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Between 2000 and 2010, 32 patients (17 males; mean age: 64.7 [range: 18-85] years) with
visceral artery aneurysms (VAAs) were treated in our center. The site of aneurysmal disease
was: splenic artery (18), hepatic artery (5), superior mesenteric artery (3), pancreaticoduodenal
artery (3), celiac axis (2), and gastroduodenal (1). Six patients (18.75%) presented with an aneurysm rupture. Nine cases received an endovascular treatment. Primary technical success was
achieved in six patients. Failures included one case of immediate stent occlusion, one stent
migration, and one failed attempt of embolization. In 24 cases, the surgical treatment was performed successfully. The total survival rate was 90.6% (in urgency: 75%; in election: 95.8%). A
follow-up period of 34.7 months (range: 2-117 months) showed good results. Because of the
potential risk of rupture, VAAs should be treated. A new endovascular technology based on
a multilayer stent could provide us with a new alternative to VAA treatment, guaranteeing
both aneurysmatic sac thrombosis and the correct perfusion of the organs. However, this new
technology is not suitable for all aneurysms and requires a specific training and learning curve.
In subjects with a low surgical risk, surgery guarantees a definitive and long-lasting repair with
a good organ perfusion.

INTRODUCTION
The incidence rate of visceral artery aneurysms
(VAAs) ranges from 0.1% to 2%.1,2 These lesions
represent a clinical emergency in 22% of cases,
with a mortality rate of 8.5%.3 In order of
decreasing incident frequency of VAA, the arteries
involved are splenic (60%), hepatic (20%), superior
mesenteric (5.5%), celiac (4%), gastric and gastroepiploic (4%), intestinal (jejunal, ileal, colic) (3%),
1
Vascular and Endovascular Surgery Unit, Mauriziano Umberto I
Hospital, Turin, Italy.
2
Department of Vascular Interventional Radiology, Mauriziano
Umberto I Hospital, Turin, Italy.
3

Department of Mathematics, University of Washington, Seattle,

WA.
Correspondence to: Emanuele Ferrero, MD, Vascular and Endovascular Surgery Unit, Mauriziano Umberto I Hospital, Largo Turati 62,
10128 Turin, Italy, E-mail: emaferrero@libero.it
Ann Vasc Surg 2011; 25: 923-935
DOI: 10.1016/j.avsg.2011.04.006
Ó Annals of Vascular Surgery Inc.
Published online: August 10, 2011

pancreaticoduodenal and pancreatic (2%), gastroduodenal (1.5%), and inferior mesenteric arteries
(rare).4 In general, the VAAs are asymptomatic.
However, they are clinically important because of
the high incidence of rupture and life-threatening
hemorrhage.5,6 Generally, indications for intervention include a VAA of diameter equal to or greater
than 1.5-2 cm, rapid growth of the aneurysm, symptomatic aneurysm, and the childbearing age.7 The
primary end point of this retrospective study is to
evaluate the efficacy of the surgical and endovascular treatment of VAA in a single center.

