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Acute nontraumatic abdomi-
nopelvic hemorrhage is a medical 
emergency that requires prompt 
diagnosis; imaging is often crucial 
to localize the source and extent of 
bleeding. Ultrasound may be useful 
as an initial screening tool but is not 
sensitive enough to detect subtle 
injuries or small bleeds.1 Computed 
tomography (CT) is most commonly 
used and typically the best option  
in emergency settings, owing to its 
reliability, speed, and typical prox-
imity to the emergency department.2 
Indeed, the modality has been 
shown to be superior to other imag-
ing modalities in detecting intra- 
abdominal bleeding, particularly 
when the bleeding rate is low.1 

Signs of acute hemorrhage on 
CT scans include the triangle sign 
of mesenteric bleeding, sentinel 
clot, mesenteric/hyperdense fluid, 
and active arterial extravasation. 
These findings may allow radiolo-
gists to localize the source and site 
of intraperitoneal hemorrhage, 
which can aid management.1,2 This 

Computed Tomography: An Optimal Modality  
for the Detection of Nontraumatic Intraperitoneal 
and Retroperitoneal Hemorrhage
Robin Okpara, BS; Kaustubh G. Shiralkar, MD; Eduardo J. Matta, MD; Steven S. Chua, MD, PhD

Affiliations: Texas Tech University Health Sciences School of Medicine, Lubbock, Texas (Ms Okpara); 
Department of Diagnostic and Interventional Imaging, McGovern Medical School at UTHealth, Houston, Texas  
(Drs Shiralkar, Matta, Chua).  
Disclosures: None. 
Prior publication/presentation: Portions of this article were presented as an exhibit at RSNA 2020, Chicago, 
Illinois:  Chua SS, Chaudhary L, Shiralkar KG, Ocazionez D, Matta E. Don’t bleed to know the bleeds: Systematic 
cased-based approach for correct localization of bleeds/hemorrhages.  
Keywords: Hemorrhage, computer tomography, nontraumatic hemoperitoneum, rupture, coagulopathy. 

review article focuses on common 
sources of nontraumatic hemo-
peritoneum while highlighting 
salient CT findings. 

Appearance of Hemorrhage 
The CT appearance of hemor-

rhage depends on the location, 
age, and extent of the bleeding. 
On unenhanced images, bleeding 
attenuates at 35-45 Hounsfield units 
(HU) in the hyperacute stage due to 
high protein concentration.3 In the 
next few hours, the attenuation will 
increase to over 60 HU as hemoglo-
bin concentration increases in the  
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Figure 1. Coronal CT reformation showing expansile and necrotic right renal cell 
carcinoma (##) with perinephric (**) and intralesional hematoma, as well as expansile 
tumor thrombus extending from the right renal vein (RRV) into the IVC (white arrows). 
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acute stage. This will subsequently 
decrease over time. Typically, blood 
will tend to clot near the bleeding 
site (the “sentinel clot sign”) further 
pinpointing the hemorrhage loca-
tion.2 Over time, the clot will shrink 
with progressive lysis of hemoglobin 
and liquefaction. On contrast-en-
hanced CT, a site of active bleeding 
may demonstrate higher attenuation 
ranging from 85 to 300 HU.2 Such high 
attenuation suggests contrast extrav-
asation and may indicate the need for 
emergency embolization or surgery. 

Tumor-related Causes of 
Hemorrhage

Absent a history of anticoagulant 
use or trauma, spontaneous hemo-
peritoneum is rare. In these cases, 
excluding rupture by neoplasm or 
vasculopathy is essential.4 While 
uncommon, a primary or metastatic 
tumor can rupture and bleed into the 
peritoneal or retroperitoneal cavity 
with devastating effects. 

Figure 2. (A) Left-sided coronal CT reformation showing interpolar renal angiomyolipoma. (white arrow) with foci of macroscopic fat and extensive 
perinephric hemorrhage (***). (B) Catheter angiogram indicates pseudoaneurysms (white arrows), which were subsequently embolized (C). Typically, 
AMLs undergo prophylactic embolization if > 4 cm and if pseudoaneurysms are > 0.5 cm. 

