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Data are beginning to accumulate but much 
remains unclear or unknown in terms of 
procedural strategies, technical results and 
early and mid-term outcome (5-7).
The technical challenges of stent graft de-
ployment, such as proximity to the great 
vessels and arch tortuosity, have been and 
remain a focus of device engineering. More 
recently, repair of aortic arch aneurysms 
was accomplished using both ‘hybrid’ (open 
and endovascular) and totally endovascular 
techniques.
Lengthening the branchless descending 
thoracic aorta is becoming an established 
and accepted strategy for expanding the ap-
plicability of stent-graft repair. The aortic 

INTRODUCTION

Endovascular treatment of thoracic aorta 
and aortic arch disease is an exciting fron-
tier for catheter based stent-graft technol-
ogy. Beyond the initial report by Volodos 
et al. (1), the pioneering work by Dake et 
al did the most to stimulate the evolution-
ary developments and growing interest that 
have taken place over the past several years 
(2-4).

ABSTRACT

Introduction - Endovascular or hybrid approach to the aortic arch aneurysms is nowadays an appealing 
solution for selected patients. Aim of this retrospective study is to evaluate the technical and clinical success 
recorded in complex anatomical settings of endografting.
Methods - Between December 2004 and December 2008, 73 patients were treated with a stent-graft for 
thoracic aorta aneurysms at our Vascular and Endovascular Surgery center, or in other Italian Centers by 
our Vascular Surgeon as Proctor. The aortic arch was involved in 31 cases. Four cases of bovine arch, three 
aberrant right subclavian artery and one case of isolated origin of all the supra-aortic trunks (6 vessels) were 
recorded. Technical success, procedural planning time and procedural time, stroke and paraplegia incidences 
were analyzed in terms of difference between “normal” or “complex” arches. 
Results - Technical success was achieved in all cases. Complex anatomy of the arch and the supra-aortic trunks 
increased the technical difficulty of endovascular exclusion of the aneurysm and required more often complex 
debranching of the supra-aortic vessel necessary to obtain an adequate landing zone and to preserve the brain 
and spinal cord perfusion. We observed one stroke in complex arches procedures and two strokes (one of them 
fatal) in normal arch procedures. No cases of paraplegia were observed. 
Conclusions - In our experience complex anatomy of the arch did not represent a predictive factor in term of 
peri-procedural major neurological adverse events.
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arch anatomy can play a significant role in 
this specific procedure, and operators deal 
with a variety of situations that sporadi-
cally challenge routine practice of vascular 
surgeons. The final anatomical configura-
tion of the aortic root is closely linked to 
the embryological development of the aor-
tic arch. The development of the aortic arch 
may produce numerous variations. 
Aortic arch anatomy can be classified as 
Type I (all supra-aortic vessels originate at 
the same level in a straight line), Type II 
(innominate and left common carotid ar-
teries originate below the left subclavian 
artery) and Type III (all supra-aortic ves-
sels originate below the straight line, the 
angle between vessel origin and aortic arch 
is acute).

Complex arch anatomy such as arch elonga-
tion, diffuse vessel’s calcification or anom-
alies of the origin of supra-aortic vessels 
increases technical difficulties during an-
eurysms exclusion (Figure 1). Aortic arch 
anomalies have been classified by various 
systems (8, 9) some involving as many as 
32 categories. There are five broad groups 
of aortic arch anomalies relevant to the 
vascular surgeons: double aortic arch, left 
aortic arch, right aortic arch, cervical aortic 
arch, carotid anomalies. The most common 
anomaly is an aberrant right subclavian ar-
tery, sometimes referred to as a ‘ring’, which 
is present in 0.5% of individuals. The right 
common carotid artery and subclavian ar-
tery may, also, arise directly from the aortic 
arch, with the absence of a brachiocephalic 
trunk.
Common carotid agenesis is rare. One fre-
quent anomaly is the independent origin 
of the left vertebral artery directly from the 
aortic arch. Another common anatomical 
situation (approximately 10% of cases) is 
the so-called “bovine-arch” where the left 
common carotid artery takes origin from 
the brachiocephalic trunk. This is a clear 
disadvantage during carotid stenting, but 
may represent an advantage during thoracic 
endovascular aneurysms repair (TEVAR).
Edward describes three main types of right-
sided aortic arch (10): type I, with mirror-
image branching of the major arteries; type 
II, with an aberrant subclavian artery; and 
type III, with isolation of the subclavian 
artery (where the subclavian artery is con-
nected to the pulmonary artery through 
the ductus arteriosus). Ductus arteriosus 
may be on the left, on the right, or bilateral. 
Type I represents 59% of all right aortic 
arches, type II 39.5%, and type III 0.8%. 
In adulthood, symptoms are more often the 
result of early atherosclerotic changes of 
the anomalous vessels, dissection, or aneu-
rysmal dilatation with the compression of 
surrounding structures. Figure 1 - A complex case.
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All these situations could increase the tech-
nical difficulty of endovascular exclusion of 
the aneurysm and make complex debranch-
ing of the supra-aortic vessel necessary to 

