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Thoracic endovascular aortic repair for type A aortic dissection:
a promising option for inoperable patients
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Abstract: Acute type A aortic dissection (AAAD) is a surgical emergency that carries a grave prognosis if
not diagnosed early and treated rapidly. The standard of care for patients presenting with AAAD is median
sternotomy and open surgical repair of the ascending aorta. However, many patients with AAAD are determined
to be too high-risk for open surgery due to malperfusion, shock, advanced age, or severe comorbidities. Inoperable
patients are traditionally managed medically and experience high mortality. In recent years, the use of Thoracic
Endovascular Aortic Repair (TEVAR) as an endovascular option for otherwise inoperable patients has been
reported by several major aortic centers across the globe. Operative mortality in patients receiving TEVAR for
AAAD is superior to conservative medical management only. Long-term follow-up data is limited, but early case
series have reported positive outcomes, favorable aortic remodeling, and few complications. The anatomic features
of the ascending aorta and lack of a commercial graft designed specifically for deployment in this area are the
major challenges to this treatment approach. In this review article, we summarize the current state of ascending
TEVAR for AAAD repair, explain our own methodology for patient selection and surgical technique, and discuss
the future direction of endovascular repair of AAAD in “inoperable” patients.
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Introduction are too high-risk for open surgery. In this article, we review

the recent literature on thoracic endovascular aortic repair

Acute type A aortic dissection (AAAD) is a surgical (TEVAR) as an intervention in the ascending aorta, and

emergency that requires rapid intervention, as unrecognized

i ) i discuss our experience using TEVAR as an alternative to
or untreated AAAD carries high rates of mortality (1-4).

medical therapy in “inoperable” patients.
Although the standard treatment is open surgical repair, up

to 20% of patients presenting with AAAD are determined

to be too high-risk for open surgery (5-10). Conservative Advent of an endovascular approach for high

management for patients with acute type A dissection is
associated with poor outcomes (>70% mortality within
30 days) (3,11). The advent of endovascular aortic
intervention has introduced a new solution for patients who

risk patients

In 2000, Dorros et al. pioneered the endovascular
approach for ascending aortic repair when he conducted a
transseptal graft placement utilizing a right femoral vein
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approach (12). The first endovascular ascending aortic
stent placed via arterial approach followed shortly
thereafter, in 2003 (13). Since that time, several
institutions have utilized endovascular interventions for
patients with ascending aortic disease who are high risk
for operative mortality. A review of 46 manuscripts found
that between 2000 and 2017, at least 118 patients with
ascending aortic pathology have been managed with a
primary endovascular approach. These patients were
treated with thirteen different types of aortic stent grafts;
the most commonly used device types were commercial
thoracic stents, abdominal cuffs, and custom-made grafts.
Although average follow-up time was just 17.2 months,
all-cause mortality in this analysis was 15.2% and aorta-
related mortality was 5% (14). Since the publication of this
review in 2018, there have been at least four additional
case reports or case series published on the topic of
endovascular repair of the ascending aorta (including our
series of 13 patients treated in 2018 and 2019) (6,15-17).
While knowledge is currently limited by small, single-
institution case series and a lack of long-term follow-up
data, initial reports of endovascular repair of the ascending
aorta in high-risk patients have yielded low mortality and
excellent results (6,17-19).

Patient selection—distinguishing high risk from
prohibitive risk

Accurate preoperative risk stratification is a critical first step
in identifying patients who are at high risk for operative
mortality. Roselli er a/. reviewed 686 patients who presented
with acute type A dissection between 2005 and 2015 and
identified fifty-three patients (7.7%) who were determined
to be inoperable. His team then conducted chart review
and active follow-up in order to determine the specific
reasons why patients were deemed inoperable. This allowed
the authors to distinguish between “high risk” inoperable
patients (who were potential candidates for endovascular
repair) and “prohibitive risk” inoperable patients (who were
unfit for any intervention, including endovascular repair).
Patients with comorbid dementia, advanced malignancy,
severe malperfusion, and severe stroke were classified as
prohibitive risk due to their high likelihood of mortality
regardless of the outcome of their aortic disease. The
authors determined that 18 out of 53 inoperable patients
(34%) had a prohibitive risk for any intervention, but 35 of
the 53 inoperable patients (66%) may have been suitable for
endovascular stent grafting. Detailed imaging analysis was
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also conducted to assess the morphology of the ascending
aorta and the feasibility of endovascular stent grafting. This
analysis showed that intimal entry tears most frequently
occurred in a portion of the ascending aorta that could be
covered with an endovascular device (5).

