up. There
were 35 hreeds rr.'.pl';::i:_'nll:d (=80} Ger-
s shepherd dogs {20 per cenel, Cavalier
Bing Chatles spanicls (10 per cent),
springer spaniels (8 per cent), mongrels
o per cent) and Border collies {6 per cenr}
were the most commen hreeds (Tahle 10,
There were 68 females and 12 miales.
The age range at the time of diagnosis
wias owo o 120 months (mean 1844,
median 7-5 manths). Forty-five percent of
the dogs were one vear or older ac initial
presentation,

Survival

Sinee four dogs died during the perioper-
arive period. anly 76 dogs were included
it the amalysis tor survival time, OF these,
19 animals had died. Ten died secondarily
to congestive heart failure (five were sur-
gically ligated lage-ar death ranged fram
40 o 120 monchs, mean 73 months,
median 60 months], and five had been
managed medically [age of deach ranged
from 260 o 114 months, mean B8
etontehs, median 101 monchs], and seven
fram non-cardiae related causes (age at
death ranged from six to 168 months,
93 months  and  median 96
monchs), oo rwe animals, the cagse of
death was unknown., The
survivil [64 months alter
ductal closure, and 114 months in che

mean

A EEARIALRT

Fime  wis
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Table 2. Survival time, cause of death and continuous murmur grading in the nonoccluded dogs (n=8)

Capo number Broed

1 Caalinr King Charles spaniel
2 Cavallor King Charles spaniel
33 Gorman shapherd dog
a6 Brigtiasy wpanisl

44 Border collie

fiq Dandio Dinmont terier
GE Coavaller King Chares spanie

B3 West Highland white terio

Uy Dt & Bllvp

Marmur (greda) Status

™ ¥
[} D

[+
v o
¥ ¥
| A
i A
¥ 4

Talble 3, Breeds with occluded PDA included in the follow-up study (n=37)

Number  Brosd

of dogn

L3 Garman shgphed diog

£ Cavalier King Chanes spaniel

3 English springer spansl, crasshresd
2

1

Barder colile, Labradar, West Highland white terfier, Weaish corgtl, English oocker spaenbe
Biehon frigs, Brittany spaniel, lack Russell térier, ofd English sheepdog, Hollan

grovhound, Shetland sheepdog, dachahurd, Tibetan ternien. roftweller, Tibetan spanial,

Mewfoundland

non-ocelnded group, OF the group of
dogs which did ner undergo duceal
closure (n=48), five died (age 26 1w 114
months, mean 88 months, median 101
moiithis), and three were soll alive (ar
least 63 months of agel, OF these eigh
amimals, three had @ continuous murmur
praded less than or equal ro [TV, one
had a grade IVIYT murmuor, and three

had a grade VIV] murmur { Table 2.
There was a starsacal difference insur-
vival time berween the mmeared and non-
weared groups (P=0-026) {Fig 1), There
wats i statistical difference in survival rime
FDA
occluded before or after 12 months of age,
or berween any of the following age groups:

berween animals which had the

0 ro sie months of age. six 10 12 months, 12

Survlval
=
s
1

S il i
PO el

Survlval

v - T
Survival time [months)

Cause of death Survival time [montha)
Cardlag 107
Cardlac a0
Cardian 1411
Cirdiac 28
Cardiao 114
Merrcardine B3
Mon-carding Ha
Moncardia T2

wo 24 months and over 24 conths of age,
Mo

between penders was found,

statistically  signilican

Fhere was no signiticant influence an
survivil times berween the presence o
absence of resscdual shuncing ae the me of
discharpe, and the suggestion of syscolic
dyshuncrion by having B8 less than o
equial o 30 per cent belore WA acclusion.
However, a decrease in survival nme coln-
aident with echocardiographic evidence of
mitral regurgitation ar ininal presencacion
was sugpested, although was not scacsti-
cally significent (P=00032) (Fig 2.

