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Abstract

Infarcts and ischemia of abdominal organs may present with acute abdominal pain, and early diagnosis is crucial to prevent
morbidity and mortality. Unfortunately, some of these patients present in poor clinical conditions to the emergency depart-
ment, and imaging specialists are crucial for optimal outcomes. Although the radiological diagnosis of abdominal infarcts is
often straightforward, it is vital to use the appropriate imaging modalities and correct imaging techniques for their detection.
Additionally, some non-infarct-related abdominal pathologies may mimic infarcts, cause diagnostic confusion, and result in
delayed diagnosis or misdiagnosis. In this article, we aimed to outline the general imaging approach, present cross-sectional
imaging findings of infarcts and ischemia in several abdominal organs, including but not limited to, liver, spleen, kidneys,
adrenals, omentum, and intestinal segments with relevant vascular anatomy, discuss possible differential diagnoses and
emphasize important clinical/radiological clues that may assist radiologists in the diagnostic process.

Graphical abstract

INFARCTS AND ISCHEMIA IN THE ABDOMEN: AN IMAGING PERSPECTIVE
WITH AN EMPHASIS ON CROSS SECTIONAL FINDINGS

In contrast to true hepatic infarcts,
peripheral perfusion defects,
congestion, and progressive fibrosis
observed in Budd-Chiari syndrome may
be potentially reversible with prompt
endovascular treatment approaches
such as direct or transjugular
intrahepatic portosystemic shunt
procedures (DIPS or TIPS).
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PSC Primary sclerosing cholangitis

AMI Acute mesenteric ischemia

BI Bowel infarction

SMA  Superior mesenteric artery

CTA CT angiography

VMI Veno-occlusive mesenteric ischemia
RI Renal infarction

RCN Renal cortical necrosis

SI Splenic infarction

Al Adrenal infarction

v Intravenous

DIC Disseminated intravascular coagulation
DWI Diffusion-weighted imaging

AOI Acute omental infarcts

AEA Acute epiploic appendagitis

APA Acute perigastric appendagitis

oT Ovarian torsion

STI Segmental testicular infarction
Introduction

Infarcts in the abdominal organs could be common and
may cause clinical diagnostic confusion. The symptoms are
mostly nonspecific, and acute onset abdominal pain, some-
times localized, is the most common presenting symptom.
Abdominal organ infarcts may be self-limiting with sup-
portive treatment or can be catastrophic in some clinical
situations. Therefore early diagnosis is critical for optimal
clinical management, and imaging plays an essential role in
properly triaging patients.

In this article, we aimed to outline the general imag-
ing approach, present cross-sectional imaging findings
of abdominal ischemia and infarcts with an organ-based
approach, discuss possible differential diagnoses, and
emphasize important clinical/radiological clues that may
assist radiologists in the diagnostic process. An organ-based
comprehensive summary of infarcts and ischemia in the
abdomen can be found in Tables 1 and 2.

General imaging approach

US findings are generally nonspecific, and US has limited
diagnostic utility except for a few organs such as the testis
and ovary. Doppler US, on the other hand, is an operator-
dependent examination but might be useful as it allows non-
invasive evaluation of the relevant vascular anatomy and
parenchymal resistive index in real-time and portable con-
ditions. It can be used as an important gatekeeper in iden-
tifying critically ill patients and directing them to contrast-
enhanced cross-sectional imaging, if necessary.

@ Springer

CT (and more rarely MRI) with intravenous contrast is
the primary diagnostic tool for diagnosing and managing
infarcts. CT appears to be the workhorse modality with
its high speed and wide availability in emergency depart-
ments. However, MRI can be a good alternative on a case-
by-case basis due to its superior soft tissue resolution and
the absence of ionizing radiation.

Infarcts and ischemia in solid abdominal organs and
hollow viscera may present with different imaging find-
ings, and should be handled differently in terms of cross-
sectional imaging.

In solid abdominal organs such as the liver, spleen,
and kidney, infarcts are generally observed as triangular
or wedge-shaped peripheral lesions or hypoenhancing
geographical areas. Standard postcontrast portal venous
phase images are very useful in showing the affected area.
Again in this phase, it is possible to evaluate the pres-
ence of complications such as superposed infection, to
follow infarct progression, and to evaluate the patency of
major visceral veins. Additional arterial phase images are
essential for detecting major arterial occlusion, especially
in the patient group thought to benefit from endovascular
treatment or revascularization surgery. However, it is not
always possible to distinguish abdominal infarcts from
non-infarct-related pathologies. In these equivocal cases,
dynamic contrast-enhanced cross-sectional imaging com-
bined with the subtraction technique can be a problem-
solver. After subtraction, at least some enhancement is
observed in masses, which is not expected in infarcts.

On the other hand, acute bowel ischemia is an entity
that can progress rapidly to infarction, has a mortal course,
and sometimes presents with very subtle findings. In the
presence of clinical suspicion, it is critical to demonstrate
vascular patency in the arterial and venous phases after
intravenous contrast administration. Additionally, when
bowel ischemia is suspected, the use of neutral oral con-
trast, such as water, is recommended instead of positive
oral contrast. Because positive oral contrast may hinder the
evaluation of vascular anatomy by distorting maximum-
intensity projection images, and may make the detection
of early stage enhancement changes in the bowel wall chal-
lenging [1]. Last but not least, current literature indicates
that dual-energy CT applications can facilitate the detec-
tion of small bowel ischemia. Thanks to the increased con-
spicuity via iodine mapping, enhancement changes in the
bowel wall can be detected at an earlier stage, visualiza-
tion of the entire mesenteric vasculature can be improved
despite single-phase imaging, the presence of intramural
hematoma can be demonstrated with virtual non-contrast
images, and all these advantages can be achieved using a
much lower dose of intravenous contrast agent [2, 3].
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Liver infarction

Hepatic infarction (HI) is rare due to the dual blood supply
of the liver from the hepatic artery (HA) and the portal
vein (PV). The presence of extensive collaterals is another
contributing factor to the rarity of HI. Despite being the
main feeding vessel of the liver, PV occlusion rarely
causes HI, per se [4]. HI occurs commonly in patients
with HA occlusion or PV thrombosis with concomitant
HA occlusion [4].

In modern medical practice, HI related to iatrogenic
reasons are also common. Surgery [5], percutaneous abla-
tion [6], endovascular tumor treatments [7], transjugular
intrahepatic portosystemic shunt procedure [8], and liver
transplantation [9] may be counted among the iatrogenic
causes. Systemic vasculitis, trauma, infection, severe
shock, preeclampsia or HELLP (hemolytic anemia, ele-
vated liver enzymes, low platelets) syndrome, and hyper-
coagulability are the other rarer reasons for HI [10, 11].

On imaging, HI typically is seen on CT as a wedge-
shaped hypoenhancing area with its base abutting on
the liver capsule and its apex pointing towards the liver
hilum. The infarcted areas appear as hypointense areas
on T1-weighted (T1W) images and hyperintense on
T2-weighted (T2W) images (Fig. 1). Geographic distri-
bution may also be observed in patients with larger infarcts
(Fig. 2).

Abscess formation may be seen in the infarcted areas
due to the secondary infection. During follow-up imaging,
intralesional gas formation, rounding of the lesion con-
tours, and development of an enhancing wall are consid-
ered as red flags suggesting superinfected infarction [12].
However, the differential diagnosis between the sterile
infarcts and abscesses using imaging findings solely is not
always possible, and in case of suspicion, percutaneous
sampling is needed (Fig. 3).

Despite the fact that diagnosing hepatic parenchymal
infarcts is generally straightforward, caution should be
exercised to differentiate parenchymal infarcts from focal
fatty infiltration, abscess, or neoplastic processes (Fig. 4)
[13, 14]. In-phase/opposed-phase imaging can be used to
assess the presence of fat infiltration in areas that appear
hypodense on contrast-enhanced CT. Dynamic contrast-
enhanced MR imaging can show contrast-enhancing areas
of neoplastic lesions and enhancing walls of abscesses.
Diffusion-weighted imaging (DWI) can provide additional
information by revealing restricted diffusion caused by the
purulent content within the abscess cavity or hypercellular
regions of neoplastic lesions.

Apart from those above-mentioned well-known enti-
ties, hepatic perfusion disorders and pseudoinfarcts
(Zahn's infarcts, infarct-like cyanotic atrophy) should

Fig.1 A 44-year-old male patient with a history of liver transplan-
tation due to HBV-related cirrhosis now presenting with right upper
quadrant pain and elevated LFTs. a Axial plane T2-weighted MR
image showed a triangular-shaped mildly hyperintense lesion adja-
cent to the capsule (arrowheads). b Axial plane T1-weighted postcon-
trast image demonstrated peripherally located, wedge-shaped hypoen-
hancing parenchymal area (arrowheads). ¢ Hepatobiliary phase MR
image with hepatospecific contrast agent clearly demonstrated this
abnormal parenchymal area (arrowheads). Clinical symptomatology
and imaging findings were thought to represent hepatic infarction.
d Follow-up CT image 6 months after the initial MR examination
demonstrated regression of the non-enhancing parenchyma in the
infarcted segment (arrowheads)

@ Springer
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Fig.2 A 37-year-old female patient with 34 weeks of pregnancy
presented with malaise, severe right upper quadrant pain, lethargy,
significantly elevated LFTs, thrombocytopenia, and hemolytic ane-
mia. The clinical and laboratory findings highly suggested HELLP
syndrome, and an emergency cesarean section (C/S) was performed.
The patient's lethargy and abdominal pain progressed, and emer-
gent abdominal and cranial CT scans were performed 2 days after
the delivery. Axial plane postcontrast abdominal CT image showed
extensive liver infarction as hypodense areas with geographic dis-
tribution (asterisks). Her head CT was within normal limits (not
shown). The patient responded well to ICU care and was discharged
without apparent clinical sequela 1 month after the CT scan

be considered in the differential diagnosis of true HI.
Although pseudoinfarcts can only be confirmed in the
histopathological examination, they should be considered,
especially in cases of hepatic and portal venous occlusion
[10, 15]. PV occlusion or PV branch stenosis generally
presents with early arterial enhancement in the affected
parenchyma due to arterial buffer response or arterioportal
shunting, and parenchymal homogenization is expected in
the portal venous phase [16]. On the other hand, impaired
hepatic venous outflow initially causes centrilobular con-
gestion, and subsequent parenchymal atrophy develops
due to the chronically elevated intrasinusoidal pressure
[17, 18]. Unlike true HI, congestion and atrophy predomi-
nance with no apparent coagulation necrosis is expected
histologically in pseudoinfarcts [15]. In the acute phase
of Budd—Chiari syndrome (BCS), pseudoinfarcts may be
observed as peripheral hypoattenuating parenchymal areas
on CT. This finding may be related to parenchymal conges-
tion, edema, and steatosis (Fig. 5) [17, 19]. In addition, the
so-called “straight border sign” may be seen in these cases
and refers to the linear demarcation border between the
normal and hypoperfused portions of the liver parenchyma
(Fig. 6) [20]. Radiologists should be aware that in contrast
to true HI, peripheral perfusion defects, congestion, and
progressive fibrosis observed in BCS may be potentially
reversible with prompt endovascular treatment approaches
such as direct or transjugular intrahepatic portosystemic
shunt procedures (Fig. 7) [19].

