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Endovascular Total 
Arch Repair
An overview of the most common indications for reintervention after endovascular arch repair 

with branched endografts and a discussion of strategies to minimize complications. 

By Aleem K. Mirza, MD, and Gustavo S. Oderich, MD

Aortic arch aneurysms typically represent either 
distal extension of ascending aortic pathology or 
the proximal extent of thoracic and thoracoab-
dominal aortic aneurysms (TAAAs). The evolu-

tion of endovascular techniques prompted the application 
of minimally invasive approaches to treat aortic arch and 
ascending aneurysms and dissections.1,2 Several options 
have been used, ranging from hybrid repair with surgical 
debranching to total endovascular repair with parallel 
stent grafts, in situ fenestrations, and manufactured fenes-
trated and branched devices.3-6 In practical terms, most 
patients are treated either with a proximal repair into 
zone 0 or a distal repair into zone 2. Because of the relative 
proximity of the left carotid artery and innominate artery 
(IA), use of zone 1 for repair is rarely possible. 

Device designs vary based on technique of implantation 
and number of incorporated vessels. For example, the Gore 
TAG thoracic branch endoprosthesis (Gore & Associates) 
is designed for single-vessel incorporation with a retro-
grade portal, typically with zone 0 or zone 2 deployment.7 
In contrast, the Zenith arch branch graft (Cook Medical) 
manufactures patient-specific options with two or three 
inner branches for the IA, left common carotid arteries 
(LCCAs), and left subclavian artery (LSA) or an alternative 
for zone 2 that includes a retrograde branch for the LSA 
and a triple-wide scallop for the LCCA.8 Regardless, care-
ful patient selection, thoughtful device design, and use 
of intraoperative adjuncts and imaging techniques have 
yielded a high technical success for endovascular total 
arch repair. A multicenter global feasibility study evaluat-
ing three-vessel inner-branch stent grafts for treatment 
of aneurysms and dissections boasted 100% technical 

success.8 In that study, freedom from secondary interven-
tion was 60% at 1 year, with five cervical incision–related 
complications and six target vessel endoleaks among the 
39 patients. Many of these complications occurred in 
the first 3 months and potentially could have been pre-
ventable. Similar to other techniques of fenestrated and 
branched endovascular aneurysm repair (FB-EVAR), close 
surveillance is of paramount importance.8

ACCESS SITE COMPLICATIONS
The use of small bilateral cervical incisions for access and 

sequential clamping of the IA and LCCAs during inner-
branch cannulation and stenting has been advocated as 
a means to prevent distal embolization (Figure 1). Some 
operators have used axillary artery access as an alternative. 
Although the global multicenter study reported impres-
sive results with high technical success rate using inner 
branches, the early reintervention rate was high at 18%. 
The majority of these secondary procedures (13%) were 
for cervical access site complications, including hemato-
mas requiring evacuation in three patients, flow-limiting 
dissection of the right common carotid arteries (RCCAs) 
treated with interposition graft in one, and pseudoan-
eurysm requiring patch angioplasty in another.8 Similar 
outcomes were reported by Verscheure et al in a retro-
spective, international, multicenter review of 70 patients 
treated with branched endografts for postdissection arch 
aneurysms. Early reintervention was performed in 17%, 
again with vascular access complications being most com-
mon.9 This predominance of early reinterventions due to 
carotid access site complications is also mirrored in other 
studies from single high-volume centers.10 

FAILURE MODES AND REINTERVENTIONS
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Strategies to reduce access-related secondary proce-
dures certainly include meticulous hemostasis and closure, 
but higher intraoperative activated clotting times and a 
generally lower threshold for hematoma decompression 
in the neck may inevitably predispose these access sites to 
more frequent reinterventions. Therefore, in an attempt to 
reduce the risk of cervical access issues, the use of percuta-
neous approaches via femoral and axillary access or total 
femoral access have been proposed. The development of 
steerable sheaths has allowed direct access to the inner 
branches and sequential stenting of the LCCAs and, in 
some cases, the IA.11 Experience with percutaneous axil-
lary artery for TAAA FB-EVAR has also prompted its use 
for arch repair.12,13 Steerable sheaths have included larger 
(18 F) or smaller (8.5 F) profiles.14,15 More recently, a report 
led by Mougin et al described the first three-vessel, totally 
percutaneous aortic arch repairs using inner branches 
in two patients.16 Incorporation of all three vessels was 
accomplished from the femoral approach for the LCCA 
and LSA and the right axillary artery for the IA, avoiding 
the need for cervical incisions and its potential complica-
tion risks (Figure 2). Although neither patient experienced 
neurologic deficit despite the lack of sequential carotid 
clamping, the question remains which patients should be 
selected for total percutaneous versus open cervical access 
techniques and how we can prevent emboli when using 

a percutaneous approach. Currently, it seems prudent to 
select patients based on underlying pathology along with 
the quality of the arch and supra-aortic trunks, with the 
ideal candidates having prior ascending aortic repair and 
no evidence of any atheromatous disease in the arch. 

