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Abstract

To evaluate a 13-year single-center experience of Arch EndoVascular
Aortic Repair (AEVAR) using the hybrid approach. Between 1999 and 2014,
598 patients were treated with endografts for thoracic aortic pathologies. The
aortic arch was involved in 203 patients (187 men; mean age 70.3±10.7 years,
range 27-84). A hybrid approach was performed for all zone 0 and zone 1
procedures and in nearly half (47.7%) of zone 2 procedures. Early and mid-
term outcomes were reviewed retrospectively. The initial clinical success in
zone 0 aneurysms was 88.1%, with a 30-day mortality of 7.1% due to intra-
operative stroke in all the cases except for a case of retrograde dissection. The
respiratory failure rate was 2.5%, and the type I endoleak rate was 3.6%. Mid-
term clinical success at a mean 24.5±18 months was 89.6%. In zone 1 aneury-
sms, the initial clinical success was 87.5% without 30-day mortality or peri-
operative stroke. The midterm clinical success was 86.7% at a mean 22±18
months [2 (5.2%) late aneurysm-related deaths]. Three type I endoleaks spon-
taneously resolved. In zone 2 cases, the initial clinical success was 96.8%.
There was 1 (0.8%) intraoperative death and another (0.8%) within 30 days
for unrelated causes; 2 (1.9%) patient suffered a stroke, and the respiratory
and renal failure rates were 1.9%, respectively. This is the only zone in which
paraplegia (2 patients, 1.9%) was encountered. The midterm clinical success
was 95.8% at a mean 34±20 months. Five type I endoleaks spontaneously re-
solved in 4 patients at follow-up. In selected patients, early and midterm out-
comes of AEVAR using the hybrid approach are promising; however, morta-
lity and morbidity, especially for zones 0 and 1, are not negligible. Our results
may have practical implications for the ongoing evolution of the hybrid pro-
cedure in the aortic arch, as well as for patients fit for traditional surgery.
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Introduction 

Despite technical and technological improvements, open repair of aortic
arch pathologies is still associated with high mortality and morbidity rates,
mainly related to deep hypothermic circulatory arrest and cerebral ischemia 1-4.
Moreover, the presence of various preoperative comorbidities has been asso-
ciated with poor outcomes in both univariate and multivariate analyses 4. Pa-
tients ineligible for traditional open surgery might benefit from an alternative
approach, such as Arch EndoVascular Aortic Repair (AEVAR). Progress with
branched endografts that allows a totally endovascular approach has been slow 5,6.
Therefore, to provide a less invasive treatment for patients unfit for conven-
tional surgery, a hybrid approach consisting of aortic arch debranching with
rerouting of the supra-aortic trunks and exclusion of the pathological portion
of the aortic arch employing straight endografts remains advisable 7-16.

Methods

Between January 1999 and June 2014, 598 patients underwent endova-
scular grafting of the thoracic aorta at our institution. Among this large cohort,
203 (33.9%) patients (187 men; mean age 70.3±10.7 years, range 27-84) in
whom the aortic arch was involved were identified. The prospectively main-
tained data on these patients were reviewed retrospectively. An atherosclerotic
aneurysm was observed in 153 cases (maximum mean diameter 58±16 mm),
aortic type B dissection in 34 cases (22 chronic and 7 acute/subacute), post-
traumatic lesions in 6, penetrating ulcer or an intramural hematoma in 6, and
pseudoaneurysm in 4. Patients were divided into 3 groups based on the inten-
ded proximal landing zone according to the classification of lshimaru 17: 59 ca-
ses (51 men; mean age 72.5±5.3 years) were zone 0; 39 cases (28 men; mean
age 66.4±10.3 years) were zone 1, and 107 cases (73 men; mean age 67. 2±
8.9 years) were zone 2 (fig. 1). 

