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Abstract

Contrary to traumatic and iatrogenic intraabdominal hemorrhages, spontaneous intraabdominal hemorrhage is a challenging
clinical situation. A variety of neoplastic and non-neoplastic conditions may cause spontaneous intraabdominal bleeding.
Imaging findings vary depending on the source of bleeding and the underlying cause. In this article, we aim to increase the
awareness of imagers to the most common causes of spontaneous intraabdominal hemorrhage by using representative cases.
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Kidney neoplasms - Liver neoplasms - Pancreas neoplasms - Retroperitoneal space - Spleen neoplasms

Introduction

Spontaneous intraabdominal hemorrhage due to neoplastic
and non-neoplastic diseases is a challenging clinical situa-
tion as majority of the cases present with nonspecific symp-
toms, such as abdominal pain, hypotension, vomiting, and
malaise. In rare cases, spontaneous intraabdominal bleeding
may be the presenting manifestation. As the symptoms are
nonspecific, imaging plays a crucial role in diagnosing and
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triaging these patients. However, detection of the source of
hemorrhage may be challenging in imaging studies due to
massive hemoperitoneum. Nevertheless, some imaging find-
ings may indicate the anatomic site of hemorrhage, such as
‘sentinel clot’ sign on computed tomography (CT). Sentinel
clot sign is described as the highest attenuation hematoma
adjacent to the bleeding organ. Furthermore, the underlying
cause of hemorrhage (neoplasms or non-neoplastic diseases)
may not be accurately detected in the initial stage. The detec-
tion and diagnosis of a causative tumor may not be evident in
imaging studies due to the large hematoma [1, 2]. As prompt
and proper imaging plays such a fundamental role in clinical
management, we aimed to review the expected imaging find-
ings of these patients in this article. We also made a detailed
literature search to summarize the radiological findings of
these cases (Tables 1, 2) [3-73].

Liver

Neoplastic bleeding

Hepatocellular carcinoma

Hepatocellular carcinoma (HCC) is the third leading
cause of overall cancer mortality and is among leading

causes of death in patients with cirrhosis. Its morbidity
and mortality are relentlessly increasing due to increased
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Table 1 Spontaneously bleeding intraabdominal neoplasms

Origin of bleeding Neoplasm Associated imaging findings of lesions Associated imaging findings of acute hemor-
rhage
Liver [3-28]* HCC — Arterial hyperenhancing mass demon- — Intratumoral hemorrhage
strating washout on portal venous and e US: heterogeneous mass, multilaminated or
delayed phases whorled appearance, anechoic cystic areas,

— Intratumoral fat or hemorrhage

Hemangioma — Mostly hyperechoic on US
— Discontinuous, peripheral, nodular
enhancement on arterial phase
— Progressive centripedal filling on portal
and delayed phases

FNH — Arterial hyperenhancing mass becom-
ing isodense or isointense on portal and
delayed phases

— Isointense or hyperintense on HBP

— Hyperintense central scar on T2W
images, which may enhance on delayed
phase

Metastases — Usually hypovascular masses

— NET, RCC, thyroid carcinoma, breast
carcinoma, melanoma, and sarcoma
metastases may be hypervascular

Adenoma — Arterial hyperenhancing mass becoming
isointense on portal and delayed phases
— Delayed-enhancing pseudocapsule
— Hypointense on HBP
— T2-hyperintense band in inflammatory
subtype
— Intratumoral fat or hemorrhage
Hepatoblastoma — Heterogeneously enhancing large mass in
a pediatric patient
— Intratumoral hemorrhage or calcification

Hepatic angiosarcoma  — Hemorrhagic, hypoattenuating heteroge-
neous mass
Pancreas [30-35]* Serous cystadenoma — Most commonly located in head > > body
or tail
— Microcystic, macrocystic, or, solid in
appearance

— Central scar with calcifications

— No communication with the pancreatic
ductal system

— Hyperenhancement is rare

IPMN — Location in the head > > body or tail
— Communication with the pancreatic
ductal system
— Pancreatic duct dilatation
— Enhancing solid component in malignant
transformation

Mucinous cystadenoma — Location in the tail or body
— Macrocystic with thick septations
— Peripheral calcifications
— No communication with the pancreatic
duct

NET — Hyperenhancing mass
— Rarely, cystic, or necrotic changes and
calcification

hyperechoic retracted clot

o CT: hyperattenuating areas and fluid—fluid
level on unenhanced phase

e MRI: hyperintense areas on T1W images,
hypointense areas or fluid—fluid level on
T2W images, low ADC values in acute
phase

— Rupture

e Focal discontinuity of the capsule around
the tumor

e Subcapsular liver hematoma

e Hemoperitoneum

e Peritoneal nodules from tumor spillage

o Contrast media extravasation on CTA in
active bleeding

— Intratumoral hemorrhage

o Similar to findings detected in liver neo-
plasms

— Rupture

e A hemorrhagic pancreatic lesion with peri-
pancreatic and perisplenic hematoma

o Contrast media extravasation on CTA in
active bleeding
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Table 1 (continued)

Origin of bleeding Neoplasm Associated imaging findings of lesions Associated imaging findings of acute hemor-
rhage
Spleen [39-41]* Angiosarcoma — Hypervascular mass with necrosis and — Intratumoral hemorrhage
hemorrhage o Similar to findings detected in liver neo-
— Liver metastases may be present plasms
— Rupture

e Perisplenic hematoma

e Hemoperitoneum

e Peritoneal nodules from tumor spillage

o Contrast media extravasation on CTA in
active bleeding

Kidney [46-50]* RCC — Clear cell subtype hypervascular, and — Intratumoral hemorrhage
other subtypes mostly hypovascular e Similar to findings detected in liver neo-
— Necrosis and hemorrhage are common in plasms
papillary and clear cell subtypes — Hemorrhage into collecting system
— Microscopic fat may be detected on e Unenhanced CT: hyperdense content within
chemical shift imaging in clear cell RCC the renal pelvis and the ureter
— Central scar and spoke-wheel enhance- — Rupture
ment may be seen in chromophobe e Perirenal hematoma
subtype o Contrast media extravasation on CTA in
— Papillary subtype is hypointense on T2W active bleeding
images
— Renal vein thrombus, metastases may be
present
AML — Macroscopic fat

— Microscopic fat may be detected on
chemical shift imaging in lipid-poor
AMLs

— Lipid-poor AML is hypointense on T2W
images

Oncocytoma — Hypervascular lesion with spoke-wheel

enhancement

— Central scar

— Segmental enhancement inversion

Bladder [57]* TCC — Focal thickening of the bladder wall or — Bladder hematoma in severe hematuria
mass protruding into lumen
— Extension into perivesical fat, invasion of
the adjacent organs or pelvic wall
— Abnormally enlarged abdominal lymph
nodes, metastases
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Table 1 (continued)

Origin of bleeding Neoplasm Associated imaging findings of lesions

Associated imaging findings of acute hemor-
rhage

Adrenal [59, 60]* Adenoma — Density lower than 10 HU on unenhanced
CT

—>60% absolute washout and >40% rela-
tive washout on adrenal CT protocol

— Signal drop in the out of phase imaging

— Atypical features, including hemorrhage
or calcification, may be present

— If lesion >4 cm in size, malignancy

should be suspected

Neuroblastoma — Heterogeneously enhancing mass with
internal calcifications in a pediatric

patient

ACC — Heterogeneous, irregular mass with
necrosis and calcifications
— Usually > 6 cm in size

— Tumor thrombus in the veins

Pheochromocytoma — Avidly enhancing mass with internal
cystic areas and calcifications

— T2 hyperintensity

Lymphoma — Infiltrative, heterogeneous mass
— Bilateral involvement

— Preserved adreniform shape of the glands

Metastases — Contrast enhancing mass in patients with

known malignancy

GI tract [62]* Adenocarcinoma" — Circumferential bowel wall thickening or
mass protruding into lumen

— Abnormally enlarged abdominal lymph
nodes, liver metastases

— Complications (intestinal obstruction or

perforation) may be present

Gynecologic causes [66]* Endometrial carcinoma — Heterogeneous mass enhancing less than
normal endometrium
—Low ADC values on DWI