@ Springer

Fig.3 Two different patients with complicated liver infarcts. a A
65-year-old male patient with pancreatic adenocarcinoma underwent
a Whipple operation. Three weeks after the operation, the patient
presented with severe hematemesis. CT angiography revealed a gas-
troduodenal artery pseudoaneurysm as the underlying cause of upper
gastrointestinal tract bleeding (not shown). An emergent catheter
angiography and subsequent percutaneous embolization were per-
formed. Ten days after the embolization, the patient again presented
to ER with high fever, hypotension, and severe right upper quadrant
pain. Axial plane postcontrast CT image showed necrotic liver paren-
chyma (arrowheads) with subcapsular and subdiaphragmatic air den-
sities (asterisks). The constellation of imaging findings was found to
represent the superinfection of the gangrenous liver segment. Emer-
gent surgery was planned, but the patient expired 3 h after the CT
scan. b A 57-year-old male patient underwent catheter angiography
embolization of the giant liver hemangioma in segment 6. Twelve
days after the embolization, the patient presented to the ER with a
high fever, chills, and right upper quadrant pain. An emergent con-
trast-enhanced abdominal CT showed a large infarcted area in seg-
ment 6 (arrows) with air bubbles within this parenchymal segment
(arrowheads). The imaging and clinical findings were considered
to represent a superinfection of the infarcted parenchyma. Imaging-
guided aspiration revealed purulent content and confirmed the diag-
nosis

Biliary ischemia and necrosis

Biliary necrosis (BN), also known as ischemic cholan-
giopathy, is an entity characterized by focal or extensive
damage to the intrahepatic bile duct epithelium secondary
to the impaired blood supply to these structures. The bile
ducts are predominantly supplied by the peribiliary plexus
originating from the HA, unlike the dual supply of hepato-
cytes, and any interruption of flow from these small arte-
rioles may cause necrosis of the biliary epithelium [21].
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Fig.4 A 44-year-old male patient with known squamous cell carci-
noma of the tongue. a Axial plane postcontrast abdominal CT showed
a large hypodense area within the right liver lobe with a relatively
sharp demarcation line from the remaining parenchyma (arrowheads).
b and ¢ In (b) and out (c¢) of phase MR images confirmed the pres-
ence of focal hepatic steatosis (arrowheads)

Several diseases may cause HA thrombosis and BN. Vas-
culitic (such as polyarteritis nodosa), infectious (AIDS), car-
dioembolic, traumatic, or iatrogenic (liver transplantation or
transarterial chemoembolization) processes may all result
in BN [21]. Additionally, Osler—Weber—Rendu disease may
lead to chronic biliary ischemia due to the stealing of blood
from the biliary tree secondary to extensive hepatic arte-
riovenous shunting and may present with irregular biliary
dilatation in the liver [22]. As the imaging findings may all
look similar in all these different entities, clinical history is
critical in these patients.

CT and MRCP are both frequently used non-invasive
imaging modalities in these patients. Beading appearance
secondary to the alternating strictures and dilatations in the
intrahepatic bile ducts, multiple bilomas, and peribiliary

Fig.5 a A 3D illustration shows normal hepatic venous anatomy. /VC
inferior vena cava, RHV right hepatic vein, /HV intermediate hepatic
vein, LHV left hepatic vein. b A 25-year-old male patient with long-
standing Behcet's disease presented to ER with acute onset diffuse
abdominal pain, predominantly in the right upper quadrant. Physi-
cal examination revealed a tender and enlarged liver. Axial plane
postcontrast CT image demonstrated thrombosed inferior vena cava
(arrowheads) and all three hepatic veins. Clinical and imaging find-
ings were compatible with Budd—Chiari syndrome. Heterogeneously
enhancing liver was seen with prominent enhancement in the central
parts compared to the peripheral parenchyma. The hypoattenuating
area in the peripheral portion of the right liver lobe was thought to be
consistent with a parenchymal pseudoinfarct representing congestion
and edema (arrows). ¢ 3D illustration image represents the distribu-
tion of the thrombi in the hepatic veins and vena cava inferior, con-
sistent with Budd—Chiari syndrome

necrotic tissues may be counted among the typical imag-
ing findings [23]. Air bubbles and air—fluid levels may be
observed within bilomas/necrotic collections, and this find-
ing does not always indicate the presence of a concomitant
infection (Fig. 8). Because pneumobilia is a normal finding

@ Springer
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Fig.6 A 20-year-old male patient with no significant medical his-
tory presented with acute abdominal distention and elevated liver
enzymes. a Axial plane postcontrast abdominal CT showed wide-
spread thrombi in the hepatic veins, which was found to be consist-
ent with Budd—Chiari syndrome (not shown). «Straight border sign»
(arrows) is seen as a sharp demarcation line between the enhancing
central and hypoenhancing peripheral liver parenchyma (asterisk). b
Same sharp demarcation (arrows) could also be clearly observed in
the post-contrast TIW axial plane image. ¢ Peripheral hypoperfused
parenchyma had high signal intensity on T2-weighted images (aster-
isk) and was considered to represent a hepatic pseudoinfarct. The
patient was treated conservatively with anticoagulation and repeated
paracentesis. d and e Follow-up abdominal MRI obtained 6 months
after the initial episode revealed atrophy of the previously involved
peripheral hypoenhancing parenchyma (asterisks) and enlarged cen-
tral zone with preserved demarcation line (arrows)

in patients who have had a biliary intervention and biliary air
may communicate with the collection. Therefore, air—fluid
levels can be observed within sterile bilomas [23]. Color
Doppler US is a practical imaging test for evaluating the
patency of the HA in patients with liver transplants. Also,
spectral Doppler US can be used to diagnose HA steno-
sis, which may cause post-transplant biliary complications.
Tardus-parvus wave-form, decreased hepatic resistive index
(<0.5), and prolonged systolic acceleration time are diag-
nostic for HA stenosis [23].

Interventional radiology plays a critical role in diagnos-
ing and managing complications related to HA occlusion
in patients with liver transplants, including BN. Percuta-
neous transhepatic cholangiography (PTC) may particu-
larly reveal dilation of bile ducts and leakage of contrast
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Fig.7 A 19-year-old female patient with known Budd—Chiari syn-
drome secondary to essential thrombocytosis. a Axial plane postcon-
trast MR image showed peripheral hypoperfused parenchyma within
the right liver lobe (arrows). Also noted were ascites and multiple
regenerative parenchymal nodules (arrowheads). The patient subse-
quently underwent a direct intrahepatic portocaval shunt procedure.
b Contrast-enhanced MRI 18 months after the initial presentation
showed almost complete homogenization of the liver parenchyma and
disappearance of ascites. Note was also made of the intrahepatic por-
tocaval shunt (arrowhead)

medium into the periportal space [23]. In the presence of
chronic ischemic changes, intraductal filling defects may
represent endoluminal debris or sludge (Fig. 9). In rare
cases, the gallbladder may also be affected due to the BN,
and linear endoluminal filling defects secondary to the
sloughed gallbladder epithelium may be observed [23].
Caroli's disease, periportal edema, peribiliary cysts,
and primary sclerosing cholangitis (PSC) may all be con-
sidered in the differential diagnosis [23]. In Caroli's dis-
ease, saccular dilatation of the intrahepatic bile ducts may
mimic bilomas. However, the «central dot sign», which
represents malformed biliary cysts encircling the portal
radicle, is very helpful in differential diagnosis on CT.
Periportal edema is expected to occur on both sides of the
portal triads, whereas intrahepatic bile duct dilatation is
usually unilateral. Peribiliary cysts are generally observed
in the setting of chronic liver disease or autosomal domi-
nant polycystic kidney disease. Although they rarely cause
diagnostic confusion due to intrahepatic bile duct dila-
tation via mass effect, peribiliary cysts generally do not
pose any diagnostic difficulties. On the other hand, PSC
may pose a particular diagnostic challenge on cholangio-
graphic examinations. However, intrahepatic peribiliary
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Fig.8 A 55-year-old female patient with a 2-year history of primary
sclerosing cholangitis underwent right liver lobe transplantation
from a living donor. On day 4 after the transplantation surgery, the
abdominopelvic CT exam was within normal limits (not shown). On
day 10, bile containing serous fluid leakage was observed through the
abdominal incision scar. a and b Axial plane postcontrast abdominal
CT images showed a newly developed collection (arrows) containing
air—fluid levels (asterisk) along the resection line between the liver
and stomach, which was found to represent a biloma. Mild dilata-
tion in the intrahepatic bile ducts was also observed (arrowheads).
Subsequent percutaneous transhepatic cholangiography (PTC) dem-
onstrated leakage from the biliary anastomosis site, and percutane-
ous biliary drainage was subsequently performed. During follow-up,
serum bilirubin levels increased progressively despite adequate bil-
iary drainage. ¢ Three months after the transplantation, follow-up
PTC revealed dilatation of intrahepatic bile ducts (arrowheads) and
leakage of contrast medium into the periportal space (arrows). d To
rule out ischemic cholangiopathy, invasive angiography was per-
formed, which revealed the complete occlusion of the hepatic artery.
Unfortunately, the patient's clinical condition deteriorated progres-
sively, and the patient expired due to biliary sepsis 2 weeks after the
angiography

collections or bilomas are not among the frequent imaging
findings of PSC [23].