Figure 3. Axial contrast-enhanced CT through the upper abdomen in a patient with metastatic 
angiosarcoma with hemoperitoneum (**) from rupture of the hepatic and splenic lesions (##). The 
splenic angiosarcoma contains abnormally dilated, serpentine, and leaky vessels (white arrow).
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Renal Cell Carcinoma
Accounting for 3% of overall adult 

malignancies and 90% of neoplasms 
derived from the kidneys, renal cell 
carcinoma (RCC) is the most common 
renal cancer in adults.5,6 Spontaneous 
hemorrhaging of these tumors more 
commonly accompanies the clear 
cell and collecting duct subtypes and 

typically presents with hematuria, 
pain, and a palpable abdominal mass.7 
On contrast-enhanced CT images, RCC 
is suggested by a solid, enhancing, 
and often necrotic mass (Figure 1).3 
Spontaneous rupture of RCC is rare; 
however, the condition is life-threaten-
ing and prompt imaging and interven-
tion may be necessary.8 

Angiomyolipoma
Angiomyolipoma (AML) is the most 

common benign renal neoplasm. It 
consists of fat, smooth muscle, and 
abnormally thick-walled vessels.9 
This entity commonly affects wom-
en, usually between the ages of 40 
and 70 years,9 and can present with a 
wide range of signs and symptoms, 

Figure 4.  Axial contrast-enhanced CT 
through the abdomen in a patient with 
three large hepatocellular adenomas with 
internal hemorrhage (***) and one with a 
focus of active bleeding (white arrow).

Figure 5. (A) Axial contrast-enhanced CT through the upper abdomen in a patient with two right hepatic-lobe, arterially enhancing, hepatocellular 
carcinomas (white arrows) with washout in the (B) portal venous phase (white arrows), tumoral bleeding, and perihepatic hematoma (A, B,***) 
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including hematuria, flank mass, 
hypertension, urinary tract infection, 
and renal failure in severe cases.10,11 
While the tumor is benign, there is 
a risk of rupture (Figure 2). This is espe-
cially true for tumors larger than 4 cm 
and for those with pseudoaneurysms 
greater than 0.5 cm, which frequently 
call for embolization.10 A lipid-rich 
AML will often demonstrate internal 
enhancement on contrast-enhanced 
CT with low-attenuation areas of 
macroscopic fat density.3 Surveillance 
may be indicated in certain situations, 

as the risk of rupture increases with 
tumor size.10 There are no established 
guidelines for AML surveillance; how-
ever, the International Tuberous Sclero-
sis Complex Consensus Conference 
recommends that abdominal MRI or 
CT should be performed every 1-3 years 
to assess AML progression over the life 
of the patient.10 

Splenic Angiosarcoma

A rare and aggressive type of 
hypervascular cancer, splenic 
angiosarcoma is typically composed 

of splenic endothelial cells.12 Like 
AMLs, splenic angiosarcomas more 
often affect women over age 40. 
Signs and symptoms may include 
left upper quadrant pain, weakness, 
unintentional weight loss, dyspnea, 
and back pain.13 Splenic rupture is a 
severe complication that is common-
ly fatal (Figure 3).14 As the lesion is 
refractory to radiation and chemo-
therapy, swift diagnosis can facilitate 
urgent splenectomy.15 

Liver Tumors

Hepatocellular adenoma (HCA) 
and hepatocellular carcinoma (HCC) 
and are the two most common liver 
tumors that may result in sponta-
neous hemorrhage.2 An uncommon 
benign neoplasm, HCA is most often 
found in women, usually during 
their reproductive years. It may be 
associated with hyperestrogenic 
states associated with obesity and the 
use of estrogen-based oral contra-
ceptives.16 Accurately diagnosing an 
HCA as soon as possible is vital,16 as 
hemorrhage—often associated with 
large HCAs ( > 5 cm)—can cause right 
upper quadrant pain and hemody-
namic instability (Figure 4),17 as well 
as spread into the liver or intra-
peritoneal cavity, requiring tumor 
resection.2 In many cases, rupture 
can lead to hemorrhagic shock, 
which requires emergent treatment. 

Figure 6. (A-C) A patient with a positive ß-HCG without an intrauterine gestational sac in the endometrium was found on ultrasound and CT to have a 
left adnexal lesion with tubal ring configuration with peripheral vascularity (#) with accompanying hemorrhage (**), indicative of a ruptured ectopic 
pregnancy. U = Uterus. 
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Further highlighting the importance 
of prompt identification of these 
tumors, some subtypes can undergo 
malignant transformation into HCC.18 

