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ORIGINAL RESEARCH

Anatomic Suitability for Branched Thoracic 
Endovascular Repair in Patients with Aortic 
Arch Pathological Features
Stefan P.M. Smorenburg , MSc*; Matthew Montesano , MSc*; Tijs J. Hoogteijling , MD;  
Maarten Truijers, MD, PhD; Petr Symersky, MD, PhD; Evert K. Jansen, MD, PhD; Harmen R. Zandbergen, MD, PhD; 
Willem Wisselink, MD, PhD, FACS; Theodorus G. van Schaik, MD; Kak Khee Yeung , MD, PhD, FEBVS

BACKGROUND: Endovascular repair has become a viable alternative for aortic pathological features, including those located 
within the aortic arch. We investigated the anatomic suitability for branched thoracic endovascular repair in patients previously 
treated with conventional open surgery for aortic arch pathological features.

METHODS AND RESULTS: Patients who underwent open surgery for aortic arch pathological features at our institution between 
2000 and 2018 were included. Anatomic suitability was determined by strict compliance with the anatomic criteria within man-
ufacturers’ instructions for use for each of the following branched thoracic stent grafts: Relay Plus Double-Branched (Terumo-
Aortic), TAG Thoracic Branch Endoprosthesis (W.L. Gore & Associates), Zenith Arch Branched Device (Cook-Medical), and 
Nexus Stent Graft System (Endospan Ltd/Jotec GmbH). Computed tomography angiography images were analyzed with 
outer luminal line measurements. A total of 377 patients (mean age, 64±14 years; 64% men) were identified, 153 of whom had 
suitable computed tomography angiography images for measurements. In total, 59 patients (15.6% of the total cohort and 
38.6% of the measured cohort) were eligible for endovascular repair using at least one of the devices. Device suitability was 
30.9% for thoracic aneurysms, 4.6% for type A dissections, 62.5% for type B dissections, and 28.6% for other pathological 
features.

CONCLUSIONS: The anatomic suitability for endovascular repair of all aortic arch pathological features was modest. The highest 
suitability rates were observed for thoracic aneurysms and for type B dissections, of which repair included part of the aortic 
arch. We suggest endovascular repair of arch pathological features should be reserved for high-volume centers with experi-
ence in endovascular arch repair.

Key Words: anatomic suitability ■ aortic arch ■ branched stent grafts ■ cardiothoracic surgery ■ novel treatment ■ thoracic 
endovascular repair ■ vascular surgery

Traditionally, pathological features of the aortic arch 
are treated by open surgical approach, and con-
tinuous improvements within the domain of car-

diothoracic surgery have led to decreased mortality 
and morbidity rates after open surgery.1 However, the 
invasive nature of these procedures combined with ad-
vanced cardiovascular disease renders >20% of patients 
unfit for surgery.2,3 The high rate of patients rejected for 

open surgery calls for alternative treatment options. 
Since the introduction of minimally invasive treatments, 
endovascular solutions have expanded rapidly to treat 
more complex aortic pathological features.4,5 Thoracic 
endovascular aortic repair is a viable solution in patients 
with descending aortic pathological features, including 
both aneurysms and dissections.6,7 Thoracic endovas-
cular aortic repair combined with adjunct procedures, 
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like debranching techniques, chimneys, fenestrations, 
and branches, is progressing into the aortic arch while 
maintaining cerebral perfusion.5,8

Early reports of the use of branched stent grafts 
for aortic arch pathological features demonstrated low 
in-hospital mortality rates and no differences in 5-year 
aneurysm-related mortality.9–12 However, stroke rates 
are considerably high compared with open repair; 
Tazaki et al presented stroke rates of 11% compared 
with 2% to 4% after open repair.13 Furthermore, a 
high level of expertise is required under specific cir-
cumstances, such as emergency surgery and the 
repair of aortic arch pathological features in zone 0, 
as evidenced by the high incidence of mortality and 
stroke.14,15 Because of the aforementioned complica-
tion rates and the anatomical restrictions of currently 
available stent grafts, open surgical repair remains the 
gold standard for aortic arch pathological features.16,17

