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Anatomic feasibility of an endovascular valve–carrying
conduit for the treatment of type A aortic dissection
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ABSTRACT

Objective: The study objective was to screen patients with acute type A aortic
dissection for anatomic feasibility of ascending aortic endovascular treatment
with a valve-carrying conduit.

Methods: High-quality computed tomography scans of 167 patients were avail-
able for screening. Aortic dimensions were measured using multiplanar recon-
struction in the plane perpendicular to the manually corrected aortic center line.
The simulated stent-graft 10-mm–long landing zones were measured starting at
the sinotubular junction (proximal landing zone) and ending at the brachioce-
phalic trunk (distal landing zone). Exclusion criterion was an entry within the
aortic root or the landing zone.

Results: In 113 patients (68%), the entry was in a coverable zone in the ascending
aorta with sufficient proximal and distal landing zone or in more distal aortic seg-
ments. In these patients, the median distance between the proximal and distal
landing zone was 89.1 (first quartile: 80.0 mm; third quartile: 101.2 mm) and
the median diameter difference was 5.0 mm (2.0; 10.1) (12.3 [4.9; 23.0] %).
The diameter difference was less than 2 mm in 32 patients (28%), between 6
mm and 10 mm in 20 patients (18%), between 10 mm and 14 mm in 11 patients
(10%), and 14 mm or greater in 10 patients (9%).

Conclusions: Two thirds of all patients who present with type A dissections are
potential candidates for treatment with endovascular valve–carrying conduits,
but most patients would require tapered stent-grafts. (J Thorac Cardiovasc Surg
2019;157:26-34)
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Treating a type A dissection with an endovascular

valve–carrying conduit.
Central Message

An endovascular valve–carrying conduit may

be a new treatment option for many patients

with a type A aortic dissection.
Perspective

High-quality CT scans of 167 patients with

type A aortic dissection were screened for the

anatomic feasibility of ascending aortic endo-

vascular treatment with a valve-carrying

conduit. Two thirds of those patients are poten-

tial candidates for the treatment, but most pa-

tients would require tapered stent-grafts.
See Editorial Commentary page 35.
Thoracic endovascular aortic repair (TEVAR) has signifi-
cantly enriched the treatment options for diseases of the
aorta and has become the treatment of choice for patients
presenting with acute complicated type B dissections.1

However, there are only case reports and small case series
regarding the use of TEVAR in patients presenting with
type A aortic dissections, leaving the use of TEVAR in
this setting experimental.2-5

Perioperative mortality after open surgical treatment for
acute type A aortic dissection has reached a still significant
plateau ranging from 10% to 20%,6-10 whereas
conservative treatment remains ineffective.11 Moreover,
up to 8% of all patients presenting with an acute type A
aortic dissection are deemed inoperable even in
high-volume centers.12 TEVAR for patients with type A
aortic dissection may present as an alternative to open
this QR code will
to a supplemental
video for the article.
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Abbreviations and Acronyms
BCT ¼ brachiocephalic trunk
CT ¼ computed tomography
LZ ¼ landing zone
STJ ¼ sinotubular junction
TEVAR ¼ thoracic endovascular aortic repair
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surgery and may help to significantly improve patient
outcome.

The routine use of TEVAR in the ascending aorta is
limited by anatomic characteristics, including the location
of the coronary and supra-aortic arteries, the presence of
significant aortic regurgitation or tamponade, and a general
lack of sufficient devices. Our group has previously
described an integrated 1-stage concept incorporating an
endovascular valve–carrying conduit for treating aortic
valve and ascending pathologies such as type A aortic dis-
sections.13 The aim of the device is to close the primary en-
try tear in the ascending aorta, initiate true lumen
expansion, treat malperfusion, treat aortic regurgitation,
drain any pericardial effusion through a transapical
approach, and stabilize the distal aorta. Three landing zones
(LZs) are required for the successful deployment of the de-
vice: (1) the aortic valve annulus for stable anchorage of the
device, (2) the sinotubular junction (STJ), and (3) the distal
FIGURE 1. Schematic (left) and radiographic (right) depiction of the endovas

apical catheter aortic valve replacement with implantation of the device in the ao

portion allows coronary perfusion and is connected to the covered stent-graft por

