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Abstract

Managing type B aortic dissection (TBAD) involving Kommerell’s diverticulum (KD), aberrant

right subclavian artery (ARSA), and isolated left vertebral artery (ILVA), is extremely challenging.

As treatment, we described a one-stage hybrid technique combined with thoracic endovascular

aortic repair (TEVAR) with open surgery through a supraclavicular incision. A 57-year-old man

with TBAD and the three anomalies successfully underwent hybrid TEVAR. A side-to-side arti-

ficial bypass between the ARSA and the right common carotid artery was established through a

right supraclavicular incision before TEVAR. The release of the stent-graft was designed from the

distal aortic ostium to the left common carotid artery (LCCA) to cover the ILVA, ARSA, and left

subclavian artery (LSA). Then, the ILVA and LSA were transposed to the LCCA through a left

supraclavicular incision. Intraoperative angiography confirmed complete false lumen exclusion

and KD, with all branches patent and without endoleaks. Computed tomography angiography

7 days and 1 year postoperatively demonstrated well-perfused ARSA, LSA, and ILVA, and a fully

expanded stent-graft with no endoleaks, migration, disconnection, or stenosis. TBAD involving

KD, ARSA, and ILVA in one case is rare. This is the first report to treat this pathology with a one-

stage supraclavicular hybrid procedure.
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Introduction

Aberrant right subclavian artery (ARSA),
Kommerell’s diverticulum (KD), and isolat-
ed left vertebral artery (ILVA) are three
aortic arch anomalies that seldom exist
together. Moreover, people with these
aortic arch anomalies are usually suscepti-
ble to aortic dissection that could benefit
from surgery under certain conditions.
The reported incidences of ARSA and
ILVA are 0.6% and 3.4% in the general
population, and 1.8% and 6.3% in patients
with thoracic aortic disease, respectively.1

KD has also been found in 60% of patients
with ARSA.2 The high morbidity and mor-
tality rates with open surgery with total
aortic arch replacement limit the scope of
this approach. Conventional thoracic endo-
vascular aortic repair (TEVAR) is also a
challenging approach because the proximal
landing zone may be insufficient for the
endograft owing to involvement of the
ostia of the left subclavian artery (LSA)
and ILVA because of dissection. This
report demonstrates a hybrid approach
involving TEVAR, double supraclavicular
transposition, and single bypass to treat
type B aortic dissection (TBAD) involving
the three anomalies.

Case report

A 57-year-old male patient with a long his-
tory of hypertension was admitted to our
hospital with acute chest and back pain
for 12 hours. Computed tomography

angiography (CTA) demonstrated TBAD
combined with ILVA, ARSA, and KD,
and that the ILVA was dominant
(Figure 1a–d). The maximum KD diameter
was 32.8 mm (Figure 1c), and the entry tear

was located around KD and ARSA
(Figure 1e). The distances between the
ostia of the LSA and ILVA and the entry
tear were 3.0 mm and 13.0 mm, respectively
(Figure 1f and 1g). If traditional TEVAR
were performed to treat the TBAD, the
ARSA, ILVA, and LSA would have to
have been covered to achieve an adequate
landing distance, and, to ensure cerebral

perfusion, the ILVA, LSA, and ARSA
would have to have been revascularized.
Because the fenestrated TEVAR
(fTEVAR) and chimney TEVAR
(chTEVAR) techniques are complicated,
expensive, and prone to complications, a
hybrid TEVAR with concomitant double
supraclavicular transposition of the LSA
and ILVA to the LCCA as well as single
artificial bypass of the ARSA to the

RCCA was performed through bilateral
supraclavicular incisions.

The patient underwent standard drug
therapy after admission, which lasted for 1

month. Symptoms of chest and back pain
persisted. The hybrid procedure was then
performed under general anesthesia in a
hybrid operating room. The right common
femoral artery was punctured, and a gold-
marked pigtail catheter (Cook Medical Inc.,
Bloomington, IN, USA) was inserted into
the ascending aorta to perform
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angiography, which confirmed the CTA

results (Figure 2). Two transverse incisions

were made in bilateral supraclavicular

fossae. The clavicular end points of the ster-

nocleidomastoid muscle and anterior sca-

lene muscle were transected to expose the

LCCA, LSA, ILVA, RCCA, and ARSA

(Figure 2). A side-to-side bypass between

the ARSA and RCCA was established

using an 8- to 40-mm artificial vessel (W.

L. Gore & Associates, Inc., Flagstaff, AZ,

USA) (Figure 2). The proximal ARSA was

not transected during the bypass procedure.

Next, a 0.035-inch Lunderquist guidewire

(Cook Medical Inc.) was advanced into

the ascending aorta via right common fem-

oral artery access. A 38-� 32-� 180-mm

thoracic aortic stent-graft (DiNovA

Medtech, Hangzhou, China) was

introduced into the aortic arch through

the Lunderquist guidewire and then

deployed to cover the entry tear as well as

the ostia of the LSA, ILVA, and ARSA. A

40-� 34-� 180-mm bare stent (DiNovA

Medtech) and a 34-� 34-� 120-mm bare

stent (DiNovA Medtech) were sequentially

deployed in the distal descending aorta.