Heart Filure ac inital presenacion,
diagnosed vn the basis of clinical signs
and/ar radiographic signs consiscent wich
pulmaonary ocdema, did nor appear 10
influence long-rerm survival significantly
in this study populacon,

ka mitml regurgitation

L | Mitrad rogingatian

Survival Ume [mantha)

FIG 2. Kaplan-Maier survival curve comparing dogs which had

ochocardiographic evidence of mitral regurgltation (n=19] at Initial

FIG 1. Kaplan-Meier survival curve comparing survival Hme for dogs
which underwent occlusion of the ductus [n=66) with conservative or
no treatment (n=8). Log ronk test, P<0-05 {P=0-026)

[OUIINAT, CF SMALD ANIMAL TRACTICE = W01 44 * NOWEMBER Js

presentation with those with no mitral regurgitation (n=49}. Non-occluded
animals wore excluded. Log rank test, P=0-052
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Table 4, Vertebral heart size (VHS)
{vertebrae) pre- and postducial

occlusion

Cosn VHE pro- YHS post:
number ooclhimbon oochilon
! 12:3 12:3
16 136 133
16 133 125
20 113 11:3
21 13:56 11T
32 55 85
50 128 113
54 14:3 120
@2 10:7 11-0
53 100 1125
L35} a-7 100
73 14-3 140
Th 110 108
7 a.7 o.7
20 1040 8-5
86 12-3 120
92 105 10:5
102 128 120
Long-term follow-up study
Epldemiology

There were 20 breeds (n=37} represented,
with German shepherd dogs (six), Cavalies
King Charles spaniels {(four), springer
spaniels (three) and crossbreeds (three)
being the most common (Table 33
Females autnumbered nrales |‘.|':.r 32 o %
The age ranpe at the time of Te-pIesenia-
tion was 13 to 132 months {mean 63-5,
median 60 months), Fourteen dogs were
one year or older ar initial presenation.

Clinical findings at follow-up
Thirty-one degs had ne clinical signs; the
remaining six dogs showed tepical signs of
cardiac decompensation (cough and exer-
cise intolerancel. One dog was in severe
cardiac failure, warranting cuthanasia; and
three dogs were being treated for heart fail-
ure, A left basal continuous muemur was
auscultated in six of 37 (16 per cent) dogs,
but four of these dogs remaned com-
pletel withoue clinical signs (one coughed
vecasionally-and one experienced excrcise-
induced  dyspnoea), The majority  of
[l'll'."bf.' I;i:ll]tif'”li,“j\ IMUTTMUrs were gladf
TNT ar dower (grade VD [three], grade
WYL |wal). Only one dog had a

AHA

grade VT murmur afer eranscatheter
closure of the PDA. Additional systolic
murmurs were audible in 13 of 37 animals,
and the majoricy (11 of 13) were murral
in ongin. One dog had 4 murmur wich
the paint of maximum intensity over the
ricuspid valve, and another had a left sys-
tolic heart base murmur, contirmed later as

j:lll] MOniC stend l\.h

Electrocardiogrophy findings
Postoechusion ECG strps were available for
40 dogs (37 presented for the study and
three as part of their care); however, only 35
antmals  had  elecrrocardiographic  da
available pre- and postocclusion. The fol-
low-up time ranged from five w 116
manths (mean 45, median 36 months).
Mot animals had a normal cardise chyihm
at follow-up (21 of 40 had regular sinus
thythm and 15 of 40 had sinus arrhyth-
mia), but four dogs were in atdal fibrilki-
tion (AF) (owo presented as part of the
study and two at an carlier nme as part of
their care), OF those four dogs, two hadl
been in AF and one had shown a sinus
tachycardia at ininial presenmanon.
Complex sizes and dumbon were
assessed pre- and poseclosure: The Powave
duration and amplirade were not signifi-
cantdy different between the two ame
points, There was a statistically significamt
reduction in R-amplitude (P<0.001) and
Cy-amplitude (P=0-008}.

