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1. Learning Objectives
To review the CT imaging features of splenic congenital and acquired diseases, as seen on CT and MR.

2, Background

Although CT or MR are only occasionally performed to image the spleen, it is included in practically all
sectional imaging evaluations of the abdomen, so it is very important to recognize splenic pathology
which we may encounter incidentally.

Incidental or not, the spleen may be affected by various pathologic conditions, including congenital
diseases; trauma; inflammation; vascular disorders hematologic disorders; benign tumors; malignant
tumors; and other disease processes that affect the spleen diffusely or focally. Although CT is still
performed more often, MR imaging has been increasing it’s role in the detection and characterization
of splenic diseases.

3. Imaging Findings/Procedure Details

Based on cases diagnosed at their institutions, the authors intend to present examples of the several
categories of splenic lesions, discussing their CT and MR imaging features.
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Introduction

Although CT or MR are only occasionally performed to image the
spleen, this organ is included in the sectional imaging evaluation of
the upper abdomen, so it is very important to recognize splenic
pathology which we may encounter incidentally.

Incidentally or not, the spleen may be affected by various pathologic
conditions, including congenital diseases; trauma; inflammation;
vascular disorders; hematologic disorders; benign tumors; malignant
tumors; and other diseases that affect the spleen diffusely or focally.
Although CT is still performed more often, MR imaging has been
increasing its role in the detection and characterization of splenic
diseases.

Based on cases diagnosed at their institutions, the authors illustrate
several categories of splenic lesions, discussing their CT and MR
imaging features.
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Accessory Spleen

An accessory spleen (AS), also known as a supernumerary
spleen, or splenule, constitutes a congenital focus of healthy
splenic tissue that is separated from the main body of the
spleen. It is due to failure of fusion of the splenic anlage.

Found in 10% of individuals, accessory spleens may be solitary
or multiple and usually measure no more than 4 cm in
diameter.

The CT features are quite characteristic. Typically, they appear
as round or ovoid masses with well-defined borders. An AS
enhances homogeneously on contrast-enhanced images to a
similar density as that of the spleen.

On MR its signal intensity and enhancement are similar to that
ofthe spleen on the different pulse sequences.
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Accessory spleen: location

Accessory spleens may occur in various positions, usually in the splenic
hilumn, adjacent to the tail of the pancreas, and within the suspensory
ligaments of the spleen.
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Multiple accessory spleen is a frequent finding. A. Contrast-enhanced CT shows a well-
defined nodule {arrow) near the splenic hilum, with an enhancement pattern similar to
that of the main spleen. B, Image obtained caudal to A. reveals another nodule (armrow)
with analogous features adjacent to the tail of the pancreas, suggestive of AS.
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MRI features of accessory spleens

A-B. The accessory spleen (arrowheads) displays signal intensity similar to the main spleen
both on T1- (A) and Tz-w (B)images. C-D. Afterintravenous administration of Gd the lesion
has a similar dynamic behaviour compared to the splenic parenchyma, except for the
zebra-strippad pattern due to its small size. E. After administration of 2 SPIO agent, a
similarsignal dropis cbserved in both the main and accessory spleens.
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Polysplenia Syndrome

Polysplenia and asplenia represent two major categories in a
spectrum of anatomic abnormalities known as heterotaxia.
Polysplenia syndrome is a complex congenital anomaly
characterized by partial visceral heterotaxia (situs ambiguous) and
concomitant levoisomerism (bilateral left-sidedness).

It is usually diagnosed in early childhood because of the various and
often severe cardiac anomaliesthat are part of the syndrome.
Patients with polysplenia have large variations in the configurations
of the splenic tissue. Splenules develop along both sides of the
dorsal mesogastrium (rather than just on the left side, as in solitus
asymmetry) and the resultant splenic tissue is always found along
the greater curvature of the stomach.

Although situs ambiguous with polysplenia is associated with
multiple discrete spleens in the majority of patients, some studies
report a single, lobulated spleen or even a normal spleen.

Mevertheless, the majority of patients have multiple spleens of
variable size and number that may be located in either the left or
right side of the abdomen.
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Situs ambiguous with polysplenia in 25-year-old woman
Contrast-enhanced abdominal CT scan shows the liver in the
right upper quadrant and multiple spleens in the left upper
quadrant, lateral to the stomach. Interruption of the IVC with
azygous continuation is also noted. Mote the small bowel (SB)
in the right side of the abdomen and the colan (C) in the left
side,
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Polysplenia syndrome. Axial pre and post-contrast CT images show
multiple round, soft tissue masses of different sizes in the left upper
quadrant — splenules. A short pancreas (“truncated pancreas”) (arrow),
consisting of the head and a small portion of the body, is seen.
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Situs ambiguous with polysplenia in a 85-year-old woman. Contrast-enhanced CT
scan of the lower chest reveals levocardia. CT scan of the upper abdomen reveals a
predominantly left-sided liver, with bile duct dilatation secondary to a carcinoma (C)
of the pancreatic head, which is right-sided. The stomach and the spleen (5) are in
the left upper quadrant, with a few small acessory spleens (arrow) near the splenic
hilum. The aorta is located at the left of the midline and the IVC at the right.
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Wandering spleen
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Wandering or ectopic spleen refers to migration of the spleen from its
narmally fixed location in the left upper quadrant. Absence or laxity of
the splenic suspensory ligaments results in increased splenic mobility
thereEy allowing it to rotate axially on its long pedicle.

