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Preface

In my fi rst days as a Radiology resident I remember myself in dire need of a book in 

which I could begin to study the specialty. In those days I was thirsty for radiologi-

cal knowledge and was recommended a classic manual on conventional chest X-ray 

which was the very same the oldest radiologist of the staff had studied when he was 

a beginner. Unfortunately the book I was recommended covered less than 5% of the 

specialty as it is conceived nowadays.

“Learning Diagnostic Imaging. A Teaching File” is intended to provide medical 

students, residents of Radiology, and anybody else beginning to be involved in the 

radiological world, with a useful tool that gives them a quick and comprehensive 

overview of Radiology. With this book, written in a user-friendly format, Radiology 

residents, nurses, technicians, and medical students would see their fi rst radiologi-

cal images in a sort of introduction of what will become their professional activities 

in the rest of their lives.

One of the main problems that Radiology residents face throughout their resi-

dency is that in rounds and clinical sessions they receive information they cannot 

apprehend because they lack the essential background needed to integrate what 

they are taught. For example, when, in a radiological session, a resident is looking 

at an angiogram and has no prior interventional radiology education, he/she in-

evitably misses the opportunity of learning by being exposed to a great deal of in-

formation without the necessary tools to assimilate it. Whenever a mammogram 

is shown at the radiological session, a fi rst year resident, who has no prior training 

on breast imaging, knowing beforehand that he is not supposed to be asked about 

it, loses interest in the subject and it is likely that his mind drifts away until the 

next case is shown. In clinical sessions, the level of concentration of residents is 

optimal only in the cases they have prior education on.

With this book, residents independently of their year of residency, would count 

on the foundations of the specialty as a whole and optimize their time in rounds and 

clinical sessions. Although initially aimed at Radiology residents, the book would 

be useful, on the one hand, for medical students, Radiology nurses and technicians 

and, on the other hand, for senior radiologists and residents and referring physi-

cians of other specialties. As a way of example, the breast imaging senior radiologist 

would have a basic overview of cardiac imaging at his disposal in just a few pages 

that otherwise would be impossible for him because no mammographer is supposed 

to be interested in classic cardiac imaging books as no cardiovascular radiologist 

has any interest in breast imaging manuals.
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VIII Preface

The scarcity of books of this sort is easily understandable taking into account 

that Radiology is divided up in many subspecialties that constitute a universe of 

their own. To convey an overall view of the specialty is extremely diffi cult nowadays 

and will be even more diffi cult in the future because, due to the fragmentation of the 

specialty, the old-days only Radiological session, which was attended by the whole 

Department, has been replaced by a myriad of subspecialty sessions that, by defi ni-

tion, cannot be attended by the entire Radiology Department.

Cordoba, November 22, 2007 Ramon Ribes
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  Nuclear Medicine 

Breast Imaging 1

Marina Alvarez Benito and Julia Camps Herrero
Melcior Sentis Criville and Maria Martinez Galvez (Contributors)

IntroductionA breast imaging unit performs a variety of diagnostic techniques and image-guided 
interventional procedures. Mammography, ultrasound, galactography, and magnetic 
resonance imaging (MRI) are some of the most widely used modalities in breast imag-
ing. Common image-guided interventional procedures in the breast are percutaneous 
biopsies guided by stereotaxy, ultrasound, or MRI, preoperative marking of non-palpable 
lesions, and the injection of radioactive substances in sentinel node biopsy.

The widespread use of mammography as a screening method for breast cancer in as-
ymptomatic women has introduced many improvements in both the technique itself and 
in radiologists’ reading skills. The BI-RADS (Breast Imaging Reporting and Data System) 
categories are now widely used in mammographic interpretation and reporting, allowing 
for uniformity in reports and improving communication between radiologists and clini-
cians. The latest edition includes a section for breast ultrasound and breast MRI, refl ect-
ing the progressively extensive use of these imaging modalities in breast imaging.

After mammography, ultrasound is undoubtedly the most widely used imaging tech-
nique in breast imaging: it is the only imaging modality employed in young patients and 
is a complementary method to mammography in older patients, as well as a crucial tech-
nique in image-guided procedures.
Breast MRI has recently been acknowledged to have the highest sensitivity for breast can-
cer. The main indications for breast MRI are local staging in patients with breast cancer, 
searching for the primary tumor in cancer of unknown origin, assessing the integrity of 
breast implants, monitoring the response to neoadjuvant chemotherapy for breast cancer, 
and screening in high-risk patients. The use of MRI by experienced professionals has been 
demonstrated to infl uence the therapeutic approach in breast cancer patients.

One of the most important improvements in recent years is perhaps the introduction of 
percutaneous breast biopsy procedures. Percutaneous breast biopsies enable histological 
study of a lesion with lower costs and less morbidity than a surgical biopsy. Various systems, 
gauges, and methods of approach enable us to biopsy almost any type of breast lesion. Breast 
interventional procedures are not limited to obtaining material for histologic diagnosis or 
placing markers for surgical guidance: percutaneous excision or radiofrequency ablation of 
breast cancers are promising techniques that are currently in the developmental stages.

The diversity of therapeutic approaches to breast cancer, such as breast-conserving 
surgery, sentinel node biopsy, or systemic treatment with chemotherapy entail important 
consequences for radiologists, because we are expected to provide accurate information 
on the size, number, and distribution of tumors, the condition of regional lymph nodes, 
as well as the outcome of systemic or surgical therapies.

Digital imaging also poses new challenges and opportunities, enabling us to improve our 
diagnoses through better image quality and the introduction of new imaging algorithms.

In summary, the breast imaging unit is at present a dynamic and wide-ranging section 
that assumes great responsibilities in the diagnostic and therapeutic process of breast can-
cer, working together with the rest of the specialist physicians dedicated to breast diseases.
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Case 1

Ductal Carcinoma in Situ

Fig. 1.1.1

Fig. 1.1.2

Fig. 1.1.3

Fig. 1.1.4

Fig. 1.1.5
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 Breast Imaging 3

A 57-year-old woman presented with spontaneous bloody nipple discharge from the right 
breast and no palpable abnormalities. The patient had no family history of breast cancer 
and had already reached menopause but was not on hormone replacement therapy. A 
mammogram showed extensive microcalcifi cations in both outer quadrants of the right 
breast. Ultrasound showed a diffuse area of decreased acoustic through-transmission and 
an ultrasound-guided biopsy with a 14-gauge needle was performed. Core-biopsy histol-
ogy revealed a high-grade ductal carcinoma in-situ (DCIS). Axillary ultrasound revealed 
no suspicious lymph nodes. A breast MRI was then performed to stage the patient’s dis-
ease and revealed a segmental enhancement distributed in both outer quadrants, but no 
other suspicious enhancing areas were identifi ed in the rest of either gland. The patient 
was treated with a right mastectomy due to the extensive and multicentric distribution of 
the disease and histopathology confi rmed high-grade comedo DCIS in all four quadrants 
and a negative sentinel node biopsy (G3 pTis pN0 pMx). 

CommentsDuctal carcinoma DCIS is a malignant intraductal epithelial proliferation that is confi ned 
to the duct by its basement membrane. It manifests with a variety of histologic patterns 
and can be broadly divided into comedo (high-grade) and non-comedo subtypes. Com-
edo refers to the plug-like appearance of necrotic material that fi lls the affected ducts. 
This necrotic debris results in the typical fi ne, linear branching pattern of calcifi cations 
seen on mammography. Granular pleomorphic microcalcifi cations are uncommon in 
comedo DCIS. Comedo DCIS is considered to be the more aggressive DCIS subtype and 
tends to present more malignant cytologic features and behavior than non-comedo DCIS. 
It has, therefore, a higher probability of microinvasion. Mammography is the imaging 
test of choice in DCIS; it shows rod-shaped linear, branching or granular calcifi cations. 
Microcalcifi cations can be very unspecifi c; therefore, all suspicious microcalcifi cations 
are biopsied. MRI is an adjunct to mammography that is used to stage the disease ex-
tension and is particularly useful in dense breasts, but although the sensitivity of MRI 
for high-grade DCIS is relatively high (80–90%), low or intermediate grade DCIS show 
variable degrees of enhancement. 

Imaging FindingsOblique mediolateral and partial craniocaudal mammographic views (Figs. 1.1.1 and 
1.1.2) show a dense breast pattern and diffuse granular and branching microcalcifi ca-
tions extending over both outer quadrants. Maximum intensity projections (MIP) of the 
corresponding breast MRI (Figs. 1.1.3 and 1.1.4) in craniocaudal and lateral views show 
diffuse enhancement in both outer quadrants. Coronal subtraction MRI image (Fig. 1.1.5) 
depicts enhancement in the breast that shows nodular and linear morphology patterns, 
highly suggestive of DCIS.
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Case 2

Invasive Ductal Carcinoma with MRI Staging

Fig. 1.2.1 Fig. 1.2.2

Fig. 1.2.3 Fig. 1.2.4
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 Breast Imaging 5

A 32-year-old woman without a family history of breast cancer presented with a pal-
pable lump in the lower-outer quadrant of the left breast. Four months earlier, breast 
ultrasound diagnosed a fi broadenoma in the same location but she had noticed that 
the palpable lump had become harder and had increased in size. Ultrasound was 
performed fi rst and showed two ill-defi ned microlobulated solid masses that were 
biopsied with a 14-gauge needle because of the morphology and the rapid growth 
of the palpable lump. Axillary ultrasound showed no suspicious lymph nodes in the 
left axilla. Mammography showed dense breasts but no other remarkable fi ndings. 
Core-biopsy histopathology showed an invasive ductal carcinoma (IDC). Breast MRI 
was performed to stage the disease and a multifocal distribution in the union of both 
lower quadrants with sparing of the nipple-areola complex was found. The patient 
underwent breast conserving surgery. Histological study of the surgical specimen 
confi rmed IDC, not otherwise specifi ed, grade II (pT2, pN0, pMx), and all the margins 
were free of tumor within 10 mm.

CommentsInvasive (or infi ltrating) breast cancer can be broadly divided into ductal and lobular 
subtypes. Invasive ductal carcinoma accounts for the majority (90%) of invasive breast 
cancers and can be further divided into those “not otherwise specifi ed” (NOS) and 
“special type” tumors. NOS breast carcinomas account for 50–75% of all invasive breast 
cancers. Their most distinctive appearance in mammography is that of a spiculated 
mass, although in women with dense breasts the margins of the tumor may be diffi cult 
to identify. Mammography has a 85–90% sensitivity for breast cancer; however, in dense 
breasts this fi gure drops to 40–60%. In these cases, palpation and ultrasound play a 
major role. At ultrasound, IDC shows decreased through-transmission and irregular 
margins. Breast MRI is increasingly being used to stage invasive breast cancer because 
its capability to depict tumor angiogenesis is independent of breast density. In expert 
hands, breast MRI improves breast cancer staging and changes the initial therapeutic 
approach planned taking only mammography and ultrasound into account in 18–30% 
of patients.

Imaging FindingsOblique mediolateral view of the left breast (Fig. 1.2.1) shows a dense breast pattern 
where no distinct breast masses can be identifi ed. Ultrasound image (Fig. 1.2.2) depicts 
two solid masses with microlobulated margins. The presence of two adjacent masses 
raises the possibility of multifocal disease but only MRI (Figs. 1.2.3 and 1.2.4) is able to 
show the distribution of the multifocal tumor along the union of both lower quadrants, 
providing more accurate information to guide surgical excision.
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Case 3

Breast Implant Rupture

Fig. 1.3.1

Fig. 1.3.2

Fig. 1.3.3
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 Breast Imaging 7

A 42-year-old patient presented with pain and a palpable lump in the lower quadrants 
of the right breast. She had undergone a surgical procedure 10 years prior and had two 
retropectoral silicone breast implants. Breast ultrasound revealed an area suspicious for 
extracapsular silicone. Breast MRI was performed and an extracapsular rupture of the 
right breast implant was confi rmed. A new breast implant was surgically implanted.

CommentsBreast implants can be classifi ed as retroglandular or retropectoral depending on their 
anatomic location. In addition, taking into account the capsule of breast tissue surround-
ing the implant, breast implant ruptures are divided into intracapsular and extracapsu-
lar. This capsule begins to appear immediately after surgery as a natural foreign body 
reaction. Intracapsular ruptures leave the capsule intact around the implant and there 
is no extravasation of the implant’s contents to the rest of the breast tissue or the lymph 
nodes. Conversely, extracapsular ruptures produce an extravasation of silicone or saline 
to the adjacent breast tissue or the lymph nodes. There have been concerns about the 
possibility of implants producing autoimmune diseases or cancer, but there is no solid 
evidence for that. Screening mammography is more easily performed in retropectoral 
implants. Breast MRI is generally accepted as the state-of-the-art technique for evaluating 
implant integrity, with a sensitivity of 74–100% and a specifi city of 63–100%, depending 
on the technique applied and rupture criteria.

Imaging FindingsIn Figure 1.3.1, an ultrasound image shows the “snow storm” sign caused by the presence 
of extracapsular silicone adjacent to the implant. In Figure 1.3.2, a T2-weighted MRI 
sequence shows the most certain sign of intracapsular rupture that usually accompanies 
extracapsular ruptures: the “linguine” sign, caused by the infolding of the implant’s 
capsule within the silicone gel, often arranged parallel to the fi brous capsule. Small 
hyperintense droplets can be seen trapped between the folds of the ruptured implant 
capsule and are also a sign of rupture in double-lumen implants, where saline droplets 
mix with silicone gel. In Figure 1.3.3, a silicone-only MRI sequence, silicone droplets 
appear hyperintense, adjacent to but outside of the right breast implant in a 6 o’clock 
position. This is a certain sign of extracapsular rupture.
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Case 4

Papillary Lesions

Fig. 1.4.2

Fig. 1.4.4Fig. 1.4.3

Fig. 1.4.1
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 Breast Imaging 9

A 70-year-old woman presented with a right breast lesion adjacent to the nipple-areolar 
complex.

Physical examination revealed a well-circumscribed, mobile mass of fi rm consis-
tency.

Bilateral mammography and diagnostic breast ultrasound showed multiple solid nod-
ules with partly ill-defi ned borders in the right breast. Histological study of ultrasound-
guided percutaneous biopsy samples yielded intraductal papilloma, and annual follow-
up was recommended.

At follow-up mammography and breast ultrasound 12 months later, an increase in the 
size of the lesion was observed and surgical biopsy confi rmed the existence of intracystic 
papillary carcinoma.

CommentsPapillary breast lesions constitute a varied and heterogeneous group of lesions, including 
intraductal papilloma, intracystic carcinoma, and papillary carcinoma, among others.

Except for intraductal papillary lesions, which tend to present clinically with nipple 
discharge, peripheral papillary lesions tend to appear at midlife, as single or multiple le-
sions, both synchronically and metachronically. Mammography characteristically shows 
one or multiple masses, which may be either well- or ill-defi ned; ultrasound shows mixed 
lesions with solid and cystic components.

The use of percutaneous biopsy in this type of lesions is controversial because cancer 
is often underestimated in these lesions with this technique; the false-negative results are 
probably due to their histological heterogeneity. Although fi ndings of malignant papillary 
lesion after percutaneous biopsy permits therapeutic planning, surgical biopsy should be 
proposed in cases with fi ndings of benign papillary lesion.

Some authors think that papillary lesions can evolve to become more aggressive and 
patients with papillary lesions present a higher probability of developing breast carci-
noma. Papillary carcinoma has a better prognosis than other types of ductal carcinoma.

Imaging FindingsMammography carried out at the time of initial consultation (Fig. 1.4.1) shows multiple 
rounded and oval-shaped masses with partly ill-defi ned borders in the right breast. Breast 
ultrasound (Fig. 1.4.2) confi rms their solid nature.

In the 12 month follow-up mammogram and breast ultrasound, an increase in the size 
of the lesions can be observed. Their ill-defi ned contours are highlighted in the mam-
mogram (Fig. 1.4.3). The ultrasound image is characteristic, showing mixed lesions, with 
cystic and solid components (Fig. 1.4.4).
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Case 5

Microcalcifi cations

Fig. 1.5.1

Fig. 1.5.4

Fig. 1.5.3

Fig. 1.5.2a,ba b
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A 55-year-old woman with unremarkable history was referred to the breast unit for a 
newly detected cluster of microcalcifi cations in the left breast at screening mammogra-
phy.

Breast ultrasound confi rmed the existence of microcalcifi cations in the upper-outer 
quadrant of the left breast, visualized as hyperechoic points on a hypoechogenic back-
ground. Histological study of material obtained at ultrasound-guided percutaneous bi-
opsy yielded infi ltrating ductal carcinoma with an in-situ component. The patient un-
derwent tumorectomy and selective sentinel-node biopsy (SBSN). Defi nitive pathologic 
staging was stage I (T1 N0M0).

CommentsPrograms for early breast cancer detection have favored the diagnosis of small lesions, 
without lymph-node involvement. In addition to having a more favorable prognosis, 
these lesions enable less aggressive treatments, such as conservative surgery as opposed 
to mastectomy or selective sentinel node biopsy instead of lymphadenectomy for axil-
lary staging.

Microcalcifi cations are one of the forms of presentation of cancer and other breast 
lesions. The BIRADS system (Breast Imaging Reporting and Data System) recommends 
classifying them in relation to their morphology (typically benign, amorphous, heteroge-
neous, pleomorphic, linear, or linear and branching) and distribution (cluster, segmen-
tal, linear, regional and diffuse).

Pleomorphic microcalcifi cations are suspicious for malignancy and are frequently as-
sociated to a carcinoma in-situ. Breast microcalcifi cations are usually biopsied under 
stereotactic guidance. On breast ultrasound, pleomorphic microcalcifi cations seen on a 
hypoechogenic background may signal the existence of an invasive component that calls 
for ultrasound-guided biopsy.

Imaging FindingsMagnifi ed view of the upper-outer quadrant of the left breast shows a cluster of pleomor-
phic microcalcifi cations (Fig. 1.5.1). Ultrasound shows multiple hyperechogenic points 
in the left image (Fig. 1.5.2a) that correspond to microcalcifi cations on a hypoechogenic 
area. Figure 1.5.2b (right) shows the microcalcifi cations traversed by a hyperechoic line 
representing the biopsy needle (Fig. 1.5.2).

It is essential to perform a radiograph of the specimen to confi rm the presence of mi-
crocalcifi cations in the biopsy cores (Fig. 1.5.3). Furthermore, a radiograph of the surgi-
cal specimen should be carried out if breast-conserving surgery of nonpalpable lesions 
is performed. Figure 1.5.4 shows the surgical specimen containing the lesions, which are 
traversed by the needle localization wire; all have acceptable margins and one is marked 
with a surgical clip.
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Case 6

Architectural Distortion

Fig. 1.6.1 Fig. 1.6.2

Fig. 1.6.3 Fig. 1.6.4
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A 25-year-old woman presented with a retroareolar mass. Breast ultrasound was initially 
performed and showed multiple bilateral circumscribed solid masses and a hypoechoic 
area in the upper-outer quadrant of the right breast.

The diagnostic study was completed with mammography, in which an image of ar-
chitectural distortion in the upper-outer quadrant of the right breast could be observed. 
Histological study of material obtained by stereotactic-guided vacuum-assisted percuta-
neous biopsy found a radial scar, and this fi nding was confi rmed in the surgical biopsy 
specimen some weeks later.

CommentsIn patients younger than 35, or younger than 30 with a family history of breast cancer, 
breast ultrasound should be the fi rst diagnostic test when there is a palpable abnormality. 
This test should be complemented with a mammogram when ultrasound does not show 
any abnormality or shows a suspicious lesion. 

Architectural distortion is one type of mammographic presentation of breast patholo-
gies. It is often a subtle fi nding, described as the reorganization of the mammary tissue 
toward an eccentric point from the nipple. There are strands of tissue that converge to-
ward a point forming a typical “star” or “whirlwind” shape. 

Approximately 50% of cases are malignant, and it is impossible to predict its benign or 
malignant nature by imaging tests alone. Biopsy should be performed in cases of archi-
tectural distortion without previous surgery, injury, or biopsy, although the performance 
of a percutaneous biopsy in these lesions is controversial, since underestimation of the 
lesion or false-negative results can be obtained.

Larger gauge needles, such as those used in vacuum-assisted biopsy, improve the ac-
curacy of the technique in comparison to core needle biopsy. Some authors claim that 
when a minimum of 12 cylinders are obtained with these systems, surgical biopsy can be 
avoided in the absence of atypia.

Imaging FindingsCraniocaudal and oblique mammographic views of the right breast show architec-
tural distortion or alteration in the distribution of the mammary tissue in the upper-
outer quadrant; linear tracts converge toward a point forming the typical “star” shape 
(Figs. 1.6.1 and 1.6.2).

Localized view (Fig. 1.6.3) of the percutaneous stereotactic biopsy depicts the linear 
tracts converging toward a central point in greater detail. Figure 1.6.4 confi rms the loca-
tion of the biopsy needle in relation to the lesion.
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Case 7

Breast Cancer in Men

Fig. 1.7.3

Fig. 1.7.1 Fig. 1.7.2
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A 58-year-old man, with no family or personal history of interest, presented with a mass 
in the left breast. The physical exam revealed the existence of a hard, fi xed mass associ-
ated to nipple retraction.

Mammography and breast ultrasound confi rmed the existence of a nodule highly sus-
picious for malignancy in the left breast.

Intraoperative biopsy followed by mastectomy and axillary emptying were carried 
out. Histopathologic study revealed infi ltrating ductal carcinoma with axillary nodal 
extension.

CommentsBreast pathology in men constitutes less than 1% of all consultations in breast units.
Gynecomastia is clearly the most frequent breast pathology in men. It presents two 

peaks of incidence, one in puberty and another in the 6th or 7th decade of life. It is clini-
cally characterized by a diffuse unilateral or bilateral increase in breast size or a ret-
roareolar mass of soft consistency. Mammography shows an increase of breast tissue with 
a triangular morphology, central in relation to the nipple, without signs of malignancy.

After gynecomastia, breast carcinoma is the most frequent breast lesion in men. It 
constitutes less than 1% of breast carcinomas and less than 1% of malignant tumors in 
men. Clinically, it presents as a hard mass fi xed to the surrounding tissues; it is eccentric 
to the nipple and may or may not be associated with other signs of malignancy. Mam-
mographically, it is very similar to breast cancer in women but presents less varied forms. 
Given the smaller volume of male breast, extension to the nipple and the pectoral muscle 
is more frequent. Infi ltration of the nipple favors lymphatic infi ltration, and this has been 
considered one of the factors that worsens the prognosis of these patients.

Other breast lesions, such as cysts, abscesses, or lipomas, are less frequent in men.

Imaging FindingsOblique (Fig. 1.7.1) and craniocaudal (Fig. 1.7.2) mammograms show a spiculated mass 
and nipple retraction, highly suspicious for malignancy (BI-RADS 5 category), in the 
left retroareolar region. The right breast shows fatty predominance with some isolated 
remains of fi broglandular tissue or rudimentary ducts in the retroareolar region.

Breast ultrasound confirms the existence of a solid and irregular nodule in this 
location.
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Case 8

Breast Cancer and Simple Cyst

Fig. 1.8.1

Fig. 1.8.3

Fig. 1.8.2

Fig. 1.8.4
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A 64-year-old woman was referred from single-reader screening for a circumscribed 
retroareolar mass in the left breast.

Localized projections of both retroareolar regions and bilateral breast ultrasound 
showed an irregular solid mass in the right retroareolar region and a simple cyst in the 
left retroareolar region.

US-guided percutaneous breast biopsy confi rmed the presence of an infi ltrating ductal 
carcinoma in the right breast. The patient underwent mastectomy and axillary emptying, 
and the defi nitive classifi cation was stage I (T1 N0 M0).

CommentsMammography is the only accepted method for breast cancer screening and in recent 
years its use among healthy women has become more common through population-based 
screening programs. Population-based screening programs aim to reduce breast cancer 
mortality. These programs strive to obtain the maximum sensitivity (e.g., the highest 
detection rate) while keeping morbidity for participating women as low as possible. Some 
programs use double reading to improve their sensitivity.

The European guidelines recommend that a screening program should obtain a rate 
of participation of at least 70% of the target population and establish that the rate of de-
tection should be higher than 3 in 1000 in women who participate for the fi rst time and 
higher than 1.5 in 1000 in women who participate in successive rounds. The recall rate 
(i.e, the percentage of women sent for complementary tests) should also be kept within ac-
ceptable limits (lower than 7% in initial rounds and lower than 5% in successive rounds), 
since these practices cause anxiety and could affect the future involvement of women in 
the program. 

The present case was referred to the breast unit by a single reader. The lesion that 
prompted the referral turned out to be a simple cyst. A carcinoma was detected in the 
other breast in the reference unit.

Imaging FindingsThe localized mammographic views show an irregular-shaped mass with spiculated 
margins in the right retroareolar region (BI-RADS 5) (Fig. 1.8.1) and a well-circumscribed 
mass in left retroareolar region (BI-RADS 3) (Fig. 1.8.3).

Breast ultrasound confi rmed the existence of a suspicious mass in right retroareolar 
region (Fig. 1.8.2).

The well-circumscribed mass in the left breast is anechoic with posterior acoustic en-
hancement; these fi ndings are typical of a simple cyst, so the lesion that prompted referral 
is benign (BI-RADS 2) (Fig. 1.8.4).
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Case 9

Breast Metastases

Fig. 1.9.3

Fig. 1.9.1 Fig. 1.9.2

Fig. 1.9.4
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A 61-year-old woman, with no family history of interest, presented with an ipsilateral 
axillary node six years after the excision of a cutaneous melanoma. She underwent axil-
lary emptying and nodal infi ltration by melanoma was confi rmed. 

One year after axillary emptying, she presented with a right mammary nodule and an 
axillary node. Bilateral mammography confi rmed the existence of a nodule in her right 
breast. Ultrasound demonstrated the solid nature of the nodule and revealed a right axil-
lary node. 

US-guided percutaneous biopsy of both the mammary nodule and the axillary node 
yielded melanoma metastases in both at histological examination. The patient underwent 
right tumorectomy and removal of the axillary node and was transferred to the oncology 
department to complete treatment.

CommentsThe mammary gland is an infrequent site for metastasis. In 1903 the fi rst case of mam-
mary metastasis was reported and until 1991, only 300 cases of different metastatic 
tumors in the mammary gland had been published, the most frequent being leukemias, 
lymphomas, ovary neoplasms, and soft-tissue sarcomas.

The differential diagnosis between metastasis and primary neoplasms of the breast 
should be carried out due to the prognostic and therapeutic implications involved.

Mammographically, metastatic lesions tend to appear as single nodules, although they 
can also be multiple. They tend to be superfi cial and can be well- or ill-defi ned. Diagnostic 
ultrasound is used to confi rm the solid nature of the lesions, to improve their character-
ization, and to guide biopsy.

Imaging FindingsIn the oblique and craniocaudal mammographic projections, a well-delimited, high-
density nodule is observed in the upper-outer quadrant of the right breast (Figs. 1.9.1 
and 1.9.2).

Diagnostic ultrasound carried out in both breasts and axillae confi rms the solid nature 
of the mammary nodule (Fig. 1.9.3). In addition, it revealed another right axillary node 
with the same characteristics (Fig. 1.9.4).
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Case 10

Locorregional Staging

Fig. 1.10.2

Fig. 1.10.1

Fig. 1.10.4

Fig. 1.10.3
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56-year-old woman without prior history of interest presented with a nodule in her left 
breast after some months’ evolution.

Bilateral mammography found a spiculated, hyperdense nodule in the upper-outer 
quadrant of the left breast, highly suspicious for malignancy (BI-RADS 5).

Diagnostic ultrasound confi rmed its solid nature and revealed a suspicious node in 
the left axilla.

In the same diagnostic act, US-guided percutaneous mammary and axillary node core 
biopsy was carried out; infi ltrating ductal carcinoma and axillary node infi ltration were 
diagnosed at histology.

A dynamic breast MRI was performed to rule out other tumor foci in either breast. The 
patient underwent tumorectomy and axillary emptying, and the defi nitive classifi cation 
was stage II (T1 N1 M0).

CommentsNodules are one of the most frequent presentations of breast cancer. BIRADS recom-
mends classifying them according to shape (round, oval-shaped, lobulated, or irregular), 
contour (circumscribed, ill-defi ned, microlobulated, darkened, or spiculated), and den-
sity (similar, equal or superior to the mammary parenchyma, or with fatty content).

Spiculated nodules have the highest probability of malignancy. Percutaneous biopsy 
enables histological study of lesions with less morbidity and lower costs than surgical bi-
opsy and also allows women to participate in decisions about the therapeutic approach.

With the advent of selective sentinel node biopsy in the treatment of early stage breast 
cancer as an alternative to axillary dissection, sonographic assessment of the axilla with 
biopsy of suspicious adenopathies has gained great importance since it allows patients to 
be selected for the technique and helps to avoid false negatives. Loss of the oval-shaped 
morphology, loss of the fatty hilum, focal cortical enlargement, diffuse enlargement of 
the node cortex, and increased size are considered sonographic signs suspicious for neo-
plastic infi ltration of a node.

Imaging FindingsOblique mammographic projections (Fig. 1.10.1) show a round hyperdense nodule with 
spiculated contours in the upper-outer quadrant of the left breast. Diagnostic ultrasound 
confi rms its solid nature and angular margins (Fig. 1.10.2).

A suspicious lymph node was identifi ed on ultrasound. Although the node main-
tains its oval shape and fatty center, there is a focal enlargement of the lower pole cortex 
(Fig. 1.10.3).
Breast MRI (Fig. 1.10.4) confi rms the existence of a contrast-enhanced nodule in the left 
breast. No other suspicious nodules were found.
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IntroductionCardiovascular disease is the leading cause of death in developed countries and represents 
a serious social, economic, and health problem. In cardiology, clinical tasks were initially 
only supported by plain fi lms and EKG. Later, interventional cardiology was introduced. 
Then, Doppler echocardiography and isotopic methods brought about a radical change, 
providing cardiologists with real noninvasive methods to document the diagnosis in prac-
tically all aspects of cardiac disease, except for the anatomy of coronary arteries. The 
development of new noninvasive imaging techniques for the diagnosis and follow-up of 
cardiovascular diseases has meant a great revolution in the last two decades.

Since cardiology departments have taken charge of cardiac catheterization as well as 
echocardiography, radiologists have played only a minor role in the diagnosis of car-
diovascular diseases. However, recent technical developments in computed tomography 
(CT) and magnetic resonance imaging (MRI) have enabled us to perform not only studies 
of cardiac morphology and tissue characterization, but also qualitative, semiquantita-
tive, and quantitative assessment of the parameters of cardiac function. This has defi -
nitely contributed to increased interest of radiologists in this fi eld. 

Echocardiography is still the fi rst choice for the diagnosis and follow-up of multiple 
cardiac diseases and it is usually performed by cardiologists. 

During the last decade MRI has developed into an important diagnostic clinical tool in 
cardiology. From a technical point of view, MRI offers some special advantages over other 
diagnostic imaging methods. First, it does not use ionizing radiation. Second, it provides 
additional diagnostic information about tissue characteristics. Finally, MRI provides 
three-dimensional (3D) images. 

One of the main diffi culties of imaging the heart is heart movement. However, this 
diffi culty has been overcome with the development of new sequences synchronized with 
heart movement as well as with respiratory motion. At present, not only the anatomy 
of the heart but also its function, metabolism, perfusion, and, more recently, proximal 
coronary artery status can be assessed with cardiovascular MRI. Furthermore, the ad-
ministration of intravenous contrast provides knowledge about myocardial viability in 
ischemic heart disease and about fi brosis in several other myocardiopathies. Hence, car-
diac magnetic resonance (CMR) is emerging as one of the most promising techniques for 
the study of congenital and acquired cardiac pathology. 

In general, CMR is considered a complementary study to echocardiography when the 
latter is inconclusive for a specifi c cardiac pathology or due to technical diffi culties; how-
ever, it is considered the fi rst choice technique for the study of certain cardiac patholo-
gies. Since the introduction of CMR in regular clinical practice, the number of clinical 
situations in which CMR is indicated has continued to grow. 

Multidetector CT (MDCT) coronary angiography is an indispensable tool that should be 
mastered by every department active in cardiac imaging. Close cooperation between radi-
ologists and cardiologists is necessary to adequately exploit this powerful technique.
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Case 1

Acute Myocardial Infarction

Fig. 2.1.1

Fig. 2.1.3a–d

A 57-year-old obese male heavy smoker with history of an inferior 
myocardial infarction 2 years prior was admitted with angina of 
recent onset. Cardiac catheterization showed severe anterior de-
scending and marginal branch coronary artery disease and total 
occlusion of the right coronary artery. A CMR viability study was 
performed to evaluate possible revascularization therapy. 

