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Thrombotic Embolism

Diagnosis
Acute Pulmonary Embolus

1 Pulmonary Artery Embolism

Imaging Features

1. Intraluminal filling defect

2. Occluded artery larger than the adjacent pat-
ent arteries

3. Doughnut sign in short axis, tram track sign in
long axis of artery, thrombus surrounded by
contrast-filled blood

4. Eccentric filling defect forming acute angle
with wall

Fig. 1.1 Acute pulmonary embolus. CECT axial images
show (a) saddle thrombus (thin black arrows) involving
the right and left main pulmonary arteries across the bifur-
cation. (b) Enlarged left lower lobe pulmonary artery
(arrowhead) filled with thrombus and larger than adjacent
patent arteries (white arrows). Doughnut sign in the right

lower lobe pulmonary artery (black arrow). (c) Doughnut
sign in the right and left lower lobe pulmonary arteries
(arrows). (d) Eccentric thrombus causing filling defect
with acute angle with wall in the left lower lobe pulmo-
nary artery (black arrows). Tram track sign in both upper
lobe pulmonary arteries (white arrows)
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Fig. 1.2 Acute pulmonary embolus. (a) Coronal and (b) sagittal reformatted CT shows portion of artery with thrombus
larger (arrowhead) than the distal portion and the adjacent arteries (thin white arrow)



1 Pulmonary Artery Embolism

Ancillary findings of acute pulmonary embolus

1. Hampton’s hump—pleural-based, wedge-
shaped areas of consolidation may represent
infarction

2. Linear atelectasis, regional oligemia, pleural
effusion

CT shows

Fig. 1.3 Hampton’s Hump. (a) Axial
thrombus in the right lower lobe pulmonary artery (arrow-

head) with peripheral wedge-shaped pleural-based
increased density due to infarction (arrow) forming
Hampton’s hump. (b) Coronal reformatted image
shows thrombus in multiple lower lobe arteries bilater-
ally (arrows) with wedge-shaped infarction in left

costophrenic angle (arrowhead), the Hampton’s hump.
(c) Chest X-ray of Hampton hump in a different patient
with history of PE shows a convex blunting of right
costophrenic angle (black arrows). (d) Axial CT in
different patient shows embolus in the lower lobe pulmo-
nary artery bilaterally (arrow) with pleural effusion
(arrowheads) bilaterally more on the right side



Thrombotic Embolism

Assessment of severity and prognosis of PE—
right heart strain
1. Short axis ratio of RV/LV in diastole at the level
of valves >1 and >1.5 indicates severe episode.

}‘.

Fig. 1.4 Right heart strain. Axial CT (a) short axis
ratio of the right ventricle and left ventricle at the level
of the valves is more than one. (b) Leftward deviation of
the interventricular septum (arrows). (c) Pulmonary

2. Leftward bowing of interventricular septum.
3. Reflux of contrast into IVC.
4. Diameter of MPA more than 29 mm.

artery-to-aorta ratio greater than one and with saddle
thrombus. (d) Reflux of contrast into IVC and hepatic
veins (arrows)



1 Pulmonary Artery Embolism

Fig. 1.5 Acute PE with thrombus in RA and popliteal
vein. (a) Axial CT shows thrombus in RA as well
marginated filling defect (black arrows). Thrombus is
also seen in the lower lobe pulmonary artery (white arrow).
(b) Axial CT shows thrombus in both main pulmonary

arteries (arrows). (c, d) Sagittal and coronal reformatted
images show thrombus in the RA (black arrow) and right
main pulmonary artery (white arrow). (e) Doppler US
shows echogenic thrombus distending the left popliteal
vein (cursor) with lack of color and spectral flow



Thrombotic Embolism

Fig. 1.6 Hepatocellular carcinoma (HCC) invading the
left portal vein with PE in the right lower lobe. Axial CT:
(a) Arterial phase shows enhancing tumor thrombus in the
left portal vein (black arrow). Multicentric HCC is seen in
the rest of the liver (white arrows). (b) Portal venous

phase shows high-density thrombus in the portal vein
(arrow). (c) Coronal reformatted image shows tumor
vessels in the tumor extending into the portal vein
(arrows). (d) Axial CT shows pulmonary emboli in the
right lower lobe pulmonary arteries (arrows)
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Diagnosis
Chronic PE

A

Vascular CTPA signs

1. Pulmonary artery findings:
(i) Complete obstruction
(ii) Partial filling defects:

(@) Organized thrombus runs parallel
to arterial lumen, causing thickened
wall and irregularity of intima

(b) Obtuse angle with vessel wall in
transverse plane

(c) Poststenotic dilatation or aneu-
rysm can occur

(d) Abrupt vessel narrowing by

recanalization or stenosis by
organized thrombus

(e) Bands and webs

(f) Calcification  within  chronic

thrombus
2. Pulmonary hypertension signs:

(d) Enlarged pulmonary artery diameter
more than 29 mm.

(b) Ratio of MPA to aorta is more than
1:1.

(c) Wall of pulmonary arteries may show
atherosclerotic calcification.

(d) Hypertrophy and enlargement of the
right atrium and right ventricle. Right

1 Pulmonary Artery Embolism

ventricle: left ventricle short axis ratio
more than 1:1 and right ventricular
myocardial thickness more than 4 mm.
(e) Small pericardial effusion or thickness.
(f) May have lymphadenopathy.
3. Systemic collateral signs:

(a) Bronchial arteries dilated (more than
2 mm proximally) and tortuous due to
increased flow

(b) Nonbronchial systemic arteries, com-
monly the inferior phrenic, intercostal,
and internal mammary arteries, dilate

B. Parenchymal signs

(a) Scars often multiple from pulmonary
infarcts showing as wedge-shaped or lin-
ear subpleural opacities, more in the
lower lobes in areas of decreased lung
attenuation

(b) Mosaic pattern with decreased perfusion
in areas of stenotic arteries and increased
attenuation in redistributed vascular flow
with larger vessels

(c) Cylindrical bronchiectasis of segmental
and subsegmental bronchi adjacent to
severely stenotic or obstructed pulmo-
nary arteries
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u

Fig. 1.7 Chronic thrombus in the right main and lower
lobe pulmonary artery with narrowing of lumen. (a) Axial
CT shows eccentric thrombus having obtuse angle
(arrows) with contrast-filled lumen. (b) Large eccentric

thrombus (arrow) in the right lower lobe branch in axial
plane. (c) Eccentric organized thrombus parallel to lumen
and irregularity of intimal surface in sagittal reformatted
image (arrows)
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Fig. 1.8 Acute and Chronic PE. Coronal reformatted (b) Acute PE at the left lower lobe pulmonary artery with
images show (a) recanalization of thrombus at the proxi-  thrombosed vessel larger in size (arrows). Chronic throm-
mal right lower branch pulmonary artery (arrow) with  bus in the right lower lobe pulmonary artery with periph-
complete obstruction of the distal branches (arrowheads).  eral thrombus (arrowhead) parallel to the lumen
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Fig. 1.9 Chronic PE with collateral circulation: (a—e)
Coronal reformatted and axial images show dilated and
tortuous bronchial arteries (arrows). Partial recanalization
of the right lower lobe pulmonary artery thrombus with

contrast flowing through the center of the thick artery
(arrowhead). (f, g) Axial and coronal reformatted CT
shows dilated intercostal arteries (arrows). (h) Dilated
inferior phrenic arteries (arrows)
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Fig. 1.9 (continued)
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Fig. 1.10 Chronic PE with atherosclerotic calcification
of pulmonary artery and calcification of thrombus. (a)
Non-contrast axial CT shows calcification in the wall of
the right main pulmonary artery (white arrow), bifurca-
tion of the main pulmonary artery (black arrow) and prox-
imal left main pulmonary artery (arrowhead). (b, ¢) Axial
non-contrast and post-contrast axial CT shows high-den-

sity wall thickening of the left PA (arrow) due to calcifica-
tion of chronic thrombus. (d) Post-contrast axial CT
shows atherosclerotic calcification of the right main pul-
monary artery wall (arrows). Calcification of left pulmo-
nary artery wall is seen surrounding the chronic thrombus
(arrowhead)
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A

Fig. 1.11 Chronic PE with band. Same patient as in  (black arrow).(c—e) Axial, oblique coronal MIP, and
Fig. 1.9. (a, b) Coronal and sagittal reformatted images coronal reformatted images show band in the left lower
show linear band in the right main pulmonary artery  lobe pulmonary artery (arrow)
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Fig. 1.12 Chronic PE with pulmonary artery stenosis,
poststenotic dilatation, mosaic perfusion, and bronchiec-
tasis. (a) Axial CT shows stenosis origin of the left main
pulmonary artery (arrowhead) by chronic thrombus with
calcification (black arrow) and with poststenotic dilatation
(white arrow). (b) Sagittal reformatted image shows ste-
nosis of the left lower lobe pulmonary artery (arrowhead)

Au

and poststenotic dilatation (arrow). (c) Axial CT lower
thorax shows small pericardial effusion (arrows). (d)
Axial CT with lung windowing shows mosaic perfusion.
Vessels within the ground glass densities are larger in size
(black arrow) than in the areas of decreased attenuation
(white arrows). (e) Axial CT shows fibrotic changes with
bronchiectasis in the right lower lobe (arrow)

]

Fig. 1.13 Chronic PE with pulmonary scar of patient in Fig. 1.7. Axial CT (a) show chronic infarctions with subpleural
wedge-shaped scar bands (white arrows). (b) Irregular peripheral linear fibrosis (arrows)
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1 Pulmonary Artery Embolism

Diagnosis
Pulmonary Hypertension

Imaging Features

Chest radiography

1. Prominent main pulmonary artery in frontal
chest radiograph

2. Reduced retrosternal air space in lateral chest
radiograph from right ventricular dilatation

CT pulmonary angiogram

1. Dilated main pulmonary artery at bifurcation
29 mm or more

2. Main pulmonary artery diameter more than the
ascending aorta in patients younger than 50 years

3. Dilated segmental pulmonary arteries with
artery-to-bronchus ratio of 1:1 or more in
three to four lobes

4. Straightening or leftward bowing of the inter-

ventricular septum

5. Rightventricular dilatation with right ventricle-
to-left ventricle diameter ratio more than 1:1 at
mid-ventricular level on axial images

6. Dilatation of IVC and hepatic veins

7. Pericardial effusion

Fig. 1.14 Radiographic and CT findings of pulmonary
hypertension. (a) Frontal chest radiograph shows promi-
nent main pulmonary artery (arrow). (b) Lateral chest
radiograph shows filling of retrosternal space (white
arrow) by the dilated right ventricle which is in contact
with more than one third of the distance from the sterno-
diaphragmatic angle (between black arrow and white
arrowhead) to the junction of trachea and sternum (black

arrowhead). Axial CT (c) shows dilated main pulmonary
artery, and the pulmonary artery-to-aorta ratio is more
than 1. (d) Mild leftward bowing of the interventricular
septum (arrow). The right ventricular lumen diameter is
larger than that of the left ventricle. (e) Reflux of contrast
into I\VVC and intrahepatic veins (arrows). (f) The ratio of
segmental bronchus to adjacent pulmonary artery is
greater than one (arrow)
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Fig.1.14 (continued)
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1 Pulmonary Artery Embolism

Septic Embolism

Diagnosis
Septic Embolism

Imaging Findings

1. Multiple lung nodules, poorly marginated,
usually bilateral, peripheral, and subpleural
location.

2. Vary in size indicating repeated episodes of
embolic showers.

3. Varying degrees of cavitation and can have air
fluid levels.

4. Multiple wedge-shaped peripheral areas of
increased attenuation.

5. In most cases, feeding vessel can be seen.

Fig. 1.15 Septic emboli. (a, b) Axial CECT of the chest
in a patient with bacterial endocarditis shows multiple
peripheral cavitating nodules of varying size (white
arrow), air/fluid level in one nodule (black arrow). (c, d)
Axial CECT in a patient with history of 1V drug abuse
shows bilateral peripheral ill-marginated necrotic nodules
(thick white arrows) with abscess formation (arrowhead
in ¢). (e) Frontal chest radiograph of the same patient
shows multiple peripheral nodules indicating vascular

dissemination (arrows). (f) Non-enhanced axial CT in a
patient with gunshot injury shows bilateral septic emboli
(black arrowheads) with small cavitation, focal consoli-
dation around some cavitating nodules (thick white
arrow), left pneumothorax (white arrowhead), and small
right empyema (thin black arrow). Pleura fluid and blood
cultures showed MRSA infection. Feeding vessels are
seen in multiple nodules (thin white arrows in c, d, f)



Septic Embolism

21

Fig.1.15 (continued)
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Tumor Embolism

Diagnosis
Tumor Embolus

1 Pulmonary Artery Embolism

Imaging Findings

1. Lobulated heterogeneous filling defect in
enhanced pulmonary artery

2. Tree-in-bud appearance from either tumor
embolus in centrilobular pulmonary arteries
or tumor thrombotic microangiopathy

Fig. 1.16 Tumor embolus. Patient 1: with lung cancer.
(a, b) Axial CT chest shows the tumor embolus in the left
main pulmonary artery to have soft tissue attenuation
(black arrowhead in b) similar to the mediastinal lymph
nodes. Central vessel is seen (arrow in a) within the
embolus. Metastasis is seen to pericardium, hilar, and
mediastinal lymph nodes (white arrowheads). Patient 2:

with RCC. (c, d) Axial CT chest shows tumor embolus in
bilateral main and right lower lobe pulmonary arteries
(arrows) with multiple faint linear densities within the
emboli. (e, f) Axial and coronal reformatted CT of the
upper abdomen show large necrotic left renal mass (white
arrow) with tumor extending through the renal vein
(arrowhead) into the IVC (black arrow)
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Fig. 1.16 (continued)

Fig. 1.17 Tumor embolus with tree-in-bud appearance
from HCC. Axial CT (a, b) shows diffuse pulmonary
centrilobular nodules (thin white arrows) some in
diffuse tree-in-bud distribution (arrowhead) due to

emboli to centrilobular arteries. (b) Beaded appearance
of pulmonary artery (thick white arrow) can be from
microangiopathy. (c) HCC invading IVC (black arrows)
with soft tissue density distending IVC
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26 2 Non-pulmonary Artery Thrombus

Venous Thrombosis

Diagnosis Imaging Findings
Acute Deep Vein Thrombosis Ultrasound:

1. Acute DVT can be sonolucent, spongy,
loosely attached to the vessel wall, have an
expanded wvessel lumen and with no
collaterals.

2. Chronic DVT is more echogenic, attached to
a vein wall; veins are irregular and smaller,
and with collaterals.

3. No color flow in complete occlusion and
minimal peripheral flow around thrombus in
incomplete occlusion.

4. Spectral Doppler ultrasound shows absence of
flow in complete occlusion and spontaneous
and continuous flow with absent or dampened
respiratory phasicity in incomplete occlusion.

CT:

Filling defect in the vein in CETC

“RIGHT POPLITEAL V

Fig. 2.1 Ultrasound of thrombus in the popliteal vein.  shows echogenic thrombus distending the vein with no
Ultrasound of (a) the mid-superficial vein shows color  color flow (arrows). Flow is seen in the popliteal artery.
flow and spontaneous phasic flow. (b) The popliteal vein  (c) Absence of spectral flow in the popliteal vein
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Fig. 2.2 Acute thrombus in the popliteal vein. Axial CECT (a, b) shows thrombus completely filling and distending
the popliteal vein and its bifurcation (arrows) with edema in surrounding adipose tissue in the popliteal fossa
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Fig. 2.3 Ultrasound of a nonocclusive central thrombus.  antegrade flow around the thrombus. (c) Spectral study
(a) Transverse grayscale US shows echogenic central — shows continuous flow with no respiratory phasicity. (d)
thrombus in the popliteal vein. (b) Longitudinal color Normal antegrade flow in the superficial vein with spec-
Doppler sonogram of the popliteal vein shows reduced  tral waves showing normal respiratory phasicity
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Diagnosis
Thrombus in the Inferior Vena Cava

Fig. 2.4 Thrombus IVC with pancreatic carcinoma.
CECT (a) coronal reformatted image shows thrombus in
the IVC (thin white arrow) extending to the left common
iliac vein (arrowhead). (b) Sagittal reformatted image
shows thrombus contrast level with thrombus floating
above the contrast. (c, d) Coronal and axial CT of the pel-
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vis shows thrombus completely distending the left femo-
ral vein (arrow) and partially filling the right femoral vein
(arrowhead). (e) Axial CT shows low-density mass at
head of the pancreas (white arrows) obstructing the pan-
creatic duct and diffuse nodular liver metastasis (black
arrows also in a)
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Diagnosis
Thrombus in the Superior Mesenteric Vein

Fig. 2.5 Thrombus in the superior mesenteric vein—  surgery. The vein is distended by the thrombus with
acute. (a, b) Axial and coronal reformatted CECT shows  peripheral rim of contrast flow (arrows) proximally. The
acute thrombus in SMV in a patient with recent bowel distal vein is completely thrombosed

Fig.2.6 Thrombus in the SMV—chronic. History of cir-  thrombus in distal SMV (thin arrow). High-density hem-
rhosis and hemoperitoneum. (a—c) CECT axial, coronal,  orrhagic ascites is distending the abdomen (thick arrow)
and sagittal reformatted images show eccentric chronic
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Diagnosis Imaging Findings
Bilateral Gonadal Vein Thrombus 1. Dilated gonadal veins bilaterally distended
with thrombus.
2. Thin rim of contrast flow at the periphery.
3. Veins are at the anterior and medial aspect of
the psoas muscles.

Fig.2.7 Thrombus in gonadal veins. Patient 1: CECT (a)  right ovarian vein (arrows) extending from the ovary
axial image shows bilateral gonadal vein thrombus (arrowhead). (c, d) Coronal and axial CT shows thrombus
(arrows) with rim of contrast around the thrombus. Patient  in multiple ovarian venous plexus (black arrows) which
2: (b) Sagittal reformatted image shows thrombus in the  unite higher with the main ovarian vein (white arrow)
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Diagnosis
Renal Vein Thrombus

Fig. 2.8 Renal vein thrombus. Patient 1: HIV positive  coronal reformatted CT shows thrombus in the right renal
with parvovirus infection, severe anemia, and left flank  vein and its branches (arrows) extending to the 1VC
pain. (a) Axial CT shows thrombus in distal left renal vein  (arrowhead). Ureteral and bladder washes were negative
(arrow). Patient 2: right flank pain. (b, c¢) Axial and for cancer
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Diagnosis
Chronic DVT

Fig. 2.9 Chronic DVT. (a, b) Transverse and longitudi-
nal views of grayscale ultrasound of the CFV shows echo-
genic thrombus adherent to the inferior wall of the CFV
(arrow in a, caliper in b). (c) Color Doppler shows no
central filling defect of the vein. Irregular wall thickening
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Imaging Findings

1. Grayscale ultrasound shows echogenic throm-
bus adherent to the wall of the vein.

2. Color Doppler shows irregular thickening and
filling defect of the wall with no luminal fill-
ing defect.

of the inferior wall of the CFV is again seen (arrow). (d)
The spectral wave shows arterial pulsation from tricuspid
regurgitation. (e) Axial CT shows dilated I\VC (arrow). (f)
Axial CT shows reflux of contrast into the hepatic veins
(arrow)
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Fig. 2.9 (continued)
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Diagnosis
Acute Thrombus in the Internal Jugular Vein

Fig. 2.10 Acute thrombus in the right internal jugular

vein—sonolucent and echogenic thrombus. (a—c)
Noncontrast axial, coronal, and sagittal reformatted CT
shows the right IJ to be distended with acute high-density
thrombus (arrow). (d) Longitudinal grayscale ultrasound

shows echogenic thrombus at the periphery (arrow also in
e) and sonolucent thrombus at the center distending the
internal jugular vein. (e) No color flow in transverse color
Doppler study. (f) Spectral study shows absent spectral
waves
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Fig. 2.11 Thrombus brachiocephalic veins. Patient with
small-cell lung cancer. CECT (a) coronal reformatted
image shows thrombus in the right (short arrow) and left
(long arrow) subclavian veins and in the right innominate
vein (arrowhead). (b) Coronal reformatted image shows
lobulated low-density tumor (arrowheads) invading the
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SVC causing filling defect of the contrast-filled lumen.
Bland thrombus is seen in the right (short arrow) and left
(long arrow) innominate veins having lower density than
tumor thrombus. (c) Axial CT shows the left innominate
vein obstructed by the mediastinal mass and distended by
low-density bland thrombus (arrow)
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Diagnosis Imaging Features
Thrombus in the Right Pulmonary Vein 1. Elongated filling defect in the right pulmonary
vein

2. Infarctions in the spleen and both kidneys

Fig. 2.12 Thrombus in the right pulmonary vein. A nary vein (arrows), (b) splenic infarctions (arrows), and
patient being treated for severe iron deficiency anemia.  (c) multiple infarctions in both kidneys (arrows)
Axial CT (a) shows thrombus in the inferior right pulmo-
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Acute Cardiac Thrombus

Fig.2.13 Thrombus in the left atrium. CECT (a, b) axial ~ branches (black arrows). (c) Coronal reformatted image
images show thrombus in the left atrium (white arrow)  shows partial infarction of the left kidney (arrow)
and pulmonary emboli in the right main and its segmental

Fig. 2.14 Thrombus in the left atrium with cerebral  CT of the head shows faint low-density acute infarction of
infarction. (a) CECT axial image of the chest shows large  frontal lobes (arrows) larger on the right side
thrombus in the left atrial appendage (arrow). (b) Axial
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Fig.2.15 Thrombus in left ventricular aneurysm. CECT the left ventricle with a widemouthed connection with the
(a) axial and (b) sagittal reformatted images show large  ventricular lumen
thrombus (arrow) as filling defect in the true aneurysm of

Fig. 2.16 Thrombus in the right atrium. History of ischemic cardiomyopathy and low ejection fraction. CECT (a)
axial, (b) sagittal, and (c) coronal reformatted images show large lobulated thrombus in the right atrium (arrow)
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Fig. 2.17 Thrombus in the right ventricle. Patient with
history of IVDA, fungal endocarditis with tricuspid valve
replacement, and mitral valve vegetation. CECT (a) axial,
(b) sagittal, and (c) coronal reformatted images show
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large thrombus (arrow) as filling defect in the right ven-
tricle. Beam-hardening artifacts are seen from the tricus-
pid valve replacement
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Chronic Venous Thrombus

Diagnosis
Chronic IVC Thrombus

Fig. 2.18 Chronic thrombus in intrahepatic IVC in a
patient with unresectable anaplastic astrocytoma. (a, b)
Axial and coronal reformatted views in delayed venous
phase show high-density chronic thrombus (arrow) with
calcification surrounded by low-density thrombus adher-
ent to the IVC wall. (c—e) Axial, coronal, and sagittal
reformatted images in venous phase done 2 years later

41

Imaging Findings
1. Eccentric high density with a speck of calcifi-
cation in focal chronic IVC thrombus

show the calcification has increased in size (black arrow).
Low-density eccentric chronic thrombus has also
increased in size with a second new acute 1VC thrombus
(white arrow). (f) Axial CT of the lower chest shows
thrombus in the right atrium (black arrow) and in some
pulmonary arteries (white arrows)
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Diagnosis
Diffuse IVC Calcification

Fig. 2.19 Diffuse IVC calcification from unknown
cause. (a, b) Noncontrast axial CT shows large IVC calci-
fication (black arrow). The calcification involves the right
(thin white arrow) and left renal veins (arrowheads) and
bilateral common iliac veins (thick white arrow).
Atherosclerotic calcification is also seen in the aorta and
iliac arteries. (c—f) Postcontrast axial, coronal reformat-
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ted, and axial images show contrast filling the aorta and
iliac arteries (white arrows) with negligible contrast in the
IVC (black arrows). The left kidney shows good enhance-
ment with poor enhancement of the right kidney. The
intrahepatic 1VC shows slit-like narrowing (arrow in d)
with no calcification

Fig.2.20 Chronic thrombus in the SVC due to mediasti-
nal mass. (a) Chronic thrombus in the SVC (long arrow)
due to compression by mediastinal mass (ellipse). Dilated
vasa vasorum (short arrows) around the thrombosed SVC
are draining into the azygos vein. Esophageal veins (black
arrow) are also dilated. (b) Coronal reformatted view
shows collateral flow through dilated pericardiophrenic
vein (long white arrow), dilated SVC vasa vasorum (short

»
'

white arrows) around SVVC thrombus (thick arrow), and
dilated intercostal veins (arrowhead) and tracheal veins
(black arrow). (c) Sagittal reformatted view shows esoph-
ageal varices (black arrow), dilated collateral veins
between the posterior wall of the thrombosed SVC
(arrowhead) and trachea (white arrow), and dilated supe-
rior epigastric vein (thin white arrow) and azygos vein
(thin black arrow)
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Diagnosis Imaging Findings
Chronic Thrombus in SVC Causing Right-to- 1. Absent contrast in lumen of SVC
Left Shunt 2. Collateral connection between the innominate

veins and superior pulmonary veins via the
bronchial venous plexus around the airways,
hilar vessels, and pleura
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Fig. 2.21 Chronic thrombus in the SVC around a perma
catheter. (a) Axial CT shows irregular filling defect in the
SVC caused by perma catheter coated with thrombus
(thick white arrow) within contrast-filled SVC. Dilated
bronchial veins (short thin white arrow) connecting to the
azygos vein (long thin white arrow). (b) Sagittal reformat-
ted image shows perma catheter with thrombus causing
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irregular filling defect in the SVC (short arrow). Dilated
azygos vein with arch (white arrows) and dilated posterior
intercostal veins (arrowheads). (c) Dilated right internal
thoracic vein (black arrow), anterior intercostals veins
(arrowheads), and bilateral musculophrenic veins (thick
white arrows). The left internal thoracic vein is not dilated
(thin white arrow)
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Diagnosis
Cavernous Transformation of the Portal Vein

Fig. 2.22 Cavernous transformation of the portal vein
and superior mesenteric vein. A patient with chronic pan-
creatitis and portal vein thrombosis. (a) Axial CT shows
thrombus in the main portal vein (white arrow) with
dilated vasa vasorum enhancing the thick wall of the por-
tal vein (thin black arrow). Calcification in the pancreas
from chronic pancreatitis (black arrowhead). (b) Axial
CT shows thrombus in intrahepatic portal veins (white
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Imaging Features

1. Dilated vasa vasorum enhancing the wall of
the portal vein with thrombus in the lumen

2. Dilated paracholedochal veins around the
thrombosed portal vein

3. Portosystemic collateral varices

arrows) with dilated paracholedochal veins (black arrows)
around the portal vein and varicose veins in the stomach
(arrowheads). (c—e) Coronal, sagittal reformatted images
and axial CT show vasa vasorum in the wall of the throm-
bosed SMV (thick white arrow) and in the wall of the
thrombosed portal vein (thin white arrow). Gastric varices
(arrowhead) and varicose vein in ligamentum venosum
draining into the left gastric vein (thin black arrow)
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Diagnosis
Obliterative Portal Venopathy (Idiopathic Portal
Hypertension)

Fig. 2.23 Obliterative portal venopathy in a 34-year-old
male patient with chronic pancreatitis and coagulopathy.
(a, b) Axial CT shows cavernous transformation of the
portal vein with dilated paracholedochal veins (thin black
arrows) around chronic portal thrombus (white arrow),
diffuse ischemia of the liver showing poor enhancement,
diffuse infarction of both kidneys (black arrowheads) and
the spleen (white arrowhead), and with high-density hem-
orrhage in a pseudocyst (thick black arrow). (c) Color
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Imaging Features

1. Noncirrhotic portal hypertension

2. Nodular regenerative hyperplasia

3. Varying degree of thrombosis, fibrosis, and
sclerosis of portal vein branches

Doppler ultrasound shows color flow in the dilated para-
choledochal veins around the thrombus of the portal vein
(white arrow). Echogenic hemorrhage is seen in the pseu-
docyst (arrowhead). (d) Axial CT shows hemorrhage in
the gall bladder (arrow). (e) Ultrasound done a few weeks
later shows gangrenous cholecystitis with sloughing of
the mucosa (arrows). (f) Ultrasound of the infarcted
spleen shows coarse echogenicity (arrows) of the splenic
parenchyma
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Fig. 2.23 (continued)
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Tumor Thrombus

Diagnosis
Tumor Thrombus in the IVC

Fig. 2.24 Inferior vena cava tumor thrombus. Patient
with RCC. (a) Axial CT shows RCC of the right kidney
(black arrows) invading into the IVC. The IVC is dis-
tended with tumor thrombus showing dilated vessels
within the tumor extension (white arrow). (b—d) Coronal,
sagittal reformatted CT and coronal post-gad MRI show
linear vascularity within the tumor within the 1VC and
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Imaging Findings

1. Density of tumor thrombus higher than throm-
botic thrombus

2. Neovascularity within the thrombus

extending into the right atrium (white arrows) with neo-
vascularity extending from necrotic RCC (black arrow in
c). (e) Axial CT shows tumor thrombus with central neo-
vascularity extending through the right atrium (black
arrows) into the right ventricle (arrowhead). A tumor
embolus is seen at the lower lobe pulmonary artery (white
arrow)
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Fig. 2.25 Tumor thrombus in the IVC from sarcoma of
the right gluteal muscle extending through the gluteal
veins. (a) Axial CT shows tumor thrombus in the 1VC
showing heterogeneous density with tumor neovascular-
ity (arrow). (b) Tumor extending via the gluteal veins
through the sciatic foramen (black arrows) involving the
piriformis muscle. Internal iliac artery (arrowhead)

49

medial to the tumor-invaded veins (thick white arrows).
(c) Coronal reformatted CT shows the 1\VC distended with
tumor thrombus having neovascularity. (d) Sagittal refor-
matted images show the internal iliac vein distended with
irregular soft tissues from tumor invasion (arrows). (e)
Sagittal reformatted image shows superior and inferior
gluteal veins with irregular tumor thrombus (arrows)



50

Diagnosis
Tumor Thrombus Portal Vein

Fig. 2.26 Tumor thrombus of the portal vein with cav-
ernous transformation. Hepatocellular carcinoma invad-
ing the portal vein with chronic thrombus in portal
branches in the right lobe of the liver resulting in cavern-
ous transformation. The dilated paracholedochal veins
around the thrombosed right main portal vein and its
branches drain into the main portal vein. (a) Axial CT
shows HCC (thick black arrow) in the right lobe of the
liver invading into the portal vein with destruction of por-
tal wall (thin black arrow). (b) Axial CT at lower plane
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than (a) shows tumor thrombus in the portal vein with
small vessels within the thrombus (black arrow). (c)
Cavernous transformation of a right lobe portal vein with
dilated paracholedochal veins (thick black arrows) in the
anterior wall of the portal vein which contains central-
enhancing tumor thrombus (white arrow) surrounded by
low-density bland thrombus (thin black arrow). (d, e)
Axial CT and (f) coronal reformatted image show para-
choledochal veins (white arrows) draining into the portal
vein (black arrow)
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Fig.2.26 (continued)
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Gas Embolism

Fig. 2.27 Gas embolus in portal veins. History of inges-
tion of hydrogen peroxide and abdominal pain. (a)
Coronal reformatted CT, (b) axial, and (c) coronal refor-
matted CTs show thick edematous gastric wall, undulat-
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ing gastric mucosa with gas entrapped between the gastric
folds (arrows). Diffuse portal venous gas is seen more in
the left liver lobe



Aortic Thrombus

Aortic Thrombus

Diagnosis
Thrombus Lumen of the Aorta Without Significant
Atherosclerosis

Fig. 2.28 Thrombus in the aorta with complete occlu-
sion. Female patient with lung adenocarcinoma on
chemo- and radiation therapy and low hemoglobin. No
thrombus was seen in 2 months prior to CT study. (a)
Noncontrast axial CT shows acute high-density thrombus
(arrow) at the right side of the aorta, partially occluding
the lumen. The density of thrombus is the same as the soft
tissues due to anemic state. (b) Axial CECT shows filling
defect in the aortic lumen (arrow) corresponding to the
precontrast study. (c—e) Axial CT below level in (a) shows
complete occlusion of the aorta and common iliac arteries
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Imaging Features

1. Thrombus occluding the aorta below the origin
of the SMA with partial obstruction of renal
arteries and extending to common iliac
arteries

2. Collateral flow through dilated celiac artery,
SMA, and IMA

3. Patchy areas of infarction of the right kidney
and poor enhancement of the left kidney

by a thrombus (thin black arrows). Patchy areas of infarc-
tion in the right kidney (thick black arrows) and poor
enhancement of the left kidney. Dilated SMA (arrow) and
SMV (arrowhead) branches in mesentery providing col-
lateral circulation. () Axial CT shows atherosclerotic
aortic calcification (thick black arrows) of the distal aorta
extending to the iliac arteries filled with thrombus (thin
arrows). (f) Coronal reformatted image shows dilated
SMA (white arrow), SMV (black arrow), and thrombosed
aorta (arrowhead)
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Fig. 2.28 (continued)
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Fig.2.29 Aortic thrombus partially occluding the lumen
in a hyperthyroid female patient with minimal atheroscle-
rotic calcification. Thrombus occluding the SMA, sparing
the left renal artery, partially occluding the right renal
artery, completely occluding the aorta distal to the IMA,
and occluding bilateral iliac arteries. (a) Axial CECT
shows central thrombus in the SMA (black arrow), eccen-
tric thrombus in the aorta deforming contrast-filled aortic
lumen (white arrow). (b) Axial CT at the level of the IMA
shows contrast filling the IMA (black arrowhead) and
aortic lumen (black arrow) narrowed by thrombus (white
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arrow). The aortic lumen distal to this is completely
occluded. Atherosclerotic calcification of the anterior aor-
tic wall (white arrowhead). (c) Sagittal reformatted image
shows thrombus in proximal SMA (arrows). (d) Coronal
reformatted CT shows thrombus compressing the aortic
lumen (thin white arrow) up to the origin of the IMA
(black arrowhead). Below this, the aorta is completely
occluded by thrombus (black arrow). (e) Angiogram
shows complete occlusion of the aorta below the IMA and
poor enhancement of the right renal artery (arrows)
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Diagnosis
Atherosclerotic Aortoiliac Occlusive Disease

2 Non-pulmonary Artery Thrombus

Imaging Features

1. Atherosclerotic calcification of the abdominal
aorta and iliac arteries

2. Thrombus occluding the aorta extending to
the common iliac arteries with collateral blood
flow
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Fig. 2.30 (continued)
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Fig. 2.30 Leriche’s syndrome. (a, b) MIP images show
extensive atherosclerotic calcification of the aorta which
is occluded by thrombus from distal to origin of IMA and
involving the bilateral common iliac arteries with exten-
sive collateral circulation with dilated inferior epigastric
arteries (white arrows), superior epigastric/internal tho-
racic arteries (thin black arrows), bilaterally, and dilated
hemorrhoidal arteries (thick black arrow). (c, d) Sagittal
reformatted images show thrombus (black arrow) occlud-

ing the aorta from distal to origin of IMA (white arrow)
which is dilated and patent. (e) Axial CT shows small
contrast (black arrow) in the aortic lumen adjacent to the
origin of the dilated IMA (white arrow). (f) Axial CT
shows thrombosed atherosclerotic bilateral common iliac
arteries. (g) Angiogram of the abdominal aorta on differ-
ent patients shows complete occlusion of the infrarenal
aorta and prominent collateral vessels
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Pulmonary Artery Dissection

Diagnosis Imaging Features

Dissection of the Pulmonary Artery 1. Linear dissectiona traversing the main
pulmonary artery and extending to the right
pulmonary artery

Fig. 3.1 Pulmonary artery dissectiora)(Axial FIESTA cardiac MRI andb) axial CT show dissection of the main
pulmonary arterygrrows). History of hypertension and COPD



Acute Aortic Syndrome 61

Acute Aortic Syndrome

Aortic dissection, intramural hematoma, pendmaging Features

trating atherosclerotic ulcer, and aortic aneurysth Intimal Rp separating true and false lumen

rupture 2. Increased attenuation of acute thrombus in
false lumen or intramural hematoma in pre-
contrast study

Aortic Dissection 3. False lumen almost always larger than true
lumen
Diagnosis 4. Internal displacement of intimal calc#tion

)]

Acute Aortic Dissection . Mediastinal, pleural, and pericardial hematoma
6. Impaired perfusion of end organ either by
static obstruction with intimal flap entering
origin of the feeding artery or by dynamic
obstruction with dissection flap prolapsing

and covering the branch vessel ostium

Fig. 3.2 Stanford type A dissection with aneurysmalarger false lumen. In the ascending aorta the false lumen
dilatation of ascending aorta false lumen. Large intramshows aneurysmal dilatation. The descending aorta has
ral thrombus in false lumen in the descending acatd)( thrombus White arrow) at the periphery of contrastiéd

Axial CT shows type A dissection with intimahf ¢thin false lumen. True lumen smallehick black arrovy

black arrow) separating the smaller true lumen from the
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Fig. 3.3 Aortic dissection involving branch vessela) ( artery extending to the right common carotid arteho(t
Axial CT of Stanford type A dissection involving left sub-arrow) and right subclavian arterylofg arrow). (c)
clavian @rrow), left common carotidwhite arrowheady Coronal reformatted image of another patient shows dis-
and brachiocephalic arterieBldck arrowheads Three- section fap in the right innominate arteryhin white
channel dissection in the brachiocephalic artery witlrrow) and left carotid arterytt{ick white arrow. (d)
Mercedes-Benz signb) Coronal MIP image of different Axial CT shows dissectiondp extending into the celiac
patients. Dissectiondp @rrowhead in brachiocephalic trunk @rrow)
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Fig. 3.4 Cobweb and beak sign of false lume) Axial, the media. Surrounding mediastinal hematoma is seen
(b) sagittal, andd) coronal reformatted CTs in this type B(white arrow). (d) Coronal reformatted image shows beak
dissection show thin linear strands of low attenuation sign of false lumenafrowhead$, collagenous medial
false lumenf§lack arrowg due to incomplete shearing ofremnants, and the cobweltdack arrow)
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Fig. 3.5 Stanford type A dissection with aneurysm aorticeformatted CTs show complex linear low-density inti-
root. History of hypertension and cocaine abuse. At sunal tear at root of the aorta from around the annulus. The
gery a cyanotic aneurysm was seen of the aortic root withue lumen is very compressed in the descending aorta
blood in the adventitia and hematoma in the right atriugarrow). Aneurysm of the aortic root is best seen at sagit-
extending to the right ventriclea,(b) Axial and coronal tal view
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Fig. 3.6 Dissection with static obstruction of the left renadlissection. g, d) Axial CT and coronal reformatted images
artery. @, b) Axial CT and coronal reformatted imagesshow early branching with good contrastwin both
show intimal &p entering the left renal artegriow) with  branches and no dissection of accessory renal asteoyt (
infarction of the upper pole left kidnelafge arrowhead.  arrow), being connected to the true lumen, supplying the
The accessory renal artersnfall arrowheadl shows no well-perfused lower renal poléo(g arrow)
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Fig. 3.7 Dynamic obstruction of major branch vessels dflit-like true lumen{hite arrow) with the origin of these
the abdominal aorta with ischemia of the liver, bowel, angessels being covered by the dissectiap Bausing pres-
left renal infarction in Stanford type A dissectiom) ( sure dekit in the true lumen resulting in ischemia of the
Axial CT shows type A dissection involving root of thdiver, bowel loops, and frank infarction of the left kidney.
aorta. Dissection & @rrow) in the ascending and (f) Sagittal reformatted image shows wide false lumen
descending aorta. Beak sign of false lunm@mhead$. with cobwebs lflack arrowheadgwith the celiac trunk
(bBe) Axial CT images show the celiac trunk, SMA, left(white arrowheadi SMA (short arrow), and IMA (ong
renal artery, and IMA grrowhead$ originate from the arrow) arising from narrow true lumen
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Fig. 3.8 Stanford type B dissection with contrast anthoracic aorta spiraling around the true lumerhile
thrombus in false lumen. CEC®&)(axial and If) sagittal arrow). (c, d) Sagittal and coronal reformatted images at
reformatted images show contrast in false lum#ack different plane show false lumen with central contrast
arrow) with surrounding thrombus in the descendingpblack arrow) parallel to the true lumemvhite arrow)
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Fig. 3.9 Complete thrombosis of false lumen. Samebliteration of false lumenatrow) by thrombus, giving
patient as in Fig3.8, CT done 3 years latem)(Coronal the appearance of large intramural hematoma
and p, c) sagittal reformatted images show complete
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Fig. 3.10 Acute Stanford type B dissectioa) Precontrast with central small true lumen surrounded by larger false
axial CT shows increased attenuation of dissectal Rlumen. €, d) Axial and coronal reformatted CTs show site
(white arrows. (b) Postcontrast axial CT shows intimalof tear @rrows) with smaller true lumen with higher-den-
Bap @rrows) with similar appearance to precontrast studsity contrast
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3 Vascular Dissection
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Fig. 3.12 Dissection of the aortic root with hemopericar{black arrow) separating high-density smaller true lumen
dium. @) Axial precontrast CT shows acute dissectiofrom false lumen. Compressed true lumen is seen in the
with high attenuation of intimal & fplack arrow) and descending aorta with contrastriowhead and also the
high-density hemorrhagicutd in the pericardiumwhite hemopericardiumvghite arrow)

arrow). (b) Postcontrast axial study shows the intimab 3

Fig. 3.11 Dissection of the aortic root with displacedaxial study at higher level tham)(shows high-density
intimal calcifFeation. Surgically proven focal Stanfordhemomediastinum surrounding the aorta and pulmonary
type A dissection of the greater curvature of the ascendiagery due to rupture of dissection posteriorly close to the
aorta near the pulmonary artery with tear into the pericgrulmonary artery drrows). (€) Postcontrast axial CT at
dium. @) Axial precontrast CT shows faint caleitp same level shows the hematonaargw) which is better
plaque in the internally displace@f plack arrow) and seen in precontrast CT) (Precontrast study shows thin
faint high attenuation in the aortic rirwifite arrow). (b) layer of high-density hemorrhagicui®l (@rrows) in the
Intimal Rap better seen in postcontrast study, but the calericardium posterior to the low density pericardiaid3
cibcation is obscured by the contraamtréw). (c) Coronal At surgery blood was present at the posterior layers of the
reformatted image shows the focal dissection which waericardium, but the pericardiall®l was serous

about 1.5 cm long at surgergrfows). (d) Precontrast
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Fig. 3.13 Hemopericardium from metastatic NSCLCnodule hite arrow) in the left lung apex with mediastinal
History of hypertension and right upper quadrant pain in &ymphadenopathyb{ack arrows and bilateral small pleural
80-year-old personaf Noncontrast axial CT showed high-effusion. ) Post-pericardiocentesis axial CT shows resid-
density hemopericardiumaifows). Pericardiocentesis of ual pericardial Bid (arrows) with no pericardial enhance-
more than a liter of hemorrhagizi@ showed adenocarci- ment or nodularity and increase in bilateral small effusion

noma. b, ¢) Contrast-enhanced axial CT shows NSCLC asith adjacent atelectasis
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Acute Aortic Syndrome

Fig. 3.14 Hemomediastinum from type A dissectioncurvature of the aortic arch and high attenuating stranding
Acute hematoma in the periaortic mediastinum and wall of mediastinal fatwhite arrows. (b) Postcontrast axial CT
aorta. Type A dissectiordp was seen 1 cm above the righthows hematoma in the outer wall of arbla¢k arrowg
coronary artery at surgeng)(Noncontrast axial CT shows and hemorrhage in the mediastinumhite arrow3 as

high attenuating hemorrhage in the wall of the greateregular stranding
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Fig. 3.16 Stanford type A dissection with intimointimal (arrows). (b) Axial CT shows portion of prolapsinga
intussusception. At surgery there was complete circumféarrows). (C) Prolapse of the & @rrows) through the
ential tear of the intima just above the left coronary artegortic annulus grrowhead$. Preoperative echocardio-
and below the sinotubular junction toward the noncorgram showed the back and forth prolapse of the 3
nary sinus side.aj Axial CT shows the dissectiora through the aortic valve

<
<

Fig. 3.15 Stanford type A dissection from the aortic roosecting mp extending inferiorly to the annulublgck
with aneurysm of the sinus of Valsalva and large hemasrow). (d) Axial CT of the mid-ascending aorta shows
pericardium. &) Postcontrast axial CT shows focal-dilategdaccular aneurysnwhite arrow) and the dissectingap
aortic root and saccular aneurysms at the sinus of Valsa(tséack arrow). (€) Coronal reformatted image shows sac-
(black arrowheadl dissection Bp at aortic roothlack cular aneurysm at the sinus of Valsalbta¢k arrow) and
arrow) and large hemopericardiumvifite arrowhea)l ascending aortanhite arrow). At surgery the dissection
(2,000 cc of clotted blood was removed from pericardiumvas seen to involve the root of the aorta extending below
at surgery.) The descending aorta shows partial thromtibe coronary arteries to the annulus with thrombus

in false lumenwhite arrow). (b, c) Axial CT shows dis-
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Intramural Hematoma 5. Type A IMH involves the ascending aorta, and
early surgical repair considered.
Imaging Findings 6. Type B IMH, not complicated, treated with
Acute IMH medical therapy.

1. Crescentic, eccentric, hyperattenuating regi@hronic IMH
of thickening of the aortic wall in unenhanced.. Can have peripheral calcétion which has a
images. circular or semilunar corguration.
2. No communication with true lumen. 2. Hematoma may decrease in thickness or com-
3. In enhanced CT the intramural hematoma is pletely resolve.
nonenhancing and smooth, and crescent& Intimal tear may occur presenting as ulcer-like
wall thickening of the aorta extends partially projection and can cause aortic dissection.
or entirely around the opaat lumen with no 4. Saccular or fusiform aneurysm can form at
spiraling of intimal &p. site of hematoma and can lead to aortic rup-
4. Pericardial effusion and mediastinal hema- ture and pseudoaneurysm formation.
toma may be present.
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Fig. 3.18 Acute intramural hematoma in the ascendintihickening of the aortac) Axial CECT shows ulcer-like
aorta. &) Precontrast axial view shows high-density cregrojection arrow) at the proximal descending aorta with
centic wall thickening of the ascending and descendisgrrounding IMH

aorta @arrow). (b) Axial postcontrast study shows wall

Fig. 3.19 Large IMH at the ascending and arch aorta coB-intimal Rap in the descending aortalgck arrow) com-
brmed at surgery. Type B dissectioa3descending aorta. pressing the true lumerb)(Axial image shows large IMH
History of aortic insufieiency, malperfusion syndrome,at arch yhite arrow$ and origin of dissectiongp at distal
and hypertensionaj Axial CT shows large IMHwhite arch plack arrow). (c) Sagittal reformatted image shows
arrows) compressing the contrasigel aortic lumen. Type the dissection &p spiraling around the true lumemrbws)

<
<

Fig. 3.17 Acute IMH. Patient with high blood pressureThe hematoma extends up to the proximal of the two left
and left fank pain. Precontrast axial)( coronal ), and renal arteriesafrow in g) resulting in infarction of upper
sagittal €, d) reformatted images show high-density intrapole of the left kidneythick white arrowinf). (h) Axial CT
mural thrombusgfrow) extending up to the left subclavianshows crescentic hematoma around contréettraortic
artery. €) Postcontrast sagittal reformatted image shovismen @rrow). (i, j) Axial CT shows focal contrast
IMH (arrows) distal to the left subclavian artery, §) enhancement in IMHafrows) and not communicating
Coronal reformatted images show IMH paralleling theith the lumen

contrast-led lumen with no dissectiora thin arrows.
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Fig. 3.20 Intramural hematoma and dissecti@p/®f the (white arrow). (€) Axial MRI double IR image shows
descending aortaa(b) Coronal reformatted image andhigh-signal IMH plack arrow) and black bloodvhite
coronal MRI FIESTA image show large IMHwkite arrow) in the aortic lumenf(g) Axial CT shows dynamic
arrow) in the proximal descending aorta which continuesbstruction of celiac trunk and SMA by dissectioap3
with the intimal f&ap plack arrow). (c) Sagittal reformat- (h) Axial MRI FIESTA image shows dynamic obstruction
ted CT shows site of tear of the intinsarpws). (d) Axial ~ with prolapse of Bp into the lumen of SMAa¢row)

CT shows heterogeneous density of intramural hematoma
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Fig. 3.21 Stanford type B acute or chronic IMH, p) reformatted and axial CTs show small saccular aneurysm
Axial pre- and postcontrast CTs show high-density acuie posterior archwhite arrow) with surrounding chronic
thrombus &rrow) at posterior arch of the aorta bettefow-density hematomablack arrow) distal to the acute
appreciated in precontrast image). $agittal reformatted IMH. (f, g) Axial and sagittal reformatted images show
image shows diffuse low-density chronic thrombus susmall saccular aneurysrarfow) adjacent to celiac trunk
rounding the descending aortarrows). (d, €) Sagittal (arrowhead
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Fig. 3.22 Acute on chronic intramural thrombus withinin the previous chronic thrombusrfow) with increase in
tortuous aorta with fusiform aneurysna, b) Axial pre- size of the aneurysmd(e) Axial and sagittal reformatted
and postcontrast CTs show aneurysmal dilatation 6fTs 1 year later show acute thrombus had decreased in
abdominal aorta with atherosclerotic calalion and size and walled off by calcdation @rrow) with no
large low-density intramural thrombus surrounding thehange in aneurysm size. High density is probably rebleed
contrast-fled lumen &rrow). (c) Axial precontrast CT 5 within walled-off thrombus

years later shows high-density acute intramural thrombus



Acute Aortic Syndrome 81

Arterial Aneurysm

Fig. 3.23 Aneurysm of the aortic roota) Axial and p) coronal reformatted CTs show large aneurysm at the root of
the aorta involving right and left coronary sinusasaws)

Fig. 3.24 Aneurysm of the right renal artery. Postcontrast aglphfid coronal reformatted imagdy €how focal
aneurysm of the right main renal arteayréw)
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Fig. 3.25 Aneurysm of the right renal artery within thearrows). The main renal artery is diffusely dilatdalack
kidney. @, b) Postcontrast axial CT¢) coronal, andd) arrow). (€) Grayscalef( color Doppler ultrasound shows
sagittal reformatted views show multiple focal aneurysmarge intrarenal aneurysrarfow in €) similar to what is
of the intrarenal artery within the right kidnewhite seen in axial CT ind)
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Acute Aortic Syndrome

Fig. 3.26 Pseudoaneurysm of gastroduodenal artery inpgeudoaneurysm lled with contrast with peripheral
patient with alcoholic pancreatitisa)(Noncontrast axial hematoma. d) Celiac artery angiogram shows contrast
CT shows large pseudoaneurysm medial to second parfiofving into lumen of pseudoaneurysmd) (Post-coiled
duodenal sweepHick white arrovy. High-density throm- angiogram shows nadlling of pseudoaneurysnairows).

bus @rrowhead$ is seen surrounding the central low denfe) Axial view of CT done few days later shows successful

sity of the aneurysmbj Axial CECT shows lumen of coiling with no contrast in pseudoaneurysm
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Fig. 3.27 Hyperattenuating crescent sign of acute ruptureide shows streaky high density from acute hemorrhage
(a) Precontrast axial CT shows curvilinear high-densitfwhite arrows. (b, ¢). Axial and sagittal contrast-enhanced
hematoma within anterior wall biack arrowd of CTs show site of intimal tear with OVO-shaped defect in
AAA. Surrounding periaortic region mostly on the rightanterior wall of aorta plugged with thrombasrow)
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Fig. 3.28 Rupture of descending thoracic aortic anewt a lower plane shows high-density hematoareo(v)
rysm with active extravasation of contrasd) Axial in mediastinum surrounding the aneurysne, ()
nonenhanced CT shows large low-density distal th@ontrast-enhanced axial and coronal reformatted CTs
racic aortic aneurysmwhite arrow) with high-density show active extravasation of contrast from aneurysm
hemothorax §lack arrowg. (b) Axial nonenhanced CT (arrow)
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Fig. 3.29 Contained rupture of the descending thoracixial, coronal, and sagittal images show narrow neck of
aorta with pseudoaneurysm formatiom) (Precontrast the pseudoaneurysrarfow) with surrounding hematoma
image shows high-density hematonzer¢w) medial to (arrowhead

the descending thoracic aortrpwhead. (bBd) CECT
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Fig. 3.30 Acute rupture of abdominal aortic aneurysmaorta érrowhead. (fEh) Patient 2: Precontrast) (axial,
(abe) Patient 1: §) Precontrast axial,b} postcontrast (g) sagittal, and H) coronal reformatted images show
axial, (c, d) coronal, andd) sagittal reformatted imagesspillage of fresh hemorrhagarfowhead into the retro-
show bilateral spillage of fresh hemorrhage into the parperitoneum from a saccular aneurysm arising from poste-
aortic and perirenal spacesows) but no active contrast rior wall of AA (arrow). (i) Patient 3: Axial precontrast
extravasation from the larger lower AAAIléck arrow). image shows rupture of fusiform AAA aneurysm on the
The smaller aneurysm is seen in the proximal abdomireft side @rrow)
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Fig.3.30 (continued)

Fig. 3.31 Contained rupture of aortic aneurysm and righ{t) Precontrast axial image of the right common iliac artery
common iliac artery aneurysmsa)(Axial precontrast aneurysm shows low-density thrombus outside the lumen
image shows small high-density thrombus extending ouarrows). (d) Axial CECT of the right common iliac artery
side the calcibd rim of the abdominal aortalfite arrowg  shows low-density thrombus extending outside the lumen
with crescent sign of acute IMHblack arrow). (b) CECT (arrow) with small bulging of contrast from true lumen
shows no extension of contrast into the thromba®y). outside the wall forming a pseudoaneurysm
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Fig. 3.32 Large saccular aneurysm of the proximaéxtending low to sinotubular junctiothick black arrowin
ascending aorta with intramural hematoma extending Ib). (c) Axial contrast-enhanced CT shows saccular aneu-
sinotubular junction.g) Sagittal andl) coronal reformat- rysm @rrow) with surrounding low-density intramural
ted images show large saccular aneurysm at proxinfematoma. d) 3D volume-rendered image shows the
ascending aortablack arrow) with surrounding IMH saccular aneurysm ascending aorta

(white arrowg. Low-density intramural hematoma
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Aortic Ulcers

