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Evaluation of the efficacy of ductus arteriosus stenting in neonates and
infants with severe cyanosis until the later stage
palliative surgery or total repair time

Agir siyanoze yeni dogan ve sut cocuklannda duktus arteriozusa stent takilmasinin ileri
asama palyatif cerrahi veya fotal tamir sdresine kadar olan dénemdeki
etkinliginin degerlendiriimesi
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Background: In this study, we aimed to assess the efficacy and outcome
of transcatheter ductus arteriosus stenting in newborns and infants with
ductal-dependent or decreased pulmonary circulation.

Methods: Between July 2004 and January 2009, 45 patients with
ductus-dependent or decreased pulmonary circulation underwent
cardiac catheterization for stent implantation. Forty-seven stents in
total were implanted in 42 (93.3%) of these 45 patients. The mean
age at the time of the procedure was 66 days (3 days to 1.8 years)
and mean weight was 4.4+2.1 kg (2-13.2). Premounted coronary
stents of 3, 3.5, and 4 mm in diameter were used to cover the whole
length of the ductus.

Results: The stenting procedure was successfully completed in all 42
patients. There was no procedure related death. The mean ductal length
was 13.2+3.8 mm (7.8-23 ) and the mean stent length was 13.9+3.8 mm
(8-23). Mean arterial oxygen saturation before stent implantation was
66.0% +8.1 (42-75) and increased to 85.7%=4.2 (75-95) after stenting.
During a mean follow-up of 34.5+14.4 months (12-54), there was a
significant reduction in pulse oxygen saturation six months after the
procedure (78.8%=8.5; p<0.05). Control cardiac catheterization was per-
formed in 25 (59%) patients at a mean of 8.1 months (2-18) after the ini-
tial implantation. Twelve patients (28%) underwent a successful redilata-
tion of the stent with an increase in mean oxygen saturation of 13%=3.6
(8-20). Fourteen of 42 patients have undergone successful biventricular
repair and bidirectional cavopulmonary shunt (Glenn operation) was
performed in 16. Four patients underwent elective unifocalization of the
pulmonary arteries and modified Blalock-Taussig shunt. Of the patients
undergoing Glenn operation or total repair surgery, 12 (40%) patients
had pulmonary arterioplasty. Four patients were totally cured after stent
implantation of the ductus combined with valvotomy and/or valvulo-
plasty. The remaining four patients died on follow-up.

Conclusion: Stent implantation of ductus arteriosus can be a good alter-
native to surgery for initial palliation in severely cyanotic newborns and
infants until the latter stage palliative surgery or total repair. It is safe
and feasible however its efficacy gradually reduces after six months.
In selected patients like critical pulmonary stenosis or pulmonary
atresia-intact ventricular septum with favorable anatomy it may provide
a definitive cure.
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Amag: Bu ¢alisgmada duktusa bagimli veya azalmis pulmoner kan akimi
olan yenidoganlarda ve siit gocuklarinda transkateter duktus arteriozus
stentlemenin etkinligi ve sonuglar: aragtirildi.

Calisma plani: Temmuz 2004 - Ocak 2009 tarihleri arasinda duktusa
bagimli ya da azalmis pulmoner kan akimi olan 45 hasta transkateter
stent takilmasi amaciyla kardiyak kateterizasyon islemine alindi. Bu 45
hastanin 42’sine (%93.3) toplam 47 adet stent yerlestirildi. Islem sirasin-
da olgularin yas ortalamasi 66 giin (3 gunluk-1.8 y1l), agirlik ortalamas:
4.4+£2.1 kg (2-13.2) idi. Bu islem i¢in duktusun tum uzunlugunu kapla-
mak tizere 3, 3.5 ve 4 mm’lik ¢aptaki dnceden balona yuiklenmis koroner
stentler kullanildi.