Rampoldi et al. utilized data from the International
Registry of Acute Aortic Dissection (IRAD) to generate
a risk prediction tool based on numerous independent
predictors of surgical death: age equal to or greater than 70
years, aortic rupture with preoperative hypotension, shock
or cardiac tamponade, signs of acute myocardial ischemia
or infarction, and intraoperative cardiac dysfunction.
Review of IRAD data has also shown that unstable patients
experience double the rate of surgical mortality than stable
patients (7,10). Recently, Ghoreishi e /. developed a novel
risk score based on elevations in pre-operative laboratory
values: lactic acid, creatinine, AST, ALT, and bilirubin. This
score allows stratification of patients with AAAD into one
of three operative mortality risk categories—mild (4% risk),
moderate (14% risk) and high (37% risk). At the University
of Maryland, we utilize this risk score to identify patients at
high risk for operative mortality because the lab values are
easily obtained in all patients, and the score itself is both
objective and accurate. We consider endovascular repair of
the ascending aorta in the high risk category if anatomy is
suitable.

Endovascular repair technique

Endovascular repair of ascending aortic dissection should
begin with classification of the entry tear according to
zones described by Dr. Roselli and colleagues: zone 0A
(AV annulus to coronary arteries), zone 0B (coronary
arteries to right pulmonary artery), and zone 0C (right
pulmonary artery to innominate artery) (Figure 1) (9,20).
Computed tomography (CT) images used in conjunction
with 3-dimensional imaging software (Terarecon, San
Mateo, CA, USA) are the appropriate tools to identify
the location and length of the dissection flap, measure the
aortic diameter, and measure the distance from the highest
coronary to the origin of the innominate artery (both along
the greater curvature and along a constructed central line)
(Figure 2).

We perform all procedures in a hybrid operating room,
and a multidisciplinary team consisting of a cardiac surgeon,
vascular surgeon, interventional cardiologist, and cardiac
perfusion team are present for the duration of the operation.
The common femoral artery is accessed percutaneously

7 Vis Surg 2021;7:37 | http://dx.doi.org/10.21037/jovs-20-127



Journal of Visualized Surgery, 2021

and systemic heparinization is initiated with an activated
clotting time goal of >250 seconds. Next, temporary pacing
wires are inserted, either through the common femoral
vein or the right internal jugular vein. A pigtail catheter is
placed in the contralateral femoral artery for angiography.
Prior to stent deployment, intravascular ultrasound IVUS)

is used to visualize the entire aorta, confirm the location

Figure 1 Subdivisions of Zone 0 as defined by Roselli et al.,
Zone 0A (annulus to coronary), Zone 0B (coronary through right
pulmonary artery), and Zone 0C (right pulmonary artery through

innominate).

Page 3 of 9

of the entry tear, and verify the placement of wires in the
true lumen throughout the aorta. The AV is then crossed
with the use of an AL catheter and a straight tip 0.035
wire, which is then positioned in the left ventricle. A
transfemoral endograft device is then inserted over the stiff
wire and positioned in the ascending aorta. At this point,
angiography should be performed to assess the coronary
arteries, innominate artery, and dissection location. Upon
positioning of the device in the appropriate location, rapid
ventricular pacing is conducted to drop the Mean Arterial
Pressure into the range of 40-50 mmHg, and the device is
deployed. Following deployment, a completion angiogram
should be performed to re-assess the coronary arteries and
arch vessels, as well as to evaluate possible endoleak and AV
insufficiency (Figure 3 and Figure 4, Video 1) (6).