Bowel ischemia and infarction

Acute mesenteric ischemia (AMI) may progress to bowel
infarction (BI) in a significant percentage of patients. Despite
the improvements in diagnosis and treatment, the mortality
rate is still high, around 50-60% [24]. Early diagnosis and
treatment may significantly improve clinical outcomes, so
prompt diagnosis is crucial. In patients with delayed treat-
ment, more than 24 h, the mortality rate approaches 100%
[25]. Most patients present at advanced ages, and the mortal-
ity rate increases significantly with advancing age [26, 27].
BI may be related to mesenteric arterial and venous causes.
Embolic and thrombotic diseases of the mesenteric arteries

are common reasons for BI, but mesenteric venous throm-
bosis should also be considered in the differential diagnosis.

Arterial embolism to the superior mesenteric artery
(SMA) is the most common cause of AMI, representing
40-50% of the cases [28]. The heart is the most common
embolic source in these patients. Therefore, atrial fibrilla-
tion, myocardial infarction, and ventricular aneurysm should
be sought after in these patients. Its acute take-off from the
abdominal aorta makes this vessel especially vulnerable to
emboli which typically lodge 6—8 cm beyond the SMA ori-
gin. Arterial thrombosis is another important cause of AMI,
representing 25% of the cases, and atherosclerosis is the
most common predisposing factor in these patients. Patients
with SMA thrombosis secondary to atherosclerosis are gen-
erally expected to have pre-existing symptoms of chronic
mesenteric ischemia, such as weight loss, “food fear”, or
postprandial pain. Also, unlike embolism, occlusion usually
develops at the SMA origin in cases with SMA thrombosis.
Less common non-atherosclerotic causes of SMA throm-
bosis include SMA dissection, vasculitis involvement, or
mycotic aneurysms [29].

Non-occlusive mesenteric ischemia is a poorly under-
stood entity. Severe vasospasm is thought to be the underly-
ing etiology. This entity is associated with systemic diseases,
such as shock, severe sepsis, myocardial infarction, and renal
and hepatic diseases [30].

Irreversible ischemia and subsequent transmural BI typi-
cally occur within 6 h in subjects with complete luminal
occlusion [31]. Initially, patients may present with severe
abdominal pain disproportionate to physical examination
findings. The infarction of the muscular layer and the neural
elements, adynamic ileus, and luminal distension occur with
progression to transmural infarction. At this stage, bowel
perforation and peritonitis occur with subsequent death.

As stated above, imaging plays a fundamental role in
the diagnosis as the clinical findings may be nonspecific.
Abdominal CT, coupled with CT angiography (CTA), is
typically the imaging modality of choice due to its high tem-
poral and spatial resolution, as well as wide availability. CT
is beneficial in this clinical situation as it can pinpoint the
culprit abnormalities in the mesenteric vessels. It may also
help diagnose (or rule out) the other acute intraabdominal
conditions that may clinically mimic AMI and BI. Tripha-
sic CT with non-contrast images followed by arterial and
venous phase images allows evaluation of vascular athero-
sclerosis as well as arterial and venous luminal patency with
high sensitivity. Arterial and venous phases also allow evalu-
ation of the end organ findings and the bowel walls.

The embolus in the SMA is seen as a filling defect in
the arterial phase. The exact location of the emboli and the
extent of the endoluminal thrombus are identified in this
phase. Reformatted images in different planes may help ori-
ent the clinicians (Fig. 10). A paper-thin bowel wall may
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Fig.9 A 20-year-old male who had undergone cadaveric whole liver »

transplantation due to autoimmune hepatitis presented with new-
onset jaundice 10 months after the transplantation. Hepatobiliary US
showed diffuse dilatation of intrahepatic bile ducts, and spectral Dop-
pler US revealed a low hepatic arterial resistive index. a Axial plane
postcontrast CT image demonstrated extensive intrahepatic bile duct
dilation (arrows). Also noted were splenomegaly and enlarged splenic
veins. b CT Angiography showed total occlusion of the hepatic
artery graft (arrow) with multiple small-sized arterial collaterals
(arrowheads) at the level of the hepatic hilus. ¢ 3D-MRCP image bet-
ter demonstrated the extent of biliary involvement, which may also
suggest an obstructive biliary dilatation secondary to a hepatic hilar
mass. The constellation of imaging findings suggested ischemic
cholangiopathy, and the patient was managed conservatively with
repeated biliary drainage interventions. d PTC image 2 years after the
transplantation showed biliary sludge and debris formation (arrows)
within the dilated intrahepatic bile ducts, and biliary drainage
revealed purulent bile content. Despite repeated biliary interventions
and appropriate medical treatment, the patient's hepatic functions
gradually deteriorated, and a re-transplantation was planned. Unfortu-
nately, the patient expired before the second liver transplantation

indicate the loss of intestinal muscle tone and transmural
infarction. The detection of air within the bowel wall and
within the lumens of the mesenteric venous branches and the
PV are other important indicators of transmural BI (Fig. 11).

Veno-occlusive mesenteric ischemia (VMI) is a less
common cause of AMI and generally develops second-
ary to superior mesenteric vein thrombosis. It may present
with acute-onset, progressively worsening diffuse colicky
abdominal pain. Abdominal distension and the presence of
blood in the stool may also be seen. In the later stages, VMI
may lead to mortality by causing the development of bowel
necrosis, perforation, and sepsis. The underlying causes of
VMI include a hypercoagulable state, portal hypertension,
recent intraabdominal surgery, and intraabdominal infec-
tions. On CT, a filling defect in a mesenteric vein, mesen-
teric fat stranding, intraabdominal free fluid, and abnormal
thickening of the bowel loops with target appearance can
be seen in patients with VMI (Fig. 12). The extent of bowel
involvement mainly depends on the location of thrombi as
occlusion of small-sized segmentary venous branches pre-
sents with much more localized bowel edema (Fig. 13).

Other clinical entities presenting with segmental and
symmetrical bowel wall thickening, such as inflammatory
bowel disease, infections, radiation enteritis, spontaneous
intramural bowel hematoma, portal enteropathy, and angi-
oedema should all be considered in the differential diagnosis
of VMI [32]. A detailed evaluation of the clinical history
is usually helpful in differentiating these various diseases
(Fig. 14). After excluding the endovenous thrombus with
CT angiography, differential diagnosis can be narrowed in
accordance with other accompanying imaging findings and
patient history.

Surgery and endovascular interventions are the two
fundamental therapeutic approaches for bowel ischemia.
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Surgical resection of the ischemic/infarcted bowel seg-
ments and surgical thromboembolectomy are two basic
approaches in surgery. In addition, a second-look lapa-
rotomy within 48 h after the first surgery to assess the
viability of the bowel wall may be necessary for certain
patients [24].

Endovascular techniques are increasingly used in the
treatment of AMI. This approach is typically used in the
early stages of the disease before the peritoneal findings
and imaging findings of transmural BI appear. Endovascular
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Fig. 10 A 92-year-old female patient with known atrial fibrillation
presented to ER with acute severe abdominal pain. Physical exami-
nation findings were disproportionate to the severity of her symp-
toms and showed a soft and non-tender abdomen. Abdominal CT
Angiography was ordered to rule out mesenteric vascular disease.
Sagittal-oblique reformatted CT angiography image showed superior
mesenteric artery (SMA) occlusion secondary to an embolus lodging
approximately 8 cm distal to the SMA origin (arrows). Emergency
surgery with intestinal resection and thrombectomy was performed

approaches seem to be extremely promising when patients
are appropriately selected [33].

Renal infarction

Renal infarction (RI) is an uncommon clinical condition, and
therefore, the index of suspicion is low. It is one of the rare
causes of acute abdominal pain, and its clinical diagnosis is
difficult [34]. Flank and/or abdominal pain are the common
presenting symptoms. Nausea, vomiting, and fever are not
common at the time of initial diagnosis [35]. RI should be
especially considered in patients with known atrial fibrilla-
tion or bacterial endocarditis who present with flank pain.
Advanced atherosclerosis, medical renal diseases, dehydra-
tion, fibromuscular dysplasia, sickle cell disease, rheumato-
logic diseases, and iatrogenic conditions (related to endoar-
terial catheter interventions) are other predisposing factors
[34]. Arterial causes are the most common reason for RI,
whereas, albeit rare, venous causes may also cause paren-
chymal infarcts in the kidney. Traumatic complete or partial
devascularization of the kidney should also be considered
in trauma cases having flank pain (Fig. 15). In these trauma
patients, it is thought that the intimal injury within the wall
of the renal artery induces luminal thrombosis, which causes
subsequent RI [36].

