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1	 �Imaging Anatomy 
and Function of the Spleen

The spleen is located in the left upper quadrant of 
the abdomen and is typically covered by the 9th 
to 11th rib. It is an intraperitoneal organ with a 
ligamentous attachment to the greater curvature 
of the stomach (gastrosplenic ligament) and to 
the left kidney (splenorenal ligament). The spleen 
is typically wedge shaped, but often exhibits a 
wide variety of different shapes. Due to its often 
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atypical shape, the most accurate way to compare 
the size of the spleen is to measure its volume 
(Harris et al. 2010). However, splenic volumetry 
is not routinely applied in clinical practice. 
Spleen size is typically determined by measuring 
the spleen length. In literature, a splenic length of 
12  cm is defined as the upper limit of normal 
(Stiff et al. 2009; Sienz et al. 2011; Danila 2010). 
Nevertheless, it is important to know that the vol-
ume and length of the spleen are variable and 
might not show a normal distribution (Cruz-
Romero et al. 2016). A study in 1230 healthy vol-
unteers demonstrated that spleen length and 
volume are significantly influenced by sex, body 
height, and body weight (Chow et al. 2016). The 
median spleen length, anteroposterior dimension, 
width, and volume were 10.9 cm, 4.5 cm, 6.5 cm, 
and 166  cm3, respectively (Chow et  al. 2016). 
The authors observed that by applying 12 cm as 
the upper limit of normal for the spleen length, 
6% of healthy women and 26% of healthy men 
would have been misdiagnosed with splenomeg-
aly. Therefore, they suggested equations to esti-
mate the upper limit of spleen length and volume 
for both genders based on body height (Table 1). 
In addition, a former study observed that splenic 
volume significantly correlates with age and 
decreases in older patients (Harris et al. 2010). In 
this study, a mean splenic volume of 171 cm3 was 
observed in patients in their 3rd decade, whereas 
the mean splenic volume was only 89.2  cm3 in 
patients in their 8th decade. Finally, the size of 
the spleen is also affected by physiologic changes. 
It can decrease with physiological stress situa-
tions such as hypovolemic shock, heavy exercise, 
or trauma (Cruz-Romero et al. 2016; Stewart and 
McKenzie 2002; Kiguchi et al. 2015).

The parenchyma of the spleen is subdivided 
into the red and the white pulp, which cannot 
be differentiated in diagnostic imaging. The 
red pulp accounts mainly for the blood-filled 
sinuses and the white pulp accounts for lym-
phoid follicles. The spleen is arterially sup-
plied by the splenic artery, which originates as 
one of three main branches from the celiac 
trunk. As a variant, the splenic artery can origi-
nate directly from the abdominal aorta. The 
venous drainage is performed by the splenic 
vein, which confluences with the superior and 
inferior mesenteric vein to the portal vein. The 
spleen has an attenuation of 40–50 Hounsfield 
units (HU) on unenhanced CT (Fig. 1a) 
(Tonolini and Bianco 2013). After administra-
tion of intravenous (i.v.) contrast medium, a 
heterogeneous, band-like enhancement is typi-
cally seen during the early arterial phase (Fig. 
1b). Portal-venous and delayed phases show a 
homogeneous enhancement of the splenic 
parenchyma (Fig. 1c).

Congenital abnormalities of the spleen 
occur in heterotaxy syndrome, which is defined 
by an inaccurate left and right distribution of 
thoracic and abdominal organs. Heterotaxy 
syndrome is subdivided into left and right 
isomerism. Left isomerism is characterized by 
multiple spleens, also known as polysplenia 
syndrome (Fig. 2). In right isomerism, the 
spleen is absent (asplenia).

Ectopic spleen tissue is common and can 
be categorized in either accessory spleen tis-
sue (splenunculus) or splenosis. Accessory 
spleen tissue is a congenital condition with a 
prevalence of up to 16% and presenting as 
round, well-marginated, and homogeneously 
enhancing masses (Mortele et  al. 2004). 
Splenosis is an acquired autoimplantation of 
splenic tissue in other regions of the body, 
typically due to trauma or surgery (e.g., sple-
nectomy) (Fig. 3).

In addition, there are two different variants of 
anatomy that represent potential pitfalls: the intra-
pancreatic accessory spleen and the wandering 
spleen. The intrapancreatic accessory spleen is 

Table 1  Equations for upper limits of spleen length and 
volume based on gender published by Chow et al. (2016)

Gender Spleen length (cm) Spleen volume (cm3)

Male 0.0544 × body 
height (cm) + 3.6693

4.3803 × body 
height (cm) – 457.15

Female 0.0282 × body 
height (cm) + 7.5526

7.0996 × body 
height (cm) – 939.5
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Fig. 1  Unenhanced (a), arterial phase (b), and portal-
venous phase (c) of the spleen in the same patient. Note 
the characteristic band-like enhancement in arterial phase, 

followed by homogeneous enhancement in portal-venous 
phase. A round calcification is also seen

