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Iatrogenic coarctation caused by branched thoracic

endovascular aortic repair treated with Palmaz XL stent

and triple kissing balloon technique
Wolf Eilenberg, MD, PhD,a,b Giuseppe Panuccio, MD, PhD,a Fiona Rohlffs, MD, PhD,a

Ahmed S. Eleshra, MD, PhD,a Franziska Heidemann, MD,a and Tilo Kölbel, MD, PhD,a Hamburg, Germany;

and Vienna, Austria
ABSTRACT
We have described a technique to treat iatrogenic coarctation caused by a branched thoracic endovascular aortic repair
(TEVAR) procedure with a Palmaz XL stent (Palmaz Genesis; Cordis Corp, a Cardinal Health Company, Milpitas, Calif) and
triple kissing balloons. A 42-year-old woman with Marfan syndrome had presented with aneurysmatic dilatation of the
aortic arch 10 years after open aortic arch repair. After successful branched TEVAR, a significant coarctation just short of
the left common carotid artery was noted with significant pressure gradient between the ascending and descending
aorta. Branched TEVAR in previous open aortic arch replacement can result in iatrogenic coarctation that can be
successfully treated using a Palmaz XL stent and triple kissing balloons. (J Vasc Surg Cases Innov Tech 2021;7:433-7.)
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Genetic aortic diseases
Patients with Marfan syndrome (MFS) frequently follow
a pathway of repetitive aortic surgery due to the untreat-
able genetic tissue disorder, with aortic root aneurysm
the most frequent cardiovascular manifestation with
the need for surgical correction.1 The reference standard
for the treatment of aortic pathology in patients with ge-
netic aortic syndromes (GASs) and aortic pathology has
generally been considered open repair.2 Patients with
GASs frequently require staged open repair of multiple
aortic segments, which can be associated with mortality
#23%.3 Landing a stent graft in the native aorta of a pa-
tient with GAS can lead to secondary complications
such as dissection, ulcer, or rupture relating to the frailty
of the vessel tissue.3 The early results of thoracic endovas-
cular aortic repair (TEVAR) to treat patients with GAS
have been discouraging.4 However, recent studies using
endovascular aortic repair mainly as an adjunct when
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connecting graft-replaced aortic segments or as a tem-
porary bridge have reported favorable results with low
morbidity and mortality.5-7

The suitability of aortic arch pathology for branched
TEVAR after previous open repair can be limited by kinks
in the surgical graft, which can affect graft apposition
and lead to a type Ia endoleak.8 In the present technical
note, we have described the case of a 42-year-old patient
with MFS after open aortic arch repair and secondary
aneurysmatic islet dilatation treated with a custom-
made branched TEVAR graft. She had developed an
intraoperative iatrogenic coarctation after stent-graft
placement owing to a significant kink in the open surgi-
cal graft.

SURIGICAL TECHNIQUE
A 42-year-old woman with MFS was referred from an

outside tertiary center to our institution with a 5.5-cm
aortic arch pseudoaneurysm originating from the anas-
tomosis of an island patch of the supra-aortic arteries
of an elephant trunk repair. The complex history of the
patient included six major open surgical aortic proced-
ures: (1) ascending repair of a peripartum acute type A
aortic dissection, (2) a mechanical Bentall procedure, (3)
an elephant trunk repair, (4) reoperation for chylothorax,
(5) tubular descending thoracic aortic repair, and (6)
open thoracoabdominal bi-iliac repair, resulting in com-
plete aortic replacement despite the island patch in
the aortic arch. An interdisciplinary aortic board, consist-
ing of cardiac surgeons, cardiologists with a focus on
GASs, and vascular surgeons, deemed the patient at
high risk of open repair owing to the multiple previous
open operations. With the patient also refusing open sur-
gery, we offered an endovascular treatment option using
433
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Fig 1. Planning of a custom-made two-branched arch endograft. A, Anatomy sketch of the aortic aneurysm and
endografts. B, Graft plan. Reprinted with permission from Elsevier. C, Three-dimensional computed tomography
scan of the aortic arch. The arrow indicates the coarctation.
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an inner branched arch endograft landing in replaced
aortic segments.
The patient was treated in three steps: (1) left common

carotid artery (LCCA) interposition graft and left carotid-
subclavian bypass; (2) embolization of the left subclavian
artery using Amplatzer vascular plugs (St Jude Medical,
Inc, St Paul, Minn); and (3) branched TEVAR landing in
the replaced aortic segments, the native innominate ar-
tery (IA), and the graft-replaced LCCA.
The planned arch endograft with two inner branches

for the IA and LCCA requires cervical debranching to
the left subclavian artery. Because this step required
dissection of the LCCA, we decided to replace a segment
with a 6-mm Dacron interposition graft, including the
proximal anastomosis of the carotidesubclavian bypass.
This decision was made to avoid landing the bridging
covered stent in the native LCCA owing to the patient’s
vulnerable arterial wall and because the LCCA had
required exposure and later correction would have
been difficult.
The endovascular procedure of step 3 (Fig 1) was con-

ducted with the patient under general anesthesia and
full heparinization, with an activated clotting time goal
of 250 to 350 seconds, in a hybrid operating room with
a fixed imaging system (Allura Clarity; Philips Healthcare,
Amsterdam, The Netherlands) and computed tomogra-
phy fusion (Vesselnavigator; Philips Healthcare). Over a
super-stiff wire (Lunderquist; Cook Medical, Bloomington,
Ind) in the ascending aorta to the mechanical aortic valve,
the branched main graft (Cook Medical) was deployed
(Fig 2). An extra short 3.5-cm tip was used to deploy the
graft proximally in the ascending aorta without crossing
the mechanical aortic valve (Fig 3, A). Two extensions
were introduced through a right common carotid artery
cutdown used for the innominate artery (20 mm/73 mm
and 20 mm/90 mm) and relined with a balloon expand-
able 10 � 59-mm Genesis stent (Cordis Corp, a Cardinal
Health Company, Milpitas, Calif). A Fluency 9-mm/
80-mm self-expanding bridging covered stent (BD/Bard
Peripheral Vascular, Tempe, Ariz) and an Advanta
balloon-expandable 10-mm/59-mm bridging covered
stent (Getinge, Merrimack, NH) relined with a Genesis
9-mm/59-mm stent (Cordis Corp) were used to connect
the LCCA interposition graft to the second branch.
After placement of the bridging components, a signifi-