Fig. 11 a A 59-year-old male patient with known metastatic gastric can-
cer presented with signs and symptoms of shock. Axial plane postcontrast
CT images showed multiple dilated small bowel loops (asterisks) with
no sign of abrupt transition point suggestive of mechanical obstruction.
In addition, there were some small bowel segments with no appreci-
able wall (arrowheads) suggestive of mural necrosis. Emergent surgery
confirmed long-segment small bowel necrosis. b A 77-year-old female
patient with a history of colon cancer presented to ER with findings sug-
gestive of metabolic shock. Coronal plane postcontrast abdominal CT
image showed dilated bowel loops (asterisks), widespread pneumatosis
intestinalis (arrowheads), and air bubbles within intrahepatic portal vein
branches (arrows). Imaging findings were found to be suggestive of exten-
sive transmural intestinal infarction. Surgery confirmed almost complete
necrosis of the small bowel segments. ¢ A 62-year-old male patient pre-
sented with acute kidney injury, diffuse abdominal pain, and hypotension.
Non-enhanced abdominal CT showed pneumatosis intestinalis, air den-
sities within the mesenteric veins, and intrahepatic portal vein branches
suggestive of transmural bowel necrosis. Coronal plane minimum-inten-
sity projection CT image better demonstrated the air within distal mes-
enteric veins (asterisk). Also noted were air densities within the superior
mesenteric vein and intrahepatic portal vein branches (arrows). Surgery
confirmed intestinal necrosis
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Fig. 12 A 33-year-old male patient with an unremarkable past medi- »

cal history presented to the ER with diffuse abdominal pain and pro-
gressive abdominal distention. a Coronal plane postcontrast abdomi-
nal CT image showed a large bland thrombus obliterating the main
portal vein (arrowheads), edematous small bowel loops, and dif-
fuse ascites. b Axial plane image of the same CT study better dem-
onstrated target-like wall thickening of the small bowels (arrows).
Imaging findings were found to be consistent with veno-occlusive
mesenteric ischemia. Emergent surgery confirmed imaging findings.
Hematological work-up after surgery diagnosed factor V Leiden
mutation-associated thrombophilia. ¢ 3D illustration of portal vein
branches (SV splenic vein, SMV superior mesenteric vein, MPV main
portal vein, RHPV right portal vein, LHPV left portal vein) and d the
representation of the thrombus lying along the main portal vein

Abdominal CT, with associated CTA, studies are the
most commonly used cross-sectional imaging modalities for
evaluating RI. Wedge-shaped parenchymal hypoenhancing
areas without significant mass effect are the typical imaging
findings of a focal parenchymal infarct. However, the mass
effect may be observed in infarcted areas in certain patients,
and these areas may be confused with a space-occupying
neoplasm. MRI, with subtraction images, may be helpful in
these patients to rule out an underlying neoplastic process
by proving the absence of contrast enhancement, which sug-
gests parenchymal infarction (Fig. 16).

RI may give rise to the “cortical rim sign”, which refers
to devascularization of the affected renal parenchyma with
only thin cortical enhancement. This sign, seen in approxi-
mately 50% of renal infarcts, is secondary to preserved col-
lateral capsular perfusion. In case of branch occlusion of the
renal artery, the renal capsular artery, an early branch of the
renal artery, may not be affected. Thanks to the perforating
branches of the renal capsular artery, rim-shaped enhance-
ment can be seen in the renal capsule and subcapsular area
[37].

Apart from hypoenhancing infiltrative neoplasms, pyelo-
nephritis, and renal contusion are the other main differential
diagnoses of RI. Although not entirely distinctive, pyelone-
phritis should always be considered in patients with clini-
cal signs of infection, elevated serum inflammatory mark-
ers, and other ancillary imaging findings that may suggest
inflammation. Unlike RI, the “cortical rim sign” is not typi-
cally observed in patients with pyelonephritis [38]. Focal
parenchymal renal contusion should also be considered in
patients with trauma. Contusions are generally observed as
ill-defined, round, or ovoid-shaped hypoattenuating areas,
in contrast to sharply demarcated and wedge-shaped infarcts
[39].

Renal allograft infarction is a rare but serious com-
plication of renal transplant surgery [40]. Parenchymal
infarcts in these patients may appear in global or seg-
mental fashions. Accompanying cortical rim sign may
also be seen and could be helpful as a diagnostic clue
(Fig. 17). Allograft infarcts mainly develop in the early
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postoperative period and occur secondary to the main
branch or segmental renal artery thromboses. The most
common causes of this clinical phenomenon include
hyperacute rejection, renal artery kinking, and anasto-
motic occlusion [40]. Color and spectral Doppler US are
both beneficial for early diagnosis. Segmental allograft
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Fig. 13 a 3D illustration of SMV and its branches for a quick review.
The magnified view represents a thrombus in the main SMV branch
(IVC inferior vena cava, HPV hepatic portal vein, SV splenic vein, Ao
abdominal aorta, SMV superior mesenteric vein, LRV left renal vein).
b An 83-year-old male patient with known hepatocellular carcinoma
presented with acute onset diffuse abdominal pain. Axial plane post-
contrast CT showed symmetrical wall thickening in a long segment
of small bowel loops (arrowheads) accompanied by mesenteric fat
stranding. ¢ Coronal plane CT image demonstrated thrombosed mes-
enteric segmental vein (arrows) draining the affected small bowel
loops. Imaging findings were consistent with segmental veno-occlu-
sive mesenteric ischemia, and the patient was treated accordingly

infarcts can be observed as an avascular hypoechoic ill-
defined mass on color Doppler US and may closely mimic
focal pyelonephritis [40]. Correlation with the clinical
and laboratory findings may be helpful for correct diag-
nosis in patients with equivocal imaging findings. Cross-
sectional or invasive angiography should be liberally used
in these patients to diagnose renal artery occlusion at an
early stage.

Renal cortical necrosis (RCN) should also be con-
sidered in the presence of hypoenhancing kidneys. The
pathological hallmark of RCN is the detection of fibrin
thrombi in the renal capillaries. The pathogenesis of RCN
is not well described and appears to be multifactorial.
Reduced arterial blood flow due to vasospasm, sepsis,
postpartum hemorrhage, and shock seems to be the pri-
mary abnormality leading to RCN [41]. The disease is
more common in neonates and early postpartum females
[42]. Contrast-enhanced CT is the most commonly used
imaging modality for diagnosis. Nonenhancing and
hypoattenuating cortical rim with simultaneous enhance-
ment of the renal medulla is the typical imaging finding,
also called the “reverse rim sign” (Fig. 18). The constel-
lation of imaging findings correlates with the histopatho-
logic features of the disease [43—45].

Fig. 14 A 68-year-old male patient presented with abdominal pain in
the left lower quadrant. The patient was on chronic coumadin use due
to prior mitral valve replacement surgery. a Axial plane postcontrast
abdominal CT showed diffuse wall thickening in a long segment of
distal ileal loops with accompanying mesenteric fat stranding (aster-
isk) and minimal pelvic free fluid of high density suggesting hemor-
rhagic nature (not shown). b Axial plane non-enhanced abdominal
CT image revealed that the thickened intestinal wall segments have a
density of 45 HU, suggesting hemorrhage. It would not be possible to
distinguish between bowel wall enhancement versus hemorrhage with
only venous phase CT images. ¢ Coronal plane reformatted maximum
intensity projection image confirmed the patency of mesenteric arte-
rial/venous structures (arrows) related to the involved bowel segment.
Clinical presentation and radiological findings were found to be con-
sistent with spontaneous intestinal intramural hematoma. The INR
was found to be significantly elevated after the CT study. The patient
responded well to supportive treatment

Splenicinfarction

Spleen is a highly vascular solid organ, and the distal
branches of the splenic artery are noncommunicating end
arteries. This anatomic structure leads to parenchymal
infarcts in the spleen when these distal branches occlude.
Splenic infarction (SI) can be due to iatrogenic and non-
iatrogenic reasons.

Non-iatrogenic splenic infarcts

Among the causes of non-iatrogenic SI are: infections such
as infectious mononucleosis and malaria, hemoglobinopa-
thies (sickle cell anemia being a common reason), cardiac
emboli, lymphoproliferative disorders, collagen vascular dis-
eases, pancreatitis, portal hypertension, and splenic torsion
(Fig. 19) [46, 47].

Clinical symptomatology is highly variable in these
patients. Splenic infarcts can be clinically silent or severely
symptomatic with acute left upper quadrant pain. The size
and distribution of the infarct areas are variable, from focal
small-area infarcts to complete SI. Parenchymal abscesses,
pseudocyst formations, splenic rupture, and hemorrhage are
among the potential complications of Sls [48, 49].
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Fig. 15 a A 39-year-old male patient with a known left solitary kid-
ney was brought to the ER after high-energy trauma. Axial plane
post-contrast abdominal CT image showed a thrombosed left renal
artery (arrowhead) and complete devascularization of the left renal
parenchyma with no apparent parenchymal enhancement (asterisk).
An arterial graft was surgically placed between the abdominal aorta
and left renal hilus to establish renal vascularization. b 3D illustra-
tion indicates renal arteries and some important major branches for
a quick review. MSA middle suprarenal artery, ISA inferior suprare-
nal artery, URA ureteric branches of the renal artery, Ao Abdominal
aorta, RRA right renal artery, RK right kidney, LK left kidney, RRP
right renal pelvis. ¢ Representation of thrombus in the lumen of the
left renal artery

On US, the SIs present as ill-defined, wedge-shaped, or
nodular hypoechoic areas, but US has limited sensitivity and
was found to be diagnostic in only 18% of the patients [50].

