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Background: Endovascular option has been proposed for a very limited and selected number
of Stanford type A aortic dissection (TAAD) patients. We have performed a computed tomography (CT)-based TAAD study to explore appropriate endograft configurations for the ascending
aortic pathology.
Methods: TAAD patients treated with optimal CT scans were retrospectively reviewed, and
their entry tears (ETs) were identified using three-dimensional and multiplanar reconstructions
in an EndoSize workstation. After generating a centerline of flow, measurements, including
numerous morphologic characteristics of anatomy, were evaluated and a selected subset of
patients were determined to be suitable for endovascular treatments. Proximal diameter and
distal diameter of endograft were selected based on diameters measured at the ET level and
at the innominate artery (IA) level, with 10% oversizing with respect to the true lumen, but
not exceeding the original aortic diameter. The length of the endograft was determined by the
distance from the sinotubular junction to IA.
Results: This study covered 126 TAAD patients with primary ET in ascending aorta, among
which, according to the assumed criteria, 48 (38.1%) patients were deemed to be suitable for
endovascular treatment. The diameters of ascending aorta from the sinotubular junction to the
IA level presented a downward trend, and the proximal diameters differed significantly from
distal diameters of the endograft for TAAD (39.9 versus 36.2 mm, P,0.01), implying that the
conical endograft might be compatible with the ascending pathology. In the ascending aorta,
lengths of the endograft should be 50, 60, 70, 80, and 90 mm in five (10.4%), 22 (45.9%), 13
(27.1%), six (12.5%), and two (4.2%) patients, respectively.
Conclusion: In this selected number of Chinese patients, the suitability of endovascular repair
has been demonstrated based on the CT imaging. Shorter, larger, and bare spring-free conical
endografts were preferred in the ascending aortic pathology.
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Stanford type A aortic dissection (TAAD) is a catastrophic clinical condition, occurring mainly in middle and old age groups, which requires emergency open surgical
intervention. Although surgical results have improved with improvements in cardiac
surgery techniques over the last two decades, overall in-hospital mortality remains
as high as 30%.1 The older people usually have poor physical condition, and they are
often associated with other multiple basic diseases. Therefore, owing to the significant
mortality and morbidity of open surgery, patients of high risks are not considered
for this procedure.2 Previous reports have described that, in a small selected subset
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Methods

of patients, stent graft placement in the ascending aorta for
TAAD is feasible and may represent a novel effective and
safe procedure.3–7 Computed tomography (CT) scan imaging
studies in European and American population showed that
endovascular repair was anatomically feasible in ~30% of
TAAD patients with a proximal entry tear (ET) in the ascending aorta. This percentage of patients may increase up to 39%
with the use of extra-anatomic bypass, such as a left-to-right
carotid–carotid bypass, in order to obtain an adequate distal
landing zone.8,9 Recently, our previous anatomical study
suggested that 38% of Chinese patients with TAAD could
potentially be treated by stent grafting.10
Current endovascular treatment for TAAD, as with
type B aortic dissection, involves sealing the proximal ET
and remodeling the dissected aorta but can be more challenging because of complex features of this aortic segment.11–14
Endografts should be precisely deployed between the
sinotubular junction (STJ) and the innominate artery (IA).
However, ~36% of TAAD patients were not suitable for
endovascular treatment due to the absence of available
endografts, and endografts specifically designed for ascending aorta are not currently available.9 Off-license techniques
such as using endografts designed for the descending aorta
or aortic cuff are unlikely to offer a robust solution but to
compromise outcome.3 Traditional thoracic endograft had to
be shortened intraoperatively in order not to cover the supraaortic trunks.13 The ideal endograft configurations of TAAD
should be determined and developed before endovascular
treatment can be implemented in the daily practice.
The objective of this study is to perform a CT-based
characterization of TAAD with a primary ET in ascending
aorta and make a preliminary exploration to the endograft
configurations specific for ascending aorta. The delivery
system and mechanism of deployment compatible with
ascending aortic pathology were also described.
$QWHULRU

