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INTRODUCTION

Visceral artery aneurysms are rare entities, associated to a 
high mortality when ruptured1-3. Diameter remains the main 
criterion for management while all symptomatic or ruptured 
splanchnic aneurysms, as well as superior mesenteric artery 
aneurysms, should undergo management, regardless the di-
ameter threshold3. Pre-operative imaging is of high impor-
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tance not only for the detection of the aneurysm and its spe-
cific morphologic characteristics but also the pre-operative 
planning. Computed tomography angiography (CTA) is the 
imaging modality of choice while other modalities, including 
interventional angiography, may be applied in specific cases, 
according to patient’s comorbidities and aneurysms’ anatom-
ic details3. 

When indicated, splanchnic aneurysms may be managed 
using open or endovascular repair3. Different endovascu-
lar techniques could be used including the application of 
stents, coils, thrombin injection and liquid embolic agents4. 
Interventional management gained popularity due to the low 
morbidity and mortality rate compared to the conventional 
open repair and especially, in elective cases5. Current guide-
lines recommend endovascular management as the first line 
approach for visceral aneurysms of any location3. However, 
as in all cases of endovascular repair, patients that undergo 
minimally invasive treatment need follow-up using adequate 
imaging modalities3.
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The aim of this study is to report the management and out-
comes of patients presenting with visceral artery aneurysms 
that underwent interventional treatment in a tertiary center. 

METHODS

Study Cohort
A retrospective analysis of prospective data of patients pre-
senting visceral artery aneurysm, treated electively with end-
ovascular means was conducted between 2019 and 2021. A 
dedicated database was used for the prospective collection 
of patients’ data, including demographics (age, sex), comor-
bidities [ever tobacco use, hypertension (HT), dyslipidemia 
(DLP), coronary arterial disease (CAD), diabetes mellitus (DM), 
chronic obstructive pulmonary disease (COPD), renal insuffi-
ciency (RI), peripheral arterial disease (PAD)], intra-operative 
details and patients’ outcomes. Renal insufficiency was de-
fined with glomerular filtration rate (GFR) <30ml/min/1.73m2, 
using the Cockcroft-Gault equation.

Aneurysm characteristics included location (renal, superi-
or mesenteric and celiac artery aneurysms), bilateral or uni-
lateral, diameter, and clinical presentation (symptomatic, or 
not). Pre-operative imaging included modality while operative 
details included type of anaesthesia and intervention; stent-
ing or embolization, embolic agent (number, diameter, length, 
and type of coils), operation duration, contrast use volume 
and completion angiography outcomes.

Follow-up data including adverse events such as death, 
aneurysm rupture (aneurysm related mortality), aneurysm 
sac recanalization, any aneurysm-related re-intervention up 
to the latest available follow-up were recorded. This study in-
volved the collection of existing data and diagnostic tests that 
have been recorded in such a manner that subjects could not 
be identified. All patients had signed a pre-operative consent 
form and the study was approved by the Institutional Review 
Board.

Technical aspects 
Sizing and planning were performed according to the pre-op-

erative CTA using a dedicated reconstruction software (3men-
sio, Medical Imaging B.V., Bilthoven, Netherlands). In patients 
with complicated anatomy, conventional angiography used 
to identify the specific aneurysm characteristics. All patients 
were treated in an adequately equipped operating room us-
ing a moveable radiolucent surgical table and a mobile digital 
angiographic system (Ziehm Vision RFD Hybrid Edition, Ziehm 
Imaging, GE). 

Follow-up protocol
CTA at the first post-operative month, duplex ultrasonography 
(DUS) at the sixth post-operative month and a re-evaluation 
yearly using CTA or DUS according to patient’s needs was the 
suggested surveillance imaging protocol. Post-operative CTAs 
were evaluated by an experienced vascular surgeon (M.M). 
CTAs permitted the detailed evaluation of AAA anatomy and 
graft position and sealing. All patients underwent clinical eval-
uation and laboratory tests. 

