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Endovascular repair of ascending aortic pathologies in

patients unfit for open surgery: case series and literature

review
Marco Ferraresi, MD, Maria Katsarou, MD, Alessandro Carlo Luigi Molinari, MD, Sara Segreti, MD, and
Giovanni Rossi, MD, Lecco, Italy
ABSTRACT
The number of vascular centers performing endovascular repair of ascending aortic disease is constantly increasing.
Accordingly to the guidelines, open surgical repair remains the gold standard for these pathologies. However, approxi-
mately one quarter of patients are deemed unfit for open surgery. In this study, we describe three cases of ascending
thoracic endovascular aortic repair (TEVAR) performed at our center. All the patients were deemed unfit for open surgery
by the aortic team. Two patients had an ascending aortic pseudoaneurysm, and the third had a focal type A aortic
dissection. In two cases, we used two abdominal aortic cuffs deployed from zone 0B to zone 0C, with no need for supra-
aortic trunk debranching. In one case, we performed a “reverse” extrathoracic debranching, and we deployed a thoracic
endograft from zone 0B to zone 2. Complications included one minor stroke and one inguinal hematoma. In one patient
with an infected pseudoaneurysm, we performed ascending TEVAR as a bridge strategy for open repair. This patient
developed a type Ia endoleak; however, clinical stabilization and infection control were obtained, and he was able to
undergo heart surgery successfully. He underwent a second reintervention to treat superior mesenteric embolic occlu-
sion. At 2 years of follow-up, all three patients were alive. Our preliminary experience demonstrates the technical feasi-
bility and clinical appropriateness of ascending TEVAR using standard, commercially available endografts. However, no
consensus has been reached regarding some critical aspects, such as the development of a standardized technique or
the efficacy of the currently available devices. The improvements in graft design and the adoption of the “aortic team”

approach could help in the near future to standardize the procedure, establish appropriate indications, and ensure good
clinical outcomes. (J Vasc Surg Cases Innov Tech 2024;10:101455.)
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Thoracic endovascular aortic repair (TEVAR) has evolved
rapidly and replaced open repair as the standard treat-
ment for descending aortic pathologies, with a signifi-
cant reduction in early death and complications.1,2 The
continuing development of the technology in the direc-
tion of branched and fenestrated endografts and the
application of new techniquesdsuch as parallel grafting
and physician modificationsdhas introduced endovas-
cular (both total and hybrid) treatment of the aortic
arch for patients who are unfit for open repair, for
whom, otherwise, open surgery continues to be the stan-
dard of care.3,4
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Encouraged by the generally favorable outcomes seen
in the aortic arch and the absence of alternative treat-
ments for unfit patients, endovascular repair of the
ascending aorta is also emerging.5 A systematic review
identified 119 patients who underwent TEVAR in the
ascending aorta; 67% of whom had previously under-
gone cardiac surgery, and 28% were to be treated for
an anastomotic pseudoaneurysm.6 Some series have
shown encouraging results with ascending TEVAR in
different aortic pathologies, such as type A aortic dissec-
tion (TAAD), ascending aortic pseudoaneurysm (AAP),
intramural hematoma (IMH), penetrating atherosclerotic
ulcer, and infection.7-12

Because there is no standardized technique, different
approaches have been used. Currently, no endografts
designed for this purpose are commercially available,
and nearly 90% of the cases have been performed off-
label with standard thoracic endografts or abdominal
aortic cuffs.13,14 The deployment of a single, short endog-
raft cuff is the most commonly used strategy for
ascending TEVAR. In #30% of the reported cases, the
Zenith TX2 Pro-form endograft extension (Cook Medical)
has been used.15,16 Some investigators reported the use
of investigational or custom made devices.17,18 Two dedi-
cated ascending devices, the Zenith Ascend (William
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Fig 1. Pre- and postoperative three-dimensional computed tomography (CT) reconstructions showing an aortic
pseudoaneurysm (AAP) treated with ascending thoracic endovascular aortic repair (TEVAR) and reverse supra-
aortic trunk debranching.
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Cook Europe) and Gore Ascending stent graft (W.L. Gore
& Associates) have provided encouraging results to
date.11,18-21

In this case series, we aim to describe our surgical tech-
nique and report our experience with three such cases.
All three patients provided written informed consent
for the procedure and the report of their case details
and imaging studies.