The high degree of anatomic complexity within 
the region of the aortic arch makes it challenging to 

develop stent grafts suitable for endovascular repair. 
As anatomic restrictions vary between devices, the 
previously reported rates of anatomic feasibility for 
endovascular repair in patients with type A aortic 
dissection vary between 0% and 50%.18–21 Adding to 
the complexity, the type of aortic arch pathological 
feature may contribute to changes in aortic anatomi-
cal features differently; only 7% of patients with aortic 
arch aneurysms were suitable for endovascular re-
pair.22 Also, Stanford type B aortic dissections often 
require sealing of the stent graft in the aortic arch, 
covering the left subclavian artery or even extend-
ing to the carotid artery or brachiocephalic artery.23 
Consequently, device manufacturers are continuously 
evolving stent graft designs, expanding the suitability 
to the aortic arch, and as a result, the rate of anatomic 
suitability for branched endovascular repair for pa-
tients with aortic arch pathological features remains 
dynamic.18,19,24 This study aims to determine the an-
atomic feasibility of current commercially available 
branched stent grafts to treat patients with aortic arch 
pathological features by endovascular means; these 
patients previously underwent open surgical repair.

METHODS
The data, methods used in the analysis, and materi-
als used to conduct the research will be made avail-
able to other researchers for purposes of reproducing 
the results or replicating the procedure on reasonable 
request. The Amsterdam University Medical Centre, 
location Vrije Universiteit, Ethics Committee approved 
the following protocol. All participants gave their in-
formed consent to preoperative computed tomogra-
phy angiography (CTA) diagnostic imaging. Informed 
consent was not required for the retrospective analy-
sis, as assessed by the local ethics commission.

Patients with thoracic aortic pathological features 
who underwent open surgical or a hybrid treat-
ment between 2000 and 2018 at the departments 
of vascular surgery and cardiothoracic surgery at 
the Amsterdam University Medical Centre, location 
Vrije Universiteit, Amsterdam, the Netherlands, were 
included. Within the study period, no endovascular 
repair of the aortic arch was performed at our insti-
tution. Patients were excluded on the basis of the 
presence of: descending thoracic aneurysms treat-
able with a sufficient seal zone using conventional 
thoracic endovascular aortic repair, stenotic aortic 
lesions, vascular abnormalities, traumatic lesions, 
aortitis, endocarditis, mycotic ulcers, combined 
treatment for aortic root aneurysms and primary 
valve insufficiency, coronary artery disease requiring 
surgical revascularization, and secondary interven-
tions after earlier sternotomy. Patients meeting the 

CLINICAL PERSPECTIVE

What Is New?
• This study is the largest analysis to date that has 

aimed to evaluate patients’ suitability for endo-
vascular repair of aortic arch pathological fea-
tures based on aortic arch anatomical features 
and instructions for use of novel stent grafts.

• According to anatomic criteria, 16% of patients 
treated with open surgery for any aortic arch 
pathological feature were suitable for endovas-
cular repair.

• The most frequent indications that exclude pa-
tients from endovascular repair of the aortic 
arch are a large proximal landing zone diameter 
in the ascending aorta and type A dissection 
pathological feature.

What Are the Clinical Implications?
• The novel findings are important for optimizing 

the anatomic screening process for patients 
with aortic arch pathological features.

• Acknowledgement of the frequent anatomic in-
dications that exclude patients from endovascu-
lar repair candidacy will provide key information 
to improve the design and accessibility of stent 
graft devices.
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inclusion criteria were included if they had ascend-
ing, arch, or proximal descending thoracic aortic 
pathological features with insufficient seal zone in 
the proximal descending aorta for conventional en-
dovascular repair (sealing needed in the aortic arch).

