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ABSTRACT

Objectives: In the last few years, fenestrated, branched, or scalloped custom grafts
have become available for aortic arch repair. Open surgery is the gold standard, but
arch thoracic endovascular aortic repair (TEVAR) is indicated for high-risk patients.
We focused on total endovascular aortic arch replacement with a zone 0 or zone 1
landing zone to describe its short- and long-term outcomes.

Methods:We retrospectively analyzed patients who underwent arch TEVAR with a
zone 0 or zone 1 landing zone at our center. We then performed a Kaplan-Meier
analysis for survival and freedom from reintervention at follow-up.

Results: FromMay 2017 to November 2023, 15 patients underwent elective arch TE-
VAR, having been deemed unfit for open surgery. Mean age was 74.7 � 7.8 years.
The most frequent procedure was fenestrated endovascular aortic repair with a
left carotid-subclavian bypass (LCSB) (6; 40%), followed by double-branched graft
with LCSB (5; 33.3%) and triple-branched graft (2; 13.3%) and scalloped graft with
LCSB (2; 13.3%). There was 1 in-hospital death (6.7%). Perioperative stroke
occurred in 2 cases (13.3%). Mean follow-up (FU) time was 16.4 � 15.1 months.
There were 3 deaths at FU, all for noncardiovascular causes, and 1 stroke at FU.
One patient required further stenting of the brachiocephalic trunk for a type III en-
doleak. Survival at 12 months was 87.5% and freedom from reintervention was
85.7%.

Conclusions: Total endovascular aortic arch repair with custom-made prosthesis is
a safe and effective procedure in patients with prohibitive surgical risk. Stroke re-
mains the main complication with significant rates. (JTCVS Techniques 2024;28:1-7)
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CENTRAL MESSAGE

Total endovascular arch repair
with custom-made prosthesis
shows promising results in pa-
tients with prohibitive risk for
open surgery. Stroke rates, how-
ever, are significant.
PERSPECTIVE
The literature on total endovascular arch repair
mostly consists of single-center retrospective
studies with a small population and a few system-
atic reviews. Most of these, however, include
cases of hybrid repair and partial stenting of the
aortic arch. Our goal was to describe data on pa-
tients who underwent an arch TEVAR with a zone
0 or zone 1 landing zone in terms of short- and
long-term results.

See Commentary on page 8.
In the last few decades, outcomes of open aortic arch sur-
gery dramatically have improved thanks to the progress in
techniques and perioperative management, especially
regarding cerebral protection. Aortic arch surgery, however,
is still to be considered a complex field, with a reported inci-
dence of perioperative mortality varying from 4.6% to
23.1%,1-3 depending largely on whether the indication
was acute type A aortic dissection. Open surgery is still
the “gold standard” treatment for aortic arch disease, even
in the most recent guidelines,4 which recommend consid-
ering hybrid or endovascular options in patients who are
deemed unsuitable for surgery (class of recommendation
IIb, Level of Evidence C). This group is only destined to
grow because of the aging population of patients affected
niques c Volume 28, Number C 1
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Abbreviations and Acronyms
BCT ¼ brachiocephalic trunk
BEVAR ¼ branched endovascular aortic repair
CT ¼ computed tomography
EL ¼ endoleak
FEVAR ¼ fenestrated endovascular aortic repair
LCCA ¼ Left common carotid artery
LCSB ¼ left carotid-subclavian bypass
LSA ¼ left subclavian artery
SAT ¼ supra-aortic trunk
TEVAR ¼ thoracic endovascular aortic repair
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by aortic arch pathologies, many of whom would be
reintervention.