cant systolic blood pressure difference of 90 mm Hg
was noted between the IA and descending thoracic aorta
(Fig 3, B). Fluoroscopy showed an obstruction caused by
the two inner branches at the previous kink in the aortic
arch (Fig 3) that could not be passed easily with a catheter.
To treat this iatrogenic coarctation, a 4-cm Palmaz XL
stent (Palmaz Genesis; Cordis Corp) was mounted on a
14-mm, 4-cm high-pressure balloon (Atlas Gold; BD/Bard
Peripheral Vascular) and deployed using the Sternbergh
technique9 through a 12F, 80-cm Flexor sheath (Cook
Medical; Fig 4, A). During postdilatation with an 18-mm
high-pressure balloon (Atlas Gold Bard; BD/Bard Periph-
eral Vascular), protective balloons in both inner branches
were inflated using a triple kissing technique to prevent
compression of these vital arch branches (Fig 4, B). The
final angiogram showed unimpeded flow into both
branches and the descending thoracic aorta without
remaining stenosis (Fig 4, C). No blood pressure gradient
between the ascending and descending aorta was
detectable. The procedure time was 224 minutes. The
fluoroscopy time was 78 minutes. A total of 110 mL of
contrast agent was used. The postoperative computed to-
mography angiogram demonstrated patency of all target
vessels and exclusion of the aortic arch aneurysm without
an endoleak or stenosis, with excellent computed tomog-
raphy angiography findings at 6 months of follow-up
(Fig 5) without any signs of coarctation. The patient pro-
vided written informed consent for the report of their
case details and images.



Fig 2. A, Two-dimensional reconstruction of the aortic arch showing ventral view with 90� curve at the aortic
ascending artery. The arrow indicates the tissue flap in the corner of the aortic arch. B, Intraoperative angiogram
before main stent-graft placement. Right and left carotid artery (LCCA) both inserted with a guidewire and
super stiff Lunderquist wire (Cook Medical) just in front of the mechanical aortic valve.

Fig 3. A, Intraoperative fluoroscopy after main stent-graft placement. Super stiff Lunderquist wire (Cook Med-
ical) inserted just in front of the mechanical aortic valve. The main branched stent-graft showed some signs of
insufficient deployment with a 90� curve (arrow). B, Intraoperative fluoroscopy after main stent-graft and branch
deployment. High-grade stenosis caused intraoperative mean gradient arterial pressure differences of >20 mm
Hg (arrow), with recanalization succeeding after several attempts.
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Fig 4. A, Intraoperative dilatation with Coda balloon (Cook Medical) and 4-cm Palmaz XL stent (Palmaz Genesis;
Cordis Corp) deployment after successful positioning of super stiff Lunderquist (Cook Medical) inserted just in
front of the mechanical aortic valve. Arrow indicates stenosis. B, Triple-balloon kissing technique dilatation of
the ascending aorta, innominate artery (IA), and left common carotid artery (LCCA). C, Final digital subtraction
angiogram showing unimpeded flow to all supra-aortic arteries and the descending thoracic aorta. The Palmaz
XL stent is widely open.
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DISCUSSION
Our 42-year-old patient with MFS was judged to be at

high risk of open surgical repair owing to multiple previ-
ous surgical repairs. Therefore, she underwent an endo-
vascular procedure. Bridging the graft-replaced aortic
segments using TEVAR was reported to have favorable
results with low morbidity and mortality even in patients
with GASs.5-7 The key suitability criterion for stent-graft
procedures in the aortic arch is an appropriate proximal
landing zone, which a graft-replaced ascending aorta
frequently can provide.10 The suitability of the proximal
landing zone can be limited by kinks in the surgical graft,
which can affect graft apposition and lead to type Ia
endoleakage.8 In the reported case, the proximal landing
zone was excellent despite the presence of a mechanical
valve, which was mitigated by the use of an extra-short
nosecone. However, the stent-graft caused an iatrogenic
coarctation owing to the inner branches at the level of
the kink. In the present technical note, we have illus-
trated the versatility of a Palmaz XL stent as a bail-out,
when high radial forces are needed to overcome recoil
and stenosis of endografts in previous open or endovas-
cular grafts. The protective use of triple kissing balloons
helped to successfully treat this complication in a sensi-
tive aortic segment without jeopardizing the flow to vital
aortic branches.

CONCLUSIONS
Palmaz XL stent placement in the aortic arch and triple

balloon kissing technique successfully treated an
iatrogenic-induced aortic coarctation in a patient with
MFS during branched TEVAR.



Fig 5. Computed tomography angiogram at 6 months of follow-up. A, Volume rendering demonstrating un-
changed position of the endografts. B,Multiplanar reconstruction of the aortic arch. Arrows indicate the Palmaz
XL stent (Palmaz Genesis; Cordis Corp) in unchanged expansion. C, Multiplanar perpendicular reconstruction at
the level of the previous graft infolding (dotted line) showing well-expanded bridging covered stents to the
innominate artery, left common carotid artery (LCCA), and well-expanded Palmaz XL stent (arrows).
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