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Splenic artery pseudoaneurysm (PSA) is a contained vascular wall lesion associated with a high mortality rate,
generally related to pancreatitis, trauma, malignancy, iatrogenic injury, and segmental arterial mediolysis.
Computed tomography angiography allows us to visualize the vascular anatomy, differentiate a PSA from an
aneurysm, and provide adequate information for endovascular/surgical treatment. Pseudoaneurysms (PSAs) are
vascular lesions generally due to a tear of the vessel wall contained in the adventitia of the artery or by the local
hematoma surrounding PSA,; unlike aneurysms, they are contained in all layers of the arterial wall. Splenic artery
PSAs could be due to pancreatitis, trauma, malignancy, or iatrogenic injury. Another cause of PSAs formation—
even if rarer—is segmental arterial mediolysis (SAM); SAM is a non-atherosclerotic, non-inflammatory vascular

disease of unknown origin that could involve the visceral arteries of the abdomen, as well as the splenic artery.

splenic artery pseudoaneurysm MDCTA

| 1. Diagnosis

Splenic artery PSAs are a clinical emergency; a prompt diagnosis could allow a specific life-saving treatment.
Since there is no complete wall structure, PSAs could increase in size under the high flow arterial pressure and
eventually result in a breakout or sudden bleeding. The risk of spontaneous rupture of a PSA is very high and
sentinel bleeding is a prodromal symptom of massive hemorrhage L. Therefore, a rapid and accurate diagnosis is
mandatory. The increasingly wider use of cross-sectional abdominal imaging, such as CTA and MRI, has led to a
higher detection rate of visceral aneurysm in recent years 2BI4IBI6I7IBIE]10][11][12][13]{14][15][16][17][18][19][20][21][22][23]
(24][251[26]127]  However, PSAs may be considered underdiagnosed, and the diagnosis is confirmed only when
complications occur [28],

Several imaging modalities, including plain radiographs, sonography, CT, and angiography, can be used to
diagnose PSAs, mostly performed in cases of mildly symptomatic patients. X-rays are very rare helpful, especially

in splenic artery aneurysms, showing prevertebral calcification or a calcified spot localized towards the splenic
hilum (22189,

1.1. Ultrasound

Ultrasound (US) baseline could be used to study splenic artery PSAs. However, US has poor results in diagnosis of

splenic artery PSAs and could be useful especially in intraparenchymal or perihilar PSAs; indeed, overlying bowel
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gas, obesity, arteriosclerosis, and poor patient compliance considerably reduce its diagnostic sensitivity (132,

Moreover, due to its sensitivity to detect splenic artery aneurysms, and then also PSAs, <3 cm is poor 23],

On US studies using B-mode imaging, PSAs typically presented as cystic-like lesion (black hole sign), an ovoid or
round structure comprised in a larger hyperechoic hematoma. The cystic lesion may have appeared to be
transected by a fluid level, with a superficial anechoic aspect, and more deep echogenic material layering that
expands itself during each systolic arterial pulsation; moreover, the more echogenic fluid appeared to be swirling
and pulsating with direct arterial communication. The high velocity flow across the neck may cause a vibration

across the adjacent soft tissue, inducing a speckling artefact on the color Doppler study 4],

The color Doppler study shows a swirling motion blood flow inside the lesion with a systolic flow in the
pseudoaneurysm direction and diastolic flow in the opposite direction, which is filled with color, often with a “yin and

yang” waveform pattern 221,

The pulsed-Doppler study shows on the aneurysm neck or in the sac close to it a “to and fro” bidirectional type
waveform, with direct flow into the aneurysm sac during systole and reversed flow from the aneurysm sac to the
parent arterial lumen during diastole. The “to and fro” flow pattern is synchronous with the cardiac cycle. This
waveform may be dampened in the periphery of larger PA sacs, where it may be confused with that of a venous

waveform [38],

Contrast enhanced ultrasound (CEUS) helps in the case of a suspected PSA lesion without a typical color flow
signal; it could increase US study diagnostic accuracy. CEUS allows to demonstrate significant enhancement of a
cystic/cystic-like region adjacent splenic artery and it could also to clearly display thrombus as a well-defined area

without contrast enhancement B2,

When PSAs are not visible directly, US may be useful to demonstrate abdomen free fluid; this indirect sign could
change subsequent treatment due to the clinical condition of a patient; if the hemodynamic is unstable, refer the

patient to an explorative laparotomy, and if stable, to a CTA study 28,

1.2. Computed Tomography Angiography (CTA)

Over the past few years, the development of CT technologies, with faster improved scanners and modern post-
processing software has meant that the sensitivity and specificity of CT angiography is approaching and
superseding that of digital subtraction angiography (DSA) in many applications. To date, CTA is the most commonly
used and sensitive technique to diagnose splenic artery PSAs; the sensitivity and specificity of CTA for the

detection of arterial complications related to pancreatitis were 94% and 90%, respectively [ZIEIAIBIEI7EII10[11](12]
[13][14][15][16][17][18][19][20][21][22][23][24][25][26][27][29][30][31][32][33][34][35][36][37][38][39]