Fig. 2  Polysplenia in heterotaxy syndrome. The organs of the upper abdomen show an inverted left-right distribution. 
Multiple spleens are seen posterior to the stomach on the right side
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most commonly located in the tail of the pancreas, 
where it can mimic a mass lesion like a neuroen-
docrine tumor (Fig. 4) (Kawamoto et al. 2012). It 
should be considered if a hypervascular mass is 

seen or if the attenuation pattern is similar to the 
spleen (Coquia et al. 2014). In questionable cases, 
a supermagnetic iron oxide-enhanced MRI can 
help to differentiate the two entities. The 

a b

c

Fig. 3  Intrathoracic and abdominal splenosis. Patient 
with history of splenectomy (prior history of gunshot 
injury) developed multiple ovoid soft tissue masses in the 
left hypochondrium (a). Pleural-based soft tissue nodules 

were also seen in the left lung apex (b). 99m-Technetium-
Sulfur-Colloid scan demonstrated increased uptake in the 
abovementioned soft tissue sites confirming the presence 
of splenosis (c)
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wandering spleen is rare and indicates a migration 
of the spleen to another anatomical region, usu-
ally the pelvis (Fig. 5). The migration is caused by 
a weakness of the suspensory ligaments of the 
spleen. Due to the migration, a vascular pedicle 
can form, which might twist and lead to a splenic 
torsion with a potential splenic infarction. The 
torsion leads to a whirl-sign in CT (Priyadarshi 
et al. 2013) and it is treated surgically.

2	 �Trauma

2.1	 �Introduction

Splenic injury can result from blunt or penetrat-
ing trauma. In blunt abdominal trauma, the spleen 
is one of the most frequently injured organs 

Fig. 4  Intrapancreatic spleen. Axial image in portal-
venous phase shows a round lesion in the tail of the pan-
creas (arrows) which exhibits hyperattenuation compared 
to the pancreatic parenchyma, but isoattenuation com-
pared to the spleen

a b

Fig. 5  Wandering spleen in a patient with polycythemia 
vera. Axial image in portal-venous phase shows the empty 
splenic fossa in the upper left abdominal quadrant (a). 

Coronal image of the same patient demonstrates the 
migration of the enlarged spleen to the pelvis (b)
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(Haan et al. 2005; Yao et al. 2002). After splenic 
injury, the following pathologies may occur: 
hematoma (subcapsular or intraparenchymal), 
laceration, active extravasation, pseudoaneu-
rysma, and arteriovenous (AV) fistula. Splenic 
injury is associated with injuries to other nearby 
structures like the left hemidiaphragm, left lung, 
ribs, left lobe of the liver, left kidney, or pancre-
atic tail. Imaging is particularly important to 
stratify patient management and determine the 
need for a splenectomy. In the past decades, a 
trend towards nonoperative management 
occurred because it has been shown that splenec-
tomy increases the risk of postoperative infec-
tious complications. Overwhelming 
post-splenectomy infections (OPSIs) are a life-
long threat after splenectomy and can occur with 
a lifetime risk of 1–4 per 1000 patients (Schwartz 
et al. 1982). OPSI may result in multiorgan fail-
ure and death in more than half of these patients. 
Nonoperative management is favored, especially 
in the hemodynamically stable patient, and 

includes surveillance and splenic artery emboli-
zation. In a nationwide study in Taiwan, it has 
been demonstrated that the trend towards nonop-
erative management did not result in increased 
mortality (Soo et al. 2015).

2.2	 �Classification

Splenic trauma can be graded according to the 
American Association for the Surgery of Trauma 
(AAST) classification which includes five grades 
(Table 2). Grades I-II are defined as low-grade while 
grades III-V are defined as high-grade injuries.

However, it has been shown in former studies 
that the AAST classification is a poor predictor 
of patient’s benefit from surgical or nonsurgical 
treatment (Becker et  al. 1994; Sutyak et  al. 
1995; Cohn et  al. 2009). Marmery et  al. pro-
posed another grading system which showed to 
better predict the need for splenic intervention 
(Table 3) (Marmery et al. 2007). Their grading 

Table 2  American Association for the Surgery of Trauma (AAST) classification of splenic trauma (Moore et al. 1995)

Grade Hematoma Laceration Devascularization

I Subcapsular: <10% surface area Capsular tear: <1 cm parenchymal depth 0

II Subcapsular: 10–50% surface area
Intraparenchymal: <5 cm in diameter

Capsular tear: 1–3 cm parenchymal depth 
that does not involve a trabecular vessel

0

III Subcapsular: >50% surface area or 
expanding, ruptured subcapsular or 
parenchymal hematoma
Intraparenchymal hematoma ≥5 cm or 
expanding

>3 cm parenchymal depth or involving 
trabecular vessels

<25% of spleen

IV – Laceration involving segmental or hilar 
vessels producing major devascularization

>25% of spleen

V – Completely shattered spleen
Hilar vascular injury with devascularized 
spleen

100% of spleen

Table 3  Baltimore classification of splenic trauma (Marmery et al. 2007)

Grade Subcapsular hematoma Intraparenchymal hematoma Capsular tear Other

1 Thickness < 1 cm Diameter < 1 cm Depth <1 cm

2 Thickness 1–3 cm Diameter 1–3 cm Depth 1–3 cm

3 Thickness > 3 cm Diameter > 3 cm Depth > 3 cm Rupture of splenic capsule

4a Splenic avulsion Active bleeding – subcapsular 
and intraparenchymal

4b Active intraperitoneal 
bleeding
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system takes into account the presence of active 
bleeding on CT, because vascular injuries are a 
predictor of failure of nonoperative manage-
ment. Patients with a grading of four are candi-
dates for splenic artery embolization or 
surgery.