Statistical Analysis
Continuous data were reported as a mean ± standard devi-
ation. Categorical data were expressed as absolute numbers 
and percentage of prevalence (%) in the study cohort. As the 
number of patients was limited no further analysis was pro-
vided. 

RESULTS
Four patients were managed due to visceral arteries aneu-
rysms. In total, five aneurysms were treated, including three 
renal artery aneurysms (one case with a bilateral detection), 
a superior mesenteric artery and a celiac artery aneurysm. 
Three patients were males (75%) while patients’ age ranged 
between 53 and 71 years (mean 63 years). All patients were 
asymptomatic, except the female patient presenting with bi-
lateral renal artery aneurysms who complained of a chronic 
lumbar pain. In the remaining cases, the aneurysms were 
identified incidentally during imaging for other pathologies. 
All patients were managed using endovascular means and 
were discharged under double antithrombotic therapy, con-
verted to monotherapy after the initial month (Table 1). 

Patient Location Diameter 
(mm) Sex Age Symptoms Comorbidities Management Antithrombotic therapy at 

discharge

1 Bilateral renal artery Right 12.8
Left    10.8 F 60 Lumbar pain Hypertension, Dyslipi-

demia
Coiling right, stenting 
left

Aspirin 100mg & clopidogrel 
75mg 

2 Right renal artery 20 M 69 None
Coronary artery dis-
ease, hypertension, 
dyslipidemia, smoker

Coiling & stenting
Aspirin 100mg & clopidogrel 
75mg (pre-operative treatment 
due to coronary disease)

3 SMA branch 30.9 M 53 None Nihil Coiling Aspirin 100mg & clopidogrel 
75mg

4 Celiac trunk 23 M 71 None 
Atrial fibrillation, 
hypertension, dyslipi-
demia, smoker

Coiling & stenting Rivaroxaban 20mg (atrial fibril-
lation) & clopidogrel 75mg

Table 1.
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Regarding the patients suffering from renal artery aneu-
rysm, the 1st case was a 60-year-old female who underwent 
investigation for a right recurrent lumbar pain. Her medical 
history was significant for hypertension and dyslipidemia 
while the renal function was preserved with an estimated GFR 
at 83ml/min/1.73m2. She underwent a CTA which revealed 
the presence of bilateral renal artery aneurysms (sac diam-
eter, right 12.8mm and left 10.8mm) with renal infarcts and 
reduction of the right renal parenchymal volume (Figure 1). 
The pre-operative scintigraphy confirmed a decrease of the 
right renal function of 10%. To further evaluate the detailed 
anatomic characteristics of these aneurysms which present-
ed a distal location, the patient underwent a pre-operative 
conventional angiography (Figure 2A and B). An endovascular 
approach was decided, including a right renal artery aneurysm 
coiling and a left renal artery stenting, as the right aneurysm 
presented a narrow neck while the left presented a wider neck 
of 11mm. Under local anesthesia and using an ultrasound 
guided left brachial artery puncture, the right renal artery was 
initially catheterized and a 6x20mm coil (Interlock, Boston Sci-
entific, USA) was deployed to exclude aneurysm sac. Subse-
quently, the left renal artery was catheterized, and a balloon 
expandable covered stent was deployed (Be-Graft 5x28mm, 
Bentley, InnoMed, GE). The completion angiography detect-
ed aneurysm sac exclusion and renal artery patency (Figure 
3). The post-operative course was uneventful, and the patient 
was discharged the 2nd post-operative day. She underwent a 
CTA at the 1st month and a DUS at 6 months which confirmed 
renal artery patency and sac thrombosis. The CTA of the initial 
and 2nd year of follow-up revealed no complication (Figure 4) 
while the renal function remained within normal limits (GFR 
86ml/min/1.73m2).