obtain an adequate landing zone and to pre-
serve the brain and spinal cord perfusion 
(Figure 2).
Aim of these retrospective study was to 
evaluated if complex arch anatomy or vari-
ant of supra-aortic trunks can increase the 
difficulty and the adverse events rate in 
case of hybrid exclusion of aortic arch an-
eurysms.

MATERIAL AND METHODS

Between December 2004 and December 
2008, 73 patients were treated with a stent-
graft for thoracic aorta aneurysms at our 
Vascular and Endovascular Surgery center, 
or in other Italian Center by our Vascular 
Surgeon as Proctor. The aortic arch was 
involved in 31 cases. Exlusion criteria was 
represented by emergency procedures.
This study included only the second phase 
of our experience (at the end of our learn-
ing curve, started in January 2001).
Our indications for treatment included the 
presence of maximum diameter >5,5 cm, 
or more than twice the diameter of an adja-
cent nonaneurysmal segment of the thorac-
ic aorta, or documented sac growth of >0,5 
cm over a recent 6 months period.

Figure 2 - Schematic reconstruction of a total 
arch debranching.

Table 1 - Preoperative characteristics.

Normal Arch
(23 patients)

Complex Arch
(8 patients)

P

Age, year 73 (66-79) 76 (65.5-83.75) 0.6

Sex (male) 19 (83%) 7 (87%) 0.7

Tobacco use 13 (57%) 5 (62%) 0.8

Diabetes 7 (30%) 3 (37%) 0.7

Hypertensionw 18 (78%) 6 (75%) 0.3

Pulmunary Disease 14 (61%) 3 (38%) 0.3

Renal Disease 4 (17%) 1 (13%) 0.7

Cardiac Disease 12 (52%) 5 (62%) 0.02

Cerebrovascular Disease 4 (17%) 2 (25%) 0.6

Previus abdominal aortic aneuris repair 5 (22%) 3 (37%) 0.4
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Data were collected as described in Table 1. 
Demographic variables, clinical data, intra-
operative and follow-up data were collected 
by the operative team in a dedicated com-
puted database. Written informed consent 
for intervention and study protocol was ob-
tained from all patients after ethical com-
mittee approval. 
TEVAR procedures, in both group, were 
performed in the operating theatre under 
general anaesthesia by skilled vascular sur-
geons. TEVAR were carried out using self-
expandable stents-grafts (Valiant, Medtron-
ic Inc, Santa Rosa, CA, USA and Gore Ex-
cluder TAG, WL Gore and Ass., Flagstaff, 
AZ, USA).
Endovascular exclusion of the aneurysm 
and supra-aortic vessels debranching were 
performed in a single stage in all cases of 
both group.
Before treatment, all patients underwent 
cerebral computed tomography (CT) scan 
and careful neurological examination per-
formed by an independent board-certified 
neurologist. Within 24 hours after the 
procedure and at the 30-day follow-up, 
patients with new neurological events un-
derwent another neurological examination 
performed by the same neurologist. In pa-
tients with documented neurological com-
plications we performed a post-procedural 
cerebral CT.
All patients were treated with acetyl-sali-
cylic acid (ASA) at a mean dosage of 125 
mg/die at least 4-5 days before hospital ad-
mission for TEVAR.
Graft oversizing 15-20% was based on pre-
operative CT scans; intraprocedural aor-
tography was performed in all patients. 
All the procedures were performed using 
a portable digital C-arm image intensifier 
(OEC 9800, Healthcare Inc., Mississauga, 
ON, USA). The contrast agent used was 
Iodixanolo (Visipaque, 550mg/ml, Health-
care Inc., Mississauga, ON, USA) and the 
mean volume given during procedure was 

