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Aims Since the late 1980s, endovascular stents have been used in the treatment of several vascular
lesions. In the last decades, stent implantation has been proposed as a reliable option for the treatment
of coarctation of the aorta. In this setting, it seems to have some advantages, rendering it superior to
angioplasty alone.
Methods and results Between December 1997 and December 2004, 71 consecutive patients (44 males
and 27 females) underwent cardiac catheterization for native or recurrent coarctation of the aorta.
Seventy-four stents were implanted. All discharged patients were enrolled in a follow-up programme.
Every patient underwent clinical evaluation, echo-colour Doppler studies, and exercise ECG at 1 and
6 months after the stent implantation. Peak systolic gradient dropped from 39.3+ 15.3 to
3.6+ 5.5 mmHg (P ¼ 0.0041). The diameter of the coarcted segment increased from 8.3+ 2.9 to
16.4+ 3.8 mm (P ¼ 0.037). In our series, one death occurred in a 22-year-old girl with a recurrent
coarctation of the aorta, just after stent implantation. The rate of minor complications was ,2%.
Re-dilatation of a previously implanted stent was performed in three patients.
Conclusion In our experience (the largest reported to the best of our knowledge), stenting of a coarcta-
tion/re-coarctation of the aorta represents a safe alternative treatment without a significant mid–
long-term complication.
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Introduction

Since the late 1980s, endovascular stents have been used in
the treatment of several vascular lesions. Initially, stent
implantation was designed for the management of stenoses
of iliac and pulmonary arteries, but in the last decades,
stent implantation has been proposed as a reliable option
for the treatment of coarctation of the aorta. In this
setting, it seems to have some advantages, which render it
superior to angioplasty alone. Unlike angioplasty, there is
no need to over dilate the coarcted segment when a stent
is implanted; the stent can be dilated to the desired diam-
eter and a further dilation achieved with a larger balloon,
if necessary. Stent implantation prevents acute re-modelling
of aortic wall.1–8

In this study, we evaluated the medium to long-term
results and complications of a large series of patients with
native or recurrent coarctation of the aorta, treated with
stent implantation in a single centre.

Methods

Patients

Between December 1997 and December 2004, we retrospectively
reviewed all 71 consecutive patients (44 males and 27 females)
who underwent cardiac catheterization for native or recurrent
coarctation of the aorta. There are various definitions of recurrent
coarctation of the aorta, but we used the definition proposed in the
ESC guidelines.9

Themean age of the patients was 21.8+ 6.2 years (range 7.1–65.6
years; 29 patients ,18 years; 20 with a native coarctation and nine
with a recurrent coarctation) and their mean weight was
57.7+ 7.2 kg (range 81.0–15.0 kg). Nineteen patients had a recur-
rent coarctation of the aorta after previous surgery (three patch
aortoplasty, 10 end-to-end anastomoses, four subclavian artery flap
aortoplasty, one end-to-end anastomosis and subsequent subclavian
flap for re-coarctation, and one Gore-Tex conduit insert). Fifty-two
patients had a native coarctation. All patients were studied together,
because it has been previously demonstrated that there are no diffe-
rences in terms of early results (pressure gradient andminimum stent
diameter) between the two groups (native and recurrent).10

We define re-coarctation if a patient had a right arm systolic
blood pressure .95th percentile for age, an arm-to-leg estimated
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gradient .20 mmHg, and a similar gradient at the catheterization.
We define an aneurysm at a spiral computed tomography (CT) scan
or magnetic resonance imaging (MRI) study as a focal dilatation at
the coarctation repair site and confirmed during the catheteriza-
tion. Informed consent was obtained from all patients or from
their parents before the procedure.