— Invasion of adjacent organs

Cervical cancer — T2-hyperintense mass enhancing more
than normal cervical stroma
— Invasion of parametrium or adjacent

organs

Retroperitoneum [70]* Neurofibroma — Well-defined round-shaped homogeneous
mass

— Cystic areas from myxoid degeneration

— Large size, extensively infiltrating, solid
mass in patients with plexiform neurofi-
broma

Lymphoma — Well-defined homogeneously enhancing
mass encasing abdominal aorta and IVC
without luminal compression

— Calcification and necrosis may develop

after chemotherapy

— Intratumoral hemorrhage

e Similar to findings detected in liver neo-
plasms

— Rupture

e Retroperitoneal hematoma

o Contrast media extravasation on CTA in
active bleeding

— GI bleeding

o Intraluminal hyperdense content on unen-
hanced phase of CTA

o Contrast media extravasation on arterial
and venous phases in active bleeding

— Intraperitoneal bleeding
— GI bleeding
— Hematuria
(The findings of the bleeding types men-
tioned above are specified in the relevant
sections)

— Intratumoral hemorrhage

o Similar to findings detected in liver neo-
plasms

— Rupture

e Retroperitoneal hematoma

o Contrast media extravasation on CTA in
active bleeding

ACC adrenocortical carcinoma, ADC apparent diffusion coefficient, AML angiomyolipoma, CT computed tomography, CTA CT angiography,
DWI diffusion-weighted imaging, FNH focal nodular hyperplasia, GI gastrointestinal, HBP hepatobiliary phase, HCC hepatocellular carcinoma,
HU Hounsfield unit, JPMN intraductal papillary mucinous neoplasm, /VC inferior vena cava, MRI magnetic resonance imaging, NET neuroendo-
crine tumor, RCC renal cell carcinoma, T/W T1-weighted, T2W T2-weighted, TCC transitional cell carcinoma, US ultrasonography

*References

*Other GI tumors not mentioned here may also present with GI bleeding
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rates of viral hepatitis and nonalcoholic steatohepatitis
[4]. Radiological diagnosis of a typical HCC is relatively
straightforward with multiphasic contrast-enhanced CT or
magnetic resonance imaging (MRI). The Liver Imaging
Reporting and Data System (LI-RADS), providing stand-
ardized terminology for imaging findings in liver lesions
in patients at risk of HCC, suggests dividing lesions into
five categories (LR 1-5) according to suspicious imag-
ing findings. Major features of CT/MRI LI-RADS include
non-rim arterial phase hyperenhancement, nonperipheral
washout, enhancing capsule, size, and threshold growth.
A typical HCC is scored as LR-5 and demonstrates non-
rim arterial phase hyperenhancement with nonperipheral
washout on portal venous and delayed phases [74]. On
liver MRI studies using hepatocyte-specific contrast agent
(gadoxetic acid), they mostly appear hypointense on hepa-
tobiliary phase (HBP) images. In patients with these char-
acteristic imaging features, the diagnosis of HCC may be
firmly made in a noninvasive manner without any need for
histopathologic confirmation [3, 4].

Despite the fact that spontaneous rupture of HCC is
not common, it is a potentially life-threatening complica-
tion. It is the third leading cause of HCC-related death
after tumor progression and liver failure. It is observed
in 3—-15% of patients, with a lower incidence reported in
Western countries compared to Asian countries. The exact
mechanism of spontaneous rupture is unclear and does not
appear to correlate with tumor size. Spontaneous rupture
appears to be more common in subcapsular tumors which
are not fully covered by liver parenchyma [5, 6]. Intense
tumor vascularity and parenchymal necrosis within the
tumor, portal vein, or hepatic vein thrombosis are men-
tioned among inciting factors for spontaneous tumor rup-
ture [7, 8]. The history of transarterial chemoembolization
may also be counted among potential risk factors [9]. The
clinical symptomatology appears to be related to the tumor
location within liver parenchyma. Hemoperitoneum and
hemodynamic instability are more common in peripher-
ally located tumors, whereas rupture of the tumor deeply
located within hepatic parenchyma may present with right
upper quadrant pain or may even be asymptomatic [5-8].
CT is the imaging modality of choice in patients with
hemodynamic instability when HCC rupture is suspected
due to its wider availability and faster acquisition time.
The detection of hemoperitoneum, perihepatic, or subcap-
sular hematoma, extravasation of contrast material, and

Associated imaging findings of acute hemorrhage

— Retroperitoneal hematoma

aorta” sign, “thrombus fissuration” sign may all indicate

increased risk of rupture in AAA
— Splanchnic aneurysms (mostly hepatic and splenic) may also

— Intramural hematoma, increasing aneurysm size, “draped
rupture

Associated imaging findings of disease
— A large hematoma with hematocrit level

Underlying cause
Coagulopathy
Vascular causes

AAA abdominal aortic aneurysm, CT computed tomography, CTA CT angiography, GI gastrointestinal, HBP hepatobiliary phase, HU Hounsfield unit, /V intravenous, MRI magnetic resonance

imaging, TI1W T1-weighted, T2W T2-weighted, US ultrasonography

*

2 focal discontinuity of the tumor capsule (enucleation sign)
S N are suggestive imaging findings for tumor rupture (Fig. 1)
Q = . . .
E £ § [7, 8]. Emergent transarterial embolization of the tumor
g % %’ 2 is the most common treatment approach in patients with
ML £ g active bleeding. Surgery may be considered in patients
N o = . . . .
25| 8 < who are not responding to transarterial embolization [5,
S|E| =2 &
Ol X % 6].

@ Springer



1480

Abdominal Radiology (2022) 47:1473-1502

Fig. 1 40-year-old male patient
with known HCC presents with
right upper quadrant pain. A
Coronal postcontrast CT image
shows a large mass (arrows)
almost completely replacing the
right liver lobe. Focal discon-
tinuity of the capsule (curved
arrow), intraperitoneal clot
(arrowhead), and pelvic fluid
(star) suggest tumor rupture. B
Axial postcontrast CT image
demonstrates subcapsular
hematoma (asterisk) and focal
discontinuity of the capsule
(curved arrow). C Axial pre-
contrast TIW fat-saturated MR
image shows internal hyper-
intensity of the mass sugges-
tive intratumoral hemorrhage
(arrowheads)

Hemangioma

Hemangiomas are the most common benign hepatic tumors
with an estimated prevalence of 20% [10]. In the majority
of the cases, hemangiomas are usually small sized (<3 cm)
and diagnosed incidentally. But, larger hemangiomas
(>4-5 cm), also known as cavernous or giant hemangio-
mas, may present nonspecific symptoms related to capsular
distension, biliary obstruction, thrombosis, infarction, or
gastric outlet obstruction. On imaging, hemangiomas are
usually well-defined lesions. Hemangiomatosis, in which
the boundary of the lesion is ill defined, is a rare condition
characterized by diffuse replacement of liver parenchyma
with hemangiomatous lesions. It usually occurs in infants
and may present with palpable abdominal mass and high-
output cardiac failure [10, 11].

Spontaneous rupture is an infrequent and potentially
life-threatening complication of hemangioma with a high
mortality rate of 35%. The risk of rupture is strongly cor-
related with size of the lesion and subcapsular location
[10, 11]. Intratumoral bleeding is also rare. The interval
enlargement of the lesion and increased echogenicity at
ultrasound (US) are suggestive features for intratumoral
bleeding. Increased density at unenhanced CT and high sig-
nal intensity at T1-weighted (T1W) MR images are other
imaging features of intratumoral bleeding [12]. In case of
rupture, hemoperitoneum and intraperitoneal clot formations
are typically observed on imaging [11]. In these patients,
the detection of a liver lesion with characteristic imaging
features of a hemangioma is mostly diagnostic [10]. Con-
servative therapy, hepatic artery embolization, hepatic artery

@ Springer

ligation, and resection are treatment options for hemorrhagic
hemangioma [11].