This anomaly is quite rare, with a reported incidence in several large
series of Sﬁlenectumies of less than 0.5%. Wandering spleens are mainly
found in children and in women aged zo-50 years,

The wandering spleen may be incidentally detected as an abdominal or
pelvic mass. CT findings of a wandering spleen are absence of the spleen
inits normal position with a location somewhere else in the abdomen or
pelvis,

The major complication of a wandering spleen is acute, chronic or
intermittent torsion caused by its increased mobility. Early recognition
of the condition and timely surgical intervention are highlighted to
prevent complications.

Wandering spleen. Ultrasound images show the spleenin an abnormal position,
inthe pelvis, adjacentto the uterus and left ovary.
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MRI signal intensity of the ectopic spleen (S) is preserved, with
hypeintensity on T1- (A,C-D) and hyperintensity on T2 (B.E)
images, as compared to the hepalic parenchyma (L). Note al

af the spleen in the left upper quadrant. D-E. Coronal images

show the vascular pedicle of the spleen (arrowheads) and reveal a
wherled appearance (curved arrow) with alternating bands of high
and low sagnal intensity, representing vessels and surrocunding fat of
the twisted pedicle due to intermitent torsion caused by increased
mebilify of the spleen.
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Trauma

= The spleen is the most frequently injured intraperitoneal
organ in blunt abdominal trauma.

The extent of the injury can range from subcapsular
hemorrhage and parenchymal contusion, to a parenchymal
laceration (with or without capsular injury), or a complete
splenic rupture. Injury to the vascular pedicle leads to splenic
infarction of variable extent.

CT provides the best evaluation of the spleen, being the
imaging modality of choice to diagnose and to follow splenic
traumatic lesions. An additional advantage of CT is the
ability to image all of the abdominal organs simultaneously
in excluding a secondary injury.
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Splenic trauma. (a,b) Contrast-enhanced CT scans show traumatic splenic
laceration with disruption of the capsule and small amount of perisplenic
fluid. The patient was treated conservatively. The CT performed one month
after, revealed remarkable improvement, showing only small hypoattenuating
areas (c).
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Splenic Abscess

Splenic infection can occur either as a single focus or as part of a diffuse or miliary
process, Although splenic infection is uncommon, the increasing prevalence of
immunosuppression in cancer, transplant, and acquired immunodeficiency
syndrome (AIDS) patients has placed a greater population at risk.

Splenic infection can occur secondary to hematogenous dissemination of a
preexisting primary infection. Endocarditis is the most commonly associated
primary site, with urinary tract infection, appendicitis, pneumenia, and wound
infections also implicated. Infection may be secondary to spreading from an
adjacent ergan ar as superinfection of necrotic tissue following splenic infarction or
injury,

A solitary spleen abscess appears as a hypodense area on CT with low signal on Ta-
weighted MR images and intermediate or increased signal on Tz-weighted images.
The margins may be smooth or irregular. Gas can be seen within the abscess but it is
usually absent. Peripheral enhancement may be seen following IV contrast
administration, although itis less frequently observed than in liver abscess.
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Splenic abscess. Contrast-enhanced axial CT scan demonstrates a
large hypodense mass that exhibits slight peripheral enhancement.
Surgery was performed and pathology confirmed the diagnosis,
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Candidiasis / Histoplasmosis

* Fungal infection in the spleen is most likely to appear as a
miliary, multifocal, or multilocular process. Whereas 64% of
multilocular abscesses have a fungal etiology, unilocular
abscesses have a bacterial etiology in g4% of cases.

Gas is occasionally noted within splenic abscesses, but
usually it is absent. Calcification has been seen in treated
Candida microabscesses as in lesions caused by other fungi
(most notably Histoplasmosis), mycobacteria, and
Pneumacystis firovecii.
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Splenic calcifications, Mon-enhanced axial CT scan demonstrates two
milimetric foci of high afttenuation representing residual calcifications
following candidal microabscesses.
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Sarcoidosis

Sarcoidosis is a systemic disease of unknown cause, characterized by
non-caseating granulomas with proliferation of epithelicid cells.

Bilateral pulmonary hilar lymphadenopathy is the most commaon
radiclogic finding, frequently with asscciated parenchymal infiltrates.
Splenic sarcoidosis usually is ptomatic, However, with marked
involvernent, abdominal tender fever, malaise, hyperesplenism,
and even rupture may occur,

At CT and MR imaging, splenic sarcoidosis may manifest with
organomegaly. In only 5%-15% of patients, coalescing granulomas
become apparent as multiple hypointense or hypoattenuating nodules.
Mo peripheral enhancement is usuvally seen with sarcoid nodules.

On MR, splenic nodules are typically hypointense in all sequences and
hypoenhancing relatively to normal spleen. Lesions are best visualized
on Tz-weighted fat-supressed or early Ta-weighted gadaolinium-
enhanced images.
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Puimonary and hepatosplenic sarcoidosis in a 30-year-old man. (a)
High-resclution chest CT scan demonstrates small nodules with a
perivascular distribution and irregular thickening of bronchovascular
bundles and interlobular septa. These findings reflect the pathologic
distribution of sarcoid granulomas along the lymphatic vessels within
interstitial tissus. There are several small hypoattenuating nodules
scattered throughout the liver and spleen (b,c).
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Infarction

Splenic arterial branches are end arteries that do not
intercommunicate; therefore, occlusion leads to infarction.

Causes of splenic artery occlusion include embolic disease (eg, cardiac
embali), atherosclerosis, arteritis, splenic artery aneurysm, sickle cell
disease (thrombosis), splenic torsion, and mass lesions such as
pancreatic carcinoma.

On CT, infarcts classically appear as sharply marginated, low-density
regions that are weddc;e-ihaped, with the base at the splenic capsule,
and the apex directed towards the hilum. Not uncommaonly, however,
infarcts appear as multiple, poorly marginated, hypodense lesions,
indistinguishable from other forms of focal splenic pathology.

