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An Adolescent Patient with Coarctation of Aorta Treated
with Self-Expandable Nitinol Stent
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So Ick Jang, MD', Seong Ho Kim, MD', and Yang Min Kim, MD?
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Transcatheter treatment of aortic coarctation, with balloon angioplasty or stent implantation, is now an acceptable alternative to surgical
repair. However these procedures may result in complications, such as vascular wall injury and re-stenosis of the lesion. A nitinol self-ex-
pandable stent, when deployed at the coarctation site, produces low constant radial force, which may result in a gradual widening of the
stenotic lesion leaving less tissue injury (‘stretching rather than tearing’). For an adolescent with a native aortic coarctation, a self-ex-
pandable stent of 20 mm diameter was inserted at the discrete stenotic lesion of 5 mm diameter without previous balloon dilatation pro-
cedure. No further balloon dilatation was done immediately after the stent insertion. With the self-expandable stent only, the stenosis of
the lesion was partially relieved immediately after the stent deployment. Over several months after the stent insertion, gradual further

widening of the stent waist to an acceptable dimension was observed. (Korean Circ J 2013;43:207-211)
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Introduction

In the last 3 decades of medical development, transcatheter treat-
ment of coarctation of aorta with balloon angioplasty and stent im-
plantation has now become an acceptable alternative to surgical re-
pair. However these procedures may result in complications, such as
intimal tearing, neo-intimal hyperplasia, restenosis of the lesion, an-
eurysm formation, dissections, and, rarely, even fatal aortic rupture.”)
When the usual balloon expandable stents are used, some degree of
vascular wall injury may be inevitable during the forced immediate
dilatation of the stenotic lesion. However, a nitinol self-expandable
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stent, when deployed at the coarctation site, produces low constant
radial force, which may result in a gradual widening (stretching) of
the stenotic lesion, instead of tearing vascular wall structures ('st-
retching rather than tearing), leaving less tissue injury.*® And when
the result of the self-expansion of the stent is not enough, further
in-stent balloon dilatation can be done easily immediately or after
an appropriate interval. We report our experience with a nitinol self-
expandable stent for the treatment of native aortic coarctation in
an adolescent patient.

Case

An 18-year-old female, height of 165 cm and body weight of 55
kg, was diagnosed with a native aortic coarctation. She has no signi-
ficant difficulty in her usual activities and exercises. She has com-
plained only of intermittent headache. Her blood pressure (BP) mea-
surements were 123/64 mm Hg and 123/62 mm Hg at her right and
left arm, while 86/47 mm Hg and 83/49 mm Hg at her right and left
ankle, showing 50 mm Hg higher BP in the upper extremities (Table 1).
On echocardiographic study, discrete aortic coarctation was diag-
nosed with the peak pressure gradient across the stenotic lesion of
50 mm Hg by Doppler study (Fig. 1). On chest CT angiogram a dis-
crete narrowing at the isthmic portion of the aortic arch due to a
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Table 1. Blood pressures (systolic/mean/diastolic, mm Hg) of 4 extremities before and after the insertion of the self-expandable nitinol stent

Right arm Left arm Right ankle Left ankle
Before the stent insertion 123/88/64 123/84/62 86/67/47 83/63/49
Three days after the stent insertion 124/85/68 127/85/65 121/77/65 118/78/62
Four months after the stent insertion 112//58 117]/57 113//51 108//50
One year after the stent insertion 107(78/57 104/75/58 121/82/66 120/79/62
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Fig. 1. Echocardiographic examination before the insertion of the stent. A: Doppler study showed a maximum pressure gradient of 50 mm Hg across the
aortic coarctation. B: M-mode echocardiagram showed relatively good systolic function of left ventricle without significant muscle wall hypertrophy.
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Fig. 2. Images of the aortic coarctation at the time of stent insertion. A: multi-planar reconstructed CT images before the stent insertion showed discrete
narrowing at the isthmic portion of aortic arch due to posterior shelf lesion measuring 4 mm in the narrowest dimension. B: aortic angiogram before the
insertion of the stent showed discrete narrowing at the isthmus of the aortic arch measuring 5 mm in the narrowest dimension. C: aortic angiogram im-
mediately after the insertion of the self-expandable nitinol stent showed the dimension of the stent waist 8 mm.

posterior shelf lesion was seen (Fig. 2). The narrowest dimension of
the stenotic lesion was 4-5 mm, and the dimensions of the pre- and
post-coarctation descending aorta were 16 mm and 19 mm, respec-
tively (Fig. 2). The distance from the origin of left subclavian artery
to the coarctation site was 24 mm.

