Review of left-to-right shunting
patent ductus arteriosus and short

term outcome 1n 98 dogs

The case records of 98 dogs with a left-to-right shunting patent
ductus arteriosus (PDA) were reviewed. There were 35 breeds
represented, with a female to male ratio of 3:1. Forty per cent of the
dogs were older than one year at Initial presentation and 31 per cent
had clinical signs attributable to PDA. A left heart base continuous
murmur of grade IV,/VI or higher was noted in 90 per cent of the
dogs. On electrocardiography, the most common abnormalities
were tall R waves (63 per cent) and deep Q;, waves (62 per cent).
The radiographic triad of dilation of the descending aorta with
enlargement of the main pulmonary artery segment and left atrium,
typical of PDA, was noted in only 26 per cent of cases. Two-
dimensional (2D) and M-mode echocardiography detected left atrial
enlargement (35 per cent) and an increased left ventricular
diameter in diastole (82 per cent) and systole (84 per cent) as the
most common abnormalities. Doppler echocardiography
demonstrated increased aortic outflow velocities in 66 per cent of
cases, The overall short-term successful outcome in this study was
95 per cent. There was no significant difference between surgical
ductal ligation using a standard technique or the Jackson-Henderson
technique in terms of survival, occurrence of haemorrhage or
residual shunting. The number of interventional procedures used in
this study was too low for statistical comparison, but there
appeared to be a trend towards a higher rate of residual shunting

and a lower fatality rate using a colil occlusion technique,
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INTRODUCTION

The ducrus arreriosus is 2 normal feal
structure  that shunts blood om  the

pulmonary artery w0 the sorz. In the

dowrnat of Small Animal Practice (2002)
43, 395-400

puppy, the ductus arteriosus functionally
closes: within days of birth (King
1999), Patent ductus arteriosas (TDA) is
duc to failure of this structure to close; and
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Although several large epidemiological
survevs of PDA in the dop have been pub-
lished (Eyster and others 1976, Ackerman
and athers 1978, Buchanan 1994), as have
studies eviluating the outeorme in dogs lal-
lowing surgical ligation (Eyster and ochers
1975, Birchard and ochers 199, FHuni
and others 200}, few stucdhes have doc
mented  the echocardiographic chanpes
waociated with PLYA, The main objective
of this stiedy, therefore, was to evalare 21,
M-mode and Dappler echocardiographic
Findings inoa large oumber of cases andd
IR HITERTIS climgal, |.'||_'\_'1||||_:|r-:liu|_'||':|.|1||i|_.
and eliographic findings in this cohor
group with previous studies, Ao additional
alm wats to conipare complicacion raes,
residual shunng and share term ourcome
berween three different closure ln:."L'|i|'|i'.|l.IL'.\i.'
standard ducral - dissection and  double
||‘L;.um||. (Buchanan 1994}, dissection via
the |ackson-Henderson rechnigue (Jack-
son and Henderson 19790, and interven-
conal  closure wsing  dewachable  coils
(Srokhof and others 2000, Schneider and
others 2001).

MATERIALS AND METHODS

Ihe case records of 98 dogs diagnosed
with a letr-to-righe shuncing PDA at the
Haospital for Small Animals of che Roval
iDick) School of Veterinary Studies
berwesn 990 and 2000 were reviewed rec-
rospectively: Diagnosis was  based on
demonstrating 2 PDA by colour How
Dioppler echocardiography in all 98 cases,
and was confirmed by thoracotomy andfor
angiography in those cases where surgical
ligarion (n=73) ar interventional closure
{n=1%) was atrempred.

