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AbstrAct:   background: With estimated prevalence of 1% of the general population, visceral artery aneurysms are not a frequent 
pathology, however, their rupture is a life-threatening occurrence with mortality rate ranging from 10% to 25%, up to 75% in 
case of pregnant women. Therefore, the identification and treatment of visceral artery aneurysms is of great importance in 
the prevention of early rupture. 

  Purpose: To assess the effectiveness and safety of treatment of visceral artery aneurysms with various endovascular methods 
focusing on technical aspects, complications and long-term clinical outcome.

  Materials and Methods: 60 patients with visceral artery aneurysms were treated percutaneously. Various techniques 
were used: coiling (23), covered stents (15), thrombin (7), and other mixed techniques. Aneurysm characteristics, size and 
localization, procedural data, peri-procedural complications, technical success, 90- and 180-day clinical success and follow-up 
period (aneurysm exclusion, patency of the artery and complications) were prospectively analyzed.

  results: The procedure was performed in 57 of 60 patients. In 56 of 57 patients aneurysms ware effectively excluded. The 
success rate was 93.3% (56 of 60 enrolled patients). Technical success after the intervention was 82.4%, after second 98.2%. 
Embolization with covered stents was characterized by the highest efficiency. Serious complications occurred in 1.8% of cases.

  conclusions: The minimally invasive endovascular treatment of visceral artery aneurysms is characterized by high efficacy 
and safety. Good treatment results depend on proper assessment of the aneurysm’s morphology as well as on selection of the 
appropriate vascular approach and endovascular technique.
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AbbreviAtions

3DRA – 3D rotational angiography  
GDA – gastroduodenal aneurysms  
HAA – hepatic artery 
SAA – aneurysm of the splenic artery 
SIR – Society of Interventional Radiology 
VAA – visceral artery aneurysm

introduction 

With documented prevalence of 0.1–2% [1] visceral aneurysmal 
degeneration is a rare but potentially life-threatening disease en-
tity. Visceral artery aneursym (VAA) is most commonly found 
in the splenic (60–80%), hepatic (20%) and superior mesenteric 
artery (5.5%). Widely available ultrasonography and cross-sectional 
body imaging observed over last few decades has risen the inci-
dental identification of VAA. Degenerative changes of the middle 
layer of the artery – tunica media which consists of smooth muscle 
cells, elastic tissue and collagen are responsible for the majority of 
the aneurysms. They result in fragmentation and loss of muscle 
fibers and lead eventually to weakening of the vessel. The other 
causes are: atherosclerosis, hypertension, fibromuscular dyspla-
sia and connective tissue diseases. Visceral artery aneurysms and 
pseudoaneurysms can also have a post-inflammatory origin. Acute 

pancreatitis during which the vessel wall is exposed to proteolytic 
enzymes’ activity may lead to the development of aneurysms and 
pseudoaneurysms in peri-pancreatic arteries [2]. 

Clinical manifestations of VAA depend on the size and location 
but the majority of them are asymptomatic and are detected in-
cidentally. Nowadays, radiologists have a variety of imaging ex-
aminations at their disposal, from Ultrasound Doppler to Digital 
Subtraction Angiography and Computed Tomography Angiog-
raphy or Magnetic Resonance Angiography that enable them to 
visualize and reconstruct the vessels in 3D. 

The treatment of visceral artery aneurysms can be both surgical 
and percutaneous and depends on their location and morphology 
as well as comorbidities and acute clinical condition of the patient. 
Endovascular methods should be considered particularly in cases 
of extensive comorbidities after thorough examination of vascular 
surgeon and interventional radiologist [3]. Close cooperation of 
the above-mentioned specialists is a key to successful treatment. 

MAteriAls And Methods

In total, 60 patients with VAA were referred to the Department 
of Interventional Radiology and Neuroradiology for endovascular 
treatment from January 2014 to July 2018. From this group, 57 were 
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eurysms, whereas male patients with 5 (23.8%) aneurysms and 16 
(76.2%) pseudoaneurysms. 

All interventions were performed in local anesthesia. In 51 cases 
(89%) femoral and in 6 (11%) axillary access was obtained. In each 
case selective angiography determined final decision on treatment 
details. The details of the procedures are presented in Tab. II. 

The percentage of successful primary interventions and the rate 
of re-interventions were evaluated. Technical success assessed in 
control angiography was defined as complete elimination perfu-
sion in VAA after the intervention.