METHODS
Between January 2000 and December 2010, we
treated 32 VAAs in 32 patients. We retrospectively
collected the data concerning preoperative assessment (demographic data, risk factors, comorbid
conditions, clinical and anatomic features), intraoperative procedure (surgical approach, type of
reconstruction, endovascular treatment and
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associated procedures), and postoperative outcomes
(mortality, major complications, aneurysm-related
treatment complications, reintervention, hospital
length of stay, global survival rate). The data were
statistically assessed and divided on the basis of the
aneurysm site. (Tables I and II).
Inclusion Criteria
Indication for treatment was based on the literaturevalidated criteria8: aneurysm diameter (2 cm),
gender, age, aneurysm morphology, small aneurysm (2 cm) in fertile women, rupture, symptomatic and ruptured aneurysm.
Diagnostic Examinations and
Preoperative Assessment
The preoperative planning and procedure were
based both on the type of pathology and on the
general conditions of the patients. Before surgery,
the patients, electively treated, underwent a duplex
scan (DS) and an additional computed axial tomography scan (CT scan) using contrast medium.
Patients who were treated in an urgent care setting
received an urgent CT scan before the treatment. In
some selected hemodynamically stable patients, the
angiography scan was additionally performed to
study the visceral collateral arterial circulation and
to attempt an endovascular repair.
Treatment Strategy
Conventional surgical repair was considered in:
emergency cases (patients with aneurysm rupture
and those with severe hypotension), patients with
good general condition, patients with anatomy unfit
for endovascular repair (inadequate visceral collateral arterial circulation) and patients with another
concomitant aneurysm (abdominal or iliac) not
suitable for endovascular treatment.
When it was technically feasible, the endovascular approach was indicated in high-risk patients with
suitable anatomy, with no contraindication to the
contrast medium, and with a good visceral collateral
organ perfusion. Multiple endovascular techniques
were used. The saccular aneurysm was treated by
using a coil embolization associated, in selected
cases, to a cover stent to prevent migration of the
coils from the aneurysm sac. Over the last 2 years,
our strategy changed in favor of the endovascular
treatment because of the presence of a new endovascular device, which is based on a multilayer stent
technology (Cardiatis FluidSmart 3D Multilayer
Braided Stent, Parc Scientifique Crealys, Rue Jean
Sonet, Isnes, Belgium). This new stent was used to
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treat VAAs in high-risk patients, with patent collateral vessels coming from the aneurysmal sac.
Follow-up and Statistical Analysis
The surgically treated patients underwent a clinical
and DS follow-up at 1, 6, 12 months, and then
annually. The CT scan was performed at least
once during the first year in the surgically treated
patients and after 1, 6, and 12 months in patients
who underwent endovascular repair. The data
were assessed through a post hoc analysis. The
statistical analysis that compares the two groups
(open vs. endovascular) was performed using the
c2 test with Yates correction. The long-term
survival curve was assessed by using the TaroneeWare test, the Gehan test, and the Mantele
Haenszel test (Fig. 1).

RESULTS
During the study period, 32 patients (17 males;
mean age: 64.7 [range: 18-85] years) underwent
VAA treatment. In 18 patients, the VAA diagnosis
was occasional during the imaging assessment for
unrelated visceral arteries diseases. Five VAAs
were diagnosed during invasive examinations for
aortic and iliac aneurysms. Three cases were
detected during CT scan as a result of abdominal
pain. In six patients, an urgent CT scan detected
a VAA rupture. The VAAs were associated with
other aneurysms in seven cases (Table III). Seven
patients underwent an urgent treatment for symptomatic/ruptured aneurysm. The site of the aneurysm localization was single in 28 cases and
multiple in 4 cases. The aneurysmatic arteries
were as follows: splenic artery (18), hepatic artery
(5), superior mesenteric artery (3), pancreaticoduodenal artery (3), celiac axis (2), and gastroduodenal
(1). Surgical repair was done in 24 cases (75%). In
two hemodynamically stable patients with a VAA
rupture, one attempt of endovascular repair failed
and they required a surgical procedure.
Splenic Artery Aneurysm
All 18 splenic artery aneurysms (SAAs) (six males;
Figs. 2 and 3) were treated by surgery (four in an
urgent setting). The mean aneurysm diameter was
2.7 cm (range: 2-7.7 cm). In two cases, the aneurysms
were giant (5 cm and 7.7 cm); two patients presented
with double or multiple aneurysms. Surgical technique is reported in Table II. One death, due to an
acute pancreatitis, occurred 22 days after an emergency surgery for a giant SAA rupture. Six
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Table I. Preoperative data
Site (n)

Gender (n)

Number of
elective/urgent

Number of
fusiform/saccular

Splenic artery (18)

M (6)/F (12)

12/4

4/14

Hepatic artery (5)

M (4)/F (1)

5/0

4/1

Superior
mesenteric
artery (3)

M (2)/F (1)

3/0

3/0

Pancreaticoduodenal
artery (3)

