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Abstract
Coarctation of the aorta is a congenital heart defect (CHD) consisting of narrowing of the descending aorta and comprises 5 to 8%

of all CHDs. Native coarctations are treated either with surgery or balloon angioplasty depending upon on the age at which they present and institutional preferences. Re-coarctations occur both with surgical and balloon therapy. Both post-surgical and post-balloon

re-coarctations in adolescents and adults are largely dealt with stent implantation across the re-coarctation site. In this report we
present a case in which the balloon ruptured during the stent implantation with resultant non-expansion of the stent. This case
report consists of how to address such a complication. The objective is to implant the stent at the intended site and such objective

was achieved in this case and details of the procedure were enumerated. The conclusion was that the interventionalist should take
every effort to place the stent at the intended site and that this complication is unlikely to occur following the use of BIB catheters to
implant stents.
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Introduction
Coarctation of the aorta is a congenital anomaly of the heart in which obstruction to blood flow in the descending aorta occurs. It con-

sists of narrowed aortic segment with localized medial thickening and enfolding of the media and superimposed neointimal tissue [1-3].
A shelf-like structure or a membranous curtain-like structure may be seen with either an eccentric or a central opening. The prevalence of

coarctation is in the order of 5 to 8% of children born with congenital heart disease. Although there are differences in institutional practices, surgical repair in neonates and infants, balloon angioplasty in children and stent deployment in adolescents and adults has become

a standard practice in the management of native aortic coarctation [2-8]. Aortic re-coarctations following surgery in children, however are

commonly addressed with balloon angioplasty [9-13] while such re-coarctation in adolescents and adults are treated with stents [2,7,1417]. In this report, the author presents a nightmare case which was encountered while attempting to implant a stent in a teenager with
aortic re-coarctation and how it was resolved.

Case Report

A sixteen-year-old teenager underwent cardiac catheterization and selective cine-angiography preparatory to stent implantation for

aortic re-coarctation.
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History

This teenager was found to have severe aortic coarctation at the age of 10 days and underwent surgical repair at that time with subcla-

vian flap angioplasty procedure. He improved clinically and was followed by periodic clinical evaluation. At the age 8 years, severe valvar
aortic stenosis developed requiring surgical aortic valvotomy. He was again followed clinically; at the age of 12 years, subaortic membranous stenosis of severe degree was diagnosed by the primary cardiologist. Cardiac catheterization and selective cineangiography revealed
subaortic membrane with a peak-to-peak systolic pressure gradient of 82 mmHg. There was a 15-mmHg peak-to-peak gradient across

the site of coarctation repair without significant angiographic narrowing. Balloon angioplasty of subaortic membrane was performed
as described previously [18] and the peak gradient was reduced from 82 mmHg to 32 mmHg. The coarctation gradient did not change.

Periodic clinical evaluation along with echo-Doppler studies continued. At the age of 16 years, he complained of exercise intolerance and

echo-Doppler evaluation revealed 25 mmHg gradient across the left ventricular outflow tract and 36 mmHg peak-to-peak gradient across
the re-coarctation site.

Cardiac catheterization
Right and left heart catheterization was performed percutaneously with the intent to evaluate his hemodynamic status and to consider

for stent implantation across the aortic re-coarctation site. No intracardiac shunts were detected. The right heart pressures were normal

with no evidence for any gradient across the mitral valve. A 25-mmHg peak-to-peak gradient was recorded across the left ventricular
outflow tract (subaortic ridge and aortic valve). There was also a 28-mmHg peak-to-peak gradient across the site of aortic re-coarctation.
Left ventricular angiography revealed a small subvalvar muscular ridge and thickened aortic valve leaflets with minimal doming. Aortography (Figure 1) reveled aortic re-coarctation; the coarcted segment measured 10 mm and the aorta proximal to the coarctation segment

measured 19.6 mm while the descending aorta distal to the coarctation site measured 22 mm. It was concluded that there is no need to
intervene to address left ventricular our flow tract obstruction since the gradient was low (25 mmHg) but, enlargement of the re-coarcted
aortic segment may be beneficial. Stent implantation across the re-coarcted aortic segment was contemplated.

