Status of branched endovascular aortic arch repair
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Multiple medical device manufacturers are developing branched endografts for thoracic endovascular aortic

repair (TEVAR), to provide a minimally invasive alternative for the treatment of aortic arch pathologies

in patients who are deemed unfit for open or hybrid arch repair. Different branched endografts have been

introduced, with varying number, size and orientation of the branches that redirect flow to the supra-aortic

arteries. We present an overview of the currently investigated devices and review their outcomes. The results

of branched TEVAR are promising, yet stroke remains the predominant periprocedural concern. For now,

these procedures should be limited to select expert centers where the design and deployment procedure of

branched endografts can be further developed to reduce the risk of stroke.
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Introduction

Open surgical repair is the gold standard for the treatment
of aortic arch pathologies (1). Due to the invasive nature of
the procedure, which involves sternotomy or thoracotomy,
hypothermic circulatory arrest and cardiopulmonary
bypass, many patients are deemed unfit for surgery (2).
Hybrid aortic arch repairs, such as the “frozen elephant
trunk” technique, reduce cardiac ischemia times, but are
still invasive procedures associated with postoperative
stroke rates up to 13% and 30-day mortality rates up to
12% (3). Thoracic endovascular aortic repair (TEVAR)
could be a minimally invasive alternative for patients who
are deemed unfit for open or hybrid surgical repair. Yet,
the origin of the supra-aortic arteries and aortic arch
angulation pose anatomical challenges for the deployment
of endografts (4,5). As a result, the outcomes of TEVAR in
combination with extensive supra-aortic interventions or
chimney techniques show substantial rates of postoperative

stroke, type I endoleak and retrograde type A dissection (6).
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Multiple medical device manufacturers are now developing
branched endografts for aortic arch deployment, extending
the application of TEVAR to the proximal aorta. In
the following, we review the literature on the technical
characteristics and outcomes of branched TEVAR in
the aortic arch and discuss the challenges and future
perspectives of endovascular arch repair.

Current techniques and outcomes of branched
TEVAR

The PubMed database was searched for studies on branched
endovascular repair of aortic arch pathologies (zone 0-2).
Original reports were included if the operative techniques
and postoperative outcomes were reported. If multiple
reports described (partly) the same patient cohort, the
most recent report was selected. A total of 14 studies were
included, describing endovascular treatment of 302 patients
with branched endografts (7-20). Overall proportions were
calculated with a meta-analysis of proportions in R version
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3.4.3, using the R package “meta” (21).

Branched endograft designs

Technical characteristics of the endografts that were
described in the included studies are reported in Table 1.
Figure 1 presents the single-branched endografts, Figure 2
presents the multi-branched endografts. W.L. Gore
(Flagstaft, AZ, USA) and Medtronic Vascular (Santa Rosa,
CA, USA) have developed single-branched endografts
that are connected to the target vessel using a bridging
stent (7,16). The main difference between the designs of
these devices is that the W.L. Gore device has an internal
branch with a retrograde orientation and the Medtronic
device has volcano-shaped opening without an internal
branch. Endospan (Herzlia, Israel) and MicroPort Medical
Co., Ltd. (Shanghai, China) developed single-branched
endografts with a unibody design that can be combined
with one or more fenestrations to accommodate perfusion
of additional supra-aortic arteries (9,18). Bolton Medical,
(Sunrise, FL, USA) and Cook Medical (Bloomington, IN,
USA) developed double-branched endografts for zone 0
deployment that feature anterior facing internal branches
that are connected to the brachiocephalic trunk (BCT) and
left common carotid artery (LCCA) with bridging stents
(8,14,20). Both endograft systems are individually made
to fit the patient’s anatomy, the main differences between
the endograft designs are the position and size of the
two internal branches. In the Bolton design, the internal
branches have the same size and are positioned side-by-
side, while in the Cook design, the internal branch to the
LCCA is often smaller and positioned diagonally behind the
internal branch to the BCT. Another important difference
is that the Bolton system includes the bridging stents, while
the Cook system is not delivered with bridging stents. This
means that with the Cook system, additional bridging stents
need to be used outside their instructions for use. The
Inoue Stent Graft has a unibody design without internal
branches. This endograft has been developed at the PTMC
institute (Kyoto, Japan) and is individually constructed from
a woven Dacron polyester fabric. The branches are sewn
upon the main body at the location of the target vessels (12).