Bulgular: Kirk iki hastanin timunde stent yerlestirme iglemi baga-
riyla tamamlandi. Isleme bagli 6lim olmadi. Ortalama duktus uzun-
lugu 13.2+3.8 mm (7.8-23), ortalama stent uzunlugu ise 13.9+3.8 mm
(8-23) idi. Stent yerlestirmeden onceki ortalama arteriyel oksijen
saturasyonu %66+8.1 (42-75) idi ve stent sonrasinda %85.7+4.2’ye
(75-95) yukseldi. Ortalama 34.5+14.4 aylik izlem (12-54) sirasinda
islemden alt1 ay sonra oksijen saturasyonunda anlamli bir azalma
saptandi (%78.8+8.5; p<0.05). Stent implantasyonundan ortalama 8.1
ay (2-18) sonra hastalarin 25’inde (%59) kontrol kalp kateterizasyonu
yapildi. On iki hastada (%28) yapilan basarili stent redilatasyonu
oksijen satirasyonunu ortalama %13+3.6 (8-20) artirdi. Kirk iki
hastanin 14’unde basarili biventrikiiler tamir, 16’sinda cift yonlu
kavopulmoner sant (Glenn ameliyat1) gerceklestirildi. Dort hastada
pulmoner arterlerin unifokalizasyonu ve modifiye Blalock-Taussig
sant ameliyat1 gerceklestirildi. Glenn ameliyat1 veya total tamir ame-
liyat1 olan hastalarin 12’sinde (%40) pulmoner arteriyoplasti uygu-
land1. Dort hastada stent yerlestirilmesi ile birlikte yapilan valvotomi
veya valvuloplasti iglemi tam gifa ile sonuclandi. Diger dort hasta ise
takip sirasinda oldu.

Sonug: Agir siyanoze yenidogan ve siit ¢cocuklugu donemimdeki has-
talarda duktus arteriyozusa stent takilmasi, bir sonraki palyatif cerrahi
isleme veya total tamir ameliyatina kadar cerrahiye alternatif olugtu-
rabilir. Etkin ve guivenli bir yontem olmakla birlikte etkinligi alt1 ay
icinde tedrici olarak azalmaktadir. Kritik pulmoner stenozlu veya uygun
anatomik yapiya sahip intakt ventrikiiler septumlu pulmoner atrezili gibi
secilmis bazi olgularda kalici ¢oziim saglayabilir.

Anahtar sozciikler: Siyanoze yenidogan ve suit cocugu; duktus stenti; cerrahi.
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The modified Blalock-Taussig shunt (MBTS) is mostly
performed as a palliative operation in complex cyanotic
heart disease with reduced pulmonary blood flow before
definitive surgery. Despite more than 50 years’ experi-
ence with MBTS, it has still high morbidity and mortal-
ity rates especially in neonates and in early infancy.!
In early infancy, it seems reasonable to keep the duct
open rather than to intervene surgically. In 1992 Gibbs
et al.® first described maintaining duct patency by stent
implantation during cardiac catheterization. Although
early results were discouraging, several encouraging new
reports have recently been published about ductal stent
implantation with further improvement in balloon and
stent technology in the last decade.®!"" In this regard, we
aimed to assess the medium and long-term outcomes of
transcatheter ductus arteriosus stenting in ductal-depen-
dent or decreased pulmonary circulation newborns and
infants to reveal the indications, timing, safety, efficacy
and duration of transcatheter ductal stenting.

PATIENTS AND METHODS

Between July 2004 and February 2009, 45 patients with
duct-dependent or diminished pulmonary circulation
underwent cardiac catheterization. A total of 47 stents
were implanted in 42 patients. The mean age at the time
of the procedure was 66 days (range 3 days to 1.8 years)
and the mean weight was 4.4+2.1 kg (range 2 to 13.2 kg).
Fifty percent of the patients were neonates. Two patients
were above the age of one year. One of these patients
had tetralogy of Fallot-pulmonary atresia with increas-
ing cyanosis despite a previous MBTS. The second
patient had a diagnosis of pulmonary atresia with intact
ventricular septum.

Detailed two-dimensional and Doppler echocardio-
graphic examinations were performed on all patients
before catheterization. Twenty-two patients were uni-
ventricular- and 20 patients were biventricular-repair
candidates. In cases where the patent ductus arteriosus
(PDA) originated from the proximal part of the ascend-
ing aorta and had tortuosities, sharp bends or stenotic
pulmonary arteries, surgical creation of MBTS was
preferred.

Prostaglandin E1 infusion was stopped one hour
before catheterization in all patients. Cardiac cath-
eterization was performed under deep sedation. After
femoral artery and vein canulation 50 IU/kg intravenous
heparin was infused in all patients and continued for 24
hours at 20 IU/kg/h in patients in whom stent implanta-
tion was successful. Hemodynamic parameters such
as arterial blood pressure and aortic oxygen saturation
were measured before and after stent implantation.