CASE SERIES
Patient 1. A 60-year-old man with a history of gran-

ulomatosis with polyangiitis and IMH of the ascending
aorta (treated conservatively until then) presented to
the emergency department with hemoptysis.
Computed tomography (CT) revealed a ruptured AAP
with a diameter of 52 mm associated with mediastinal
hematoma. The aneurysm neck was in the outer curve,
just below the innominate artery (zone 0C). The patient
was hemodynamically stable but assessed as unfit for
open surgery by the cardiac surgery team due to the
increased operative risk for a redo sternotomy in a
fragile patient. A hybrid approach was proposed, with
“reverse” extrathoracic debranching to allow for
ascending TEVAR. In the same operation, an
axillaryeaxillary bypass (8-mm Dacron graft) was per-
formed, and both common carotid arteries were reim-
planted on it. The graft was tunneled under both
pectoralis major muscles and anterior to the sternum
before heparinization. From a left femoral surgical ac-
cess, a 36 � 100-mm conformable TAG endograft (W.L.
Gore & Associates) was deployed, with the proximal end
in zone 0B and the distal end in zone 2, covering the
pseudoaneurysm neck and innominate and left carotid
arteries. An 8F introducer was placed in the left sub-
clavian ostium to avoid accidental coverage, and
transfemoral rapid pacing was performed during
deployment. Finally, the innominate artery was
occluded with a 14-mm Amplatzer II vascular plug
(Abbott Cardiovascular) inserted through the right axil-
lary artery. The intervention was uneventful. Post-
operative CT demonstrated correct positioning of the
stent graft with complete AAP exclusion and patency of
the bypasses (Fig 1). The perioperative course was
complicated by a minor stroke symptomatic for left



Fig 2. Intraoperative angiography with preoperative axial computed tomography (CT) detail and postoperative
three-dimensional CT reconstruction of focal type A aortic dissection (TAAD) treated with ascending thoracic
endovascular aortic repair (TEVAR) with two abdominal cuffs.
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hand hyposthenia, which probably occurred during the
procedure. The patient was discharged home after
9 days with only a mild hyposthenia of the left hand,
which regressed after a couple of weeks. At 22 months
of follow-up, the patient was alive and had regained
motility of his left hand.

Patient 2. An 80-year-old man presented to the
emergency department with thoracic pain. The elec-
trocardiography findings and cardiac markers were
negative. However, CT showed a bovine arch and a
focal TAAD. The lesion was 45 mm long and located in
the outer curve, 12 mm above the sinotubular junction
(zone 0B) and 5 mm before the innominate artery
(zone 0C). The entry tear was located in the middle of
the lesion. Because the patient was unfit for sternot-
omy due to his age and comorbidities, a less invasive
endovascular approach was preferred. Through a right
axillary conduit, two 32 � 45-mm abdominal aortic
Excluder cuffs (W.L. Gore & Associates) were implanted
during transfemoral rapid pacing. The entire ascending
aorta from the sinotubular junction to the innominate
artery was covered (Fig 2). Postoperative CT demon-
strated correct positioning of the cuffs, with complete
exclusion of the TAAD. The patient’s in-hospital stay
was complicated by an inguinal hematoma, which was
treated conservatively. The patient was discharged af-
ter 10 days, and the 26 months follow-up was
uneventful.

Patient 3. A 67-year-old patient with a recent history of
surgical evacuation of intracerebral hemorrhage (ICH)
was diagnosed with bacterial endocarditis. At 1 month
after ICH evacuation and due to severe worsening of
aortic regurgitation, he underwent aortic valve replace-
ment with a biologic valve. During rehabilitation, blood
cultures were positive for Candida tropicalis, and the
patient developed bilateral tibioperoneal trunk pseu-
doaneurysms, likely caused by septic emboli. Anti-
mycotic therapy was started, and compression bandages
were applied to both legs. CT revealed a massive AAP
(diameter, 90 mm) with an aortic wall rupture located
7 mm above the coronary ostia (zone 0B). Because of his
compromised condition and the high risk of ICH during
extracorporeal circulation, the patient was deemed
temporarily unfit for an open repair. Thus, ascending
TEVAR was chosen as a “bridge” procedure before redo
heart surgery to avoid fatal AAP complications and



Fig 3. Pre- and postoperative three-dimensional computed tomography (CT) reconstructions showing an aortic
pseudoaneurysm (AAP) treated with ascending thoracic endovascular aortic repair (TEVAR) with two abdom-
inal cuffs.

