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Endovascular stents have been widely used in pe-
ripheral and coronary arteries, postsurgical steno-

sis of the pulmonary arteries, and in the superior vena
cava and conduits in congenital heart diseases.1–8Sev-
eral reports support the use of balloon-expandable
stents for aortic coarctation (AC) in humans.9–13 This
study reports the results obtained with stent implanta-
tion in young and adult patients with AC.

• • •
Between September 1996 and August 2000, 56

stents were implanted in 54 patients with AC (35
male, 19 female; age range 8 to 49 years, mean 226
9). AC was defined as a stenosis with a peak-to-peak
gradient of$20 mm Hg at rest. Fourteen patients had
associated malformations: subaortic stenosis (2), ven-
tricular septal defect (2), patent ductus arteriosus (1),
coronary disease (2), and aortic valve disease (7). Four
patients had undergone balloon angioplasty 2.5 to 7
years before the study. Two had restenosis and 2 had
small saccular dilations. One case had surgical end-
to-end repair with restenosis. All patients had local-
ized AC, but 1 had a long tubular stenosis. Clinical
success was defined as a peak-to-peak pressure gradi-
ent of #20 mm Hg after stenting with no major
complications. Technical success was defined as suc-
cessful stent deployment without complications. Clin-
ical and Doppler examinations were performed at 1
month and every 6 months. Pressure gradients before
and after stenting were compared using Student’st test
(paired, 2-tail). A p value of ,0.05 was considered
significant.

All cases were sedated. Antibiotic prophylaxis was
not used. After arterial access, all patients received
100 U/kg of heparin. Activated clotting time values
were not measured. Gradient and arch angiography
were assessed. We used 55 Johnson & Johnson stents
(41 P-308, 12 P-4014, and 2 P-5014, Warren, New
Jersey) and one 60-mm-long Wallstent (Boston Sci-
entific Corporation, Natick, Massachusetts). Stents
were selected for the diameter of the proximal aorta.
The Wallstent was used for a long stenosis. Predila-
tion was performed in only 3 patients. A stiff Amplatz
guidewire was used with a 80-cm-long transseptal 9Fr
sheath (Cook, Bloomington, Indiana) with a P-308
stent, or a 11Fr sheath with the P-4014 or P-5014
stents. A dilator with a sheath was advanced across the
AC. The dilator was removed, leaving the sheath and
wire. Afterward, the stent was manually crimped on a

balloon with a balloon-to-isthmus ratio of approxi-
mately 1.0 to 1.2. Maximum balloon size was 25 mm.
The stent was advanced to the stenosis and the sheath
was withdrawn, exposing the stent. The balloon was
inflated to 3 to 6 atm using a 20-ml inflator. Pressures
and angiography were repeated. Heparin was restarted
4 hours after sheath removal and infused for 24 hours.
Postprocedure heparin infusions were used to mini-
mize femoral thrombotic complications, not for stent
anticoagulation.

Successful deployment was achieved in 53 patients
(98%). Fifty-two patients (96%) had clinical success.
The 1 failure was due to a residual gradient of 30 mm
Hg after stenting for restenosis after prior surgical
repair. Although no high-pressure balloon was avail-
able to us, there was no fluoroscopic calcification of
the AC. This patient underwent a successful reopera-
tion. Mean pressure gradient significantly decreased,
from 506 20 mm Hg (range 11 to 110) to 56 8 mm
Hg (range 0 to 30, p,0.001). In 29 patients there was
no gradient after stent placement (Figure 1). In the
patient with long tubular AC (17 years old, 57 kg), the
stenotic site was predilated with an 8-mm balloon to
place a Wallstent (163 60 mm length). The stent did
not totally expand, moving to the distal side of the AC.
It was thus necessary to place a P-308 stent, which
resulted in expansion of the Wallstent. Fourteen
months later, a small aneurysm was seen around the
Wallstent. The aneurysm did not involve the stent
ends, and may have been due to overdilation of the
balloon (Figure 2). Magnetic resonance images
showed no growth of the aneurysm 9 months later. In
the 2 cases in which an aneurysm occurred after
previous balloon angioplasty, stent implantation was
enough to resolve the problem (Figure 3).

One patient experienced vagal bradycardia that
required atropine. Two patients had paradoxical hy-
pertension immediately after positioning the stent,
which was treated with oralb blockers for 3 weeks. In
1 case the stent was not delivered because balloon
inflation moved the stent distally before the stent
expanded. In this patient, the stent was trapped in the
femoral artery when pulled back to the sheath. It was
removed by surgery a few days later, and the AC was
surgically corrected.