Splenic artery was the most common location of VAA – 34 cases 
(59.6%) from which 25 (74%) were true aneurysms and 9 (26%) 
pseudoaneurysms. As many as 21 patients (62%) were treated once 
and the rest, 13 (38%), required secondary intervention. In the first 
group coils were used in the majority of cases (12–55%), followed 
by covered stents (6–27%), thrombin (3–14%) and stent-assisted 
coiling in 1 case. Reinterventions were necessary due to inadequate 
coil packing in the aneurysmal sac in 8 cases and multiple aneu-
rysms in 5. Multiple aneurysms of the splenic artery were treated 
with coils (3), thrombin (1), and coils + thrombin (1).

Second most common location of VAA was gastroduodenal artery 
– 11 cases. All aneurysmal degenerations in this group were pseu-
doaneurysms. Apart from 1 case all patients were treated once. 
Following techniques were deployed: coils (6–55%), covered stent 

treated. The mean age of the patients was 49.9 years (range from 
28–89). The majority of patients were asymptomatic (44–77.2%) 
and the aneurysms were detected incidentally. The rest (13–22.8%) 
reported discomfort in the abdominal area. 

Nearly 60% of discovered VAAs were aneurysms of splenic artery. 
Aneurysms of hepatic and gastroduodenal arteries made up 15.8% 
and 19.3% respectively. The least common were aneurysms of the 
superior mesenteric artery, found in 3 (5.3%) cases. True aneurysms 
(31–54.4%) were differentiated from pseudoaneurysms (26–45.6%) 
based on clinical and morphological criteria. The mean maximum 
diameter of the treated aneurysms was 25.8 mm (12–57 mm). Tab. 
I. shows the data gathered before the treatment. 

All patients were asked to fulfill the survey concerning their 
medication, lifestyle and comorbidities. Following risk factors 
were included: hypertension, arteriosclerosis, vasculitis, con-
nective tissue diseases, smoking. All patients were consulted by 
Interventional Radiologist and Vascular Surgeon who explained 
the procedure, possible risks and complications and obtained in-
formed consent afterwards. 

The materials and techniques used in all interventions were evalu-
ated. Angiography was performed at the beginning of every pro-
cedure. In inconclusive or questionable cases the aneurysms were 
depicted with 3D rotational angiography (3DRA). Following fac-
tors were taken into account when choosing the treatment meth-
od: location of the aneurysm, dome-to-neck ratio, tortuosity of 
the parent vessel and inflow angle. 

Due to favorable vascular conditions (narrow neck, dome-to-neck 
radio >2, little tortuosity of the parent vessel) coils and covered stents 
were used in the majority of cases. In cases with particularly unfa-
vorable morphology of the aneurysm (wide neck, dome-to-neck 
ratio <2) balloon or stent-assisted coiling technique was performed. 

The percentage of successful primary interventions and the rate of re-
interventions were evaluated. Technical success assessed in control 
angiography was defined as complete elimination of the (pseudo-) 
aneurysm after the intervention. All patients underwent Ultrasound 
Doppler examination within 24 hours after the intervention. Com-
plications during the procedure or occurring within a maximum of 
30 days after the intervention were evaluated and classified accord-
ing to the guidelines of the Society of Interventional Radiology [4].

Statistical analyses of the results were carried out using the Statistica 
Program. Normal distribution of continuous variables was verified 
using the Shapiro-Wilk`s W test, the significance of relationships be-
tween variables by means of the Chi-square test and Spearman coef-
ficient of rank correlation. A significance level of α = 0.05 was defined.

results

From the group of 60 patients with a diagnosed VAA, 57 were 
treated because in 3 cases safe vascular access could not have 
been obtained and therefore the patients were disqualified from 
the treatment. In 31 patients there were true aneurysms and in 26 
pseudoaneurysms. Interestingly, the correlation between sex and 
aneurysm type is almost exactly opposite - female patients were 
diagnosed with 26 (72.2%) aneurysms and 10 (27.8%) pseudoan-

tab. i. Characteristics of the patients.

PAtients (n) 57
36 FeMAle; 21 MAle

Mean age (years) 49.9

Median age (years) 47 ± 14 (28–89)

Aneurysms/Pseudoaneurysms 31/26

Location:

Splenic artery 34 (59.6%)

Hepatic artery 9 (15.8%)

Gastroduodenal artery 11 (19.3%)

Superior mesenteric artery 3 (5.3%)

Mean maximum diameter (mm) 26.8

Median maximum diameter (mm) 23 ± 10.3 (12–57)

Clinical manifestations:

Asymptomatic 44 (77.2%)

Abdominal pain 13 (22.8%)

Nausea, vomiting 1 (1.8%)

tab. ii. Techniques used during primary intervention. 

used technique nuMber (n) PercentAGe (%)

Coils 23 40.4

Covered stent 15 26.3

Thrombin 10 17.5

Liquid embolic agent 3 5.3

Balloon-assisted coiling 1 1.8

Stent-assisted coiling 3 5.3

Coils + thrombin 2 3.5
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100% efficacy in case of coils and covered stents and 94.7% (18 
of 19 patients) with other techniques.