M (2)/F (1)

0/3

3/0

Celiac trunk (2)

M (2)/F (0)

1/0

1/1

Gastroduodenal
artery aneurysm
(1)

M (1)/F (0)

0/1

0/1

Risk factor % (n)

COPD: 27.8% (5/18)
Hypertension: 66.6% (12/18)
Heart disease: 11.1% (2/18)
Smoker: 38.9% (7/18)
Diabetes: 12.5% (1/18)
ASA I-II: 72.2% (13/18)
ASA III-IV: 27.8% (5/18)
COPD: 80% (4/5)
Hypertension: 60% (3/5)
Heart disease: 40% (2/5)
Smoker: 80%(4/5)
Diabetes: 0% (0/5)
ASA I-II: % 40(2/5)
ASA III-IV: 60% (3/5)
COPD: 33.3% (1/3)
Hypertension: 66.6% (2/3)
Heart disease: 0% (0/3)
Smoker: 33.3% (1/3)
Diabetes: 0% (0/3)
ASA I-II: 100% (3/3)
ASA III-IV: 0% (0/3)
COPD: 33.3% (1/3)
Hypertension: 33.3% (1/3)
Heart disease: 33.3% (1/3)
Smoker: 33.3% (1/3)
Diabetes: 0% (0/3)
ASA I-II: 33.3% (1/3)
ASA III-IV: 66.6% (2/3)
COPD: 100% (2/2)
Hypertension: 0% (0/2)
Heart disease: 0% (0/2)
Smoker: 0% (0/2)
Diabetes: 0% (0/2)
ASA I-II: 100% (2/2)
ASA III-IV: 0% (0/2)
COPD: 100% (1/1)
Hypertension: 100% (1/1)
Heart disease: 100% (1/1)
Smoker: 100% (1/1)
Diabetes: 0% (0/1)
ASA I-II: 0% (0/1)
ASA III-IV: 100% (1/1)

COPD, chronic obstructive pulmonary disease; ASA, American Society of Anesthesiologists classification; M, male; F, female.

postoperative major complications were recorded:
three cases of pleuritic and abdominal effusion and
three cases of pancreatitis. All patients recovered
during the period of hospitalization.
Hepatic Artery Aneurysm
Five patients (four males) presented with a hepatic
artery aneurysm (HAA) (mean aneurysm diameter:

4.5 [range: 2-9.2] cm). In all cases, an endovascular
treatment was performed (Table II). In one case,
a double saccular aneurysm (2 cm and 1 cm in diameter) was treated by a coil embolization (Fig. 4); four
multilayer stents (Cardiatis FluidSmart 3D Multilayer Braided Stent, Parc Scientifique Crealys, Rue
Jean Sonet, Isnes, Belgium) were deployed to cover
the aneurysm and the hepatic artery branches
coming from the aneurysm sac. In the immediate
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Exitus (0/3)
Pancreatitis (1/3)
Exitus (0/2)
Stent migration (1/2)

Exitus (1/1)

Pancreas/Visceral (0)

Stomach/Visceral (0)

Superior Mesenteric Artery Aneurysm
The three superior mesenteric artery aneurysms
(SMAAs) were repaired by a surgical approach
(Figs. 5 and 6; Table II). The mean diameter was
4.5 cm (one giant aneurysm with maximum diameter of 7 cm). No patients died. Only one patient presented with major complication (pancreatitis) in the
postoperative period, which regressed during the
period of hospitalization.
Pancreaticoduodenal Artery Aneurysm
Three patients with pancreaticoduodenal aneurysm
(mean diameter of 1.6 cm) were operated for aneurysm rupture (Table II). All patients were admitted
in urgency with abdominal pain. In one case, we
unsuccessfully tried to perform coil embolization,
and the patient needed surgical repair. No deaths
occurred. Only one patient presented postoperatively with a major complication (pancreatitis) that
was resolved with medical therapy.
Celiac Trunk Artery Aneurysm

ePTFE, expanded polytetrafluoroethylene.

