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Abstract

Pseudoaneurysms of the pancreatic and peripancreatic arteries is a well-known complication of chronic or necrotizing
pancreatitis due to proteolytic enzymatic digestion of the arterial wall. A major part of peripancreatic pseudoaneurysms
involve the splenic artery, but any peripancreatic artery may be involved and bleed. They are potentially life threatening
for patients, due to spontaneous intraperitoneal rupture, rupture and fistulization into the surrounding organs, or fistu-
lization into the pancreatic duct. Small ones are usually asymptomatic and are often diagnosed incidentally, while giant
(> 5 cm) aneurysms and pseudoaneurysms are symptomatic and may be detected as a pulsatile mass in the upper-left
quadrant or epigastrium. Imaging plays a key role in the identification of splenic artery aneurysms and pseudoaneu-
rysms, while angiography still represents the gold standard for the diagnosis, although nowadays it plays a prominent
role in treatment. Treatment of splenic artery pseudoaneurysms is mandatory because of the high probability of rup-
ture, with a mortality rate of up to 90%. The gold standard treatment is represented by surgery, with a mortality rate
between 16% and 50%. In recent years the endovascular approach has proven to be an effective alternative treatment
for splenic artery pseudoaneurysms, and it is currently the method of choice. In this article, we present the case of
a ant pseudoaneurysm of the splenic artery due to huge pseudocysts in a young alcoholic patient with recurrent and

chronic pancreatitis, complicated by fistulization
and invasion of spleen parenchyma and arterio-
venous fistula.

Pseudoaneurysms of the pancreatic and peripancreatic
arteries is a well-known complication of chronic or nec-
rotizing pancreatitis due to proteolytic enzymatic diges-
tion of the arterial wall - the most important enzyme in
this digestion process of the arterial wall is trypsin [4-6].
Less frequently, they can occur after trauma, probably
due to rapid deceleration with consequent damage to the
intima and elastic lamina [1,2,7]. They are potentially
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Introduction

The splenic artery is the most common visceral artery
affected by pseudoaneurysms, followed by the gastro-
duodenal and the pancreaticoduodenal arteries [1-3].

life threatening for patients, due to spontaneous intra-
peritoneal rupture, rupture and fistulization into the sur-
rounding and hollow organs, or fistulization into the pan-
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creatic duct [8,9]. Small ones are usually asymptomatic
and are often diagnosed incidentally; in contrast, giant
(> 5 cm) aneurysms and pseudoaneurysms are sympto-
matic and may be detected as a pulsatile mass in the upper
left quadrant or epigastrium, with referred epigastric and
left upper quadrant abdominal pain, but also with feeling
of fullness, anorexia, nausea, and vomiting [8,10]. Imaging
techniques such as ultrasound, Doppler sonography, and
computed tomography (CT) play a key role in the identifi-
cation of splenic artery aneurysms and pseudoaneurysms,
while angiography still represents the gold standard for
the diagnosis, but nowadays it has a prominent role for
treatment, with the possibility to perform an endovascular
embolization [1,11]. Treatment of splenic artery pseudoa-
neurysms is mandatory because of the high probability
of rupture with intra- or retroperitoneal haemorrhage or
gastrointestinal bleeding, with a mortality rate of up to
90% [1,3]. Historically, these lesions have been managed
by open or laparoscopic surgical approach, with a mortal-
ity rate between 16 and 50% [1,2,12,13]. In recent years,
endovascular techniques have proven to be an effective
alternative treatment for splenic artery pseudoaneurysms,
and the endovascular approach is nowadays the method
of choice, although the reported failure rate in literature is
between 10 and 15% [1,2,12,13]. In this article, we present
the case of a giant pseudoaneurysm of the splenic artery
due to huge pseudocysts in a young alcoholic patient with
recurrent and chronic pancreatitis, complicated by fistu-
lization and invasion of spleen parenchyma and arterio-
venous fistula.