The complication rate for all endovascular interventions was 12.3% 
(n = 7). According to the SIR classification (Society of Interven-
tional Radiology) there were 6 minor complications and 1 major 
complication. Minor complications included 4 hematomas (3 in-
guinal and 1 axillary), 1 case of hepatic artery dissection (control 
examination showed proper blood flow) and 1 case of parenchy-
mal infarction in the flow region of the treated aneurysm. It was 
partial splenic infarction but loss of spleen function was not ob-
served in the follow-up period.

One patient with an aneurysm of the gastroduodenal artery after 
“trapping” embolization reported severe abdominal pain. Control 
angiography disclosed occlusion of the proximal part of the supe-
rior mesenteric artery. Clot removal and balloon angioplasty were 
successfully performed. After a few days of hospitalization the pa-
tient was discharged in a good clinical condition.

discussion

VAA is a rare but potentially life-threatening disease entity. In-
creased number of endoscopic operations, endovascular inter-
ventions and lifestyle predisposing to pancreatitis on one hand 
and increased accessibility of ultrasonography and cross-sectional 
body imaging on the other lead to increase in incidental identifi-
cation of VAA. Early diagnosis and treatment is critical for pre-
vention of rupture. Authors report that mortality rates of patients 
with ruptured VAA range from 10–20% to 75% during pregnancy 
[5–7]. One of the factors determining high mortality is the loca-
tion of the aneurysm – self-limiting bleeding from hepatic artery 
or gastroduodenal artery results in mortality of 20–35% and 50% 
respectively, whereas retroperitoneal bleeding from mesenteric 
arteries or celiac artery may be fatal in up to 100% of cases. There-
fore, safe and effective treatment is crucial. 

Among VAAs, the aneurysm of the splenic artery (SAA) is reported 
to be most frequent. In our study they accounted for 60% of VAA, 
which remains with concordance with the literature [8]. Due to 
an increasing number of hepatobiliary interventions, aneurysm 
of the hepatic artery (HAA) is the second most common type of 
VAA of nontraumatic origin. They account for 20% of cases and 
are more characteristic for male patients [9]. Also, in contradiction 
to recent reports, our analysis detected 11 (19.3%) gastroduodenal 
aneurysms (GDAs) which are not a common type of VAA [10]. 

The indication for treatment should derive from existing symp-
toms, or in cases of asymptomatic patients be determined based 
on the risk of rupture that corresponds with the diameter of the 
aneurysm. Belli et al. [11] recommend to treat aneurysms with 
a diameter of minimum 20 mm, regardless of the diameter of the 
parent vessel. This indication expands however in cases of women 
who wish to become pregnant and includes all asymptomatic an-
eurysms regardless of the size of the aneurysmal sac [12]. Accord-
ing to the guidelines, treatment of VAA with a diameter smaller 
than 2 cm is recommended if the VAA exceeds three times the di-
ameter of the respective normal artery [13, 14]. At our study, the 
mean maximum diameter was 26.8 mm. Treatment decisions in 
patients with aneurysm diameter below 2 cm were based on an 

(3–27%) and liquid embolic agents (2–8%). In one case secondary 
coiling was required. 

Nine VAAs were located in the hepatic artery, 2 of which were intra-
hepatic and 7 extrahepatic. Pseudoaneurysms were significantly more 
common than true aneurysms (6 and 3 respectively). All patients in 
this group underwent one procedure. Methods used were equiva-
lent in frequency – 33% coils, 33% covered stents and 33% thrombin.

Aneurysms of the superior mesenteric artery were diagnosed in 
3 patients (1 pseudoaneurysm and 2 true aneurysms). All cases 
were treated with covered stents during primary intervention.

Technical success was firstly assessed in a control angiography per-
formed after the procedure. Complete elimination of the (pseudo)
aneurysm was observed in 30 cases (52.6%) and partial elimina-
tion in 27 cases (47.4%). 

Ultrasound Doppler examinations were performed 24 hours, 
3 months and 6 months after the intervention in all treated pa-
tients. In inconclusive or questionable cases CTA and MRA were 
used. The rate of complete exclusion of an aneurysm was gradu-
ally higher with time (70.2% after 24 hours, 82.5% after 3 months) 
and finally reached 98.2% in a 6-moth follow-up period. Fig. 4. 
presents the follow-up data.