4 Ferraresi et al Journal of Vascular Surgery Cases, Innovations and Techniques
June 2024
further AAP enlargement. As with patient 2, through a
left axillary conduit, two 36 � 44-mm abdominal aortic
Excluder cuffs (W.L. Gore & Associates) were implanted,
with the proximal end in zone 0B, just above the right
coronary ostium. Before deployment, the right coronary
artery was cannulated through a right percutaneous
radial access to obtain an anatomical landmark. The
deployment was performed under transfemoral rapid
pacing. Consecutive postoperative CT scans showed
progressive regression of the cerebral hemorrhagic le-
sions and residual AAP perfusion from a type Ia endoleak
(Fig 3). The patient was discharged after 39 days with no
significant residual neurologic deficit. Given the infec-
tious nature of the disease, lifelong antimycotic treat-
ment was prescribed. Follow-up CT showed endoleak
persistence but significant thrombosis of the AAP sac.
Because the patient’s condition had significantly
improved and the cerebral lesions were stable after 2
months, he underwent redo aortic valve and ascending
aortic replacement with removal of the two cuffs.
Correction of the right and left tibioperoneal trunk
pseudoaneurysms was performed 4 and 5 months after
ascending TEVAR, respectively. Although echocardiog-
raphy showed no evidence of new-onset AAP or valvular
vegetations and CT-positron emission tomography
showed significant uptake reduction, he developed
bowel ischemia from superior mesenteric embolic oc-
clusion after 21 months, and underwent embolectomy
and bowel resection. He eventually recovered and was
alive at 24 months.
These three cases are summarized in the Table with de-

vice and procedural details. The ascending aorta landing
zones are defined according to Roselli’s zone
0 classification.22
DISCUSSION
The number of vascular centers performing endovascu-

lar repair of ascending aortic diseases is constantly
increasing. According to the guidelines, open surgical
repair remains the gold standard for these pathologies;
however, many patients are deemed unfit for surgery.23

The operative mortality with TAAD is reported to be
10% to 20%. Furthermore, 10% to 20% of TAAD patients
are not candidates for open surgical repair.18 Some series
have reported mortality rates of #18% for redo aortic root
procedures.24,25 In this scenario, ascending TEVAR has
emerged as the only alternative in selected cases for
those patients who might otherwise be treated
conservatively.

Endograft design and types of procedures. Ascending
TEVAR presents unique anatomical and geometric chal-
lenges.26 First, the proximal and distal landing zones are
circumscribed by the positions of the coronary and
innominate arteries. Accidental coverage of these vessels
could lead to severe or even fatal complications, such as
myocardial infarction and cerebrovascular accident.
Second, ascending aorta diameters are typically larger
than other aortic segments, and there is a significant
mismatch in length between the outer and inner curves
due to its curved structure. Finally, not all ascending
aortas are long enough to accommodate commercially
available endografts, which generally have a minimum
length of 10 cm.



Table. Patient demographics, intervention, and follow-up specifications

Pt. No.; age,
years

Previous cardiac
surgery

Lesion
(zone)

Device and procedure
details

PLZ;
DLZ Complication Follow-up, months

1; 60 No AAP (0C) Urgent; 1 thoracic
endograft
(36 � 100 mm); SAT
debranching; femoral
access

0B; 2 Minor stroke 22; no reinterventions

2; 80 No TAAD (0B-
C)

Urgent; 2 abdominal
cuffs (32 � 45 mm); no
SAT debranching; right
axillary access

0B;
0C

Inguinal
hematoma

26; no reinterventions

4; 67 Aortic valve repair AAP (0B) Urgent; 2 abdominal
cuffs (36 � 44 mm); no
SAT debranching; right
axillary access

0B;
0C

Type Ia EL 24; cardiac surgery, SMA
embolectomy, bowel
resection

AAP, ascending aortic pseudoaneurysm; DLZ, distal landing zone; EL, endoleak; PLZ, proximal landing zone; Pt. No., patient number; SAT, supra-aortic
trunk; SMA, superior mesenteric artery; TAAD, type A aortic dissection.
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For patients who are candidates for ascending TEVAR, a
total endovascular approach with off-the-shelf devices
would be ideal, considering that many must be per-
formed in an emergency setting. However, in the real
world, the hybrid approach with partial or total
debranching provides an elegant solution.
Extra-anatomic supra-aortic trunk (SAT) debranching is

an option to lengthen the aortic segment available for
endograft deployment and to create a suitable distal
landing zone. This approach allows for the delivery of a
single device through a femoral access, reducing the
risk of mechanical failure associated with the use of mul-
tiple abdominal cuffs. However, hybrid debranching in-
creases the complexity and risks of the procedure, and
reconstruction of the cerebral perfusion from a single
vessel can raise concerns regarding long-term patency.
We used this technique in one patient to treat a