This cohort of patients who require alternative treatment,
combined with the advancements of endovascular tech-
niques, has caused a rapid growth in the field of endovascu-
lar treatment of aortic arch pathologies. Several options,
including fenestrated, branched, or scalloped custom grafts,
have become available to adapt to the complex anatomy of
the aortic arch.5 Thoracic endovascular aortic repair (TE-
VAR) with a proximal landing zone in zone 0 or 1 has
been performed more and more in recent years. However,
literature is still lacking. Furthermore, much data on the
matter include procedures with a zone 2 landing zone or
hybrid arch replacement with debranching of the supra-
aortic trunks (SATs) followed by TEVAR. Both these op-
tions don’t require endovascular management of cerebral
vascularization; therefore, they differ from zone 0 or zone
1 procedures. Our aim is to focus on total endovascular
aortic arch replacement with a zone 0 or zone 1 landing
zone to describe its short- and long-term outcomes.
METHODS
Study Design

This is a single-center, retrospective study. All patients who underwent

total endovascular aortic arch repair with a zone 0 or zone 1 landing zone

from May 2017 to November 2023 were included. Preoperative character-

istics, surgical strategy, long- and short-term results were retrospectively

analyzed.

Ethical Statement
The Declaration of Helsinki and its later amendments were respected.

Informed consent for primary intervention was obtained from all partici-

pants included in this study. However, the study was approved by our inter-

nal institutional review board (D.P., G.D.G., L.L. Codex; August 10, 2023),

and consent for publication was not required according to the Italian Na-

tional Policy in the matter of Privacy Act on retrospective analysis of ano-

nymized data. The data underlying this article are available in the article.

Statistical Analysis
All continuous variables were expressed as mean � standard deviation,

whereas categorical data are summarized as absolute numbers and percent-

ages. A Kaplan-Meier analysis was performed to evaluate survival and
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freedom from reintervention at follow-up. Statistical analysis was per-

formed with SPSS, version 26.0 (IBM Corp).

Surgical Technique
The endovascular treatment of aortic arch disease comprises many op-

tions. Hybrid procedures mainly consist in SATs debranching and subse-

quent TEVAR. The present work is focused on completely endovascular

procedures, among which fenestrated and branched stent grafts are the

main options. Both techniques originated in the field of thoracoabdominal

aortic aneurysms6 and were later adapted for the complex anatomy of the

aortic arch.

Fenestrated aortic grafts allow blood flow to the SAT through special

“windows” in the stent graft, whereas branched grafts present specific

“branches” that can be placed in 1 or more SATs. In a “double-branch” pro-

cedure, the branches are placed in the brachiocephalic trunk (BCT) and left

common carotid artery (LCCA), generally accompanied by a left carotid-

subclavian bypass (LCSB), whereas in “triple branch” procedure, the left

subclavian artery (LSA) is also stented (Figures 1 and 2). A third option

is represented by scalloped stent grafts, in which the patency of SATs is

assured through a wider “scallop” on the graft.

Fenestrated grafts allow extensive coverage of the aortic arch, granting a

long landing zone in the proximal arch or ascending aorta. The release of

the prosthesis is crucial, requiring good proximal and distal sealing and per-

fect alignment to match the SATs ostiums. Long-term sealing preservation

might be a problem, as the large fenestrations in the outer curvature of the

stent-graft could cause endoleaks. When perfect sealing at the level of

SATs is made tricky by aneurysmal dilation of the arch or particular aortic

morphologies, a branched stent graft is considered to be a more suitable so-

lution, as the presence of branches might improve sealing. Scalloped stent

grafts are mainly used to preserve blood flow in the LSA, even in urgent or

emergent settings as wider scallops might not require a custom-made pros-

thesis. However, the scallop can also be placed on the LCCA in place of a

smaller fenestration, though the bigger window might make sealing more

difficult.

At our center, all endovascular procedures are performed in a state-of-

the-art hybrid operating room by a multidisciplinary team composed of

cardiac surgeons and interventional radiologists, both specialized in aortic

pathology. All the prosthesis were custom-made on the basis of the pa-

tients’ preoperative computed tomography (CT) scan.