The history, signalment, clinical find-
ings and laboratory dara {haematology and
serum blochemistry) were obtained from
the cise records, The electrocardiographic,
radiographic and Doppler echogardio-
graphic findings were reviewed by once
author (NALY The six-lead electrovir-
diographic serips (ECGs) were assessed and
measured accarding to che recommenda-
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FIG 1. Age distdbution st inltial presentation

tions of Tilley (19921 The radiopraphs
tiken at inivial presentation were mixed
with equal numbers of thormcic wadi
ographs of normal dopgs and those with
other cardiac abnormalities, and reviewed
blind. Right lateral and dorsoventral tho.
racic radiographs were reviewed in cou
plets, Cardinmegaly was assessed using the
vertehral hear scale (VIHS, normal range
7 to 1043) and the cardiothoracic rato
lintercestil space widths, normal range 2.5
w35 1972,
Buchanan and Buchler 1995}, Pulimanary

methods  (Buchanan
perfusion was assessed in the dorsoventral
view by comparing the width of the pul
monary artery and the wideh of the ninth
rib where thee crossed each acher {Srickle
and Anderson 1978 and, in the right lat-
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FIG 2, Distribution of murmur grades
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Table 1. Breeds represented with PDA

= HBreods

i} German shepherd dog

] Cavalier Hing Chailos spasta
8 Springor spanisl

Iz Crosshneod

Bonder collie

s L

B

chon frime, Brittany apaniel

5

Irigh satter. torriar

Labeakor, Wesl Higthland white temer, Jaok Russall terrdar

2 Paplllon, Shatland shoopdog. Yorkahine terriar, Walsh aargl, English cocker apaniel,

1 Scottish dearhound. basset nound, welmaranar, Staffordahire bull teriar, fat contoed
retriover, beardad collle, borzol, Tibetan apaniel, dachshund, Tibetan terrior,
Newloundiand, Garman shor thaired palnter, baeder tarrler, Dandle Blnmant tarrer,
Nakon greyhound, chihuahua, Okl Englinh shonpdog

cral view, by comparing the right cranial
lung lobe vessels with the smallest pOrEion
of the fourth rib at the fourch intercoseal
space Vheall and |_-..--.|||:|-\.L1_.' 1976). Data
from ..-'-|n:I=u l]nprl-.'r echio .|r|,1|:i_1:.:_r,|r:-i|||,
studies performed by multiple cardiolo-
pists were retrieved from the case records
and compared with previously published
normal vilues (Boon 1998, Animals wich
echocardiographic evidence of addinonal
cardiac disorders were excluded from the
.H'I.Jl_‘.'si'-. I'he wlrrsound stodies were .J_“.
00 (BMS, Scar

age 3000 {Esaore

performed on 2 Vingmed

landd) or Esaowre Challe
haly] machine. M-mode measurements
were abizined from the sandard right
{Kittleson
1998). Lefv arrial size was assessed by a

parasternal shoreaxis  view

IOURMAL OF

[ combination of the 20 and M-meode find

inga, Magimal sorde ouclow velocities
were obeained vin the subcastal  view.
Coomplicanon rtes associed wich ducral
closure and shoreterm outcome  fone
month post-incervention) were also evalu-
ated, Persistence of How across che ductus
was evaluared for those dogs that under-
went an echocardiographic examinacion
immediarely posc-occlusion,

Statiseical aralysis of the daa was |1
formed using Sigrmaseat sofrware {version
203, 5P58) Aoruc velocities pre- and
post-ligation were assessed using a paired ¢
test. Residuoa shunring beoween groups
wits compared by the Fisher's exact tesr,

RESULTS

Full clinical records were available fur 96
cases. BOGs were analysed for 70 af the
dogs; laboratory daca were wailable for 36
dogs; thoracic radiographs for 82 dogs:
and echocardiographic data for 91 dogs (in
seven cases precise M-mode and Doppler
f.'chltll_'::lrl:lfugr;l[,:hic values were not avail-
able).