Gastroduodenal (1)

Percutaneous femoral
access (1)

Cover stent placement (1)
Transcatheter embolization with coil,
thrombin, and acrylic glue
Transcatheter embolization with
coil and thrombin

Aneurysmectomy and arterial ligation (3)

Pancreaticoduodenal
artery (3)
Celiac trunk (2)

Superior mesenteric
artery (3)

Aneurysmorrhaphy (1)
Coil embolization (1)
Multilayer stent placement (4)
Resection and ePTFE graft (2)
Aneurysmorrhaphy (1)
Hepatic artery (5)

Xifo-pubic access (4)
Percutaneous femoral
access (5)
Xifo-umbilical access (1)
Xifo-pubic access (1)
Bisubcostal access (1)
Xifo-pubic access (2)
Bisubcostal access (1)
Percutaneous femoral
access (2)

Visceral (0)
Visceral (0)

Exitus (1/18)
Pleuritic and abdominal
effusion (3/18)
Pancreatitis (3/18)
Exitus (1/5)
Early stent occlusion (1/5)
Exitus (0/3)
Pancreatitis (1/3)
Splenectomy (3)
Splenectomy (0)
Aneurysmectomy and arterial ligation (11)
Resection with end-to-end anastomosis (6)
Bisubcostal access (5)
Left subcostal access (9)
Splenic artery (18)

Splenectomy (0)
Liver (0)
Liver (0)
Visceral (0)
Visceral (0)

Results

postoperative course, an early occlusion of the
multilayer stent and HAA thrombosis occurred
without adverse events for the patient. One patient
died 4 days after treatment due to a myocardial
infarction.

Organ failure (n)
Treatment (n)
Surgical approach
Site (n)

Table II. Surgical approaches, treatment, and results in each kind of aneurysm
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Two patients with a celiac trunk artery aneurysm
(CTAA) underwent an elective endovascular
repair. One patient with a history of aortoaortic
bypass associated with endovascular exclusion
and coil embolization of the fusiform celiac aneurysm (2.5 cm in diameter) returned to us with an
aneurysm sac enlargement (2.7 cm in diameter).
The CT scan showed the previous successful coil
embolization, the partial migration of the patent
stent, and the aneurysm perfusion from the left
gastric artery. We deployed a new covered stent
proximal to the previous one, thus achieving
endoleak exclusion and regular perfusion of the
hepatic artery. No adverse events occurred perioperatively. The other patient was referred to us
because of the presence of multiple visceral aneurysms. The patient with several comorbidities
(recent urgent splenectomy, splenic artery ligation due to a SAA rupture, ulcerative colitis,
and previous pulmonary embolism) received
a CT scan which showed a CTAA (2 cm in diameter), a gastric artery aneurysm (2 cm in diameter), a HAA (2.3 cm in diameter),
a gastroduodenal artery aneurysm (GDAA; 1.5
cm in diameter), and a left renal artery aneurysm
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Fig. 1. KaplaneMeier: Long-term survival curve. Endovascular versus open (A), endovascular versus open without
ruptured visceral artery aneurysm (B), and endovascular versus open with ruptured visceral artery aneurysm (C).
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Table III. Details of associated aneurysms
Localization of VAA

Diameter of VAA (cm)

Localization of associated
aneurysms

Diameter of associated
aneurysm (cm)

Splenic
Splenic
Splenic
Splenic
SMA
SMA
Hepatic
Celiac axis

2
2.5
2.5
2.2
7
3.5
4.3
2

IAA/IAA
TAA/AAA/RAA
AAA/IAA
AAA/PAA
IAA
PAA
SAA/CAA
GDAA/HAA/RAA

3.5/3.5
6.3/10/3
5/2.5
5/2.5
2.4
5
1.7/1.6
1.5/2.3/1.3

VAA, visceral artery aneurysm; TAA, thoracic aortic aneurysm; AAA, abdominal aortic aneurysm; IAA, iliac artery aneurysm; RAA,
renal artery aneurysm; SAA, splenic artery aneurysm; CAA, celiac axis aneurysm; PAA, popliteal artery aneurysm; SMA, superior
mesenteric artery; GDAA, gastroduodenal artery aneurysm; HAA, hepatic artery aneurysm.