Parent vessel patency after the intervention was also reported on. 
In 6 cases due to well developed collateral circulation and com-
plex anatomical condition, a “trapping” technique was employed 
and both parent vessels and aneurysms were occluded. In 1 case 
stenting of the splenic artery led to parent artery occlusion and 
development of collateral circulation from pancreatic branches. In 
50 cases (87.7%) at 6-month follow-up USG examination proved 
patency of the parent artery. 

The efficacy of the following endovascular methods was com-
pared using the Chi-square test: coils, covered stents and other. 
Results at control angiography and USG examination 24 hours 
after the intervention are comparable – complete elimination 
was observed in 9 of 23 (39.1%) patients treated with coils, 15 
of 15 (100%) with covered stents and 7 of 19 (36.8%) with other 
methods. Tests performed 6 months after the intervention show 

Fig. 1.  CT-scan of a 66-year-old female patient with hepatic artery pseudoaneurysm.
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seems that this method should be implemented whenever vascular 
anatomy and aneurysm’s morphology is favorable. The combina-
tion of two methods – “stent-assisted coiling” widely performed 
by neuroradiologists [21] – also proved to be safe and effective, es-
pecially in aneurysms with a less favorable head-to-neck ratio. The 
only limitation results from a relatively large diameter of catheters 
used for stent implantation. The complication rate for endovas-
cular treatment was 12.3% and was comparable with other series 
published [22]. Apart from most common and characteristic for 
procedures performed with the Seldinger technique haematomas 
at the arterial puncture site, we noted arterial thrombosis result-
ing in organ infarction, artery dissection and artery occlusion. 

Our study has some limitations. First of all, incoherence of patients – 
14 (25%) were treated 2 times and therefore it is impossible to draw 
valid conclusions regarding primary endovascular treatment of VAAs. 
Ideally, a very coherent and randomized group of patients is required 
to clearly define the optimal treatment for VAA. Secondly, authors 
recommend a follow-up for at least 1 year after the treatment. In our 
case, the follow-up period was limited to 6 months post-procedural. 

In conclusion, aneurysms of visceral arteries are a rare but po-
tentially life-threatening disease entity with an estimated preva-

interdisciplinary discussion that included not only the aetiology 
of the aneurysms but also all clinical aspects of the particular case.

In 2015 Pitton et al. [15] published data of over 200 VAAs treated 
over a 10-year period in which the authors concluded that the type 
of aneurysm rather than its size seems to be a reliable predictor of 
rupture. Hence, the diameter alone is an inadequate criterion for 
decision making and the management should rather be based on the 
aetiology of aneurysmal degeneration [16]. According to Pitton et 
al., pseudoaneurysms presented with a significantly increased risk 
of rupture (76.3%) compared with true aneurysms (3.1%). Neverthe-
less, conservative treatment of true VVAs remains a matter of debate 
[17, 18]. Our results show that pseudoaneurysms are more common 
in men than women and therefore men are treated more frequently. 

Traditionally, open surgery under general anaesthesia was the only 
possible treatment for VAAs. In contrast, interventional techniques 
are performed under local anaesthesia which reduces the risks of 
complications and shortens hospital stays. Treatment modalities 
include coiling, stent grafting or embolization and are character-
ized by a high technical success rate [19, 20]. In our study the ma-
jority of patients were treated using stents and coils (73.8%). Proce-
dures with covered stents were successful in 100% and therefore it 

Fig. 2a.  Selective angiography of the common hepatic artery – brachial artery access. 

Fig. 3.  Control angiography performed after the procedure shows proper stent placement 
and complete aneurysm exclusion.

Fig. 2b.  The positioning of a balloon-expandable covered stent.

Fig. 4.  Follow-up results.
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ment modalities both in case of true aneurysms and pseudoan-
eurysms. Among endovascular techniques, covered stents were 
characterized by the highest efficacy, while thrombin therapy by 
the lowest. Aneurysm size, location, etiology and morphology 
are the factors determining treatment success and periprocedural 
morbidity and complications.

lence of 0.1–2%. Treatment options include open surgery and en-
dovascular techniques. Patients should be therefore consulted by 
an interdisciplinary board consisting of a Vascular Surgeon and 
Interventional Radiologist. The best treatment modality should be 
a result of team work and close cooperation of both specialists.  
Methods of interventional radiology are safe and effective treat-
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