This is a retrospective study of CT scan data of all patients
treated for TAAD at Nanjing Drum Tower Hospital between
2008 and 2014. Penetrating aortic ulcer (PAU) affecting the
ascending aorta was considered a classic dissection, and CT
scans of PAU were also included in the study. The exclusion
criterion was the absence of a workable (maximum slice thickness of 1.25 mm and high-quality arterial phase) preoperative
CT scan with Digital Imaging and Communications in Medicine
(DICOM) data and patients with retrograde TAAD who had
primary ET distal to the IA. CT angiography was performed in
patients with high-resolution CT operating at 120 kv/250 mA
with a 512×512 matrix. The CT scanning called for injection of
100 mL of iodinated contrast agent automatically injected with
4 mL/s. Demographic data were recorded, including patient
age, sex, previous major conditions, and the continence of the
aortic valve. This study was approved by the internal review
board of Nanjing Drum Tower Hospital. Written informed
consent was obtained from all the participants.
All CT scans with DICOM data were uploaded to a Picture Archiving And Communication System (PACS) workstation and reconstructed using an EndoSize Workstation
(Therenva, Nanjing, France). A centerline of flow (CLF) was
generated using the well-proven centerline algorithms. The
calculated centerline was confirmed manually by scrolling
through the images in the sagittal, axial, and coronal planes,
ensuring that it accurately reflected the center point of the
arterial lumen. A two-dimensional format was reconstructed
perpendicular to the CLF.15 Important anatomic landmarks,
including primary ET and STJ, were identified. ET was
accurately determined by the evidence of a clear region of
intimal disruption, and contrast existed above or below the
tears within the aortic wall (Figure 1). The aorta was divided
into the greater curvature, lesser curvature, and anterior and
posterior segments, and the location of the ET was classified
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Figure 1 The origin of the axis indicates defined location of intimal tear.
Note: The presence of a region of intimal disruption can be viewed in three planes (axial, coronal, and sagittal planes) in the same place.
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Figure 2 Various locations of the ETs.
Notes: (A) ET was close to STJ and did not offer a suitable proximal landing zone for the endograft. (B) ET located in the middle of the ascending aorta was an ideal case for
endovascular treatment. (C) ET was located close to LCC, which led to the absence of suitable distal landing zone, a branched endograft or hybrid, or chimney procedure is
necessary to maintain perfusion to the branch vessels.
Abbreviations: ET, entry tear; LCC, left common carotid artery; STJ, sinotubular junction.

into one of these four areas.8 The STJ was defined as the place
where the sinus of Valsalva became the tubular ascending
aorta. STJ was selected as the zero point for the aorta, and
ET location was defined in terms of distance from proximal
ET to the zero point (Figure 2).
Two experienced reviewers performed aortic measurements. The proximal native vasculature reference point
was STJ. The distances between STJ and ET, STJ and the
closest coronary artery, STJ and the tip of aortic valve, STJ
and IA, and ET and IA, as well as the length of ET were
measured. The distance from STJ to the right femoral artery
was also recorded. Diameter measurements were obtained
from intima to intima (inner wall to inner wall) for a circular aortic true lumen. If the perpendicular cross-sectional
shape of the true lumen was elliptical or crescentic rather
than circular, additional mathematical modeling (maximum + minimum diameter)/2 was required to obtain correct
diameter (Figure 3). Then, the diameters at STJ level, ET
level, proximal to IA, proximal to left common carotid artery,
and proximal to left subclavian artery were obtained from
the reconstructions perpendicular to the CLF. Descending
thoracic aorta maximal diameter, abdominal aorta maximal
diameter, and external iliac minimal diameter were measured.
Aortic branch vessel malperfusion was also noted.
The potential candidacy for endovascular therapy was
defined in our previous report: proximal landing length
(distance between STJ and ET) $20 mm, distal landing zone
length (distance between ET and IA) $20 mm, presence
of available access iliofemoral vessel (diameter .7 mm),
absence of severe aortic regurgitation (grade 3 or 4), and
coronary bypass originating from the ascending aorta. 10
Anatomical data of the suitable patients were used to
determine the endograft configurations for ascending aorta.
Proximal diameter and distal diameter of the endograft were
selected based on the diameter measured at ET and IA levels,
Clinical Interventions in Aging 2016:11

with 10% oversizing with respect to the true lumen, but not
exceeding the original aortic diameter. The maximum length
of the endograft was the distance from STJ to IA, in order not
to cover the supra-aortic trunk or potentially damage normal
structure of aortic root. Considering the difficulty in accurate
deployment in the ascending aorta, in our opinion, the length
of the endograft might be slightly shorter than the distance
from STJ to IA but should not be less than the sum of the
minimum landing zone and the length of ET.
Statistical analysis was performed using SAS software
(Version 9.1; SAS Institute Inc., Cary, NC). Quantitative data
were represented as the mean ± standard deviation, whereas
categorical and ordinal data were reported as frequencies and
percentages. Differences between the mean values of the
group were assessed by Student’s t-test. The suitable rates of
different pathologies were compared using chi-square analysis. P-values ,0.05 were considered statistically significant.
The analysis of measurement method comparison data was
performed to compare intraobserver variability according to
Bland and Altman.16