Splenic infarction also can be seen in MRI. It exhibits decreased signal
intensity on both Ti- and T2-weighted MR images and does not
enhance after injection of intravenous contrast material.
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Focal infarctions in two different patients. Contrast-enhanced axial CT scans
shows non-enhancing wedge-shaped areas of infarction in the spleen. There
is a pseudecyst secondary to pancreatitis anteriorly to the body and tail of
pancreas (a).
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Splenic Artery Aneurysm

Splenic artery aneurysm is the most common abdominal visceral artery
aneurysm,

Predisposing d multiparity, systemic and
portal hy (

Occasionally, a specific cause can be cited for the development of splenic
artery pseudocaneurysms. Acute and chronic pancreatitis, penetrating
gastric ulcer, trauma and septic embeli have all been implicated. Mycotic
aneurysms involving the intrasplenic branches of the splenic artery have
also been reported.

On unenhanced CT, a low-density lesion with peripheral calcification is
observed along the course of the splenic artery. When large, there may be
significant areas of heterogeneous attenuation corresponding to clot and
hemaorrhage. On unenhanced MRI, heterogeneous signal can be observed
on Ti- and Tz2-weighted sequences, representing areas of clotting.
Following IV administration of contrast material, on both MRI and CT,
bright enhancement is observed unless the lesion is thrombosed.
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Splenic artery aneurysm. Contrast-enhanced MDCT images, with VR and MIP
reformations, show aneurysmal dilatation of the distal end of the splenic artery.
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| Splenic Vein Thrombosis

= Splenic vein thrombosis has multiple causes but
it is most commonly secondary to pancreatitis. It
may result in gastric varices and at times either
esophageal or colonic varices.

Splenic vein thrombosis is usually recognized as
an intraluminal filling defect after intravenous
contrast material administration.

diapositivo31.jpg

Acute occlusion of the splenic vein. Marked enlargement and absent
enhancemeant of splenic vein (arrows), corresponding to acute thrombosis.
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Splenic Cyst

= Three types of nonneoplastic cysts are
known to arise in the spleen: congenital
cysts, post-traumatic pseudocysts, and

hydatid cysts resulting from Echinococcus
granulosus infection.
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Echinococcal cysts
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Splenic involvement with Echinococcus granulosus is unusual, occurring
inonly 1 to 3% of cases.

At histology, the cyst wall is composed of an inner germinal layer with
an outer acellular laminated membrane, all surrounded by the host
reaction comprising variable amounts of fibrosis and inflammatory
tissue (pericyst layer). Daughter cysts are formed off of the germinal
layer.

Echinococcal cysts appear as well-circunscribed low-density lesions.
On MRI the cysts are hyperintense on T2-weighted images. Lesions are
often large and can be unilocular or contain jaughter cysts distributed
either peripherally or throughout the lesions giving them a
multilocular appearance. Daughter cysts are typically slightly less
dense on CT and hypointense on T1-weighted images relative to fluid
in the parent cyst. Cyst wall calcification is frequently seen, and, when
extensive, suggests that the cyst is inactive. Typically, no enhancement
is noted following IV contrast administration.
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Dizseminated hydatid disease in 27-year-old man. Pre and post-contrast CT, and axial
and coronal T2-weighted MR images. show large intraperitoneal and hepatic
multiloculated cysts containing multiple daughter cysts. There is also a lesion near the
gplenic hilum with peripheral calcifications, moderately hyperintense on T2-weighted
images.
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Congenital splenic cysts

Epithelial or true cysts are congenital in origin. They are
usually discovered in childhood or in the early adult years,
and are more commeonin females.

Congenital splenic cysts appear as sharply circumscribed
low-density lesions. Most are unilocular and solitary,
although multiple or multilocular septated lesions have been
reported. Mural calcificationis uncommon.

On MRI, congenital cysts show increased Tz-weighted signal
and intermediate or low Ti signal. No central or rim
enhancement is seen after IV contrast administration.
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Congenital splenic cyst Pre and post-contrast CT images show an
unilocular low-density lesion in the spleen, with no enhancement following IV
cantrast administration.
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| Post-traumatic pseudocysts

Post-traumatic pseudocysts are thought to represent the
final stage in evolution of a splenic hematoma, although
some have suggested that acute necrosis secondary to
infarction or infection may also lead to pseudocysts. The
wall is composed of dense fibrous tissue and lacks a true
cellular lining.

On CT, post-traumatic cysts appear as sharply demarcated
unilocular,  low-density regions. Mo  periphera
enhancement is evident. Peripheral septation or cyst wall
trabeculation is more common in congenital cysts. Mural
calcification, however, is more common in cysts of
traurnatic etiology.
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Post-traumatic cyst. Post-contrast CT image shows an unilocular lobulated
low-density lesion in the spleen, with no enhancement following IV contrast
administration, in a patient with history of previous trauma,
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Hemangioma

Although rare, hemangioma is the most common primary neoplasm of the spleen,
Pathologically, the lesion is similar to hemangiomas in other organs.

s splenomegaly or rupture
-drld q y h-Merrit syndrome)
ngioma

The imaging findings of splenic hemangiomas are -,.lrnl!nr to those of the liver, On
d CT, they appear as a well-defined 3
5. With contrast administration, mast -ﬂnhanl:e from the periphery
nce of contrast enhancement on delayed ima Some lesions,
ypodense, show diffuse en

radiating from a central point.