When indicated, LCSB is performed immediately before the endovas-

cular procedure. In these cases, the LSA is then embolized to prevent en-

doleaks. The most used main access is the femoral artery. In case of

branched endovascular aortic repair (BEVAR), surgical exposition of the

right axillary or common carotid artery and LCCA is also necessary. Care-

ful deairing of the prosthesis is mandatory in order to reduce the risk of air

embolism. The stent graft is carefully released during ventricular pacing. In

BEVAR, the stent grafts for the SATs are released after themain body. Dou-

ble antiplatelet therapy is recommended to all patients who undergo arch

stenting for 3 to 6 months, followed by single antiplatelet therapy with

aspirin, which is continued indefinitely.

Our postoperative protocol includes a predischarge CT scan, taken

approximately 5 days after surgery, whereas the follow-up CT scans are

performed and evaluated at our outpatient clinic specific for aortic pathol-

ogies by a cardiac surgeon and a radiologist.
RESULTS
Between May 2017 and November 2023, 15 patients un-

derwent TEVARwith a zone 0 or zone 1 landing zone at our
institution. The patients’ preoperative characteristics are
illustrated in Table 1. Mean age was 74.7 � 7.8 years, and
most patients (80%) were male. When it came to indica-
tions, the most frequent was aortic aneurysm (6, 40%),



FIGURE 1. Results of arch branched endovascular aortic repair at the postoperative computed tomography scan. Double-branch with a left carotid-

subclavian bypass (A) and triple-branched prosthesis (B).
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followed by penetrating ulcer (5, 33.3%), aortic dissection
(2, 13.3%), and pseudoaneurysm (2, 13.3%).

The most performed procedure was fenestrated
endovascular aortic repair (FEVAR) with a LCSB (6,
40%), followed by repair through a double-branched graft
with LCSB (5, 33.3%), triple-branched graft (2, 13.3%),
and scalloped graft with LCSB (2, 13.3%). The landing
zone was zone 0 in 11 cases (73.3%) and zone 1 in the re-
maining 4 cases (26.7%).

The procedure was technically successful in all cases.
There was only 1 in-hospital death (6.7%), which was
attributable to ischemic diffuse bilateral stroke with hemor-
rhagic transformation in a patient who underwent a BEVAR
with a double-branched graft. There was no report of spinal
cord injury or retrograde dissection, whereas in-hospital
stroke occurred twice (13.3%). The other stroke patient
had also undergone double-branched TEVAR and presented
a lesion in the right middle cerebral artery territory. In both
cases, the CT scan showed patency of the SAT stents with
no sign of dissection.

The patients’ mean follow-up time was 16.4 � 15.1
months, 12-month survival was 87.5%, and freedom from
reintervention was 85.7% (Figure 3). Long-term results
are reported in Table 2 and Figure 4. During follow-up, 3
patients (21.4%) died, no case of aortic-related death was
reported. One stroke (7.1%) happened at follow-up in a pa-
tient who underwent double-branched TEVAR: he pre-
sented a left cerebellar ischemic stroke and the CT scan
showed partial thrombosis of the LCCA stent.

Endoleak (EL) at follow-up was present in 2 (14.3%)
cases, both were type III EL. Among these, 1 patient had
a small EL originating from the common BCT/LCCA
fenestration which did not require intervention. Another
one presented a type III EL originating from the BCT stent,
which required further stenting of the BCT 11 months after
the original procedure.

DISCUSSION
The introduction of total endovascular options for the

treatment of aortic arch pathology allowed us to offer alter-
native solutions for otherwise inoperable patients. Since
their introduction, the progress of technologies and surgical
techniques allowed this field to grow rapidly and treat
increasingly complex aortic pathologies. However, zone
0 and zone 1 TEVAR, compared with TEVAR for other
aortic zones, lacks high-quality evidence to support its use
because studies on the matter include case reports, case se-
ries, and retrospective studies. Even the 2024 aortic guide-
lines present a low class of recommendation because of the
relative youth of the field and the lack of definitive
consensus in literature.
Two recent meta-analysis comprising a relatively large