Deployment procedures

The deployment procedure for branched endografts is
similar to the procedure for regular TEVAR, yet additional
guidewires are inserted for deployment of the branch
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components. Through-and-through access is optional,
depending on the patient’s anatomy and physician’s
preference (16). Inoue et al. reported the first total
endovascular aortic arch repair in 1999 (17). The triple-
branched Inoue Stent Graft was inserted transfemorally
with one large caliber sheath (24 F). The branch sections of
the endograft were pulled into the target vessels by traction
wires that were inserted via the bilateral brachial arteries and
LCCA using small caliber sheaths (5-7 F). The deployment
procedure of modular branched endografts is similar;
however, additional components need to be introduced via
the supra-aortic arteries to connect the branches in the main
body to the target vessels. The brachial, axillary and carotid
arteries can be used as access vessels to advance guidewires
and bridging components into the aorta, depending on local
vascular anatomy and preference of the physician.

Outcomes of branched TEVAR

Table 2 presents the outcomes of the included studies. The
overall technical success rate was high and the endografts
provided good patency during follow-up (94% and
96%, respectively). The overall rate of retrograde type A
dissection was 3.3% and overall early mortality was 6.1%,
which is low considering the fact that the vast majority of
patients had multiple comorbidities and were deemed unfit
for open surgical repair. The results from Haulon ez 4/. (8)
highlighted a steep learning curve, even for the highly
skilled endovascular specialist, with an early mortality rate of
30% in the first ten cases. An improvement followed in the
next 28 cases, with a mortality rate of 7.1%. Postoperative
stroke is the Achilles’ heel of endovascular arch repair, with
an overall combined incidence of 14%. Multi-branched
endograft deployments were associated with high stroke
rates. Tazaki et al. reported stroke rates of 33% with the
double-branched and 40% for the triple-branched Inoue
Stent Graft (12). Spear ez al. reported a 14.8% stroke rate
with the double-branched endograft from Cook (14) and
Czerny et al. reported a combined stroke rate of 20% with
the Bolton double-branched endograft (20). Guidewire
manipulation in the arch and supra-aortic arteries, which
are frequently burdened by atherosclerosis (7,8), is most
likely the cause of embolic stroke in these cases (14,20).

Challenges of branched TEVAR

A recent CT-based anatomical feasibility study estimated
that about 70% of patients with arch aneurysms after
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Figure 1 Single-branched endografts. (A) Nexus™ Stent Graft System for zone 0 from Endospan (Herzlia, Israel), this endograft is
customizable with an additional fenestration for the left common carotid artery. Image provided courtesy of Endospan; (B) Castor™
branched endograft from MicroPort Medical Co., Ltd. (Shanghai, China), customizable with two additional fenestrations. Image provided
courtesy of MicroPort Medical; (C) thoracic branch stent graft from Medtronic Vascular (Santa Rosa, CA, USA). Image provided courtesy

of Medtronic Vascular; (D) GORE® TAG® thoracic endoprosthesis with retrograde internal branch from W.L. Gore (Flagstaff, AZ, USA).
Image provided courtesy of W.L. Gore & Associates, Inc.