2.3	 �Imaging Characteristics

CT is the modality of choice to evaluate splenic 
trauma. It is recommended to perform imaging 
always during the portal-venous phase to avoid 
misinterpretation of parenchymal lesions due to 
the heterogeneous enhancement of the spleen in 
earlier phases. An additional arterial phase can 
be useful to diagnose vascular injuries like 
pseudoaneurysms or AV fistulas. However, the 
literature about an additional arterial phase is 
controversial. A retrospective study showed 
only minimal improvement in patient’s out-
come when applying a routine arterial phase 
CT in blunt trauma patients (Corwin et  al. 
2016). Another, more recent reader study dem-
onstrated improved diagnostic confidence for 
all types of blunt splenic injuries by applying a 
dual-phase CT protocol consisting of an arterial 
and portal-venous phase (Boscak et  al. 2013). 
In this study, a dual-phase CT protocol pro-
vided an “excellent confidence” in 85% of cases 
for vascular injuries and in 93% of cases for 
nonvascular injuries like parenchymal injuries 
or hematoma. In CT, lacerations are demarcated 
as linear hypodensities. Subcapsular hematoma 
presents as low-density blood collection 
between the capsule and the parenchyma of the 
spleen. In contrast to para- or perisplenic fluid 
collections, the subcapsular hematoma leads to 
an indentation of the spleen’s margin. Active 
bleeding shows high-density and increases in 
size in delayed phases, while pseudoaneurysms 
or AV fistulas are stable in delayed phases. 
Delayed rupture (5–6% of nonsurgically 
managed cases), splenic abscess, or pseudoan-
eurysms are potential complications after 
splenic trauma.

2.4	 �Image Examples (Figs. 6–10)

2.5	 �Treatment Options

In clinical routine, the decision between sur-
gery and nonoperative management is in gen-
eral based on the initial clinical presentation of 
the patient. A patient in hemorrhagic shock or 
with other intraabdominal injuries qualifies for 

Fig. 6  AAST I and Baltimore grade 1: capsular tear and 
laceration of the splenic parenchyma of < 1 cm depth

Fig. 7  AAST II-III and Baltimore grade 2: subcapsular 
hematoma which covers about 50% of the surface area 
with a thickness of 1–3 cm
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surgical treatment (Stassen et  al. 2012). 
Nonoperative management is preferred in the 
hemodynamically stable patient. However, 
there is a higher failure rate with increasing 
grade of injury. The preferred treatment for 
hemodynamically stable patients with AAST 

grade IV or V injury is still controversial. 
Nonoperative management contains splenic 
artery embolization (SAE) and surveillance. 
SAE is indicated if active extravasation or a 
pseudoaneurysm/AV fistula is evident on CT 
(Olthof et al. 2013). SAE is performed either as 
coil embolization of the proximal splenic artery 
or as superselective embolization of the bleed-
ing arterial branch. Complications of SAE are 
persistent hemorrhage, coil migration, and 
splenic infarction or abscess. The rate of severe 
complications is less than 4% (Skattum et  al. 
2013; Frandon et  al. 2014). Surveillance is a 
treatment option in hemodynamically stable 
patients without active contrast extravasation or 
blush in CT and AAST grade I-III. A study by 
Saksobhavivat et al. showed that the CT-based 
classification scale proposed by Marmery et al. 
was the best individual predictor for decision 
making between surveillance and splenic inter-
vention in hemodynamically stable patients 
(Saksobhavivat et al. 2015). A close monitoring 
is required due to the risk of secondary splenic 
rupture. The risk of secondary rupture declines 
over time, and 92% of secondary ruptures take 
place in the first 6 days after injury (Peitzman 

a b

Fig. 8  AAST III and Baltimore grade 3 in arterial (a) and portal-venous phase (b): capsular tear with laceration of  
> 3 cm depth

Fig. 9  AAST IV and Baltimore 4a: splenic avulsion with 
devascularization of the spleen of >25%
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et al. 2000). Follow-up CT imaging should only 
be performed selectively based on the patient’s 
clinical status. The duration of observation 
should be based on the clinical presentation and 
severity of the initial injury.

3	 �Benign Lesions

3.1	 �General Principles

Benign splenic lesions expose certain specific 
imaging characteristics. They are usually well 
circumscribed, and the majority is hypodense to 
the splenic parenchyma in unenhanced and early 
contrast medium phases (Cave: hamartoma).

3.2	 �Cysts

Splenic cysts are the most common focal 
lesions of the spleen. They can be subdivided 
into primary/congenital cysts and secondary 
cysts. Furthermore, from an etiological stand-
point, they can be divided into parasitic and 
nonparasitic cysts. About 20% of splenic cystic 
lesions are primary cysts, which are typically 
incidental findings at imaging. They are true 
cysts lined with epithelial cells. Secondary 
splenic cysts or pseudocysts account for about 
80% of splenic cystic lesions and are typically 
posttraumatic after hematoma or splenic infarc-
tion. Secondary cysts present more often calci-
fications compared to primary cysts. In CT 

a b

c

Fig. 10  AAST V and Baltimore 4b: shattered spleen (a) with active intraperitoneal bleeding (b and arrows in c)
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imaging, both types present as well-defined, 
rounded masses with water-equivalent attenua-
tion (Fig. 11). Cysts do not exhibit an enhance-
ment in contrast-enhanced phases. Differential 
diagnoses of nonparasitic cysts are splenic 
abscess and splenic hydatid cyst. Here, the 
patient’s history can help to differentiate among 
these entities.

3.3	 �Epidermoid Cyst

Splenic epidermoid cyst belongs to the family 
of primary, true splenic cysts. They are 
congenital and show a variation of clinical 
symptoms from asymptomatic to nausea, 
abdominal pain, and splenomegaly, especially 
at young ages (Rana et  al. 2014). In CT,  
they present as hypodense, well-demarcated 
lesions with a thin wall and without uptake of 
contrast medium. Calcifications of the wall 
may occur. Partial splenectomy is the treat-
ment of choice in patients with symptomatic 
epidermoid cysts.