Suitability was determined according to anatomic 
criteria derived from the instructions for use (IFU) of 4 
currently available branched stent grafts for aortic arch 
pathological features, including the Relay Plus Double-
Branch (Terumo Aortic, Sunrise, FL), TAG Thoracic 
Branch Endoprosthesis (W.L. Gore & Associates Inc, 
Flagstaff, AZ), Zenith Arch Branched Device (Cook, 
Bloomington, IN), and the Nexus Aortic Arch Stent Graft 
System (Endospan Ltd, Herzliya, Israel), distributed by 
JOTEC GmbH (Hechingen, Germany) (Figure 1).

To determine suitability, preoperative CTA images 
were gathered for patients who received open repair. If 
preoperative imaging was not available or of poor quality, 
patients were excluded. Furthermore, in the case of type 
A dissections or thoracic aortic aneurysms, patients were 
deemed unsuitable if the operation reports described 
valve insufficiency or coronary artery involvement requir-
ing intervention (valve replacement or reimplantation of 
coronary arteries into the vascular prosthesis).

Preoperative CTAs were analyzed for suitability 
with use of postimaging software Horos 3.3 (Purview, 
Annapolis, MD). Imaging analysis was performed on 
the basis of an outer luminal line from the aortic root to 
the descending aorta, manually created from a curved 
multiplanar reconstruction after seed point placement 
(Figure 2A). According to the IFU, diameter and length 
measurements were performed perpendicular to the 

outer luminal line and straight multiplanar reconstruc-
tion (Figure 2B). Clock-face orientation angle mea-
surements of supra-aortic vessels were performed 
within an orthogonal plane along the outer luminal line 
(Figure 2C). The developed 3-dimensional workstation 
measurement protocol encompassed anatomical vari-
ables from all IFU guidelines.

Suitability after debranching procedures using the 
Thoracic Branch Endoprosthesis (Gore) was inves-
tigated in patients unsuitable for proximal stent graft 
placement in zone 2 or 1. The distribution of aortic 
arch zones is detailed in Figure 3. In patients with distal 
arch pathological features, the proximal landing zone 
assessment was reconsidered according to the IFU, 
after moving proximally by zone until suitability was 
achieved or an inadequate zone 0 landing was ob-
served. For pathological features in zone 2 or 3, the 
landing zone length was measured between the distal 
portion of the branch target vessel and the central lu-
minal point of the vessel proximal to the target vessel. 
For example, if the targeted vessel was the left sub-
clavian artery, the length between the distal portion of 
the left subclavian artery and central luminal point of 
the left common carotid artery was measured, as the 
proximal end of the endoprosthesis consists of partially 
uncovered stent apices.

Statistical Analysis
Data were analyzed with SPSS 26.0 (SPSS Inc, Chicago, 
IL) statistical software for statistical analysis. Anatomic 
measurement sets were tested for normality using the 

Figure 1. Overview of the 4 aortic arch branched stent grafts reviewed.
Images are courtesy of Terumo Aortic, W.L. Gore & Associates, Cook Medical, and Endospan Ltd/Jotec.
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Shapiro-Wilk test. Frequencies and descriptive statistics 
were calculated. Those with a normal distribution were 
expressed as a mean±SD, and those deviating from a 
normal distribution were expressed as a median (range). 
Measures of frequency (suitability and exclusions) are 
described as an overall number (percentage).

RESULTS
Our search identified 913 patients who underwent 
treatment for thoracic aortic pathological features; 
the screening process is depicted in Figure 4. After 
selection of potential arch pathological features, 377 
patients were included. The average age of patients 

was 64±14 years, 64% were men, and 50% of patients 
were treated in an emergency setting; further baseline 
characteristics are displayed in Table 1.

Pathological features treated within the patient co-
hort included thoracic aortic aneurysms (29%), type A 
dissections (62%), type B dissections (4%), and other 
pathological features (4%). Other pathological features 
include ruptured thoracic aneurysms, intramural hema-
tomas, vascular transection, Kommerell diverticulum, 
and penetrating atherosclerotic ulcer; all incidences 
are reported in Table 2.

