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INTRODUCTION
TEVAR has fundamentally changed the management of tho-
racic aortic syndromes, allowing for treatment of high-risk 
patients, unfit for traditional surgical repair.2 Aortic lesions in-
cluding descending thoracic aortic aneurysms, chronic Type B 
(Standford Classification) dissections, intramural hematomas 
and penetrating aortic ulcers can be successfully treated with 
endovascular solutions, largely decreasing the high mortality 
and complication rates of open surgical repair, in both intact 
and emergent lesions.3,4

Aortic pathologies involving the aortic arch require a more 
complex management, as standard TEVAR fails to provide a 
suffice proximal landing zone. Non-A, non-B aortic dissections, 
either limited to the aortic arch or evolving as a retrograde 
dissection with an entry point at the descending thoracic aor-
ta institute complex lesions, unable to be treated with con-
ventional TEVAR. Moreover, conventional open surgical repair 
as well as hybrid techniques including endovascular repair in 
addition to debranching of the aortic arch have been associat-
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ed with increased morbidity and mortality, excluding high-risk 
patients.5,6 Fenestrated and branched (fTEVAR, bTEVAR) have 
been extensively used in the last decade as alternatives, al-
lowing for proximal landing zone on the ascending aorta (Zone 
0), while incorporating fenestrations or directional branches 
for implementation of the innominate, left carotid and left 
subclavian artery.7 

CASE REPORT/TECHNIQUE
We present the case of a 64-year-old male patient, with no 
prior medical history or under any medication, who was 
transferred to our hospital following an acute non-A, non-B 
dissection. The patient presented with acute chest pain, ra-
diating to his back, and uncontrolled systolic arterial pressure 
(~190mmHg). Initial management at a district hospital includ-
ed aggressive arterial pressure and pulse management at a 
High Dependency Unit. The patient underwent a complete 
diagnostic work-up, including a Computed Tomography Angi-
ography (CTA) of the aorta, detecting a non-A, non-B aortic 
dissection, alongside a descending thoracic aortic aneurysm 
(maximum diameter ~5.4cm). The dissection extended from 
proximally to Zone 1 and distally to Zone 10, with the initial 
entry point detected distally to the left subclavian artery (B1-

10), based on the reporting standards for type B aortic dissec-
tions.8 Following vital signs and clinical status stabilization, the 
patient was transferred to our department for further diagnos-
tic and therapeutic management. During initial assessment, 
the patient was hemodynamically stable, with palpable upper 
and lower limb radial, brachial, femoral, popliteal, posterior 
tibial, and dorsalis pedis arteries. Follow-up CTA revealed no 
further retrograde or antegrade dissection. (Figure 1) 
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Abstract:
Introduction: Branched Thoracic Endovascular Repair of the Aortic Arch (bTEVAR) is a feasible alternative to convention-
al open surgical repair or endovascular debranching techniques in unfit for open repair patients, allowing for complete 
endovascular repair of thoracic aortic pathologies involving the aortic arch, such as Non-A, Non-B dissections.1

Case Report/Technique: We present the case of a 64-year-old male patient who was transferred to our department with 
an acute Non-A, Non-B aortic dissection, extending from the innominate artery to the aortic bifurcation. Following initial 
conservative management, the patient presented aortic diameter enlargement and was treated with a custom-made 
arch-branch device [Bolton Medical, Inc. (Terumo Aortic, US)], incorporating three directional branches for the innomi-
nate, left carotid and left subclavian artery, respectively. Postoperative 6-month follow-up shows nice graft deployment 
resulting in partial false lumen thrombosis with complete branch patency and no signs of type Ia endoleak or bird-peak 
formation.
Conclusion: Branched TEVAR appears to be feasible and safe as a treatment alternative for aortic pathologies involving 
the aortic arch, such as Non-A, Non-B dissections, while long-term postoperative surveillance is warranted.
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Periaortic hematoma extended to the level of the innominate 
artery. (Figure 2) Reno-visceral arteries (celiac trunk, superior 
mesenteric artery, left renal artery) arose from the true aor-
tic lumen besides the right renal artery which arose from the 
false lumen, with complete patency of all renovisceral vessels 
and no signs of dissection extension. Cardiothoracic evalua-
tion was negative for open surgical repair. After thorough CTA 
examination and patient briefing, a total endovascular repair 
via branched TEVAR was decided, utilizing a custom-made de-
vice (CMD) [Bolton Medical, (Terumo Aortic, US]. The patient 
was discharged with antihypertensive and beta-blockers med-
ication until further notice following device manufacturing. 