Fig. 2. Preoperative three-dimensional computed tomography scan (CT scan) reconstruction (A, B, C) and CT scan (D)
of splenic artery aneurysm.

(1.3 cm in diameter). The SAA anatomopathological analysis revealed the presence of arterial
fibrodysplasia. Because of the poor general condition of the patient, the anatomy of the VAAs, and
the presence of multiple aneurysms, we treated
the patient with a transcatheter embolization
using coils, thrombin, and acrylic glue. The
patient was discharged in good general condition
without organ failure.

Gastroduodenal Artery Aneurysm
A 77-year-old man with a high risk score was
referred to us for hematemesis, hemorrhagic shock,
and progressive renal failure. The patient had
a history of several severe comorbidities, including
both endovascular and surgical repair for aortic
aneurysms (severe cardiac valvular insufficiency,
ascending and aortic arch aneurysm, abdominal
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Fig. 3. Splenic artery aneurysm. (A) Intraoperative splenic artery aneurysm. (B) Splenic artery reconstruction with an
end-to-end anastomosis. (C) Aneurysmal resection.

Fig. 4. Hepatic artery aneurysm. (A) Preoperative selective angiography. (B) Post coil embolization angiography.

aortic aneurysm), which were complicated by endocarditis, septic shock, and acute renal failure. He
underwent an urgent CT scan which showed
a rupture of a GDAA (4 cm in diameter). Due to
the general condition, we used an endovascular
approach with a coil and acrylic glue embolization.
The GDAA was fully thrombosed and the bleeding
stopped. The patient died 8 days after the procedure
because of an ‘‘ab ingestis’’ pneumonia.
Aneurysm Etiology
The VAAs had an atherosclerotic etiology in eight
cases (seven SAAs, one SMAA), an inflammatory
in two (two SAAs), and a mycotic in another (one
SAA). In 14 cases, the cause was a fibromuscular
dysplasia (eight SAAs, three pancreaticoduodenal
artery aneurysms, two SMAAs, and one CTAA),
whereas the cause was unknown (five HAAs, one
GDAA, and one CTAA) in seven cases.
Outcome and Follow-up
The global perioperative mortality rate was 9.4% (3/
32). One patient died 22 days after an emergency

surgical repair of a ruptured splanchnic aneurysm.
In the remaining two cases, death occurred due to
myocardial infarction and ab ingestis pneumonia 4
and 8 days, respectively, after the endovascular
procedure. In the eight patients who underwent an
emergency surgical repair, the survival rate was
87.5% (7/8). The endovascular approach was performed urgently in two hemodynamically stable
patients presenting with an aneurysm rupture. The
rate of technical success was 50%. The global perioperative complication rate was 31.2% (10/32). The
complications included a pleuritic and abdominal
effusion after an SAA surgical repair, five cases
of pancreatitis, one stent migration after a CTAA
endovascular repair, and one stent occlusion after
HAA endovascular exclusion (Table II). Comparing
the two different types of treatment (open and
endovascular), there was no statistical significant
difference in terms of morbidity/mortality rate
(9/24 vs. 4/8; p ¼ 0.8354). Even the results regarding
the early mortality and morbidity rates were not
statistically significant (1/24 vs. 2/8; p ¼ 0.2935;
8/24 vs. 2/8; p ¼ 0.6597). The KaplaneMeier curve
(Fig. 1) did not show any difference in terms of

930 Ferrero et al.

Annals of Vascular Surgery

Fig. 5. Superior mesenteric artery aneurysm. (A, B) Preoperative selective angiography. (C, D) Preoperative CT scan.