From the remaining 377 patients, 203 were ren-
dered unsuitable after screening operation reports 
for valve or coronary artery involvement in zone 0, 
resulting in 175 patients to measure. Of these 175 

Figure 2. Creation of the outer lumen line and diameter, length, and clock face.
Angle measurements at the left subclavian artery (A), left common carotid artery (B), and brachiocephalic trunk (C). BCA indicates 
brachiocephalic artery; cMPR, curved multiplanar reconstruction; and STJ, sinotubular junction.
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patients, 22 were unable to be analyzed because of 
an insufficient CTA scan with supra-aortic arteries 
outside field of view or extra operation report screen-
ing. This resulted in a total of 153 patients measured 
for suitability.

Patient Suitability
In total, 59 patients were suitable for at least one tho-
racic endovascular aortic stent graft. From the patient 
cohort with aortic arch pathological features previ-
ously treated with open repair (n=377), this results in 
a percentage of 15.6% suitability. From the measure-
ment cohort (n=153) after the exclusion of pathological 
features involving the coronary arteries in zone 0 and 
patients with insufficient imaging, this resulted in a per-
centage of 38.6% suitability.

All results of patient suitability by pathological fea-
tures are displayed in Table 3 and by zone in Table 4. 
For the Relay Plus Double-Branched (Terumo Aortic) 
stent graft, 26 of 377 (6.9%) patients fulfilled the IFU 
anatomic criteria, with the highest suitability by patho-
logical feature of 4 of 16 (25.0%) for type B dissections 
and 16 of 32 (50%) for zone 2. The rate of suitability 
for the Thoracic Branch Endoprosthesis (W.L Gore & 
Associates) stent graft was 46 of 377 (12.2%) with deb-
ranching and 28 of 377 (7.4%) without debranching, 
with the highest suitability by pathological features of 

9 of 16 (56.3%) for type B dissections and 17 of 32 
(53.1%) for zone 2. Patient suitability for the Zenith Arch 
Branched Device (Cook Medical) stent graft was 21 of 
377 (5.6%), with the highest suitability by pathological 
features of 4 of 16 (25.0%) for type B dissections and 8 
of 32 (25%) for zone 2. Last, for the Nexus (Endospan/
Jotec) stent graft, which requires debranching in all 
cases, 31 of 377 (8.2%) patients were suitable, with 
the highest suitability by pathological features of 5 of 
16 (31.3%) for type B dissections and 13 of 32 (40.6%) 
for zone 2.

The 2 pathological features with the highest suitabil-
ity rates for any device were type B dissections (62.5%) 
and thoracic aneurysms (30.9%). The 2 zones with 
highest suitability for any device were zone 2 (71.9%) 
and zone 3 (83.3%).

Measurement Results
The diameter, length, and angle measurement results 
are displayed in Table 5. An overview of exclusion rates 
is detailed in absolute numbers and percentages. The 
bolded percentages indicate measurement locations 
with exclusion rates >30%. For the Relay Plus Double-
Branched (Terumo Aortic) stent graft, 2 anatomic 
parameters resulted in an exclusion rate >30%: the 
proximal landing zone (zone 0+60 mm), which excluded 
32%; and the distal left common carotid artery diam-
eter, with an exclusion rate of 33%. For the Thoracic 
Branch Endoprosthesis (W.L Gore & Associates) stent 
graft, the proximal brachiocephalic artery diameter 
excluded 37% and the mid brachiocephalic artery to 
distal left common carotid artery excluded 78%. For 
the Zenith Arch Branched Device (Cook Medical) stent 
graft, the proximal landing zone (zone 0–total) diam-
eter excluded 54%. For the Nexus (Endospan/Jotec) 
stent graft, the proximal landing zone (zone 0–brachio-
cephalic artery) diameter excluded 65% and the distal 
brachiocephalic artery diameter excluded 43%.

