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Abstract

A 77-year-old female who experienced postprandial abdominal pain for four years was admitted 

to our institution presenting sudden and severe abdominal pain. Contrast-enhanced computed 

tomography (CECT) demonstrated complete short-segmented occlusion in the orifice of the 

superior mesenteric artery (SMA), and saccular aneurysms in the right hepatic artery and anterior 

superior pancreaticoduodenal artery. She was diagnosed with abdominal angina due to occlusion 

of the SMA. The SMA was recanalized by stenting, and a CECT scan confirmed naturally 

shrunk aneurysms after eight months. The patency of the SMA was maintained at five years after 

endovascular treatment. 

Keywords

Abdominal angina, Chronic mesenteric ischemia, Superior mesenteric artery occlusion, Visceral 

artery aneurysm
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Introduction

The formation of certain visceral artery aneurysms (VAAs) is associated with wall shear 

stress due to abnormally increased blood flow from vascular stenosis or occlusion, especially for 

VAAs in the pancreaticoduodenal artery [1,2]. This pathology has been spontaneously improved 

after revascularization for extrinsic compression of the celiac artery to the median arcuate 

ligament (MAL), which is a fibrous tissue located between two diaphragmatic crura [3,4]. At the 

moment, there is no article regarding aneurysm formation caused by the SMA occlusion and 

naturally shrunk VAAs after treatment of the SMA occlusion, therefore, we describe a case of 

naturally shrunk VAAs after endovascular treatment of the superior mesenteric artery (SMA) 

occlusion in a patient with abdominal angina.

Case Report

A 77-year-old female suffered from intermittent mild abdominal pain occurring 

especially after meals for four years, and was diagnosed with abdominal angina according to an 
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SMA stenosis detected by contrast-enhanced computed tomography (CECT). She hoped to avoid 

invasive treatment, and was followed up using CECT scans after her initial diagnosis. She was 

admitted to our institution due to sudden and severe abdominal pain, wherein CECT showed 

complete occlusion in the SMA (Fig.1A), and saccular aneurysms in the right hepatic artery 

(RHA) and anterior superior pancreaticoduodenal artery (ASPA) (Fig. 1B). Endovascular 

treatment was scheduled to recanalize the SMA to supply adequate blood flow to the small 

bowel before aneurysm embolization.  

Before the procedure, 100 mg of aspirin and 300 mg of clopidogrel were administered. 

The SMA could not be reached from the aorta; therefore, a retrograde approach from the celiac 

artery was selected. First, 4-French (Fr) introducer sheath (Super sheath, length: 25 cm; Medikit, 

Tokyo, Japan) was inserted into the right femoral artery. Thereafter, a 4-Fr catheter (JC-1 type; 

Terumo Clinical Supply, Gifu, Japan) and a 0.035” guidewire (Radifocus, length: 150 cm, 

Terumo Clinical Supply) were inserted via the 4-Fr introducer sheath and placed in the celiac 

artery. A 6-Fr introducer sheath (Ansel sheath, shepherd hook type, length 55 cm, Cook Medical, 
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Bloomington, IN, USA) was inserted under the guidance of the 4-Fr JC-1 type catheter and a 

0.035” guidewire into the celiac artery, undergoing exchange with athe 4-Fr introducer sheath. 

Angiography via the celiac artery showed one saccular aneurysm within the RHA and one within 

the ASPA, and the orifice of the replaced RHA (Fig. 2A) and retrograde blood flow from the 

celiac artery to the SMA through the gastroduodenal artery (Fig.2B). A 4-Fr catheter (MP-1 type, 

Terumo Clinical Supply) through a 6-Fr introducer sheath was carried to the distal side of the 

SMA occlusion via the ASPA. A 0.035” guide wire (Radifocus; length: 300 cm,; Terumo 

Clinical Supply) was passed from the MP-1 type catheter through the occlusion and went to the 

aorta. A 5-Fr introducer sheath (Super Sheath, length: 25 cm; Medikit) was then inserted at the 

left femoral artery, and a 0.035” guidewire was caught in the aorta using an endovascular snare 

system (En Snare; shaft length: 120 cm, loop size: 12–20 mm, Merit Medical, South Jordan, UT, 

USA) which was inserted from a 5-Fr introducer sheath at the left femoral artery to establish 

pull-thorugh. At this point, a 4-Fr catheter (JC-1 type, Terumo Clinical Supply) was inserted into 

the distal side of the occlusion from the orifice of the SMA through a 5-Fr introducer sheath at 

the left femoral artery with a 0.035” guidewire. Next, a 0.014” guidewire was inserted via a 4-Fr 
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catheter for exchange with the 0.035” guidewire. A balloon catheter (Aviator plus: balloon 

diameter: 4 mm, length: 20 mm, Cordis, Santa Clara, CA, U.S.A.) was carried to the occlusion 

point through a 0.014” guidewire, and was dilated before and after stent placement. A bare stent 

(PALMAZ Genesis: diameter 6 mm, length 15 mm, Santa Clara, Cordis, CA, U.S.A) was 

deployed, and patency of the SMA was confirmed by aortography. 