There were 35 breeds represented, the
most common being German shepherd
dogs (20 per cenc), Cavalier King Charles
spaniels (% per cent), springer spanicls (8
per cent), crosshreeds (6 per cent) and
border collies (5 per cene) (Table 19, There
were 77 females and 21 males. The ape
range at the time ||F':ii.||;_:|'.nﬁ'|.'. Wilh WO to
I 200 months tmean 1723 months, median

sever months) (Fig 1) Forey per cenr of
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Table 2. M-mode echocardiographic findings compared

with normal values for weight

Memiodi Mormal* (%) Incronsnd (%)
NS0 63 21
(RY ] 18 a2
P a4 36
V35 a7 15
LS 16 84
Fs a7 26

Decroased (')

moBooh
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IWEDIVES Irarvoni nouliar seplem in 1IuL1-pIrl.-|r;-|Ir.--1n. LVELAYS Ll wodrculer vtinimal
Aleatar in disstale/aestole, PADCPWS Lel vl o pomberios sl in diales el

Table 3. Ranges of fractional
shortening (FS) as estimated from

M-mode echocardiography

FS minge Parcentage of animals
< 20% 4
20-30% 25
ALA0% 46
o e 25
<A5% 54

the dogs were one year or older ar inital
presentation, Bodyweight ranged from |
o 39 kg (mean 12,3 kg, median 176 kgl

Clinical findings

Sixry-eight (6% per cent) dogs showed no
clinical signs; a murmur was detected ar
vaccination in 49 per cent of these cases.
Of the clinically affecred dogs. 13 were
coughing, 12 were dyspnocic, 12 were
exercise intolerant and 26 had recarded
growth, Furthermore, 10 dogs had abnor-
mil mucous membrane colewr (five pale,
five congested) and 6 per cent had jugular
disrenzton. Those animals that had clinical
slgns were significantly older (P<(.05]
(median age 24 months versus seven
motths for dogs shewing no clinical
signs), bur no breed difference could be
derected.

A precordial thrill was palpable in 80
per cent of all cases and in 90 per cent of
the animals a left basal continuous mur-
mur with a prade equal to or higher than
IVIVT (Fig 23 was ausculrated, Additional
systolic murmurs were andible in 29 per
cent of the cases (the majority [89 per cent]
were presumed to be mitral i origin), The

JOALTIE AL T 5MALT

heart rate was normal in 95 per cent of the
dogs, and 32 per cent appeared 1o be in
sinus arrhychmia, No bradycirdias were
ausculrared. Aunal fibrillation was noted in
four adule dogs (age rnge 12 w 96
months), The pulse was found w be
bounding in 75 per cent of cases. Ascites,
consistent with right-sided heare failure,

was noted in only two dogs.

Electrocardiographic findings

On clecurocardiography, the mast com-
mon abnormality was tall R waves and chis
was present in 63 per cent of cases (rnge
1<1 o L1-5 mV; normal <2-5 mV in small
breeds, <3 mV in large breeds). Deep
waves (range 0 w 246 mV; nermal <0-3
mV) were seen in lead 1 in 62 per cenc of
cises. A combinaon of the owo was scen
in 43 per cent of cases. Tall P weaves (504
m%} were seen in 12 per cent and wide P
waves (>0-04 second) in 18 per cenr of the
dogs; 2 combination of the two occurred in
only 5 per cent of the dogs, The majorioy
of the dogs were in sinus rhythm (67 per
cent) or had a sinus arrchythmia (18 per
cent). Arrial or ventricular premature com-
plexes were noted in |2 per cent of cases
and ‘arnal fibrillation in only 3 per cent.
Ventricular rachweardia was not observed.
There was right-axis deviadon in 11 per
cent of cises and lef-axis deviation in 3 pet
Cent.

Laboratory data

Analysis of the available laboratory daca
revealed marginally low packed cell vol-
ume in 3 percent of cases (minimum 24-3

ANIMAL PTRACTICE * YOL AS * SEI"TEMBER 2INk2

litres/litre; reference range 39.00 1o 550
litres/litre}, azotiemia in 22 per cent (423
per cent ol which were receiving diuretics)
and low toral procein in 43 per cene of dogs
alder than six months (range 47.9 to 56-0
gllitre: reference range 580 w 730

g/liere).