cohort for the field reported a 7.5% to 16% incidence of
in-hospital mortality and 8.9% to 14% incidence of stroke,
which is in accordance with our data.7,8 This goes to show
how TEVAR of the arch is not free from risk. However,
these studies also included hybrid arch replacement proced-
ures, which once again shows how literature on “real” total
endovascular arch repair is scarce.
Stroke is the most common and feared complication of

endovascular arch repair, with a reported incidence even
greater than open arch surgery.9 It also proved to be linked
to TEVAR with a zone 0 landing zone compared with more
distal landing zones.10 Severe atherosclerosis of the aortic
JTCVS Techniques c Volume 28, Number C 3



FIGURE 2. Schematic representation of the 4 techniques used in this cohort of patients. A, FEVAR with LCSB and LSA embolization; (B) double-branch

stenting with LCSB and LSA embolization; (C) triple-branched stenting; (D) scalloped graft on the LCCAwith a zone 1 proximal landing zone, LCSB and

LSA embolization. FEVAR, Fenestrated endovascular aortic repair; LCSB, left carotid-subclavian bypass; LSA, left subclavian artery; LCCA, left common

carotid artery.
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wall and aneurysms as indication have both been linked to
stroke, whereas LSA revascularization doesn’t seem to have
an impact.11-13

Stroke can occur both as the result of embolization (solid
or air) and to SAT hypoperfusion during or after the proced-
ure. The main steps to minimize its risk include careful
consideration of the underlying pathology, as atheroscle-
rotic lesions present high risk of embolism, evaluation of
the cerebral arterial anatomy and of possible variations of
the Circle of Willis. However, the main precaution a sur-
geon can take consists in the careful de-airing of the
4 JTCVS Techniques c December 2024
delivery system with abundant saline solution in order to
minimize the risk of air embolism. Air embolism during
arch TEVAR has been thoroughly investigated, even in
some in vitro models,14,15 and seems to be one of the
main determinants of stroke. Avoiding intraoperative hypo-
tension also seems to play a role in stroke prevention.16

Careful patients selection and intraoperative management
seem to be the only options to prevent stroke.17

Interestingly, a greater incidence of stroke in FEVAR and
BEVAR compared with standard endovascular aortic repair
has been reported in literature, even in the field of



TABLE 1. Preoperative characteristics of the population

Preoperative variable N ¼ 15

Age, y 74.7 � 7.8

Male sex, n (%) 12 (80%)

Baseline pathology, n (%)

Aneurysm 6 (40%)

Penetrating ulcer 5 (33.3%)

Dissection 2 (13.3%)

Pseudoaneurysm 2 (13.3%)

Hypertension, n (%) 11 (73.3%)

Coronary artery disease, n (%) 1 (6.7%)

Chronic obstructive pulmonary disease, n (%) 5 (33.3%)

Renal failure, n (%) 2 (13.3%)

Mean ascending aorta diameter. mm 37.64 � 4
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abdominal aortic repair.18 This might be attributable to
more manipulation of wires and catheters, which may
disrupt plaque or thrombus.

In our experience, all the postoperative strokes happened
in patients who underwent BEVAR. Literature is lacking on
direct comparisons between arch BEVAR and FEVAR,
especially when it comes to zone 0 or zone 1 landing zones.
Tsilimparis andc colleagues19 reported greater mortality
and stroke rate in the FEVAR group compared with
BEVAR, which differs from our experience. However,
both studies have a limited population due to the relative
rarity of the procedures, so differences may easily be
fortuitous.
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FIGURE 3. Survival (A) and freedom f
In our experience, all patients who showed potential
neurologic symptoms or doubts about the patency of
SATs at the CT scan were promptly clinically and
radiologically evaluated. Because stroke is still common,
centers in which this kind of procedures are performed
should have a readily available neurology and neuroradi-
ology service.
Another factor to consider is that such complex proced-