LZ (③) is proximal to the offspring of the BCT.
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ascending aorta before the takeoff of the brachiocephalic
trunk (BCT) for the sealing of the proximal and distal
ascending aorta, respectively (Figure 1).
The aim of this study is to screen patients with acute type

A aortic dissection for the anatomic feasibility of ascending
aortic endovascular treatment with a valve-carrying conduit
and to provide better insight into the anatomy of the
dissected ascending aorta.
PATIENTS AND METHODS
Patients

Between 2004 and 2017, 395 patients underwent operation for type A

aortic dissection at a single institution. Of those patients, electrocardiogram-

gated high-quality preoperative computed tomography (CT) scans were

available in 167 patients who were included in this study. The institutional

review committee approved this retrospective study, and the need for

informed consent was waived.

Imaging Analysis
Aortic diameters and segmental lengths were analyzed according to

electrocardiography-gated CT angiography. A slice thickness of 3 mm or

less was accepted and present in all patients. Analysis was performed using

3mensio Vascular Version 7.2 (3mensio Pie Medical Imaging BV, Maas-

tricht, The Netherlands). All measurements were taken in multiplanar

reconstruction always in the plane perpendicular to the manually corrected

local aortic centerline (Figure 2). Measurements of length were obtained

along the centerline from the aortic annulus to both coronary arteries, to

the STJ, to the entry in the ascending aorta, and to the supra-aortic vessels.

In cases where the STJ was not definable, it was set 10 mm distally of the

origin of the more distal coronary artery. Diameters were measured at the
cular valve–carrying conduit within the dissected ascending aorta: Trans-

rtic valve annulus (LZ①) for stable anchorage of the device. The uncovered

tion at the level of the proximal sealing LZ (②) at the STJ. The distal sealing

ardiovascular Surgery c Volume 157, Number 1 27



FIGURE 2. Representative 3-dimensional reconstruction of a dissected

ascending aorta with the manually corrected local aortic centerline.
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aforementioned anatomic landmarks and were calculated as the mean of

the maximal and minimal diameter (Figure 3).

Device Requirements
The simulated stent-graft 10-mm–long LZ was measured starting at the

STJ (proximal LZ) and ending at the BCT (distal LZ). Exclusion criterion

was an entry within the aortic root or within the LZ. Aortic dimensions are

summarized for all patients with anatomic feasibility for deployment of the

device with the aforementioned exclusion criterion. Predissection aortic di-

ameters were calculated according to the previously reported size increase

at the STJ and the offspring of the BCT.14 A 5% oversizing regarding pre-

dissection diameter was defined for the stent-graft.

Statistical Analysis
All values are expressed as median (first quartile, third quartile) or as

number (percentage).

RESULTS
Entry Location

The entry was in a coverable zone in the ascending aorta
in 77 patients (46%) and beyond the distal LZ in another 36
patients (22%). Thus, deployment of the device would be
possible in 113 (68%) of all patients (Figure E1).
Figure 4 provides an overview of the entry location in the
ascending aorta and beyond.

Aortic Length
Aortic length characteristics are summarized in Table 1.

The median distance from the aortic annulus to the STJ was
28.0 (24.1; 30.0) mm and 116.4 (108.3; 128.1) mm to the
offspring of the BCT. The difference in length represents
28 The Journal of Thoracic and Cardiovascular Surge
the median required stent-graft length of 89.1 (80.0;
101.2) mm. Table 2 shows that 83% (93 patients) have a
distance between 70 and 110 mm and that all patients can
be categorized into 8 different length intervals of 10 mm,
respectively.

The aforementioned distance between the aortic annulus
and the STJ of 28.0 (24.1; 30.0) mm also represents the dis-
tance between the first and the second LZ of the endovascu-
lar valve–carrying conduit and ranges from 20 mm
(smallest distance) to 39.1 mm (maximal distance). The dis-
tances between the 2 zones are shown in Table 3, and the
distance is more than 36 mm in 3 patients (3%; 36 mm,
38 mm, and 39.1 mm).

Aortic Diameter
Table 4 shows the aortic diameters at the aortic annulus

and the proximal and distal LZ. There is an absolute differ-
ence in the diameter between the STJ and the offspring of
the BCT of 5.0 (2.0; 10.1) mm and a relative difference of
12.3 (4.9; 23.0)%. The difference of diameter ranges
from 0.2% to 275.2% in 1 patient, and the differences are
depicted in Figure 5 for all patients. The diameter difference
(D) was less than 2 mm in 32 patients (28%), 2�D<6 mm
in 40 patients (35%), 6�D<10 mm in 20 patients (18%),
10�D<14 mm in 11 patients (10%), and 14 mm or greater
in 10 patients (9%).