Radiographic findings

Cardiomepaly way evident in B0 per cent
of the dops on theracic radiography when
using the VHS svstem {mean VHS 115,
median 1175 ange 55 o 159) bue in
anly 36 per cent when the cardiothoracic
ratio method was used, The righ[ venericle
(91 per cent) and lefr venricle (62 per
cent) were the chambers interprered as
being most commenly enliged. The lefi
acriur appeared enlarged in 51 per cent ol
thie r.uliup‘mphs anel tracheal elevagion was
noted in 48 per cent of the cases, The rigle
accivm appesred eolirged inoonly 21 per
cent of the radiopraphs, The tepical chree
hulges {aoric, pulmonic and auricular) on
dorsovencral l'.ujlugr;ll'lh.-: were only visible
in 26 per cent of cases, while an aortic
bulge, pulmonary areery bulge or auricular
bulge was seen in isolation in 77 per cent,
72 per cent and 34 per cent of the cases,
respectively. The orpical POA heart (Sucer
and Losd 1977) was abserved in 52 per
cent of the radiographs analwvsed. Increased
sternal contact was derecred in 57 per cen
of cases. Overperfusion of the pulmonary
vascularure e evident on the
dorsoventral view (76 per cent) than on
the right lateral view (24 per cent). Pul-
monary oedema was evident in 18 per cent
of cases, The distribution of the nedemsa
was mainly hilar (80 per cenc), alchough
general (|4 per cent) and Focal {6 per cent
right caudal lung lobe) oedema was some-

Was

eimies noted.

Colour Doppler echocardiography
findings
Colour  Doppler  echocardiography
revealed the presence of concurrent defects
in 10 af 98 cises (six dogs had aortic seeno-
sis, and there were individual cases of pul-

monic seenosis, mital dysplasia, micral
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Tabla 4. Maximal velocities across the aortic valve measured by continuous Table 5. Ductal size as estimated at

wava Doppler echocardiography from the subcostal view before and after
ductal closure

thoracotomy or on anglography
(n=31)

Do number Ao veloelty Ao velochty TOHkrence Porcantage* Size Numbar (%} of anlimals
pre-lonure posi-cloaure { i scond)
{m/second) {m/spcond) =3 mm R
F5:8 mm 103

25 20 08 12 60 699 mm 16 (52
40 1.5 1:2 0-3 20 10-14-2 mim 8129
42 20 20 0:0 0 148 mim 3 (i
44 1-1 11 00 0
AR 1T 08 -9 53
£3 2:4 1.5 09 38
4 2.7 e 16 52 pntrogenic lung wound {1 per cene), acute
&5 1:7 09 -8 &7 PR S " v e o e
P ] Gia 1 55 iI-I...I.I-I-ILIIltI-H. (1 pe .“”l] an eransient
G 1.7 1.6 o1 (o venericular archyehmias {1 per cened, The
B4 22 1.5 -7 a2 iterventional complications consisted of
71 13 10 03 23 e L
13 5t 08 1.0 57 femoral artery |:|L|It|||ur| Bage (16 per cent},
0 19 1.5 04 21 aortic embalisation (11 per centd, pul-
3] 28 13 1.5 54 monary artery embolisation (5 per cent),
B2 2:1 10 11 52 Bocte T8 Lout o e
<5 nfEs rir 03 iB haemolysis (5 per cent) and technical
101 a7 problems,

1-5 =2 1]