Aortic arch angiography in 90° lateral positions in all
and 40° right anterior-oblique position in some patients
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was obtained to evaluate the morphology of the PDA
and pulmonary arteries. After duct size and dimensions
were determined, a proper stent 1-2 mm longer than
duct length was selected. Ductal stenting was retrograde
via the femoral artery in 30 patients and antegrade
using the femoral vein in 12 patients. Standard coro-
nary stents (OCCAM: Netherland, EXOS PTCA stent,
OSYPKA Gmbh, Medizintechnik, Dusseldorf Germany,
EUCATECH AG: Rheinfelden Germany) were used.

The follow-up was done by clinical examination,
measurement of pulse oxymetric saturation, echocar-
diography evaluation and repeat cardiac catheterization
at six to nine months (earlier if clinically indicated) after
stent implantation.

Statistical analysis

The SPSS statistical program for Windows version 15.0
(SPSS Inc., Chicago, Illinois, USA) was used to perform
data analysis. Data was expressed as mean + standart
deviation (SD), median, range and frequency percent-
age. A p value of <0.05 was considered to be statistically
significant.

RESULTS

The stenting procedure was successfully completed in
42 of 45 patients (93.3%). It was unsuccessful in three.
It was not possible to advance the stent-mounted balloon
catheter through the PDA over the guide-wire in two
patients. These patients had vertical and tortuous PDAs.
In the third patient, the procedure was abandoned due to
severe left pulmonary artery stenosis at the level of PDA
insertion (Fig. 1).

The mean ductal length was 13.2+3.8 mm (range
7.8 to 23 mm). The mean stent length was 13.9+3.8 mm
(range 8 to 23 mm). The great majority of stents implant-
ed were 3.5 mm (n=20) and 4 mm (n=24) in diameter
(89%). In three patients 3 mm stents were used. In five
patients two stents were implanted in tandem in order
to adequately cover the PDA length. The mean proce-
dure time was 72 min (range 30 to 130 min) and mean
fluoroscopy time was 22 min (range 9 to 41 min). Mean
arterial oxygen saturation before stent implantation was
66.0% +8.1 (range 42 to 75) and increased to 85.7% +4.2
(range 75 to 95). The mean difference before and after
stent implantation was 19.8% =+7.5, which was statisti-
cally significant (p<0.0001).

After the procedure, three patients remained intu-
bated and committed to the ventilator for two days and
discharged to the pediatric floor on the third day. The
median hospitalization time was five days. There was
no procedure-related death. One patient (with stent
diameter of 3.5 mm) initially required anticongestive
medications due to increased pulmonary blood flow.
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Fig. 1. Vertical and tortuous patent ductus arteriosus with steno-
sis at proximal part of left pulmonary artery.

Follow-up

During a mean follow-up of 34.5+14.4 month (range 12-54
month), there was a significant reduction in pulse oxygen
saturation after six months (78.8% +8.5) (p<0.05). Control
cardiac catheterization was performed in 25 (59%) patients
at a mean of 8.1 months after the initial implantation
(range, 2 to 18 months). Tweve patients (28.5%) underwent
successful redilatation of the stent with an increase in mean
oxygen saturations of 13% +3.6 (range 8 to 20).

Two patients experienced very early reduction in
oxygen saturations (2" and 4" months respectively.)
Redilatation of the stenosed stent was performed effec-
tively in one of these patients. Redilatation was not
effective in the other patient despite implantation of an
additional stent due to stent kinking. A left MBTS was
performed surgically.

In three patients with critical pulmonary stenosis and
a patient with pulmonary atresia with intact ventricular
septum PDA stenting was performed after valvuloplasty
and surgical valvotomy (Fig. 2a, b). With improvement
of right ventricular compliance over time, a biventricular
repair was achieved in these patients without further sur-
gical intervention. Fourteen of 42 patients have under-
gone surgery for biventricular repair, a bidirectional
cavopulmonary shunt was performed in 16, and four
patients underwent elective unifocalization of the pul-
monary arteries and MBTS. During definitive surgery
12 of 30 patients required pulmonary arterioplasty. Four
patients died at follow-up. One patient died because of
septicemia forty days after the procedure. The second
patient had asplenia and died due to pneumonia three
months after. Two patients died after surgery: one had
elective total repair and the other after pulmonary artery
unifocalization and MBTS placement.