Procedure

All patients referred to our centre were hospitalized after MRI
studies of the aorta. All patients underwent general anaesthesia.
Intravenous heparin (100 IU/kg, maximum of 5000 IU) was given
after arterial cannulation. The peak systolic gradient was measured,
and an aortic arch angiogram was performed in different projections
(anteroposterior, laterolateral, and left-anterior oblique views).
The diameter of the aorta was measured on-line at the distal
transverse arch (just proximal to the origin of the left subclavian
artery), at the site of obstruction, and in the descending aorta at
the level of the diaphragm. The technique used for the stent
implantation has been described previously.8,11,12 With the aid of
a guide catheter, a long, stiff wire was placed across the stenotic
area. A long sheath introduced into the femoral artery was
advanced across the lesion over the guide wire. The tip of the
wire was positioned either in the ascending aorta or in the right
subclavian artery. The dilator was then removed and a balloon-
expandable stent was advanced inside the sheath to the coarctation
site. The balloon size chosen was nearest in size to the diameter of
the transverse aortic arch without exceeding the diameter of the
descending aorta at the level of the diaphragm. Different stents
were used depending on the availability in the market and following
the indication of the literature about results and outcomes. When a
covered stent became available, we used it in patients without
contraindications as possibility of occlusion of side branches and
in patients who are fully or nearly fully grown, as it may not be
possible to re-dilate them without damaging the polytetrafluo-
roethylene covering material. The long sheath was withdrawn to
expose the stent–balloon complex, which was carefully placed
across the stenotic site. The balloon was manually inflated.
Repeat haemodynamic and angiographic data were acquired. The
femoral arterial access was surgically sutured if the sheath used
was larger than 10F.

All discharged patients were enrolled in a follow-up programme.
Every patient underwent clinical evaluation, echo-colour Doppler
studies, and exercise ECG at 1 and 6 months after the stent implan-
tation. The last 33 patients underwent spiral CT scan studies at 1
and 6 months after stent implantation. When necessary, angiography
was performed. Our aim was to evaluate the rate of re-coarctation,
hypertension during exercise ECG, and the need of re-dilatation of
the stent.

Data analysis

Data are presented as a frequency or percentage for nominal vari-
ables, as the median for ordinal variables, and as the mean (SD)
for continuous variables. Differences in parameters before and
after the procedure were compared using a paired t-test or sign
test as appropriate. All tests were two-sided. A P-value less than
0.05 was considered to be statistically significant.

Results

Seventy-four stents were implanted in 71 patients. The
stents used are summarized in Table 1. In some patients,
more than one balloon catheter was used (Z-Med, BALT,
BiB balloons). The mean diameter of the balloon dilatation
catheter was 17+ 3 mm (range 10–25 mm). The peak systo-
lic gradient dropped from 39.3+ 15.3 to 3.6+ 5.5 mmHg
(P ¼ 0.0041). The diameter of the coarcted segment

increased from 8.3+ 2.9 to 16.4+ 3.8 mm (P ¼ 0.037).
In one patient, closure of a ventricular septal defect
(VSD) with a 6-mm Amplatzer Muscular VSD device
(AGA Medical Co., Golden Valley, MN, USA) was performed
simultaneously.

Complications

According to previous reports, we considered the following
adverse events related to the interventional procedure as
major complications: (i) death, (ii) life-threatening event
(i.e. cardiac arrest and severe hypotension), (iii) the
requirement for surgical intervention, and (iv) permanent
anatomic or functional lesions. Minor complications were
considered to be any transient event resolved with specific
treatment (i.e. transient arterial thrombosis or arrhythmic
episode).13 One death occurred in our series in a 22-year-
old girl (without genetic disease), with a recurrent coarcta-
tion of the aorta following an end-to-end anastomosis. She
had severe re-coarctation with a saccular aneurysm
between the subclavian artery and the isthmus. The aortic
diameters above and below the lesion were 14 and 16 mm,
respectively. The coarctation segment measured 10.2 mm.
A Palmaz stent 5014 (J&J Interventional Systems Co.,
Warren, NJ, USA) was mounted on a 16 mm/5 cm BiB
balloon catheter. A Mullin’s long sheath (COOK Inc.,
Bloomington, IL, USA) was positioned across the coarcted
site. Two COOK detachable coils (5-PDA5 and 8-PDA5) were
implanted to occlude the aneurysm, after the stent. There
was no gradient on pullback through the stent. The vascular
access was sutured by surgeons. The patient was returned to
the recovery area and thereafter developed sudden, severe
circulatory collapse. Intravenous fluids were rapidly infused.
Ultrasonography revealed a large echo-dense area in the left
chest, consistent with a haemothorax. The patient was
returned to the catheter laboratory in circulatory collapse,
where the patient underwent cardiac surgery, which
showed an aortic rupture. The patient deteriorated and
could not be resuscitated.
In one patient (with a gradient of 23 mmHg between the

