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Sandwich thoracic branch endoprosthesis technique for

endovascular repair of thoracic aortic aneurysm with

aberrant right subclavian artery
Yasmeen Dhindsa, MD, Alexander DiBartolomeo, MD, Gregory A. Magee, MD, MSc,
Fernando Fleischman, MD, and Sukgu M. Han, MD, MS, Los Angeles, CA
ABSTRACT
Subclavian artery coverage is frequently required to achieve an adequate proximal seal during thoracic endovascular
aortic repair. The thoracic branch endoprosthesis (TBE; W.L. Gore & Associates) is the first U.S. Food and Drug
Administrationeapproved branched device for thoracic endovascular aortic repair, designed for left subclavian artery
incorporation. However, anatomic suitability of the TBE has been shown to be limited. In the present report, we describe
a novel technique using the TBE in a sandwich periscope configuration to allow for emergent repair of a ruptured
thoracic aortic aneurysm with a highly angulated proximal seal zone and aberrant right subclavian artery. (J Vasc Surg
Cases Innov Tech 2023;9:101289.)
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Coverage of the left subclavian artery (SCA) is required
in #30% of thoracic endovascular aortic repairs
(TEVARs) to achieve an adequate proximal seal zone,
with inferior outcomes associated with a compromised
proximal seal.1-3 Revascularization of the SCA can be
achieved via cervical debranching, including carotid
subclavian bypass or subclavian-to-carotid artery trans-
position. However, this can pose challenges in the
setting of concomitant carotid artery stenosis or hostile
neck anatomy. Previously described total endovascular
incorporation techniques of the SCA include in situ
fenestration, fenestrated or branched TEVAR devices,
and parallel grafting.4 The thoracic branched endopros-
thesis (TBE; W.L. Gore & Associates) is the first dedicated
branched TEVAR device to obtain U.S. Food and Drug
Administration approval for commercial use. Although
the pivotal trials of zone 2 TBE use have shown excel-
lent short-term and midterm results, the anatomic suit-
ability of TBE appears to be limited by the off-the-shelf
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design of the device. Furthermore, the TBE device
does not have angulation control, a key feature of the
latest generation conformable TAG with active control
(cTAG-AC; W.L. Gore & Associates), which improves
orthogonal deployment during TEVAR in an angulated
arch. In the present report, we describe a case of a
ruptured thoracic aortic aneurysm in the setting of an
aberrant right SCA and highly angulated proximal seal
zone, repaired with the sandwich TBE technique.
Combining the use of the TBE with the previously
described sandwich periscope approach as the distal
branched component allowed for endovascular incor-
poration of the aberrant right SCA and accurate orthog-
onal deployment of the cTAG-AC in a highly angulated
arch. The patient provided written informed consent for
the report of his case details and imaging studies.

CASE REPORT
A 58-year-old man with a history of hypertension, coronary

artery disease, and TEVAR for a descending thoracic aortic

aneurysm presented with acute-onset chest pain. Computed to-

mography angiography (CTA) showed left hemothorax and

mediastinal hematoma consistent with a contained rupture of

a 9.3-cm descending thoracic aortic aneurysm (Fig 1, A).

Additionally, CTA revealed complete loss of the proximal seal of

the previous TEVAR, an aberrant right SCA originating distally to

the left SCA, and high angulated neck distal to the left SCA

(Fig 1, B-D).

On arrival, the patient was hypotensive, with a systolic blood

pressure in the 90s with hemoglobin of 7 g/dL. Also, he was

hypoxic and tachypneic with an oxygen saturation of low 90%

with supplemental oxygen and a respiratory rate in the high

20s. The patient was taken to the operating room for total endo-

vascular repair within 3 hours of arrival. Percutaneous access was

performed at the right femoral and right brachial arteries. First,

distal TEVAR was performed using a 31-mm � 200-mm

cTAG-AC above the celiac origin, relining the previous TEVAR
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Fig 1. A, Ruptured descending thoracic aortic aneurysm with left hemothorax (arrow). B, Complete loss of
proximal seal. C, Aberrant right subclavian artery (SCA) arising from the aneurysm and distal to the left SCA. D,
Highly angulated proximal seal zone distal to the left SCA with the length of 24 mm.
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device (Fig 2, A). Second, a 31-mm � 150-mm TBE with an 8-mm

portal was deployed distally to the right SCA origin using a right

brachial-to-right femoral through-and-through wire (Fig 2, B).