3.4	 �Hemangioma

Hemangiomas are the second most frequent focal 
splenic lesions (Luna et al. 2006). They are usu-
ally asymptomatic and found incidentally. 
Hemangiomas are slow-flow venous malforma-
tions, and the majority show a cavernous type. 
Typically, a hypo- to isodense mass is seen on 
unenhanced CT (Fig. 12a). Hemangiomas are 
usually smaller than 2 cm and may show calcifi-
cations and a central, stellate scar (Fotiadis et al. 
2009). After administration of intravenous con-
trast medium, they show peripheral enhance-
ment, followed by centripetal filling and 
persistent contrast enhancement in late phase 
images (Fig. 12b, c). Secondary hemangiomas 
can be present in the course of a systemic angio-
matosis like Klippel-Trénaunay-Weber syndrome 
or Beckwith-Wiedemann syndrome. The pres-
ence of multiple splenic hemangiomas which 
replace the entire parenchyma of the spleen is 
known as splenic hemangiomatosis. Splenic 
hemangiomatosis is also associated with the 
Klippel-Trénaunay-Weber syndrome and the 

a b

Fig. 11  Axial image of a simple splenic cyst in unenhanced (a) and portal-venous phase (b) as a round, well-demarcated, 
hypodense lesion without enhancement after application of contrast medium
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Kasabach-Meritt syndrome. Complications of 
hemangiomas include hemorrhage, infarction, 
thrombosis, and very rarely rupture.

3.5	 �Lymphangioma

Lymphangioma is a rare, benign neoplasm, which 
is primarily seen in children. They are congenital 
malformations of the lymphatic system, which 
show cystic dilatation of the lymphatic vessels 
(Kim et al. 2015). The cystic appearance devel-
ops slowly, due to an abnormal or absence com-
munication between the lymphatic vessels. 
Lymphangiomas typically occur in the neck or 
axillary region, but they are rarely found in the 

spleen. Histologically they are divided into three 
subtypes: capillary, cavernous, or cystic 
(Rodriguez-Montes et al. 2016). Clinical presen-
tation ranges from asymptomatic to left upper 
abdominal pain due to a mass effect and 
compression of adjacent structures. Multiple 
lymphangiomas of the spleen can occur in sys-
temic lymphangiomatosis. In CT, they present as 
thin-walled, hypodense masses without enhance-
ment. They are typically located subcapsular. 
While septations can be seen in ultrasound and 
MRI, they are usually too thin to be demarcated 
in CT.  Cystic lymphangiomas may express 
peripheral calcifications. Complications of very 
large lymphangiomas are bleeding, splenomeg-
aly, and secondary portal hypertension. Very 

a b

c

Fig. 12  Axial image of the spleen in unenhanced phase 
exhibits an iso- to slightly hypodense mass (a). The clas-
sic peripheral enhancement is seen in arterial phase (b), 

followed by centripetal filling and persistent contrast 
enhancement in late phase (c)
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rarely a transformation into a malignant lym-
phangiosarcoma has been described (Feigenberg 
et al. 1983).

3.6	 �Hamartoma

Hamartomas are benign, solid lesions that can 
have a size of up to 19 cm (Lam et al. 1999). 
They consist of an anomalous mixture of tumor 
tissue and normal splenic tissue with red and 
white pulp. They are usually incidental find-
ings, but larger lesions may lead to splenomeg-
aly and rupture. Clinical symptoms are therefore 
linked to the mass effect of larger lesions. 
Hamartomas of the spleen are associated with 
solid (thymoma) and hematological malignan-
cies, with tuberous sclerosis and Wiskott-
Aldrich-like syndrome (Lee and Maeda 2009). 
In CT, hamartomas are often isodense to the 
spleen in unenhanced imaging as well as after 
administration of contrast medium, which 
makes them difficult to detect. A change or dis-
tortion of the splenic contour may be the only 
finding in these cases. However, some hamarto-
mas show a heterogenous enhancement after 
i.v. contrast ingestion (Fig. 13). Imaging is 
important to differentiate hamartomas from 

other malignant solid masses of the spleen like 
lymphomas or metastases. However, splenec-
tomy is often needed to exclude malignancy 
(Carlomagno et al. 2015).

3.7	 �Sclerosing Angiomatoid 
Nodular Transformation

Sclerosing angiomatoid nodular transformation 
(SANT) is a solitary, non-neoplastic vascular 
tumor, which develops secondary to a vascular 
injury or an inflammation. Histopathologically, it 
is composed out of multiple angiomatoid nodules 
surrounded by fibrous tissue (Martel et al. 2004). 
SANT is usually asymptomatic. However, like 
most benign lesions of the spleen, large lesions 
can lead to abdominal pain and splenomegaly 
due to mass effect. After administration of con-
trast medium, the lesion is hypodense compared 
to the splenic parenchyma in arterial and portal-
venous phase and becomes isodense in late phase 
due to centripetal filling. The first differential 
diagnosis is hemangioma. Diagnosis is usually 
established by splenectomy, rather than percuta-
neous biopsy because of the increased rate of 
complications in a vascular lesion (Imamura 
et al. 2016).

a b

Fig. 13  Splenic hamartomas. Axial CT images of the 
spleen in arterial (a) and venous phase (b). In the arterial 
phase, two round masses with heterogeneous enhance-

ment are seen (arrows in a). In the venous phase, these 
masses are slightly hyperdense to almost isodense to the 
splenic parenchyma (arrows in b)
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3.8	 �Angiomyolipoma

Angiomyolipoma of the spleen is extremely rare 
and usually associated with tuberous sclerosis. In 
tuberous sclerosis, additional angiomyolipomas 
can usually be found in the kidneys. In CT, angio-
myolipomas show areas with negative, fat-
equivalent attenuation, and they may show areas 
of contrast medium uptake due to increased vas-
cularity (Thipphavong et al. 2014).