On MR, these lesions are hypointense to the spleen on Ti-weighted images and
hyperintense on Tz-weighted images. Heterogeneous signal is sometimes noted on Ta-
weighted images, reflecting the presence of cystic and solid components with various
amounts of fibrosis, necrosis, and hemorrhage. Injection of IV Gd-DTPA causes
enhancement similar to that observed with iodinated contrast material on CT.
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Hemangioma. Pre and post-contrast CT images show the typical CT
features of a splenic hemangioma.
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Splenic hemangiomatosis. Post contrast CT images show several
hypodense focal lesions, that enhance from the periphery with gradual
filing and persistence of contrast enhancement on delayed images.
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Hamartoma

Hamartomas are rare benign asymptomatic lesions, composed of a mixture of
normal splenic structures such as white and red pulp.

Splenic nartomas are usually solitary a nay be solid or cystic. The solit
Splenic hamartomas are usually solitary and may be solid or cystic. The solid
lesion may reveal a nearly equal attenuation to that of spleen on contrast-
enhanced CT scans.

On CT, they appear as well-circunscribed, iso- to hypodense masses on pre-
contrast images, with occasional | s showing cystic components.
Calcification can be cbserved. They usually show slow enhancerment and fill in
after [V administration of contrast material. Prolonged enhancement similar to
that seen with hemangiomas is often noted and can help to differentiate
hamartomas from lymphoma.

On unenhanced MR images, the lesions are usually isointense on T1-weighted
images and hetercgen Eﬂusli.:l hyperintense on T2-weighted images relative to

the spleen. Slow, diffuse, heterogeneous enhancement is noted following
gadolinium injection. On delayed images, more uniform and persistent
enhancement Is seen, often greater than that of the normal spleen,
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Splenic hamartoma. (b) T 1-weighted MR| shows a mass which is isodense to
the spleen. (a) T2-weighted MRI reveals slightly hyperintensity relative to the
normal splenic tissue. (d-f) T1-weighted post-gadolinium MR images show
that there is some early heterogeneous enhancement, with nearly
iscintensity to the splenic parenchyma in the later phases.
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Sarcoma
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Primary splenic angiosarcomas are extremely rare tumors with a
poor prognosis. These tumors are highly aggressive and manifest
with widespread metastatic disease or splenic rupture.

The CT appearance is nonspecific. They appear as relatively large,

heterogeneous masses that may contain cystic and solid

components. Hi{;pervascular tumaors {espe:‘.ial? angigsarcomas)
]

show marked,

eterogeneous enhancement
administration.

llowing contrast

At MR in'm%ing, these lesions are heterogeneously hyperintense
on T2-weighted images and hypointense on Ti-weighted images.
Following gadolinium administration, the lesion demonstrates
heterogeneous enhancement with multiple hyperintense nodular
foci and hypointense regions.

Lymphoma

ymphoma ( f all ymphomas) . Secondary splenic involvement is frequent
in both Hod ‘s di [HD) and MHL.

Diffuse lymphomatous involverment does not need to be associated th
splenomegaly. Nodular lesions are seen in fewer than zo% of patients with splenic
involvement. However, this is the only type of involvement that can be reliably
detected by CT.

Splenic imvolvement can manifest as one of four forms: hamogeneous enlargement,
miliary nodules, multifocal lesions, or a solitary mass.

Contrast-enhanced CT scans may demonstrate inhemogeneous lesions of decreased
attenuation and variable size, either solitary or multiple.

Lymphomatous deposits have T1 and Tz similar to those of normal parenchyma.
Gadolinium-enhanced sequences are more sensitive for the evaluation of splenic
parenchyma. Diffuse involvement may be seen as large irregularly enhancing lesions.
Multifocal disease is also common and can be seen as multiple focal lesions
hypeintense relative to the uniformiy or arciform enhancing spleen.
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Linfoma with multiple masses, Contrast-enhanced CT scan In a 42-year-
old man shows multiple small low-attenuation areas in a diffusely
enlarged spleen, There is also hepatic involvement, with multiple small
hypoattenuating lesions.
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Metastasis

Splenic metastasis are relatively uncommon, despite its large mass
of lymphoid tissue and its role in the filtration of systemic blood.

CT demonstrates splenic metastases as ill-defined hypoattenuating
areas or well-defined cystic lesions that may be unilocular or
septated.

At MR imaging, metastasis typically appear as hyperintense masses
on Tz2-weighted images and hypo- to isointense lesions on Ta-
weighted images. The degree and characteristics of enhancement
depend on the nature and type of the underlying primary neoplasm.
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Splenic metastasis. Contrast-enhanced CT and MRI! images show a large
heterogeneous Ill-defined mass involving the spleen. This lesion corresponds
to a splenic metastasis from a hepatocellular carcinoma.
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Portal Hypertension
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Portal hypertension is a frequent cause of splenomegaly.
Associated CT findings include a lobulated, dismorphic%iuer
with a proeminent caudate lobe, ascites, and collateral
vessels. The Inresence of gastroesophageal varices and
perisplenic collateral vessels is best demonstrated with
dynamic CT tecnigues.

Foci of hemosiderin deposition are seen about 9%-12% of
patients with portal hypertension. These foci are called

. They are t'{pir_all'f not seen on CT but
are well depicted on MRI due to the paramagnetic properties
of the deposited iron. They appear on all pulse sequences as
small foci of signal void scattered throughout the spleen.
They range in size from a few milimeters up to 1cm in
diameter.

