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Duct-Dependent Congenital Heart Disease
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SUMMARY

Introduction Critical congenital heart diseases (CHD) are mostly duct-dependent and require stable
systemic-pulmonary communication. In order to maintain patency of the ductus arteriosus (DA), the
first line treatment is Prostaglandin E1 and the second step is the surgical creation of aortic-pulmonary
shunt. To reduce surgical risk in neonates with the critical CHD, transcatheter stenting of DA can be
performed in selected cases.

Case Outline A four-month old infant was diagnosed with the pulmonary artery atresia with ventricular
septal defect (PAA/VSD). The left pulmonary artery was perfused from DA, and the right lung through
three major aortopulmonary collaterals (MAPCAs). A coronary stent was placed in the long and critically
stenotic DA, with final arterial duct diameter of 3.5 mm, and significantly increased blood supply to the
left lung. After the procedure, the infant’s status was improved with regard to arterial oxygen saturation,
feeding and weight gain. During the follow-up, one year later, aortography revealed in-stent stenosis.
The left pulmonary artery, as well as the branches, was well-developed and the decision was made to
proceed with further surgical correction.

Conclusion Stenting of DA can be an effective alternative to primary surgical correction in selected
patients with duct-dependent CHD.
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INTRODUCTION

Early definitive repair and less-invasive proce-
dures are current trends in the management of
congenital heart defects (CHD). Conventional
shunt surgery in duct-dependent CHD in ne-
onates and during early infancy is associated
with significant morbidity and complications,
such as shunt stenosis/thrombosis, pulmonary
overflow with the pleural effusions, diaphragm
paralysis, and distortion of pulmonary artery
(PA) branches. Progress in the development of
endovascular stent and implantation technique
has enabled efficient alternatives to convention-
al surgical aortopulmonary shunts [1]. Stenting
the persistent ductus arteriosus (DA) ensures
its permanent patency and good pulmonary
blood flow with favorable clinical response.

CASE REPORT

The complex cyanotic CHD was recognized
in the first week of life when diagnosed, by
echocardiography, with the pulmonary artery
atresia with ventricular septal defect (PAA/
VSD), an open ductus arteriosus with diameter
of about 2 mm in connection with hypoplastic
left pulmonary artery, and numerous major
aortopulmonary collateral arteries (MAPCAs)
in the right lung. The presence of large MAP-
CAs in the right lung enabled relatively satis-

factory arterial oxygen saturation (SatO,) of
85% and stable general condition, without the
need for the introduction of prostaglandin E1.
Genetic tests have confirmed 22q11.2 micro-
deletion.

During the follow up, at the age of three
months, significant lowering of arterial SatO,,
to 55%, with a failure to thrive was identified.
Heart catheterization corroborated formerly
established diagnosis of PAA/VSD with DA
diameter of approximately 0.5 mm at its nar-
rowest point. Aortography clearly revealed that
the left PA was supplied from DA (Figure 1),
the right lung through three MAPCAs (Figure
2), and the right aortic arch with the mirror-
image branching of vessels. On the basis of car-
diac catheterization findings, a Cardiosurgical
Board decided that an aortopulmonary shunt
operation would involve a high level of risk, due
to the hypoplastic left pulmonary artery and
the left subclavian artery (diameter: 3 mm).
Arterial duct stenting was suggested as an al-
ternative palliative treatment.

Stenting technique: A 4-month-old female
infant, weighing 3.5 kg, was re-catheterized us-
ing the trans-femoral approach, under general
anesthesia. Antibiotic prophylaxis and Heparin
50 U/kg were administered at the beginning of
the procedure. Aortography showed a small, 16
mm long DA extending at a very sharp angle
from the left brachiocephalic artery: the nar-
rowest point of DA was approximately 0.5 mm
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Figure 1. Arteriography: long and critically stenotic (arrow) patent
arterial duct (PDA) from the left brachiocephalic trunk connected with
the hypoplastic left pulmonary artery (LPA)

Figure 3. Stent implantation in the arterial duct with mild narrowing
of the middle part

at the pulmonary artery end. The left PA was poorly-de-
veloped at just 3 mm in diameter. After placement of the
0.014-inch coronary wire deep in the left PA, a 5 Fr guiding
catheter was introduced through the DA to the left PA and,
finally, the coronary stent was introduced. An 18 mm long,
4.5 mm diameter stent was chosen in order to cover the
whole length of the DA (Cordis, BX VELOCITY 4.50x18
mm). After inflating the balloon catheter, we recorded a
final stent diameter of 3.5 mm, which had a mild waist at
the junction of DA and the left PA (Figure 3). Removal of
deflated balloon from the stent was difficult, as a result of
the sharp angle of the guiding catheter, but was successful
without stent migration. Control aortography confirmed
good stent position, covering the entire length of DA with-

Figure 2. Descending aortography: right aortic arch with multiple
aortopulmonary collaterals for the right hemithorax

Figure 4. Significantly increased flow through ductal stent in the left
pulmonary artery

out protrusion into the aorta and with mild protrusion in
the lumen of the left PA, without the risk of perforation.
The flow through the stented DA was considerably higher,
with a significant expansion of the entire left pulmonary
vasculature (Figure 4). Arterial oximetry recorded a sig-
nificant increase of the arterial saturation of 21% (from the
SatO, of 55% before the intervention to 76% afterwards).
Following the intervention, the infant had a 24-hour, con-
tinuous infusion of heparin at a dose of 20 IU/kg/hour, and
commenced anti-aggregation therapy with aspirin.