Results
From January 2008 to June 2014, 182 patients diagnosed with
TAAD had visited our hospital. Of them, 56 patients were
excluded from the study due to suboptimal CT scans and
retrograde TAAD. The remaining 126 patients were adequate
to allow assessment of anatomic characteristics, with a mean
age of 52.1±7.6 years. Of these patients, 89 patients (70.6%)
were male, and 103 (81.7%) and 39 (30.9%) patients had
hypertension and diabetes, respectively. A history of smoking was found in 77 (61.1%) patients.
Two reviewers’ measurements were compared to assess
variability, and there were only minor differences in the
measured data due to the standardized CLF techniques used,
and an excellent interobserver repeatability coefficient was
submit your manuscript | www.dovepress.com
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Figure 3 Aortic measurements.
Notes: (A) A successful generation of a CLF and the distance from STJ to IA was 81 mm. (B) A plane perpendicular to the CLF where the circle locates in (A) at the ET
level. If the cross-sectional shape of the true lumen at ET level was elliptical or even crescentic rather than circular, mathematical modeling was done, (maximum + minimum
diameter)/2, to obtain correct diameter.
Abbreviations: CLF, centerline of flow; ET, entry tear; FL, false lumen; IA, innominate artery; STJ, sinotubular junction; TL, true lumen.
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obtained (Kappa 0.79), indicating no significant differences
between the observers (P.0.05).
ETs were located 19.1±22.6 mm distal to the STJ and
38.2±25.3 mm proximal to IA, and the detailed distribution
of ETs is clearly indicated in Figure 4. It was also found
that most ETs were commonly located along the greater
curvature of the ascending aorta (88 patients, 69.8%), with
the minority occurring along the lesser curvature (15 patients,
11.9%), the posterior aorta (13 patients, 10.3%), and the
anterior segments (ten patients, 8.0%). All morphological
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Figure 4 A scatter plot showing the locations of the ET.
Notes: The distance of ET is represented in millimeters relative to the STJ (x axis)
and IA (y axis). The dashed lines at 20 mm distal to STJ and proximal to IA represent
the minimum distances required for proximal and distal landing zone based on our
selection criterion, so the upper right quadrant represents the potential candidacy
for endovascular treatment. Patients in the lower right and upper left quadrants have
unfavorable anatomy due to insufficient distal and proximal landing zones.
Abbreviations: ET, entry tear; IA, innominate artery; STJ, sinotubular junction.
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and anatomical criteria results are summarized in Table 1.
When tears were located distally to STJ, the average distance from the STJ to the highest coronary artery orifice was
8.9±2.3 mm (range, 5.0–13.8 mm), and that from the STJ to
the aortic valve in the center of the aorta was 17.4±4.1 mm
(range, 10.2–29.3 mm).
According to the assumed criteria, 48 (38.1%) patients
were deemed to be suitable for endovascular treatment.
No proximal landing zone (33 patients), no distal landing
zone (12 patients), disturbed aortic valve (19 patients),
coronary bypass originating from the ascending aorta
(ten patients), and absence of available access vessels
(four patients) were considered contraindications of an
endovascular repair. These excluded patients are listed in
Table 2. For these 12 patients with ET close to the origin
of IA (length ,20 mm), the distal landing zones could be
extended via extra-anatomic carotid–carotid bypass, in situ
fenestration, or using an arch-branched stent graft, then
the percentage of patients suitable for endovascular repair
increased up to 47.6%.
Besides that, six PAU patients with ET located in the
ascending aorta were included in this study. ETs of these
patients were located 40.8±27.8 mm distal to the STJ.
Among these six patients, four (66.7%) were anatomical
candidates for endovascular repair, and the rest two were
unsuitable patients due to absence of the distal landing zone
or coronary bypass originating from the ascending aorta,
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Table 1 Morphological and anatomical measurements results