* A preatar than i"IJ ner oanl difforance (s Ty 19 nelent Dron CHRNED THM I8 sdepanae™ of operne, cheedyer and day 1o

ay varintion (Dubes-keEwnn anid ot 20020
FEUN ranitup e

endocardiosis, double chambered Jeft ven-
tricle, and persistent left eranial vena cava
and azvgos), With the exception of the last
case, all these were excluded from the
analysis of the echocardicgraphic dam
The changes in myocardial wall thickness
and left ventricular diamerers, as scen on
M-mode echocardiography, are listed in
Table 2. Fracrional shoreening values
{range 15 10 49 per cent} are shown in
Table 3. E-point septal separation was
more than 5 mm in 44 per cent of cases
and more than 8 mn in 17 per cent of
cises, |he lefratium appeared enlarged in
one-third of the cises and was severe in 10
per cene. Yelocities across the aortic valve
were greater than 1.5 misccond in 66 per
cent of cases {range 10 to 3-7 m/second,
iean 2: 16 misecond), Velocities across the
pulmonary artery were greater than 1.2
mfsecond in 17 per cent of cases (range (b6
to 2.2 misecond), Concurrent mitral
regurgitation was present in 40 per cent of
thie animals, The ductus was clearly visu.
alised in 71 of the 91 cases. More than 20
per cent variation in aoroc outflow velociny
nccurred in 14 our of 18 cases after ligaton
or embolisation of the PIA {mean velocity

post-ligation 1:32 misecond) (Table 4). |
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Treatment and outcome
Trcarment by means of surgical ligation
(73 dogs in roral; 49 standard echnique,
24 Jackson-Henderson rechnigue) andior
an imrerventonal procedure {19 dops in
roral; Rashikind occluder 1n three; Cook
detachable coilis) in 16}, was performed
randomly in N} per cent of the cases, Six
per-cent received medical rearment only;
as recommended by the dinician in
chn_l:gv:, and 4 per cént did nor receive
any treatneent. The ductus diameter, ds
measured ar thoracotomy or estimared by
angiography, ranged from 2 to 20 mm at
the pulmonary arery side (Table 5).
Complications occurred in 32 per cent
of the dogs undergoing surgical ligation
and in 32 per cent of the dogs undergoing
interventional procedures. The surgical
complications  included haemorrhags
(toral 11 per cent: Jackson-Henderson
technique 8:3 per cene, standard technique
122 per cent), cardiacarrest {6 per cent),
wound scroma (4 per-cent), arrial fibrilla-
tion (4 per cent), preumothorax (3 per
cent), pronounced Branham'’s reflex (3 per
cent) (King 1999), <hylothorax (1 per
cent), pulmosnic stenosis post-surgery (1
per cent), laryngeal paralysis {1 per cent),

FOLRBAL OFF

The ol shore term {one manth post-
clogure) survival rite was 95 per ceny,
There was a 3 per cene surgical dearh rare
due ro hacmorrhage (Jackson-Henderson
technigque equal o sandard dissecrion), a
1 per cent intervencional death raee due wo
artery laemorrhage
(Rashkind occluder), and o | per cent
anaeschedic death e (cardiae arrest in che

faal  femaral

preoperative period). Persistence of a con-
tinuous murmur chree days post-incerven-
tion was recorced in 22 per cent of the
cases where post-ligation daca were avail-
able (6/37 standard cechnigque: 314 Jack:
son-Henderson technique and 309 cail
occlusion), Persisrence of flow across the
duetus was identifiable on eolour fow
echocardiography in 43 per cent of cases
scanneil before discharge (18/37 standard
technique, 3714 Jackson-Henderson
technique, 5% coil occlusion].