Fig. 2.1.2a,b

a b c d

a b
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CommentsAcute myocardial infarction (AMI) results from a total thrombotic occlusion of an epi-
cardial coronary artery. The absence of blood fl ow to the territory supplied by the oc-
cluded vessel causes cardiac tissue necrosis. Total occlusion of the vessel for more than 
4–6 hours results in irreversible myocardial necrosis, but reperfusion within this period 
can salvage the myocardium and reduce morbidity and mortality. 

AMI is classifi ed as transmural when the full thickness of the muscle segment(s) is 
involved and nontransmural when the ischemic necrosis does not extend through the full 
thickness of myocardial wall segment(s). The endocardial and subendocardial zones of 
the myocardial wall are the least perfused regions of the heart and are most vulnerable 
to ischemia.

Classical symptoms of acute myocardial infarction include chest pain, dyspnea, nau-
sea, vomiting, palpitations, sweating, and anxiety or a feeling of impending doom. Ap-
proximately one third of all myocardial infarctions are silent, without chest pain or other 
symptoms.

Coronary arteriography (CA) is the primary method of defi ning coronary anatomy in 
living patients. It provides not only an anatomic map of the coronary arteries, including 
the site, severity, and shape of stenotic lesions, but also information about the distal ves-
sels. Furthermore, LV catheterization enables measurements of LV pressure and visual 
analysis of wall motion. Ventricular systolic and diastolic volume and ejection fraction 
can be calculated. Finally, apart from anatomic assessment of the coronary tree, CA also 
enables the culprit lesion(s) to be revascularized. 

The accurate assessment of the extent and degree of myocardial injury is crucial in 
patients with acute or chronic myocardial infarction for individual risk stratifi cation and 
therapy design. The differentiation of viable from nonviable myocardium helps to predict 
the success of revascularization (i.e., the recovery of regional function) and overall sur-
vival. The most common modalities used to this end are echocardiography, radionuclide 
angiography, and single photon emission computed tomography (SPECT). While all of 
these modalities have been used in clinical trials with good reproducibility, in clinical 
practice they are less precise. Cardiac magnetic resonance (CMR) has better sensitivity, 
reproducibility, and resolution. Cine-MR images allow assessment of cardiac morphology 
and function. Contrast-enhanced (CE) magnetic resonance imaging (MRI) can charac-
terize acute myocardial infarction with two well-defi ned enhancement patterns: (1) First-
pass images performed immediately after contrast injection often demonstrate areas of 
hypoenhancement in the endocardial core of the infarct, corresponding to microvascular 
obstruction. (2) Delayed images (10 to 20 minutes after contrast injection) demonstrate 
regional signal hyperenhancement, corresponding to myocardial necrosis. 

Imaging FindingsBalanced fast fi eld-echo cine MR images obtained in the cardiac short axis (Fig. 2.1.1) and 
at end-diastole (Fig. 2.1.2a) and end-systole vertical long axis (Fig. 2.1.2b): four chamber 
planes show dilatation of the left ventricle with thinning of the posteroinferior segments 
and the apex as well as akinesia of these segments. A jet of mitral regurgitation can be 
appreciated in Figure 2.1.2b.

Three-dimensional T1-weighted fast fi eld-echo late-enhancement images (Fig. 2.1.3) 
obtained along the cardiac short-axis plane show marked hyperenhancement of the pos-
teroinferior segments, indicating the absence of myocardial viability. 

On the basis of these fi ndings, with the absence of myocardial viability in the inferior 
wall, percutaneous angioplasty revascularization was performed instead of surgery. 
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Case 2

Hypertrophic Cardiomyopathy

A 45-year-old man who presented with syncope after exercising 
was admitted to our cardiology unit. An EKG revealed sinus bra-
dycardia, LV hypertrophy, and negative T waves in derivations 
from the precordium and the extremities. Echocardiography re-
vealed thickening of the myocardium with preserved LV systolic 
function (ejection fraction, 0.55). CMR was performed to assess 
cardiac morphology, LV outfl ow-tract obstruction, and the pres-
ence of myocardial fi brosis.

Fig. 2.2.1a,b

Fig. 2.2.2a,b

Fig. 2.2.3a,b

a b

a b

a b
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CommentsHypertrophic cardiomyopathy (HCM) is a primary myocardial disease characterized 
by abnormal thickening of the left ventricular wall in the absence of dilatation. The 
prevalence of this entity is low, ranging from 0.02 to 0.2% in the general population, but 
HCM is the most frequent cause of sudden cardiac death in the young. In about 50% of 
cases this disorder is transmitted in an autosomal dominant pattern. Although the hy-
pertrophy is most frequently confi ned to the basal anterior septum, it may be concentric 
or involve any other segments of the LV. 

Histologically, HCM is characterized by the presence of extensive myocardial disar-
ray (disruption of normal alignment of muscle cells) and various patterns of myocardial 
fi brosis. Furthermore, patients with HCM are prone to developing myocardial ischemia. 

Pathophysiologically, HCM is characterized by outfl ow tract obstruction (obstructive 
hypertrophic cardiomyopathy), impaired regional myocardial performance, decreased 
myocardial compliance, decreased coronary fl ow reserve, and ventricular arrhythmias. 
Depending on the degree of obstruction of the outfl ow of blood from the LV, HCM can be 
defi ned as obstructive or non-obstructive. Dynamic outfl ow obstruction (when present in 
HCM) is usually due to systolic anterior motion of the anterior leafl et of the mitral valve, 
often aggravated by mid-septal bulging.

The clinical course of HCM is variable. Many patients are asymptomatic or mildly 
symptomatic. The symptoms of HCM include shortness of breath, chest pain, palpita-
tions, lightheadedness, fatigue, syncope, and sudden cardiac death. 

Echocardiography has been the standard method of assessing HCM. Thickening of 
15 mm or more of the wall of the LV is usually identifi ed in this disease. Echocardio-
grams will also show whether outfl ow tract obstruction is present (and to what degree) 
and whether there is mitral insuffi ciency. Nevertheless, echocardiography is limited by 
a variable acoustic window, inadequate LV wall visualization in more distant areas, and 
inaccurate evaluation of the LV mass in patients with asymmetric hypertrophy. In con-
trast, CMR can a) clearly defi ne the areas of myocardial hypertrophy; b) assess regional 
and global LV function; c) depict outfl ow tract obstruction, mitral valve systolic anterior 
motion, and mitral regurgitation; d) calculate LV mass; and e) detect myocardial fi brosis 
using delayed enhancement techniques.

Imaging FindingsBalanced fast fi eld-echo cine MR images obtained at end-diastole in the cardiac vertical 
long-axis (Fig. 2.2.1a) and short-axis (Fig. 2.2.1b) planes show asymmetric thickening of 
the myocardium with septal predominance. 

Balanced fast fi eld-echo cine MR image in the cardiac horizontal long-axis (Fig. 2.2.2a) 
reveals LV outfl ow-tract obstruction and mitral insuffi ciency. Four-chamber view 
(Fig. 2.2.2b) demonstrates predominant septal thickening and left atrial dilatation sec-
ondary to mitral insuffi ciency. 

Three-dimensional T1-weighted fast fi eld-echo late-enhancement images (Fig. 2.2.3) 
obtained along the cardiac short-axis plane display strong patchy enhancement at the 
junction of the interventricular septum (inferoseptal segment) and right ventricular free 
wall, indicating fi brous replacement of the myocardium. 

CMR fi ndings are consistent with the previous diagnosis of obstructive hypertrophic 
cardiomyopathy with septal predominance and multiple foci of myocardial fi brosis. 
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Case 3

Arrhythmogenic Right
Ventricular Dysplasia

A 45-year-old woman presented at our cardiology clinic for evalu-
ation of dyspnea and palpitations. An EKG revealed nonsustained 
ventricular tachycardia, with left bundle branch block morphol-
ogy. Echocardiography fi ndings included moderate dilatation and 
increased trabeculation of the right ventricle. Coronary angio-
gram was normal. Cardiac MRI was performed to evaluate the 
right ventricular cardiomyopathy of uncertain origin. 

Fig. 2.3.1 Fig. 2.3.2

Fig. 2.3.3 Fig. 2.3.4
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CommentsArrhythmogenic right ventricular dysplasia (ARVD) is a disorder characterized by pro-
gressive replacement of the right ventricular myocardium by fi brofatty tissue. Although 
this disorder usually involves the right ventricle, the left ventricle and septum also may 
be affected. This dysplasia can lead to extensive wall thinning, atypical arrangement of 
trabecular muscles, dilatations or aneurysms having paradoxical systolic motion, and, 
in rare cases, right-sided congestive heart failure. 

Although the exact prevalence of ARVD is unknown, it has been estimated to occur in 
one in 5000 individuals from the general population. Several reports suggest that there 
is a familial occurrence of ARVD of about 30%–50%, with mainly autosomal dominant 
inheritance. It represents the second cause of sudden cardiac death in young persons, 
especially athletes, after hypertrophic heart disease. 

Patients with ARVD are usually men younger than 35 years who complain of chest pain 
or tachycardia. In some cases, sudden cardiac death can be the fi rst presentation.

The diagnosis of ARVD is based on the presence of major and minor criteria encom-
passing genetic, electrocardiographic, pathophysiologic, and histopathologic factors. 
Fifty to 90 percent of persons with ARVD will have characteristic fi ndings on a resting 
electrocardiogram (ventricular tachycardia with LBBB, originating from the right ven-
tricle). The imaging modalities used to evaluate right ventricular abnormalities include 
conventional angiography, echocardiography, radionuclide angiography, ultrafast com-
puted tomography, and magnetic resonance (MR) imaging.

Right ventricular angiography has usually been regarded as the standard of reference 
for the diagnosis of ARVD, especially for discerning abnormalities such as akinetic or 
dyskinetic bulging in the infundibular, apical, and subtricuspid regions.

Echocardiography can detect regional or global changes in myocardial contractility, 
enlargement of the right ventricle, and right ventricular systolic dysfunction during a 
routine study. However, visibility of the apex and the right ventricular outfl ow tract is 
limited, areas of wall thinning may be very diffi cult to detect, and echocardiography 
lacks spatial resolution in depicting the typical fatty and fi brofatty changes in the right 
ventricular myocardium. 

MR imaging allows visualization of ventricular cavities and walls with an excellent 
depiction of myocardial anatomy. Cine sequences detect regional motion changes such 
as global or local hypokinesia, localized early diastolic bulging, or circumscribed sac-
cular outpouchings. T1-weighted sequences are able to detect intramyocardial fat in 
some cases. MR images obtained with the delayed-enhancement technique may reveal 
fi brous replacement of the right-ventricular free wall. Because MR imaging depicts both 
functional and structural abnormalities, positive MR imaging fi ndings should be used as 
important additional criteria in the clinical diagnosis of ARVD. CMR appears to be the 
optimal technique for the detection and follow-up of clinically suspected ARVD.

Imaging FindingsBalanced fast fi eld-echo cine MR images performed in the 4-chamber (Fig. 2.3.1) and short-
axis (Fig. 2.3.2) projections show severe dilation of the right ventricle, along with wall thin-
ning, increased trabeculation, multiple bulges with dyskinetic areas, and severe global dys-
function. The left ventricle is normal in size with mildly reduced global systolic function.

Black-blood T1-weighted MR images obtained in the 4-chamber (Fig. 2.3.3) and short-
axis (Fig. 2.3.4) planes show the absence of areas of fatty replacement of the right ven-
tricular wall. 

On the basis of these fi ndings, ARVD was diagnosed even though no fatty replacement 
of the RV wall was observed. 
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Case 4

Myocarditis

A 35-year-old woman with no relevant cardiovascular risk factors 
presented at the emergency department with a 5 hour history of op-
pressive central chest pain with typical characteristics and no other 
symptoms associated. She reported having gastroenteritis the week 
before and was afebrile. An EKG revealed ST elevation of 2 mm in 

Fig. 2.4.1 Fig. 2.4.2

Fig. 2.4.3

Fig. 2.4.4
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CommentsMyocarditis is an acute infl ammatory process that affects the myocardium in response to 
the action of various infectious (most frequently viruses), chemical, or physical agents.

In most patients, active myocarditis is clinically silent, with neither symptoms nor 
physical fi ndings to suggest the diagnosis. The most obvious clue pointing to myocarditis 
is an antecedent viral syndrome. Sometimes clinical features are limited to minor signs 
such as fatigue, palpitations, and weakness in the days following an acute episode of fever 
and/or angina. However, in some cases acute myocarditis can mimic an acute coronary 
syndrome. Although the majority of patients recover fully, 5% to 10% may progress to 
chronic myocarditis and dilated cardiomyopathy, leading occasionally to sudden death 
due to disseminated myocarditis.

The diagnosis is often presumptive. Clinical and laboratory fi ndings, EKG, echocar-
diography, and coronary angiography are of limited value except for eliminating acute 
coronary artery syndromes, and the fi nal diagnosis is generally made after ruling out 
the most common causes of cardiac disease. Although endomyocardial biopsy is still 
considered the diagnostic gold standard (though it may lack sensitivity because the dis-
ease may be focal), the development of new imaging techniques such as CMR imaging 
have contributed greatly to the diagnosis of myocarditis. In addition to the evaluation 
of ventricular morphology and function, CMR studies can assess myocardial infl amma-
tion. In the delayed enhancement technique, contrast accumulates in the myocardium 
as a consequence of the breakdown of the myocyte membrane due to the infl ammatory 
process. Contrast uptake usually occurs in a characteristic patchy pattern for about the 
fi rst 2 weeks after the acute event, later becoming progressively more disseminated. 
This pattern of midwall enhancement with sparing of the subendocardial layer is eas-
ily distinguished from the subendocardial pattern of uptake seen in acute myocardial 
infarction. The association of changes in regional contractility in the areas of uptake 
considerably increases the degree of diagnostic accuracy. Moreover, CMR not only can 
defi ne the site and extent of myocardial infl ammation, but it can also serve to further 
evaluate the progression of the disease. 

Imaging FindingsBalanced fast fi eld-echo cine MR images performed in the short-axis plane (Fig. 2.4.1) 
and four-chamber (Fig. 2.4.2) projections show mild lateral hypokinesia.

Black-blood T1-weighted MR images obtained 10 min after injection of gadolinium in 
four-chamber view (Fig. 2.4.3) and in the short-axis (Fig. 2.4.4) planes show a large area 
of mid-myocardial delayed enhancement with sparing of the subendocardial tissue local-
ized to the posterior and lateral regions.

These fi ndings, taken together with the clinical and laboratory results, are highly sug-
gestive of myocarditis. 

the inferior, posterior, and lateral leads. Echocardiography performed in the emergency 
department showed mild hypokinesia of the inferolateral wall. There was no evidence 
of pericardial thickening or effusion. Initial cardiac enzyme tests revealed troponin I of 
29.5 ng/mL (normal, < 0.4 ng/mL), CK of 2,585 U/L, and CK-MB of 389 ng/mL. The chest 
pain persisted despite sublingual and intravenous nitroglycerin administration, and she 
underwent urgent cardiac catheterization. Findings at coronary angiogram were normal 
and myocarditis was suspected. CMR was performed to assess cardiac morphology and 
function, as well as possible areas of infl ammation.
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Case 5

Aortic Coarctation

A 42-year-old man was referred for the study of treatment-refrac-
tory hypertension. Upon physical examination, his blood pressure 
was 175/95 mmHg in both superior extremities and 90/40 in both 
inferior extremities, with weak pulses in the latter. On auscultation, 
there was an extrasystolic sound in his back. The EKG sinus rhythm 
met the criteria for left ventricular hypertrophy. The echocardio-
gram confi rmed severe left ventricular hypertrophy with normal 
ejection fraction, revealing a systolic gradient in the descending 
aorta. Suspected aortic coarctation was studied by CMR. 

Fig. 2.5.1 Fig. 2.5.2
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CommentsCoarctation of the aorta represents a focal narrowing in the proximal descending tho-
racic aorta, most commonly found just distal to the origin of the left subclavian artery, 
usually in the region of the ductus arteriosus (juxtaductal). The gross morphology of the 
coarctation may vary from a discrete narrowing to a long-segment stenosis.

Coarctation of the aorta has a male preponderance and is relatively common, account-
ing for 5 percent to 10 percent of all congenital heart conditions. It often occurs together 
with other heart defects such as hypoplasia of the aortic arch and isthmus. Other associ-
ated conditions include bicuspid aortic valve (the most common associated anomaly, oc-
curring in about half of the patients), patent ductus arteriosus, ventricular septal defect, 
tricuspid atresia, and mitral valve abnormalities. Noncardiac associations include berry 
aneurysms in the circle of Willis and Turner’s syndrome. 

In infants, the lesion lies either opposite the ductus or in a preductal location. In ado-
lescents and adults, it is usually distal to the ligamentum arteriosum (postductal). 

Patients with aortic coarctation may present with congestive heart failure as infants 
when a patent ductus arteriosus closes. Older children are for the most part asymptom-
atic, although a few will complain of mild fatigue, dyspnea, or symptoms of claudica-
tion in their legs when running. Adults usually present with hypertension and discrepant 
blood pressure measurements in the arms and legs. 

Diagnosing coarctation early is important to prevent associated complications in-
cluding aortic aneurysm, dissection, and bacterial endocarditis at the coarctation site or 
bicuspid aortic valve. The most specifi c chest radiograph fi ndings in aortic coarctation 
are the aortic “Figure 2.5.3” sign and inferior rib notching due to pressure erosion from 
tortuous intercostal arteries acting as collaterals.

Transthoracic echocardiography is ideal for the initial assessment, since it provides 
comprehensive evaluation of valvular and ventricular function in addition to reliable 
assessment of the pressure gradient across the coarctation. Anatomic variations, such as 
isthmic or transverse arch hypoplasia, and the presence and severity of associated defects 
can also be evaluated. 

CMR is now considered the standard noninvasive technique for the evaluation of aor-
tic coarctation. 

Cine phase-contrast techniques, including velocity-encoded cine MR, measure the 
peak velocity across the site of coarctation, thus enabling the pressure gradient across the 
coarctation to be estimated. Associated abnormalities, such as arch hypoplasia, bicuspid 
aortic valve, and ventricular septal defect, can also be assessed. Gadolinium-enhanced 
3D MR angiography can readily demonstrate the presence of collateral circulation. It also 
provides excellent anatomic images of the extent of the coarctation and allows recon-
struction of 3D data into multiple planes. CMR is also well suited for assessing re-stenosis 
after surgical repair and complications such as postoperative pseudoaneurysms. 

Imaging FindingsOblique sagittal partition (Fig. 2.5.1) and maximum intensity projection (Fig. 2.5.2) im-
ages from breath-hold gadolinium-enhanced three-dimensional MR angiogram show 
severe postductal aortic coarctation with extensive collateral circulation, as well as mild 
hypoplasia of the aortic arch.
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Case 6

Constrictive Pericarditis

Fig. 2.6.1

Fig. 2.6.2a–f

a cb

d e f
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A 62-year-old male active smoker with history of tuberculosis in his youth consulted his 
cardiologist for dyspnea on exertion, coughing, and orthopnea associated to increased 
abdominal perimeter. At physical examination, elevated venous pressure and hepato-
megaly were observed. On auscultation there were tele-inspiratory crepitus. Chest X-ray 
showed subtle pericardial calcifi cations. The EKG revealed auricular fi brillation and the 
echocardiogram suggested possible pericardial thickening along with dilatation of the 
inferior vena cava. CMR was requested to study the pericardium. 

CommentsConstrictive pericarditis (CP) is a disorder caused by infl ammation and subsequent thick-
ening, scarring, and contracture of the pericardium. The most common presentation is 
an initial episode of acute pericarditis, which may go undetected clinically. This then 
slowly progresses to a subacute stage of organization and resorption of effusion, followed 
by a chronic stage consisting of fi brous scarring and thickening of the pericardium re-
sulting in diastolic dysfunction of both ventricles. In this stage, calcium deposition may 
contribute to stiffening of the pericardium.

Almost half the cases of CP are idiopathic. However, there is a small but defi nite inci-
dence of CP complicating operations on the heart and pericardium. At present, the most 
frequent known causes are cardiac surgery and radiation therapy. Other causes include 
infection (viral or tuberculous), connective-tissue disease, uremia, or neoplasm.

Patients with CP frequently present with symptoms of heart failure, such as dyspnea, or-
thopnea, and fatigability, and occasionally may present with liver enlargement and ascites.

Diseases that reduce myocardial compliance, such as restrictive cardiomyopathy 
(RCM), however, are also characterized by impaired ventricular fi lling, and the clinical 
manifestation of these diseases can be very similar to that of CP. Distinguishing between 
the two entities is crucial, because CP can be successfully treated with early pericardiec-
tomy, whereas medical treatment is recommended for RCM.

Transthoracic echocardiography is not highly accurate in the depiction of pericar-
dial thickening. Transesophageal imaging allows better visualization of the pericardium; 
however, it is limited by a narrow fi eld of view and is relatively invasive. CT and MR imag-
ing provide an excellent depiction of the pericardium. A pericardial thickness of 4 mm 
or more accompanied by clinical fi ndings of heart failure is highly suggestive of CP. CT 
presents the additional advantage of its high sensitivity in depicting pericardial calcifi -
cation. MR studies allow perfect depiction of increased ventricular interdependence, a 
phenomenon whereby the function of one ventricle is altered by changes in the fi lling of 
the other ventricle. Because the pericardial sac has a fi xed volume in CP, the position of 
the ventricular septum during diastole will depend on the fi lling characteristics of both 
ventricles. The rapid change in ventricular pressure that takes place in CP can lead to 
abrupt changes in septal position, with septal fl attening or eventually septal inversion 
(i.e., paradoxical motion). 

Imaging FindingsBlack-blood axial T1-weighted image (Fig. 2.6.1) shows thickening of the pericardium. 
Balanced fast fi eld-echo cine MR images (Fig. 2.6.2) performed in the 4 chamber 

projection also show a thickened pericardium, as well as paradoxical movement of the 
septum. 
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Case 7

Restrictive Cardiomyopathy

Fig. 2.7.3 Fig. 2.7.4

Fig. 2.7.1

Fig. 2.7.2a,ba b
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An obese 65-year-old woman with history of light congestive heart failure consulted for 
worsening of her status during the previous month, with dyspnea on slight exertion, 
weakness, and severe edema in the lower extremities. At physical examination elevated 
central venous pressure and severe hepatomegaly were noteworthy fi ndings. The EKG 
showed decreased voltage of the QRS complex in all leads. An echocardiogram revealed 
moderate thickening of both ventricles with severe dilatation of both atria, as well as 
mitral and tricuspid insuffi ciency. 

CommentsRestrictive cardiomyopathy (RCM) is the least common form of cardiomyopathy. RCM is 
defi ned as heart-muscle disease consisting of an increased stiffness of the myocardium 
that results in impaired ventricular fi lling, with normal or decreased diastolic volume 
of either or both ventricles. Systolic function usually remains normal, at least early in 
the disease, and wall thickness may be normal or increased, depending on the underly-
ing cause. 

RCM may be idiopathic or secondary to infi ltrative diseases such as amyloidosis, he-
mochromatosis, hypereosinophilic syndrome and Löffl er endocarditis, sarcoidosis, ra-
diation toxicity, glycogen storage diseases, and Gaucher disease. It also frequently occurs 
after a heart transplant.

The initial symptoms at presentation may be those of congestive heart failure (dys-
pnea, peripheral edema, and ascites) and arrhythmias. Up to a third of patients may pres-
ent with an embolic complication. In advanced cases, all the signs of heart failure are 
present except cardiomegaly. The fi ndings are similar to those seen in severe constrictive 
pericarditis. 

The diagnosis is based largely on the fi ndings at physical examination, electrocardi-
ography (EKG), and echocardiography. EKG abnormalities are not specifi c enough for a 
diagnosis. Echocardiography may show biatrial enlargement, normal-to-symmetrically-
thickened ventricular walls, rapid early-diastolic fi lling, slow late-diastolic fi lling, and 
normal or slightly reduced ventricular volume and systolic function

CMR can provide additional information about the structure of the heart. With the 
delayed-enhancement technique, areas of hyperenhancement suggest myocardial fi bro-
sis in patients with RCM. A precise diagnosis usually requires cardiac catheterization to 
measure pressures in the heart chambers and take biopsy samples. 

The diagnosis of restrictive cardiomyopathy should therefore be considered in a patient 
presenting with heart failure but no evidence of cardiomegaly or systolic dysfunction. Al-
though therapy is generally unsatisfactory, the importance of an accurate diagnosis lies 
in distinguishing restrictive cardiomyopathy from constrictive pericarditis, which can 
also present with “restrictive physiology” but which is often cured surgically. 

Imaging FindingsVertical long-axis (two-chamber) view cine-MR image (Fig. 2.7.1) shows marked dilata-
tion of the left auricle. 

Balanced fast fi eld-echo cine MR (Fig. 2.7.2) and black-blood T1-weighted (Fig. 2.7.3) 
images performed in the 4 chamber projection show marked dilatation of both atria, as 
well as impaired diastolic fi lling. No pericardial thickening or effusion is observed. 

Black-blood T1-weighted MR image obtained 10 min after injection of gadolinium in 
the short-axis (Fig. 2.7.4) plane shows a large area of mid-myocardial delayed enhance-
ment localized to the septum, consistent with fi brosis.
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Case 8

Congenital Anomalies of
Coronary Arteries

An obese 71-year-old woman with history of hypertension, insu-
lin-dependent diabetes mellitus, and atypical chest pain episodes 
was admitted to the emergency department for long-lasting chest 
pain with dubious changes at EKG. Cardiac enzyme tests were 
negative. The exercise test was inconclusive, so cardiac catheter-

Fig. 2.8.2a,b

Fig. 2.8.1

a b
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CommentsThe term coronary artery anomaly (CAA) refers to a wide range of congenital abnormali-
ties involving the origin, course, and structure of epicardial coronary arteries. CAAs are 
found in approximately 1% of all patients undergoing coronary angiography and in ap-
proximately 0.3% of patients undergoing autopsy. Although coronary anomalies can be 
an incidental autopsy fi nding, they are found relatively more frequently in young persons 
who die during exercise. Coronary artery anomalies are frequently found in association 
with other major congenital cardiac defects.

These anomalies may show a wide range of potential pathologic alterations that is 
matched by the variability in their clinical presentations. In their mildest form, they can 
be asymptomatic with no clinical consequences. Symptoms are reported in less than 30% 
of patients before a diagnosis of coronary anomaly is made. These generally include pal-
pitation, dyspnea on exertion, angina, syncope, fatigue, or fever. These symptoms rarely 
raise clinical suspicion of coronary artery anomalies. However, other CAAs are more 
frequently fatal, usually in the absence of warning symptoms. In particular, the pattern 
with proximal coronary artery segments crossing between the aorta and the pulmonary 
trunk has been reported to be potentially lethal.

The current diagnostic method of choice for detecting CAAs is conventional X-ray cor-
onary angiography. However, X-ray angiography provides only a two-dimensional view 
of a vessel’s complex three-dimensional path, so the anatomic course of the anomalous 
vessel with respect to the aorta and pulmonary artery may be diffi cult to discern. In ad-
dition, the anomalous vessel may be erroneously overlooked or assumed to be occluded 
if not selectively engaged. 

Transesophageal echocardiography can also detect coronary anomalies, but this 
method is not totally noninvasive and is too costly for screening large populations. CT has 
also been recommended. It offers excellent spatial resolution and identifi es most anoma-
lies in the course of the coronary arteries, but it uses ionizing radiation and potentially 
nephrotoxic or allergenic contrast agents.

MR coronary angiography is a novel noninvasive technique that has proved accurate 
in the imaging of proximal coronary anatomy in patients. The free choice of the imag-
ing plane is an advantage over the limited possibilities of angulations in conventional 
coronary angiography. Also, MRA is a tomographic technique that is potentially better 
in elucidating three-dimensional anatomy than a projection technique.

Its greatest limitation is in determining the distal coronary course. 

Imaging FindingsLeft anterior oblique coronary angiogram projection (Fig. 2.8.1) showing both right and 
left coronary arteries arising from the right coronary sinus. 

3D coronary MRA images (Fig. 2.8.2) show the left coronary artery (LCA) arising from 
the right anterior sinus along with the right coronary artery (RCA). The anomalous course 
of the LCA between the aorta and pulmonary arteries can also be observed. 

ization was requested. In the angiogram, an abnormal origin of the left coronary artery 
arising from the right coronary sinus along with the right coronary artery was observed. 
Given the diagnostic and therapeutic implications of this fi nding, CMR was performed 
to determine the course of the abnormal left coronary vessel and its relation with the 
great vessels. 
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Case 9

Coronary Artery S Stenoses

Fig. 2.9.1 Fig. 2.9.2

Fig. 2.9.3 Fig. 2.9.4
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A 61-year-old man with a history of systemic hypertension, dyslipemia, heavy smoking 
ceased 24 years prior, and a family history of ischemic heart disease was referred for chest 
discomfort that was sometimes related to exercise and sometimes occurred at rest. 

No other symptoms were reported.
Physical examination revealed blood pressure of 160/100 mmHg with no other abnor-

mal cardiovascular fi ndings.
EKG showed a sinus rhythm with left axis deviation and high T-waves in precordial 

leads with up-sloping of the J point.
Two-dimensional echocardiography showed normal dimensions for the cardiac cham-

bers and severe hypokinesia of the lateral wall of the LV, with preserved global systolic 
function (ejection fraction EF: 50%). The heart valves had a normal anatomic appearance 
and no functional disturbances.

CommentsDiagnostic accuracy of MDCT for the detection and assesment of lesions on native coro-
nary arteries is high in proximal and middle segments of the vessels. Both sensitivity 
and specifi city decrease when distal segments or secondary branches are studied due 
to their reduced diameter and contrast opacifi cation.

The left main (LM) and left anterior descending (LAD) arteries are the most readily 
visualized ones being the accuracy of MDCT in right coronary artery (RAC) and left cir-
cumfl ex artery (LCx) lower than in the case of both LM and LAD.

Imaging FindingsThe CT coronary scan revealed a signifi cant ostial stenosis of the main diagonal branch 
of the left anterior descending (LAD) artery along with a non-calcifi ed 50% stenosis in 
the mid-portion of the LAD. The right coronary artery and left circumfl ex artery were 
free of lesions.

A cardiac catheterization with angioplasty procedure was successfully performed. 
Two days after the revascularization procedure, the patient started complaining of atypi-
cal chest pain but no myocardial damage was found on the EKG. Blood work fi ndings 
were normal. The patient was discharged on antiplatelet medication and in good health.
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Case 10

Aortocoronary Bypass

Fig. 2.10.1 Fig. 2.10.2

Fig. 2.10.3 Fig. 2.10.4
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A 70-year-old man with a past history of aortocoronary bypass surgery in 1992 after 
acute myocardial infarction and a one-week history of severe chest pain (clearly related 
to physical exertion and emotional stress but also present at rest) was referred for car-
diological evaluation.

Physical examination was within normal limits.
The EKG showed normal sinus rhythm, with a horizontal electrical axis, QS in leads 

V1 and V2, with ST elevation and T-wave inversion.
Two-dimensional echocardiography showed a dilated LV with akynesia of the anterior 

segment, inferior hypokinesia, and depressed systolic function (ejection fraction: 30%). 
Valve examination showed low grade mitral regurgitation and low-grade tricuspid regur-
gitation. The pulmonary artery systolic pressure was 43 mmHg.

The patient was admitted to the ICU. No enzyme movement was recorded and the 
patient remained free of angina. 

CommentsCoronary artery bypass grafts (CABG) are more amenable to multidetector computed 
tomography (MDCT) imaging than native arteries due to their larger diameter and lower 
pulsatile movements along the cardiac cycle.

Although metallic clips in mammary arteries and radial artery grafts can interfere 
with the visualization of lesions, reports on diagnostic accuracy of MDCT in CABG have 
shown values of sensitivity and specifi city over 95% for the presence of stenoses in these 
vessels.

Imaging FindingsA CT scan showed severe RCA lesions, occlusion of the saphenous graft to the left mar-
ginal branch, patency of the LIMA graft to the LAD artery, and patency of the saphenous 
graft to a diagonal branch.

