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Abstract

Splanchnic artery aneurysms are localized vascular
dilatations having a progressive evolution and leading
towards severe complications (depletive rupture, distal
emboli, organ ischemia). Treatment can be efficient when
the condition is detected in time. The imaging techniques
are highly efficient when it comes to detecting and locating
splanchnic aneurysms. Each method has its own features.
By knowing them, there is a better chance to track down
the disease at an early stage.
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Introduction

Splanchnic aneurysms are rare conditions, with
unpredictable evolution, often resulting in sudden death.
Their incidence is higher than that of other vascular diseases,
such as aortic aneurysms, but they are less discussed in
the literature. Necroptic studies found an incidence of
splanchnic aneurysms between 0.1% [1] and 10 % [2],
while abdominal aorta aneurysms did not exceed 0.5%
[3]. Tracing splanchnic aneurysms is important because
of the high death rate (25% to 75%), backing up massive
hemorrhage, embolic and/or ischemic complications.

Usually, splanchnic aneurysms are asymptomatic
or have unspecific symptoms [4]. They can manifest
dramatically when intraperitoneal hemorrhage arrives or a
bit more “gentle” in case of sporadic digestive hemorrhage
or rupture in the portal vascular system. In the latter
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situation, portal hypertension emerges, accompanied by
variceal bleeding [5]. The aneurysm may reach varying
sizes, being sometimes very small. It is rarely diagnosed
through clinical examination, although sometimes, a
bustle and a murmur may be detected at abdominal
auscultation. The most common location is at the level of
the splenic artery (58%) and of the hepatic artery (20%).
More rarely, some aneurysms are detected at the level of
the superior mesenteric artery (8%), gastroduodenal or
pancreaticoduodenal artery [1]. In about 33% of cases,
there are multiple aneurysms in the same patient [6].
Because of the high death rate, the splanchnic aneurysms
have to be treated immediately on detection, especially if
their diameter exceeds 2 cm. The surgical intervention
consists of aneurysm resection or by-pass bridging with a
vena saphena or Goretex prosthesis. If there is a preventive
intervention, the perioperative death rate will be rather
low. The embolization is efficient in case of a surgical

intervention, with an 85% success rate [7].

Anatomo—clinical aspect

The true aneurysm is a permanent dilatation of an
arterial vessel, reaching a size at least 1.5 times bigger than
the medium diameter of the main vessel. It can be fusiform
when it covers the entire perimeter of the vessel, or saccular
when it bulges only on one side of the artery, a limited part
of the vessel wall. The pseudoaneurysm is a pulsating,
encapsulated hematoma in communication with the lumen
of the ruptured vessel, which concerns only the intima and
media of the artery, and which is stopped from developing
by adventitia and by the surrounding connective tissue [4].

The splenic artery aneurysm represents 58% of all
splanchnic aneurysms with ahigherincidence in women than
in men [8]. In general it is a true aneurysm (72%), saccular,
located in the splenic hilum [4]. Normally, its diameter is <
2 cm. The rupture results in a high death rate, 25-40% [9,
10] and the risk is three times higher in pregnant women
[1, 6, 11, 12]. Among the causes of splenic aneurysm rank:
portal hypertension, fibromuscular dysplasia, pancreatitis
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(more often causing a false aneurysm), arteriosclerosis
(controversial), abdominal trauma, inflammatory diseases,
septic embolia, or congenital diseases [1, 4]. The patient’s
complaints are either non-characteristic or absent. The
diagnosis may be incidental, at abdominal radiography,
these aneurysms being calcified [6]. The treatment,
required when the aneurysm exceeds 2 cm is surgical
- splenectomy, or ligature when located on a peripheral
branch [13]. Imaging surveillance at 6 month intervals is
recommended when the diameter is 1-2 cm. In the presence
of liver cirrhosis, interventional radiology techniques are
recommended.