A 20 mm self-expandable nitinol stent (Hercules vascular stent
20%60 mm, S&G Biotech, Seongnam, Korea) was deployed across
the coarctation site, without previous balloon dilatation procedure
(Fig. 2). No further balloon dilatation was done immediately after the
stent deployment to avoid unnecessary tissue injury. Immediately
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after the procedure, the peak pressure gradient across the coarcta-
tion site decreased from 50 mm Hg to 20 mm Hg (Table 2), and the
dimension of the stenotic lesion shown by the stent waist some-
what increased from 4-5 mm to 8 mm on angiography and plain ch-
est X-ray images (Fig. 2). We decided to wait and see for further self-
expansion of the stent.

Three months after the procedure, the dimension of the stent
waist had enlarged gradually up to 13 mm on plain X-ray and 11.5 mm
on CT images (Fig. 3). Further interventional procedure, such as in-
stent low-pressure balloon dilatation, was suggested to trim the re-
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mnant waist of the stent. But the patient and her parents were hap-
py with the present status and refused any further procedures.
One year after the stent deployment, the dimension of the stent
waist further increased slightly up to 14 mm (Fig. 4). The BP mea-
surements in the upper extremities somewhat decreased, while the
BP measurements in the lower extremities increased significantly up
to higher than those of the upper extremities (Table 1). On echocar-

Table 2. Blood pressure data (systolic/diastolic/mean) in the Cath Lab be-
fore and after the insertion of the stent

Peak pressure

Asc Ao Dsc Ao e
H H
(mm Hg) (mm Hg) (mm Hg)
Before stent insertion 129/65/90 78/56/67 51
After stent insertion 115/58/83 95/61/79 20

Cath Lab: Catheterization Laboratory, Asc Ao: ascending aorta, Dsc Ao: de-
scending aorta
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diographic study, the exact Doppler pressure gradient across the
pervious stenotic site was not available because the images of the
previous stenotic lesion were poor and definite flow turbulence was
not found, suggesting the remnant stenosis not significant. Sub-
jectively, as she felt no significant difficulty in her physical activity
before the stent insertion, she felt not so much difference in her phy-
sical activity after the stent insertion. However, she said she felt more
warmness in her lower extremities after the stent insertion than be-
fore, having more tolerance for cold weather when she was wear-
ing skirts.

Discussion

A nitinol self-expandable stent exerts low constant radial force af-
ter the deployment in the stenotic lesion and results in gradual wid-
ening of the stenotic lesion. It is flexible and easy to deploy and can

|

Fig. 3. Images of the aortic coarctation 3 months after the insertion of the self-expandable stent. A: multiplanar reconstructed CT images 3 months after
the insertion of the self-expandable nitinol stent showed the dimension of the stent waist 1.5 mm. B and C: chest X-ray images 3 months after the inser-
tion of the self-expandable nitinol stent showed the dimension of the stent waist 13 mm (B: anterior-posterior projection, C: lateral projection).
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Fig. 4. Chest X-ray images 1 year after the insertion of the stent. Chest X ray images showed the dimension of the stent waist 14 mm. A: anterior-posteri-

or projection. B: lateral projection.
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Fig. 5. In the concentric compression and relaxation experiment of the self-expandable nitinol stent (S&G Biotech, Seongnam, Korea), the radial forces of
the stent were measured at varying diameters of the stent. The 20 mm diameter self-expandable stent was tightened gradually by a ringed device to the
diameter of 5 mm and thereafter loosened gradually to the diameter of 20 mm. As the stent is deformed to a smaller diameter, the stronger the radial
force was observed. And as the diameter of the stent increased, the radial force exerted by the stent decreased rather steeply. The resistance force of the
stent measured when the concentric compression force was loaded was greater than the expansion force of the stent measured when the concentric force

was unloaded (Data from S&G Biotech, Seongnam, Korea).