Radiography findings
Radiographic data pre- and pastclosure
weas avatlable from 18 animals which were
fully grown ar inidal presentarion. The
foliow-up rme ranged from 2.5 o W7
months {mean 37, median 25-5 months),
There wis no 5ignlllic.:mt statistical cor-
refation berween the age of the animals at
initial presentation and the occurrence of
an aortic andfor pulmonary artery. amdfor
auricular bulge. An aorric bulge was pre-
seat on 14 of 18 of the mitial radiographs,
and disappeated 1 one animal, A pul-
menary artery bulge was present in 13
animals initially, and dissppeared in six of
these after ductal occlusion. Anauncular

builge was seen initially in four animals and
disappeated in one,

The radiographic signs of pulmonary
awerperhusion disappeared inall bur ane
dog. The apparent  vighe  ventciealar
enlargement seen onall mital adiographs
disappeared in three animals, The VIS
pre- and postocelusion was not signili-
cantly different (Table 4],

Colour flow Doppler echocardiography
findings

Echocardiogeaphic dar pre- and poscclo-
sure wis avadlable for 37 animals (lable 5).
The tollow-up rimes ranged from nine w
(mean 44, median 347
months), At follow-up, the left acrium was
ealarged in 12 of 37 dogg and was severely
enlarged in one, All these animals except
one lued miceal vegueginiion andfor resid-
wal shunring, The mical valve appeared
normal in 27 dogs, The valve was mildly
thickened in six dogs, moderately in two
and severely in anocher pwo. Micral regur-
greation was seen in L4 animals, with six
showing a trace, six mild, one moderace

121 maonchs

and one severe valvular insufficiency, Nine
animals with miteal regurgicacion had
concurrent residual shuncing,

Systolic funcrion (Table 5}, assessed by
a combinadon of IS, EF and PEP:ET
rati, showed chat all indices were nonmal
in 17 of 37 (44 per cent) animals, Nine
animals had ene abnormal index, anocher
nine had cwo abrormal indices, and in two
animals. all three indices were abnormal,
When all the animals with mitral regurgi-
mtien andfor residual shundng were
excluded, seven of 16 (44 percent) had all
indices within normal range; five of 16
animals had one abnormal index and Four
ot 16 had two abnormal indices. Of the 12
dogs with FS less chan 30 per cent at inial
presencation, subsequent systolic functian
describimg all indices as normal eccurred in
six dogs (50 per cent), The acher six L|['Ig:1'
had one (one) or rwo ifour) abnormal
indices, indicating  persistent svstolic
dyshuncrion, However, three of these had
developed endocardiosis. When consider-
ing the systolic left ventricular volume
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Interventricular septum in disstole indexed to body surface area

PIA radudan

Laft ventricular diameter in diastole Indersd to body surface arsa

Left ventricular posterior wall in diastole indexed to body surfacs area

Intervermricular septum in systols Indexed to body surface area
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FIG 3, M-mode echocardiographic loft ventricular indices it diastolo and systole indexed by body surface area (mm/m<) ot Initial presantation
(fully grown animals only) and at long-term follow-up (n=11}. P=ns Not significant
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Talde 5. Echocardiography findings at initial presentation and at follow-up
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Fractlonal shortening { percent)

) ——

4l
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PDA occlusion

FIG 4, Fractional
shortaning at
Initial presentation
and at long-term
follow-up (n=37)

index {IVSLE INMST = lef wencrcular
volume in sysiolefbody surface area) in this
group of 12 dogs with FS less than 30 per
cent ar initial presentation as a furcher
index of lefr venreicular systolie perfor-
manee, eight of 12 animals had a V5]
over 50 mlim?, buc five of these had micel
reguUrgitation,

Mlieral EeA wave veversal ocourned o 11
dhogs, Linear regression analysis berween age
and E:A ratio in this poapulition did ot
show a scatistically Li;_rl!iﬁu..uli IFIverse COTRe-
ligiun, Furchermore, two dogs had abnor-
I'I1.1| !!"Il]I1I-n.:-1l:II‘}' TS Hr'l"r\' I,'l,l‘Tl:rIﬁ:;., (RS
dogs had increased IVRT and chree dogs
baed EOVT a0 ecess of O-098 seconds,

The changes (compared with the inidal
cchﬂc:inlingr.'l.l'lmj in myocardial - wall
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Table 6. Occurrences of residual shunting for three different closure

tochniques

Technlgue Nona
Standard ligation ne22 11
Jackson technigue n=7 5
Coll gimbelisastion n=11 5