(Case presentations

A 45-year-old man was affected by left upper quadrant
abdominal pain and a feeling of fullness and pulsation.
His medical history was notable for alcoholism, with pre-
vious recurrent acute pancreatitis, and smoking; there was
no history of hypertension, trauma, fever, or abdominal
or chest infections. His general physical examination
was unremarkable, and his laboratory tests were normal.
A contrast-enhanced CT scan revealed the presence of
2 huge pseudocysts, and, into the major one, localized
close to pancreatic tail, the presence of a giant pseudoan-
eurysm of the splenic artery, with a maximum diameter of
80 mm, with associated spleen invasion and concomitant
arterio-venous fistulas (Figures 1 and 2A-B). Moreover,
the splenic vein was occluded with development of many
renal, mesenteric, and omental collaterals (Figure 2C-D).
In the angiography suite, a selective celiac trunk and
then super-selective splenic artery angiography were per-
formed through a standard percutaneous right transfemo-
ral approach, confirming the CT findings and showing the
pseudoaneurysmss origin distal to the great pancreatic ar-
tery ostium (Figure 3A). An endovascular exclusion of the
pseudoaneurysm was performed by transcatheter embo-
lization with multiple microcoils (Nester, Cook-Medical,
Bloomington, Indiana) released distal and proximal to
pseudoaneurysm’s origin ostium, with coaxial technique,
employing a microcatheter (Progreat 2.7 Fr, Terumo,
Shibuya-ku, Tokyo, Japan) for super-selective catheteri-
sation, occluding the entire spleen artery segment in-
volved but preserving the great pancreatic artery’s ostium

Figure 1. Computed tomography (CT) scan showing, in arterial phase, a giant pseudoaneurysm of the splenic artery (A, B) secondary to a huge pseudocyst (C)
with concomitant invasion of upper pole spleen parenchyma and arterio-venous fistulas (D) (red arrows)
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Figure 2. Computed tomography (CT) scan 3D-VR (A) and MIP sagittal (B) reconstructions showing a huge pseudoaneurysm of the splenic artery secondary

Embolization of a giant splenic artery pseudoaneurysm with spleen invasion

to pancreatic pseudocyst and concomitant invasion of spleen (yellow arrow) and arterio-venous fistulas (red arrows); CT coronal (C) and axial (D) scan in
portal venous phase showing chronic occlusion of splenic vein (C) (red circle) and concomitant development of many mesenteric and omental venous

collaterals (D) (red oval)

(Figure 3B-C). The final angiographic control showed
successful and complete exclusion of the pseudoaneu-
rysmal sac and of the intrasplenic arterio-venous fistula,
with patency of the great pancreatic artery (Figure 3D).
The patient was asymptomatic after the procedure and
was discharged 3 days later, when a contrast-enhanced
CT scan confirmed the technical success, with evidence
of only minimum and neglectable ischaemic portions of

Figure 3. Digital angiography. Selective angiography of splenic artery confirming a giant pseudoaneurysm (A) and selective catheterization, employing
a microcatheter, of distal portion of splenic artery (B). Endovascular embolization releasing multiple metallic microcoils into the in-flow and out-flow tracts
of the giant pseudoaneurysm (C). Final angiographic control confirming successful endovascular exclusion of the pseudoaneurysm with opacification of
the great pancreatic artery (D)

splenic parenchyma, which was regularly vascularized due
to collateral arterial supply to the organ coming from the
gastric arteries and gastroduodenal arch through the left
gastroepiploic artery (Figure 4). Six months after treat-
ment he is still asymptomatic, and the endovascular em-
bolization has proven to be effective.

Discussion
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Figure 4. Computed tomography (CT) scan performed 3 days after the procedure, confirming in arterial phase (A-C) successful endovascular embolization
with multiple metallic microcoils and no opacification of the giant pseudoaneurysm, with evidence of collateral arterial supply towards the spleen (yellow
arrows); portal venous phase (D) confirming no opacification of the pseudoaneurysmal sac and subsequent minimum ischaemic areas in the context of

spleen parenchyma (red arrow)

Splenic artery aneurysms represent between 50% and 70%
of all visceral artery aneurysms and are the third most
frequent intrabdominal aneurysms after those of the ab-
dominal aorta and iliac arteries [8,10,15]. Various studies
of autopsies and angiographies report rates of incidence at
0.01-0.20% and 0.78-0.80%, respectively [8,9,16]. How-
ever, splenic artery aneurysms have been shown to be
4 times more frequent in women and most commonly
identified in people older than 50 years [8,9,14]. They can
be classified histopathologically as either true aneurysms
(involving intima, media, and adventitia layers of the ar-
tery wall) or pseudoaneurysms (not involving all 3 artery
wall layers) [8,17]. They usually measure 2.1 cm in diam-
eter at the time of diagnosis, rarely exceeding 3 cm; if their
maximum diameter is > 5 cm, they are generally defined
as giant [8,9,16]. Chronic and acute pancreatitis repre-
sents the primary risk factor for splenic artery pseudo-
aneurysms, together with the presence of pancreatic pseu-
docysts and occurrence of abdominal trauma [8,10,18].
Pseudoaneurysms are due to the disintegration of elastin
fibres of the artery wall by pancreatic enzymes with con-
sequent arterial wall destruction [8,18]. In our case, in
fact, the giant pseudoaneurysm was due to a huge pseu-
docyst for chronic pancreatitis that caused a laceration of
the splenic artery. Haemorrhage due to wall erosion and
pseudoaneurysm arising in the division branches of the
celiac trunk is not frequent but represents a catastrophic
complication of acute necrotizing pancreatitis [4,19].
A major part of peripancreatic pseudoaneurysms involve
the splenic artery, as in our case, but any peripancreatic
artery may be involved and bleed. Alcoholism represents
the first cause of necrotizing pancreatitis, and pseudoan-
eurysm of a celiac branch constitutes a major cause of
death in affected patients. In such patients, in fact, the ero-