For zone 0, the operation was performed through a median sternotomy.
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Fig. 1. Preoperative CT scan demonstrate aortic arch aneurysms categorized according
to Ishimaru's classification (A: Zone 0; B: Zone 1; C: Zone 2).
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The pericardiurn was opened and the ascending aorta exposed. Isolation of the
proximal right subclavian artery and the Common Carotid Artery (CCA) was
performed just distal to the brachiocephalic bifurcation. Identification of the
proximal left CCA proceeded in the left half of the sternotomy incision, re-
tracting the left brachiocephalic vein superiorly. A "Y" graft was tailored using
an 8- to 10-mm Dacron graft and a 6-mm Dacron graft implanted in an end-
to-side fashion. After systemic administration of heparin under continuous
electroencephalograph monitoring and arterial controlled hypotension, the
ascending aorta was side-clamped, and a longitudinal arteriotomy was perfor-
med. The proximal end of the graft was anastomosed to the ascending aorta
using a 4-0 Prolene running suture. The graft was tunneled beneath the left
brachiocephalic vein. The innominate artery was clamped distally and transec-
ted near its terminus. The innominate artery was anastomosed to an 8- to 10-
mm Dacron branch in end-to-end fashion with a 5-0 Prolene running suture.
The left CCA was clamped distally, transected, and a 6-mm Dacron branch
was anastomosed in end-to-end fashion with a 5-0 Prolene running suture. At
the end of supraaortic revascularization, the stumps of the innominate artery
and left CCA were oversewn with a 4-0 Prolene running suture reinforced
with 2 Teflon felt strips. In 11 patient with a large proximal neck diameter
ascending aortic banding was performed. After the total debranching procedure
was completed, the proximal anastomosis to the arch was encircled with a ra-
diopaque marker and metal clips; the sternum was closed temporarily (fig. 2).

For zone 1, 2 anterolateral incisions were employed running parallel to
the medial border of the sternocleidomastoid muscle at the base of the neck.
The CCAs were exposed in the usual fashion, performing a carotid endarte-
rectomy. For this debranching procedure, a 6- or 8-mm expanded polytetra-
fluoroethylene ring-armed graft was tunneled in the anterior subcutaneous po-
sition. Clamps were applied to the donor carotid vessel, and the proximal ana-
stomosis was completed in an end-to-side fashion with a 5-0 Prolene running
suture. The recipient anastomosis was performed in end-to-end fashion with
CCA ligation to prevent type Il endoleak. In this series, adjunctive prophylac-
tic revascularization of the LSA was performed in 17 (44.7%) cases using ca-
rotid-subclavian bypass (15 cases) or subclavian-to-carotid artery transposition
(2 cases). 

For zone 2 patients treated early in our experience, the LSA was revascu-
larized only in selected cases; in our more recent cases, LSA revascularization
has been performed routinely, reserving coverage without revascularization to
urgent cases. Based on this revised protocol, our current rate of LSA revascu-
larization has reached 61.7% (64 bypasses and 2 transpositions). 

In most of the cases (193, 95.1%) AEVAR was performed in the same
setting as the supra-aortic trunk rerouting (1-stage procedure). A staged proce-
dure was preferred in 10 cases (4.9% of overall procedures); no hybrid ap-
proach was performed in 33 zone 2 cases (20.8% of overall procedures). 

For the endovascular procedure, the common femoral artery at the level
of the groin was the preferred access route, although an abdominal aortic
(n=2) or iliac (n=5) access without a conduit was used in 7 cases of inade-
quate femoral access. Under roadmapping guidance supplied by a portable di-
gital C-arm image intensifier, the common femoral artery was surgically expo-
sed and cannulated with a standard J-tipped guidewire, which was advanced
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into the ascending aorta and then exchanged with a superstiff Lunderquist pre-
curved guidewire (Cook, Inc., Bloomington, IN, USA). The endograft was
gently advanced into the aortic arch. Moderate hypotension (systolic blood
pressure <80 mmHg) was induced to reduce the risk of endograft migration
during deployment. After deployment of the endograft, completion angio-
graphy was performed to ensure complete aneurysm sac exclusion, no eviden-
ce of endoleaks, and patency of all supraaortic vessels. Careful balloon mol-
ding of the endograft was used only in the presence of incomplete expansion
of the endograft or type I endoleak. In 3 cases we preferred an antegrade de-
livery of the stent graft trought a temporary graft anastomosed end-to-side to
the Y graft. Subsequently the temporary graft was ligated (fig. 3).

Results

Clinical success at 30 days was achieved in 186 (91.6%) of 203 patients,
with a mortality rate of 3.9% (8/203). An overall stroke rate of 3.0% (6/203
cases) was recorded. Postoperative complications included acute renal failure
reversed without dialysis in 6 (2.9%) patients, respiratory failure requiring in-
tubation for >48 hours in 9 (4.4%) patients, and 2 (0.9%) cases of permanent