Aortic Root Dimensions
The average diameter of the aortic annulus was 25.0

(22.6; 27.1) mm. The smallest diameter of the aortic
annulus was 17.5 mm, and the largest diameter was
32.5 mm. Only 1 patient (1%) had a diameter less than
18 mm, and in 7 patients (6%), the diameter was more
than 29 mm. There is an absolute difference in the diameter
between the aortic annulus and the calculated stent-graft
diameter at the proximal LZ (STJ) of 11.5 (8.1; 15.4) mm
and a relative difference of 47.1 (34.3; 62.4)%.

The median distance from the aortic annulus to the left
coronary artery was 17.0 (14.0; 19.1) mm and to the right
coronary artery was 22.0 (19.0; 24.1) mm. In 6 patients
(5%), the distance to the more proximal coronary artery
was less than 10 mm: The distance to the left coronary ar-
tery was 5 mm in 2 patients, 8 mm in 1 patient, and 9 mm
in 2 patients to the left coronary artery and in 1 patient to
the right coronary artery.

DISCUSSION
Themain findings of this study can be summarized as fol-

lows: (1) Up to 68% of all patients presenting with type A
aortic dissection could benefit from an endovascular valve–
carrying conduit; (2) 8 different stent-graft lengths (with 10-
mm intervals) would be required to treat all patients; (3) a
substantial difference in diameters at the proximal and
distal ascending aorta may require tapered stent-grafts in
ry c January 2019



FIGURE 3. Representative measurements of length and aortic diameter in multiplanar reconstruction (A). Measurements were obtained along the center-

line from the aortic annulus the coronary arteries (distance B, diameter C), to the STJ, to the entry in the ascending aorta (distance D, diameter E), and to the

supra-aortic vessels (distance to BCT F, diameter G).
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most patients; and (4) broader transcatheter aortic valve
sizes would be required in 7% of the cases.

Endovascular treatment of acute type A aortic dissection
is desirable but far from being standard treatment.2,3,12 The
The Journal of Thoracic and C
aim of TEVAR in the setting of acute dissection is to
stabilize the aorta, to initialize false lumen thromboses
and downstream remodeling, and to cause true lumen
expansion by covering the primary entry and thereby also
ardiovascular Surgery c Volume 157, Number 1 29



FIGURE 4. Schematic depiction of the location of the entry tears in the ascending aorta. LZ ① is the aortic annulus for the catheter aortic valve. The

simulated stent-graft 10-mm–long LZs were measured starting at the STJ (proximal LZ ②) and ending at the BCT (distal LZ ③). Exclusion criterion

for the implantation of an endovascular valve–carrying conduit was an entry within the aortic root or the LZ. Desc, Descending; dist., distal; LZ, landing

zone; prox., proximal.

AATS Aortic Symposium: Proximal Aorta Kreibich et al
addressing the issue of distal malperfusion.15 In this study,
46% of all patients had an entry tear in a coverable zone in
the ascending aorta. Another 22% of all patients developed
TABLE 1. Aortic length

Distance from aortic valve annulus Medi

To left coronary artery

To right coronary artery

To STJ

To beginning of dissection

To entry*

To BCT

Maximum stent-graft length ¼ distance STJ to BCT

Minimum stent-graft length ¼ distance STJ to entry þ 10 mmy
Values are in millimeters. STJ, Sinotubular junction;BCT, brachiocephalic trunk. *In ascend

entry in aortic arch (n ¼ 15) or beyond (n ¼ 21).