ascending and descending aorta), three Palmaz 4014 stents
were used. The first stent was mounted on a Balt balloon
14 mm/40 mm and re-dilated with a 16 mm/40 mm balloon
catheter. It dislodged under the lower level of the coarcted
segment. A second stent with a telescopic shape was then
implanted using a Balt 16 mm/40 mm balloon catheter.

Table 1 List of used stents

Number Type of stent

24 Palmaz 4014
15 Palmaz 5014
12 Palmaz 308
10 Genesis 3910
3 Genesis 2910
3 Cheatham-Platinum 8/39
2 Cheatham-Platinum 8/34
1 Cheatham-Platinum 6/39
1 Cheatham-Platinum 8/45
2 Covered Cheatham-Platinum 8/39
1 Covered Cheatham-Platinum 8/45

Results and mid–long-term follow-up of stent implantation 2729
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Both stents dislodged into the abdominal aorta. The last
stent was implanted to stabilize the previous two (with a
18 mm/40 mm balloon catheter) in the abdominal aorta.
After discussion with the parents, the procedure was
aborted because they refused consent to its continuation.
Two more cases of stent displacement were observed

(P4014 stent with BALT 25 mm/45 mm and CP 8/34 stent
with Z-Med II 18 mm/40 mm), without subsequent events.
In one patient, a periaortic haematoma was observed after
stent implantation (absent at follow-up). In two patients,
a femoral pseudo-aneurysm required vascular surgical
correction.

Follow-up

After discharge, all patients were followed-up in the outpa-
tient clinic for a median period of 3.1 years (range 6 months
to 7 years). The mean residual gradient assessed by Doppler
was 13+ 4 mmHg (range 0–32 mmHg).
Four patients underwent stent re-dilatation. In the first

patient, re-dilatation was performed 21 months after stent
implantation. This patient had two previous surgical ope-
rations (end-to-end anastomosis and, then, a subclavian
artery flap). The patient underwent successful stent implan-
tation (Palmaz 5014 stent with BALT 12 mm/50 mm balloon
catheter), but after 21 months, a pressure gradient of
33 mmHg was recorded at catheterization and the stent
was re-dilated with a 15 mm/50 mm balloon catheter,
the gradient dropped to 7 mmHg. In the second patient,
re-dilatation was performed after 13 months. This
patient had a CP 28 mm eight zig stent implanted, which
was dilated up to 12 mm with a 12 � 35 mm BiB balloon.
The re-dilatation was performed with a 15/50 mm Balt
balloon. The peak systolic gradient dropped from 32 to
9 mmHg.
The third patient (a 27-year-old woman) was re-

catheterized following Doppler evidence of a residual signifi-
cant gradient, 1 year after the implantation of a Palmaz-
Genesis 3910 stent dilated up to 12 mm. Angiography
confirmed re-coarctation (peak gradient of 24 mmHg) and
detected an aneurysm that had formed at the proximal
end of the stent. Re-dilation of the stent and implantation
of a covered CP stent eight zig 39 mm were carried out
successfully.
In the last patient (a 19-year-old man), an aneurysm was