Figure 1. A 60-year-old female underwent investigation of a right re-
current lumbar pain. A CTA revealed the presence of of bilateral renal 
artery aneurysms (diameter right 12.8mm and left 10.8mm). 

Figure 2A and B. A pre-operative angiography was performed to as-
sess aneurysm specific anatomy as the aneurysms were located dis-
tally to the renal arteries.

Figure 3. The CTA of the 1st month of follow-up revealed no complica-
tion with renal artery patency and sac exclusion.

Figure 4. The CTA of the initial year of follow-up revealed no compli-
cation with renal artery patency and sac exclusion.



126  Hellenic Journal of Vascular and Endovascular Surgery | Volume 3 - Issue 4 - 2021

The second case was a 69-year-old male presenting a right 
renal artery aneurysm, incidentally, detected during his annu-
al cardiologic evaluation. He had a known coronary artery dis-
ease and was already under double antiplatelet therapy. The 
renal function was preserved with an estimated GFR of 83ml/
min/1.73m2. The pre-operative CTA revealed the presence of 
a 20mm aneurysm close to the renal parenchyma (Figure 5). 
This patient underwent also a pre-operative conventional an-
giography to detect the relationship of renal artery branches 
to the sac (Figure 6). The aneurysm presented a wide neck of 
9.1mm and a small branch originating close to the aneurysm. 
An interventional approach was decided. Using a right femoral 
artery access under ultrasound guidance, the right renal ar-
tery was catheterized, and two coils (10x20mm and 22x60mm 
coil, Interlock, Boston Scientific, USA) were deployed while a 
balloon expandable covered stent was applied above the neck 
to prevent embolization of the main renal trunk (4.5x22mm, 
Be Graft, Bentley, InnoMed, GE). The completion angiogra-
phy confirmed sac exclusion and branch patency (Figure 7) 
The patient was discharged the 1st post-operative day in a 
good general condition and normal renal function (GFR 96ml/
min/1.73m2). He underwent a CTA at 30-days post-operatively 
and a 6-month DUS which confirmed renal artery patency and 
sac exclusion. 

Figure 5. A 69-year-old male presented with an eventually detect-
ed right renal artery aneurysm. The pre-operative CTA revealed the 
presence of a 20mm aneurysm close to the renal parenchyma.

Figure 6. The patient underwent a pre-operative conventional angi-
ography to detect the relationship of renal artery branches to the 
aneurysmal sac. 

Figure 7. An interventional approach was decided using coil emboli-
zation and a balloon expandable covered stent. The completion angi-
ography confirmed sac exclusion and branch patency. 

The 3rd patient was a 53-year-old male managed for a SMA 
branch aneurysm, detected eventually. The pre-operative CTA 
revealed the presence of a 30.9mm aneurysm, and an end-
ovascular approach was decided (Figure 8). Under local an-
esthesia the left femoral artery was punctured under ultra-
sound guidance and the SMA branch was catheterized. A coil 
embolization was performed using three coils (20x40mm, In-
terlock, Boston Scientific, USA). The completion angiography 
confirmed SMA patency, and the patient was discharged the 
following day. The post-operative course was uneventful, and 
the patient underwent a CTA at the 1st month and initial year 
of follow-up which confirmed sac exclusion and SMA patency 
(Figure 9). 
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Figure 8. A 53-year-old male was managed for a SMA branch aneu-
rysm of 30mm. 

Figure 9. A coil embolization was performed, and the post-operative 
CTA confirmed sac exclusion and SMA patency.

