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L
eft subclavian artery (LSA) coverage during 
thoracic endovascular aortic repair (TEVAR) is 
often necessary due to anatomic factors and is 
performed in up to 40% of TEVAR procedures.1 

Society for Vascular Surgery practice guidelines recom-
mend that preoperative revascularization should be 
performed in patients who need elective TEVAR in 
which proximal seal necessitates coverage of the LSA. 
Furthermore, routine preoperative LSA revasculariza-
tion is strongly recommended in selected patients 
who have anatomy that compromises perfusion to 
critical organs. However, in patients who need urgent 
TEVAR in which LSA coverage is necessary, revascular-
ization should be individualized and addressed expec-
tantly.2 

Data to date are inconclusive as to the appropriate 
management of the LSA during TEVAR. LSA coverage 
is associated with an increased risk of arm ischemia, 
vertebrobasilar ischemia, and possibly spinal cord isch-
emia and anterior circulation stroke; left subclavian 
revascularization should be performed before cover-
age.3,4 However, others have found that the use of 
selective revascularization is safe and does not appear 
to increase the risk of neurologic events.5,6 

The Valiant® Mona LSA Stent Graft (Medtronic, 
Inc., Minneapolis, MN), the clinical configuration of 
the new Thoracic Branch Stent Grafta program, was 
developed to solve these clinical challenges and extend 
the benefits of endovascular repair without surgery to 
more patients with thoracic aortic aneurysms. 

The intention was to design a technology leveraging 
the proven clinical effectiveness of the FDA-approved 
Medtronic Valiant Thoracic Stent Graft in the manage-
ment of thoracic aortic disease while maintaining flow 
to the LSA without the need for surgical bypass. 

The Valiant Thoracic Stent Graft consists of a mono-
filament polyester fabric graft with nitinol springs. It is 
indicated for the treatment of isolated lesions (excluding 
dissections) of the descending thoracic aorta. The stent 
graft system incorporates an eight-peak proximal stent 
design that distributes radial force evenly across the aortic 
wall. There is no connecting bar between stents, which 
makes the graft highly conformable. Advantages of the 
delivery system include tip capture for enhanced control 
and precise deployment, as well as a hydrophilic coating 
that facilitates delivery through difficult access vessels.

Multiple publications have addressed the use of the 
Valiant Stent Graft in the treatment of thoracic aortic 
pathology, including the TRAVIATA registry, the VIRTUE 
registry, the Valiant® Captivia® registry, and the pivotal 
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Figure 1.  The Valiant Mona LSA Stent Graft is used exclu-

sively for clinical investigation. Not approved commercially 

anywhere.
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results of the VALOR II trial.7-11 The VALOR II trial reported 
30-day, 12-month, and 3-year results of the Valiant Stent 
Graft in patients with thoracic aortic aneurysms. This was 
a prospective, nonrandomized, pivotal trial at 24 sites in 
the United States that enrolled a total of 160 patients. 
Technical success was achieved in 96.3% of patients 
being treated. Perioperative mortality was 3.1%, with 
0.6% paraplegia, 1.9% paraparesis, and 2.5% stroke rates. 
Aneurysm-related mortality at 1 year was 4%, with no 
ruptures or conversions to open surgery. The 3-year 
outcomes presented at the TCT conference in 201211 
showed an aneurysm-related death rate from 1 to 3 
years of 0.9%, with no conversion and only two rup-
tures. These results demonstrate that the Valiant Stent 
Graft is safe and effective in the treatment of descend-
ing thoracic aortic aneurysms.10 

The development of the Valiant Mona LSA Stent Graft 
leveraged this clinical performance and combined the 
physician/engineer teams, thus maximizing the under-
standing of anatomy and physiology with complex engi-
neering principles to limit the potential risks of extend-
ing a device into the aortic arch. The key to success was 
to develop a stent graft and branch graft that would 
accommodate the aortic anatomy rather than forcing 
the aorta to accommodate to the stent graft.

THE VALIANT MONA LSA STENT GRAFT
The Valiant Mona LSA Stent Graft is a modified Valiant 

Captivia device (Medtronic, Inc., Minneapolis, MN) with 
a single-branch stent graft designed to perfuse the LSA. It 
is an off-the-shelf device that utilizes the Valiant Captivia 
tip-capture mechanism for accurate deployment. The 
main body of the graft has the same eight-peak, self-
expanding FreeFlo proximal design (Figure 1). The modifi-

cation to the device is the addition of a flexible cuff with a 
radiopaque coil at the base. 

The stent graft delivery system is a modified Valiant 
Captivia system. It has a dual-wire lumen, with the main 
lumen over the entire device and a second lumen that 
precannulates the flexible cuff. This allows for loading 
the branch graft on the back table with a hydrophilic 
wire that is ≥ 260 cm in length (Figure 2). The proximal 
nose cone has four grooves that allow for passage of the 
wire out of the branch while the outer sheath constrains 
the main device; these grooves allow resheathing of the 
device over the second wire. 