148 ±62 ml. Cerebrospinal fluid drainage 
was selectively used in patients with prior 
abdominal aortic aneurysm repair.
The common femoral artery was used as the 
access site in 29 cases (91%); two patients 
(9%) had the device inserted through the 
common iliac artery. During the procedure 
weight-adjusted (70 U/kg) heparin was 
administered and repeated as necessary to 
maintain an activated clotting time of 225 
to 250 seconds throughout the procedure. 
Total aortic debranching was performed 
in all cases of “zone 0” and in two case of 
zone “zone 1”. Left subclavian artery was 
always reimplanted in “zone 2”. All cases of 
compleax arches group underwent to total 
aortic arch debranching.
The decision to change “zone 1” in “zone 
0” was due to the necessity to obtain an ad-
equate landing zone, almost 2,5cm, to avoid 
proximal endoleak, as reported by others 
Authors (11). Technical success, proce-
dural planning time, stroke and paraplegia 
incidences were analyzed in terms of dif-
ference between two groups of patient with 
“normal” (23 patients) or “complex” (8 pa-
tients) arches.

Statistical analysis
Data are expressed as mean ± standard de-
viation for the continuous variables or as 
percentage for the discrete variables. All 
comparisons between groups were calcu-
lated with t Student test or Chi-square test. 
A p value <0.05 was considered statisti-
cally significant. All the analyses were per-
formed using SPSS software.

RESULTS

Endovascular stent positioning and deploy-
ment was technically successful in all cases, 
with no surgical conversion. 
Out of 31 aortic arch cases, 23 had “classic” 
aortic arch anatomies and eighthad ana-
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tomic variants: four cases of bovine arch, 
three aberrant right subclavian artery and 
one case of isolated origin of all the supra-
aortic trunks (6 vessels). 
According to Ishimaru (12) limited to “nor-
mal” aortic arch, aortic “zone 0” was in-
volved in four cases, “zone 1” in three cases 
and “zone 2” in 16 cases. Mean aneurysm 
diameter was 64±8 mm. 
Demographics and clinical features (Ta-

ble 1), were similar (p>0.05) in the two 
groups
The 30 days mortality rate was 4,3% (1 out 
of 23) in the normal arch group and 12,5% 
(1 out of eigh) in the complex arch group.
One patient in the normal arch group had 
an iliac artery rupture during removal of 
the delivery system (Valiant, Medtronic 
Inc, Santa Rosa, CA, USA): an in situ stiff 
guide-wire permitted to treat the patient 
with endovascular clamping by an aortic 
occlusion balloon (Reliant, Medtronic Inc, 
Santa Rosa, CA, USA) and an iliac-femoral 
by-pass by a synthetic prosthesis (Figure 
3). 
Peri-operative major complications oc-
curred in four patients (17%) in the nor-
mal arch group and in two patients (25%) 
in the complex arch group (Table 2).
No cases of paraplegia or paraparesis were 
recorded. Length of follow-up ranged from 
1 to 48 months, with a mean time of 8,3 
months. No patient died during follow-
up period. No cases of proximal endoleak 
were recorded; 2 patient in the normal arch 
group (8,7%) and one in the complex arch 
group (12,5%) had a distal endoleak, due 
to distal neck dilatation. In all cases the 
endoleak was sealed by implanting an ad-
ditional stent-graft; these additional proce-
dures were performed always with cerebro-
spinal fluid drainage.

Table 2 - Results in the different aortic arch anatomies.