A 71-year-old male presented after the detection of a 
23mm asymptomatic celiac artery aneurysm (Figure 10). He 
had a medical history significant for atrial fibrillation (under 
Rivaroxaban 20mg daily), hypertension and dyslipidemia. Af-
ter discussion with the patient regarding the available treat-
ment options, an endovascular approach was decided. Under 
general anesthesia, the left axillary artery was dissected and 
punctured. The celiac artery and subsequently, the common 

hepatic artery was catheterized. Using a second sheath, the 
aneurysm sac was catheterized. A bare metal self-expanding 
stent was deployed (8x60mm, E-Luminex, Bard, USA) to the 
main celiac trunk. A second self-expanding stent (14x40mm, 
E-Luminex, Bard, USA) was deployed to the common hepat-
ic artery and an extension, using a third self-expanding stent 
(14x40mm, E-Luminex, Bard, USA), was applied up to the bifur-
cation of the celiac trunk. From the second sheath, three coils 
were advanced into the sac of the aneurysm and deployed 
successfully (two, 6x20, two 8x20mm and one 10x20mm 
coils, Interlock, Boston Scientific, USA). The completion angi-
ography confirmed hepatic artery patency and complete sac 
exclusion. The patient was discharged the 1st post-operative 
day under Rivaroxaban and Clopidogrel 75mg daily for the first 
30 days. The initial CTA (at 30 days) revealed hepatic artery 
patency and sac exclusion while the 6-month DUS confirmed 
CTA findings (Figure 11). 

Figure 10. A 71-year-old male presented after the detection of an 
aneurysm was located at the main celiac trunk before its bifurcation 

Figure 11. Aneurysm diameter was 23mm. A preservation of the he-
patic and splenic artery should be achieved during sac exclusion. 
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Figure 12. Bare metal self-expanding stents were deployed to achieve 
celiac trunk and common hepatic artery patency while aneurysm ex-
clusion was performed using coil embolization. The successful out-
come was confirmed by the 30-day CTA. 

DISCUSSION
Despite that visceral artery aneurysms are considered rare 
entities, the clinical importance and potentially lethal course, 
highlight the role of early detection and when indicated, man-
agement1,2,3. Almost one in four patients with visceral aneu-
rysms presents an acute symptomatology while 8.5% of them 
will die due to aneurysm rupture1. In this case series, patients 
were mainly asymptomatic and diagnosed randomly in the 
setting of other underlying pathologies. Only one case of re-
nal artery aneurysms presented with a lumbar pain due to 
distal embolization. Current recommendations suggest emer-
gent intervention in any size of renal aneurysms associated 
to symptoms or rupture while in the remaining asymptomatic 
cases, aneurysm diameter is the main criterion for interven-
tional management3.

Regarding diagnosis, CTA is the imaging modality of 
choice, while magnetic resonance represents a viable alterna-
tive, especially in younger patients6-9. Despite that CTA seems 
to be beneficial in the evaluation of the neck and branches 
compared to the invasive angiography, angiography may be 
a viable alternative imaging modality in patients that suffer 
from renal aneurysms close to the parenchyma10,11. In this 
series, the two patients suffering from renal aneurysms were 
managed using both imaging techniques, CTA and conven-
tional angiography for the detailed evaluation of aneurysms’ 
anatomy. In the remaining cases of splanchnic aneurysms, CTA 
were applied and provided the adequate information for the 
pre-operative planning. 

Regarding the indications to treat, diameter remains the 
main criterion for management with respect to aneurysm 
location1,3. In this case series, all aneurysms exceeded the 
recommended diameter threshold while one patient was 

also symptomatic3. Endovascular management represents 
the treatment of choice in most cases, although open repair 
may be applied in specific conditions and highly experienced 
centers1,12-14. The selection and application of each endovascu-
lar technique is at the discretion of the operator and patient’s 
anatomy and symptoms1. In this case series, different ap-
proaches were used according to the anatomic characteristics 
of the aneurysms; stents were applied in aneurysms were an 
adequate landing zone was available or aneurysm presented 
a wide neck while coil embolization was used in aneurysms 
with narrow neck. A combination of the approaches, stent 
and coiling was used when a wide sac and neck were pres-
ent. Endovascular management of renal aneurysms seems to 
be safe and effective with low morbidity and re-intervention 
rates while analogously encouraging results are reported in 
the management of visceral aneurysm15-20.