Branched Endograft Characteristics
A branched thoracic CMD endograft was designed and man-
ufactured, including 3 branches, two for the incorporation of 
the innominate and left carotid (LCCA) and one retrograde 
branch for the left subclavian (LSA) artery. Proximal and distal 
endografts diameters were 46mm and 28mm, aiming for an 
approximately 25% proximal and 20% distal overlap at Zone 0 
and 4, respectively. Total graft length was 270mm, while the 
implemented, inner directional branches were 12mm for the 
innominate and 10mm wide for the LCCA and LSA, respective-
ly. All branches were 40mm in length, while the innominate 
and LCCA branches, cranially oriented, originated 60mm from 
the proximal end of the CMD and the LSA branch, caudally ori-
ented, originating 125mm from the proximal end of the CMD. 
(Figure 3) 

Additionally, a custom-made straight-tube endograft for 
bridging of the innominate artery was manufactured, with a 
13-11mm, and 103mm proximal, distal diameter and length, 
respectively. Total manufacturing time from CMD design to 
delivery was 2 months. Bridging of the LCCA and the LSA was 
scheduled to be implemented through self-expanding and 
balloon-expandable covered stentgrafts (Viabahn and VBX, 
Gore & Associates, Newark, 555 Paper Mill Road, USA). 

Figure 1. Preoperative aortic non-A, non-B dissection (3D Re-
construction)

Figure 2. Hematoma extension to Zone 0.
Footnote: Yellow arrows depicting hematoma.

Figure 3. Custom-Made Arch Branch Device [Bolton Medical, (Terumo Aortic, US]
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Intraoperative Details/Procedure
Following general anesthesia induction, surgical cutdown of 
the common carotid arteries and the right common femoral 
artery was undertaken. Percutaneous vascular access of the 
right brachial artery was achieved for diagnostic angiography 
and the left common femoral vein for cardiac rapid ventricular 
pacing during device deployment, respectively. Following vas-
cular access completion, per protocol 5000 IU of unfraction-
ated heparin were administered for an ACT of >250 seconds, 
with 30-minute time interval ACT measurements and addi-
tional heparin infusions, when necessary. Prior to CMD intro-
duction, carbon dioxide flushing of the device was thorough-
ly undertaken, for air embolization protection.9 A diagnostic 
angiography catheter was introduced via the right brachial 
artery, to the ascending aorta, later retracted during endog-
raft deployment. The device was introduced, oriented, and 
deployed under rapid ventricular cardiac pacing of ~180 beats 
per minute (bpm) for approximately 30 seconds, eliminating 
aortic pulse pressure, for precise stentgraft deployment. Fol-
lowing successful device deployment, catheterization of the 
LCCA branch was initially achieved, and a VBX 11*59mm bal-
loon-expandable covered stentgraft with a Viabahn 8*50mm 
self-expanding covered stentgraft were implanted, with a 
complete sealing of the branch. The innominate artery branch 
was later catheterized through the right CCA, introduction and 
deployment of the custom-made straight-tube 13-11*103mm 
endograft was successfully undertaken. Finally, through the 
right common femoral artery, the LSA branch and conse-
quently the LSA were catheterized, a 11*100mm Viabahn 
self-expanding covered stentgraft was deployed successfully. 
Final angiogram confirmed precise CMD deployment from the 
coronary arteries, and complete branch patency, with no signs 
of endoleak. (Figure 4) 

Following standard arterial suture closing, the patient was 
extubated with no signs of cerebral events and was trans-
ferred to the Vascular Surgery Ward under close monitoring. 
Total radiation time exposure and contrast media administra-
tion was 8.570 cGy/cm2 and 120mls, respectively. No blood or 
blood products were transfused. 