observed after stent implantation in a native coarctation.
The stent was a Palmaz 5014 dilated up to 12 mm, and the
peak-to-peak systolic gradient dropped from 57 to
23 mmHg. CT scanning and catheterization were performed
1 year later and showed a 4-mm segment of aneurysmatic
aortic tissue; he underwent implantation of a CP covered
stent 45 mm eight zig dilated up to 16 mm, with complete
exclusion of the aneurysm. The gradient dropped from 32
to 9 mmHg.
Exercise ECG performed 6 months after the procedure

revealed hypertension in 10 patients (mean 212+ 16/
89+ 7 mmHg): six of them had a residual gradient. These
10 patients were started on therapy with beta-blockers,
and at present, eight of them are still on therapy. Two
patients interrupted the therapy without medical advice.
Of the whole series of 71 patients, 18 (25.3%) practice

sport on a regular basis without problems.

Discussion

This report of our experience of stent implantation for the
treatment of coarctation of the aorta (the largest so far
reported, to the best of our knowledge) shows that this pro-
cedure significantly reduces the systolic gradient and
increases the coarcted diameter. These data are consistent
with those previously reported by other groups.1,8,14–19

To achieve these results, we used different series of
stents: the Palmaz 8 series and the Cheatham-platinum
(CP) six-zig stent (NuMed Inc., Hopkinton, NY, USA) that
belongs to large stents category. The most commonly
used stent in paediatric cardiology is probably the Palmaz
8 series because of its good radial strength, despite of its
sharp edges and stiffness. All these stents are made of
stainless steel, except the CP stent which is hand-made
from heat-tempered 90% platinum and 10% iridium wire
and are, consequently, more radio-opaque and safer
during MRI.

We treated longer stenotic segments with stents included
in the extra-large group: Palmaz XL series and CP eight-zig
stent. The Palmaz XL stents offer some advantages
because of their expansibility, radial strength, and lesser
foreshortening than the Palmaz 8 series, despite requiring
larger sheaths. The CP eight-zig stents have features
similar to those of the Palmaz XL, with the advantages of
being more radio-opaque and having rounded edges.

The Palmaz-Genesis XD stents (Cordis J&J Interventional
Systems Co.) are designed for an expansion range of
10–18 mm, thus they can be considered as either large or
extra-large stents.

The Palmaz-Genesis XD series was introduced to allow
larger expansion diameters while retaining the favourable
features of the first Genesis stents, such as possibility of
insertion in transverse-curved vessels with a good radial
strength.

We used CP covered stents in three patients. This type of
stent is more radio-opaque than steel stents, thus avoiding
MRI disturbances. It has rounded edges and can be
implanted using any angioplasty balloon or the BIB
balloon. The main disadvantages of covered stents are (i)
the possibility of occlusion of side branches and (ii) they
can only be used in patients who are fully or nearly fully
grown, as it may not be possible to re-dilate them without
damaging the polytetrafluoroethylene covering
material.20,21

Various complications of stenting a coarctation of the
aorta have been reported (Table 2);1,8,12–18 the most
serious complication is aortic acute dissection. We think
that the use of covered stents may prevent this risk.

Another complication is stent migration; the use of a
balloon-in-balloon catheter (BIB) (NuMed Inc.) may
provide better control during the inflation and positioning
of the stent. This system consists of a balloon inside a
balloon: the inner balloon is half the diameter of the
outer balloon and 1 cm shorter than the outer balloon.
The major advantage of this system is that after inflation
of the inner balloon, the position of the stent can be
adjusted, before inflation of the outer one and stent
implantation.