Moreover, in addition to diagnosis, CTA has been established as gold-standard for the treatment planning and
follow-up of most disease of the abdominal arteries, including aorta and visceral arteries. 4%, The execution

techniqgue provides a multiphase scan (baseline, arterial/venous/delayed phases) that allow a panoramic
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assessment and necessary data for endovascular treatment of splenic artery PSAs. Intravenous administration is
essential to obtain an adequate imaging; peripheral intravenous access with a large cannula, typically 18-G or 20 G
in average-sized adults, and use of a power injector to maintain a high flow rate, are standard. Generally, arterial
enhancement, crucial for the diagnosis, is provided by the intravenous administration of 70-120 mL of non-ionic
iodinated contrast material, at a variable injection rate of 3-5 mL/s. Moreover, the acquisition delay time is
individually determined by a bolus-tracking system or even by using an empirical delay, which usually ranges from
20 to 35 s 41142l The arterial phase is crucial not only for the anatomical definition of the vascular lesion, but also
to prove and locate possible contrast extravasation. Splenic artery PSAs appear as a focal contrast-filled vessel
wall outpouching bubble-shaped (saccular) budding from the lateral wall of artery generally rounded by a
spontaneous hyperdense lesion in basal scans (local thrombus or hematoma). In contrast to active haemorrhage,
PSAs maintain their shape on delayed phase imaging, whereas the contrast increases and changes shape in the
setting of an active haemorrhage. Occasionally, the outpouching may not entirely fill with contrast, owing to the
presence of thrombus [BLI[32133][34](35][36][37][38][39][401[41]142](43] | the case of a complicated pseudocyst, CTA study
shows a focal region of enhancement into it, highly suspicious of PSA, after contrast administration. An exposed
arterial segment surrounded by necrotic tissue is prone to the development of a pseudoaneurysm and bleeding;
only CTA may demonstrate an exposed arterial segment, because DSA can study the vessel lumen and when

extraluminal necrosis is present, the lumen may appear angiographically normal 441,

A recent retrospective series analyzed the diagnostic accuracy of CTA in visceral artery PSAs diagnosis, and
showed that in only 42% of cases PSAs were diagnosed correctly, with a more frequent involvement of the hepatic
artery followed by the splenic one. Moreover, this entry shows the causes for missing diagnosis of visceral artery
PSAs, summarizing it in four different reasons: missing of contrast media phase (in 36% of cases); artifact masking
the PSA (in 20% of cases); overlooked PSA not recognized by the attending radiologist (in 42% of cases), and
false interpretation of the CT imaging findings (in 6% of cases). In this series, about 42% of the missed PSAs were
overlooked by a diagnostic radiologist generally due to alteration in their normal vessel anatomy subsequent to
foregoing abdominal surgery. Since clinical and laboratory findings may be unspecific, an early and correct
radiological diagnosis will most likely improve the outcome of patients with PSAs; including an arterial contrast
media phase to the protocol CT, using techniques for metal artifact reduction and increased knowledge of the

normal postoperative anatomy seems to be the most effective tips to reduce PSAs misdiagnosis rate 2!,

1.3. Magnetic Resonance Imaging (MRI)

MRI plays a minor role in the diagnosis of splenic artery PSAs, as it is usually not the reference imaging modality to
evaluate patients with suspected visceral PSAs. However, splenic PSA diagnosis may be incidental in the
evaluation for other disease; it could be an adjunct to US studies or an alternative to CTA, especially in patients
with contraindication to contrast media or with reduced renal function (the MRI contrast agent is less nephrotoxic
compared to CT) [421[46],