Figure 4. Intraoperative confirmation angiography

Figure 5. Postoperative 6-month arch-branch device configuration.
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The patient received single antiplatelet therapy (Acetyl-
salicylic Acid, 100mg, OD) upon ward transfer, and dual an-
tiplatelet therapy (Clopidogrel, 75mg OD) was administered 
on the 1st postoperative day. , and , The patient underwent a 
complete CTA scan the 2nd post-operative day, showing suc-
cessful device implementation, total branch patency and no 
signs of endoleak or bird-peak formation. Postoperative re-
covery was uneventful and the patient was discharged on the 
4th post-operative day. During follow-up, the patient has been 
well, with adequate blood-pressure and cardiac rhythm med-
ication control. The 6-month postoperative CTA scan showed 
patency of all supra-aortic vessels and their branches resulting 
in partial false lumen thrombosis, due to distal entry points, 
with gradual aortic remodeling, with a maximum diameter of 
5.2cm (Figure 5)

DISCUSSION
Non-A, non-B dissections are high-risk manifestations of TAD, 
often not amendable to standard TEVAR, nonetheless associ-
ated with intramural hematomas and retrograde dissections.10 
Excluding cases requiring urgent open thoracic aortic repair 
through open conventional surgical total arch reconstruction 
or hybrid solutions involving arch debranching, complex end-
ovascular repair of such lesions has proven to be feasible, with 
acceptable outcomes, including all-cause and aorta-related 
mortality, as well as complication and reintervention rates.7

Open surgical repair of thoracic aortic dissections involving 
the arch requires, total arch reconstruction with open sternot-
omy, cardiopulmonary bypass, and hypothermic circulatory 
arrest in most cases, and it is still recommended by guidelines 
as the gold standard. Such interventions have been tradition-
ally associated to high morbidity and complication rates and 
prolonged ICU stay, rendering them restrictive for high-risk 
patients.3 Multidisciplinary evaluation is mandatory in all TAD 
cases, with complete patient vital sign, laboratory values and 
aorta CTA assessment, as open surgical repair could be the 
only available solution. 

Branched and fenestrated thoracic aortic repair of TAD in-
volving the arch and its branches requires diligent planning 
and sizing, and specific pre-, intra- and postoperative proto-
cols for successful implementation in high-risk patients unfit 
for traditional repair.11 Main entry point coverage with total 
endovascular incorporation of supra-aortic target vessels are 
essential parts for first management. Moreover, these techni-
cal characteristics are crucial for future aortic remodeling. In 
clinically stable patients or in chronic aortic dissection, with 
uncomplicated TAD, custom-made devices allow for design 
of “tailor-made” endografts, with no compromise regarding 
technical and clinical success. Fenestrated arch devices have 
been studied, albeit data is still scarce regarding branched 
devices.12 Emergent endovascular approaches, including the 
hybrid procedures, chimney technique or in situ fenestrations, 
although extremely valuable, present high risk of gutter en-
doleaks, cerebral events and scarce long-term outcomes.13,14

Careful preoperative CTA scan evaluation is of outmost im-
portance prior to CMD design and production. Branched-TE-

VAR for arch lesions requires most of the time proximal seal 
at Zone 0. Misaligned deployment of an arch branch device 
could lead to catastrophic events, from coverage of the os-
tiums of coronary arteries, to misalignment of branches or 
fenestrations in regard to the ostiums of the supra-aortic ves-
sels.11 An important factor for successful deployment is the 
diameter of the ascending aorta. While data is limited, an 
oversize of approximately 20% on the proximal landing zone, 
in addition to most arch branch devices manufactured with a 
proximal stentgraft diameter of 45-50mm, restricts the use of 
arch branch devices in patients with ascending aorta diameter 
less than 40mm. Also, minimal tapering of the proximal land-
ing zone is important in satisfactory proximal sealing of the 
endograft. Another important factor is aortic angulation at the 
sealing zone, with aortic angulations over 60o associated with 
higher risk of type Ia endoleaks.11,15 

Cerebral event protection has been and remains crucial 
during endovascular arch repair, especially when proximal 
seal occurs in Zone 0. Endovascular solutions involving the 
chimney technique, as well as hybrid arch reconstruction 
(applying the frozen elephant trunk technique) have been as-
sociated with risk of stroke over 10 and 16%, respectfully.16,17 
Reports on total endovascular aortic arch repair suggest con-
siderable stroke rates as high as 14%, further highlighting the 
need for vigilant measures of cerebral protection.18 Careful 
CMD flushing using carbon dioxide prior to introduction and 
deployment, rapid ventricular pacing, as well as meticulous 
sheath and wire flushing and exchange contribute towards 
successful subsequent CMD deployment and limitation of 
cerebral events.9,19 Data on short-term outcomes of branched 
total endovascular arch repair are associated with high tech-
nical success rates over 95% and no mortality during the initial 
30-day postoperative period.7

CONCLUSION
Branched stentgraft device is a feasible procedure for total-
ly endovascular repair of aortic lesions involving the arch. 
Longer follow up is needed to prove its durability and efficacy.
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