Diagnosis
Ulcer-Like Projection

3 Vascular Dissection

Imaging Findings
1. Focal intimal
hematoma

2. More common with type A hematoma

3. Can develop into fusiform or saccular
aneurysm

4. Can convert into aortic dissection

projection into intramural

Fig. 3.33 Ulcer-like projection descending thoracic aortahematomalflack arrow). (b) Noncontrast study shows no
(a) CECT shows multiple lobulated projections of the disevidence of calcied atherosclerosis or any acute intramu-
tal descending thoracic aorta wall due to multiple ulceral hematoma

like projectionshite arrow) with surrounding intramural
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Fig. 3.34 Ulcer-like projection progressing to sacculae) Ulcer-like projections are also seen at the origins of
aneurysm. Patient 1a(b). CECT axial shows two ulcer- renal arteriesgrrows) partially obstructing the right renal
like projections &rrow) at level of celiac artery with small artery causing decreased perfusion and atrophy of the
surrounding IMH. €) Precontrast axial image shows naight kidney. {, g) Axial and coronal reformatted CTs 7
calcibed atherosclerosis or high-density acute hemoyears later show focal AA at level of celiac artery and dif-
rhage. @) Axial CT 5 months later shows saccular aneduse irregular ulceration of the aorth) @xial CT shows
rysm @rrow) has developed at the same level. Patient ixcreased atrophic changes of the right kidney
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Fig. 3.34 (continued)
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Diagnosis Imaging Features
Penetrating Atherosclerotic Aortic Ulcer 1. Seen with atherosclerosis
2. Other features as ulcer-like projection

Fig. 3.35 Penetrating aortic ulcer with atherosclerotic caborta. pB) Postcontrast axial, sagittal, and coronal refor-
cibcation. &) Noncontrast axial CT shows the atherosclenatted images show multiple contrafieé ulcer outpouch-
rotic calcikeation in the ascending and descending thoraditgs through the intima into the thrombus of the media
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Fig. 3.36 Large saccular aneurysm arising from atherge) reformatted images show large saccular aneurysm
sclerotic aortic archaj Axial precontrast CT shows largewith surrounding hematomarfow) and atherosclerotic
saccular aneurysnaifow) at the arch with atheroscleroticcalcikFcation

change. Postcontrast axiah) (coronal, €) and sagittal
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Fig. 3.37 Azygos diverticulum.&) Frontal chest X-ray show contrast-ed aneurysmal dilatatiomopg arrow) of
shows a mediastinal mass as an incidenaliriy. b, c) the distal azygos veirsitort arrow)
CECT sagittal and rotated coronal reformatted images
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98 4 Traumatic Injury to Vessels

Aorta

Imaging Features

1. Periaortic hematoma in direct continuity with
the aortic wall

2. Rupture at isthmus (commonest site)

3. Intimal @p, traumatic pseudoaneurysm, intra-
mural thrombus, abnormal aortic contour, and
active extravasation of contrast

Diagnosis
Complete Aortic Rupture

Fig. 4.1 Aortic transection.d) Axial, (b) oblique sagit- hemomediastinurmdng thin arrow) and left hemothorax.
tal, and ¢) coronal reformatted CECT shows aortic tranMultiple intimal aps are seensltfort white arrovy.
section at the isthmugh{ck white arrow¥ with active (d) Frontal chest X-ray shows hematoma widening the
hemorrhage into the mediastinurblack arrow), large superior mediastinunafrow)
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Aorta

Diagnosis Imaging Features

Incomplete Aortic Rupture 1. Saccular outpouching of the aortic lumen at
anteromedial aspect of the isthmus by a collar

2. Surrounding hemomediastinum

Fig. 4.2 Traumatic pseudoaneurysm of the aoab} (e, f) Coronal reformatted images of patient @) §how
Axial CECT shows upper and lower end of the pseudoatie upper and lower end of the tedsa¢k arrowg with
eurysm at the isthmubl@ck arrowg with large hemome- mediastinal hematomawbite arrow). (@) 3D volume-
diastinum and hemothorawlite arrow). (c, d) Sagittal rendered image of the pseudoaneurysm. At surgery 90 %
reformatted image in 2 patients shows pseudoaneurysnofithe aorta was torn

the isthmus with dissectionas at the neckafrows).
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Fig. 4.2 (continued)

Fig. 4.3 Pseudoaneurysmic aorta following motor vehiclaortic isthmuswhite arrow) with surrounding mediastinal
accident. ) Sagittal reformatted image of lobulated sadaematoma lflack arrow). (b) Angiogram showing pseu-
cular outpouching of pseudoaneurysm at anterolateddaneurysmarrow) with no extravasation of contrast
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Fig. 4.4 Stanford type B dissection with circumferentiablled intimal tear connecting to the medial teamrgws).
intimomedial tear. High-speed MVA. Axial CR) early (c) Oblique coronal reformatted view shows pseudoaneu-
arterial phase shows narrowed contrdiebdescending rysm @rrow) at the aortic isthmus with constricted true
thoracic aortadrrow head. (b) Delayed arterial phase lumen distal to itgrrow head. (d) Sagittal, é, f) coronal
shows hematoma surrounding the true lumen with contrasformatted images show irregular linear contrdbhdp
blling the media at the periphery. Thin strands of contragie media from the pseudoaneurysardgws)
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Fig. 4.5 Acute traumatic intramural hematoma at théd) Flythrough endovascular postprocessed image shows
aortic isthmus from deceleration MVA injuna)(Axial, protrusion of the intima into the lumen due to medial
(b) sagittal, and d) coronal reformatted images showhematomadrrow) with no intimal tear. The green patch
irregular hematomaafrow) in tunica media with no inti- represents the marking afrow in the coronal and sagittal
mal Rap and no signitant mediastinal hematoma.reformatted images
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Pulmonary Artery

Diagnosis Imaging Features
Pseudoaneurysm of Left Pulmonary Artery 1. Focal saccular outpouching of contrast in left
main pulmonary artery

Fig. 4.6 Pseudoaneurysm of the left main pulmonargngiogram shows pseudoaneurysmdw) just proximal
artery post MVA. §) Axial CECT shows pseudoaneurysnnto the origin of the left upper lobe branch
of the left main pulmonary artergifow). (b) Pulmonary

Fig. 4.7 Pulmonary artery pseudoaneurysm. History afontusion/consolidation.c( d) CECT axial and coronal
penetrating injury.d, b) Axial and coronal reformatted non-reformatted images 5 days later show density in the middle
contrast CT chest shows elongated solid density at the rifgitie @rrows) to be a pulmonary pseudoaneurysm which is
middle lobe &rrows), bilateral pleural effusion, and otherpartially thrombosedafrowhead$ and smaller in size than
patchy solid pulmonary densitiesows) no different from the noncontrast study. This resolved in later CT studies
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Inferior Vena Cava

Diagnosis Imaging Features
Laceration of IVC 1. Extravasation of contrast-enhanced blood from
infrahepatic IVC
2. Large amount of high-density hemorrhagic
Buid in the subhepatic space and subphrenic
spaces bilaterally

Fig. 4.8 Laceration of infrahepatic IVC post MVA the adjacent subhepatic spastife arrow). (b) Axial CT
trauma. &) Axial CT in portal venous phase shows extravdelayed phase shows pooling of high-density extravasated
asated contrasblack arrow) from subhepatic IVC just contrast-mixed blood in the subhepatic spaeodite
below the inferior margin of caudate lobe of the livearrow). Site of IVC tear is again sednidck arrow)

(black arrowheadl Large amount of hemorrhagici@d in
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Diagnosis Imaging Features
IVC Pseudoaneurysm 1. Well-marginated focal outpouching from IVC
just proximal to the right renal vein
2. Surrounding hemorrhagiai@ extending to
the adjacent perirenal space

Fig. 4.9 Pseudoaneurysm of IVC in patient post MVAperirenal spacewhite arrow). (b) Coronal reformatted
trauma. &) Axial postcontrast CT shows saccular pseumage shows pseudoaneuryshiatk arrow) with sur-
doaneurysmifack arrow) of IVC (white arrowheafljust rounding hemorrhagewhite arrow). () Angiogram
above the right renal veiblack arrowheadl with hemor- shows the pseudoaneurysanréw) with no active extrav-
rhagic fuid surrounding the aneurysm and in the righdsation of contrast
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Diagnosis Imaging Features
Bulletin IVC 1. Metallic bullet in the right paravertebral region
on chest X-ray
2. CT shows the bullet to be within the contrast-

enhanced IVC

Fig. 4.10 Bullet in IVC from gunshot injury which later reformatted CT shows bullet in intrahepatic I\&Brow).
migrated to the left pulmonary arterg, p) AP portable (e) Portable AP chest shows same bullet migrated to the
and cross-stable lateral X-ray views of the upper abdieft pulmonary artery grrow) (en route to surgery)

men show bullet in IVC in the right paravertebral regiowhich was surgically removed
of T11-T12 @rrow). (c, d) CECT axial and coronal
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Diagnosis Imaging Features
Broken IVC Filter 1. IVC tter prong extending into the right renal
vein

2. Broken fragment in the kidney parenchyma

Fig. 4.11 Patient with hematuria. IVC lter placed right renal vein rrow). (c) Coronal reformatted image
during old trauma to prevent clot migratios, §) Axial shows another broken prong in midpole right renal paren-
and coronal reformatted CT shows IV@dp prong in the chyma arrow)
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Pseudoaneurysm

Imaging Features 2. Color Doppler showsofds swirling with for-

1. Focal saccular outpouching from one wall of a ward and backwardddv through the neck.
vein or artery. 3. Spectral waves show to-and-frow3 with

waves above and below the base line.

Fig. 4.12 Pseudoaneurysm of the femoral vein. Historgnd backward @&w (blue and red colgrwith blood fdwing

of stab wound.d) Gray scale shows focal outpouchingoward and away from the transducer within the aneurysm
from the femoral vein with a wide neclcaliperg. and the adjacent femoral veirt) (Spectral study shows
(b) Color Doppler shows the Oyin-yang signO of forwabitiirectional bw at the neck
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Pseudoaneurysm

Fig. 4.13 Pseudoaneurysm of the left femoral arterypseudoaneurysm from the femoral artery with a wide neck
CECT axial &), coronal ), and sagittald) reformatted (calipers and surrounding hematoma) Color Doppler

CT shows pseudoaneurysrblack arrowheadl arising shows yin and yangddv in the aneurysmf) Spectral
from the femoral arteryhite arrowheadiwith surround- waves show to-and-fro arteriab® at the neck

ing hematomagrow). (d) Grayscale US shows large
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Fig. 4.14 Pseudoaneurysm from the right iliac arterporta and with reconstituted left renal artdria¢k arrow).
with surrounding hematoma. History of previous vasculdd, €) Volume-rendered oblique image again shows aneu-
surgery. &) Axial CECT shows pseudoaneuryshiack rysm @rrow) with surgical clips at the neckrfowhead.
arrow) with the small neckwhite arrow) arising from the (f) Grayscale US shows sonolucent aneurysvhité
right common iliac artery and with surrounding hemaarrow) with layered hematomaaifowhead with low-
toma (vhite arrowheadl (b, c) Coronal and sagittal refor- level echogenicity posterior to the Ilumen of the
matted CT shows multiple surgical clips around the neglseudoaneurysm

of the pseudoaneurysmwifite arrow) and surrounding the
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Fig. 4.14 (continued)
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Endoleak

Imaging Features 2. Graft can be for aortic aneurysm or acute aor-
1. Persistent perfusion of excluded aorta posttic syndrome or injury.
endograft placement.

Fig. 4.15 Type 1 endoleaka( b) Axial pre- and post- increase in size of the previous saccular aneurysm (
contrast CT shows focal saccular aneurysnmn(white white arrow) with decrease in surrounding hematoma
arrow) of the aorta above the aortofemoral gréafa¢k (arrowhead. (e, f) Coronal and sagittal reformatted
arrow) with surrounding thrombusafrowhead. Two images show a smaller saccular aneurysmafl arrow)
years later ¢, d) axial pre- and postcontrast CT showgust below the larger aneurystarge arrow)
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Fig. 4.16 Endoleak type Il and llla( b) Axial and coro- months laterd) axial noncontrast CT shows retroperito-
nal reformatted noncontrast CT of post aortobifemoraleal rupture of the aneurysrarfowhead$, andarrow
endograft placement in AAfafrowhead. One and a half shows site of rupturee) Axial CECT at this time shows
year later, patient comes in with lower back pashAkial —active spillage of contrast into the aneurysm from graft
CECT shows increased size of the aneurysm with hetetomen @rrow). (f) Axial CT shows disruption of graft at
geneous density and no extravasated contrast. Feedsitg of contrast extravasation with posterior displacement

lumbar vessel is seen entering the aneungmoW). Six  of graft wall @rrow head$
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Noninfectious Aortitis

Diagnosis Imaging Features

Takayasu Vasculitis 1. Affects large vessels with predilection for the
aorta and its branch vessels and young or
middle-aged females.

2. Noncontrast study shows high attenuation of
aortic or pulmonary artery wall, CECT shows
concentric thickening of the vessel wall and
double ring of the aorta in early disease.

3. Stenosis is common, also occlusion, thrombo-
sis, ectasia, aneurysms, and ulcers.

4. Arterial wall calcibation in chronic cases.

Fig. 5.1 Takayasu arteritisNlate phasea)( Sagittal arteries mostly medial to the right kidnei¢k arrow-
reformatted CT shows stenosis of mid-arch of the aorteead. Mural thrombus is again seen around proximal
and proximal descending aortarfowhead$ with large arch of the aortattfick arrow). (d) Coronal reformatted
chronic intramural thrombughick arrow) at the arch. image shows concentric stenosis of distal thoracic aorta
The proximal descending aorta shows two saccular andblack arrow). Large intramural thrombus at aralehfte
rysms thin arrows. (b) Sagittal reformatted CT shows arrow) and collateral vessels adjacent to the right kidney
aneurysm of the ascending aorttsigk arrow), focal ste- (arrowhead are again seene,(f) Pre- and postcontrast
nosis of the proximal abdominal aor@rowhead, and axial images show aneurysm of the ascending aorta (cali-
complete occlusion of the aorta distal to renal arterigger) and thick, rough transmural degenerative atheroscle-
(thin arrow). (c) Coronal reformatted images show comrotic calcikcation thick arrowhead and thin dystrophic
plete occlusion of the aortéh{n arrow) distal to the ori- calcikcation thin white arrow and large focal chronic
gin of renal arteriegltiin arrowhead and dilated collateral intramural hematoma in posterior arthi¢k arrow)
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Fig. 5.1 (continued)
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Imaging Features

1. Affects large- and medium-sized vessels in
individuals over 50 years

2. Predominantly affects extracranial carotid
branches especially the temporal arteries,
aorta, and rarely central pulmonary arteries

3. Similar to Takayasu arteritis with wall thick-
ening, stenosis, and aneurysm formation

4. Aneurysms more frequent in the thoracic
aorta and prone to dissection

Diagnosis
Giant Cell Arteritis

Fig. 5.2 Giant cell arteritis in a 70-year-old womaa, ( thoracic aortalflack arrowg. (d, €) Angiogram shows

b) Axial CT angiogram shows diffuse wall thickening ofstenosis of left subclavian artefyldck arrow), mild nar-
anterior arch drrow), origin of left common carotid rowing at origin of right vertebral artergrfowhead, and
(arrowhead and distal thoracic aortaHort arrow). () stenosis of distal arch of the aortah{te arrow). (f)
Sagittal reformatted image shows diffuse wall thickeningagittal reformatted CT angiogram shows stenosis of dis-
of the left subclavian arteryvpite arrow) and descending tal arch of the aortafrow)
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Fig. 5.2 (continued)
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Diagnosis Imaging Features
Granulomatosis with Polyangiitis (Wegener Grant. Vasculitis primarily of small- to medium-sized
ulomatosis) vessels can also have aortitis and periaortitis.

2. Granulomatous iahmation of upper and
lower respiratory tracts and glomerulonephritis.

3. Pulmonary nodules, multiple, bilateral, and
tend to cavitation.

4. Pulmonary inrates (waxing and waning), hem-
orrhage or edema, and hilar lymphadenopathy.
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Fig. 5.3 (continued)

<
<

Fig. 5.3 Granulomatosis with polyangiitig)( precontrast sue around the vesselrow). (h, i) Post-gad axial MRI
axial CT shows layered soft tissue around infrarenal aoishows appreciable enhancement of the rind surrounding the
with central lower densitya¢row). (b, ¢) Postcontrast axial necrotic tissue around the vessatsdw). (j, k) Axial CT of

CT again shows layered soft tissue around the infrarertalo patients with known Wegener granulomatosis show
aorta and right common iliac artery with no sigraht multiple bilateral pulmonary noduleg) Thick-walled cavi-
enhancement of the peripheral riratr¢w). (d) Delayed tating nodules&rrow) and solid nodulesafrowhead. (k)
phase axial CT shows mild enhancement of the periphefdinner-walled cavitating nodulearfows). (1) Axial CT of

rim of infammatory tissue around the abdominal aorthhe same patient irk) shows focal glomerulonephritis of
(arrow). () Delayed-phase axial CT shows the ureters ie right kidney showing low-density mass with poor
their usual locationafrowhead$ and separate from the enhancement(rows). (mBb) Axial and coronal reformat-
inBammatory tissue around the common iliac aramp(). ted CT and chest X-ray of a known case of Wagner granulo-
(f, g) T2 fat-sat axial MRI of the infrarenal aorta and rightatosis showing bilateral diffuse pulmonary hemorrhage
common iliac artery shows high signal intensity in soft tisaith ground-glass densities and consolidations
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Fig. 5.3 (continued)
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Fig. 5.4 Antiphospholipid syndrome. History of abdomi-3 months later shows decreased size of the pancreas with
nal pain for few months with clinical evidence of pancreatreturn of lobulations, increased enhancement, and with thin
tis and with positive antiphospholipid antibody. Axialcapsule-like rim of low attenuation halo around pancreatic
CECT @) shows diffuse enlargement of body and tail of thbody and tail grrowhead. The splenic vein is narrowed
pancreas with loss of lobular contour, thick rim, and linedy the halo but patenaifrow). (f, g) Coronal reformatted
irregular lucenciesafrowhead and decreased enhanceand axial CT shows small cyst at uncinate prodelsek
ment. p) Head of the pancreas not enlarged, but the secoagow) and in the thickened wall of second portion of the
part of duodenum is very edematous and thickesreov(). duodenumwhite arrow). (h, i) Axial CT shows decrease in
The right kidney shows hydronephrosis, ) Axial CT  periaortitis arrows) with resolution of hydronephrosis (as
lower abdomen and coronal reformatted CT show periageen ing). (j, k) Axial MRI with predynamic T1W shows
titis with large thick soft tissue around the aortic bifurcatiomtermediate signal in the iafhmatory tissue around the
and the common iliac arteriearfows). The right ureter is right common iliac artery and enhancement in postdynamic
obstructed by the periaortitiartowhead. (€) Axial CECT T1W images#rrow)
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Diagnosis Imaging Features
Idiopathic Infammatory Aortic Aneurysm 1. Hypoattenuating aortic wall thickening
2. Sparing the posterior wall of the aorta

Fig. 5.5 Idiopathic infammatory aortic aneurysm. Axial rysm plack arrow) with large intramural thrombusv/fite
pre-contrast CTg) and CECTIf) reformatted images in arrow). The aorta shows diffuse wall thickeniragrow-
coronal €) and sagittald) planes show fusiform aneu- head with sparing of the posterior aspect
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Diagnosis
Idiopathic Infammatory Aortic Aneurysm with
Aortoduodenal Fistula

Fig. 5.6 Ruptured aortic aneurysm with aortoduodenahows aneurysmal dilatatiobléck arrow). The surround-
bstula conlmed at surgeryaj] Axial CT shows periaorti- ing small bowel loops show high-density hemorrhagic
tis with periaortic wall thickening of infrarenal aorta sparf3uid (@rrowhead$ Blling the lumen. ) Postcontrast axial
ing the posterior wallgrrow). (b, ¢) Postcontrast axial CT CT shows irregularity of the intima at the site of rupture
shows the thick wall to have mild enhancement in arterialith surrounding low-density mural thrombuarrow).
phase &rrow) and small ulcer-like projectionafow- (g) Sagittal reformatted image shows low-density throm-
head. (d) Axial CT in delayed phase shows increaseblus ¢hin arrow) surrounding the irregular intima. SMV
enhancement of the walarfow). Five months lateref (thick arrow) and SMA arrowhead are draping over the
Precontrast axial CT shows higlensity hemorrhage aneurysm

(white arrow) surrounding the infrarenal aorta which now
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Fig. 5.6 (continued)
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Diagnosis Imaging Features
Retroperitoneal Fibrosis (Chronic Periaortitis) 1. Soft tissue around the aorta and inferior vena
cava with no aortic displacement
2. Ureters can be deviated medially with varying
degree of obstruction
3. Varying degree of enhancement depending of
the stage of the disease

Fig. 5.7 Retroperitoneal IosisNidiopathic. &) and bilateral hydronephrosisd)( Scanogram shows
Precontrast axial CT shows soft tissue surrounding timeedial deviation of the ureteral stentarréws). (€)
atherosclerotic aortavhite arrow) and bilateral ureteral Coronal reformatted image shows therdsis around the
stents &rrowhead$. (b) CECT shows enhancement of theaorta and extending along the common iliac artetigek(
periaortic soft tissue which is encasing the gonadal veimgite arrow) and around the stentthify white arrow$
(white arrow) and IVC plack arrow). (c) Retrograde cys- and IVC @rrowhead

togram shows medial deviation of both uretensaws)
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Infectious Aortitis

Diagnosis
H. inBuenzad\ortitis

Fig. 5.8 Infectious aortitis byd. inBuenzaePatient with and sagittal post-MRI with fat-sat done for lumbar verte-
back pain.#) Axial precontrast shows soft tissue thickenbrae shows enhancing soft tissue around the ashite(

ing around the atherosclerotic aortic wall and sparing ttarow) at the same level as the CT with saccular aneurysm
posterior wall &rrow). (bBd) CECT axial, sagittal, and (black arrow). (gB) Postcontrast axial CT, MIP image,
coronal reformatted images show enhancement of the aand 3D volume-rendered image done 1 week later show
tic wall thick soft tissue with small saccular aneurysnenlargement of mushroom-shaped mycotic aneurysm
(black arrow) and intramural thrombus at the superior andith increasing periaortitisa¢row). This was surgically
inferior aspect of the aneurysmrowhead. (g, f) Axial treated
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Diagnosis
HIV Aortitis

Fig. 5.9 HIV aortitis. Patient with KaposiOs Sarcorap. ( axial MRI shows enhancement of periaortic and retroca-
Postcontrast axial CT shows periaortitis with soft tissueal soft tissue White arron) and metastasis of vertebral
surrounding the aortdlack arrowg and enlarged retro- body plack arrow). (d) Post-gad MRI on a different date
caval lymph nodewhite arrow). (b) T2W MRI study shows enhancement of periaortic soft tissue around the
shows soft tissue surrounding the aomtdife arrowg descending thoracic aortarows)

and in retrocaval regiomlack arrow). (c) Post-gad T1W
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Diagnosis Imaging Features
Mycotic Aneurysm with Aortocaval Fistula andl. Atherosclerosis, graft, and catheter are predis-
Sigmoid Colon Diverticular Abscess posing factors.

2. Mostly infrarenal aorta affected.

3. Mostly saccular aneurysms.

4. Early stage is periaortic soft tissue mass with
or without rim enhancement.

Fig. 5.10 Mycotic aneurysm from diverticulitis sigmoid of the periaortic necrotic soft tissue proximallyhfte
colon and with aortocavalitula formation. At surgery the arrows in b) but not enhancing distallyarows in c).
diverticular abscess extended to the aneurysa). (Thrombus in IVC continuous with the periaortic soft tis-
Precontrast axial CT abdomen shows large periaortic ssfie arrowhead. (f, g) One week prior CT, axial and
tissue thin arrowy extending to IVC drrowhead. coronal reformatted images show thrombus in aortic
Atherosclerotic calcibation is also seen of the involvedaneurysmiflack arrow) and sigmoid diverticular abscess
aorta thick arrow). CECT b, ¢) axial, @) coronal, andd)  (white arrow) with no periaortic soft tissues or IVC
sagittal reformatted images show peripheral enhancemémtombus
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Kommerell Diverticulum

Diagnosis Imaging Features

Stenosis of Origin of Anomalous Left Subclaviarl. Right-sided arch of the aorta

2. Stenosis of aberrant left subclavian artery

with post stenotic dilatation
3. Kommerell diverticulum of the aorta at origin

of the subclavian artery

Artery with Kommerell Diverticulum

Fig. 6.1 Stenosis of the subclavian artery. Aberrant origithin arrow) with post stenotic dilatatiorb(c) Oblique sag-
of left subclavian artery from right-sided arch of the aortital reformatted image and 3D volume-rendered images
with Kommerell diverticulum at its origin and stenosis distashow stenosis of left subclavian artetyir{ arrows and the

to the diverticulum presenting with subclavian steal syncommerell diverticulum thick arrowg. (d) Coronal refor-
drome. &) Coronal reformatted image shows Kommerelinatted image in different patients shows Kommerell diver-
diverticulum ¢hick arrow) at origin of the aberrant subcla-ticulum (@rrow) at left-sided descending thoracic aorta at
vian artery and marked stenosis distal to the diverticuluthe origin of aberrant right subclavian artery
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Coarctation of Aorta

Fig. 6.2 Coarctation of the aorta in adult) (Sagittal narrowed segment of the aortarpwhead, dilated inter-
reformatted image shows short segment of stenosis of ttwstal arterieswhite arrowg, and also dilated intermus-
aorta in the region of the ductwgh(ite arrow) with dilated cular arteries. d) Coronal reformatted image shows
intercostal arteriesb{ack arrow$. (b) Axial CT shows dilated intercostal arteriearfows)
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Renal Artery Stenosis

Fig. 6.3 Stenosis of the renal artery. Atherosclerosis witperfusion. 3D volume-rendered imagds), frontal view,
stenosis of the left renal artery. Contrast-enhanced ax&id €) posterior view show narrowing of origin of the left
CT (a) shows large calcitation at origin of the left renal renal artery drrow)

artery @rrow). The left kidney is atrophic with decreased
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Mediastinal Fibrosis

Diagnosis
SVC Obstruction by Mediastinal Fibrosis

Fig. 6.4 Superior vena cava obstruction by mediastinarrow in a), and the intercostal veirarffowhead. (d)
bbrosis conbmed by biopsy. Urin@lastomycesntigen Coronal reformatted CT shows dilated azygshoft
was positive. CECT4( b) sagittal, coronal reformatted, arrow) and hemiazygos veitofg arrow). (€) Axial CT
and €) axial images show large mediastinal mabick shows dilated left superior intercostal veliong arrow),
arrows) with areas of calcitation (ong thin arrowin ¢) internal thoracic veinshort arrow), and SVC &rrow-
obstructing the SVCshort arrowin b) with dilatation of head. (f) Dilated veins in the right abdominal wall subcu-
the internal thoracic veinblack arrow), IJ vein thin taneous tissue which drain into the femoral vaimow)
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IVC Stenosis

Diagnosis
Tumor Compression of IVC and Hepatic Veins

Fig. 6.5 Intrahepatic IVC and hepatic vein compressiomein (ong arrowin b), and diffuse low-density metastasis
by tumor. Patient with inltrating ductal breast cancer (black arrows. (b, c, d) Coronal reformatted, axial, and

with diffuse liver metastasis. CEC@&)(axial shows mark- sagittal reformatted CT show markedly narrowed IVC
(white arrowheagiand small asciteblack arrowheal

edly compressed IVC, narrowed righthite arrow) and
left hepatic veinsgrrowhead and absent middle hepatic
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Diagnosis
Hypoplastic IVC

Fig. 6.6 Hypoplastic infrahepatic IVC, incidentah&® arrow) and the lumbar veinblack arrowheayl (b)

ing. (@) Sagittal reformatted image shows narrow calibeBagittal reformatted CT shows normal IV@rrow)

of IVC (thick white arrowy. The IVC below the renal within the liver. €) Axial CT shows very narrow IVC
veins is normal in sizeafrowhead. Collateral ®w is (white arrow) between the renal veins and dilated ascend-
seen through the dilated ascending lumbar vblack ing lumbar veiniflack arrow)

arrow) draining into the dilated azygos veithifi white
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Fig. 6.7 Hypoplastic IVC with thrombus.af Sagittal thrombus in a right lumbar veinblack arrowhead
reformatted image shows a very narrow segment of IV(€) Coronal reformatted CT shows thrombus in IVC, iliac
(arrows) below the renal veins. Thrombus distending theeins (vhite arrowg, in the origin of ascending left lum-
IVC below the stenotic regionwpite arrowheadl and bar vein thin arrowhead, and median sacral veithick
thrombus in a lumbar veitblack arrowheadl (b) Coronal arrowhead. (d, €) Duplex and spectral Doppler imaging
reformatted CT shows normal size of IVC at the renaf the right leg shows thrombus in the right popliteal vein
veins and with thin median septadck arrow). IVC nar-  extending to CFV with absent spectra3(@rrow in d).

row below the renal veinsvhite arrow). The left ascend- (f) Left common femoral vein is patent but shows lack of
ing lumbar vein \White arrowheadlis dilated and there is respiratory variation due to proximal occlusi@nréw)
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Chest Wall Injury

Imaging Findings

1. Fracture of the ribs at two or more sites of two
or more contiguous ribs

2. Parallel rows of the ribs in chest radiograph

3. Adjacent pulmonary contusion, pneumotho-
rax, and chest wall emphysema

Diagnosis
Flail Chest
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Fig. 7.1 Flail chest with history of local traumaa, ) and deformity of the thoracic wall due to the displacement
PA Chest x-rays show segmental fractuseBite arrows of the segmental fracturesl)(Axial CT shows pneumo-
show posterior fractureblack arrowsshow lateral frac- thorax (vhite arrowhead pulmonary contusionb{ack
tures ina) of multiple ribs with displaced fractured seg-arrowhead, rib fracture &rrow), and emphysema of the
ments forming two parallel rows of the rikerow in b).  thoracic wall

(c) Axial CT shows two fractures of the same abrgws)
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Mediastinal Injury

Diagnosis
Pneumomediastinum

Imaging Features 4. Air outlining the major aortic branches—
1. Linear air parallel to the heart border tubular artery sign
2. Continuous diaphragm sign 5. Air outlining the bronchial wall—double
3. Air around the pulmonary artery and main bronchial wall sign

branches—ring around artery sign 6. Elevated thymus—thymic wing sign
d f

Fig. 7.2 Pneumomediastinum. History of trauma(arrows) and around the descending aodadwhead.

(a) Coronal reformatted CT shows air parallel to the lefd) Axial CT shows air in the anterior mediastinum caus-
heart borderhite arrowg and diaphragmatic surface ofing mild compression of the surrounding luntigk
the heart ghort black arro\y. Gas is also seen trackingwhite arrowg. Air is seen surrounding the right lower
from the superior mediastinum to the neck around thebe pulmonary arterytlfin white arrowy and bronchus
vessels 1bng black arrow$. (b) Sagittal reformatted (arrowhead. Air is also surrounding the esophagus and
image shows air around the distal esophatpugy(black aorta plack arrows. (€) PA chest x-ray shows linear air
arrow) and adjacent aortdlack arrowheadl Air track- surrounding the heart and extending above the arch of the
ing to the neck around the aortic brancha&®o(t black aorta @arrows). (f) Lateral chest x-ray shows air in
arrows) and fascial planeswhite arrow). () Coronal the anterior mediastinumafowhead$ and around the
reformatted image shows air around the azygos vedsophagusafrows)
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Fig. 7.3 Pneumomediastinum with gas tracking to tharound the esophagus and aowhi{e arrows. (c) Axial
retroperitoneum, the spinal canal, and neck tracking alo@J shows gas tracking into the retroperitoneum in
the blood vessels and nerve roots. History of traumatietween the IVC klack arrow) and diaphragmwhite
asphyxia syndromea) Axial CT at thoracic inlet shows arrow) and through both esophageal and aortic hiatus,
gas around the vessels, trachea, adjacent muscle planesnd the azygos and hemiazygos vearsojvheads.

and posteriorly air is in the paraspinal muscle plar®s. (Air is also seen in the spinal canbleck arrowheads (d)
Axial CT shows gas tracking along nerve roots throughxial CT shows air in the perirenal spadhirf black
neural foramen into the spinal carfaleck arrowg and air - arrows) and around the IVQGHick black arrovy



7 Trauma

148
Diagnosis Imaging Features
Hemopneumomediastinum 1. Loculated high-density hemorrhagidd and

gas collection in the anterior mediastinum

Fig. 7.4 Hemopneumomediastinum post gunshot injurythin black arrow. Bullet tract is seen in the anterior chest
(a) Axial CT shows gas and patchy soft tissue density wall (thick black arrow. (b) Axial CT a week later shows
the anterior mediastinunwhite arrowg and around the loculated hemopneumomediastinum in the anterior medi-
trachea &rrowhead. Gas is seen in the spinal canal alongstinum &rrows) with layered gas and high-density
the nerve root through the left intervertebral foramineemorrhage
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Diagnosis Imaging Features
Pneumopericardium 1. Gas collection in the pericardial cavity
restricted below arch of the aorta
2. The gas crosses the midline

Fig. 7.5 latrogenic pneumopericardium as a result dhe inferior surface of the heafilick arrow). (c) Axial
catheter placement for bacterial pericarditi®, ) CT shows pericardial gas displacing the thick pericardium
Topogram of two views of the chest for CT chest showarrows) and outlining the cardiac borded) (Axial CT

air in the pericardium which stops below the arch of théhows catheter arow) in the pericardium with
aorta {vhite arrow). Catheter with surrounding gas is apneumopericardium
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Diagnosis
Traumatic Pneumothorax, Pneumomediastinum,
and Tension Pneumopericardium

Fig. 7.6 Pneumothorax, pneumomediastinum, and tensitumgs bilaterally. I§) Axial CT shows pneumopericardium
pneumopericardium. History of polysubstance abuse adiplacing the pericardiumarow) and pneumomediasti-
fall from ladder. &) Axial CT shows hemorrhagic pneumo-num surrounded by parietal pleuearéw head. (c) Axial
mediastinum contained by the mediastinal parietal plev@T shows compression of the right heart by pneumoperi-
(arrows) and pneumothorax in pleural space displacincardium black arrows. Patient had tachycardia
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Pleural Injury

Diagnosis Imaging Features
Hemothorax 1. Heterogeneous high density hemorrhagid
in the pleural space

Fig. 7.7 Hemothorax. History of traumaa, () Axial CT  posterior costophrenic angle and surrounded by large low-
chest shows high-density hematoméife arrowg in the density pleural uid (ellips€ and with rib fracturellack
pleural space in dependent pleural cavity extending to taeow)
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Diagnosis Imaging Features
Hemopneumothorax 1. High-density hemorrhagiwaid in the pleural
cavity
2. Gas in the pleural cavity
3. Partial lung collapse
& b

Fig. 7.8 Hemopneumothorax. History of stab wourg. ( lower pleural cavity. If) Chest x-ray after chest tube
Portable chest x-ray shows partial collapse of the rightacement shows partial re-expansion of the right lung
lung white arrowg by lucent pneumothorax in the uppemith no pneumothorax. Hemorrhagic high-density pleural
thorax and high-density hemorrhadpack arrow) in the  uid (arrows) is lling the pleural space



Pleural Injury 153

Diagnosis 2. Pneumothorax protruding into the mediasti-
Tension Hemopneumothorax num to the left

3. Collapse of the right lung
Imaging Features 4. Mediastinal shift

1. High-density hemothorax in the right lateral
pleural cavity

Fig. 7.9 Tension hemopneumothorax. Complication
of misplaced 1J catheter. After removal of malposi-
tioned catheter, the patient developed shortness of
breath.

Supine chest x-ray shows:

1. Hemothorax as high-densityid with sharp medial
border in lateral right hemithorakléck arrow3
marginated inferiorly by low-density pneumothorax
and superiorly by the less dense collapsed lung
(arrowhead}.

2. Right tension pneumothorax protruding into the left
side of the mediastinunaifows) and mediastinal
shift to the left side.

3. The tip of the right chest tube very anterior and
adjacent to the collapsed lung and possibly is
obstructed by the lung parenchyma; hence
pneumothorax is not relieved. Tension was relieved
following surgery
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156 8 Acute Lung Parenchymal Changes

Miliary Nodules

Imaging Features

1. Innumerable, tiny, both sharply and poorly
demed noncalcied nodules, 1B4 mm through-
out both lungs, and generally of uniform size

2. Diffuse random distribution in both lungs

Fig. 8.1 Miliary nodules. History of TB infection pre- miliary nodules in random distribution with lower lobe
sented with cough, fever, and night sweaisbf PA and predominance

lateral chest x-rayc( d) and axial CT of the chest show
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Fig. 8.2 Coccidiomycosis.a) PA chest x-ray,lj, c) axial CT, andd) coronal reformatted CT images show miliary
nodules in random distribution and mild basilar predominance

Fig. 8.3 Patient with history of sarcoidosis, b) Axial and coronal reformatted CT show miliary nodules with upper
lobe predominance and bilateral hilar lymphadenopathy. Nodules involving pleural surface and septa
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Fig. 8.4 Silicosis. &, b) Axial CT shows miliary nodule with#»osis more in the upper lungs involving the septa and
pleural surface
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Centrilobular Nodules

Imaging Features 3. May be a few millimeters to a centimeter in
1. Nodules separate from the pleural surfege, b size.

sures, and interlobular septa. 4. May be a single or a rosette of nodules.
2. May be dense or ground glass in attenuatio®. May be patchy or diffuse in distribution.

Fig. 8.5 Active TB. History of immune-compromised are of varying sizes. Some nodules in the right upper lobe
syndrome with active TB infectiona (b) Axial and €) are arranged in rosette, best seen in coronal reformatted
coronal reformatted CT of the chest show centrilobulamage &rrow in a, c), and small left effusiorby( c)
micronodules sparing the pleural surfaces ssslikes and
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Fig. 8.6 Centrilobular nodules in a patient with ALL and candida infectiarb) Chest PA and lateral views;, ¢)
axial CT, and coronal reformatted image show micronodules sparing the pleural surfassuaed b
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Fig. 8.7 Centrilobular distribution of histoplasma infec-
tion in an HIV-positive patient. Urine was positive for his-
toplasma antigen.a( b) Axial and coronal reformatted
images show diffuse micronodules in both lungs, sparing
the pleural surface and subpleural regiamaws)

161
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Fig. 8.8 Metastasis with centrilobular nodules fromfuse wall thickening of the sigmoid colon in the same area
colon cancer.g) Axial CT of the chest shows centrilobu-as seen in the enema studyhite arrowheads with

lar lung nodules of varying size not involvingdures and extension of tumor medially outside the colon over the
abutting the pleura.b) Double-contrast barium enemaleft psoas muscleblack arrowheadl Enlarged lymph
shows focal constriction of the proximal sigmoid colomodes or tumor and linear strands extending to common
(black arrow) and dilatation of adjacent descending coloiliac arteries thin white arrow$ and surrounding the iliac
(white arrows. (c) Axial CT of the abdomen shows dif- arteries thin black arrow$
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Fig. 8.9 Viral cellular bronchiolitis. §) Axial CT shows
diffuse thick-walled bronchi and bronchioleghi¢k
arrowhead$. Diffuse centrilobular nodules are seen,
some of which are solicafrows) and some are subsolid
(thin arrowheady (b) Axial CT at lower level shows
some of the thick-walled bronchi to have surrounding

ground-glass densitya(rows)

Fig. 8.10 Endobronchial abscess spreads with centréndobronchial spread of the left lower lobe abscess with
lobular nodules.g, b) Axial CT shows centrilobular nod- air-Ruid level plack arrow). A right lower lobe bronchus
ules in the middle lobe and right lower lobe fromis Hled with soft tissuesahite arrow)
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Fig. 8.11 Pneumonia with centrilobular nodules) ( ittal, and ¢I) coronal reformatted images show diffuse
Axial CT shows consolidation RULafrow in a, c) with  centrilobular nodules of the lower lobes bilaterally
surrounding interstitial thickeningb) Axial CT, (c) sag-
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Fig. 8.12 Centrilobular nodules due to aspiration. Patient
with achalasia. Axial CT shows multiple centrilobular
nodules mainly of ground-glass density, distributed
mostly in the middle and right lower lobes,i@-Bled
right lower lobe bronchuswhite arrow), and dilated

esophagush{ack arrow)

Fig. 8.13 Centrilobular nodules from aspiration. Patientnent predominance, some with tree-in-bud sighite
with history of gastric carcinoma experienced chokingrrow) and small focal consolidation in the left lower lobe

during eating., b) Axial CT shows diffuse ground-glass (black arrow)
nodules in both lungs with lower lobe and posterior seg-

Fig. 8.14 Hypersensitivity pneumonitis in a bird breeder.
Diffuse ground-glass centrilobular bilaterally with sub-

pleural sparingdrrows)
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Fig. 8.15 Respiratory bronchiolitis. History of chronic and mosaic attenuatiomvijite arrowg from obstructive
cigarette smoking.a( b) Axial CT shows bronchial wall bronchiolitis. ¢I) Coronal reformatted image shows mul-
thickening in RUL thin arrow), centrilobular emphysema tiple ground-glass centrilobular nodulgsdack arrowg
(arrowhead$, and centrilobular nodulesthick short which appear more at the lower lunglébdue to emphy-
arrows). (c) Axial CT shows diffuse centrilobular nodulessematous changes in the upper lungs

Fig. 8.16 Diffuse panbronchiolitis mimicking asthma, ) Axial CT shows bronchial thickening/fite arrowg with
diffuse centrilobular nodulediack arrowg of both lungs
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Fig. 8.17 Langerhans cell histiocytosis. Same patient idecrease of solid nodules at same levelaas(d) 2006,
2004, 2005, 2006, and 2008. Axial C&, p) in 2004 shows further increase in size and a number of the cystic
shows multiple mostly solid nodulearfows) with upper spaces, some are thick walled and others are thin walled.
lobe predominance and in centrilobular distribution. Ae, f) 2008, shows further progression in cystic spaces
few thick-walled cysts are also seaemr¢wheads$. (c) In  with upper lobe predominance and decrease in normal
2005, the cystic spaces have increase{head$ with  lung
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Fig. 8.18 Invasive mucinous adenocarcinoma, ) lobe and lingula and diffuse solid and subsolid centrilobu-
Axial CT shows multicentric densities with solithick lar nodulesthin arrows bilaterally
arrows) and subsolid areaarfowhead in the left lower

Fig. 8.19 Adenocarcinoma with metastasis, ) Axial sion to left hilum é&rrow), and diffuse bilateral
and coronal reformatted CT shows a solid invasive spicaentrilobular solid nodular metastasis
lated mass in the left perihilum with pleural tags, exten-

a b

Fig. 8.20 Acute pulmonary edema, postoperative (angidungs and more at the bases along tesukes but not
centric disease).a( b) Axial CT shows centrilobular involving them &arrows). Dilated arteries more at the
groundglass nodules mostly in the medial and centrdbwer lung kld @rrowhead
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Fig. 8.21 Pulmonary hemorrhage (angiocentric diseassparing the pleural surfacarfows) and lobular consoli-
in a patient with SLE and hemoptysis, p) Axial CT dation @rrowhead$
shows ground-glass centrilobular nodules bilaterally,

Fig. 8.22 Sarcoidosis, perilymphatic disease. Axial Cwhite arrow). (b) Along bssuresthin white arrow and
shows sharp nodulesa)( Nodules along the bronchial centrilobular nodules tlfick arrowheadl and nodular
wall (thick white arroy and vascular markinggh{n thickening of pleural surfaceblack arrow9



170 8 Acute Lung Parenchymal Changes

Tree-in-Bud Sign Imaging Features

1. Branching appearance with most peripheral nod-
Diagnosis ules several millimeters from the pleural surface
Centrilobular NodulesNTree-in-Bud Sign 2. Centrilobular clusters of nodules

Fig. 8.23 TB in two patients.g, b) Axial CT shows dif- (arrows). Some of the nodules show centrilobular cluster-
fuse centrilobular nodules and with tree-in-bud patterimg (arrowhead$
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Fig. 8.25 Streptococcus mitis infection. Patient witharranged along the bronchovascular bundles, some show-
pre-B-ALL and neutropenic fever. Axial CT of the chestng tree-in-bud distributiorafrows)
(a, b) shows diffuse ground-glass nodules linearly

Fig. 8.26 Laryngeal carcinoma with endobronchial
spread. Axial CT shows diffuse subsolid nodules, some
with tree-in-bud arrangement/kite arrowg

Fig. 8.24 Pseudomonas lung abscess with endobronché&tow) and also linearly arranged ground-glass nodules in
spread. &) Axial CT shows thick-walled abscess in RULbronchovascular distributionthick white arrow. (c)
(thick white arrowy with ground-glass nodules at the end\xial CT of the chest at lower level shows bilateral centri-
of the bronchi adjacent to ithjn white arrow. (b) Tree- lobular nodules, some with tree-in-bud arrangement
in-bud distribution of ground-glass nodulgkiri white (arrow)
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Centrilobular Low Attenuation

Imaging Features 2. Walls are imperceptible in emphysema.
1. Abnormal areas of low attenuation of the se8: Thick walls are seen in bronchiolectasis and
ondary lobule. cavitary nodules.

Fig. 8.27 (a, b) Centrilobular (centriacinar) emphysemaemphysema. Thick visible wallarfows) with prominent
(a) Axial CT shows low-attenuation areas in the center okins are due tolivosis of the interlobular septa, ¢) PA
lobules with imperceptible walls. Centrilobular arteriegnd lateral chest x-ray show hyperat@d lungs with 8t-
(arrows) are seen in some of the low-attenuated arbas. tened diaphragms and increased retrosternal space
Axial CT of different patients shows larger centrilobular
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Centrilobular Low Attenuation

Fig. 8.29 TSC-associated LAMa(b) Coronal and sag- CT head, ) axial, €, f) and coronal reformatted images
ittal reformatted CTs show diffuse cysts throughout botthow subependymal hamartomas with calati®n
lungs @rrow). (c) Axial CT of the abdomen shows angio-(arrow) and facial angioltromas (adenoma sebaceum)

myolipoma with fatty foci in the left kidneyfrow). (dEf)  (arrowhead$

mediastinumdrrows). (b) Axial CT of the upper abdomen

Fig. 8.28 Lymphangioleiomyomatosisa) Axial CT of
the chest shows diffuse cysts with well-ded walls with  shows retroperitoneal lymphangioma with a largedR

intervening normal lung parenchyma and with pneumaollection adjacent to the upper pole left kidnagrgw)
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Fig. 8.30 Cavitating metastasis from adenocarcinoma afodules are seen, some with thick wadlsgw). (c) Five

the lung with left upper lobectomy. Axial CT of the chestonths later the nodules show increased cystic changes,
(a) shows multiple small nodules of various sizes in botsome with very thin wallsafrows)

lungs @rrows). (b) Two years later multiple cavitating

Fig. 8.31 Cystic changes in pulmonary metastases cfvitary (hick white arrovy, cystic with solid centetlfick
endometrial carcinomaa(b) Axial CT shows the metas- black arrow), and purely cystic lesiongh{n white arrovwy
tasis to range from solidhin black arrow), thick-walled
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Fig. 8.32 Cavitating centrilobular lung metastasis fronmonths later shows diffuse solid centrilobular nodular
colon cancer.d) Axial CT of the upper abdomen shows ametastasis bilaterallyc(d) Axial and coronal reformat-
large adenocarcinoma in the proximal ascending coldad images 1 year later show increase in pulmonary nodu-
(arrows). (b) Coronal reformatted image of chest fewar metastasis which now show cavitation
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Fig. 8.33 Bronchiolectasis. Dilated bronchi and bronwhite arrowg. Patient 2: ) Some of the bronchi have
chioles mostly in the lung bases, in two patients. PatientRuid (arrows). (d) Coronal reformatted image shows the
Axial CT (a, b) shows bronchiectasish{n long arrow$  dilated bronchi in the left lower lobe are surrounded with
with tree-in-bud centrilobular nodules, some of the lattérbrosis as seen by retracti@rrpows)

have central lucencies due to dilated bronchiolkeiEk

»
'

Fig. 8.35 Fungal pneumonia with cavitating noduleswith air-Ruid level plack arrow) mostly in the mid-lung
History of a 19-year-old patient with steroid-resistanzone with small areas of consolidatiavh{te arrows. (c)
ulcerative colitis. 4, b) Axial and coronal reformatted Axial CT several months later shows increase in consoli-
CTs show multiple thick-walled cavitary nodules, someéation areasafrows) and decreased cavitary nodules



Centrilobular Low Attenuation 177

Fig. 8.34 Cystic pneumocystis infectiora,) Axial CT  ent patients shows pneumomediastinisfagk arrow) in
shows thick-walled cystsarows) in both lungs, with addition to bilateral ground-glass itfations and small
larger cysts in the upper lobes. The cysts are surroundsgsts (vhite arrow)

by diffuse ground-glass iftration. €) Axial CT of differ-
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from abscess formatioarrowhead$, and all with shaggy

Fig. 8.36 Septic emboli. History of IV drug abusa, )
Axial and €) coronal reformatted CTs show multiple nod-borders. d, €) PA and lateral chest x-ray shows peripheral

ules in the periphery of the lungs and mostly pleuralodules, some showing cavitatidsack arrowg. A thin-
based. Some nodules are sobth¢k arrowg, some show walled infected bulla is also seen in the right lung apex
cavitation (vhite arrow), and some with airddd levels with air-RBuid level (vhite arrow)

»
>

Fig. 8.38 Lobular ground-glass opacity from pneumoted CTs in different patients with Legionella pneumonia
nia. @, b) Axial CT in a patient with community-acquired show focal lobular peripheral consolidation in RUL
pneumonia with groups of lobules involving the righ{arrow) and ground-glass lobular involvement in the rest

lower and middle lobesc(d) Axial and coronal reformat- of the bilateral upper lobes
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Panlobular Abnormalities

Imaging Features 2. Lobular increased attenuation from consolida-
1. Involvement of single or groups of lobules tion or ground-glass density
with normal-appearing adjacent lobulesN3. Lobular low attenuation from decreased per-
mosaic attenuation fusion, air trapping, or lobular destruction

Fig. 8.37 Lobular consolidation from bronchopneumo-
nia. Axial CT shows panlobular consolidation involving a
large area of consolidation in RML and multiple small
groups of lobules in RLL
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Fig. 8.39 Adenocarcinoma. Axial CTaf shows large lobular consolidation of the right upper IdijePA chest x-ray
shows Golden OSO sign formed by mass and partial collapse ciriRin) (

Fig. 8.40 HodgkinOs lymphoma biopsy provenb{ Patient presented with night sweat and loss of weight. Axial CT
shows multiple areas of lobular consolidation

Fig. 8.41 Lipoid pneumonia.g, b) Axial CT shows with well-marginated ground-glass focal densities in both lung
basesdrrows) with density measurement of fatty tissue. Patient was a baker by trade
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Fig. 8.42 Eosinophilic pneumonia in a patient with con-Axial CT shows lobular ground-glass densities bilaterally
genital erythropoietic porphyriaa) Chest x ray shows more at the bases
patchy inBtration in the right upper lobeafrow). (b, c)

Fig. 8.43 Lung carcinoma. Axial CT shows)(muci- arrow), and subsolid nodules in the middle lolméife
nous adenocarcinoma with multiple focal solid areas arsdrows). (b) Non-small cell carcinoma with panlobular
panlobular ground-glass tumor iifation on the left side, inPltrate of the right lung and patchy lobular ground-glass
focal lobular inktration of the right lower lobeb{ack inPltrate of the left side
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Fig. 8.44 Pneumocystis infection in three patienssb) CTs in two different patients show diffuse lobular ground-
Axial and coronal reformatted CTs show lobular consoliglass opacities bilaterally
dation and ground-glass densities bilateratydj Axial

Fig. 8.45 Hypersensitivity pneumonitis. Axial CT shows
lobular ground-glass opacities bilaterally
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Fig. 8.46 Panlobular ground-glass opacities resultingxial CT in a patient with end-stage renal disease. There
from acute CHF with pulmonary edema in two patientss also lobular consolidation of both lower lobes in this
(akx) Axial CT in a patient with mitral valve diseasd) ( patient
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Fig. 8.47 Panlobular ground-glass opacity in pulmonargurrounding  lobular  ground-glass opacities in
RUL. Patient 2: 1§, c) Axial CT shows diffuse lobular

contusion from GSW in two patients. Patient &, If)
Axial CT shows lobular consolidatioblack arrow) with  ground-glass densities bilaterally

Fig. 8.48 Alveolar hemorrhage in two patients. PatienPatient 2: ) Acute renal failure on anticoagulation and
1: (@ Hemorrhagic necrotizing pneumonia in a patiertbronchoscopy conimed alveolar hemorrhage. Axial CT
with acute renal failure withE. coli bacteremia and of the chest shows bilateral lobular ground-glass densities

hemoptysis. Axial CT of the chest shows bilateral lobulaand bilateral pleural effusion
ground-glass densities with small bilateral effusion.
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Fig. 8.49 Acute pulmonary infarction with lobular the pulmonary arterya¢row) with surrounding ground-
infarction with ground-glass density, (b) Axial CT of glass lobular densities
the chest shows thrombus in a right lower lobe branch of
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Lobular Ground-Glass Opacity
and Crazy Paving

Imaging Features

1. Ground-glass opacity with superimposition of
septal thickening

Fig. 8.50 CHF with cardiomegaly, pulmonary edemadiffuse ground-glass density with increased reticular pat-
and bilateral effusion. History of mitral and tricuspidtern especially in the right lung giving a crazy paving
valve repair and diastolic CHFa,(b) Axial CT shows appearance

Fig. 8.51 Klebsiella pneumoniaa(b) Axial CT of the chest shows lobular ground-glass opacities with crazy paving.
There are also large areas of lobular consolidation in the right lung and bilateral small pleural effusion
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Fig. 8.52 Multilobar bronchopneumoniaa,(b) CT axial (arrowhead, smaller lobular ground-glass densitithsr(
and coronal reformatted images show multiple lobularrow), and focal consolidatiorhick arrow)
areas of ground-glass attenuation with crazy paving

Fig. 8.53 Lung abscessafx) Axial, coronal, and sagit- Reactive changes of the surrounding lung showing crazy
tal reformatted CTs show large lobular area of consolidgaving. €I, €) Chest x-ray, PA, and lateral views showing
tion with central air-Rid collection of necrotic abscess.same abscesarfows)
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Fig. 8.53 (continued)
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Fig. 8.54 Radiation pneumonitis with crazy paving sursurrounding diffuse panlobular ground-glass density with
rounding stage IV adenocarcinomatx) Axial, coronal, a crazy paving appearance

and sagittal reformatted CTs show a large solid mass with

Fig. 8.55 Alveolar proteinosis in a patient with AML
having myelodysplastic syndrome, neutropenic fever, and
adrenal insufbiency. Axial CT of the chest shows bilat-
eral diffuse panlobular ground-glass opacities and thick-
ened reticular pattern giving a crazy paving appearance
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Fig. 8.56 Sarcoidosis with a crazy paving pattern. Axial

CT of the chest shows with diffuse lobular ground-glass

opacity with superimposed reticular markings and medgig. 8.57 Adult respiratory distress syndrome with crazy

astinal lymphadenopathy paving. Axial CT of the chest shows bilateral diffuse pan-
lobular ground-glass density with crazy paving especially
in the right lung. Left pneumothoraxbléck arrow)
decompresses into the thoracic wall soft tisswelsité
arrow) since the lungs are rigid. Chest tube on left side

(arrowhead in place
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Fig. 8.58 Pulmonary contusion from motor vehicularobular ground-glass attenuation more at the right side
accident with crazy paving in the right lung. Axial GI ( with thick reticular pattern
b) and coronal reformatted images () show diffuse

Fig. 8.59 Cryptogenic organizing pneumonia with crazylobular ground-glass density and prominent reticular
paving. @, b) Axial CT of the chest shows with diffuse markings
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Fig. 8.60 Pneumocystis infection in two patients. Patierghows multiple small cystfrows), diffuse ground-glass

1: (@, b) Axial and coronal reformatted CTs show bilateralobular densities with crazy paving pattern, and areas of
lobular ground-glass densities with crazy paving patterbilateral confient lobular consolidations

Patient 2: ¢, d) ARDS with PJP infection. Axial CT

Fig. 8.61 Alveolar hemorrhage with crazy paving. Patient was ANCA positive. Lobular ground-glass density in both
lungs, prominent septa bilaterally with upper lobe predominance
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Mosaic Attenuation

Imaging Features 3. Normal lung is denser than adjacent lung with
1. Patchy areas of black and white lungs air trapping
2. InHtrative process adjacent the normal lung 4. Hyperperfused lung adjacent to the oligemic lung

Fig. 8.62 Idiopathic pulmonary hypertension withwith decreased vascular sizgi( arrows, and the white
mosaic perfusion. Axial CT in the upper and mid-luag ( lung of normal perfusion has larger vessdisck short
b) shows lobular low-attenuation areas of poor perfusicarrows). (b) Main pulmonary artery is dilated

Fig. 8.63 Mosaic perfusion in bronchiolitis obliterans.reformatted CTs show large areas of low density of both
Patient was exposed to toxic fumes and dust, then develngs with decreased vascularity from bronchiolitis oblit-
oped obstructive sleep apnea, ) Axial and coronal erans with air trappingafrows)
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Fig. 8.64 Sarcoidosis with mosaic perfusion. History ofjlass density of the normal lung showing larger vessels
sarcoidosis and exposure to biofuel and birds.Akial  (thick arrow). Small perilymphatic nodules are seen in the
and p) coronal reformatted images show mosaic perfuspper lungsdrrowhead$ and calciled hilar lymph nodes
sion more at lung bases with lobular low-density aredblack arrow) from sarcoidosis

with decreased vascularitgh{n white arrow. Ground-

Fig. 8.65 Asthma with mosaic attenuation. History ofareas of ground-glass densities of perfused lung around bron-
asthma exacerbation with cocaine and heroin aBg).Axial ~ chi (@arrows) with prominent vessels. The low-attenuated air
and coronal reformatted CTs show diffuse wedge-shapgédpped lungs show smaller vessels
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Fig. 8.66 Pneumonia with mosaic pattern. Legionelldungs. The vessels in the ilfate plack arrow) are the
pneumonia. &, b) Axial and coronal reformatted CTssame as the normal lunglfite arrow)
show ground-glass irtpation interspersed with normal

Fig. 8.67 Chronic hypersensitivity pneumoniti&E) Axial and coronal reformatted CTs show mosaic attenuation
pattern with ground-glass lobules and traction bronchiectasmarhead with upper lobe preponderance
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Interlobular Septal Thickening

Diagnosis Imaging Features
1. Connective tissue polyhedral septa thickened.