Hepatocellular carcinoma is the 
second-most common cause of can-
cer-related mortality in the world.18 
This cancer is typically found in pa-
tients with cirrhosis and chronic he-
patic inflammation, usually as a con-
sequence of hepatitis B or hepatitis 
C.2,18 Rupture with hemorrhage into 
the peritoneal or subscapular space 
is a complication of HCC, occurring 
in 3-15% of cases (Figure 5).18 Larger 
and/or peripherally located tumors 
are at a higher risk of rupture; CT 
or contrast-enhanced MRI using 
a liver-mass protocol are the best 
modalities for diagnosis.19 Images of 
HCC rupture typically demonstrate 
discontinuity of the liver capsule, 
subcapsular/peritoneal hematoma, 
and active contrast extravasation.19 

Gynecologic and Obstetric 
Causes 
Ectopic Pregnancy Rupture

The most common causes of gy-
necological nontraumatic hemoperi-
toneum are ectopic pregnancy and 
hemorrhagic cyst ruptures.3 

Ectopic pregnancy ruptures can be 
life threatening; thus, they should be 
considered for every person of child-
bearing capability who presents with 
abdominal pain or vaginal bleeding 
(Figure 6). Affecting about 1-3% of 
all pregnancies, ectopic pregnancy 
most often occurs in the ampulla of 
the fallopian tube.20 The diagnostic 
workup typically begins with serum 
β-HCG measurement and pelvic 
sonography. Patients with a β-HCG 
level over 2000 mIU/mL and an emp-
ty uterine cavity are at increased risk 
of ectopic pregnancy.2 On imaging, 
an adnexal mass with hemorrhage is 

concerning for the condition;3 if con-
firmed, these patients may require 
emergent surgery. 

Ovarian Cyst Rupture

Ovarian cyst (typically a corpus 
luteal or follicular cyst) rupture is 
common in premenopausal people. 
Clinical findings are nonspecific 
but may include pelvic pain. The 
patient may not be pregnant, in 
which case the β-HCG levels are 
normal.3 However, it should be 
noted that a positive β-HCG does not 
exclude cyst rupture which, though 
rarely life threatening, should be 
promptly diagnosed and treated. In 
addition, while rarely causing severe 
hemorrhage (Figure 7), a ruptured 
cyst can mimic conditions such as 
appendicitis that require emergent 
surgery.2 Imaging will demonstrate 
a thick-walled cystic structure in the 
adnexa with internal echoes and 

Figure 7. (A) Pelvic ultrasound in a nonpregnant patient with ruptured hemorrhagic 
corpus luteum shows right periovarian hemorrhage and hematoma (**) that is more 
extensive and globally depicted on coronal CT reformation (B). The pelvic hemorrhage 
(**) extended to the perihepatic and perisplenic regions (*) from a ruptured right 
hemorrhagic corpus luteum (#).
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focal wall discontinuity or irregulari-
ty, along with surrounding free fluid/
blood products.21 

HELLP Syndrome
Hemolysis, elevated liver enzymes, 

and low platelet count constitute a 
condition known as HELLP syn-
drome, another potential cause of 
hemorrhage. As a severe variation of 
preeclampsia,2 the syndrome should 
always be considered in the setting 

of acute or severe abdominal pain 
during pregnancy with  abnormalities 
in the laboratory values.3 A rare com-
plication of HELLP is hepatic hem-
orrhage (Figure 8), which can lead to 
hepatic rupture, placental abruption, 
hematoma, and other complications, 
increasing parental and neonatal 
mortality.22 In these patients, CT is the 
preferred imaging modality for char-
acterizing intraperitoneal (Figure 8) 
and hepatic/perihepatic hemorrhage 

Figure 8. Axial CT images from a patient with HELLP syndrome. Ascites and hyperdense amorphous material external to the liver in the portal hepatic 
region appear (arrow) to be associated with segment IVb of the liver. There is no significant change in attenuation or appearance in the noncontrast 
(A) and arterial (B) phases, compatible with hematoma. These findings suggest likely hepatic hemorrhage prior to the exam, resulting in a perihepatic 
hematoma. There was also no active extravasation on the CTA. Axial CT (C) image with sagittal reformation (D) in a different patient shows linear, 
heterogeneous striations through the right posterior and left lobe of the liver which are worrisome for infarcts (arrows). The sagittal image captures the 
hepatic infarction (arrow), ascites (**), and enlarged postpartum uterus (U).
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and infarctions.3,22 Hepatic infarction 
can appear on CT as low-attenuation, 
wedge-shaped areas around the liver 
periphery.23 Owing to the life-threat-
ening nature of HELLP complicated 
by hepatic rupture, prompt evalua-
tion and diagnosis are imperative. 