Angiography showed that the first entry

tear, LSA, and ILVA resolved, and the

true lumen was fully expanded. Both the

proximal ILVA and LSA were transected

and ligated, and the distal arteries were

anastomosed to the LCCA end-to-side

(Figure 2). Completion angiography dem-

onstrated that the artificial bypass and all

of the supra-arch branches were patent

(Figure 2). The procedure required 6.5

hours, including 7 minutes of X-ray

Figure 1. CTA findings confirming type B aortic dissection involving three rare anatomical anomalies. (a)
3D image showing type B aortic dissection involving anatomical anomalies, namely KD (red arrow), ARSA
(white arrow), and ILVA (yellow arrow). (b) 3D image showing the ARSA and KD (red arrow), with a
maximum KD diameter of 21.3� 32.8 mm. (c) 3D image showing the ILVA (yellow arrow). (d) 2D image
showing the ILVA directly arising from the aortic arch (yellow arrow). (e) The KD and ARSA were involved
owing to dissection. (f) The distance between the entry tear and the LSA ostium (green arrow) on 2D
imaging is 3.0 mm. This image shows the four supra-arch branches: RCCA (pink arrow), LCCA (blue arrow),
ILVA (yellow arrow), and LSA (green arrow). (g) The distance between the entry tear and the ILVA ostium
on 2D imaging is 13.0 mm
CTA, computed tomography angiography; 3D, three-dimensional; KD, Kommerell’s diverticulum; ARSA,
aberrant right subclavian artery; ILVA, isolated left vertebral artery; 2D, two-dimensional; LSA, left subclavian
artery; RCCA, right common carotid artery; LCCA, left common carotid artery.
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exposure time. The total fluoroscopy dose

was 56KmGy, and the iodine contrast dose

was 100mL.
The patient experienced no complica-

tions of stroke, dizziness, upper limb clau-

dication, abnormal neck movement, or

poor wound healing perioperatively. He

spent 1 day in the intensive care unit

(ICU), with stable vital signs. CTA on post-

operative day 7 showed that the stent-graft

was fully expanded, with no endoleak,

migration, disconnection, or stenosis, and

that the false lumen was completely exclud-

ed (Figure 3a and 3g). The artificial bypass

and all of the supra-arch branches were

patent (Figure 3b–d). Contrast agent was

not found in the proximal ARSA and KD

(Figure 3e and 3f), suggesting complete

exclusion of KD. The patient was

discharged on postoperative day 14.

Follow-up CTA 1 year postoperatively

showed that the main graft was fully

expanded, with all branches patent

(Figure 4). Moreover, no complications

occurred during the follow-up.

Discussion

ARSA was first described by Hunauld in

1735.3 ARSA is one of the most common

congenital aortic arch anatomical anoma-

lies reported worldwide, and it is located

distal to the LSA ostium on the aortic

arch and passes through the posterior medi-

astinum to the right upper limb. Over 60%

of patients have a wider attachment

between the ARSA and the aortic arch,

which was described and named

Kommerell’s diverticulum by Kommerell4

in 1936. As another congenital aortic arch

Figure 2. Intraoperative images. (a) Angiography before constructing the artificial bypass showing the
ARSA (red arrow) and ILVA (yellow arrow) directly originating from the aortic arch. (b) Completion
angiogram demonstrating that the artificial bypass (white arrow), ILVA-LCCA transposition (yellow arrow),
and LSA-LCCA transposition (green arrow) were patent, with the initial part of the ARSA not developed. (c)
Intraoperative photograph of the ARSA (green dotted arrow) and RCCA (blue dotted arrow). (d) The side-
to-side artificial bypass established between the distal RSA (dotted green arrow) and RCCA (dotted blue
arrow). (e) Intraoperative photograph of the ILVA (yellow arrow), LCCA (blue arrow), and LSA (green
arrow). (f) End-to-side transposition of the LSA (green arrow) to the LCCA (blue arrow)
ARSA, aberrant right subclavian artery; ILVA, isolated left vertebral artery; LCCA, left common carotid
artery; LSA, left subclavian artery; RSA, right subclavian artery; RCCA, right common carotid artery.
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anatomical anomaly, the ILVA arises
directly from the aortic arch and is located
proximal or distal to the LSA. Affected
patients with all of the common aortic
arch anomalies, such as ARSA, ILVA,
and a bovine arch usually have higher mor-
bidity related to aortic dissection than does
the general population.1 The formation of
ARSA and ILVA is associated with involu-
tion of the right dorsal aorta and abnormal

development of the seventh intersegmental
artery during fetal development.5,6

Cases combining all three anomalies
(ARSA, ILVA, and KD) with aortic dissec-
tion or aneurysm have been reported rarely.
We reviewed previous cases with one or
more anomalies (Table 1).2,7–20 Nonami
et al.7 reported that a patient with ARSA
and ILVA with aortic aneurysm successful-
ly underwent aortic arch replacement with