sion of an important artery can be a likely source of gas-
trointestinal bleeding. These patients are often very de-
bilitated and, in this way, they present a high surgical risk
[4]. Imaging plays a key role in the detection of these con-
ditions, and the main diagnostic tools are ultrasound
(US), Doppler US, contrast enhanced US (CEUS), CT, and
magnetic resonance imaging (MRI) [8,16,20-24]. Doppler
US is the first choice for pregnant patients, and it can be
effective and sufficient, depicting precisely the location
and the morphology of the false aneurysm in superficial
anatomical districts, but it has a lower accuracy in abdo-
men, because of intestinal bloating, and has many limita-
tions in emergency settings if the patient is not collaborat-
ing, while CEUS was recently proven to be a powerful new
tool to detect false aneurysms, both for the first diagnosis,
in patients with a clinical suspicion, and for follow-up af-
ter treatment, allowing a faster, easier, cheaper, repeatable,
and above all, valid and effective radiation-free imaging.
CT angiography, however, represents the gold standard for
diagnosis, showing the typical aneurysm body in the arte-
rial phase, as demonstrated in our case [8,10,17,20-25].
MRI proved to be more sensitive and specific, but it is
contraindicated for patients with pacemakers and metal
prostheses, it is unsuitable for claustrophobic and respira-
tory distressed patients, especially considering the pro-
longed time of execution, and above all, its availability is
still limited in emergency settings [8,10]. Treatment is rec-
ommended for all symptomatic splenic artery aneurysms,
regardless of the diameter, and for all asymptomatic pa-
tients in whom the aneurysmal sac diameter is > 2 cm,
due to their high risk of rupture associated with high mor-
bidity and mortality rates, and for those who are pregnant
or fertile, who are affected by portal vein hypertension or
are candidates for liver transplantation [8-10,25,26]. In
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contrast, the rupture risk for pseudoaneurysms is not re-
lated to their diameter, and all pseudoaneurysms should
be treated [8,27-29]. In fact, owing to their thin and weak
walls, they can easily rupture and bleed spontaneously; in
this way, the common clinical presentation is represented
by gastrointestinal bleeding, and bleeding into a pseudo-
cyst is the most common presentation of pancreatitis-
related pseudoaneurysms [4,6]. Spontaneous rupture and
fistulization into neighbouring organs are the most im-
portant life-threatening complications of giant splenic
artery pseudoaneurysms [8]. These are exactly the find-
ings depicted in our patient: a giant pseudoaneurysm with
bleeding into a pseudocyst and subsequent invasion of the
upper splenic pole associated with venous fistulization.
Surgery represents the gold standard therapy, and the
most common approach has been suture ligation of the
bleeding point in the wall of the pancreatic pseudocyst.
However, this approach is characterized by high incidence
of rebleeding and reoperation, and surgically it would be
better to identify the involved vessel and to ligate it proxi-
mally and distally to the pseudoaneurysm [4,19]. How-
ever, in the last few years, surgery has been replaced by
transcatheter endovascular embolization due to its low
morbidity and mortality and high success rate [25,30]. In
fact, in recent years transcatheter endovascular emboliza-
tion has been preferred for the treatment of peripancre-
atic bleeding pseudoaneurysms because of the high risk,
ineffectiveness, and high mortality during surgery, and it
represents a safe alternative to surgery [4,6]. These are the
reasons, in fact, for the decision to perform endovascular
embolization to treat our patient. In the case of pancre-
atic pseudoaneurysms, endovascular embolization repre-
sents either a temporizing measure to control rapid bleed-
ing, allowing haemodynamic stabilization, or a definitive
therapy [1,31]. In our case, endovascular embolization
proved to be sufficient and clinically effective alone.
The target of the endovascular approach to pseudoaneu-
rysms is either to pack the aneurysm with embolic agents
or to exclude the neck of the aneurysm from the circula-
tion [1,2,12,13]. The embolization of the proximal and
distal neck is the most commonly reported endovascular
therapy in such cases, because it is necessary to exclude
both in-flow and out-flow tracts to reduce the risk of an-
terograde and retrograde reperfusion [23]. Gelfoam and
coils are the most common agents used for either of these
approaches, but detachable balloons, polyvinyl alcohol
(PVA), and liquid embolic agents are also described in the
literature [1,2,12,13,32]. Coils, detachable balloons, and
PVA are permanent embolic agents, while Gelfoam is
temporary and is reabsorbed within a few weeks, and in
this way, recanalization can occur if it is used alone [1,32].
In addiction, both Gelfoam and PVA can migrate towards
the distal splenic artery circle, with the risk of subsequent
splenic infarctions and abscess [1,29]. The most frequent
and effective embolic agent described to embolize the in-
flow and out-flow tracts of the injured artery, allowing the