30 The Journal of Thoracic and Cardiovascular Surge
retrograde type A dissection with an entry tear beyond the
offspring of the BCT. In all those patients, the ascending
aorta could be stabilized with an endovascular valve–
an [first quartile; third quartile]

N ¼ 113

Minimum Maximum

17.0 [14.0; 19.1] 5.0 30.1

22.0 [19.0; 24.1] 9.0 31.0

28.0 [24.1; 30.0] 20.0 39.1

14.1 [13.0; 23.1] 2.0 108.4

65.2 [48.0; 98.1] 36.0 125.1

116.4 [108.3; 128.1] 78.4 150.1

89.1 [80.0; 101.2] 55.3 122.3

67.1 [41.1; 84.2] 22.0 106.3

ing aorta (n¼ 77). yTo entry in ascending aorta (n¼ 77)þ 10mm or to BCT in case of

ry c January 2019



TABLE 2. Tubular ascending aortic length

Distance from STJ to BCT n (%)

50-60 mm 1 (1)

60-70 mm 8 (7)

70-80 mm 19 (17)

80-90 mm 30 (27)

90-100 mm 23 (20)

100-110 mm 21 (19)

110-120 mm 9 (8)

120-130 mm 2 (2)

STJ, Sinotubular junction; BCT, brachiocephalic trunk.
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carrying conduit as a temporary treatment solution (eg, in
case of malperfusion and shock) or as a permanent solution.

The stability of the stent-graft position is limited in the
ascending aorta because of the short length and the lack
of healthy native aorta for a sufficient LZ. On the one
hand, the ascending stent-graft should adequately stabilize
the aortic media and seal the ascending entry. On the other
hand, it must not result in the formation of new entry tears or
aortic rupture in the proximal or distal LZ, and therefore
oversizing should be limited to a minimum. Thus, we sug-
gest adding a proximal LZ (Figure 1,①) to the 2 stent-graft
LZs (Figure 1,② and③) by creating a valved conduit. The
new proximal LZ (Figure 1, ①) would be generated by a
transcatheter aortic valve that is connected to the stent-
graft. Therefore, the transcatheter aortic valve at the level
of the aortic annulus would be responsible for sufficient de-
vice stabilization.13 As a result, the proximal (Figure 1,②)
and distal LZs (Figure 1, ③) of the stent-graft no longer
need to prevent stent-graft migration but only need to
adequately seal and prevent persistent antegrade false
lumen perfusion. Therefore, oversizing and LZ length can
be limited. This may prevent or at least reduce the likeli-
hood of progression of the dissection (eg, in the coronary ar-
teries), aortic rupture, or creation of an endoleak compared
TABLE 3. Aortic root length

Distance from aortic

annulus to STJ n (%)

20-22 mm 9 (8)

22-24 mm 8 (7)

24-26 mm 21 (19)

26-28 mm 17 (15)

28-30 mm 25 (22)

30-32 mm 13 (12)

32-34 mm 10 (9)

34-36 mm 6 (5)

�36 mm 3 (3)

STJ, Sinotubular junction.
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with a simple ascending stent-graft. Ideally, the stent-graft
used in the ascending aorta should be more flexible than
conventional stent-grafts with less radial force and shorter
z-rings to enable a good stent-graft apposition in the curved
ascending aorta.
The proximal portion of the stent-graft is uncovered and

thereby allows coronary perfusion (Figure 1). However,
there is a substantial diameter difference of approximately
50% between the aortic annulus and the proximal portion
of the stent-graft at the STJ in addition to a variable length
of the aortic sinus between 20 and 39.1 mm. Thus, it seems
plausible to allow complete individualization by choosing
the aortic valve and the stent-graft separately. The 2 compo-
nents can be connected individually and shortly before im-
plantation with a suture or clips depending on the individual
aortic measurements of the patient. The overlap of the com-
ponents can be significantly shorter than the overlap of 2
conventional stent-grafts, because the 2 components are
connected by sutures or clips.
Although isolated ascending aortic TEVAR would elim-

inate false lumen perfusion at least at the level of the stent-
graft and cause true lumen expansion, it will not affect
aortic regurgitation or influence cardiac tamponade. In
fact, up to one third of all patients with ascending aortic
dissection present with moderate to severe aortic regurgita-
tion, and cardiac tamponade is common.7,16 By implanting
an endovascular valve–carrying conduit from a transapical
approach, both complications could be treated simulta-
neously. Moreover, a transapical approach would allow
easy wire deployment in the true lumen. However, our
data also show that 7% of the patients in this study had
too small (1 patient) or too large (7 patients) aortic root di-
ameters for currently available commercial transcatheter
aortic valves (minimum annulus diameter for a 23-mm
transcatheter aortic valve: 18-20 mm; maximum annulus
diameter for a 31-mm transcatheter aortic valve: 26-
29 mm).17 Thus, larger transcatheter aortic valves would
be required to treat all patients with an endovascular
valve–carrying conduit. Moreover, in 6 patients (5%) the
distance between the aortic annulus and the more proximal
coronary artery was smaller than 10 mm. The implantation
of transcatheter aortic valves is possible in some patients
with a distance less than 10 mm particularly in the absence
of calcification,18 but our data suggest that the implantation
of an endovascular valve–carrying conduit may be compli-
cated in at least 5% of the patients because of the short dis-
tance to the coronary artery.
At the moment of dissection, a significant increase of the