Focal nodular hyperplasia

Focal nodular hyperplasia (FNH) is the most commonly
detected benign liver mass after hemangioma and is reported
to be found in 3% of the population, with a female predomi-
nance [12]. The vast majority of FNHs are incidentally
detected small-sized lesions. Unlike hepatocellular adenoma
(HCA), hemorrhage, and rupture are rarely seen in FNH
with only anecdotal case reports [13]. In patients with hem-
orrhagic FNHs, the diagnosis may be challenging with imag-
ing. MRI using hepatocyte-specific contrast agent is usually
the preferred method for differentiating FNH from HCA and
other liver tumors. Arterial phase postcontrast T1W images
are critical for diagnosis as they may be hardly discernible
on T2-weighted (T2W) and other pre- and postcontrast T1W
images (Fig. 2). The presence of a so-called T2-hyperintense
“central scar” is also another suggestive feature of FNH.
The enhancement of this central area on the delayed phases
of dynamic contrast-enhanced images is also helpful. HBP
imaging is probably the most important phase for diagnosis.
In this phase, FNHs appear isointense or hyperintense, as
they contain mature hepatocytes, in contrast to HCAs, where
they mostly appear hypointense [12, 14].

Hepatic metastases

Metastatic disease is the most common malignancy of
the liver. The colon, breast, stomach, pancreas, and lung
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Fig.2 37-year-old female
patient with known breast
cancer underwent abdominal
MRI examination for stag-

ing. A Axial T2W MR image
shows a heterogeneous mass
(arrows) in the left liver lobe.

B Post-contrast arterial phase
T1W MR image demonstrates
hypervascular nature of the
mass (arrows). C The mass is
isointense on the hepatobil-

iary phase (arrows). D Axial
precontrast T1W image shows a
hemorrhagic focus (arrowhead)
within the lesion. Imaging find-
ings were found to be consistent
with FNH. Follow-up studies
confirmed stability of this lesion

"

are the most common sources for liver metastases. While
metastases are usually seen as multiple discrete lesions,
they may also be observed as solitary lesions [15, 16].
In the imaging literature, metastases are broadly catego-
rized as hypo- or hyperenhancing. Hyperenhancing liver
metastases typically originate from neuroendocrine tumors
(NETs), renal cell carcinoma (RCC), thyroid carcinoma,
breast carcinoma, choriocarcinoma, melanoma, and sar-
comas [12]. Hypoenhancing liver metastases are predomi-
nantly supplied by portal venous branches and, therefore,
appear more conspicuous on portal venous phase images.
In contrast, hyperenhancing metastases show significant
contrast enhancement during the arterial phase due to
their abundant arterial blood supply [14—16]. Both hypo-
and hyperenhancing tumors have been reported to bleed

Fig.3 54-year-old male patient
with known metastatic small-
bowel NET presents with right
upper quadrant pain. A Axial
T2W MR image shows large
liver metastases (arrows) with
T2-hypointense central zones
(arrowheads), suggesting tumor
hemorrhage. B Axial precon-
trast TIW MR image confirms
the hemorrhagic components as
hyperintense areas (arrowheads)

spontaneously. There are no clear, established criteria out-
lining the risks of spontaneous bleeding in liver metastases
[2, 12]. Metastases from lung tumors, RCCs, and melano-
mas are the most commonly reported types of liver metas-
tases that spontaneously bleed [12]. Hemorrhagic metasta-
ses can demonstrate T1 hyperintensity on precontrast MR
imaging (Fig. 3). However, this appearance should not be
confused with metastases that have inherent T1 hyperin-
tensity, such as metastases from melanomas (due to mela-
nin content), colonic adenocarcinomas (due to coagulative
necrosis), pancreatic mucinous cystadenocarcinomas (due
to mucin), ovarian adenocarcinomas, and myelomas (due
to protein) [15, 16]. Subcapsular hematomas may develop
in patients with severe bleeding (Fig. 4) [12].
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Fig.4 30-year-old female patient with known synovial sarcoma pre-
senting with acute abdominal pain. A Axial precontrast CT image
shows multiple liver metastases. Focal discontinuity of the capsule
(dashed arrows) around a subcapsular metastasis (arrow) and sub-
capsular liver hematoma (asterisk) with retracted clot (arrowhead)

Adenoma

HCA is a rare liver tumor with an estimated incidence
of 4/100.000 with a prominent female preponderance. It
is reported to be associated with use of oral contracep-
tives and anabolic androgenic steroids, glycogen storage
disease, diabetes mellitus, and iron overload secondary
to chronic transfusion therapy. HCAs are commonly seen
as solitary lesions, but they are multiple in around 20%
of the patients [12]. The correct diagnosis of the HCA
is critical because of the potential risk for malignant
transformation and spontaneous hemorrhage [2, 12, 17].
Hemorrhage is a common complication of HCA and may
be observed in 25% of the cases. Most hemorrhages are
intratumoral; however, intraparenchymal and subcapsular
hematomas or hemoperitoneum may also be observed.
Large tumors greater than 5 cm in size, exophytic loca-
tion, and inflammatory subtype are potential risk factors
for spontaneous hemorrhage [17, 18].

On MRI, typical imaging findings of HCAs include
arterial hypervascularity with a subsequent isointense
appearance on portal venous and delayed phases. Enhanc-
ing tumor capsule may be seen in a subgroup of patients
[14]. HCAs may show foci of T1 hyperintensity due to the
presence of fat or blood products (Fig. 5). Fat-suppressed
or opposed phase TIW MR images can differentiate fat
from hemorrhage [14]. Acute intratumoral hemorrhage
may be hyperechoic on US and hyperdense on unen-
hanced CT. Old hemorrhages appear hypoechoic or cystic
on US and heterogeneous hypodense on CT [17].
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are suggestive of tumor rupture. B Coronal postcontrast CT image
demonstrates another subcapsular metastasis with discontinuity of the
capsule (curved arrow). Hemoperitoneum is also present (star). The
patient died immediately after this scan

Hepatoblastoma

Hepatoblastomas, which arise from hepatocyte precursors,
constitute the majority of malignant liver masses in infancy
and childhood [19]. US is generally the first imaging method
in a child with suspected liver mass because of its wider
accessibility and better patient cooperation. MRI is also fre-
quently preferred due to its high soft-tissue resolution and
lack of ionizing radiation. On MRI, a typical hepatoblastoma
is T1-hypointense, T2 heterogeneous hyperintense, hetero-
geneously enhancing mass that may contain hemorrhage
and calcification [20]. Despite being rare, tumor rupture has
been reported and is considered a poor prognostic factor for
progression-free survival. Ascites, peritoneal nodules, and
subcapsular hematoma may give rise to suspicion for tumor
rupture [21].

Hepatic angiosarcoma

Hepatic angiosarcoma (HA), albeit rare, is the most common
malignant mesenchymal tumor of the liver and accounts for
2% of all primary liver tumors [22, 23]. Exposure to thoro-
trast, vinyl chloride, arsenic, anabolic steroids, and radiation
have all been mentioned in etiopathogenesis [2, 22, 23]. It
is more common in males and mostly seen in the sixth or
seventh decades of life. HAs are biologically very aggres-
sive and often metastatic at the initial diagnosis. Lungs and
spleen are the most common sites for metastases [2, 22]. On
gross pathological evaluation, the tumor is characterized by
remarkable necrosis and intratumoral bleeding [22, 23].
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Fig.5 24-year-old male patient
with recently diagnosed Hodg-
kin lymphoma underwent an
abdominal MRI exam. A Axial
precontrast TIW fat-saturated
MR image demonstrates a large
mass (arrows) with internal
hemorrhage (arrowhead) in the
liver. The lesion shows periph-
eral enhancement on arterial
phase (B) and is hypointense
on HBP (C). Histopathologi-
cal findings revealed hepatic
adenoma. D Follow-up imaging
study demonstrated the decrease
in lesion size with a small
residual hemorrhagic focus
(arrowhead)

On CT studies, the tumor appears mostly hypodense on
nonenhanced phase and hypoenhancing on postcontrast
images. Unusual angiosarcomas may appear hyperenhancing
tumors and mimic cavernous hemangiomas or other hyper-
vascular tumors on single-phase imaging [22]. Multiphasic
dynamic studies may be helpful to differentiate these HAs
from hemangiomas or HCCs. On MRI, HAs are mostly hem-
orrhagic with heterogeneous internal enhancement (Fig. 6).
Internal hyperintensity on precontrast TIW MR images
and fluid—fluid levels on T2W images are highly sugges-
tive for intratumoral bleeding [22]. Spontaneous tumor rup-
ture is a potentially lethal complication of these tumors and
may cause a significant amount of hemoperitoneum. Free
tumor spillage into the peritoneal cavity after spontaneous

Fig.6 54-year-old male patient
presenting with weight loss. A
Axial postcontrast TIW MR
image shows a heterogene-
ously enhancing large mass

in the liver (arrows). B Axial
precontrast TIW MR image
demonstrates central large hem-
orrhagic component (dashed
arrows). Histopathological
confirmation revealed angio-
sarcoma

hemorrhage may also cause peritoneal angiosarcomatosis
[24-26].