Aorta at STJ level
True lumen
35.4
Total aortic diameter
35.8
Aorta at the proximal ET level
True lumen
37.1
Total aortic diameter
46.8
Aorta at IA level
True lumen
33.2
Total aortic diameter
44.0
Aorta at LCC level
True lumen
32.9
Total aortic diameter
37.6
Aorta at LSA level
True lumen
31.5
Total aortic diameter
35.8
Descending thoracic aorta maximal diameter
True lumen
26.3
Total aortic diameter
32.7
Abdominal aorta maximal diameter
True lumen
17.9
Total aortic diameter
23.0
Left external iliac minimal diameter
8.3
Right external iliac minimal diameter 8.4
Distance from the closest
8.8
coronary artery to STJ
Distance from the aortic valve
17.4
to STJ
Distance from STJ to ET
19.1
Distance from STJ to IA
69.4
Length of ET
12.1
Distance from ET to IA
38.2
Distance from STJ to the right
726.1
femoral artery

SD
(mm)

Range
(mm)

2.7
2.6

30.4–40.7
31.4–40.8

6.6
11.2

26.0–46.0
28.1–73.1

3.8
7.2

25.8–39.4
30.1–52.7

2.6
4.1

28.7–36.8
32.2–44.8

2.2
2.4

29.6–35.7
32.2–38.8

6.1
5.1

12.7–39.1
24.0–46.0

3.8
5.8
0.9
1.1
2.3

11.9–26
15–37
7.0–12.4
7.1–12.2
5.0–13.1

4.1

12.8–23.2

22.6
10.7
4.2
25.3
70.2

-10.1–91.5
51.2–92.1
6.0–21.3
0–87.8
631.1–829.7

Abbreviations: ET, entry tear; IA, innominate artery; LCC, left common carotid
artery; LSA, left subclavian artery; STJ, sinotubular junction.

respectively. However, the results were not significantly
different between type A PAU and TAAD due to the small
sample size (66.7% versus 37.5%, P=0.159).
For 126 TAAD patients, a downward trend of the
true lumen diameters from the STJ level to the IA level
is observed in Figure 5, indicating that conical endograft
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Exclusion criteria

Number of
the patients

No proximal landing zone
No distal landing zone
Disturbed aortic valve
Coronary bypass originating from ascending aorta
Absence of available access vessels

33
12
19
10
4

Notes: The length of proximal landing zone $20 mm. The length of distal sealing
zone $20 mm. The internal diameter of iliofemoral vessel .7 mm. Disturbed aortic
valve: severe aortic regurgitation (grade 3 or 4).

Figure 5 A trend graph showing the true lumen diameter versus the location of
the ascending aorta.
Notes: The ascending aorta is divided into tenths from STJ to IA (x axis), and y axis
represents the true lumen diameters (mm) at each level. A downward trend of the
diameters is observed, which indicates that conical endografts might have advantages
in the ascending aortic pathology.
Abbreviations: IA, innominate artery; STJ, sinotubular junction.

might have advantages in the ascending pathology. Taking
into consideration 48 patients eligible for endovascular
treatment, endografts with a proximal diameter of 28, 30,
32, 34, 36, 38, 40, 42, 44, 46, 48, and 50 mm were required
in one (2.1%), two (4.2%), two (4.2%), three (6.2%), four
(8.3%), seven (14.6%), nine (18.7%), seven (14.6%), six
(12.5%), three (6.2%), two (4.2%), and two (4.2%) patients,
respectively. Moreover, endografts with a distal diameter of
28, 30, 32, 34, 36, 38, 40, 42, 44, and 46 mm were required
in one (2.1%), two (4.2%), seven (14.6%), nine (18.7%),
12 (25.0%), seven (14.6%), four (8.3%), three (6.2%), two
(4.2%), and one (2.1%) patients, respectively. Proximal
diameters differed significantly from distal diameters of
the endografts (39.9 versus 36.2 mm, P,0.01), which also
implied that conical endograft might be compatible with the
ascending pathology. The lengths of the endograft required
in the ascending aorta were 50, 60, 70, 80, and 90 mm in
five (10.4%), 22 (45.9%), 13 (27.1%), six (12.5%), and two
(4.2%) patients, respectively.