Liver artery aneurysms (20% of all aneurysms) have a
higher incidence in men. In more than 50% of the cases the
etiology is traumatic, after interventional procedures on the
biliary tree or abdominal trauma [14]. Anevrysm is located
in most cases in the extrahepatic segment and is caused
by atherosclerosis, tunica media involution, polyarteritis
nodosa, pancreatitis, neurofibromatosis, tuberculosis,
Wegener granulomatosis, liver transplant, trauma etc [1, 4].
The rupture rate is 44-80% (15) and the death rate 21% [16]
to 35% [1]. The main symptom is pain in the right upper
quadrant accompanied by haemoperitoneum and shock in
case of rupture, jaundice and hemobilia after rupture into
the biliary tract, or upper digestive hemorrhage through the
lesion of the gastric or duodenal wall [17]. For intrahepatic

aneurysm, arterial embolization or hepatectomy are
required, while if it involves the common hepatic artery,
surgical excision [18]. In order to avoid liver infarction, the
permeability of the portal vein is mandatory in both cases.

Celiac artery aneurysm is caused by atherosclerosis,
tunica media involution, trauma, inflammatory diseases
of the vessels, or infectious diseases [4]. The complaints
are usually due to the complications [19]. The risk of
spontaneous rupture is low, so conservative treatment is
highly recommended. When required, the treatment can
be surgical — ligation of the celiac artery combined with
aorto—hepatic by-pass or percutanecous embolization [20].

Superior mesenteric artery aneurysms represent 8% of
splanchnic aneurysms. They can be asymptomatic or can
produce diffuse abdominal pain or digestive hemorrhage.
The clinical onset is mostly due to occurrence of
complications; the death rate is 30% [20]. Aneurysm can
be located on the trunk of the superior mesenteric artery,
near the aortic ostium, or on a secondary branch. In 33% of
cases, the etiology is septic embolism [21]. The treatment
consists of a surgical intervention or embolization. It is
easier to treat the aneurysm that has a peripheral location,
due to the low risk of intestinal ischemia. For those with a
proximal location and high risk of wide intestinal infarction,
resection is recommended.

The pancreaticoduodenal artery aneurysm is very
rare. When it is caused by acute pancreatitis or by
surgical interventions (cephalic duodenopancreatectomy)
it is usually a pseudoaneurysm [22]. Clinically, it is
characterized by intense pain in the upper abdominal sector,
which precedes the rupture of the vessel. The death rate,

including the intraoperative one, is very high, exceeding
50% [1]. Surgical treatment is always recommended. If
there are minor complaints, embolization is preferred.
In cases of emergency, surgical treatment consists of a
cephalic duodenopancreatectomy.

Imaging evaluation

Ultrasonography provides simultaneous real-time
visualization of both vascular wall and blood flow. The
information is qualitative (presence and direction of the

blood flow and turbulences) and quantitative (Fig. 1). It
plays an important role in the assessment of mesenteric
atherosclerosis [23] and is useful even for identifying the
patients with high risk of myocardial infarction and stroke,
by measuring the forearm—ankle index [24], or the ratio
heart-media at the level of carotid [25]. It can be used as a
screening method in detecting splenic aneurysms for people
over 50 years [26]. Typical diagnostic signs are significant
wall thickening, presence of atheromatous plaques and
speed-up in the flow exceeding the Niquist limit that leads
to the “aliasing” phenomenon (Fig. 2 a,b)

The defining of the affiliation of the vascular trunk is
limited when it is larger in size and comes into contact
with several abdominal organs. The 3D reconstruction may
provide important contributions in defining its status (Figs.
3-5).

The method may provide information about the presence
of thrombuses in the aneurysm (Fig. 6).

According to the deterioration level of the Doppler
spectrum and to the maximum systolic speeds measured
at that precise level, it is possible to assess the degree of
luminal stenosis [27]. When it comes to surgical therapy, the
presence of the Doppler signal at the level of the prosthesis
is sufficient to confirm its permeability [28].