Vascular problems at the femoral access are related to
size of the sheath and include loss of femoral pulses associ-
ated with ischaemic lesions. We prefer surgical suture of the
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femoral arterial access if the sheath used was larger
than 10F. All our patients were re-studied with Doppler
ultrasound of the vessels used for access, and no stenoses
were observed.
One of the most significant points in managing these

patients is the possibility of re-dilating the stent. Over-
dilatation seems to be the factor most strongly pre-disposing
to re-stenosis, whereas the mechanism that reduces the
stent lumen is neointimal proliferation. This phenomenon
is more evident in pulmonary artery re-stenosis, in which
the stent lumen achieves a uniform vessel diameter.
When re-coarctation was observed in a stented segment,
re-modelling of the coarcted aorta, neointimal prolifer-
ation at the site of the residual waist, and changes of
blood flow were found. As reported by Duke et al.,22

stent re-dilatation is an effective procedure that increases
the diameter of a previously implanted stent and thus
decreases the pressure gradient. The major indication for
re-dilatation is deliberated or forced under expansion at
first implantation and re-stenosis of coarctation of the
aorta.23 In our series, re-dilatation was performed
without complications, confirming the feasibility and the
clinical importance of this procedure.
The follow-up assessment of these patients is of great

importance. Recent data report that CT scans and MRI are
similarly useful for the non-invasive evaluation of the thor-
acic aorta in patients with coarctation of the aorta.24 In
2002, we started our programme of follow-up using CT scan-
ning to detect the anatomical characteristics of any aneur-
ysm formation or intrastent peeling. We believe that this

technique is better because of the absence of stent-
related interferences, which can occur during MRI. All our
patients underwent exercise testing during the follow-up.
This test is of limited value in the assessment of the
residual gradient25 but is necessary for any patient
wanting to undertake physical activity and/or sport. The
problem is what to do for patients who manifest hyperten-
sion during exercise but do not have residual stenosis. Our
policy is to start beta-blocker treatment, although it is
unclear for how long these should be administered
and what kind of limitations we should impose on these
patients.

Conclusions

Study limitations

This investigation is a retrospective study. Follow-up assess-
ment has changed over time. We have tailored follow-up
according to our experience, information from non-invasive
imaging techniques, and on the basis of new data and con-
siderations from literature.24,25

We treated recurrent coarctation only if the residual
gradient was significant, but it has been recently shown
that mild residual descending aortic narrowing in post-
coarctectomy patients is independently associated with a
higher mean daytime blood pressure and carotid intima-
media thickness, data suggesting that a lower threshold
for treatment may be indicated for these patients.26

Further research is needed for this special group.

Table 2 Brief review of the literature

Patients Complications Re-dilation Late aneurysm Follow-up
(mean)

Reference

32 One stent migration,
one aortic dissection

Eight patients None 1.5 years Johnston et al.1

21 Two stent migration Two patients; 4a Three spiral
CT scan

Cheatam et al.14

54 Two minor complications
(arrhythmias, paradoxical
hypertension), two stent
migration, one major
(vascular surgery)

Two patients One Ledesma et al.15

34 Two major (surgery); four minor Four patients None 28 months Hamdam et al.16

27 One stent migraton, two
major (balloon rupture
and cerebral embolism)

None Three 1.8 years Harrison et al.10

17 None None None 33b Thanopoulos et al.17

17 Two stent migration, two
major (haematoma and
carotid haemorrhage)

5þ 1a One Magee et al.8

48 One major (acute dissection;
one stent migration), nine
minor (loss of femoral pulse)

One Two 2 years de Lezo et al.18

33 One major (myocardial
infarction), two minor
(complete HB, loss of
femoral pulse), one
stent displacement

None None 27b Marshall et al.19

aAdditional stents.
bMedian value.
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Our policy

Our patients, with either native or recurrent coarctation of
the aorta, currently undergo MRI before interventional percu-
taneous procedures to define the anatomy and the site of the
stenotic segment as precisely as possible. We usually perform
catheterization as described earlier and we currently prefer a
primary stenting more than an angioplasty.27 We use a BiB
balloon catheter to dilate a Genesis stent or a Cheatham-
platinum covered stent. The decision about the specific stent
is related to the diameter of the coarctated segment, the
exact position of the coarctation, and the possible need for
a second dilatation of the stent after implantation.
We prefer not to flare the ends of the stent with a balloon

of larger size as proposed by some authors, because there is
no clear evidence of the usefulness of this strategy and
because of the risk of acute stent migration and the
suggested increase in the risk of aneurysm formation.28

