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Abstract. The feasibili ty of s tent ing the duc tus  arteri- 
osus with a ba l loon-expandab le  vascu la r  endo-  
prosthesis  was tested in 8 newborn  lambs.  T a n t a l u m  
wire and stainless  steel mesh coronary  s tents  were 
implanted antegrade  or retrograde by percuta-  
neous  t ransfemoral  ca theter iza t ion.  One  lamb 
died dur ing the procedure  from perfora t ion of the 
aorta. In 7 lambs,  the ductus  ar ter iosus  was 
crossed using endhole  catheters  and wires,  and 
stents  moun ted  on angioplas ty  catheters  were ex- 
panded  in the ductus  ar ter iosus.  Six lambs had 
successful  implan ta t ion  and had main ta ined  a size- 
able pa tent  duc tus  ar ter iosus  at 2 h. We conc lude  
that the feasibil i ty of pe rcu taneous  s tent ing of the 
newborn  ductus  was demons t ra ted .  By providing 
pa tency  of the ductus  ar ter iosus ,  s tents  may offer 
nonsurgical  a l ternat ives  for pall iat ion of cyanot ic  
congeni ta l  heart  disease and hypoplast ic  left heart  
syndrome.  
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Infants  with cyanot ic  congeni ta l  heart  disease or 
hypoplas t ic  left heart  synd rome  may depend  on pat- 
ency  of their  ductus  ar ter iosus  for survival  after 
birth.  M a n y  such infants  are pall iated initially by 
pharmacologic  di lat ion of their  ductus  using prosta- 
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glandin E1 infusion.  S u b s e q u e n t l y ,  pal l ia t ive sur- 
gery may involve  crea t ion  of a p e r m a n e n t  artificial 
pa tent  ductus  ar ter iosus .  

For  several  years  there has been  in teres t  and 
research in in t ravascu la r  e n d o p r o s t h e s e s  (stents) .  
These  devices  are implan ted  us ing p e r c u t a n e o u s  
techniques  and are des igned to ma in t a in  b lood vessel  
pa tency  [I]. H u m a n  and an imal  s tudies  have  been  
performed in co ronary  ar ter ies  [2-4],  sys temic  arter-  
ies [5, 6], p u l m o n a r y  ar ter ies ,  and  sys temic  veins  
[7]. The purpose  of this s tudy was to d e m o n s t r a t e  
the feasibil i ty of pe r cu t aneous ly  implan t ing  an  endo-  
prosthesis  in the n e w b o r n  lamb duc tus  a r te r iosus  
and mainta in  shor t - te rm pa tency .  

Materials and Methods 

Eight newborn (less than 2 days old) lambs were anesthetized 
with ketamine (2 mg/kg) and sodium pentobarbital (30 mg/kg). 
They were intubated and mechanically ventilated with room air. 
Arterial pressure and electrocardiogram (ECG) were monitored. 
Six French sheaths were placed in the femoral artery and vein 
using percutaneous techniques. A 5 French endhole catheter was 
advanced via the arterial sheath to the proximal descending tho- 
racic aorta. Aortography was performed to determine whether 
the ductus arteriosus was patent and to assist in positioning the 
stent (Fig. 1). An attempt was made to cross the ductus from the 
aortic end. If the ductus could not be crossed from the aorta, a 
5 French endhole catheter was advanced via the venous sheath 
to the main pulmonary artery. This catheter was passed across 
the ductus. Subsequently, a 0.016 inch coronary angiop|asty wire 
was loaded into the catheter and placed across the ductus into 
the main pulmonary artery and right ventricle or into the aorta, 
then the catheter was removed. Six tantalum folded wire (Med- 
tronic, Inc., Minneapolis, MN) and three stainless steel mesh 
(Johnson and Johnson Interventional Systems, Warren, N J) coro- 
nary stents were loaded onto deflated and prepared 3- or 4-mm 
diameter coronary angioplasty balloon catheters. The catheters 
were advanced over the wire until the stents appeared to be 
centered in the ductus arteriosus according to the angiogram. The 
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angioplasty balloons were fully inflated two times (Fig. 2), then 
deflated and removed together with the guidewires. Aortography 
was performed from the aortic side to assess patency immediately 
after implant and 2 h later. Two h after implant, the lambs were 
sacrificed and pathologic evaluation of the great arteries and the 
ductus arteriosus was performed. 

Results 

Eight lambs of average weight 3.2 kg and average age 
1.5 days were studied. One lamb died of a perforated 
aorta caused by at tempts to cross a tiny patent duc- 
tus arteriosus from the aortic end with a guidewire. 
Seven lambs had nine stents expanded in their duc- 
tus arteriosus. Six of 7 lambs had successful ductal 
implants (4 with Medtronic and 2 with Johnson and 
Johnson stents). One lamb (in which two stents em- 
bolized) could not have successful stent implanta- 
tion because of a patent ductus arteriosus which 
appeared to be larger than 4 mm in diameter. An- 

Fig. 1. Aortogram showing tiny patent ductus arteriosus prior to 
implantation of stent. 