Coronary angiography was performed to confi rm these fi ndings and evaluate the pos-
sibility of percutaneous revascularization. The angiographic appearance of the RCA was 
not good enough to warrant an angioplasty procedure and the patient was discharged on 
antianginal and antiplatelet drugs.
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Thoracic Radiology  3

Santiago E. Rossi and Joaquina Lopez Mora

IntroductionChest radiology plays an essential role in the detection and characterization of conditions 
involving the thorax. Knowledge of a patient’s clinical history is particularly important 
in thoracic radiology, since the radiological fi ndings may suggest a myriad of possible 
interpretations in any given case. A wide range of imaging techniques is useful in the 
study of the thorax. The different imaging procedures in thoracic radiology can be sum-
marized as:

Chest X-rays are usually the fi rst-line imaging modality in thoracic pathology and give 
a detailed overview of the lungs, heart, and chest wall. 
Computed Tomography (CT) is generally performed to characterize a chest X-ray fi nd-
ing. High resolution CT (HRCT) has a signifi cant contribution in the evaluation of 
diffuse lung diseases.
Magnetic Resonance (MR) has a limited use in thoracic imaging; it is especially useful 
in the evaluation of mediastinal and pleural masses. It has the advantage of not using 
ionizing radiation. 
Ventilation-perfusion scan (V/Q) is a type of diagnostic scintigraphy used to study 
the distributions of pulmonary blood fl ow and alveolar ventilation.
PET-CT has all the advantages of the two methods that make up this dual imaging 
modality, computed tomography and positron emission tomography, and combines 
both anatomical and metabolic fi ndings. It is especially used in oncology, including 
the evaluation of solitary pulmonary nodules, lung cancer staging and re-staging, and 
the response to therapy.

With the increasing number of diagnostic modalities, thoracic radiologists must mas-
ter a wide spectrum of different technologies and determine the most appropriate diag-
nostic test for each clinical situation. Chest radiology includes the evaluation of different 
systems: the lung and airways, heart and great vessels, chest wall, diaphragm, and me-
diastinum. The evaluation of the heart and great vessels is a growing area of interest for 
thoracic radiologists, and the development of cardiovascular applications of both MR and 
multislice CT has expanded the role of the thoracic radiologist in the study diseases af-
fecting the heart and great vessels. The recent introduction of multislice CT and PET-CT 
has also had a great impact on patient management. 

Although, this chapter focuses on pulmonary imaging cases, interventional radiology 
plays a vital role in daily clinical practice. Among other invasive diagnostic and thera-
peutic techniques, thoracic radiologists biopsy pulmonary nodules and treat lung tumors 
using radiofrequency ablation. 

In conclusion, thoracic radiology is in constant evolution and includes much more 
than reading chest X-rays. In our opinion, its versatility makes thoracic radiology one of 
the most attractive radiology subspecialties.

�

�

�

�
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Case 1

Usual Interstitial Pneumonia (UIP)

Fig. 3.1.1 Fig. 3.1.2

Fig. 3.1.4Fig. 3.1.3
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A 54-year-old man presented with progressive dyspnea and non-productive cough. Drug 
toxicity, environmental exposure, and collagen vascular disease were ruled out. Bibasilar 
velcro-type end-inspiratory crackles were detected on auscultation. Lung function tests 
revealed a moderate restrictive defect, decreased PAO2, and decreased diffusing capacity 
of the lung for carbon monoxide (DLCO).

CommentsIdiopathic pulmonary fi brosis (IPF) is the clinical syndrome associated with an intersti-
tial pneumonia of unknown cause. Histopathological fi ndings show a pattern of usual 
interstitial pneumonia. 

Surgical lung biopsy is the most defi nitive method for establishing the diagnosis. Patho-
logic changes have a predilection for the subpleural and paraseptal parenchyma. Fibrotic 
zones with associated honeycombing alternate with areas of relatively unaffected lung tis-
sue. Areas of chronic lung injury contrast with regions of acute injury with foci of actively 
proliferating fi broblasts and myofi broblasts. Interstitial infl ammation is mild and gener-
ally associated with fi brosis. Spatial and temporal heterogeneity are characteristic.

Patients with IPF have an increased incidence of lung carcinoma. The disease follows 
a progressive course with a mean survival time of 3 years. Treatment options include 
corticosteroids, azathioprine, and lung transplantation. 

Differential diagnoses:
Nonspecifi c interstitial pneumonia (ground-glass pattern predominance, usually no 
honeycombing) 
Asbestosis (subpleural lines and parenchymal bands)
Drug toxicity (ground glass and consolidations) 

�

�
�

Imaging FindingsChest radiograph demonstrates:
Bilateral reticular opacities 
Lower lobes, peripheral predominance
Cystic dilatation of the distal air spaces “honeycombing”
Traction bronchiectasis

High resolution computed tomography (HRCT) increases spatial resolution, facilitat-
ing visualization of parenchymal detail to the level of the secondary pulmonary lobule.

HRCT (UIP) demonstrates:
Interlobular septal thickening
Ground-glass attenuation pattern
Traction bronchiectasis and bronchiolectasis
Architectural distortion
Honeycomb pattern
Basal and peripheral predominance

�
�
�
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Case 2

Lymphangitic Carcinomatosis

Fig. 3.2.1 Fig. 3.2.2

Fig. 3.2.3

Fig. 3.2.4
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A 59-year-old woman with a 30 pack/year history of smoking presented with shortness 
of breath, nonproductive cough, fatigue, and weakness. Physical examination revealed 
tachypnea; tachycardia, and cyanosis. Auscultation revealed diffuse fi ne rales in the 
basal regions and a restrictive ventilatory defect. Past medical included a history of 
breast carcinoma 10 years prior. Bronchoalveolar lavage detected neoplastic cells and an 
increased number of lymphocytes.

Imaging FindingsChest radiograph shows:
Normal fi ndings, usually (25% sensitivity)
Reticulonodular pattern, more frequent in the lower lobes
Kerley B lines (Kerley B lines in the absence of congestive heart failure is very sugges-
tive of lymphangitic carcinomatosis)
Pleural effusion
Hilar and mediastinal adenopathy

High resolution computed tomography (HRCT) shows:
Nodular, irregular or smooth reticular pattern (beaded appearance)
Peribronchovascular, centrilobular, septal, and subpleural distribution
Unilateral, bilateral, or patchy distribution
Pulmonary architecture is preserved
Normal lung volume
Pleural effusion
Hilar or mediastinal adenopathy

�
�
�

�
�

�
�
�
�
�
�
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CommentsLymphangitic carcinomatosis represents intrapulmonary spread of metastatic neoplasm 
via lymphatics and adjacent connective tissue. It is a frequent pattern of neoplastic spread 
to the lungs (35–55%). The most common primary malignancies producing lymphangitic 
spread include adenocarcinomas of the breast, lung, stomach, pancreas, cervix, and 
colon. Most cases of lymphangitic spread occur as a result of tumor microembolization. 
Other potential mechanisms include retrograde spread from involved lymph nodes, local 
extension from a primary pulmonary tumor, and transdiaphragmatic spread. Pulmonary 
architecture is preserved, although the lymphatic vessels appear distended by neoplastic 
cells and a perilymphatic fi brotic reaction is usual. In the presence of an unknown pri-
mary tumor, the diagnosis is based on histopathologic specimens.

Differential Diagnosis:
Pulmonary edema (interlobular septal thickening, nodules are absent, ground-glass, 
and consolidation)
Sarcoidosis (bilateral, peribronchovascular, upper lobes predominance, distortion of 
pulmonary architecture)
Silicosis (upper lobes, associated with masses and parenchymal distortion)
Pneumoconiosis 
Hypersensitivity pneumonitis
Lymphoma and Kaposi’s Sarcoma

�
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A 70-year-old-woman presented with pleuritic chest pain irradi-
ated to the right shoulder, hemoptysis, and sudden shortness of 
breath. She had a history of 20-pack/year smoking habit, hyper-
tension, and obesity. She had been immobilized after hip replace-
ment surgery for 20 days and left hospital three days prior. On 
admission the patient was tachypneic; oxygen saturations on air 
were 80%, and decreased air entry to her right lung base was noted 
with pleural rub. 

Case 3

Thrombotic
Pulmonary Embolism

Fig. 3.3.1 Fig. 3.3.2

Fig. 3.3.3
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Imaging FindingsChest radiographs are usually used only to exclude other causes since they have low 
sensitivity and specifi city. Main signs include:

Enlargement of the central pulmonary artery (Fleischner sign)
Oligemia of the lung beyond the occluded vessel (Westermark sign)
Pleura-based areas of consolidation (Hampton hump sign)
Pleural effusion
Hemidiaphragm elevation 
Linear atelectasis

Contrast-enhanced CT detects intraluminal fi lling defects in the main, lobar, segmen-
tal, and subsegmental arteries.

Total fi lling defect occluding the entire lumen of an artery, which might be enlarged
Partial fi lling defect (“polo mint” sign on images acquired perpendicular to the long 
axis of a vessel and “railway track” sign on longitudinal images of the vessel) 
Peripheral intraluminal fi lling defect that forms acute angles with the arterial wall 
Infarcts (peripheral wedge-shaped areas of hyperattenuation) 
Linear bands
Right ventricular dilatation or deviation of the interventricular septum

Ventilation-perfusion scan (V/Q) is a type of diagnostic scintigraphy used to study the 
distributions of pulmonary blood fl ow and alveolar ventilation. In pulmonary embolism, 
pulmonary perfusion is abnormal while the lung parenchyma remains intact and ventila-
tion remains normal (“mismatched perfusion defect”). If embolism results in infarction, 
a ventilation defect corresponding to the perfusion defect appears. 

�
�
�
�
�
�
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CommentsThrombotic pulmonary embolism is a major cause of death in hospitalized patients. 
Predisposing factors include hypercoagulable state, orthopedic surgery, malignancy, 
and pregnancy. Most emboli arise from the deep veins of the legs and lodge within the 
branches of the pulmonary arteries, and a few straddle the bifurcation of the main pul-
monary artery. The effects of emboli are due to vascular obstruction. Pulmonary arte-
rial obstruction and release of vasoactive agents elevate pulmonary vascular resistance, 
increasing alveolar dead space and causing redistribution of blood fl ow. Refl ex broncho-
constriction augments airway resistance, lung edema decreases pulmonary compliance, 
and right ventricular afterload increases. Embolic infarction is unusual (15%) and oc-
curs only when the combined bronchial and pulmonary arterial circulation is inadequate 
(peripheral arterial tree or heart failure). The main cause of death in pulmonary embolism 
is circulatory collapse secondary to right-sided heart failure.

Differential Diagnosis:
Chronic pulmonary embolism: eccentric defect at an obtuse angle with the arterial 
wall, nodular arterial wall, abrupt narrowing of the arterial diameter, recanalization 
of thrombosed vessel
Septic pulmonary embolism
Hydatid embolism
Fat embolism
Amniotic fl uid embolism
Tumor embolism
Air embolism

�
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Case 4

Metastases

Fig. 3.4.4Fig. 3.4.3

Fig. 3.4.1 Fig. 3.4.2

RibesLunaRos.indb   60 18.03.2008   12:49:33



 Thoracic Radiology 61

A 63-year-old-woman with a past history of colon carcinoma. 

CommentsIn autopsy series, pulmonary metastases are found in 20–50% of patients with colon 
cancer. The most common sources of metastases include colon, breast, kidney, prostate, 
head, and neck carcinoma. Tumors with a high incidence of pulmonary metastases are 
choriocarcinoma, osteosarcoma, melanoma, and thyroid carcinoma. Early diagnosis 
of pulmonary metastases may be critical in planning and evaluating the accuracy of 
therapy. The most frequent mechanisms of dissemination to the lungs are: hematogenous 
(nodules), lymphangitic (interstitial disease), and endobronchial spread, and tumor em-
bolization.

Imaging FindingsChest radiograph shows:
Spherical nodules
Solitary or multiple
Variable in size
Bilateral
Peripheral (outer third of the lungs or subpleural)
IMiddle or lower zones of the lungs

CT shows:
Oval or spherical discrete nodules
Solitary or multiple
Well-defi ned, smooth or irregular outlines
Soft-tissue density 
Pulmonary vessels leading to metastases (“afferent vessel sign”)

Atypical radiologic fi ndings:
Cavitation: cervix, colon, or head and neck metastases
Calcifi cation: osteosarcoma, chondrosarcoma, breast, ovarian, colon, thyroid, or 
treated metastases
Miliary dissemination: thyroid, renal metastases
Spontaneous pneumothorax: sarcoma metastases
Ground-glass attenuation around mass (“halo sign”): choriocarcinoma or angiosar-
coma metastases
Solitary mass: melanoma, sarcoma, colon, testicle, breast, or kidney metastases
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A 34-year-old man with neurofi bromatosis type I presented with 
radicular thoracic pain involving the left hemithorax from spine 
to sternum. 

Case 5

Thoracic Neurofi broma

Fig. 3.5.1

Fig. 3.5.2

Fig. 3.5.4Fig. 3.5.3
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CommentsNeurogenic tumors account for about 9% of primary mediastinal masses in adults and 
30% of mediastinal tumors in children. Neurofi bromas are slow-growing neoplasms that 
originate from the nerve sheath and are derived from Schwann cells. They are seen most 
commonly in patients between 20 and 30 years of age. Most are benign, although malignant 
degeneration occasionally occurs (up to 25%). Almost all arise from intercostal or sym-
pathetic nerves, adjacent to the spine. They are usually not encapsulated. Neurofi bromas 
demonstrate proliferation of nerve sheath cells interspersed with thick collagen bundles 
and may show variable degrees of myxoid degeneration and calcifi cations.

Differential Diagnosis: 
Other neurogenic tumors including schwannoma, neuroblastoma, ganglioneuroma
Adenopathies (lymphoma, tuberculosis, sarcoid, or metastases)
Extramedullary hematopoiesis
Neurenteric cysts
Pancoast tumor

�
�
�
�
�

Imaging FindingsRadiographs of the spine may show:
Widening of neural foramina
Focal scoliosis
Rib abnormalities

Chest radiographs may show:
Well-defi ned mass
Smooth or lobulated contours
Round or oval
Variable size
Situated in the posterior mediastinum or grow along intercostal nerves

CT may show:
Homogeneous mass
Soft-tissue density and may have low attenuation zones
Calcifi cation (not usual): fi nely stippled
Heterogeneous enhancement after intravenous administration of contrast material
Bone erosions of ribs and vertebrae: the cortex is preserved and thickened
Malignant degeneration: heterogeneous density, local invasion, bone destruction, and 
metastasis to the pleura or lungs

MR may show:
Intermediate signal intensity on T1-weighted images
Heterogeneous signal intensity on T2-weighted images: areas of collagen and fi brous 
tissue (low-signal) and areas of myxoid tissue or cystic degeneration (high-signal)
“Target pattern”: central portion shows higher intensity on T1, and the periphery 
shows higher intensity on T2 (due to highly cellular central zone and abundant stro-
mal material in the peripheral zone)
MR shows intraspinal extension best 
Plexiform neurofi broma: extensive fusiform or infi ltrating mass that tends to sur-
round mediastinal vessels with loss of fat planes

�
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Case 6

Hodgkin Lymphoma

Fig. 3.6.1 Fig. 3.6.2

Fig. 3.6.4Fig. 3.6.3
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A 30-year-old-woman presented with a one-month history of swollen neck lymph nodes, 
weight loss, fever, and night sweats. Her past medical history was unremarkable. 

Imaging FindingsChest Radiograph shows:
Rounded or lobulated mass
Sharply marginated borders
Widening of the mediastinum or hilum
Increased opacity of the retrosternal area on the lateral view
Calcifi cations after treatment
Unilateral pleural effusions (15%)
Lung involvement (10%)

CT appearance:
Nodal enlargement: short axis > 1 cm
Soft-tissue attenuation mass or adenopathy
Slight-to-moderate enhancement after intravenous contrast material
Necrotic nodes (central low attenuation) 20–45%
Calcifi cation after therapy: irregular, eggshell or diffuse pattern
Pulmonary involvement: nodules, consolidations, or interstitial infi ltration

MR appearance:
Intermediate signal intensity on T1-weighted images
High-signal intensity on T2-weighted images
Demonstrates vascular invasion or compression

�
�
�
�
�
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CommentsLymphomas are divided into Hodgkin disease (HD) and non-Hodgkin lymphoma. Hodg-
kin disease is a lymphoid neoplasm of B lymphocyte lineage, characterized by the pres-
ence of Reed-Sternberg cells. Nodular sclerosis HD is the most common lymphoma of 
the anterior mediastinum, and patients are usually women between 20 and 50 years old. 
It most frequently involves the anterior mediastinal and paratracheal regions. Usually 
several nodal groups are involved at the moment of the diagnosis. It characteristically 
spreads by means of contiguous lymph node groups. Isolated hilar involvement should 
suggest other diagnoses. Staging of HD takes into account the extent of nodal disease, 
presence of extranodal disease, and clinical symptoms.

Differential diagnoses:
Seminoma: heterogeneous, younger patients
Thymoma: calcifi cations are usually seen
Metastases: history of head and neck carcinoma
Goiter: higher attenuation, extension to the neck (thyroid gland)
Sarcoidosis: symmetrical hilar and paratracheal adenopathy
Tuberculosis: lymph nodes with annular enhancement

�
�
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Case 7

Lung Cancer

A 50-year-old-man presented with upper back pain and progres-
sive dyspnea; he had a history of smoking 30 packs/year. At physi-
cal examination, he showed signs of weight loss and expiratory 
wheezing at auscultation.

Fig. 3.7.1

Fig. 3.7.2

Fig. 3.7.4Fig. 3.7.3
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CommentsBronchogenic carcinoma is the most common cause of cancer-related death in both men 
and women. It is divided into four main histologic subtypes: adenocarcinoma (the most 
common), squamous cell carcinoma, small cell carcinoma, and large cell carcinoma.

Adenocarcinoma:
Symptoms include dyspnea or cough, pleuritic pain depending on extension
Upper lobe, peripheral, or subpleural predominance
Adrenal, brain, bone, or liver metastases
Radiographic fi nding of a solitary pulmonary node or mass with well-marginated, 
lobulated, irregular, or poorly defi ned borders

Squamous cell carcinoma:
Symptoms include cough and hemoptysis
Central location with endobronchial component
Direct extension to the local lymph nodes
Slowest growth rate 
Radiographic fi nding of a hilar mass with or without obstructive pneumonitis or atel-
ectasis
Central necrosis is common in large tumors and central cavitation in 15%
Can manifest as a Pancoast tumor (superior sulcus tumor): with invasion of the pleura 
and rib producing shoulder pain and involvement of the brachial plexus causing arm 
pain and paresthesia.

Differential Diagnosis:
Bronchial carcinoid tumor: calcifi cation, enhances with IV contrast, widening of the 
approaching bronchus
Solitary metastases
Primary pulmonary sarcoma
SPN benign causes including hamartoma (fat/calcium), granuloma, and arteriovenous 
malformation.

�
�
�
�
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Imaging FindingsChest radiograph shows:
Nodule or mass
Hilar or mediastinal adenopathy or mass
Pleural effusion
Obstructive fi ndings: atelectasis, pneumonia, mucoid impaction

CT shows:
Nodule or mass
Morphology: spherical or oval, lobulated or spiculated
Density: soft-tissue density, amorphous calcifi cation, cavitation with thick walls
Contrast enhancement related to angiogenesis
Evaluate growth rate
Presence of associated collapse and/or consolidation
Hilar and mediastinal adenopathies
IMediastinal and chest wall invasion

PET-CT Noninvasive diagnostic metabolic and anatomic technique. PET-CT can aid in 
diagnosis, staging, assessing recurrence, and monitoring response to therapy.
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Case 8

Bronchiectasis

Fig. 3.8.1

Fig. 3.8.2

Fig. 3.8.4Fig. 3.8.3
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CommentsBronchiectasis is characterized by the permanent dilation of bronchi with destruction 
of the elastic and muscular components of bronchial walls. It is usually caused by acute 
or chronic infection. The main symptoms of bronchiectasis include chronic cough and 
sputum production. Recurrent bacterial colonization and infection lead to progressive 
airway injury. 

Infl ammatory mediators produce infl ammation and destruction of the elastic and 
muscular components of bronchial walls, while the contractile force of the surrounding 
lung tissue exerts traction, expanding the diameter of involved airways. 

Bronchiectasis is also associated with increased bronchial arterial proliferation and 
arteriovenous malformations, predisposing to recurrent hemoptysis in some patients. 
Bronchiectasis may have a focal or diffuse distribution.

Kartagener’s syndrome refers to the triad of situs inversus, bronchiectasis, and recur-
rent sinusitis, occurring in half of patients with primary ciliary dyskinesia. This is an 
autosomal-recessive disorder associated with defective ciliary structure and function. 

Differential Diagnosis:
Cystic fi brosis
Allergic bronchopulmonary aspergillosis (ABPA)
Mycobacterium avium complex infection
Pulmonary fi brosis
Bronchial obstruction

�
�
�
�
�

Imaging FindingsChest radiograph shows:
Dilated and thickened airways (ring-like shadows of airways that are seen on end, or 
tram lines of airways that are perpendicular to the X-ray beam)
Focal pneumonitis
Scattered irregular opacities
Plate-like atelectasis

High resolution CT (HRCT) shows:
Bronchial wall thickening
Bronchial dilatation 
Bronchus is larger than the adjacent pulmonary artery (signet ring sign) 
Bronchi are visible within 1 cm of pleura
Cylindrical bronchiectasis (smooth bronchial dilatation)
Varicose bronchiectasis (beaded bronchial dilatation)
Cystic bronchiectasis (air-fl uid levels in dilated airways)
Mucoid impaction (tree-in-bud pattern)
Atelectasis distal to mucoid plug
Focal air-trapping distal to mucoid plug

�

�
�
�

�
�
�
�
�
�
�
�
�
�

A 15-year-old girl with chronic sinusitis and bronchitis presented with a productive cough 
without fever. Diffuse rhonchi were detected at physical examination. 
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Case 9

Malignant Mesothelioma

Fig. 3.9.3 Fig. 3.9.4

Fig. 3.9.1 Fig. 3.9.2
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A 64-year-old man presented with shortness of breath, pleuritic pain, and weight loss. 
The patient referred pleural effusions drained two years prior and had worked in an 
electric wiring factory for 20 years. He had no history of smoking. 

CommentsMalignant mesothelioma is the most common primary neoplasm of the pleura. It has a 
strong association with asbestos exposure, with a latency of 35–40 years. Median survival 
time after diagnosis is between 12–15 months. The main histologic subtypes are epithe-
lial, sarcomatous, and mixed. It is locally aggressive, with frequent invasion of the chest 
wall, mediastinum, and diaphragm. Metastases to the hilar and mediastinal lymph nodes 
are usual at the moment of diagnosis. The most frequent hematogenous metastases are 
to the lungs, liver, kidneys, and adrenal glands.

Differential diagnoses:
Adenocarcinoma 
Lymphoma
Thymoma (drop metastases)
Asbestos-related benign pleural disease
Infections

�
�
�
�
�

Imaging FindingsChest radiograph shows:
Pleural effusion 
Circumferential pleural thickening 
Lung nodules or masses

CT shows:
Unilateral pleural effusion
Sheetlike or lobulated pleural thickening
Interlobar fi ssure thickening
Tumor encasement of the lung with a rindlike appearance
Contraction of the affected hemithorax with associated ipsilateral mediastinal shift, 
narrowed intercostal spaces, and elevation of the ipsilateral hemidiaphragm
Chest wall invasion: obliteration of fat planes, invasion of intercostal muscles, infi ltra-
tion or separation of ribs, bone destruction
Invasion into the mediastinum: obliteration of fat planes or direct tumor invasion to 
the heart, great vessels, esophagus, and trachea 

MR imaging provides excellent soft-tissue contrast, showing: 
Isointense to muscle or slightly hyperintense on T1-weighted images
Hyperintense on T2-weighted images
Enhances after contrast administration

PET-CT shows:
More extensive disease involvement
Most appropriate biopsy site for obtaining positive results
Occult distant metastases

�
�
�

�
�
�
�
�

�

�

�
�
�

�
�
�
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Case 10

Tuberculosis

Fig. 3.10.1

Fig. 3.10.2

Fig. 3.10.3

Fig. 3.10.4
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A 35-year-old woman presented with a three-month history of non-productive cough, 
low-grade fever, anorexia, night sweats, and weight loss. Laboratory tests revealed raised 
peripheral blood leukocyte count and anemia and the absence of HIV antibodies.

CommentsPulmonary tuberculosis is caused by inhalation of droplets laden with Mycobacterium 
tuberculosis bacilli. The most common site of implantation is the middle and lower lung 
lobes. The course of the disease depends on the interaction between the host response 
and organism’s virulence. Primary tuberculosis typically appears as air-space consolida-
tion in the lower lobes, hilar and mediastinal lymphadenopathy, and pleural effusion. 
Postprimary tuberculosis occurs in persons with a degree of acquired immunity from 
prior infection and usually appears as nodular and linear areas of increased opacity or 
attenuation in the lung apex. Active and inactive disease can only be reliably differenti-
ated radiographically on the basis of temporal evolution (no change over a 4–6 month 
interval).

Imaging FindingsPrimary disease:
Lymphadenopathy: right paratracheal and hilar stations most frequently involved. 
Central areas of low attenuation with peripheral rim enhancement (most frequently 
HIV)
Parenchymal consolidation: homogeneous, patchy, linear or nodular; segmental or 
lobar distribution
Obstructive atelectasis, usually right-sided
Unilateral pleural effusion
Radiographs are normal (15%)

Post primary disease:
Parenchymal disease with cavitation: heterogeneous opacities in the apical and poste-
rior segments of the upper lobes and the superior segment of the lower lobes
Cavitation: usually multiple, with thin and smooth or thick and irregular walls. May 
have air-fl uid levels
Tuberculoma: solitary round sharply marginated mass with calcifi cation
Bronchogenic spread: 4 mm centrilobular nodules and sharply marginated linear 
branching opacities (“tree-in-bud” appearance)
Pleural effusion
Fibroproliferative disease: upper lobe volume loss with cicatricial atelectasis, archi-
tectural distortion, and traction bronchiectasis

Complications:
Mycetomas: mobile intracavitary masses, air crescent sign
Traction bronchiectasis
Residual cavities
Rasmussen aneurysm: pseudoaneurysm of a pulmonary artery
Broncholithiasis: calcifi ed peribronchial nodes

�
�

�

�
�
�

�

�

�
�

�
�

�
�
�
�
�
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  Nuclear Medicine 

Gastrointestinal System and Disorders                    4
of the Liver, Pancreas, Spleen, and Biliary System  
Antonio Luna Alcala, Lidia Alcala Mata, and Ramon Ribes

IntroductionThe peritoneum is a complex serous membrane that divides the abdomen into multiple 
potential spaces communicating with one another. Some of the abdominal viscera are 
completely covered by peritoneum, as is the case of the liver and most of the gastrointes-
tinal tract, while other viscera, such as the spleen, kidneys, adrenal glands and pancreas, 
have a retroperitoneal location. It is of the utmost importance for radiologists to know 
the complex anatomy and dynamic relationships between the different peritoneal spaces 
and abdominal systems. The entire hepatobiliopancreatic system and much of the gastro-
intestinal system are located in the upper abdomen, and in many clinical circumstances 
they are involved in the same differential diagnoses.

This complexity makes it necessary to fi t the imaging procedure to the clinical pat-
tern on an individual case-oriented basis. For example, in cases of acute pain in the right 
hypochondrium, ultrasound is the most appropriate procedure to rule out a gallstone, 
biliary obstruction, or acute pancreatitis; however, if a hiatal hernia or peptic ulcer is 
suspected, an upper gastrointestinal barium study should be performed. Therefore, a 
wide range of imaging techniques is useful in the study of the abdomen. The role of the 
different imaging procedures in abdominal radiology can be simply summarized as:

Abdominal X-ray: to rule out gastrointestinal obstruction and to detect radiopaque 
stones within the gallbladder and urinary system
Barium swallow and upper gastrointestinal series: to study the esophagus, stomach, 
and duodenum. It is most commonly used in cases of ulcer or gastric refl ux
Barium enema: to study the rectum and colon. It is most commonly indicated to study 
a change in bowel habits, nonspecifi c abdominal pain, rectal bleeding, or if a colonic 
mass or polyp is suspected
Abdominal ultrasound (US): usually a fi rst-step imaging procedure, US is able to 
adequately study the liver, pancreas and biliary system, and spleen.
Computed tomography (CT): usually a second-step procedure, performed to study a 
specifi c problem, although it is also an excellent imaging screening test and especially 
useful in the emergency room because it can rapidly examine most of the different 
systems of the abdomen at the same time 
Magnetic resonance (MR): of increasing importance in recent years,it has the advan-
tage of not use ionizing radiation. Its great fl exibility makes it suitable for studying 
most of the abdominal systems and for solving specifi c diagnostic problems. It is 
especially useful in the study of the biliary system using MR cholangiopancreatogra-
phy techniques (MRCP)
In conclusion, abdominal radiology teams need expertise in a wide variety of techniques 

as well as extensive knowledge about a vast range of diseases that can affect the different 
organs and systems in the abdomen. Abdominal radiology is one of the fastest growing 
and most dynamic fi elds in radiology and has much to offer adventurous residents and 
young radiologists who are not afraid to face challenging diagnostic problems.

●

●

●

●

●

●
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Case 1

Fig. 4.1.1

Fig. 4.1.2

Fig. 4.1.3 Fig. 4.1.4

Acute  Cholecystitis and Choledocholithiasis with Secondary Pancreatitis
and Hepatic Abscess
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An 83-year-old man presented at the emergency room with right upper quadrant pain, 
fever, and progressive vomiting in the previous 48 hours. At physical examination, Mur-
phy’s sign was positive. Blood test revealed leukocytosis with left shift and biochemical 
markers of cholestasis.

Imaging FindingsAbdominal ultrasound demonstrated clear signs of acute cholecystitis: cholelithiasis, stri-
ated wall thickening, positive sonographic Murphy’s sign, and increased peripheral vas-
cularization in color Doppler ultrasound (Fig. 4.1.1). Moderate bile duct dilatation and a 
focal lesion in the left liver lobe with “comet-tail artifact” were additional fi ndings. CT and 
MR cholangiography were performed to further investigate these features. Unenhanced CT 
revealed a hepatic abscess with internal air bubbles in segment 3 (Fig. 4.1.2, arrow) and peri-
pancreatic fat streaking, a sign of mild acute pancreatitis (Fig. 4.1.3). MR cholangiography 
demonstrated the presence of three gallstones in the common bile duct (Fig. 4.1.4).

CommentsAcute cholecystitis is the most common cause of acute pain in the right upper quadrant. 
It occurs in one of every three patients with cholelithiasis and is usually caused by cystic 
duct obstruction by impacted calculus (95%). The pathogenic mechanism is increased 
internal pressure in the gallbladder secondary to obstruction, with chemical irritation 
from concentrated bile and wall ischemia, and fi nally associated bacterial infection. 
Complications of acute cholecystitis are: gangrene, perforation, and gallbladder em-
pyema. As in this case, its association to choledocholithiasis and acute pancreatitis is 
common. Pyogenic hepatic abscesses are most commonly due to ascending cholangitis 
from obstructive biliary tract disease, as is shown in this case.

The most sensitive and specifi c imaging method for the detection of acute cholecystitis 
is ultrasound. It is used routinely in the clinical work-up of acute cholecystitis to establish 
the diagnosis. The triad of cholelithiasis, gallbladder wall thickening, and positive sono-
graphic Murphy sign (focal tenderness over the gallbladder) is almost pathognomonic. 
Additional signs are: hazy delineation of the gallbladder wall, edema of the gallbladder 
wall, striated wall thickening, gallbladder hydrops, pseudomembranes, sludge, crescent-
shaped pericholecystic fl uid, and increased peripheral fl ow (visualization of the cystic 
artery) in color Doppler ultrasound. 

It is more complicated to choose an imaging method for the study of ascending cholan-
gitis secondary to choledocholithiasis. Conventional cholangiography is the most specifi c 
technique for visualizing the cause of obstruction. In recent years, MR-cholangiography 
has become the most useful imaging technique for the noninvasive detection of chole-
lithiasis. Ultrasound and CT are also able to detect stones in the common bile duct, al-
though these techniques are less sensitive. All three of these noninvasive techniques are 
accurate in the visualization of bile duct dilatation, although MR-cholangiography again 
yields the best results.

In acute pancreatitis, imaging is necessary for staging and determining the prognosis. 
CT is the most accurate imaging technique to evaluate acute pancreatitis, although US and 
MR can also provide valuable information. In almost a third of cases of acute pancreatitis, 
the pancreas appears normal. CT is able to accurately detect areas of necrosis or hemorrhage 
within the pancreas. Other signs to look for are: enlargement of the pancreas with convex 
margins, parenchymal inhomogeneity, thickening of anterior pararenal fascia, peripancre-
atic fat stranding, peripancreatic fl uid and fl uid collection, and pseudocyst formation.
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Case 2

Cirrhosis with Portal Hypertension

Fig. 4.2.1

Fig. 4.2.2

Fig. 4.2.3

Fig. 4.2.4
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A 45-year-old woman presented with progressively increased waist size, abdominal full-
ness, and shortness of breath in the previous two months. Laboratory tests showed a sig-
nifi cant hepatic enzymes elevation and alteration of coagulation parameters. At physical 
examination, there were signs of ascites and caput medusae (collateral superfi cial veins 
in the anterior abdominal wall).