Non-neoplastic bleeding
Hepatic cyst

Hepatic cysts (HC) are among the most common benign
liver lesions, with an estimated prevalence of 2.5% in the
general population [27]. HCs may be solitary or multiple.
Patients with multiple HCs should be evaluated for polycys-
tic liver disease, typically associated with polycystic kidney
disease. HCs are usually asymptomatic and incidentally
diagnosed [27, 28].
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On imaging, HCs follow typical imaging characteristics
of cysts elsewhere in the body. Intracystic hemorrhage is a
rare complication of the HCs and may present with right
upper quadrant pain. In this case, HCs may demonstrate het-
erogeneous hyperattenuation, fluid—fluid level, and internal
septations on CT. On MRI, high signal intensity on pre-
contrast T1W images and associating low signal intensity
on T2W images are typical [2, 27, 28]. MRI studies with
subtraction images may be helpful in these patients to dif-
ferentiate HCs from cystic tumors, which may contain solid
mural parts (Fig. 7).

Miscellaneous conditions

Although the most common cause of spontaneous hepatic
hemorrhage in patients with cirrhosis is HCC rupture, spon-
taneous hepatic hemorrhage without malignant changes may
also be rarely seen in cirrhosis. The underlying mechanism
is either the rupture of macronodular cirrhosis or rupture
of the lymphatic vessels and varicose veins due to portal
hypertension [29]. Extreme caution should be exercised in
these patients not to overlook an underlying HCC.

Pancreas
Neoplastic bleeding

Pancreatic cystic lesions have been frequently detected due
to extensive use of cross-sectional imaging. A microcystic
lesion in the pancreatic head may suggest serous cystad-
enoma (SC), whereas macrocystic lesions are more likely
to be intraductal papillary mucinous neoplasms (IPMN) or
mucinous cystadenomas. Although hemorrhagic intraparen-
chymal cysts are frequently observed in patients with acute
and chronic pancreatitis, spontaneous bleeding has rarely
been reported in SCs or IPMNs [30-33]. MRI is superior to
other imaging modalities due to its unique soft-tissue reso-
lution, which allows better evaluating the internal structure
of SCs and pancreatic duct connection of IPMNs. Blood
products typically give an inherent high T1 signal on MRI
(Fig. 8).

Pancreatic NETs (pNETSs) arising from islet cells con-
stitute 8—10% of all pancreatic cancers [34]. Although spo-
radic neoplasms may occur, increased risk for pNET is well
known in patients with multiple endocrine neoplasm type 1,
von Hippel-Lindau, or neurofibromatosis type 1. On cross-
sectional imaging, pNETs are usually hypervascular masses
owing to their rich capillary network. Calcification, necrosis,
hemorrhage, or cystic changes may be found in larger tumors
[35, 36]. Hemorrhagic pNETs can be difficult to diagnose;

Fig.7 Hemorrhagic liver cysts in two different patients. A 57-year-
old female patient with known polycystic liver disease presenting
with jaundice and recent-onset right upper quadrant pain. Axial T2W
MR image shows multiple liver cysts and two cysts with internal
fluid—fluid levels (arrowheads), suggestive of hemorrhage. B Axial
precontrast TIW MR image demonstrates the hemorrhagic liver
cysts (arrows) in the same patient as in A. C-E 50-year-old male
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patient presenting with abdominal pain. C Axial fat-saturated T2W
MR image shows a large hyperintense mass in the liver (arrows). D
Axial precontrast TIW MR image demonstrates internal hyperintense
foci suggestive of hemorrhage. E There is no enhancement on post-
contrast TIW subtraction images. Imaging findings were found to be
consistent with a hemorrhagic liver cyst. Follow-up imaging study
demonstrated interval decrease in the lesion size (not shown)
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Fig.8 64-year-old female
patient presenting with acute
abdominal pain. A Coronal
postcontrast CT image shows

a multiloculated cystic lesion
(arrows) in the pancreatic head.
Also, note is made of central
calcification (arrowhead). B
Axial T2W MR image better
revealed the multiloculated
cystic nature of this lesion
(arrows). C Axial fat-saturated
precontrast TIW MR image
demonstrates hemorrhagic
component (star) of the lesion.
Histopathological confirmation
after surgical removal revealed
hemorrhagic serous cystad-
enoma

Fig.9 48-year-old female patient with known MEN-1 syndrome
underwent MRI scanning. A Axial precontrast TIW MR image
shows a hyperintense lesion (arrows) in the pancreatic head. B The
lesion is hypointense (arrows) on fat-saturated T2W MR image. C

however, dynamic contrast-enhanced MRI with subtrac-
tion images may be helpful by demonstrating the contrast-
enhancing solid component or internal septae (Fig. 9).

Non-neoplastic bleeding

Non-neoplastic spontaneous bleeding of the pancreas is mainly
related to pseudocysts and peripancreatic pseudoaneurysms,
which are well-known complications of acute pancreatitis [36].
According to the revised Atlanta classification, any fluid col-
lection seen 4 weeks after the onset of the disease is consid-
ered as a pseudocyst in patients with a history of interstitial
edematous pancreatitis [37]. On imaging, a pseudocyst is an
irregularly marginated or well-circumscribed cystic lesion
depending on its stage. Blood products may be seen within

Axial postcontrast TIW MR image demonstrates peripheral enhance-
ment of the lesion. A nodular enhancement (arrowhead) was also
seen within the lesion. Imaging findings were suggestive of a hemor-
rhagic pNET. Surgical findings confirmed the diagnosis

the lesion, which may cause T1 signal hyperintensity on MRI
and high-attenuation on unenhanced CT [30].

Spontaneous rupture has also been described in some
uncommon pancreatic lesions, such as pancreatic endome-
trioma [38]. In such lesions, hyperdense fluid or fluid—fluid
level on unenhanced CT and high T1 signal intensity on MRI
may be found, reflecting the hemorrhagic composition. A pan-
creatic lesion with peripancreatic or perisplenic hemorrhagic
fluid collection may suggest tumor rupture; however, in such
circumstances, preoperative diagnosis of the tumor type may
be impossible (Fig. 10).
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Fig. 10 38-year-old female
patient presenting with acute
onset epigastric pain. Axial
postcontrast CT (A) and T2W
MR (B) images show a cystic
mass within the pancreatic tail
(arrows) and associated sub-
capsular splenic fluid collection
(arrowheads). C Axial precon-
trast TIW MR image deline-
ates hemorrhagic nature of the
lesion (arrows) and subcapsular
splenic hematoma (arrowhead).
D Axial postcontrast TIW MR
image shows no apparent mural
enhancement within the cyst.
Histopathological findings after
surgical extirpation revealed
pancreatic endometrioma

Spleen
Neoplastic bleeding

The most common malignant tumors of the spleen are
metastases, with hematopoietic tumors being the most
common. Metastases from solid tumors are relatively
uncommon. The most common solid tumors that metas-
tasize to the spleen are melanoma, breast, lung, ovary,
pancreas, and colon cancers. Metastases are usually
hypodense on contrast-enhanced CT and hypointense on
contrast-enhanced TIW MR images. Hemorrhage may be

Fig. 11 42-year-old female patient with upper abdominal pain. A
Axial T2W MR image shows multiple target-like lesions in the liver
and spleen. Associating subcapsular fluid collections in the liver
(arrows) and spleen (dashed arrow) suggest tumor rupture. B Axial
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detected in metastases from solid tumors such as RCC
[39, 40].