The pseudoaneurysm should be suspected when a
transonic mass appears shortly after a severe intraabdominal
inflammation or tumor (Fig. 7). The routine Doppler
examination of each mass might detect the communication
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Fig. 1. Celiac artery aneurysm — color mode examination by

visualizing the turbulences inside the vascular dilatation (by
courtesy N. Rednic, CFR Universitary Hospital Cluj Napoca).
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Fig.2. Celiac artery aneurysm: a — gray scale examination
— walls with atherosclerosis aspect; b — color mode examination
by visualizing the streams inside the aneurysm - ,,aliasing”
phenomenon — and polychromy around the vessel — “mosaic
aspect”.

Fig.3. Splenic artery aneurysm — ultrasonographic aspect: a — gray
scale ultrasound combined with B flow mode — by visualizing
the aneurysm in the spleen’s hilum; b — color mode ultrasound;
pulsed Doppler ultrasound, determining the arterial character
of the vascular ectasia; d — 3D reconstruction, determining the
affiliation of the aneurysm in the spleen’s hilum.

Fig.4. Celiac artery aneurysm — gray scale echography, visualizing
the aneurysm and determining the anatomic relations — the coronal
plane (a) and the three-dimensional ones (b).

with an arterial vessel belonging to the lesion. Frequently,
CT scan is mandatory in these circumstances (Fig. 8).
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Fig.6. Intrahepatic artery mycotic aneurysm (by courtesy of S.
Pop, P.A. Mircea, 1st Medical Clinic, County Hospital, Cluj-
Napoca

SN B
Fig.7. Gastroduodenal artery aneurysm: a — transonic formation

aspect at the level of the pancreatic head, occurring after severe
acute pancreatitis; b — spectral Doppler aspect suggesting a high
resistance arterial signal.

Other complications, such as hemoperitoneum,
ischemia, arteriovenous fistulac may be also accurately
detected [4]. The presence of an obstruction is suggested
by a retrograde flow inside the vessel [29].

Computed-tomography is superior to ultrasonography.
It provides a complete visualization of the vascular artery
in relation with the neighboring anatomic structures [30]. It
is recommended in severe abdominal trauma, or in patients
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Fig.8. Celiac artery aneurysm. Ultrasonographic aspect (a) and
contrast CT (b).

after recent interventional procedures on the biliary tree
that might cause splanchnic aneurysms (Fig. 9). The
performance of the conventional CT technique depends on
the use of the contrast agent, which is unadvisable in case
of renal insufficiency or allergy.

Fig.9. Superior mesenteric artery aneurysm — contrast CT — cross-
section (a) and sagittal section (b).

Recently, CT technology has made a huge step forward
by introducing the multislice machines, with higher speed in
imagereconstruction, thatleadsto asignificantly shortertime
for the examination, to an increase of image accuracy, as well
as to the possible 3D reconstruction. In contrast with digital
angiography, CT angiography has certain advantages, such
as volumetric acquirement of the information which allows
the visualization from various angles and plans after only
one scan, the less invasive character and a lower cost [31].
The technique is useful in detecting splanchnic aneurysms,
providing an optimum examination of the arterial time of
contrast agent injection, when the CT multidetector has the
highest acquirement speed, simultaneously with a quick
move of the examined mass and a significant decrease of
displaying time. The artifacts regarding vessels’ pulsation
significantly decrease [31], but there are certain artifacts,
as the selective visualization of the place of maximum
opaqueness inside the vascular lumen, which leads to
a reserved interpretation of the post-processed images
[30]. This method is recommended in the evaluation of
the thoracic aorta (aneurysms, dissection, incisive ulcers,
hematoma) and of the abdominal conditions (aneurysms,
occlusive disease, dissection, stent or by-pass follow-up)
(with an accuracy similar to that of MRI or angiography)
[32]. It is indicated for the preoperative assessment of the
aortic aneurysm, especially when planning endovascular
prosthesis implants [33]. It provides information about the
size and volume of the aneurysm, about the permeability of
the lumen and the degree of thrombosis, the status of the

rest of the aorta and of the peripheral vessels [34].