total aortic diameter can be observed, while the length of the
aorta remains unaffected.14 Our data suggest that 8 stent-
graft lengths would be sufficient to treat all patients with
ascending aortic dissection. In fact, 83% of all patients
could be treated with just 4 stent-graft lengths of 10-mm in-
tervals ranging from 70 to 100 mm. However, our data also
ardiovascular Surgery c Volume 157, Number 1 31



TABLE 4. Aortic diameter

Median [first quartile; third quartile]

N ¼ 113

Minimum Maximum

Diameter of dissected aorta

Diameter at STJ in mm 40.8 [34.6; 45.8] 10.1 75.7

Diameter at BCT in mm 42.8 [37.9; 45.4] 30.3 61.6

Difference STJ to BCT in mm 5.0 [2.0; 10.1] 0.1 27.8

Difference in % 12.3 [4.9; 23.0] 0.2 275.2

Calculated predissection diameter*

Diameter at STJ in mm 35.1 [29.8; 39.4] 8.7 65.1

Diameter at BCT in mm 36.0 [31.8; 38.1] 25.5 51.7

Difference STJ to BCT in mm 4.2 [1.6; 8.1] 0.0 23.4

Stent-graft diametery
Diameter at STJ in mm 36.8 [31.2; 41.4] 9.1 68.4

Diameter at BCT in mm 37.7 [33.4; 40.0] 26.7 54.3

Difference STJ to BCT in mm 4.4 [1.6; 8.6] 0.0 24.6

Values are in millimeters. STJ, Sinotubular junction;BCT, brachiocephalic trunk. *As previously described by Rylski and colleagues.14 yOversizing of 5% according to calculated

predissection diameter.
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indicate a substantial difference in diameter between the
proximal LZ (the STJ) and the distal LZ (10 mm proximal
of the BCToffspring) of 12%. Thus, tapered stent-grafts for
the treatment of ascending aortic pathologies seem to be
inevitable. A tapered stent-graft with a tolerance of
maximum 2-mm aberration between a tapered stent-graft
diameter and the aortic diameter would be sufficient for
91% of all patients (28% would require a straight stent-
graft, 35% would require a 4-mm tapered stent-graft,
18% would require an 8-mm tapered stent-graft, and
10%would require a 12-mm tapered stent-graft). It remains
unclear if patients with a substantial diameter difference of
more than 14 mm can also be treated with a tapered stent-
graft. Another solution would be the implantation of 2
stent-grafts with different diameters, but the short length
of the ascending aorta seems to contradict this approach.

The concept of an endovascular valve–carrying conduit
significantly increases the number of patients who are
FIGURE 5. Absolute (left) and relative (right) diameter difference between the

that patient 113 has a relative diameter difference of 275% that is not depicted

32 The Journal of Thoracic and Cardiovascular Surge
potential candidates for endovascular therapy for acute
aortic dissection to 68%. Even when excluding the 12%
of patients who may not be treated with currently available
transcatheter aortic valves (7% because of too small or too
large annulus and 5% because of a limited distance between
the annulus and the more proximal coronary artery), more
than half of all patients would be potential candidates for
endovascular treatment. In contrast, 2 high-quality
anatomic feasibility studies for ascending aortic TEVAR
in patients with type A aortic dissection identified just
31.5%19 and 36.2%20 of patients as potential candidates
for an endovascular approach because patients were
excluded in case of aortic regurgitation, inappropriate
length and diameter of sealing regions, and a lack of a prox-
imal LZ was the most common reason for exclusion.19-22

Thus, to treat more patients, it seems inevitable to reduce
the length of the stent-grafts’ LZs. However, without
additional anchorage (eg, through a valved-conduit), this
proximal LZ (STJ) and the distal LZ (before the offspring of the BCT). Note

. STJ, Sinotubular junction; BCT, brachiocephalic trunk.