The most common primary tumor of the spleen asso-
ciated with hemorrhage is, although rare, angiosarcoma.
Tumor rupture is not rare in these patients, with a reported
prevalence of 25% [40]. Metastatic foci within liver paren-
chyma are commonly detected at the initial diagnosis. On
cross-sectional imaging, these tumors are typically hetero-
geneously hyperenhancing masses with internal necrosis
and hemorrhage. These imaging features characteristically
reflect the biologically aggressive nature of these tumors.
Perisplenic hematoma, hemoperitoneum, or intraperitoneal
tumor spillage may occur as a consequence of tumor rupture

TIW MR image depicts hemorrhagic nature of lesions. Note the
hyperintensity of the splenic subcapsular fluid collection (dashed
arrow). Lesions were found to represent metastatic angiosarcoma of
the spleen
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(Fig. 11) [39-41]. Despite the fact that solitary or multiple
splenic masses with concomitant liver metastases may also
be detected in patients with metastases from different pri-
mary sources, the clinical history and internal features of the
tumor may be helpful for diagnosis.

Non-neoplastic bleeding

Splenic epidermoid cysts (EC) are thought to be congenital
lesions. The etiopathogenesis is related to fluid entrapment
between the peritoneal mesothelial infoldings. It accounts
for approximately 10% of all splenic cystic lesions and is
mostly asymptomatic. On US, they are anechoic with low-
level internal echoes reflecting cholesterol deposition. On
CT or MRI, ECs follow the typical imaging characteris-
tics of cysts detected elsewhere in the body [42]. Despite
being rare, rupture of ECs may occur. A hemorrhagic
lesion with associating subcapsular hematoma or hemo-
peritoneum may be detected on CT or MRI when rupture
happens (Fig. 12). The absence of detectable enhance-
ment in contrast-enhanced studies is usually sufficient in

Fig. 12 44-year-old male patient presenting with acute left upper
quadrant pain. On US, hypoechoic subcapsular fluid collection encir-
cling the spleen and an intraparenchymal mass of heterogenous echo-
texture were found (not shown). Axial T2W (A) and precontrast fat-
saturated TIW (B) MR images show subcapsular splenic hematoma
(dashed arrows) and a hemorrhagic lesion (arrows) in the spleen. C

Fig. 13 39-year-old male
patient with known sickle cell
anemia presenting with acute
left upper quadrant pain. A
Coronal postcontrast CT image
shows subcapsular splenic fluid
collection (arrow) and splenic
infarction (curved arrow). B
Axial postcontrast CT image
better demonstrates subcapsular
splenic fluid collection (arrows).
Imaging findings were found to
be consistent with spontaneous
splenic rupture

differentiating ECs from other hemorrhagic splenic lesions
[43, 44].

Spontaneous splenic rupture is an infrequent compli-
cation in patients with sickle cell anemia and patients
on anticoagulation treatment. The potential underlying
mechanism in sickle cell anemia is splenic infarct with
subcapsular hemorrhage and subsequent rupture. These
patients may be hemodynamically unstable, and CT is the
preferred imaging modality for diagnosis. On CT, spon-
taneous splenic rupture is diagnosed with detection of a
subcapsular hematoma or hemoperitoneum with accompa-
nying intrasplenic infarcts (Figs. 13, 14) [45].

Coronal T2W MR image better demonstrates the continuity between
the lesion (arrow) and subcapsular hematoma (dashed arrow). No
discernible enhancement was detected on postcontrast-subtracted
MR images (not shown). Surgical findings revealed the rupture of a
splenic epidermoid cyst
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Fig. 14 67-year-old female
patient on chronic warfarin
treatment presents with acute
left upper quadrant pain.
Laboratory evaluation revealed
a significant increase in INR
(higher than 10). A Coronal
contrast-enhanced CT image
shows a large subcapsular
splenic hematoma (arrows). B
Axial contrast-enhanced arterial
phase CT image demonstrates
the contrast media extravasation
(arrowhead) consistent with
active bleeding. C Extravasated
contrast increased on venous
phase (arrowhead)

Fig. 15 35-year-old male patient presenting with severe left upper
quadrant pain. On US, a large perinephric hematoma was found in
the left kidney (not shown). Coronal postcontrast CT image shows the
large perinephric hematoma (arrow) and accompanying renal mass
(dashed arrow). Also, note is made of multiple parenchymal nodules
(arrowheads) in lung bases, suggestive of metastatic disease. Histo-
pathological confirmation of a lung nodule revealed metastatic papil-
lary RCC
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Kidney
Neoplastic bleeding
Renal cell carcinoma

RCC is the most common malignant renal tumor, with clear
cell carcinoma being the most common subtype. Also,
RCC is the most common malignant renal neoplasm associ-
ated with intratumoral hemorrhage or perirenal hematoma
(Fig. 15). In addition, hematuria may be observed in cases
where the tumor extends into the renal pelvis (Fig. 16)
[46-48]. The tumor subtype is not a good predictor of hem-
orrhage, as both clear cell RCC and papillary RCC, the
most common subtypes, usually contain hemorrhagic areas.
Also, unlike angiomyolipoma (AML), tumor size is not a
reliable predictor for bleeding in RCCs. Rarely, an arterio-
venous fistula may develop within larger tumors, which may
increase the risk of spontaneous bleeding. Tumor thrombus
in renal veins may also predispose the tumor to bleed due to
increased intratumoral pressure [49].

Angiomyolipoma

AML is the most common solid benign renal tumor. His-
topathologically, it consists of variable amounts of disor-
ganized vessels, fat, and smooth muscle. Although the vast
majority of AMLs occur sporadically, 20% of cases are
associated with tuberous sclerosis. In these patients, AMLs
tend to occur multiple and are larger in size. Imaging-based
diagnosis is usually straightforward if macroscopic fat is
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Fig. 16 54-year-old male
patient presenting with acute
gross hematuria underwent a
CT urography examination. A
Unenhanced CT image shows
hyperdense content in the renal
pelvis (arrow) reflecting blood
products. B Coronal postcon-
trast CT image demonstrates an
endophytic hypervascular mass
(arrows) in lower pole of the
left kidney. Note tumor exten-
sion into the collecting system
(arrowhead). Histopathologi-
cal confirmation after partial
nephrectomy revealed clear cell
RCC

Fig. 17 49-year-old female patient with a known solid mass in the
left kidney underwent a CT examination for preoperative planning.
Axial precontrast CT image revealed a mass (arrows) containing mac-
roscopic fat (asterisk). An internal fluid—fluid level (arrowheads) was
also present, suggestive of intratumoral hemorrhage. The lesion was
found to be consistent with angiomyolipoma. Follow-up studies con-
firmed stability of this lesion

seen; however, lipid-poor AMLs may be difficult to dif-
ferentiate from RCCs [46]. Spontaneous hemorrhage is a
well-known complication of AMLs, commonly occurring
in AMLs greater than 4 cm in size (Fig. 17). Pseudoaneu-
rysm may develop within larger lesions due to increased
blood flow, and a pseudoaneurysm greater than 5 mm in size
tends to bleed spontaneously (Fig. 18) [50]. Hyperdensity
and fluid—fluid level on unenhanced CT reflect the intral-
esional hemorrhage. Perirenal or retroperitoneal hematoma
may occur when the lesion ruptures. CT angiography (CTA)
is usually the preferred imaging modality in the acute set-
ting. With CTA, both diagnosis and mapping of arterial
anatomy are confidently made for planning the endovascular
intervention.

Oncocytoma

Oncocytoma is the second most common benign renal neo-
plasm after AML (3-7% of all renal masses). On imaging,
it is usually peripherally located, well-circumscribed, hyper-
vascular solid mass. In approximately half of oncocytomas,
a low signal intensity capsule, T2-hyperintense central scar,
spoke-wheel enhancement pattern, or segmental enhance-
ment inversion may be identified; however, these findings
are not specific and may also be found in RCCs (particularly
in the chromophobe subtype) [46, 48]. The imaging-based
diagnosis of oncocytoma is usually difficult, and histopatho-
logical confirmation is almost always required to differen-
tiate from RCC. The presence of hemorrhage, albeit rare,
has been shown in oncocytomas, and this makes differential
diagnosis even more challenging [48].