Smooth Interlobular Septal Thickening
2. Well seen in the apical, anterior, and lateral
aspect of the upper lobes, anterior and lateral
aspect of the middle lobe and lingual, anterior
and diaphragmatic surfaces of the lower lobes.

Fig. 8.68 Smooth septal thickening in CHF. A patientpulmonary vein ghort arrow). (b) Coronal reformatted
with atrial futter and ejection fraction of 20 % and biatriaimage shows the septal thickening more in the upper
enlargement.g) Axial CT shows diffuse interlobular sep-lungs with thick septa with veirsifort arrow) and central

tal thickening &rrowhead in the upper lungs with promi- pulmonary arteryléng arrow)

nent centrilobular arteryt{in long arrow) and septal
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Fig. 8.69 Vascular congestion by hilar masa) Axial c) Axial CT shows engorgement of the pulmonary veins
CT of the chest shows right hilar mass narrowing the dist the secondary lobulevhite arrow) and with smooth
tal superior vena cavéléck arrow), encasing the right interlobular septal thickeningthin black arrow. The
superior pulmonary veinafrowhead and right lower artery and bronchus are in the center of the lotauste\-
lobe bronchus and spreading along bronchovascular diad. Metastasis of the right lower lob¢hick black

tribution (white arrowg, and impeding venous returi, ( arrow)

Fig. 8.70 Alveolar proteinosis in AML patienta) Axial increased pulmonary densities with mosaic pattern and
CT shows smooth septal thickeniragrows) of the right smooth septal thickeninguftows) and small right pleural
upper lobe and ground-glass density with crazy paving effusion

the left upper lobe.b) One year later the lungs show
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Fig. 8.71 AIDS-related KaposiOs sarcons.Axial CT  nodules in peribronchovascular distributicarréws), a
shows smooth septal thickening best seen in the lung afgw pleural-based nodulearfowhead, and small right
ces (hite arrowy. (b, c) Axial CT shows centrilobular pleural effusion )
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Fig. 8.72 Lymphangitic carcinomatosis with smooth2: Lung cancer with smooth and nodular interlobular sep-
interlobular septal thickening. Patient 1: metastasis frotal thickening. ¢Be) Axial, coronal, and sagittal reformat-
rectal adenocarcinomaa,(b) Axial and coronal CTs ted images show smooth septal thickening in the lung
show diffuse smooth interlobular septal thickening in botapex arrowhead and nodular septal thickeningrfow)
lungs with multiple nodular metastaserrows). Patient in posterior part of the apicoposterior segment of LUL
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Diagnosis
Nodular Interlobular Septal Thickening

Imaging Features (@) Subpleural region
1. Beaded appearance of the interlobular septa (b) Peribronchovascular interstitium in peri-
2. Perilymphatic pattern associated with intersti- hilar region
tial thickening or nodules involving (c) Centrilobular peribronchovascular inter-
stitium
a b

Fig. 8.73 Sarcoidosis.g; b) Axial and coronal reformatted CTs showing nodularity of the septaw(s), nodularity
of the pleural surface, and diffuse centrilobular nodules

Fig. 8.74 KaposiOs sarcoma. Axial CT shows nodular
septal thickeningarrow) and bilateral pleural effusion.
Large soft tissue mass extending from the infrahilar region
along the bronchovascular distribution
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Fig. 8.75 Nodular septal thickening in acute myeloidarea of mass-like consolidationl{ite arrow), and diffuse
leukemia. &, b) Axial and coronal reformatted CTs showpatchy ground-glass densities
diffuse nodular septal thickenindpléck arrowg, focal

Fig. 8.76 Cryptoccocal pneumonia in HIV-positive with nodular septal thickeningvhite arrow) and right
patient. &Ex) Axial, sagittal, and coronal reformattedhilar adenopathyblack arrow)
images show interstitial irtrate in the right lower lobe
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Diagnosis Imaging Features
Irregular Septal Thickening 1. Fibrosis and honeycombing
2. Distortion of lung parenchyma

Fig. 8.77 Irregular septal thickening from 35 years ofungs with ground-glass lobular densities and mosaic
biomass fuel exposure (woodpgEf) Axial CT shows attenuation
irregular septal thickeningafrows) more in the upper
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Fig. 8.78 End-stage sarcoidosis. Patientd,:i) Axial ening plack arrow). Patient 2: ) Axial CT shows
CT show bronchiectasis left upper lolaeréw), irregular honeycombing and cavitation and irregular septal
septal thickeninggrrow head$and Hrotic pleural thick- thickening
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Fig. 8.79 Honeycombing in three patients) (Fibrotic by thickened irregular septa more in lung basgsd)(In
NSIP in a patient with SLEb] IPF. @, b) Axial CT of the axial and coronal reformatted CTs in HP, the honeycomb-
chest shows clustered cystic spaces of the lung surroundiegl has upper lobe predominance
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Tuberculosis

Imaging Features Postprimary TB
Primary TB 1. Predilection for apical and posterior segments
1. In adults dense homogeneous consolidation inof the upper lobes.
any lobe; predominance in lower and middl@. Patchy poorly deied consolidation.
lobe suggestive of TB. 3. Cauvitation is the hallmark and are multiple
2. Under 2 years, lobar segmental atelectasiswithin the consolidation with thick irregular
often in the anterior segment of the upper lobe wall in untreated cases.
and medial segment of the middle lobe. 4. Tree-in-bud appearance in endobronchial spread.
3. Lymphadenopathy is the hallmark, commads Tuberculomas are round oval sharply margin-
in right paratracheal hilar stations, can be ated lesions, single or multiple.

bilateral. 6. Cavitation may be complicated with
4. Nodes larger than 2 cm with low attenuation is mycetomas producing air crescent sign.

suggestive of active disease. 7. Calciled mediastinal lymph nodes may erode
5. LAD can be the sole feature in infants. into the bronchus causing broncholithiasis.

6. Miliary disease shows as diffuse small 23 mmTB in acquired immunodebciency syndrome
nodules, slight lower lobe predominance, rart. Depends on level of immune suppression
dom distribution, can coalesce to form focal 02. Higher prevalence of mediastinal and/or hilar
diffuse consolidation in any form of disease.  lymphadenopathy

7. Pleural effusion usually unilateral. 3. Lower prevalence of cavitation

Fig. 8.80 TB with consolidation and subsequent cavitaeonsolidation in RUL with cavitation. Nodules in RUL
tion. (@) Axial CT shows consolidation in the right uppersurrounding the cavitation have decreased but increased
lobe with surrounding tree-in-bud distribution of nodulesn the left upper lung

(arrow). (b) Axial CT 6 months later shows increase in
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Fig. 8.81 TB consolidation. Axial CT shows two areas
of consolidationf§lack arrow), endobronchial dissemina-
tion with treein-bud distribution hite arrow) and small

spontaneous pneumothorax

Fig. 8.82 TB lymphadenopathy. Two patients with TBvery little lung nodules but peribronchial thickening in
having hilar and mediastinal LAD and centrilobular nodright perihilar region.q) Six months later the hilar LAD
ules. Patient 1 is HIV positivea) Axial CT shows medi- has improved but the bronchocentric nodules have
astinal LAD @rrows) and lung nodules mostly left increased in RUL

perihilar. Patient 2:Iy, c) bilateral hilar LAD arrows),
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Tuberculosis

Fig. 8.83 Tuberculomas. Three solid nodules with shar'gig 8.84 TB. acute and chronic. Axial CT shows TB
ith tree-in-bud appearance of thehfte arrow) right

margins in both upper lungw/fite arrowg with multiple
surrounding centrilobular nodules and left pleural eﬁ%ng. Chronic TB in left upper lobe with chroniblesis
causing loss of volume, traction bronchiectatsig(black

sion plack arrow)
arrow), and cavitationtfiick black arrovy

Fig. 8.85 Miliary TB. (a) Axial CT of the chest shows brain post-gad shows tuberculomas with enhancing nod-
diffuse punctuate nodules in bilateral lung¥Axial CT  ules @rrows). The nodule near the fourth ventricierow
with the same patient shows coalescence of the nodulesrirt) shows small central cavitation

the lung bases, giving ground-glass densityd MRI of
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Fig. 8.86 Acute or chronic TB.g, b) PA and lateral level in an RUL cavitydrrow). (d) Axial CT shows focal
chest x-ray shows bilateral diffuse reticular nodulat-inbPconsolidation in LUL Black arrowhea, conglomerated
trations and cavities more in the upper lungs with aidR peribronchial noduleshite arrow), multiple small thick-
level in an RUL cavity grrow). (c) Axial CT shows mul- walled cavities in posterior lungbléck arrowg, and also
tiple thick-walled cavities in the upper lungs with aisi  scattered centrilobular nodulest(te arrowheads
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Fig. 8.87 Miliary TB with tuberculous spondylitisa) sagittal reformatted CTs of thoracic vertebrae show loss

Axial CT of the chest shows diffuse miliary nodulesdisk space at T8DT9, gibbus deformity, irregular end

Paravertebral tuberculous (Pott) abscess is seen aroptates black arrowg, decreased disk space, and sclerosis

mid-thoracic vertebrae with an increase in paravertebraf T8 body. Increased soft tissue is again seen around T8D
soft tissue thicknessafrow head3. (b, c) Coronal and T9 (white arrow9

Fig. 8.88 TB mycetoma.d) Axial CT of the chest shows (arrowhead$. Both CT and chest radiograph show devia-
a soft tissue masarfowhead in a cavity surrounded by tion of the superior mediastinum to the right due loob

a crescent of airafrow). (b) Chest x-ray PA view sis from previous TB

shows the mycetomaarfow) in a thick-walled cavity
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Fig. 8.89 Chronic TB with traction bronchiectasis) ( volume. p) Chest radiograph PA view showdrbtic
Axial CT of the chest shows dilated bronchi in right uppechanges in RUL posterior segment and two large bullae in
lobe with surrounding soft tissuéiwsis causing loss of the apex

Fig. 8.90 Oleothorax.4, b) Axial and coronal reformatted CT show deformity of left upper thoracic wall and loss of
volume of left upper lobe by liquid paraffwhich is surrounded by a rim of calc#tion arrows)
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Pneumocystis Infection

Imaging Features 4. Lymphadenopathy is usually not present.
Typical Pattern 5. Can progress to diffuse consolidation and
1. Bilateral diffuse symmetric interstitial (reticu- adult respiratory distress syndrome.

lar or mely granular) or ground-glass Atypical Pattern

inbltrates. 1. Isolated lobar disease
2. Cystic disease is observed in one-third cases Focal parenchymal opacities or nodules
and may cause pneumothorax. 3. Cavitating nodules or masses

3. Distribution may vary from bilateral perihilar4. Miliary pattern
and lower lobe to predominantly upper lob&. Endobronchial lesions
inpltrates. 6. Pleural effusion

Fig. 8.91 Pneumocystis infection in different patientscysts anteriorly. ) Ground-glass inlration with crazy
Axial CT of the chest.q) Diffuse ground-glass iftra-  paving pattern.fj Bilateral lobular ground-glass iftka-
tion with mosaic attenuatiorb) Bilateral lobular ground- tion and consolidations with small bilateral pleural effu-
glass inlitration. ) Diffuse ground-glass irtration with  sion. @) Cystic pneumocystis infection with background
small solid nodulesagrows) and spontaneous pneumo-of ground-glass density

thorax. @) Consolidation bilateral posteriorly and small
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Fig. 8.91 (continued)
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Hypersensitivity Pneumonitis

Imaging Features 3. Chronic changes obwsis and traction bron-
1. Chest radiograph shows poorly wedb small chiectasis and volume loss with relative basal
opacities in both lungs sometimes sparing api- and extreme apical sparing.
ces and bases. 4. Centrilobular ground-glass nodules.

2. Ground-glass opacity with mosaic attenuatidn Subpleural honeycombing mostly in mid-
or homogeneous distribution bilaterally in lung.
middle or lung bases.

Fig. 8.92 Hypersensitivity pneumonitis. Different in d), centrilobular nodulesafrowhead in €), lobular
patients. &) Axial CT of the chest shows diffuse centri-ground-glass opacity, and mosaic atttenuat&rog) in
lobular ground-glass nodules, €) Diffuse bilateral lob- e. (f) Chest x-ray of a patient with chronic hypersensitiv-
ular ground-glass densities and mosaic pattedn.e ity pneumonitis showing diffuse bpotic changes with
Axial CT of chronic hypersensitive pneumonitis showslight upper lobe predominance

bbrotic changes with traction bronchiectasisgwhead
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Fig. 8.92 (continued)
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Sarcoidosis
Imaging Features Atypical
Common 1. LAD: unilateral hilar, mediastinal only, inter-

1. Lymphadenopathy: hilar, mediastinal (right nal mammary, paravertebral, retrocrural loca-
paratracheal), bilateral, symmetric and well tions, and can have calc&tion
delned. 2. Air space consolidation: mass-like opacities,
2. Micronodules with bilateral, symmetrical dis- conglomerate masses, solitary pulmonary
tribution along lymphatics in peribronchovas- nodules, con@Bent alveolar pattern, and cavi-
cular, subpleural interstitial spaces and less tation of nodules
common in interlobular septa, in upper an8. Ground-glass  opacities and  mosaic

middle lung. attenuation
3. Macronodules formed by coalesce df. Linear opacities: interlobular septal thicken-
micronodules. ing and intralobular linear densities

4. Fibrotic changes: reticular opacities, architeb- Fibrocystic changes: cysts, bullae blebs,
tural distortion, traction bronchiectasis, bron- emphysema, and honeycomb-like opacities
chiolectasis, and volume loss. with upper and mid-lung predominance

5. Bilateral perihilar opacities. 6. Miliary nodules

6. Upper and mid-lungelds predominance. 7. Airway involvement: mosaic attenuation, tra-

cheobronchial abnormalities, and atelectasis
8. Pleural disease: effusion, chylothorax, hemo-
thorax, pneumothorax, pleural thickening,
and calcileation
9. Mycetoma and aspergilloma
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Fig. 8.93 Sarcoidosis with lymphadenopathya, (b)
Axial CT of the chest showsa) enlarged noncalciz
mediastinal lymph nodesaffows). (b) A few calciked
nodes in the mediastinurarfow). (c, d) Axial CT of the
upper abdomen shows) (calciFed celiac axisgrrow) and

8 Acute Lung Parenchymal Changes

periportal nodesafrowhead. (d) Calciked nodes in ret-
roperitoneumthin arrows and root of mesentergfow-
head. () Coronal reformatted image shows the
mediastinal and abdominal LAD with calcidgion in
some nodes
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Fig. 8.94 Sarcoid micronodules. Patient &) Axial and arrows) with bilateral hilar adenopathy and mediastinal
(b) coronal reformatted images show solid micronodulesdenopathytlack arrowheadl Nodules show upper lung
in peribronchovascularwhite arrowheagl subpleural predominance. Patient 2c)(Axial CT shows extensive
distribution plack arrow) and along bsuresthick white micronodules in bilateral lungs
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Fig. 8.95 Fibrotic stage of sarcoidosis. Axial C&)( The mid-lung shows architectural distortion bilaterally
shows sarcoidosis with honeycombing of both uppend traction bronchiectasir(ow). (d) Coronal reformat-
lungs. p) Fibrotic changes with traction bronchiectasised CT shows brotic changes with upper lung predomi-
(white arrow) and pleural thickeningblack arrow). (c) nance and mycetoma in the left apaxdw)
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Fig. 8.96 Alveolar sarcoidosis.a( b) Axial CT of the have central lucent cavitatiohléck arrowind, €). (g, h).
chest shows areas of consolidations with air bronchogra@woronal reformatted and axial CTs show conglomeration
(arrows) and surrounding micronodulesff) Axial CT  of micronodulesdrrows) with ground-glass density (sar-
shows large soft tissue massbl¢k arrowsin ¢, white  coid cluster), a precursor to solid nodulésj)(Axial and
arrow in d) which are either pleural based or have pleuraoronal reformatted CTs show the galaxy sign with mass-
tags érrows in f) with irregular margins and surroundedforming conglomerated nodules and peripheral satellite
by micronoduleswhite arrowin €). Some of the nodules nodules &rrows) and sarcoid clusteafrowhead$
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Fig. 8.97 Sarcoid with interlobular septal thickening) ( macronoduleswhite arrowg. (b, c) Axial and coronal
Axial CT of the chest shows diffuse patchy ground-glaseformatted CTs show thick septal thickenirsgrgws)
opacities of lung parenchyma with smooth interlobulaand nodular septal thickeningriowhead

septal thickening klack arrowg and centrilobular
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Fig. 8.98 Sarcoidosis with patchy ground-glass opaciparatracheal LAD with calcitation in some node<)(In

ties in two patients.a( b) Axial and coronal reformatted the second patient axial CT shows bilateral patchy
image shows bilateral upper lung ground-glass opacitigsound-glass densites with micronodules in peribroncho-
with a few focal solid macronodules, bilateral hilar andascular distribution (sarcoid cluster)
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lobe and eggshell-caladid lymph node in the mediasti-
num @rrowhead. (c) Different patientOs axial CTs show
air trapping with multiple focal areas of decrease attenua-
tion in both mid-lungs&rrows) with bilateral hilar LAD

Fig. 8.99 Sarcoidosis with mycetoma, biacystic

changes, and air trapping, ) Axial CT shows myce-
toma with air crescent sigth{n black arrow in left upper
lobe. Fibrocystic changew/ite arrow) of the right upper
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Fig. 8.100 Sarcoidosis with mosaic attenuation. Historythin white arrow$ due to obstructive sarcoidosis.
of sarcoidosis and chronic obstructive pulmonary diseas&djacent ground-glass density of normal lung showing
(a) Axial, (b, c) coronal reformatted CT in the right lunglarger vessels{ack arrow). Fibrotic changes and pleural
shows patchy areas of low attenuated with small vesséigckening in lung apices
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Fig. 8.101 Sarcoidosis of the liver and spleen. Patient kince the spleen has decreased densityl)(Axial and
(a, b) Axial and coronal reformatted images show diffuseoronal CTs show low-density nodules in the liwghite
granulomas as low-density nodules in the liverdw) arrows) and also low-density nodules in the spldaadk
and as higher-density nodules in the splegroyhead arrow)

Fig. 8.102 Sarcoidosis with pleural disease,lf) Axial attenuation with nodules bilaterally having upper lung
and coronal reformatted images of the chest show bilgtredominance
eral pleural effusionafrows) and patchy ground-glass
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Silicosis

Imaging Features 5. Hilar and mediastinal lymphadenopathy may

1. In acute silicosis there are numerous bilateralprecede parenchymal lesions.
centrilobular ground-glass nodules, patchg. Calcilkation of lymph nodes are at the periph-
ground-glass opacities, and consolidation. ery with eggshell conguration.

2. Numerous bilateral centrilobular nodules ii. Progressive massivierbsis from expansion and
perilymphatic distribution in paraseptal and conglomeration of the nodules causing soft tis-

subpleural regions. sue masses with irregular margins and calgib
3. Apical and posterior regions of upper lobes tion with surrounding emphysematous change.
and apical regions of lower lobes. 8. Cavitation of the nodules may occur.

4. Subpleural nodules are round or triangular
shaped and may resemble pleural plaques.

Fig. 8.103 Silicosis. &, b) Axial CT of the chest shows multiple centrilobular nodules and subpleural ncatutees]
and pleural plaguesrowhead$

Fig. 8.104 Silicosis. Axial CT &) conglomerated nodules arg) ¢liffuse centrilobular nodules less numerous in lower
lung Felds
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Fig. 8.105 Silicosis with progressive massivérbsis. nodes many with eggshell coglrration black arrow).

Axial CT (a, b) and ¢) coronal reformatted CT show (d) Chest radiograph shows large bilateral opacities in the
upper lungs with upward elevation of bilateral hila

bilateral conglomerated masses with cateition (vhite
arrows). (b, ¢) also show calcieéd mediastinal lymph
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Pulmonary Aspergillosis

Imaging Features Semi-invasive (chronic necrotizing) aspergillosis
1. Unilateral or bilateral segmental areas of
Aspergilloma consolidation with or without cavitation and
1. Solid mass in prior cavity multiple nodules
2. Gravity-dependent mass with air cresceft Aspergillous necrotizing bronchitisNendo-
sign bronchial mass, obstructive pneumonitis, or

collapse or hilar mass

Allergic bronchopulmonary aspergillosis Bronchopneumonic or airway invasive asper-
1. Mucoid impaction with bronchiectasis pregillosis
dominant in segmental and subsegmental Centrilobular nodules, tree-in-bud appearance,

bronchi in the upper lobes and peribronchial areas of consolidation
2. Mucoid is high density or has frank
calcikcation Angioinvasive aspergillosis

1. Nodules with surrounding ground-glass halo
2. Pleural-based wedge-shaped consolidation

Fig. 8.106 Allergic bronchopulmonary aspergillosis in asegment and middle lobkléck arrows. (c) Mycetoma of
patient with asthma. Axial CTa(b) shows focal areas of the right upper lobe with air crescent sigrmr¢w). Dilated
atelectasis or consolidation of right upper lobe, linguldsronchi with wall thickeningwhite arrowin a, d)
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Fig. 8.107 Invasive aspergillosis in a patient with pre-B-effusion. Some of the nodules are peripherally located and
ALL and neutropenic feverafr) Axial CT shows multi- ill marginated &rrows)
ple nodulesdrrows) and consolidations and small pleural

Fig. 8.108 Chronic invasive pulmonary aspergillosis in a patient with AML and neutropenic favi). Axial CT
shows cavitary consolidation with surrounding reticulation and pleural thickening
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Interstitial Lung Disease

Diagnosis Cryptogenic organizing pneumonia
Idiopathic Interstitial Pneumonia Patchy ground-glass opacities to consolidations
Usual interstitial pneumonia and idiopathim peribronchial or peripheral distribution with
pulmonary Ibrosis: Subpleural reticular opacismild bronchial dilatation and basal preponderance
ties, macrocystic honeycombing, traction brorsometimes sparing the subpleural space
chiectasis, and basal peripheral predominance Respiratory bronchiolitisbassociated interstitial
Nonspecibc interstitial pneumonia lung disease
Cellular and brotic phases, ground-glass Centrilobular nodules, patchy ground-glass
opacities, varying degrees of reticulation andpacities, and bronchial wall thickening with dif-
consolidation, and microcystic honeycombinduse or upper lung predominance
Traction bronchiectasis irbipotic phase, no obvi- Lymphoid interstitial pneumonia

ous gradient, subpleural, and symmetrical Ground-glass opacities, perivascular cysts,
septal thickening, centrilobular nodules bilater-

ally diffuse and symmetrical, and lower lobe
predominance

Fig. 8.109 UIP due to IPF. Two male patients with protion bronchiectasisatrows), and mild ground-glass opacity
gressive shortness of breath and cough. Patierd, Ir) ( with basilar predominance. Patient@:d) Axial CT shows
Axial and coronal reformatted CT of a 71-year-old malarchitectural distortion, honeycombing, and bronchiectasis.
shows subpleural reticular opacities, honeycombing, traPatient has history of repeated episodes of pneumothorax
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Fig. 8.110 NSIP cellular form in a 42-year-old manreticulation in lung basesb) Improvement of ground-
either methotrexate induced or from rheumatoid arthritiglass and reticular densities following treatment. Some
Axial CT (a) shows diffuse ground-glass densities antironchi show minimal wall thickeningurow)

Fig. 8.111 Cellular NSIP. Ground-glass attenuation with bas#d CTs of a 45-year-old female with SjogrenOs syndrome hav-
predominance with e reticulation and mild bronchiectasis.ing dyspnea and non-pleuritic chest pain and generalized joint
(afx) A 47-year-old female with scleroderma and joint pairpain. @, h) A 59-year-old female with SLE and rheumatoid
Axial, coronal, and sagittal reformatted CTs also show dilatestthritis having shortness of breath. Coronal reformatted and
esophagusfrows). (dEF) Axial, coronal, and sagittal reformat- axial image also shows few scattered solid nodatess)
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Fig. 8.111 (continued)
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Fig. 8.113 Cryptogenic organizing pneumonia biopsyperipheral and lower lobe predominanegd) Axial CT
proven. &, b) Patient with polymyositis. Axial and coro- of different patients shows peripheral ground-glass lobu-
nal CTs show bilateral ground-glass densities mostlgr densities. History of chronic usage of amiodarone

Fig. 8.114 RB-ILD in a 42-year-old male, chronic smokex, If) Axial CT shows bronchial wall thickeningrfow)
with patchy ground-glass densities and multiple centrilobular nodalesvhead$

<
<

Fig. 8.112 Fibrotic form of NSIP. Patient 1: History of RA having marked shortness of breath). Axial and €)

RA and shortness of breatla, p) Axial and €) coronal sagittal reformatted CTs show very little ground-glass
reformatted CTs show mildbpotic changes with mild density and honeycombing with basal predominance.
traction bronchiectasis in the upper lobe¢k arrowd,  Patient 3: History of JRAf) Coronal reformatted CT and
groundglass densities with mosaic pattewh{te arron) (g, h) axial CT show brosis with honeycombing of both
more in the lower lobes with increased interstitial thickerlungs with lower lobe predominance

ing of the lower lobes. Patient 2: A 72-year-old man with
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Fig. 8.115 Lymphoid interstitial pneumonia in a with AIDS: (c) Axial CT shows diffuse ground-glass den-
22-year-old male with hyper-IgM hypogammaglobusity in both lungs with multiple cysts mostly perivascular
linemia presenting with cougha,(b) Axial CT of the (arrows). (d, €) Axial and coronal reformatted CTs 10
chest shows bilateral diffuse ground-glass density angars later show increased density of some areas of GGO
with perivascular cystsarow) and septal thickening and some centrilobular noduleblack arrow). Diffuse
(arrowhead. Improved with steroid therapy. Patient 2cysts are again seewlfite arrow)
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Pulmonary Edema

Imaging Features

1. Diffuse ground-glass attenuationNdistribution
depends on the etiology.

2. Interlobular septal thickening

Fig. 8.116 Acute pulmonary edema. Flash pulmonarglass density with batwing distribution, sparing periphery
edema due toud overload from IV infusion.a) Chest of the lung with interlobular septal thickeningriows)
x-ray. ) Axial CT of the chest. Diffuse bilateral ground-and bilateral pleural effusion
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Fig. 8.117 Pulmonary edema from CHR, ) Axial CT shows ground-glass densities predominant at the bases and
dependent lungs. Pacemaker lead is in the right ventricle

Fig. 8.118 CHF with bicuspid aortic valve and aortic stenosisb) Axial CT shows bilateral pulmonary edema with
lobular ground-glass densities with lower lobe predominance and bilateral pleural effusion



Adult Respiratory Distress Syndrome 237

Adult Respiratory Distress Syndrome

Imaging Features 2. Consolidations usually in the vertebral-basal
1. Heterogeneous areas of ground-glass opacityareas of the lungs.
usually symmetrical. 3. Modest pleural effusion is common.

4. Pneumatoceles are seen later in the disease.

Fig. 8.119 ARDS. Patient 1afx) with septic shock. lar septal thickeningcf Axial CT of the upper abdomen
Patient with renal cell carcinoma (rcc), lung metastasishows heterogeneous enhancing RCC of the upper pole
and pneumoniaa(b) Axial and coronal reformatted CTs left kidney @rrows). Patient 2: Post-traumal)(Axial CT
show diffuse patchy areas of consolidatibfa¢k arron)  shows diffuse areas of solid and ground-glass densities in
along bronchovascular distribution and smooth interlobdpoth lungs and small left pleural effusion
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Cavitating Lesions

Diagnosis
Septic Emboli

Fig. 8.120 Septic emboli with septic shock and MRSAarrowhead, interspersed normal lung/gite arrow), and
bacteremia.g, b) Axial CT shows multiple peripherally moderate right pleural effusion (ellipse}) @xial CT of
distributed septic embolldng black arrow}, some with the chest shows multiple subpleural consolidations
abscess formation with ainftl levels black arrowheay, (arrowhead$. (d) Chest x-ray shows peripheral Itvia-
patchy areas of consolidation with air bronchogramte  tions due to location of septic emboli and consolidations
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Diagnosis Imaging Findings
Necrotizing Pneumonia 1. Area of consolidation
2. Cavity or cavities with no rim enhancement
within the consolidation lled with Ruid or
with air-Ruid level

Fig. 8.121 Necrotizing pneumonia in two patients.along the costal attachments of the diaphragack
Patient 1: 4, b) Axial and coronal reformatted CTs in aarrow). The adrenal gland has increased enhancement due
patient with prostate cancer show diffuse consolidaticw marked drop in blood pressure. The distal small bowel
with surrounding ground-glass density in the right lunghows ischemic changes with target appearazaicew-

with multiple foci of necrosis with air and aiufél collec- head. (g, f) Axial and sagittal reformatted CTs show the
tions @rrows) within the consolidated lungs with no riminfection to invade the liver with irregularity of the right
enhancement. Patient 2 with diabetes, IVDU, and alcohlolbe near the costal margiblgck arrowsin f andwhite
abuse presents with septic shodk.Axial CT shows nec- arrow in €). Multiple liver abscesseblack arrowg and
rotizing pneumonia of the right lung base, aiicollec- small bowel ischemiawhite arrowheayl are seen.gj

tion in a consolidatiorbjack arrowsin c andwhite arrows  Axial CECT of the brain shows two abscesses in the left
in d, f). (d) Coronal reformatted CT shows the infectiorside with rim enhancemerdarfows)

with gas extending inferiorly from the lung/fite arrow)
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Fig. 8.121 (continued)
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Fig. 8.122 Cavitating pneumonia due to fungal infecinvolving the central, middle and peripheral lungs). (
tion. Axial CT (@, b) shows multiple thick-walled cavities One month later the cavities and some consolidations
(arrowhead, some with associated consolidatidia¢k (black arrow) have increased with bilateral pleural
arrows) and some with aird8d levels (hite arrow) effusion



242 8 Acute Lung Parenchymal Changes

Imaging Features

1. Thick-walled cavity with airdd level.

2. Inner margin is smooth.

3. Large surrounding area of parenchymal
edema with ground-glass density.

Diagnosis
Lung Abscess

Fig. 8.123 Lung abscess. Clinical presentation of coughevel @rrow). The surrounding lung shows diffuse af3-
chest pain, and hemoptysia) Axial CT, (b, c) chest PA, matory changes with edema as ground-glass density

and lateral x-rays show a thick-walled cavity with airie
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Diagnosis Imaging Features
Necrotic Lung Mass with Superimposed Infectiod. Thick-walled mass with aiufgl level.
2. Surrounding lung parenchyma shows no sig-
nibcant edema.

Fig. 8.124 Non-small cell lung cancer with necrosis andvith air-Buid level and very little surrounding lung paren-
superimposed infection. Axiab), coronal b), and ¢) chymal reaction. The inner wall of the cavity is nodular
sagittal reformatted CTs show large thick-walled cavitand irregular
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Fig. 8.125 Necrotic squamous cell carcinoma withvessels lflack arrowg and several necrotic areas, some
superimposed infectiona(b) Axial and coronal refor- with air-Buid collections from superimposed infection
matted images show a large mass with prominent interr(@thite arrow)
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Diagnosis Imaging Features
Infected Intralobar Bronchopulmonary Sequest. Large left lower lobe posterior segment of soft
tration tissue mass

2. Anomalous systemic arterial supply
3. Multiple cystic spaces with gas collections
and fuid levels

Fig. 8.126 Infected intralobar bronchopulmonarylarge soft tissue mass in the left lower lobe with multiple
sequestration. A young patient comes in with pneumoniaystic space, some having ai@ level @rrows). (d, €)

like symptoms. &, b) Chest radiograph PA and lateralAxial and oblique coronal CTs show the vascular supply
views show a large soft tissue mass with aiidollec- of the mass from the upper abdominal acateofvhead.
tions @rrows) in the paravertebral gutter of the left lower(f) Axial CT shows venous drain into the left pulmonary
lobe posterior segment)(Axial CT of the chest shows vein (@arrow)
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Diagnosis 3. Central cavitation common in nodules
Granulomatosis with Polyangiitis (WegenerOs larger than 2 cm.
Granulomatosis) 4. Margins may show ground-glass halo,
radiating linear scarring, spiculations, and

Imaging Features pleural tags.
A. Nodules: B. Ground-glass opacity and consolidation

1. Single or multiple nodules from few mil-C. Pleural effusion, may have acute or chronic

limeters to 10 cm in size. Pbrinous pleuritis

2. Random distribution but can be peribror>. Tracheal narrowing; mediastinal lymphade-
chovascular, subpleural and angiocentric, nopathy is uncommon
and rarely centrilobular.

Fig. 8.127 Wegener granulomatosis. Patient with paraating nodules of varying size, ground-glass to speculated
lyzing joint pain and increasing chest pain and productiveargins, and in random distribution
cough. &, b) Axial CT shows multiple thick-walled cavi-
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Diagnosis Imaging Features
Sarcoid Granulomatosis with Cavitation or Cyst. Multiple bilateral nodules in subpleural and
Formation peribronchovascular distribution.

2. Nodular margins are ill-deed, are irregular,
and can have satellite peripheral nodules giv-
ing the galaxy sign.

3. Some nodules cavitate or heterogeneously
enhance.

4. Hilar adenopathy is variable.

Fig. 8.128 Necrotizing sarcoid granulomatosisf¥) central cavitiesgrrowhead. Solid nodules are seen in the
Axial, coronal, and sagittal CT of the chest shows a lardeft lung with satellite nodulesahite arrowg and with
pleuralbased solid nodule in the right lower lobe withbilateral hilar adenopathy



248 8 Acute Lung Parenchymal Changes

Diagnosis Imaging Features
Infected Bulla 1. Multiple bullae with thin walls.
2. Infected bulla has thicker wall with a8
level.
a b

Fig. 8.129 Infected bulla. &, b) PA and lateral chest same bulla with air-Gid level. Two other adjacent nonin-
radiograph shows thin-walled bulla with aiwifl level in  fected bullae are seen
the right upper lobecf Axial CT of the chest shows the
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Diagnosis Imaging Features
Tension Pneumothorax 1. Plain chest radiograph shows hyperexpanded
hemithorax with no lung markings and deep
sulcus sign.

2. The ipsilateral lung is collapsed and the
diaphragm depressed.

3. Afew linear strands extend from the collapsed
lung to the thoracic wall due tobrotic
adhesions.

4. The mediastinum is shifted to the contralateral
side.

Fig. 9.1 Tension pneumothoraxa+{c) A patient with multiple linear adhesions to the thoracic waltr¢ws).
asthma experienced sudden shortness of breat@hest (d) Axial CT of a patient with cystic pneumocystis
AP view and ) coronal reformatted ana)(axial CT infection shows right tension pneumothorax. Multiple
show shift of the mediastinum to the left and a deepeystic lesionsdrrows) are seen bilaterally

right costophrenic angle. The collapsed right lung shows
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Imaging Features

1. Large uid and gas collection in the pleural
space

2. Split pleural sign with enhancing pleura

3. Compressive collapse of the adjacent lung

Diagnosis
Empyema

Fig. 9.2 Empyema. &) Contrast-enhanced axial CTcollapsed.lf) Axial CT of the chest ana(d) chest x-ray
shows large pleuraluid surrounded by enhancing pleurdPA and lateral views 1 week later show development of
with split pleural sign of parietal pleuravifite arrowg gas collections in the pleuraluid with air- uid levels.
and visceral pleurablack arrowg. The left lung is The pleura is still thick and enhanciragrow in b)
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Fig. 9.3 Pleural mesothelioma with TB infection andarrows) with enhancement similar to the intercostal mus-
biopsy-con rmed noncaseating granulomas. Axiallf) cles and liver.q, €) Axial and coronal reformatted images
and coronal reformattedc)( CTs show irregular and show hydropneumothorax from biopsy

nodular thickening of the visceral and parietal pleura
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Diagnosis Imaging Features
Empyema Necessitans 1. Chronic empyema which decompresses
through the chest wall

Fig. 9.4 Empyema necessitans in a patient with chronmeura. p) Osteomyelitis of a lower thoracic vertebra
skin boil presenting with cough, shortness of breatfarrowhead adjacent to empyemaarfow) with bone
and back pain.a) Axial CT of the chest shows skindestruction, small speck of gas, and thickened enhancing
break (vhite arrow) and gas in the intercostal muscleseft paravertebral soft tissuec)(The patient had decor-
(black arrowg tracking into the empyema wittuid and tication of the left thoracic wall with gauze packing the
gas in the pleural space surrounded by a thick enhamonhealing skin wound showing continuity with the pleu-
ing pleura. Right pleural effusion shows no enhancingl spacedrrow)
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Fig. 9.5 Bronchopleural stula. Patient 1: Metastatic space with a thick enhancing pleugaréw). Patient 2:
breast cancer with chronic empyema. Axial contrastrauma with persistent loculated pneumothoraly. RA
enhanced CT showsy)( air- uid collection in the right chest x-ray shows loculated pneumothorxaw). (g, f)
lower lobe bronchusagrowhead which opens up into Coronal and sagittal reformatted images shatulous
the pleural space in the next sectiamrqwheadin b). tract @rrows) connecting the left lower lobe bronchus to
(c) Empyema with air-uid collection in the pleural the pneumothorax

Fig. 9.6 Chylothorax. The patient developed persistent
pleural collection as a complication of surgical resection
of a lung nodule. Contrast-enhanced CT shows loculated
fat- uid collection &rrows) adjacent to the mediastinum
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Diagnosis Imaging Features
Catamenial Hydropneumothorax 1. Loculated hydropneumothorax
2. Soft tissue—enhancing nodule on the rectus
abdominis muscle in the lower abdomen

Fig. 9.7 Catamenial hydropneumothorax. A patient witlsmall faintly enhancing nodule adjacent to the hydropneu-
known history of endometriosis complained of shortnessothorax &rrow). (c) Axial CT of the pelvis shows two

of breath and dyspnea on exertioa) Axial CT shows enhancing nodular endometriomas in the rectus abdomi-
loculated hydropneumothorak)(Axial CT at lower level nis muscle, one on each sidgréws)

shows pleural-based endometrioma seen as an irregular
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Fig. 9.8 Hemopneumothorax post-trauma, i) Axial noncontrast CT shows high-density lobulated hemorrhagic
uid in the right lower pleural spacarfow) with pockets of air collection within iafrowhead

»
>

Fig. 9.9 Malignant mesothelioma in different patientgarrow) and mediastinal pleurarfowhead. (d, €) Nodular
with fatigue, increasing shortness of breath, cough, aptéural thickening is more on the left side involving dia-
weakness. Axial CT&, b) shows nodular and irregular phragmatic pleuraafrow ind), while pleural effusion more
thickening of visceral and parietal pleusarowhead with  on the right side €] Axial CT of the upper abdomen show-
extension in the ssure \hite arrow) and extension to the ing metastasis to both the adrenal glard®wvhead$ and
mediastinum with pericardial involvemeriilgck arrow). to the liver plack arrowg. Enhancing pleural nodules are
(c) Nodular pleural thickening of the thoracic wall pleuraeen in the right costophrenic angiénite arrowsg
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Imaging Features

1. Nodular or irregular pleural thickening with
rind-like encasement of the lung

2. Variable ipsilateral hemithorax volume loss

3. Involvement of visceral and parietal pleura,
interlobar ssures, and ipsilateral pleural

effusion

Diagnosis
Mesothelioma
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Fig. 9.10 Pleural metastasis. Axial CTa)( shows sis @rrow) to the parietal pleura from renal cell carci-
discrete nodular enhancing metastasisofvhead$ to noma @rrow in c). (d, €) Metastasis from squamous cell
the parietal pleura projecting into the pleural cavity fronsarcinoma of thymusa¢rows) to parietal and visceral
thyroid cancer. k|, c) lll-marginated enhancing metasta-pleura &rrowhead$
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Lymphoma Imaging Features
1. Hilar and mediastinal lymphadenopathy
2. Multiple pulmonary nodules
3. Interstitial and alveolar iitrates and pleural

effusion

Fig. 10.1 Lymphoma with histoplasma infection in a(c) Diffuse centrilobular micronodules are seen bilaterally
HIV/AIDS patient. Axial CT &) shows enlarged lymph with subpleural sparing. Solid lung nodukerpwhead
nodes in the mediastinunarfow), (b) enlarged lymph and pleural-based masses bilateral) Many of the
nodes in the left hilumsport arrow) and mediastinum large solid massesaifowhead in the parenchyma are

(long arrow), and pleural-based nodularfowhead. seen more at the lung bases
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Fig. 10.2 Mediastinal and hilar LAD due to metastasisiarrowing in bilateral bronchi and with multiple solid
from RCC. @, b) Axial and coronal reformatted CT showlung nodules. A large necrotic right renal mass is seen
large lymph nodes in the bilateral hila and mediastinufarrow)

Fig. 10.3 Hematoma in
the anterior mediastinum
post-surgery.g, b) Axial
and sagittal reformatted
images show a large
well-marginated retroster-
nal hematomaafrows)
with sternotomy sutures
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Thyroid Lesions

Imaging Features

1. Enlarged one or both lobes of the thyroid.
2. Nodules solid, low density, or mixed.

3. Calcileations can be coarse or microcateition.
4

. Cystic lesions.

Diagnosis
Goiter

Fig. 10.4 Multinodular goiter with colloid cysts, biopsy proven. Axial G if) shows multiple low-density nodules
bilaterally and retrosternal extension on the right side. Coarse caticitrs is seen in the right lokarow)

Fig. 10.5 Hemorrhage in a colloid cysta)(Axial CT Doppler US shows low-level echoes within the cyst in the
shows a large cyst in the right lobe of the thyroid withight lobe of the thyroid with no internal vascularity and
dependent high-density hemorrhagergw). (b) Color no increased vascularity of the cyst wall
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Diagnosis
Thyroid Carcinoma

Fig. 10.6 Papillary thyroid cancer with pulmonary metas¢d) axial CT of the neck shows a small low-density ill-
tasis. Patient 1:a( b) Axial CT neck shows both lobes of marginated nodule in the left thyroid loleerowhead. (e, f)

the thyroid to be enlarged, with increased vascularity a@rayscale and color Doppler ultrasound show hypervascu-
with multiple low-density foci. Low-density metastasesar large heteroechoic solidass(calipers ine) in the left

are also seen in adjacent lymph nodesvs) bilaterally. lobe of the thyroid.d, h) Axial and coronal reformatted

(c) Axial CT of the chest shows miliary metastasis. Patient 2Ts show macronodular metastasis to bilateral lungs
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Fig. 10.6 (continued)

Fig. 10.7 Hurthle cell follicular thyroid carcinoma. Axial C&)(of the neck shows coarse calcdltions érrow) in the
diffusely enlarged thyroidb( Axial CT of the chest shows nodular metastases in the lbhgs (
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Fig. 10.8 Anaplastic thyroid carcinoma with lung metasis seen at the precarinal regianr¢w) and in the left hilum,
tasis. Axial CT &, b) shows diffuse enlargement of bothand pleural-based metastasis is seen in the right lung
lobes of the thyroid with irregular low densities and witlfarrowhead. (d) Axial CT of the lung windowing at lower
retrosternal extension of the rightlol® Lymphadenopathy level shows multiple large solid lung metastases
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Fig. 10.9 Small cell lung cancer with metastasis to thenediastinum and shows narrowing of the left upper lobe
thyroid, pancreas, adrenal gland, and mesenteric radtthe bronchus. Axial CT of the abdomedEX) shows
lymph nodes. Axial CT of the chest, p) shows low-den- multiple low-density metastases to the body and tail of the
sity metastasis to the right lobe of the thyro@). $hows pancreasdrrows) and right adrenal glandafowhead.

lung carcinoma in the left hilum extending into thdf) Necrotic lymph nodes at the root of mesentery
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Thymic Tumors

Diagnosis 4. Usually slow growing but can be aggressive
Thymic Epithelial Tumors and invade into the mediastinum, pleura, and
pericardium.

Imaging Features Thymic carcinomas

Thymoma 1. More aggressive and invades adjacent structures

1. Most are encapsulated solid lesions that can Calcilkeation is more frequent and have low-
be oval, round, or lobulated. density areas

2. Can have hemorrhage, necrosis, or cys8c Distant metastasis and mediastinal lymph-
component. adenopathy

3. Calcilkation may be in the capsule or through-
out the mass.

Fig. 10.10 Thymoma. &Ex) Axial CT of the mediastinum shows nonaggressive anterior mediastinal focal mass in
three patients all with histologic diagnosis of benign thymon)esgindle cell benign thymoma
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Fig. 10.11 Thymic carcinoma of three patients. Patierdhows anterior mediastinal mass with cateiton and

1: (aBe) Axial and coronal reformatted CT show left anteareas of cystic degeneration. Patientdgk] axial and

rior mediastinal masllipsein a) inHitrating the pleura coronal reformatted CT show recurrence of thymic carci-
in the left thorax giving it a nodular appearance and witioma with prior history of radiation therapy. Now shows
left hilar lymphadenopathyafrowheade). It is also com- curvilinear calcileation of thymic massarows in g, h)
pressing the superior vena cawdnite arrowinb). Pleural and pleural metastasis with similar calcdion @rrowsj,
metastasis is seen on the right sighife arrowinc) and k). The mass shows invasion to the mediastinal pleura
to the liver plack arrowin d). Patient 2: f) axial CT (arrowini)
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Fig. 10.11 (continued)
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Imaging Features
1. Lack brous capsule but commonly have

necrosis or hemorrhage and may haves b
calcikcation

2. Invade to adjacent structures

3. Distant intrathoracic and extrathoracic metastasis

4. Difeult to differentiate from thymic epithe-
lial tumors

Diagnosis
Thymic Neuroendocrine Tumor

Fig. 10.12 Neuroendocrine tumor of the thymus witharrowhead with extension to the left hilum. Mixed
bony metastasisafb) Axial CT shows a large anterior metastasis is seen in the right posterior bilagk arrow-
mediastinal mass with peripheral enhancemevtiité head and to multiple vertebral bodies (only one shown,

arrows), central necrosis, and coarse cataition (vhite black arrow)
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Diagnosis Imaging Features
Thymic Lymphoma 1. Enlarged single or multiple masses mimic
other thymic lesions
2. Difkeult to distinguish from other thymic
masses

Fig. 10.13 Lymphoma in different patientsafit) B-cell lymphoma axial, sagittal, and coronal Cd) T-cell lym-
phoma axial CT.€) HodgkinOs lymphoma axial CT
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Diagnosis Imaging Features
Thymic Germ Cell Tumor 1. Large lobulated anterior mediastinal mass.

2. Seminomas are relatively homogenous.
3. Teratomas may have one or more components
of the embryonic germ cell layers.

Fig. 10.14 Thymic teratoma. Axial CT shows a
large anterior mediastinal mass causing leftward
deviation of the mediastinum and partial
collapse of the right lung. The mass shows focal
area of fatty tissuen(ite arrow), calcikcation
(black arrow), and fuid collection &rrowhead
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Nongonadal Germ Cell Tumor

Fig. 10.15 Nongonadal seminoma in two patients. Axiapecks of calcitation arrow). (b) Small calcileations
CT (@) shows a large anterior mediastinal mass with lowarrow) in the anterior mediastinal mass without signib
density necrotic areas, enhancing solid tissue, and snwht enhancing solid tissue
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Lipoma

Fig. 10.16 Lipoma of the mediastinum. Chest radiothe mediastinum extending into the neck on the medial
graph @) shows a large mass in the right paratracheside of the common carotid artery up to the level of the
region @rrows) with extrinsic pressure on the tracheaarynx. Itis causing extrinsic pressure on the S¥i@f{v-
(bBd) Axial CT and coronal and sagittal reformattedhead and is displacing the azygos veithif white
images show a large lipomall{pse) in the right side of arrows) and the trachedh(ck black arrovy
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Esophageal Lesions

Diagnosis Imaging Features
Foreign Body in the Esophagus 1. Metallic coin in the esophagus posterior to the
trachea as seen in lateral view

Fig. 10.17 Coin in the
esophagusa( b) PA and
lateral chest images show
an esophageal coin with
the tracheal air column
anterior @rrow) to the
coin. The rounded
appearance of the coin in
the lateral view is contrary
to the truism
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Diagnosis Imaging Features
Bone in the Esophagus 1. Elongated calo#e density in the esophagus,
behind the trachea at the thoracic inlet

Fig. 10.18 Bone in the esophagus) (Lateral view of Sagittal reformatted and axial CTs compthe radio-
the neck shows a radio-opaque boaeowhead in the graphic mdings arrow head
esophagus at the thoracic inlet behind the traclmea) (
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Diagnosis
Bronchoesophageal Fistula

Fig. 10.19 Esophageal carcinoma with bronchoesophautside the lumera¢rowhead. (b) Gas and Gid are seen
geal stula and abscess formation. Axial GJ ghows soft communicating with the left lower lobe bronchisatk
tissue masswhite arrow$ surrounding the infra-carinal arrows). (c) Abscess with loculated gas araid®collection
esophagus which shows perforation with gas extendingthe consolidated lung in the left lower loligick arrow)
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Fig. 10.20 Esophageal carcinoma at the carina encasisjows narrowed W8d-Bled left main stem bronchus
the left main stem bronchus withstalous communica- (arrow). (c) Barium swallow study contrast in the left
tion. (@) Axial CT shows a faint $tulous tract iflack lower lobe bronchithick white arrow$ from the abrupt
arrows) from the esophagus/hite arrow) to the trachea. irregular narrowed esophagusigck arrowg with shelf-
(b) Axial CT at a lower plane than thesthlous tract like transitional zonetkin white arrow$
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Fig. 10.21 Squamous cell carcinoma of the esophagiiact plack arrow) from the esophagus to the abscess
which has perforated into the lung parenchyma witfwhite arrowin a andb). (b) Mass around the esophageal
abscess formation. Axial CB) shows perforation of the lumen plack arrowg

Fig. 10.22 Bronchoesophageastala through esophagealThe stented esophagumack arrow) is posterior to the tra-
stent for esophageal squamous cell carcinomd)(In a chea hite arrow). (cBe) Axial, coronal, and sagittal refor-
barium swallow study, oblique and lateral views show bamatted CT show gas leaking out of the esophageal stent
ium draining into the left lower lobe bronchasrowhead. (arrows)
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Diagnosis
Esophagopleural Fistula

Fig. 10.23 Esophagopleuraldtula and postsurgical rup-contrast and gas extravasation into the pleural space
ture of the esophagusa)(Axial CT shows perforation (black arrowg. (b) Barium swallow study done after CT
(thin white arrow of the esophagusaifowhead with  shows contrast leaking out of the distal esophaguisw)
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Tracheal and Bronchial Lesions

Diagnosis Imaging Features
Tracheal Stenosis 1. Narrowing of the trachea in CT and radio-
graphs best seen in lateral views

Fig. 10.24 Tracheal stenosis. A patient who has a history ofrrowing of the tracheal air colurarows) by smooth con-
asthma. 4, b) Radiographs of the neck arct¥) CT of the centric thickening of soft tissues within the normal-appearing
neck in coronal, sagittal, and axial views show a focal areatadcheal cartilagesirowhead at the thoracic inlet
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Diagnosis Imaging Features

Fibrosing Mediastinitis Typically affects the middle mediastinum.
Tracheobronchial narrowing.