Regarding follow-up, no adverse events were recorded in 
this case series. Patients’ surveillance was modified accord-
ing to patients’ need and aneurysms’ characteristics. CTA was 
used as the imaging modality of choice in all patients, accord-
ing to the currently available guidelines3. If the initial CTA was 
free of complications with adequate sac exclusion, patients 
were followed using ultrasound at six months and CTA annu-
ally thereafter3. CTA remains the imaging modality of choice 
during the post-operative surveillance, as it allows repaired 
aneurysm assessment and the evaluation of the remaining 
vascular beds21-23. Follow-up of patients with splanchnic aneu-
rysms managed endovascularly is of high importance, as reca-
nalization, sac reperfusion and even, rupture may be present 
after initially effective embolization of visceral aneurysms24,25. 
However, imaging artifacts due to embolic materials and small 
diameter stents may hamper the  postoperative CTA quality26.

CONCLUSION
Endovascular management of visceral aneurysms seems to be 
safe and effective in the current case series, in accordance with 
the available literature. The technical success was 100% while 
the peri-operative morbidity and mortality rate was null. No 
aneurysm recanalization was detected during follow-up and 
patients’ post-operative course remained uneventful. 

REFERENCES
1 Sousa J, Costa D, Mansilha A. Visceral artery aneurysms: 

review on indications and current treatment strategies. 
Int Angiol. 2019;38:381-94.

2 Moses V, Keshava SN, Chiramel GK, Mammen S, Naryan-
am SRS. Endovascular Management of Splanchnic Aneu-
rysms. Vascular Disease Management. 2013;10: 5-10. 

3 Chaer RA, Abularrage CJ, Coleman DM, Kashyap VS, Rock-
man C, Murad MH, et al. The Society for Vascular Surgery 
clinical practice guidelines on the management of visceral 
aneurysms. J Vasc Surg. 2020; 72: 3-39. 

4 Hemp JH, Sabri SS. Endovascular management of visceral 
arterial aneurysms. Tech Vasc Interv Radiol. 2015; 18: 14-
23. 

5 Pitton MB, Dappa E, Jungmann F, Kloeckner R, Schotten 



Endovascular management of visceral artery aneurysms 129

S, Wirth GM, et al. Visceral artery aneurysms: Incidence, 
management, and outcome analysis in a tertiary care 
center over one decade. Eur Radiol. 2015; 25: 2004-14. 

6 Zhang LJ, Yang GF, Qi J, Shen W. Renal artery aneurysm: 
diagnosis and surveillance with multidetector-row com-
puted tomography. Acta Radiol. 2007; 48: 274-79

7 Saba L, Anzidei M, Lucatelli P, Mallarini G. The multidetec-
tor computed tomography angiography (MDCTA) in the 
diagnosis of splenic artery aneurysm and pseudoaneu-
rysm. Acta Radiol. 2011; 52: 488-98

8 Vargas HA, Cousins C, Higgins JN, See TC. Left gastric ar-
tery aneurysm: successful embolization with ethylene 
vinyl alcohol copolymer (Onyx). Cardiovasc Intervent Ra-
diol. 2008; 31: 418-21

9 Albert TS, Akahane M, Parienty I, Yellin N, Catala V, Alo-
mar X, et al. An international multicenter comparison of 
time-SLIP unenhanced MR angiography and contrast-en-
hanced CT angiography for assessing renal artery steno-
sis: the renal artery contrast-free trial. AJR Am J Roentge-
nol. 2015; 204: 182-8.

10 Endo H, Shimizu T, Kodama Y, Miyasaka K. Usefulness 
of 3-dimensional reconstructed images of renal arter-
ies using rotational digital subtraction angiography. 
J Urol. 2002; 167: 2046-8.

11 Liu PS, Platt JF. CT angiography of the renal circulation. 
Radiol Clin North Am. 2010; 48: 347-65.

12 Jayet J, Davaine JM, Tresson P, Verscheure D, Lawton J, 
Kashi M, et al. Direct Distal Renal Artery Aneurysm Re-
pair. Eur J Vasc Endovasc Surg. 2020; 60: 211-8.