The patient took 100 mg/day of aspirin and 75 mg/day of clopidogrel for three months. 

First follow-up CECT at eight months after stenting revealed that the SMA was still patent (Fig. 

3A) and the aneurysms of the RHA and ASPA had shrunk (Fig. 3B). She received follow-up 

examinations for five years after the procedure with CECT imaging revealing gradually reduced 

diameters of both the aneurysms (Fig. 4 ).. No abdominal symptoms were detected, no re-

stenosis was required, and the aneurysms gradually decreased without rupture.

Discussion
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Abdominal angina is characterized by postprandial abdominal pain, diarrhea, vomiting, 

and weight loss due to the reduction of blood supply to the gastrointestinal tract, which is caused 

by slowly progressing stenosis. This stenosis occurs mainly in the SMA, but also in the celiac 

and inferior mesenteric artery without sufficient collateral blood flow [5]. The most common 

cause of stenosis is atherosclerosis, but fibromuscular dysplasia, Takayasu arteritis, systemic 

lupus erythematosus, and tumor invasion have also been reported in the literature [6–9]. 

Abdominal angina is diagnosed according to clinical symptoms and consistent imaging findings 

[10,11], and its treatment strategy which is applied in symptomatic patients with critical stenosis 

(>70%) to relieve gastrointestinal symptoms is categorized into open surgery or endovascular 

treatment. The average patency rate is reportedly 50% at two years after endovascular treatment 

[12] [10,11]. While the clinical success rate at three months is lower and the late recurrence rate 

is higher following endovascular treatment compared with open surgery, endovascular treatment 

is significantly associated with lower complication rates and shorter lengths of hospital stay [13]. 

Furthermore, endovascular treatment is advantageous for recurrence treatment because it is less 

invasive. 
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Large, expanding, or inflammation-related VAAs generally present with a risk of rupture 

and require treatment because mortality from ruptured VAAs is high [14]. Indications of 

treatment for hepatic artery aneurysms (HAAs) include symptomatic HAAs and asymptomatic 

HAAs caused by vasculitis and fibromuscular dysplasia and multiple HAAs. For 

pancreaticoduodenal artery aneurysm (PDAAs), the mean size of ruptured PDAAs was 

reportedly 9 mm, although indications of treatment have not yet been determined owing to 

inadequate evidence [14]. Treatment of VAAs can be achieved by endovascular approaches, 

including coli packing with and without double-catheter, balloon-assist, and stent-assist 

techniques and isolation by embolization of the proximal and distal sides; however, coil-

embolization potentially has a risk of migration resulting in organ ischemia [15]. Vascular plugs 

and stent-graft therapy can be used to exclude VAAs; however, the rigidity and larger-bore of 

delivery systems can prevent to carry the device to aneurysms in peripheral or tortuous vessels 

[16]. The surgical approach also represents an alternative therapeutic modality for cases that are 

difficult for endovascular treatment [17]. In this case, we selected regulatory follow up for the 

patient’s VAAs, because she did not display signs of inflammation or aneurysm-related 
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symptoms, her aneurysms were relatively small, and the time courses of her aneurysms were 

unknown. Endovascular treatment would be scheduled in the case of enlarged aneurysms; 

however, serial observation by CECT revealed that the aneurysms were shrinking. 

Increased retrograde blood flow due to celiac artery stenosis may lead to aneurysms in 

the gastroduodenal artery [1]. A previous study using flow-sensitive four-dimensional magnetic 

resonance imaging in patients with pancreaticoduodenal artery aneurysms concomitant with 

celiac artery occlusion demonstrated a retrograde flow in the common hepatic and 

gastroduodenal artery, and heterogeneous wall shear stress in the aneurysm [1518]. Wall shear 

stress is considered a factor contributing to the formation of aneurysms by atherosclerosis. 

Hemodynamic change in the pancreaticoduodenal arcade can change promptly following 

occlusion and recanalization of the artery [1619]. In a previously reported case, the posterior 

pancreaticoduodenal artery was enlarged and blood pressure in the common hepatic artery was 

maintained after embolization in a patient with the ASPA aneurysm consistent with celiac artery 

stenosis due to the MAL [2].  Furthermore, rapid development of a new aneurysm was also 

reported in the pancrecaticoduodenal artery after embolization for pancreaticoduodenal artery 
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aneurysm [1720]. In this case, VAAs observed not only in the ASPA but also in the right hepatic 

artery.  We consider that the blood flow of the replaced right hepatic artery decreased by the 

SMA stenosis, consequently, compensatory blood flow via intrahepatic anastomosis gave wall 

shear stress to the right hepatic artery. although aspirin may have facilitated the decrease of 

aneurysms via its anti-inflammatory effect.