Soft tissue mass with coarse calaif®n.
Pulmonary inlrates.

Diffuse form obliterates the mediastinal fat plane
and encases or invades adjacent structures.

arwODN e

Fig. 10.25 Fibrosing mediastinitis in two patients. Patienand the right hilum encasing the proximal arch of the aorta
1: (@, b) Axial and coronal reformatted noncontrast CTthick white arrovy, the origin of the brachiocephalic artery
show high-density soft tissues with calcéition surround- (arrowhead. (e, f) Sagittal and coronal reformatted CTs
ing the right lower lobe bronchus causing irregular narrovghow the brosing tissue with calc@ation constricting the
ing (arrow). The right lung shows diffuse ittrates and proximal SVC and innominate veiblack arrow) and right
bbrosis with loss of volume. Patient 2; ) Axial and sag- main stem bronchuswhite arrow). Thoracic vertebrae
ittal reformatted CT show diffuse high-density soft tissueshow ankylosing spondylitis and the right lung shomob
with calcikcation in the superior mediastinuthig arrowg  sis with loss of volume

»
>

Fig. 10.26 Tracheobronchomegaly (Mounier-Kuhn synthe bases. Saclike outpouchings are seen in the trachea
drome). CT axiald, b), coronal, €) and sagittald) refor- (arrows) (e) Axial CT lower lungs show bilateral cystic
matted images show marked dilatation of the trachea amenchiectasis

bilateral main stem bronchi with bronchiectasis more at
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Imaging Features

Diagnosis
Tracheobronchomegaly 1. Dilatation of the trachea and central bronchi
2. Saclike outpouching between tracheal cartilages
3. Bronchiectasis
a
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Imaging Features

1. Mostly well-circumscribed mass with vari-
able attenuation

2. Mostly cystic but can be solid

3. Can have milk of calcium

Diagnosis
Bronchogenic Cyst

Fig. 10.27 Bronchogenic cyst in two patients as incidentadf the chest andl€f) axial, coronal, and sagittal reformat-
bnding. Patient 1:a) PA of the chest antb) axial CT show ted CTs show a cyst in the AP windoarrbws) causing
a low-density cyst at the carinarfows). Patient 2:€¢) PA  extrinsic compression on the left main stem bronchus
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Fig. 10.27 (continued)

Fig. 10.28 Bronchogenic cyst with increased densitya cyst at the carinarow) and is probably from milk of
Incidental Iinding on a 75-year-old female with ischemicalcium. ) No enhancement is seen in postcontrast
chest pain.g) Axial CT of the chest shows high density inmage @rrow)
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Diagnosis 3. Hilar or perihilar mass ranging from 2 to
Bronchial Carcinoid 5 mm.
4. Usually have eccentric calcttion but can
Imaging Findings have diffuse calcitation resembling bron-
1. Smooth well-deied mass in central cholithiasis.
bronchus. 5. Cavitation is rare.

2. Can have irregular or ill-debd margins 6. Can have associated hilar and mediastinal
and can be aggressive and invade the lymphadenopathy.

mediastinum. 7. May or may not enhance with contrast.

Fig. 10.29 Bronchial carcinoid. g, b) PA and lateral postcontrast CTs of the chest show a soft tissue nodule in
chest x-ray show a well-marginated mass in the left maihe left main stem bronchus with diffuse uniform enhance-
stem bronchusafrows). (c, d) Axial precontrast and ment @rrow)
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Fig. 10.30 Endobronchial carcinoid. Axial post-
enhancement CT shows a focal endobronchial mass with
peripheral enhancemerarfow)

Fig. 10.31 A carcinoid anterior mediastinumatg) mediastinum on the left side displacing vessélack
Axial, sagittal, and coronal reformatted CT show a largarrow) and mass effect on the mediastinum showing poor
mildly heterogeneous massHite arrows in the anterior enhancement
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Diagnosis
Broncholithiasis

Fig. 10.32 Bilateral broncholithiasisagd) Partial axial,

Imaging Features

1. Calcileation within a bronchus usually in the
lower lobe.

2. The affected bronchus can hed¥led from
chronic hemoptysis.

3. Centrilobular nodules surrounding the bron-
chus from endobronchial spread afith

4. Multiple calciled lymph nodes in the hila.

node is seen in the distal right lower lobe bronchiesck

coronal, and sagittal reformatted and true axial CTs of therow in a, white arrowin bBd) (e) Broncholith is also

chest show calcid bilateral hilar White arrowg and
azygos érrowhead lymph nodes. A large caladid lymph

seen within the lingular bronchuslfite arrow)
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Diagnosis Imaging Features
Tooth in the Bronchus 1. Tooth with metallic crown in the RLL
bronchus

2. Surrounding lung irtration from aspiration

Fig. 10.33 Tooth in the right lower lobe bronchus, ) crown. Bilateral lower lobe irntrations are from aspira-
Axial and coronal reformatted images show tooth in th@n. (c) PA chest radiograph shows tooth in the right hilum
RLL bronchus &rrow). Streak artifacts are from metallic(arrow) with surrounding inltration from aspiration
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Imaging Features
1. Frothy soft tissudling airways
2. The RLL bronchus commonly affected

Diagnosis
Endobronchial Mucus

b

Fig. 10.34 Mucus in the tracheobronchial tree in twgulmonary artery anteriorly and the pulmonary vein pos-
patients. Patient 1a(b) Axial CT shows frothy mucus teriorly. Patient 2: €, f) Coronal and sagittal reformatted
with air-Ruid level in the distal trachea and right mainmages show Gid-Hled bronchi between the pulmonary
stem bronchusafrows). (c, d) Axial CT of the lower artery anteriorly and the vein posteriorly in both lower

lobes shows Gid-Hled bronchi érrows) between lobes arrows)
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Liver

Diagnosis Imaging Features
Penetrating Grade Il Liver Laceration 1. Hematoma: subcapsular >50 % surface area
and rupture with active bleeding
2. Hematoma: intraparenchymal >10 cm
3. Laceration: capsular tear, >3 cm in depth

Fig. 11.1 Penetrating liver laceration grade Il by(thick white arrov), a bullet adjacent to the rilth{ck
gunshot injury. Contrast-enhanced G, ) axial and black arrow) and with small focus of gasrfowhead.

(c) coronal reformatted images show linear low-densitig, €) Axial and coronal reformatted CTs 1 week later
laceration of the livertiiin black arrow with high-density show high-density hematoma in the laceratitagk
contrast mixed with active hemorrhagieif white arrowy  arrow) and perihepatic spacelfite arrow) but no active
within it which is also extending into the subphrenic spademorrhage
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Diagnosis
Laceration of the Liver, Tear of the Diaphragm,
and Pulmonary Contusion

Fig. 11.2 Liver laceration, lung contusion, and tear ofow-density laceration of the dome of the right lobe of the
the diaphragm from penetrating trauma) @Axial CT liver continuous with the adjacent pulmonary contusion.
and b) coronal andd) sagittal reformatted images showThe diaphragm is discontinuous posteriogyr¢w)



298 11 Trauma

Diagnosis Imaging Features
Subcapsular Hemorrhage 1. High-density hemorrhagici@ extending from
the liver parenchyma into the subcapsular space
2. Fluid contouring the liver and deforming the
liver surface

Fig. 11.3 Subcapsular hemorrhage from PTC draiis extending from the liver parenchymarbwhead. (c,
placement. History of laparoscopic cholecystectomy amtj Coronal and sagittal reformatted images show hemor-
impacted stone in CBD followed by PTC drain placerhage tractWhite arrow) extending from near the biliary
ment. @, b) Axial CT and coronal reformatted imageddrain (plack arrow). (€) T-tube cholangiogram shows
show a thin linear capsuléléck arrowg surrounding multiple stones in the common bile duct digng defects

the hemorrhagic @&d (ellipsealso ind) that is compress- (black arrowd with contrast Bwing into the duodenum
ing and deforming the liver surfacelfite arrowg and (white arrow)
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Diagnosis Imaging Features
Biloma 1. Laceration of the liver parenchyma
2. Large well-marginatedui§l collection at the
site of the previous laceration

Fig. 11.4 Liver laceration grade IV with high-densityinvolving porta hepatis and causing mass effect on the
hematoma from blunt trauma and well-marginated bilom&C (white arrowin c). (d, €) Axial and sagittal reformat-
replacing the hematoma a month later, which was draineéed images 1 month later show two loculated low-density
Axial CT and coronal and sagittal reformatted imagdsuid collections continuous with the biliary dueth(te
(abx) show laceration with hematomdldck arrow) arrow) which were drained
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Diagnosis Imaging Findings
Injury to the Biliary Tract 1. Airin the biliary tree
2. Biliary fuid and gas contained within the liver
capsule

3. Laceration of the liver from penetrating trauma
4. Spillage of contrast from the bile ducts by
ERCP study

Fig. 11.5 Laceration of the liver and injury to the biliaryarrow) distending the liver capsule and outside the liver
ducts. Axial CT &) shows laceration of the right lobe ofparenchymadgrrowhead. (c) ERCP examination shows
the liver plack arrow) by a bullet {hite arrow). (b) Ata leakage of contrasblack arrow) with drainage catheter
higher level thang), gas is seen in the biliary trdgdck (white arrow)

arrow), and large biloma is seen with layered gasite
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Liver

Diagnosis Imaging Features

Subcapsular Hepatic Active Bleeding by Angiograrh. Loculated parenchymal and subcapsular
hematoma

2. No active hemorrhage in postcontrast study
3. Active hemorrhage by angiogram

Fig. 11.6 Hematoma involving the liver parenchymab) Postcontrast study does not show active hemorrhage

and subcapsular region with active bleeding by angi@4thin the hematomac) Angiogram of the hepatic artery
gram, with history of blunt trauma. Axial C&)(precon- shows faint blush of extravasation in the early part of the
trast shows high-density hematoma involving segmestudy. () Delayed phase of the study shows increased

VI and protruding inferiorly with subcapsular extensionextravasation of contrast
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Spleen

Diagnosis Imaging Features
Splenic Laceration 1. Laceration of the spleen with or without active
intraparenchymal bleed from disruption of

trabecular vessels
2. Capsular tear with active intraperitoneal bleed
3. Parenchymal and subcapsular hematoma

Fig. 11.7 Splenic laceration in different patients. Patierdnd @) coronal reformatted CTs following penetrating
1: (a) axial contrast-enhanced CT following blunt traumaound show active bleeding from the spleen into the peri-
shows grade lll laceration with injury to the trabeculatoneal cavity @rrows). Patient 3: ) axial noncontrast
vessels and intraparenchymal pooling of contralsick image shows linear high-density hematoma within lacera-
arrows). Cortical tear is also seen with active bleeding intiion (arrow). (f, g) CECT shows linear tear of the spleen
the peritoneal cavitywhite arrow). Patient 2:l§, c) axial (arrow) and large subcapsular hemorrhagjépse
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Pancreas

Pancreas

Diagnosis Imaging Features

Pancreatic Tear 1. Linear lucent line through the neck with com-
plete separation of the neck and body

2. Laceration of the pancreas with several
incomplete lines through the pancreas
3. Surrounding hemorrhage and/or pancreatic

Ruid

Fig. 11.8 Tear and laceration of the pancreas in thredear at the tail of the pancredslack arrow) with sur-
patients with trauma. Patient &) (@xial CT shows com- rounding small high-density hematomahfte arrow).
plete tear of the neckvpite arrow) and at the tailllack Patient 3: €, d) axial CT shows multiple incomplete tears
arrow). The surrounding low-densityuldl is leaking pan- of the tail of the pancreabléck arrowg with surrounding
creatic fuid from the tear of the pancreatic duct. Patient Aigh-density hematomavhite arrow)

(b) axial CT following a stab wound shows incomplete
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Kidneys

Diagnosis

Imaging Features
Renal Laceration and Hematoma

1. Sharp tear through the renal parenchyma
2. Hemorrhagic @d within the tract of the tear
and the subcapsular space

Fig. 11.9 Laceration of the kidney from stab injury in(history of drug abuse). Patient 2E) precontrast axial
two patients. Patient 1afd) axial CT shows grade Il lac- (e) and coronal reformatted imagé$ ghow high-density
eration with sharp contour of the teblack arrowa andc) acute hemorrhage in the renal parenchymal téan (
and hemorrhagic®d in the subcapsular spatkif white white arrow), in the subcapsular spadhi black arrowy
arrow). Hemorrhagic Bid is also thickening the perire-and perirenal spacéhick black arrow). Postcontrast coro-
nal septathick white arronc, d) and anterior renal fascia nal reformattedd) and axialli) CT images show the same
(white arrowhead, d). The right kidney shows infarction Pndings. Axial image shows multiple linear tears through
with decreased cortical perfusiorbldck arrowheayl midpole of the kidney involving the cortex and medulla
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Diagnosis Imaging Features
Grade IV Laceration of the Kidney 1. Parenchymal laceration through the cortex,
medulla, and collecting system
2. Main renal artery or vein injury with con-
tained hemorrhage

Fig. 11.10 Grade IV laceration of the left kidney fromrenal artery thick black arrowin d) is small thin black
gunshot injury with most of the left kidney devascuarrow showing vein). Hematoma is seen in the subcap-
larized. @, b) Axial CT and ¢, d) coronal reformatted sular region\hite arrowin a). (c) Fracture is seen mid-
images show small area of enhancement in upper pole qude of the right kidneytkin black arrow, adjacent liver

midpole of the left kidneywhite arrowb, d). Thrombus is (white arrow), and lumber vertebrahjck black arrovy
seen in the left renal veith{n black arrowa, b). The left
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Diagnosis
Renal Laceration with Active Bleeding and
Colon Perforation

Fig. 11.11 Gunshot injury with left renal laceration andn the anterior pararenal spacehite arrowg from the
tear of the left colon.&) Axial contrast-enhanced CT left colon. Active extravasation of IV contrast is seen in
shows extensive laceration of the lower half of the lefhe lower renal poleb{ack arrow). (c, d) Axial and coro-
kidney with hematoma in the renal parenchyma and thel reformatted images show tear of the left colehite
subcapsular space with extensive pneumatosis. Spilleageow) with enteric contrast spilling into the anterior para-
of enteric contrast is also seen in subcutaneous tissueisal hematoma and peritoneal cavilipse) mostly in
(white arrow). (b) Axial CT higher thand) shows lin- the right side of the abdomen

ear extravasation of enteric contrast into the hematoma
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Ureter

Diagnosis
Perforation of the Ureter

Fig. 11.12 Perforation of the ureter by gunshot injuryfrom the distal right ureterti{in black arrow. The left
CECT f(@fx) axial, coronal, and sagittal reformattecureter thin white arrowin a) is normal. Beam hardening
images show extravasation of contralsick white arroyy  artifacts are seen from the bulléti¢k black arrowb, c)

Fig. 11.13 Injury of the ureter with urinoma during(c) coronal reformatted images show extravasation of
hysterectomy. CECT axiad) in the arterial phase showscontrast &rrow) from the stented ureter collecting into the
Buid collection (hite arrow) medial to the stent in the Buid collection (urinoma) seen in)(

left ureter black arrow). (b) Delayed-phase axial and
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Fig. 11.14 Urinoma post-ureteroscopy. Noncontrasto the stent White arrow). (€) Nephrostogram shows
axial CT @, b) and coronal ) and sagittal d) leakage of contrast from the proximal right ureserqw).
reformatted images show large low-density diffused3 (eBg) Noncontrast CT done 1 month lateg) axial, )

in the subcapsular spacthi black arrow and perire- coronal, and d, h) sagittal reformatted images show
nal spacethick black arrow). A stone is seen adjacentmultiple loculations of the urinoma
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Fig. 11.15 Urinoma as a result of percutaneous the renal cortex and one in the quadratus lumborum
nephrostomy. CECT axiala) and sagittal reformatted muscle black arrowg with urinoma {hite arrowg along
images I, c) show one stone in the nephrostomy tra¢he tract



11 Trauma

310
Bladder
Diagnosis Imaging Features
Bladder Rupture 1. Tear of the bladder wall
2. Hematoma of the bladder wall

3. Spilled contrast into the peritoneal and extra-
peritoneal spaces

Fig. 11.16 Intraperitoneal bladder rupture. History ofcavity €llipse). (d) Retrograde cystogram shows contrast
motor vehicular accident. CECT axia)( sagittal ), spilling into the peritoneal cavitplack arrowg from the
and coronal € reformatted images show tear of théladder with cathetemhite arrow)

dome of the bladdea(rows) with urine in the peritoneal

Fig. 11.17 Intra- and extraperitoneal bladder rupturarrow). Cystogram ¢) shows extravasated contrast into
form MVC. CECT f) axial and If) sagittal reformatted the peritoneal cavity surrounding the sigmoid coliack
images show thrombus in the bladder wall around the temrow) and retroperitoneunwhite arrow)

(black arrowg with linear tear seen in sagittal viewtjte
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Urethra
Diagnosis Imaging Features
Ruptured Urethra 1. Contrast within the corpora cavernosum and

corpus spongiosum

2. Extravasated contrast in the perineum which
is continuous with subcutaneous tissues of the
anterior abdominal wall

Fig. 11.18 Injury to the penile urethra from GSW.tissues ventral to the rectus abdominis muscles bilaterally
(a) CECT axial &) image shows extravasated contrast ifarrow). (€) Sagittal reformatted image shows injury of
the corpus spongiosurbléack arrowheadgon either side the corpus spongiosum ventral to the urethutzsite arrow

of the contrast-lied urethrahite arrow) and contrast in head containing high-density contrashin black arrow.

the tunica vaginalis spacthick black arrow bilaterally Contrast is also seen outside the corpus spongiosum but
surrounding the testearfowhead$. (b) Axial CT and ¢)  within the deep fasciathick black arrow. Tear of fas-
coronal reformatted images show site of urethral ruptucéa in the mid-penis ventrallysinall black arrowheads
(long arrow) with extravasation of contrasarowhead with contrast pooling in the subcutaneous space. Contrast
(thick black arrowheadlso ine) and pooling of contrast tracking to the lower anterior abdominal wahig white
outside the deep fasciahprt thick arrovy. (d) Coronal arrows). ) Retrograde urethrogram shows similamdb
reformatted image shows that contrast in subcutanedngs with contrast in the undersurface of the pethigk

soft tissues at the ventral aspect of the peelipge) black arrowg and anterior abdominal walth{n black

is tracking to the lower abdominal wall subcutaneousrow)
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Fig. 11.19 Ruptured prostatic urethra and bladder basxtravasated contrast in the perineum from the catheter
from gunshot injury. Cystograna) shows extravasation is tracking around the bladdehif black arrow$ to the

of contrast from the prostatic ureththif black arrow$. retroperitoneal space posteriorly curving over the psoas
High-density contrast around the dome of the bladdewscles, surrounding the common iliac arterigsck

is contrast in the retroperitoneurallijpse) from previ- black arrow3 and the uretersahite arrow). (f) Sagittal

ous CT study. Axial CTH) done before the cystogramreformatted image shows contrast extending anteriorly in
shows a Foley catheter inferior to the prostatic ureththe space of Retziush{n short arrowy and curving pos-
(thin white arrow with small irregular contrast within teriorly over the dome of the bladddor(g arrow). The

the prostatic urethralack arrow). Extravasated contrastbladder base is irregulath{ck black arrovy. Cystogram
from the tip of the catheter is curving around the prostatione a few days lateg) shows contrast leaking from the
(thick white arrowy toward the symphysis pubis. Axialbladder base on the right siddack arrow) and from the

CT (c, d) and €) coronal reformatted images show thaprostatic urethrawfhite arrow)
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Fig. 11.20 Rupture of the posterior urethra from straddl®ascular intravasation of contrast is seahife arrows.
injury. (@) Urethrogram shows obstruction of the posteric€T sagittal reformatted imagd)(and axial imagec)
urethra black arrow). Flexible cystoscopy showed ventralshow multiple thrombi causingllimg defect within the
disruption of the urethra distal to the external sphinctarrethra &rrows)
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Bowel
Diagnosis Imaging Features
Bowel and Mesenteric Trauma. 1. Bowel wall defect

2. Extraluminal air in the peritoneal or retroperi-
toneal spaces or intramural

3. Extraluminal enteric contrast

4. Extravasation of contrast from vessels

5. Focal bowel wall thickening

6. Mesenteric fat stranding with focali® and
hematoma

7. Intraperitoneal and retroperitoneald}

Fig. 11.21 Small bowel tear from seat belt injury. Axialwith Buid is seen adjacent to lléck arrow). The rest of
CT (a, b) shows a loop of dilated small bowel with thickhe small bowels show normal architectutieinl white
walls thick white arrowy. Focal extraluminal gas mixed arrow)

Fig. 11.22 Small bowel wall hematoma from penetratinglensity than the other collapsed loophite arrow). Stab
trauma. Axial CT 4, b) shows mural hematoma in a loopvound defects are seen in the adjacent abdominal wall
of small bowel Black arrow). The thick wall has higher (thick black arrowy



Bowel 315

Fig. 11.23 Large and small bowel injury from resected. Hemorrhagiaidl is seen adjacent to the injured
gunshot injury. Axial CT &) shows protrusion of the colon and in the small bowel mesentebja¢k arrow).
mid-descending colon black arrow) through strap Small specks of pneumoperitoneurthirf short white
muscle defectvhite arrow). (b, c) Axial CT proximal arrows) are seen.d) Sagittal reformatted image shows
to (@) shows wall thickeningtifick white arrowy of the small bowel perforation with gas leakager¢w)

nondilated colon which was ischemic at surgery and was

Fig. 11.24 Perforation of the right colon with leakage ottontrast from the ascending colon through the defect in
contrast. History of stab wound to the riglatk. CT axial the strap muscles extending to the skimgws)

(a) and coronal reformatted imagds €how leakage of
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Fig. 11.25 Duodenal perforation post-ERCP. Historywhite arrowheadland PD lflack arrowheagl and edema

of distal CBD and proximal PD stricture with sphinc-of the duodenal sweep medial wdllack arrows. Axial
terotomy. &) Barium swallow study shows perforationCT (d) shows gas andutd in the duodenal groovevkite

of the third portion of the duodenum with extravasaarrow) and edema of the adjacent stomach and duodenum
tion of contrastdrrow). CT coronal reformattecd) and (black arrow) and a dilated pancreatic duatrowheads.

axial () images show air leaking from the third part ofe) Axial CT a week later shows abscess in the duodenal
the duodenal sweepvlite arrow), stricture of the CBD groove arrows)

Fig. 11.26 Laceration of the stomach and liver fromhematoma thin white arrow$, extraluminal gasb{ack
gunshot injury. CT axiald), sagittal b), and coronald) arrow), and laceration of the left lobe of the livéni¢k
reformatted images show wall irregularity of the funduwhite arrow). (d) Unenhanced CT shows large intralumi-
of the stomach posteriorlgrowhead$ with surrounding nal high-density hemorrhagell{pse) within the stomach
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Fig. 11.27 Tear of the rectosigmoid colon and uteruposteriorly to the retroperitoneal spaloa( white arrovy.
from GSW (surgically repaired) with extravasation ofow density in the left side of the body and fundus of the
enteric contrast into the peritoneal cavity and retropeniterus black arrows is uterine tear and hematoma) (
toneum. CT axiald, b) shows extravasation of entericCoronal reformatted image shows intraperitoneal extrava-
contrast from the rectosigmoid coloarfowhead into sated contrast surrounding the bowel loops and liver
the peritoneal cavity anteriorlystfort white arroyy and (arrows)

Fig. 11.28 Tear of the descending colon with retroperitoperforation of the descending colon with contrakick
neal extravasation of enteric contrast from GSW. CT axiatrows) and air leaking outlfin arrow) into the surround-
(a), coronal b), and sagittald) reformatted images show ing retroperitoneum anterior to the psoas muscle

Fig. 11.29 Hematoma of the wall of the hepatiex@re the mesentery medial to log white arrow. (b) Axial

with surrounding hemorrhage and edema from blu@T at higher plane shows diffuse high-density hematoma
trauma. Axial CT ) shows high-density wall thicken- (white arrow) in the adipose tissue medial to the gallblad-
ing of hepatic Bxure ghort white arrowy and edema of der plack arrow)
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Fig. 11.30 Foreign body perforation of the small bowel.
Axial CT shows linear opaque foreign bodh@rt black
arrow) penetrating the thick small bowel wdbifg white
arrow) with surrounding mesenteric edensadrt white
arrow) and small focus of perforated extraluminal air

(long black arrovy
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Diaphragm

Diagnosis
Traumatic Diaphragm Tear

Fig. 11.31 Diaphragmatic tear. History of old trauma. CTthe splenic Bxure &rrowhead$ along with the mesentery
axial @), coronal ), and €) sagittal reformatted images (thin black arrow$ into the thorax through the torn ends
show tear of the left hemidiaphragm with herniation dbf the diaphragmtkin white arrow

Fig. 11.32 Herniation of the liver through diaphragmlobulated liver adjacent to the right heart border with a
defect. CT coronal) and sagittallf) reformatted images narrow neck drrow). The vascularity of the herniated
show focal protrusion of the dome of the liver through kver is continuous with the rest of the liver

defect in the diaphragnairows). (c) Axial CT shows a
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Fig. 11.33 Herniation through the esophageal hiatuseparation of both leaves of the diaphragiie arrows.
CT (a) coronal reformatted image shows herniation of &he pancreaddng black arrow} stomach ghort black
loop of the jejunumghort white arroy, mesenteryl¢gng arrow), and colon grrowhead are in the thorax.cf
white arrow), and pancreasofg black arrow at the hia- Sagittal reformatted image shows the colarrgwhead
tal defect. The stomactsiort black arroy and colon and pancreasdng black arrovy in the thorax and the duo-
(arrowhead are in the thorax. Axial imagé) shows denum §hort black arrowy at the hiatus
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Biliary System
Biliary Stones

Diagnosis Imaging Features
Gallstones Sonogram:
1. Echogenic foci with acoustic posterior shadow
in dependent portion of GB.
2. Cholesterol stones are echogenic with comet
tail artifacts and may dat.

CT:

1. Calcilked stones have high density.

2. Noncalciked stones have low density and may
not be visible.

3. Cholesterol stones usually have lower attenua-
tion than bile.

4. Mercedes-Benz sign of nitrogen gas in the
center of cholesterol crystal.

Fig. 12.1 Gallstones. Ultrasound of the gallbladda)y ( Coronal reformatted CT image shows multiple high-
shows multiple highly re€ctive echogenic foci within attenuated calcié stones in contracted GBriow). (€)

the GB with posterior acoustic shadowirgyréw). (b) CT Sagittal reformatted image shows stones in cystic duct
Echogenic stone with echo shadow at the distal end of tfvehite arrowd and stent in common hepatic dultack
dilated common bile ductafrow). (c) Axial CT shows arrow). (f) ERCP study shows stones in the gallblad-
low-density stones with rim calaglations plack arrow), der plack arrow), cystic duct White arron), and CBD
small gas collection in one stonehite arrow), and acute (arrowhead$

cholecystitis with GB wall thickeningafrowhead. (d)
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Diagnosis Imaging Features

Mirizzi Syndrome 1. Gallstone impacted in the distal cystic duct or
HartmannOs pouch of the gallbladder causing
extrinsic compression on the common hepatic
duct

2. Dilatation of common hepatic and intrahe-

patic biliary ducts and normal caliber of the
common bile duct

Fig. 12.2 Mirizzi syndrome. &) Axial CT precontrast arrow). Common bile duct at head of the pancreas is not
study shows gallstone in the distal cystic duct at the junddated ¢hin black arrow. (d) ERCP examination shows
tion with the common hepatic ductltfite arrow). (b, c) stone at the junction of the cystic duct and common
Axial CECT shows dilatation of the cystic duc¢hi¢k hepatic ductthin black arrow with dilatation of ducts
black arrow) and intrahepatic bile ductghick white proximal to the stonetl{ick black arrowy and CBD not
arrow) with stone at the distal cystic dudghi6 white dilated (vhite arrow)
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Diagnosis Imaging Features
Cholesterol Sludge 1. Floating stones
2. Comet tail artifacts

Fig. 12.3 Cholesterol sludge. Ultrasound of the gallblad@eb] shows multiple echogenicoiting crystals with
comet tail artifactsgrrow)
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Diagnosis Hyperplastic Cholecystosis
Cholesterolosis of the Gallbladder

Diagnosis
Imaging Features Cholesterolosis of the Gallbladder

1. Multiple nonmobile echogenic foci within the
gallbladder wall with ring-down artifacts and
no shadowing

2. May be a patchy localized form or diffuse
form

Fig. 12.4 Cholesterolosis of the gallbladder. Ultrasounthe patient shows multiple nonmobile echogenic foci in
of the gallbladder in patient &)Y shows multiple echo- the dependent and nondependent gallbladder wall with
genic foci in the gallbladder wall with ring-down artifactsdistal comet tail artifactsafrow)

(arrows). Patient 2:l§, ¢) Supine and upright position of
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Diagnosis Imaging Features
Adenomyomatosis 1. TypesNdiffuse, segmental, or focal
2. Brightly echogenic nonmobile nonshadowing
polypoid masses in the gallbladder wall with
distal comet-tail artifact

Fig. 12.5 Adenomyomatosisa( b) Sonogram of the gallbladder (markedGB) shows diffuse nodular echogenic
polypoid masses in the gallbladder waltrows) with comet-tail artifacts
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Biliary Gas
Diagnosis Imaging Features
Emphysematous Cholecystitis Sonogram:

1. High echogenicity of the gallbladder wall
with posterior dirty shadowing

2. Can involve dependent and nondependent
wall depending upon extent of involvement

3. Does not move with change of position

CT:
1. Curvilinear gas in the wall of the gallbladder.

Fig. 12.6 Emphysematous cholecystitia, ) Axial and der ¢Be) show bright echogenicity of the gallbladder wall
coronal reformatted CT shows curvilinear gas in the wallith reverberation artifacts involving both anteriah(te

of the gallbladderk]ack arrow). Intraluminal air has air- arrow) and posterior walls{ack arrow)

Buid level gvhite arrow). Ultrasound of the same gallblad-
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Fig. 12.7 Emphysematous cholecystitis. Axial G f) and long arrow in b) and air in the bile ductssifort
shows extensive sloughing of the gallbladder mucosa wilnrows). (c) Flat plate of the abdomen shows irregular gas
gas collection in the wall of the gallbladdarrow in a  collection in the gallbladdea(row)

Fig. 12.8 Porcelain gallbladdera) Axial CT shows dif- (arrow) from calcikeation and with posterior negative
fusely thickened and calaid gallbladder wallgrrow). shadowing &rrowhead. (d) ERCP study shows the gall-
(b, ¢) Ultrasound in longitudinal and transverse views dfladder with calcied wall @rrow)

the gallbladder shows diffusely thickened echogenic wall
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Diagnosis Imaging Features
Wall Echo Shadow (WES) Sign 1. Two parallel curvilinear echogenic lines sepa-
rated by a thin hypoechoic space
2. Acoustic shadowing distal to the echogenic
line in the far feld

Fig. 12.9 Wall echo shadow (WES) sign. Ultrasoundarrowhead. (b) The outer thinner componenthif
shows &) the gallbladder llred with stones with a nega- arrow) is the wall, and echogenic thicker layeasrgw-
tive posterior shadovil{in arrow). A focal echogenic area head are the stones with thin layer of hypoechoic bile
with dirty shadow is seen from bowel loopted with gas  between the two layers
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Fig. 12.10 WES sign from cholecystostomy catheter. Aarrowhead. (d) Color Doppler shows increased vascu-
patient with acalculous cholecystitis and absceay. (larity around the gallbladder fossa region surrounding the
Axial CT shows a catheter coiled within the gallbladdeWES sign caused by thick walsrball white arrowy
(black arrow). The gallbladder bed shows increasedchogenic coiled cathetethick white arrowy, and few
enhancement with small abscessetife arrow3. (b) gas bubblesafrowhead$ forming the second parallel line
Sagittal reformatted image shows small gas bubblesth posterior shadowing. Small amount of bile is form-
(white arrow) adjacent to the cathetdsldck arrow). (c) ing the irregular sonolucency between the two echogenic
Grayscale ultrasound shows linear cathetkrck arrow) lines. €) Grayscale US shows the gallbladder wall
in the liver parenchyma. Coiled catheter within the gallarrowhead$ surrounding the coiled catheter posterior to
bladder has ill-detred curvilinear intermediate echo-it (thin arrow) with distal negative shadowing and small
genicity (vhite arrowg with a few echogenic gasessonolucent bile between the two lines
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Diagnosis Imaging Features
Pneumobilia 1. Bright echoes in the gallbladder with rever-
beration artifacts
2. Echoes change in position and rise to nhonde-
pendent wall in upright position

Fig. 12.11 Post-ERCP biliary gasa)y Axial CT shows reverberation artifactstiick arrow). (d) Gallbladder
layered sludge in the gallbladder and bile duateogvs).  ultrasound in upright position shows gasr¢w) rising to
(b) ERCP shows a stondkéd common bile ducifrows). the fundus hugging the gallbladder waltrowhead. (e)

(c) Post-ERCP supine gallbladder ultrasound shov@as in intrahepatic bile ducts with bright echoasov-

multipledayered stones and gas in the gallbladder. Stonlesad and reverberation artifactar(ow)

have negative shadowshiph arrow) while the gas has
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Diagnosis Imaging Features
Gallstone lleus 1. Chronic cholecystitis
2. Fistula with duodenum is common
3. RiglerOs triad: Impacted stone in the small
bowel, SBO and pneumobilia

Fig. 12.12 Gallstone ileus. Middle-aged female withgas in biliary tractsgrrowhead$. (c) Coronal reformatted
chronic right upper quadrant pain now with colickyCT shows large stone in mid-small bowkdng arrow)
abdominal pain. US study donesb shows WES sign. causing obstruction with bowel dilatatioshprt arrow9
(a) Color Doppler study shows thick-walled gallbladwith small bowel feces sigrnwpite arrowheall Stone
der ¢thick white arrowy with increased vascularity in thewith gas is seen in the gallbladdetack arrow) and gas
wall (black arrow). Large stone within lumen with echobiliary duct plack arrowheadl (d) Axial CT shows bB-
shadow &rrowhead. Twinkling artifacts from small gas tula (vhite arrow) of duodenum with gallbladderlled
foci adjacent to stondhin arrow). (b) Grayscale decubi- with stone and gasblack arrow) and dilated stomach
tus view shows air collectiorthin arrow) in the fundus of (arrowhead

the thick-walled gallbladdett{ick arrow) and echogenic
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Cholangitis

Imaging Features 2. Gas, stones, debris, and/or pus in intrahepatic
1. Irregular narrowing and dilated intrahepatic biliary ducts

biliary ducts with wall thickening and sur-3. Liver abscesses with dilated ducts

rounding edema
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Fig. 12.13 Ascending cholangitis in three patientsCoronal reformatted image shows dilated common
Patient 1 &Bc). Noncontrast axial CTa(b) shows pneu- hepatic (hite arrow) and CBD plack arrow). Patient 3
mobilia ¢hin black arrow, dilated ductswhite arrow), (h8). Axial CT () shows pneumobilia of the left lobe
and stones in some dilated dudtsidk black arrov). (c) (arrow). (i) Gas in the gallbladder lumerarfow).
CECT shows layered dependent debris in deddelucts Ultrasound |) shows gas within the gallbladdethif
(arrow). Patient 2 Bp). Axial CECT showsd) thick- white arrowg as hyperechoic foci with dirty shadowing.
walled dilated ducts at porta hepatis with surroundingx) GB gas moves and gathers in the nondependent por-
edema grrows). (e) Dilated CBD Hed with stones and tion in decubitus positiontl{in white arrow$. Bright
sludge éarrow). (f) Contracted gallbladder with stonesechoes with dirty shadowing within the liver are from
from chronic cholecystitis black arrow) and dilated pneumobilia thick white arrowsn j—I)

hepatic and common hepatic ductghite arrow). (g)
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Biliary System

Fig. 12.14 Recurrent pyogenic cholangitis with pigmenPostcontrast axial CT at different levels shows multiple
stones. 4) Noncontrast axial CT better shows stones ismall clustered abscesses in the left lobbite arrowg
dilated intrahepatic bile ductsbléck arrow). (b, c) adjacent to the dilated ducts with stonglack arrow)

Fig. 12.15 Recurrent oriental cholangitis with gallstoneneous pancreatic enhancement, and diffuse acute peripan-
pancreatitis. Postcontrast axial GYJ $hows dilated intra- creatic fuid collection in the anterior pararenal space
hepatic biliary ducts with pigment stonemrbws). (b) (white arrow)

Stone in CBD Iflack arrow), IEP with mild heteroge-

Fig. 12.16 Primary sclerosing cholangitis. ERCP examitures. b) Axial CECT shows scarring of the liverljite
nation @) shows multifocal stricturedlkack arrow) and arrows) with mild intrahepatic biliary dilatation in the
focal ectasia of intrahepatic biliary ducts adjacent to strieffected lobelflack arrowg
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Biliary Papillomatosis

3. ERCPNsingle or multiple nodular intraductal

Imaging Feature
1. Dilated intra- and extrahepatic bile ducts plling defects and irregularity of the duct wall

2. CTNmultiple nodules within the ducts which
can enhance or not enhance

Fig. 12.17 Biliary papillomatosis. & b) MRCP and trast axial MRI shows dilated CBDwhite arrow) with
T2W coronal images show multiple nodular lesionsregular enhancing soft tissue mabkg¢k arrow). Axial
within the dilated CBDIpng arrow) and right and left bile precontrast and CECE,(f) of CBD and ¢, h) of the left
ducts ghort arrowg. The wall of the bile ducts showslobe of the liver show dilated CBDwhite arrow) and
irregular thickening. The gallbladder is distendaddw- intrahepatic bile ducts with faintly enhancing nodules
head. (c) ERCP shows dilated CBOwhite arrow) with  (black arrowg

multiple Hling defects lack arrows. (d) T1W postcon-



Biliary System 337

Choledochal Cyst

Diagnosis Imaging Features
Types 1 and 2 1. Rounded or fusiform cystic lesion in porta
hepatis separate from the gallbladder
2. Cystic lesion communicates with dilated com-
mon hepatic duct, CBD, or intrahepatic duct

Fig. 12.18 Choledochal cyst. Type la,(b) Ultrasound (arrowhead in the region of CBD and separate from the
shows the gallbladder to be separate from the dilated coventracted GB4rrow) with stones. Grayscale US shows
mon bile duct &rrow in b) which contains sludgec) (f) the cyst ¢ursor) separate from the stondidel thick-
Axial CT again shows dilated CBblack arrow) and no walled GB. @) The cyst &rrow) is arising from the CBD
dilated intrahepatic bile ductd)(Intraoperative cholan- (cursor). (h) MRI axial T2W BH FS image shows a cyst
giogram again shows contradtdd dilated CBD \hite adjacent to CBDgrrow) and separates from small GB
arrow), and the contrastdivs freely into the duodenum (arrowhead. (i) HIDA scan 45 min after morphine injec-
(black arrow) and intrahepatic ducts. At surgery the cygion shows radiotracerling the choledochal cysa(row)
was seen to be extending from the right common hepatind free Bw into small boweldrrowhead

duct to the pancreas. Type &) @xial CECT shows a cyst
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Diagnosis
Caroli Disease (Type 5)

Fig. 12.19 Caroli diseasea(b) Axial CT. () ERCP shows dilated intrahepatic biliary ducts with beaded appearance.
The common bile duct in the ERCP study is not dilateby). Central dot signafrowsin b)



Biliary System 339
Biliary Cystadenoma

Imaging Features 4. Mural nodules and papillary projections when

1. Unilocular but commonly multilocular cystic present are echogenic and enhance with
lesion. contrast.

2. Internal septation may be seen which c&n Fluid may contain blood products, mucin, or
enhance by CT study. protein.

3. May have wall or septal calcigion.

Fig. 12.20 Biliary cystadenoma. Axial CTa(b) show multiloculated cystic lesion at the dome of the liver with mul-
tiple septations with prominent vessels
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Gallbladder Wall Thickening

Imaging Features

1. Wall thickening (>3 mm) by ultrasound and
pericholecystic Bid, nonspecib ndings

2. Impacted stone in the gallbladder neck and
gallbladder distension and wall edema

3. Presence of Murphy sign

4. Enhancement of the gallbladder bed and peri-
cholecystic edema by CT

Diagnosis
Acute Cholecystitis

Fig. 12.21 Acute cholecystitis. Ultrasound examinatiorear sonolucent edema in the wafrOwhead. CT axial
shows &) gallbladder wall thickening and impacted(c) shows distended gallbladder with stones ancnm3
stones €ursorg at the neck with pericholecysticui matory changes in the surrounding adipose tissuevy).
(white arrow). (b) Color Doppler study shows increasedd) Shows reactive edema in the adjacent lateral wall of
vascularity of the gallbladder wallvbite arrow) and lin- the hepatic Bxure of the colonwhite arrow)

Fig. 12.22 Acalculous cholecystitis. History of throm-no stones. Murphy sign was positive. @) éxial and ¢)
botic thrombocytopenic purpuraa)( Ultrasound shows coronal reformatted images show distended gallbladder
distended gallbladder with thick wall having linear sonowith pericholecystic edemaifows)

lucent edemawhite arrow) and sludgehfack arrow) but
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Fig. 12.23 Hemorrhage in the gallbladder. Patient 0GB shows heterogeneous echogenicity distending the
lifelong anticoagulation with dropping hemoglobingallbladder lumenwghite arrowd and echogenic stones
supratherapeutic INR, and right upper quadrant pajn. (with echo shadow. No vascularity is seen in the wall or
Axial unenhanced CT shows distended gallbladder withithin the gallbladder. MRI studyf) Axial TIW and §)
uniform highdensity hemorrhagewhite arrowg sur- axial T2W fat-sat images show acute to early subacute
rounding the stonedlack arrow) with no layering.lf,c) hematoma in the gallbladder with mixed low/intermedi-
Axial and coronal noncontrast CT done 5 days later shoate/high T1 signal and mixed low/intermediate T2 signal
the hemorrhage to be heterogeneowkité arrowg. A intensities hite arrowg

stone is seen in the cystic dubtack arrow). (d, €) US of
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Fig. 12.24 Hydrops gallbladder.aj Unenhanced axial Ultrasound of the gallbladder shows distended gallbladder
CT shows markedly distended gallbladdanrgws) with  (calipers with sludge, no wall thickening, or edema
no reaction in the surrounding adipose tissug) (

Fig. 12.25 Cholecystitis with perforation into the liver. pericholecystic edemavpite arrow). (d) Grayscale ultra-
Patient 1: §, b) Axial and coronal reformatted CT showssound shows distended gallbladdaa¢k arrowalso ine)
distended gallbladdewite arrowheadl with perforation with surrounding intrahepatic abscesses as loculaiet! 3
within the liver vhite arrow), surrounding low-density collections (hite arrowsalso ine). (e) Color Doppler
edema of the liverblack arrow), and focal abscessesshows increased vascularitgriowhead in the abscess

(black arrowheads Patient 2: €) Axial CT shows gall- wall
stone cholecystitis with perforatiomléck arrowg and
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Fig. 12.26 Adenocarcinoma of the gallbladder with peris inBtrating through the liver capsule into the right sub-
foration into the liver. 4Ex) Axial, coronal, and sagittal phrenic spaceb{ack arrow) and into the intercostal mus-
reformatted images show a nondistended gallbladder witles @rrowheadin a) and with edema in the adjacent
perforation at the fundughin white arrow. The liver subcutaneous tissues. The pleural effusasrogvheadin
component shows low-density heterogeneous mass whtwas malignant

Fig. 12.27 Gangrenous cholecystitis in two patientsintraluminal sloughed membranthiq white arrow and
First patient, 4, b) ultrasound of the gallbladder showsperforation of the medial wallblack arrowheadl with
irregular intraluminal sloughed membrarer¢ws). (c) contained abscessdsgck arrow). The hepatic xure is
Axial CT also shows irregular thick intraluminal sloughedlisplaced White arrowheadl

membranedrrow). Second patientd(e) axial CT shows



344 12 Diseases of the Liver

Fig. 12.28 Gangrenous cholecystitis with colonis-P wall thickening adjacent to the gallbladder with a faist b
tula. Axial CT @) precontrast and postcontrast axial CTulous tract &rrow in c). (d) Axial CT of the lower abdo-
(b, c) show sloughed membrane within the gallbladdenen shows gallstone in the cecuanrdw). Fistula with
(arrows). The hepatic &ure is displaced medially with colon was seen at surgery
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Diagnosis

3. Extension into the adjacent soft tissues, liver,
duodenum, or colon

Xanthogranulomatous cholecystitis
4. Hypoechoic nodules or bands within thick-

ened gallbladder wall

Imaging Features

1. Focal or diffuse mass-like wall thickening 0. Disruption of mucosal line, pericholecystic
the gallbladder Buid, and stones
2. Heterogeneous contrast enhancement

Fig. 12.29 Xanthogranulomatous cholecystitis (XGC)(arrows). (e) Axial CT of another patient shows mucosal
Postcontrast CTafx) axial, sagittal, and coronal refor-disruption of the fundus of the gallbladderrow) and
matted images show marked lobulated wall thickeningxtension of XGC inBmmation into the liver.f{ US
mostly medially hite arrowg of a nondistended stone-shows heterogeneous density as seen in the CT with
blled gallbladder Iflack arrow). (d) Ultrasound of the increased vascularity in the soft tissues at the fundus and

gallbladder shows wall thickening medially and inferiorljfarge stone at the necérfow)

Fig. 12.30 Xanthogranulomatous cholecystitis withbladder into the liver with multiple abscesses, some with
perforation and abscesses. CT ax&lghows focal low- gas collections.d) Sagittal reformatted image shows XGC
density nodule at fundus of GBrfow) and focal calciba-  with wall calcikcation {ong arrow), nodule ghort arrow)
tions in the GB wall.lf) Axial CT at higher plane shows at the fundus, and multipleuiél pockets in the liveafrow-
perforation &rrowhead of the fundus of theafrow) gall- heads, all of which interconnected with one another
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Fig. 12.31 Acute or chronic cholecystitis. History ofstone black arrow). Mild pericholecystic edema is seen
chronic right upper quadrant pain. CT axia), (coronal (arrowhead. Pathology showed mucosal erosion of the
(b), and sagittal d) reformatted views show markedlygallbladder

thick-walled (vhite arrow) nondistended GB with a large

Fig. 12.32 Multiple gallbladder cholesterol polypsf{ change position in decubitus positi@rows) and do not
¢) Multiple hypoechoic nodules involving the anterior anthave posterior acoustic shadowing. The polyps are pedun-
posterior walls and neck of the gallbladder which did naulated and have a granular outline
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Diagnosis Imaging Features
Gallbladder Carcinoma 1. Mass replacing the gallbladder.

2. Focal or diffuse gallbladder wall thickening.

3. Intraluminal polypoid mass.

4. Calcilations can be from gallstones, gallblad-
der wall calcileation, or tumoral calcitation.
Direct extension into the liver or biliary tree.
Contrast-enhanced CT can show hypo- or
isoattenuation.

oo

Fig. 12.33 Adenocarcinoma of the gallbladder(arrows). (c) Axial CT again shows the masariows)
Ultrasound in supineaj and decubitusb( positions with no extension outside the gallbladder
shows xed mass in the anterior wall of the gallbladder



348 12 Diseases of the Liver

Fig. 12.34 Poorly differentiated gallbladder carcinomamass Black arrow) with low-signal stonevghite arrow).

(akx) CECT, axial, coronal, and sagittal reformatte®ostcontrast MRIf(g) and axial and coronal views show
images show soft tissue mass in the gallbladtidn ( enhancement of masarfow). (h, i) Axial and coronal
black arrow) with poor enhancement around a gall stoneformatted CT 1 year later after treatment show increased
(white arrow). Liver invasion &rrowhead is seen in axial liver invasion and multiple hepatic metastasbtadk
view. (d, €) MRI axial (with FS) and coronal (without FS)arrows). Most of the gallbladder is distended with necrotic
T2W views show mixed intermediate/high signal in théow-attenuating massvhite arrow)
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Cholangiocarcinoma

Imaging Features 2. Periductal irlitration
1. Mass-forming (a) Diffuse periductal thickening
(@) Homogeneous attenuation with distinct (b) Common in hilar but rare in intrahepatic
borders lesions
(b) Irregular peripheral attenuation witt8. Intraductal type
gradual centripetal enhancement (a) Diffuse duct ectasia with or without papil-
(c) Capsular retraction lary mass
(d) Satellite nodules (b) Localized duct ectasia with polypoid mass
(e) Vascular encasement (c) Mildly dilated duct with cast-like lesion

(d) Focal stricture-like lesion with mild prox-
imal duct dilatation

Fig. 12.35 Mass-forming intrahepatic cholangiocarci-black arrow) and capsular retractiowkite arrows. (d)
noma. CT axiald) in early arterial phase shows a largéJlitrasound of the mass shows a well-marginated heter-
low-density mass with faint peripheral enhancemewechoic massagrows). (€) Color Doppler US shows
(arrows). (b) Portal venous phase shows increased ceperipheral vascularity and central necrosisgw)

tripetal enhancementc)( Dilated subphrenic veingh{n



350 12 Diseases of the Liver

Fig. 12.36 Periductal inRrating intrahepatic cholangio- sular retractionwhite arrow). (c) CT shows low-density
carcinoma. &, b) T2W FS MRI images of the liver showmass in the left lobe of the liver with peripheral duct dila-
low-signal tumor around the left lobe duthi arrowg tation @rrowhead. Multiple metastases are seen in the
with dilatation of ducts at the periphery of magadqw- right lobe (vhite arrow)

head$. Mass is inkrating the liver parenchyma with cap-

Fig. 12.37 Periductal inRrating intrahepatic cholangio- at the peripherywhite arrow). (b, ¢) T2W FS MRI again
carcinoma.d) Axial CT shows inltrating mass in the left shows dilated ducts within and at the periphery of the
lobe of the liver with subcapsular retracti@mréwhead. lesion @rrows). (d) ERCP shows beaded appearance of
Duct dilatation is seen within the lesidvgck arrow) and  the dilated ducts in the left lobe of the livarrow)



Biliary System 351

Fig. 12.38 Periductal-inkrating hilar cholangiocarci- the right sidedrrow) . Axial CT {, g) again shows similar
noma. &, b) Axial CT and MRI T2W FS images showenhancing soft tissues surrounding the constricted CBD
dilated biliary ducts in the right and left liver lobes.d) more in the arterial phase) than the portal venous phases
CT coronal reformatted Ce) coronal postcontrast MRI (f). (h) ERCP examination shows Bismuth type Il obstruc-
T1 FAME image shows enhancement (more in arterialtion of distal common hepatic ductsow) and origin of
than portal phasd) of the obstructing soft tissue aroundhe common bile duct

both the common hepatic ducts with tapered narrowing on
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Fig. 12.39 Combined periductal intrating and intra- well-marginated mass adjacent to the gallbladder with
ductal growth-type cholangiocarcinoma. Axial C&) ( peripheral vascularity afrow head} Axial CT (f)
shows low-density mass at the hilum with faint peripher@ months later shows constriction of the body of the gall-
enhancementttfin black arrow$. (b) The gallbladder bladder by the polypoid growthwvbite arrow) with intra-
wall is thickened adjacent to the tumavhite arrow9 hepatic rupture of the fundus of the gallbladdaagk
from periductal inkration. €) Polypoid growth within arrow). (g, h) Axial and coronal reformatted CT show
the gallbladder white arrow). (d, €) Ultrasound shows dilated intrahepatic biliary ductshick black arrow}
multiple echogenic polypoid masses with localizeffom mucin secretion in spite of two stents

all thickening of GB \yhite arrowg. Heteroechoic
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Fig. 12.40 Polypoid cholangiocarcinoma of the comseen within CBD distal to dilated ductsl) (Axial CT
mon bile duct with stomach invasiom) Axial CT in por- done 1 month later shows low-density metastasis at the
tal venous phase shows dilated intrahepatic biliary ductsargin of the left liver lobe continuous with the stomach
(black arrow) and multiple low-density metastases to th@rrow). (€) Higher section thad shows gas within the
left liver lobe (vhite arrow). (b) ERCP shows stricture of metastasisarrow) which is continuous metastasisiin(f)
mid-CBD (arrow) with dilated ducts proximally.cf Upper Gl swallow study shows contrast within the left
Ultrasound shows dilated common bile duct and intrahisbe of the liver from the distal stomadbldck arrowg
patic ductsdrrowhead. Echogenic massvhite arrow) is  and separate from the biliary stewh(ite arrow)
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Fig. 12.41 Cholangiocarcinoma sclerosing-type mid+eformatted CT shows dilated common hepatic ducts
common bile duct. &) Coronal reformatted CT shows (arrows). (c) ERCP shows tapered narrowing of dilated
dilated CBD hite arrowg with tapering of mid-CBD. The CBD (black arrow) proximal to the complete obstruction
tapered area is thick wallethl§ck arrows3. (b) Sagittal (white arrow)
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Diseases of Extrabiliary Liver

Infection
Diagnosis Imaging Features
Pyogenic Liver Abscess 1. Single or cluster of small abscesses

2. (@) USNvariable appearance from cystic
(anechoic or echogeniaidl) to solid lesions
(b) CECTNuni- or multilocular cystic lesions,
with rim enhancement and surrounding edema,
may appear solid

3. May have gas within the abscess

Fig. 12.42 Pyogenic abscesKlébsiellg). Axial CT (@, b), coronal, and sagittal reformatted imageslf show com-
plex abscess in the left lobe of the livéx) At lower level thand) shows the unilocular component with airrow)
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Fig. 12.43 Ascending cholangitis forming abscess witlyas in the periphery of the liver extending to the capsule
rupture into peritoneal space. Patient with cholecystodu@vhite arrowg. (b) Higher section tharaf shows rupture

denal Rstula (surgically proven)a( b) Axial CT shows of abscess into the right subphrenic spadwté arrow)
Buid-Hled bile ducts lflack arrow3 and abscesses with

Fig. 12.44 Complex pyogenic liver abscess extending tthe gallbladder with multiple small low-density abscesses
the gallbladder wall. Patient with history of diabetes me(white arrowg in the wall surrounding the lumebléck
litus. Axial CT @) of large liver abscess with septationsarrow). (c) Axial CT shows multiple small abscesses in

(white arrowg and surrounding edembléck arrow). (b) the gallbladder wallwhite arrow3 and abscesses in the
Sagittal reformatted image shows extension of abscesdétft kidney plack arrowg
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Fig. 12.45 Multiple pyogenic abscesses. History of mental status change and failure toahby®dstcontrast axial
images show multiple low-density abscesses scattered throughout the liver with faint surrounding edema

Fig. 12.46 Abscess and liver metastasis in patient witarrow). Metastasis in the right lobéléck arrow) is less
gastric cancer.a( b) Axial and coronal reformatted CT well marginated and the center of metastasis is of higher
shows a well-marginated abscess in the left lobe of thensity than the abscess cavity) Coronal reformatted
liver with enhancing rim and surrounding edemdife image shows two large metastasasaws)
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Diagnosis Imaging Features
Amebic Abscess Similar to pyogenic abscesses

Fig. 12.47 Amebic liver abscess in three patients. Patie(d) Ultrasound shows focal area of low echogenicity with
1: (@) Axial CT shows large abscess in the right lobe of thiaternal heterogeneous echo and no echogenic wall
liver, with thick stratifed wall and surrounding edema.(arrows). Patient 3: &, f) Axial and sagittal reformatted
Patient 2: §, c) Axial and coronal reformatted imagesmages show multiple thick-walled amebic abscesses
show thick-walled lobulated abscess at hilum of the liver.