CommentsCirrhosis is a chronic liver disease characterized by diffuse parenchymal destruction, 
fi brosis, and nodular regeneration with abnormal reconstruction of preexisting lobular 
architecture. The prevalence of cirrhosis in autopsy series has been estimated at 5 to 
10%. The most common causes of cirrhosis are alcohol consumption and viral hepatitis, 
although there are other many possible causes. Morphologically, cirrhosis can be clas-
sifi ed as macronodular (alcoholism), macronodular (hepatitis B), or mixed (bile duct 
obstruction).

Portal hypertension is commonly associated to advanced cirrhosis and occurs despite 
the formation of portal collateral vessels. Signs of portal hypertension are: dilatation of 
portal and splanchnic veins, portal vein thrombosis, cavernomatous transformation of 
the portal vein, portosystemic collaterals, Cruveilhier-von Baumgarten syndrome (re-
canalized paraumbilical vein), splenomegaly, Gamna-Gandy nodules (microhemor-
rhages within the spleen), and ascites.

Radiological signs of cirrhosis are: enlarged (early stage) or shrunken (late stage) liver, 
caudate lobe hypertrophy, shrinkage of the right lobe, peripheral liver nodularity, fatty 
infi ltration, thickening of fi ssures and porta hepatis, ascites, splenomegaly, and signs of 
portal hypertension. Ultrasound, CT, or MR can accurately demonstrate the presence of 
all these signs. Ultrasound is most commonly used as a fi rst-step technique in the evalu-
ation of cirrhosis. Doppler ultrasound is very valuable in the assessment of portal hyper-
tension and portal vein thrombosis. Dynamic enhanced CT or MR are preferable for the 
depiction and characterization of focal liver lesions in cirrhotic patients, especially to 
confi rm or rule out hepatocellular carcinoma, which has a greatly increased prevalence 
in advanced cirrhosis.

Imaging FindingsAbdominal X-ray (Fig. 4.2.1) showed moderate distension of small bowel loops, which 
were predominantly centrally located, a signs of ascites. Contrast-enhanced abdominal 
CT confi rmed the presence of ascites and also revealed additional signs of cirrhosis and 
portal hypertension (Fig. 4.2.2, axial enhanced CT in the portal phase demonstrates 
peripheral nodularity of hepatic parenchyma, splenomegaly, and spontaneous shunt 
between the left portal (arrow) and paraumbilical veins (arrowhead)). MR study ruled 
out the presence of focal liver lesions and confi rmed the presence of cirrhosis with severe 
portal hypertension. The signs of portal hypertension seen at MR were (Figs. 4.2.3 and 
4.2.4, axial and coronal HASTE): ascites, splenomegaly, paraumbilical vein recanaliza-
tion (arrow), and collateral vessels in splenic vein territory and in the subcutaneous fat 
(arrowheads) of the anterior abdominal wall. Liver biopsy showed that the cirrhosis was 
caused by the hepatitis C virus. 
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Case 3

Hepatic Metastases

Fig. 4.3.1 Fig. 4.3.2

Fig. 4.3.4Fig. 4.3.3

RibesLunaRos.indb   82 18.03.2008   12:50:00



 Gastrointestinal System and Disorders of the Liver, Pancreas, Spleen, and Biliary System  83

A 63-year-old woman with a history of sigmoid colon carcinoma operated on 4 years 
before presented with right upper quadrant abdominal pain, fever, and increased hepatic 
enzyme levels. 

CommentsHepatic metastases are multifocal in more than 90% of cases. Occasionally, hepatic 
metastasis may be solitary or confi ned to one segment or lobe. The most common liver 
metastases originate from lung, colon, pancreas, breast, or stomach carcinomas, and the 
most common tumors developing hepatic metastases are colorectal, uveal melanoma, 
neuroendocrine, and gastrointestinal tumors.

Imaging has different roles in the diagnosis and management of hepatic metastases. 
First of all, cross-sectional imaging techniques are able to detect them and to determine 
their extension. Differentiation from hepatocellular carcinoma may be challenging, al-
though it is often possible using dynamic enhanced CT or MR. Percutaneous biopsy can 
resolve uncertain cases. After detection and characterization, it is also important to de-
termine the extension and number of lesions. Limited extension to one segment or lobe 
and absence of vascular structures compromise would make curative surgical resection 
possible. Imaging is also a key factor in monitoring the response to treatment.

Imaging options in the study of focal liver lesions are multiple. Ultrasound is the most 
common fi rst-step technique. The ultrasound features of hepatic metastases are varied 
and nonspecifi c. 18F-FDG positron emission tomography (PET), which is very commonly 
used in oncologic staging, is able to detect hepatic metastases. CT and MR are the pre-
ferred techniques to confi rm the presence of hepatic nodules and to determine their na-
ture and extension. Percutaneous biopsy may be necessary in cases where the diagnosis 
is uncertain or when a defi nitive diagnosis is necessary.

It is diffi cult to determine the primary tumor on the basis of the imaging character-
istics of the hepatic metastasis, although some patterns may help resolve this issue. The 
size, number, presence of necrosis, and behavior of the lesions in a dynamic enhanced 
series are key factors in the characterization of the metastases and in determining their 
origin. However, these patterns usually change after treatment, especially after chemo-
therapy.

Imaging FindingsLiver US (Fig. 4.3.1) showed multiple focal hyperechoic nodules throughout the liver. CT 
and MR were performed for further characterization. Enhanced CT in the portal phase 
(Fig. 4.3.2) showed the presence of ascites and multiple hepatic nodules with different 
degrees of enhancement. Smaller nodules were hypervascular and larger masses demon-
strated peripheral enhancement with central hypovascular areas representing necrosis 
and/or fi brosis. The MR study (Fig. 4.3.3, axial HASTE and Fig. 4.3.4 axial dynamic 
enhanced fat-suppressed GE T1-weighted sequence in the portal phase) confi rmed the 
features visualized on CT and revealed the presence of additional nodules.
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Case 4

Pancreatic Insulinoma

Fig. 4.4.1

Fig. 4.4.2

Fig. 4.4.4Fig. 4.4.3
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A 32-year-old woman presented with recurrent crises of hypoglycemia and biochemically 
confi rmed endogenous overproduction of insulin. 

CommentsInsulinoma is a benign functioning islet cell tumor. These tumors are a complex group 
of endocrine neoplasms. Their origin is controversial – some believe that they belong 
to the group of apudomas (tumors derived from amine precursor uptake and decar-
boxylation (APUD) cells), while for others they arise from multipotential cells of the 
pancreatic ductal epithelium. The incidence of islet cell tumors is around one case per 
million population per year. Insulinoma is the most common islet cell tumor, followed 
by gastrinoma. On a clinical basis, they are separated in two different groups:

functioning islet cell tumors (FICT), i.e. those with clinically evident endocrine syn-
drome, and nonfunctioning islet cell tumors (NFICT), which are clinically silent tumors

FICT are named according to the active hormone responsible for the clinical syndrome. 
These tumors are usually homogeneous masses detected when still small, since the clini-
cal effects of the excess hormone production appears early in their natural course. On 
the other hand, clinically silent tumors present as larger locally invasive masses or with 
distant metastasis. NFICT are always clinically silent at fi rst and they are diagnosed late 
after local mass effect or metastatic disease develops. Therefore, clinical presentation is 
the determinant factor in their differentiation.

Multiple endocrine neoplasia type I (MEN I) is often associated with pancreatic is-
let cell tumors. This is an autosomal dominant disorder that manifests as pituitary ad-
enoma, parathyroid hyperplasia, and pancreatic islet cell tumors (gastrinomas, or less 
commonly insulinomas). 

Insulinomas are typically homogeneous masses < 3 cm in size with non-aggressive 
local features. They may present as either a solitary benign adenoma or diffuse islet cell 
hyperplasia or even as malignant adenoma. Malignant transformation is infrequent in 
insulinomas (5–10%, as part of MEN I syndrome). Insulinomas are usually intrapancre-
atic neoplasms.

In the diagnostic work-up of insulinomas, the radiologist’s role is to accurately locate 
the tumor. Octreotide scintigraphy is most commonly the initial imaging test. Multiphase 
enhanced CT or MR enables the number of nodules and their location to be determined. 
Pancreatic angiography is not usually necessary, due to the excellent angiographic im-
ages obtained with CT or MR. The presence of a hypervascular nodule in the pancreas 
in a patient with Whipple’s triad (symptoms known or likely to be caused by hypoglyce-
mia, low glucose at the time of the symptoms, and relief of symptoms when the glucose 
is raised to normal) is diagnostic of insulinoma. Intraoperative ultrasound and surgical 
palpation remains the gold standard to rule out additional nodules.

Imaging FindingsPancreatic MR was performed to locate a suspected insulinoma. On the T2-weighted 
image (Fig. 4.4.1) a hyperintense nodule is seen in the distal pancreatic body. Pancre-
atic angiogram shows the hypervascular nature of the tumor (Fig. 4.4.2). Intraoperative 
color Doppler ultrasound (Fig. 4.4.3) also demonstrates the presence of internal fl ow. 
Figure 4.4.4 shows the macroscopic specimen.
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Case 5

Splenic Lymphoma

Fig. 4.5.1 Fig. 4.5.2

Fig. 4.5.3

Fig. 4.5.4
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A 47-year-old woman presented with left abdominal pain and weight loss over 
3 months. 

CommentsLymphoma is the most common malignancy affecting the spleen. Both Hodgkin and non-
Hodgkin lymphoma may present in the spleen either as a primary lesion or as a part of 
systemic involvement. Splenic involvement is present in up to 40% of patients with both 
Hodgkin and non-Hodgkin lymphoma at the time of initial diagnosis. Patients present 
with nonspecifi c clinical symptoms, usually with splenomegaly and retroperitoneal ad-
enopathy. Pathologically, lesions range from microscopic foci involving the spleen dif-
fusely (infi ltrative pattern) to gross lesions varying in size from small miliary nodules 
to a single or multiple large masses.

Splenic lymphoma is diffi cult to diagnose with imaging techniques because of its wide 
spectrum of different presentations. In cases of secondary splenic lymphoma, retroperi-
toneal adenopathies are nearly always present and when this fi nding is associated to sple-
nomegaly, it should alert the radiologist to the possibility of splenic lymphoma. 

Diffuse, infi ltrative splenic lymphoma is the most diffi cult presentation to detect by 
imaging. While US, CT, and MR can all adequately detect solitary or multinodular fo-
cal disease, CT and MR are superior to US in both the detection and characterization 
of splenic lymphoma. It is very important to perform a dynamic postcontrast series to 
improve the ability to detect splenic lymphoma. Acquisition of immediate post-contrast 
images helps to differentiate normal and abnormal splenic areas. Immediate post-con-
trast images demonstrate hypovascular nodules that usually become isointense/isodense 
to the spleen within the fi rst minute after the injection of contrast material, although 
variable delayed enhancement has also been reported. In a reduced number of cases, 
lymphoma may present as a solitary mass.

MR is superior to CT in the distinction between splenic lymphoma and metastases, 
as lymphoma usually is iso- or hypo-intense on T2-weighted images and metastases are 
more commonly hyperintense.

Imaging FindingsRoutine ultrasound study demonstrated a splenic mass (not shown). CT and MR were 
performed for further characterization. Contrast-enhanced CT in the equilibrium phase 
(Fig. 4.5.1) showed a huge hypovascular and heterogeneous mass. On the MR study, the 
mass was hypointense on T2-weighted images (Fig. 4.5.2) and its hypovascular nature 
was confi rmed on a postcontrast T1-weighted gradient-echo sequence in the portal phase 
(Fig. 4.5.3). The MR study also revealed the spread of the tumor through the splenic 
capsule (arrowheads) and the presence of siderotic nodules (arrows) in the anterior 
pole of the spleen. Splenectomy was performed (Fig. 4.5.4). Note the close correlation 
between the histological and imaging fi ndings. Histological analysis revealed a primary 
non-Hodgkin lymphoma.
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Case 6

Crohn’s Disease

Fig. 4.6.1 Fig. 4.6.2
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A 27-year-old woman presented with recurrent episodes of diarrhea, colicky abdominal 
pain, and progressive weight loss. She also referred perianal discomfort and low back 
pain. A small bowel series performed as part of the routine diagnostic work-up demon-
strated an acceleration of the intestinal transit. 

CommentsThe cause of Crohn’s disease is unknown; it is characterized by discontinuous and 
asymmetric involvement of the entire gastrointestinal tract. The onset is usually before 
the third decade and it has no sex preference. The most common areas of gastrointes-
tinal tract involvement are the terminal ileum (95%), small bowel (15–55%), rectum 
(14–50%), and colon (22–55%), although the esophagus, stomach, and duodenum can 
also be involved. The most common radiological fi ndings are apthous ulcers, skip lesions, 
cobblestone appearance of the involved segments, pseudopolyps, and focal strictures in 
the late phase. Enterocolic, enterocutaneous, sinus tract, and perianal fi stulas are com-
monly found in patients with Crohn’s disease. Extraintestinal manifestations of Crohn’s 
disease are: gallstones, sclerosing cholangitis, urolithiasis, erythema nodosum, uveitis, 
seronegative peripheral migratory arthritis, ankylosing spondylitis, and sacroiliitis.

In patients with diarrhea and abdominal pain, the presence of terminal ileitis suggests 
Crohn disease, although the differential diagnosis includes yersinia ileitis, tuberculosis, 
anisakiasis, lymphoma, carcinoid tumor, and eosinophilic gastroenteritis. 

Crohn’s disease and ulcerative colitis form part of the spectrum of infl ammatory bowel 
disease. It is sometimes possible to differentiate between the two. Crohn’s disease usu-
ally involves the terminal ileum spares different segments of the colon and small bowel. 
Ulcerative colitis tends to involve the entire colon. CT and MR are useful to determine 
the regions involved and the presence of enteric fi stulas. As shown in this case, MR is the 
technique of choice to evaluate the presence of perianal fi stulas, which are common and 
usually complex in Crohn’s disease.

Among the extraintestinal manifestations of Crohn’s disease, ankylosing spondylitis 
and sacroiliitis are common. This case showed unilateral sacroiliitis in a patient with 
negative HLA-B27.

Imaging FindingsThe terminal ileum (Fig. 4.6.1) was straightened and rigid, with a severe distal stenosis 
and multiple ulcers (arrows). The diagnosis of Crohn’s disease was established after a bi-
opsy of colonic and terminal ileum mucosa. MR was also performed to study the perianal 
region and to determine the extent of small bowel and colonic involvement. Figures 4.6.2 
and 4.6.3 are postcontrast coronal fat-suppressed T1-weighted sequences. Figure 4.6.2 
shows diffuse enhancement of the terminal and distal loops of ileum, with infi ltration 
of the adjacent fat and medial cecal involvement (arrowheads). Note the presence of 
parietal enhancement of the descendent colon indicating infl ammatory activity in this 
segment (arrows). Figure 4.6.3 reveals the presence of an enhancing left transsphincteric 
perianal fi stula (arrows). The enhancement of the rectal and sigmoid walls (arrowheads) 
also indicates Crohn disease involvement of these regions. An X-ray of the sacroiliac 
joints (Fig. 4.6.4) demonstrates loss of joint space, erosions, and reactive sclerosis in the 
right sacroiliac joint (arrows), indicative of unilateral sacroiliitis. Axial skeletal X-rays 
(not shown) were negative.
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Case 7

Complicated Diverticulitis

Fig. 4.7.1 Fig. 4.7.2

Fig. 4.7.4Fig. 4.7.3
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A 78-year-old woman presented at the ER with left iliac fossa pain, dysuria, tenesmus, 
and fecal smelling urine. 

CommentsThe presence of diverticula or diverticulosis is very common, with an incidence of 5 to 
10% in individuals over 45 years of age and of 80% in individuals over 85 years. This 
condition is characterized by small sacs or pouches (diverticula) in the wall of the co-
lon. If the diverticula become infl amed, they cause a condition known as diverticulitis, 
which occurs in a 10 to 25% of cases of diverticular disease. Diverticula appear more 
commonly in the sigmoid colon, although any other colonic location is possible. Clini-
cally, the most common symptoms are pain, local tenderness, and mass in the left lower 
quadrant, together with fever and leukocytosis. Common complications are perisigmoid 
abscess formation, colon perforation, and fi stula formation (to the bladder, small bowel, 
or vagina).

The presence of diverticula and segmental involvement of colon are hallmarks of di-
verticulitis. As in other colonic infl ammatory conditions, concentric wall thickening and 
pericolonic infl ammatory changes can be visualized. The differential diagnosis includes 
colonic adenocarcinoma, infectious or ischemic colitis, and Crohn’s colitis. Imaging 
evaluation enables their differentiation on many occasions. CT is the preferred imaging 
technique to evaluate patients over 50 years with left lower quadrant pain. CT helps to 
establish the diagnosis of diverticulitis, to determine its extension, and to rule out com-
plications.

The barium contrast-enema was the classical test of choice for suspected diverticulitis, 
although evaluation of extraluminal changes was limited. Ultrasound has a role but CT 
is the most useful imaging technique in the evaluation of diverticulitis. CT allows global 
evaluation of the stenotic segment, pericolic infl ammation, and extracolonic complica-
tions. CT is more accurate than barium enema in the detection of fi stulas. MR has also 
shown great accuracy in the detection of colonic and small bowel fi stulas thanks to its 
multiplanar capabilities and great sensitivity for infl ammatory changes.

Imaging FindingsBarium enema detected a large stenotic segment of sigmoid colon associated to multiple 
diverticula (Fig. 4.7.1). A linear contrast extravasation connecting the sigmoid colon to 
the bladder was also observed (Fig. 4.7.2). Contrast-enhanced CT confi rmed the diver-
ticulitis associated to a colonic-bladder fi stula. Figures 4.7.3 and 4.7.4 Axial and sagittal 
reconstructions of enhanced CT show multiple diverticula in the sigmoid colon with 
infl ammatory changes, a complex collection (Fig. 4.7.3, arrowheads) in Douglas space, 
communication between the sigmoid colon to bladder (Fig. 4.7.4, arrowhead), bladder 
wall thickening, and an air-fl uid level (Fig. 4.7.4, arrow) within the bladder confi rming 
the fi stula.

RibesLunaRos.indb   91 18.03.2008   12:50:19



92 A. Luna Alcala, L. Alcala Mata, and R. Ribes

Case 8

Hiatal Hernia
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A 76-year-old man presented with atypical chest pain. 

CommentsHiatal hernias are very common, affecting more than 10% of the general population. It 
is by far the most common type of hernia, accounting for more than 90% of all hernias. 
Hiatal hernia occurs when the stomach protrudes through the esophageal hiatus to the 
chest. It is usually asymptomatic, although a wide range of clinical manifestations is 
possible. Hiatal hernia can be associated to diverticulosis, refl ux esophagitis, duodenal 
ulcer, and gallstones. Hiatal hernias can be classifi ed as:

Sliding hiatal hernia, also known as axial or concentric hernia. This is the most 
common subtype (95%). It appears in 60% of people older than 60 years of age. The 
esophagogastric junction remains in chest. The ascent of the fundus and cardia is due 
to rupture or weakness of the phrenicoesophageal membrane. It is very commonly 
associated to esophagogastric refl ux. It may be reducible in the erect position. Surgi-
cal repairs is necessary only in symptomatic cases (severe esophagogastric refl ux or 
advanced esophagitis)
Paraesophageal hernia, also called parahiatal hernia (Fig. 4.8.4). Part of the stomach 
is displaced into the thorax, although the esophagogastric junction remains below 
the diaphragm. This type usually grows over time; it is commonly asymptomatic, 
although when large it can cause thoracic compression. It represents less than 5% of 
all hiatal hernias. Paraesophageal hernia is frequently non-reducible, and surgical 
repair is usally necessary.
Mixed hiatal hernia, when part of the stomach and the esophagogastric junction are 
both located within the thorax, is a very rare type of hernia (less than 1% of all hiatal 
hernias). Its treatment is also surgical.

Hiatal hernias are usually detected incidentally at chest X-ray or thoracic or abdominal 
CT or MR. When clinically suspected, upper gastrointestinal series or esophagogastric 
endoscopy is necessary to establish the diagnosis. CT is used in complicated cases to 
delineate the topography of the hernia before surgery. CT is also useful for ruling out 
complications such as strangulation or incarceration of the hernia.

●

●

●

Imaging FindingsAn epigastric mass (arrows) with an internal air-fl uid level (arrowheads) was seen on 
a routine chest X-ray (Fig. 4.8.1). An upper gastrointestinal series carried out to rule 
out hiatal hernia showed the cardia and upper part of the fundus in the chest (arrows, 
Figs. 4.8.2 and 4.8.3). Associated gastroesophageal refl ux was visualized during the ex-
amination and was probably the cause of the chest pain.
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Case 9

Primary Small Bowel Lymphoma
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Fig. 4.9.3
Fig. 4.9.4
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An 82-year-old man presented with fever in the previous week, weight loss, and recur-
rent abdominal pain in the previous 3 months. Physical examination detected a mass in 
the right lower quadrant. 

CommentsLymphoma is the most common malignant tumor in the small bowel, accounting for 
approximately 25% of all malignant tumors of the small bowel. Small bowel lymphoma 
can be classifi ed either as primary or secondary. Primary lymphoma can be classifi ed 
as localized or diffuse. Localized primary lymphoma, as the case shown here, most 
commonly is a non-Hogkin lymphoma usually located in the terminal ileum. Diffuse or 
Mediterranean-type lymphoma is associated to parasitic infection, such as giardiasis. 
Secondary small bowel lymphoma forms part of a generalized systemic process.

Cross-sectional imaging techniques are the most accurate for detecting and character-
izing small bowel masses. Determining the origin and associated complications (obstruc-
tion, fi stulas...) helps to establish the diagnosis and therapeutic management. 

Small bowel lymphoma may have different types of presentation: infi ltrating lym-
phoma with plaque-like polypoid mass, endoexoenteric mass and mesenteric and/or ret-
roperitoneal adenopathy. This complex range of presentations usually makes it is impos-
sible to reach a specifi c diagnosis based on imaging fi ndings, and histological analysis is 
usually necessary.

Small bowel lymphoma must be differentiated from other small bowel masses, such 
as small bowel adenocarcinoma and carcinoid tumor. Small bowel adenocarcinoma is 
most commonly located in the duodenum or jejunum. Carcinoid tumor is usually located 
in the terminal ileum; the presence of an endocrine syndrome (carcinoid syndrome), its 
hypervascular nature, and its peritumoral fi brotic reaction are differentiating features 
from intestinal lymphoma.

Imaging FindingsAbdominal CT was performed and the survey view (Fig. 4.9.1) showed an obstructive 
intestinal pattern with dilatation of jejunal loops. Signifi cant contrast extravasation 
in the right iliac fossa and colonic diverticula were also present. CT demonstrated the 
presence of a cavitated mass originating in the terminal ileum (Fig. 4.9.2) with an in-
ternal air-fl uid level and several fi stulous tracks. The thickened walls of the mass were 
indicative of malignant neoplastic disease. MR confi rmed the origin and characteristic 
of the mass (Fig. 4.9.3, axial HASTE). Intense capsular enhancement was seen (Fig. 4.9.4, 
axial postcontrast fat-suppressed GE T1-weighted image). After surgery, the histological 
analysis of the mass revealed a cavitated small bowel lymphoma.
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Case 10

Duodenal Gallstone Ileus

Fig. 4.10.1

Fig. 4.10.2

Fig. 4.10.4Fig. 4.10.3
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An 80-year-old female presented at the ER with severe epigastralgia and incoercible 
vomiting in the previous week. She also presented nauseas, weight loss, and abdominal 
distension in the previous 3 weeks.

CommentsCholelithiasis is a very common condition, involving up to 10% of the population. The 
range of clinical manifestations is very wide: it could be asymptomatic, produce biliary 
colic (the most common manifestation), or even cause gallstone ileus. Gallstone ileus 
is rare, involving less than 1% of patients with gallstones. In this condition, the most 
common site of obstruction is the terminal ileum, followed by the proximal ileum, distal 
ileum, pylorus, sigmoid, and duodenum. When the duodenum is the site of obstruction, 
it is called Bouveret syndrome, which represents 1 to 3% of all gallstone ileus.

In patients with epigastric pain and progressive vomiting lasting several days, it is 
necessary to exclude proximal obstruction. Causes that need to be considered include 
infl ammatory duodenal conditions (duodenitis, postbulbar ulcers, duodenal Crohn in-
volvement...), pancreatic infl ammatory conditions (acute pancreatitis, pseudocysts...), 
pancreatic or duodenal primary or metastatic neoplasms, duodenal diverticula, duode-
nal hematomas, and gallstone ileus.

In the imaging diagnosis of gallstone ileus, abdominal plain fi lms are very useful The 
presence of the Rigler triad (partial or complete intestinal obstruction, gas in the biliary 
tree, and ectopic calcifi ed gallstone) is almost pathognomonic. On many occasions, one 
or more of the components of the triad are not present, and further imaging is necessary 
to determine the cause of obstruction. As is shown in this case, upper gastrointestinal se-
ries, ultrasound, and CT help to determine the level and cause of obstruction. Ultrasound 
and CT are more sensitive than plain fi lm in detecting aerobilia. CT is probably the most 
accurate technique to determine the presence of partial obstruction and to identify the 
level and cause of obstruction. MR cholangiography is preferable to conventional chol-
angiography to demonstrate the chole-enteric fi stula in this group of patients, who are 
usually old and have important surgical risk factors.

Imaging FindingsA nasogastric tube was inserted to prevent vomiting. Abdominal X-ray (Fig. 4.10.1) 
showed marked dilatation and ptosis of the stomach. Absence of visualization of distal 
gas in the stomach was suspicious of proximal obstruction. An abdominal ultrasound 
demonstrated a large lithiasis within the proximal duodenum (Fig. 4.10.2). Enhanced-
CT confi rmed the presence of a duodenal lithiasis (arrow) and also showed aerobilia in 
the left intrahepatic bile ducts (arrowhead), periduodenal infl ammatory changes, and 
loss of the cleavage planes between the duodenum and gallbladder (Fig. 4.10.3). Upper 
gastrointestinal series confi rmed the gastric dilatation and proximal duodenal obstruc-
tion (Fig. 4.10.4). The presence of proximal duodenal obstruction produced by an ectopic 
calcifi ed gallstone enabled the diagnosis of Bouveret syndrome.
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IntroductionThe role of the radiologist in both genitourinary and gynecological-obstetrical imaging 
has dramatically evolved in recent years. In most centers, urologists, gynecologists, and 
obstetricians are responsible for imaging procedures such as ultrasound, urography, 
imaging-guided biopsy, and hysterosalpingography. However, radiologists should col-
laborate in these techniques as their skills and specifi c training in imaging can add 
signifi cant value to these procedures. Additionally, the advent of cross-sectional imaging 
techniques has widened the fi eld of application of imaging in these areas.

In gynecology, ultrasound is the most common imaging technique for evaluating the 
cervix, uterus, and adnexa. Thanks to its increased spatial resolution, transvaginal ultra-
sound has increased the applications of ultrasound even more. Magnetic resonance (MR) 
is widely used for local staging of gynecological malignancies, to characterize adnexal 
masses, and to exclude recurrence of treated gynecological cancers. Computed tomogra-
phy and PET-CT are used for distant staging of gynecologic tumors.

Imaging in obstetrics is also based on ultrasound. As MR does not use ionizing radia-
tion, it has a role in the evaluation of gynecological or abdominal masses discovered in 
the mother during pregnancy. MR also complements ultrasound in the detection and 
management of fetal anomalies. 

Genitourinary and retroperitoneal imaging examines different organs such as the kid-
neys, excretory system, prostate, bladder, testicles, and penis. The great diversity of pa-
thologies in these organs means that all the available imaging techniques have their uses. 
Ultrasound is very useful in the evaluation of the kidneys, prostate, bladder, testicles, and 
penis. The excretory system is studied by conventional urography or the newer CT or MR 
urography. Accurate evaluation of the retroperitoneum needs cross-sectional imaging 
techniques, such as CT or MR. These techniques are also used to stage malignancies of 
all the organs of the genitourinary system. 
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Case 1

Adrenal Myelolipoma

Fig. 5.1.1

Fig. 5.1.3

Fig. 5.1.2

Fig. 5.1.4

Fig. 5.1.5
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An asymptomatic 54-year-old woman was referred for clinical suspicion of splenomegaly 
on physical examination. Her blood count was normal. 

Imaging FindingsAbdominal ultrasound showed a well-defi ned heterogeneous mass immediately inferior 
to the spleen and superior to the left kidney (Fig. 5.1.1). The mass was predominantly 
hyperechoic and measured approximately 11 cm. Unenhanced CT demonstrated the 
adrenal origin of the mass, which was predominantly solid with areas of intralesional 
fat (Fig. 5.1.2, sagittal reconstruction of unenhanced CT). Adrenal MR confi rmed the 
diagnosis of adrenal myelolipoma. On HASTE images the mass was heterogeneous with 
a peripheral solid component and central areas of high signal intensity (Fig. 5.1.3). This 
central high signal component corresponded to macroscopic fat, as demonstrated by 
its suppression on STIR (short-tau inversion recovery) sequences (Fig. 5.1.4, arrow) and 
the absence of signal loss in chemical-shift imaging (Fig. 5.1.5a,b). Note the signal loss 
of the solid peripheral component on opposed-phase images (Fig. 5.1.5b, arrowheads), 
revealing the presence of peripheral microscopic fat (areas with similar proportions of 
water and fat). 

CommentsMyelolipomas are rare benign tumors, composed of fat and myeloid tissue (bone marrow 
elements). They are most commonly unilateral and small. They are usually asymptom-
atic, although they can bleed and cause pain. Intralesional fat is nearly diagnostic, so 
CT or MT can characterize these lesions and determine their adrenal origin. Percutane-
ous biopsy may be necessary to exclude malignancy in complicated myelolipomas with 
hemorrhage or infarction if small areas of fat within the tumor cannot be detected. Other 
adrenal lesions that can contain fat are lipoma and liposarcoma; neighboring extraadre-
nal lesions that can be confused with adrenal myelolipoma are retroperitoneal lipoma, 
liposarcoma, and renal angiomyolipoma. First, cross-sectional imaging is necessary to 
confi rm the origin of adrenal myelolipoma in the adrenal gland. If the mass is large, 
sagittal or coronal acquisitions or reconstructions may be useful to exclude a renal or 
retroperitoneal origin. The demonstration of macroscopic fat is almost diagnostic of 
myelolipoma in cases of an adrenal mass, as adrenal lipomas or liposarcomas are exceed-
ingly rare. The detection of small intratumoral areas with negative densitometric values 
(especially values below -20 Hounsfi eld units) on unenhanced CT indicates the presence 
of macroscopic fat deposits. Because of intermixed hematopoietic tissue, the attenuation 
is usually higher than that of retroperitoneal fat. MR is probably superior to CT in the 
detection of intratumoral fat. Areas isointense to retroperitoneal fat in all T1-weighted, 
T2-weighted, frequency-selective fat-suppressed, and fat-saturated images is diagnostic 
of intratumoral macroscopic fat. 

Special caution is necessary in the differentiation between adenomas and myelolipo-
mas. Adenomas most commonly demonstrate intratumoral microscopic fat, which can 
be detected using chemical-shift MR. This technique uses a double-echo acquisition, 
because in areas where water and fat are in similar proportions (ex: microscopic fat in 
adrenal adenomas), the signal from water and fat signal may be additive (in-phase acqui-
sition) or cancelled (opposed-phase acquisition), depending on the echo time. Using this 
sequence, adenomas characteristically show a drop in signal greater than 20% in areas of 
microscopic fat. Myelolipomas can also show microscopic fat, although macroscopic fat, 
which will not show signal loss on chemical-shift MR, is diagnostic of myelolipomas.
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Case 2

Complicated Cortical Renal Cyst

Fig. 5.2.1 Fig. 5.2.2

Fig. 5.2.3 Fig. 5.2.4
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Comments

A 67-year-old-man was studied for arterial hypertension of recent onset.

Renal cortical cysts are very common lesions, and their frequency increases with age. 
Most are asymptomatic, found incidentally during intravenous urography or renal ultra-
sound. Imaging criteria have been developed to establish their diagnosis. Sonographic 
criteria include the absence of free internal echoes, sharply defi ned anterior margin, 
and increased through-transmission of the ultrasound beam. Diagnostic CT features are 
homogeneous attenuation value near water density, lack of contrast enhancement, lack of 
measurable thickness of the cyst wall, and smooth interface with the renal parenchyma. 
MR diagnostic criteria are very similar to those of CT. 