be used safely in patients with aortic coarctation, leaving less tissue
injury. Because the radial force of the self-expandable stent is not so
strong, self-expansion ability of the stent depends on the compli-
ance of the stenotic lesion to the radial force. In the native virgin
state of coarctation of aorta, where no intimal injury was made by
the previous surgery or interventional procedures, the use of nitinol
self-expandable stent can be desirable to avoid tearing injury on the
vascular wall structure. In the restenosis lesions after the previous
balloon dilatation or surgery where the compliance of the stenosis
lesion to the radial force is not good, the self-expansion ability of the
stent may not be enough. In these cases, further in-stent balloon
dilatation or balloon expandable stent insertion can be considered.

In using a self-expandable stent in a native coarctation patient, we
do not recommend any previous balloon dilatation prior to the stent
insertion or any further balloon dilatation immediately after the st-
ent insertion to avoid unnecessary tissue injury. If self expansion
of the stent doesn't look sufficient after several months' observa-
tion period, in-stent low pressure balloon dilatation procedure can
be easily done to relieve the remnant stenosis.

Mechanical properties of stress (external force inducing defor-
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mation of the stent) and strain (degree of deformation, change in
the diameter of the stent) of the self-expandable stent showed a
kind of linear relation pattern in a limited range of the stent dimen-
sion. As the loaded stress increases, the strain increases in linear re-
lationship initially, but after the stress (external force) reaches a
certain level, a much larger strain (deformation) is observed at a
small change of the stress. And some different curves were ob-
served at the time of stress loading and stress unloading (Fig. 5).%%
The resistance force of the stent measured during the external con-
centric force (stress) was being loaded was larger than the expansion
force of the stent measured during the external concentric force
was being unloaded. While unloading the stress, as the diameter of
the stent (strain) is recovered, the measured stress (radial force ex-
erted by the stent) decreased rather steeply.

In an experiment of concentric compression and relaxation of the
self-expandable nitinol stent (S&G Biotech, Seongnam, Korea), the
radial forces of the stent were measured at varying diameters of the
stent. The 20 mm diameter stent was tightened gradually by a ringed
device to the diameter of 5 mm and, thereafter, loosened gradually
to the diameter of 20 mm (Fig. 5). Generally, the smaller the diameter
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the stent was reduced to, the stronger the radial force exerted by
the stent was observed. As the diameter of the stent recovered, the
radial force exerted by the stent decreased steeply. When the di-
ameter of the stent increased to a certain level, the radial force ex-
erted by the stent (equivalent to the stress) became quite weak not
enough to expand the stent further significantly.

When a self-expandable stent of 20 mm diameter was inserted
into the 5 mm stenotic lesion in this case, the radial force produced
by the stent might be enough to gradually widen the stent waist
during the early period after the stent insertion. It might be reason-
able to wait and observe the self-expansion of the stent over a sev-
eral month period. As the diameter of the self-expandable stent
increased over several months, the radial force exerted by the stent
decreased steeply to an insignificantly low level, allowing no signifi-
cant further self-dilatation of the stenotic lesion. At this point, in-
stent balloon dilatation procedure can be helpful.

For the discrete stenotic lesion of the descending aorta in this
case, the stent with a shorter length (40-45 mm) was sought first.
However, for the diameter of 20 mm, only 60 mm length stent was
available from the product company then. We decided the use of the
60mm length stent could be an acceptable option in the adult sized
patient of this case.

In conclusion, for an 18-year female with native aortic coarcta-
tion, a self-expandable nitinol stent was used successfully. No bal-
loon dilatation procedure was done before or immediately after the
stent insertion. Over the following 3-month period, gradual self-ex-
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pansion of the stent resulting in gradual widening (stretching) of
the stenotic lesion to an acceptable dimension was observed. After
1 year, a little further widening of the stent waist was observed.

For some patients with native aortic coarctation, where the com-
pliance of the stenotic lesion is well maintained, the use of a nitinol
self-expandable stent can be the best treatment option to relieve
the stenosis avoiding unnecessary vascular wall injury.
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