»
>

Fig. 12.48 Hydatid cyst of three patients. Patientd). ( cyst in the wall and multiple high-signal daughter cysts
Axial CT of the liver shows a cyst with thin wall, linear(black arrow). (€) Ultrasound of the same patient shows
septation \hite arrow), and low-density daughter cystslarge cyst with central septatioarfow). Patient 2: f()
(black arrows. (b, c) Axial MRI study, TAW FSE, and Axial CT shows linear low density between the two layers
T2W FS images show thin hypointense rim of pericystf the split wall plack arrowg. (g) Ultrasound shows
(white arrow). The daughter cyst is of low signal in T1Wthick wall of the cyst with no vascularity. Patient B) (
and high signal in T2W imagearowhead$. (d) Coronal Axial CT shows coarse calaition of the wall

MRCP image shows thin black lineltfite arrow) of peri-
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Diagnosis MRI:

Hydatid Cyst 1. Pericyst is hypointense in both TIW and T2W
images.

Imaging Features 2. Cyst matrix is hypointense on T1W and mark-

CT: edly hyperintense on T2W images.

1. Well-marginated, hypoattenuating lesions 3. Daughter cysts are hypointense relative to
2. Coarse wall calcgations in 50 % of cases matrix on both T1W and T2W images.
and daughter cysts in 75 % cases UsS:
1. Variable from purely cystic to solid.
2. Wavy bands of endocyst may be seen.
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Fig. 12.49 Polycystic liver disease in two patientsshow rim calcileation of many of the cysts in both the
Patient 1: &, b) Axial and coronal reformatted CT imagediver lobes. Drainage of some of the cysts showed MRSA
show hepatomegaly with multiple simple cysts of varyingfection. €) Axial CT done 10 years prior shows fewer
sizes in both lobes. Patient 2 with right upper quadracalcibed cysts

pain: CT axial ¢) and coronal reformatted images) (

Fig. 12.50 Cystic metastasis from ovarian carcinomahrough the pelvis shows complex ovarian mass with cys-
Postcontrast axial CTaJ shows small cystic metastasigic (white arron) and more solid componenbléck
around the falciform ligament) A few months later, the arrows)

metastases have grown in size and numbgAXial CT
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Fig. 12.51 Complex cystic metastases from stromarrow). The larger liver lesion has a large cystic compo-
tumor of the stomach. Postcontrast axial @J ghows nent with rim of solid tissueb( c) Post-treatment shows
multiple metastases to the livearfow head, anterior increase in metastasis which had a larger cystic
abdominal wall white arrow), and left lung baseblack component

Fig. 12.52 Candidiasis. History of acute lymphoblastianicroabscesses with beveled margins. Small abscesses
leukemia and systemic candidiasi®, p) Axial CT are also seen in the spleen and right kidaego{s)
images of the upper abdomen show multiple focal liver

Fig. 12.53 Yellow fever. &Ex) Axial CECT shows multiple very small low-density areas of necrosis which have thick
walls mostly in the right lobe of the livearfows)
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Fig. 12.54 Hepatitis, pneumocystis infection. Ultrasoundhepatocytes and change in acoustic properties between
of the liver @, b) shows diffuse decreased parenchymadortal vein radicals and hepatic lobules, giving the starry
echogenicity from intralobular edematous swelling ofight pattern

Fig. 12.55 Drug-induced hepatitis. Patient on treatmergning (vhite arrow) and pericholecystic edemalgck
for TB and candida with right upper abdomen pairarrow). (c) US shows diffuse small echogenic foci scat-
Biopsy was negative for fungus and acid-fast bacillis. (tered throughout the liveafrows). (d) MRI T2W images
Axial CT shows multiple low-density noduleblgck show multiple nodules of intermediate signafr¢ws),
arrow) and diffuse periportal edema/l{ite arrowg. (b) and €) post-gad TIW shows multiple low-signal nonen-
Sagittal reformatted image shows gallbladder wall thickxancing nodulesafrows)
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Fig. 12.56 Tuberculosis. ) Contrast-enhanced axialthe lesions.lf) Axial CT of the chest shows miliary pul-
CT of the liver shows multiple low-density foci of varyingmonary nodules more in the right upper lobe from TB

sizes throughout the liver with mild enhancement arouridfection

Fig. 12.57 Sarcoidosis in two patients, biopsy proverspleen &rrows). (d, €) Axial and coronal reformatted CT
Patient 1: 4, b) Axial CT shows diffuse low-density nod- 2 year later show decrease in nodules especially in the
ules in the liver. The nodules in the atrophic spleen alieer (arrowhead with diffuse scar tissuavhite arrows.
seen as higher density due to decrease density of Hepatosplenomegaly, lymphadenopathy in porta hepatis,
spleen. Patient 2: Axial CTc)Y shows hepatosplenomeg-and para-aortic regiormfrows) are stable

aly with multiple low-density nodules in both the liver and
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Cirrhosis

Imaging Features 4. Hypertrophy of segments I, II, and Il and

1. Irreversible remodeled liver architecture with atrophy of posterior segments VI and VIl
bridging Horosis 5. Heterogeneous coarse parenchyma

2. Hepatocellular nodulesNregenerative, dyss. Portal vein thrombosis and cavernous trans-
plastic, or neoplastic formation

3. Surface and parenchymal nodularity

Fig. 12.58 Cirrhosis. 4, b) Axial CT shows enlarged and ultrasound of the cirrhotic liver on different patients
liver with diffuse e low-density granularity of regener-show surface nodularity and ascites. US shows diffuse
ating nodulesdrrows). Larger patchy ill-marginated scat-coarse and heterogeneous echotexture

tered fatty change throughout the livdy, ¢) Axial CT

Fig. 12.59 Cirrhosis with multifocal hepatocellular car-enhancing tumor thrombusvkite arrow) surrounded by
cinoma. &) Axial CT in portal phase shows multiplelow-density bland thrombus distending the portal vein
enhancing nodules of various sizeblat¢k arrowd extending from HCC at the liver hilurblack arrow). The
throughout the liver. The liver surface is nodular, and theplenic vein is dilatedb{ack arrowhea)l and enlarged
liver is contracted.l() Coronal reformatted image showdymph nodeswhite arrowheadgsaround the portal vein
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Diagnosis
HCC

Fig. 12.60 Multinodular HCC. & MRI T2W axial multiple-surrounding low-signal small HCCbléck
image shows slightly increased signal in an H&@ofv) arrows). (€) Axial MRI postcontrast of the liver dome
than the rest of the liver. Postinfusion T1W axial imageshows multiple-enhancing small HC@riows) in the

(b) in the arterial phase and)(in portal venous phase arterial phasef) Portal venous phase of the same area of
show heterogeneous enhancement of the H®RQitd the liver shows complete washout of the nodules. The
arrow also ind), but the enhancement is less than the adjasophageal varicesrfowhead are better seen in this
cent liver. @) Coronal postcontrast TIW image showghase

Fig. 12.61 Hepatocellular carcinoma with a typicalhancement of the same nodule, more than 1 cm in s)ze. (
enhancement pattern. Axial CHB)(noncontrast study Portal phase shows hypoenhancement of the nodule rela-
shows low-density focus with surface bulging in the rightve to the rest of the liver parenchyma) Delayed phase
liver lobe @rrow). (b) Arterial phase shows hyperen-shows delayed-enhancing capsule or pseudocapsule
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Diagnosis
HCC with Vascular Invasion

Fig. 12.62 Hepatocellular  carcinoma invadingand @) sagittal reformatted images show tumor thrombus
IVC. Axial CT in arterial &) and portal venoub] phases (black arrow) in suprahepatic IVC capped by nonenhanc-
show enhancing mass invading IV&row). (c) Coronal ing bland thrombus

Fig. 12.63 Hepatocellular carcinoma invading the portatnhancing low-density masa/ifite arrowg invading into
vein. Postcontrast portal phase G #éxial and lf) coro- the portal veinlglack arrow)
nal reformatted images show large heterogeneously
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Fig. 12.64 Rupture of poorly differentiated HCC intohemoperitoneumafrowhead$. (b) Arterial phase shows
the peritoneum. History of upper abdominal pain. Axigctive extravasation into the tumariow). () Venous
CT (a) precontrast shows heterogeneous high-densjifhase shows pooling of contrast within the tunaorofv)
acute hemorrhage in the left lotzrbws) of the liver and

Fig. 12.65 Subcapsular rupture of HCC. History of HIVhigh-density hemorrhagewhite arrow). (b) Arterial
infection and hepatitis in a 20-year-old patient comes witthase CT shows poorly enhancing HCC in the left lobe
left upper quadrant pain and vomiting. Axial Gij gnen- surrounded by hemorrhage which was in the subcapsular
hanced CT shows focal low-density lesion in the left lobgpace at surgery. The liver is cirrhotic with nodularity of
of the liver plack arrow) surrounded by well-marginated surface
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Fig. 12.66 Intraperitoneal rupture of HCC. History ofHCC (black arrow). (d) At a higher plane axial CT in por-
chronic hepatitis C and right upper quadrant pain. Axigl venous phase shows multiple necrotic HCC in the right
CT (a) precontrast study shows heterogeneous heméwbe @rrow in the larger mass)e) Angiogram shows
rhage in the subhepatic spawéite arrow) displacing the faint blush of extravasated contrast in the inferior right
hepatic [@xure arrowhead. (b, c) Arterial and venous lobe of the liverlplack arrow). The rest of the liver shows
phases show active bleedingh(te arrow) from a necrotic multiple-enhancing HCC nodulewlfite arrows
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Diagnosis
Fibrolamellar HCC

Fig. 12.67 Fibrolamellar HCC. Axial precontrast Cd)( heterogeneous. The central scar remains unchanged, and
shows a large mass of the right lobe of the liwehife the rest of the liver has a normal appearance. Different
arrow) with central low-density scabl@ck arrow) and patient: (I) Portal venous phase shows less enhancement
minimal decreased density compared to the adjacent livef. the heterogeneous mass relative to the surrounding
(b) Arterial phase shows heterogeneous enhancemeninofmal-appearing liver.e( f) Ultrasound of the liver
mass greater than the liver with prominent arteriehows large mass as seendhwWhich is marginated with
throughout the mas<c)(Portal venous phase shows fasteechogenicity very similar to the livercdliper) but is
clearing of contrast than the rest of the liver and is stlieterogeneous



370 12 Diseases of the Liver

Liver Mass

Diagnosis
Giant Hemangioma

Fig. 12.68 Giant liver hemangioma. Axial CT:aY ment. ) Delayed image shows centripetal enhancement
Unenhanced CT shows a low-density mass in the rightth complete lling of the hemangioma except the scar
lobe of the liver Black arrowg with central scarwhite and is of higher density affow) than the liver
arrow). (b) Arterial phase shows peripheral nodular brighparenchyma

enhancementafrow). Central scar shows no enhance-
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Diagnosis
Lymphoma

Fig. 12.69 Primary lymphoma of the liver in two venous phase but is of higher attenuation than the liver.
patients. Patient 1 with anaplastic large cell lymphonfatient 2 with diffuse large B-cell lymphomad)(
with underlying cirrhosis: gBc) Axial CT precontrast Precontrast axial CT shows a large mass in the right lobe
phase shows a low-attenuating mass in the right lobewith dilated biliary duct lateral to it and areas of necrosis.
the liver. Postcontrast study shows peripheral enhancECT , f) shows poor enhancement of the mass which
ment of the solid component around the central necrossless than the liver with necrotic areas better seef) in (

in the arterial phase. The enhancement decreases inléch is at a lower plane

Fig. 12.70 Diffuse large B-cell lymphoma of multiple adrenal glands{ack arrowg and kidneyswhite arrows.

organs. Postcontrast axial C; ) shows multiple poorly (c) Color Doppler ultrasound of the liver shows multiple
enhancing well-marginated discrete nodules throughdatv echogenic nodules without increase in vascularity

the liver @rrowhead. Similar nodules are seen in both théwhite arrowg
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Pancreatitis
Imaging Features B. More or equal to 4 weeks
A. Less than 4 weeks after onset (a) Interstitial edematous pancreatitis with
1. Interstitial edematous pancreatitisNacute pseudocyst (sterile or infected)
peripancreatic @id collection, sterile or (b) Necrotizing pancreatitis with walled-off
infected necrosis (sterile or infected)
2. Necrotizing pancreatitis
(&) Parenchymal necrosis alone Diagnosis
(b) Peripancreatic necrosis alone Interstitial Edematous Pancreatitis

(c) Pancreatic and peripancreatic necrosis

Fig. 13.1 Interstitial edematous pancreatitis. Axial postinvolving the transverse mesocoldhif arrow) and peri-
contrast CT 4) examination done a few years earliepancreatic Bid collection in the anterior pararenal space
shows normal pancrea®)(CT done for suspicion of pan- (thick arrow). (d) Axial CT done 2 weeks later shows
creatitis shows pancreatitis with diffuse increaseinproved peripancreatic isBnmation and @d collec-
enhancement of the pancreas with mild increase in siien. (€) TAW MRI and {) postcontrast fat-saturated T1
and minimal peripancreatic ishmation.¢) Examination MRI done at the same time af §how improved pancre-
done 5 months later shows increase inamfnation atitis with minimal mistiness of surrounding fariow)
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Fig. 13.3 Peripancreatic necrosis alone. Postcontrast G, €) Axial and coronal reformatted CTs show diffuse
(a) axial image shows normal homogeneous pancreatiddammation around the root of the mesentdrlagk
enhancement.b( c) Axial CT and coronal reformatted arrowhead and transverse mesocoladhi¢k white arrovy
images show normal size of the head and uncinate proceassing luminal narrowing of the right colon with wall
(black arrow). Extensive acute heterogeneous nonliquedema, extending inferiorly to the perirenal spadeite
ped inflammation in the right anterior pararenal spacarrowhead and APS laterallytfiin head. Fluid is track-
(white arrow), root of mesentery, and transverse mesocaig down to the pelvis in the AP8léck arrow)

lon with edema in right-sided subcutaneous tissue.

<
<

Fig. 13.2 Interstitial edematous pancreatitis. Axial postimage shows increased enhancement of the head of the
contrast CT 4, b) shows localized enlargement of thepancreasklack arrowheadl and edema of the adjacent
pancreatic tailthick arrow) with diffuse enhancement of duodenumwhite arrowheadl Ruid in the pancreaticodu-

the body and tail and surrounding acute peripancreatidenal groovehlack arrow), and around the tail of the
Buid collection thin arrow). (c) Coronal reformatted pancreaswhite arrow)
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Diagnosis
Necrotizing Pancreatitis

Fig. 13.4 Necrotizing pancreatitis with acute necrotigoeripancreatic necrotic collection which is faintly hetero-
collections. &) Axial CT image shows a diffusely enlargedgeneous, in bilateral anterior pararenal spaee®w).
nonenhancing body and tail of the pancreas with patcldg, €) Axial and coronal reformatted CTs 3 weeks later
areas of enhancing pancreatic tissaeofv) and diffuse show large necrotic collection in the lesser saeovs)
surrounding peripancreatic necrotic collection. Axial Cbetween the necrotic pancreasrr¢whead$ and

(b) and €) coronal reformatted images show acuteontrast-led stomach

Fig. 13.5 Necrotizing pancreatitis with peritonitis. Samdesser sac with enhancing walilgck arrowheadl adja-
patients as in Figl3.4 about 5 weeks later. CECT axialcent to the headlack arrow) and tail of the pancreas and
(a, b) and coronal reformatted images 6how nearly diffuse reactive peritonitis with enhancement of the peri-
complete necrosis of the body and small residual tail tdneum [ong white arrow¥and large ascites. The abdom-
the pancreasshort white arro\y. Large pseudocyst in the inal wall shows diffuse edema
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Fig. 13.6 Acute necrotizing pancreatitis. Contrast-enhanceashite arrowsin a, b) with Buid and necrotic material in the
CT axial @, b) and coronal reformatted images showeft anterior pararenal spactr(g thin arrow), causing
necrosis of the tail of the pancrettigk white arrowy with  thickening of the lateroconal fascefowhead and poste-
surrounding heterogeneous acute necrotic collection ( rior renal fasciaghort thin arrowin c)

Fig. 13.7 Walled-off necrosis. History of recent resecfaint surrounding rim of loculation. About 8 weeks later,
tion of the body and tail of the pancreas. CE@Th) (e) axial CT shows pseudocyst formation of the WON
axial CT, €) coronal, andd) sagittal reformatted images (arrow) with wall enhancement and superimposed infec-
show loculated Gid collection in the region of the tion with gas collectionsagrowhead. (f, g) Axial and
resected body and tail of the pancrebladk arrow) sagittal reformatted images show focal perforattdadk
which has rupturedaite arrowg into the lesser sac. The arrowhead of the pseudocyst wall with gasi{ite
lesser sac collectiorafrowhead$ shows areas of low- arrowhead and uid (black arrowheadl extending into
density fat necrosis and areas of higher density and withe abdominal wall
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Diagnosis
Gallstone Pancreatitis

Fig. 13.8 Gallstone pancreatitis. Axial contrast-
enhanced CT shows caleith stone in the distal common
bile duct at the head of the pancretsn(black arrow.

The head of the pancreas is enlarged with heterogeneous
enhancementidng thick white arroy with diffuse peri-
pancreatic inBmmatory changeshin white arrow. The
second part of the duodenum shows reactive dilatation
and wall thickeningl{lack arrowhead

Diagnosis Imaging Features
Groove Pancreatitis 1. Soft tissues ot within the pancreaticodu-
odenal groove.
2. Small cystic lesions may be seen along the
medial wall of the duodenum.

Fig. 13.9 Groove pancreatitis in a patient with a historyvall of the duodenum agrow). (c) Axial CT done

of alcohol abuse. Axiala) and coronal reformatted 5 months later shows dense scar tissue in the groove with
CT show id in the pancreaticoduodenal groove. Thélecreased size of the cystic lesioagdqw). Endoscopic
second part of the duodenal sweep shows mucosalidy showed periampullary mass, biopsy of which
enhancement. Cystic lesions are attached to the medihbwed acute and chronic efdmation



Pancreatitis 379

Diagnosis
Infected Necrotizing Pancreatitis

Fig. 13.10 Infected necrotizing pancreatitis. CECA) ( (arrow) from the infected necrotic pancreas is extending
axial shows necrosis of the head and body of the pancréaghe transverse mesocolarrbwhead. (c, d) Coronal
(arrow) surrounded by gas, diffuse peripancreati@mB and sagittal reformatted images show a large amount of
mation, and small ascitesb)( Axial CT shows acute gas in the region of the pancreasr¢w) surrounding the
necrotic collection in the left anterior pararenal space wituperior mesenteric vessels

Buid and necrotic Hlack arrowheads material. Gas

Diagnosis
Infected WON

Fig. 13.11 Infected walled-off necrosis. Patient 1 withwith mild heterogeneous densitylgck andwhite arrow-
interstitial pancreatitis and focal necrosis: CE@)laxial head$. Large pericholecystic U3d is seen around the
image shows diffuse enlargement of the pancreas wigallbladder. Axial §) and coronal reformatted image$ (
slightly heterogeneous enhancemdrniag¢k arrow) and 12 days later show infected WON necrosis with large gas
with focal area of necrosis at the tailjte arrow). Acute collection in inhomogeneousuidl collection in the lesser
necrotic collection is seen in the anterior pararenal spasac
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Diagnosis
Pseudocyst

Fig. 13.12 Pseudocyst from alcoholic pancreatitisenhancing walllflack arrowg in the lesser sac. The adja-
Postcontrast axialaj and coronal reformattecbY CT cent stomach shows wall edema and thick rugal folds
images show a large low-densityif8 collection with (white arrow)

Diagnosis
Infected Pseudocyst

Fig. 13.13 Pseudocyst with infectiora) Axial and coronal reformatteB) CTs show pseudocyst with enhancing wall
around the tail of the pancreas causing mass effect on the stomach and with small gas cdleotigns (
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Fig. 13.14 Pseudocyst spontaneously decompressimgting with the stomachnpite arrowd with gas in the
into the stomach. History of trauma in the left upper abdéract. One week later, CT)(axial and g) coronal refor-
men with splenectomy and resection of the pancreatic tailatted images show smaller size of the pseudoessti(
1 month prior comes in with left upper quadrant pain. Carrow) with the tract Bed with gas \hite arrow) com-
(a) coronal reformatted image arlol) (@xial image show municating with the contrastied stomach

pseudocyst with enhancing wallllgck arrow) communi-
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Diagnosis
Hemorrhage in Pseudocyst

Fig. 13.15 Pseudocyst with hemorrhage. Axial CECTacute hemorrhage within the pseudocyst with increased
(a) shows large pseudocyst posterior to the pancreas wéttienuation of the hemorrhagaiow). (c, d) Postcontrast
subacute hemorrhage havingi®Ruid level @rrow). (b) axial and coronal reformatted CTs show active bleeding
Later precontrast axial CT done for abdominal pain showsgthin the pseudocyst from the splenic arteagrgw)

Fig. 13.16 Pseudocyst with hematoma. Axial CEG) ( (white arrow) and layering hemorrhagbléck arrow) in
shows a large low-density pseudocyst with enhancirtbe dependent portion of the pseudocyst in unenhanced
wall (arrow). At lower level noncontrasb} and postcon- CT which does not enhance with contrast. Hemorrhagic
trast €) axial CTs show high-density focal hematoma8uid was drained
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Pancreatic Neoplasms

Cystic Neoplasms

Imaging Features (a) Cluster of cysts >2 cm.
1. Serous cystadenoma or microcystic cystade-(b) Thick-walled septation with peripheral
noma calcikcation.
(a) Cluster of small cysts <2 cm with honey- (c) High signal on T2W image and low signal
comb appearance. on T1W image.
(b) Central stellate scar with calc#tion (d) Walls of cyst can show nodular enhancement.
may be seen. (e) Located mostly at the body and tail of the
(c) Can appear solid by US and CT depend- pancreas.
ing on cyst size. 3. Intraductal papillary mucinous tumor (IPMT)
(d) High signal in T2W image and can have (a) Subtype of mucinous cystic neoplasm
delayed enhancement of central scar. (b) Main duct or side branch type
2. Mucinous cystic neoplasm or macrocystic (c) Dilated main duct or cluster of small cysts
cystadenoma in side branch type
Diagnosis

Microcystic Adenoma

Fig. 13.17 Microcystic adenomaaj Axial CECT shows bcation. p) MRI T2 FS shows the same lesiarrow)
well-circumscribed lobulated cystic massrows) at the with high-signal and central low-density scaj.Rost-gad
body of the pancreas with central stellate scar with calci-L shows enhancement of septations of the lesigaw)
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Diagnosis
Macrocystic Adenoma

Fig. 13.18 Macrocystic adenoma. Axial CT in arterialarrow) and lower signal in another lobularfowhead
phase &) shows multiseptated cystic lesion divided bydue to different protein contents of the mucd). MRCP
enhancing septablack arrow) and central calcigation thin-slice coronal image again shows septated cyst with
(white arrow). (b) Portal phase shows decrease in septhigh signal. €) T1 post-gad FS image shows low signal
enhancementb(ack arrow). MRI study €) T2 BH FS in the cyst &rrow). Enhancement of septa is better seen

image shows hyperintense signal in one lobuken( by CT
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Diagnosis Imaging Features
Solid and Papillary Epithelial Neoplasm 1. Mass usually large >10 cm with thick well-
demed rim.

2. Mostly solid mass with cystic areas, necrosis,
and hemorrhage.

3. T1- and T2-weighted images have heteroge-
neous signal.

Fig. 13.19 Solid and papillary epithelial neoplasm,axial image shows high signal in the hemorrhagic compo-
biopsy proven. &, b) Axial CT pre- and postcontrast nent of massatrow). (d) MRI axial T2W FSE fat-sat
images show lobulated lesion at the pancreatic tail witmage shows high signal in the mass with low-signal septa
central calcileation and with enhancement of rim andarrow). (e) Postcontrast axial MRI shows enhancement
multiple septadrrow). (c) MRI TAW FSPGR dual-echo of the soft tissue rim and septrow)
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Diagnosis Imaging Features
Intraductal Papillary Mucinous Neoplasm 1. Mucin-producing tumor in the main duct or
branch duct.

2. Main-duct type shows marked dilatation of
the main duct, diffuse or multifocal involve-
ment, large mural nodule or solid mass, and
CBD obstruction.

3. Side-branch type looks like other cystic
neoplasms.

Fig. 13.20 Intraductal papillary mucinous adenocarcibranches white arrow). (d) Axial postcontrast T1W
noma combined type. Axial CTa) noncontrast andbj shows low signal with no signdant enhancemente)(
late arterial phase shows marked lobulated dilatation BfRCP thin-slice coronal image shows clustered cystic
the main pancreatic duarfows) with minimal enhance- dilated branch ductsvhite arrow) and dilated main duct
ment. Axial MRI €) T2W fat-sat shows high signal in the(black arrow)

dilated main ductilack arrow) and the smaller side
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Solid Neoplasms

Diagnosis
Neuroendocrine Tumor, Nonfunctioning

Fig. 13.21 Neuroendocrine tumor, nonfunctioning.
Axial contrast-enhanced CT shows small enhancing nod-
ule at the head of the pancreasqw)

Diagnosis
Carcinoid

Fig. 13.22 Carcinoid at the uncinate process of the pancreas. Axial CT in portal venousa)lzaskdelayed phase
(b) shows large solid mass at the uncinate process of the pancreas with minimal enhaacewgnt (
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Diagnosis
Pheochromocytoma

Fig. 13.23 Pheochromocytoma of the pancreas. Axigboorly enhancing mass in the body and tail of the pan-
CT in arterial &) and portal venous bf phase creas with focal areas of necrosis
and €) coronal reformatted images show a large solid
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Diagnosis
Neuroendocrine Carcinoma

Fig. 13.24 Neuroendocrine carcinoma, well differenti-necrosis. Metastasis with intermediate signal is seen in the
ated. &) Axial CECT andlf) axial post-gad T1 MRI show liver (arrowhead. Portal thick arrow) and superior mes-
a large mass with peripheral enhancement and centeaiteric veinstfin arrow) show extrinsic compression by
necrosis at the head of the pancrea3. Axial and the mass.€) MRCP shows dilated common bile duct by

(d) coronal T2W MRIs show high signal in the centramass compressioarfow)
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Diagnosis
Adenocarcinoma

Fig. 13.25 Adenocarcinoma of the head of the pancreahow constriction of dilated CBDhjn arrow) and dilated
obstructing the CBD and PDa)(Axial CECT and l§) PD (hick arrow) adjacent to the mass (mass not seen at
axial post-gad TIW MRI images show adenocarcinonthis level). €) Axial CT and {) MRI T2W fat-sat show

at the head of the pancreasréwhead$ encasing the intrahepatic biliary duct dilatatiorafrows) and dilated
distal CBD érrows). (c) Axial CT and ¢) MRI T2W FS PD (@arrowhead

Fig. 13.26 Adenocarcinoma in the pancreas encasin@lack arrow). (b) Coronal reformatted image shows inva-
vessels and invading the portal veia) @xial CECT sion of mass into the portal veiar(ow). The liver shows
shows necrotic mass body of the pancreas encasing thaltiple metastasesc) Axial CT of lung bases shows
splenic artery White arron) and the hepatic artery nodular metastasisurows)
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Fig. 13.27 Adenocarcinoma of the head of the pancredblack arrowheadl (b) Axial image shows encasement
encasing veins. CECTa) coronal reformatted image and obstruction of the conBnce of the superior mesen-
shows a low-density mass at the head and uncinate preric vein and splenic veinwhite arrow) by mass.
cess of the pancreawlfite arrowheadl obstructing the (c) Axial image shows obstruction of the left gastric vein
confuence of the splenic veirblack arrow), superior (thin white arrow resulting in a dilated short gastric vein
mesenteric vein tiin white arrow, and portal vein (thick white arrowy and epiploic veinsafrowhead

Fig. 13.28 Pancreatic adenocarcinoma eroding into th&xial CT (b) at higher level and sagittal reformatte)l (
stomach. Axial CTd) shows necrotic mass at the tail ofimages show protrusion of gastric enteric contrakite
the pancreasafrowhead extending to the wall of stom- arrow) into the necrotic mass

ach (vhite arrow). The liver shows diffuse metastasis.
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Fig. 13.29 Adenocarcinoma at the tail of the pancreaadenocarcinoma at the tail of the pancreasoy) caus-
with splenic infarction. & Axial and p) coronal ing splenic infarctiongrrowhead from mass effect at the
refomatted postcontrast CT images show low-densityplenic hilum

Fig. 13.30 Squamous cell carcinoma of the pancreagarrow) with inBltrations into surrounding adipose tissue
Postcontrast CTaj axial and I¢) coronal reformatted (arrowhead. Lesion was surgically resected
images show low-density mass at the tail of the pancreas
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3. Anterior pituitary adenomas are usually

functioning.
4. Adrenal adenomas may be functioning or
nonfunctioning and can rarely be adrenal

Diagnosis
Wermer Syndrome (MEN 1)

Imaging Features
1. Parathyroid disease is often multiglandular carcinomas.

and hyperparathyroidism is common. 5. Carcinoids are common in MEN 1, usually
2. In pancreas, functional NET are common, from the foregut affecting the thymus, bron-

mostly gastrinomas, and less common are chus, stomach, and duodenum.
insulinomas.

Fig. 13.31 MEN 1 in two patients. Patient 1: CECTT1W MRI show rim enhancing cystic glucagonoma at the
axial (@) and coronal reformatteth) images show small tail of the pancreasafrow). (f) T2W MR image shows
enhancing neuroendocrine tumor at the head of the pdiyperintense cyst with low-signal rinarfow). (@) CT
creas @rrow). (c) Sagittal post-gad T1W brain MRI axial shows adenoma in the left adrenal glamtb(v). (h)
shows enhancing anterior pituitary macroadenonfduclear medicine parathyroid scan shows increased
(arrow). Patient 2: CECT axiadj CT and €) post-gad uptake at two sitesfrows) in the left parathyroid gland
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Urinary Stones

Fig. 14.1 Urinary stones in different patients.stone &rrow) along with stent and hydroureter) (
Noncontrast sagittal reformatted Ca&) (shows a single Postcontrast coronal reformatted image shows a stone
stone &rrow) in the ureter which is dilated proximal to the(arrowhead with stent (hite arrow) at UPJ causing
stone. b, c) Multiple stones in the right uretearfows) hydronephrosis. Axial CTgj shows a jackstone urinary
with hydronephrosis afrowhead and stones in lower bladder. Axial CT showsh( a stonedrrowhead in Hutch
pole calyces grrow). (d) Coronal reformatted image diverticulum (vhite arron) and a small stone within the
shows large staghorn stone in the left kidney with hydrédadder black arrow). (i) Stone at ureterovesical junction
nephrosis. The calyces distal to the stone are dilated amith surrounding soft tissuairow) of the bladder wall

RBuid Hled (arrow). (e) Sagittal reformatted image shows
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Urinoma

Fig. 14.2 Urinoma from ureteral stone. CT coronal reforspace, and thick anterior renal fasdiaick arrowheadl
matted images in precontraa} &nd arterial phase)show Excretory phase, axial CE)( and coronal reformatted)(
a stonethin arrow) in the proximal ureter with stranding inimages show contrast in the perirenal sptte arrow), in
the perirenal space medialthick arrow), large fiid collec- the anterior interfascial spacehi€k arrowheagl, and
tion (small arrowhealin the inferior perirenal cone-shapedextending inferiorly around the ureterow ind)

Fig. 14.3 Urinoma post gunshot injury and renal emboliRuid (arrowhead which was tested to be urine surrounds
zation. Postcontrast axial C&)( coronal ), and sagittal the upper pole of the kidney and is spilling into the perito-
(c) reformatted images show truncated right kidney uppeeal cavity. The peritoneum shows mild thickening from
pole from GSW. Radio-opaque densities in the upper pateactive changedlack arrowheadl Fluid in subcapsular
are from glue thick white arrowy used to embolize the region at the right lobe of the livanlack arrow) is due to
pseudoaneurysms of the renal artery branches. A lamgsolving hematoma from liver laceration

Fig. 14.4 Urinoma or chyle. Old resection of the uppewith Ruid extending from the defedbfig arrow) to the
pole of the left kidney for MRSA abscess. Postcontraperirenal space and then to the posteaonhead and
CT, axial @), coronal ), and sagittald) reformatted anterior pararenakfort arrow) spaces

images show deformity of the upper pole of the left kidney
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Tubulointerstitial Nephritis

Diagnosis Imaging Features:
Bacterial Pyelonephritis 1. Renal enlargement
2. Striated nephrogram with one or multiple
wedge-shaped areas of decreased enhance-
ment involving the cortex

Fig. 14.5 Bacterial pyelonephritisaj Postcontrast axial CT and coronal reformatted CT imdgeshpw bilateral
renal low-density striations

Diagnosis
Postobstructive Striated Nephrogram

Fig. 14.6 Postobstructive striated nephrogram. No sysf the right kidney Iflack arrow) with renal parenchymal
temic or urinary infection. Postcontrast axial CT irstriations {hite arrows. Large stone is seen in the proxi-
nephrographic phasa)( delayed excretory phase d3),( mal right uretergrrowhead

and coronal reformatted image3 éhow hydronephrosis
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Diagnosis
Sarcoidosis

Fig. 14.7 Sarcoidosis. Postcontrast axial G §hows infection. ) Chest of the same patients shows bilateral
multiple linear hypoattenuating striatiorssows) in both  hilar lymphadenopathy and interstitidbiotic changes

kidneys related to sarcoidosis with no clinical evidence of

Diagnosis
Tumor Lysis Syndrome

Fig. 14.8 Tumor lysis syndrome. Patient with BurkittOwith no evidence of infectionb(c) CT of the neck shows
lymphoma on chemotherapy. Axial Ca) (of the kidneys enlarged lymph nodeslack arrow$ and palatine tonsils
shows multiple focal striations from acute kidney injurywhite arrowg
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Diagnosis
Allergic Nephritis

Fig. 14.9 Acute interstitial (allergic) nephritis. Patientcoronal reformattedb) CTs show diffuse low-attenuated
with ALL on methotrexate. Postcontrast axia) @nd renal striation bilaterally
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Diagnosis
Acute Kidney Injury

Fig. 14.10 Acute kidney injury with diffuse ischemic dilated with gas in mesenteric veinghfte arrow), portal
changes in bowelsal Noncontrast axial CT andb(c) veins plack arrow), and small pneumoperitoneum
coronal reformatted image show retained contrast in rerfalrowhead

cortex from CECT done the previous day. Bowel loops are

Fig. 14.11 Acute kidney injury. Patient 1: Axial CB) History of shortness of breath in a 30-year-old male with
unenhanced study shows dense striations involving baafDS and end-stage renal disease. Postcontrast CT shows
the cortex and medulla in both kidneys from retained cooertical necrosis with contrast only in the medullary por-
trast in tubules. Patient soon recovered. Patienbp: (ion of the kidneys
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Diagnosis
Renal Infarction

Fig. 14.12 Renal infarction. Patient with Takayasu arteareas of decreased attenuation involving both the cortex
ritis with stenosis of the left renal artery. Postcontrasind medulla involving the capsular surfad®. Axial CT

axial CT @) shows multifocal, patchy wedge-shapedhows infarction of periphery of the spleen

Fig. 14.13 Focal renal infarction in SLE. Axial CT Infarction of lateral border of the spleen. Diffuse dilated
images showd, b) multifocal striated infarction of the bowel loops were found to be necrotic
right kidney @rrows) which were absent 10 days pria) (

Fig. 14.14 Lobar renal infarction. Patient Ja)(History ~marijuana use and sudden back pain with moderate heavy
of atrial Horillation. Axial CT shows small focal infarction lifting. Axial and coronal CTs show large area of infarc-
of the right kidney and large infarction of the left kidneyion at the lower pole of the left kidney

with cortical rim sign &rrow). Patient 2:1§, c) History of
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Nephritis

Imaging Features
1. Gas-Rid level in dilated calyces and ureters

with no pyelonephritis

Diagnosis
Emphysematous Pyelitis

Fig. 14.15 Emphysematous pyelitis and ureteritiscalyces thin arrow). Axial CT at lower level ) shows
History of bladder cancer, ileal conduit, left upper quadyas and Bid in dilated left ureterafrow) and Ruid-Bled
rant pain, and purulent discharge through left nephraswer pole left kidney drrowhead. Coronal reformatted
tomy tube. CECT, axiala), and sagittal reformatte®) images ¢, €) and sagittal reformatted imagg éhow a
images show staghorn stortlei¢k arrow) in the renal pel- second stone distal to the left uretbla¢k arrow) with
vis and stone at the lower pole renal calgrdwhead. air-RBuid collection thin arrow) in the ureter obstructed by
Emphysematous changes withi® and gas in dilated the two stones
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Imaging Features

1. Parenchymal enlargement and destruction
with gas collections

2. Streaky or bubbly gas or gasidlevel

3. Focal tissue necrosis with or without abscess

Diagnosis
Emphysematous Pyelonephritis

Fig. 14.16 Emphysematous pyelonephritis in an 82-yeabe contained within the capsulghte arrow). A thin rim
old female. &) Axial CT precontrast phase shows focabf edema is seen surrounding the necrddack arrow).
area of tissue necrosis midpole right kidnaydws) with  Urine culture grevE. coli

gas collection.lf) Postcontrast axial CT shows the gas to

Fig. 14.17 Pyonephrosis with rupture. A pregnantenal parenchymanhite arron) and also hematocrit level
27-year-old patient with urosepsiga) US of the left kid- (black arrow). (c) Rupture of calyx into subcapsular space
ney shows dilated calyces with debrasréws). Patient (white arrow) with Ruid (thin black arrow and hemor-
had spontaneous abortion. CT done 5 days later. Axihlage thick black arrovy in the subcapsular space. Patient
CECT () shows a large stone in the renal pelwhife had left nephrectomy, and urine gr@sinetobacter baum
arrowhead with adjacent stentb{ack arrowheajl Gas anniilhaemolyticus

bubbles extending into the subcapsular space from the
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Nephritis
Diagnosis Imaging Features
Xanthogranulomatous Pyelonephritis 1. Large staghorn calculus in most cases

2. Affected kidney is enlarged and nonfunctioning
3. Contracted renal pelvis, expansion of renal
calyces, and infmmatory changes in peri-

nephric fat
4. Extrarenal extension with formation of psoas

abscess andsitula to the skin or colon

Fig. 14.18 Xanthogranulomatous pyelonepbhritis in thre@mages {, €) show enlarged right kidney with staghorn
patients. Patient 1:af Noncontrast coronal reformattedstone and dilated calyces with rim enhancement. A large
(b, c) CECT shows enlarged left kidney with central stagsollection of nonenhancing thick-rimmedi@ is extend-
horn stone thick black arrowy and dilated calyceghin ing from the lower pole of the kidney to the psoas muscle
black arrow). InBammatory changeghin white arroy and posterior abdominal wallarffow). Patient 3: f{)
with Ruid (thick white arrowy extend from the kidney to Coronal reformatted noncontrast CT shows dilated caly-
the peri- and pararenal spaces. Mild rim enhancementciss black arrow) with rim calcikeation €hort white
seen of the calycesrfowhead. Patient 2: CECT axial arrows)
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Diagnosis
Abscess

Fig. 14.19 Intrarenal abscess with perirenal extensioand hydronephrosiarowhead from obstruction of the
and osteomyelitis. History of IV drug abuse and MRSAreter by the abscess, @) Axial images show extension
infection. CECT &, b) coronal and sagittal reformat-medially through the fascia muscularigrrow) to the
ted images show multiple small abscesses in lower pgisoas muscleef Axial CECT shows osteomyelitis of L3
of the right renal parenchymaléck arrow) with large vertebral body lflack arrow) with paravertebral abscess
extension into perirenal space inferiorlyhite arrowg (white arrow) from the lower pole abscessowhead

Fig. 14.20 Renal abscess extending to the posteriextending to the subcapsular and posterior pararenal space
abdominal wall. CECTg) axial, p) sagittal, andd) coro- (thin white arrow and then into the posterior abdominal
nal reformatted images show parenchymal absdkss ( wall (thick black arrovy

black arrow) in the upper pole of the right kidney is
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Fig. 14.21 Renal abscess compressing the liver. Histogbscess with septations within the midpole of the right
of diabetes, fever, and hematuria. Axial postcontrast CTiienal parenchymafrows) causing extrinsic compression
(a) arterial p) delayed phases show focal well-demarcatezh the liver

Fig. 14.22 Renal abscess involving the subcapsulgrarenchyma. Infectedud collection is seen in the sub-
space. Postcontrast C3) (axial, p) coronal, andd) sag- capsular spacehick white arrow, is of heterogeneous
ittal reformatted images show a large abscess of the rigleinsity causing extrinsic compression of the kidney, and
kidney thin black arrowin a andc) and surrounding was drained. The left kidney has a simple cyst
smaller abscessed)( extending into the subcapsular(arrowhead

space \hite arrow) with edema of the surrounding renal

Fig. 14.23 Multifocal abscess. History of diabetes(black arrow3. Pyelitis is seen of the renal pelvis with
CECT (@) axial, p) coronal, andd) sagittal reformatted enhancement of the wall of the renal pelvikite arrows
images show multiple abscesses mainly in the left kidney
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Diagnosis
Lobar Bacterial Nephritis

Fig. 14.24 Lobar bacterial nephritis. Patient with feveiperirenal space, and thickening of anterior and posterior
and left @nk pain. CECT4) axial and coronal reformat- renal fasciaWhite arrows. (c) Postcontrast axial CT done
ted p) images show focal low-density area in the midpol@ weeks later shows abscess formatiarrov) in the

of the left kidney with lateral bulgdlack arrowg, edema renal cortex in the same area
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Diagnosis
Subcapsular Hemorrhage from Infection

Fig. 14.25 Spontaneous subcapsular hemorrhage frashow abscess tracking to the subcapsular space with corti-
infection. Patient with diabetes, righafk pain, and fever. cal break White arrows. (d, €) Axial and coronal refor-
Urine culture grewE. coli. Postcontrast axial CTa) matted CTs two months later show largeidicollection
shows a small low-density abscess of the lower pole of tlrethe subcapsular space which is now of low density with
right kidney ¢hin black arrow, large subcapsular high-increased capsular thickeningrow). This was drained
density hemorrhagehick black arrowy, and perinephric and the Rid was seen to be infected

stranding. If, ¢c) Coronal and sagittal reformatted images

Fig. 14.26 Spontaneous subcapsular hemorrhage witlght ureter thin arrow). (b) Postcontrast late arterial
ureteral stone and hypertension. Precontrast axiaeCT phase shows hemorrhage from a capsular vesgeln).
shows large subcapsular high-density hemorrhage in tf®® Excretory phase axial CT shows enlargement of the
left kidney ¢hick arrow) with large stone in the proximal leaking contrast from the vessattow)
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Diagnosis
Pyelonephritis with Rupture

Fig. 14.27 Pyelonephritis with rupturea,(b) Post-contrast arrow) which shows Bid collection and with thickening of
axial CT of the right kidney shows striated nephrogridin ( the anterior thick white arrovy and posterior renal fascia
black arrow) especially of the lower pole. Some of the striathin white arrowy

tions have ruptured into the perirenal spatdéck black
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Diagnosis
Tuberculosis

Fig. 14.28 TB infection of the urinary system. Axial (arrowhead$ with decreased density and increased size
postcontrast CTa b) of both kidneys at different levels of the pyramids in both kidneys, calc#gion of the proxi-
show striated nephrograrléck arrows. The right ureter mal left ureter thick white arrow, focal calcileation in
(white arrow) shows ureteritis with wall thickeningc)( the left kidney lower pole medulléh{n white arrow, and
Coronal reformatted image shows ureteritis of the left urealcikcation of the right midpole infundibulunbléck

ter @rrow). (d) Axial CT of the chest at the same timearrow). (gB)) Axial CT of a different patient shows medul-
shows acute on chronic TB infection with nodules anldry necrosis of the right kidneyh{ck white arrovy and
thick-walled cavitation. € f) One year later axial and ureteritis thin white arrow with bladder wall thickening
coronal reformatted images show medullary necrosiblack arrowg from TB cystitis (biopsy proven)
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Diagnosis
Candidalnfection

Fig. 14.29 Candidainfection of the kidneys. A patient multiple punctate low-density foci throughout both kid-
with B-cell ALL with systemic candidiasis. Postcontrasheys. A few low-density foci are also seen in the spleen
axial @ and coronal reformattedb) images show (arrows)

Emphysematous Cystitis

Fig. 14.30 Emphysematous cystitis. Postcontrast axdpl gblique coronall(), and sagittal reformatted)(images
show diffuse gas in bladder wadlrfow)
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Prostate Abscess

Fig. 14.31 Prostate abscess. Postcontrast CT axjiat¢ronal b), and sagittald) reformatted images show abscesses
(arrows) in the prostate with multiple loculated rim-enhancingdollections
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Hemorrhage

Diagnosis
Hemorrhage in the Bladder

Fig. 14.32 Hemorrhage in the bladder in two patientsheterogeneous higtensity hemorrhage distending the
Patient 1: with enlarged prostate. Noncontrast axial Qffinary bladderdrrow). () CECT axial image shows no
(a) shows high-density lobulated hemorrhagerdw) enhancing lesions in the bladder. At the UVJ, the left ure-
within the bladder.l{) Sagittal reformatted image showster (@rrow) is dilated and the right uretearfowhead is
Foley catheter in prostatic urethreblgck arrow). Plled with thrombus.f) Coronal reformatted image shows
Postcontrast axial CE)shows enlarged prostatiows) bilateral hydronephrosisafrows) with no enhancing
projecting into the hemorrhagdldd bladder base. Patienturothelium

2: hemorrhagic cystitisdj Axial noncontrast CT shows
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Diagnosis
Hemorrhagic Hydronephrosis

Fig. 14.33 Hemorrhagic hydronephrosis. A patient witHess obvious. Enlarged lymph nodes are seen posterior to
prostate cancer with right ureteral obstruction and stenttime right renal arteryagrow). (c) Axial CT of the pelvis
place. Noncontrast axial CB)(shows right-sided hydro- shows enlarged prostai@rfow) with stent in the bladder.
nephrosis with high-density hemorrhagiazi® (black (d) Coronal reformatted postcontrast image shows
arrow) and stentwhite arrow). Axial postcontrast image enlarged lymph nodes in the right common iliac chain
(b) again shows hydronephrosis, but the hemorrhage(&rows) deforming the common iliac artery
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Diagnosis
Hemorrhage in the Kidney, Liver, and Pararenal

Space

Fig. 14.34 Hemorrhage in the liver, kidney, and pararefwhite arrowg. Hemorrhage is seen in the left renal sub-
nal space. Patient with breast cancer on Lovenosapsular spacédlack arrowg. The left pararenal space is
Noncontrast axialg) and coronal reformatted) image distended with blood with hematocrit levarfowhead

shows diffuse high-density hemorrhage in the liver
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Hamartoma

Diagnosis
Angiomyolipoma

417

Imaging Features

1. CTNwell-marginated, cortical-based, hetero-
geneous mass predominantly of fat density
and variable enhancement.

2. AngiogramNhypervascular mass and intrale-
sional aneurysms and venous pooling.

3. Some are fat-poor especially those associated
with tuberous sclerosis.

4. Spontaneous rupture and hemorrhage when
the tumor is larger than 4 cm and intratumoral
aneurysms larger than 5 mm.

Fig. 14.35 Angiomyolipoma of the left kidney. Postcontrast avagl ¢oronal If), and sagittald) reformatted images show a
large left renal mass predominantly of fatty tissue with interspersed soft tissue and dilatecanesggls (

Fig. 14.36 Hemorrhagic
angiomyolipoma with
large aneurysmaj
Noncontrast axial CT
shows large angiomyoli-
poma lower pole of the left
kidney with surrounding
high-density hemorrhage
(arrows). (b, c) Coronal
reformatted and axial
CECT again show lower
pole angiomyolipoma with
surrounding hemorrhage
(thin white arrow$ in the
subcapsular space,
perirenal space, and
posterior interfascial space
(black arrows. (d)
Angiogram of the left
kidney shows large
intratumoral aneurysm
(black arrow)
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Diagnosis Imaging Features
Tuberous Sclerosis 1. Subependymal tubers

2. Renal angiomyolipomas
3. Multiple lung cysts similar to lymphangiomy-
omatosis

Fig. 14.37 Tuberous sclerosis. Axial CEC®,(b) and hemorrhage are seen in the left kidnepife arrows. (e)
coronal reformattedc( d) images show multiple angio- Axial CT of the head shows subependymomas adjacent to
myolipomas in the liver grrows). Both kidneys are foramen of Monro bilaterallyagrows). (f) Coronal refor-
deformed and enlarged by angiomyolipomas with smatiatted CT of the chest shows multiple small cysts in both
foci of fat collections lflack arrow3. Pockets of focal lung Felds @rrows)
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Autosomal Dominant Polycystic
Kidney Disease

Imaging Features 3. Cysts may have hemorrhage and cedtibn.
1. Bilateral enlarged kidneys with various siz4. Cysts in the liver and other organs.
cysts.

2. Nonfunctioning kidneys.

Fig. 14.38 Autosomal dominant polycystic kidneykidney smaller in size with coarse calcétion in some
disease in three patients on dialysis. Patientalb) of the cyst walls. Patient 3e)(Axial CT shows multiple
Axial and coronal reformatted CT images show both kidtysts of both kidneys with some cysts are hyperattenuat-
neys entirely replaced by cysts with multiple cysts in thieg. (f, g) Postcontrast axial and coronal reformatted CT
liver. Patient 2: ¢, d) Axial and coronal reformatted CT images at a later date show increased size of some cysts
images show multiple cysts in both kidneys. Left kidnegnostly on the left side with no internab® in the cysts

is enlarged with multiple punctate calcétions. Right
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Cystic Renal Masses

Diagnosis Imaging Features
Cystic Nephroma 1. Multiloculated cystic mass; small locules may
appear solid.
2. Locules are slightly hyperattenuating relative
to water.

3. Septa enhance moderately.
4. No accumulation of contrast in cystic spaces.
5. Calcileation is uncommon.

Fig. 14.39 Cystic nephroma. Postcontrast CT, axag] ( left kidney with claw signwhite arrow9. The septations
coronal p), and €) sagittal reformatted images showshow faint enhancemertilack arrowg
large septated cystic mass arising from the midpole of the
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Diagnosis Imaging Features
Multilocular Cystic RCC 1. Variable imaging pattern from Bosniak cate-
gory IIF to IV.