Mortality outcomes of endovascular repairs

In our initial series, operative mortality was 15.4% (2 of 13)
(operative mortality was defined as any in-hospital mortality
or death within 30 days of procedure) (6). Neither of
these two deaths were attributable to aortic etiology—one
patient died due to a large intracranial hemorrhage, and
the other was a patient with a long history of severe right
ventricular failure who experienced lethal dysrhythmia
following rapid ventricular pacing. Our mortality statistics
are comparable with the all-cause mortality of 15.2%
reported in the Muetterties et a/. systematic review, as well
as 30-day mortality rates reported by Roselli er al. (13.6%)
and Preventza et al. (14.3%) (14,21,22). When compared to

Figure 2 Preoperative CTA showing zone OB intimal tear (A and B), and a 3D reconstruction with centerline, greater curvature, and lesser

curvature measurements (C).
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Figure 3 Pre-operative CTA and intra-operative angiography showing Zone 0B dissection with aneurysmal dilation (A and B). The stent is

positioned in the ascending aorta (B). Following successful deployment of the stent, contrast fills the true lumen and perfusion of the head

vessels and coronary arteries remains intact (CD).

mortality statistics garnered from the IRAD, endovascular
repair of AAAD is as safe as open surgical repair (26% in-
hospital mortality) or medical management alone (58% in-

hospital mortality) (11).

Postoperative follow up

Follow-up for ascending aorta TEVAR patients should
include regular CT scans, preferably at 1-month post-
operation, 3-months post-operation, and then regular
6-month intervals. The primary goal of postoperative
follow-up is to evaluate the safety of ascending endovascular
repair. The secondary objectives are to evaluate for
endoleak, aortic remodeling, and stent migration.

© Journal of Visualized Surgery. All rights reserved.

Endoleak

Many centers have observed endoleak following TEVAR
for AAAD. Treatment is patient-specific and has ranged
from expectant management to endovascular reoperation
or open repair (14,18,21). In our experience, endoleak
occurred in 3 of 22 patients (13.6%) and was most
common in patients with zone 0A dissections. This is
likely because there is no commercial device specifically
designed for deployment in zone 0A. One patient with
zone OA disease had a small residual endoleak on CT scan
prior to discharge that remained stable at the 1-month
follow-up CT scan. On the 6-month follow-up CT
scan, the endoleak was resolved and the ascending aorta
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Figure 4 Intra-operative angiography showing Zone 0B intimal tear with filling of the false lumen (A). The stent is positioned in the

ascending aorta (B). Following successful deployment of the stent, contrast fills the true lumen and perfusion of the head vessels and

coronary arteries remains intact (C). A post-op 3D reconstruction shows the deployed stent (D).

had favorably remodeled (6). This case illustrates the
utility of expanding the true lumen with endovascular
stenting to capture as much flow as possible and limit
further expansion of the false lumen, even if the device
cannot cover the intimal tear completely. Our approach
to small residual endoleak in asymptomatic patients is to
manage medically and ensure close follow-up (Figure 5).
Reoperation to correct endoleak was not necessary.

Aortic remodeling

Evidence of aortic remodeling on CT scan is an important
indicator of therapeutic success (Figure 6). At this time,

© Journal of Visualized Surgery. All rights reserved.

two case series have reported favorable aortic remodeling
following endovascular intervention in the ascending aorta.
Ghoreishi er al. described evidence of favorable aortic
remodeling in a cohort with a median follow-up time
of 13 months (6). Li et a/. also reported favorable aortic
remodeling in a cohort with a median follow-up interval of
71 months. Follow-up imaging analysis showed complete
thrombosis of the false lumen in the ascending aorta and
either complete or partial thrombosis of the false lumen in
the descending aorta in all DeBakey Type I patients. The
only patient in which aortic remodeling failed was a patient
with DeBakey Type II dissection who was later converted to
an open repair with replacement of the ascending aorta (18).
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Video 1 Two cases of ascending TEVAR for primary repair of
acute type A dissection. Pre-operative and post-operative CT scans
are included to demonstrate the location of the intimal tear and

final position of the stent grafts.
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Stent migration

Reports of stent migration in short-term follow-up are
rare—a systematic review of endovascular intervention for
any ascending aortic pathology found that stent migration
occurred in only two patients out of 118 (1.7%) (14).
One of these patients was asymptomatic following
pseudoaneurysm repair, but was incidentally discovered to
have distal stent migration on 6-month follow-up CT. He
had since recovered from acute illness, so an elective open
device retrieval was performed (21). It is important to note
that there is no long-term follow-up data on TEVAR for
ascending aortic repair. Therefore, stent migration will be
a chief area of interest in future reports of ascending aortic

TEVAR outcomes.