Nuclear magnetic resonance (MRI) has similar
performances to contrast CT but there are two major
advantages: the contrast agents are not nephrotoxic and
no ionizing radiations are used. This method may be used
in the suppression of the image background procedure,
relieving only the signal coming from the blood flow
(“time of flight” procedure). The combination between 3D
reconstruction and contrast substance administration, based
on gadolinium, leads to high quality angiograms, obtained
in a very short time and extremely reproducible [35]. It
also helps obtaining multiplanar sections and achieving
3D reconstructions. It is an optimal method in detecting
asymptomatic aneurysms for patients with high risk, such
as those with Marfan syndrome or inflammatory diseases
(Takayasu disease, giant cell arteritis).

Digital angiography remains the best performing
method in the diagnosis of splanchnic aneurysms. Its
disadvantages are the invasive character and the use of
1odated contrast substances, even if the dose is smaller and
the toxicity is low. The progress in the past few years is
mostly represented by the in bolus administration of the
contrast, the fast image acquisition, the high resolution, the
computed image processing, and the 3D reconstruction.
Simultaneously, catheters with small diameter have been
modernized, allowing the use of peripheral approaches
- such as the radial artery - as well as the supra-selective
injection of contrast substances in some hardly accessible
interest areas [30].

Conclusion

Splanchnic aneurysms are rare diseases, but with a
high mortality risk. Their diagnosis is possible by means
of any imaging technique. Ultrasonographic examination
is usually the first investigation. By combining Doppler
ultrasonography, as a screening method, with an advanced
sectional technique — CT or MRI — in order to provide a
diagnosis, a standard procedure arises for the early detection
and optimal treatment of splanchnic aneurysms.

Conflicts of interest

Nothing to declare.

References

1. Meng WCS, Chan M, Lau WY, Li AKC. Splanchnic aneurysm.
HKM]J 1995; 1:, 173 - 177.

2. Bedford PD, Lodge B. Aneurysm of the splenic artery. Gut 1960; 1:
312 - 320.

3. Darling RC, Messina CR, Brewster DC, Ottinger LW. Autopsy study
of unoperated abdominal aneurysms. The case for realy resection.
Circulation 1977; 56 (3 suppl): 11161 — 11164

4. Pasha FS, Gloviczki P, Stanson AW, Kamath PS. Splanchnic artery
aneurysms. Mayo Clin Proc 2007; 82: 472 — 479.

5. Pasternak BM, Cohen H. Arteriovenous fistula and forward



Splanchnic artery aneurysms

105

20.

21.

hypertension in the portal circulation. Angiology 1978; 29: 367
—373.

. Busuttil RW, Brin BJ. The diagnosis and management of visceral

artery aneurysms. Surgery 1980; 88: 619 — 624.

. McDermott VG, Shlansky — Goldberg R, Cope C. Endovascular

management of splenic artery aneurysms and pseudo aneurysms.
Cardiovasc Intervent Radiol 1994; 17: 179 — 184.

. Abbas MA, Stone WM, Fowl RJ, et al. Splenic artery aneurysms:

two decades experience at Mayo clinic. Ann Vasc Surg 2002; 16:
442 — 449,

. Trastek VF, Pairolero PC, Joyce JW, Hollier LH, Bernatz PE. Splenic

artery aneurysms. Surgery 1982; 91: 694 — 699.
Lee PC, Rhee RY, Gordon RY, Fung JJ, Webster MW. Management
of splenic artery aneurysms: the significance of portal and essential
hypertension. J Am Coll Surg 1999; 189: 483 — 490.

. Holdsworth RJ, Gunn A. Ruptured splenic aneurysm in pregnancy.

A review. Br J Obstet Gynaecol 1992; 99: 595 — 597.
Hallett JW Jr. Splenic artery aneurysms. Semin Vasc Surg 1995; 8:
321 —-326.

. Hashizume M, Ohta M, Ueno K, Okadome K, Sugimachi K.

Laparoscopic ligation of splenic artery aneurysm. Surgery 1993;
113:352 - 354.

Shanley CJ, Shah NL, Messina LM. Common splanchnic artery
aneurysms: splenic, hepatic, and celiac. Ann Vasc Surg. 1996; 10:
315 -322.