2. Septa enhance, may have irregular thickening
or wall calcikeation.

3. The lesion is separated from the kidney by
Pbrous capsule.

4. The Bid may be serous or hemorrhagic.

Fig. 14.40 Multilocular cystic RCC. Two patients. study shows low-density protruding lesion of the right
Patient 1: Axial CECT g) and ultrasoundb( images kidney. CECT @£Ef) axial, coronal, and sagittal reformat-
show a large well-marginated cyst with multiple septted views show a well-marginated lesion with irregular
showing enhancement by CT. Patient 2: €jlpfecontrast enhancing septa
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Solid Renal Masses

Fig. 14.41 Bilateral renal cell carcinoma, clear cell subtypadrenal glands are enlarged, with enhancing metastéstis (
with bilateral synchronous adrenal metastasis. CECT a¥ial @rrowhead. Enlarged lymph nodes are seen in the para-aortic
and p) coronal reformatted images show a large enhancirggion (hin white arrows. Lytic metastasis is seen in lumbar
necrotic mass in the upper half of the left kidney and smallertebra flack arrowheadl (c) Axial CT through lung bases

tumor in the midpole of the right kidneyldck arrows3. Both  shows multiple nodular metastases
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Diagnosis Imaging Features
Oncocytoma 1. Homogeneous attenuation if less than 3 cm,
heterogeneous if larger
2. Can have calatiation
3. Can have central nonenhancing scar
4. Usually heterogeneous enhancement
5. Absent tumor thrombus in renal veins but it
can have bland thrombus

Fig. 14.43 Oncocytoma, biopsy proven. Precontrast Cilight kidney having central stellate scar with cateition
(a) axial, CECT §) axial, €) coronal, andd) sagittal (arrow) and faint enhancement mostly at the periphery
reformatted images show a large mass at the lower pole

Diagnosis
Leukemia

Fig. 14.44 Leukemic renal lesions in a patient with acuteodules in both kidneys which retain their normal
myeloid leukemia. Postcontrast axial) (and coronal reniform shape
reformatted 1) images show multiple low-density

<
<

Fig. 14.42 Papillary renal cell carcinoma. CECT shows ahows metastasis to Sister Mary Joseph umbilical lymph node
large poorly enhancing mass with less enhancement thataaow). (d) Axial TIW spoiled gradient MRI shows large
clear cell RCC. Axial CTd) shows a large mass in the rightight renal massagrows) with vertebral metastasiartow-
kidney @rrows) invading IVC érrowhead. (b) Axial CECT head. (€) Coronal T1W spoiled gradient MRI shows tumor
shows mass invading the right renal veingwhead, IVC  extension into the right renal veiarfow) and IVC (vhite
(thick arrow), and left renal veirtitin arrow). (c) Axial CECT  arrowhead and liver metastasibléck arrowheal
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Diagnosis
Lymphoma

Fig. 14.45 Lymphoma of both kidneys in a patient withreniform shape. Spleen is enlarged with focal infarction
diffuse large B-cell lymphoma. CECT axiad, (b) and (black arrow). Lymphadenopathy is seen in the para-aor-
coronal reformattedc] images show multiple solid low- tic and iliac chainwhite arrowg

density nodules in both kidneys which retain their

Diagnosis
Metastasis

Fig. 14.46 Renal metastasis. History of adenoid cystimultiple low-density nodules in both kidneysvhite
carcinoma of the salivary glands with metastasis. CEG¥rows) and in the spleetblack arrow)
(@) axial and i) coronal reformatted images show
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Urothelial Carcinoma

Imaging Features
1. On precontrast study TCC is hyperattenuating

to urine but less than clot

2. Typically sessile
3. Enhance in urothelial phase

Diagnosis
Renal Pelvis Transitional Cell Carcinoma

Fig. 14.47 Transitional cell carcinoma in two patientsblood @rrow). Patient 2: TCC low graded Noncontrast
Patient 1: TCC papillary subtype at renal pelvis with henaxial CT shows mass in the renal pelasrgw) with
orrhage. ) Precontrast study shows high-density hemoegttenuation slightly more than the kidneys.QECT axial
rhagic fuid in the right renal pelvis. Small focalimage shows enhancement of the mass with a central ves-
low-density Bling defect is seerafrow). CECT p) axial sel @rrow). (f) Retrograde cystogram showirigy defect

and €) coronal reformatted images show enhancementiofthe contrast-lted renal pelvisgrrow)

the same nodule with attenuation higher than surrounding

Fig. 14.48 Necrotic RCC with hemorrhage in the renateformatted andcd} axial images show a large necrotic
pelvis. Precontrast axial C&)(shows high-density hemor- mass in the lower pole of the right kidneyrow)

rhagic fid in the renal pelvisagrow). CECT p) coronal
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Diagnosis
Ureteral High-Grade TCC

Fig. 14.49 High-grade urothelial carcinoma. CECTarrows), proximally ¢thin white arrow, and distally to the
(akx) coronal reformatted images at different levels angareterovesical junctiontt{in black arrow resulting in

(d) sagittal reformatted images show enhancing transiydronephrosisafrowhead. Focal necrotic area is seen
tional cell carcinoma at mid-ureter showing well-marginin the tumor. Enlarged lymph nodes are seen in the
ated extension beyond the ureter transverskigik(white para-aortic chairtffick black arrowy
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Diagnosis
Papillary High-Grade TCC

Fig. 14.50 Papillary urothelial carcinoma, high gradelesion in right mid-ureterafrow) with proximal obstruc-
CECT in the urothelial phase)(coronal, ) axial, and tive uropathy
(c) sagittal reformatted images show focal-enhancing

Fig. 14.51 Stricture ureter. History of ureteral stone anébcal narrowing of mid-uretett{in arrow) with proximal
several catheter placement. CEGYJ ¢oronal, ) sagit- ureterectasis and hydronephrodisick arrow) with no
tal, and ¢) precontrast coronal reformatted images shoenhancing mass
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Diagnosis
Bladder Low-Grade TCC and Prostate Cancer

Fig. 14.52 Papillary carcinoma low grade and prostaté) Retrograde cystogram shows irregulting defects in
cancer. CECT &) coronal reformatted andb) axial mid-ureter and distal left ureter due to tumorlirgtion.
images show enlarged prostdtedk arrow). Two enhanc- (d, e) Coronal reformatted images show the distal left ure-
ing nodules on either side of the prostate at the uretetat Hled with enhancing tumoblack arrowg with proxi-
oribces thin arrowsg are bladder papillary carcinomasmal obstructive uropathyvhite arrow)

with dilated left ureterklack arrow) at the UV region.
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Diagnosis
Sarcomatoid Urothelial Carcinoma

Fig. 14.53 Sarcomatoid urothelial carcinoma. CEGJ ( and f) axial images show medial extension of méssk
coronal, b) sagittal reformatted, and,(d) axial images white arrow) causing extrinsic compression on IM&ack
show enhancing lesion within right mid-uretewhfte arrow) and posteriorly involving the psoas musaegw-
arrows) causing proximal obstructive uropathplack head. Enlarged lymph nodes seen in aortocaval chain
arrow). Later date CECT, corona€)( and sagittal f§  (thin white arrow$. (iEk) A few months later, the axial,
reformatted images show extension of the mass outsicional, and sagittal reformatted images show marked
the ureter White arrow) with constriction of the ureter increase in size of the extraureteric portion of the tumor
above it thin black arrow, and the right kidney remainswith increased necrosis. Stent is seen in the urateny)
hydronephrotic thick arrow). (g) Coronal reformatted
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Diagnosis
Bladder TCC

Fig. 14.54 Transitional cell carcinoma of the bladdercalcikcation thin white arrow. Enlarged lymph nodes
CECT (@) axial and i) coronal reformatted images showare seen in the left inguinal regichi¢k white arrovy and
enhancing mass at the base of the urinary bladder withthe left external iliac chairbfack arrow)

Fig. 14.55 Invasive papillary TCC. CECTa) axial, ) within the bladder. Large vessels are seen around the blad-
coronal, andd) sagittal reformatted images show a largder base supplying the massrowhead. A dermoid is
mass at the base of the bladder with extension outside #igo seen in the left adnexahjte arrow)

bladder wall black arrow) showing frond-like projections

Fig. 14.56 TCC in Hutch diverticulum.a) Axial CECT ing into the bladderb) CECT sagittal reformatted image
shows Hutch diverticulumnite arrow) with small iid, shows mass in Hutch diverticulum with stoaergw) and
stone (hite arrowheayl and enhancing massldck portion of the second mass bulging into the bladaieo\-
arrow). A second mas$lack arrowheaglis completely I head. (c) CECT coronal reformatted image shows smaller
ing a second diverticulum (surgically proven) and protrueetnhancing nodules at the dome of the bladaten\s)
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Urachus

Diagnosis
Urachal Sinus Infection

Fig. 14.57 Urachal sinus infection. Axial CEC&,(b) in  gas collection is seen within the urachal remnambyv-

two patients. Thick-walled urachal sinughiq black head which is in the preperitoneal space. The peritoneum
arrow) is open at the umbilicus. The sinus tract at thehows reactive thickening and is displaced posteriorly
umbilicus is also thick walledHick white arrowy. Small (thin white arrow

Diagnosis
Urachal Diverticulum

Fig. 14.58 Urachal diverticulum. CECTaf axial and I§) sagittal reformatted images show urachus is patent at the
bladder end and communicates with the bladder at the domoev)
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Diagnosis
Urachal Cyst

Fig. 14.59 Urachal cyst. Excretory phase C3) @xial ated &rrow). () Axial CT at midportion of the urachus
image shows the bladder end of the urachus is pateligtal to the obliterated end it is again patent and dilated
forming the bladder diverticulumafrow). (b) Axial CT forming the urachal cystarow)

distal to the diverticulum shows the urachus to be obliter-

Diagnosis
Urachal Adenocarcinoma

Fig. 14.60 Urachal adenocarcinoma. CECIEX) axial images show soft tissue enhancing mass at the dome of the
bladder extending along the bladder end of the uraatm®s)

Fig. 14.61 Urothelial
carcinoma of the bladder
dome. CECT4, b) axial
images show large
lobulated mass at dome of
the bladder extending
down the bladder side
walls @rrows)
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Penile Lesions

Diagnosis
Penile Condyloma

Fig. 14.62 Penile condylomaa(b) Postcontrast axial CT shows a lobulated heterogeneous enhancing soft tissue
mass at the penile shaftrfows) with areas of linear enhancement

Diagnosis
Penile Squamous Cell Carcinoma

Fig. 14.63 Penile squamous cell carcinoma. CE@)Jgxial, ) sagittal, andd) coronal reformatted images show a
pedunculated mushroom-like mass arising from the anterior Eerosvj
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Diagnosis
Penile Leiomyosarcoma

Fig. 14.64 Leiomyosarcoma of the penig) @xial post- T2W FS andd) T2W without FS images show mass at the
contrast CT shows enhancing mass at shaft of the pemienile shaft involving the corpus spongiosum and corpus
larger on the left sideafrows). MRI oblique axial ) cavernosum and extending into the uretlaraofvs)

Diagnosis
Bladder Exstrophy

Fig. 14.65 Bladder exstrophy. Axiahj, coronal ), and pubis. The penis is shoth{ck white arrowy and with no
sagittal €) reformatted images show widely separatedientibable bladder
pubic bonesthin white arrow$ with absent symphysis
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Congenital Ureteral Lesions

Diagnosis
Ectopic Ureteral Insertion

Fig. 14.66 Ectopic ureteral insertion with duplication ofureters travel side by side on the right sidla¢k arrowg
bilateral ureters. Axial CTa) shows hydronephrosis of while the upper pole dilated left ureter is laterahite
upper pole moiety of the left kidnewkite arrow) and arrow) to lower pole nondilated contrastidzl ureter
lower pole moietyl§) having no obstructiorafrowhead. (arrowhead. (e, f) Axial CT at bladder base show the
The dilated upper pole ureter is seen mediallite right ureters join and enter as one ureter into the bladder
arrow). (c) Axial CT at lower level shows the upper polgblack arrowg. The dilated left upper pole ureter inserts
ureter crosses laterallwhite arrow). (d) Duplicated right into the vagina below the bladdevkite arrow)
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436

Fig. 14.67 Ectopic ureter insertion into the prostateshows insertion of the dilated upper pole ureter below the
CECT @) coronal reformatted image shows obstructedladder érrows). (c, d) Coronal reformatted and axial
upper pole moiety with dilated upper pole ureterqws) images show obstructed ureter ending in the prostate

with hydronephrosis. b)) Sagittal reformatted image (arrow)
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Diagnosis Imaging Features
Ureterocele 1. Saccular outpouching of the ureter into the
urinary bladder
2. Most often associated with duplicate ureters
and involve upper pole
3. Upper pole frequently obstructs

Fig. 14.68 Ureterocele in four patients. Axial CR)( (f) Axial and ) sagittal reformatted images show stone in
shows saccular outpouching of distal ureter within thareteroceledrrow). The bladder is partially seearfow-
bladder bilaterallygrrows). (b, c) Ultrasound of the blad- head. Ultrasound of the same patieh) Ehows uretero-
der shows ureterocele on left sideréw). (d, €) Axial cele with stone grrow) with surrounding bladder
postcontrast arterial and delayed-phase CT show o(afrowhead. (i) Ultrasound of the right kidney shows
pouching of the right ureter into the bladderr¢w). hydronephrosis
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Esophageal Lesions

Mechanical Obstruction

Diagnosis Imaging Features
Achalasia 1. Dilated atonic esophagutet with fuid and
debris

2. Lack of normal peristalsis

3. Incomplete relaxation of the lower esophageal
sphincter

4. Bird-beak sign

Fig. 15.1 Achalasia. 4, b) Chest x-ray PA and lateral shows dilated esophagus at the thoracic ialebws) and
views show debrisdked dilated esophaguarfows). CT  (f) at the GE junctionw(hite arrowg with collapse of the
(c) coronal and d) sagittal reformatted images showstomach iflack arrows. (g) Barium swallow study shows
dilated debris-bed esophaguswhite arrowg and nar- bird-beak signdrrows) with normal striation of mucosa
rowing at the GE junctionb(ack arrowg. Axial CT (€) at the gastroesophageal junction
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Diagnosis Imaging Features
BoerhaaveOs Syndrome 1. Periesophageal air collection in the distal
esophagus from perforation
2. Gas tracking into the left subphrenic and
gastrohepatic spaces

Fig. 15.2 BoerhaaveOs syndrome. History of vomitinghort black arrowy. Patient 2:d) coronal reformatted CT
and upper abdominal pain in two patients. Patient &hows collection of gas in the left side of the distal esoph-
CT axial @) noncontrast study shows air tracking fromagus &rrow). The upper abdomen shows small bowel
the distal esophagusviite arrow), surrounding the GE obstruction with dilated loopse) Coronal reformatted CT
junction (ong black arrowy, and in the gastrohepatic spacashows spillage of enteric contrast in the previous region of
(short black arroyy. (b, c) Axial CECT shows extralumi- gas collection drrow). (f) Barium swallow study shows
nal gas around the esophaglasm§ white arrovy and gas rupture of the esophagus with contrast spillage from the
in the left subphrenic spacehprt white arrowy, around distal esophagusi(row)

the GE regionléng black arrovy and gastrohepatic space
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Candida Esophagitis

Imaging Features 2. Ulcerations lked with enteric contrast.
1. Barium swallow study shows very irregula8. CT shows diffusely thick enhancing mucosa
and shaggy appearance of the esophagus.  and submucosal edema.
4. Gas tracking into the submucosa.

Fig. 15.3 Candida esophagitis. Esophageal swallofvom coalescence of plagues and submucosal edéima (
study @) shows lobulated contour of the esophagehlack arrow). (d, €) Coronal and sagittal reformatted
mucosa from ulcerationlled with contrastiflack arrow9. images again show thick mucosahite arrow), submu-
(b) Large absces$ofig white arrow$ with air-uid level cosal edema, and speckled gas in the viaddick arrow)
(short white arrowsin the right perihilar region from the from ulcerations.f) Axial CT shows large abscess in the
tracheoesophageaktala and multiple adjacent contrastright paravertebral regiorwhite arrowg tracking from
Plled bronchi §hort black arrowk (c) Axial CECT shows the esophagublack arrow)

cobblestone appearance of the muctisak black arrowy
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Malignancies

Diagnosis
Squamous Cell Carcinoma

Fig. 15.4 Esophageal squamous cell carcinoma in thextending from the esophagus to the mass in the LUL
superior mediastinum. Axial CECTa)( shows a large (arrows). (c) Coronal reformatted image again shows gas
soft tissue mass around the esophagus in the supetiacking from the esophagusidck arrowg to mass in the
mediastinum extending to the left upper lobe (LUL)LUL (white arrows. (d) Esophageal swallow study shows
(white arrowg with irregular mucosal surfacarfow- extravasated contrasiviiite arrow) from the esophagus
head$. (b) At a lower level, a large gas collection is see(black arrow) into the LUL



444 15 Diseases of the Digestive Tract

Diagnosis
Carcinoma at the Carina with Tracheoesophageal
Fistula
d e f

Fig. 15.5 Esophageal carcinoma at the carina with trapilling into main stem bronchi bilaterallywkite arrowg
cheoesophageakhtula. CT axiald, b) shows a large soft with contrast lining the trachea and right middle lobe and
tissue mass around the esophadpleck arrows. Fistula lower lobe bronchilflack arrows. (f) Coronal reformat-
with gas is tracking to the right main stem and lower lokted CT of the chest after the swallow study shows aspira-
bronchus \hite arrow). (c) Coronal reformatted CT tion mainly in the lung bases with bronchocentric nodules
shows gas tracking on either side of the esophaghise( and ground-glass irtrates

arrows). Esophageal swallow studg,(€) shows contrast
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Esophageal Lesions

Diagnosis
Adenocarcinoma with Perforation

Fig. 15.6 Adenocarcinoma of the distal esophagus witheriesophageal gas and enteric contrast medially and lat-
perforation. &) Axial CECT shows wall thickening of the erally (black arrowg. (d) Coronal reformatted image and
esophaguslg¢ng arrow) with multiple small perforated esophageal swallow studg)(show contrast spillage out
gas ghort arrow) within the tumor. i§, ¢) Noncontrast of the distal esophagubléck arrow). The CT shows gas
axial CT 1 month later shows irregular narrowing of thand contrast tracking up in the mediastinuhife arrow)

esophagus lumenwhite arrow) and perforation with
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Diagnosis
Stricture

Fig. 15.7 Esophageal stricture of three patientdc) Axial CT shows perforation of the esophagus in

(a) Esophageal swallow study shows smooth long segmémé superior mediastinum with extraluminal gashife

of narrowing of the esophaguarfow) from the level of arrows). Endotracheal tube in the trach&ta¢k arrow).

the arch of the aorta. History of lye ingestidn). Barium History of cocaine swallow with odynophagia. Endo-

swallow study shows a short segment of irregular naseopic examination showed stricture from squamous cell
rowing of the esophagus from squamous cell carcinorm@arcinoma

Fig. 15.8 Adenocarcinoma at the gastroesophageat the GE junctionarrows). Sagittal reformattecoj and
junction as polypoid growth within the esophageal lumeaxial images ) show two small polypoid protrusions
CECT coronal reformatted imaga) (shows a large masswithin the esophageal lumearfows)
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Diagnosis
Leiomyosarcoma

Fig. 15.9 Leiomyosarcoma of the esophagus, biopsyvhite arrow). (b) Barium swallow study shows extrinsic
proven. Axial CT &) image shows a large low-densitycompression of the distal esophagus by madgsite
intramural mass in the lower esophagbtadgk arrow) arrows)

causing extrinsic compression of the esophageal lumen
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Non-malignant Bowel Lesions

Mechanical Bowel Obstruction Imaging Features

1. The stomach has herniated through esopha-
Diagnosis geal hiatus.
Organoaxial Gastric Volvulus 2. Twisting of the stomach along its long axis with

the greater curvature superiorly positioned.

Fig. 15.10 Organoaxial volvulus.a) Barium swallow the swallow study.d) Axial CT shows nasogastric tube
study shows dilated stomach in the mediastinum with the distal esophaguarow) with the twisted stomach
the greater curvature superiorly positiongkdin( white anterior to it. ) Axial CT shows the two ends of the dia-
arrows). Small amount of enteric contrast in the duodgshragm thin white arrow3$ of the wide esophageal hiatus
num thick white arrovy. Nasogastric tube is seen in theand duodenuntifick white arrovy entering the abdomen.
distal esophagudblack arrow). (b) CT coronal reformat- (g, f) Chest x-ray PA and lateral views show large hiatus
ted image shows a similar position of the stomach ashernia in the posterior mediastinuarrows)
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Imaging Features

Diagnosis
Mesenteroaxial Volvulus 1. Transverse folding of the stomach with its dis-
tal end herniating through the hiatus into the
thorax.

2. The fundus of the stomach and gastroesopha-
geal junction is below the diaphragm.

the thorax. The duodenum is seen doubling back into the

Fig. 15.11 Mesenteroaxial volvulus. CT sagitta, )
and coronald) reformatted images and axial) images abdomenthin black arrowb). (€) Barium swallow study

show the fundus of the stomach with the GE junctioagain shows nasogastric tube entering the stomach below
(thick black arrovwy below the diaphragm. The distal endhe diaphragm with the distal body of the stomach above
of the stomachafrowhead has herniated through thethe diaphragm and is constricted at the hisan®yv)

narrow esophageal hiatughiq white arrowsin d) into
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Imaging Features

1. Redundant sigmoid colon

2. Coffee bean sign in supine radiograph

3. Proximal and distal ends twist in the pelvis,

bird-beak sign

Diagnosis
Sigmoid Volvulus

Fig. 15.12 Sigmoid volvulus. § Supine radiograph end of the sigmoid loopatrow) and €) shows the two
shows the coffee bean sign of the sigmoid volvulusollapsed ends that twisdrows)
(arrows). Axial CT () shows the beak of the twisted
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Diagnosis
Cecal Volvulus

Fig. 15.13 Cecal volvulus.d) Supine radiograph showscollapsed &rrowhead. Axial CT (d) shows a markedly
markedly a dilated cecunarfows) in the lower abdomen dilated right colon grrow), and €) shows the transition
with dilated small bowel loops. C) coronal andd) end which is collapsed with bird-beak sigarréw).
sagittal reformatted images show a markedly distend®atchy necrosis was seen in the cecum at surgery and the
cecum black arrow), ascending colon, and small bowebkmall bowel mesentery was found not to be tethered to the
loops. The distal ascending colon is seen to be constrictetroperitoneum

due to twisting White arrow), and the rest of the colon is

Fig. 15.14 Cecal basculea] Supine AP radiograph of (c) coronal reformatted images again show the dilated
the abdomen shows dilated cecuthin( arrowg which cecum folded and medially displacedhfte arrows.

is displaced medially. Barium enema contrast is seen Tie rest of the colorafrowhead$ is not dilated

the distal right colonthick arrowg. CT () axial and
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Diagnosis
Transverse Colon Volvulus

Fig. 15.15 \Wolvulus of the transverse colom) (Supine transverse mesocolon was seen to be absent which was
radiograph of the abdomen shows dilatation of the trangpaired. Patient had intermittent upper abdominal pain
verse colon grrows). CT (0, ¢) coronal reformatted from folding of the transverse colon over theet points
images show dilated transverse colon with narrowing af the hepatic and spleniefures

the hepatic and splenieRures &rrows). At surgery, the
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Diagnosis
Small Bowel Volvulus

Fig. 15.16 Small bowel volvulus. CT axialfd) and with dilatation of the loops proximally. The twisting loop
coronal reformattede] shows twistingdrrows) of a loop is constricted
of the small bowel around the superior mesenteric vessels
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Closed-Loop Obstruction

Diagnosis
Small Bowel Closed-Loop Obstruction

Fig. 15.17 Closed-loop small bowel obstruction fromA transition point is seerthin white arrow. (c) Coronal
adhesion by a piece of the omentum. @J &xial and reformatted image at a different plane shows the two con-
(b) coronal reformatted images show dilated loops aftricted ends of the closed-loop small bowel obstruction
the small bowel in the right abdomen with the meseigshort and long arrows

teric blood vessels converging to a poiatr¢whead.

Diagnosis
Large Bowel Closed-Loop Obstruction

Fig. 15.18 Closed-loop obstruction of the colon by(white arrowg more than 12 cm due to a competent ileo-
tumor and a competent ileocecal valve. Axial G ( cecal valve. The small bowel loops are of normal caliber
shows a large mass obstructing the distal sigmoid coldblack arrow)

(b) The cecum which is medially deviated is dilated
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Diagnosis
Afferent Loop Syndrome

Fig. 15.19 Afferent loop syndrome. History of gastricduodenum White arrowg. The anastomosis site of the
carcinoma with Billroth 1l anastomosis. C&)(coronal duodenojejunal junction is obstructed by enhancing soft
reformatted and axiabj images show dilatedutd-Hled tissue mass due to tumor recurrertdadk arrowg
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Hernia
Diagnosis Imaging Features
Left Paraduodenal Internal Hernia 1. Encapsulated group of small bowel loops.

2. Located between the stomach and pancreas.

3. Mesenteric vessels supplying the herniated
bowel loops are crowded and stretched within
the hernia and constricted at the neck of the
hernia.

Fig. 15.20 Paraduodenal internal hernia. CT axéal) mesenteric vessels to the herniated lo@peowheads.

and coronal reformatted images éhow a cluster of the () The vessels at the neck of the hernia are stretched
small bowel in the shape of a cocodimi¢k white arroy and constrictedafrow). (f) Barium swallow study shows
between the stomachh{n white arrowy and pancreas clustered small bowel loops adjacent to the duodenojejunal
(arrowhead. Axial CT () shows crowding of the junction @rrows)
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Diagnosis
Internal Herniation into the Pelvis

Fig. 15.21 Internal herniation into the pelvis. Axial CTAt surgery, the hemorrhagic cyst was adherent to the sig-
(a, b) shows a large hemorrhagic ovarian cyshife moid colon and the sigmoid mesentery, and the small
arrows) with dilated obstructed small bowel loofack bowel had herniated through an opening in the adhesion
arrows) posterior to the uterusthick black arrov.
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Diagnosis
Inguinoscrotal Hernia

Fig. 15.22 Scrotal herniation of the small bowel withat the inguinal ringléng thin arrow). The herniated colon
obstruction. CT axial&), coronal ), and sagittald) (short thick arroy and some small bowel loopbrig
reformatted images show herniation of the small and largéite arrow) are collapsed. The obstructed small bowel
bowel loops through the left inguinal ring into the scroloops are dilatedtlgin arrow) in the hernia and in the

tum with obstruction of a small bowel loogrfowhead abdomen

Fig. 15.23 Bowel herniation into the scrotum with noon the right side of the peniar(owhead. (b) Grayscale
obstruction. §) CT coronal reformatted image showsiltrasound image showsui-Hled bowel loops thin
bowel loops in the right inguinal canathih arrow) arrow) anterior to the testeghick arrow). (c) Color
extending to the scrotum up to the Testlick arron) Doppler shows patency of the mesenteric vessels
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Diagnosis
Incisional Hernia with Infarction

Fig. 15.24 Incisional hernia with infarction. CT axial in the herniated sadhijck white arrowy which is spill-

(a), coronal b), and sagittald) reformatted images showing into the peritoneal cavitythin white arrow. Acute
herniation of small bowel loopdlack arrow) through ischemic changes with wall thickening are seen in some
right abdominal wall defect. The herniated loop is colntra-abdominal small bowel looparowhead and with
lapsed due to perforation but shows enhancement indicatesenteric vascular engorgement

ing that arterial supply is patent. Gas collection is seen

Diagnosis
Obstructed Abdominal Wall Hernia

Fig. 15.25 Abdominal wall hernia with small bowel through infraumbilical abdominal wall defect. The afferent
obstruction. CT axial &) and sagittal reformattedo) loop thick arrow) is dilated with collapse of the efferent
images show obstruction of herniated small bowel lodpop (hin arrow)
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Diagnosis Imaging Features
Richter Hernia 1. Herniation of the antimesenteric wall of a
bowel loop through the anterior abdominal
wall.
2. Does not cause bowel obstruction.
3. It can become necrotic and can perforate.

Fig. 15.26 Richter hernia. CT axiahf sagittal reformattecb] images show protrusion of the antimesenteric wall of
the transverse colomifow) through anterior abdominal wall defect
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Bowel Stricture

Fig. 15.27 Small bowel obstruction from multiple shows multiple strictures in small bowel loopsréws).
strictures. A patient with cytomegalovirus enteritis ha@T coronal reformattedc) and axial viewsd, €) show
balloon enteroscopy which showed multiple ulcers arginall bowel obstruction with multiple focal strictures
strictures in the jejunum. Barium swallow study ) with wall thickening &rrows) at stricture sites
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Intussusception
Diagnosis Imaging Features
Rectosigmoid Intussusception 1. Multilayered or bowel within bowel appear-

ance of affected bowel loop.

2. The intussusceptum with its surrounding
blood vessels and mesenteric fat is surrounded
by the intussuscipiens.

3. May or may not have lead points.

Fig. 15.28 Rectosigmoid intussusception with adenocasolid massthick black arrowy dragging the intussuscep-
cinoma of the rectum as the lead point. CT axpld¢oro- tum with its surrounding vessels and fatty tissbiadk
nal (©), and sagittald) reformatted images show a largearrow) through the intussuscipienskite arrowg

Diagnosis
lleocolic Intussusception

Fig. 15.29 lleocolic intussusception with tubulovillouswhich is the intussuscipiensb)( Coronal reformatted
adenoma as lead point. CT axia) 6hows intussuscep- image shows soft tissue masgatk arrow) at the tip of

tum composed of the terminal ileuthitk white arrowy, the intussusceptum with the appendix and mesenteric ves-
appendix thin white arrow, and surrounding mesentericsels and fattfiin white arrow behind it and surrounded by
vessels and adipose tissue within the cecamowhead the ascending colon as intussuscipienshead



Non-malignant Bowel Lesions 463

Diagnosis
Colocolic Intussusception

Fig. 15.30 Colocolic intussusception with lipoma as leag&nd has a long thin pediclbléck arrow) traversing the
point in two patients. CT axiah) view shows the proxi- intussuscipiens. CT corond)(and sagittald) reformat-

mal transverse colon as intussuscepttmm (vhite arrowy  ted views in the second patient show lipomadwhead
surrounded by mid-transverse colon as intussuscipiess the lead point of the intussusceptum with long pedicle
(thick white arrov). The lipoma &rrowhead at the distal (black arrow) in the splenic 8xure

Diagnosis
Jejunal Intussusception

Fig. 15.31 Intussusception of the proximal jejunum(black arrow) surrounded by a halo of adipose tissue
with no lead point. CT axialaj, coronal B), and within the intussuscipiensvhite arrow
sagittal €) reformatted images show the intussusceptum
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Gastric Outlet Obstruction

Imaging Features
1. Distended stomach
2. Collapsed small and large bowel loops

Fig. 15.32 Gastric outlet obstruction in three patient®bstructing the second part of the duodenal swiep (
with different causes. Patient &) (axial CT shows large arrows) adjacent to liver metastasithiCk arrow). Both
enhancing adenocarcinoma at the gastric antrum causiegions metastasized from squamous cell cervical cancer
obstruction &rrows). Patient 2:1§) axial CT with enteric Patient 3: axial CT € shows sclerosing constriction
contrast and no |V contrast shows a lar§mdpdefect in  (arrows) of the duodenum from chronic ulcer resulting in
the proximal duodenumafrows). CECT axial €) and gastric outlet obstruction

coronal reformattedd) images show enhancing mass
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Small Bowel Feces Sign

2. Obstructed dilated end shows bubbles of gas

Imaging Features

1. Low-grade or subacute small bowel obstruction. within the lumen.
3. Bowel loops collapse beyond this end.

Fig. 15.33 Small bowel obstruction with feces sign. CTwall from adhesion. SB loops proximal to this site are
axial @) and coronal reformattec) images show an dilated @rrowhead and distal loops are collapsedi¢k
obstructed loop of the small bowel with a cluster of gaarrow)

bubbles thin arrow) adherent to the anterior abdominal
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Diagnosis
Small Bowel Bezoar

Fig. 15.34 Bezoar with small bowel obstruction. CT(arrowhead and distal collapsed loopshick arrow).
axial @ and coronal reformattedb) images show (c) Upright radiograph shows mid-small bowel obstruc-
round luminal Hing of a mid-small bowel loop with gas tion with multiple dilated small bowel loops with aitHd
collections thin arrows causing proximal dilated loops levels @rrows)

Diagnosis
Duodenal Bezoar

Fig. 15.35 Bezoar duodenum. History of CrohnOs ditsw-density massafrows). Axial CT (c, d) at lower level
ease with stricture at the distal second part of the duodeshbws mild gastric outlet obstructiathick arrow) by the
sweep and upper abdominal pain. @J ¢oronal andl{) mass thin arrow). (€) Upper Gl study shows irregulali
sagittal reformatted images show dilatedtland second ing defect of the antrum to the second part of the duodenal
parts of the duodenal sweep with intraluminal high- arslveep érrows)
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Diagnosis
Gastric Bezoar

Fig. 15.36 Gastric bezoar. History of peptic ulcers withswallow study again shows distended proximal stomach

multiple previous surgeries presents with gastric outlet with multiple Hling defects &rrows). Endoscopic
examination showedlling defects to be bezoar

obstruction. ) Axial CT shows diffuse ling defects
within the distended stomacérfow). (b) Barium
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Bowel Ischemia

Diagnosis Diagnosis
Acute Bowel Ischemia Pneumatosis Intestinalis
Imaging Features: Depending on Cause Imaging Features

1. Homogeneous or heterogeneous and hypdht-Gas in the bowel wall
tenuating or hyperattenuating wall thickening2. Gas in mesenteric and portal veins
Bowel dilatation.

Bowel wall can be thinned.

Mesenteric edema and engorgement of mes-

enteric veins.

Pneumatosis intestinalis.

Pneumatosis portalisNigas in mesenteric and

portal veins.
7. Pneumoperitoneum and variable fra&

el

o u

Fig. 15.37 Pneumatosis intestinalis in two patients(arrowhead. Patient 2 with atrial irillation: (c) axial CT
Patient 1 with bowel adhesiora, ©) axial CT shows dif- shows dilated small bowel loop with air in the walh{te
fuse small bowel dilatation with air in the wall of somerrow) and extensive gas in mesenteric veibfadk
bowel loops White arrowg and extensive portal gasarrow)
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Diagnosis
Emphysematous Gastritis

Fig. 15.38 Emphysematous gastritis in a cachectigeins plack arrow). Focal ischemic changes are seen in
patient with hypotension, sepsis, and ischemic hepatittee spleendrrowhead and the kidneys show poor perfu-
CT (a) axial and If) sagittal reformatted images show gasion. €) Axial CT of the lung bases shows pneumonia

in the stomach wallwhite arrow) and gas in the portal more in the right base

Fig. 15.39 Diffuse bowel ischemia in Alzheimer patientascending and transverse coldong thin arrow), and
with bloody diarrhea. Noncontrast C&, (b) axial and wall thickening of the left colonagrowhead with large
coronal reformatted images show diffuse pneumatosis reftained stoolghort thick arrovy in the distal colon caus-
distal small bowel loopsshort thin arrow$, dilated ing obstruction
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Diagnosis
SLE Vasculitis

Fig. 15.40 Systemic lupus erythematosus causing bowgkial CT shows target sign in the proximal and distal
ischemia of multiple small bowel loops. Axial CTa) ( small bowel (hite arrow) with mesenteric edemaléck
pre- and If) postcontrast study show wall thickening ofrrow)

mid-small bowel with faint enhancemeitrfows). (c, d)
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Diagnosis
Radiation Enteritis

Fig. 15.41 Radiation enteritis in a patient with rectal
cancer. Axial CT shows diffuse wall thickening of the dis-
tal small bowel lflack arrow) and rectosigmoid colon

(white arrow). The mesentery shows vascular congestion
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Diagnosis
Shock Bowel

Fig. 15.42 Shock bowel in a patient with septic shockGas in porta hepatis is in the dilated bile ducts from recent
Postcontrast axial CBJ shows intense mucosal enhancecholecystectomy.h) Lower abdominal axial CT shows
ment of the stomachafrowhead, extensive periportal diffuse mucosal enhancement of small and large bowel
edema, increased enhancement of bilateral adrenal glatotgps, very small slit-like IVCllack arrow), and ascites

(thin white arrow$, and small IVC thin black arrow).
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Diagnosis
Acute Colonic Ischemia

Fig. 15.43 Ischemic colon in two patients. Patient 1shows no wall thickening and was not ischemic at surgery.
patient had sick sinus syndrome with paroxysmal tachfpatient 2: pancreatic cancer with SMV thrombus. CECT
cardia with arterial ischemia in SMA distribution. Axial(d) coronal reformattece] axial images show bland and
CECT f@, b) and coronal reformattedt)(images show tumor thrombusklack arrowg in the SMV at the con®
ischemia of the right and transverse colon up to the splericce above the necrotic pancreatic magsté arrow).
RBexure thin arrowsg with marked wall thickening con- The SMA §hort black arrowin d, f) is encased by tumor
brmed at surgery. The transverse cokmdiw ina) shows but patent. f; g) Axial CT shows wall thickening and
increased haustral thickening with poor enhancemeenhancement of the ascending and transverse colon up to
The ascending colomhin arrowin b) shows a thick colon the splenic Bxure arrowhead. The descending colon
with lack of haustra and decreased enhancement. Tlen white arrowin g) shows no wall thickening
descending colon is dilated due to ileasrgqwhead but
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Diagnosis
Cecal Infarction

Fig. 15.44 Cecal infarction. History of diabetes, NSAID(black arrow) with wall thickening White arrow) and no
use, and non-ST segment myocardial infarction. Axiavall enhancement. The cecum was resected
postcontrast CTq, b) shows dilatation of the cecal lumen

Fig. 15.45 Cecalinfarction due to closed-loop obstructioproximal to it plack arrow). Small bowel loops show no
from adenocarcinoma of the left colon and competent ileobstruction due to a competent ileocecal valkg Axial
cecal valve. Axial CTd) shows a constricting mass at theCT shows the cecum to be markedly dilated with pneuma-
mid-left colon (vhite arrowg and dilatation of the colon tosis (vhite arrowg. The cecum was perforated at surgery
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Infection and In” ammation

Diagnosis
Pseudomembranous Colitis

Fig. 15.46 Pseudomembranous colitis in three patient€olonoscopy proved pseudomembranous colitis. In the
Axial CT (a) shows marked diffuse thickening of thethird patient, CECTd) axial image shows target sign at
colonic wall. The mucosa shows enhancement atide distal transverse colom) Coronal reformatted image
shows pronounced undulation giving the typical accoshows marked colonic wall thickeningr(ows) of the
dion appearanceafrow). (b, c) Noncontrast axial CT ascending colonafrows). The descending coloarfow-

in a patient with watery diarrhea shows pancolitis withead is very dilated with no wall thickening but with
marked wall thickeningafrows) and thick haustral folds. prominent haustra
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Diagnosis Imaging Features
Typhlitis or Neutropenic Colitis 1. Circumferential wall thickening and disten-
sion mainly of the cecum with diffuse hyper-
emia, edema, supesial ulcers, pericolonic
stranding, and @&d
2. Can involve the ascending colon and terminal
ileum
3. Can have pneumatosis and pneumoperitoneum

Fig. 15.47 Typhlitis in different patients. Axial CBfin  pain and fever shows dilated thick-walled cecamncv),

a patient with acute myeloid leukemia having pancytopsurrounding pericolonic edemarfowhead$, and dilated
nia shows diffuse wall thickening of the cecuanr¢w). surrounding distal small bowel loopsl) (Coronal refor-
The appendixgrrowhead is of normal sizek) Axial CT matted CT at a later date shows involvement of the
in a neutropenic patient with leukemia shows distendegcending colon showing thick wadir(ow). (€) Axial CT
thick-walled cecumdrrows) and also involvement of the at the same time shows normal appendikife arrow),
terminal ileum which is mildly dilateda¢rowhead. (c) dilated terminal ileum grrowhead, and thick-walled
Axial CT in a neutropenic patient with lower abdominatecum black arrow) unchanged as seen in other planes
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Diagnosis
Diverticulitis of the Cecum

Fig. 15.48 Diverticulitis of the cecum in two patients.shows a deformed cecum from compression by surround-
Patient 1: axial CT4&, b) images show diffuse edemaing infammatory edema. A small diverticulunwi(te
around the cecunthin black arrow and terminal ileum arrow) is within the edema. A small extraluminal gas bub-
(thick black arrowy causing compression of the lumen oble from perforation is seen mediallyl{ite arrowheadl

both the cecum and terminal ileum. Contraéédpdiver- Reactive edema is seen in the terminal iletimck arrow)
ticulum is seenwhite arrow). (c) Patient 2: axial CT
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Diagnosis
Appendicitis

Fig. 15.49 Appendicitis. CT coronal reformatted) (and axial images show dilated appendix with enhancing thick
wall (white arrow also in pand surrounding edemé)(Cecal wall is thicklflack arrowg

Fig. 15.50 Appendicitis with small bowel obstruction.edematous wall thickenindofig thick white arroy. The

(a) Upright radiograph of the abdomen shows multipleecum &rrowhead and the small bowel loops are dilated
dilated partially Riid-Hled small bowel loops with air- (thick short arrow$. (c) Sagittal reformatted CT shows
RBuid levels and string-of-pearl sigarfows). (b) Axial diffuse dilated small bowels, some with aui@ levels
CT shows thick appendicitis with stone inlitack arrow-  (thick arrowg. Also seen are two stones in the appendix
head and adjacent extraluminal air from perforation ofblack arrowgd and perforated gashin white arrow and
the appendixthin white arrow). The terminal ileum shows wall edema of the narrow terminal ileuarfowhead
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Fig. 15.51 Appendicitis by ultrasounda) Longitudinal echogenic walls Klackwhite arrow§ and echogenic
and ) transverse views. The appendix is seen as a losigne &rrowhead with echo shadowing and lack of
tube with wall edema and withufti between the two compression

Fig. 15.52 Bowel malrotation with appendicitis. CT lower quadrant of the abdomen with theanfiedappendix
(a, b) coronal andq) sagittal reformatted images showoriginating from the tip of the cecurarfows) surrounded
the cecum and terminal ileunarfowhead in the left by edema

Fig. 15.53 Appendicitis with pregnancya) Axial CT (b) Coronal reformatted image shows amfied appendix
shows infamed appendix with surrounding ederttan( in the subhepatic space with surrounding edethin (
arrow) and enlarged uterus with placenthigk arrow). arrow) and intrauterine gestatiothick arrow)



480 15 Diseases of the Digestive Tract

Diagnosis
lleocecal TB

Fig. 15.54 Tuberculosis ileocecal region in two patientshyperemia of the terminal ileum to the ileocecal region
Patient 1: axial CTg, b) images show marked stenosis ofarrows) with no bowel obstructione) Axial CT a few

the ileocecal region, thick enhancing walita¢ck arrowg, months later shows that the Tl and ileocecal valve show
and with prestenotic dilatationwhite arrowg of the increased wall thickeningafrow) and increased hyper-
SB. The lung bases show bilateral miliary TB nodulegmia. {) Axial CT of the lung bases shows TB with cen-
Patient 2: axial CTq, d) shows wall thickening with trilobular nodules
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Diagnosis
CrohnOs lleitis

Fig. 15.55 CrohnOs disease at the terminal ileum in twloe muscularis layemgite arrow), and edema of the sub-
patients. Patient 1: CRY axial andlf) coronal reformat- mucosa between the two layers and withaimnatory

ted images show stragd thickening of the terminal changes extending to the surrounding mesentery of the
ileum wall with prominent mucosal thickeningvifite terminal ileum érrowhead and with no obstructive signs.
arrows) and prominent vasa rect@iowhead. Patient 2: (f) Barium swallow study shows irregular narrowing of
CT coronal €), axial @), and sagittald€) images show the terminal ileumkflack arrow)

mucosal thickeningblack arrow), diffuse thickening of

Fig. 15.56 CrohnOs terminal ileum with sinus tracteformatted CT also shows the same sinus taxab\).
(a) The small bowel follow-through study shows a blindc) Axial CT shows narrowing of the thick-walled termi-
sinus tract from the terminal ileurarfows). (b) Coronal nal ileum and prestenotic obstructi@row)
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Fig. 15.57 CrohnOs distal small bowel with perforatiodoops of the small bowelfrowhead$. (c) Axial CT at
CT (a) axial and ¢) coronal reformatted images showthe lower level shows very rigid thick-walled small bowel
small gas collection and edema in the distal small bowlebps @rrowhead$ with dilated vasa rectblack arrowg
mesentery thin arrow) surrounded by thick-walled stiff

Fig. 15.58 CrohnOs stricture with obstructiom). Axial  sign @rrows). (c) Barium swallow study shows two stric-
CT shows wall thickening and narrowing of the terminaures of the distal small bowedlack arrowg with dilata-
ileum (@rrows). (b) Barium swallow study shows longtion of the obstructed small bowel between the strictures
segment of narrowing of the terminal ileum, the strinarrowhead$
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Diagnosis
CrohnOs Colitis

Fig. 15.59 CrohnOs colitis. CT axiah,(b) shows (arrows). (c) Barium enema study on a different patient
multiple focal thick-walled strictures in the descendinghows two areas of stricture in the distal descending colon
and sigmoid colonafrowhead$ and dilated vasa recta (arrows)

Fig. 15.60 CrohnOs disease withrbfatty proliferation (arrow). (¢) Axial CT shows chronic CrohnOs disease with
and fat halo signa( b) Axial and sagittal reformatted CTsthick-walled distal small bowel loops with fat halo sign
show a thick-walled sigmoid colon surrounded by fattwith fatty tissue in the submucosarrows). The stiff
tissue which is slightly heterogeneous in attenuatidoops are also separated by fatty tis®lipse)
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Diagnosis
Ulcerative Colitis

Fig. 15.61 Ulcerative colitis. CT of different patientsCT image shows mucosal thickening of theid3Hled
with pancolitis. &) Axial CT image shows wall thicken- sigmoid and rectum with ulcerationsrfows). (c, d)

ing with mural stratileation @rrow) of the right colon Axial and sagittal reformatted images in two patients
with Buid in the submucosa. The transverse and left colshow low-density mural stratifation with fatty tissue, the
is dilated and with lack of haustrarfowhead. (b) Axial fat halo sign &rrows)
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Fig. 15.62 Ulcerative colitis by barium enema stud) Ahaustral shortening of the left colob) (Granular mucosa
(arrow). (c) Multiple ulcers mostly in the splenieRure arrows)
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Diagnosis
Perforated Small Bowel Diverticulitis

Fig. 15.63 Small bowel diverticulitis with perforation. spillage of gas into the adjacent edematous mesentery
Axial CT (abx) shows focal diverticulum with gablack (white arrows is seen adjacent to the diverticulum. Edema
arrow) in the wall of a small bowel loop and edema in thef the small bowel wall is seen surrounding the perfora-

adjacent mesentery. Perforation of the diverticulum witfion (arrowhead$

Fig. 15.64 Small bowel diverticulitis rupture. CT axial of gas into the mesenterpléck arrowheadl and also
(a) shows marked thickening of a jejunal lodgack laterally @vhite arrowheadl (c) Coronal reformatted
arrowhead with edema of the adjacent mesenterimage shows the site of perforati@rdowhead from the
(white arrowheadl and extraluminal gas pockets lateralljejunum and free gas in the peritoneal cawéydws)

(arrow). (b) Axial CT at the lower level shows spillage

»
>

Fig. 15.66 Diverticulitis of the left colon with abscess.sagittal reformatted images show thick-walled left colon
CT axial @) shows abscess in the sigmoid mesocolon witbblack arrowg with abscesswhite arrowd extending
enhancing margins and gas pockets. The sigmoid colorfrism the wall into the adipose tissue medially. Secondary

edematous and extrinsically compressed by the abscegsploic appendagitis is also seanr¢whead$
In a different patient,k) axial, €) coronal, ¢, €) and
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Diagnosis
Perforated Sigmoid Diverticulitis

Fig. 15.65 Sigmoid diverticulitis perforation with portal moid mesocolon thin white arrow with surrounding
gas. CT axial &), sagittal b), and coronal reformatted edemadrrowhead and portal gasltfin black arrow$
images show rupture of sigmoid diverticula into the sig-
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Diagnosis
Diverticulitis of the Ascending Colon

Fig. 15.67 Diverticulitis of the ascending colon and(arrowhead as elliptical low-density focus with central
omental infarction. Axial CT &) shows wall thicken- high-density and peripheral high-attenuating halo which
ing at the distal right colon with fat stranding involvings discontinuous with the colon. Edema of the omentum
the lateral border surrounding an afled diverticulum is causing extrinsic compression of the colon which also
(arrow). Diverticula without in@mmation are seen medi-shows wall edema as submucosal low attenuatidite

ally (arrowhead. (b) Coronal reformatted image andarrow)

(c) axial CT at the lower level show omental infarction

Fistula

Diagnosis
Colovesical Fistula

Fig. 15.68 Chronic diverticulitis with colovesicaldtula. extending from the colon to the thick-walled bladder
CT coronal § and sagittal i{, c) reformatted images (black arrowheadl with gas in the lumen of the bladder
show multiple diverticula in the sigmoid colomwkite (black arrow)

arrow). A thick bstulous tract white arrowheady is
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Diagnosis
Colouterine Fistula

Fig. 15.69 Chronic diverticulitis with colouterinestula. same Riid and gas within the fundus of the uterarsgw).

CT axial @) shows chronic diverticulitis of the sigmoid(c) Coronal andd) sagittal reformatted images showid®
colon with a pocket of gas andi collection thin arrow)  and gas tracking within the fundus of the anteverted uterus
tethered to the fundus of the utertlidk arrow) by thick (arrows). Small fuid is also seen in the endometrial canal
tissue @rrowhead. (b) At the lower level, it shows the (black arrow)

Diagnosis
Cervical Cancer with Colonic Fistula

Fig. 15.70 Cervical cancer with colonicskula. History extrinsic pressure to the rest of the utehladk arrows.

of vaginal bleeding and lower abdominal pain in &istulous connection is seen between the sigmoid colon
38-year-old patient. CTaj sagittal reformatted and) and the massahite arrowg with gas pockets in the mass
axial images show a low-density mass in the cervix wittarrowhead
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Diagnosis
Coloenteric Fistula

Fig. 15.71 Diverticulitis with coloenteric $&tula. image at anterior plane tb)and @) sagittal reformatted
Noncontrast CT4d) axial image shows the sigmoid colonimages show a minimally higher attenuated tréataok
(thick arrow) adherent to the small bowehif arrow) arrows) connecting the sigmoid colothick arrowg to
with a large abscesth{n black arrow$ in the small bowel the small bowelthin arrow) with anterior abscesw/hite
mesentery.l{) Coronal reformatted image shows multiplearrowhead. At surgery, the small bowel was seen to be
diverticula in the sigmoid colorth(ick arrow) lateral to the jejunum

small bowel loop thin arrow). (c) Coronal reformatted
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Diagnosis
Colourachal Fistula

Fig. 15.72 Diverticulitis with colourachal $tula. CT &) extending into the urachusirfowhead. Small abscess
axial and 6, c) sagittal reformatted images at differen{thick white arrovy is seen within the urachus which is
levels show multiple diverticula in the sigmoid colorcontinuous with the urinary bladder and communicating
(black arrow) with two Fstula tractsthin white arrow$  with the umbilicus §rrowhead
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Peptic Ulcer

Diagnosis
Gastric Ulcer

Fig. 15.73 Gastric ulcer in three patients. Patient 1: C&nteric contrasklled large ulcer crateblack arrow) pro-
axial @) and coronal reformatteth) images and barium jecting posteriorly with the surrounding gastric wall
swallow ) show a benign gastric ulcer at the lesser cuedemahite arrowg. Patient 3: CT axiaf{ and sagittal
vature of the stomach with ulcer collawhijte arrowg reformatted ¢) images show diffuse edema of the stom-
abutting the left liver lobeafrowhead. Patient 2: CT ach (vhite arrowg with Ruid-Hled ulcer crater llack
axial d) and sagittal reformatted)(images show positive arrow) at the lesser curvature
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Fig. 15.74 Perforated gastric ulcer. CT corona) &nd sagittall{) reformatted and axiat) images show contrast
leaking out from a perforated gastric ulcer at the antamow) with pneumoperitoneunafrowhead and ascites

Diagnosis
Duodenal Ulcer

Fig. 15.76 Duodenal ulcer perforation. Axial CT shows

Fig. 15.75 Duodenal ulcer. Axial CT showsildl and gas large contrast-lted duodenal ulcer at the posterior wall

within the ulcer cratertifick black arrovy at the duodenal Of the Bst part of the duodenunbléck arrow) with

bulb and with surrounding edematous soft tissueite Pneumoperitoneumwhite arrow) and edema surround-
ing the duodenum, gallbladder, and right and left colon

arrow). The gastric antrum shows reactive wall thickenin?"
and narrow lumertifin black arrovy arrowhead$
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Neoplasm
Gastric Malignancy

Diagnosis
Malignant Gastric Ulcer
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Diagnosis
Adenocarcinoma

Fig. 15.78 Adenocarcinoma of the stomach, lini&tive, drop metastasis to both ovaries which are enlarged
with drop metastasis. CTa) axial image shows diffuse (arrow). (d) CT through the lower abdomen shows metas-
inPltrative mildly enhancing mass narrowing the gastritasis to the colorafrow) showing a thick enhancing wall
lumen @rrows). Axial CT (b) at a later date shows diffuseand lumen narrowing.e] Coronal reformatted image
ascites\{hite arrowg. The stomach again shows thelinb shows metastasis to the coldhi¢k arrow) and ovaries
trating mildly enhancing mass narrowing of the lume(thin white arrow and the gastric masislgck arrow) and
(black arrowg. Axial CT through €) the pelvis shows large ascites
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Diagnosis
Adenocarcinoma of the Stomach and Duodenum

Fig. 15.79 Adenocarcinoma of the stomach and duodep to the third partwhite arrowg. The small bowel mes-
num, polypoid and inlrative. CT @) axial and coronal entery with lymphadenopaththi{ck white arrow} is lat-
reformatted f) images show polypoid growth within theeral to the head of the pancrebtack arrow). (d) Axial
antrum of the stomachl@ack arrow). Small bowel mesen- image shows inlrating mass of the duodenurbldck
tery shows edema and enlarged lymph nodekit¢ arrows) with normal mucosa of the fourth part of the duo-
arrows). (c) Coronal reformatted image shows diffuselenum &rrowhead. The mesentery again shows edema
wall thickening and enhancement of the duodenal sweejith lymphadenopathythite arrows
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Periampullary Mass

Diagnosis
Adenocarcinoma of the Head of the Pancreas

Fig. 15.80 Periampullary mass, adenocarcinoma of therrowhead are dilated. ) Coronal reformatted image
head of the pancreas. CT axia) @nd p) post-Whipple again shows pancreatic mass completdlindp the sec-
procedure show a low-density mabtack arrowg at the ond part of the duodenurth{n white arrow$. The CBD
second part of the duodenal sweep surroundediuty/ifi  (white arrowhea)l and pancreatic ductbléack arrow-
the obstructed duodenumwilfite arrowg. The obstructed head are dilated

CBD (white arrowheadl and pancreatic ductblack

Diagnosis
Carcinoid Duodenum

Fig. 15.81 Periampullary mass, carcinoid duodenum. C{b) Portal venous phase shows good enhancementjand (
axial @) noncontrast study shows high-density polypoidelayed phase shows decrease in enhancement of the mass
mass in the second part of the duodenal swaepw).
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Diagnosis
Colon Cancer Metastasis to the Duodenum

Fig. 15.82 Periampullary metastatic mass from righAxial and €) coronal reformatted CTs show the mass
colon cancer. Coronal reformatted CEG) [(arge mass (arrow) to extend posteriorly to involve the right kidney
in the second part of the duodenal sweapo(vs). (b) (arrowhead

Linitis Plastica

Fig. 15.83 Linitis plastica. Axial CT
abdomen shows diffuse itifative
adenocarcinoma of the stomach at
stage T4N1 with diffuse wall
thickening thick arrowg of a rigid
stomach. Gastric mucosa shows good
enhancementtgin arrow). The mass

is inBltrating posteriorly with
lymphadenopathy around the aorta
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Neoplasm
Gl Lymphoma
Diagnosis Imaging Features
Gastric Lymphoma 1. Marked gastric wall thickening with submu-
cosal spread
2. Uncommon to cause gastric outlet obstruction
or inHtrate perigastric fat
3. Usually homogeneous but may have areas of
necrosis
4. Regional or retroperitoneal lymphadenopathy
a

Fig. 15.84 Gastric lymphoma in two patients. Patient 1CT shows diffuse involvement with diffuse homogeneous
(a) axial CT shows segmental involvement of the stomaeball thickening arrow) and narrowing of the lumen with
with homogenous tumor maswiow). Patient 2:1§) axial linitis plastica appearance
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Diagnosis Imaging Features
Small Bowel Lymphoma 1. Circumferential bulky mass in the intestinal
wall, extending to the mesentery and regional
lymph nodes.
2. Can show aneurysmal dilatation of the bowel
lumen.

