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Introduction

Along with the evolution of the aortic surgery the 
appearance of the thoracic endovascular aortic repair 
(TEVAR) provided a new therapeutic approach for 
the patients with acute and chronic aortic pathology. 
Combining the surgical with the endovascular repair 
broadened the vision in the treatment of the aortic arch. 
The surgical technique of frozen elephant trunk (FET) has 
developed through the years and is actually an excellent 
approach, providing the option for endovascular and 
surgical extension (1,2). However, the perioperative-
stroke remains in the different case series between 2.5% 
and 20% (3). Additionally, the supra-aortic transposition 
has showed to be a reliable alternative excepting the 
total arch rerouting, which is related with a high rate of 
retrograde type A dissection (4,5). Nevertheless, there are 
patient groups with high risk, where neither the surgical 
or the hybrid repair is the first choice. In such cases total 
endovascular arch repair with the Bolton Relay plus double-
branch endoprosthesis (Bolton Medical, Sunrise, FL, USA) 
could be a feasible option with excellent outcome.

However, not every patient is suitable for the approach 
and there are some clinical geometrical and technical 
details which should be considered. The geometrical and 
clinical details guide our path through the treatment of the 
thoracic aortic disease involving the aortic arch, because our 
primary goal is providing excellent therapeutic approach 
with feasible long-term outcome, reducing the aortic-
related events without increasing the perioperative risks. 
Summarized, there are two major points, that should be 
considered for the use of the double branches prosthesis for 
the total endovascular arch repair: clinical assessment and 
geometrical details. 

Clinical assessment 

Currently, the estimation if a patient is suitable or non-
suitable for classical surgery remains at the discretion of 
the individually treating physician as there is a lack of 
risk prediction models in patients with thoracic aortic 
pathology. However, concomitant cardiac and vascular 
condition and/or severe chronic obstructive lung disease 
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are known predictors of adverse outcome in classical 
surgery. Therefore, this group may qualify best for the total 
endovascular approach.

Regarding the usage of currently available risk scores, 
patients with higher EuroSCORE and ASA score levels 
(American Society of the Anesthesiologist) should be generally 
favored (6-8). Patients with connective tissue disease should 
be generally excluded. Life expectancy more than 2 years is 
recommended. Individuals with congestive heart failure in class 
III or IV should be excluded as well as patient with significant 
supraaortic atherosclerosis (stenosis of the internal carotid 
artery ≥70% by NASCET criteria) (8,9). 

Geometrical details 

The aortic anatomy should be evaluated with thin-sliced 
computed tomography of the entire aorta including 
the supraaortic, iliac and femoral vessels. “Shaggy 
aorta” due to ulcerative atherosclerosis has a very high 
risk of perioperative cerebrovascular embolic events 
and these patients might be suboptimal candidates for 
total endovascular arch repair. There is generally no 
recommendation in relation to the angulation. However, 
steep arches may have a weaker performance due to the risk 
of kinking and potential type IIIb endoleakage due to strut 
perforation. On the other hand, there are clearly defined 
needs about the diameter and length of the ascending 
aorta. Diameter should be 40 mm and preferably less and 
ascending length should be 65 mm or longer using a center-
lined measurement

The brachiocephalic trunk and the left common carotid 
artery (LCCA) should have regular diameters and the 
minimum diameter of the LCCA recommended is 7 mm. 
The window for the supra-aortic branches is 5 cm in length 

and the space from the brachiocephalic trunk offspring 
to the end of the LCCA has to be ≤50 mm. Currently, all 
devices are custom-made (Table 1).

Prosthesis details 

The main body is delivered in a standard retrograde 
fashion with an outer sheath diameter of 25 French. The 
main body has two internal tunnels for the supra-aortic 
branches (LCCA—anterior tunnel, BT—posterior tunnel). 
The extensions are originally modified iliac limbs of the 
abdominal endovascular prosthesis of Bolton (Treo). The 
profile of the supraaortic extensions is 14 F. Oversizing 
more than 15% is generally not recommended (in all zones). 
Exception could be made by post dissection aneurysm, 
where the distal landing zone is sized according to the true 
lumen. 