Embolization of a giant splenic artery pseudoaneurysm with spleen invasion

successful exclusion of the aneurysm’s neck, is represented
by metallic coils, which in most cases are sufficient and
effective alone, as happened in our case, in which we suc-
cessfully employ onlyed metallic coils for embolization
[1,11,12]. When embolization is performed, the weakness
of the wall represents an additional problem to consider,
because the fragility of the pseudoaneurysm may allow it to
rupture during injection of contrast material or chosen em-
bolic agents, when the catheter is wedged into the feeding
vessel. In fact, a considerable increase in intra-aneurysmal
pressure occurs when a notable amount of fluid is injected
in a short time, such as during endovascular procedures. In
this way, all the injecting pressure is transmitted to the an-
eurysm’s wall, and consequently rupture is favoured [4,6].
Therefore, the advantage of transcatheter coil embolization,
with which no high pressure or large amount of fluid is
necessary during the procedure, is clear and shared [4,33].
During the procedure, it is often necessary to employ mi-
crocatheters for the cannulation of the splenic artery, espe-
cially if tortuous, and for the correct and safe distal release
of coils. It is usually necessary, in addiction, to release mul-
tiple coils to be clinically effective [1]. In our patient, suc-
cessful embolization required the employment of both
a microcatheter, owing to splenic artery’s tortuosity, to
selectively catheterize the out-flow tract, and release and
packing of multiple metallic coils. The reported successful
employment of n-butyl-cyanoacrylate (NBCA), especially
in neurovascular interventions, has led to its use for embo-
lizations in other regions too [1]. NBCA is often used
alone to occlude the main vessel, but it can also be helpful
for the embolization of aneurysms for which it is not pos-
sible to release further coils and to prevent delayed migra-
tion of microcoils with non-target embolization [1,34]. In
recent years, its employment in the embolization of splen-
ic artery pseudoaneurysms has also been reported [1,35].
Stent grafts can also be used, and their employment is al-
ready described in the literature, because they allow one to
preserve arterial patency and splenic artery circulation.
Their main limitations are due to difficulties of deployment
in a tortuous vessel, like the splenic artery in our case, and
post-stenting thrombosis [1,8,29,36]. However, preserva-
tion of the splenic artery is not always necessary; in fact,
the extensive collateral arterial supply to the spleen pre-
vents infarction when the main splenic artery is occluded,
even though infarction can rarely occur [1,13]. The report-
ed rate of complications of endovascular embolization is
between 3% and 18%; the major complications are repre-
sented by acute exacerbation of chronic pancreatitis, pan-
creatic necrosis, splenic infarct and abscess formation, in-
testinal infarct, infection, fever, dislodgement and
migration of embolic agents, haematoma or pseudoaneu-
rysm at the percutaneous arterial entry site, and contrast-
induced acute renal failure [1,8,30,31,36,37]. When splen-
ic infarct occurs patients may need splenectomy due to the
possibility of developing an abscess or septicaemia
[1,31,32]. In our patient, the embolization of the splenic
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artery did not cause a significant decrease in arterial supply
to the organ, thanks to the extensive collateral arterial sys-
tem, and, in this way, the portion of subsequent ischaemic
parenchyma was so small as to be clinically neglectable,
allowing preservation of the spleen with its precious im-
munite function.

Conclusions

Splenic artery pseudoaneurysms are often due to pan-

creatitis, acute and chronic, especially in the presence of
pseudocysts. Endovascular embolization is a minimally in-
vasive, safe, and effective alternative treatment to surgery,

with lower morbidity and mortality and high success rates, allowing preservation of the spleen and its precious immune
function.
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