Vascular Causes of 
Hemorrhage

Abdominal Aortic Artery Rupture

Arterial bleeding can be caused by 
the rupture of an underlying vascular 
pathology. The most common cause 
of intra-abdominal vascular bleeding 
is a ruptured abdominal aortic an-
eurysm (AAA).24 Risk factors include 
male gender, advanced age, a history 
of cigarette smoking, a family history 
of AAA, hypertension, and hypercho-
lesteremia.25 A ruptured AAA should 
be suspected in patients over 50 who 
present with severe abdominal or 
back pain and a pulsating abdominal 
mass.26 Computed tomography will 
show signs of active bleeding, loss of 
aortic wall continuity, the high-atten-
uation crescent sign, and retroper-
itoneal hemorrhage (Figure 9).24,27 
Although many physicians prefer to 
proceed with immediate treatment 

Figure 10. Oblique CT reformation (A) in a coagulopathic patient demonstrates foci of active bleeding in a left rectus sheath hematoma (white arrow). 
(B) Axial CT in the same patient demonstrates left psoas major hematoma (white arrow). 

Figure 9. Coronal CT reformation in a coagulopathic patient with abdominal aortic 
aneurysm and an expanding sac (white double-headed arrow) containing intramural 
hematoma and subacute hemorrhage (***).
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without imaging, CT angiography 
is the preferred imaging modality 
for diagnosis.25 

Iatrogenic Causes of 
Hemorrhage

Anticoagulation Therapy

Hemoperitoneum following anti-
coagulation therapy is not uncom-
mon.28 Anticoagulants such as hepa-
rin and coumadin increase bleeding 
time, which in some cases can lead 
to life-threatening hemorrhage.28 
The risk of bleeding, however, is typ-
ically related to medication dosage.2 
Spontaneous hemorrhage commonly 
occurs in the rectus abdominis or 
the psoas muscles. Occasionally, 
anticoagulation therapy can cause 
spontaneous hemoperitoneum or 
retroperitoneal hemorrhage. Com-
puted tomography is beneficial in 
coagulopathic patients with suspect-
ed intra-abdominal bleeding.29 

Hematomas of the Abdomen and 
Psoas Muscle

Rectus sheath hematoma (RSH) 
is often a clinically misdiagnosed 
cause of acute abdominal pain. This 
is due to an accumulation of blood 
in the sheath of the rectus abdomi-
nis (Figure 10), typically secondary 
to rupture of the inferior or superior 
epigastric vessel, or from a direct 
muscle tear.30 A common presenting 
feature is lower abdominal pain 
that never crosses the midline; the 
Carnett test can distinguish between 
tenderness occurring intra-abdom-
inally and that occurring directly 
in the abdominal wall.30,31 During a 
straight-leg raise, abdominal pain 
that remains the same or gets worse 
(a positive test) suggests a somatic 
source, while pain that improves 
(a negative test) suggests an intra- 
abdominal/visceral source. Addi-
tional signs and symptoms include 
nausea, vomiting, chills, fever, and 
abdominal guarding.31 Because 
RSH is uncommon and frequently 

misdiagnosed, emergency physicians 
and radiologists should be familiar 
with this condition, which can mimic 
many other acute abdominal condi-
tions. In these instances, failure to 
make a prompt and correct diagnosis 
could lead to a futile laparotomy.30 

Psoas muscle hematomas occur 
when blood accumulates either 
under or within the psoas muscle 
(Figure 10).32 They can present as 
unilateral or bilateral, the latter 
being most common. They affect 
only about 0.1-0.6% of the popu-
lation, mainly elderly patients on 
anticoagulants or receiving dialysis.32 
The Cullen sign, which is ecchymosis 
in the periumbilical area, and the 
Grey-Turner sign, which is ecchymo-
sis in the flanks, are common.33  
Additional abnormalities may in-
clude muscle dysfunction and nerve 
palsy.34 Most psoas muscle hemato-
mas, however, will resolve sponta-
neously without complication if they 
are not too large and/or compressing 
important surrounding structures.33 

Conclusion 
There are numerous sources of 

spontaneous, nontraumatic hemo-
peritoneum. Radiologist familiarity 
with their imaging features is crucial 
for accurate diagnosis and workup. 
While several imaging options are 
available, multidetector CT is gener-
ally the most efficient for diagnosis. 
Hemorrhage can be ascertained by 
the presence of a sentinel clot, active 
vascular blush, or hyperdense fluid 
near the organ of interest. Narrowing 
the site of hemorrhage can have im-
portant implications for treatment. 
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