Residunl shunting
Ml Moderate Severa
8 3 o
1 1 o
3 2 1

Table 7. Occurrences of late closure and recanalisation for three different

closura tachniguos

Technigun

Standard ligation N2
Jackson wehnigua ne=i
Gl pmbblisation w1l

thicknesses and lefe ventricular diameters
[ncrmithised o body surface areal, as
ussessed by M-mode cchecardiography, in
thise animals thit were over 12 months of
apeat indtal presencation are seen in Fig 3
Fere was a ggnificant difference in the
left ventricudar digscolic (<0001 ) and svs
rolic (P=0.0053) diamerers indexed 1o body
surbree area, and left vencrcular posterion
wall in systole (P=0.041) FS changed
significanty after closure (Fig 4) All
remaning indices were found not
change significantly (Fig 3). Velocities
across the soroe valve were less than 1.7
mifsecond in all animals. Aortic insuth-
clency wias present in 25 of 37 dogs and
rhis was considered mild in 19 and moder
e i g,

The right parasternal shor-azis view
wets Tound o give the highest quality image
ol the main pulmonary arcery and ductus
arteriosus. There was no-stadstically signif-
icant difference in maximum and mean
velocity of (low acress the pulmonary
artery from the right parasternal or lefr
cranial shore-axis view, Colour Doppler
echocardiography revesled mild pulmon
ary branch stenosis in owo animals (one
reeated by coil, one surgically lgared).
MNeither of these dogs had echocardio-
graphic evidence of pulmonary outflow
trace obstruction prior 10 closure of the
PLA, Pulmaonic insulficiency was presen
in 24 of 37 dogs, which was considered
mild 1 23 and moderate in e

IOTIERAL OF ALl ARIMAL FRACTICE = Wi

Late clonurn Recanalisation
1 A
i i
1 2

Flow acmss the ducias was seen in 1O of
37 (43 per cent) amimals, This was consid-
ercd coivial i 10, mild o five and moder
ate in one; none were considered to have
severe How, The oo of pulmonic m sys-
temic Hlow, the Qip/O)s ratio, was above 2
(2-2

animials

Treatment and outcome

Closure of the ductus was attempred via
surgical ligation in'29 dogs {srandard ech-
mique [22], Jacksen techaigue [seven]),
and (Cook
derachable coillg]hin 11 dng\. Thiree di i

rranscatheter embolisation

with failure of surgical clasure (rwo wich
hacmorrhage and one wich ligature ship)
unclerwent an embaolikanon i‘r{]i.'l:d.lJ.IL'.
There was no significant difference in
occurrence of residual shunting between
the different closure technigues {Table &)
Late closure of the ductus occurred with all
techniques {8 per cene) as well as recanali-
sation (19 per cent) (Table: 7}, alchough
there was no ?ig]’i‘f!"li.'.‘n![ statistical ditfer-

ence betwesn the technigues.

DISCUSSION

Long-term follow-up study

['he breed distribution, which included a
high prevalence of Cavalier King Charles
spanicls, was .\li:__:lrﬂ_\' ditferent trom that

reported  previously (Eyster and others

4 = MNUIWVIERMEBER 200

2 and 2.3) in only rwo of this group of

1976, Buchanan 1994), However, i was o
representative sample of che dog popula
ton with POA (Van lsmél and others
20021, The gender ratio was similar 1o cha
(331 Pl‘i:'\l'l.\illl'} :'{'il(”'rh |||'.:p'\|l:|' :1r|l| [}ljl('[ﬁ
L9700 The bagh nursber of adole dogs
aeen ar mitial presentation was a valuable
inclusion as ane of the as ol this soody
Wils Gl I..,"-'.Ill.l.l[l..,' |||L‘ l|1_'|",'ih|,|._'r||_d_' I.P! ||1:|.'II
cardial tmlure abter ductal occlusion.