T1- and T2-weighted acquisition demonstrate blood products or thrombus within or along the PSA wall; at the same

time, the patent portion of a PSA mimic the signal intensity of the other arteries. MR angiography T1-weighted
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images with intravenous gadolinium show, as CTA, PSA as a focal, round enhancing outpunching budding from the
adjacent wall of artery with an intensity signal similar to adjacent patent arteries. The MRI angiography study could
be obtained even without a contrast agent, with the use of specific angiographic sequences (time of flight and flow
sensitive sequences). Up-to-date MRI angiography allows us to characterize vascular flow thanks to high contrast

resolution 42

The main disadvantages of MRI are the long acquisition times and the need of patient compliance, making it
unsuitable in an emergency setting. MRI could have a major role in the follow-up of treated patients with Time-
Resolved MRA; however, even if MRI is less susceptible to a metallic artifact compared to CTA, metallic
(endovascular embolic agent after percutaneous treatment) and bowel artifact could make post-embolization

evaluation very hard 481149

| 2. DSA and Treatment

Independent of their associated symptoms or diameter, pseudoaneurysm should always be treated. The following
factors may affect the clinician’s choice of different treatment methods: (a) the time of bleeding and

pseudoaneurysm; (b) comorbidities and complications, such as inflammation and infection; and (c) hemodynamic
[101,

With respect to the treatment of arterial PSAs, surgery and endovascular techniques are the two primary options.
Surgical management of PSAs includes resection with a bypass procedure, arterial ligation, and partial or complete
organ removal (splenectomy). Surgical treatment is associated with increased morbidity and mortality, ranging from
10% to 50% of cases, as compared with minimally invasive treatment options [&. The complications associated

with surgery include bleeding, infection, lymphocele formation, radiculopathy, perioperative myocardial infarction,
and death [481149],

In the past, DSA has long been the gold standard for the detection of a visceral artery PSA in patients with clinical
suspect of hemorrhage; high temporal and spatial resolution related to this technique should allow an optimal
analysis of arterial vascular structure. Nowadays, CTA represent the gold standard technique (shorter time
acquisition and high spatial resolution) in an emergency setting for the diagnosis and treatment planning of splenic
artery PSAs while angiography only has a therapeutic role due to the presence of higher procedural and biological
risk if compared to other non-invasive techniques, and its cost 2IEI4IBIEIEIE10][11]112][13][14][15][16][17][18][19][20][21][22]
(23][24](25][26][27][29]1301[31]  percutaneous angioembolization efficacy ranges from 79% to 100%, with contemporary

mortality rates of approximately 10—-20%. The technical success rate of the study with endovascular embolization
was 87.9%, and the clinical success was 82.8% [44145][46][47][48][49][501[51](52][53],

Endovascular management of splenic artery PSAs includes different options; the selection of the best strategy
depends on the involved visceral artery, PSA characteristics, the clinical scenario, and the operator experience.
Transcatheter embolization with different embolic agents and devices is largely used worldwide; coil embolization

or covered stent implantation are the most widespread embolization techniques [&l. Coil embolization may sacrifice
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a vessel with the potential risk of end-organ infarct, the covered stenting procedure preserves the vessel patency
with aneurysm exclusion, and with no risk of distal ischemia. As the spleen has an extensive arterial network of
collaterals, endovascular embolization with vessel sacrifice is the most used embolization technique; indeed, the
spleen maintains flow via the short gastric arteries, gastroduodenal arteries, pancreatic arteries, and left
gastroepiploic arteries. The use of liquid embolic agent is not recommended for the presence of extensive
anastomosis with digestive arteries and the risk related of non-target embolization 541331,

The isolation technique is the most used and consists in embolization of the distal and proximal side of the parent
artery for isolating the PSA; the sandwich technique consists of sac embolization and the inflow and the outflow
arteries. The embolization of outflow allows us to prevent retrograde flow from collateral arterial network. The sac
packing technique consists in only sac embolization, maintaining the patency of the parent artery; however, since it
is very difficult to obtain a complete sac embolization, this technique needs a careful follow-up due to the risk of
recanalization being very high. The proximal embolization consists in embolization only of the splenic artery
segment proximal to PSA; generally, this technique is used only in case where the vasoconstriction is very high,
and it could not allow distal catheterization QL2 The embolization procedure demonstrates a 96% success

rate with low complication rates and high survival rate 58],

Endovascular repair using a covered stent allows for the exclusion of the aneurysm, preserving the flow through
the splenic artery, thus reducing the potential risk of target organ ischemia; however, it is usually not the first choice
due to the risk involved and the tortuosity of the visceral arteries, in addition to the vasoconstriction of the parent
artery generally caused by the use of vasoconstrictive drugs. A recent large retrospective series covered that the
stenting procedure is feasible in only 30% of cases with a high patency rate at the midterm follow-up, suggesting a

transaxillary approach to improve these rates of technical success 258!,
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