We perform CT scans at 1 and 6 months after discharge to
detect eventual early aneurysm formation and follow it over
time. Exercise testing is planned for all patients, especially
for those who would like to practise sport, in order to assess
blood pressure increase and effort tolerance.
Stent implantation is a reliable technique for the

management of both native and recurrent coarctation of
the aorta. It is effective in relieving the pressure gradient
and in increasing the diameter of the stenotic segment.
Information gained by non-invasive imaging methods is
essential to have a precise definition of the anatomical fea-
tures of the aorta before interventional procedures and for
detecting even small tears after final stent implantation.
Some questions about the long-term results of stent treat-

ment of coarctation of the aorta, the incidence of aneu-
rysm, and the effects of a stiff aortic segment on blood
flow still remain to be unanswered. Further data on these
aspects are required.

Conflict of interest: none declared.

References

1. Johnston TA, Grifka RG, Jones TK. Endovascular stents for treatment of
coarctation of the aorta: acute results and follow-up experience.
Catheter Cardiovasc Interv 2004;62:499–505.

2. Mullins CE, O’Laughlin MP, Vick GW III, Mayer DC, Myers TJ, Kearney DL,
Schatz RA, Palmaz JC. Implantation of balloon-expandable intravascular
grafts by catheterization in pulmonary arteries and systemic veins.
Circulation 1988;77:188–199.

3. O’Laughlin MP, Perry SB, Lock JE, Mullins CE. Use of endovascular stents
in congenital heart disease. Circulation 1991;83:1923–1939.

4. Palmaz JC, Richter GM, Noeldge G, Schatz RA, Robison PD, Gardiner GA
Jr, Becker GJ, McLean GK, Denny DF Jr, Lammer J. Intraluminal stents
in atherosclerotic iliac artery stenosis: preliminary report of a multicen-
ter study. Radiology 1988;168:727–731.

5. Palmaz JC, Garcia OJ, Schatz RA, Rees CR, Roeren T, Richter GM,
Noeldge G, Gardiner GA Jr, Becker GJ, Walker C. Placement of balloon-
expandable intraluminal stents in iliac arteries: first 171 procedures.
Radiology 1990;174:969–975.

6. Palmaz JC, Encarnacion CE, Garcia OJ, Schatz RA, Rivera FJ, Laborde JC,
Dougherty SP. Aortic bifurcation stenosis: treatment with intravascular
stents. J Vasc Interv Radiol 1991;2:319–323.

7. Ebeid MR. Balloon expandable stents for coarctation of the aorta: review
of current status and technical considerations. Images Paediatr Cardiol
2003;15:25–41.

8. Magee AG, Brzezinska-Rajszys G, Qureshi SA, Rosenthal E, Zubrzycka M,
Ksiazyk J, Tynan M. Stent implantation for coarctation of the aorta and
recoarctation. Heart 1999;82:600–606.

9. Deanfield J, Thaulow E, Warnes C, Webb G, Kolbel F, Hoffman A,
Sorenson K, Kaemmer H, Thilen U, Bink-Boelkens M, Iserin L,
Daliento L, Silove E, Redington A, Vouhe P, Priori S, Alonso MA,
Blanc JJ, Budaj A, Cowie M, Deckers J, Fernandez Burgos E, Lekakis J,
Lindahl B, Mazzotta G, Morais J, Oto A, Smiseth O, Trappe HJ, Klein W,
Blomstrom-Lundqvist C, de Backer G, Hradec J, Mazzotta G,
Parkhomenko A, Presbitero P, Torbicki A. Task Force on the Management
of Grown Up Congenital Heart Disease, European Society of Cardiology;
ESC Committee for Practice Guidelines. Eur Heart J 2003;24:1035–1084.

10. Harrison DA, McLaughlin PR, Lazzam C, Connelly M, Benson LN.
Endovascular stents in the management of coarctation of the aorta in
the adolescent and adult: one year follow up. Heart 2001;85:561–566.