CT is the workhorse imaging modality for diagnosing
SI due to its high sensitivity. On contrast-enhanced CT, SIs
appear as wedge-shaped, hypoattenuating areas demonstrat-
ing poor enhancement in the acute period after infarction
occurs. As the process advances to the subacute phase, the

@ Springer

Fig. 16 A 19-year-old male patient with known hereditary throm-
bophilia presented with recent onset right flank pain. An initial US
examination was unremarkable except for mild heterogeneity, with-
out any obvious mass lesion, in the interpolar region of the right kid-
ney (not shown). a Axial plane T1-weighted dynamic postcontrast
abdominal MR image showed a triangular-shaped hypointense, non-
enhancing area (arrowheads) in the right kidney, which was found
to be suggestive of renal infarction. b Axial plane subtraction image
confirmed the absence of focal contrast enhancement (asterisk)

Fig.17 A 65-year-old female with a history of renal transplantation
nearly 20 years ago presented with severe, acute left lower quadrant
pain. a Axial plane postcontrast CT showed complete devasculariza-
tion of graft kidney with cortical rim sign (arrows). b and ¢ Coro-
nal plane reformatted CT angiography (b) and 3D-VRT images (c),
respectively, demonstrated the acute thrombotic occlusion (arrow-
heads) and the remaining stump of the renal artery (arrows) anasto-
mosed to the left internal iliac artery
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Fig. 18 A 25-year-old female patient developed disseminated intra-
vascular coagulation and multi-organ failure secondary to the amni-
otic fluid embolism after a complicated C/S. Coronal plane post-
contrast abdominal CT image showed hypoenhancing renal cortices
(arrows) with accompanying medullary enhancement (asterisks), the
so-called reverse rim sign, in bilateral kidneys. Imaging findings were
found to be consistent with renal cortical necrosis

infarcted area may appear cystic with the involution of the
dead parenchyma in the chronic phase (Fig. 20). The demar-
cation line between the infarcted and non-infarcted areas
may be more prominent in the subacute phase [46]. The
liquefaction and expansion of the infarcted area on follow-
up imaging are alarming findings for superimposed infec-
tion, and these imaging findings appear more commonly
in SIs caused by thromboembolism. Image-guided aspira-
tion and sampling may be considered for managing these
patients [46]. Global SI may occur when the splenic artery
becomes completely thrombosed due to thrombus formation
or tumor invasion. In these patients, the only enhancing area
of the spleen may be the splenic capsule demonstrating rim
enhancement (Fig. 21) [51].

MRI is rarely used for the initial diagnosis of SI. The
decreased parenchymal signal on both TIW and T2W
images is thought to be secondary to fibrosis, calcification,
and hemosiderin deposition [52]. The demarcation line of
preserved and infarcted parenchyma may be better outlined
on MRI with dynamic post-contrast T1W imaging.

As a differential of non-iatrogenic SI, acute splenic
sequestration crisis should be considered in patients with
sickle cell anemia if the massive enlargement of the spleen
is seen with capsular rim sign and global absence of paren-
chymal enhancement. Although it is quite rare in the adult
population, recognition of this condition, which causes
hypersplenism secondary to blood pooling in the spleen
due to entrapment of sickled erythrocytes in the micro-
vascular bed, could be critical for patient management.
Because splenic sequestration increases the risk of splenic
rupture, and splenectomy may be required. In these cases,

Fig. 19 A 17-year-old female patient presented to ER with abdominal
pain. Abnormal position and anteromedial displacement of the spleen
were noted on abdominal US (not shown). a Axial plane postcontrast
abdominal CT showed global absence of contrast enhancement in
the spleen parenchyma (asterisk), capsular rim enhancement (arrow-
heads), and «whirl sign» in the splenic pedicle (arrows). b Axial
plane arterial phase image demonstrated a relative lack of enhance-
ment in the splenic artery at the splenic pedicle (arrow). ¢ Axial plane
arterial phase maximum intensity projection image better demon-
strated the focal cut-off in the twisted splenic artery (arrow). Imaging
findings were compatible with global splenic infarction due to splenic
torsion. Emergency laparotomy was performed, and histopathologi-
cal examination of the torsed spleen revealed extensive coagulation
necrosis with severe congestion

the splenic artery and vein are expected to be patent in the
contrast-enhanced examination as opposed to the typical
SI. However, it has been reported that the contrast filling
in the splenic vein is counterintuitively retrograde from
the PV. Lack of flow void and luminal hyperintensity due
to the slow flow in the splenic vessels on T2W imaging
might be helpful in making the diagnosis (Fig. 22) [47].
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Fig.20 A 63-year-old male with previously diagnosed splenic infarc-
tion due to atrial fibrillation in an outside institution. a and b Axial
plane T2 and post-contrast T1-weighted MR images, respectively,
showed peripherally located, triangular-shaped, well-demarcated,
T2-hyperintense, and TI1-hypointense nonenhancing parenchymal
area (arrowheads). These findings were found to represent cystic-lig-
uefying changes in the subacute phase

latrogenic splenic infarcts

Iatrogenic SIs can occur as complications of various surgi-
cal procedures such as hemicolectomy, nephrectomy, and a
variety of endovascular interventions for embolization or
bleeding control, or they can be induced intentionally and
therapeutically in patients with hypersplenism [53-55]. As
expected, the management of iatrogenic SIs secondary to
the procedural adverse events differs from those induced
therapeutically since the latter does not present any initial
diagnostic challenge and may require follow-up imaging for
the treatment response.

Emerging as a viable alternative to surgery in patients
with hypersplenism, minimally invasive endovascular
splenic embolization was initially performed to embolize
the whole splenic parenchyma. However, this approach has
largely been abandoned in modern practice due to several
severe complications associated with the procedure, such
as abscess formation, splenic rupture, and life-threatening
sepsis. To mitigate the complications of this procedure, par-
tial splenic embolization, paired with antibiotic and vaccine
prophylaxis, gained popularity due to its better outcomes and

@ Springer

Fig.21 A 68-year-old male patient with known lung cancer and poly-
cythemia vera presented with acute onset severe left upper quadrant
pain. a Axial plane postcontrast abdominal CT showed thrombosed
splenic artery (arrows) and global splenic infarction (asterisk). Also,
note was made of enhancing splenic capsule (arrowheads). b 3D
illustration shows the splenic artery and some major branches of the
abdominal aorta (S spleen, CT celiac trunk, Ao abdominal aorta, SMA
superior mesenteric artery, LRA left renal artery, SA splenic artery).
The magnified view demonstrates the thrombosis of the splenic artery

favorable complication rates. Abdominal CT and US may be
performed pre-procedurally to establish the splenic volume
and the patency of the splenoportomesenteric venous axis
[56].

Follow-up CT is typically performed 1 week after the
procedure to assess the percentage of infarcted tissue. Imme-
diate post-procedure CT is not typically performed, but the
threshold for ordering a CT should be low in patients with
immediate hypotension and fever to rule out splenic rupture
or abscess (Fig. 23). CT is beneficial to evaluate the success
of the procedure. On CT, a sharp demarcation line between
the infarcted and viable splenic parenchyma is easily vis-
ible on post-contrast images. In the months following the
procedure, the spleen size gradually decreases, as expected
(Fig. 24). Follow-up imaging may not be necessary at this
phase, and most patients are monitored clinically [56].

Adrenal infarction

Adrenal infarction (AI) is a rare but serious condition
that usually presents with nonspecific symptoms such as
abdominal pain, nausea, and vomiting. It is well-known
that pregnancy, antiphospholipid antibody syndrome, and
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Fig.22 A 26-year-old male with known sickle cell-beta thalassemia
trait presented to ER with left upper quadrant pain. a Longitudinal-
oblique gray scale US image showed an enlarged spleen with diffuse
parenchymal hypoechogenicity and multiple hyperechoic foci scat-
tered throughout the parenchyma. b and ¢ Axial plane arterial (b) and
venous (c¢) phase CT images demonstrated the patency of the splenic
artery (arrowhead, b) and splenic vein (arrow, C). However, diffuse
hypoenhancement of the spleen was noted on the venous phase CT
image (asterisk, c). d and e Axial plane T1-weighted postcontrast (d)
and T2-weighted fat-suppressed (e) images showed absent parenchy-
mal enhancement (asterisk, d), capsular rim enhancement (arrows,
d) and hyperintense splenic vessels at the hilus due to slow flow
(arrowheads, e). Diffuse splenic hypointensity secondary to iron dep-
osition was also noted on axial T2-weighted image (e). Clinical and
radiological findings were found to be compatible with acute splenic
sequestration crisis. Histopathological examination of the splenec-
tomy specimen revealed multiple sickle cell clusters trapped within
the microvasculature and confirmed diffuse splenic infarction

hereditary thrombophilias may be associated with this clini-
cal condition [57-59]. Adrenal infarcts related to systemic
diseases are mostly bilateral, but unilateral infarcts may also
be observed in a subset of patients [58]. The presence of a
concomitant hemorrhage is important as non-hemorrhagic
infarcts may be treated with anticoagulation, whereas a con-
servative approach is preferred in patients with hemorrhagic
infarcts [59].

Early diagnosis is crucial for patients with bilateral Al
as the clinical condition may suddenly deteriorate in cer-
tain patients due to hemodynamic collapse related to severe
adrenal insufficiency. Furthermore, patients with unilateral
involvement may suffer from sequential Al developing in the
contralateral gland in a short interval, leading to an adrenal
crisis [57].

As adrenal glands have a rich collateral arterial supply,
they are relatively resistant to arterial ischemia. Therefore,
Als are mainly secondary to acute venous thrombosis and

Fig.23 A 60-year-old male patient with known pancreatic cancer. A
splenic artery pseudoaneurysm and a large hematoma were detected
in the surgical bed 10 days after the Whipple procedure, and endo-
vascular embolization of the pseudoaneurysm was performed (not
shown). The patient presented to ER with left upper quadrant pain,
high fever, and chills 9 days after the embolization procedure. a Axial
plane postcontrast abdominal CT showed a large splenic abscess with
air—fluid level (arrowhead), which almost completely replaced the
splenic parenchyma (arrows). Viable parenchyma could only be seen
in a small area within the lower pole of the spleen (asterisk). Percu-
taneous abscess drainage revealed purulent content, and culture grew
Klebsiella pneumoniae. The patient was placed on IV antibiotherapy
after catheter placement and was discharged uneventfully within
3 weeks. b Follow-up abdominal CT 2 years after the initial presen-
tation showed complete regression of splenic abscess and multilobu-
lated residual spleen parenchymae (arrows)

related parenchymal severe congestion/ischemia [57]. Arte-
rial infarcts, however, may be seen due to extensive micro-
arteriolar thrombi in certain patients, such as in cases with
disseminated intravascular coagulation, DIC [57].