DISCUSSION

The breed distribucion in this sody dif-
Fered slightly from previous repores (Fyster
and others 1976, Buchanan 1994). OfF
particular interest was the appazently high
previlence  of Cavalier King  Charles
spraniels in chis geaup, alchougl i was not
possible to caleuface the true imcidence in

I the authors' referral population, Athough
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a heredirary aspeet to PDA (3 polvien
thireshold trait) is recognised (Patrerson
and others 19710 the presence of cross:
breed dogs in this study is similar 1o that
reported Ty Kittleson {1998]. The gender
patin was the same as thar previously
reported by Eyster and others (19763,

The high number of adule dogs pre-
sented in this serics contrasts with he
studies of Ackerman and others {1978}
and Goodwin and Lombard (1992) who
reporeed 32 and 255 per cent, respectively,
and indicates that a significant number of
PlA-affected dogs are not beimg identificd
it Tirst vaceination. The age at presentation
mighe also be biased due 1o the fact thay
the study involved a refeeral population.
While it is commaonly  stated that mos
PIDA-affecred dogs will po into lefi-sided
hiears Filure an a young age (Patterson and
athers 1971, Kittdeson 1998), a high num-
ber of adult dogs withour overe signs of
left-sided conpestive heare failure was seen
in this study, A possible explanarion is thag
dogs with congestive hearr failure may
have died prior to referral or may not have
been refersed ar all.

The hallmark of PTXA s 0 continuous
murmur over the left heare base (Smetzer
and Breznock 19723, which was present in
every single dog in this study. As previeusly
stated, most murmurs are loud (Smetzer
and Breznock 1972) and, in this study, 90
per cent of the murmurs were grade IV or
above, Mitral valve incompetence, attrib-
utable to micral valve dilation and strerch
iGeodwin and Lombard 1992, Pouchelon
and others 1997) and papillary muscle dis-
placerment (Kirtleson 1998} secondary 1o
lefi ventricular volume overload, is a fre-
quent finding in association with PDA
{Weirich and athers 1978). This explains
the presence of a concurrent systolic mur-
e in 25 per cent of the cases. A bound-
ing pulse is another commeonly recognised
diagnostic feature of PDA and was
detecred in 73 per cent of the cases in this
stuly.

The electrocardiographic findings in
this study were indicative of left ventricular
enlargement and concur with previous

LT AL O B3 AL

studies (Ackerman and others: 1978). | stared previously, to volume averload and

However, the high madence of deep Q)
waves in lead I1, suggestive of nght ventric-
ular enlargement (Tilley 1992), contrases
with the report by Ackerman and others
(1978). The concurrent righr ventoricular
enlargement may be related o volume
overload and to subclinical pulmonary
hypertension secondary to chronic volume
overload {(Lord 1974}, The high incidence
of sinus arthythmia and the low incidence
ol atrial Aibrllagen s in accordance with
the low incidence of congestive hear Fail-
ure in this study population: Arcial Rbrilla-
ton, known to be a lae clinieal fnding
and normally associated with a grave prog-
nosis (Weirich and others 1978), was only
seen in adul dogs,

Azotaemia was detected in the study
population and, while it is a common find-
ing in low-output heart failure, in some
cases the use of diurctics s a more likely
explanation (Bush 1997} The low toral
protein levels identified in nearly half the
animals over six months of age, may be
explained m some cases by hasmedilunion
due 1w volume overload and chronic
cangestive heart failure (Eminger 2000].
Stunred growth was noted in many dogs
in this study. Release of cyrokines (eg,
umour necrosis factor-alpha, interlenkin
1 and 6) has been associared with cardiac
cachexia (Freeman and others 1995) and ic
is possible that these factors, together wich
a reduced growth memsbolism (Bush
1997}, result in poor growth in animals
with congenital heart disease. as noted by
Tidholm {1997).

Radiographic signs of lefr ateial, lefc
ventricular, main pulmonary artery and
aortic arch enlargement are well recognised
teatures in canine PDA (Buchanan 1972},
and were readily identifiable in this study.
However, the radiographic criad pathogno-
monic of PDA (dilation of the descending
aorta, with enlargement of the miain pul-
monary artery segment and left acriim)
(Stickle and Anderson 1978) was only pre-
sent in 23 per cent of cases. The apparent
right ventrcular enlargement in a large
number of cases might be attribured, as