11. Varma C, Benson LN, Butany J, McLaughlin PR. Aortic dissection artery
stent dilatation for coarctation of the aorta: a case report and literature
review. Catheter Cardiovasc Interv 2003;59:528–535.

12. Aydogan U, Dindar A, Gurgan L, Cantez T. Late development of dissecting
aneurysm following balloon angioplasty of native coarctation of the
aorta. Catheter Cardiovasc Diagn 1995;36:226–229.

13. Vitiello R, McCrindle BW, Nykanen D, Freedom RM, Benson LN.
Complications associated with pediatric cardiac catheterization. J Am
Coll Cardiol 1998;32:1433–1440.

14. Cheatham JP. Stenting of coarctation of the aorta. Catheter Cardiovasc
Interv 2001;54:112–125.

15. Ledesma M, Alva C, Gomez FD, Sanchez-Soberanis A, Diaz y Diaz E,
Benitez-Perez C, Herrera-Franco R, Arguero R, Feldman T. Results of
stenting for coarctation of the aorta. Am J Cardiol 2001;88:460–462.

16. Hamdan MA, Maheshwari S, Fahey JT, Hellenbrand WE. Endovascular
stents for coarctation of the aorta: initial results and intermediate-
term follow-up. J Am Coll Cardiol 2001;38:1518–1523.

17. Thanopoulos BD, Hadjinikolaou L, Konstadopoulou GN, Tsaousis GS,
Triposkiadis F, Spirou P. Stent treatment for coarctation of the aorta:
intermediate term follow up and technical considerations. Heart
2000;84:65–70.

18. Suarez de Lezo J, Pan M, Romero M, Medina A, Segura J, Lafuente M,
Pavlovic D, Hernandez E, Melian F, Espada J. Immediate and follow-up
findings after stent treatment for severe coarctation of aorta. Am J
Cardiol 1999;83:400–406.

19. Marshall AC, Perry SB, Keane JF, Lock JE. Early results and medium-term
follow-up of stent implantation for mild residual or recurrent coarctation
of the aorta. Am Heart J 2000;139:1054–1060.

20. Ing F. Stents: what’s available to the pediatric interventional cardiolo-
gist? Catheter Cardiovasc Interv 2002;57:374–386.

21. Qureshi SA, Zubrzycka M, Brzezinska-Rajszys G, Kosciesza A, Ksiazyk J.
Use of covered Cheatham-platinum stents in coarctation of the aorta
and recoarctation. Cardiol Young 2004;14:50–54.

22. Duke C, Rosenthal E, Qureshi SA. The efficacy and safety of stent redila-
tation in congenital heart disease. Heart 2003;89:905–912.

23. McMahon CJ, El-Said HG, Grifka RG, Fraley JK, Nihill MR, Mullins CE.
Redilation of endovascular stents in congenital heart disease: factors
implicated in the development of restenosis and neointimal prolifer-
ation. J Am Coll Cardiol 2001;38:521–526.

24. Hager A, Kaemmerer H, Leppert A, Prokop M, Blucher S, Stern H, Hess J.
Follow-up of adults with coarctation of the aorta: comparison of helical
CT and MRI, and impact on assessing diameter changes. Chest
2004;126:1169–1176.

25. Swan L, Goyal S, Hsia C, Hechter S, Webb G, Gatzoulis MA. Exercise sys-
tolic blood pressures are of questionable value in the assessment of the
adult with a previous coarctation repair. Heart 2003;89:189–192.

26. Vriend JWJ, Zwinderman AH, de Groot E, Kastelen JJP, Bouma BJ,
Mulder BJM. Predictive value of mild, residual descending aortic
narrowing for blood pressure and vascular damage in patients after
repair of coarctation of the aorta. Eur Heart J 2005;26:84–90.

27. Zabal C, Attie F, Rosas M, Buendia_Hernàandez A, Garcia-Montes JA. The
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