TARGET VESSEL ENDOLEAKS
Target vessel endoleaks represent the other major indi-

cation for reintervention after endovascular arch repair. 
Although many of these occurred because of liberal indica-
tions in patients with dissections extending into the supra-
aortic trunks, mechanisms of failure include endoleaks at 
the distal site of bridging stents, kinks, and potential risk 
of stenosis or occlusion. In the multicenter global study by 
Tenorio et al, there were six reinterventions for endoleaks.8 
The source of an endoleak can be persistent false lumen 
flow in patients with dissections that extend into side 
branches or retrograde flow via the subclavian artery in 
patients with a previous carotid-subclavian bypass with 
incomplete occlusion of the subclavian artery. Patients 
with postdissection aneurysms can be challenging to treat 
due to the large branch vessels affected by dissection that 
are not ideally suited for current iterations of bridging 
stents. Management of target vessel false lumen perfusion 
often includes false lumen embolization and target vessel 
stent extension.8 
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Figure 1.  Illustration demonstrating endovascular repair of a postdissection aortic arch aneurysm after previous surgical 
ascending aortic repair. After right carotid-subclavian bypass, small bilateral cervical incisions are used for access and sequen-
tial clamping of the bilateral common carotid arteries to prevent distal embolization during inner-branch cannulation and 
stenting. Surgical access of the right proximal brachial artery is also achieved to permit access to the right subclavian artery (A). 
Sequential stenting is then performed of the IA branch with extension into the RCCA (B), followed by the LCCA (C). Right proxi-
mal brachial access allows embolization of the proximal right subclavian artery to prevent a type II endoleak.
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Figure 2.  Illustration demonstrating percutaneous access of the left common femoral artery and right axillary artery using the 
preclosure technique during endovascular arch repair (A). The right axillary approach is used for retrograde cannulation of the 
IA branch (B), whereas the femoral approach is used for antegrade cannulation of the LCCA branch (C), avoiding the need for 
cervical incisions. The LSA branch is also cannulated in an antegrade fashion from the femoral approach (D).

Figure 3.  Illustration demonstrating staged replacement of the carotid artery and extra-anatomic bypass to optimize target 
vessel landing zones prior to endovascular arch repair in a postdissection aortic arch aneurysm with extension into the RCCAs 
and LSA (A). A right common carotid interposition graft is placed, and bilateral carotid-subclavian artery bypasses are per-
formed (B). Embolization of the right proximal subclavian artery as well as the true and false lumens of the proximal LSA opti-
mizes landing zones in the common carotid arteries and prevent type II endoleaks from false lumen perfusion (C).
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Other authors have described high rates of reinterven-
tions for endoleak.9 Because most of these endoleaks 
involve target vessels affected by dissection, one strategy 
is to stage the repair with replacement of a segment 
of the carotid artery to create an optimal landing zone 
(Figure 3). This allows for a total femoral approach at 
the time of the arch repair, thereby mitigating the risk 
of both target vessel endoleak and cervical access site 
complications. Lastly, the use of intraoperative adjunctive 
tools such as cone-beam CT should be used to identify 
intraoperative issues so they can be remedied prior to 
leaving the operating room.

Other failure modes and indications for reintervention 
after endovascular arch repair include branch vessel kink 
and type Ia or Ib endoleaks that require, respectively, stent 
realignment and proximal/distal aortic extension, but 
these represent a much smaller percentage of secondary 
procedures. 

SUMMARY
Endovascular total arch repair provides a valuable 

alternative option for patients who are poor surgical can-
didates, and technical success is high with careful patient 
selection. However, the rate of early reinterventions is 
also relatively high, with the most frequent indications 
being cervical access site complications and endoleaks. 
Learning from current experiences of the multicenter 
collaborations, anticipation of these complications using 
preemptive strategies such as preparation of target vessel 
landing zones, and use of a total femoral approach can 
potentially lower reintervention rates in the future.  n
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