Splencmegaly in a 45-year-old man with portal hypertension. Contrast-
enhanced CT images show splenomegaly and cirrhotic liver, with several
collateral vessels (splenic, esophageal and periumbilical varices) and
ascites.
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Gamna-Gandy bodies. Ti-weighted and Ta-weighted fat
supressed postgadolinium MR images show multiple areas of
signal void throughout the splenic parenchyma in this patient
with cirrhosis.
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Splenomegaly in a patient with Nen-Hodgkin Limphoma. Mote the presence
of adenopathy near the gastro-hepatic ligament. There is an accessory
spleen in the splenic hilum.
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Conclusion

= CT is still the imaging method of choice for
evaluation of the spleen. However, MR is
also an excellent imaging tool for the

diagnosis, evaluation, and characterization
of wvarious focal splenic lesions and
pathologic conditions.

4, Conclusion

CT is still the imaging method of choice for evaluation of the spleen. However, MR is also an excellent
imaging tool for the diagnosis, evaluation, and characterization of various focal splenic lesions and
pathologic conditions.
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Introduction

Although CT or MR are only occasionally performed to image the
spleen, this organ is included in the sectional imaging evaluation of
the upper abdomen, so it is very important to recognize splenic
pathology which we may encounter incidentally.

Incidentally or not, the spleen may be affected by various pathologic

conditions, including congenital diseases; trauma; inflammation;
vascular disorders; hematologic disorders; benign tumors; malignant
tumors; and other diseases that affect the spleen diffusely or focally.
Although CT is still performed more often, MR imaging has been
increasing its role in the detection and characterization of splenic
diseases.

Based on cases diagnosed at their institutions, the authors illustrate
several categories of splenic lesions, discussing their CT and MR
imaging features.
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Accessory Spleen

An accessory spleen (AS), also known as a supernumerary
spleen, or splenule, constitutes a congenital focus of healthy
splenic tissue that is separated from the main body of the
spleen. It is due to failure of fusion of the splenic anlage.

Found in 10% of individuals, accessory spleens may be solitary
or multiple and usually measure no more than 4 cm in
diameter.

The CT features are quite characteristic. Typically, they appear
as round or ovoid masses with well-defined borders. An AS
enhances homogeneously on contrast-enhanced images to a
similar density as that of the spleen.

On MR its signal intensity and enhancement are similar to that
ofthe spleen on the different pulse sequences.
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Accessory spleen: location

Accessory spleens may occur in various positions, usually in the splenic
hilumn, adjacent to the tail of the pancreas, and within the suspensory
ligaments of the spleen.
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Acessory spleen: number

Multiple accessory spleen is a frequent finding. A. Contrast-enhanced CT shows a well-
defined nodule {armow) near the splenic hilum, with an enhancement pattern similar to
that of the main spleen. B. Image obtained caudal to A. reveals another nodule (arraw)
with analogous features adjacent to the tail of the pancreas, suggestive of AS.
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MRI features of accessory spleens

A-B. The accessory spleen (arrowheads) displays signal intensity similar to the main spleen
both on Ta- (A) and T2-w (B) images. C-D. Afterintravenous administration of Gd the lesion
has a similar dynamic behaviour compared to the splenic parenchyma, except for the
zebra-stripped pattern due to its small size. E. After administration of a SPID agent, a
similarsignal dropis cbserved in both the main and accessory spleens.
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Polysplenia Syndrome

Polysplenia and asplenia represent two major categories in a
spectrum of anatomic abnormalities known as heterotaxia.
Polysplenia syndrome is a complex congenital anomaly
characterized by partial visceral heterotaxia (situs ambiguous) and
concomitant levoisomerism (bilateral left-sidedness).

It is usually diagnosed in early childhood because of the various and
often severe cardiac anomaliesthat are part of the syndrome.

Patients with polysplenia have large variations in the configurations

of the splenic tissue. Splenules develop along both sides of the
dorsal mesogastrium (rather than just on the left side, as in solitus
asymmetry) and the resultant splenic tissue is always found along
the greater curvature of the stomach.

Although situs ambiguous with polysplenia is associated with
multiple discrete spleens in the majority of patients, some studies
report a single, lobulated spleen or even a normal spleen.

Nevertheless, the majority of patients have multiple spleens of
variable size and number that may be located in either the left or
right side of the abdomen.
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Situs ambiguous with polysplenia in 25-year-old woman
Contrast-enhanced abdominal CT scan shows the liver in the
right upper quadrant and multiple spleens in the left upper
quadrant, lateral to the stomach. Interruption of the IVC with
azygous continuation is alsa noted. Mote the small bawel (SB)
in the right side of the abdomen and the colon (C) in the left
side,

Polysplenia syndrome. Axial pre and post-contrast CT images show
multiple round, soft tissue masses of different sizes in the left upper
guadrant — splenules. A short pancreas (“truncated pancreas”) (armow),
consisting of the head and a small portion of the body, is seen,
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Situs ambiguous with polysplenia in a 85-year-old woman. Contrast-enhanced CT
scan of the lower chest reveals levocardia. CT scan of the upper abdomen reveals a
predominantly left-sided liver, with bile duct dilatation secondary to a carcinoma (C)
of the pancreatic head, which is right-sided. The stomach and the spleen (5] are in
the left upper quadrant, with a few small acessory spleens (arrow) near the splenic
hilum. The aorta is located at the left of the midline and the IVC at the right.
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Wandering spleen

Wandering or ectopic spleen refers to migration of the spleen from its
normally location in the left upper quadrant. Absence or laxity of
the splenic suspensory ligaments results in increased splenic mobility
thereby allowing it to rotate axially on its long pedicle.

This anomaly is quite rare, with a reported incidence in several large
series of splenectomies of less than 0.5%. Wandering spleens are mainly
found in children and in women aged zo-40 years,

The wandering spleen may be incidentally detected as an abdominal or
pelvic mass. CT findings of a wandering spleen are absence of the spleen
in its normal position with a location somewhere else in the abdomen or
pelvis.

