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Median arcuate ligament syndrome is a clinical condition in which the median arcuate lig-
ament causes compression and narrowing of the celiac artery. It has been reported that col-
lateral pathways, which is developed by the decrease of blood flow from the celiac artery, fa-
cilitates the formation of aneurysms. Aneurysms around the pancreas in particular require
aggressive therapeutic intervention, because a rupture can be fatal. We herein report two
cases of pancreaticoduodenal aneurysms associated with median arcuate ligament syn-
drome treated by coil embolization and median arcuate ligament incision. Case 1 required
a hybrid procedure in which median arcuate ligament incision and coil embolization were
performed simultaneously. In Case 2, the median arcuate ligament incision was performed
about 3 months after emergency endovascular hemostasis for hemorrhagic duodenal ul-
cer. In both cases, there were no major postoperative complications and no recurrence of
aneurysm. Median arcuate ligament incision may be effective to prevent organ ischemia
and aneurysm recurrence after coil embolization of intra-abdominal aneurysms associated
with median arcuate ligament syndrome.
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Fig. 1 - CT images of Case 1. (A, B) Sagittal contrast enhanced CT and volume rendering (VR) images show severe stenosis at
the celiac artery (arrows). VR image also shows two aneurysms (arrowheads) in the PDA (10 mm, 32 mm).

Introduction

Median arcuate ligament syndrome (MALS) is a clinical con-
dition in which the median arcuate ligament (MAL) causes
compression and stenosis of the celiac artery [1-5]. It is pre-
sumed that decreased blood flow through the celiac artery
in MALS lead to development of collateral pathways in the
celiac artery-superior mesenteric artery arcade and forma-
tion of aneurysms. Pancreaticoduodenal aneurysm is partic-
ularly important because even as small as 2 mm aneurysm
can rupture and be fatal [6-8]. Endovascular embolization
has been recommended as the first choice for treatment of
the aneurysms. While, there is currently no clear evidence
whether invasive surgery for MAL incision should be per-
formed for MALS with pancreaticoduodenal aneurysm [9]. In
the current report, we present 2 cases of pancreaticoduodenal
aneurysms with MALS treated by coil embolization and MAL
incision.

Case presentation

Case 1

An abnormal mass in the pancreatic head was pointed out
by health check in a 49-year-old woman without a significant
previous medical history of any particular diseases. Contrast-
enhanced computed tomography (CT) scan showed severe
stenosis at the celiac artery, and 2 pancreaticoduodenal artery
(PDA) aneurysms of 10 mm and 32 mm in diameter (Fig. 1).
Based on the above, pancreaticoduodenal aneurysms with
MALS were diagnosed. To prevent rupture of these aneurysms,
endovascular embolization was planned. It was assumed that
liver ischemia might occur after endovascular embolization
of these aneurysms because hepatic arterial blood flow from
the superior mesenteric artery (SMA) decreased after em-

bolization. Wherein, catheter angiography was scheduled to
evaluate blood flow and consider adequate treatment based
on the results. Catheter angiography was performed using a
5.2-French balloon catheter (TERUMO CLINICAL SUPPLY CO.,
Ltd., Gifu, Japan) and a 4.2-French pigtail catheter (Good-
man Co., Ltd., Aichi, Japan). Superior mesenteric arteriogra-
phy and aortography are shown in Figure 2A and B. Aortog-
raphy, performed with balloon occlusion of PDA from the
caudal side of aneurysm, showed weak delineation of the
celiac artery and its branches. As a result, it was indicated
that hepatic arterial blood flow mostly depended on the SMA
through the PDA. If aneurysm embolization in the PDA was
performed, liver ischemia might have occurred. Therefore,
hybrid surgery in which coil embolization of the aneurysm
was planned after MAL incision to increase hepatic arterial
blood flow from the celiac artery. In the laparotomy, the celiac
artery was exposed up to the origin, and the MAL was re-
leased (Fig. 2C). The hepatic artery blood flow was evaluated by
Doppler ultrasonography at the umbilical portion. Although
the peak flow of the hepatic artery was 52.2 + 3.0 cm/s with-
out gastroduodenal artery (GDA) cramping, it decreased into
23.4 £+ 3.2 cm/s with GDA cramping. After the MAL incision,
it recovered up to 46.8 + 7.7 cm/s with GDA cramping. Sub-
sequently, coil embolization was started in the supine posi-
tion, using the right femoral artery approach. The pancreatico-
duodenal artery aneurysm was confirmed by superior mesen-
teric arteriography (Fig. 2D) using a 4-French catheter (Medikit
Co., Ltd., Tokyo, Japan). A LANTERN Microcatheter (Penum-
bra, Alameda, CA) was then inserted into the vicinity of the
aneurysm, and the 2 aneurysms were embolized using a total
of 15 microcoils, one Penumbra occlusion device (POD) Sys-
tem (Penumbra) 6 mm x 50 cm and eight POD PACKING COIL
(Penumbra) (5 x 60 cm, 3 x 45 cm) and 6 Ruby coil COMPLEX
STANDARD (Penumbra) (3 x 28 mm x 60 cm, 3 x 24 mm x 60
cm). Superior mesenteric arteriography and celiac arteriogra-
phy after coil embolization are shown in Figure 2E and F. Af-
ter embolization of the aneurysm, the hepatic arterial blood
flow was 54.5 &+ 0.7 cm/s, which did not decrease comparing
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Fig. 2 - Angiography images of Case 1. (A) and (B) are images for evaluation of blood flow before hybrid surgery. (C) is a
photograph of the post-MAL incision. (D)-(F) are images for endovascular embolization. (A) Angiography of the SMA shows
two pancreaticoduodenal aneurysms (arrowheads) and a dilated PDA (arrow), through which blood flow to the liver and
spleen was supplied. (B) Aortography with balloon blockage of the PDA shows a small branch of the celiac artery (arrows).
(C) The MAL, which is a hard fibrous tissue continuous with the crura of the diaphragm, was identified and incised (arrows).
(D) After MAL incision, superior mesenteric angiography shows that the distal splenic artery was no longer depicted (arrow)
and the CHA was slightly thicker. (E) Superior mesenteric arteriography after embolization of aneurysm shows no
visualized aneurysm. The CHA and part of the PDA are slightly delineated through other peripancreatic arcades (arrow). (F)
After MAL incision and aneurysm embolization, the hepatic and splenic arteries can be clearly seen on celiac arteriography.