Figure 1: Selected cine-angiographic frame of an aortogram in 300 left anterior projection showing coarctation segment
(C) (arrow). The visualization of coarcted segment is partially blocked by the dilated aorta. Sternal wires related to past surgery
were seen, but not labelled. Tip of the pigtail catheter is seen in the ascending aorta (AAo). DAo: Descending Aorta.
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Stent implantation procedure

Initially, a 0.035”, extra-stiff, J-tipped, Amplatz guide wire (Cook, Bloomington, IN) was positioned deep into the right subclavian artery

with the aid of a #5F right coronary artery (RCA) catheter (Cordis, Miami Lakes, FL). Once the guidewire was in place, the RCA catheter
was removed. The femoral arterial sheath used for the diagnostic study was replaced with a 9F blue Cook sheath (Cook Medical, Bloom-

ington, IN) with a radio-opaque marker at its tip over the extra-stiff, J-tipped, Amplatz guide wire already in place. The tip of the sheath
was initially positioned proximal to the coarcted aortic segment. A 30 mm-long Palmaz stent (Cordis Endovascular, Mokena, IL) was hand-

crimped onto a 22-mm diameter, 4-cm long balloon of a balloon angioplasty catheter (Meditech, Natick, MA). An umbilical tape was used
to finish crimping onto the balloon. The stent/balloon assembly was slowly eased across the valve of the 9F sheath to prevent inadvertent
displacement of the stent from the balloon and then advanced up to the tip of the sheath. The stent was held in place and the sheath was
slowly withdrawn to uncover the stent and the tip of the radio-opaque sheath is positioned distal to the site of coarctation, resulting in

positioning the stent across the coarctation segment (Figure 2). A test angiogram via the side arm of the sheath confirmed good position
of the stent. The procedure of stent implantation was similar that described in the author’s prior publications [7,19].

Figure 2: Selected cine-radiographic frame in 300 left anterior projection showing position of the unexpanded stent (St)
across the coarctation segment. Sternal wires related to past surgery were seen, but not labelled. GW: Guidewire;
RTSh: Radio-Opaque Tip of the Sheath.

Failure of stent expansion
The balloon was inflated with the intent of implanting the stent across the coarctation site. No stent expansion was observed on fluo-

roscopy; the contrast material appears to leak out. Presumably, the balloon on which the stent was mounted has ruptured.
Rescue

Initially attempts were made to withdraw the stent/balloon assembly into the sheath. This was not possible, presumably related to

slight flaring of the lower end of the stent. Then, forceful inflation of the balloon was undertaken which resulted in only minimal additional

flaring of the lower end of the stent. With some manipulation, the balloon catheter was extricated out of the stent and then out of the
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patient. During this process the stent was held in place over the wire with support at its lower end with tip of the sheath. The extracted

balloon was inspected and the balloon material was found intact, but torn. A 6-mm-diameter, 2-cm-long Meditech balloon catheter (Meditech, Natick, MA) was introduced over the wire, but through the sheath and positioned in the lower two-thirds of the stent and the balloon
was inflated. This resulted in expansion of the lower half of the stent (Figure 3).

Figure 3: Selected cine-radiographic frame in 300 left anterior projection showing the position of the partially expanded stent
(St) (arrowhead) following dilatation with a 6-mm-diameter balloon. Sternal wires related to past surgery were seen, but not
labelled. GW: Guidewire; RTSh: Radio-Opaque Tip of the Sheath.

Another 22-mm diameter, 4-cm long balloon of a balloon angioplasty catheter (Meditech) was advanced through the stent and the bal-

loon was inflated. Again, this balloon ruptured before full expansion of the stent (Figure 4).

Figure 4: Selected cine-radiographic frame in 300 left anterior projection showing position of the partially expanded stent
(St) (arrow) following attempted dilatation with a 22-mm-diameter balloon. There was minimal expansion of the upper part of
the St (large arrowheads) while there was a greater dilatation of the lower end of the St (small arrowheads). Sternal wires related to
past surgery were seen, but not labelled. GW: Guidewire; RTSh: Radio-Opaque Tip of the Sheath.
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After failure to achieve satisfactory results with the 22-mm balloon, an 18-mm-diameter XXL balloon (Meditech) was introduced and

placed across the entire length of the stent and the balloon was inflated; this resulted in complete expansion of the stent (Figure 5A). The
stent was further expanded with a 22-mm-diameter, 6-cm long balloon (Figure 5B) resulting in an excellent relief of aortic re-coarctation
(Figure 6).