The major complication of a wandering spleen is acute, chronic or
intermittent torsion caused by its increased mobility. Early recognition
of the condition and timely surgical intervention are highlighted to
prevent complications.
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Wandering spleen. Ultrasound images show the spleenin an abnormal position,
inthe pelvis, adjacentto the uterus and left ovary.
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17-year-old female with intermittent low abdominal pain. A-C. The
MRI signal intensity of the ectopic spleen | is preserved, with
hypeointensity on T1- (A,C-D) and hyperintensity on T2-w (B,E)
images, as compared to the hep parenchy (L). Mote absence
af the spleen in the left upper quadrant. D-E. Coronal images clearly
show the vascular pedicle of the spleen (arrowheads) and reveal a
whorled appearance (curved arrow) with alternating bands of high
and low =ignal intensity, representing vessels and surrounding fat of
the twisted pedicle due to intermitent torsion caused by increased
mebility of the spleen.
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Trauma

= The spleen is the most frequently injured intraperitoneal
organ in blunt abdominal trauma.

The extent of the injury can range from subcapsular
hemorrhage and parenchymal contusion, to a parenchymal
laceration (with or without capsular injury), or a complete
splenic rupture. Injury to the vascular pedicle leads to splenic
infarction of variable extent.

CT provides the best evaluation of the spleen, being the
imaging modality of choice to diagnose and to follow splenic
traumatic lesions. An additional advantage of CT is the
ability to image all of the abdominal organs simultaneously
in excluding a secondary injury.
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Splenic trauma. (a,b) Contrast-enhanced CT scans show traumatic splenic
laceration with disruption of the capsule and small amount of perisplenic
fluid. The patient was treated conservatively. The CT performed one month
after, revealed remarkable improvement, showing only small hypoattenuating
areas (c).
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Splenic Abscess

Splenic infection can occur either as a single focus or as part of a diffuse or miliary
process, Although splenic infection is uncommon, the increasing prevalence of
immunosupp n in cancer, transplant, and acquired immunodeficiency
syndrome (A|DS) patients has placed a greater population at risk.

Splenic infection can occur secondary to hematogenous dissemination of a
preexisting primary infection. Endocarditis is the most commonly associated
primary site, with urinary tract infection, appendicitis, pneumenia, and wound
infections also implicated, Infection may be secondary to spreading from an
adjacent ergan or as superinfection of necrotic tissue following splenic infarction or
injury.

A solitary spleen abscess appears as a hypodense area on CT with low signal on Ta-
weighted MR images and interrmediate or increased signal on T2-weighted images.
The margins may be smooth or irregular. Gas can be seen within the abscess but it is
usually absent. Peripheral enhancement may be seen following IV contrast
administration, although itis less frequently observed thanin liver abscess.

Splenic abscess. Contrast-enhanced axial CT scan demonstrates a
large hypodense mass that exhibits slight peripheral enhancement.
Surgery was performed and pathology confirmed the diagnosis,
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Candidiasis / Histoplasmosis

Fungal infection in the spleen is most likely to appear as a
miliary, multifocal, or multilocular process. Whereas 64% of
multilocular abscesses have a fungal etiology, unilocular
abscesses have a bacterial etiology in 4% of cases.

Gas is occasionally noted within splenic abscesses, but
usually it is absent. Calcification has been seen in treated
Candida microabscesses as in lesions caused by other fungi
{(most notably Histoplasmosis), mycobacteria, and
Pneumacystis jirovecii.
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Splenic calcifications. Mon-enhanced axial CT scan demonstrates two
milimetric foci of high attenuation representing residual calcifications
following candidal microabscesses.
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Sarcoidosis

Sarcoidosis is a systemic disease of unknown cause, characterized by

non-caseating granulomas with proliferation of epithelicid cells.

Bilateral pulmeonary hilar lymphadenopathy is the most commaon

radiclogic finding, frequently with associated parenchymal infiltrates.

Splenic sarcoidosis usually is asymptomatic. However, with marked
P i P i

involvernent, abdominal tenderness, fever, malaise, hyperesplenism,

and even rupture may occur,

At CT and MR imaging, splenic sarcoidosis may manifest with

organomegaly. In only 5%6-158% of patients, coalescing granulomas

become apparent as multiple hypointense or hypoattenuating nodules.

Mo peripheral enhancement is usuvally seen with sarcoid nodules.

On MR, splenic nodules are typically hypointense in all sequences and

hypoenhancing relatively to normal spleen. Lesions are best visualized

on Tz-weighted fat-supressed or early Ta-weighted gadolinium-

enhanced images.
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Pulmonary and hepatosplenic sarcoidosis in a 30-year-old man. (a)
High-resolution chest CT scan demonstrates small nodules with a
perivascular distribution and irregular thickening of bronchovascular
bundles and interlobular septa. These findings reflect the pathologic
distribution of sarcoid granulomas along the lymphatic vessels within
interstitial tissue. There are several small hypeattenuating nodules
scattered throughout the liver and spleen (b,c).
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Infarction

Splenic arterial branches are end arteries that do not
intercommunicate; therefore, occlusion leads to infarction,

Causes of splenic artery occlusion include embolic disease (eg, cardiac
embali), atherosclerosis, arteritis, splenic artery aneurysm, sickle cell
disease (thrombosis), splenic torsion, and mass lesions such as
pancreatic carcinoma.

On CT, infarcts classically appear as sharply marginated, low-density
regions that are wedge-shaped, with the base at the splenic capsule,
and the apex direr:tec?tawards the hilum. Mot uncommaonly, however,
infarcts appear as multiple, poorly marginated, hypodense lesions,
indistinguishable from other forms of focal splenic pathology.