Two cases had stent migration during balloon in-
flation. In the first, the stent deployed 2 mm below the
AC site. There was complete resolution of the AC as
a result of the balloon dilation and nothing further was
done. This patient developed an aneurysm of the un-
stented site. In the second patient, we implanted a
second stent to cover the dilation site after the first
stent moved distally. There were no cases where bal-
loon rupture caused stent migration.
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At a mean of 25 months (2 to 52), we decreased the
doses of antihypertensive drugs, and in 30 patients
drugs were withdrawn. All patients remained asymp-
tomatic with normal femoral pulses. Maximal fol-
low-up gradients measured by Doppler or catheteriza-
tion in 36 patients were between 0 and 41 mm Hg
(mean 76 10). Fifteen patients had a 0 mm Hg
gradient. Eleven were reevaluated 11 to 37 months
later (mean 22) with intravascular ultrasound, demon-
strating minimal intimal tissue growth (Figure 4).
The patient with distal migration of the stent devel-

oped aortic dilatation proximal to it 2
years later. The patient with long tubu-
lar coarctation and a Wallstent devel-
oped recoarctation and a small aneu-
rysm around the Wallstent 14 months
later and was managed medically (Fig-
ure 2). Two stents were redilated at
follow-up. No stent strut fractures have
been seen on follow-up chest x-rays.

• • •
This analysis in 53 patients with AC

who were treated with stenting demon-
strates good clinical and hemodynamic
results. In most patients direct stenting
was used. Direct stent placement with-

out predilation de-
creases the risk for
stent migration.14

Predilation makes it
more difficult to make
contact with the steno-
sis segment, so stent
movement before it is
fixed in position may
occur. Despite this, 1
stent embolized dis-
tally in this experi-
ence. Although it is
possible to deploy em-
bolized stents in the il-
iac vessels, we were
unable to do this and
had to resort to surgi-
cal removal. The only
patient with re-AC
had a long tubular co-

arctation. The aorta was dilated from
2.5 to 15 mm with dissection of a long
area and, consequently, formation of an
aneurysm. Recatheterization showed
that the Wallstent and adjacent P-308
stent had separated, leaving a small gap
between them. Thus, with a large dif-
ference in lumen diameter between the
coarcted segment and the adjacent
aorta, a possible strategy is to treat the
AC in stages, first with a stent of diam-
eter from 8 to 10 mm, and then in 3
months to redilate with a bigger bal-
loon. Surgery is another alternative.

A potential advantage of stent im-
plantation over using balloons alone is that stents
may decrease the incidence of restenosis. This tech-
nique is probably not applicable in infants when the
aorta is still growing. The possibility of reexpand-
ing a stent several years after implantation has been
described, but the risks have not been fully eluci-
dated.15–18

In summary, in selected patients with AC, stent
implantation is a safe alternative to balloon angio-
plasty alone, with minimal morbidity and no mor-

FIGURE 2. A, the lateral view before stenting. This patient had severe tubular and hypoplastic AC. B, the
lateral view after implantation of a Palmaz P-308 stent proximal to the Wallstent. There was a persistent
waist with a 20 mm Hg gradient. The diameter of the tubular segment increased from 2.5 to 15 mm. C, the
lateral view 14 months later shows an aneurysm around the Wallstent. The Palmaz stent was redilated and
the gradient decreased from 25 to 15 mm Hg. The stents separated, leaving a small gap.

FIGURE 3. A, the lateral view showing a small aneurysm in posterior aortic wall
(balloon angioplasty 5 years before). B, the lateral view after implantation of a
Palmaz P-308 stent, with satisfactory correction of the aneurysmatic dilation.

FIGURE 1. A, the lateral view of discrete AC. B, lateral view after implantation with a
P-308 Johnson & Johnson stent. Satisfactory anatomic correction was achieved.
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tality. Stents eliminate or reduce the gradient and
avoid surgical correction.
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B irth prevalence of congenital heart disease (CHD)
in the general population is approximately

8/1,000 live births.1–9 Approximately 4 million chil-
dren are born each year in the United States, and of
these, almost 1.3 million are born into poverty.10 As-
suming the same rate of CHD among children in
poverty as in the general population, we would expect
that approximately 10,400 infants with CHD would be

born into families in poverty each year. Our clinical
observations in Southern Arizona suggested that the
prevalence of CHD may be increased among our
Medicaid patients. Previous studies have not shown
this to be true.2,11 However, these data were collected
in 1968 and from 1971 to 1984 and therefore may not
apply today under different socioeconomic and health
care circumstances. This study was thus designed to
determine the risk of CHD in patients without chro-
mosomal disorders whose mothers were on Medicaid
at the time of their conception and/or birth compared
with the CHD prevalence in patients whose mothers
were not on Medicaid during either time period. It is
important to indicate that Medicaid in Arizona is
offered only to families or persons who fall at or
below 30% of the federal poverty level. Therefore,
this study will assess the occurrence of CHD in the
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FIGURE 4. Intravascular ultrasound imaging. The Palmaz stent
P-308 shows no intimal growth, 22 months after stent implant.
Some tissue prolapse is noted at the 1 o’clock position.
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