Despite the fact that the cause-effect relationship between
hemorrhage and infarction is still controversial, it has been
suggested that reperfusion injury secondary to the infarction
may promote hemorrhage in certain cases [57].

CT and MRI are the most commonly utilized modalities
for diagnosis. However, as gadolinium use may be limited in
pregnant cases, CT may be preferred over MRI when there
is a diagnostic need for an IV contrast study [58].

Non-enhancing and slightly thickened glands are the
typical imaging findings in these patients. The so-called
“capsular sign”, which refers to the enhancing thin rim
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Fig.24 A 39-year-old female patient with known cryptogenic cirrho-
sis, severe portal hypertension, and hypersplenism underwent partial
splenic artery embolization. a Catheter angiography image shows the
occluded upper pole branch of the splenic artery (arrow) with micro-
particle and coil embolization. Noted were multiple saccular aneu-
rysms in the distal arterial branches of the lower pole (arrowheads). b
Follow-up contrast-enhanced abdominal CT 6 weeks after the embo-
lization shows large iatrogenic splenic infarction (asterisk). ¢ Follow-
up abdominal MR image 2 years after the embolization demonstrates
the chronic phase of splenic infarct with a smaller size of the spleen
and low T2 signal intensity within the regressed infarcted segment
(arrowheads)

surrounding the nonenhancing adrenal parenchyma, may
also be observed (Fig. 25) [59]. The hyperintense-looking
adrenal gland on T2W images and accompanying diffusion
restriction on DWT are typical findings on MRI in subjects
with non-hemorrhagic infarcts [59]. However, it should be
kept in mind that diffusion restriction is not specific to Al,
and normal adrenal glands may also exhibit physiological
diffusion restriction. On the other hand, the presence of
asymmetric diffusion restriction compared to the contralat-
eral adrenal gland may suggest infarction [60].
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Fig.25 A 20-year-old male patient with adrenal insufficiency due
to antiphospholipid antibody syndrome. After bilateral mild adrenal
hematomas had been detected on the initial abdominal CT, the patient
was immediately placed on proper steroid replacement treatment, to
which he quickly responded. a One week after the initial presentation,
follow-up postcontrast abdominal MRI showed non-enhancing adre-
nal glands with a slight rim enhancement (arrows) and resolution of
the adrenal hematomas. b Adrenal glands were significantly hyperin-
tense on T2-weighted axial images (arrows). ¢ On DWI images, both
adrenal glands were diffusely hyperintense suggestive of restricted
diffusion (arrows), which was also confirmed on the ADC map (not
shown). The constellation of these imaging findings and his clini-
cal symptoms was thought to represent bilateral adrenal infarction.
Follow-up MRI obtained 2 years after the initial presentation showed
bilateral glandular atrophy (not shown). D A 3D illustration shows
the adrenal arterial supply. IPA inferior phrenic artery, SSA superior
suprarenal arteries, MSA middle suprarenal artery, ISA inferior supra-
renal arteries, LRA left renal artery, AG adrenal gland, Ao abdominal
aorta
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In the precontrast images, macroscopic hemorrhage in
adrenal glands is typically observed as hyperdense on CT
and hyperintense on TIW MR images, respectively (Fig. 26)
[57]. In the subacute and chronic phases of hemorrhagic
infarcts, MR signal characteristics tend to vary depending
on the age of the blood products. It has been reported that
adrenal pseudocysts, glandular atrophy, and calcifications
may be seen in chronic phases of adrenal hemorrhages [61].

Adequate and detailed clinical history is crucial for cor-
rect diagnosis in these patients since rare cases of infectious
(such as Waterhouse—Friderichsen syndrome), or drug-
related adrenalitis may also mimic Als on imaging (Fig. 27).

Intraperitoneal focal fat infarction

This entity refers to a self-limiting abdominal disease group
characterized by focal acute inflammation and necrosis of
intraabdominal adipose tissues, including acute omental
infarcts (AOI), acute epiploic appendagitis (AEA), and acute
perigastric appendagitis (APA).

Fig.26 A 47-year-old female with known long-standing antiphospho-
lipid antibody syndrome and systemic lupus erythematosus presented
with acute onset of intense left flank pain. a Axial plane precontrast
abdominal CT showed enlarged, mostly hyperdense-appearing left
adrenal gland (arrows). Also, note was made of striations within the
adjacent fat planes. b There was no discernible enhancement within
the adrenal gland after IV contrast injection (arrows). The right adre-
nal gland was normal (arrowheads). ¢ Sagittal plane reformatted CT
image of the same study demonstrated a vertically oriented, tubular
structure that was thought to represent the thrombosed left adrenal
vein (arrowheads). The constellation of imaging findings was found
to be consistent with hemorrhagic adrenal infarction

Fig.27 A 54-year-old female patient with metastatic non-small cell
lung cancer who had been placed on immune checkpoint inhibi-
tor (pembrolizumab) treatment. The patient acutely presented with
abdominal pain and hypotension, suggesting an adrenal crisis. Adre-
nal insufficiency was confirmed on biochemical evaluation. Contrast-
enhanced abdominal CT showed bilaterally enlarged and non-enhanc-
ing adrenal glands (arrowheads) with surrounding fat stranding.
Clinical presentation and imaging findings were found to be sugges-
tive of pembrolizumab-induced adrenalitis. The patient clinically
responded well to steroid treatment. However, the patient expired due
to widespread metastatic disease

Acute omental infarcts

AOQOIs are not among the common causes of acute abdomi-
nal pain. Pain in the right lower quadrant is a common
clinical complaint with nausea, vomiting, anorexia, and
fever [62]. The clinical and laboratory findings are non-
specific, and imaging plays a fundamental role in diagnos-
ing and triaging patients. Acute cholecystitis and acute
appendicitis are commonly confused clinical entities with
AOI [63, 64]. Most cases are idiopathic with no detectable
underlying cause, but several predisposing conditions such
as accessory omentum, irregular omental fat accumula-
tion, bifid omentum, and narrowed omental pedicle have
been proposed. Heavy food intake, local trauma, rapid
body movement, and coughing are other reported predis-
posing conditions [65].

CT is the most commonly used imaging modality for
diagnosing AOI. The typical finding is a triangular-shaped,
fat-containing heterogeneous mass between the abdomi-
nal wall and the transverse or ascending colon segments
(Fig. 28) [66]. In the presence of a whirled pattern of linear
strands, omental torsion may be considered as the cause of
AOI [62]. Due to the close relationship between the colon
and the increased adipose tissue density secondary to AOI,
colonic diverticulitis may be confused with AOI. However,
the absence of colonic diverticulosis, colonic wall thicken-
ing, and collection may favor AOI over colonic diverticuli-
tis [67]. AEA is another important clinical entity that may
mimic AOI. The size smaller than 5 cm, the presence of a
surrounding hyperdense rim, and colonic wall abutment are
other imaging features suggesting AEA over AOI [62, 68].
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Fig.28 A 56-year-old female patient presented to the ER with
recent-onset, well-localized, severe periumbilical pain. Axial plane
postcontrast abdominal CT image showed an intraabdominal hetero-
geneous fat-containing mass-like structure within the greater omen-
tum (arrows). The imaging findings were considered to represent an
omental infarct. The patient responded well to the supportive medical
treatment, and a follow-up CT 1 month after the initial presentation
revealed complete regression (not shown)

Fig.29 A 43-year-old female presented with acute right-sided
abdominal pain. a Axial plane postcontrast abdominal CT showed
ill-defined mass-like omental lesion (arrowheads) with adjacent fat
stranding. Note was also made of a hyperdense dot (arrow) within the
lesion. Imaging findings were suggestive of an omental infarct, and
the central hyperdense dot was thought to represent a thrombosed
vascular structure, although it is an atypical finding for an omental
infarct. The patient developed fever and progressively increasing
abdominal pain despite maximum supportive treatment and finally
underwent a laparoscopic excision to rule out secondarily infected
omental infarct. Pathological evaluation revealed a nonneoplastic
inflammatory omental mass containing a fishbone and foreign body
reaction. b Based on pathological findings, a retrospective evaluation
on the coronal plane demonstrated linear hyperdensity representing
the fishbone (arrows)

Furthermore, focal inflammatory changes in the omentum
secondary to various underlying conditions such as trauma,
surgery, pancreatitis, and foreign body reaction may present
with fat-containing pseudo mass appearance and mimic AOI
(Fig. 29) [69].

Correct diagnosis is critical to prevent unnecessary sur-
gical interventions because the treatment is primarily con-
servative. However, resection of the infarcted tissue may be
needed when peritonitis signs worsen, or there is clinical
suspicion of a complication [70, 71].

@ Springer

Acute epiploic appendagitis

AEA is a relatively rare cause of acute abdomen. Clinical
diagnosis is mostly not possible, and imaging is, therefore,
essential for diagnosis. Clinically, it is a benign, self-limiting
disease, but the pain may be quite intense in the acute stage.

Anatomically, epiploic appendages (also called epiploicae
appendices) are fatty outpouchings located on the colonic
wall, and there are around 50-100 epiploic appendages in
an adult colon [72, 73]. Epiploic appendages may be found
near the appendix vermiformis and are absent in the rec-
tum [74]. They are typically 2—5 cm in length with a thick-
ness of 1-2 cm and tend to be larger in obese and in those
who have recently lost weight [75, 76]. The vascular supply
of the epiploic appendages is limited, and their increased
mobility renders them susceptible to torsion and infarcts
[74]. In primary AEA, the underlying pathophysiology
is related to a torsed pedicle causing ischemic or hemor-
rhagic infarction with a thrombosed central vein. Among
the secondary causes of AEA, inflammatory processes such
as diverticulitis, pancreatitis, cholecystitis, or appendicitis
may be counted [74]. In both conditions, the typical clinical
symptomatology is characterized by focal, non-migrating
abdominal pain in the left or right lower quadrants with no
change in patient position. The treatment is mainly conserva-
tive, and surgery is almost never indicated. However, some
authors have suggested that surgical removal represents
the only way to avoid adhesion formation, recurrence, and
intussusception induced by focal inflammation [77]. Areas
adjacent to the sigmoid colon, the descending colon, and the
right hemicolon, in decreasing order, are the most common
sites of the disease [73]. As the clinical signs and symptoms
are nonspecific, imaging, especially CT, plays a fundamental
role in correct diagnosis.