AMPAL PRACTTICE = VO A8 = SEMTEMBER 2002

to subclinieal  pulmanary hypertension
secondary to chronic valume overload
(Lord 19745 Aleematively, v hag been
previously reported thar lefe ventricular
enlargement can produce o mdiopraphic
image which mimics vighe venericular
enlirgement (Ackerman and achers 1978),
Unfortunately, no echocandiographic daea
regancding the presence or alsence al righ
ventticulur enlaegement were available on
which o base definite conclusions, An
meeresting oucome of this study was tha
the peneralised cardiomepaly dereemined
by the VHS method correlared much
berter with the echocardiegraphic Hidings
than when assessed  sing the cardio-
thoracic ratio, Pulmonary perfusion was
best assessed radiographically using the
dorsoventral view rather than the righe lac-
etal view, This conerasts wich o previous
repart by Thrall and Losansky (1976).
The Memode echocardiographic lind-
ings 10 this study contrast with the report
af Winghield and Boon (19870 in thae ot
all dogs had the rypical association with
volume overload, such as increased left
ventricular diamerer in diastole and sys-
tole, and decreased lefe venmeular pos-
erior wall chickness, and tnrervencricular
wall thickness in diascole and svsrole, Left
ventricular wall thickness was often within
normal limits. There was a wide vaviation
in fractional shortening percentage, as pre-
viously reporeed by Goodwin and Lom-
bard (1992}, In dogs with a lefe-to-right
shunting PDA and left ventricular volume.
ovetload, lefe ventricular  hyperkinesis
would be che expected compensacory
response of the nonfailing myocardivin
{Frank-5tarling mechanism}, The presence
of mitral regurgitation, as seen in 40 per
cene of the dogs in this study, would far-
ther enhance the fractional shortening,
Hypokinesis is usually interpreted as repre-
senring the onser of myocardial Failure,
Using o cur-off value for fractional share
ening of 30 per cent, nearly one-chird of
the dogs in the present study exhibiced evi-
dence of hypokinesis and possible myvocar-
dial tatture. However, this might be a
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other indices of syswolic function, such as
gjection fraction and systolic nme inter-
vale, were not available o enable lefe
ventricular funcrien to be assessed. Left
atrial enlargement was identified echocar-
diographically, as has been previously
reported {Cort and others 20000,

The increased velocities across the
aattie valve in PIXA hive previously been
attributed o volume overlowd  (Boon
1998) and the significant reduction of the
outflow velociry alter ducral dlosure seen
here suppores this finding (pared ¢ rest,
Peth-001), A margin of more chan 20 per
cent difference was taken because values
abyeve this are ikely to reflec crue change
thit s independent of operator, observer
and day-to-day variation (Dukes-McEwan
andd athers 2002),

The overall surgical outrcome and rate
of complications observed in this study
were very similar 1o those previously
reported (Eyster and others 1975, Jackson
and Hendersan 1979, Birchard and others
1990, Bellenger and others 1996, Hunt
and others 2001). However, there was no
sipnificant difference berween the two
surgical technigues in terms of survival,
accurrence of haemorrhage or residual
shiunting, in contrast to anecdotal reports
by Buchanan (1994} and Jackson and
Henderson (1979). Although the number
of interventional procedures used in this
sty was ton low to allow stacstcal analy-
sis, there did appear to be a trend towardsa
higher ratc of residual shunting and 2
lower fatality rate using the coil occlusion
technique. The residual shunting rate seen
at the time of discharge bv colour Doppler
echocardiography was much higher than
that previousty reported (Miller and others
1994, Schneider and others 20010, In the
surgical cases, this may be relared to surgi-
cal experience and rype of suture marerial
used, while in the interventional proce:
dures it was most likely to be due 1o an
inadequace number and/or size of coils.
However, lare closare has been reporred
with the use of coils (Stokhof and others
20007,

o

The chinical significanice of residual
shunting and myvocardial failure remains
unknown and long term follow-up studies
are necessary to determine this.
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