Figure 5: Selected cine-radiographic frame in 300 left anterior projection showing the position of the expanded stent
(St) (arrow) following dilatation with an 18-mm-diameter balloon. B. Selected cine-radiographic frame in 300 left anterior
projection showing position of the expanded stent (St) (arrow) following dilatation with a 22-mm-diameter balloon. Both
images show complete expansion of the St (arrowheads). Numbers “18” and “22” indicate the size of balloon used to dilate the
St. Sternal wires related to past surgery were seen, but not labelled.

Figure 6: Selected cine-angiographic frame in 300 left anterior projection showing position of the fully expanded stent (St)
(large white arrow) following dilatation with an 18- and then a 22-mm-diameter balloon, as shown in figure 5. There was a
full expansion of the St (large white arrow). The small black arrow points to the junction aortic arch (ARCH) with the
descending aorta (DAo). Sternal wires related to past surgery were seen, but not labelled. There is no visualization of the left
subclavian artery; this is related prior subclavian flap surgery during infancy. LCC: Left Common Carotid Artery.
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Following the completion of the procedure, as described above, there is angiographic improvement (Figure 6). On a pressure pullback

tracing, there was only a 4-mmHg peak-to-peak gradient across the arch, stent and descending aorta. Follow-up echo-Doppler studies on

the day following the procedure and at 3 months after the procedure revealed no Doppler evidence of residual obstruction across the aor-

tic arch, stent and the descending aorta. The patient also did not have symptoms of exercise intolerance that he had prior to the procedure.

Discussion

A number complications including rupture of the aorta [20], stent displacement [20-23], balloon rupture [21,24,25], stent fracture

[26], and aneurysm formation [24,27] have been reported during the procedure of stent implantation, but fortunately, these complications are infrequent. In the series from the Congenital Cardiovascular Interventional Study Consortium (CCICS) database [28], successful

stenting of coarctation was reported in 98.6% (580 out of 588) patients. Complications occurred in 11.7% cases. Significant complica-

tions in this series were aneurysms (2.2%), aortic dissection (1.5%), stroke (1%), femoral vessel injury (2.6%), and death in 0.3%. In the
author’s own personal experience with stent deployment in 75 consecutive patients during a six-year period, complications that occurred
included balloon rupture in 8% and stent displacement in 4%; these complications were reduced (14% vs. 8%) following the introduction
of more flexible (less rigid) stents [29,30].

The description of the procedure in the section titled “Rescue” illustrates how balloon rupture resulting in non-expansion of the stent

was addressed. First and foremost, don’t panic. Second, keep the stent on the guidewire. Forceful balloon inflation of the balloon was attempted, but that was not effective; such procedure seems to be effective in small-balloon stents such as coronary stents. The prime objec-

tive is to implant the stent at the intended site as described above and is the most desirable outcome. If that is not possible, implantation
of the stent in the iliac artery or in the descending aorta below the level of renal arteries is another way of getting out of trouble. At the

present time we use balloon-in-balloon (BIB) catheters (NuMed, Hopkinton, NY) for stent implantation and since using BIB catheters to
implant the stents, the author has not encountered balloon rupture or any other stent-related complications [7,17,19,30].

Summary and Conclusion

Coarctation of the aorta is a relatively common congenital heart defect comprising 5 to 8% of all congenital heart anomalies. The treat-

ment of coarctation is largely dependent on the age at presentation (neonates, infants, children, adolescents, and adults) and the type of
coarctation (native or post-surgical or post-balloon angioplasty re-coarctation). Stenting has emerged as the treatment of choice for aortic
re-coarctations in adolescents and adults. The case presented illustrates balloon rupture resulting in non-expansion of the stent and how

such a complication was managed with the final result of stent implantation at the intended site. It was concluded that every effort should

be made to implant the stent at the intended site and that the described type of complication is likely to be eliminated following the introduction of BIB catheters to implant stents.
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