Fig. 2. A. "Y" graft tailored using a Dacron graft is anastomosed to the ascending aor-
ta in an end to-side fashion. B. In case of large proximal neck diameter ascending aor-
tic banding was performed. After the total debranching procedure was completed, the
proximal anastomosis to the arch was encircled with a radiopaque marker. 
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spinal cord ischemia despite preoperative cerebrospinal fluid drainage. 
Short-term clinical success at 6 months was achieved in 91.1% of pa-

tients; the rates for the different landing zones did not differ significantly.
Overall, 9 type I endoleaks were observed: 1 in zone 0, 4 in zone 1, and 4 in
zone 2. Seven cases of proximal type I endoleak resolved completely without
any further intervention; the unresolved perioperative endoleak in zone 1 was
successfully treated with a proximal cuff at 3 months, and the unresolved en-
doleak in zone 2 was left untreated because of patient refusal. One retrograde
type A aortic dissection occurred in a patient treated for a zone 0 aneurysm af-
ter 3 months of follow-up; conversion to open repair was required. 

At a mean follow-up of 27.3±15.7 months (range 1-94), the midterm cli-
nical success was 187 (92.7%) of 203 patients; the rates among the different
proximal zones did not differ significantly. Two patients without evidence of
any endoleak or endograft migration at their most current CT died from
aneurysm rupture (zone 1). Thirteen late deaths unrelated to the aneurysm we-
re also recorded. One open conversion at 43 months was necessary for late
rupture of the longitudinal support of the endograft. No migrations were re-
corded. Aneurysm sac shrinkage (>5 mm) was recorded in 61.3% cases. The
rate of false lumen thrombosis in dissections was 96.5% (28/29), with only 1
case of persistent perfusion of the proximal thoracic false lumen related to a
type I endoleak left untreated because of patient refusal. 

Discussion

Conventional aortic arch open surgery has improved appreciably during
the last decade, and specific surgical techniques and methods of extracorporeal
circulation with selective supra-aortic trunk perfusion have been shown to de-
crease cerebral ischemic time 19-23. However, in inexperienced hands, brain hy-

Fig. 3. A. A temporary graft (3) is anastomosed end-to side to the "Y" graft (1-2). B.
The trifurcated graft is then anastomosed to the ascending aorta in an end to-side fa-
shion. C. At the end of the procedure the temporary graft is ligated.
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poxia may still be too long, and early postoperative permanent cerebral dy-
sfunction remains significant; non-negligible rates of myocardial failure, blee-
ding, and mortality rate are still reported 3,23.

One possible alternative to aortic arch open repair is an off-pump hybrid
procedure with proximal rerouting of the supra-aortic trunks and total or hemi
arch debranching followed by arch endograft exclusion. This method is an at-
tractive option to treat various aortic pathologies, especially for proximal aor-
tic arch aneurysms (zones 0 and 1) 7,16. Once fenestrated and branched endo-
grafts designed for the aortic arch have evolved 5,6, hybrid repair may represent
an appealing solution for patients unfit for conventional open repair. 

Few series concerning hybrid repair of proximal aortic arch aneurysms in
>10 cases have been published, and several issues remain: the perioperative ri-
sk of stroke, the safety and long-term patency of the supra-aortic trunks and
extra-anatomical bypasses, the durability and risk of migration of endografts
placed in the aortic arch, and the risk of secondary type A dissection, espe-
cially in the treatment of type B dissections 24.

Previously, we reported our experience with hybrid treatment of aortic ar-
ch pathologies 8,15. Based on our updated experience, we report a perioperative
mortality rate of 3.1% and a stroke rate of 2.5%; however, initial clinical suc-
cess rates were less satisfactory than those published for endovascular treat-
ment of descending thoracic aortic pathology 24. The initial clinical success ra-
te of our series was affected by a high rate of type I endoleaks. Consistent
with other report 8,11,12, we observed complete spontaneous resolution of these
type I endoleaks within the first 6 months, with acceptable short- and midterm
clinical success rates. The type I endoleaks were discovered after satisfactory
positioning of an endograft with adequate proximal neck length. We speculate
that the spontaneous resolution of type I endoleaks could be related to further
endograft expansion over time. More data and long-term analyses are required
to clarify the mechanisms responsible for this spontaneous resolution. 

Conclusions

Overall, the result of this study and our analysis of the literature demon-
strate that the hybrid procedure for treating aortic arch pathology is feasible in
selected patients unfit for conventional surgery. The outcomes are promising,
but the associated mortality and morbidity rates are not negligible. This analy-
sis of early and midterm results of our 13 years of experience with AEVAR
using the hybrid approach may have practical implications for the ongoing
evolution of hybrid procedures in the aortic arch, as well as for patients fit for
traditional surgery. Standardization of the procedures and the technological
evolution of materials and endografts will continue to improve initial and mid-
term clinical success rates. 
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