Splenic infarction also can be seen in MRI. It exhibits decreased signal
intensity on both T1- and T2-weighted MR images and does not
enhance after injection of intravenous contrast material.
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Focal infarctions in two different patients. Contrast-enhanced axial CT scans
shows non-enhancing wedge-shaped areas of infarction in the spleen. There
is a pseudecyst secondary to pancreatitis anteriorly to the body and tail of
pancreas (a),
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Splenic Artery Aneurysm

Splenic artery aneurysm is the most common abdominal visceral artery
aneurysm,

Predisposing conditions include pregnancy and multiparity, systemic and
portal hypertension, and atherosclerotic disease.

Occasionally, a specific cause can be cited for the development of splenic
artery pseudcaneurysms. Acute and chronic pancreatitis, penetrating

gastric ulcer, trauma and septic embeli have all been implicated. Mycotic
aneurysms involving the intrasplenic branches of the splenic artery have
also been reported.

On unenhanced CT, a low-density lesion with peripheral calcification is
observed along the course of the splenic artery. When large, there may be
significant areas of heterogeneous attenuation corresponding to clot and
hemorrhage. On unenhanced MRI, heterogeneous signal can be observed
on Ti- and Tz2-weighted sequences, representing areas of clotting.
Following IV administration of contrast material, on both MRI and CT,
bright enhancement is observed unless the lesion is thrombosed.
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Splenic artery aneurysm. Contrast-enhanced MDCT images, with VR and MIF
reformations, show aneurysmal dilatation of the distal end of the splenic artery.
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| Splenic Vein Thrombosis

= Splenic vein thrombosis has multiple causes but
it is most commonly secondary to pancreatitis. It
may result in gastric varices and at times either
esophageal or colonic varices.

Splenic vein thrombosis is usually recognized as
an intraluminal filling defect after intravenous
contrast material administration.
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Acute occlusion of the splenic vein. Marked enlargement and absent
enhancement of splenic vein (arrows), corresponding to acute thrombaosis.
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Splenic Cyst

» Three types of nonneoplastic cysts are
known to arise in the spleen: congenital
cysts, post-traumatic pseudocysts, and
hydatid cysts resulting from Echinococcus
granulosus infection.

Echinococcal cysts

Splenic involvement with Echinococcus granulosus is unusual, occurring
inonly 1 to 3% of cases.

At histology, the cyst wall is composed of an inner germinal layer with
an outer acellular laminated membrane, all surrounded by the host
reaction comprising variable amounts of fibrosis and inflammatory
::issue (pericyst layer). Daughter cysts are formed off of the germinal
ayer.

Echinococcal cysts appear as well-circunscribed low-density lesions.
On MRI the cysts are hyperintense on T2-weighted images. Lesions are
often large and can be unilocular or contain daughter cysts distributed
either peripherally or throughout the lesions giving them a
multilocular appearance. Daughter cysts are typically slightly less
dense on CT and hypointense on Ta-weighted images relative to fluid
in the parent cyst. Cyst wall calcification is frequently seen, and, when
extensive, suggests that the cyst is inactive, Typically, no enhancement
is noted following IV contrast administration.
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Disseminated hydatid disease in 27-year-old man. Pre and post-contrast CT, and axial
and coronal T2-weighted MR images, show large intraperitoneal and hepatic
multiloculated cysts containing multiple daughter cysts. There iz also a lesion near the
gplenic hilum with peripheral calcifications, moderately hyperintense on T2-weighted
images.
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Congenital splenic cysts

= Epithelial or true cysts are congenital in origin. They are
usually discovered in childhood or in the early adult years,
and are more common in females.

Congenital splenic cysts appear as sharply circumscribed
low-density lesions. Most are unilocular and solitary,

although multiple or multilocular septated lesions have been
reported. Mural calcificationis uncommon.

On MR, congenital cysts show increased Tz-weighted signal
and intermediate or low Ti signal. No central or rim
enhancement is seen after IV contrast administration.
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Congenital splenic cyst. Pre and post-contrast CT images show an
unilocular low-density lesion in the spleen, with no enhancement following 1V
contrast administration.
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| Post-traumatic pseudocysts

* Post-traumatic pseudocysts are thought to represent the
final stage in evolution of a splenic hematoma, although
some have suqqested that acute necrosis secnndaw to
infarction or infection may also lead to pseudocysts. The
wall is composed of dense fibrous tissue and lacks a true
cellular lining.

On CT, post-traumatic cysts appear as sharply demarcated
unilocular, low-density regions. Mo  periphera
enhancement is evident. Peripheral septation or cyst wall
trabeculation is more commeon in congenital cysts. Mural
calcification, however, is more common in cysts of
traumatic etiology.
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Post-traumatic cyst. Post-contrast CT image shows an unilocular lobulated
low-density lesion in the spleen, with no enhancement following IV contrast
administration, in a patient with history of previous trauma.
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Hemangioma

Although rare, hemangioma is the most common primary neoplasm of the spleen,
Pathologically, the lesion is similar to hemangiomas in other organs.

Most commonly, it i5 a single asymptomatic lesion unless splenomegaly or rupture
p e yndrome)
e multiple

The imaging findings of splenic hemangiomas are similar to those of the liver, O
unenhanced CT, they appear as a well-defined hypodense masses that

components. With contrast adminis stration, most nnhanl:e fram the perlphe y with qrudual
fill-in and persistence of contrast enhancement on delayed images

':IF-rwra'w radiating from a central point,
g p

On MR, these lesions are hypointense to the spleen on Ti-weighted images and
hyperintense on Tz-weighted images. Heterogeneous signal is sometimes noted on Ta-
weighted images, reflecting the presence of cystic and solid components with various
amounts of fibrosis, necrosis, and hemorrhage. Injection of IV Gd-DTPA causes
enhancement similar to that observed with iodinated contrast material on CT.
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Hemangioma. Pre and post-contrast CT images show the typical CT
features of a splenic hemangioma.
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Splenic hemangiomatosis. Post contrast CT images show several
hypodense focal lesions, that enhance from the periphery with gradual
filling and persistence of contrast enhancement on delayed images.
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Hamartoma

Hamartomas are rare benign asymptomatic lesions, composed of a mixture of
normal splenic structures such as white and red pulp.