4	 �Semi-malignant Lesions

4.1	 �Littoral Cell Angioma

Littoral cell angioma is a rare vascular tumor, which 
is characterized by multiple spongelike vascular 
spaces. It can occur at any age and is usually benign. 
However, malignant transformation has been 
reported (Ben-Izhak et al. 2001). Littoral cell angi-
oma is typically symptomatic leading to anemia, 
thrombocytopenia, and splenomegaly. Characteristic 
in CT are multiple, hypodense nodules in unen-
hanced, arterial, and portal-venous phases (Fig. 
14a). However, littoral cell angioma is isodense to 
the splenic parenchyma in late phase (Fig. 14b). The 

differential diagnosis is broad and includes benign 
and malignant lesions. Therefore, splenectomy is 
usually performed to establish the diagnosis.

4.2	 �Hemangioendothelioma

Hemangioendothelioma is a very rare, borderline-
malignant, vascular tumor. It occurs in pediatric 
patients or more commonly in young adults. 
Clinical presentation is nonspecific. In CT, heman-
gioendothelioma is hypodense in unenhanced 
images and a radiative peripheral enhancement in 
arterial phase followed by centripetal filling in late 
phase has been described (Wang et  al. 2015). 
However, imaging alone will usually not allow to 
establish the diagnosis. Partial or total splenec-
tomy has been described as treatment options.

5	 �Malignant Lesions

5.1	 �Lymphoma

Lymphoma is the most common malignancy in 
the spleen. It can occur primary or secondary 
to a systemic lymphatic disease. The spleen is 

a b

Fig. 14  Littoral cell angioma. Axial image of the upper abdomen in portal-venous (a) and late phase (b). Portal-venous 
phase shows multiple hypodense nodules which become isodense to the splenic parenchyma in late phases
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involved in about one third of Hodgkin and 
non-Hodgkin lymphomas (Saboo et al. 2012), 
while primary lymphoma is extremely rare 
(<1%). Diagnosis is established by a combina-
tion of findings in the peripheral blood, the 
bone marrow, and imaging. CT appearance is 
variable and includes solitary or multiple 
lesions, diffuse infiltration, or non-mass homo-
geneous enhancement (Bowerson et  al. 2015) 
(Fig. 15). Lesions show a mild enhancement, 
but are typically hypoenhancing compared to 
the surrounding splenic parenchyma on portal-
venous phase (Li et al. 2013). Areas of necrosis 
can occur in primary lymphomas. Treatment of 
primary lymphoma may include splenectomy 
and chemotherapy.

5.2	 �Splenic Metastases

The spleen is an infrequent site for metastatic 
disease (only 3.4% of metastatic carcinoma) 
(Giovagnoni et  al. 2005). Splenic metastases 

are found in the late stage of widespread meta-
static disease and are therefore a sign of poor 
prognosis. The most common primary sources 
are melanoma, breast, lung, ovarian, or colorec-
tal cancer (Giovagnoni et  al. 2005; Comperat 
et  al. 2007). Splenic metastases are typically 
hypodense on unenhanced CT.  Their contrast 
enhancement and attenuation characteristics 
follow the pattern of the primary cancer (Fig. 
16). Biopsy is possible to determine the pri-
mary cancer.

5.3	 �Angiosarcoma

Angiosarcoma is the most common primary, 
nonhematolymphoid malignancy of the spleen. 
Its origin is the epithelial-type cell of blood ves-
sels. Angiosarcoma is very aggressive and 
shows a high rate of metastasis. Metastases are 
usually found in the liver, but also in the lungs, 
bone, or lymphatic system. Angiosarcoma 
effects more frequently older patients between 

a b

Fig. 15  Axial CT image of a patient with a diffuse large 
B-cell non-Hodgkin lymphoma demonstrates multiple, 
round, hypodense lesions in the spleen and liver in portal-

venous phase (a). PET scan exhibits increased uptake of 
the abovementioned lesions in the liver and the spleen and 
in additional lesions in the right axillary region (b)
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the 5th and 7th decade (Hamid et  al. 2010). 
Patients suffer from left upper abdominal pain, 
anemia, or thrombocytopenia. The symptoms 
typically initiate the imaging work-up. 
Hemoperitoneum is possible due to rupture of 
the tumor (Vrachliotis et al. 2000). Splenectomy 
is the treatment of choice. However, angiosar-
coma is often diagnosed in an advanced stage, 
and prognosis is poor with a 6-month survival 
rate of 20% (Vrachliotis et  al. 2000). A few 
reports indicate that angiosarcoma might 
develop from hemangioma or hemangioendo-
thelioma (Alt et al. 1985; Falk et al. 1993).

CT appearance is variable depending on the 
amount of central necrosis, hemorrhage, or cal-
cifications. Unenhanced CT usually shows sple-
nomegaly due to a solitary or multiple enlarged, 
ill-defined, heterogeneous masses with hypo- 
and hyperdense components. The lesions are 
hypoenhancing, but some lesions show periph-
eral enhancement (Fig. 17) (Bowerson et  al. 
2015). Metastases of the liver can be hypo- or 
more commonly hypervascular (Thompson 
et al. 2005).