with that before embolization. The operation time was about 6
hours, and the amount of blood loss was approximately 5 mL.
At 5 postoperative days (POD), CT revealed the dilation of the
celiac artery and no findings of liver ischemia. The patient was
uneventfully discharged at 6 POD. Recurrence of aneurysm
have not been observed 20 months after surgery.

Case 2

The patient is a 58-year-old male with a history of hyper-
tension and mild thrombocytopenia. Repeated hemateme-
sis had occurred 10 days prior to transport to our hospital,
and 2 days later, a bleeding duodenal ulcer was diagnosed
by upper endoscopy, and emergency laparotomy was per-
formed. Afterwards, the patient returned to the hospital be-
cause of melena. At that time, rebleeding from the duode-

nal ulcer was observed, and the patient was transferred to
our hospital. Contrast-enhanced CT showed a stenosis at the
celiac artery and a pancreaticoduodenal aneurysm near the
duodenal ulcer, suggesting a pancreaticoduodenal aneurysm
complicated by MALS and a hemorrhagic ulcer formed by
its rupture or draining (Fig. 3). Emergency endovascular em-
bolization was performed to treat the aneurysm. Emboliza-
tion was performed in the supine position using the right
femoral artery approach. Selection of the celiac artery was
difficult due to stenosis, but we managed to select it with a
4-French catheter (Medikit Co). A Carnelian Si Microcatheter
(Tokai Medical Products, Inc., Aichi, Japan) was inserted close
to the pancreaticoduodenal aneurysm to confirm the blood
vessels traveling around the aneurysm (Fig. 4A). The afferent
and efferent arteries were included and embolized with a total
of 10 microcoils; seven Target XL 360 Soft Coils (Stryker Japan
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Fig. 3 - CT images of Case 2. (A) Sagittal contrast enhanced CT image shows stenosis at the celiac artery (arrows). (B) VR

image shows an aneurysm (arrowhead) in the PDA (10 mm).

Fig. 4 - Angiography images of Case 2. (A) Angiography of a microcatheter inserted through the celiac artery and advanced
to the distal part of the aneurysm revealed a 10-mm unruptured aneurysm (arrowhead). (B) Celiac arteriography after
aneurysm embolization shows no visualized aneurysm. (C) Superior mesenteric arteriography after aneurysm embolization
also shows no visualized aneurysm. The CHA and part of the PDA (arrow) are depicted through other peripancreatic
arcades. In addition, the right hepatic artery (arrowhead) is bifurcated from the SMA.

K.K., Tokyo,Japan) (1 x 8mm x 30cm,2 x 7mm x 20cm,1 x 6
mm x 20cm, 2 x 5mm x 15cm, 1 x 4 mm x 12 cm), and three
Target XXL 360 coils (Stryker Japan K.K.) (1 x 14 mm x 50 cm,
1x 12mm x 45cm, 1 x 10 mm x 40 cm,; Fig. 4B). The procedure
time was about 2 hours and 30 minutes, and blood loss was
minimal. The proper hepatic artery was depicted by superior
mesenteric angiography after embolization (Fig. 4C), therefore,
we presumed that hepatic arterial blood flow was maintained
to some extent and did not perform an emergency MAL inci-
sion. The patient underwent a MAL incision about 3 months
after the embolization. In the laparotomy, the celiac artery was
exposed to the aorta to identify the MAL, which was then re-
leased. Blood flow in the common hepatic artery (CHA) and
splenic artery was evaluated by Doppler ultrasonography be-

fore and after the incision, and both showed improvement in
blood flow after the incision. The operation time was about 4
hours, and the blood loss was 150 mL. Postoperatively, throm-
bocytopenia occurred but improved with a total of 20 units of
platelet transfusion. No other major complications occurred,
and the patient was discharged on the 9 POD. Recurrence of
aneurysm have not been observed 13 months after surgery.