ruptured zone 0C AAP in the context of an IMH (patient
1). We performed ascending TEVAR with the shortest
available endograft associated with a total “reverse”
debranching with axillaryeaxillary bypass and carotid ar-
tery reimplantation. In our experience, this approach is
feasible unless revascularization of a dominant vertebral
artery arising from the arch is needed and should be
considered a viable option for those patients who pre-
sent with extension of the disease into the proximal
aortic arch.
Chang et al27 described two cases of TAAD treated

endovascularly with subclavianecarotidecarotid bypass.
Tsilimparis et al11 described one case of carotidecarotid
bypass with reimplantation on the subclavian artery to
achieve distal landing zone for ascending TEVAR. Ron-
chey et al21 performed a SAT bypass to ensure a suitable
distal landing zone in a patient with residual dissection
after ascending replacement.
A few cases of endovascular SAT debranching with a

double-barrel technique have been reported. Bernardes
et al8 performed two cases of ascending TEVAR com-
bined with innominate chimney and carotidecarotid
bypass to treat a dissecting arch aneurysm and a zone
0C penetrating atherosclerotic ulcer. Preventza et al28 re-
ported two cases of ascending TEVAR and SAT stenting
with the snorkel technique, one performed intentionally
due to a length mismatch between the ascending aorta
and available thoracic endograft, and the other per-
formed as a bail-out procedure after accidental coverage
of the innominate artery.
An alternative strategy to overcome the problem of the

ascending aortic length is to use two or more abdominal
aortic cuffs. This allows for coverage of a variable length
of the aorta, avoiding SAT debranching; however, it
carries the risk of dislodgement, migration, and type III
endoleak development. Also, it cannot be performed
through a femoral access due to the shortness of the de-
livery shafts. Many investigators have used abdominal
aortic cuffs for ascending TEVAR.29-34 We used this tech-
nique in two patients to treat a focal TAAD and a postop-
erative AAP with good results and no type III endoleak. In
both cases, we preferred the Excluder abdominal aortic
cuffs (W.L. Gore & Associates) because of their reverse
deployment from distally to proximally, which helps
reduce the “wind-sock” effect and improves deployment
accuracy.
Although we used a standard, commercially available

Gore cuff in this series, a specifically designed Gore
ascending stent graft (with the objective of being off-
the-shelf) is under investigation in 19 patients in the
ARISE (first-in-human evaluation of a novel stent graft
to treat ascending aortic dissection) study and reported
promising early results, including 16% mortality, 5%
disabling stroke, and 5% myocardial infarction.18

The other options for ascending TEVAR is device cus-
tomization and physician-modified endografts (PMEGs).
These adaptations allow for a reduction of the total
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covered length, delivery from a femoral access, and ad-
juncts of fenestrations or branches to extend the distal
landing zone into the aortic arch. Manufacturer custom-
ization can be used only in elective settings, because
time is required to assemble them. PMEGs do not pre-
sent with this disadvantage; however, they carry the risk
of device malfunctions, and results require confirmation.
Piffaretti et al12 successfully treated 9 patients with TAAD,
AAP, and aortic rupture using a custom-made Relay Plus
(nonebare metal stent; Terumo Aortic), with a total
length of 65 mm. Kolvenbach et al17 reported five cases
of intraoperative modification of a standard thoracic
endograft that was cut to length after partial deploy-
ment to avoid innominate coverage. Chassin-Trubert
et al35 described the use of a double-fenestrated physi-
cian-modified Valiant Captivia EG (Medtronic) for total
arch repair of zone 0C saccular aneurysm. Experience
with in situ fenestration and PMEGs is generally continu-
ously increasing due to the appeal of a total endovascu-
lar option that does not require $1 month from order to
delivery. Many concerns remain about the durability of
device components in the proximity of the fenestration.
The heterogeneity of devices and techniques for

ascending TEVAR reflects both the lack of approved de-
vices for the treatment of ascending aortic diseases and
the adaptability of the available ones. The introduction
of dedicated devices would help to standardize
ascending TEVAR, expand its indications, and improve
its results. The best candidates for ascending TEVAR are
patients with focal lesions located in zone 0C and in
the distal part of zone 0B. A great technological advance
would be the merging of transcatheter aortic valve im-
plantation (TAVI) and TEVAR concepts in an endovascu-
lar valve-carrying conduit.36