Normal Arch
(23 patients)

Complex Arch
(8 patients) P

Proximal Endoleak 0 0 -

Aneurysm Related Death 0 0 -

30 Days Mortality 1 (4,3%) 1 (12,5%) 0.4

Paraparesis/Paraplegia 0 0 -

Stroke 2 (8,6%) 1 (12,5%) 0.8

Renal failure 2 (8,6%) 1 (12,5%) 0.8

Intensive care unit stay 3 (2-3) 3 (2.25-3) 0.3

Length hospital stay 9 (8-10) 8.5 (8-10.75) 0.8

Figure 3 - Intraoperative picture the emergent 
iliaco-femoral by-pass reported in the text. 
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DISCUSSION

We reported the data of 31 consecutive pa-
tients treated with a stent-graft for elective 
aortic arch aneurisms over a four years pe-
riod by experienced vascular surgeouns. We 
recorded few complications without differ-
ences between the 23 patients with normal 
arch and those eight patients with complex 
arch anatomy.
Endovascular treatment represents an excit-
ing new treatment option for many patients 
with life-threatening thoracic aortic lesions 
for whom standard surgical reconstruction 
carries significant or prohibitive risks. 
Technical approaches and overall strategies 
evolved considerably in the recent past.
Numerous reports described the use of 
these technique for a variety of condi-
tions including degenerative aneurysms, 
pseudoaneurysms (post-surgical and post-
traumatic), aortic transection and Type B 
dissection, penetrating aortic ulcers and 
aorto-esophageal and aorto-bronchial fis-
tula (13, 14).
No case of spinal cord ischemia was record-
ed in this series. This lack of spinal cord 
ischemic events during TEVAR seems to 
correspond to the theory that neurological 
complications after thoracic open surgery 
are more closely related to the aortic cross-
clamping time, hypoperfusion during circu-
latory arrest and cardiopulmonary by-pass 
(15, 16). However, spinal cord ischemia 
is a real problem in this kind of interven-
tion, as previous published by other au-
thors (17,18). Risk factors for this dreaded 
complication include peri-procedural hy-
potension, previous or concomitant aortic 
abdominal aneurysm (AAA) repair and ex-
tending endograft coverage of the descend-
ing aorta. Some reports demonstrated that 
cerebro spinal fluid drainage prevent spinal 
cord ischemia during thoracic AAA open 
repair (19) and during TEVAR (20, 21). 
According with these reports, we main-

tained cerebro spinal fluid drainage intra-
operativley and 2-3 days post-operatively in 
all patient at risk.
Cerebral ischemia and stroke have also been 
reported as a complication of TEVAR in 
the present case series two patients (8,6%) 
in the normal arch group and one (12,5%) 
in the complex arch groupsuffered such 
events. They were likely caused by embo-
lic phenomena from manipulation of the 
aortic arch during advancement of guide-
wire and deployment manoeuvres. Optimal 
interventional skills and gentle technical 
execution are paramount requirements for 
the safe conduct of these procedures.
Despite improved results of open repair of 
the aortic arch with the aid of selective an-
tegrade cerebral perfusion, complications 
remain high. Reports of total endovascular 
treatment of aortic arch with branched stent 
graft are limited to a few cases with unre-
ported midterm results (22, 23). Different 
case reports have demonstrated the techni-
cal feasibility of complete or partial rerout-
ing of the supraortic branches associated 
with endovascular treatment of aortic arch 
pathology, but only a few studies including 
more than ten cases have been published 
(24, 25). Complete rerouting of the aortic 
arch is reported in the literature (25-28) but 
only Bergeron et al. (29) presented a series 
of more than ten cases. Transposition of 
supra-aortic trunks, even in abnormal arch 
anatomies, is a well tolerated procedure in 
patients with severe comorbidities and al-
lows to treat a large number of cases.
Management of the left subclavian artery 
arising from “zone 2” remains a debated 
issue (7,30). In our practice we revascular-
ized the left subclavian artery in all cases, 
because other authors (31) observed sev-
eral complications related to left subclavian 
artery occlusion.
Limitation. No randomization or case-
matching was performed in this cohort of 
patients and 



Anomalies and variant anatomy of the aorta and the supra-aortic vessels

43Complex anatomy of the arch and the su-
pra-aortic trunks increased the technical 
difficulty of endovascular exclusion of the 
aneurysm and, required complex debranch-
ing of the supra-aortic vessel necessary to 
obtain an adequate landing zone and to 
preserve the brain and spinal cord perfu-
sion. In our experience of 31 consecutive 
patients treated with a stent-graft for elec-
tive aortic arch aneurisms over a four years 
period by experienced vascular surgeouns, 
complex anatomy did not represent a pre-
dictive factor in term of peri-procedural 
major adverse events.
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