DISCUSSION
In this study, we investigated the suitability for endo-
vascular repair in patients with aortic arch pathological 
features previously treated by open surgical repair. We 
found that 59 of 377 (16%) of our patients treated with 
open surgery for any aortic pathological feature were 
suitable for endovascular repair. When excluding zone 
0 pathological features involving coronary arteries and 
isolated descending thoracic pathological features, 59 
of 153 (39%) patients were found to be suitable for en-
dovascular repair.

The implications of these findings suggest that 
the percentage of patients benefiting from an en-
dovascular procedure for arch pathological features 
may be limited. The complexity of anatomic features 

Figure 3. Aortic arch zone distribution and Stanford 
classification of the ascending aorta and brachiocephalic 
artery (zone 0), left common carotid artery (zone 1), left 
subclavian artery (zone 2), and descending aorta (zone 3).
Type A dissections commence from the ascending aorta 
involving the arch arteries. Type B dissections commence distal 
to the left subclavian artery.
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included in the IFU for branched devices results in a 
substantial degree of incompatibility for these grafts. 
Valvular insufficiency, the proximity of the pathologi-
cal features in regard to the valve or coronary arteries, 
and complex configuration at the branches are the 
main reasons to exclude patients for endovascular 
repair. From this perspective, the added value of this 
expensive procedure is controversial. The increased 
risk of stroke described by Tazaki et al, resulting from 
branched endovascular repair in the aortic arch, 
raises the question whether we should proceed in 
the development of multibranched highly complex 
endovascular devices.13,25 Yet, with the advance-
ment of stent grafts in the recent years and expected 
learning curve, better results might be achieved in the 
near future, as described by Spear et al.12 However, 
because the exposure to these procedures is am-
biguous, open repair for arch pathological features 
still remains the gold standard. Endovascular repair 
with use of multibranched stent grafts in the aortic 
arch should be reserved for patients unfit to endure 

invasive sternotomy and might be better restricted 
to high-volume centers with extensive experience in 
endovascular arch repair.

The aforementioned complexity of the procedure 
can be reduced with the use of a single branched stent 
graft and adjunctive debranching procedures. This 
adds to the invasive nature of the procedure; however, 
it increases suitability rates in our cohort.

If urgent repair is required, off-the-shelf single 
branched grafts provide the highest compatibility rates 
in patients because of the variety of sizes of main and 
branch grafts. The modular design of the Thoracic 
Branched Endoprosthesis (Gore) allows for exten-
sive variability in its configuration and thus allowed for 
the highest rate of suitability within the current study 
(46/377; 12.2%). Custom-made stent grafts experi-
ence longer production times, which impairs the use 
in acute or semiacute cases; and even if pathological 
feature allows for longer production times, a large as-
cending aortic diameter excludes endovascular repair 
in most cases. Fujimura et al reported the proximal 

Figure 4. Flowchart of the patient selection and measurement outcome.
*Insufficient scan: supra-aortic arteries outside field of view. IFU indicates instructions for use; and OR, operation report.
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landing zone diameter of the ascending aorta as the 
main limitation of the custom Zenith Arch Branched 
Device (Cook Medical), with only 24% of patients with 
type A dissection meeting the 24- to 38-mm require-
ment.18 Along with production times, the cost as-
sociated with custom-made grafts dismisses these 
devices as a therapy of first choice.

When focusing on our cohort, 30.9% of patients 
with thoracic aneurysms possess suitable aortic an-
atomical features to be treated endovascularly as 

well as 62.5% of patients with type B dissections 
extending to the subclavian artery. These percent-
ages are high compared with the total suitability for 
all arch pathological features. This is attributable to 
specific device IFUs limiting the scope by which cer-
tain pathological features may be treated. Aneurysms 
and type B dissections needing sealing in the aortic 
arch are permitted in all cases, meanwhile treatment 
of type A dissections is contraindicated within the 
IFU of certain endoprostheses, such as the Relay 
Plus Double-Branched (Terumo Aortic) device. As 
there was a high percentage of type A dissections in 
our cohort (63%), this contributed to the lower total 
suitability for all arch pathological features. When 
focusing on thoracic aortic aneurysms and type B 
dissections, endovascular surgery seems promising 
given the relatively high suitability rates when follow-
ing strict IFUs.