3. Involve long segments, may ulcerate and
perforate or be focal polypoid mass.
4. Obstruction is uncommon.

Fig. 15.85 Small bowel lymphoma in four patients. Patienéxial CT €, g) and coronal reformatted)images show large

1: axial CT &, b) shows aneurysmal dilatation of some smafioft tissue mass with necrotic areas in small bowel mesentery
bowel loops with diffuse wall thickeningufow). Patient 2: (ellipse causing displacement of some small bowel loops
CT (c,d) axial and€) coronal reformatted images show wallthin arrow) and encasing some loopisi¢k arrow). Patient
thickening of some small bowel loops in the left abdomend; CT axial {), coronal |), and sagittalk) reformatted
some show symmetrical thickeninthiCck arrowg, while images and) barium small bowel study show multiple pol-
some are asymmetrically thickenethirf arrow). Patient 3: ypoid nodules in a segment of dilated small boaeb(vs)
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Diagnosis
Follicular Lymphoma Causing Bowel Obstruction

Fig. 15.86 Follicular Ilymphoma causing bowelbowel mesentery with lymph node enlargemerto(v-
obstruction. &) Axial CECT shows a large circumferentialhead. (dEf) CT done 1 year later for abdominal pain shows
low-density mass around a distal small bowel Idopg marked constriction of the SB within the masasrdw),
arrow) with small surrounding @d (short arrow). (b, ¢)  which is smaller in size and with prestenotic dilatation. The
Coronal reformatted images show lin&tion into the small mesenteric panniculitis has also decreaaadyhead

Diagnosis
Large Bowel Lymphoma

Fig. 15.87 Large bowel lymphoma. Axial CTa(b) the dilated right colonblack arrow). The mass remained
shows diffuse circumferential wall thickening of the lefwithin the conimes of the bowel wall
colon (vhite arrow) with some obstructive pattern with
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Adenocarcinoma of the Colon

Fig. 15.88 Adenocarcinoma of the descending coloreft colon @rrowhead with narrowing of the lumen, with
CT (a, b) axial images at different levels arg) 6agittal focal lobulated extension outside the wdtli¢k arrows,
reformatted images show marked wall thickening of thend with omental metastastbif arrowg

Fig. 15.89 Apple core lesion of the colon. Lesion in thenass causing focal luminal narrowingr(g arrowsg of the
right colon was a tubulovillous adenoma with no carcinaight colon and extension laterally outside the cosdro(t
matous change. CB) coronal andk) sagittal reformat- arrow). (d) Barium enema of a different patient shows
ted and €) axial images show circumferential soft tissueonstriction lesion of the sigmoid by adenocarcinoma
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Fig. 15.90 Rectal adenocarcinoma with ovarian an¢black arrow) and mural nodulesfort white arrowk (d)
hepatic metastasis. C&, () axial shows enhancing thick- Coronal and€) sagittal reformatted images show the rec-
walled mass of the rectosigmoid colon with polypoid praal mass White arrowg, uterus lpng black arrowy and
trusion into the lumen inferiorlya¢row). Large cystic large cyst at the right ovargl{ipse), complex cyst at the
masses are seen in both ovarepse). (c) Axial CT of left ovary plack arrowheadl with mural nodulesshort
mid-abdomen shows the upper extent of large complshite arrow), and liver metastasist{ort thin black arrow
cyst in the right ovary with calc@ation in septations some with calcibations thick black arrovy
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Fig. 15.91 Rectal adenocarcinoma with perirectabbscess within the rectal masgite arrow). (d) Sagittal
abscess. CT axiab(b) shows a solid enhancing polyp-reformatted image shows extension of the abscess from
oid mass projecting into the lumen of the rectinlagk the rectal massnhite arrow) collecting around the anus
arrow) and perirectal abscess within the puborectal slir{glack arrowg

(white arrowg. (c) Axial CT shows continuation of
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Carcinoid

Diagnosis
Carcinoid Appendix

Fig.15.92 Carcinoid appendix in three patients. Patient Extending into the cecurwlite arrowg and metastasis to
(a, b) axial CT shows uniformly enhancing solid masa lymph nodedrrowhead. This was stage IV carcinoid.
plling a long segment of the mid- and distal appendiRatient 3: CT €) sagittal andf] coronal reformattedg]
(white arrow) with surrounding edemac)(Axial CT at axial images show a dilateduid-Hled appendix I6ng
lower level shows acute appendicitis proximal to the masshite arrow) with proximal stonelack arrow). The tip
with stone, wall thickeningb{ack arrow), and edema of of the appendix shows a small enhancing mabsr{
the cecumwhite arrow). Patient 2: axial CTd) shows white arrow)

markedly thickened appendix with avid enhancing mass
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Diagnosis
Gastric Carcinoid

Fig. 15.93 Well-differentiated type 3 gastric neuroendothe body of the stomachlack arrow) with extension pos-
crine tumor. Axial CT &) and b) sagittal reformatted teriorly outside the stomackvkite arrow)
images show a focal solid well-de¢&d enhancing mass at

Diagnosis
Carcinoid Duodenum

Fig. 15.94 Carcinoid duodenum. Axial CB)shows an extended to the second part of the duodenbtack
enhancing mass in the medial wall of the duodenal budtorow) with metastasis to the liver
(white arrow). (b, c) A few months later, the mass has
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Diagnosis
Neuroendocrine Carcinoma of the Cecum

Fig. 15.95 Neuroendocrine carcinoma of the cecunseen to the adjacent lymph nod#sick arrow) and the
well differentiated. CTd) axial, p) coronal, andd) sag- serosal surface of the cecuarrpwhead$, contPmed at
ittal reformatted images show enhancing mass causisgrgery. ) Coronal reformatted image shows distant
blling defect in the contrastled cecum and ileocecal metastases to the livebléck arrow) and mesenteric
valve thin arrow also in § . Extension of the lesion is lymph node lack arrowheadl
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Appendix Lesions

Diagnosis
Adenocarcinoma

Fig. 15.96 Adenocarcinoma of the appendix in twaqg) coronal, andh) sagittal reformatted CTs a few months
patients. Patient 1: CT axiad)( sagittal £), and coronal later show increased thickening of the ceclond white

(c) reformatted images show heterogeneous enhancemgow), enlarged lymph nodesvlite arrowheag and
mass in the appendixh{n arrow). The Tl shows tumor diffuse thickening of the appendikléck arrow) and the
inbltration with enhancing wall thickeningrfowhead ileum adjacent to the appendiklgck arrowheadl The
causing low-grade obstruction with proximal bowel dilaleum distal to the lesion shows normal wall thickness
tation. Patient 2: axiald) and coronal reformatted CTs(short white arrow. (i) Axial CT shows focal thick-walled
(e) show enhancing mass in the appendikife arrow) terminal ileum ghort white arrovy. Focal involvement of
extending to the adjacent ileurnlgck arrow) and thick- the ileum was also seen at surgery

ening of the adjacent cecunarfowhead. (f) Axial,
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Diagnosis
Mucocele

Fig. 15.97 Mucocele
of the appendix. CT
axial @) and coronal
reformattedl) images
show markedly dilated
f3uid-Hled appendix
(arrow) with thin walls
and no periappendiceal
edema

Diagnosis
Mucinous Cystadenoma

Fig. 15.98 Mucinous cystadenoma of the appendix witmBammation, and reactive lymph nodesr¢whead.
superimposed appendicitis. CT axial b) and coronal The thick wall has heterogeneous density with areas of
(c, d) reformatted images show a dilated appending poor enhancement. Ulcerations of the appendix were seen
arrow) with wall thickening proximally, periappendicealat pathology
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GIST

Diagnosis
GIST of the Stomach

Fig. 15.99 Gastrointestinal stromal tumor of the stomgas-Hled stomachthick white arrovy is also compressed
ach. CT ) axial and ) sagittal reformatted images showwith small intramural component of the tumor at the lesser
a large mass with central necrosalipse also in §and curvature thin white arrow. (c,d) CT done at a later date
peripheral enhancing soft tissugif black arrow$ with  during treatment shows absence of the soft tissue compo-
the large extragastric component in the gastrohepatient of the tumor and liver metastasidatk arrows.
space causing extrinsic pressure on the liver with edefmaramural componentkin white arrow of the stomach

of the compressed liver surfadadack arrowheads The  (thick white arrowy with wall thickening is still seen

Fig. 15.100 Gastric stromal tumor withdtulization and the gas-ked stomachthick arrow) and the pancreas pos-
metastasis. CT axial image shows a large necrotic masgorly (thin arrows. Gas was from asdtula within the
with gas collectionstfack arrow arising from the stom- stomach lumen. SagittabY and coronalq) reformatted
ach and growing posteriorly into the lesser sac betweenages show omental metastasiggwhead$
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Diagnosis
GIST of the Duodenum

Fig. 15.101 GIST of the duodenum. CECT axial imagetumen plack arrow). (e, f) Sagittal reformatted images at
(a, b) at different planes show an enhancing mass withifferent planes show the solid portion of the mass{v-
central necrosisafrowhead$ arising from the second parthead$ originating from the duodenum and narrowing the
of the duodenal sweeplack arrow) with central gas from lumen plack arrow). The large necrotic central portion
pstulization with the duodenal lumen and abutting th&hows gas due toskula formation. The duodenum and
hepatic [@xure hite arrow). (c, d) Coronal reformatted hepatic f&@xure were surgically removed since the mass
images at different planes show the necrotic massw- was adherent to the colon

head with the intramural portion indenting the duodenal
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Diagnosis
GIST of the Small Bowel

Fig. 15.102 Small bowel stromal tumor. AxiahY and Gas in the necrotic centdsléck arrow) is due to btuliza-
coronal b) and sagittal reformatted)(CTs show sharply tion (black arrowheadl with the small bowel lumen from
demarcated exophytic mass of the small bowdlite  which it is arising (best seen @)

arrowheadin c) with coarse calci¢ation hite arrow).

Diagnosis
Perirectal GIST

Fig. 15.103 Perirectal stromal tumor. CB)(axial and (black arrows. (c) Sagittal reformatted image shows the
(b) coronal reformatted images show a sharply demaectum to be displaced anteriorti6 white arrow$ but
cated solid mass arising from the posterior wall of theot the anustlick white arrovy

rectum thin white arrow$ showing peripheral necrosis
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Fig. 15.104 GIST with diffuse metastasis. History ofmultiple enhancing nodular metastasis to the peritoneum
past gastric GIST with resection and chemotherapfarrowhead$, cecum, terminal ileum and ascending colon
CT (a) axial and I¢) coronal reformatted images show(thick arrow), and right intercostal musclbléck arrow)

Fig. 15.105 Stromal tumor with calcitation. Axial &), black arrowg, growing into the gastrosplenic ligament,
coronal b), and €) sagittal reformatted images show awith calcikcations white arrow) and liver metastasighfn
large low-density GIST arising from the stomathigk black arrowg
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Peritonitis
Diagnosis Imaging Features
Bacterial Peritonitis 1. Peritonealdd collection

2. Enhancement of peritoneum

Fig. 16.1 Bacterial peritonitis from ruptured duodenakeen in the peritoneal cavity with mild peritoneal enhance-
ulcer. CT axial4) shows small pneumoperitoneuanrbw- ment. p, c) Later date axial CT shows peritonitis of the
head with perforation of the I8t part of duodenal sweepmid-abdominal and pelvic peritoneum which now shows
(thin white arrow). The stomach shows ischemic changeacreased enhancement and thickeninigite arrows with

with only the mucosa enhancinthitk arrow). Fluid is increased intraperitoneal gas collectibta¢k arrow)

Diagnosis
Bile Peritonitis

Fig. 16.2 Bile peritonitis with superimposed infection(arrowhead$ and with gas collectiowhite arrow3. The
from recent cholecystectomy. Axial Ca3Eg) images show gas is predominant in the gastrohepatic space adjacent to
large amount of ascites with thick enhancing peritoneuthe cholecystectomy clipblack arrow9



Pneumoperitoneum 517

Pneumoperitoneum

Fig. 16.3 Pneumoperitoneum from gastrocolocutaneoyb) and sagittald) reformatted images show gastrostomy
bstula and peritoneal leak from malposition of gastrosube @rrowhead connected to the colorarfow). The
tomy tube. §) Flat plate of abdomen shows large pneumdarge peritoneal gaglipse) is displacing and compress-
peritoneum surrounding the falciform ligamenitiack ing the bowel loopsd) Axial CT showing falciform liga-
arrow) and the gastrostomy tubeh{ite arrow). CT axial ment @rrow) with surrounding pneumoperitoneum



518 16 Peritoneal and Retroperitoneal Diseases

Hemoperitoneum

Fig. 16.4 Hemoperitoneum. Patient on Coumadin for PBbdominis muscle white arrow). Axial CT of upper
and high INR had trauma. CT axial) fmage shows large abdomen If) shows hemoperitoneum with hematocrit
hemoperitoneum in posterior cul-de-sac with hematoctével in right subphrenic spaceflite arrow)

level (black arrow). Large hematoma in left rectus

Fig. 16.5 Active arterial bleeding. CT axiad), coronal sentinel clot €llips€). The rest of the peritoneal cavity is
(b), and sagittal d) reformatted images show activeblled with lower density hemorrhagiculdl (thin arrow-
extravasation of contrasarfow) from a branch of the head$ but of higher attenuation than urine in the bladder

internal iliac artery surrounded by high-density lobulatefthick arrowheadl
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Chylous Ascites

Fig. 16.6 Chylous ascites: CT axia)( coronal ), and distending the peritoneal cavity with no lymphadenopa-
sagittal €) reformatted images show low-density ascitethy. Milky Buid was tapped. Cause not known
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TB Peritonitis

Fig. 16.7 TB peritonitis in different patients. Patient 1:Axial CT (e) shows very thickened omentum with promi-
CT axial @, b) and coronal reformatted)(images show nent vesselsahite arrow) which are also seen on the peri-
thickening of the omentuniopng white arrowy and small toneal surfaceblack arrow). Patient 4: Axial CT f{
bowel mesenterysfiort white arrowpwith vascular con- shows enlarged lymph nodes in the retroperitoneum
gestion. Peritonealuid is surrounded by enhancing peri{white arrows, thick peritoneumgrrowhead, and thick
toneum &rrowhead. Patient 2: Axial CT d) shows omentum Black arrow)

nodular thickening of peritoneumarfow). Patient 3:
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Peritoneal Lymphomatosis

Fig. 16.8 Peritoneal lymphomatosis. Patient with diffus@ascites, omental increased markinlgmg@ white arrowy,
large B-cell lymphoma. CTaj axial image of the neck and diffuse thickening of leaves of the mesentshoit
shows large lymph nodes in the supraclavicular regi@rows) displacing small bowel loops. Peritoneum shows
more on the left sideafrow). CECT of the abdomen, axial enhancementafrowhead; small pericardial Gid (black

(b, ¢) and coronal reformatted)images show moderate arrow) is seen. No abdominal lymphadenopathy
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Mucinous Ascites

Diagnosis
Perforated Mucocele Appendix

Fig. 16.9 Perforated mucocele appendix. Axial GI) ( enhancement of the irregular thick wddlgck arrow) and
noncontrast image shows dilated muclledd thick- soft tissue mural nodulewpite arrow). The extruded
walled plack arrow) appendix with a faint curvilinear mucus is causing extrinsic pressure on the adjacent small
calcikcation (vhite arrow) surrounded by extruded bowel @rrowhead

mucus. Delayed phase axial CECH, €) shows mild
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Imaging Features

1. Diffuse low-density peritoneal mucinous asci-
tes with soft tissue strands

2. Scalloping surface of liver, spleen, and
mesentery

3. Rim-like or punctate calaktions

Diagnosis
Pseudomyxoma Peritonei

Fig. 16.10 Pseudomyxoma peritonei in two patientsperforated mucinous cystadenoma of the appendix: Axial
Patient 1: Axial CT #Bd) shows the peritoneal cavity isCT (g, f) show thick septation in the mucinous ascites and
distended with low-density udd. Stranding thin black a focal calcifeation érrow). (g, h) Axial CT of the same
arrows) in the fuid is mostly in the ileocecal regioshpprt  patient with recurrence after 2 years shows septated muci-
white arrowg and pelvis thick white arrowy with thick nous tumordrrowhead with rim-like calcikcation gvhite
peritoneum in the posterior cul-de-sacréwhead3$ and arrow) in left subphrenic space scalloping on the spleen

scalloping liver surfacetlfin white arrow. Patient 2 with surface
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CSF Pseudocyst

Fig. 16.11 CSF pseudocyst. Patient 1: Axial CT ) catheter at the level of the right Sl joittigck arrow).
show a large thin-walled cystic mass around the ventriPatient 2: CTd) axial, €) sagittal, andfj coronal refor-
uloperitoneal shunt cathetec) (Flat plate of the abdo- matted images show the shunt catheter is coiling in the
men shows large uid collection around the VP shuntsubcutaneous tissue in the right lower abdominal wall
displacing bowel loopsathite arrowg, with the tip of the (arrow) surrounded by well-marginatediid collection
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Mesenteric Lesions
Sclerosing Mesenteritis

Diagnosis
Retractile Mesenteritis

Fig. 16.12 Retractile mesenteritis. Axial CTa,(b) mesenteric edemahick arrowhead also seen.cj Low-
shows a soft tissue mass at the root of mesentery wittade obstruction from kinking is seen in a loop of the
coarse calcibation (vhite arrow) and radiating desmo- small bowel which is a little dilatedlack arrow)

plastic reaction §mall arrowheads Patchy areas of

Diagnosis
Mesenteric Panniculitis

Fig. 16.13 Mesenteric panniculitis. CT axiah)( coro- bowel mesenteryafrows), which is aligned with the root
nal (), and €) sagittal reformatted images show a wellef the jejunal mesentery, has a mass effect on the jejunal
demarcated area of ground-glass density of the smi@bps, and envelopes the vessels
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Mass in Mesentery

Diagnosis
Carcinoid Metastasis to Root of Mesentery

Fig. 16.14 Carcinoid metastasis to mesentery with aderass in the root of mesentery with radiating tentacles
nocarcinoid tumor of the right colon. Axial Ca)(n early (arrow). Axial CT (c) shows focal small solid enhancing
arterial and i§) delayed phases show enhancing solichass right colonafrow)

Diagnosis
Carcinoid Terminal lleum

Fig. 16.15 Carcinoid at terminal ileum with metastasigarrowhead. Large smooth soft tissue mass is seen at root
to mesentery. Noncontrast axial Cd, b) shows a large of mesenteryghort arrow). Both lesions are proven to be
soft tissue mass causing wall thickening of terminal ileucarcinoids

(long arrow) with mild adjacent small bowel obstruction
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Diagnosis
Aggressive Fibromatosis

Fig. 16.16 Aggressive bromatosis with history of colon the mesenteryldng arrow) with strands extending into
surgery. CT &) axial, p) coronal, andd) sagittal refor- the mesenteric fasfort arrow). No bowel obstruction or
matted images show a large irregular soft tissue massvascular compromise
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Diagnosis
Desmoid Tumor

Fig. 16.17 Desmoid tumor. History of RLQ mass with(b) axial, €, d) coronal and sagittal reformatted images
pain in a 29-year-old mana) Noncontrast CT shows ashow faint enhancement of the masarrdw).
well-marginated massafrow) in the mesentery of Tl Histologically proven

causing extrinsic compression on the bowel loops. CECT
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Diagnosis
Granulocytic Sarcoma

Fig. 16.18 Granulocytic sarcoma at mesenteric root. Cio the adjacent small bowel causing obstruction and isch-
axial @, b) and coronal reformattea)(images show a emic changes with wall thickeningrfowhead$. The
large irregular soft tissue mass at root of mesenteng ( affected small bowel with the mass was surgically
white arrow) with linear extensionssbiort white arrowy removed

Diagnosis
Dermoid Mesentery

Fig. 16.19 Dermoid mesentery. CT axiah)( coronal and calcileation thick arrow) within the mesentery and
(b), and sagittalq) reformatted images show a large derdisplacing bowel loops
moid with fat ¢hin arrow), soft tissuewhite arrowheay]
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Fig. 16.20 Ruptured dermoid in lesser sac. History ofastrosplenic ligament posteriorly and in superior loca-
left upper abdominal pain in a 15-year-old female. Ciion. The mass has soft tissues, caleiion, and fatty tis-
axial @), coronal ), and sagittalq) reformatted images sue {vhite arrowheadn a). Small amount of fatty tissue
show a large heterogeneous mashite arrowg in the seen outside the masarrowheadin b) in the left para-
lesser sac, between the stomach anteribthck arrow), colic gutter due to rupture and with ascites in the right
pancreas inferiorlyblack arrowheadl and spleen with paracolic gutter

Fig. 16.21 Retroperitoneal dermoid. Axial CT shows
mass with rim calcibation, linear fat, and soft tissues in
anterior pararenal spacarfow) displacing mesenteric
vessels anteriorlyafrowhead

Diagnosis
Gossypiboma

Fig. 16.22 Gossypiboma in two patients. Retaineduperimposed infection. Patient 2: Axial CT shobw} (
opaque surgical materiablack arrow) in small bowel thick-walled encapsulatiowhite arrowg of the foreign
mesentery in both patients. Patient 1: Axial @'shows body plack arrow). (c) Scanogram showing the soft tis-
a radio-opaque foreign bodpléck arrow) with soft tis- sue mass with radio-opaque foreign boba¢k arrow
sue encapsulatiowhite arrowg. The encapsulation hasdisplacing the bowel loops

gas collections and gasuld level @rrowhead from
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Peritoneal Tumors

Diagnosis
Desmoplastic Peritoneal Tumor

Fig. 16.23 Desmoplastic peritoneal tumor. CT ax&@l) surrounding the aortocaval region with no vascular
show low-density soft tissue masshite arrow) in the obstruction Wwhite arrowg. Diffuse metastasis is seen in
gastrophrenic ligament with calaktion ¢hick black the liver thin black arrow$ and left subphrenic region
arrow). Diffuse soft tissue mass at the splenic hilum an@rrowhead

Diagnosis
Metastasis from Desmoplastic Ovarian Tumor

Fig. 16.24 Desmoplastic ovarian tumor with peritoneain the peritoneumblack arrowg and omentumtifick
metastasis. Axial CTa( b) show small enhancing mass inwhite arrow), some of which are necrotic.
the left ovary White arrow). Diffuse metastases are seen
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Diagnosis
Leiomyomatosis Peritonealis Disseminata

Fig. 16.25 Leiomyomatosis peritonealis disseminatashows diffuse heteroechogenicity in the region of the
Patient with history of uterinelpoids. Axial CT &, b) uterus ¢ursorg. MRI study @) axial T2 fat-sat andef
show multiple uterine broids; some calciéd also involv- sagittal T2 fat-sat show diffuse nodules in the region of
ing the peritoneal surface of the lower abdomen and peltige uterus and lower abdominal peritoneal surface with
more on the left sideatrows). The uterus cannot be dif- the same signal as skeletal muscles. Post-gad T1 fdj-sat (
ferentiated. ¢) Longitudinal ultrasound of the pelvis shows mild enhancement of the nodules
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Diagnosis
Calciked Peritoneal Metastasis from Ovarian
Carcinoma

Fig. 16.26 Calciked peritoneal metastasis from papillanand in the mesentery and posterior cul-de-sabité
carcinoma of the ovary. Axial CB) shows diffuse calci> arrows). (d, €) Axial CT at later date shows peritoneal
cation of the peritoneum over the livear(g white arrowy, — hemorrhage from catheter placemeia¢k arrow) and
lesser omentunblack arrow), and left subphrenic region increased peritoneal cal@&ion which is extending to the
(short white arrow} (b, ¢) Peritoneal calcitation in para- right psoas musclenhite arrowg

colic gutters &rrowhead$, over retroperitoneal vessels,
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Omental Torsion

Fig. 16.27 Omental torsion with infarction. Patient 1:omentum into the right inguinal canarfow). Patient 2:
CT axial @, b) shows the whorlingafrow) of torsed seg- Axial CT (fEh) showing torsion of omentum on the left
ment of omentum with layers of linear high and low derside ¢hin arrow) with high-density infarcted omentum in
sity of ischemia and edema. CT axia), (sagittal ), and the pelvis thick arrowg

coronal €) reformatted images show herniation of the

Omental Infarction

Fig. 16.28 Omental infarction. CT axiaé], coronal b), (arrowhead. A halo of edema surrounding the affected
and sagittal ) reformatted images show a large nonerementum is causing extrinsic pressure on the bowel loops

hancing omental mass in subhepatic space. It has a centratlially (vhite arrow)
higher attenuationbfack arrow) with thin lucent rim
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Epiploic Appendagitis

Fig. 16.29 Epiploic appendagitis. CT of differentcolon with surrounding edemthick arrow). (c, d) Sagit-
patients. Axial image &) in descending andb) in tal and axial images of epiploic appendagitghite
ascending colon shows thin high-density riregrdw- arrow) at tip of cecumkflack arrow)

head surrounding focal fattlfin arrow) adjacent to the
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Retroperitoneal Lesions
Retroperitoneal Air

Diagnosis
Mediastinal Extension

Fig. 16.30 Air in retroperitoneal space extending teextending into the peritoneal cavitwlfite arrowheadl
mediastinum from leaking anastomosis. Axial C3) ( Axial (d), coronal ), and sagittalf] reformatted images
shows gas in the inferior cone of perirenal space over lsfiow gas extending to bare area of the liver around the
iliopsoas muscleafrow). (b) Gas tracking over the left IVC (thin arrow) and extending to the mediastinuthir
psoas muscle in perirenal spaaedw). (c) Perirenal gas black arrowinf andwhite arrowin €) through the esopha-
(short black arroy extending into pararenal spatdaCk geal hiatusthick arrow)

arrowhead beside the aortdong black arrowy and also
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Diagnosis
Ruptured Sigmoid Diverticulitis

Fig. 16.31 Ruptured diverticulitis with air along the perirenal and pararenal spaces entering the mediastinum
interfascial space. Axial CTaJ shows extraluminal air around the aortic and esophageal hiatuiteé arrow).

next to diverticulitis of the left coloratrow). (b) Air in  Coronal reformatted imagek ¢) show air tracking up to

the anterior 4rrowhead, posterior iflack arrow), and the mediastinum through the anterior interfascial space
lateroconal White arrow) interfascial spacecfe) Air in  around the aorta and esophagus into the mediastinum
the anterior interfascial spadalgck arrowcty) between (white arrow9
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Diagnosis
Post ERCP

Fig. 16.32 Perforation of the duodenum in the perirenahidline to the left side through space anterior to the aorta
space post ERCP examination. CT axéglghows perfo- and root of mesenteric vessedsrbws). (c) Axial CT at
ration of the third part of the duodenum with leaking aia later date shows decrease of air but increaseuih 3
(black arrow) surrounding the kidnewhite arrow) and collections forming abscessarfows) with enhancing
air-Ruid collections &rrowhead. (b) Axial CT at a lower walls around the @&id collections

plane shows that air andul8l are tracking across the
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Retroperitoneal Hemorrhage

Fig. 16.33 Retroperitoneal hemorrhage. Patient 1 witbopy hemorrhage: Axial and sagittal reformatted images
thrombocytopenia: Axialg) and sagittal reformatted,( (d, e) show a large hematomalfite arrowhealin latero-

¢) images show a large hematoma with hematocrit level@éonal space displacing the descending colblack

the left anterior pararenal spadbick arrow). Smaller arrowhead medially. Anterior White arrow) and poste-
hemorrhage is also seen in the posterior pararenal spawes(black arrow) renal fascia are thickened from hemor-
bilaterally thin white arrow$ and hemorrhage in left rhage. Stranding in anterior pararenal space from edema
psoas muscleblack arrow). Patient 2 with postcolonos- or hemorrhage
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Retroperitoneal Abscess

Fig. 16.34 Abscess in anterior pararenal space. Patiefikial CT shows APS abscess dividing around the com-
with diabetes.d) Coronal reformatted image shows largenon iliac artery and extending medially to the pelvis
thick rimmed abscess distending the inferior ARSI (short arrow) and laterally to the inguinal candbrig
arrow) laterally. This large abscess has ruptured mediallyrow). (€) Axial CT shows the abscess extending to the
into the PPS between psoas and quadratus lumborum féght side of APS in the lower pelvi®(g arrow) and por-

cia (short arrow) and reaches cranially towards the infetion into the inguinal canalsfiort arrow). (f) Coronal

rior phrenic fascia. The kidney with the perirenal space isformatted CT shows abscess extending into the inguinal
compressed but not involvedrfowhead. (b) Axial CT canal [ong arrow) and focal rupture in PPS to strap mus-
shows abscess in the lateral portion of AB&d arrow), cles €hort arrow). (g) Sagittal reformatted CT shows
PPS between the psoas and quadratus lumborum muselescess between the psoas and quadratus lumborum fascia
(arrowhead, and small collection at the medial part oposteriorly (ong arrow) and larger abscesshprt arrow)
APS superiorlyghort arrow). (c) Axial CT shows abscess in the APS. The abscess gréiveptococcus anginosus
involving the strap musclesufow) through the PPSdJ
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Necrotic Lymphadenopathy

Diagnosis
TB Infection

Fig. 16.35 Necrotic lymph nodes from TB infection inretrocaval regionsafrows). (b) Necrotic nodes in the
the retroperitoneum. Axial CTa) shows enlarged, external iliac and obturator chairerows). (c) Necrotic
necrotic lymph nodes in the para-aortic, aortocaval, amddes in the celiac axiarfow)
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Diagnosis
Metastasis

Fig. 16.36 Necrotic lymph nodes from colon cancer. CEnlarged mesenteric lymph nodes are also sesuitg
axial @), coronal b), and sagittald) reformatted images arrow)
show retroperitoneal necrotic lymph nodb&¢k arrow).

Diagnosis
Lymphoma

Fig. 16.37 Lymphoma mantle cell. CT axia) sagittal surrounding the aorta and IVC and causing mass effect
(b), and coronalq) reformatted images show a large lowon the SMA thick white arrovy and renal vesselblack
density homogeneous soft tissue masisoft arrowg arrow)
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Fig. 16.38 Sandwich sign of lymphadenopathy. Historysandwich appearance. CT coronb) @nd sagittal d)

of CLL. CT axial &) shows enlarged lymph nodes in theeformatted images show large lymph nodes in the mes-
mesentery White arrowg with contrast-enhanced ves-entery, retroperitoneum, and inguinal region

sels plack arrow) traversing in the middle giving the

Retroperitoneal Lipoma

Fig. 16.39 Retroperitoneal benign lipoma. CT axia),( (ellipse) causing displacement of the adjacent organs with
coronal p), and sagittald) reformatted images show acompression on IVCafrowhead. It has a lower density
large low-density fatty mass with small internal vessethan the omenturrafrow)
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Retroperitoneal Liposarcoma

Fig. 16.40 Retroperitoneal leiomyosarcoma. C@&) ( iliac artery plack arrow). Coronal reformatted image)(
axial and b) coronal reformatted images show a largand axial CT ¢) show tumor invasion into IVGa¢row)
necrotic masswhite arrowg encasing the right common
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546 17 The Spleen and Adrenal Glands
Splenic Lesions

Extramedullary Hematopoiesis

Diagnosis Imaging Features
Thalassemia with Extramedullary Hematopoiesis. Intramedullary widening of bones with coarse
trabeculation
2. Extramedullary hematopoiesis
3. Hepatosplenomegaly

Fig. 17.1 Thalassemia with extramedullary hematopoidiematopoiesis as a nonenhancing mass in the spleen
sis. CT axial imagea] shows extramedullary hematopoiesigarrows) compressing the normal splenic parenchyma.

as paraspinal soft tissueghjte arrow$ and undertubulation (c, d) Sagittal and coronal reformatted images show

of the posterior ribs with coarse trabeculation of the ribacreased trabeculation of the lumbar vertebrae and iliac
(arrowheads. (b) Axial CT shows a large extramedullarybones érrows). The liver and spleen are enlarged

Diagnosis
Myelobbrosis with Extramedullary Hematopoiesis

Fig. 17.2 Splenic extramedullary hematopoiesis imas a large well-marginated low-density heterogeneous mass
myeloHbrosis. CT axial &), sagittal ), and coronal in the upper pole of the spleen having mass effect
(c) reformatted images show extramedullary hematopoiesis
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Lymphoma

Fig. 17.3 Lymphoma of the spleen. History of diffuseinvolvement of the spleen with enlarged lymph nodes in
B-cell lymphoma. CT axialg, b) and coronalq) refor- the retrocrural region, mesenteric region, and portacaval
matted images show multifocal low-density nodularegion @rrows)

Fig. 17.4 Hepatosplenomegaly from non-HodgkinOs lymphoma. Axiaa@il 6hows hepatosplenomegaly with dif-
fuse low-density nodular involvement of the liver and spleen
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Fig. 17.5 Lymphoma of the spleen. History of T-cell ymphoma. Axial @bj shows enlarged spleen with multiple
irregular confient low-density lesions

Fig. 17.6 Hepatosplenomegaly from chronic lymphoidow-density lesions of the left kidney, and lymphadenopa-
leukemia. Axial CT &) and coronal reformatted thy in the small bowel mesentergrfow) and para-aortic
(b) images show diffusely enlarged liver and spleen, focadgion @rrowhead
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Coccidioidomycosis

Fig. 17.7 Coccidioidomycosis of the spleen and vertebrahanges of the T12 vertebral bodgrrowhead$ with
Axial CT (a) shows multiple small low-density lesions inincreased paravertebral soft tisswerqw) which was
the spleen. i) Bone windowing shows destructivebiopsy proven as coccidioidomycosis infection

Sarcoid

Fig. 17.8 Sarcoidosis. Axial CTa) shows a large spleenmultiple low-density nodulesc) Axial CT of the chest
with diffuse low-density lesionsb] Axial CT a few years shows multiple centrilobular nodules in lymphatic
later after splenectomy, developed renal sarcoidosis wifstribution
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Infarction

Fig. 17.9 Splenic infarction in a patient with atrigbtlation and hypotension. CT axial)( coronal ), and sagittal
(c) reformatted images show well-dedzl low-attenuating infarctions in the upper pole and midpoles

Fig. 17.10 Splenic calcibation and extramedullary thorax @rrows), and left hilum §rrowhead from hemo-
hematopoiesis in a sickle cell anemia patient. Noncontrastromatosis (hemosiderosis). Low-density areas in a cal-
axial CT @fx) shows hemochromatosis of the liver wittcibed spleen are from extramedullary hematopoiesis
increased attenuation. Multiple high-density lymph nodd€tng arrow)

are seen in the abdomen, paraspinal region of the lower
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Adrenal Lesions

Pheochromocytoma

Fig. 17.11 Pheochromocytoma with neutmematosis low-density cystic areasifow). Axial MRI in T1W (€)
type 1. CT postcontrast axial)( coronal ), and sagittal and T2W fat-satf} images again shows a large adrenal
(c) reformatted images and unenhanced axial imageass &rrow) with cystic areas with low signal in TIW
(d) show a large left adrenal enhancing mass wiitmage and high signal in T2W images
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Fig. 17.12 Pheochromocytoma of the right adrenal gland. CT ajat6ronal b), and sagittalq) reformatted images
show a large adrenal massrows) causing extrinsic compression on the liver. The tumor shows poor enhancement
with multiple cystic areas

Fig. 17.13 Pheochromocytoma with spontaneouspace grrowhead$ and causing subcapsular hemorrhage
hemorrhage. Axial unenhanced C&, §) shows a large in the right kidney ijlack arrowg. Postcontrast image
right adrenal gland mass with high-density hemorrhage) shows enhancement of the nonhemorrhagic portion of
from the masswihite arrow) extending into the perirenal the tumor &rrow)
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Retroperitoneal Paraganglioma

Fig. 17.14 Retroperitoneal paraganglioma. Incidentalsurgically proven). Coronal reformatted imafg ¢hows
bnding for appendicitis CT. CECHR)shows a solid mass the massgrrowheadalso inc) supplied by the small renal
mostly with peripheral enhancement and central low deartery {ong arrow) with the large main renal artery cours-
sity (white arrowheajibehind the IVCHflack arrowheadl ing inferior to the masdHick arrow). (c) Shows the adre-
with a small renal arteryvhite arrow) supplying the mass nal gland black arrow) to be separatdlack arrow)
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Adrenocortical Carcinoma

Fig. 17.15 Adrenocortical carcinoma. Axial C&)shows heteroechoic mass with central low echogeniailylL ater
a large solid mass with linear vasculature within the solidT done after adrenalectomy shows enhancing hepatic
portion and with central necrosig)(Ultrasound shows metastasis
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Adrenal Cyst

Diagnosis
Adrenal Pseudocyst

Fig. 17.16 Adrenal pseudocyst. Axial Ch,(b) and sagittal reformatted image3 show a large right adrenal cyst
with septation4rrow) and coarse calctation and enhancing soft tissues inferiorly
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Diagnosis
Complex Adrenal Cyst with Adenoma

Fig. 17.17 Left adrenal complex cyst with calc#tion cysts arrow) and high signal in T2W image with low
and adenoma. Axial CTa(b) shows lobulated cyst of the signal in the adenomarfow) (d). Postcontrast studg)
left adrenal gland with rim calc@ation plack arrow). shows enhancement of the adenoraarofv) and no
Soft tissue enhancing nodule had features of adenoerhancement of the cyst, ¢) In- and out-phase images
(white arrow). Axial MRI (c) TAW shows no signal in the show signal drop-off in the opposed phaseaiw)
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Fig. 17.17 (continued)

Diagnosis
Adrenal Simple Cyst

Fig. 17.18 Simple cyst of the adrenal gland. CT ax&glgnd coronalk) reformatted images show a simple cyst in the
left adrenal gland as an incidentalding
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Metastasis

Fig. 17.19 Adrenal metastasis from Merkel cell cancer. Ax@land coronalkf) reformatted CT images show a large
necrotic mass in each adrenal gland with peripheral enhancement

Myelolipoma

Fig. 17.20 Myelolipoma of the right adrenal gland. CT ax@&), Coronal ), and sagittald) reformatted images show
a well-delmed mass in the right adrenal glaad@w), predominantly fatty tissue
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Adrenal Lesions

Adrenal Hemorrhage

Fig. 17.21 Adrenal hemorrhage with insufiency. Axial left adrenal glandvghite arrow). (b) Postcontrast study
non-enhanced CTajf shows a well-defred right adrenal shows no enhancement of any part of the adrenal
mass Black arrow) with high density from hemorrhage hemorrhage

and edema of surrounding perinephric space and normal
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Infection
Diagnosis 4. EndometritisNthick hypoechoic endome-

Pelvic Infammatory Disease (Infection of the trium with increased vascularity by US. CT
Upper Female Genital Tract: Endometrium, also shows thick endometrium with increased

Fallopian Tubes, and Ovaries) enhancement.
Advanced
Imaging Features 1. PyosalpinxNdistention of obstructed fallo-
Salpingitis, pyosalpinx, tubo-ovarian abscess, pian tubes with echogeniculd by US and
and endometritis enhancing walls by CT.
Early: 2. Tubo-ovarian and pelvic abscessNthick-

1. Mild pelvic edema with haziness of the pelvic walled solid-cystic mass, septations, complex
fat and thickening of the uterosacral ligaments. Ruid, and rarely gas collection.

2. SalpingitisNinfammatory thickening, enhanc-3. Reactive changes in the adjacent sigmoid
ing fallopian tubes which are not dilated. colon and small bowel with wall thickening

3. OophoritisNenlarged ovaries with indistinct and ileus. The ureters may be obstructed.
contours and periovarianufél or polycystic
appearance.
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Diagnosis
Early PID

Fig. 18.1 Early pelvic infammatory disease in different(c) Reactive wall thickening of the sigmoid colahi¢k
patients. Axial CT 4) shows thickening of the broad liga-arrow). Mild salpingitis as seen by dilated, thick-walled
ments black arrowg, oophoritis of the right ovanskort right fallopian tube ghort arrow) and diffuse inBmma-
white arrowg which is enlarged with indistinct borders,tory changes with haziness of pelvic f&ng arrow).
diffuse pelvic [iid collection &rrowhead, and diffuse (d) Endometritis with thick enhancing endometrium
haziness of pelvic fatlqng white arrov. (b) Reactive (arrow) with simple endometrial@d

wall thickening of the distal small bowethick arrow).
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Diagnosis
Hydrosalpinx and Pyosalpinx

Fig. 18.2 Hydrosalpinx from chronic obstruction of thecytosis and clinical signs of infection following chemo-
cervix by adenosquamous carcinoma. CE&Takial, ) and radiation therapy of the same patient. CEf) Bial,
coronal, andd) sagittal reformatted images show dilatede) coronal, andf} sagittal reformatted images show PID
bilateral fallopian tubes without wall thickening orwith wall thickening of the previously seen hydrosalpinx
enhancementwite arrowg. Fluid distending the endo- (white arrowg, diffuse increased density of pelvic adi-
metrial canal ljlack arrowg due to outlet obstruction. pose tissue between the fallopian tubes, and cystitis with
Soft tissue mass is idengb constricting the cervical thick-walled bladdertbick arrow)

canal thick white arrowy. (dEf) Pyosalpinx with leuko-

Fig. 18.3 Advanced PID with pyosalpinx and focal perifposterior cul-de-sac surrounded by enhancing peritoneum
tonitis. CT axial & and sagittal reformattedb) images (white arrow). (¢) Endovaginal ultrasound of the left
show conglomeration of the dilated left fallopian tubadnexa shows dilated fallopian tuli#ack arrowg with
(black arrowg with enhancing thick wall andutd in adjacent echogenicutl (white arrow) as seen in CT
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Fig. 18.4 Pyosalpinx in three patientsfg) First patient salpinx with dilated thick enhancing wall¢hifi white
with gonorrhea: § Axial CT shows dilated right fallo- arrow) and increased fat strandirfggck arrow). The left
pian tube with thick enhancing wallarfow). (b) fallopian tube shows hydrosalpinthick arrow) with no
Endovaginal grayscale US examination shows the rigivall enhancement.ef Color Doppler US of the right
fallopian tube is distended with echogenicid3(@rrow). adnexa shows dilated right fallopian tube with increased
(c) Color Doppler study shows increase colomfithin ~ Bow around it. Third patientf) Axial CT shows bilateral
the thickened tubal walld€f) Second patient with right pyosalpinx with gas andutd in the left fallopian tube
lower quadrant paind] Axial CT shows right-sided pyo- post chromopertubation

Fig. 18.5 Pyosalpinx with drain.a) Coronal reformat- show insertion of drainage tube with gas within the fallo-
ted CT shows dilated thick-walled left fallopian tubepian tube
(b, c) Coronal reformatted and axial CT at a later date
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Diagnosis
TOA

Fig. 18.6 Tubo-ovarian abscess from advanced PIOc) Endovaginal color Doppler US shows thick-walled
CT axial @) shows multiple thick-walledd collections cystic collection with thick septations in the left adnexa
in the left adnexagfrows). (b) shows posterior cul-de-sacwith increased vascularity

Buid collection with enhancing peritoneunarrows).
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Fig. 18.7 Tubo-ovarian abscess (TOA) following IUD(c) Coronal reformatted CT shows a large TOA on the
removal and retained fragmena) (Sagittal reformatted right side arrowhead and a smaller one on the Igfi¢k

CT shows a piece of retained IUD in the lower uterinehite arrow) with thick-walled small boweltifin white
segmentthin black arrow with Ruid ¢thin white arrowy  arrow) in between.d) Color Doppler ultrasound shows

in the endometrial cavityb] Axial CT shows large TOA increased vascularity of the solid area in the right adnexa
with complex fuid collection in the right adnexarfow- surrounding the abscess cavithilf arrow) with echo-
head surrounding the pyosalpinx black arrow). genic debrisgrrowhead

Pyosalpinx on the left sidevhite arrow) is more dilated.
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Diagnosis
Endometritis

Fig. 18.8 Endometritis with septic shock post dilatatiorarrow) and small focus of gas. Surrounding small bowel
and curettage. CT axiah), sagittal b), and coronald) loops show reactive ileugh{n black arrow$. A small
reformatted images show thickened avidly enhancirgmount of ascites is seen in the lower abdomen and pelvis,
endometriumthick black arrowy. The endometrial cavity but the peritoneum is not enhancimgrowhead, indicat-

is distended with heterogeneous hemorrhagid Rvhite ing absence of peritonitis

Fig. 18.9 Endometritis. Patient with chorioamnionitissurgical myometrial woundolack arrowg is continuous
had crash C-section with wound and endometrial infeesth endometrial gasaite arrow). Sagittal reformatted
tion following surgery. CT axial imageay)(shows gas and image €) shows gas andutd in the endometrial cavity
irregular heterogeneousii®l collection in the endometrial extending to the anterior myometrium in the lower uterine
cavity @rrows). (b) The gas linearly arranged in thesegmentdrrow)
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Fig. 18.10 Tuberculous endometritis: Axial C&,() of in the midabdomen shows thick omentum with increased
uterus at different levels shows distended endometrialarkings arrowheads$. (d) Lung bases show miliary TB
cavity with heterogeneousuf! (white arrow). The endo- in random distribution of nodules

metrium is thick and irregulablack arrow). (c) Axial CT
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Fig. 18.11 Diverticulitis with Fstula to uterus. CT axial (thick white arrow} to the fundus of the uterus. Small
(a), sagittal b), and coronalq, d) reformatted images bowel hernia is seen in the left inguinal caratgwhead
show large btula ¢hin white arrowin a, d) with Buid and in d)

gas black arrow3 extending from the sigmoid colon

Fig. 18.12 Diverticulitis resembling PID in uterovesicalblack arrows. (b, c) Axial CT shows the same heteroge-
pouch. Sagittal reformatted CHh)(shows a tracttifin  neous multiloculatedddd collection black arrows in the
white arrow) from the sigmoid colontifick white arrowy  anterior cul-de-sac. Linear tracthi( white arrow$ are
into the anterior cul-de-sac, the space between the uteaggin seen from the colothick arrow) extending inferi-
(thick arrowheadl and bladdertkin arrowhead which is  orly to the fundus of the uterus

plled with irregular soft tissue density andi@ (thin
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Fig. 18.13 Diverticulitis with Fstulous communication colon thick arrow). (c) Grayscale endovaginal US reveals
with ovarian cyst.d) Barium enema examination showsa large heterogeneous mass in the right adrexadr9
extravasation of contrast from the distal sigmoid colowith numerous echogenic foci of gas collectianmgws).
(black arrow). Multiple diverticula are also present in theAt surgery, a 5 cm right adnexal im@matory cystic mass
rest of the sigmoid colonafrowhead$. (b) Axial CT replacing the ovary was seen witktida with the sigmoid
shows a large mass in the right adnexa with multiple aizelon

Buid collections thin arrowg with a connection to the

Fig. 18.14 Sigmoid cancer irllrating to the left ovary necrosis and displaced follicleb) (Axial CT shows btu-
with TOA. (@) Axial CT shows sigmoid colon cancer withlous tract to the left ovanafrow) from the affected sig-
wall thickening (hite arrowd. The sigmoid mass is moid colon. ¢) Coronal reformatted image shows the
extending to the left ovaryblack arrowg with central bstula plack arrow) over the left TOA\hite arrow)
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Fig. 18.15 Post-myomectomy infection and endometrief the uterus separate from the endometriatifand gas
tis. CT @) axial image showsuid and gas collection in (white arrowin c). Grayscale endovaginal U8)(shows
the endometrial cavityarow). (b) Axial image at a lower intramural pocket of Gid (thin arrow) and high echogenic
plane and €) coronal reformatted image show a thickgas collectiontfick arrow) within the uterus on the right.
walled intramural abscess withuid and gas collection at (f) Echogenic focus in the endometrial cavayrdw) due
the myomectomy siteb(ack arrow3 in the anterior body to gas as seen in the CT study
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Diagnosis
Hemorrhagic Ovarian Cyst

579

Imaging Features

us

1. Can appear as solid nodule with concave
outer margin and with no internal vascularity

2. Reticular pattern frombkin strands

3. Can have autd level
CT:

1. High density within cyst, homogeneous or
heterogeneous

2. Can have hematocrit level

3. Can rupture into the peritoneal cavity and
cause hemoperitoneum

Fig. 18.16 Acute hemorrhage in the ovary in twocysts: €) Grayscale US shows retracted cktr¢whead
patients with acute pelvic pain. Patient &) Axial CT  with Pbrin strands giving a lacy patterarfow) in the
shows heterogeneous density of the right ovary cysght ovary. (I) Color Doppler study shows n@® within

(arrow) with small hemoperitoneurmaifowheads$. (b)

the clot. The retracted portion has heterogeneous echo-

Transverse grayscale US is similar to the CT image. Thenicity @rrow) while the rest of the cyst has low echo-
right ovary is Hed with echogenic clottliin arrow) with  genic hemorrhageafrowhead. (e) The left ovary shows
small adjacent hemorrhagicui® (cursorg. The uterus clot retraction with @t-free surfaceafrow). The hemor-
(thick arrow) is less echogenic than the hemorrhagehagic cyst is displacing the folliclearfowhead$ of the
Second patient with bilateral acute hemorrhage in ovargst of the ovary
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Fig. 18.17 Acute hemorrhagic ovarian cyst in a patienar Pndings to the CT.cEf) Transverse and longitudinal
with systemic lupus erythematosua) @Axial CT image images of the right and left ovaries, respectively, show
shows high-attenuating acute hemorrhagiugid@with heteroechoic hemorrhage in both ovaries with hematocrit
hematocrit level in both ovariearowsalso in . (b) A level @rrows)

transverse image from endovaginal sonogram shows simi-

Fig. 18.18 Ruptured corpus luteum cyst in two patientxyst and is of higher density than urine in the bladder
Patient 1: CT axiald), sagittal b), and coronalq) refor-  (thick white arrov). Coronal reformatteddj and axial €)
matted views show a large corpus luteum cyst with prom@T show hemoperitoneum in both paracolic gutters
nent vessels on the cyst walhort black arroly which are  (arrows) extending to the subphrenic spaces. Patient 2:
continuous with the uterine arterghprt black arrowin  Endovaginal USf] shows the corpus luteum cy#hi¢k

b, c). Large thrombus is within the cyshih white arroy  white arrow) surrounded by echogenic thrombubir(

and hemorrhagic Bd posterior to the thrombudog arrow) with peripheral sonolucent uitl (ellipse).
black arrow). Sentinel clot lflack arrowheadsis sur- (g) Sentinel echogenic clowhite arrow) is surrounded by
rounding the uterusmhite arrowheadland corpus luteum low-level echogenic hemoperitoneubigck arrow)
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Infection
Diagnosis Imaging Features
Endometrioma 1. Complex cyst with diffuse low- to medium-level

internal echoes with ground-glass appearance

2. Can haveu$d/Ruid or fuid-debris levels

3. Unilocular or multilocular with thin or thick
septations

4. Can have mural irregularity and echogenic
foci in the walls, rarely with internal vascular-
ity from endometrial tissue

5. Rarely can be anechoic, heterogeneous echo-
genicity or calcileation

Fig. 18.19 Endometriomas in three different patientsbbrin in the walls rrows in a). (€) Endovaginal US
Axial CT (a, b) shows multilocular cyst in the right shows multilocular cyst with uniform low-level echoes
adnexa with mural irregularity from adherent thrombus or

Fig. 18.20 Endometrioma with heterogenicity. C&)( in the left adnexa with nonvascular solid aréhick
axial and ) sagittal reformatted images show a largarrow) like dermoid, low-level echoesh{n arrow) and
low-density cyst with focal-dependent higher-densitgnechoic regions(lipse

(arrows) debris. ¢) Endovaginal US shows complex cyst
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Fig. 18.21 Endometriomas. Case ) endovaginal US varying degrees of echogenicitgrfows). Case 3: endo-
shows a large complex cyst with septatitimn( arrow) vaginal US ¢, f) images show an echogenic endometri-
and wall nodularitythick arrow). Case 2: UShEd) axial oma with flid/Guid level in the right adnexarfow) and
CT show multilocular left adnexal endometrioma witlanechoic endometrioma in the left adnexa

Fig. 18.22 Ruptured endometriomaa,(b) Axial and with surrounding echogenic hemorrhagbigk arrow).
coronal reformatted CT show multiloculated cyst of thé) Low-level internal echoes in the endometrionvhife
right adnexalpng arrow) with hemoperitoneum in bilat- arrow) displacing follicles in the ovary to the leérfow-
eral paracolic guttersiiort arrowg. Endovaginal USd) head and echogenic hemorrhage posterior tobiagk
shows iid/RBuid level in the endometriomé&hin arrow) arrow)
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Diagnosis Imaging Features
Mature Teratoma or Dermoid 1. Can be purely cystic, mixed mass with com-
ponents of all three germ layers, noncystic
mass mainly with fatty tissue
2. US:

(a) Cystic mass with densely echogenic
mural nodule (dermoid plug) which may
produce distal shadowing

(b) Diffusely or partially echogenic mass
may cause air{&d level

(c) Curvilinear interface resulting in Otip-of-
the-icebergO sign

(d) Hyperechoic dots and lines causing der-
moid mesh

3. CTNfat attenuation with or without cala&tion
4. Avascular mass

Fig. 18.23 Mature cystic teratoma. Endovaginal coloseen scattered throughout the cyisj. Kocal hypoechoic
Doppler US &) shows a large cystic mass. Focal increasedgion €alipers with low-level echoes is the loculated
echogenic area within the posterior aspect is theitg sebum. €) Axial CT shows dermoidtifick arrowg con-

hair ball giving the Otip-of-the-icebergO simofvhead. taining the loculated areas of the sebum with fat attenua-
Diffuse echogenic dots or Odermoid meshi@dws) are tion (thin arrows
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Fig. 18.24 Dermoid. CT axiald), sagittal §), and ¢) echogenicity and thick septationarfows) containing
coronal reformatted images show a well-capsulated fafiycal areas of calcitation with higher echogenicity
mass with coarse calahtion and septationarfows). (arrowhead$

US (d, e) shows the large mass with diffuse low-level

Fig. 18.25 Cystic dermoid. CT axialaj and sagittal separate right ovary is sedhi€k arrow). (c) Grayscale
reformatted ) images show a large cyst with small focaUS shows a large cyst. Focal echogeniatydw) corre-
fatty tissue &rrow) arising from the left adnexa. Thesponds to the focal fatty tissue in the CT study
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Complications of Dermoid Diagnosis

1. Malignant transformation Squamous Cell Carcinoma in Mature Teratoma
2. Rupture
3. Torsion
4. Infection

Fig. 18.26 Squamous cell carcinoma in mature cystiDiffuse enhancing soft tissues are seen at the periphery
teratoma of the ovary. Axial CT at the upp&rdnd lower (arrowhead more in the lower portion due to malignant
(b) pelvis shows a large cystic teratoma with focal calcifransformation

cation ¢hin black arrow$ and fat globulesahite arrows.