Stanley JC. Abdominal visceral aneurysm. In: Harmovici H (ed.)
Vascular emergencies. New York: Appleton Century Crofts, 1987:
387 —396.

Carr SC, Pearce WH, Vogelzang RL, McCharthy WJ, Nemcek
AA Jr, Yao JS. Current management of visceral artery aneurysms.
Surgery 1996; 120: 627 — 633.

Wagner WH, Allins AD, Treiman RL, et al . Ruptured visceral
artery aneurysms. Ann Vasc Surg 1997; 11: 342 — 347.

Reid C, Cameron D, Simon TA, Ives J, Hall JC. Selective
embolization of intrahepatic aneurysms. Aust N Z J Surg 1992; 62:
582 —584.

Saliou C, Kassab M, Duteille F. Aneurysms of the celiac artery.
Cardiovasc Surg 1996; 4: 552 — 555.

Stone WM, Abbas MA, Gloviczki P, Fowl RJ, Cherry KIJ. Celiac
arterial aneurysms: a critical reappraisal of a rare entity. Arch Surg
2002; 137: 670 — 674.

Cormier F, Ferry J, Artru B, Wechsler B, Cormier JM. Dissecting
aneurysms of the main trunk of the superior mesenteric artery. J
Vasc Surg 1992; 15: 424 — 430.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

Granke K, Hollier LH, Bowen JC. Pancreaticoduodenal artery
aneurysms: changing patterns. South Med J 1990; 83: 918 — 921.
Badea R. Application of the Doppler ultrasound examination in
digestive tract arterial pathology. Rom J Gastroenterol 2002; 11:
229 - 236.

Hirsch AT, Criqui MH, Treat-Jacobson D, et al. Peripheral arterial
disease detection, awareness, and treatment in primary care. JAMA
2001; 286: 1317 — 1324.

O’Leary DH, Polak JF, Kronmal RA, Manolio TA, Burke GL,
Wolfson SK Jr. Carotid — artery intima and media thickness as
risk factor for myocardial infarction and stroke in older adults.
Cardiovascular Health Study Collaborative Research Group. N
Engl J Med 1999; 340: 14 —22.

Ashton HA, Buxton MJ, Day NE, et al. The Multicentre Aneurysm
Screening Study (MASS) into the effect of the abdominal aortic
aneurysm screening on mortality in men: a randomized controlled
trial. Lancet 2002; 360: 1531 — 1539.

Kohler TR, Nance DR, Cramer MM, Vandenburghe N,
Strandness DE Jr. Duplex scanning for diagnosis of aortoiliac and
femoropopliteal disease: a prospective study. Circulation 1987; 76:
1074 — 1080.

Bandyk DF. Postoperative surveillance of infrainguinal bypass.
Surg Clin North Am 1990; 70: 71 — 85.

Bates K, Sorrell K, Carpenter J. Superior mesenteric artery
aneurysm identified by color duplex ultrasonography: two case
reports. J Vasc Technol 2001; 25: 226 —230.

Olin JW, Kaufman JA, Bluemke DA, et al. Atherosclerotic vascular
disease conference Writing Group IV: imaging. Circulation 2004;
109: 2626 —2633.

Rubin GD. Techniques for performing multidetector-row computed
tomographic angiography. Tech Vasc Interv Radiol 2001; 4: 2 —
14.

Marcus CD, Ladam-Marcus VJ, Bigot JL, Clement C, Bachrel
B, Menanteau BP. Carotid arterial stenosis: evaluation at CT
angiography with the volume — rendering technique. Radiology
1999; 211: 775 —780.

Bromley PJ, Kaufman JA. Abdominal aortic aneurysms before and
after endograft implantation: evaluation by computed tomography.
Tech Vasc Interv Radiol 2001; 4: 15 — 26.

Mat Sain H. Aneurysm of the superior mesenteric artery. Dig Surg
2002; 19: 168.

Prince MR. Body MR angiography with gadolinium contrast
agents. Magn Reson Imaging Clin N Am 1996; 4: 11 — 24.