The prominent limitation of this study was the retro-
spective nature. We reviewed a cohort of patients with 
a wide variety of pathological features by any means of 
open cardiovascular surgery involving the aorta. This 
introduces bias in the cohort because these patients 
have passed preoperative screening. Although open 
repair of aortic arch pathological features remains 
the gold standard, the invasive nature combined with 
the typical state of advanced cardiovascular disease 
render a large proportion of patients (>20% of acute 
type A dissections) ineligible for surgery.2 Of interest, 
therefore, is the patient cohort that was not accepted 
for surgery and deemed unfit. These patients could 
benefit the most from a less invasive procedure, which 
avoids a thoracotomy and the use of cardiopulmonary 
bypass. A future study is proposed in which patients 
with arch pathological features that were declined for 
surgery are tested on thoracic stent graft IFU suitabil-
ity. Also, when assessing patient suitability, we upheld 
strict compliance with the anatomic criteria within man-
ufacturer IFUs. However, given the novelty of the stent 
grafts, the IFUs are under continuous development. 
Currently, during the preoperative phase, manufac-
turers may be consulted on a patient with challenging 
anatomical features and the standard IFU can be ex-
panded with the addition of specific customizations, 

Table 1. Patient Baseline Characteristics

Baseline characteristics (n=377) No. (%) or Mean (SD)

Age, y 64±14

Men 240 (64)

Tobacco use 105 (27.8)

Nonsmoker 59 (15.6)

Current smoker 96 (25.4)

Former smoker 118 (31.2)

Diabetes mellitus 11 (2.9)

Unknown 19 (5.0)

Hypertension 274 (72.5)

Unknown 19 (5.0)

Hyperlipidemia 126 (33.3)

Unknown 20 (5.3)

Carotid disease 28 (7.4)

Unknown 20 (5.3)

Coronary disease 60 (15.9)

Unknown 20 (5.3)

Renal failure 19 (5.0)

Unknown 20 (5.3)

Pulmonary disease 49 (13.0)

Unknown 21 (5.6)

ASA score 40 (10.6)

I 67 (17.7)

II 127 (33.6)

III 71 (18.8)

IV 5 (1.3)

V 61 (16.1)

ASA indicates American Society of Anesthesiologists.

Table 2. Aortic Arch Cohort (n=377) According to Pathological Features and Arch Zone

Pathological Feature/Arch 
Zone Zone 0 Zone 1 Zone 2 Zone 3 Total Patients, N (%)

TAA 46 12 21 31 110 (29)

Type A dissection 234 3 0 0 237 (63)

Type B dissection 0 1 6 9 16 (4)

Other* 5 1 5 3 14 (4)

Total patients, N (%) 285 (75) 17 (4) 32 (8) 43 (12) 377 (100)

TAA indicates Thoracic Aortic Aneurysm.
*Other indicates ruptured thoracic aneurysm, intramural hematoma, vascular transection, Kommerell diverticulum, and penetrating atherosclerotic ulcer.
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indicating a possible larger patient group that can 
be treated endovascularly in nonemergent settings. 
Furthermore, we only performed measurements on the 
aortic arch because of a lack of abdominal CTA and we 
were unable to analyze the femoral access. Therefore, 
it is possible that a patient with suitable aortic anatom-
ical features can be deemed ineligible for endovascu-
lar surgery because of inaccessible vascular access 
sites. In addition, 21 patients with suitable pathological 
features had insufficient CTA scans for measurement 
analysis because of supra-aortic arteries outside the 
field of view. Although this may have negatively influ-
enced the overall suitability of the cohort, the current 
study sample is the largest anatomic feasibility assess-
ment for endovascular repair among patients with aor-
tic arch pathological features to date.