5.4	 �Hemangiopericytoma

Hemangiopericytoma is a rare vascular tumor 
that can be considered as a soft tissue sarcoma 
with low-grade malignant potential. It usually 
arises in the retroperitoneum of the pelvis or 
the lower extremities and is very rarely seen as 
a primary tumor in the spleen (Illuminati et al. 
2015). Clinical presentation ranges from 
asymptomatic to abdominal discomfort and 
splenomegaly. Splenectomy is treatment of 
choice, but recurrence can occur up to 20 years 
after treatment. The overall survival rate is 
about 71% after 5  years (Spitz et  al. 1998). 
Metastases have been shown in the lung or 
bone (Enzinger and Smith 1976). In case of 
recurrence, resection is combined with adju-
vant adriamycin-based chemotherapy. In CT, 
the tumor is well delineated, shows a polylobu-
lated contour, and is hypodense to the splenic 
parenchyma in unenhanced imaging. After 
administration of contrast medium, slight 
hyperattenuation of the solid parts can be 
observed.

a b

Fig. 16  Splenic metastasis of a patient with sarcoma. 
Initial axial contrast-enhanced CT of the upper abdomen 
demonstrates a round, hypodense, partially cystic, and 
slightly enhancing lesion in the spleen with a diameter of 

2.5  cm (a). In a 1-month follow-up CT, the lesion 
increased in size to a diameter of 4.5 cm (b), indicating 
malignancy
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6	 �Infection

6.1	 �Abscess

Splenic abscesses are overall a very rare condi-
tion. Potential causes are infection, trauma, 
splenic infarction, and immunodeficiency. 
Infections are caused either per continuitatem by 
a renal or pancreatic infection or they are most 
commonly caused by hematogenous spread of 
another infectious source like endocarditis (Fig. 
18). Clinical presentation includes fever, leuko-
cytosis, and left upper quadrant pain. CT is the 
imaging modality of choice, especially to detect 
small abscesses. Abscesses are typically multi-
ple, ill-defined, hypodense lesions of 5–10 mm 
(Thipphavong et al. 2014). CT attenuation ranges 

Fig. 18  Splenic abscess. Coronal image of the upper 
abdomen shows a round, hypodense lesion in the spleen 
with CT attenuation values of about 30 HU (white 
arrows), representing an abscess. An additional abscess in 
the renal parenchyma (dark arrow) increases the likeli-
hood of a hematogenous spread due to another primary 
infectious source

a b

c

Fig. 17  Angiosarcoma of the spleen in unenhanced (a), 
portal-venous (b), and late venous phase (c). Note the 
multiple hypodense and hypoenhancing splenic nodules 

with multiple calcifications and slight internal and periph-
eral enhancement (b). Multiple hypovascular metastases 
are seen in the liver
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from 20 to 40 HU, and a rim enhancement can be 
observed in some cases (Tonolini and Bianco 
2013). As a rule of thumb, bacterial abscesses 
are usually solitary and large, while fungal or 
mycobacterial abscesses are usually multiple, 
small, and associated with conditions of immu-
nodeficiency. Candida, Aspergillus, and 
Cryptococcus are the most common fungal spe-
cies. Treatment includes antibacterial and anti-
mycotic therapy, percutaneous drainage in 
selected patients, or splenectomy in severe cases. 
Treatment of the primary source is essential in 
secondary abscesses caused by hematogenous 
spread.

6.2	 �Hydatid Infection

Hydatid infection or echinococcosis is most com-
monly caused by the tapeworm Echinococcus 
granulosus (95%). The disease is endemic in the 
Middle East, Asia, Mediterranean, South 
America, India, and Australia (Rasheed et  al. 
2013). Carnivores, usually dogs, are the primary 
host of the parasite. Humans become an interme-
diate host through contact with a primary host or 
by ingestion of contaminated vegetables or water. 
In humans, the parasite most commonly affects 
the liver (70%) or lung (15–20%) causing cystic 
lesions filled with larval tapeworms (Pedrosa 
et al. 2000). The spleen is rarely involved (0.9–
8%). Hydatid infection of the spleen can be sub-
divided into either primary (only in the spleen) 
or, more commonly, secondary infection due to 
hematogenous dissemination or intraperitoneal 
spread from a ruptured cyst in the liver (Franquet 
et  al. 1990). The cysts have a primary size of 
about 1  cm and show only a slow growth of 
2–3 cm per year. Based on the slow growth rate, 
patients with splenic hydatid cyst are usually 
asymptomatic, and the cyst is discovered as an 
incidental finding during imaging or if it causes 
symptoms due to compression of adjacent struc-
tures. The cysts are composed of three different 
layers: (1) an outer layer with a fibrous zone 
called the “pericyst,” (2) an acellular middle lam-
inated membrane, and (3) an inner germinal 

layer. Layers 2 and 3 form the so-called endocyst 
(Pedrosa et al. 2000).