Figure 2 Multi-branched endografts. (A) Zone 0 endograft from Bolton Medical, permission for use was granted by Bolton Medical,
Sunrise, Florida; (B) zone 0 endograft from Cook Medical, permission for use granted by Cook Medical, Bloomington, Indiana; (C) three
versions of the Inoue Stent Graft from the PTMC institute (Kyoto, Japan), image from Tazaki et al. (12); (D) three component solution for
zone 0 deployment from S&G Biotech, Inc. (Seongnam, Korea), image from Lim ez a/. (19).
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surgical replacement of the ascending aorta are feasible
for endovascular treatment with one of the currently
investigated double-branched devices (22). This is
particularly interesting, as redo sternotomies add significant
risks for postoperative complications (23). Still, the
majority of multi-branched endografts for aortic arch
deployment are individually made, which takes several
weeks and limits the application of total endovascular arch
repair to elective cases. The case report from D’Onofrio
et al. presented a successful off-the-shelf solution for
total endovascular arch repair, using the single-branched
modular Nexus system from Endospan (Herzlia, Israel) (9).
Before deployment of this single-branched endograft, the
patient underwent an extra-anatomic reconstruction of
the supra-aortic arteries with a right common carotid to
LSA bypass and reimplantation of the LCCA on the graft.
A recent computational study from our group analyzed
the postoperative hemodynamic outcomes of different
endograft designs for zone 0 repair (24). We found that a
single-branched design resulted in reduced perfusion of
the supra-aortic arteries with elevated blood shear rates,
compared to double-branched alternatives. The case report
from Lim et al. presented a double-branched off-the-
shelf solution for zone 0 endovascular arch repair, using
bifurcated endografts in the BCT and LCCA that were
connected with a bridging component in the aortic arch (19).
An important limitation of this technique is the need to
introduce large caliber devices via the carotid arteries.
These devices may damage the arterial wall of the carotid
arteries, increasing postoperative stroke risks. Additionally,
the hemodynamic displacement forces in the arch need
to be taken into account (5), as they pose a challenge for
proximal sealing and integrity of modular endografts during
follow-up (25).

Our perspective

Branched TEVAR is a promising extension of the
armamentarium of endovascular specialists. However,
this technically challenging procedure requires optimal
equipment and endovascular experience and is associated
with a steep learning curve. Preoperative planning is vital
for a successful branched TEVAR procedure and should
include imaging with echocardiographic gated computed
tomography angiography (CTA) to reduce artefacts
generated by prior surgery material and cardiac motion (26).
The images are then processed using software-assisted
centerline reconstructions to acquire accurate measurements
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of the luminal diameter, arch angulation and proximal and
distal landing zones lengths. These measurements should
be discussed within the endovascular team, including the
endograft manufacturer, to determine the feasibility of
branched TEVAR and to select the optimal endograft.
Complex endovascular procedures, such as branched
TEVAR, should be performed in hybrid operating rooms
that combine an optimal open surgical environment with
advanced imaging capabilities, in an effort to facilitate
endovascular navigation and increase accuracy of endograft
deployment. Moreover, the use of CTA image fusion
with live fluoroscopy has been shown to reduce radiation
exposure and contrast injection during complex repairs (27).
Further development of endograft design and deployment
procedure is needed to reduce stroke rates following
branched TEVAR. Routine use of transcranial Doppler
ultrasonography can help to identify the procedural aspects
most associated with cerebral embolization (28). Perera ez 4l.
recently reported that robotic catheter placement resulted
in significantly less cerebral embolization during TEVAR
compared with manual techniques (29). Additional carbon
dioxide flushing of the endograft prior to insertion could
reduce the risk of air embolism during deployment (30).
The use of cerebral protection devices, which have proven
to be effective at reducing embolization in transcatheter
aortic valve replacement (31), could also be effective for
branched arch TEVAR. Additionally, patient-specific
computational fluid dynamics analysis can help to predict
the hemodynamic outcomes of different treatment scenarios
and aid endograft selection (24,32).

Conclusions

Multiple medical device manufacturers are developing
branched endografts for aortic arch deployment, providing
a minimally invasive solution for patients who are deemed
unfit for open or hybrid arch repair. The results of
branched TEVAR are promising, yet stroke remains the
predominant periprocedural concern of total endovascular
arch repair. For now, these procedures should be limited
to select expert centers where the design and deployment
procedure of branched endografts can be further developed
to reduce stroke risks.
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