The typical CT finding in patients with AEA is an oval
fat-containing lesion with a diameter of less than 5 cm, sur-
rounded by inflammation (Fig. 30) [78]. Intestinal obstruc-
tion and abscess formation are not expected. The local
inflammation may also cause thickening of the adjacent
parietal peritoneum and colonic wall (Fig. 31). The so-
called "central dot sign”, which refers to a thrombosed vein,
is highly characteristic for diagnosis. However, its absence
should not rule out the diagnosis [73]. Acute diverticulitis
may simulate AEA on CT studies. However, a size smaller
than 5 cm, the absence of extraluminal air and fluid, and
abscess formation are helpful for differential diagnosis.

Acute perigastric appendagitis
APA is a rare entity characterized by ischemia and inflam-

mation of the perigastric ligaments (falciform, gastrohepatic,
gastrocolic, and gastrosplenic ligaments).
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Fig.30 A 23-year-old male patient presented with well-localized,
severe right lower quadrant pain. a Grayscale US showed a non-com-
pressible, oval-shaped, hyperechoic lesion (arrowheads) surrounded
by a hypoechoic rim and increased echogenicity in the adjacent fat
planes. b Axial plane postcontrast abdominal CT image demonstrated
an ovoid lesion with internal fat density, peripheral high-density rim,
and perilesional inflammatory stranding (arrows) adjacent to the sig-
moid colon. Imaging findings were found to be compatible with epip-
loic appendagitis. The patient responded well to the supportive medi-
cal treatment

-

Fig.31 A 29-year-old male patient presented with acute onset, severe
left lower quadrant pain. Axial plane postcontrast abdominal CT
showed an oval-shaped fatty lesion (arrows) in the left lower quad-
rant with peripheral inflammatory fat stranding, consistent with epip-
loic appendagitis. Note was also made of thickened adjacent parietal
peritoneum secondary to the local inflammation (arrowheads). The
patient responded well to the supportive medical treatment

Falciform ligament connects the liver to the anterior
abdominal wall and contains the involuted umbilical vein
remnant. It also has a connection with the lesser omentum
[79]. Gastrohepatic ligament, a part of the lesser omentum,
is also anatomically close to falciform ligament, and this
anatomic structure connects the stomach to the liver. The
remaining two perigastric ligaments are the gastrocolic
and gastrosplenic ligaments, which are located between
the transverse colon and the greater curvature of the stom-
ach, and the spleen and the greater curve of the stomach,
respectively.

All these perigastric ligaments have epiploic appendages,
which may undergo torsion and subsequent infarct. Infarcts
of these perigastric appendages appear to be extremely rare
compared to colonic AEA, and there is not much informa-
tion in the literature regarding their clinical and imaging
aspects [79]. Accurate diagnosis is critical for ruling out
more severe clinical mimickers and guiding treatment. For
example, falciform ligament torsion may present with severe
right hypochondrium pain or epigastric pain accompanied
by elevated inflammatory markers. If it is not diagnosed
radiologically, it may cause unnecessary interventions such
as upper gastrointestinal endoscopy, laparoscopy, or lapa-
rotomy [80, 81]. As the clinical course of APA appears to
be self-limiting and responsive to supportive non-invasive
treatment, correct diagnosis with imaging gains even more
importance.

CT is the workhorse in diagnosing acute abdominal pain.
Therefore, most of the information on APA is based on this
modality. The CT imaging characteristics of APA are not
different from those of colonic AEA. Oval-shaped, heteroge-
neously appearing focus with associated surrounding strand-
ing in the fat planes, consistent with edema, is the most typi-
cal imaging finding. The twisted infarcted fatty appendage
can also be seen in falciform ligament torsion (Fig. 32) [80].
The rim around the torsed appendage is another relatively
common finding (Fig. 33). The size of the abnormal area is
also variable, with an average diameter of 4 cm. Mild adja-
cent gastric antral thickening has been reported in patients
with gastrohepatic ligament appendagitis [79].

Ovarian torsion

Ovarian torsion (OT) is an uncommon cause of acute
abdominal and pelvic pain. The cascade of events starts
with the twisting of the ovarian pedicle and/or fallopian
tubes. Concomitant torsion of the ovary and the tubes has
been reported in 67% of cases of adnexal torsion [82, 83].
Unless surgical correction is performed timely, the subse-
quent vascular compromise leads to hemorrhagic infarction
of the affected ovary [84]. Early diagnosis and treatment are
mandatory since the delay of surgical intervention eventually
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Fig.32 Falciform ligament torsion in two different patients. a and b
A 50-year-old female patient presented to ER with intense epigastric
pain. a Axial plane postcontrast CT image showed thickened falci-
form ligament and periligamentous inflammatory stranding (arrow-
heads). b The inflammatory changes were seen to track downwards
posterior to the anterior abdominal wall (arrowheads). Imaging find-
ings were considered to represent falciform ligament torsion, and
the patient's symptoms completely subsided with supportive medi-
cal treatment within a week. ¢ and d An 86-year-old female patient
presented with mild fever and recent-onset, severe epigastric pain.
¢ Axial plane postcontrast CT image showed thickening of the liga-
mentum teres (arrowheads) with accompanying inflammatory strand-
ing along the course of the falciform ligament extending anteriorly
(asterisk). d Axial plane T2-weighted fat-suppressed MR image dem-
onstrated the enlarged ligamentum teres (arrowheads) and surround-
ing inflammatory changes as increased T2 signal intensity (asterisk).
Imaging findings were suggestive of falciform ligament torsion, and
the patient responded well to the supportive medical treatment
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Fig. 33 Perigastric appendagitis in two different patients. a 62-year-
old female presented with acute onset epigastric pain. Axial plane
postcontrast abdominal CT showed an almost entirely fatty, tubular-
shaped lesion with a hyperdense rim (arrowheads) in the gastrohe-
patic ligament. Findings were considered to represent perigastric
appendagitis. Her pain completely subsided with supportive medical
treatment. b and ¢ A 54-year-old female presented with acute epi-
gastric pain and a hyperechoic mass-like lesion adjacent to the left
liver lobe on US (not shown). b Axial plane T2-weighted MR image
revealed a mildly hyperintense mass-like lesion (arrows) in the gas-
trohepatic ligament with surrounding minimal free fluid. ¢ Axial
plane postcontrast MR image showed thin peripheral enhancement of
this lesion with no apparent enhancement (arrows). Imaging findings
were compatible with fat necrosis due to perigastric appendagitis.
The patient was treated conservatively and fully recovered

leads to irreversible tissue loss. As the clinical findings are
highly nonspecific, imaging plays a crucial role in the posi-
tive outcome of these patients.

US is almost always the first imaging modality used in
female patients with acute pelvic pain as it is non-invasive,
easily accessible, and cost-effective. An enlarged ovary is
one of the most common imaging findings of OT on gray-
scale US [82]. This enlargement may be detected even in the
early phase of the disease before the development of infarc-
tion. On average, the organ volume may be up to 28 times
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Fig.34 A 33-year-old female patient presented with acute onset
abdominal pain in the right lower quadrant. Color Doppler US
showed an asymmetrically enlarged right ovary with heterogeneous
stroma (arrowheads) and diminished-(but still preserved) parenchy-
mal vascularity. Clinical and radiological findings were found to be
consistent with ovarian torsion. Also, note was made of a peripherally
located hemorrhagic cyst (asterisk), which was thought to be the cul-
prit focus for the ovarian torsion. This ovary was surgically detorsed
in emergency surgery

the normal size in torsed ovaries [85]. Heterogeneity of the
ovarian stroma due to hemorrhage and edema is another
important sonographic feature (Fig. 34). The presence of
cysts within the ovarian stroma is a predisposing factor for
OT, with benign mature cystic teratomas being the most
common [86]. Peripherally displaced follicles, likely due to
stromal edema and venous congestion, is another important
diagnostic clue. Peripherally located cysts may also be seen
in normal ovaries, but detecting these cysts in a unilaterally
enlarged ovary is suggestive of OT [85].

Color Doppler imaging may also be beneficial as vascular
compromise is the basis of ovarian ischemia/infarction in
these patients. The absence of arterial flow on color Dop-
pler imaging is a highly specific finding for OT; however,
vice versa is not valid. Relying solely on the presence of
parenchymal arterial flow can be quite deceiving to rule out
OT, because the arterial flow signal is absent on imaging
in only 73% of OT cases [82]. The diminished arterial flow
is typically associated with venous flow abnormality [82].

Although not very common, CT is also used for diag-
nosing OT in certain patients. Although CT findings are
not very specific, it is beneficial to rule out other clinical
mimickers. The enlarged ovary displaced into the midline
or the contralateral side, ascites, and peripherally displaced
follicles may also be detected with CT. Other imaging find-
ings include the absence of parenchymal enhancement, gas
formation within the torsed mass, and obliteration of fat
planes [87-89].

MRI offers unique benefits for evaluating the female pel-
vis due to its high soft-tissue resolution and lack of ionizing

radiation. Its high resolution may obviate the need for IV
contrast injection, which may benefit patients with limited
renal reserve. Isolated ovarian and combined ovarian and
adnexal torsion may be effectively evaluated with MRI.
Ovarian edema and hemorrhage may be detected efficiently
with MRI [90]. Peripherally displaced follicles, enlarged
ovary, and heterogeneous stroma are all indicative for diag-
nosing OT. Alternative diagnoses may also be efficiently
evaluated with MRI. The detection of T2 hypointense ovar-
ian rim has also been suggested as an imaging indicator of
OT (Fig. 35) [90].