The left subclavian branch stent graft itself is com-
posed of a nitinol helical wireform and a polyester graft 
material with a proximal flare to provide a seal between 
components. The branch graft itself comes in three 
sizes of 10, 12, and 14 mm in diameter, with an overall 
length of 40 mm. It is delivered from a femoral approach 
through a 15-F hydrophilic delivery system (Figure 3). 

STENT GRAFT DEPLOYMENT AND DELIVERY
Indications for the device require a minimum of 10 

mm of distance between the left carotid artery and the 
LSA. Based on preoperative CT angiography with 3D 
reconstructions, appropriate angles for deployment of 
the stent graft can be utilized to identify the anatomy, 
orient the device, and limit any manipulations of the 
device in the arch. A pigtail catheter is placed up the 
contralateral groin through a 5-F sheath. Placement 
of a stiff wire up over the arch through the ipsilateral 
femoral artery is performed. A 260-cm hydrophilic wire 
is advanced through the second lumen port, cannulating 
the cuff. Left brachial access is achieved with ultrasound 
guidance, and a 55-cm, 7-F sheath is advanced to the LSA 

Figure 2.  The Valiant Mona LSA Stent Graft with dual-wire 

system with precannulated branch graft.

Figure 3.  Branched graft for the Mona LSA Stent Graft. 

Available sizes include 10-, 12-, and 14-mm grafts, all of 

which are 4 cm in length.
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origin. An 18- X 30-mm EnSnare (Merit Medical Systems, 
South Jordan, UT) is placed just within the aortic arch 
from the left subclavian orifice along the greater curve. 
The main device is then advanced over the stiff wire 
to just proximal from the left subclavian orifice. Care 
is taken to keep the orientation of the cuff toward the 
greater curvature.

With the main device in the descending aorta just 
proximal to the LSA, the second wire is advanced and 
snared along the greater curvature. At this point, wire 
wrap needs to be evaluated and prevented. The sec-
ond lumen wire is then snared and brought out of 
the 7-F sheath in the brachial artery. Utilizing the pre
operative angles, there should be clear separation of 
the two-wire system as the device is advanced to the 
LSA. Aortography utilizing preoperative imaging is then 
performed to allow for any minor adjustment and align-
ment of the cuff with the orifice of the LSA. Any major 
realignment of the graft should be performed in the 
descending aorta to minimize torque on the device and 
the risk of embolization and stroke in the arch. 

The main stent graft is then deployed slowly and 
advanced forward while constrained, bringing the main 
body of the graft to the level of the left carotid artery 
while there is gentle pulling of the second wire from the 
brachial sheath to engage the cuff in the orifice of the 
LSA. The main graft is fully deployed with release of the 
tip-capture mechanism. It is important to remember 
that the cuff has been designed so that it does not need 
to extend into the orifice of the LSA. Furthermore, the 
design of the cuff allows for alignment to be off by up 
to 30º without affecting the branch graft patency. The 
delivery system is resheathed after recapture of the tip 
and then removed from the patient. The proximal stent 
graft may be molded with a Reliant® balloon (Medtronic, 
Inc., Minneapolis, MN). The LSA branch graft is advanced 
over the second wire and deployed through the branch 

cuff, allowing the proximal flared portion of the branch 
graft to seal against the branch cuff. Retrograde arterio
graphy through the brachial sheath is performed to iden-
tify the orifice of the left vertebral artery. Deployment of 
the branch graft should maintain patency of this artery. 
Standard ballooning may be performed between the 
components of the graft, and completion aortography is 
used to assess the patency of the arch vessels and the left 
subclavian branch graft. Assessment for endoleaks is also 
performed at this time. 

The Valiant Mona LSA Stent Graft is manufactured 
in a 150-cm length. Thus, in thoracic aneurysms that 
require more than one component, a distal Valiant® 
device may be implanted as well.  

FIRST IN-HUMAN EXPERIENCE
The Valiant Mona LSA Stent Graft was selected by the 

US Food and Drug Administration (FDA) for participa-
tion in the FDA’s innovation pathway. This new program 
allows for early clinical investigation within the United 
States. The Guidance on Early Feasibility studies limits 
enrollment to fewer than 10 patients for devices in early 
development for a specific indication. The innovation 
pathway allows for proof of principle and initial clinical 
safety. It is a key principle of the program that an early 
feasibility study is appropriate when nonclinical testing 

Figure 5.  Intraoperative arteriogram with the distal compo-

nent implanted first, with the Mona LSA Stent Graft being 

advanced up into the arch after the second wire has been 

snared from the left brachial approach.

Figure 4.  Preoperative 

CTA of first in-human 

implant. The distance 

between the left com-

mon and left subclavian 

arteries is 10 to 11 mm. 