ry c January 2019



VIDEO 1. Avideo sequence depicts the transapical implantation of an en-

dovascular valve–carrying conduit into the ascending aorta of a pig. The

transcatheter aortic valve and the ascending aortic stent-graft are connected

shortly before the implantation with sutures, and the 2 devices can be cho-

sen individually (depending on the aortic annulus size and the ascending

aortic length and diameter). The connected device is prepared for transap-

ical access and successfully deployed. Three LZs are used: aortic annulus,

STJ, and distal ascending aorta proximal to the offspring of the BCT. The

uncovered portion between the transcatheter valve and the covered stent-

graft allows coronary perfusion. Correct deployment was confirmed after

animal euthanasia. Video available at: https://www.jtcvs.org/article/

S0022-5223(18)31467-3/fulltext.
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may increase the risk for stent migration and endoleak
development. Thus, a valved-conduit may increase the po-
tential number of patients that may be treated endovascu-
larly by decreasing the proximal and distal stent-grafts’
LZ. The concept of an endovascular valve–carrying conduit
is still experimental at this point (Video 1), but the fast,
strong development and establishment of catheter-based
therapies over the last decade has shown us that a new era
of endovascular treatment has begun and that there is
growing consideration of ascending endovascular
treatment.23,24

It is important to note that any endovascular treatment in
the ascending aorta remains experimental2-5 and that it is
not clear which patients would be ideal candidates for an
ascending aorta first strategy. In addition, even in those
patients, presumably elderly patients with shock or
malperfusion, the patients’ instability or the lack of high-
quality CT angiography scans (eg, performed in a referral
hospital) might prevent adequate measurement of the CT
angiography or prohibit repeat scanning. On the other
hand, a hybrid operation roommight facilitate sufficient im-
aging. In the ideal setting, the patient would be transferred
from the outside hospital and the CT angiography images
would be available online, and measurement of the annulus
and LZ could be performed before the patient arrives. We
would suggest a transapical approach, not only to resolve
any cardiac tamponade but also to ensure correct wire
placement in the true lumen. The transcatheter valve and
the stent-graft would be chosen depending on the aortic
measurements, connected, cropped, and implanted.
The Journal of Thoracic and C
Depending on the location of the entry tear and the patient’s
condition, this could be a temporary treatment solution (eg,
in case of malperfusion and entry in the aortic arch or the
descending aorta) or a (semi-)permanent solution (in case
of an entry tear in a coverable zone) requiring close
follow-up. In any case, the valved conduit may be able to
close any entry in the ascending aorta, initiate true lumen
expansion, and thereby treat malperfusion, treat or prevent
aortic regurgitation, drain any pericardial effusion, and sta-
bilize the ascending aorta. Thus, any necessary complex
open aortic surgery can be performed in a stable patient
without distal malperfusion or shock. This also highlights
the point that the treatment of the ascending aorta will
remain a surgical domain not only to immediately address
periprocedural complications but also to ensure later open
surgical treatment when needed.
Study Limitations and Strengths
Although 228 patients could not be included in the study

because of inadequate or unavailable high-quality imaging,
our study collective of 167 patients is still one of the largest
studies screening for anatomic feasibility for endovascular
therapy and is the first to screen for treatment with a
valve-carrying conduit. Also, we believe that the patient
number is large enough to adequately describe the anatomy
of the dissected ascending aorta. However, this study solely
screened for anatomic feasibility of ascending aortic endo-
vascular treatment with an endovascular valve–carrying
conduit, and further research is necessary to illuminate
the clinical practicability and safety of such devices. Never-
theless, it should be noted that these patients were screened
purely on their radiographic imaging (ie, independent of
age and other clinical factors). Therefore, it seems likely
that although this study identified a relatively high number
of potential candidates for endovascular treatment, clini-
cally, this number is probably lower (ie, in case of very
young patients).
CONCLUSIONS
Two thirds of all patients who present with type A dissec-

tions are potential candidates for endovascular treatment
with valve-carrying conduits. This new therapeutic concept
significantly increases the potential number of patients who
are potential candidates for endovascular treatment of a
type A dissection. Moreover, most patients who are candi-
dates would require tapered stent-grafts.
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FIGURE E1. Illustrative flowchart. CTA, Computed tomography angiog-

raphy; LZ, landing zone.
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