Figure 3. CTA on postoperative day 7. (a) ARSA-RCCA artificial bypass (white arrow). The ILVA (yellow
arrow) and LSA (green arrow) were patent, and a small amount of blood flowed back from the distal RSA
(red arrow) on 3D imaging, with the false lumen of the aortic arch completely excluded. (b) ILVA-LCCA
transposition (yellow arrow) on 2D imaging. (c) ARSA-RCCA artificial bypass (white arrow) on 2D imaging.
(d) LSA-LCCA transposition (green arrow) on 2D imaging. (e) No contrast agent was found in the proximal
ARSA (blue arrow) on 2D imaging. (f) No contrast agent was found in the KD (purple arrow) on 2D imaging.
(g) General view of the aorta under 3D reconstruction.
CTA, computed tomography angiography; ARSA, aberrant right subclavian artery; ILVA, isolated left ver-
tebral artery; LSA, left subclavian artery; RSA, right subclavian artery; LCCA, left common carotid artery;
RCCA, right common carotid artery; KD, Kommerell’s diverticulum; 2D, two-dimensional; 3D, three-
dimensional.

Chen et al. 5



five branches, in 1998. Before the develop-
ment of TEVAR, traditional treatment was
accompanied by a high risk of complica-
tions and injuries. Compared with open sur-
gery, endovascular therapy has the
advantages of lower mortality and morbid-
ity, and operation duration and length of
hospital stay.21,22 Elghoneimy et al.8

reported a patient with all three anomalies
with TBAD who successfully underwent
traditional TEVAR without reconstruction
of any aortic arch branches because the
entry point was 2 cm distal to the ARSA,
and the landing distance was adequate. The
patient recovered without morbidity during
the postoperative follow-up. However, tra-
ditional TEVAR is unsuitable for all
patients because of landing zone limita-
tions. Other surgeons have reported aortic
dissection or aneurysm with ARSA or
ILVA occurring alone, treated with total
endovascular repair,9–12 hybrid proce-
dure,12–17 or open surgery.18–20

In our patient, TEVAR was beneficial in
slowing the progression of TBAD and
reducing continuous pain. Performing
TEVAR 1 month after admission may
improve clinical outcomes owing to satis-
factory vascular conditions in the subacute
phase.23 The distances between the ostia of

the ILVA and LSA, and the entry tear were
13.0 mm and 3.0 mm, respectively. As the
landing distance was inadequate, it was nec-
essary to cover the ILVA and LSA to pro-
vide a sufficient landing zone. To prevent
ischemia of the left upper limb, LSA revas-
cularization was unavoidable. CTA showed
that both vertebral arteries were dominant,
ensuring cerebral perfusion and suggesting
that the ARSA and ILVA should also be
revascularized.9 Although fTEVAR or
chTEVAR techniques could extend the
landing distance, these procedures are com-
plicated, expensive, and prone to complica-
tions when revascularizing two or more
branches. Furthermore, the chimney and
periscope techniques could lead to higher
incidences of endoleak and retrograde dis-
section.2,9,24,25 Branched endografts or
physician-modified fenestrated endografts
were considered difficult to design and
deploy accurately in this case owing to the
complicated anatomical structure with the
three rare anomalies.9,10,26 Open surgery
with total aortic arch replacement was not
considered because of the high risk of com-
plications and injury. Although all of the
above methods were achievable in our
center, none was considered the best solu-
tion. Thus, a hybrid approach constituting

Figure 4. CTA findings 1 year postoperatively. (a) Aortic arch on 3D imaging showing that the ILVA-LCCA
transposition (yellow arrow) was patent. (b) The ILVA-LCCA transposition (yellow arrow), distal LSA
(green arrow), and distal RSA (red arrow) were patent on 2D imaging.
CTA, computed tomography angiography; 3D, three-dimensional; ILVA, isolated left vertebral artery; LCCA,
left common carotid artery; LSA, left subclavian artery; RSA, right subclavian artery; 2D, two-dimensional.
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TEVAR, double supraclavicular transposi-

tion, and single bypass was designed.
Some cases of TBAD with ARSA or

ILVA have been treated successfully with

a supraclavicular hybrid operation.12–17

Supraclavicular hybrid TEVAR has the

advantages of less invasiveness, and better

efficacy and cost compared with open sur-

gery with total arch replacement and total

endovascular treatment, such as with mul-

tiple fTEVAR or chTEVAR. Thus, we

designed a hybrid TEVAR with concomi-

tant double transposition of the LSA and

ILVA to the LCCA and single artificial

bypass of the ARSA to the RCCA through

bilateral supraclavicular incisions. The

reason for using artificial bypass to revas-

cularize the ARSA was that the dissection

had formed in the proximal ARSA. We

deployed a bare metal stent distally because

it was favorable in the short-term.27,28 This

is the first report describing supraclavicular

hybrid TEVAR for a patient with TBAD

combined with three rare anomalies.
Three anomalies combined with TBAD

is rare in a single patient. Supraclavicular

hybrid TEVAR can decrease the risk of

open surgery with total arch replacement

as well as total endovascular treatment,

such as multiple fTEVAR or chTEVAR.

The hybrid approach is an effective, safe,

and economical treatment for TBAD

involving aortic arch anomalies.
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