The use of branched thoracic stent grafts is still in 
its infancy, yielding small cohorts with relatively high 
stroke rates.11,13,15 Future studies should focus on the 
clinical outcomes of endovascular repair of thoracic 
pathological features in patients deemed unfit for con-
ventional thoracic aortic surgery.

To conclude, on the basis of anatomic suitabil-
ity, endovascular repair of the aortic arch is feasible. 
However, in our cohort, stent graft suitability for all 
pathological features was modest. The highest suit-
ability rates were observed for thoracic aortic aneu-
rysms and type B dissections requiring seal in the 
aortic arch. The feasibility of endovascular repair may 
be increased by expanding device offerings to accom-
modate a wider range of proximal landing zone and 
branch diameters.

Table 3. Patient Suitability Result by Arch Pathological Feature in Relation to the Total Arch Pathological Feature Cohort

Variable
Thoracic 

Aneurysm Type A Dissection Type B Dissection Other
Patients 
Suitable

Terumo 
Relay Plus Double-Branched

19/110 
(17.3)

Excluded 
0/237 

(0)

4/16 
(25)

3/14 
(21.4)

26/377 
(6.9)*

Gore 
TAG Thoracic Branch Endoprosthesis

28/110 
(25.5)

6/237 
(2.5)

9/16 
(56.3)

3/14 
(21.4)

46/377 
(12.2)†

Cook 
Zenith Arch Branched Device

13/110 
(11.8)

2/237 
(0.8)

4/16 
(25.0)

2/14 
(14.3)

21/377 
(5.5)

Endospan/Jotec 
Nexus Stent Graft System

15/110 
(13.6)

8/237 
(3.4)

5/16 
(31.3)

3/14 
(21.4)

31/377 
(8.2)‡

Any device/total cohort 34/110 
(30.9)

11/237 
(4.6)

10/16 
(62.5)

4/14 
(28.6)

59/377 
(15.6)

Any device/measured 34/56 
(60.7)

11/80 
(13.8)

10/11 
(90.9)

4/6 
(66.7)

59/153 
(38.6)

Data are given as number/total (percentage).
*Device instructions for use exclude type A dissection; 26 of 144 (18.1%) with type A dissection excluded. 
†Including debranching of supra-aortic arch arteries. Without debranching: 28 of 377 (7.4%). 
‡With debranching of supra-aortic arch arteries for all patients.

Table 4. Patient Suitability Result by Zone

Variable Zone 0 Zone 1 Zone 2 Zone 3
Patients 
Suitable

Terumo 
Relay Plus Double-Branched

0/285 
(0)

1/17 
(5.9)

16/32 
(50.0)

9/43 
(20.9)

26/377 
(6.9)*

Gore 
TAG Thoracic Branch Endoprosthesis

7/285 
(2.5)

3/17 
(17.6)

17/32 
(53.1)

19/43 
(44.2)

46/377 
(12.2)†

Cook 
Zenith Arch Branched Device

2/285 
(0.7)

3/17 
(17.6)

8/32 
(25.0)

8/43 
(18.6)

21/377 
(5.5)

Endospan/Jotec 
Nexus Stent Graft System

7/285 
(2.5)

3/17 
(17.6)

13/32 
(40.6)

8/43 
(18.6)

31/377 
(8.2)‡

Any device/total cohort 11/285 
(3.9)

5/17 
(29.4)

23/32 
(71.9)

20/43 
(46.5)

59/377 
(15.6)

Any device/measured 11/95 
(11.6)

5/7 
(71.4)

23/28 
(82.1)

20/23 
(87.0)

59/153 
(38.6)

Data are given as number/total (percentage).
*Device instructions for use exclude type A dissection; 26 of 144 (18.1%) with type A dissection excluded. 
†Including debranching of supra-aortic arch arteries. Without debranching: 28 of 377 (7.4%). 
‡With debranching of supra-aortic arch arteries for all patients.
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