The thoracic aorta is 61 

mm with a dumbbell 

shape. The patient under-

went TEVAR from the LSA 

to the celiac artery. She 

was discharged to home 

in 5 days without compli-

cations.
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is not adequate to advance development, and clinical 
experience is necessary. However, this early feasibility 
study must be justified by an appropriate risk-benefit 
analysis with adequate human subject protection. FDA 
approval of the early feasibility study IDE application 
may be based on less nonclinical data than expected for 
a traditional feasibility or pivotal trial.

The first in-human Valiant Mona LSA Stent Grafts 
were implanted as part of this program in seven patients 
at two sites, including the Carolinas Medical Center in 
Charlotte, North Carolina, and the Cleveland Clinic in 
Cleveland, Ohio. The first human implant was performed 
at Sanger Heart and Vascular Institute at the Carolinas 
Medical Center on April 11, 2013. The patient was an 
81-year-old woman with a 6.1-cm thoracic aneurysm 
that required LSA coverage. The proximal seal zone 
was 42 mm in diameter, with the distance between the 
left common carotid artery and the LSA being 11 mm. 
The LSA origin was 8.5 mm in diameter. Coverage was 
to the celiac artery, as it was a dumbbell-shaped aneu-
rysm (Figure 4). The planned treatment was performed 
through a left iliac conduit. The patient was treated with 
the distal component (46–46-mm distal extension) with 
a 46-mm Valiant Mona LSA in the arch. The branch graft 
implanted was a 10-mm branch stent graft (Figures 5 
and 6). The patient did well without any complications 

and was discharged home 5 days after the procedure. 
Follow-up CTA at 30 days (Figure 7) demonstrated excel-
lent proximal and distal seal without any evidence of an 
endoleak. Aneurysm diameter remained unchanged. 

DISCUSSION
Conventional repair of aortic arch pathology is associ-

ated with significant mortality and stroke rates of 6% to 
20% and 2% to 18%, respectively.12,13 Aneurysms involv-
ing the aortic arch have been treated with open surgical 
techniques that require cardiopulmonary bypass with 
hypothermic circulatory arrest. The use of endovascular 
stent grafts has clearly allowed for the application of 
interventions in the descending aorta as well as the vis-
ceral aorta.

Given the current results of open surgical repair, these 
techniques have been extended for use in the aortic arch. 
Techniques have included the use of in situ fenestrations 
utilizing different tools, branch grafts, and chimney grafts 
placed parallel to the thoracic graft, with varying results 
in small numbers of patients. Utilization of a hybrid 
approach will typically be performed in stages, with the 
first surgical stage typically being a carotid-carotid bypass 
and/or a carotid-subclavian revascularization. This is fol-
lowed by thoracic stent graft repair with placement of the 
graft to the innominate or left carotid artery, respectively. 

Figure 6.  The branch graft has been deployed into the LSA. 

The proximal portion of the main graft has perfect alignment 

up to the left carotid artery. The branch graft is widely pat-

ent, and the aneurysm is completely excluded.

Figure 7.  Thirty-day follow-up CTA with complete exclusion 

of the aneurysm. All three supra-aortic branches are patent, 

including the branch graft in the left subclavian artery. 
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Chimney grafts parallel to the main thoracic graft, 
typically in the carotid or subclavian arteries, have been 
used in the aortic arch with varying results. Concerns 
regarding this technique include its unknown and 
untested durability and the continued risk of type I 
endoleaks between components through the curvature 
of the arch.14 The use of in situ techniques to create fen-
estrations within the graft after deployment across the 
supra-aortic vessels has been reported. As first reported 
by Murphy et al, good results have been shown with 
the use of a laser for in situ techniques.15,16 As is seen in 
other series evaluating endovascular repair of aortic arch 
pathology, the number of patients treated is small, with 
limited follow-up. 	

There have also been case reports describing favorable 
outcomes with the use of homemade branch grafts.17,18 
Any method that requires treatment of the arch should 
be performed with careful preoperative planning (com-
prising preoperative imaging, ease of device use, durabili-
ty, and the absence of access issues), expert endovascular 
skills, and appropriate imaging equipment, as these are 
imperative for a successful result.

The goal of the Medtronic early feasibility study of the 
Valiant Mona LSA Stent Graft was to validate the pro-
cedure in humans and to assess safety and performance 
acutely and at 30 days, with continued follow-up to 5 
years. Specific imaging data were collected to further 
augment current understandings within the thoracic 
arch. Results of acute performance will be presented at 
the 2013 VEITH Symposium.

If successful, the Valiant Mona LSA system could 
potentially obviate the need for LSA bypass, extend the 
benefits of endovascular repair without surgery to more 
patients with thoracic aortic aneurysms, and quell the 

controversy that is related to whether the LSA needs to 
be, should be, or can be covered.  n
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