After the interventional procedure, echocardiography
confirmed plentiful, continuous flow through the stented
DA, with a maximum pressure gradient of 46 mmHg, and
a significant increase in diameter of the left PA. Further
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clinical follow-ups verified an improvement in the child’s
growth-progress and satisfactory arterial SatO,, with a
trend of slow gradual reduction over time. One year after
DA stenting, heart catheterization was repeated, in which
the SatO, was 79%, with significant in-stent stenosis of DA
(narrowest diameter: 1 mm) and excellent development of
the left PA (diameter: 9 mm).

DISCUSSION

Stenting of DA represents an extraordinary technical
challenge in duct-dependent CHD, since the procedure is
generally performed where DA is the only source of pul-
monary or systemic circulation. In these critical hemody-
namic situations, even the smallest mistake or inexperience
can lead to fatal consequences [2-5]. Common additional
problems in the correction of duct-dependent CHD are
variable morphology and spatial orientation of DA, which
make the stenting procedure even more challenging.
The anatomy and the spatial pattern of DA determined
the optimal vascular access (femoral, axillary, carotid or
trans-pulmonary) and characteristics of the stent. When
choosing a stent, special attention should be paid to the
length, diameter, and stent design. A stent with a larger
diameter, made of thick mesh with smaller holes, allows
better support of the DA wall and tends less towards caus-
ing prolapsing intraluminal tissue and consequent in-stent
restenosis. On the other hand, this feature decreases the
stent flexibility, which is very highly recommended in case
of tortuous forms of DA. Special attention must be paid
to fully covering the pulmonary end of DA with the stent,
as this area has the greatest potential for constriction to
the point of complete closure. Therefore, one of the most
important aspects of the procedure is choosing the correct
length of the stent in order to cover the entire length of DA,
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TpaHCKaTeTePCKO CTEHTMPake OTBOPEHOT apTepHjCKor AYKTyca Kog

BYKTYC-3aBUCHUX YPOHEHMX CPUAHUX MaHa

MunaH Hykuh'? Tamapa Unucuh?, Urop CredaHosuh? Mapuja lpaguHav?, UpeHa Bynuhesuh?,

Bojucnas Mape3saHosuh'?, na JosaHosuh'>

'MegmumHckn dakynteT, YHuBep3uteT y Beorpagy, beorpag, Cpbuja;
2YHnBep3uTeTCKa Aeuja KnuHuKa, beorpag, Cpbuja

KPATAK CAOPXKAJ

YBop HajkpuTuuHuje ypoheHe cpuaHe MaHe Cy 3aBUCHE Of ap-
Tepujckor aykTyca (ductus arteriosus — DA) 1 3axTeBajy CTabunHy
KOMYHVKaUmjy cuctemckor u ninyRHor KpBoToKa. Y noyeTHom
TOKY Ce Aaje npocTarnaHaviH E1 3a noctnsatbe ctanHe otBope-
HocTu DA, a 3aTUM ce XMPYPLUKM Kpeupa HeKn of aopTonyi-
MOHaJTHMX LAaHTOBA. 360r puU3KKa 1 KoMMNrKaLmja XvpypLIKuX
3axBaTa Ko HoBopoheHuaau € KpUTUYHUM YPoheHUM cpyYaHm
MaHama, Y HOBWje Bpeme Ce anTepHaTUBHO y ofabpaHum cny-
YajeBMMa MOXe NOKYLIATV TpaHCKaTeTePCKO CTeHTMpatbe DA.
Mpuka3s 6onecHnka YeTBopomeceyHOM OA0jUETY AnjarHOCTU-
KOBaHa je KOMM/eKcHa LujaHoreHa ypoheHa cpyaHa MaHa Tu-
na atpesuje nnyhHe apTepuje ¢ BEHTPUKYNAPHM CEeNTaaHUM
OePeKTOM 1 NCKIbyUYBUM CHabaeBareM IEBOT XeMUTOPaKCa
13 DA, BOK Ce ieCHI XeMUTOpaKC Hanajao ca Tpu aopTony-
MOHasHe Konateparne. TpaHcKaTeTepckm je 6e3 Komnnaunkauuja
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MoCTaB/beH KOPOHAPHU CTEHT Y KPUTUUHO CTEHOTUYHN U AY-
rauku DA ¢ KpajitbOM AVMEH3WjOM JlyMmeHa CTeHTa o4 3,5 mm n
3HavajHo noBehaHum niyhHUM npoTokom neBo. Mocne nHTep-
BEHLWje feTe je 3HaTHO 60sbe HanNpPeaoBaso, a OKCUMETPUCKM
je 3abenexeH 3HauajaH CKOK apTepujcke 3acMheHOCTU Knceo-
HUKOM (21%). KoHTponHoM aopTorpadujom roguHy faHa nocsne
rocTaB/batba CTeHTa yTBpHeHa je cTeHo3a in-stent ca 3HayajHo
nosehaHUM NpeyHKOM neBe niyhHe apTepuje U heHUX rpaHa,
HaKOH Yera je KOH3UMNMjapHO OANYYEHO Aia Cy Ce CTEKNV YCSIOBU
3a flasbe KapauoxmpypLuKke Kopekuuje.

3aksbyuak CreHTrpatbe DA je y opabpaHum ciydajeBuma edu-
KacHa anTepHaT/Ba XUPYpPLLKAM MeTogaMa y NMPUMapHO;j Kopek-
Lnjn OyKTYC-3aBUCHUX YPOhHEHMX CpUaHUX MaHa.

KmbyuHe peun: ypoheHe cpuaHe mMaHe; ductus arteriosus 3aBu-
CHE; TPaHCKaTeTepCKa MHTEPBEHLIMOHA NPoLieAypa; CTeHTMPa-
tbe ductus arteriosus
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