Diagnosis
High-Grade Immature Teratoma

Fig. 18.27 High-grade immature teratoma. CT ax@), ( arrow) with cystic spacesafrowhead, scattered calcib
coronal p), and sagittald) reformatted images show acation plack arrow), fatty tissuewhite arrow), and lobu-
large complex mass arising from the left ovatlyick lar enhancing soft tissue
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Diagnosis
Intraperitoneal Rupture of the Dermoid

Fig. 18.28 Intraperitoneal rupture of the dermoid. CTileocecal region with thick-rimmed calaktion and
axial @) shows a cystic teratoma in the right adnexa witmore fatty tissueatrow). (c) Coronal reformatted and
focal calcikeation thick arrow) and small rim of fat (d) axial CT show multiple dermoids under both hemi-
under the capsulehin arrow). (b) shows dermoid in the diaphragms more on the right sigarows)
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Diagnosis
Infected Dermoid

Fig. 18.29 Infected dermoid surgically proven. History(long white arrowy, and also small pockets of fat within
of pelvic pain. &) AxialCT and b) sagittal reformatted this masslflack arrow). (c) US shows the dermoid as a

images show a large dermoid in the left adnexa with thitérge cystic mass with echogenic Otip-of-the-icebergO sign
enhancing capsulafrowhead, layered and speckled gas

Paraovarian Cyst

Imaging Features

1. Simple cysts within the broad ligament
2. Separate from the ovary

Fig. 18.30 Paraovarian cysta) Axial CT shows a large ligament {hite arrow). (b) Ultrasound of the pelvis
simple cyst @rrowhead$ in the right side of the pelvis shows the ovaryafrowhead$ separate from the anechoic
separate from the ovarnpbléck arrow) by the round simple cystérrow). Findings were conimed at surgery
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Ovarian Torsion

Imaging Features CT:

us 1. Fallopian tube thickening or twisted vascular
1. Enlarged heterogeneous ovary pedicle

2. Displaced follicles to the periphery 2. Wall thickening of torsed cystic ovarian mass

3. Little or no arterial @ in the ovary, absent or  which can also have hemorrhage or gas
reversed diastolic &, normal Bw if dual 3. Ipsilateral deviated uterus, ascites
blood supply, and absent central venoos/ 3
in nonviable ovary

4. May have underlying ovarian lesion

Fig. 18.31 Ovarian torsion. CTa) coronal andk) sagit- the right side of the ovanthin arrow) with a C-shaped

tal reformatted images show a large exophytic cyswist. At surgery, the ovary with the fallopian tube had
(arrowhead$ from the right ovarydrrow). (c) Axial CT twisted three times and was thrombosed. The cyst was
shows the thick fallopian tubé¢hick arrowg attached to black and hemorrhagic
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Fig. 18.32 Ovarian torsion. The right ovary was seen ataused by infarcted fallopian tube and ovary. Coronal
surgery to be posterior to the uterus with unusually lonmgformatted imaged) shows infarcted fallopian tube and
infundibulopelvic ligament which was thick and throm-ovary thin white arrow$ with a cyst distally causing
bosed and twisted twice. The ovary and fallopian tulextrinsic pressure on the round ligametitiok white
were black. CT axiala) and grayscale U] show a arrow) and uterus.g) Ultrasound shows the thick echo-
thick-walled cyst with Rid-debris level §rrow). Axial genic areaghort arrowg adjacent to the right side of the
CT (c) shows a thick tubular structure with heterogeneowsary (ong arrow) as the conglomeration of the infarcted
density on the right side of the pelvighjte arrowg con- fallopian tube and ovaryafrow)

tinuous with the oval area of similar densiyrowhead$
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Fig. 18.33 Torsion of the ovary. A patient with left lowerovary thin arrowsg posterior to the uterushick arrow).
pelvic pain. Axial CT &) unenhanced and) postcontrast US (d) done after the CT shows a large ovary with inho-
study shows a large left ovaryhin arrowg with no mogeneous echogenicitgrfowhead$ and displaced fol-
enhancement and peripherally displaced follicles and cditle (arrow). (€) Color Doppler study and spectral study
tral low density posterior to the uteruki¢k arrow). The (not shown) showed no internab®. At surgery, the left
ovary has higher attenuation appreciated in the noncdalopian tube had twisted twice and the ovary was 10 cm
trast study from acute hemorrhagarréw head right in size and black in color

ovary). (c) Sagittal reformatted image shows large left
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Ovarian Hyperstimulation
Syndrome

Imaging Features

1. Bilaterally enlarged ovaries with multiple
cysts of varying size

2. Can have ascites and pleural effusion

3. Can have thromboembolism

Fig. 18.34 Ovarian hyperstimulation syndroma, ) Doppler US of both ovaries show bilaterally enlarged ovaries
with multiple cysts and no vascularity of the cyst walls. Axial €Tshiows a small left pleural effusioarfow). (d)
Axial CT angiogram shows bilateral pulmonary embatrgws)
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Abnormal First Trimester Gestation
Ectopic Pregnancy
Location in decreasing order of frequencyNimaging Features

ampullary, isthmic, mbrial, interstitial (cornual), 1. Extraovarian adnexal mass
and ovarian sites. Also abdominal, cervical, ang2l. Tubal ring with yolk sac and embryo, tubal

scar pregnancies ring with yolk sac, only tubal ring, and
complex adnexal mass separate from the
Diagnosis ovary

Tubal Pregnancy

Fig. 18.35 Tubal pregnancy in two patients. Patient Juteum cyst is less echogenic than the tubal ring but more
Endovaginal US4, b) shows a thick-walled tubal ring vascular. At surgery, the tubal pregnancy was partially
(thick white arrovy containing gestational sac with fetalruptured. Patient 2:c( d) Color Doppler study shows
pole thin white arrow}, amnion ¢hort arrow), and yolk dilated thick-walled fallopian tubethick arrow) with

sac (vhite arrowheal separate from the uterusllijpse) increased vascularity around the fallopian tube. The gesta-
and ovary with corpus luteum cystdck arrow). A small tional sac with fetal poletlfin arrow) is at the tip of the
hemorrhagic 8id with low-level echoes is seen betweetube

the tubal ring and uterubléck arrowheall The corpus
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Fig. 18.36 Ruptured tubal ectopic pregnancy. W& ( empty endometriumagrowhead. Axial CT showsd, €)
shows the adnexal tubal rinthick arrow) with yolk sac wall enhancement of the gestational shiadk arrow),
(thin arrow) and surrounding echogenic hemorrhagactive extravasation of contrast into the peritonewhité
(arrowhead. (b) Doppler study shows increase vasculamarrow), hemorrhagic Gid in pelvis arrowhead, and
ity in and around the tubal ringc)(shows hemorrhagic high-density sentinel clot around the gestatielhpse)
Buid in the posterior cul-de-sac (betwesmows) with
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Diagnosis
Interstitial Pregnancy

Fig. 18.37 Interstitial pregnancy with rupture.a)( fundus of the uterusellipse). The hemorrhagic @d
Endovaginal US shows an eccentrically located thickblack arrow) surrounds the empty uterusllipse). (b)
walled gestational sac with fetal polealiper9 sur- Doppler study showsddv within the fetal pole
rounded by a thin mantle of myometriuarows) at the
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Diagnosis
Cervical Ectopic

Fig. 18.38 Cervical ectopic gestation. U%)(shows cervix thick arrowg with gestational sacafrowhead.
hourglass-shaped uterusr(g thin arrowg with normal (b) shows a gestational sac with fetal pole and yolk sac in

endometrial stripeshort arrow) and expansion of the the cervix

Fig. 18.39 Inevitable abortion in three patientsa) ( cervical canal.d) Patient 3: longitudinal US shows the
Patient 1: longitudinal US of the uterus shows a 16-weegjestational sadl{in arrow) in the cervical canal and the
gestation with lower extremity protruding into the vagin@ndometrial canal proximal to it distended with hemor-
(arrow) and with little amniotic Bid. () Patient 2: longi- rhagic echogenicu8d (thick arrow)

tudinal US shows a 13-week fetusaljpery in the
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Diagnosis
Scar Ectopic

Fig. 18.40 Scar ectopic. Longitudinal ultrasound of thesac is extrinsic to the endometriuthig arrowg at this
lower uterine segment shows a linear scar tisthiek( site. p) Gestational sac showing yolk sarréw) and
arrow) anterior to the gestational sarrbwhead. The fetal pole ¢alipers
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Diagnosis
Ovarian Ectopic

Fig. 18.41 Ovarian ectopic gestation. U8, p) shows follicles (short arrows. (c) Gestational sac with embryo
large gestational satofig arrowg with embryo &rrow- in the ovary
head separate from the uterus. The sac is surrounded by

Fig. 18.42 Ovarian ectopic pregnancy)(Longitudinal  follicles (arrowhead$. (b) Transverse view shows thick
US shows a focal echogenic area with surrounding Oriachogenic wall frrowhead$ of the gestational sac con-
of breO &rrows) within the less echogenic ovary withtaining yolk sacwWhite arrow)
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Diagnosis
Heterotrophic Gestation

Fig. 18.43 Heterotrophic pregnancy. Transverse dp ( of the right adnexa shows ectopic gestation with tubal ring
shows an intrauterine gestational shiag¢k arrow) and sign {vhite arrowsg. (c) Intrauterine pregnancy with fetal
gestational sac in the right adnexehite arrow). (b) US pole plack arrow)
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Molar Gestation

Diagnosis
Complete Molar Gestation

Imaging Features

599

3. Echogenic masslling the uterine cavity
without vesicular appearance.

4. Increased vascularity with venous and low
resistance arterialdsv.

1. Central Gid collection in the uterus mimick-5. Coexistence of the fetus (dizygotic twin) is
ing anembryonic gestation and missed or rare.

incomplete abortion.

6. In partial mole, the placenta is enlarged with

2. Complex intrauterine echogenic mass with diffuse anechoic lesions; the fetus is usually

numerous cystic spaces.

nonviable or abnormal.
7. Ovarian enlargement with bilateral theca
lutein cysts.
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Fig. 18.44 Complete molar gestation and theca luteisndometrium Iong arrow) with anechoic 8id in the
cysts (hyperreactio luteinalis) in different patients. Patieotinal §hort arrow). (g) Color Doppler US shows dilated
1: Axial CT (akx) shows multiple large cysts in both ovavessels in the endometriunh)(Multiple large cysts of
ries. The thick endometrium has low densighdrt varying sizes in enlarged left ovary) Axial CT shows
arrows) and increased vascularitjoig arrow). (d, €) distended endometrial cavity with dilated vesdehd
Endovaginal US of the same patient) $hows the thick- arrow), large right uterine vesselhick arrow), and large
ened endometrium lled with multiple anechoic cysts. cysts in bilateral ovariessljort arrow). Patient 3:
The endometrial canal contains low echogenigd® (j) Endovaginal ultrasound shows thick heterogeneous
(arrow). (e) Enlarged right ovary with multiple cysthin endometrium lflack arrows. Intermediate echoes in the
arrow) behind the cervix tick arrow). Patient 2: endometrial id (white arrow)

Endovaginal US fj shows thickened heteroechoic
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Diagnosis
Partial Molar Gestation

Fig. 18.45 Partial molar gestation. Endovaginal USndometrium shows increased vascularity.Hollow-up
(a, b) shows deformed echogenic embrgbdrt arrow) US shows increased deformity of the embitin(arrow)
with a thick-walled yolk sacafrowhead. The placenta is and increased size of placenta with cystic spaitesk(
heterogeneous with cystic spacdeng arrow). The arrows)
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Anembryonic Gestation

Fig. 18.46 Anembryonic gestation: Endovaginal US irtional sac more than 7 weeks of gestation with empty sac
two patients. §) shows normal placentarfow) with no and diffusely thickened endometrium. Beta-hCG levels

embryo. b) US on a different patient shows a large gestavere not increased

Fig. 18.47 Empty sac with theca lutein cyst of the rightional sac ¢aliperg more than 6 weeks with no fetal pole
ovary and normal beta-hCG levels. Patient was bleediagd thick endometriumb} US of the right ovary shows
heavily and passing tissue. Subsequent US showed cdamge cysts in the right ovargdlipers)

plete abortion. Endovaginal U8)(shows a single gesta-
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Abnormal First Trimester Gestation

Retained Products of Conception

(RPOC)
2. Higher likelihood of RPOC with endometrial

Imaging Features

1. Thickened endometrial echo complex (EEC) or intrauterine mass
3. Vascularity in EEC or endometrial mass

more than 10 mm

Fig. 18.48 Retained products of conception. A patienDoppler image shows increased vasculaw(@nto the

with history of recent abortiona) Endovaginal US shows EEC
thick endometrial echo complexarfows). (b) Color

Fig. 18.49 Hemorrhage in the gestational sac. History afutside the amniorshort arrow) from hemorrhage. The
painful uterine contractions and vaginal bleeding) ( gestation did abort a few hours later. Sac size is 8 weeks

Longitudinal and If) transverse grayscale US show sca6 days
tered low-level echoesofig arrow) in the gestational sac
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Traumatic Rupture of Gravid Uterus

Fig. 18.50 Traumatic rupture of a gravid uterus. CTspaces and right paracolic gutted) (Longitudinal US
(a) axial, p) coronal, andq) sagittal reformatted imagesshows outward bulging of the anterior wall of the gesta-
show rupture of the fundus of the uterus at two sité®nal sac &rrow)

(arrows). Small amount of Gid is seen in the subphrenic
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IUP with IUD

Fig. 18.51 Intrauterine contraceptive device with intrainferior to the sacshort arrow). Patient 2:l§, c) monoam-
uterine pregnancy in two patients. Patieng]}{S shows niotic monochorionic twin gestatiodoqg arrowg with
a single gestational saloig arrow) and echogenic IUD linear echogenic IUDshort arrow) posterior to the sac
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Benign Lesions of the Uterus

Diagnosis
Aborting Leiomyoma

Fig. 18.52 Aborting leiomyoma. Axial CT&) at the (arrow) distends the cervical canal and protrudes into the
upper pelvis shows a largebteid at the fundus of the vagina. €) At a lower level, the vagina is distended by the
uterus with dilated vesselbléck arrowg and focal cir- necrotic Hroid with a peripheral vessebarfow). (d)
cumscribed necrosisufowhead. Small flid is seen in Longitudinal US shows the cervix to be distended
the endometrial cavityite arrow). (b) At the level of (arrows) with heteroechoic degeneratingrbid. At sur-

the cervix, the necrotic Broid with peripheral vessel gery, the aborting roid was found

Fig. 18.53 Fibroid prolapse. CT sagitta)( coronal ) vagina (vhite arrow). An enhancing stallb{ack arrow) is
reformatted, and axialc) images show a degeneratingextending from the lroid to the fundus of the uterus
bbroid with rim enhancement and central necrosis in the
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Diagnosis
Hematocolpos

Fig. 18.54 Hematocolpos. Patient had a recent total higher level shows high-densityifl distending the
abdominal hysterectomy with vaginal bleeding and foulraginal cuff with air-fiid levels and small gas specks
smelling solid material discharge. Axial C3) @nd p) at (arrow) in the hematoma
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Diagnosis
Hematometra

Fig. 18.55 Hematometra.a) Sagittal US views of the stenosis at external osvifite arrow) and internal os
uterus show diffuse low-level echoes distending the end@rrowhead. (c, d) Sagittal and coronal reformatted
metrial cavity. Patient had cervical stenosis from previowsews show dilated endometrial cavigrfow) above the
biopsy. bEd) CT on a different patient with history of narrowed internal os. Patient had squamous cell carci-
vaginal bleeding. i) Sagittal reformatted CT showsnoma in situ at the cervix

dilated cervical canal above the vagibta¢k arrow) with
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Malignant Lesions of the Uterus
Endometrial Malignancy

Diagnosis
Prolapsing Endometrial Stromal Sarcoma

Fig. 18.56 Prolapsing endometrial stromal sarcoma. C@avity protruding into the vaginahfck arrow). Gas col-
axial @), coronal ), and sagittald) reformatted images lections within the masslack arrow) are from recent
show large necrotic masthin arrows in the endometrial biopsy

Diagnosis
Endometrial Carcinoma with Bilateral Salpingitis

Fig. 18.57 Endometrial carcinoma with bilateral salpin{3uid is fowing into the vaginaafrowhead. (c) Axial and
gitis. CT axial &) and sagittal reformatted imagds) ( (d) sagittal images at different levels show salpingitis with
show a low-attenuated soft tissue mass thickening tb#ated fallopian tubes showing enhancement of the thick
endometrium [flack arrowg causing irregularity of the walls (@rrows)

RBuid-Bled endometrial canalvhite arrow). Endometrial
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Diagnosis
Endometrial Carcinoma with Infection

Fig. 18.58 Endometrial carcinoma with.coli infection. images show enlarged irregular uterlisdbwith necrotic
CT axial @), coronal ), and sagittal ) reformatted and heterogeneously enhancing mass with gas collection
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Diagnosis
Endometrial Carcinoma with Peritoneal Metastasis

Fig. 18.59 Endometrial cancer with peritoneal metastaarrows), nodular thickening of the undersurface of the
sis. CT @) axial image shows a mass with increased vagght hemidiaphragm white arrowg, and subcapsular
cularity thickening the endometriumwifite arrows, nodules of the adjacent liverblack arrow). (e, f)
arrowhead in h. Large ascites is seen with small nodulakongitudinal and transverse US views of the uterus show
peritoneal metastasibléck arrow). (b) Coronal, €) sagit- very thick echogenic endometrium with increased vascu-
tal reformatted, andl] axial images show peritoneal nod4ar Row (arrows)

ules at the lower abdominal and pelvic peritonewnite
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Cervical Carcinoma

Diagnosis

Squamous Cell Cervical Cancer with Outlet
Obstruction

a b

Fig. 18.60 Outlet obstruction of the uterus by squamousterus due to circumferential constriction of the cervical
cell carcinoma of the cervix. CT sagittal)(coronal ) canal by enhancing masthi¢k arrow) causing uterine
reformatted, and axiak) images show (&d distending outlet obstruction

the endometrial cavitytlfin arrow) of the retroverted
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Diagnosis
Cervical Cancer with Bladder Invasion

Fig. 18.61 Carcinoma of the cervix with extension to théladder thin arrow). (b) Axial image shows the necrotic
bladder and left ureteral obstruction. Gij $agittal refor- mass at the cervix showing rim enhancemanio) in
matted image shows a large necrotic mass in the certfire bladder extensiorc)(Axial CT at a higher level shows
(arrowheadalso in B with extension into the collapseddilated obstructed uretearfow)

Fig. 18.62 Carcinoma of the cervix invading the urinanjnto the adjacent bladdeblack arrowg. The bladder is
bladder. CT ) axial and If) sagittal reformatted imagesdistended with lobulated soft tissue mass at the base
show mass in the cervixvhite arrow) which is invading (black arrowg
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Diagnosis
Squamous Cell Cervical Carcinoma with Small
Bowel and Ureteral Fistula

Fig. 18.63 Squamous cell carcinoma of the cervix witlvagina shows a wide neclstala @rrows) between the
small bowel and ureteralskula. Patient complained of vagina and small boweld) Coronal reformatted image
leakage of urine from the vagina. Ca) @xial shows a shows the dilated left uretebléck arrowg up to the cer-
large cervical masdang white arrow}. Gas ¢hort black vical mass \hite arrowheads with hydronephrosis
arrow) and enteric contrasiofg black arrovy within the (white arrow) and the entericdtula plack arrowheads
mass are from the enteristala. b) Sagittal reformatted (e) Sagittal reformatted image at later date shows the stent
image shows enteric contrast leaking from a small bowiel the ureterlflack arrowg traversing the gasHed bstu-

loop (black arrow) into the necrotic cervical masstiite lous space which is continuous with the vagindite
arrows). (c) Fistulogram done through rectal tube in tharrows)
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Fig. 18.64 Adenosquamous carcinoma of the cervithickening of the affected bladder wakll{ite arrow). (c)
with bladder invasion and salpingitis. CT sagittal reforAxial and coronal reformatted image$) Show bilateral
matted &) and axial ) image shows low-density soft tis-salpingitis with dilated thick-walled fallopian tubes
sue mass extending from the lower part of the uter(@rrows) and haziness of the surrounding fat

(black arrow) invading the urinary bladder resulting in
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Adnexal Lesions

Endometrioid Endometrial Cancer

Diagnosis
Endometrioid Endometrial Cancer of the

Fallopian Tube

Fig. 18.65 Endometrioid adenocarcinoma of the fallonodules thin arrows. The proximal part of the tube is
pian tube. History of left lower abdominal pain and dysdilated with no nodulesa(rowhead. The uterus is pushed

uria. @Bc) CT axial images at different levels show théo the right thick arrow)
distal left fallopian tube to be dilated with irregular mural
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Diagnosis
Endometrioid Endometrial Cancer of the Uterus

Fig. 18.66 Endometrioid endometrial carcinoma stagendometriumghort arrowg with a thin linear lucent line
IA with concomitant bilateral ovarian benign mucinouseparating the myometriuoig arrows. (c) Axial CT at
cystadenoma, pathology proven. History of lower abdora- higher level shows complex cysts in both ovaries with
inal pain and weight lossa) Longitudinal Doppler US of thick septations and a punctate catetion in the right
the uterus shows a marked thickening of the endometriwovary @rrow)

with no vascular 8w. (®) Axial CT shows a thick

Ovarian Tumor Imaging Features

1. Hypoechoic solid mass of the ovary with high
Diagnosis incidence of calcibation.
Brenner Tumor of the Ovary 2. Solid component may show mild enhancement.

Fig. 18.67 Brenner tumor, benignal Axial CT image punctate calcitation in the left ovaryafrows) with pos-
shows a large solid mass in the left ovary with multipleerior echo shadowingc) Doppler study shows increased
calcikcations érrows). (b) Ultrasound shows echogenicvascularity of the mass
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Cystic Ovarian Malignancy

Imaging Features Diagnosis
1. Cysts with thick septations (>3 mm) Collision Tumor
2. Vascularized areas of focal wall thickening of

the cyst

3. lIrregular solid mass with centrally locatexiv3
4. Ascites, peritoneal, omental, and other organ
metastasis

Fig. 18.68 Collision tumor of mature teratoma andat-Ruid levels and multiple septationst) (Axial CT
serous adenocarcinoma of the ovaay.h) CT axial and shows omental metastasaow) with reticular pattern.
sagittal reformatted images show a large cystic mass withrge ascites is seen in all images

Diagnosis
Adenocarcinoma of the Ovary with Psammoma
Bodies

Fig. 18.69 Adenocarcinoma of the ovary with psamin patient 2: ¢, d) small mass on the left ovary with dif-
moma bodies in two patients. Axial CT in patienta,h) fuse calcileation, large ascites, and nodular omental
large heterogeneous mass in the pelvis with necrotic lometastasisatrowhead$

density areas and a few scattered calgfions. Axial CT
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Diagnosis
Serous Cystadenoma

Fig. 18.70 Serous cystadenoma. Two patients. Patientittal reformatted images show a large septated cystic mass
(a, b) Axial CT at different levels shows a large septatedith a misty soft tissue around some of the septations and
cystic ovarian mass had low malignant potential bgalcikcation in some septations. This was borderline
pathology. Patient 2: CT) axial, @) coronal, andd) sag- tumor by pathology
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Diagnosis
Serous Mucinous Borderline Tumor

Fig. 18.71 Serous mucinous borderline tumor. @GTH) left ovary @rrow) with septations and prominent enhanc-
axial, €) coronal, andd) sagittal reformatted imagesing solid component
show complex cystic masses in the rigittgwhead and
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Diagnosis
High-Grade Papillary Serous Carcinoma

Fig. 18.72 High-grade papillary serous carcinoma. Axiaht the level of the diaphragm shows peritoneal metastasis
CT of pelvis &) and p) at higher level shows bilateralto the parietal peritoneum under the diaphragvhité
complex ovarian cystic masses with solid nodue®ys) arrow) and also the visceral peritoneum over the liver and
and large ascitesc)Axial CT at mid-abdomen shows dif- with subcapsular involvement of the livdsldck arrow)
fusely thickened omentum from metastabig¢k arron) causing liver parenchymal indentation

and small peritoneal implanivhite arrow). (d) Axial CT
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Diagnosis
Papillary Serous Ovarian Carcinoma

Fig. 18.73 Papillary serous ovarian carcinoma, stagie right side of the uterua/ite arrow). (c) Coronal and

IV. CT axial @, b) at a higher level shows large multilocu{d) sagittal reformatted images show large ascites, ovarian
lated cystic mass with irregular enhancing solid comporass in the lower abdomen, and liver metastahis (
nent adherent to the septaack arrow). It extends from arrow)

the posterior cul-de-sac to the level of the umbilicus on

Diagnosis
Granulosa Cell Tumor

Fig. 18.74 Granulosa cell tumor. US) shows a large solid tissue and a focal area of increased vascularity in the
heterogeneous mass in the right adneka.c] Color solid area. The uterus is displaced to the &afiofv in c)
Doppler US shows some cystic spa@sojvs) within the
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Diagnosis
Mixed Germ Cell Tumor

Fig. 18.75 Mixed germ cell tumor. Contrast-enhancedarrowhead displacing the uterus to the ledirfow), (c) a
axial CT @, b) shows a large heterogeneous ovarian maksv-density liver metastasisufow), and small ascites
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Diagnosis
Krukenberg Tumor

Fig. 18.76 Krukenberg tumor. CTaj axial shows an (arrow). Color Doppler USd, €) shows enlargement of
enhancing mass(row) at the antrum of the stomach withboth ovaries with echogenic solid vascular tissue displac-

gastric outlet obstructionb) Axial and €) coronal refor- ing the follicles &rrow) to the periphery
matted CT of the pelvis show enlarged ovaries bilaterally
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626
Trauma

Diagnosis Imaging Features

Testicular Rupture 1. Discontinuity of the tunica albuginea

2. Poorly detred testicular margins

3. Hypoechoic or hyperechoic areas in the testicu-
lar parenchyma from hematoma or infarction

4. Decreased or n@W in affected areas

5. Hematocele

Fig. 19.1 Testicular rupture from gunshot injury. US ofdix of the testes also has areas of hematoma with
the right testis &, b) shows discontinuity of the tunicadecreased echogenicitar(ow). (d) Color Doppler US
albuginea ghort thin arrow$, hypoechoic regions of shows dw in the normal testicular parenchyma and no
hematoma, and edema within the tesiasg thin arrowg  Bow in the areas of hematonsrows)

and surrounding hematocebriowhead. (c) The appen-

Fig. 19.2 Testicular rupture with hematocele. History ofvith intact vasculature. Heteroechoic hemorrhagiiti 8s
blunt trauma 10 days prior. Grayscale and color Dopplseen in the tunica vaginalis space surrounding the protrud-
US of the right testisa( b) show extrusion of the testicularing testicular contentsc) Scrotal wall shows increased
parenchyma outside the tunica albuginea (betweews) vascularity due to reactive changes from trauma
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Diagnosis
Hematocele

Fig. 19.3 Hematocele. History of gunshot injury of the(b) Doppler study shows minimal increase in diastolic
upper thigh and perineum 2 weeks prior. Sonogram of tRBew in the testes from reactive changes with no clinical
right scrotum 4, b) shows hematocele with solid hematosigns of infection

mas thick arrowg and areas oftivin strandsthin arrow).
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Fig. 19.4 Hydrocele with focal hematoma. History ofand caliper) surrounded by echogenic lobulated throm-
the enlarging left scrotum with no known trauma) ( bus ¢hin arrowg with large hydrocele afrowhead.
Axial and p) sagittal and @) coronal reformatted CT (f) Spectral studyg) Color Doppler shows normabf to
images show high-density hemorrhagidd3(ong arrow)  the testes and naf in the hematoma. Pathology showed
and hydrocelegrowhead surrounding the testeshort no evidence of infection or tumor

arrow). Sonogramd, €) shows the left testighick arrow
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Diagnosis
Testicular Fracture with Intratesticular Hematoma

Fig. 19.5 Testicular fracture with intratesticular hemadll-marginated with irregular low echogenicitybléck
toma from gunshot injury to the penis. Grayscale &S (arrow). Tunica albuginea is intactb) Color Doppler
shows two hematomas, one with increased echogenicgtjudy shows 8w around the hematomast(ite and black
and is well marginatedwhite arrow) and the larger is arrows) and in the rest of the testicular parenchyma
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Diagnosis
Post-trauma Intratesticular Gas

Fig. 19.6 Intratesticular gas post gunshot injury. Grayscaleematoma seen as area of decreased echogeaiaiy);

US @) shows scattered punctate, increased echogenigjb) Color Doppler US shows twinkling artifacts from the
with faint posterior dirty shadowing from gastowhead gas arrows). (C) Spectral waves are seen to be preserved in
in the testicular parenchyma mostly adjacent to thé@e normal parenchyma
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Diagnosis
Hematoma Epididymis

Fig. 19.7 Hematoma tail epididymis. History of bluntuniform echogenicity of the testeshprt arrow). Color
trauma. &) Grayscale ultrasound shows a large tail of epPoppler study i) shows no Bw in the epididymis with
didymis with heterogeneous densityrbws) with normal  (c) normal spectral & in the testes
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Fig. 19.8 Hematoma of the head of epididymis post¢(b) Color Doppler shows very littleddv is seen in the
trauma. Sonogram of the left testia) Grayscale study epididymis. ¢) The testes shows normal echogenicity and
shows enlarged head of the left epididymis with multiplaormal spectral waves

well-demed hematomas with low-level echoasrgws).
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Diagnosis
Post-trauma Gas Perineum

Fig. 19.9 Gas in soft tissue of the perineum from gunshamall metallic fragmentigng arrow). (b, c) Grayscale US
injury. (@) Axial CT shows gassfiort thin arrow in the shows multiple linear focal gas showing increased echo-
perineum anteriorly. Herniation of the omentum and smatdienicity with posterior dirty shadowing in the soft tissues
bowel is seen in the left inguinal canairbwhead and a outside the testesifows)
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Fig. 19.10 Trauma of the right thorax with pneumotho-{arrowhead. (c, d) Axial CT of the pelvis shows air dis-
rax and thoracic wall emphysema tracking up to the screecting down the subcutaneous tissue plane of the anterior
tum. @) Chest radiograph shows air in soft tissues of trebdominal wall &rrows) up to the scrotum, more on the
thoracic wall arrows). (b) CT of the chest shows pneu-right side arrow)

mothorax érrow) and air in the thoracic wall soft tissues

»
»

Fig. 19.11 Fournier gangrene in three patients. Patient Doppler study shows increasevBto the scrotal wall due to
(a) Longitudinal andk) transverse grayscale US views ofcellulitis and to the testis bilaterally from epididymo-orchi-
the scrotum show diffuse scrotal wall thickening with oniotis. Patient 2:€) Radiograph of the pelvis shows streaky gas
skin appearance due to layered edelorag(arrow) in the overlying the right scrotunarow). Patient 3:f( g) Coronal
fascial planes. Gas in the wall is seen as hyperechoic facid sagittal reformatted CT images show diffuse bilateral
with dirty shadowingghort arrowalso ind). Small hydro- scrotal wall swelling with gas streaka/hjte arrow) and
cele with strandstlfick arrow) is also seen.c(d) Color contrast-led herniated small bowehirowhead
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Infection
Diagnosis ¥ Hyperechoic foci with dirty shadowing
Fournier Gangrene from gas collections
¥ May have reactive unilateral or bilateral

Imaging Features hydrocele
1. CTNsoft tissue in8mmation, Rid and/or ¥ Testes and epididymis are often normal

abscess, and gas collection 3. RadiographyNsoft tissue air involving the
2. US: scrotum or perineum, inguinal region, and

¥ Thickened and edematous scrotal wall with anterior abdominal wall
hyperemia
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Fig. 19.11 (continued)
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Diagnosis
Abscess Scrotal Wall

Fig. 19.12 Abscess scrotal wall in three patients. Patiemtall. Patient 2: d, €) Color Doppler US in transverse and
1: (@) Grayscale US shows diffuse wall thickening over thngitudinal views shows large low echogenic abscess
right testis &rrows). (b) Color Doppler shows increased(arrow) in the median raphe with increasemi3around it.
Bow around an avascular abscesalipers on the same Patient 3: ) Color Doppler US shows cellulitis of the left
area. €) Axial CT shows increased edema and soft tissiserotal wall with hyperemia and focal heterogeneous low
thickening on the right side of the perineum and scrotathogenic abscess with no vasculew3
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Fig. 19.12 (continued)
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Epididymitis, Orchitis, Abscess,
and Pyocele

Imaging Features 3. PyoceleNseptated or complex heterogeneous
1. EpididymitisNenlarged epididymis, hypoechoic hydrocele

or hyperechoic, and hyperemia with higha3 4. AbscessNcomplex heterogeneousid col-

low resistance pattern lection with surrounding hyperemia
2. OrchitisNenlarged testes with heterogeneous

echogenicity, hyperemia, and higlos3 low Diagnosis

resistance pattern arteriab® and increased Intratesticular Abscess

venous Bw

Fig. 19.13 Intratesticular abscess. History of gonorrhemcreased vascularity of the testes from orchitis. The solid
and HIV infection. Grayscale USa) shows a well- portion within the abscess is a granulation tissue showing
marginated intratesticular abscess with internal irregulaascularity érrow). (c) Spectral study shows increased
echogenicity &rrows). (b) Color Doppler study shows Row in the testes
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Fig. 19.14 Multiple intratesticular abscesses. A patienshow multiple abscesses as focal fairly wellqoetbareas
with intellectual disability and urethral stenosis. Grayscalef heteroechoic decreased echogenicity having increased
(a) and color Doppler sonogranb)(of theright testis Row to the intervening testicular parenchyma
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Diagnosis
TB Orchitis

Fig. 19.15 Tuberculous orchitis, biopsy proven. Historyleft testisrimmed by thin mildly echogenic wall. Increased
of scrotal pain and swelling not responding to antibiotigascularity is seen around the nodules. The scrotal wall is
therapy. Grayscale and color Doppler sonogramb} also thick on the left sidec) Theright testis shas nor-
show diffuse discrete hypoechoic nodulasdws) in the mal echogenicity and vascularity

Diagnosis
TB Epididymitis

Fig. 19.16 Tuberculous epididymitis and spondylitia, ( dilated vessels in the thick right spermatic cord up to the
b) Color Doppler sonogram shows enlargement andil of the epididymisthick arrow). (f, g) Axial and sagit-
hyperemia of the tail and body of the epididymis withal reformatted CT show destructive changes in L1DL2
multiple hypoechoic nodules. The head (not shown) wagrtebral bodiesblack arrowd and decrease in disk
normal in size.€) Grayscale US shows nodules at the taBpace, and epidural extensiavh{te arrowg was proven
causing extrinsic pressure on the testesows). (d, €) to be TB spondylitis with epidural abscess

Axial CT shows a low-density nodul¢h{n arrow) and
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Diagnosis
Epididymo-orchitis with Epididymal Abscess

Fig. 19.17 Epididymo-orchitis with epididymal abscessDoppler of testes shows)(increased venouso and ¢)
and pyocele.g, b) Color Doppler US shows enlarged epidow-resistance arterial ®v. €) Grayscale US shows a
didymis with abscess at the taib{iperina) and increased pyocele with septationshin arrow) compressing the left
vascularity of the testesurfow) and epididymis. Spectral testis thick arrow)
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Diagnosis
Pyocele

Fig. 19.18 Pyocele. A diabetic patient with scrotaltestes ¢alipers). The [uid shows septations in its upper
swelling. @, b) Axial and coronal reformatted CT part @d). (€) Color Doppler shows increased vascularity
images show infected hydrocele with larggddcollec- of the testes from orchitisf)( Spectral study shows

tion in the left scrotum with enhancing rimrfows). (c) good systolic Bw from the orchitis but absence of dia-
Grayscale US shows tunica vaginalis space distendstblic Row from venous compression by the large
with low echoic heterogeneoulid compressing the pyocele
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Diagnosis
Seminal Vesicle Abscess

Fig. 19.19 Seminal vesicle abscess. Ten cc of pus wdarrow). (d) Abscessogram shows contrast in the seminal
removed. Axial §), coronal ), and sagittald) reformatted vesicle abscesshick black arrovw draining into the pros-
CT images show seminal vesicle abscesses bilateratigtic urethra through the ejaculatory dwehite arrow) and
larger on the right side with rim enhancingi@®collections contrast reBxing into the bladdetkin black arrow

Fig. 19.20 Seminal vesicle metastasis from clear cefomplex mass in the left seminal vesicerdw), cystic
renal cell carcinoma. History of past left nephrectomy fametastasis in the left adrenal glararr¢whead, and
RCC now with diffuse metastasisa)(Axial CT shows absent left kidney.c] Axial image of the chest shows dif-
enhancing mass in the left seminal vesicle with small cyfiise miliary metastasis

tic lesions &rrows). (b) Coronal reformatted image shows
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Testicular Ischemia

Imaging Features 2. Increase in size of both testis and epididymis
1. The spectral waveform varies depending 8 Homogeneous echotexture in mild ischemia,
severity and duration of ischemia. It can be:  heterogeneous or hypoechic in complete necro-
(&) Monophasic wave with absence of dicrotic sis, and hyperechogenic areas in hemorrhage
notch 4. Torsion knot sign of twisted spermatic cord
(b) Increased arterialofd resistance with
decreased diastolicofd or reversal of dia- Diagnosis
stolic ow Chemical Orchitis with Ischemia
(c) Absent arterialdv

Fig. 19.21 Chemical orchitis with ischemia. History of septations. Increased vascularity of the testes from orchi-
chronic myelogenous leukemia, normal WBC count, negis. (c) Spectral study shows ischemia with risk of infarc-
ative urine analysis, and pain and swelling of the righiton with reversal of diastolicdv cause by compression
testis. &) Grayscale andb] color Doppler US show the by complex hydroceledj Both testis have symmetrical
right testis tdoe compressed by a complex hydrocele witbiniform echogenicity
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Diagnosis
Epididymitis with Testicular Infarction

Fig. 19.22 Epididymitis with testicular infarctiona(b) increased vascularity of the epididymis but poowf3o
Grayscale and Color Doppler US show left epididymitishe left testisand normal Bw to the right side.hH)

The epididymis is diffusely enlargectcalipers) with  Subsequent sonograrh)(shows markedly shrunken left
increased vascularityafrow). (c) Spectral Bw in the testis €aliper9 with linear low echogenic segmental
testes shows monophasiov with absence of dicrotic infarction @rrows). (i, j) Color Doppler and spectral
notch and with increased resistive index and normal echsttidy show increase diastolioW within the intervening
genicity of the testesdfyy) Follow-up study: d, €) show parenchyma due to new orchitis. The epididymis is still
severe ischemia with diffuse decreased echogenicity eflarged with engorged vessels. The wall of the left scro-
the left testis and absent diastoliow® {, g) Color tum shows cellulitis with thickening and increased
Doppler study at the same time shows unchangedssels
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Diagnosis
Acute Hydrocele with Testicular Ischemia

Fig. 19.23 Acute hydrocele with testicular ischemiahydrocele on the right sidec)(Spectral study shows high-
History of left scrotal swelling and paira)(Grayscale US resistance arterial waveform and absent diastoties 13
shows large simple left scrotal hydrocele displacing thfeom ischemia by the large hydroceld) Normal [bw to
testes against the scrotal walb) (Color Doppler study the right

shows decreased vascularity of the left testis and smaller
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Diagnosis
Testicular Torsion with Infarction

Fig. 19.24 Testicular torsion with infarctiona) Color echogenicity and with no spectral waves) Color
Doppler US shows no colorof/ to theleft testis.Good Doppler of the left inguinal region shows the knot of
Bow is seen irthe righttestis. b) Spectral study shows twisted spermatic cord with swirling of vessels

heterogeneous left testis with patchy areas of decreased

Fig. 19.25 Hemorrhagic infarction of the testes with 360from hemorrhage and decreased echogenicity of the rest of
torsion. @, b) Sonogram of the right testis shows heterogehe testicular parenchyma from necrosi¥ Spectral study

neous density with multiple high echogenic famirgws) shows absence ob/

Fig. 19.26 Detorsion. Clinically a knot was felt which wasshows increased vessesrw). Spectral studycj shows
untwisted. The patient had no pain during the sonograigh fow with low arterial resistance in the right testis due
examination. Color Doppler study of)(the right testis to vasodilatation from detorsion

shows normal vascularityb) Epididymis is thickened and
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Testicular Ischemia

Diagnosis
Torsion of the Appendix of the Testis

Fig. 19.27 Torsion of the appendix of the testes.i{)  with lack of vascularity. Large hydrocele is presen}. (
Patient 1 with situs ambiguous complained of diffus@atient 2 with testicular pain: Color Doppler shows

abdominal and right testicular paim) Grayscale andb] enlarged edematous appendix of the testis with aw 3
Color Doppler US of the rightestis showincreased size (arrow) and small hydrocele
and echogenicity of the appendix of the testasog)
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Benign Lesions
Diagnosis 3. US shows multiple conglomerated cystic
Giant Multilocular Spermatocele spaces near the head of the epididymis with
no evidence of infection in the testis or rest of

Imaging Features epididymis.

1. Most spermatoceles are unilocular cystit Intratesticular spermatocele communicates
lesions in the region of the head of the epi- with seminiferous tubules.
didymis with no symptoms.

2. Giant multilocular spermatocele can be very
large in size with septations.

Fig. 19.28 Multilocular spermatocele. History of palpa-the head of the epididymish{n arrows. The rest of the
ble mass.d, b) Transverse and longitudinal sonogram oépididymis and the testeshick arrow) had normal
the righttestis show darge multilocular cystic lesion at Pndings

Diagnosis
Spermatocele, Intratesticular, and Epididymal

Fig. 19.29 Spermatocele, intratesticular, and epididymalevel internal echoesafrow). (b, ¢) Grayscale and color
(a) Transverse grayscale US view of the testes showdDappler US show intratesticular spermatocele in the medi-
large spermatocele at the head of the epididymis with lowstinum testesafrow) as cystic lesion with no vascularity
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Diagnosis
Tunica Albuginea Cyst

651

Imaging Features

1. Common extratesticular cyst

2. Usually small, unilocular, or multilocular with
through transmission

3. Located usually in the upper anterior or lateral
aspect of the testis

4. If large can compress testicular parenchyma
and then difleult to differentiate from intra-
testicular cyst

5. Can have low-level echoes or cataition

Fig. 19.30 Cyst of tunica albuginea. History of palpableransmissiondrrows in a andb). (b) Color Doppler US
mass. Grayscale U&)(shows a simple unilocular cyst in shows normal underlying testicular vascularity
the upper anterior part of the testes with an increase through
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Diagnosis
Testicular Adrenal Rest

Fig. 19.31 Testicular adrenal rest. Patient with congenidestructive change in the testicular parenchyma which
tal adrenal hyperplasia and hypogonadism. Sonogram sifows normal echogenicityd,(e) Color Doppler shows
both testesaEx) shows lobulated area of decreased echoo discrete altered vascularity between the testes, the
genicity @rrows) in the mediastinum bilaterally with no adrenal rests and head of epididyncialipers
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Diagnosis
Epidermoid Cyst

Fig. 19.32 Epidermoid cyst. Grayscale US shoasdn

653

Imaging Features

Varies with maturation and compactness and

quantity of keratin in the cyst

1. Target appearanceNhalo with central echo-
genicity

2. Mass with rim calcitation or focal mass with
echogenic rim

3. Onion-ring appearance is the classic ap-
pearance

4. No blood 8w by Doppler study

Doppler €) shows no internal vascularityd)(Different

onion-ring pattern in longitudinal view ant)(heteroge- patients show more solid mass with echogenic rim

neous pattern in transverse viewr¢wsin a, b, d). Color
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Diagnosis
Lipoma of the Spermatic Cord

Fig. 19.33 Lipoma of the spermatic cord camired by surgerya) Axial, (b) coronal, andd) sagittal CT images show
small loculated lipoma with fat attenuaticariow) in the left inguinal canal
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Tumors of the Epididymis

Diagnosis
Leiomyosarcoma of the Epididymis

Fig. 19.34 Leiomyosarcoma of the epididymis. Historyfat-saturated sagittal image shows intermediate signal
of treated prostate cancer, now with mass on the left scwith central high signal tigin arrow). (d) Axial
tum. @, b) Sonogram of the left testis shows a wellT1l-weighted fat-saturated study shows low sigaab{v).
dened mass with low echogenicity but with vascularityfe) Postcontrast T1-weighted fat-saturated study shows
similar to the testis which is adherent to the epididymignhancementarow). Pathology showed mass involving
MRI of the mass superito the lefttestis €) T2-weighted the epididymis
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Diagnosis
Myobbroblastic Tumor of the Epididymis

Fig. 19.35 Myobbroblastic tumor of the epididymis. head of the epididymiscélipers). (c) Color Doppler US
History of palpable lumpaj Axial CT shows a nodule in shows poor vascularity of the massréw). Pathology
the region of the right epididymisifow). (b) Grayscale found the mass to be adherent to the epididymis with no

US shows an exophytic echogenic mass anterior to theasion

Diagnosis
Adenomatoid Tumor of the Tail of the Epididymis

Fig. 19.36 Adenomatoid tumor of the tail of the epididy-Doppler US shows a few prominent vessels in the mass
mis. @, b) Grayscale US shows a large solid well-margingthin arrow) and is less vascular than the adjacent epididy-
ated masstlfin arrowg at the tail of the epididymis, mis thick short arrovy

posterior to the testeshi{ck short arrow. (c) Color

»
>

Fig. 19.37 Inguinal herniation of the omentuma)( hydrocele) &rrowhead. (€) Color Doppler at different
Grayscale andd| color Doppler US of the right inguinal level shows pyocele and orchitis with increased vascular-
region show a massifows) of same echogenicity as theity of the testesgrrow), and the omentum lies posteriorly
subcutaneous faellipse) and with dilated vessels,(d) (arrowhead. (f, g) Axial and coronal CT show herniation
Different patient grayscale and color Doppler US show aof the omentum grrow) medial to the spermatic cord
herniated omenturmafrows in c) with dilated vessels up (arrowhead. (h) Different patients show the omentum
to the scrotum which shows pyocele (septations in ti{arrows) Roating in the simple hydrocele
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Inguinoscrotal Hernia

Diagnosis
Omental Hernia
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Fig. 19.37 (continued)
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Diagnosis
Bowel Hernia

Fig. 19.38 Inguinoscrotal hernia of the boweh, (b) from peristalsis.q) Transverse grayscale US of the scro-
Grayscale US of the right inguinal region showsd3 tum shows bowel loopghin long arrow$ surrounding
blled heteroechoic bowel loops extending through thihe testesshort thick arrovy

inguinal canal grrows). Wavy margins of the loops are
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Diagnosis
Sperm Granuloma

Fig. 19.39 Sperm granuloma in a patient with recenéchogenicity, extending from the groin and is extrinsi-
vasectomy and groin swelling. Sonogram of the rigtdally compressing the teste=(iper). (c) Color Doppler
testis @, b) shows a heteroechoic mass, mostly of lowtudy shows no &v within the mass
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Testicular Malignancy

Diagnosis
Seminoma

Fig. 19.40 Pure seminoma, surgery prove).Grayscale

661

Imaging Features

1. Homogeneous hypoechoic lesion but can be
heterogeneous when large.

2. Cystic regions and caldé&ion are less
common.

3. Have internal vascularity.

4. Usually conired by tunica vaginalis.

5. Can have lymphatic and hematogenous spread.

increased vascularity within the larger mas$.Spectral

US of the left testis shows diffuse microlithiasis with twastudy shows increase i in the mass

low echogenic nodulesifows). (b) Color Doppler shows
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Fig. 19.41 Pure seminoma. Grayscale sonogram of tHater, a new low echogenic focus is seen in the lower pole
right testis & shows a focal area of low echogenicityarrow). (d, €) Two months later, the seminoma have
(arrow) in the anterior testesdliperg and diffuse micro- increased in size with multiple areas of low echogenicity
lithiasis throughout the teste®)(Two months later mac- in most of the testes and with increased vasculafity. (
rocalciFcations are seen in the same low echogenic ar€he regressed area shows increased azdtidn arrow)
(arrows) indicating regressed seminome) One month
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Diagnosis
Immature Teratoma

Fig. 19.42 Immature teratoma in two patients. Patient lthe right sidedrrow). (e) Axial CT through the mid-abdo-

(a) Grayscale sonogram shows heterogeneous mass witan shows metastasis to the retroperitoneal lymph node
cystic spaces occupying the whole testis with hydrocelehich has fat attenuation and septations similar to the tes-
Spectral Bw study b) shows prominent venou® in ticular mass drrow). (f, g) Grayscale and color Doppler
some areas ana)(increased resistance to arteri@wd sonogram show a large predominantly cystic mase\)

with absent diastolic & in some areas. Patient 2) ( at the mediastinum of the testis with increased vascularity
Axial CT at the scrotum shows a complex fatty mass dfarrow) in the inter-cystic spaces
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Fig. 19.42 (continued)
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Diagnosis
Yolk Sac Tumor

Fig. 19.43 Yolk sac tumor. History of weight loss andvascularity of tumor. d) Axial CT of scrotum shows
testicular massa(b) Grayscale US shows a large heteronecrotic mass with peripheral enhancement replacing the
geneous massdlipers in a) with small cystic spaces right testis and with small hydrocele) (Axial CT of the
replacing the right testis with surrounding small hydromid-abdomen shows low-density lymph node metastasis
cele f@rrow). (c) Color Doppler shows increasedin the right gonadal chaim(row)
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Diagnosis
Lymphoma

Fig. 19.44 Lymphoma of testes. History of enlargeduniform increased attenuation in both testis with increased
testes. q, b) Grayscale US shows mild diffuse hypoechoiwascularity of the right epididymish) Coronal reformatted
testes with two focal areas of increased echogenicity in t&d of the abdomen shows enlarged lymph nodes in the aor-
right testis @rrows in a) and a small focus of decreasedocaval regiondrrows). (i, j) PET-CT fusion images show
echogenicity &rrow in b) in theleft testis.(c, d) Spectral increased FDG uptake in the aortocaval lymph nodes. Right
study andg, f) color Doppler study show diffuse increasedrchiectomy showed diffuse large B-cell lymphomia) (
Bow and vascularity in both testig)(Axial CT shows PET scan shows increased FDG uptake in the left testis
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Fig. 19.44 (continued)
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Fig. 19.44 (continued)



Testicular Malignancy 669

Diagnosis
Liposarcoma of Tunica Vaginalis

Fig. 19.45 Liposarcoma of tunica vaginalig, ) Axial tum displacing the testis medially. The echogenicity is
CT through the scrotum shows heterogeneous fatty mdeger than the testise) Color Doppler shows nodgv in
surrounding the left testis.c,(d) Ultrasound shows the mass

heterogeneous extratesticular solid mass in the left scro-
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Undescended, Retractile, and Ascending Testes

Fig. 19.46 Undescended testes in a 16-year-old with leftith uniform echogenicity. Color Dopplet)(and spectral
inguinal pain. ) US of the left inguinal canal shows thestudy @) show absence ofdd on the left side. At sur-
left testis €aliper9 with uniform echogenicity.t) US of gery, the lefttestis wasviable and had intermittent
the right scrotum showthe righttestis €aliper9 also torsion
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Fig. 19.47 Undescended testes with failed orchiopexyeft testis inthe left scrotumwhite arrow). Both testis
Acute right inguinal pain in a 33-year-old man. History ohave uniform echogenicityb) The righttestis shows no
orchidopexy at age 3 for bilateral undescended testesgectral ®w. (, d) Color Doppler and spectral study
(a) Grayscale US shows tlsenall righttestis inthe right show good Bw inthe left testis

inguinal canall§lack arrow) from failed orchidopexy. The
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Fig. 19.48 Retractile or ascending testis: a 56-year-oldormal echogenicity. Spectral waves show high resis-

patient has four children, comes with scrotal swellingance Rw with poor diastolic 8w bilaterally. €)
bilateral leg edema, and cirrhosis, ) Color US Coronal reformatted CT shows a large ascites extending

shows both testisafrow) in each inguinal canal, respec-to the right inguinal canal through patent processus vag-
tively, are small in size but with good® and uniform inalis (@rrow)
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