The self-alignment mechanism of the main body 
allows that the pre-curved tip adapts itself according to 
the curve of the aortic arch. The mounting of the supra-
aortic window to the outer curvature is automatically and 
radiopaque markers indicate the appropriate orientation. 
Nevertheless, exact active positioning remains a prerequisite 
(Figure 1).

Procedure 

Revascularization of the left subclavian artery (LSA) 
is performed before the endovascular procedure for 
maintaining the inflow in the left vertebral artery for the 
cerebellar and spinal cord perfusion. The primary goal is 
the reduce risk of perioperative stroke and symptomatic 
spinal cord ischemia (6,10). If the left vertebral artery 
is non-dominant, overstenting of the LSA without 
revascularization may be performed. Neuromonitoring 
with motor evoked potentials and somatosensory evoked 
potentials combined with cerebral fluid drainage should be 
used if distal TEVAR extension is planned. 

After systematic heparinization (100 IU/kg) the main body 
is delivered and the window for the supra-aortic branches is 
orientated correctly according to the radiopaque markers. 
After inducing hypotensive conditions using rapid pacing 
the main body is deployed. Next step is the implantation 
of the supra-aortic branches and begins with the posterior 
tunnel, which could be deployed through the right common 
carotid artery or the right subclavian artery using surgical 
cut down. The precise cannulation of the tunnel is verified 

Table 1 Anatomical details and minimal requirements for the 
implantation (6)

Geometrical details Minimal requirements

Length from sinotubular junction to 
the BT

≥65 mm

Diameter of the ascending aorta ≤40 mm

Diameter of the LCCA ≥7 mm

Space between BT and LCCA ≤50 mm

Oversizing ≤15%

Access vessel size ≥8–9 mm
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by inflating a contrast-filled balloon. The procedure is 
followed likewise by the insertion of the second supra-
aortic branch for the LCCA (Figure 2). Finally, on table 
angiography is performed to prove the result (Figure 3).  
Mono antiplatelet therapy with 100 mg aspirin daily from 
postop day 1 is recommended.

Pros and cons 

The proximal landing zone is usually straight and, on this 
account, endoleaks type IA are rare. Zone 0 per se has a 
certain risk of retrograde type A dissection. However, the 
incidence seems to be less than in a total arch rerouting and 

Figure 1 View of the DBP with the branches for BT and LCCA (A) side view with deployed supraaortic branches (B) inside view. DBP, 
double branched prosthesis; LCCA, left common carotid artery.

A B

Figure 2 Schematic presentation of the steps by the implantation of the aortic arch endo-prosthesis. (A) Aneurysm of the aortic arch; (B) 
implantation of the main body through the femoral or iliac vessels with orientation of the window for the supraaortic vessels according to 
the radiopaque markers. The arrows are showing the radiopaque markers; (C) the supraaortic branches are deployed after the main body. 
(I) The implantation of the supraaortic limbs begins with the posterior tunnel (RCCA); (II) finally, comes the deployment of the second 
limb for the LCCA through the anterior tunnel. The arrow shows the carotid-subclavian bypass. RSA, right subclavian artery; RCCA, right 
common carotid artery; LCCA, left common carotid artery; LSA, left subclavian artery.
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TEVAR setting potentially due to the lack of tangential 
clamping of the ascending aorta (4,11). In addition, the 
knowledge that patients with the underlying pathology of 
type B aortic dissection also do have an inherently diseased 
ascending aorta has become accepted in the community and 
therefore these kinds of approaches are no longer offered to 
patients with this condition thereby reducing the incidence of 
retrograde type A aortic dissection. However, the endografts 
are custom made and time is needed for the manufacturing. 
Therefore, time per se excludes several patients from clinical 
implementation. Finally, there are no long-term results of the 
approach and the clinical experience is actually scarce. 

Conclusions

Total endovascular aortic arch repair is a feasible option 
with an excellent aortic-related survival and very good 
neurological outcome. Our armamentarium in the treatment 
of the aortic arch has broadened with the availability of 
this approach. Still, there are some geometrical and clinical 
details, which must be taken into account when selecting 
patients. Nevertheless, the clinical experience with the 
new method is still limited and there is no data about the 
long-term durability of this approach. Consequently, for a 
potential recommendation of a broader implementation, 
further studies are needed. 
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