Cystic renal lesions with atypical features such as septa, calcifi cations, hemorrhagic 
content, debris, solid conglomerates, or irregular margins are considered complicated 
cysts. The management of this group of lesions is in constant evolution. They are usually 
classifi ed according to Bosniak’s criteria, which groups cystic lesions in 5 categories ac-
cording to their complexity, from simple cyst to cystic renal neoplasm. Lesions that have 
all the echographic criteria of a simple cyst require no further evaluation. Indeterminate 
cystic lesions on ultrasound need CT or/and MR study. If a lesion has suspicious features 
for malignancy, surgical resection is recommended. If a true cystic lesion has indetermi-
nate appearance on CT or MR, or it shows discordant features between different imaging 
modalities, follow-up imaging is the appropriate management. 

Cystic renal lesions are a daily clinical problem for radiologists. The diagnosis, classi-
fi cation, and management of these lesions are determined by imaging criteria. Knowledge 
of common and atypical features of these lesions enables differentiation between simple 
and complicated renal cysts, as well as exclusion of other cystic renal masses, such as cys-
tic renal carcinoma, multilocular cystic nephroma, renal artery aneurysm, renal abscess, 
or renal hematoma.

Imaging FindingsRenal ultrasound showed multiple bilateral renal cortical cysts (Fig. 5.2.1). One cyst, on 
the upper pole of the right kidney, had internal septa and hyperechoic content (Fig. 5.2.2). 
At MR, the lesion demonstrated typical features of a cystic lesion: it was hypointense on 
T1-weighted sequences and hyperintense on T2-weighted sequences, without enhance-
ment after contrast administration. On T1-weighted images, a lineal area of peripheral 
hyperintensity visualized in the dependent part of the cyst revealed hemorrhagic content 
(Fig. 5.2.3, arrows, axial TSE T1-weighted image). After contrast administration, periph-
eral, capsular-like enhancement was detected, indicating an associated infl ammatory 
process (Fig. 5.2.4, arrows, axial fat-suppressed T1-weighted GE image). These features 
confi rmed the echographic diagnosis of complicated renal cyst, with hemorrhagic content 
and infl ammatory changes. No signs of malignancy were demonstrated. The stability of 
the lesion in follow-up imaging studies confi rmed its benign nature.
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Case 3

Prostate Cancer

Fig. 5.3.1 Fig. 5.3.2

Fig. 5.3.3 Fig. 5.3.4
Fig. 5.3.5a–c
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67-year-old man with confi rmed prostate cancer underwent MR for local staging. 

Imaging FindingsA low-intensity bulky mass was detected on T2-weighted images in the right peripheral 
zone, extending to the transition zone and central gland (Figs. 5.3.1–5.3.3, asrerisks). 
There was transcapsular extension to periprostatic fat, invading the right neurovas-
cular bundle and both seminal vesicles (Figs. 5.3.1–5.3.3, axial, sagittal, and coronal 
high resolution T2-weighted TSE images). The bladder was normal. MR classifi ed the 
tumor as stage C3 according to the American Urological Association System (modifi ed 
Jewitt-Withmore staging system). Lymph nodes and distant metastases were ruled out 
by CT and scintigraphic bone scan. A midline prostatic cyst was discovered incidentally 
(Fig. 5.3.3, arrow). 

CommentsProstate cancer is the most common malignancy in males. Diagnosis and staging are very 
important for appropriate management, as treatment varies according to tumor stage. The 
American Cancer Association recommends annual screening for all males over the age 
of 50 and for high risk patients over the age of 40. This screening includes a digital rectal 
examination and a serum prostate specifi c antigen (PSA) test. Tumors detected at digital 
rectal examination are classifi ed as clinical prostrate cancer. Occult carcinoma is found 
in a biopsy of a bone or lymph node metastasis in patients without symptoms of prostatic 
disease. PSA, an enzyme produced by epithelial cells in the prostatic ducts, is a power-
ful tumor marker and is crucial in prostatic cancer screening. Its normal concentration 
is less than 4 nanograms per millimeter and may rise as a consequence of both benign 
and malignant conditions. The risk of prostate cancer increases parallel to serum levels 
of PSA. Levels over 10 ng/ml are very suspicious and call for prostate biopsy. Clinical 
management of patients with serum levels between 4 and 10 ng/ml is much more con-
troversial. Biopsy is generally advised, although imaging tests or evaluation of other 
serum markers such as PSA density, PSA velocity, or the ratio of free to total PSA may be 
considered suffi cient depending on the center. In any case, close follow-up is necessary 
in this group of patients.

Normal fi ndings at transrectal ultrasound do not rule out prostate cancer and biopsy 
should be performed if digital rectal examination fi ndings are suspicious or PSA levels 
are elevated. Transrectal ultrasound only detects between 50 to 60% of all prostate can-
cers. Most appear as hypoechogenic nodules in the peripheral zone (Fig. 5.3.4, right lon-
gitudinal view shows a hypoechogenic nodule in the peripheral zone, asterisk). Around 
30% of all cancers are isoechogenic to the prostate gland and thus cannot be detected. 
The main clinical applications of transrectal ultrasound are to guide prostate biopsy and 
to implant radiotherapy seeds.

MR is the technique of choice for local staging. Most tumors are hypointense nodules 
in the peripheral zone, although this appearance is nonspecifi c for cancer. MR accurately 
depicts invasion of the capsule, neurovascular bundle, seminal vesicles, and adjacent or-
gans. Spectroscopy and dynamic-enhanced MR are powerful tools in the characterization 
of prostate nodules and in the exclusion of recurrent tumors after treatment (Fig. 5.3.5, 
recurrent prostate cancer (RoI number 17) after radiotherapy. A large hypointense nodule 
seen on T2-weighted TSE images (a) demonstrated increased vascularization compared 
to normal peripheral (RoI number 20) and central zones (RoI number 18) on the relative 
blood volume parametric map (b) and enhancement curve (c))
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Case 4

Retroperitoneal Liposarcoma

Fig. 5.4.4

Fig. 5.4.2

Fig. 5.4.3

Fig. 5.4.1
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A 51-year-old woman presented with increased abdominal perimeter, progressive weight 
loss, and fatigue. 

CommentsLiposarcoma is the most common primary retroperitoneal tumor. Only around 20% of 
all liposarcomas are retroperitoneal. Histologically, liposarcomas can be classifi ed, in 
increasing order of undifferentiation, into well-differentiated, myxoid, pleomorphic, 
and round-cell types. Prognosis is poorer in more aggressive tumors with high cellular 
undifferentiation. Most retroperitoneal liposarcomas belong to the well-differentiated or 
pleomorphic types. Intratumoral fat may be detected in any of these subtypes, although 
it is commonly observed only in well-differentiated tumors. Liposarcomas usually have 
a heterogeneous appearance similar to other types of sarcomas. The detection of intratu-
moral fat is a clue for the diagnosis, although sometimes it is present in very small pro-
portions. Fat detection is improved with CT and especially with MR. Solid and necrotic 
or cystic areas are common, increasing the grade of heterogeneity parallel to the tumor 
undifferentiation. Calcifi cations are relatively common in liposarcomas. 

Retroperitoneal tumors are clinically silent until they are huge; the mean size at di-
agnosis is 20 cm. The peak age of occurrence is between 40 to 60 years. Retroperitoneal 
liposarcomas are rarely infi ltrating, although they displace intraabdominal organs due 
to their large volume. Metastases are not common.

Imaging usually detects retroperitoneal tumors in patients referred for non-specifi c 
abdominal symptoms. Knowledge of the anatomy of the retroperitoneal spaces is essen-
tial to understand the complex displacement of retro- and intra-peritoneal organs ac-
cording to the location of the tumor. 

Cross-sectional imaging is able to accurately determine the presence of intratumoral 
fat in well-differentiated liposarcomas. If fat is not present, it is very diffi cult to distin-
guish liposarcomas from other retroperitoneal tumors, such as leiomyosarcomas or ma-
lignant fi brous histiocytomas. 

Imaging FindingsAbdominal ultrasound showed a complex mass with solid hypo- and hyper-echogenic 
areas and central cystic areas located behind the right kidney (Fig. 5.4.1). Enhanced CT 
performed for suspicion of a retroperitoneal tumor confi rmed the retroperitoneal loca-
tion of the mass, which displaced the pancreas and right kidney anteriorly (Fig. 5.4.2). 
Intratumoral areas with negative densitometric values corresponded to intratumoral fat 
and correlated well with the hyperechogenic areas visualized at ultrasound. The mass 
presented well-defi ned-borders and it was composed of fat, cystic or necrotic areas, and 
prominent solid enhancing components (Fig. 5.4.2). Due to the high fat content, a pre-
operative diagnosis of retroperitoneal liposarcoma was proposed. Abdominal MR con-
fi rmed the heterogeneous nature of the mass, with solid and fat components, and ruled 
out local invasion of adjacent organs (Fig. 5.4.3, coronal postcontrast fat-suppressed 3D 
GE sequence in the portal phase). Preoperative whole-body MR excluded distant metas-
tases (Fig. 5.4.4, coronal whole-body STIR). Well-differentiated retroperitoneal liposar-
coma was confi rmed after surgery. Follow-up imaging over 2 consecutive years excluded 
local recurrence or metastases. 
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Case 5

Acute Obstruction by Ureteral Lithiasis

Fig. 5.5.1

Fig. 5.5.2

Fig. 5.5.4

Fig. 5.5.3
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A 28-year-old woman presented at the emergency room with sudden and intense left lower 
quadrant pain, vomiting, and fever. She had neutrophilia and microscopic hematuria. 

CommentsUrolithiasis is very common; it is found in up to 50% of patients undergoing abdominal 
CT. Most are detected in the renal pelvis and calicel fornices. Renal calculi cause acute 
obstruction when they leave the kidney. Acute renal colic accounts for approximately 
75% of all acute fl ank pain. Urolithiasis can have different mineral compositions: more 
than 90% are calcium stones; 3% are cystine calculi; and uric acid, xanthine, and matrix 
(mucoprotein /mucopolysaccharide) stones are more uncommon types of urolithiases. 
Calcium and cystine lithiases are radiopaque and detectable by X-ray or CT. Ultrasound 
can also demonstrate a proportion of ureteral lithiases, although unenhanced CT is 
superior in the evaluation of acute obstruction by ureteral calculi. A specifi c metabolic 
disorder is the cause of urolithiasis formation in more than 70% of cases, and the un-
derlying disorder determines the mineral composition of the calculus. The remaining 
cases are usually due to urinary tract infection or are idiopathic.

Detection of unilateral pelvocaliectasis and ureteral lithiasis by imaging in a patient 
with acute fl ank pain is diagnostic of lithiasic ureteral obstruction. The diagnosis is 
usually established based on clinical symptoms and the presence of hematuria. Never-
theless, imaging is necessary to confi rm the diagnosis, to determine the position of the 
ureteral calculus, and to rule out complications. Multislice CT is the imaging technique 
of choice in the evaluation of acute fl ank pain. Ultrasound also permits a comprehen-
sive evaluation of this condition, but it fails in the direct visualization of the level of 
the ureteral calculus in a variable number of cases. Complications of acute lithiasic 
obstruction include ureterohydronephrosis, urinomas, pyelonephritis, and renal ab-
scesses. These complications can be accurately evaluated by either CT or ultrasound. 
CT- and MR-urography have also substituted conventional urography in the evaluation 
of renal and ureteral lithiasis.

Imaging FindingsOn abdominal X-ray fi lm, two tiny calcifi cations were detected in the theoretical path of 
the left pelvic ureter (Fig. 5.5.1, arrows). Renal ultrasound (Fig. 5.5.2) demonstrated mild 
left pelvocaliectasis and dilatation of the left proximal ureter. After clinical worsening 
over the next two days, unenhanced CT confi rmed two millimetric calculi in the distal 
left ureter (Fig. 5.5.3, arrow). Enhanced CT showed moderate left ureterohydronephrosis 
and signs of acute pyelonephritis secondary to ureteral lithiasis such as perirenal free 
fl uid and delayed contrast elimination by the left kidney compared to the right one 
(Fig. 5.5.4, arrows).
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A multiparous 34-year-old woman presented with hypermenor-
rhea and pelvic pain of several months’ evolution. 

Case 6

Adenomyosis

Fig. 5.6.1

Fig. 5.6.3

Fig. 5.6.4Fig. 5.6.2
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CommentsAdenomyosis, also known as endometriosis interna, is a very common condition in 
which benign invasion of myometrium by heterotopic endometrium results in myome-
trial hyperplasia. Endometrial islands, including heterotopic endometrial glands and 
stroma, proliferate within the normal myometrium, which interdigitates with second-
ary hyperplastic myometrium, resulting in a diffused, ill-defi ned thickening of myo-
metrium. Areas of cystic hemorrhage of the heterotopic endometrium are uncommon. 
Adenomyosis may be focal or diffuse. In focal adenomyosis, an oval or elongated mass 
with ill-defi ned margins and in contiguity with the junctional zone is the most common 
presentation (Fig. 5.6.4, endovaginal sonogram, different patient than in Figs. 5.6.1 to 
5.6.3). Diffuse adenomyosis is more diffi cult to detect, as it usually presents as smooth 
uterine enlargement. It most commonly involves premenopausal, multiparous women, 
although it is not uncommon in postmenopausal women. Adenomyosis is usually an 
incidental fi nding in an ultrasound or MR study, as it may be completely asymptomatic. 
When clinically symptomatic, hypermenorrhea, pelvic pain, and uterine enlargement 
are classic features. It is associated to endometriosis in approximately 40% of the cases. 
It has classically been a controversial diagnosis. Nonspecifi c gynecological fi ndings in 
cases of adenomyosis have often been erroneously attributed to other common gyne-
cologic pathologies such as leiomyomas, uterine contractions, or endometriosis, which 
require a completely different treatment. Hysterectomy is the treatment for symptomatic 
adenomyosis. 

Adenomyosis is diffi cult to diagnose with transabdominal ultrasound. The better spa-
tial resolution of endovaginal ultrasound has led to increased diagnosis of this entity. 
However, MR is the imaging technique of choice for its evaluation. Diagnostic criteria 
of adenomyosis on MR include: on T2-weighted images, low-signal either diffuse or fo-
cal enlargement of the junctional zone invading the myometrium and/or a focal myo-
metrial mass with ill-defi ned borders (adenomyoma). Junctional zone thickness greater 
than 12 mm is consider diagnostic for adenomyosis and thickness greater than 8 mm 
is suspicious when there are related clinical symptoms. Internal foci of hyperintensity 
on T1-weighted images, representing hemorrhage, or focal areas of hyperintensity on 
T2-weighted images, corresponding to hemorrhage or cystic dilatation of endometrial 
gland, are also common features. 

The main differential diagnosis of adenomyosis is with leiomyoma and uterine con-
traction. As all of these conditions require different treatments, it is very important to 
differentiate among them. Ultrasound and especially MR are very useful for this purpose. 
Ill-defi ned borders and minimal mass effect on the endometrium relative to lesional vol-
ume are more common in adenomyomas than in leiomyomas. Sequential imaging allows 
myometrial contractions to be ruled out (due to their transient nature, the apparent le-
sion disappears or changes its appearance over time).

Imaging FindingsEndovaginal ultrasound (Fig. 5.6.1, coronal view) demonstrated an enlarged uterus and 
heterogeneous appearance of the myometrium, which was asymmetrically thickened. 
The junctional zone was also thickened inferiorly, with extension to the myometrium 
(arrows). MR was performed for further evaluation of these fi ndings. Figures 5.6.2 and 
5.6.3 (sagittal fat-suppressed T2-weighted TSE and coronal T2-weighted TSE images, 
respectively) confi rmed the uterine enlargement and diffuse thickening of the junctional 
zone, mostly in its inferior face, invading the myometrium (arrows). There are multiple 
hyperintense nodules within the thickened junctional zone, representing ectopic endo-
metrium. All these features are diagnostic of diffuse adenomyosis.
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Case 7

Cervical Cancer

Fig. 5.7.1

Fig. 5.7.3

Fig. 5.7.5

Fig. 5.7.2

Fig. 5.7.4

Fig. 5.7.6
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A cervical mass was detected during a routine transabdominal gynecologic ultrasound 
in an asymptomatic 43-year-old woman. 

CommentsCervical cancer is the second most common malignancy in women. Most cases occur 
in women between 45 and 55 years of age. More than 95% of the tumors are squamous 
cell carcinomas. Due to its high incidence and mortality, screening programs have been 
established in women over 18 years old. The screening includes the Papanicolaou test 
and pelvic examination. Patients over 30 years old may be tested for the human papil-
lomavirus, which is strongly associated with cervical cancer. The natural evolution of 
cervical cancer includes consecutively: cervical intraepithelial neoplasia (CIN), squa-
mous intraepithelial lesion (SIL), carcinoma in situ, and invasive carcinoma. 

Noninvasive cervical cancer is usually asymptomatic. Clinical symptoms of invasive 
cervical cancer include: leucorrhea, vaginal or postcoital bleeding, and metrorrhagia. 
After a positive Papanicolaou test, the diagnosis is confi rmed with either cone biopsy 
or colposcopy and biopsy. After the diagnosis is made, local and distant staging is per-
formed using CT and MR, respectively. Clinical staging is performed according to the 
FIGO staging system. Treatment varies according to tumor stage: carcinoma in situ or 
microinvasive carcinoma is treated with loop electrode excision, cryosurgery, or laser ab-
lation; invasive carcinoma or tumors extending to the upper vagina are treated with radi-
cal hysterectomy and pelvic node dissection; – in cases of invasive tumors between 3 and 
5 cm without parametrial or lower vagina invasion, radiation therapy is added after sur-
gery; and more advanced tumors are treated with radiation therapy and chemotherapy.

Imaging is not usually important in the diagnosis of cervical cancer. In the case shown, 
a cervical cancer was found incidentally at routine gynecologic ultrasound, but this is an 
uncommon presentation. However, imaging is very useful in the local and distant staging 
of cervical cancer. 

MR is the best imaging method for local staging of cervical carcinoma. MR is very ac-
curate in determining tumor size, as well as stromal and parametrial invasion. MR has 
a high negative predictive value for parametrial invasion and stage IVa disease, so it is 
useful for determining whether patients should receive surgical or radiation treatment. 
MR is also useful in the evaluation of pregnant woman with cervical carcinoma and in 
the assessment of recurrent cancer in treated patients (Fig. 5.7.6, sagittal T2-weighted 
TSE image. Same patient as in Figs. 5.7.1 to 5.7.5. Postradiotherapy follow-up MR demon-
strated a marked reduction in tumor volume. Compare to Fig. 5.7.3).

CT and more recently CT-PET are commonly used to exclude lymph node and distant 
metastases in patients with cervical carcinoma. 

Imaging FindingsFigures 5.7.1 and 5.7.2, sagittal and axial ultrasound views. Asterisks indicate the cervical 
mass. Cone biopsy established the diagnosis of cervical cancer. MR Figures 5.7.3, 5.7.4 and 
5.7.5, sagittal and axial T2-weighted TSE images and postcontrast sagittal fat-suppressed 
T1-weighted TSE image was performed for local staging and pre-treatment planning. 
Asterisks represent the cervical cancer. Local staging corresponded to IIb stage of the 
FIGO staging system (superior vaginal, Fig. 5.7.3, arrows, and left parametrial invasion 
Fig. 5.7.4, arrows.
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Case 8

Endometrial Polyp

Fig. 5.8.1

Fig. 5.8.2

Fig. 5.8.3 Fig. 5.8.4
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A 41-year-old woman presented recurrent intermenstrual and postcoital hemorrhages. 

CommentsEndometrial polyps are frequent in peri- or post-menopausal women. Their incidence 
increases with age until menopause and decreases after manopause. The most frequent 
symptom of endometrial polyps is metrorrhagia and post-menstrual spotting is also com-
mon. Endometrial polyps account for 25% of abnormal bleeding in both premenopausal 
and postmenopausal women. Polyps result from focal hyperplasia of the endometrial 
stratum basale, which contains endometrial glands and stroma covered by epithelium. 
Endometrial polyps may be attached to the uterine wall by either a broad peduncle 
(pedunculated polyps) or a thin stalk. Endometrial polyps may be mobile and invade 
the cervix or vagina. They rarely show malignant transformation. Hysteroscopic-guided 
resection is the treatment of choice, as curettage often fails to remove endometrial polyps 
because of their mobile bodies and tips.

Ultrasound is the imaging technique of choice in the study of postmenopausal bleed-
ing. Endometrial polyps usually present as a hyperechogenic mass. Sonohysterography 
helps in their diagnosis, and it is very useful in the differentiation between endometrial 
polyps and submucosal fi broids. A heterogeneous appearance of the mass suggests com-
plications such as hemorrhage or cystic degeneration. Ultrasound can demonstrate the 
stalk of the polyp and identify the feeding vessel within it, using color and pulsed Doppler 
techniques. This is a very specifi c fi nding for endometrial polyps. 

MR does not have a clearly defi ned role in the evaluation of endometrial polyps. It 
helps in cases with uncertain ultrasound diagnosis and when the lesion cannot be con-
fi dently differentiated from submucosal fi broid. Endometrial polyps are usually iso- or 
hypo-intense compared to the normal endometrium on T2-weighted images and show 
enhancement after intravenous contrast administration. This last feature is helpful in 
distinguishing them from submucosal fi broids, which are usually hypovascular. 

Imaging FindingsTransabdominal ultrasound showed a round focal echogenic mass within the endome-
trium (Fig. 5.8.1). Sonohysterography (transvaginal ultrasound after distension of the 
uterine cavity with the infusion of sterile saline through a catheter placed in the cervix) 
confi rmed the presence of the mass and delineated its borders better (Fig. 5.8.2). Color 
Doppler ultrasound demonstrated a vascular pedicle within the mass (arrow), which is 
typical in endometrial polyps (Fig. 5.8.3). MR confi rmed the diagnosis of endometrial 
polyp (Fig. 5.8.4, coronal T2-weighted TSE image shows a hypointense mass within the 
endometrium (asterisk)).
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Case 9

Fetal Lissencephaly

Fig. 5.9.1 Fig. 5.9.2

Fig. 5.9.3

Fig. 5.9.4
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A 36-year-old woman underwent routine 28 week obstetric ultrasound.

CommentsThe term lissencephaly means “smooth brain”. It corresponds to a severe malformation 
of the cerebral cortex, secondary to impaired neuronal migration between the third and 
fourth months of gestation. The most common fi ndings are either the absence (agyria) 
or the paucity (pachygyria) of cerebral convolutions, although other cranial and extra-
cranial features may be present, depending on the associated syndrome. Lissencephaly 
is classifi ed in two groups: In type I, or classic lissencephaly, neurons fail to reach the 
cortical plate, and patients have different degrees of agyria, pachygyria, and/or subcorti-
cal band heterotopia. Type I lissencephaly is most commonly associated to Miller-Dieker 
or Norman-Roberts syndrome. In type II, or cobblestone complex, neurons move into 
the subpial space. Type II lissencephaly is usually observed in some forms of congenital 
muscular dystrophy associated with cortical maldevelopment. 

Prenatal diagnosis with ultrasound is diffi cult. Depending on the series, the earli-
est cases are diagnosed between 23 and 31 weeks’ gestation. Cases associated to Miller-
Dieker (type I lissencephaly) or Walker-Warburg (type II lissencephaly) syndromes are 
easier to diagnose due to associated intracranial malformations. Fetal MR can detect or 
confi rm the abnormal cortical development and associated abnormalities. Less severe 
types of cortical dysplasia that may not become evident on ultrasound until late in preg-
nancy (if ever) are also more conspicuous on MR. An underlying genetic malformation 
is present in a variable rate of lissencephaly cases. If a mutation is present, early prenatal 
diagnosis can be achieved with DNA analysis; in these cases, fetal MR and genetic study 
of the mother are advised.

Obstetric ultrasound is routinely performed in almost every pregnant woman. It is a 
safe and accurate marker of the gestation that can detect many fetal malformations and 
other complications. The lack of ionizing radiation makes MR ideal for the study of the 
fetus. It is most commonly used after the detection of a genetic, analytical, or ultrasound 
abnormality to establish or rule out a suspected diagnosis. Fetal MR can evaluate not 
only central nervous system malformations, but also cardiac, pulmonary, genitourinary, 
and gastrointestinal anomalies. Prenatal MR can also be used to study gynecologic or 
abdominal masses or abnormalities in the mother during pregnancy.

Imaging FindingsIsolated ventriculomegaly (dilatation of the posterior horns) and polyhydramnios 
(Figs. 5.9.1 and 5.9.2, in the 28th week obstetric ultrasound). Previous fetal ultrasound 
examinations at 12 and 20th weeks’ gestation were normal. No chromosomopathies 
were found in the amniotic fl uid. Fetal MRI performed at 31 weeks’ gestation revealed 
(Fig. 5.9.3, axial T2-weighted TSE image) confi rmed the dilatation of the posterior horns 
and also revealed hypoplasia of the corpus callosum, delayed cerebral sulci development 
(corresponding to 26 weeks’ gestation), agyria (absence of sulci and convolutions), and 
vertically oriented sylvian fi ssures. All these data helped establish the prenatal diag-
nosis of type I lissencephaly, which was confi rmed at postnatal MRI (Fig. 5.9.4, axial 
T2-weighted TSE image).
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Case 10

Ovarian Serous Cystoadenocarcinoma

Fig. 5.10.1 Fig. 5.10.2

Fig. 5.10.3

Fig. 5.10.5

Fig. 5.10.4
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A 63-year-old-woman presented with progressive increase of abdominal perimeter and 
weight loss in the previous three months. 

CommentsOvarian carcinoma is the leading cause of death from gynecologic cancers. More than 
80% of cases occur in women over 50 years of age. These tumors are usually clini-
cally silent until the advanced stages. Frequent clinical symptoms include pelvic pain, 
constipation, increase urinary frequency, early satiety, and ascites. Increased CA-125 
levels are present in more than 80% of cases. Paraneoplastic hypercalcemia is not rare. 
Pelviabdominal spread is common at diagnosis. Most commonly, either direct spread 
or microscopic exfoliation of tumor cells into the peritoneal space occurs. Lymphatic or 
hematogenous spread is more typically seen in the late stages of the disease. Mortality 
is very high, increasing with stage dramatically. The overall 5 year survival rate is lower 
than 40% for patients with stages II to IV. 

Histologically, there are four major groups of ovarian malignancies: epithelial tumors, 
germ-cell tumors, stromal tumors, and metastases. Tumors of surface epithelium repre-
sent 70–75% of all ovarian tumors and can be subclassifi ed in decreasing order of fre-
quency into: serous, mucinous, endometroid, clear-cell, Brenner, and undifferentiated tu-
mors. Serous tumors account for 50% of all malignant ovarian masses. They are typically 
unilocular, cystic lesions involving only one adnexa, although with increasing undiffer-
entiation they may show hemorrhage, solid elements, and necrosis. Either microscopic or 
macroscopic papillae are characteristic. Psammoma bodies are not rare. Mucinous ovar-
ian cancer is the second most common subtype of all ovarian malignancies. These tumors 
are typically very large at presentation, with multiple locules delimited by internal septa 
and mucinous content in different proportions. Bilaterality and signs of complication of 
the cysts are more common in mucinous than in serous ovarian tumors. 

Ultrasound is the imaging method most commonly used to detect ovarian masses. Ul-
trasound can usually differentiate cystic and solid masses and detect features suggestive 
of malignancy. MR is superior to CT in the characterization of ovarian masses and in the 
staging of ovarian carcinoma. Ultrasound and MR features of an ovarian mass are not 
characteristic of a specifi c histological subtype but may suggest the cell type of origin. As 
in the case shown, a unilateral cystic mass with internal papillae is very typical of serous 
tumors. Detection of microscopic peritoneal metastases is still a challenge for imaging 
techniques. 

Imaging FindingsGynecologic ultrasound showed a cystic pelvic mass with solid internal papillary pro-
jections (Fig. 5.10.1). These solid projections had no internal vascularization on color 
Doppler ultrasound (Fig. 5.10.2). MR was performed to confi rm the ovarian origin of 
the mass. Coronal T2-weighted TSE images demonstrated a multiseptated cystic mass 
originating in the right adnexa (Fig. 5.10.3, arrow). Axial T2-weighted TSE and postcon-
trast fat-suppressed T1-weighted TSE images (Figs. 5.10.4 and 5.10.5) demonstrated the 
cystic nature of the mass and internal papillae (arrows), which were hypointense on T2-
weighted sequences and enhanced on postcontrast images. T2-weigted images detected 
perilesional ascites. There were no signs of contralateral adnexal involvement or pelvic 
extension. The diagnosis of ovarian serous cystadenocarcinoma proposed on the basis 
of these imaging features was confi rmed at histology.

RibesLunaRos.indb   123 18.03.2008   12:51:06



124 A. Luna Alcala, M. Potolicchio, and L. Alcala Mata

Further Readings

Books

Clinical Gynecologic Imaging. Fleischer AC, Javitt MC, Jef-
frey RB, Jones HW (1997) Lippincott Williams & Wilkins. 
ISBN-13: 9780397517060

Diagnostic Imaging of Fetal Anomalies. 2nd Sub ed. Nyberg 
DA, McGahan JP, Pretorius DH, Pilu G (2002) Lippincott 
Williams & Wilkins. ISBN-13: 9780781732116

Diagnostic Ultrasound. Rumack CM Wilson S, Charboneau 
JW, Johnson JA (2005) Mosby. ISBN-13: 9780323020237

Doppler Ultrasound in Obstetrics and Gynecology. 2nd rev. 
and enlarged ed. Maulik D, Zalud I (2005) Springer-Ver-
lag, Berlin. ISBN-13: 9783540230885

Genitourinary Radiology: Radiology Requisites Series. 2nd 
ed. Zagoria R (2004) Mosby. ISBN-13: 9780323018425

Imaging of the Scrotum & Penis. Rifkin M, Cochlin DL 
(2002) Informa Healthcare. ISBN-13: 9781853175091

MRI and CT of the Female Pelvis. Hamm B, Forstner R (2007) 
Springer-Verlag, Berlin. ISBN: 9783540222897

Step by Step Ultrasound in Gynecology. Singh K, Malhotra N 
(2004) McGraw-Hill Professional. ISBN-13: 9780071446556

Step by Step Ultrasound in Obstetrics. Singh K, Malhotra N 
(2004) McGraw-Hill Professional. ISBN-13: 9780071446549

Textbook of Uroradiology. 3rd ed. Dunnick NR, Sandler CM, 
Newhouse JH, Amis ES (2001) Lippincott Williams & 
Wilkins. ISBN-13: 9780781723893

Web-Links

http://chorus.rad.mcw.edu/index/5.html
http://emedicine.com/radio/GENITOURINARY.htm
http://emedicine.com/radio/OBSTETRICSGYNECOLOGY.

htm
http://meddean.luc.edu/lumen/medEd/urology/gui-

maghm.htm
http://med-ed.virginia.edu/courses/rad/ abdtrauma/
http://obgyn.net/ultrasound/
http://radcentral.com/
http://rsna.org/Education/archive/afi p.cfm#geni-tourinary
http://thefetus.net/index.php
http://womensimagingonline.arrs.org/item.cfm?itemID

=156

Articles

Adrenal Glands

Bae KT, Fuangtharnthip P, Prasad SR, Joe BN, Heiken JP. 
Adrenal masses: CT characterization with histogram 
analysis method. Radiology 2003; 228:735–742

Bessell-Browne R, O’Malley ME. CT of pheochromocytoma 
and paraganglioma: risk of adverse events with IV ad-
ministration of nonionic contrast material. AJR Am J 
Roentgenol 2007; 188:970–974

Blake MA, Kalra MK, Sweeney AT, Lucey BC, Maher MM, Sa-
hani DV, Halpern EF, Mueller PR, Hahn PF, Boland GW. 