Non-neoplastic bleeding
Renal cyst

Renal cystic lesions are the most commonly encountered
renal lesions. Bosniak classification is widely used to sepa-
rate surgical cystic lesions from non-surgical ones and
divides renal cystic lesions into four categories according
to their malignancy risk [51]. Patients older than 50 years
usually have at least one renal cyst, with Bosniak type 1
or 2 cysts being the most common. Patients are generally
asymptomatic, but larger cysts may complicate with infec-
tion, hemorrhage, or rupture (Fig. 19). Hemorrhage is a
more common complication in patients with polycystic
kidney disease. Hemorrhagic cysts are included in Bosniak
type 2 or type 2F according to their sizes and locations. A
hyperattenuating lesion (>20 HU) without imperceptible
enhancement on CT is considered a hemorrhagic cyst [51,
52]. Fluid—fluid level within a cyst may suggest intracystic
hemorrhage, particularly in a patient with acute flank pain.
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Fig. 18 39-year-old male patient
with known tuberous sclerosis
and bilateral renal angiomyoli-
pomas presenting with acute left
upper quadrant pain. A Axial
precontrast CT image showed

a left kidney angiomyolipoma
(arrows) with internal macro-
scopic fat (arrowhead). Note

the hyperdense area within the
tumor (asterisk) and perilesional
fat stranding suggestive of acute
hemorrhage. B Axial contrast-
enhanced CT image shows a
large pseudoaneurysm (arrows)
within the lesion. C Digital
subtraction angiography (DSA)
again showed this pseudoaneu-
rysm (arrows). D Superselective
embolization of this pseudoa-
neurysm was performed

Fig. 19 60-year-old male patient with known colon cancer under-
went an MRI examination for recent-onset moderate abdominal
pain. A Axial precontrast TIW MRI image shows a hyperintense
mass (arrows) in the left kidney. B The mass is heterogeneously

Hematomas in the perirenal and other retroperitoneal planes
may also be observed in certain patients with cyst rupture
(Fig. 20). In such cases, it may be challenging to identify the
kidney cyst as the culprit lesion as hematoma may obscure
the underlying abnormality.

Coagulopathies

Spontaneous subepithelial hemorrhage, also known as
Antopol-Goldman lesion, is an extremely rare cause of pain-
ful hematuria in patients with known hemophilia or on war-
farin treatment [53]. Multiphase CT urography (CTU) is the
preferred imaging approach in patients with hematuria. In
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T2-hypointense (arrows). C There is no discernible enhancement on
postcontrast T1W subtraction images. Imaging findings were found to
represent a hemorrhagic renal cyst. Follow-up imaging studies dem-
onstrated interval shrinkage of the lesion

the unenhanced images of CTU, Antopol-Goldman lesions
are seen as hyperdense mural thickening of the renal pelvis
and the upper ureter. In patients with a large hematoma, cen-
trally located hyperdense mass adjacent to the renal pelvis
may be detected (Fig. 21). Contrary to TCC, Antopol-Gold-
man lesions do not demonstrate enhancement after contrast
injection. Follow-up CT scans may be necessary to show
complete resolution of the lesion after proper treatment [54].

Miscellaneous conditions

Waunderlich syndrome, first described in 1856, is a rare clini-
cal event characterized by spontaneous renal hemorrhage into
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Fig.20 74-year-old male patient with known left renal cyst present-
ing with left upper quadrant pain. A Axial T2W MR image from a
year ago shows the left renal cyst (arrow). B Coronal postcontrast
image from the current CT study demonstrates a large perinephric
hematoma (arrows) and associating retroperitoneal hematoma

(dashed arrows). Imaging findings were found to be compatible with
acute cyst rupture. Follow-up imaging studies demonstrated complete
resolution of the perinephric hematoma without an underlying mass
(not shown)

Fig.21 32-year old male patient with known Hemophilia A pre-
senting with recent-onset painful gross hematuria underwent a CTU
examination. A Axial precontrast CT image shows a hyperdense mass
in the upper pole of the left kidney (arrow). B On the postcontrast
CT image, the lesion (arrow) did not demonstrate any discernible

the perinephric or subcapsular space. A variety of underly-
ing causes have been identified, including renal neoplasms,
hypertension, diabetes mellitus, chronic kidney disease, infec-
tions, vasculopathy, and vasculitis. When renal neoplasms are
excluded, other causes are extremely rare (Figs. 22, 23) [55,
56].

enhancement. Note the delayed urogram of left kidney. Imaging find-
ings along with the patient's history were considered to represent sub-
epithelial hemorrhage (Antopol-Goldman lesion). Follow-up studies
demonstrated complete resolution of the lesion (not shown)

Bladder
Neoplastic bleeding

Bladder cancer is the most common primary malignant

@ Springer



Abdominal Radiology (2022) 47:1473-1502

Fig.22 44-year-old male patient with known systemic lupus ery-
thematosus presenting with generalized severe abdominal pain. A
Coronal precontrast CT image shows a large retroperitoneal hema-
toma (asterisks). B Coronal postcontrast CT image demonstrates the
contrast media extravasation within the hematoma (arrows) consist-

Fig. 23 80-year-old female patient hospitalized for pneumonia and
subsequent septic shock underwent CTA for evaluating the cause of
acute hemoglobin drop level. Axial arterial phase CT image shows
contrast media extravasation into the collecting system of the left kid-
ney (arrows) and perirenal fat stranding. Note the delayed corticome-
dullary phase of the left kidney

neoplasm of the urinary tract, with TCC being the most
common subtype. It is more common in males and mostly
seen in the sixth decade of life. Exposure to several chemi-
cals, smoking, bladder stones, chronic infection, and pel-
vic radiation have all been mentioned in the etiopathogen-
esis of TCC. Patients usually present with gross painless
hematuria [57, 58]. The presence of gross hematuria is
a very concerning sign of a urinary neoplasm, and these
patients usually undergo both cystoscopy and CTU exami-
nation. In addition to confirming bladder cancer, CTU also
allows local staging and detection of distant metastases in
the abdomen [57]. The presence of endocavitary bladder
hematoma associated with the neoplastic lesion is a com-
mon finding in these patients (Fig. 24).
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ent with active bleeding. C Digital subtraction angiography (DSA)
depicted active bleeding from a renal artery branch (arrow). D
Superselective embolization was performed with subsequent control
of the bleeding

Non-neoplastic bleeding

Spontaneous bladder hematoma may be seen in patients with
known bleeding diathesis or on anticoagulant therapy. Simi-
lar to patients with TCC, those patients also present with
gross hematuria and usually undergo a CTU examination.
The absence of enhancement and no obvious attachment to
the bladder wall may help in differentiating hematomas from
TCCs (Fig. 25). Also, mobility of the lesion in US may sug-
gest hematoma [58]. Despite all these mentioned imaging
findings, cystoscopic evaluation is almost always needed to
rule out a small focus of TCC in these cases.