Successful endovascular treatment for the TAAD with ET in
ascending aorta is related to the selection of suitable patients
with appropriate anatomy and the interest in the production
of device for such applications. The information needed for
such an analysis is typically obtainable from high-resolution
CT in conjunction with CLF analysis.17,18 Sobocinski et al9
confirmed the feasibility of endograft placement in a subset
of type A dissections based on a CT study. Ronchey et al6
took advantage of high-resolution CT to tailor an aortic stent
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graft for four patients with TAAD, and their good outcomes
demonstrated that a preoperative CT study was efficient and
adequate to characterize this disease. Moon et al8 used an electrocardiogram-gated CT scan reconstructed at 55% or 70%
of RR interval to minimize motion artifact in the ascending
aorta dissection, and this four-dimensional CT with temporal
resolution rendered their study more accurate. Unfortunately,
electrocardiogram-gated CT was not typically performed in
our emergency setting; however, this method would get more
accurate anatomical characteristics and should be applied
routinely in future endovascular treatment for TAAD.8 In this
study, the ET location, proximal and distal landing zones, true
and false lumen, patency of the false lumen, and the branch
vessels as well as the extent of the dissection were evaluated
with high-resolution CT and CLF analyses based on EndoSize
Workstation. Our intimal tears were located 19.1±22.6 mm
distal to the STJ, and most of the intimal tears were located
on the greater curvature. The mean length of the ascending
aorta was 69.4 mm, which is slightly shorter but without
significant difference on comparison of the mean length of
70.5 mm reported in another study.8 Thus, there was not
much difference in morphological characteristics between the
Chinese population and other races,8,9 indicating that future
devices could be designed as a whole.
The anatomical characteristics were then assessed
to determine the suitability of endovascular treatment
for such situations according to our criteria. The results
showed that, in 126 TAADs with primary ET in ascending
aorta, 48 (38.1%) patients were anatomically suitable for
endovascular treatment. Previous studies have proven that
endovascular suitability was dependent mainly on an appropriate landing zone and good aortic valve function.6–10 As no
fenestrated or branched endografts were commercially available to allow flow into coronary arteries, we considered that
suitable length of the proximal landing zone were essential,
and 20 mm as the minimum proximal length was enough
for endograft to seal ET. Patients with inadequate proximal
landing zones lead to a considerable risk of obstruction of the
coronary, hemodynamic forces in this arterial segment, and
the potential for fatal retrograde dissection.3,5 Patients with
severe aortic regurgitation (grade 3 or 4) were considered
unfit for endovascular repair. Although transcatheter aortic
valve implantation has become a feasible therapeutic option
for the management of severe aortic regurgitation,19 no study
has combined this technology with endograft to treat TAAD
associated with severe aortic regurgitation. So grade 3 or 4
aortic regurgitation was considered a contraindication for
endovascular treatment.
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In the study, we thought four (12.7%) patients were difficult and at high risk for endovascular repair because of the
absence of adequate femoral vessels (24 French). Patients
without adequate femoral vessel could use the left carotid
artery as an access,20 alternatively, a small thoracotomy
could be used to deploy the endograft through the apex
of the heart.21 For those 12 patients with ET located near
the innominate trunk and absence of distal sealing zone
(length ,20 mm), a branched endograft, hybrid, or telescope technique was efficient to maintain perfusion to the
branch vessels while covering ET.22 Finally, the percentage
of patients suitable for thoracic endovascular aortic repair
would increase up to 50.1% (64/126). However, the risk of
performing endovascular repair would increase if access to
femoral artery and distal landing zone was not available.9
It is worth mentioning that PAU has been acknowledged
as a pathologic variant of false-lumen aortic dissection,
and six type A PAU patients (4.8%) with ET located in
the ascending aorta were included in this study. Of these
six patients, four (66.7%) were anatomical candidates
for endovascular repair. The higher suitable rate in PAU
patients indicated that endovascular repair might have
advantages in this pathology, but with a small sample size,
the result was not statistically significant on comparison
of TAAD patients.
Endograft placement in the ascending aorta may be difficult because the proximal and distal landing zones are very
close to STJ and IA. No commercially available endovascular
treatment modalities designed for TAAD increase additional
challenge to the procedure. It is apparent that the ascending
aortic pathologies need specific endograft solutions.5 Thus,
the development of novel devices for TAAD is fundamental before these techniques can be widely adopted. In this