DISCUSSION

Advances in surgical techniques and postoperative
care have significantly affected the management of
cyanotic congenital heart disease. Primary complete
repair is preferred in early infancy instead of palliative

Fig. 2. (a) Lateral view of short and straight duct before stent implantation in a patient with critical pulmonary stenosis and hypo-
plastic right ventricle. (b) Lateral view of short and straight duct after stenting.
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surgery. Patients with duct-dependent pulmonary cir-
culation need urgent treatment in the early days of life
to ensure pulmonary blood flow before ductal closure.
Prostaglandin El1 infusion is generally effective in main-
taining PDA patency. After achieving PDA patency,
stenting can reduce the hospital stay and can be an alter-
native to Blalock-Taussig shunts with minimal complica-
tions.!8! Both ductal stenting and surgical shunts are the
procedures most performed in babies who have no other
effective pulmonary blood supply than the duct. Patent
ductus arteriosus stenting is as effective as modified BT
shunts in promoting global pulmonary artery growth in
congenital heart disease with duct-dependent pulmo-
nary circulation."'*4) Compared to PDA stenting, in
MBTS, pleural effusion, chylothorax, phrenic and vagal
nerve palsy, and distortion and differential growth of the
pulmonary arteries are well known complications.**
The morbidity and mortality after MBTS is higher in the
neonatal period in comparison to childhood ages."™! On
the other hand the stented arterial duct tended to be less
durable than a conventional surgical shunt owing to duc-
tal tissue prolapse through the stent struts and intra-stent
endothelial hyperplasia, as already reported.>” Another
study regarding endothelial hyperplasia within the stent
confirmed that a complete layer of endothelium forms
over the stent as early as one month.”! Endothelial pro-
liferation becomes thicker, leading to progressive PDA
occlusion. Stenosis usually develops within six months
to one year after stenting. Surgical interventions such
as the Glenn operation for univentricular hearts or total
correction in biventricular hearts should be performed
as early as possible. However it is possible to dilate the
stent in some of these patients successfully to gain more
time before surgery. Only very rarely do patients have
ductal stent patency for more than two years. Stenosis of
pulmonary arteries especially the left pulmonary artery
can be seen after PDA stenting. The stent metal grid
provokes neointimal proliferation within the stent and
also accelerates fibrosis in the ductal tissue encircling
the pulmonary arteries.!"

Patent ductus arteriosus is usually located between
the left pulmonary artery and aorta. This might be the
reason for a higher incidence of stenosis in the left pul-
monary artery. At the time of surgical repair the PDA
should be closed prior to cardiopulmonary bypass. With
our growing surgical experience after PDA stenting, it is
quite difficult to remove the stent due to its incorpora-
tion within the vascular endothelium. It is our practice
to leave the stent in place and close it using surgical
clips. If the stent protrudes into the pulmonary artery
significantly the pulmonary end of the stent is than
removed. When there is anatomical narrowing of the left
or right pulmonary branch arteries the stenotic segment
should be enlarged and reconstructed with a pericardial
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patch together with removal of the residual stent grid in
the PDA wall. Twelve patients (40%) required pulmo-
nary arterioplasty during corrective surgery.

In conclusion, ductus arteriosus stenting can be
a good alternative to surgery for initial palliation
especially in infants who will need multiple surgeries.
It is safe and feasible but its efficacy gradually less-
ens after six months owing to ductal tissue prolapse
through the stent struts and intra-stent endothelial
hyperplasia. In most of these patients stent redilatation
is possible and can be done safely. In selected patients
with critical pulmonary stenosis or pulmonary atresia-
intact ventricular septum with favorable anatomy, PDA
stenting with or without pulmonary valvuloplasty or
valvotomy may provide a definitive cure. Those with
very long and tortuous PDAs are not good candidates
for stent implantation. Stenosis of the left or right pul-
monary arteries are relative contraindications to PDA
stenting but it may be considered especially in very
young infants and newborns in whom surgical mortal-
ity and morbidity is high after pulmonary arterioplasty
and MBTS.
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