13 Tochii M, Ogino H, Sasaki H, Matsuda H, Minatoya K, Yagi-
hara T, et al. Successful surgical treatment for aneurysm 
of splenic artery with anomalous origin. Ann Thorac Car-
diovasc Surg. 2005; 11: 346-9.

14 Henke PK, Cardneau JD, Welling 3rd TH, Upchurch Jr GR, 
Wakefield TW, Jacobs LA, et al. Renal artery aneurysms: 
a 35-year clinical experience with 252 aneurysms in 168 
patients. Ann Surg. 2001; 234: 454-62.

15 Tsilimparis N, Reeves JG, Dayama A, Perez SD, Debus ES, 
Ricotta 2nd JJ. Endovascular vs open repair of renal artery 
aneurysms: outcomes of repair and long-term renal func-
tion. J Am Coll Surg. 2013; 217: 263-9.

16 Atkins BZ, Ryan JM, Gray JL. Treatment of a celiac artery 
aneurysm with endovascular stent grafting-a case report. 
Vasc Endovascular Surg. 2003; 37: 367-73.

17 Glickerman DJ, Hathaway PB, Hatsukami T, Daly CP, Al-
thaus S, Kohler TR. Transluminal treatment of a celiac ar-
tery pseudoaneurysm with a stent graft occlusion device. 
Cardiovasc Intervent Radiol. 1997; 20: 466-9.

18 Lagoudianakis EE, Filis KA, Tsekouras DK, Genetzakis M, 
Archontovassilis F, Pattas M, et al. Endovascular oblitera-
tion of a ruptured right gastric artery aneurysm. Minerva 
Gastroenterol Dietol. 2006; 52: 333-7.

19 Ikeda O, Nakasone Y, Tamura Y, Yamashita Y. Endovascular 
management of visceral artery pseudoaneurysms: tran-
scatheter coil embolization using the isolation technique. 
Cardiovasc Intervent Radiol. 2010; 33: 1128-34.

20 Kim SK, Lee J, Duncan JR, Picus DD, Darcy MD, Sauk 
S. Endovascular treatment of superior mesenteric artery 
pseudoaneurysms using covered stents in six patients.AJR 
Am J Roentgenol. 2014; 203: 432-8. 

21 Shanley CJ, Shah NL, Messina LM. Uncommon splanchnic 
artery aneurysms: pancreaticoduodenal, gastroduodenal, 
superior mesenteric, inferior mesenteric, and colic. Ann 
Vasc Surg. 1996; 10: 506-15.

22 Shanley CJ, Shah NL, Messina LM. Common splanchnic 
artery aneurysms: splenic, hepatic, and celiac. Ann Vasc 
Surg. 1996; 10: 315-22.

23 Abbas MA, Fowl RJ, Stone WM, Panneton JM, Bower TC, 
et al. Hepatic artery aneurysm: factors that predict com-
plications. J Vasc Surg. 2003; 38: 41-5.

24 Carr SC, Pearce WH, Vogelzang RL, McCarthy WJ, Nemcek 
Jr AA, Yao JS. Current management of visceral artery an-
eurysms. Surgery. 1996; 120: 627-33. 

25 Onohara T, Okadome K, Mii S, Yasumori K, Muto Y, Sugi-
machi K. Rupture of embolised coeliac artery pseudoan-
eurysm into the stomach: is coil embolisation an effective 
treatment for coeliac anastomotic pseudoaneurysm? Eur 
J Vasc Surg. 1992; 6: 330-2.

26 Tulsyan N, Kashyap VS, Greenberg RK, Sarac TP, Clair DG, 
pierce G, et al. The endovascular management of viscer-
al artery aneurysms and pseudoaneurysms. Vasc Surg. 
2007; 45:276-83. 