Endograft deployment and vascular access. The
deployment of endografts in the ascending aorta has a
very restricted margin of error and, therefore, must be
extremely accurate. It is mandatory to reduce the hemo-
dynamic displacement forces associated with cardiac
output to avoid the “windsock effect.” This can be done
with temporary ventricular pacing, drugs, or, even, car-
diopulmonary bypass. In all our cases, we performed
transvenous temporary rapid pacing to ensure a stable
image of the proximal landing zone. For patients 1 and
3, we also cannulated the left subclavian artery and right
coronary artery, respectively, to obtain a fixed landmark
of the proximal and distal landing zones.
Up to 62% of ascending TEVAR cases have been per-

formed through femoral access.11 This is not possible
when abdominal aortic cuffs are used, because they
are designed with short delivery shafts. The carotid, axil-
lary, and subclavian arteries provide an alternative ac-
cess and have been used in w20% of cases. Another
viable option is the reverse transapical approach. We
preferred the axillary access for abdominal cuff delivery
and femoral cutdown for endograft delivery. In our
experience, right axillary access is less satisfactory.
Thus, when performing axillary access for ascending
TEVAR or TAVI, we use a conduit because it provides a
site for cannulation in the case of conversion to cardio-
pulmonary bypass. Although we have no experience
with the transapical approach, our heart team uses
this approach for TAVI when crossing the iliac arteries
is not feasible. Other investigators have suggested that
transapical and axillary accesses have the benefit of
improving deployment accuracy by shortening the
length of delivery and, therefore, reducing extra deploy-
ment forces.37 We believe, in the setting of compas-
sionate surgery, the target is less invasive as a possible
approach. Thus, we consider the transapical approach
only as a final option when femoral or axillary access
cannot be used.

Literature results. The early results of ascending TEVAR
are promising, with early mortality and technical success
rates ranging from 0% to 14.3% and 85.7% to 100%,
respectively.8,10-12,16,28 Early complications include cere-
brovascular events, acute aortic insufficiency, myocardial
infarction, pulmonary complications, early open conver-
sion, and type I endoleak. The series by Roselli et al16 of 22
patients reported three in-hospital deaths (13.6%), two
open conversions (9%), two myocardial infarctions (9%),
three strokes (13.6%), and two severe respiratory compli-
cations (9%). In two patients, ascending TEVAR was a
bridge procedure. Li et al10 treated 15 cases of TAAD with
100% technical success and no early major complica-
tions or deaths. Tsilimparis et al11 reported 90% technical
success and two cerebrovascular events (20%) after
treating 10 patients with various ascending aortic
pathologies.
In our experience, no in-hospital mortality was

observed, and one patient experienced a minor stroke.
Complete exclusion of the lesions was achieved in two
of the three cases. One patient (patient 3), who was
treated with two abdominal aortic cuffs to exclude a
massive AAP arising from the suture line of an infected
biologic valve, developed a postoperative type Ia endo-
leak with residual perfusion of the AAP. Although
achieving only partial AAP exclusion can be considered
a failure, it resulted in a bridge cardiac redo procedure af-
ter ICH stabilization and infection control. Possible expla-
nations to this technical failure include the infectious
nature of the disease and the proximal location of the
lesion. Although the rupture in the aortic wall was not
very large, it was located a few millimeters above the
border between zone 0A and zone 0B. Thus, the prox-
imal landing zone was very short, and the deployment
should have been extremely accurate. It has been re-
ported that disease extension into zone 0A is associated
with higher mortality, irrespective of the underlying
aortic pathology.7
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Although the early outcomes appear to be acceptable,
concerns exist regarding the durability of ascending
TEVAR. Roselli et al16 reported an actual survival at 5 years
of 75%. They observed six type I endoleaks (31%) and per-
formed four late reoperations (21%). Li et al10 reported no
mortality during follow-up but reported eight (53%) ma-
jor morbidities, including new-onset dissection and
retrograde dissection. Four patients (27%) underwent
reintervention.

CONCLUSIONS
Our preliminary experience with three high-risk pa-

tients unfit for open surgical repair demonstrates the
technical feasibility and clinical appropriateness of
ascending TEVAR for selected ascending aortic pathol-
ogies using standard, commercially available endografts.
Long-term results must be confirmed. The choice to treat
the ascending aorta using endovascular techniques
must be discussed in the context of an aortic team and
being clear that the gold standard continues to be
open surgery. However, the introduction of specifically
designed devices will help to standardize the procedure
of ascending TEVAR, establish appropriate indications,
and ensure good clinical outcomes.
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