Splenic hamartomas are usually solitary and may be solid or cystic. The solid
lesicn may reveal a nearly egual attenuation to that of spleen on contrast-
enhanced CT scans.

On CT, they appear as well-circunscrib 0- to hypodense masses on pre-
contrast images, with occasional | s showing cystic components.
Calcification can be ob d. They usually show slow enhancement and fill in
i ini i ntrast material. Prolonged enhancement similar to
omas is often noted and can help to differentiate
hamartomas from lymphoma

On unenhanced MR images, the lesions are usually isointense on T1-weighted
images and hetercgeneously hyperintense on Tz-weighted images relative to
the spleen. Slow, diffuse, heterogeneous enhancermnent is noted following
gadolinium injection. On delayed images, more uniform and persistent
enhancement Is seen, often greater than that of the normal spleen.
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Splenic hamartoma. (b) T 1-weighted MR| shows a mass which is isodense to
the spleen. (a) TZ2-weighted MRI reveals slightly hyperintensity relative to the
normal splenic tissue. (d-f) T1-weighted post-gadolinium MR images show
that there is some early heterogenecus enhancement, with nearly
isointensity to the splenic parenchyma in the later phases.
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Sarcoma

Primary splenic angiosarcomas are extremely rare tumors with a
poor prognosis. These tumors are highly aggressive and manifest
with widespread metastatic disease or splenic rupture.

The CT appearance is nonspecific. They appear as relatively large,
heterogeneous masses that may contain cystic and solid
components. Hypervascular tumors {especial? angiosarcomas)
show marked, fzeterogeneg!._ls enhancement following contrast
administration.

At MR in'm%ing, these lesions are heterogeneously hyperintense

on T2-weighted images and hypointense on T1-weighted images.
Following gadolinium administration, the lesion demonstrates
heterugeneuus enhancement with multiple hyperintense nodular
foci and hypointense regions.
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Lymphoma
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Lymphoma is the
lymphoema is rare

in both Hod:

et does not  neec
seen in fewer than zo

detected by CT.

Splenic involvernent can manife
miliary nodules, multitocal lesio

Contrast-enhanced CT scans may demonstrate inhomogeneous lesions of decreased
attenuation and variable size, either solitary or multiple.

Lymphomatous deposits have T1 and Tz similar to those of normal parenchyma,
Gadolinium-enhanced sequences are more sensitive for the evaluation of splenic
parenchyma. Diffuse involvement may be seen as large irregularly enhancing lesions.
Multifocal disease is also common and can be seen as multiple focal lesions
hypeintense relative to the uniformiy or arciform enhancing spleen.

Linfoma with multiple masses. Contrast-enhanced CT scan in a 45-year-
old man shows multiple small low-attenuation areas in a diffusely
enlarged spleen, There is also hepatic involvement, with multiple small
hypoattenuating lesions.
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Metastasis

Splenic metastasis are relatively uncommon, despite its large mass
of lymphoid tissue and its role in the filtration of systemic blood.

CT demonstrates splenic metastases as ill-defined hypoattenuating
areas or well-defined cystic lesions that may be unilocular or
septated.

At MR imaging, metastasis typically appear as hyperintense masses
on Tz-weighted images and hypo- to isointense lesions on Ta-
weighted images. The degree and characteristics of enhancement
depend on the nature and type of the underlying primary neoplasm.
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Spienic metastasis. Contrast-enhanced CT and MRI images show a large
heterogenecus Ill-defined mass involving the spleen. This lesion corresponds
to a splenic metastasis from a hepatocellular carcinoma.
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Portal Hypertension

Portal hypertension is a frequent cause of splenomegaly.
Associated CT findings include a lobulated, dismorphic%uer
with a proeminent caudate lobe, ascites, and collateral
vessels. The presence of gastroesophageal varices and
perisplenic collateral vessels is best demonstrated with
dynamic CT tecniques.

Foci of hemosiderin deposition are seen about g%-12% of
patients with portal hypertension. These foci are called
. They are t;pica!ly not seen on CT but

I

are well depicted on MRI due to the paramagnetic properties
of the deposited iron. They appear on all pulse sequences as
small foci of signal void scattered throughout the spleen.
They range in size from a few milimeters up to 1cm in
diameter.
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Splenomegaly in a 45-year-old man with portal hypertension. Contrast-
enhanced CT images show splenomegaly and cirrhotic liver, with several
collateral vessels (splenic, esophageal and periumbilical varices) and
ascites.
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Gamna-Gandy bodies. Ti-weighted and Ta-weighted fat
supressed postgadolinium MR images show multiple areas of
signal void throughout the splenic parenchyma in this patient
with cirrhosis.
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Splenomegaly in a patient with Non-Hodgkin Limphoma. Mote the presence
of adenopathy near the gastro-hepatic ligament. There is an accessory
spleen in the splenic hilum.
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Conclusion

= CT is still the imaging method of choice for
evaluation of the spleen. However, MR is
also an excellent imaging tool for the

diagnosis, evaluation, and characterization
of various focal splenic lesions and
pathologic conditions.