Distinguishing benign from malignant adrenal masses: 
Multi–detector row CT protocol with 10-minute delay. 
Radiology 2005 238: 578–585

Chong S, Lee KS, Kim HY, Kim YK, Kim BT, Chung MJ, Yi 
CA, Kwon GY. Integrated PET-CT for the characterization 
of adrenal gland lesions in cancer patients: Diagnostic 
effi cacy and interpretation pitfalls. Radiographics 2006; 
26:1811–1824

Doppman JL, Miller DL, Dwyer AJ, Loughlin T, Nieman L, 
Cutler GB, Chrousos GP, Oldfi eld E, Loriaux DL. Mac-
ronodular adrenal hyperplasia in Cushing disease. Radi-
ology 1988; 166:347–352

Elsayes KM, Mukundan G, Narra VR, Lewis JS Jr, Shirkhoda 
A, Farooki A, Brown JJ. Adrenal masses: MR imaging fea-
tures with pathologic correlation. Radiographics 2004; 
24:S73–S86

Korobkin M, Brodeur FJ, Yutzy GG, Francis IR, Quint LE, 
Dunnick NR, Kazerooni EA. Differentiation of adrenal 
adenomas from nonadenomas using CT attenuation val-
ues. AJR Am J Roentgenol 1996; 166:531–536

Krebs TL, Wagner BJ. MR imaging of the adrenal gland: 
radiologic-pathologic correlation. Radiographics 1998; 
18:1425–1440

McNicholas MM, Lee MJ, Mayo-Smith WW, Hahn PF, Bo-
land GW, Mueller PR. An imaging algorithm for the dif-
ferential diagnosis of adrenal adenomas and metastases. 
AJR Am J Roentgenol 1995; 165:1453–1459

Musante F, Derchi LE, Zappasodi F, Bazzocchi M, Riviezzo 
GC, Banderali A, Cicio GR. Myelolipoma of the adrenal 
gland: sonographic and CT features. AJR Am J Roent-
genol 1988; 151:961–964

Kidneys

Dacher JN, Pfi ster C, Monroc M, Eurin D, LeDosseur P. Power 
Doppler sonographic pattern of acute pyelonephritis in 
children: comparison with CT. AJR Am J Roentgenol 
1996; 166:1451–1455

Erwin BC, Carroll BA, Sommer FG. Renal colic: the role of 
ultrasound in initial evaluation. Radiology 1984; 152:147–
150

Hattery RR, Williamson B Jr, Hartman GW, LeRoy AJ, Wit-
ten DM. Intravenous urographic technique. Radiology 
1988; 167:593–599

Kawashima A, Sandler CM, Ernst RD, Tamm EP, Goldman 
SM, Fishman EK. CT evaluation of renovascular disease. 
Radiographics 2000; 20:1321–1340

Nascimento AB, Mitchell DG, Zhang XM, Kamishima T, 
Parker L, Holland GA. Rapid MR imaging detection 
of renal cysts: Age-based standards. Radiology 2001; 
221:628–632

Prando A, Prando D, Prando P. Renal cell carcinoma: un-
usual imaging manifestations. Radiographics 2006; 
26:233–244

Prasad SR, Humphrey PA, Menias CO, Middleton WD, Siegel 
MJ, Bae KT, Heiken JP. Neoplasms of the renal medulla: 
Radiologic-pathologic correlation. Radiographics 2005; 
25:369–380

Rha SE, Byun JY, Jung SE, Oh SN, Choi YJ, Lee A, Lee 
JM. The renal sinus: Pathologic spectrum and multi-

RibesLunaRos.indb   124 18.03.2008   12:51:07



  Genitourinary, Gynecological, and Obstetrical Imaging 125

modality imaging approach. Radiographics 2004; 24:
S117–S131

Riccabona M, Fritz GA, Schöllnast H, Schwarz T, Deutschmann 
MJ, Mache CJ. Hydronephrotic kidney: Pediatric three-
dimensional US for relative renal size assessment – initial 
experience. Radiology 2005; 236:276–283

Rothpearl A, Frager D, Subramanian A, Bashist B, Baer J, 
Kay C, Cooke K, Raia C. MR urography: technique and 
application. Radiology 1995; 194:125–130

Sheth S, Scatarige JC, Horton KM, Corl FM, Fishman EK. 
Current concepts in the diagnosis and management of 
renal cell carcinoma: role of multidetector CT and three-
dimensional CT. Radiographics 2001; 21:237–254

Sheth S, Ali S, Fishman EK. Imaging of renal lymphoma: pat-
terns of disease with pathologic correlation. Radiograph-
ics 2006; 26:1151–1168

Slywotzky CM, Bosniak MA. Localized cystic disease of the 
kidney. AJR Am J Roentgenol 2001; 176:843–849

Silverman SG, Pearson GD, Seltzer SE, Polger M, Tempany 
CM, Adams DF, Brown DL, Judy PF. Small (< or = 3 cm) 
hyperechoic renal masses: comparison of helical and con-
vention CT for diagnosing angiomyolipoma. AJR Am J 
Roentgenol 1996; 167:877–881

Silverman SG, Mortele KJ, Tuncali K, Jinzaki M, Cibas ES. 
Hyperattenuating renal masses: Etiologies, pathogenesis, 
and imaging evaluation. Radiographics 2007; 27:1131–
1143

Urinary Tract

Berrocal T, López-Pereira P, Arjonilla A, Gutiérrez J. Anoma-
lies of the distal ureter, bladder, and urethra in children: 
Embryologic, radiologic, and pathologic features. Radio-
graphics 2002; 22:1139–1164

Berrocal T, Gayá F, Arjonilla A. Vesicoureteral refl ux: Can 
the urethra be adequately assessed by using contrast-
enhanced voiding US of the bladder? Radiology 2005; 
234:235–241

Dyer RB, Chen MY, Zagoria RJ. Abnormal calcifi cations in 
the urinary tract. Radiographics 1998; 18:1405–1424

Dyer RB, Chen MY, Zagoria RJ. Intravenous urography: 
technique and interpretation. Radiographics 2001; 
21:799–821

Filgueiras MF, Lima EM, Sanchez TM, Goulart EM, Mene-
zes AC, Pires CR. Bladder dysfunction: Diagnosis with 
dynamic US. Radiology 2003; 227:340–344

Gentili A, Miron SD, Adler LP, Bellon EM. Incidental detec-
tion of urinary tract abnormalities with skeletal scintig-
raphy. Radiographics 1991; 11:571–579

Jinzaki M, Tanimoto A, Shinmoto H, Horiguchi Y, Sato K, 
Kuribayashi S, Silverman SG. Detection of bladder tu-
mors with dynamic contrast-enhanced MDCT. AJR Am 
J Roentgenol 2007; 188:913–918

Joffe SA, Servaes S, Okon S, Horowitz M. Multi-detector 
row CT urography in the evaluation of hematuria. Ra-
diographics 2003; 23:1441–1455

Kim JK, Ahn JH, Park T, Ahn HJ, Kim CS, Cho KS. Virtual 
cystoscopy of the contrast material – fi lled bladder in pa-
tients with gross hematuria. AJR Am J Roentgenol 2002; 
179:763–768

Kim JK, Kim YJ, Choo MS, Cho KS. The urethra and its sup-
porting structures in women with stress urinary incon-
tinence: MR imaging using an endovaginal coil. AJR Am 
J Roentgenol 2003; 180:1037–1044

Retroperitoneum

Amis ES Jr. Retroperitoneal fi brosis. AJR Am J Roentgenol 
1991; 157:321–329

Gupta AK, Cohan RH, Francis IR, Sondak VK, Korobkin 
M. CT of recurrent retroperitoneal sarcomas. AJR Am J 
Roentgenol 2000; 174:1025–1030

Nishino M, Hayakawa K, Minami M, Yamamoto A, Ueda H, 
Takasu K. Primary retroperitoneal neoplasms: CT and 
MR imaging fi ndings with anatomic and pathologic di-
agnostic clues. Radiographics 2003; 23:45–47

Steyerberg EW, Keizer HJ, Sleijfer DT, Fossâ SD, Bajorin DF, Gerl 
A, de Wit R, Kirkels WJ, Koops HS, Habbema JD. Retroperi-
toneal metastases in testicular cancer: Role of CT measure-
ments of residual masses in decision making for resection 
after chemotherapy. Radiology 2000; 215:437–444

Yang DM, Jung DH, Kim H, Kang JH, Kim SH, Kim JH, 
Hwang HY. Retroperitoneal cystic masses: CT, clinical, 
and pathologic fi ndings and literature review. Radio-
graphics 2004; 24:1353–1365

Prostate

Barozzi L, Pavlica P, Menchi I, De Matteis M, Canepari M. 
Prostatic abscess: diagnosis and treatment. AJR Am J 
Roentgenol 1998; 170:753–757

Beyersdorff D, Winkel A, Hamm B, Lenk S, Loening SA, 
Taupitz M. MR Imaging–guided prostate biopsy with a 
closed MR unit at 1.5 T: Initial results. Radiology 2005; 
234:576–581

Choi YJ, Kim JK, Kim N, Kim KW, Choi EK, Cho KS. Func-
tional MR imaging of prostate cancer. Radiographics 
2007; 27:63–75

Curran S, Akin O, Agildere AM, Zhang J, Hricak H, Rade-
maker J. Endorectal MRI of prostatic and periprostatic 
cystic lesions and their mimics. AJR Am J Roentgenol 
2007; 188:1373–1379

Halpern EJ, Rosenberg M, Gomella LG. Prostate cancer: 
Contrast-enhanced US for detection. Radiology 2001; 
219:219–225

Harris RD, Schned AR, Heaney JA. Staging of prostate can-
cer with endorectal MR imaging: lessons from a learning 
curve. Radiographics 1995; 15:813–829

Littrup PJ, Lee F, McLeary RD, Wu D, Lee A, Kumasaka GH. 
Transrectal US of the seminal vesicles and ejaculatory 
ducts: clinical correlation. Radiology 1988; 168:625–628

Pretorius ES, Siegelman ES, Ramchandani P, Banner MP. MR 
imaging of the penis. Radiographics 2001; 21:283–298

Bertolotto M, Serafi ni G, Savoca G, Liguori G, Calderan L, 
Gasparini C, Mucelli RP. Color Doppler US of the post-
operative penis: Anatomy and surgical complications. 
Radiographics 2005; 25:731–748

Yablon CM, Banner MP, Ramchandani P, Rovner ES. Com-
plications of prostate cancer treatment: Spectrum of im-
aging fi ndings. Radiographics 2004; 24:S181–S194

RibesLunaRos.indb   125 18.03.2008   12:51:07



126 A. Luna Alcala, M. Potolicchio, and L. Alcala Mata

Vulva and Vagina

Brown JJ, Gutierrez ED, Lee JK. MR appearance of the nor-
mal and abnormal vagina after hysterectomy. AJR Am J 
Roentgenol 1992; 158:95–99

Dwarkasing S, Hussain SM, Hop WC, Krestin GP. Anovagi-
nal fi stulas: Evaluation with endoanal MR imaging. Ra-
diology 2004; 231:123–128

Fisseha S, Mueller G. Radiology illustrated: gynecologic im-
aging. AJR Am J Roentgenol 2006; 186:594–595

Hahn WY, Israel GM, Lee VS. MRI of female urethral and peri-
urethral disorders. AJR Am J Roentgenol 2004; 182:677–682

Kim CR, Eaton BA, Stevens KR Jr. Localization of the apex of 
the vagina: Implications for radiation therapy planning. 
Radiology 1999; 212:155–158

Kirks DR, Currarino G. Imperforate vagina with vaginourethral 
communication. AJR Am J Roentgenol 1977; 129:623–628

Siegelman ES, Outwater EK, Banner MP, Ramchandani P, 
Anderson TL, Schnall MD. High-resolution MR imaging 
of the vagina. Radiographics 1997; 17:1183–1203

Sohaib SA, Richards PS, Ind T, Jeyarajah AR, Shepherd JH, 
Jacobs IJ, Reznek RH. MR imaging of carcinoma of the 
vulva. AJR Am J Roentgenol 2002; 178:373–377

Togashi K, Nishimura K, Itoh K, Fujisawa I, Nakano Y, Tori-
zuka K, Ozasa H, Ohshima M. Vaginal agenesis: classifi -
cation by MR imaging. Radiology 1987; 162:675–677

Cervix and Uterus

Atri M, Nazarnia S, Aldis AE, Reinhold C, Bret PM, Kintzen 
G. Transvaginal US appearance of endometrial abnor-
malities. Radiographics 1994; 14:483–492

Baldwin MT, Dudiak KM, Gorman B, Marks CA. Focal in-
tracavitary masses recognized with the hyperechoic line 
sign at endovaginal US and characterized with hystero-
sonography. Radiographics 1999; 19:927–935

Davis PC, O‘Neill MJ, Yoder IC, Lee SI, Mueller PR. Sonohys-
terographic fi ndings of endometrial and subendometrial 
conditions. Radiographics 2002; 22:803–816

Fleischer AC. Transvaginal sonography of endometrial dis-
orders: an overview. Radiographics 1998; 18:923–930

Jeong YY, Kang HK, Chung TW, Seo JJ, Park JG. Uterine 
cervical carcinoma after therapy: CT and MR imaging 
fi ndings. Radiographics 2003; 23:969–981

Mogavero G, Sheth S, Hamper UM. Endovaginal sonography 
of the nongravid uterus. Radiographics 1993; 13:969–981

Murase E, Siegelman ES, Outwater EK, Perez-Jaffe LA, Tu-
reck RW. Uterine leiomyomas: Histopathologic features, 
MR imaging fi ndings, differential diagnosis, and treat-
ment. Radiographics 1999; 19:1179–1197

Nalaboff KM, Pellerito JS, Ben-Levi E. Imaging the endome-
trium: Disease and normal variants. Radiographics 2001; 
21:1409–1424

Okamoto Y, Tanaka YO, Nishida M, Tsunoda H, Yoshikawa 
H, Itai Y. MR imaging of the uterine cervix: Imaging-
pathologic correlation. Radiographics 2003; 23:425–445

Reinhold C, Tafazoli F, Mehio A, Wang L, Atri M, Siegelman 
ES, Rohoman L. Uterine adenomyosis: Endovaginal US 
and MR imaging features with histopathologic correla-
tion. Radiographics 1999; 19:147–160

Scanlan KA, Propeck PA, Lee FT Jr. Invasive procedures in the 
female pelvis: Value of transabdominal, endovaginal, and 
endorectal US guidance. Radiographics 2001; 21:491–506

Ovary

Kim KA, Park CM, Lee JH, Kim HK, Cho SM, Kim B, Seol 
HY. Benign ovarian tumors with solid and cystic com-
ponents that mimic malignancy. AJR Am J Roentgenol 
2004; 182:1259–1265

Reviews

Brammer HM 3rd, Buck JL, Hayes WS, Sheth S, Tavassoli 
FA. From the archives of the AFIP. Malignant germ cell 
tumors of the ovary: radiologic-pathologic correlation. 
Radiographics 1990; 10:715–724

Hertzberg BS, Kliewer MA. Sonography of benign cystic 
teratoma of the ovary: pitfalls in diagnosis. AJR Am J 
Roentgenol 1996; 167:1127–1133

Jeong YY, Outwater EK, Kang HK. Imaging evaluation of 
ovarian masses. Radiographics 2000; 20:1445–1470

Jung SE, Lee JM, Rha SE, Byun JY, Jung JI, Hahn ST. CT and 
MR imaging of ovarian tumors with emphasis on differ-
ential diagnosis. Radiographics 2002; 22:1305–1325

Olson MC, Posniak HV, Tempany CM, Dudiak CM. MR im-
aging of the female pelvic region. Radiographics 1992; 
12:445–465

Outwater EK, Dunton CJ. Imaging of the ovary and adnexa: 
clinical issues and applications of MR imaging. Radiol-
ogy 1995; 194:1–18

Outwater EK, Mitchell DG. Normal ovaries and functional 
cysts: MR appearance. Radiology 1996; 198:397–402

Rha SE, Byun JY, Jung SE, Jung JI, Choi BG, Kim BS, Kim H, 
Lee JM. CT and MR imaging features of adnexal torsion. 
Radiographics 2002; 22:283–294

Saksouk FA, Johnson SC. Recognition of the ovaries and 
ovarian origin of pelvic masses with CT. Radiographics 
2004; 24:S133–S146

Obstetrics

Braffman BH, Coleman BG, Ramchandani P, Arger PH, No-
dine CF, Dinsmore BJ, Louie A, Betsch SE. Emergency de-
partment screening for ectopic pregnancy: a prospective 
US study. Radiology 1994; 190:797–802

Amin RS, Nikolaidis P, Kawashima A, Kramer LA, Ernst RD. 
Normal anatomy of the fetus at MR imaging. Radiograph-
ics 1999; 19:201–214

Fong KW, Toi A, Salem S, Hornberger LK, Chitayat D, Keat-
ing SJ, McAuliffe F, Johnson JA. Detection of fetal struc-
tural abnormalities with US during early pregnancy. Ra-
diographics 2004; 24:157–174

Woodward PJ, Sohaey R, Kennedy A, Koeller KK. From the 
archives of the AFIP: A comprehensive review of fetal 
tumors with pathologic correlation. Radiographics 2005; 
25:215–242

Taylor KJ, Ramos IM, Feyock AL, Snower DP, Carter D, Sha-
piro BS, Meyer WR, De Cherney AH. Ectopic pregnancy: 
duplex Doppler evaluation. Radiology 1989; 173:93–97

RibesLunaRos.indb   126 18.03.2008   12:51:07



  Nuclear Medicine 

Musculoskeletal Imaging 6

Joan C. Vilanova and Ramon Ribes
Sandra Baleato (Contributor)

IntroductionMusculoskeletal radiology is a subspecialty which has widely expanded its scope and 
imaging capabilities with the advent of ultrasound, MRI, multi-detector CT, and PET. 
Prior to the advent of MRI, the primary tools of musculoskeletal radiologists were con-
ventional X-rays and arthrograms. The subspecialty has progressed from primary imag-
ing of osseous structures and indirect imaging of articular spaces to direct imaging of 
soft-tissue structures with direct visualization and precise depiction of musculoskeletal 
structures.

Specialized musculoskeletal radiology requires a sound knowledge of anatomy, patho-
physiology and surgical techniques, coupled with a solid background in the imaging mo-
dalities involved in musculoskeletal radiology. Musculoskeletal (MSK) imaging involves 
all aspects of anatomy, function, disease states and the aspects of interventional radiol-
ogy related to the musculoskeletal system. This includes imaging in orthopedics, trauma, 
rheumatology, metabolic and endocrine diseases as well as aspects of pediatrics, oncol-
ogy and sports imaging.

Subspecialty training in MSK radiology should provide the experience necessary to 
ensure competence in the following techniques: plain radiography, ultrasonography, 
CT, MRI, nuclear medicine, bone densitometry and fl uoroscopic procedures includ-
ing arthrography. It is important for the musculoskeletal radiologist to be aware of the 
strengths and weaknesses of the different imaging methods in various pathological con-
ditions. Furthermore, it is the role of a subspecialty expert to choose the appropriate im-
aging technique and/or the appropriate sequence in the investigation of specifi c clinical 
problems.

An MSK radiologist should have acquired an in-depth understanding of diseases of 
the MSK system and understand the role of imaging in the diagnosis and treatment of 
MSK disease. Moreover, due to innovations and new medical imaging modalities, clini-
cal specialists requests are increasingly demanding. If radiologists cannot keep up with 
the increasing demands for musculoskeletal interpretations, clinicians will be forced to 
compete with radiologists in providing these interpretations.

From the beginning of the subspecialty in the 1970s with the foundation of the Interna-
tional Skeletal Society, many multidisciplinary or dedicated skeletal radiology societies 
have been founded and organized from international or national societies and continue 
to play an important role in the development of the subspeciality.
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Case 1

Osteomyelitis

Fig. 6.1.1 Fig. 6.1.2

Fig. 6.1.3 Fig. 6.1.4

Fig. 6.1.5
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A 9-year-old boy complained of left hip pain for 3 weeks. Four weeks prior, the patient had 
suffered from a superfi cial injury to his abdomen which required a subcutaneous suture. 
At admission the patient had intermittent elevated temperature. He was reluctant to bear 
weight on the left limb and had gait disturbances. Plain-fi lm pelvic radiographs per-
formed in the emergency room were suspicious for a bone tumor of the left ischium. CT, 
bone scintigraphy and an MRI examination were requested to rule out bone tumor.

CommentsAcute hematogenous osteomyelitis usually occurs during skeletal growth when the 
growth plate is open. Early detection of osteomyelitis is essential in order to start therapy 
before bone devitalization.

Hematogenous osteomyelitis may not be evident on plain fi lms until at least 10 days 
after the onset of symptoms. The evolution of the infection can manifest radiographically 
as soft-tissue swelling with obliteration of adjacent muscle planes, subperiosteal calcifi ca-
tion, and resorption of bony trabeculae. 

Bone scintigraphy is a highly sensitive imaging procedure for the diagnosis of osteo-
myelitis. Bone scintigraphy scans are sensitive indicators of altered osteoblastic activity, 
but local disturbances in vascular perfusion, clearance rate, permeability, and chemical 
binding also affect imaging.

CT should be used only as a third-line technique for visualizing bony destruction, gas 
within the bone, or bony sequestration. 

MRI is a highly sensitive technique as an indicator of disease because pathological 
fi ndings are evident much earlier in the course of the disease. The MRI diagnosis of osteo-
myelitis is based on its capability to detect bone marrow abnormalities within the physis. 
Active osteomyelitis foci appear as low signal intensity areas on T1-weighted images and 
high signal intensity areas on T2-weighted images, fat-suppression, or STIR sequences. 
MRI is a unique technique for the detection of osteomyelitis and the depiction of its ex-
tent. 

It is important to understand the limitations of each imaging technique to avoid delays 
in the diagnosis and management of osteomyelitis and prevent possible complications.

The differential diagnosis of pelvic osteomyelitis in children should include septic ar-
thritis, Legg-Calve-Perthes disease, toxic synovitis, and less commonly, collagen-vascu-
lar diseases, neoplasms involving bone, and retroperitoneal abscess.

Imaging FindingsPlain fi lm of the pelvis (Fig. 6.1.1) shows no pathologic fi ndings for bone infection in the 
left femur. A swollen left ischiopubic synchondrosis was found incidentally (dotted arrow) 
and was at fi rst interpreted as the reason for the patient’s complaint.

Bone scintigraphy (Fig. 6.1.2) scan shows increased uptake within the left femoral head 
(arrow) and slight uptake on the left ischiopubic synchondrosis (open arrowhead).

CT (Fig. 6.1.3) shows a round annular area in the left femoral head corresponding to 
the focal site of infection.

Axial T1-weighted MRI (Fig. 6.1.4) shows diffuse low signal intensity within the proxi-
mal metaphysis of the left femur. Coronal STIR MRI (Fig. 6.1.5) reveals high signal inten-
sity in the bone marrow of the femur proximal growth plate, with edema in the surround-
ing soft tissues. Note the hypertrophy of the ischiopubic synchondrosis (arrowhead).
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Case 2

Acute Meniscal and Ligament Tears of the Knee

Fig. 6.2.1 Fig. 6.2.2

Fig. 6.2.3 Fig. 6.2.4
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A 15-year-old male suffered an acute traumatic injury 6 weeks prior to imaging and 
continued to have pain in the left knee. 

CommentsComplex injuries of the knee are common after accidents or sports-related injuries. MRI 
is the preferred imaging technique to assess joint injuries. These lesions occur as a re-
sult of multiple forces (varus, valgus, rotation, and hyperextension) applied to the joint. 
Depending on the injury mechanism different patterns can be recognized. The normal 
anterior cruciate ligament (ACL) is a straight, taut structure that runs parallel to the roof 
of the intercondylar notch. ACL tears occur more frequently (70%) in the middle aspect of 
the ligament. Sagittal T2-weighted images are recommended to depict the ACL. Different 
signs reveal ACL injuries. Primary signs involve the absence of the normal dark band 
of the ACL. Secondary signs are bone-related injuries due to the indirect mechanism of 
the traumatic event (microfracture of the posterolateral aspect of the tibial plateau and 
lateral femoral condyle) and soft-tissue signs secondary to the anterior translation of the 
tibia. These indirect signs have a low sensitivity but a high specifi city.

The posterior cruciate ligament (PCL) appears as a low signal structure in the inter-
condylar notch, gently curving between the posterior aspect of the proximal tibia and the 
distal femur. The majority of PCL tears are incomplete and intrasubstance and are best 
seen on sagittal images. Isolated PCL injuries make up only 30% of cases. 

The medial collateral ligament (MCL) originates on the medial aspect of the distal 
femur and inserts on the medial aspect of the proximal tibia. MRI shows the MCL as a 
thin dark band. MCL injuries are revealed on fl uid-sensitive coronal sequences and their 
treatment with either immobilization or surgery depends on the presence or absence of 
meniscal tear or ACL injuries.

The menisci are fi brocartilaginous structures attached to the superior aspect of the 
tibial plateau. MRI is the best imaging modality for the evaluation of meniscal trauma. 
The normal meniscus is devoid of signal on all sequences, but linear images are seen 
within the menisci when they are torn. Medial meniscus tears are associated with MCL 
rupture in almost 70% of cases. Meniscal tears are described as horizontal, vertical, ra-
dial, and longitudinal. A different type of meniscal tear is the bucket handle tear (BHT) 
which tends to involve the medial meniscus. BHT is a longitudinal vertical tear with un-
stable displaced inner fragment that can usually be found in the intercondylar notch. 
The presence of the displaced fragment within the intercondylar notch is known as the 
“double PCL” sign and can be seen in sagittal images.

Imaging FindingsCoronal T2-weighted fat-suppression FSE MR images (Figs. 6.2.1 and 6.2.2) reveal in-
creased signal in the distal insertion of the MCL (dotted arrow) and a bucket handle tear 
of the medial meniscus with a fragment displaced into the notch (arrow). Edema on the 
lateral condyle of the femur is an indirect sign for the rupture of the ACL (Fig. 6.2.1).

Sagittal T2-weighted FSE (Fig. 6.2.3) and GRE (Fig. 6.2.4) MR images through the in-
tercondylar notch show the absence of the ACL (open arrowhead) without clearly iden-
tifi able fi bers. The PCL shows increased signal with surface disruption on its proximal 
insertion (arrowhead). A small joint effusion is present.
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Case 3

Radius Fracture

Fig. 6.3.1

Fig. 6.3.3 Fig. 6.3.4

Fig. 6.3.2
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A 29-year-old man complained of pain in the right elbow after a motorcycle accident 
4 months prior. His ability to fl ex, extend, and rotate the elbow and forearm was limited

CommentsElbow trauma is very common. Elbow fractures most commonly involve the head of the 
radius (60%), followed by the distal humerus (30%) and the coronoid process (5%). Stan-
dard radiographs usually reveal the abnormality. In some cases, however, particularly if 
a radial head or coronoid process fracture is not displaced or if it is minimally displaced, 
it may not be apparent on routine examination.

In the management of elbow fractures, especially of the head of the radius and the 
capitellum, the correct diagnosis is fundamental not only for deciding whether or not to 
operate, but also for deciding on the type of surgical procedure. Radiographically occult 
or equivocal fractures of the elbow may be assessed with MR imaging.

MR imaging is useful for the detection and characterization of radial head fractures 
and is also helpful in the exclusion of associated collateral ligament injuries that may 
contribute to instability. The integrity of the medial collateral ligament (MCL) is espe-
cially important if excision of the radial head is considered. When there is ligamentous 
disruption and instability, displaced fractures of the radial head are best treated with 
internal fi xation.

On MR images, radial head fractures are indicated by linear decreased signal intensity 
within the radial head surrounded by edema.

Imaging FindingsAnteroposterior radiograph of the elbow shows a non-displaced fracture (dotted arrow) of 
the radial head (Fig. 6.3.1). Oblique sagittal T2-weighted GRE MR image reveals a fracture 
of the radial head (arrow) as linear discontinuity of the articular surface (Fig. 6.3.2)

Coronal STIR MR image reveals a minimal joint effusion with slight bone marrow 
edema (open arrowhead) (Fig. 6.3.3).

Coronal T1-weighted SE MR image shows the intraarticular fracture with the cortical 
disruption (arrowhead) and mild compression of the radial surface.

RibesLunaRos.indb   133 18.03.2008   12:51:17



134 J. C. Vilanova and R. Ribes

Case 4

Ewing Sarcoma

Fig. 6.4.1

Fig. 6.4.3

Fig. 6.4.2

Fig. 6.4.4
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A 22-year-old man presented with pain in his right knee one year after anterior cruciate 
ligament reconstruction with a patellar tendon autograft.

CommentsEwing’s sarcoma is the sixth most common malignant tumor, accounting for approxi-
mately 11–12% of all malignant bone tumors. The tumor is derived from red bone mar-
row.

Ewing’s sarcoma usually occurs in young people (4–25 years) and the mean age of pre-
sentation is 13 years. The tumor has a decisively male predominance. Patients typically 
present systemic symptoms (fever, anemia, and leukocytosis) and a painful mass.

Ewing’s sarcoma can occur in both long (60%) and fl at (40%) bones. The long bones are 
more commonly affected in younger patients. The most common sites are the femur, tibia 
and humerus. The most commonly affected fl at bones (typically in older patients) are the 
pelvis and the ribs. In the long bones, the tumor almost always affects the metaphysis or 
the diaphysis.

Although Ewing’s sarcoma presents multiple radiological appearances, it is typically 
based within the medullary cavity, metadiaphyseal in location and poorly delineated, 
with aggressive periosteal reaction and a large associated soft-tissue mass. Commonly 
there is a permeative lytic pattern.

MRI is essential to evaluate the bone marrow and soft-tissue extent of the tumor. The 
typical MRI appearance of Ewing’s sarcoma includes low signal on T1-weighted sequences, 
high signal on T2-weighted sequences, and heterogeneous contrast enhancement.

MRI provides useful information for preoperative planning and posttreatment fol-
low-up.

The differential diagnosis should include osteomyelitis, lymphoma, chondrosarcoma, 
Langerhans cell granuloma, and osteosarcoma. It is important to remember that age is 
the most important factor for narrowing the differential diagnosis for bone tumors.

Imaging FindingsPlain lateral radiograph of the distal femur (Fig. 6.4.1) shows a permeative lytic pattern 
of bone destruction. 

Sagittal T1-weighted MRI demonstrates the intraosseous and extraosseus extent of the 
tumor and the disruption of the cortex (dotted arrow) (Fig. 6.4.2). The tumor has lower 
signal intensity than normal marrow fat in this pulse sequence. Notice the hyperintensity 
of the patellar tendon from which the ACL plastia was taken. 

Coronal T2-weighted fat-suppression MRI shows a heterogeneous high signal intensity 
lesion within the medullar cavity with a soft-tissue mass (arrow) (Fig. 6.4.3). 

Axial T2-weighted fat-suppression MRI (Fig. 6.4.4) reveals the intramedullary lesion 
and the soft- tissue mass extending to the cortex.
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Case 5

Schwannoma

Fig. 6.5.2

Fig. 6.5.3 Fig. 6.5.4

Fig. 6.5.1
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A 27-year-old man presented with a painful palpable mass in the left elbow after a recent 
traumatic event. 

Comments

Solitary benign peripheral nerve sheath tumors are divided into two major groups: 
schwannoma (neurilemmoma, neurinoma) and neurofi broma. Both schwannomas and 
neurofi bromas contain cells that are closely related to normal schwann cells.

Schwannoma most frequently affects patients aged 20–30 and constitutes approxi-
mately 5% of all benign soft-tissue neoplasms. Men and women are affected equally. 
Commonly involved sites include the spinal and sympathetic nerve roots of the head and 
neck, as well as nerves in the fl exor surfaces of the upper and lower extremities. The pos-
terior mediastinum and retroperitoneum can also be affected.

Neurilemmomas are usually solitary, with nonaggressive features, including slow 
growth and small size. Pain and neurologic symptoms are unusual except in large tu-
mors. Schwannoma is rarely multiple, and multiple neurilemmomas in association with 
neurofi bromatosis 1 (NF1) are apparent in only about 5% of the cases.

Radiologic features of schwannoma are an eccentric mass relative to and separable 
from the nerve, with well-circumscribed margins. Heterogeneous signal intensity may 
be seen in schwannomas, especially in larger lesions, refl ecting hypo- or hyper-cellular-
ity, xanthomatous changes, cystic degeneration, necrosis, or hemorrhage. The target sign 
(low signal intensity centrally and high signal intensity peripherally) corresponds to cen-
tral fi brous components and myxomatous elements and appears in 50% of schwannomas. 
The target sign is more common in neurofi bromas and a heterogeneous target sign might 
be observed in cases with hemorrhage. Another key to differentiating schwannomas from 
neurofi bromas is that, unlike neurofi bromas, schwannomas are eccentric and separable 
from normal nerve.

Neurilemmomas are usually treated by surgical excision. The affected nerve is usually 
separable from the neoplasm after incision of the epineurium, allowing the native nerve 
and its function to be preserved. Recurrence is unusual.

Imaging FindingsUS shows a well-circumscribed fusiform mass with an anechoic central area (dotted 
 arrow) and appreciable vascularity (Fig. 6.5.1).

Axial T1-weighted SE MR image shows the lesion in the posterior cubital region, which 
is predominantly isointense to skeletal muscle. After contrast administration, marked 
enhancement within the mass is seen (Fig. 6.5.2).

Axial T2-weighted FSE MR image (Fig. 6.5.3) shows a well-defi ned mass, mildly het-
erogeneous with central high signal intensity due to the hemorrhagic component and a 
thin hypointense peripheral rim due to hemosiderin (arrow).