Adrenal gland
Neoplastic bleeding

Adrenal lesions are usually incidentally detected masses
(incidentalomas) during imaging for other purposes. Most
of incidentalomas are benign non-functioning adenomas and
are easily diagnosed with adrenal CT protocols or chemi-
cal shift MRI. Several malignant lesions may also affect the
adrenal gland, with metastases being the most common in
adults [59]. Despite the fact that several benign and malig-
nant diseases, including adenoma, metastases, neuroblas-
toma, adrenocortical carcinoma (ACC), pheochromocytoma,
and lymphoma, have been reported as a cause for spontane-
ous hemorrhage, ACC appears to be most common among
all these (Figs. 26, 27, 28) [59, 60]. The presence of contrast-
enhancing solid portion, calcification, or FDG uptake within
hematoma may suggest an underlying adrenal mass, but a
definitive diagnosis may be difficult as the lesions may be
similar in appearance.
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Fig.24 70-year-old male patient presenting with acute onset gross
hematuria underwent a CTU examination. A Axial precontrast CT
image shows hyperdense structure within the bladder lumen (dashed
arrow), suggestive of hematoma. B Axial postcontrast CT image

demonstrates a contrast-enhancing mass in the posterior wall of the
bladder (arrows) and accompanying bladder hematoma (dashed
arrow). Histopathological examination after cystoscopy and biopsy
revealed TCC

Fig. 25 70-year-old male patient on chronic warfarin treatment pre-
senting with acute gross hematuria. A Axial unenhanced CT image
shows hyperdense structure within the bladder lumen. Axial (B) and
coronal (C) urographic phase images demonstrate a large mass within

the bladder lumen (arrows). There was no discernible enhancement
of the bladder mass and no obvious attachment to the bladder wall.
Imaging findings were suggestive of a hematoma. No mass was
detected in the subsequent cystoscopy

Fig.26 33-year-old female patient with known multiple endocrine
neoplasia syndrome type 2B presenting with severe hypertension.
A Axial postcontrast CT image shows a thick-walled cystic mass in
the left adrenal gland (arrows). A fluid—fluid level (arrowhead) was
also present due to intratumoral hemorrhage. B The fluid—fluid level

Non-neoplastic bleeding

Adrenal gland is supplied by around 50-60 small arteries and
drained by a few veins. This unique anatomy is thought to

(arrowhead) is noted again on T2W MR image. C Axial precontrast
T1W MR image shows the hemorrhagic mass as mostly hyperin-
tense (arrows). Histopathological confirmation after surgical removal
revealed hemorrhagic adrenal pheochromocytoma

make it prone to spontaneous bleeding [61]. Anticoagulant
therapy, antiphospholipid antibody syndrome, and metabolic
stress (such as neonatal stress, sepsis, hypotension) have all
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Fig. 27 42-year-old female patient presenting with left upper quad-
rant pain. Coronal (A) and axial (B) unenhanced CT images show
a large hematoma in the left adrenal region (arrows) and associated
retroperitoneal hematoma (dashed arrow in A). The adrenal gland
could not be visualized separately from this large hematoma. C Axial

arterial phase postcontrast CT image demonstrates contrast media
extravasation consistent with active bleeding. Histopathological
examination after emergency surgery confirmed adrenocortical carci-
noma

Fig. 28 58-year-old male patient with known HCC. A Axial postcon-
trast CT image shows liver masses (dashed arrows) and right adrenal
mass (arrows). The patient presented with severe, acute right upper
quadrant pain 15 days after this CT scan. B Axial postcontrast CT

been mentioned in the etiology of spontaneous adrenal bleed-
ing. Idiopathic bleeding has also been reported [60].

On imaging, an adrenal hematoma is similar to hematomas
elsewhere in the body (Fig. 29). In patients with spontaneous
adrenal bleeding, great caution should be exercised to rule out
an underlying mass. The absence of the contrast-enhancing
component on dynamic contrast-enhanced MRI with subtrac-
tion images and no FDG-uptake within the hematoma may be
helpful in the differential diagnosis. However, even in these
cases, an underlying neoplastic process may not be definitely
excluded, and follow-up imaging should be planned to confirm
interval resolution.

@ Springer

image showed interval enlargement of the adrenal lesion with a small
focus of contrast media extravasation (arrowhead). Imaging findings
were found to represent tumoral hemorrhage. Emergency surgery
confirmed hemorrhagic metastatic HCC

Gastrointestinal tract
Neoplastic bleeding

Acute gastrointestinal (GI) bleeding is a common urgent
condition that may be life-threatening. While the most
common cause of acute upper GI bleeding (above the liga-
ment of Treitz) is peptic ulcer, diverticulosis is the most
common underlying reason for the lower GI system. GI
system tumors usually present with anemia due to occult
bleeding and are relatively less common causes of acute
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Fig.29 44-year-old male patient with no known past medical his-
tory presents with acute onset left upper quadrant pain. A Axial
unenhanced CT image shows a hyperdense mass in the left adrenal
gland (arrows) with associating periadrenal fat stranding. No discern-
ible enhancement was seen on postcontrast images (not shown). The
lesion represented either a ruptured mass or an idiopathic adrenal

hematoma. The patient was hemodynamically stable, and close imag-
ing and clinical follow-up were concluded. B Axial T2ZW MR image
four months after the initial presentation demonstrates almost com-
plete regression of the hematoma (arrows) with no associated under-
lying mass

Fig.30 48-year-old male patient presenting with hematochezia. A
Axial postcontrast CT image shows diffuse wall thickening of the
rectum (arrows) and contrast media extravasation into the lumen con-
sistent with active bleeding (arrowheads). B DSA image shows active

GI bleeding. Patients with overt GI bleeding may present
with hematemesis, melena, or hematochezia, depending on
the bleeding site and severity [62]. CTA with unenhanced,
arterial, and venous phases has been widely used in the
clinical setting of acute GI bleeding to evaluate the under-
lying cause and location of the source. Active contrast
extravasation from the site of bleeding is a very important
and valuable finding as it is helpful to guide endovascular
treatment planning. On precontrast images, intraluminal
hematomas tend to appear hyperdense. In the arterial and
venous phases, endoluminal contrast extravasation may be
detected in patients with active bleeding (Fig. 30). Oral
contrast use is mostly not preferred in these examinations,

bleeding from a branch of the inferior mesenteric artery (arrow). C
Bleeding control was achieved by superselective embolization of the
artery with detachable coils. Subsequent colonoscopic biopsy was
confirmed rectal adenocarcinoma

as oral contrast may hinder the observation of active con-
trast extravasation.

Non-neoplastic bleeding

A variety of common and uncommon non-neoplastic causes
of GI bleeding have been identified on CTA. GI angiodys-
plasias that consist of thin-walled blood vessels is an unusual
cause for overt GI bleeding. GI angiodysplasias may be seen
throughout the GI tract and tend to be multifocal; however,
antimesenteric borders of the caecum and right-sided colon
are the most common harboring sites. Imaging findings of
active bleeding from angiodysplasias are similar to those
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Fig.31 75-year-old female
patient presented with melena.
She was hemodynamically
stable. Upper and lower GI
endoscopic studies were

found to be unremarkable. An
abdominal CTA was planned
for assessment of the underly-
ing cause. A Coronal arterial
phase postcontrast CT image
shows accumulation of vessels
in the jejunum wall (arrow)
suggestive of angiodysplasia.
B DSA image demonstrates the
angiodysplasia as disorganized
ectatic vessels (arrow)

Fig.32 73-year-old female patient on chronic warfarin treatment pre-
sents with abdominal pain. Laboratory evaluation revealed high levels
of INR (higher than 10). Axial unenhanced CT image shows hyper-
dense mural thickening of the ileum (arrows) considered an intramu-
ral hematoma

of other causes, but the diagnosis is usually straightforward
as they have distinct imaging features. The typical sugges-
tive imaging findings on CTA are focal punctate areas of
enhancement in the bowel wall with the early filling of an
antimesenteric vein (Fig. 31) [63].

Patients on anticoagulant therapy may present with acute
GI bleeding. Spontaneous intramural small-bowel hema-
tomas may also be seen in overcoagulated patients with
warfarin. These patients may present with abdominal pain
or intestinal obstruction. Intraluminal or intramesenteric
hemorrhage or hemorrhagic ascites may be other associat-
ing findings. In precontrast images of the CTA, detection of
hyperdense mural thickening is a highly suggestive finding
for intramural hematoma (Fig. 32) [64]. Despite being rare,
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spontaneous intramural duodenal hematoma may associate
with acute or chronic pancreatitis (Fig. 33) [65].

Gynecological causes
Neoplastic bleeding

Gynecologic malignancies are frequently encountered neo-
plasms in women, with endometrial carcinoma being the
most common, followed by ovarian and cervical cancers.
Hormonal, viral, or genetic factors are often associated with
gynecological malignancies [66]. Endometrium and cervi-
cal cancers mostly present with abnormal vaginal bleeding,
whereas ovarian cancer typically causes bloating, constipa-
tion, or pelvic pain. Although spontaneous intraabdominal
bleeding appears to be rare in patients with gynecological
malignancies, invasion of surrounding organs and erosion of
vessels may cause intraperitoneal hemorrhage, hematuria, or
GI bleeding (Fig. 34).