ures require a learning curve, which cannot prescind from
experienced operators, a dedicated team and a large volume
of patients. These requirements make it so that this kind of
procedures should always be performed in high-volume
aortic centers.
Total endovascular repair of the aortic arch represents a

revolutionary option for a cohort of patients who, because
of the ageing of the population and advancement of technol-
ogies, is only going to expand in the future. It also provides
a potentially resolutive one-step treatment for lesions
limited to the aortic arch, such as penetrating ulcers. Despite
its reduced invasiveness and psychological impact on the
patients, it is not free from complications. However, it
showed feasible results in the short and long term, which
justify its use the high surgical risk cohort. Patient selection
is fundamental to obtain good results and it cannot happen
without a skilled aortic team, including cardiovascular sur-
geons and interventional radiologists.
Study Limitations
Because of the relative rarity of this procedure, only a

retrospective study with a small population could be
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FIGURE 4. Main results of total endovascular aortic arch repair in the period May 2017-November 2023. FEVAR, Fenestrated endovascular aortic repair;

LCSB, left carotid-subclavian bypass; FU, follow-up.
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performed on the matter. This is especially true when only
zone 0 or zone 1 landing zone procedures are considered,
as most studies available in literature and systematic re-
views also include more distal landing zones or hybrid
6 JTCVS Techniques c December 2024
procedures. Because of the small number of patients, we
were unable to perform a comparison between FEVAR
and BEVAR. In the future, a multi-centric comparative
study should be performed.



TABLE 2. Long-term results

Variable N ¼ 14

Death at follow-up 3 (21.4%)

Aortic death 0

Other causes 3 (100%)

Stroke at follow-up 1 (7.1%)

Epiaortic trunks stents patency 13 (92.9%)

Prosthesis migration 0

Endoleak 2 (14.3%)

Reintervention 1 (7.1%)

Di Marco et al Adult: Aorta
CONCLUSIONS
Total endovascular repair of the aortic arch is a complex

procedure, but it presents acceptable short- and long-term
results. It should be reserved for high-risk patients who
are deemed unfit for surgery by an experienced, multidisci-
plinary team.

Conflict of Interest Statement
The authors reported no conflicts of interest.
The Journal policy requires editors and reviewers to

disclose conflicts of interest and to decline handling or re-
viewing manuscripts for which they may have a conflict
of interest. The editors and reviewers of this article have
no conflicts of interest.

References
1. Di EusanioM, Berretta P, Cefarelli M, et al. Long-term outcomes after aortic arch

surgery: results of a study involving 623 patients. Eur J Cardiothoracic Surg.

2015;48(3):483-490.

2. Patel HJ, Nguyen C, Diener AC, Passow MC, Salata D, Deeb GM. Open arch

reconstruction in the endovascular era: analysis of 721 patients over 17 years.

J Thorac Cardiovasc Surg. 2011;141(6):1417-1423.

3. Okita Y, Okada K, Omura A, et al. Total arch replacement using antegrade cere-

bral perfusion. J Thorac Cardiovasc Surg. 2013;145(3 suppl):169-174.

4. Authors/Task Force Members, Czerny M, Grabenw€oger M, et al. EACTS/STS

guidelines for diagnosing and treating acute and chronic syndromes of the aortic

organ. Ann Thorac Surg. 2024;118(1):5-115. https://doi.org/10.1016/j.athorac

sur.2024.01.021
5. Di Marco L, Murana G, Lovato L, et al. Endovascular solutions for aortic arch

diseases: total and hybrid. Surg Technol Int. 2021;38:331-338.

6. Anderson JL, AdamDJ, BerceM, Hartley DE. Repair of thoracoabdominal aortic

aneurysms with fenestrated and branched endovascular stent grafts. J Vasc Surg.

2005;42(4):600-607.

7. Zhu L, Li X, Lu Q. A systematic review and meta-analysis of thoracic endovas-

cular aortic repair with the proximal landing zone 0. Front Cardiovasc Med.