On the axial STIR MR image, the mass shows a markedly hyperintense central target 
sign (open arrowhead) (Fig. 6.5.4).
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Case 6

Soft-Tissue Liposarcoma

Fig. 6.6.4Fig. 6.6.3

Fig. 6.6.2

Fig. 6.6.1
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A 22-year-old man presented with a painless, tender mass in the upper left supracla-
vicular region.

CommentsLiposarcoma is a malignant tumor of mesenchymal origin. The term liposarcoma does 
not imply that the tumor is derived from fat, but rather that the tumor tissue contains dif-
ferentiated adipose tissue. Liposarcoma is the second most common soft-tissue sarcoma 
seen in adults (10–18%) after malignant fi brous histiocytoma. Liposarcomas are classifi ed 
into four histologic subtypes: well differentiated, myxoid, round cell, and pleomorphic. 
Well-differentiated liposarcoma is synonymous with atypical lipoma. Between 40 and 
65% of liposarcomas of the extremities occur in the thigh. Other common sites, in the 
order of descending frequency, are the upper arm and shoulder, popliteal fossa and lower 
leg, buttocks, and forearm. Clinically, these tumors manifest as painless masses. 

The radiological features of a liposarcoma depend on the histological type and tend to 
refl ect its degree of differentiation. CT or MRI fi ndings for well-differentiated liposarco-
mas closely resemble those of subcutaneous fat or a simple lipoma. They are frequently 
composed of more than 75% fat, while the other types usually have less than 25%.

On CT a well-differentiated liposarcoma may appear as a well-delineated mass, with 
attenuation values equal to those of simple fat, mimicking a benign lipomatous tumor. 

On MRI a well-differentiated liposarcoma shows some thickened linear or nodular 
soft-tissue septa that enhance after intravenous administration of contrast material. 
These small nonlipomatous components are of low signal intensity on T1-weighted im-
ages and increased signal intensity on T2-weighted images with fat suppression.

Features for discriminating a well-differentiated liposarcoma from a simple lipoma 
include a deep (intramuscular) rather than subcutaneous location, a size of more than 
10 cm in maximum diameter, the presence of nodular nonadipose components or thick 
septa, high signal intensity of septa or nodular soft-tissue areas on T2-weighted fat sup-
pression or STIR images, and contrast-enhancement of nonadipose components (best 
seen on fat-suppressed T1-weighted images)

Imaging FindingsMRI is the most specifi c modality for diagnosing liposarcoma. Figure 6.6.1 shows an axial 
T1-weighted image of a large mass located in the left supraclavicular region, posterior 
to the sternocleidomastoideus muscle and medial to the scalene muscles and brachial 
plexus. The tumor is predominantly isointense to subcutaneous fat. Multiple thickened 
septa extend throughout the tumor (dotted arrow). 

On axial T2-weighted MR image the signal intensity of the tumor is similar to that of 
subcutaneous fat (Fig. 6.6.2) with thick, low signal intensity septa (arrow). 

Coronal STIR MR (Fig. 6.6.3) shows the nonadipose areas with increased signal inten-
sity relative to fat (open arrowhead).

Axial T1-weighted fat-suppression MR image (Fig. 6.6.4) obtained after contrast ad-
ministration shows moderate heterogeneous enhancement of the nonadipose areas
(arrowhead).
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Case 7

Chordoma

Fig. 6.7.1 Fig. 6.7.2

Fig. 6.7.3

Fig. 6.7.4

RibesLunaRos.indb   140 18.03.2008   12:51:28



 Musculoskeletal Imaging 141

A 54-year-old man had severe low back pain of several weeks’ duration. The pain radiated 
to both legs. The medical history and physical examination were unremarkable.

CommentsChordoma is the most common primary malignant sacral tumor and accounts for 2–4% 
of malignant osseous neoplasms. Chordomas arise from the fetal notochord, which is nor-
mally replaced by mesodermal tissue by the 7th week of development. Scattered vestiges 
of notochord may be found in the nucleus pulposus and can be present at any level from 
the skull base to the coccyx. Fifty to 60% of chordomas develop in the sacrococcygeal 
region. These tumors are found at all ages. The mean age at diagnosis is the 6th decade. 
Chordoma is more common in males by a 2:1 ratio.

The classic appearance of chordoma is a destructive, lytic lesion, commonly with inter-
nal calcifi cations (30%). A large presacral soft-tissue component is usually present. These 
tumors are capable of extending across the adjacent disk space and the sacroiliac joint. 
Chordoma shows heterogeneous low signal intensity on T1-weighted images and promi-
nent heterogeneous increased signal intensity on T2- weighted MR images, refl ecting the 
high water content of the lesions. Contrast enhancement at MR imaging is common.

The differential diagnosis includes other primary tumors (sarcoma, giant-cell tumor, 
and, rarely, ependymoma). Metastases are the most common sacral neoplasm.

The treatment of chordoma is surgical. Total surgical resection provides the best hope 
for cure. MR imaging has proven highly accurate for evaluating the extent of disease. The 
majority of patients succumb to locally recurrent tumor because chordoma is relatively 
radioresistant, although patients with chordoma often survive many years after surgery. 
The 5-year survival in patients treated with radiation therapy is 50%.

Imaging FindingsPlain radiography of the sacrum is nonspecifi c and might reveal a lytic lesion, with 
obliteration of the cortex (dotted arrow) (Fig. 6.7.1). 

CT is useful to detect the internal calcifi cations (arrow) (Fig. 6.7.2) and the extent of the 
destructive soft-tissue mass within the sacrum. In this case, the mass extends across the 
sacral canal and the anterior neuronal foramina.

MRI is the best imaging technique, showing on sagittal T1-weighted images low sig-
nal intensity, and marked enhancement after contrast administration with a peripheral 
septal pattern (open arrowhead) (Fig. 6.7.3). T2-weighted MR image (Fig. 6.7.4) shows a 
heterogeneously (due to the presence of septa) hyperintense sacral mass with a presacral 
and soft-tissue component within the canal.
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Case 8

Osteonecrosis

Fig. 6.8.1 Fig. 6.8.3

Fig. 6.8.4Fig. 6.8.2
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A 41-year-old man on chronic steroid therapy suffered right hip pain and disabled joint 
function.

CommentsAvascular necrosis of the femoral head appears in a wide spectrum of clinical conditions: 
corticoid steroid therapy, alcohol abuse, idiopathic, Gaucher disease, lupus, coagulopa-
thies, hyperlipidemia, organ transplantation, and thyroid disorders. Osteonecrosis may 
be caused by emboli or increased bone marrow pressure and subsequent decreased blood 
fl ow, anoxia, and eventual death of trabecular bone.

Avascular necrosis is bilateral in 40% of hips; therefore, it is essential to image both 
hips. 

Diagnosis by conventional radiography is difficult in the early stages of osteone-
crosis.

MR imaging is the most sensitive method to detect the presence of early femoral head 
osteonecrosis and provides information regarding articular cartilage, marrow conver-
sion, joint fl uid, and associated insuffi ciency fractures. On MRI, ischemic necrosis leads 
to abnormal geographic areas of low signal intensity with different patterns: homoge-
neous or inhomogeneous areas, marginal line of low signal intensity with higher signal 
intensity centrally, subchondral fractures, and cortical collapse.

The Ficat grading system classifi es the radiographic fi ndings as: grade 0, no pain 
and no radiological fi ndings; grade I, pain, negative X-ray and positive MRI and bone 
scan; grade II, positive X-ray (sclerosis-lucency), without subchondral fracture on MRI; 
grade III, crescent sign on X-ray and subchondral collapse on MRI; and grade IV, joint 
space narrowing and osteoarthritis.

Early diagnosis and treatment of the femoral head osteonecrosis improves the progno-
sis, often preventing signifi cant disability.

Imaging FindingPositive fi ndings on plain radiography (dotted arrow) indicate at least stage II osteone-
crosis (Fig. 6.8.1). MRI is the most specifi c and sensitive technique to evaluate osteo-
necrosis. Oblique coronal T1-weighted MR image of the right hip shows a subchondral 
lesion with mixed signal intensity (arrow), involving approximately 45% of the femoral 
head (Fig. 6.8.2).

Oblique sagittal STIR MR image reveals an area of low signal intensity with a marginal 
hypointense line (open arrowhead). High signal intensity edema is seen in the subchon-
dral area (arrowhead) and also bordering the marginal low signal intensity line; without 
subchondral fracture (Fig. 6.8.3). 

Oblique coronal T2-weighted GRE MR image demonstrates stage II osteonecrosis with 
slight hip joint effusion (Fig. 6.8.4).
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Case 9

Bone Lymphoma

Fig. 6.9.1

Fig. 6.9.2

Fig. 6.9.3 Fig. 6.9.4
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A 75-year-old man was admitted to the hospital with a 1-month history of a fi rm soft-tis-
sue mass in the left clavicular region. Physical examination revealed a palpable mass in 
the middle-third of the left clavicle. The superfi cial lymph nodes were not enlarged. The 
complete hemogram, biochemical tests, and levels of tumor markers were normal.

CommentsPrimary lymphoma of bone is an uncommon tumor, accounting for 3–4% of all ma-
lignant bone tumors. Lymphoma is considered primary in bone only when a complete 
systematic workup reveals no evidence of extraosseous involvement. Distinguishing 
primary bone lymphoma from other bone tumors is important as the former has a better 
response to therapy and a better prognosis. Patients treated for primary bone lymphoma 
have a much better 5 year survival rate (50%). The disease may occur at any age (peak 
35–45 years) and is more common in males, with a sex ratio (1.4:1). Primary lymphoma 
of bone predominantly involves the appendicular skeleton in the region of the diaphysis 
or metaphysis.

The radiographic appearance of the disease is variable and nonspecifi c; a wide spec-
trum of patterns might be depicted, from nearly normal-appearing bone to a focal lytic 
lesion or a diffusely mixed permeative or blastic appearance process with cortical de-
struction.

MRI demonstrates bone marrow involvement. On T1-weighted images, diffuse infi l-
tration is demonstrated as an area of low signal intensity. On T2-weighted images, the le-
sion is hyperintense compared to muscle. On STIR, the foci of lymphomatous infi ltration 
exhibit high signal intensity.

The prognosis for patients with extraosseous soft-tissue masses is worse.
The differential diagnosis must include other primary bone tumors: Ewing’s sarcoma, 

metastatic carcinoma, plasmacytoma, and osteomyelitis.

Imaging FindingsThe radiological fi ndings on plain fi lm might be subtle; lordotic projection of the thorax 
shows a slight sclerotic area (dotted arrow) in the middle-third of the left clavicle without 
periosteal reaction (Fig. 6.9.1).

Ultrasound study (Fig. 6.9.2) reveals a hypoechogenic soft-tissue mass surrounding 
the clavicle (arrow).

Axial T1-weighted MR image (Fig. 6.9.3) shows abnormal low signal intensity within 
the bone marrow of the clavicle and the soft-tissue extension surrounding the bone (open 
arrowhead).

Axial STIR MR image (Fig. 6.9.4) demonstrates the homogeneous high signal intensity 
of the tumor.
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Case 10

Enchondroma

Fig. 6.10.1 Fig. 6.10.2

Fig. 6.10.4Fig. 6.10.3
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52-year-old woman with incidental fi nding on plain fi lm obtained after trauma.

CommentsEnchondroma is a common chondroid musculoskeletal neoplasm representing 3–17% of 
primary bone tumors. It may be solitary or multiple (enchondromatosis – Ollier’s dis-
ease). Enchondroma is the result of the continued growth of residual benign cartilaginous 
remains that are displaced from the growth plate. The neoplasm is usually discovered in 
the third or fourth decade of life with the same frequency in men and woman. Malignant 
transformation is exceptional. 

Between 40–65% of solitary enchondromas occur in the hand, although long tubular 
bones are affected in 25% of cases, more frequently in the bones of the upper extremity. 
Enchondromas are usually located in the metaphysis of a long tubular bone or in the di-
aphysis of a short tubular bone.

Cartilaginous tumors are typically recognized on radiographs as a lytic lesion with 
mineralized cartilage matrix within and lobulated contour, but CT is the best modal-
ity to detect mineralization characteristic of a chondroid neoplasm, showing the typical 
rings and arcs pattern. Scintigraphic bone scans show slightly increased activity. On MRI, 
enchondroma appears as a well-circumscribed lobulated lesion of low signal intensity 
on T1-weighted images, intermediate intensity on T2-weighted images, and high signal 
on T2-weighted fat-suppression sequences. Calcifi ed foci have low signal intensity on all 
sequences.

Low-grade chondrosarcoma may be indistinguishable from enchondroma; however, 
in most cases, chondrosarcoma has certain imaging features that are indicative of its ag-
gressive behavior. Cortical breakthrough, soft-tissue mass, and deep endosteal scalloping 
of the cortex are three features that are described more frequently in chondrosarcoma. 

Imaging FindingsOn plain radiography, the classic pattern of calcifi cations, described as rings and arcs, is 
pathognomonic for enchondroma (Fig. 6.10.1). Bone scintigraphy shows only mild uptake 
(dotted arrow) in the right humerus (Fig. 6.10.2). Oblique coronal T2-weighted MR image 
(Fig. 6.10.3) shows intermediate signal intensity from entrapment of residual normal fatty 
marrow with a cluster of numerous tiny low signal intensity foci (arrows) representing 
mineralized matrix (Fig. 6.10.3)

Oblique sagittal T2-weighted fat-suppression MR image (Fig. 6.10.4) reveals calcifi ed 
foci as areas of low signal intensity, and hyperintense areas with lobulated margins corre-
spond to chondroid tumor (open arrowheads). Enchondroma spares the cortex and there 
is no soft-tissue extension or other signs of an aggressive lesion.
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Neuroimaging and Head and Neck Imaging 7

F. Bravo-Rodriguez and Rocio Diaz-Aguilera

IntroductionNeuroradiology is the branch of radiology dealing with both diagnostic and interven-
tional aspects of the central nervous system (CNS) and head and neck.

The introduction of computed tomography (CT) in 1972 and magnetic resonance im-
aging (MRI) in 1981 have contributed greatly to this highly specialized radiological sub-
specialty.

Moreover, radiologists working in the interventional branch of neuroradiology must 
acquire specialized manual and surgical skills in addition to extensive knowledge of 
anatomy, physiology, pathology, and diagnostic techniques required of all neuroradio-
logists. 

Thus, neuroradiology comprises two closely related disciplines which are, at the same 
time, clearly different from each other. On the one hand, diagnostic neuroradiology based 
on noninvasive imaging modalities and, on the other hand, interventional neuroradiol-
ogy, based on digital subtraction angiography (DSA), which permits the treatment of 
many neurological conditions by means of endovascular approaches.

Neuroradiology is widely connected to many specialities such as neurology, neuro-
surgery, otolaryngology, oral and maxillofacial surgery, among others, and neuroradi-
ologists work in close contact with specialists in these fi elds, enabling faster and more 
accurate diagnoses through imaging modalities such as conventional X-ray, ultrasound, 
CT, and/or MRI. Moreover, interventional neuroradiologists contribute to the manage-
ment of numerous neurological conditions through minimally invasive procedures such 
as extracranial or intracranial stenting in cases of arterial stenoses, endovascular treat-
ment of intracranial aneurysms, embolization of head and neck tumors, etc.

The current scope of this radiological discipline is extensive and its future is promis-
ing. The advent of functional MR imaging, diffusion-weighted imaging, and perfusion-
weighted imaging, have replaced the mere anatomical view of classic neuroradiology with 
a wider perspective that includes cerebral pathophysiology. Furthermore, recent research 
into endovascular stem cell implantation opens a new and fascinating fi eld with regard to 
the treatment of strokes and degenerative diseases.
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Case 1 

Meningioma

Fig. 7.1.4Fig. 7.1.3

Fig. 7.1.1 Fig. 7.1.2
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A 43-year-old man with no relevant past medical history was admitted to the emergency 
room with a 10 minute seizure. The patient presented a slight decrease in cognitive func-
tion in the postcritical period. The clinical examination was otherwise unremarkable. 
Brain MRI showed several extraaxial lesions consistent with multiple meningiomas.

CommentsMeningiomas are tumors that arise from arachnoid cap cells, which reside in the arach-
noid layer covering the surface of the brain. They account for 13–20% of all primary 
intracranial tumors in adulthood. There is a female predilection (1.5:1 to 3:1) and the 
mean age of presentation is over 50 years. Meningiomas are multiple in 5–40% of cases, 
and multiple lesions are more frequent in patients suffering from neurofi bromatosis-2 
(NF-2), an inheritable disorder with an autosomal dominant mode of transmission sec-
ondary to a mutation of a gene located on chromosome 22.

Meningiomas are supratentorial in up to 90% of cases. The most common locations 
are the parasagittal region (25%), convexity (20%), and sphenoid ridge (15%). Clinical 
manifestations depend on location. Symptoms of a meningioma in the convexity or para-
sagittal region are seizures, focal neurological defi cits, or headaches; sphenoid menin-
giomas can cause visual problems or facial numbness. Complete surgical resection is the 
treatment of choice.

Imaging FindingsOn CT scans, meningiomas are usually dural-based tumors that are slightly hyperat-
tenuating in up to 70% of cases. They enhance homogeneously and intensely after the 
injection of iodinated contrast material. In nearly 25% of cases, calcifi cations are present. 
Hyperostosis of the adjacent bone can be seen in some cases.

On T1-weighted images (Fig. 7.1.1), most meningiomas have similar signal intensity to 
cortical gray matter. Meningiomas present as extraaxial masses with a broad dural at-
tachment and a thin hypointense rim/cleft (open arrow) between the tumor and the brain, 
corresponding to cerebrospinal fl uid.

On T2-weighted images (Fig. 7.1.2), meningiomas may have different appearances. 
In general, the tumor is hypointense to gray matter if calcium or fi brotic components 
are present (open arrow). Meningiomas can show extensive perilesional edema (solid 
 arrow).

After the injection of gadolinium, these tumors show intense and homogeneous en-
hancement. In a majority of cases, enhancing of the tissue that surrounds the dural at-
tachment is seen; this radiological fi nding is known as the dural tail (Figs. 7.1.3 and 7.1.4, 
open arrows). 

Digital subtraction angiography – not shown – showed meningeal arteries penetrating 
into the tumor through its dural attachment, with inside branches with a characteris-
tic radial distribution. Homogeneous sharp tumor staining was seen in early and late 
phases. 

Although complete surgical resection is the treatment of choice for benign meningi-
omas, preoperative embolization to reduce the blood supply to the tumor may be useful.
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Case 2 

Multiple Sclerosis

Fig. 7.2.1 Fig. 7.2.2

Fig. 7.2.3 Fig. 7.2.4
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A 40-year-old woman with sudden left-limb monoparesis and hyporefl exia. Cerebral MRI 
showed lesions consistent with multiple sclerosis.

CommentsMultiple sclerosis (MS) is an infl ammatory, demyelinating disease of the central nervous 
system (CNS). It is considered an autoimmune disease. MS most commonly affl icts young 
people between the ages of 20 and 30 years, but any age group can be affected. It has a 
prevalence of nearly 100 cases per 100,000 inhabitants. MS affects females more than 
males (2:1).

Optic neuritis (ON) or other isolated neurological symptoms are the usual initial pres-
entation. The disease can present in different forms, such as primary progressive, re-
lapsing remitting, or relapsing progressive. MS diagnosis is mainly based on the clinical 
symptoms. Visual evoked potential testing and laboratory studies are useful as well; oli-
goclonal bands of IgG are demonstrated in cerebrospinal fl uid samples in approximately 
85% of patients with MS. With the advent of MRI, the ability to confi rm the diagnosis of 
MS has improved dramatically. On MRI, MS lesions are detected in up to 95% of patients. 
Newer MRI techniques promise to yield important information regarding MS heteroge-
neity, prognosis, and treatment effects. 

Currently, the Barkhof MRI criteria are applied to establish the diagnosis in patients 
with clinically isolated syndromes suggestive of MS.

Imaging FindingsMRI characteristically shows lesions of high T2, PD and FLAIR signal intensity of vari-
able location in the white matter of the brain, brain stem, optic nerves, or spinal cord. 
In typical cases, the lesions tend to occur in periventricular areas (Fig. 7.2.1) and may 
affect in the corpus callosum. They have an ovoid shape with their largest axis oriented 
perpendicular to the ventricular surface (Fig.  7.2.2); they typically involve only the white 
matter and usually present peripheral enhancement after gadolinium administration 
(Fig. 7.2.3).

Spinal cord lesions are detected in 75% of cases. They usually appear in the cervical 
spine and present a vertical orientation (Fig. 7.2.4).

Spatial progress criteria

9 T2-weighted images lesions or 1 enhancing lesion
1 or more infratentorial lesions
1 or more juxtacortical lesions
3 or more periventricular lesions

Time progress criteria

1 new enhancing lesion 3 months after an acute attack
New lesions on T2-weighted images or new enhancing lesions 6 months after a fi rst episode of symp-
toms suggestive of MS

No highly effective treatment is currently available to counteract acute MS attacks after 
their onset. The most widely used therapy is high-dose intravenous steroids. This medi-
cation may help expedite the timing of recovery but will not affect the actual degree of 
recovery. To prevent relapses or disease progression, immunomodulatory drugs (e.g., 
interferon) are used with different results. 

RibesLunaRos.indb   157 18.03.2008   12:51:46



158 F. Bravo-Rodriguez and R. Diaz-Aguilera

Fig. 7.3.1 Fig. 7.3.2

Fig. 7.3.3 Fig. 7.3.4

Case 3 

Cerebral Abscess
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CommentsBrain abscess is a focal infectious process. Most commonly, microorganisms reach the 
CNS from a contiguous focus of infection, such as otitis media, mastoiditis, infection of 
the paranasal sinuses, or dental infection. Hematogenous spread from an extracranial site 
is also possible. The origin of the infection remains unknown in up to 10–40% of cases. 
Brain abscesses typically undergo four stages in their development: early cerebritis, late 
cerebritis, early capsule formation, and late capsule formation. 

Brain abscesses are more common between the ages of 20 and 40 years and have a male 
predilection. They generally occur in the frontal and temporal lobes. 

Clinical symptoms of cerebral abscess depend on the size and location of the space oc-
cupied and on the overall reaction of the brain to the presence of the organism. The most 
common symptom is headache, typically progressive and treatment-resistant. Other 
symptoms are fever, focal neurologic defi cits, and decreased level of consciousness.

In adults, most brain abscesses are produced by gram-negative organisms in cases of 
hematogenous spread. In children, gram-positive bacteria from ENT entities are the most 
common microorganisms involved.

The treatment of choice is abscess drainage through aspiration of infectious material. 
Surgery is considered in cases of established abscesses. In early stages, intravenous anti-
biotic medication can be used. The current mortality rate is less than 10%.

Imaging FindingsCT manifestations of an intracranial abscess depend on the stage of abscess forma-
tion. During early cerebritis, unenhanced CT scans may demonstrate only poorly 
delineated hypodense areas surrounded by vasogenic edema. After contrast adminis-
tration, an ill-defi ned and faint enhancing area within the edematous region can be 
seen. When an abscess capsule is present, an irregular enhancing rim surrounding a 
central low-attenuating area is shown (Fig. 7.3.1). Sometimes, satellite abscesses can 
be demonstrated.

On MRI, cerebritis appears as hypointense areas on T1-weighted images that are hy-
perintense on T2-weighted images, proton density-weighted and FLAIR images. After 
gadolinium administration, these areas present a similar pattern of enhancement to that 
of CT-scans. In advanced stages, the necrotic core is hyperintense on PD- and T2-weighted 
images and is surrounded by a variable degree of perilesional edema (Fig. 7.2.2, open 
 arrow). The capsule enhances intensely following gadolinium administration (Figs. 7.2.2 
and 7.3.3). On diffusion-weighted imaging (Fig. 7.3.4), abscesses present a strongly hy-
perintense signal; this MR sequence is of great value in differentiating brain abscesses 
from other entities with necrotic components, such as neoplasms and metastases, which 
appear hypointense.

A 32-year-old woman presented with a 24 hour history of progressive holocranial 
headache and left hemiparesis. She had a recent history of upper tooth arcade phleg-
mon. On physical examination, severe left hemiparesis and facial palsy were found. 
Blood cultures revealed Staphylococcus hyicus. She was treated with cefotaxime and 
metronidazole. Unenhanced and contrast-enhanced CT scans showed right frontal 
lobe abscesses.
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Case 4 

Acute Head Trauma

Fig. 7.4.1 Fig. 7.4.2

Fig. 7.4.3 Fig. 7.4.4
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A 30-year-old man was admitted to the emergency room with head trauma after a motor 
vehicle accident. He was alert and oriented but slightly agitated. On examination, bilateral 
otorrhea and probable left Horner’s syndrome were found.

An urgent unenhanced CT of brain and skull base was performed. Diffusion-weighted 
MR imaging and extracranial MR angiography were carried out next.

CommentsApproximately 15% of head trauma patients die and another 15% present chronic im-
pairment. 

Primary and secondary injuries occur in head trauma. The primary injury occurs at 
the time of impact, either by a direct injury to the brain parenchyma or by an indirect 
injury to the long white matter tracts caused by acceleration-deceleration forces. Spe-
cifi c types of primary injury include scalp injury, skull fracture, cerebral contusion, sub-
arachnoid hemorrhage, epidural hematoma, subdural hematoma, penetrating injuries, 
and diffuse axonal injury.

The secondary injury consists of systemic and intracranial events that occur in re-
sponse to the primary injury and further contribute to neuronal damage and cell death. 
Secondary injuries include brain herniation, cerebral edema, ischemia, cerebral death, 
extracranial and intracranial vessel dissection, and carotid-cavernous fi stula.

CT scanning is the imaging modality of choice in cases of severe head trauma. CT 
is widely available and has excellent sensitivity for the detection of hemorrhage and 
osseous involvement. Moreover, only a few minutes are required to perform the entire 
examination.

MRI is carried out when diffuse axonal injury is suspected because this entity may not 
be detected on CT. 

CT and MR angiography may be useful to study intracranial or extracranial vessels in 
cases of suspected dissection. Digital subtraction angiography is performed in doubtful 
cases or for therapeutic purposes.

Imaging FindingsCT scan (Fig. 7.4.1) showing post-traumatic subarachnoid hemorrhage with blood within 
the Sylvian fi ssures (open arrows). Air bubbles consistent with pneumoencephalus are 
seen in the ventricular system and subarachnoid space (solid arrows).

CT scan of the skull base (Figs. 7.4.2 and 7.4.3) demonstrates several fractures affecting 
the petrous temporal bone (open arrows), paranasal sinuses (solid arrow), and left carotid 
channel (arrowhead). 

MR angiography (Fig. 7.4.4) shows irregularity and enlargement of the cavernous seg-
ment of the left internal carotid artery consistent with post-traumatic pseudoaneurysm 
(open arrow).
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Case 5 

Stroke

Fig. 7.5.2Fig. 7.5.1

Fig. 7.5.4Fig. 7.5.3
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A 57-year-old man presented with sudden aphasia and right hemiparesis. An urgent 
CT scan was performed and showed two old lesions. Brain MRI and MR angiography 
24 hours later showed left anterior cerebral artery ischemic infarction.

CommentsStroke is the third cause of death in the world and the fi rst cause of disability, according 
to the WHO. Ischemic strokes represent nearly 80% of cases. At the macroscopic level, 
ischemic strokes most often are caused by extracranial embolism from the heart or 
extracranial arteries or intracranial thrombosis secondary to arterial stenosis or athero-
sclerosis; however, ischemic strokes may also be caused by a decrease in cerebral blood 
fl ow. At the cellular level, any process that disrupts blood fl ow to a portion of the brain 
unleashes an ischemic cascade, leading to the death of neurons and cerebral infarction. 
Clinically, the patient presents with an acute neurologic defi cit which can be reversible 
(acute ischemic attack) or defi nitive (stroke).

Unenhanced CT has traditionally been considered the imaging method of choice. CT 
is fast and widely available; it is also very useful in distinguishing ischemic from hemor-
rhagic infarction. Unfortunately, CT scans are normal early after the onset of symptoms 
in up to 50% of patients.

The advent of new MRI sequences, especially diffusion-weighted MRI (DWI-MRI) 
with a higher sensitivity than standard unenhanced head CT in detecting infarcts early 
after symptom onset, has represented a huge advance in stroke diagnosis.

Recent multimodal CT and MR evaluations demonstrate not only the core area of in-
farction but also the surrounding area of oligemia (ischemic penumbra). On the other 
hand, CT and MR angiographies allow the evaluation of cerebral vessels showing possible 
vascular stenosis or occlusion. 

Therapeutic procedures aim to open the occluded vessel as soon as possible because 
the duration of ischemia is the most important factor affecting prognosis – remember 
the catch phrase: “time is brain”. Intravenous thrombolytic therapy is indicated within 
three hours of symptoms onset. This time window may be extended to 6 hours if fi brino-
lytic medication is administered intraarterially, or even longer if mechanical endovas-
cular methods for clot retrieval are performed. Hopefully, multimodal techniques and 
new fi brinolytic agents will enable the therapeutic window to be extended beyond 3 or 
6 hours.

Imaging FindingsCT scan (Fig. 7.5.1) demonstrates the presence of two old lesions (open arrows). No 
acute lesion is detected. T2-weighted image (Fig. 7.5.2) showing several hyperintense 
lesions located in the frontal parasagittal region and left posterior parietal region. On 
DWI-MRI (Fig. 7.5.3.), the frontal parasagittal lesion presents high signal intensity 
(acute lesion) (open arrow) in contrast with the hypointense parietal lesion (old lesion) 
(arrow).

Extracranial MR angiography (Fig. 7.5.4) shows left internal carotid artery occlusion 
(open arrow).
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Case 6

Subarachnoid Hemorrhage

Fig. 7.6.1

Fig. 7.6.2a,b
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A 47-year-old male was admitted to the emergency room with sudden occipital headache, 
vomiting, and progressive loss of consciousness. CT showed a subarachnoid hemorrhage. 
The patient was transferred to the intensive care unit and digital subtraction angiography 
(DSA) carried out 12 hours after the onset of symptoms revealed an anterior communi-
cating artery aneurysm. In the same procedure, the aneurysm was completely occluded 
with GDC coils. A contrast-enhanced MRA performed 6 months after embolization for 
surveillance showed total occlusion of the aneurysm.

CommentsSubarachnoid hemorrhage (SAH), which implies the presence of blood within the sub-
arachnoid space, could be traumatic or nontraumatic. The common medical use of the 
term SAH refers to the nontraumatic type, usually from rupture of an intracranial berry 
aneurysm (in 85% of cases), which accounts for 5% of strokes. The incidence is 6–8 events 
per 100,000 person years, being higher in women than in men.

The most common presentation is an unusually severe headache that starts suddenly. 
Other possible features are vomiting, focal defi cits, and/or loss of consciousness.

The mortality rate is as high as 25 to 50%.
If SAH is suspected, unenhanced CT scan is the fi rst-line imaging modality because 

the characteristically hyperdense appearance of extravasated blood in the basal cisterns 
and sulci is virtually pathognomonic. Additionally, the pattern of hemorrhage often sug-
gests the location of any underlying aneurysm (sentinel clot). CT scanning presents a high 
sensitivity (93–100%) when it is performed within the fi rst 24 hours.

Nevertheless, the method of choice to detect an intracranial aneurysm is DSA, which 
allows a better assessment of the architecture of the aneurysm in order to decide on the 
most appropriate therapeutic procedure, endovascular embolization (the current treat-
ment of choice ) or surgery.

On the other hand, as DSA is an invasive technique, other less invasive methods, such 
as CT-angiography or MR-angiography, should be considered during follow-up.

Imaging FindingsUnenhanced CT-scan showing SAH (Fig. 7.6.1) with blood in perimesencephalic cisterns 
(open arrow), SYLVIAN fi ssures (arrows), and sulci. Notice the sentinel clot in the anterior 
interhemispheric fi ssure (arrowhead).

DSA (Fig. 7.6.2a) reveals a 2 mm anterior communicating artery aneurysm (open ar-
row). DSA after coiling with GDC showing complete occlusion of the aneurysm (arrow) 
(Fig. 7.6.2b).

Gadolinium-enhanced MRA, MIP reconstruction, obtained 6 months after treatment 
(Fig. 7.6.3). No recurrence of the aneurysm is seen. Notice the magnetic susceptibility 
artifact secondary to the coils in the aneurysm. Magnetic susceptibility artifacts can be a 
limitation in the MRA follow-up of intracranial aneurysms.
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Case 7

Cerebral Venous Thrombosis

Fig. 7.7.1 Fig. 7.7.2

Fig. 7.7.3 Fig. 7.7.4
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A 24-year-old woman presented with headache and confusion followed by upper left limb 
paresthesia, incoordination, and motor dysphasia.