A fairly hagh proporion of dops (19 per
cent) had clinical signs of hearr Failure
when they were resevaluaced, and chis was
radhiographically and  echocrdiograghi-
cally confirmed o be due o decompen-
sating moeral valve endocrdiosis, The
awsculrarory evidence of residual shuneing
UG per cent) s much highee ehan reported
p."c'l.'i-.lu.'il\' (3 per cent) (Buchaman 19%4),
bt i should be nored chat chree ditterent
L |I.I.'\it|.r!'.' |I.'|.:|:|!||1.||.|{"1 wWoere |i.\'d.'|:| i ||'H: LIEFTEEELE
study population. Mital valve muemurs,
arrribeed o mitnal valvolar dilacion and
strerch (Goodwin and Lombard 1992),
and papillacy muscle displacement (Konao
anel ochers 19492) secondary o letr venee-
whar volume overdoad, narmally disappear
within mwo weeks of PDA occlusion
iBuchanan 2001), when che hearr rerurns
ta 15 normal size. Theretore, it 15 most
likely thar the miceal muremues audible in
this study were aoquired murmurs, consis:
tent with degenerative changes of the
mieral vilve in the older dog, The median
age of dogs with echocardiographic charac-
teristics of mitral endocardiosis was 78
ronths,

[he elecrocardingraphic changes in
this study (B and Oy amplitude reducrion}
were indhicative of a reduction of the lett
and righl verteicular masses after ductal
closure. 'his was more prominent than in
previous studies (Ackerman and ochers
19781 and che difference r1iig|1l b aeril-
ured to follow-up dara ac a lacer stage in
life, with more time tor reversibilivy af the
cardiac changes, However, ECG volrage
criceria used o inker cardiomegaly have
inherent limicacions {Tilley 19923 Arrial
fibrriHarion at inigial |1I'I::N-L'IH.'Ilith [1is Privi-

lll].ﬁ'lfr' |'|1::.'r| iI._“i'ﬂJL".I'.ll'L'{l W’ilh b i:l'i'l'ﬂ."i.' ]’JHJ%{I e
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satton, This contrasts with the repores of
Tackson and Henderson 11979), Buchanan
(19947 and Miller (2000}, Late closure has
been associated  with surgical  closure
(Buchanan 20013 as well as coiling
(Seakhol and others 2000, Van lsragél and
French 2002), bur oo exact percentages
lave heen published from which 16 make
comnparisons, This means thar if mild
residunl shunting s present, complete
closure a5 sull possible, and thar early
attempts 1o achieve  complete cosure
shoule ]wlh:qm le post |:|um:d if the animal
is non cardiovascularly compromised by
the quantiey of residual ow

Survival study

Clesure of the ducous his been established
as a mandatory procedure in veterinary
cardiology and the dilference in survival
times berween ammals which have under-
pone the procedure and those which have
noc suppert this, altheugh some animals in
this study suevived for many vears without
PDA closure. Althouph some dogs had
low-grade PDA murmurs (implying a
small ductush, explaining their long sur-
vival time, in others there was no explana-
vion For their long survival, This suggests
that some animals with PDAs follow an
unpredictable course, Interestingly, the
timne of closure and presence of heart fail-
ure ac initial presentatdon do notappear
influence the vutcome, and this contrasts
with previous reports (DeHeff 1972,
Buchanan 2001). One explanation might
be the face thar most previous studies
described mainly shore-rerm surpical sur-
vival. Secondly, in the authors’ institution,
dogs in heare faitlure ar inital presenration
were treated aggressively before attempring
to close the ductus, and are monitored
ooclusion,  prebably
improving averall survival times. The very
long survival times of animals which
appear to have had decreased systolic func-
tion for years implies that it is not clinically
significant. However, F5 isa poor and vari-
able measurement of myocardial funcrion
when evaluated as a single measurement,
Unfortunarely, due 1o the retrospecrive

|ung—tcrm after

nature of this part of the study. no other
systolic function indices were available.

The persistence of 4 small smount of
flow also appears not to affect survival
tmes. Since there was a trend towards
reduced survival (P=0.052] in the presence
of ﬁ'l'lf‘l-l.‘.'ll'llll'l[;f:lpl'lil evidence of mitral
regurgitation at miual presentation, and
considering the high rate of oceurrence of
miteal endocardiosis in this study popula-
tion, the development of miteal endocar-
diosis, and not myocardial Failure of
residual shunring, is probably the most
compromising factor in the sutcome of
animals with PDA
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