2023;10.

8. Basha AM, Moore RD, Rommens KL, Herget EJ, McClure RS. A systematic re-

view of total endovascular aortic arch repair: a promising technology.Can J Car-

diol. 2023;39(1):49-56.

9. Khullar V, Schaff HV, Dearani JA, et al. Open surgical repair remains the gold

standard for treating aortic arch pathology. Ann Thorac Surg. 2017;103(5):

1413-1420.

10. Melissano G, Tshomba Y, Bertoglio L, Rinaldi E, Chiesa R. Analysis of stroke

after TEVAR involving the aortic arch. Eur J Vasc Endovasc Surg. 2012;43(3):

269-275.

11. Tsilimparis N, Stana J, Konstantinou N, Chen M, Zhou Q, K€olbel T. Identifying

risk factors for early neurological outcomes following thoracic endovascular

aortic repair using the SUMMIT database. Eur J Cardiothoracic Surg. 2022;

62(1):1-8.

12. Kotelis D, BischoffMS, Jobst B, et al. Morphological risk factors of stroke during

thoracic endovascular aortic repair. Langenbecks Arch Surg. 2012;397(8):

1267-1273.

13. Maeda K, Ohki T, Kanaoka Y, Shukuzawa K, Baba T, Momose M. A novel

shaggy aorta scoring system to predict embolic complications following thoracic

endovascular aneurysm repair. Eur J Vasc Endovasc Surg. 2020;60(1):57-66.

14. Makaloski V, Rohlffs F, Trepte C, et al. Distribution of air embolization during

TEVAR depends on landing zone: insights from a pulsatile flow model. J Endo-

vasc Ther. 2019;26(4):448-455.

15. Inci K, Koutouzi G, Chernoray V, Jeppsson A, Nilsson H, FalkenbergM. Air bub-

bles are released by thoracic endograft deployment: an in vitro experimental

study. SAGE Open Med. 2016;4:2050312116682130.

16. Feezor RJ, Martin TD, Hess PJ, et al. Risk factors for perioperative stroke during

thoracic endovascular aortic repairs (TEVAR). J Endovasc Ther. 2007;14(4):

568-573.

17. Cao L, Zhang H, Ge Y, Guo W. Avoiding stroke in patients undergoing endovas-

cular aortic arch repair: JACC Review Topic of the Week. J Am Coll Cardiol.

2023;82(3):265-277.

18. Westin GG, Rockman CB, Sadek M, et al. Increased ischemic complications in

fenestrated and branched endovascular abdominal aortic repair compared with

standard endovascular aortic repair. J Vasc Surg. 2020;72(1):36-43.

19. Tsilimparis N, Debus ES, von Kodolitsch Y, et al. Branched versus fenestrated

endografts for endovascular repair of aortic arch lesions. J Vasc Surg. 2016;

64(3):592-599.
Key Words: endovascular, aortic arch, stent grafts, TE-
VAR, BEVAR, FEVAR
JTCVS Techniques c Volume 28, Number C 7