Fig. 6. Intraoperative superior mesenteric artery aneurysm: aneurysmal resection and prosthetic polytetrafluoroethylene bypass.

survival rate, even after considering the elective
cases alone. A statistically significant difference was
found in patients treated in urgency/emergency
( p < 0.05). The mean hospital length of stay
was 10 days (range: 2-38 days) [surgical group:
12 (range: 6-38) days; endovascular group: 3.8
(range: 2-17) days]. During the long-term followup (34.7 ± 34 months; range: 2-117 months), five
(15%) patients were lost because of unknown
reasons. Three deaths occurred at 49, 72, and 79
months (intestinal ischemia, lung cancer, and
acute aortic dissection, respectively). The remaining

patients presented with a good general condition
and did not complain of any discomfort. In the
endovascular group, there was no evidence of
aneurysmal enlargement, endoleaks, or recanalization. The follow-up evaluation for the multilayer
stents (mean: 12.4 months; range: 0.1-21.1 months)
showed the complete thrombosis of the aneurysmatic sac, with patency of both the stent and the
arterial branches coming out from the aneurysm.
The shrinkage phenomenon was detected in one
case (Figs. 8-10). In one case, complete occlusion of
the stent occurred. The patient did not have adverse
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Fig. 7. Hepatic artery aneurysm with a maximum diameter of 4.8 cm: CT scan and three-dimensional (3-D)
reconstruction.

events because of the presence of a good visceral
arterial circulation. In all cases, the hepatic artery
branches remained patent.

DISCUSSION
VAA is a rare pathology, but is a potentially lethal
one. In the literature, mortality rate after VAA
rupture has been reported to be in the range of 1036%1,9-12, whereas a rate of 5% has been reported
during elective treatment.9 Even if the history of
untreated VAA remains unclear,13,14 the indications
for treatment of asymptomatic VAA remain controversial because of the lack of prospective studies
providing evaluative evidence of the natural history
of these lesions. Universally accepted criteria for
treatment, depending on location or size, do not
exist. It is generally accepted that all aneurysms
should be treated, only if the surgical risk is acceptable. In the literature, most reports are retrospective,
but, to date, the use of conservative treatment

has been justified when VAAs are too small in size
(diameter: <1.5 cm) or when there is a complete
thrombosis of the aneurysm. In these cases, it is
necessary to carry out a monitoring by DS, CT scan,
or magnetic resonance imaging scan. Currently,
there is a general consensus in the literature for the
treatment of asymptomatic VAA of size >2 cm and
for symptomatic ones, regardless of size.1,15,16 The
therapeutic strategies include surgical treatment
(revascularization, vessel ligature, aneurysmal sac
exclusion) or endovascular treatment (coil embolization, stent placement). To perform the endovascular technique it needs some anatomical conditions
(saccular aneurysm with a narrow neck, fusiform
aneurysm with adequate collateral flow, aneurysm
of a vessel supplying an organ that has multiple arterial sources).1,7-19 In our series, the surgery
option was taken in 24 cases. Generally, in
our study, VAA repair involved a complete artery reconstruction. However, in nine cases, this was not
feasible due to the following factors: aneurysm distal
location near the spleen, hemodynamic instability of
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Fig. 8. The 1-year follow-up by CT scan and 3-D reconstruction of hepatic aneurysm (4.8 cm) treated by multilayer
stent shows stent patency, aneurysmal sac thrombosis, and collateral vessels patency.

the patients, and presence of a concomitant aortic
artery aneurysm with tenacious adherence to the
pancreatic tissue. In two cases of SMAA, we
preferred to use the polytetrafluoroethylene bypass
in place of the vein to avoid possible graft compression by anatomical structures and strangulation by
adherence tissue after the operation. Moreover, the
polytetrafluoroethylene graft can prevent eventual
dilatation of the vein graft. Although open surgical
repair of VAAs remains the gold standard, more
modern approaches, such as endovascular methods,
can represent an efficient alternative to surgery.
When choosing an endovascular therapy, care
must be taken in ensuring that the collateral circulation continues to perfuse the end organ, in an effort
to prevent clinical consequences of end-organ
ischemia and possible infarction of the organ. The
endovascular treatment is a less aggressive approach,
performed under local anesthesia, and it offers
a treatment option for those patients who are unfit
for surgical treatment due to their comorbidities.20
Ultimately, it offers the advantage of a shorter