Third, the right SCA and 8-mm portal were bridged with

13-mm � 10-cm self-expanding Viabahn covered stents

(W.L. Gore & Associates), introduced over the through-and-

through wire. Additional Viabahn VBX stents (W.L. Gore &

Associates) were required to achieve a distal seal into the ectatic

right SCA (Fig 2, C). Finally, proximal TEVAR was performed using

a 31-mm � 150-mm cTAG-AC, achieving a proximal aortic seal in

a highly angulated proximal neck (Fig 2, D). The time from

vascular access to aneurysm seal with the right SCA

incorporation was w45 minutes, with a fluoroscopy time of

21 minutes and contrast usage of 80 mL. The left hemothorax

was drained, and the patient had an uneventful recovery. At

the 7-month follow-up, the patient remained well without

dysphagia symptoms. CTA showed a complete seal with sac

regression to 5.6 cm and a patent right SCA branch. Given the

emergent presentation, no genetic testing was performed

before endovascular repair. However, the patient was referred

for genetic testing for heritable thoracic aortic disease.
DISCUSSION
In the present report, we describe the next evolution of

the previously reported periscope sandwich TEVAR tech-
nique.4 The advantages of the periscope sandwich tech-
nique include preservation of the proximal and distal
overlap zones for future proximal and distal extensions
and facilitation of left upper extremity access to the
visceral and renal arteries using commercially available
components. The new sandwich periscope technique
provides three additional advantages. First, by incorpo-
rating the TBE with its inner branch or portal design as
the sandwich component, the inherent limitation of
the occurrence of a gutter leak associated with parallel
grafting is eliminated. Second, proximal extension with
the new cTAG-AC with angulation control features pro-
vides greater deployment precision and reduced bird
beaking, especially in an angulated proximal seal zone,
as illustrated by our patient’s case. Third, although in
the current case, we used the sandwich TBE technique
for preservation of an aberrant right SCA, the technique
can be applied for left SCA incorporation. This technique



Fig 2. A, Relining thoracic endovascular aortic repair (TEVAR) with deployment of the conformable TAG with
active control (cTAG-AC) above the celiac artery origin. B, Deployment of thoracic branch endoprosthesis (TBE)
device with 8-mm portal distal to the origin of the right subclavian artery (SCA) origin with through-and-
through wire access. C, Placement of bridging stents to the right SCA. D, Deployment of the proximal cTAG-
AC to complete repair.
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expands the anatomic suitability for TBE, beyond the dis-
tance between the arch branch origins to avoid shutter-
ing by the required “covered length” of the off-the-shelf
design of the TBE device.
Several treatment options are available for thoracic

aortic aneurysm exclusion with SCA revascularization,
including TEVAR with cervical debranching, in situ fenes-
tration, parallel grafting, and branched fenestrated
TEVAR. This technique combines the last two options
to expand the anatomic applicability of the TBE device
and leverage the latest generation cTAG-AC features to
allow for more precise deployment. Although cervical
debranching is a widely accepted “standard” procedure,
it carries additional risks of complications specific to cer-
vical dissection such as cranial nerve injury, chyle leak,
hematoma, and seroma.8,9 Our patient had no
contraindications for cervical debranching. However,
our team has been performing complex TEVARs
routinely for the previous decade, including the TBE trials
and sandwich periscope technique. The described tech-
nique combines the procedural steps our team is accus-
tomed to performing, as indicated by the time to
endovascular completion of 45 minutes. Unlike the in
situ fenestration technique, sandwich TBE does not
require modification of the stent grafts, potentially
decreasing the risk of type III endoleaks from fabric tears.
The present technique has several limitations. This

configuration results in a longer retrograde branch to
the SCA using a $10 cm length and, often, multiple
covered stents. As such, compared with the dedicated
branch component of the TBE, this technique might be
more prone to branch instability. At present, the TBE
device is not readily available at many centers, limiting
its wide applicability in emergent settings. Additionally,
familiarity with complex TEVAR procedures, including
TBE and parallel grafting, is required before this
technique should be applied in emergent settings. How-
ever, we believe the ever changing availability of this
commercially approved device should not negate the
potential advantages of this technique at centers with
expertise in complex endovascular aortic repairs. The
additional device costs associated with TBE and multiple
branch components should be considered, which could
be prohibitive at some centers. With any new endovascu-
lar techniques, the long-term durability of this off-label
technique remains to be determined. Thus, the decision
to apply this technique should be carefully made with
these limitations in mind.

CONCLUSIONS
The sandwich TBE technique provides an alternative

method of endovascular SCA incorporation using
off-the-shelf endovascular components. This technique
improves on the previously described sandwich
periscope technique and expands the applicability of
TBE to patients who do not meet the anatomic criteria.
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