Conversely, normalization of blood flow can reduce wall shear stress proceeding 

aneurysms. According to a previous report, a ruptured pancreaticoduodenal aneurysm was 

treated solely via bypass between the aorta and celiac trunk [3]. Additionally, two previous cases 

have demonstrated that stenting is a new strategy for addressing pancreaticoduodenal artery 

aneurysms associated with celiac artery stenosis by the MAL and atherosclerosis [4]. However, 

stenting is not suitable for extrinsic causes like MAL due to the risk of stent rupture, but it is 

appropriate for intrinsic causes like atherosclerosis. 

Embolization and stenting in the visceral artery can change blood flow and exacerbate or 

improve VAAs associated with change of wall shear stress. It is essential to consider what 

change happen in blood flow by embolization or stenting before procedure. Notably, in patients 
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with VAAs that coexist with vascular stenosis or occlusion, angioplasty with endovascular 

treatment prior to embolization for VAAs may treat the vascular stenosis or occlusion.
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Figures

Fig. 1 Contrast-enhanced computed tomography before endovascular treatment

A: Sagittal image of contrast-enhanced computed tomography at the arterial phase showing a 

complete occlusion at the orifice of the superior mesenteric artery (arrow). B: Volume rendering 

depicting aneurysms of 9.6 mm and 5.4 mm in diameter in the right hepatic artery (black arrow) 

and anterior superior pancreaticoduodenal artery (white arrow), respectively.

Fig. 2 Angiogram via the celiac artery
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A: Angiogram showing complete occlusion of the superior mesenteric artery (black arrow) 

associated with retrograde blood flow through the prominent pancreaticoduodenal arcade. 

Aneurysms are seen in the right hepatic and anterior superior pancreaticoduodenal art ery (white 

arrows). The orifice of the replaced right hepatic artery originated from the superior mesenteric 

artery (arrowhead). B: The white arrows in the schema shows the blood flow from the celiac 

artery to the proper hepatic artery anterogradely, and the superior mesenteric artery through the 

gastroduodenal artery retrogradely.

Fig. 3 Follow-up contrast-enhanced computed tomography at five years after endovascular 

treatment

A: Sagittal image of contrast-enhanced computed tomography at the arterial phase showing 

patency of the superior mesenteric artery (arrow). B: Volume rendering image demonstrating the 

shrunken aneurysms of 3.5 mm in the hepatic artery (black arrow) and of 2.8 mm in the superior 

anterior pancreaticoduodenal arteries (white arrow).
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Fig. 4 The time course of the aneurysmal diameter

RHA; Right hepatic artery, ASPA; superior anterior pancreaticoduodenal artery
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Fig. 1 Contrast-enhanced computed tomography before endovascular treatment 
A: Sagittal image of contrast-enhanced computed tomography at the arterial phase showing a complete 

occlusion at the orifice of the superior mesenteric artery (arrow). B: Volume rendering depicting aneurysms 
of 9.6 mm and 5.4 mm in diameter in the right hepatic artery (black arrow) and anterior superior 

pancreaticoduodenal artery (white arrow), respectively. 
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Fig. 2 Angiogram via the celiac artery 
A: Angiogram showing complete occlusion of the superior mesenteric artery (black arrow) associated with 
retrograde blood flow through the prominent pancreaticoduodenal arcade. Aneurysms are seen in the right 
hepatic and anterior superior pancreaticoduodenal art ery (white arrows). The orifice of the replaced right 

hepatic artery originated from the superior mesenteric artery (arrowhead). B: The white arrows in the 
schema shows the blood flow from the celiac artery to the proper hepatic artery anterogradely, and the 

superior mesenteric artery through the gastroduodenal artery retrogradely. 
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Fig. 3 Follow-up contrast-enhanced computed tomography at five years after endovascular treatment 
A: Sagittal image of contrast-enhanced computed tomography at the arterial phase showing patency of the 
superior mesenteric artery (arrow). B: Volume rendering image demonstrating the shrunken aneurysms of 

3.5 mm in the hepatic artery (black arrow) and of 2.8 mm in the superior anterior pancreaticoduodenal 
arteries (white arrow). 
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Fig. 4 The time course of the aneurysmal diameter 
RHA; Right hepatic artery, ASPA; superior anterior pancreaticoduodenal artery 
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