study, we first defined the endograft configurations for the
ascending aorta, which could not be replaced by off-license
techniques using the aortic cuffs.12 The anatomical characteristics of TAAD patients suitable for endovascular treatment
were used for the analysis of the endograft configurations.
Proximal and distal diameters of the endograft were based on
diameters measured at ET and IA levels with oversizing of
10%. Ronchey et al6 and Nordon et al12 adopted a maximum
oversizing of 10% relative to the native true lumen at the site
of the proximal seal zone to minimize aortic trauma. Their
experiences show that this technique is feasible in select
patient categories and seems to be associated with favorable
results.6,12 Significant oversizing was avoided to minimize
risk of inadvertent retrograde dissection while placing the
endograft in an aorta with a highly fragile intima, and; aortic
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dilatation due to excessive oversizing might be associated
with aortic valve insufficiency.23 More importantly, we found
that conical devices were needed in the ascending pathology,
where the true lumen at the IA level was usually smaller than
that at STJ and ET levels. The average length of endograft for
our TAAD was 67.2±11.1 mm, which was shorter than the
available devices for the descending aorta. When tears were
located distal to STJ, the average distance from the STJ to
the highest coronary artery orifice was 8.9±2.3 mm, and the
average distance from the STJ to the aortic valve in the center of the aorta was 17.4±4.1 mm. These measurements had
implications for proximal device design, meaning the bare
springs frequently used in descending aortic endograft must
be questioned given that the potential to compromise aortic
valve closure coupled with the likely failure of apposition of
such stents to the wall of nontubular aortic root.11 Therefore,
in our opinion, shorter, larger, and bare spring-free conical
endograft was preferred to seal the ET, while presenting
no harm to the fundamentally weak aorta. In some cases, a
mismatch may exist between the length of the inner and outer
curvature of the ascending aorta, which might easily result in
a kink of the graft. Instead of using one graft, two- or threestacked grafts 5 cm long could solve this problem.11
Developments of the delivery system and mechanism of
deployment compatible with ascending pathology were fundamental. The delivery system should have a long shaft due
to the distance from the femoral artery (726.1±70.2 mm) and
needs to be flexible to negotiate the arch and maintain torque
control. The tip of the device must cross the aortic valve and
sit in the left ventricle at deployment, and short tip could limit
cardiac trauma.20 Easier-use deployment mechanism allows
more guided placement and reduces “windsock” effect. The
endograft for the ascending aorta might be semideployed at
first. A constraining loop around the body of the graft enables
repositioning of the stent graft, and then the constraining wire
and loop are removed.
To permit exact graft deployment and prevent accidental covering of the coronary arteries, the temporary rapid
ventricular pacing (heart rate 180 beats/min) was used to
decrease blood pressure and cardiac output. This technique
has been described and used by many authors as a means
of ensuring accurate deployment of the endograft.6 While
some advocated partial right atrial inflow occlusion for controlled systemic hypotension during thoracic endovascular
aortic repair.24 Interestingly, Lu et al7 found that delivery
system nose cone contact with the left ventricular wall
induced ventricular tachycardia or fibrillation, resulting in
hypotension and decreased cardiac output that allowed the
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endograft to be deployed accurately. The use of intraoperative transesophageal echography has been recommended to
assist with precise endograft deployment, especially when
the proximal deployment location is very close to the coronary sinus.25
Limitations of this study should be acknowledged. Small
adequate patients were included for analysis of the endograft
configurations. Diameters of the endograft for TAAD were
based on the measurements on gated CT scans, because it has
been shown that diameters of the thoracic aorta can change by
up to 17.8% through the cardiac cycle.26 Endografts designed
for TAAD should consider the mobile diameters of the pulsating ascending aorta. Above all, this study was just a purely
theoretical study exploring the endograft configurations for
TAAD, and future studies are mandatory.

Conclusion
Endovascular development offered a therapeutic modality
for cases of surgically untreatable TAAD, especially in
anatomically suitable patients and the older patients. We
suggested that shorter, larger, and bare spring-free conical
endografts were preferred in the ascending aortic pathology.
Developments of the delivery system and mechanism of
deployment compatible with ascending pathology were also
fundamental. However, this study was just a purely theoretical study exploring the endograft configurations for TAAD,
and further studies were mandatory.
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