hospital stay. Generally, endovascular treatments
involve embolization of the aneurysms or stente
graft deployment.1,7,21-24 Infarction of the end organ
is the main complication of this approach, as already
reported in the literature. Percutaneous treatment
seems to be a low-risk alternative. However, there
are some disadvantages. Most failures are related to
technical difficulties in catheterizing the aneurysm
neck, coil/stent migration,23,25,26, intraprocedural
aneurysm dissection, or rupture.27 Other complications are represented by embolisms, pseudoaneurysms, and contrast-induced nephropathy. In
contrast, frequent surgical complications such as
paralytic ileus, wound infection, massive bleeding,
or acute pancreatitis do not appear.7 In our experience, among the nine endovascular procedures performed, three presented with some complications. In
one case, endovascular treatment was not feasible
due to technical difficulties in catheterizing the
aneurysm neck, and a surgical approach was
required. In another case, the 10-month follow-up
revealed stent migration, and a new endovascular
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Fig. 9. Hepatic artery aneurysm with a maximum diameter of 4.3 cm: CT scan and 3-D reconstruction.

reintervention was necessary. In the third case, an
immediate occlusion of the aneurysm occurred
during the endovascular maneuvers because of
a hepatic artery dissection. Overall, although until
2008 the endovascular approach did not give us
excellent results in our experiences (before 2008,
technical success was 33.3%; after 2008, it was
66.6%), we did not abandon the idea to treat VAA
with this method. In the last 2 years, we used
a new endovascular device stent (Cardiatis FluidSmart 3D Multilayer stent) to treat four HAAs. The
multilayer stent, by virtue of its three-dimensional
geometry, reduces flow velocity within the aneurysm vortex while improving laminar flow in the
main artery and surrounding vital branches. This
allows for pressure reduction within the aneurysmal
sac, stasis, and the formation of an organized
thrombus. This technique minimizes the chances
of aneurysm rupture and maintains patency of
collateral vessels coming from the aneurysmatic
sac. In the literature, a case of a renal artery aneurysm successfully treated with multilayer stent has
been reported.28 We reported three cases (Figs. 7
and 8) in which the multilayer stent slowed down
blood flow within the aneurysm vortex, along with
consequent thrombus formation, and preserving,
at the same time, the visceral arterial collateral circulation (Figs. 9 and 10). In another case, we had
a technical complication with the hepatic artery

dissection due to an improper stent deployment.
These promising results show that this new technology could be a safe and effective new method
for VAA exclusion. Obviously, endovascular treatment is a technically difficult technique that requires
a specific training and a learning curve. Our experience to date with the multilayer stent is limited (four
cases), but we are expecting improved results as we
experience more cases. Early results regarding all
endovascular procedures present with a 30-day
mortality rate of 14.3% in elective cases and 100%
in the urgent cases. These data reflect the results
reported in the majority of the literature
reports.15,16,18,29

CONCLUSION
The high mortality rate in the emergency group and
the good results in the elective one suggest that
these lesions should be treated as soon as possible.
The surgical approach remains the first choice of
treatment in patients with a low surgical risk
because it ensures a long-lasting patency and
a good organ perfusion. Despite the fact that endovascular treatments do not represent a standard
option and require both a specific training and
a learning curve, the development of new technologies, such as the multilayer stent, could offer
a new alternative to VAA treatment, particularly
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Fig. 10. The 1-year follow-up by CT scan and 3-D reconstruction of hepatic aneurysm (4.3 cm) treated by multilayer
stent shows stent patency, aneurysmal sac thrombosis, and collateral vessels patency.

in high-risk patients. In conclusion, we need further
studies to assess its safety and effectiveness.

The authors would like to thank Laura Viazzo for the English
revision.
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