Fig. 2. Implantation of a tantalum folded wire stent in the ductus 
artenosus by transpulmonary approach. A 0.016 inch wire is 
shown crossing the ductus. The stent has been expanded by a 3 
mm angioptasty balloon catheter. A catheter in the aorta marks 
the aortic end of the ductus. 

Fig. 3. Immediate postimplantation upstream balloon occlusion 
aortogram showing a widely patent ductus arteriosus with 
shunting of contrast from aorta to pulmonary artery. 

Fig. 4. Similar aortogram 2 h postimplantation showing continued 
significant patency of the stented ductus arteriosus. 

other lamb had successful implantation of a second 
stent after an incorrectly positioned device embo-  
lized into the left pulmonary artery. Therefore,  2 of  
7 lambs had embolizat ion of  a total of three stents 
into the distal left pulmonary artery.  



J.M. Moore et al.: Stents for Ductus Arteriosus Patency 301 

Among the 6 lambs with successful implants, 3 
had a tiny patent ductus arteriosus prior to stent 
implants. All 6 had sizeable patent ductus arteriosi 
after stent implantation, as determined by immediate 
and 2-h postimplant angiography (Figs. 3, 4). The 
average pulse pressure increased from 27 to 39 mm 
Hg immediately postimplant. 

Necropsy confirmed ductus patency after sacri- 
fice of the lambs. Furthermore, 3 of 6 had stents 
completely within the ductus arteriosus; the other 3 
had stents protruding out of the ductus into the aorta 
or the main pulmonary artery. Necropsy of the lamb 
with two embolized stents confirmed a very large 
patent ductus arteriosus, with two expanded stents 
in the left pulmonary artery. 

Discussion 

This study demonstrates that intravascular endo- 
prostheses of the types currently designed for use in 
human coronary arteries can be implanted in the 
newborn lamb ductus arteriosus. Implantation can 
result in sizeable ductal patency. Furthermore, im- 
plantation can be performed percutaneously by ei- 
ther a venous or an arterial route with currently 
available catheter systems. The scale of these sys- 
tems is applicable without signific~.nt modifications 
to human infants. 

There is no clinical experience in humans and no 
published data in animals on the use of stents in the 
ductus arteriosus. However,  there are considerable 
animal data on the acute and chronic effects of a 
variety of stent designs in several mature vascular 
systems [2, 5, 7]. Mature coronary arteries have 
diameters similar to the newborn ductus arteriosus. 
Stent implants in normal animal coronary arteries 
studies have demonstrated excellent long-term pat- 
ency and a paucity of significant complications. Data 
from human coronary trials show favorable long- 
term outcomes among patients treated with single 
stents and larger dilated diameters. However,  pa- 
tients with multiple stents and smaller dilations have 
shown significant loss ofpatency due to restenosis or 
thrombosis [8]. There are also data in larger human 
vascular systems demonstrating excellent patency 
and low complication rates [6]. 

Although data from mature vascular systems are 
supportive, additional animal studies are needed be- 
fore clinical trials of  ductal stents in human infants 
can be undertaken. Clearly, the ductus arteriosus 
has several unique features not addressed in previ- 
ous animal or human studies. The anatomy and his- 
tology of the ductus are unique, and the ductus is a 

relatively short contractile structure. Stents may be 
very difficult to place without protrusion into the 
lumen of the aorta or the main pulmonary artery, 
This may predispose to thrombosis,  mechanical he- 
molytic anemia, or distortion of the pulmonary arter- 
ies or aorta. Moreover, restenosis from muscular 
contraction of the ductus or intimal hyperplasia may 
occur. Therefore, several issues should be ad~ 
dressed by animal studies: optimal stent design char- 
acteristics, duration and degree of long-term pat- 
ency, preferred anticoagulation regime, and effects 
on adjacent vascular structures. 

If additional animal studies are encouraging, hu- 
man applications are conceivable as palliative treat- 
ment in at least two clinical settings: cyanotic infants 
with tetralogy of Fallot or other lesions with insuffi- 
cient pulmonary blood flOW who would require an 
arterial approach and a stent with diameter of 4-5 
mm; and infants with hypoplastic left heart syn- 
drome who are awaiting cardiac transplantation who 
would require a venous approach and stents with 
diameters of 6-8 ram. Assuming successful human 
clinical applications develop, closure of  a " s t en ted"  
ductus could be performed percutaneously with 
coils, the USCI Rashkind PDA Occluder, or by 
surgery. 
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