Imaging findings change during the life cycle 
of the parasite. Unenhanced CT is sufficient in 
uncomplicated cysts, because the cysts do not 
enhance after administration of i.v. contrast 
medium. In early disease, a simple, hypodense 
cyst with water-equivalent attenuation sur-
rounded by a thin wall can be observed. The wall 
is noncalcified, but is markedly hyperdense in 
unenhanced CT. However, the attenuation of the 
cyst depends on the intracystic content. Intracystic 
debris, inflammatory cells, or so-called hydatid 
sand can cause higher attenuation values. The 
next stage is characterized by the development of 
“daughter cysts.” Daughter cysts are multiple 
additional cysts which develop along the wall of 
the central “mother cyst.” Typically, the mother 
cyst shows higher attenuation values of 30–40 
HU compared to the daughter cysts (0–10 HU) 
(Kalovidouris et  al. 1986). In later stages, a 
detachment of the endocyst from the pericyst can 
be seen due to degeneration or therapy. Complete 
detachment is seen as floating membranes within 
the cyst and has been described primary in ultra-
sound as “water lily sign” (Beggs 1985). In addi-
tion, peripheral calcifications are seen and 
indicate the healing process (Fig. 19). However, 
calcification does not necessarily prove the death 

Fig. 19  Advanced stage hydatid infection of the spleen 
and liver. Axial image in portal-venous phase shows mul-
tiple, ill-defined, heterogeneous, hypoattenuating, par-
tially calcified lesions in the spleen and liver. Peripheral 
calcifications indicate the healing process, but they do not 
prove the death of the parasite
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of the parasite (Beggs 1985). Only complete cal-
cification of the cyst is a sign for the full 
elimination.

Treatment options are splenectomy, spleen-
preserving surgery like partial splenectomy or 
cyst enucleation, and minimally invasive 
approaches like “puncture, aspiration, injec-
tion, and reaspiration” (PAIR) (Rasheed et al. 
2013). Surgery and PAIR are increasingly 
combined with chemotherapy (Albendazole or 
Mebendazole) (Teggi et al. 1993). A rare, but 
life-threatening, complication of hydatid dis-
ease is the rupture of a cyst into the peritoneal 
cavity (Arikanoglu et  al. 2012). This rupture 
can be spontaneous, posttraumatic, or after 
surgery and lead to severe anaphylactic 
reactions.

6.3	 �Tuberculosis

Splenic tuberculosis is extremely rare and typi-
cally associated with immunodeficiency (Lee 
et  al. 2012). It is caused by the bacterium 
Mycobacterium tuberculosis. Splenic tuberculo-
sis is seen either as a solitary form or, more com-
monly, as part of disseminated tuberculosis. 
Other, more frequent, sites of extrapulmonary, 
abdominal tuberculosis are lymph nodes, the 
peritoneum, the genitourinary tract, and the gas-
trointestinal tract (Lee et al. 2012). The clinical 
presentation of splenic tuberculosis is unspecific. 
Fever, fatigue, and weight loss are the most com-
mon symptoms. In addition, splenomegaly can 
occur. In solitary splenic tuberculosis, CT typi-
cally shows a mass lesion which is hypoenhanc-
ing compared to the surrounding splenic 
parenchyma. The enhancement is heterogenous, 
and areas of central necrosis can be observed 
(Lin et al. 2016). In the disseminated form, the 
most common appearance is splenomegaly com-
bined with multiple hypoenhancing lesions (Fig. 
20). However, the diagnosis is impossible to 
establish without histopathological examination. 
Needle biopsy and splenectomy are potential 
options to obtain a tissue sample. Treatment 
includes antitubercular medication and/or 
splenectomy.

6.4	 �Malaria

Malaria is an endemic infectious disease in trop-
ical or subtropical regions, resulting in almost 
half a million deaths in 2015 (WHO n.d.). It is 
caused by Plasmodium species (P. falciparum, 
P. vivax, P. ovale, P. malariae, P. knowlesi), 
which are transmitted by the bite of female 
Anopheles mosquitoes. Malaria is subdivided 
based on the clinical presentation and course of 
the disease in Malaria tropica, Malaria tertiana, 
and Malaria quartana. Clinical symptoms are 
episodic fever, malaise, anemia, and abdominal 
pain. The spleen plays a major role in the immu-
nological defense against the disease. Infected 
red blood cells are entrapped in the spleen fol-
lowed by an immunological response. As a con-
sequence, splenic congestion occurs which 
leads to an increase in splenic size. This patho-
physiological process explains the typical imag-
ing finding of malaria. Hepatosplenomegaly is 
the most common finding in CT.  Another 

Fig. 20  Disseminated form of splenic tuberculosis. 
Typical image appearance with splenomegaly and multi-
ple hypodense lesions distributed in a miliary pattern. 
Reprinted from “CT appearances of abdominal tuberculo-
sis” by Lee et al. (2012) published on p. 601, with permis-
sion from Elsevier
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reported finding is a poor contrast enhancement 
in arterial phase, due to the congestion of the 
spleen (Bae and Jeon 2006). Splenic infarction 
and splenic rupture are important complica-
tions. Splenic infarction was reported in cases of 
P. falciparum and P. vivax malaria as heteroge-
neous hypodense areas (Bonnard et  al. 2005; 
Kim et  al. 2007). A subcapsular hematoma is 
believed to be the precursor of splenic rupture 
(Waweru et  al. 2014). Splenic rupture was 
observed most frequently in P. vivax malaria 
(Jimenez et al. 2007; Kim et al. 2010).