Non-neoplastic bleeding

Rupture of an ovarian cyst is the most common cause of
spontaneous hemoperitoneum in women of reproductive
age [1]. Rupture of an ovarian cyst usually presents with
acute pelvic pain. On US, a hemorrhagic ovarian cyst is a
thin-walled cyst with fluid—fluid level, low-level echoes,
and internal septations. Retracting clot adhering to the cyst
wall may mimic a nodule but has no blood flow on color
Doppler imaging (Fig. 35). In women of childbearing age,
ectopic pregnancy rupture should be considered in patients
presenting with acute abdomen and hemoperitoneum. A
serum beta-human chorionic gonadotropin level greater than
2000 IU, without any imaging evidence of intrauterine preg-
nancy, should be considered highly suspicious for ectopic
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Fig. 33 53-year-old male patient
with known chronic pancrea-
titis presented with recent-
onset epigastric pain. A Axial
unenhanced CT image shows

a hyperdense duodenal mass
(arrows) suspicious for a mass
or hematoma. B Axial postcon-
trast CT image demonstrates
contrast media extravasation
within this structure consistent
with active bleeding (dashed
arrows). C DSA image shows
contour irregularity of a branch
of the gastroduodenal artery
(arrow) considered the source
of active bleeding. D Superse-
lective coil embolization was
performed to control bleeding.
Follow-up imaging studies dem-
onstrated complete regression of
the hematoma with no underly-
ing mass (not shown)

Fig. 34 59-year-old female
patient with recurrent endome-
trial cancer invading bladder
wall and sigmoid colon. She
now presents with abundant
hematuria. A Coronal post-
contrast CT image shows the
pelvic mass (arrows) and active
bleeding within it (dashed
arrow). B DSA image delineates
the superior vesical artery as
the source of bleeding (arrow).
Superselective coil emboliza-
tion was performed to control
active bleeding (not shown)

pregnancy. Tubal ring sign, obvious live extrauterine preg-  [68]. The presence of a multilocular ovarian cyst with low-
nancy, or a complex extra-adrenal mass with the “ring of fire ~ level echoes on US may suggest endometrioma; however,
sign” on color Doppler may be helpful for diagnosis [67]. dynamic contrast-enhanced MRI with subtraction images

Despite its rarity, ovarian endometrioma rupture may  may be necessary to exclude underlying malignancy.
clinically mimic functional ovarian cyst rupture (Fig. 36)
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Fig.35 Hemorrhagic ovarian cysts in two different patients. A
20-year-old female patient presenting with pelvic pain. Axial T2W
MR image shows a cystic lesion (arrows) with fluid—fluid level
(arrowhead) in the right ovary. B and C 32-year-old female patient
presenting with acute onset pelvic pain. On US, a cystic lesion

(arrows) with a mural nodule (dashed arrow) was found in the right
ovary. No flow signal could be detected within this nodule on color
Doppler imaging. Imaging findings were found to be compatible
with hemorrhagic ovarian cysts. Follow-up studies showed complete
regression of the lesions (not shown)

Fig.36 34-year-old female patient with previously known endome-
triomas. A and B Coronal fat-saturated T2W and axial fat-saturated
T1W MR images show bilateral ovarian lesions (arrows) consistent
with endometriomas. C The patient presented with acute onset pelvic
pain three months after the first MRI examination. Axial postcontrast

Fig. 37 42-year-old male patient
with known neurofibromatosis
type 1 presenting with acute,
severe left flank pain. Axial (A)
and coronal (B) postcontrast CT
images demonstrate a round-
shaped mass (arrows) in left
retroperitoneum and associ-
ated retroperitoneal hematoma
(asterisk in B). Also, note is
made of cutaneous neurofibro-
mas (arrowheads in A). Histo-
pathological examination after
surgical removal of the lesion
revealed neurofibroma
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CT image shows bilateral ovarian cystic lesions (arrows) and hemo-
peritoneum (star). Imaging findings along with the patient's medical
history were found to be representing endometrioma rupture. Surgical
findings confirmed the imaging diagnosis
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Fig. 38 28-year-old male
patient presenting with acute
right lower quadrant pain. On
US, a heterogeneous mass was
found in right lower quadrant
(not shown). Axial precontrast
TIW (A) and T2W (B) MR
images show a heterogeneous
hemorrhagic lesion (arrows) in
ileocaecal mesentery. His-
topathological examination
after surgical removal revealed
desmoplastic small round cell
tumor

Fig.39 78-year-old male patient
on chronic warfarin treatment
presents with acute left flank
pain. A Axial unenhanced CT
image shows a large retroperito-
neal hematoma (arrows) with an
internal hematocrit level (arrow-
head). B Coronal postcontrast
CT image clearly demon-

strates active bleeding (dashed
arrows) within this hematoma.
The patient was treated with
transarterial embolization (not
shown)

Mesenteric and retroperitoneal
non-parenchymal hemorrhage

Neoplastic bleeding

Mesenteric and retroperitoneal lymph nodes are commonly
affected by metastases and lymphoma. Primary mesenteric
and non-parenchymal retroperitoneal neoplasms are rare enti-
ties, and most of the cases are malignant and mesenchymal
in origin. Although some imaging findings, including fat,
calcification, necrosis, or myxoid stroma, may provide clues
for differential diagnosis, definitive diagnosis of these masses
may be extremely challenging and mostly necessitate histo-
pathological evaluation [69]. Spontaneous hemorrhage may
be seen in sarcomas, neurogenic tumors, germ cell tumors,
metastases, lymphoma, and desmoplastic small round cell
tumors (Figs. 37, 38) [70, 71].

Fig. 40 69-year-old male patient with known abdominal aortic aneu-
rysm presents to the emergency department with acute onset abdomi-
nal pain. Axial postcontrast CT image shows the partially throm-
bosed aneurysm measuring 7.5 cm in diameter. Thrombus fissuration
sign (dashed arrows) and associated left retroperitoneal hematoma
(arrows) are consistent with aneurysmal rupture. The patient died
immediately after this scan
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Non-neoplastic bleeding
Coagulopathy-related hemorrhage

Coagulopathy-related spontaneous retroperitoneal bleed-
ing may be seen in patients on anticoagulant or antiplate-
let therapy. Symptoms are mostly nonspecific, particularly
in elderly patients; however, severe bleeding may manifest
with hypovolemic shock [1]. On CT, a large hematoma
with an internal hematocrit level is reported to be a sensi-
tive and specific sign for coagulopathic bleeding (Fig. 39)
[1]. Clinical history is usually suggestive of the diagnosis;
however, an underlying mass should be sought in patients
with known malignancy. Follow-up imaging is mandatory
for demonstrating the interval resolution of the hematoma,
as hematomas may mask the underlying mass on the initial
imaging study.

Vascular causes

An abdominal aortic aneurysm may present with abdominal
pain and hypovolemic shock in patients with rupture. CTA
is the imaging modality of choice to detect aneurysm rup-
ture or other alternative causes of clinical symptomatology.
A crescent-shaped hyperdense area in the aneurysm wall
reflecting intramural hematoma on unenhanced CT image,
increasing aneurysm size, “draped aorta” sign (referring to
draping of posterior wall of the aortic aneurysm to anterior
surface of the adjacent vertebral body), and “thrombus fis-
suration sign” (referring to blood dissecting into the mural
thrombus) may be indicative for an imminent aneurysm
rupture. A large retroperitoneal hematoma adjacent to the
aneurysm sac is almost always diagnostic for the rupture
(Fig. 40) [1].

Splanchnic artery aneurysms may also be associated with
rupture, with hepatic and splenic artery aneurysms being the
most common. Despite being rare, spontaneous rupture of
celiac and gastroduodenal artery aneurysms have also been
reported in the literature [72, 73].

Conclusion

A variety of neoplastic and non-neoplastic conditions may
cause spontaneously intraabdominal bleeding. Imaging
findings vary depending on the source of bleeding and the
underlying cause. Although imaging findings along with the
patients' history usually give a clue for diagnosis, imaging-
based diagnosis may be challenging, and follow-up studies
or histopathological confirmation may be needed.
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