In addition to those parenchymal changes, a twisted pedi-
cle, a pathognomonic finding, can also be observed, espe-
cially on MRI and US [91].

The absence of parenchymal enhancement in postcontrast
images may indicate a transition from ischemia to infarction
[91]. However, the absence of abnormal ovarian enhance-
ment on MRI does not entirely rule out the possibility of OT,
like in Doppler US [91].

Clinical presentation and radiological findings may be
confusing in partial or intermittent OT due to recurrent tor-
sion/detorsion episodes [92]. Therefore, it is vital to consider

Fig.35 A 30-year-old female patient presented to ER with acute-
onset severe abdominal pain in the lower abdomen. US examination
revealed an asymmetrically enlarged right ovary (not shown). a Axial
plane T2-weighted MR image showed an asymmetrically enlarged
right ovary (arrows) compared to its left counterpart (arrowheads).
Diffuse stromal T2 hyperintensity due to parenchymal edema (aster-
isk), peripherally displaced ovarian follicles, T2 hypointense ovarian
rim (arrows), and pelvic free fluid are other typical imaging findings
for ovarian torsion. b Axial T1W fat-suppressed postcontrast image
demonstrated diminished stromal contrast enhancement of the right
ovary compared to the left one (arrows). Emergent surgical detorsion
was performed immediately after this MR examination
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the possibility of torsion in female patients presenting with
acute pelvic pain, as early diagnosis and early intervention
increase the likelihood of organ salvage.

Testicular ischemia and infarction

The testicular arteries originate from the abdominal aorta
and pass through the inguinal canal to supply the testicular
parenchyma. Testicular ischemia and infarcts usually present
with acute scrotal pain and may require medical manage-
ment or emergency surgical intervention depending on the
cause. Although the most common causes of acute scrotal
pain are epididymoorchitis, torsion of the appendix testis,
and testicular torsion, it is important to keep in mind other
rarer causes. US and Doppler US are indispensable tools for
the differential diagnosis and management of these condi-
tions presenting with similar symptoms.

In testicular torsion, decreased, absent, or abnormally
high-resistance flow is expected in the symptomatic testis on
Doppler US. While compromised venous drainage second-
ary to the torsion causes a high resistive index (>0.75) in the
early period, arterial occlusion in the advanced stage results
in absent flow [93]. In addition, testicular enlargement, echo-
texture change, and spermatic cord twisting are other valu-
able radiological findings on gray scale US (Fig. 36). Early
diagnosis (especially in the first 6 h) is critical for tissue
viability. On the other hand, partial torsion can be confusing
both clinically and radiologically due to spontaneous detor-
sions. After spontaneous detorsion, increased parenchymal
vascularity mimicking orchitis can be observed on Doppler
US [93].

Segmental testicular infarction (STI) is a rare and mostly
idiopathic condition seen in patients aged 20-40. However,
it is well-known that it may be seen secondary to vascu-
litis, trauma, hematological diseases, and infections [94,
95]. On scrotal US, STT is characterized by a wedge-shaped

Fig.36 A 28-year-old male presented to the ER with severe left tes-
ticular scrotal pain lasting approximately 12 h. On Color Doppler US
images, the left testis is enlarged, has a hypoechoic appearance, and
lacks parenchymal vascularity compared to the right testis. Imaging
findings were consistent with left testicular torsion; an emergent sur-
gery confirmed the diagnosis
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heterogeneous lesion with the apex pointing to the testicular
mediastinum. Although the absence of flow on Doppler US
helps distinguish STI from the mass, follow-up imaging may
be required to exclude malignancy. MRI can be beneficial
in cases where the differential diagnosis cannot be made
with US. Non-enhancing, relatively well-defined heteroge-
neous parenchymal area peripherally outlined by capsular
rim enhancement on postcontrast MR images suggests STI
(Fig. 37). Additionally, hemorrhagic changes characterized
by hyperintensities on T1 precontrast images can be seen
within the infarct [94, 95].

Finally, it should be kept in mind that sequelae of testicu-
lar trauma, torsion or epididymoorchitis, extrinsic factors
such as fluid collection, mass, inguinal hernia or hematoma
compressing testicular parenchyma, and iatrogenic testicular
artery injury (e.g., inguinal hernia repair) may cause testicu-
lar ischemia and may present with decreased/absent flow on
Doppler US [93, 96].

Simultaneous multiple intraabdominal
infarcts

In patients with multiple foci of parenchymal infarcts in dif-
ferent intraabdominal organs, various pro-thrombotic condi-
tions should be considered as the underlying etiology [97].
Among the most common causes of multiple intraabdominal
infarcts, hereditary thrombophilias, antiphospholipid anti-
body disease, Behcet's disease, and cardioembolic condi-
tions (such as atrial fibrillation and infective endocarditis)
may be considered initially (Fig. 38). Additionally, certain
hematological diseases that may increase the tendency
towards thrombus formation, such as DIC and heparin-
induced thrombocytopenia, malignancy-associated coagu-
lopathy (Trousseau syndrome), connective tissue diseases,
vasculitides, and shock state should also be borne in mind
(Fig. 39). Among the other rare causes, amniotic fluid embo-
lism, fat/cholesterol crystal embolism, medication-induced
thrombosis, and nephrotic syndrome may be counted.

More recently, with the onset of the global COVID-19
pandemic, multiple intraabdominal infarcts related to this
infection have been observed and reported increasingly [98,
99]. It is now well-known that this infection may induce
thromboembolic complications due to severe systemic
inflammatory response, endothelial injury, and hypoxia
(Fig. 40) [100].

In case of any extensive thromboembolism, infarction
of several intraabdominal organs with extensive vascular
supply and rich collateral circulation, such as the stomach,
pancreas, and urinary bladder may be observed [101-105].
Despite mentioned infarct resistance of those organs, anec-
dotal case reports of infarcts have been reported in certain
clinical conditions such as DIC and cholesterol crystal
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Fig.37 A 32-year-old male with known Behcet's disease presented to
the ER with acute scrotal pain. There was no history of trauma. a On
power mode Doppler US, a triangular-shaped heterogeneous hyper-
echoic lesion with no apparent vascularity is seen (arrows). b Coro-
nal T2W fat-suppressed MR image shows a triangular heterogeneous
hyperintense lesion (asterisk) with the apex pointing towards the tes-
ticular mediastinum and surrounded by a T2 hypointense rim. Mild
reactive hydrocele is also noted. ¢ Coronal postcontrast TIW fat-sup-
pressed MR image demonstrates the hypoenhancing lesion (asterisk)
with sharp borders and peripheral rim enhancement (arrowheads).
Imaging findings were consistent with segmental testicular infarction,
likely related to Behcet's disease. The patient was placed on support-
ive treatment, to which he responded well

embolism [101, 103]. As expected, it has been proposed
that infarcts of these organs may develop as a result of
massive microemboli to the distal vascular bed rather than
a major arterial occlusion.

Fig.38 A 59-year-old male patient with known congestive heart fail-
ure and atrial fibrillation presented with abdominal distention and dif-
fuse abdominal pain to the ER. Axial plane postcontrast abdominal
CT image showed a diffuse decrease in the parenchymal enhancement
of the left kidney (arrows) and a large right renal infarct with thin
cortical enhancement, so-called the cortical rim sign (arrowheads).
Noted were dilated small bowel loops (asterisks), which were later
surgically confirmed to be secondary to intestinal ischemia

Fig.39 A 52-year-old female patient with known long-standing
chronic renal failure on hemodialysis, multiple myeloma, and end-
stage gastric adenocarcinoma recently underwent intense chemother-
apy and now presented with high fever, severe abdominal pain, hypo-
tension, and lethargy. Clinical examination revealed severe abdominal
tenderness and mild jaundice. Laboratory studies revealed an abrupt
increase in liver function tests. Findings were suggestive of septic
shock, and blood cultures were also drawn. An emergent thoracoab-
dominal CT was performed to evaluate the potential source of infec-
tion. Axial plane postcontrast abdominal CT showed brisk enhance-
ment in adrenal glands (arrowheads), suggesting severe metabolic
stress. Also noted were extensive hypodense areas throughout the
liver parenchyma (white asterisks), which were thought to represent
parenchymal infarcts or perfusion defects. Also noted were globally
infarcted spleen (black asterisk). The patient was immediately trans-
ferred to ICU; however, she expired 6 h after this CT scan. Blood cul-
tures grew Klebsiella pneumoniae
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Fig.40 A 57-year-old male patient with multiple comorbidities and
severe COVID-19 infection necessitated intensive care unit admis-
sion. The patient expressed sudden-onset dyspnea and severe left
upper quadrant pain during follow-up. a—c Contrast-enhanced thora-
coabdominal CT revealed deep vein thrombosis (not shown), massive
pulmonary thromboembolism (not shown), multiple splenic infarcts
(arrows, a), global devascularization of the left kidney (b) secondary
to the occlusion of the left renal artery (arrowheads, ¢), and small-
sized, patchy right renal infarcts (not shown). Despite maximum sup-
portive care, the patient continued to deteriorate, developed multiple
embolic infarcts in the brain (not shown), and expired shortly after-
ward

Conclusion

The early detection of ischemia and infarcts in the abdomen
is crucial for preventing potentially devastating complica-
tions related to these diseases. Prompt medical or surgi-
cal intervention is of fundamental importance to ensure a
good outcome. Imaging specialists can play a crucial role in
patient management by guiding clinicians in choosing the
correct imaging modalities, optimizing imaging protocols,

@ Springer

making a timely and accurate diagnosis, and highlighting
possible differential diagnoses when appropriate.
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