Figure 5 Endoleak demonstrated post-graft deployment in a patient with zone 0A intimal tear (A). The endoleak remained stable at one

week post-op (B), and at four months post-op (C).

Figure 6 This is a TEVAR for Zone 0B dissection that extended into the aortic arch and descending thoracic aorta. CT scans are shown at

three months post-op (A), and eight months post-op (B).

© Journal of Visualized Surgery. All rights reserved.
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Intraoperative and postoperative complications

Major intraoperative complications during endovascular
repair of the ascending aorta have been rarely described. At
our center, one patient sustained a refractory arrhythmia
following rapid ventricular pacing and did not recover (6).
Overdrive pacing is utilized by many centers as a method
to decrease aortic blood velocity and temporarily induce
hypotension during deployment of a stent in the ascending
aorta, but the necessity of this practice is not clear and
should be investigated further (16,17,19,23). Another
intraoperative challenge to TEVAR efficacy in ascending
aortic disease is friable aortic tissue—most notable seen in
patients with intramural hematoma. These patients are at
high risk of aortic rupture with any endovascular therapy.
A variety of post-operative complications have been
described by several centers: post-operative stroke, femoral
artery dissection, pericardial effusion/hemopericardium,
bleeding, and pneumonia (6,18,24). The most common
complication associated with primary endovascular repair of
the ascending aorta is endoleak, which was found to occur
in 18.6% of published cases between 2000 and 2017 (14).
More recent case series continue to report endoleak as
a significant concern, and it was the cause of at least one
operative mortality (6,24).

Challenges to endovascular repair of the
ascending aorta

Endovascular intervention in the ascending aorta has
multiple challenges. The descending aorta endovascular
repair standard of a 2-cm landing zone in healthy tissue
is difficult to apply to the ascending aorta due to its short
length, curvature, and the proximity of the coronary
arteries, aortic valve, and innominate artery (6,14). If
the intimal tear occurs in zone OA (aortic root), a 2-cm
proximal landing zone would compromise the aortic
valve leaflets (9). Therefore, some patients may not be
candidates for endovascular repair due to absence of a
suitable proximal landing zone. This will continue to be
a major limitation in endovascular ascending aorta repair
until the commercial availability of a combined ascending
endograft/aortic valve (16,18,24). Certain techniques
exist to improve the distal landing zone, such as cervical
debranching or extending the endovascular repair with a
fenestrated or branched arch endograft (6,16,17,24).

An additional challenge to endovascular ascending
aortic repair is the lack of commercially available grafts

© Journal of Visualized Surgery. All rights reserved.
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that are designed specifically for the ascending aorta.
While abdominal aortic grafts have been used in an off-
label manner, the ascending aortic segment has higher
pulsating motion of the aortic wall than the abdominal
aorta, which makes stable fixation of the stent graft more
challenging (18). Furthermore, the abdominal aorta grafts
are not adequately conformable to the curvature of the
ascending aorta, and they have a long nose cone that often
must cross the aortic valve for deployment (6,9). Graft
selection and sizing is an issue discussed by every major
case series on this topic, and the respective authors provide
adequate data on which devices they have employed
in different situations (5,6,9,13,14,16-18,23,24). W.L.
Gore & Associates is currently testing a thoracic branch
endoprosthesis designed specifically for treatment of Zone
0 and Zone 1 aortic lesions. This trial was first submitted in
May of 2016 and is currently in the recruitment phase (25).
At the University of Maryland Medical Center, we
utilize 10 cm TEVAR stent grafts [Gore TAG (CTAG);
W.L. Gore & Associates, Flagstaff, AZ] for type A aortic
dissection, although we have also used proximal aortic
extender cuff grafts for ascending aortic dissections with a
small entry tear, or for pseudoaneurysm.

Conclusions

Early reports of endovascular interventions for patients
with ascending aortic pathology show that TEVAR is a
feasible alternative to medical therapy in high risk patients.
Although long-term follow-up data is limited, short-term
statistics show that the use of TEVAR instead of medical
therapy alone may preserve and prolong life. The ascending
aorta presents several unique anatomical challenges to
endovascular intervention, and the advent of a commercial
device specifically designed for the ascending aorta would
make endovascular therapy a more broadly utilized practice.
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