http://refhub.elsevier.com/S2666-2507(24)00360-2/sref1
http://refhub.elsevier.com/S2666-2507(24)00360-2/sref1
http://refhub.elsevier.com/S2666-2507(24)00360-2/sref1
http://refhub.elsevier.com/S2666-2507(24)00360-2/sref2
http://refhub.elsevier.com/S2666-2507(24)00360-2/sref2
http://refhub.elsevier.com/S2666-2507(24)00360-2/sref2
http://refhub.elsevier.com/S2666-2507(24)00360-2/sref3
http://refhub.elsevier.com/S2666-2507(24)00360-2/sref3
https://doi.org/10.1016/j.athorac<?show [?tjl=20mm]&tjlpc;[?tjl]?>sur.2024.01.021
https://doi.org/10.1016/j.athorac<?show [?tjl=20mm]&tjlpc;[?tjl]?>sur.2024.01.021
http://refhub.elsevier.com/S2666-2507(24)00360-2/sref5
http://refhub.elsevier.com/S2666-2507(24)00360-2/sref5
http://refhub.elsevier.com/S2666-2507(24)00360-2/sref6
http://refhub.elsevier.com/S2666-2507(24)00360-2/sref6
http://refhub.elsevier.com/S2666-2507(24)00360-2/sref6
http://refhub.elsevier.com/S2666-2507(24)00360-2/sref7
http://refhub.elsevier.com/S2666-2507(24)00360-2/sref7
http://refhub.elsevier.com/S2666-2507(24)00360-2/sref7
http://refhub.elsevier.com/S2666-2507(24)00360-2/sref8
http://refhub.elsevier.com/S2666-2507(24)00360-2/sref8
http://refhub.elsevier.com/S2666-2507(24)00360-2/sref8
http://refhub.elsevier.com/S2666-2507(24)00360-2/sref9
http://refhub.elsevier.com/S2666-2507(24)00360-2/sref9
http://refhub.elsevier.com/S2666-2507(24)00360-2/sref9
http://refhub.elsevier.com/S2666-2507(24)00360-2/sref10
http://refhub.elsevier.com/S2666-2507(24)00360-2/sref10
http://refhub.elsevier.com/S2666-2507(24)00360-2/sref10
http://refhub.elsevier.com/S2666-2507(24)00360-2/sref11
http://refhub.elsevier.com/S2666-2507(24)00360-2/sref11
http://refhub.elsevier.com/S2666-2507(24)00360-2/sref11
http://refhub.elsevier.com/S2666-2507(24)00360-2/sref11
http://refhub.elsevier.com/S2666-2507(24)00360-2/sref11
http://refhub.elsevier.com/S2666-2507(24)00360-2/sref12
http://refhub.elsevier.com/S2666-2507(24)00360-2/sref12
http://refhub.elsevier.com/S2666-2507(24)00360-2/sref12
http://refhub.elsevier.com/S2666-2507(24)00360-2/sref13
http://refhub.elsevier.com/S2666-2507(24)00360-2/sref13
http://refhub.elsevier.com/S2666-2507(24)00360-2/sref13
http://refhub.elsevier.com/S2666-2507(24)00360-2/sref14
http://refhub.elsevier.com/S2666-2507(24)00360-2/sref14
http://refhub.elsevier.com/S2666-2507(24)00360-2/sref14
http://refhub.elsevier.com/S2666-2507(24)00360-2/sref15
http://refhub.elsevier.com/S2666-2507(24)00360-2/sref15
http://refhub.elsevier.com/S2666-2507(24)00360-2/sref15
http://refhub.elsevier.com/S2666-2507(24)00360-2/sref16
http://refhub.elsevier.com/S2666-2507(24)00360-2/sref16
http://refhub.elsevier.com/S2666-2507(24)00360-2/sref16
http://refhub.elsevier.com/S2666-2507(24)00360-2/sref17
http://refhub.elsevier.com/S2666-2507(24)00360-2/sref17
http://refhub.elsevier.com/S2666-2507(24)00360-2/sref17
http://refhub.elsevier.com/S2666-2507(24)00360-2/sref18
http://refhub.elsevier.com/S2666-2507(24)00360-2/sref18
http://refhub.elsevier.com/S2666-2507(24)00360-2/sref18
http://refhub.elsevier.com/S2666-2507(24)00360-2/sref19
http://refhub.elsevier.com/S2666-2507(24)00360-2/sref19
http://refhub.elsevier.com/S2666-2507(24)00360-2/sref19

	Total endovascular arch repair: Initial experience in Bologna
	Methods
	Study Design
	Ethical Statement
	Statistical Analysis
	Surgical Technique

	Results
	Discussion
	Study Limitations

	Conclusions
	Conflict of Interest Statement

	References