7	 Miscellaneous

7.1	 �Splenic Infarction

Splenic infarctions are most commonly caused 
by septic embolization of infectious endocarditis 
(Tonolini and Bianco 2013). In addition, there are 
multiple other causes including vascular dis-
eases, lymphoproliferative disorders, hemoglo-
binopathies, and infectious diseases that are 
related to splenomegaly, for example, mononu-
cleosis or malaria. Infarction of the entire spleen 
is typically caused by occlusion of the whole 
splenic artery. In CT, splenic infarcts present as 
wedge-shaped, well-demarcated, hypodense 
regions with subcapsular distribution (Fig. 21). In 

follow-up imaging, these regions decrease in size 
and become atrophic (Tonolini and Bianco 2013).

7.2	 �Extramedullary 
Hematopoiesis

Extramedullary hematopoiesis (EMH) is a conse-
quence of insufficient erythropoiesis in the bone 
marrow. Possible causes are myeloproliferative 
disorders (e.g., polycythemia vera or myelofibro-
sis), hemoglobinopathies (e.g., sickle cell disease), 
bone marrow infiltration (e.g., by diffuse osseous 
metastatic disease or leukemia), and thalassemia. 
The liver and the spleen are the organs most fre-
quently involved. However, EMH can also occur 
in various different organs, for example, lymph 
nodes, pleura, lungs, or even in the skin. A typical 
finding is an enlargement of the affected organ or 
a circumscribed mass, as, for example, a fat-con-
taining paraspinal mass in the mediastinum. 
Hepatosplenomegaly is most frequently observed 
in CT and it can occur with or, more commonly, 
without focal lesions. Multiple mildly enlarged 
retroperitoneal lymph nodes can be observed 
(Sohawon et  al. 2012). Focal lesions of EMH  
appear as homogeneous, well-circumscribed, 
hypodense lesions in CT (Orphanidou-Vlachou 
et  al. 2014). Their size ranges from 2.5 to 7 cm 
(Singer et al. 2004). These lesions often require a 

a b

Fig. 21  Axial image of an abdominal CT in arterial phase 
showing hypodense filling defects in the splenic artery 
due to thrombosis (a). Consecutive splenic infarction is 

demarcated as wedge-shaped, subcapsular, hypodense 
area of the splenic parenchyma (b)
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biopsy, because lymphoma, metastases, and sar-
coma are potential differential diagnoses (Roberts 
et al. 2016). Clinical history can help to distinguish 
EMH from other entities. Care has to be taken 
while planning and performing a biopsy, because 
lesions are vascular, and hemorrhagic complica-
tions are possible. Treatment is only necessary in 
symptomatic patients and includes blood transfu-
sion, radiotherapy, or resection. Interestingly, it 
has been shown that spleen volume, measured by 
CT, is an independent predictor for survival in 
splenomegaly caused by EMH due to primary 
myelofibrosis (Song et al. 2016).

7.3	 �Splenic Sarcoidosis

Sarcoidosis is a systemic inflammatory disease that 
can affect any organ system. Its etiology is unknown. 
Characteristic of sarcoidosis is the formation of 
noncaseating granulomas. Extrapulmonary involve-
ment is observed in about 30% of patients with sar-
coidosis, and the abdomen is the most frequent 
extrapulmonary site (Gezer et al. 2015). Patients are 
most commonly between 20 and 50 years old, and 
women are more likely affected. In the abdomen, 
sarcoidosis most frequently involves the liver and 
the spleen. Most often, a mild hepato- and/or sple-
nomegaly can be observed. Multiple, hypoattenuat-
ing, mass-like nodules of the liver and spleen with a 
size of 5–20 mm are found in 10–15% of cases (Fig. 
22) (Warshauer and Lee 2004). The nodules may 

also lead to contour irregularity of the liver and 
spleen. However, abdominal involvement in sar-
coidosis usually does not cause clinical symptoms. 
Clinical symptoms are confined to patients with 
massive splenomegaly, which is a rather rare condi-
tion. Potential differential diagnosis of hypoattenu-
ating nodules in both the liver and the spleen are 
lymphoma, metastasis, tuberculosis, and abscess 
(Gezer et  al. 2015). Glucocorticoids are typically 
the first-line treatment.

7.4	 �Splenic Amyloidosis

Amyloidosis is characterized by an accumulation of 
fibrillar proteins in the extracellular space of tissues 
resulting in organ dysfunction. Splenic amyloidosis 
can be primary or secondary as part of systemic 
amyloidosis. Primary splenic amyloidosis is 
extremely rare. In systemic amyloidosis, however, 
the spleen is involved in 5–10% of cases (Renzulli 
et al. 2009). Clinical presentation is usually asymp-
tomatic. Complications of amyloidosis are splenic 
rupture, splenic infarction, and hyposplenism. 
Imaging findings are splenomegaly and heteroge-
neous or diffuse hypoperfusion with focal hypoen-
hancing areas in postcontrast CT (Fig. 23) 
(Monzawa et al. 2002; Kim et al. 2003; Mainenti 
et  al. 2005). However, splenomegaly is rather 
uncommon (4–13% of cases) (Mainenti et al. 2005).

Fig. 23  Splenic amyloidosis. Axial image of the upper 
abdomen in delayed phase. Hypoenhancing of the spleen 
compared to the liver is seen, which represents hypoperfu-
sion due to amyloidosis (© With permission of Springer: 
Mainenti et al. 2005)

Fig. 22  Axial image in portal-venous phase of a patient 
with abdominal manifestation of sarcoidosis. Multiple 
hypoattenuating nodules are seen in the liver and the 
spleen. The liver is enlarged. The nodules lead to contour 
irregularities of both organs
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8	 �Differential Diagnosis Based 
on Imaging Finding

8.1	 �Splenomegaly

8.2	 �Splenic Infarction

8.3	 �Splenic Rupture
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