Discussion

Harjola reported the first case of MALS in 1963, and Dunbar
further described it as a clinical syndrome in 1965 [1-4]. MAL
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is a fibrous tissue that connects the two legs of the diaphragm
and is generally located at the level of the 12th thoracic ver-
tebra. Typically, the celiac artery branches off the abdominal
aorta between the 11th thoracic vertebra and the 1st lumbar
vertebra, but it is known that the branching position varies
greatly depending on the person [5,10]. Therefore, the celiac
artery and MAL sometimes overlap. MALS is a disease in which
the celiac artery is compressed by MAL, resulting in steno-
sis and various symptoms, and is broadly defined to include
people without subjective symptoms [6]. These symptoms are
thought to be caused by stimulation of the celiac plexus or or-
gan ischemia due to celiac artery stenosis [1,9-11]. The fre-
quency of symptomatic patients is about 0.4% of the total
population; 1.76%-8% if asymptomatic patients are included.
It has been reported that 87% of patients with MALS are
asymptomatic, and MALS is more common in females than
in males, with a male to female ratio of 1:6 [1,6,9,10,12]. Re-
garding the relationship between MALS and pancreaticoduo-
denal aneurysms, Sutton and Lawton first suggested in 1973
that occlusion or stenosis of the celiac artery is the basic cause
of true pancreaticoduodenal aneurysms [7,13]. In 2006, Murata
et al reported that stenosis of the celiac artery increased blood
flow in the pancreaticoduodenal arcade and developed collat-
eral pathways, and that the stress caused by the subsequent
chronic increase in blood flow makes the arterial wall vulner-
able, resulting in the formation of an aneurysm [14]. Pancre-
aticoduodenal aneurysms (excluding pseudoaneurysms due
to inflammation, etc.) account for about 2% of all visceral
aneurysms, but it has been reported that 50%-74% of these
aneurysms coexist with stenosis or occlusion of the celiac
artery, such as MALS [10]. There is also a close relationship
between the development of the collateral tract of the celiac
artery-superior mesenteric artery arcade and aneurysm for-
mation due to MALS. Heo et al reported that among patients
with MALS, 46%-80% had significant collateral tract develop-
ment and 24% had aneurysm formation. In this report, col-
lateral tracts were also found in the CHA and left gastric
artery, and the peripancreatic vascular network including the
PDA was the most frequent at 82.4% [6]. Pancreaticoduodenal
aneurysms are associated with a high risk of rupture regard-
less of size, and therapeutic intervention should be consid-
ered promptly after diagnosis. In recent years, endovascular
aneurysm embolization has become the first choice of treat-
ment because it is minimally invasive compared to surgery
and allows simultaneous diagnosis and treatment [6-8]. In
the presence of celiac artery stenosis due to MALS, revascu-
larization procedures such as MAL incision, bypass, or stent-
ing should be considered. In Case 1, it was desirable not only
to embolize the aneurysm but also to reduce the risk of re-
currence as much as possible, given the patient’s young age.
However, angiography before embolization showed that hep-
atic artery blood flow was expected to be supplied from the
SMA through the peripancreatic vascular network, and the
risk of organ ischemia due to aneurysm embolization was
high. Therefore, we performed a hybrid treatment of simulta-
neous coil embolization and MAL incision, and as a result, the
operation was completed without organ ischemia. In Case 2,
endovascular embolization was performed urgently because
of a bleeding ulcer caused by compression of the aneurysm.
Then no immediate additional surgical treatment was per-

formed because blood flow from the celiac artery was main-
tained to some extent before and after the embolization. How-
ever, during the follow-up, a MAL incision was performed to
prevent recurrence of the aneurysm. In both cases, the postop-
erative course was uneventful, and no recurrence of aneurysm
was observed in Case 1 or Case 2 after follow-up periods of
20 months and 13 months, respectively. As for the effect of
MAL incision on preventing recurrence, we expect that the risk
of recurrence was reduced due to the reduction of hemody-
namic stress, but some studies have reported that the risk of
aneurysm recurrence remains the same even without hemo-
dynamic modification. [9] Therefore, further study into this ef-
fect is required. It is necessary to continue to follow up on the
patients in the current report in case of aneurysm recurrence.

Conclusion

We presented 2 cases of pancreaticoduodenal aneurysms with
MALS treated with coil embolization and MAL incision. Our
results suggest that MAL incision was effective in prevent-
ing organ ischemia after coil embolization. The MAL incision
may also be effective in reducing the risk of aneurysm recur-
rence due to the reduction of hemodynamic stress, but there
is still insufficient evidence for this, and further investigation
is needed.

Patient consent statement

Informed consent has been obtained from the patients for the
publication of this case report.
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