Cerebral venous thrombosis was suspected after an urgent CT scan. The diagnosis was 
confi rmed by MRI and MR venography.

CommentsCerebral venous thrombosis (CVT) represents 1% of all acute strokes. This entity consists 
of venous occlusion that may affect dural sinuses (venous dural thrombosis), cortical 
veins (cortical thrombosis), the internal cerebral veins, Galen veins, or sinus rectus 
(deep cerebral venous thrombosis). CVT is more common in women than men and has 
no age predilection. Over one hundred causative conditions have been described in CVT. 
In general, any condition that produces hypercoagulability or decreased cerebral blood 
fl ow may predispose to CVT, for instance, dehydratation, coagulopathies, pregnancy, 
oral contraceptives, infections, or malignancies. However, no cause is identifi ed in ap-
proximately 25% of cases. 

The most common presentation is progressive headache with nausea and vomiting. 
Focal neurologic defi cits can occur as well.

The venous occlusion produces edema in the adjacent cerebral parenchyma. Venous 
thrombosis may progress to infarction, characteristically cortical and hemorrhagic. 
Prognosis is variable depending on the extension of thrombosis and the patient’s clinical 
condition at admission.

Anticoagulation is the treatment of choice for CVT. Endovascular thrombolytic ther-
apy is reserved for cases with unfavorable evolution despite anticoagulation.

Imaging FindingsUnenhanced CT may show a hyperattenuating sinus (open arrow) (Fig. 7.7.1) or a 
hyperdense cortical vein, known as the “cord sign”. Cortical infarctions appear as 
hypodense cortical areas or hyperdense zones if hemorrhage is present. After contrast 
administration, the “empty delta sign”, which corresponds to the fi lling defect of the 
clot inside the sinus, can be seen.

T1- and proton-density-weighted MR images show a lack of normal fl ow in the in-
volved vessels and an increased signal within the thrombosed vein on all pulse sequences 
(open arrows) (Figs. 7.7.2 and 7.7.3). Edema or hemorrhage can be detected as well (solid 
arrows). After gadolinium administration , the empty delta sign can be seen.

MR venography may be useful for determining the extension of thrombosis. MR 
venography (Fig. 7.7.4) demonstrates enlargement of the affected sinus and fi lling defects 
(open arrows) secondary to the presence of thrombi. 

Digital subtraction angiography (DSA) is not necessary in the majority of cases and is 
used only when the diagnosis is not clear.
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Case 8

Cavernous
Angioma

Fig. 7.8.1

Fig. 7.8.2 Fig. 7.8.3

Fig. 7.8.4
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A 35-year-old woman with a prior medical history of seizures and surgical resection of 
a cavernoma 10 years prior was being treated with carbamazepine and presented with 
isolated seizures. Brain and spine MRI were performed for surveillance of multiple 
cavernomatosis.

CommentsCavernous malformations (cavernomas, cavernous angiomas, or hemangiomas,...) con-
sist of well-circumscribed sinusoidal vascular channels containing blood in various 
stages of evolution. They represent approximately 1% of intracranial vascular lesions 
and 15% of cerebrovascular malformations. With the advent of MRI, cavernomas have 
become the most commonly identifi ed vascular malformations in the brain. Cavernous 
angiomas vary from several millimeters to several centimeters in diameter although 
they are usually < 3 cm in size. Multiple lesions are seen in approximately 10–30% of 
spontaneous cases. A familial form of the disorder exists and is inherited as an autoso-
mal dominant trait with variable expression. Multiple lesions are more common in the 
familial form, occurring in as many as 80% of patients. About 80–90% of lesions are 
supratentorial and only 5% of cavernomas are seen in the spinal cord of adult patients. 
There is no gender predilection.

Cavernous angiomas are considered to be a congenital entity although de novo lesions 
may occur in patients with previous radiation exposure or in familial form cases. In early 
studies of major autopsy reports, the calculated prevalence was 0.3–0.9%. Cavernomas 
can occur at any age, but they are most likely to become clinically apparent in patients 
aged 20–40 years. Common clinical symptoms are seizures secondary to cortical lesions, 
focal neurologic defi cits secondary to deep cerebral white matter and pons lesions, and 
headache as a result of intralesional hemorrhage.

The treatment of choice is surgical removal. Resection is indicated even in cases af-
fecting the pons, due to the increased risk of subsequent and progressive neurologic dis-
ability in cases of rehemorrhage.

Imaging FindingsThe sensitivity of CT for these lesions is 70–80%. Cavernous angiomas are typically 
hyperdense and present calcifi cations in 30% of cases. Lesions show a mottled pattern 
of enhancement after contrast administration. When surrounding edema is present, it 
is indicative of a recent bleed.

MRI is the imaging modality of choice. Gradient-echo imaging, with its increased sen-
sitivity to susceptibility artifacts, is useful in the detection of smaller and concomitant 
lesions, which may not be detected with SE and FSE sequences (Fig. 7.8.1, open arrow). 
Cavernous angiomas present as a typical “popcorn-like” lesion with a large amount of he-
mosiderin surrounding a core of hemorrhage in different stages of evolution. The central 
area appears hyperintense on T1-weighted images (Fig. 7.8.2) and the hemosiderin rim is 
hypointense on gradient-refocused and FSE T2-weighted images (Figs. 7.8.3 and 7.8.4).

In general, cavernomas are considered angiographically occult because of the ex-
tremely low fl ow of blood through these lesions.
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Case 9 

Epidermoid Cyst

Fig. 7.9.1
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A 32-year-old woman was admitted to the emergency room with a 24 hour history of 
diplopia, left hypoacusia, tinnitus, and vertigo. The patient had a prior medical history 
of headache and occasional vomiting for 5 years. 

On physical examination, bilateral papilledema, diplopia, and hypoalgesia of the left 
maxillary nerve (V2) and cornea were found.

A CT scan showed hydrocephalus and the presence of an extraaxial lesion located in 
the posterior fossa, consistent with epidermoid cyst. MRI confi rmed the suspected diag-
nosis.

CommentsEpidermoid cysts are benign congenital lesions of ectodermal origin secondary to epithe-
lial inclusion during neural tube closure between the third and fi fth  weeks of embryonic 
life. They represent approximately 0.2–1.8% of all primary intracranial tumors. Epider-
moid cysts occur most commonly in the cerebellopontine angle (40–50% of cases) and 
fourth ventricle. They tend to be well-circumscribed, smooth or lobulated, encapsulated 
lesions with a characteristic glistening, pearl-like sheen. The tumor presents as a slowly 
enlarging lesion that tends to adapt to the subarachnoid space, which is why patients 
are usually not symptomatic until age 30–40. Clinical features depend on the location 
of the lesion. Headache and cranial-nerve neuropathy are the most common symptoms. 
The differential diagnosis includes arachnoid cysts which appear isointense to CSF in 
all MRI pulse sequences, including diffusion-weighted images.

The treatment of choice is microsurgery. Total excision of the tumor is not always pos-
sible and there is a high rate of recurrences in these cases.

Imaging FindingsCT scan (Fig. 7.9.1) demonstrates an extraaxial hypodense lesion located in the left 
cerebellopontine angle (CPA) and prepontine cistern. The tumor envelopes the basilar 
artery (open arrow) and causes a mild mass effect over the pons. A superior slice shows 
dilatation of the third and fourth ventricles as well as of the frontal and temporal horns 
(solid arrows).

MRI demonstrates a lesion in the left CPA which extends anteriorly to the prepontine 
cistern and superiorly to suprasellar and chiasmatic regions and ambiens cistern. Note 
that the signal intensity of the lesion is slightly different from that of CSF on T1- and 
T2-weighted images (Figs. 7.9.2 and 7.9.3). As epidermoid cysts have markedly restricted 
diffusion, they show high signal intensity on diffusion-weighted images (Fig. 7.9.4). This 
feature is useful in the distinction between arachnoid cysts, which are hypointense on 
DWI, and epidermoid cysts.
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Case 10

Juvenile Nasopharyngeal Angiofi broma

Fig. 7.10.1 Fig. 7.10.2

Fig. 7.10.3 Fig. 7.10.4

�
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A 14-year-old male presented with nasal stuffi ness, continuous rhinorrhea and occasional 
epistaxis. On the endoscopic examination a polypoid lesion was found arising from the 
nasopharynx and fi lling the left posterior nasal cavity.

CommentsNasopharyngeal angiofi broma is a benign vascular tumor that occurs in the nasopharynx 
of prepubertal and adolescent males. The most frequent symptoms are unilateral nasal 
obstruction and spontaneous epistaxis. The lesion typically arises in the sphenopala-
tine foramen and it often acts in a malignant manner by eroding into the surrounding 
sinuses, orbit, or cranial vault. This tumor is highly vascularized, with its main blood 
supply coming from the internal maxillary artery, although the ascending pharyngeal 
or vidian arteries may also feed the lesion.

Treatment is usually preoperative embolization to reduce blood loss followed by surgi-
cal resection (preferably endoscopic). Radiation therapy is a treatment option reserved 
for patients with incomplete resection, intracranial disease, or recurrent cases.

Imaging FindingsCT scan after contrast administration (Fig. 7.10.1) showing an enhancing mass in the left 
posterior nasal cavity extending into the cavum (open arrow). The lesion extends later-
ally through the pterygomaxillary fi ssure into the infratemporal fossa (solid arrow) and 
erodes the posterior wall of the maxillary sinus. Note the aggressiveness of the tumor, 
which produces erosion of the greater wing of the sphenoid and left side of the clivus.

Axial and coronal T1-weighted MR images after gadolinium administration and fat 
saturation (Figs. 7.10.2 and 7.10.3) demonstrate intense enhancement of the lesion. The 
borders are clearly depicted. A nodule is seen protruding into the middle fossa dura (open 
arrow); no cerebral involvement is detected.

DSA (Fig. 7.10.4) before embolization. The lesion is fed by branches of the internal 
maxillary artery (open arrow).
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IntroductionNuclear medicine is the medical specialty that uses radioactive isotopes, nuclear radia-
tion, electromagnetic changes of the nuclear components, and biophysical techniques to 
prevent, diagnose, and treat medical conditions. 

In a nuclear medicine test, small amounts of radiopharmaceuticals are introduced into 
the body by injection, swallowing, or inhalation. Radiopharmaceuticals are substances 
that are attracted to specifi c organs and provide information about both their structure 
and function. The amount of radiopharmaceutical used is carefully selected to ensure 
an accurate test while providing the least amount of radiation exposure to the patient. 
A special camera (PET, SPECT or gamma camera) is used to detect the radiopharmaceuti-
cal in the target organ or tissue and shows images of the area in question. 

The capability of nuclear medicine to determine the presence of disease is based on 
biophysiological changes rather than anatomical ones.

Widespread clinical use of nuclear medicine began in the early 1950s, with the applica-
tion of radioiodine to patients suffering from thyroid disease. In the 1960s and the years 
that followed, the growth of nuclear medicine was phenomenal. In the 1970s most organs 
of the body could be visualized. In 1971 the American Medical Association offi cially rec-
ognized nuclear medicine as a distinct medical specialty.

As more is learned about the fundamental processes of diseases and new radiophar-
maceuticals and analytical tools are developed, PET and CT/PET scanning will prove to 
be invaluable tools in the diagnosis and management of some of the most critical diseases 
challenging modern medicine. The development of new therapeutic agents, especially 
those related to radioimmunotherapy of many oncological conditions, will give nuclear 
medicine a prominent role in the management and treatment of oncological patients.
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Case 1

Brain Death

Fig. 8.1.1
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A 53-year-old woman suffered occipital trauma and presented with loss of conscious-
ness. The initial clinical examination showed areactive mydriasis with Glasgow score 3; 
48 hours after admission the patient was in deep coma and 99mTc-HMPAO cerebral perfu-
sion scintigraphy was performed to confi rm the diagnosis of cerebral death.

CommentsThe term “brain death” is used to signify the irreversible loss of function of the entire 
brain and, by general consensus, is accepted as a criterion for human death. The deter-
mination of brain death has gained importance in modern health care to prevent futile 
attempts to sustain ventilation and blood circulation artifi cially for prolonged periods 
and to ensure the potential availability of organs for transplantation.

Although physicians generally agree that a patient can be declared brain dead when 
the loss of brain function is total and irreversible, different approaches have been taken 
to defi ne what constitutes brain-death. A thorough clinical examination is essential to the 
diagnosis. The role of confi rmatory tests differ among countries but they are generally in-
dicated when a specifi c part of the clinical examination cannot be performed or is deemed 
unreliable. Under certain circumstances, confi rmatory tests can be used to shorten the 
period of clinical observation.

Cerebral scintigraphy is a safe, reliable and widely available alternative that can be 
performed rapidly and can be interpreted in a straightforward manner. It is not affected 
by metabolic aberrations or pharmacologic intoxicants. Electrical interference and the 
presence of skull defects or scalp trauma do not preclude its performance either. The 
radiopharmaceuticals used in scintigraphy (Tc-99m hexamethylpropyleneamine oxime) 
have no deleterious effects on potential donor organs.

Tc-99m HMPAO cerebral scintigraphy is highly sensitive and appears to be 100% 
specifi c.

Imaging FindingsAfter the intravenous administration of Tc-99m HMPAO in an alive patient, the fi rst pass 
radionuclide cerebral angiogram shows fl ow in the common carotids as well as within 
the regions supplied by the external carotid arteries and by the middle cerebral arteries. 
The anterior static view (Fig. 8.1.1) shows the location of the radiopharmaceutical within 
the cerebral hemispheres.

In brain death, the anterior and middle cerebral artery complexes are not visualized 
in the fi rst pass. Subsequent planar images (anterior, left and right lateral) show no ra-
diopharmaceutical within the cerebral cortices, basal ganglia, or cerebellar hemispheres. 
The presence of early, increased activity in the nasopharyngeal region at radionuclide 
blood fl ow scanning, dubbed the “hot nose sign”, is supportive of but not diagnostic of 
brain death.
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Case 2

Gastrointestinal Bleeding

Fig. 8.2.1 Fig. 8.2.2

Fig. 8.2.4Fig. 8.2.3
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A 53-year-old man was referred with suspicion of GI bleeding and negative upper GI 
endoscopy. At colonoscopy, blood in the bowel precluded the visualization of eventual 
lesions. Non-colonic diverticulosis or infl ammatory bowel disease were suspected.
The patient was hemodynamically unstable, with paleness and severe hypotension, and 
required blood transfusion. He was referred to the nuclear medicine department to 
determine the location and extent of GI bleeding. During the isotopic study, the patient 
had a new episode of hemodynamic instability and a second blood transfusion was 
performed.

CommentsSuccessful management of patients with acute gastrointestinal (GI) bleeding often 
depends on accurate location of the bleeding site. In suspected lower GI bleeding, 
nuclear medicine imaging techniques are the methods of choice because they are 
highly sensitive.

Isotopic studies, especially 99mTc-labeled red blood cells, may detect bleeding rates as 
low as 0.05 to 0.1 ml/min, while angiography will only demonstrate bleeding rates greater 
than 0.5 ml/min. 99mTc-sulphur colloid techniques are also used for this purpose.

The labeled red blood cell technique has the advantage of a longer potential period 
during which bleeding may be visualized. Moreover, the patient’s clinical needs can be 
taken care of and blood transfusions can be performed during the study.

The procedure for red blood cell labeling is easy, fast, safe, and inexpensive. 
The bleeding site will be visualized as a focal area of abnormal radiopharmaceutical 

accumulation. Acute GI bleeding is diagnosed when the radiopharmaceutical moves in 
an antegrade or retrograde direction within the bowel lumen. 

A negative isotopic study for GI bleeding indicates no active bleeding and no other 
imaging modalities are usually needed

Imaging FindingsFigure 8.2.1 shows the major abdominal structures and the liver and spleen blood 
pools

Figure 8.2.2 shows a focus of activity in the middle abdominal area, deriving from 
blood extravasated from a small bowel bleeding site. We can see the movement of the 
activity in the lumen.

Figures 8.2.3 and 8.2.4 (60 and 90 minutes after injection) show a new bleeding episode 
in the same location and antegrade activity progression within the small bowel lumen. 

The diagnosis of active small bowel bleeding at the point shown was confi rmed surgi-
cally.
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Case 3

Infl ammatory Bowel Disease

Fig. 8.3.1 Fig. 8.3.2

Fig. 8.3.3 Fig. 8.3.4
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A 10-year-old girl presented with abdominal distress. The patient had a recent history 
of acute pain episodes, loss of appetite, weight loss, and mucous diarrhea. Biochemical 
parameters were indicative of infl ammatory activity. 

Comments99mTc-hexamethylpropyleneamine oxime (HMPAO)-labeled autologous leukocyte im-
aging is the fi rst-line investigation to detect infl ammatory bowel disease.

Management of ulcerative colitis and Crohn’s disease depends on the knowledge of 
the site, extent, and activity of infl ammation, as well as on the presence of complications. 
Leukocyte-labeled scintigraphy can provide information about the location, extent, and 
severity of infl ammatory disease.

The labeled-leukocyte procedures are carried out “in vitro”, after blood extraction, 
sample anticoagulation, and application of centrifugation gradients to separate white 
blood cells. After a short incubation with the radiopharmaceutical 99mTc-HMPAO, the 
labeled leukocytes are re-injected. Quality control before re-injection is obligatory.

Images are obtained at 30 minutes (early set) and 150 minutes (late set) after injection. 
The fi ndings are generally easy to interpret.

Imaging FindingsFigures 8.3.1 and 8.3.2 were obtained in the acute episode and show infl ammatory activity 
in the ileum, cecum, and transverse colon, with greater intensity than the normal refer-
ence (activity of bone marrow in the iliac spine). For increased clinical accuracy, both 
the early and late image sets must show pathological uptake. If only the late images are 
abnormal, there is a risk of false-positive results.

After this study, infl iximab was infused and the patient underwent a new leukocyte-
labeled scan (Figs. 8.3.3 and 8.3.4) to evaluate the response; this study showed normal 
uptake in bone marrow, liver, and spleen, without bowel uptake.
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Case 4

Movement Disorders

Fig. 8.4.1

Fig. 8.4.2
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A 78-year-old woman complained of tremor affecting both upper limbs, more pro-
nounced on the left, and mild depression symptoms. Possible Parkinson’s disease or 
drug-induced parkinsonism were potential diagnoses. 

CommentsFunctional imaging provides a sensitive means of detecting and characterizing brain 
changes in movement disorders.

Symptoms typically include tremor, rigidity, and bradykinesia. The principal phys-
iopathological feature is the degeneration of nigrostriatal dopaminergic neurons. The 
number of presynaptic striatal dopaminergic neurons is greatly reduced in Parkinson’s 
disease. Together with progressive supranuclear palsy and multi-system atrophy, this re-
sults in a reduction of dopamine transport.

SPECT imaging with 123-I-Iofl upane (DaTSCAN®, General Electric Healthcare) has 
proven to be both sensitive and specifi c in the detection of dopaminergic dysfunction in 
these patients. Iofl upane can differentiate essential tremor from Parkinson’s disease and 
related syndromes.

Cases that may benefi t from Iofl upane study include atypical presentation, early onset 
of tremor, and patients on medication with potential parkinsonian effects.

Imaging FindingsFigure 8.4.1 shows the normal appearance, with normal bilateral striatal uptake (largely 
symmetrical activity in the putamen and caudate nuclei). 

Figure 8.4.2 image is a tomographic image of this patient, showing signifi cantly re-
duced putamen uptake bilaterally, with activity confi ned to the caudate nuclei.

These fi ndings demonstrate severe damage to nigrostriatal dopaminergic pathways, 
diagnostic of Parkinson’s disease.

123-I-Iofl upane had a signifi cant impact on the clinical management of this patient, 
making it possible to establish the correct treatment.
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Case 5

Obstructive Uropathy

Fig. 8.5.1 Fig. 8.5.2

Fig. 8.5.3 Fig. 8.5.4
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A 3-year-old girl with a history of urinary tract infection was referred to the nuclear 
medicine department after left hydronephrosis was detected at ultrasonography. Patho-
logical fi ndings at kidney scan necessitated surgery.

Follow-up ultrasonography four months after surgery showed persistent dilatation of 
the pelvis. 

CommentsDifferent radiotracers are used to assess renal function. 99mTc- mercaptoacetyltriglycine 
(MAG3) is currently the most widely used in children; it is secreted by renal tubules and 
has much greater extraction effi ciency than glomerular-fi ltered agents.

After intravenous injection, the images are obtained in the posterior projection, with 
the child supine. Serial images are acquired over a determinate period. If urinary ob-
struction is suspected, furosemide is administered. There is no current consensus about 
the best time for diuretic injection. Some protocols call for injection 15 minutes before 
radiotracer injection; however, the classical protocol injects the diuretic 20 minutes after 
injection.

Computer-generated time-activity curves are obtained from areas drawn over the 
kidneys (background corrected). In normal patients, this curve shows rapid and intense 
tracer concentration, with time to the peak lower than 5 minutes. After the peak, the ac-
tivity declines faster (to less than 50% of the peak value at 20 minutes). We can also the 
compare the function of one kidney compared to the other quantitatively.

Hydronephrosis is one of the most frequent indications for renograms in children. 
Renograms can differentiate between an unobstructed dilated renal pelvis and a true ob-
structed renal pelvis. In obstructive hydronephrosis, the half-washout time point on the 
curve is greater than 20 minutes. However, the diagnosis must be made taking the entire 
radionuclide study into consideration: the morphology and size of the kidneys, intensity 
of renal uptake, cortical transit time, and appearance of tracer in the collecting systems 
are all important.

Imaging FindingsFigure 8.5.1 shows the difference in the parenchymal uptake between the two kidneys, 
with an enlarged left kidney and low intensity in the MAG3 activity. 

On the renogram curve (Fig. 8.5.2), the morphology of the right kidney (pink line) is 
normal; the left kidney (blue line) is dilated and obstructed and does not respond to the 
injection of the diuretic.

Ultrasonography after surgery – not shown – showed persistent hydronephrosis. The 
99mTc-MAG3 renogram (Fig. 8.5.3) shows the difference in uptake between the two kid-
neys; however, the left kidney curve (blue line) has normalized compared with the previ-
ous study.

In spite of the persistence of abnormal morphological features, the functional study 
shows the resolution of obstructive uropathy (Fig. 8.5.4).
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Case 6

Thromboembolic Pulmonary Disease

Fig. 8.6.1

Fig. 8.6.2
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A 65-year-old man presented at the emergency department with dyspnea and lateral 
chest pain of sudden onset. Clinical examination showed no alterations at auscultation 
or in leg perfusion. Arterial blood gasometry showed hypoxemia with hypocapnia. The 
chest X-ray was unremarkable .

The patient was referred to the nuclear medicine department for ventilation-perfusion 
scintigraphy to evaluate clinical suspicion of pulmonary thromboembolic disease.

CommentsPulmonary thromboembolic disease is a potentially life-threatening condition. The ma-
jor diffi culty in its diagnosis is suspecting it in the fi rst place. The vast majority of pulmo-
nary emboli originate in the lower extremities. Leg trauma and prolonged immobilization 
can be predisposing factors.

The clinical signs and symptoms of pulmonary thromboembolism are nonspecifi c. 
The classic triad of chest paint, thrombophlebitis, and hemoptysis only occurs in one 
third of the patients. Moreover, pulmonary embolism may be asymptomatic.

Pulmonary angiography is the most specify modality for the diagnosis; however, this 
technique is invasive and is not appropriate for screening.

Scintigraphic studies for pulmonary thromboembolism involve simultaneous imag-
ing of pulmonary ventilation and blood fl ow. The principle fi ndings for the diagnosis 
are normal ventilation remains with abnormal pulmonary perfusion, the so-called mis-
matched defect.

Ventilation imaging can use radioactive inert gases (expensive and limited availabil-
ity) or radiolabeled aerosols (widely used). Aerosol administration requires patient coop-
eration to coordinate breathing.

The perfusion lung scan is performed after the ventilation study. The perfusion scan 
involves the intravenous injection of microparticles of human protein (human serum 
albumin) labeled with technetium-99m. The distribution of lung radioactivity is propor-
tional to the pulmonary blood fl ow.

Imaging FindingsFigure 8.6.1 shows a 99mTc-Technegas ventilation study. Multiple views must be acquired 
to evaluate each patient. In this study, we can observe uniform distribution of aerosols 
to both lungs, without ventilatory defects.

The perfusion scan reveals multiple mismatched perfusion defects in both lungs, indi-
cating a high probability of pulmonary thromboembolic disease (Fig. 8.6.2). 

In this clinical scenario, a high probability ventilation/perfusion scan indicates a 
probability of pulmonary embolism of over 90%.
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Case 7 

Coronary Disease

Fig. 8.7.4Fig. 8.7.3

Fig. 8.7.1 Fig. 8.7.2
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A 60-year-old man consulted for oppressive chest pain, not directly related with physical 
exercise. The patient related a tendency to tire easily and occasional dyspnea.

He was heavy smoker and had various episodes of angina, which had become more 
frequent in the two months prior to consultation. The EKG showed ST depression.

Coronary disease was suspected and he was referred to the nuclear medicine depart-
ment to assess myocardial blood fl ow. 

CommentsCoronary artery disease is a common clinical problem. Many patients present with 
atypical symptoms, making diagnostic investigation necessary in patients with acute or 
chronic chest pain.

Several 99mTc derivatives have been developed for myocardial perfusion studies and 
have replaced the classical use of 201-Tl. The initial myocardial uptake is linearly related 
to regional blood fl ow, without appreciable redistribution.

To compare resting and stress myocardial perfusion, two injections must be given, 
generally on separate days. The most important use of this technique is to demonstrate 
myocardial ischemia and detect viable myocardium. Myocardial perfusion imaging is a 
powerful tool for risk stratifi cation and to formulate management strategies for a wide 
variety of patients.

The “stress” procedure can be carried out using exercise testing or by pharmacologi-
cally induced coronary hyperemia (adenosine or dobutamine). At present we can also an-
alyze wall motion, using EKG-gated acquisition with good correlation between regional 
wall motion studies and echocardiography.

Areas of decreased or absent perfusion in the stress images that are less severe or nor-
mal on the rest images may be due to ischemia. A constant perfusion defect is usually due 
to myocardial infarction.

Imaging FindingsSPECT images were obtained 45 minutes after intravenous administration of 99mTc-
 tetrofosmin (MYOVIEW®) during the stress test. This study shows an area of decreased 
perfusion in the anterior wall and in the apex, with contractile alteration in the same 
region.

Two days later, the rest study was performed. In this case, the myocardial wall showed 
normal perfusion in all territories.

This myocardinal risk area is shown in the short, vertical, and horizontal axes in the 
stress study (Figs. 8.7.1–8.7.3 upper row)

The polar map (Fig. 8.7.4) shows an extensive severe reversible defect.
These fi ndings were diagnostic of coronary disease and the patient was referred for 

coronary angiography. Cardiac catheterization showed severe obstruction of the left an-
terior descending artery due to atherosclerotic plaques and angioplasty was carried out.
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Case 8 

Parathyroid Adenoma

Fig. 8.8.1 Fig. 8.8.2

Fig. 8.8.3 Fig. 8.8.4
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An asymptomatic 47-year-old woman presented biochemical evidence of elevated para-
thyroid hormone levels. 

Her neck was normal at physical examination. Neck ultrasound was inconclusive and 
she was referred for radionuclide examination.

CommentsPrimary hyperparathyroidism is caused by hyper-functioning parathyroid glands. It is 
characterized by secretion of more parathyroid hormone than is necessary to maintain 
normal serum calcium levels. Most patients with hyperparathyroidism are asymptomatic 
at presentation. 

Although it has certain limitations due to the small size of parathyroid glands, in the 
hands of an experienced operator, ultrasound of the neck is a useful technique for para-
thyroid abnormalities. CT and MRI effectively demonstrate the location of the parathy-
roids or their enlargement.

Scintigraphic methods for the study of the parathyroid glands include tallium-201/
technetium-99m subtraction and the isonitrile compounds (99mTc-sestamibi). Both of 
these procedures have shown a high degree of reliability in clinical use. Parathyroid scin-
tigraphy should only be performed when there is biochemical evidence of hyperparathy-
roidism.

After the intravenous injection of radiotracer (99mTc-sestamibi in our institution), 
early images (obtained at 15 minutes) are compared with delayed images (at 2 hours). 
Sestamibi “washes out” more rapidly from thyroid (the early image normally depicts the 
thyroid morphology) than from the parathyroid tissue. The difference in retention may 
be due to increased number of mitochondria in the cells of an adenoma.

Imaging FindingsFigure 8.8.1 shows the normal appearance of early acquisition, with normal uptake of 
99mTc-sestamibi in the thyroid gland, as well as in the salivary glands and the myocar-
dium. The delayed image (Fig. 8.8.2) shows normal washout in the thyroid tissue and in 
non-pathological parathyroid tissue.

On the early acquisition (Fig. 8.8.3), increased uptake in the right lower pole of the 
thyroid is evident. On the delayed image (Fig. 8.8.4), the thyroid uptake has washed out 
and the right inferior parathyroid adenoma is clearly visualized.
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Case 9 

Pulmonary Solitary Node. Pet-CT Evaluation

Fig. 8.9.1

Fig. 8.9.2
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A 68-year-old man with a noncalcifi ed solitary pulmonary nodule with lobulated margins 
and measuring 1 × 0.9 cms observed at CT was referred to the nuclear medicine depart-
ment to evaluate the malignant or benign nature of this fi nding.

CommentsA solitary pulmonary nodule is defi ned as single rounded lesion not associated with any 
other lung lesions, without lymphadenopathy. Over 40% of solitary pulmonary nodules 
are malignant in the majority of reported series. 

The sensitivity and specifi city of 18-FDG PET is high. Any degree of FDG uptake must 
initially be considered suspicious for malignancy (although benign lesions can also ex-
hibit variable degrees of FDG uptake).

A negative PET scan indicates that a nodule has a high probability of being benign, 
but a small number of nodules without glycolytic activity in PET will be malignant and 
follow-up is needed. 

Nodules smaller than 1cm are best evaluated using dynamic contrast-enhanced CT.
Dual point PET images (at 1 and 3 hours post-injection) and evaluation of changes 

in the standardized uptake value (SUV) improve accuracy. Malignant lesions show in-
creased FDG uptake on late images whereas benign lesions have the same or inferior 
index in the second scan. This is especially useful in SUVs around 2.5 I.

Imaging FindingsAxial CT shows the solitary pulmonary nodule in the right upper lobe (Fig. 8.9.1).
Figure 8.9.2. Axial PET image shows focal moderately increased glycolytic activity in 

this area, with an SUV of  7.2 (malignity range).
Axial PET-CT image (Fig. 8.9.3) shows a hypermetabolic solitary pulmonary nodule in 

the right upper lobe.
The lesion was considered malignant, the patient was referred for resection and histo-

logical study confi rmed the malignancy of the lesion.
We express our gratitude to Jose R. Infante de la Torre (Badajoz Hospital) for provid-

ing the images.
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Case 10 

Lymphoma. Pet-CT Evaluation

Fig. 8.10.1 Fig. 8.10.2

Fig. 8.10.3
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A 40-year-old man with a nodular non-Hodgkin’s lymphoma was referred for staging 
before the fi rst therapeutic approach.

CommentsThe main purpose of combining PET and CT systems in a single device is to determine 
the anatomical site of metabolic PET tracer uptake.

The typical PET-CT study begins with a CT scout to defi ne the scan area, followed by 
helical CT scan, and fi nally PET images. The CT images are used for attenuation correc-
tion of the PET data.

Fluorodeoxyglucose-18F (FDG) is the most commonly used radiotracer in PET. It has 
demonstrated wide utility in a variety of indications, including oncology, cardiology, and 
brain diseases.

The primary attribute of PET imaging is the great contrast resolution compared with 
anatomical imaging techniques. PET can detect early disease before anatomical changes 
become evident. It usually has a greater contrast-to-noise ratio of abnormal/normal ar-
eas. The disadvantages are its sensitivity for small lesions, which increases the possibility 
of false positives due to infl ammatory, infectious, or other benign etiologies. PET-CT has 
remedied the problem of anatomical localization with PET images alone and has also 
increased the accuracy of technique. The only disadvantages of PET-CT relative to PET 
alone are artifacts.

The standardized uptake value (SUV) is a semiquantitative measurement of activity 
in the region of interest , which is normalized for surface area and weight and injected 
dose. We can use the SUV as tool to compare different studies in the same patient (evalu-
ation of the response to treatment, or clinical situation); however, the SUV must be used 
with caution for decisions regarding cutoffs. There is little evidence that SUV values are 
superior to visual interpretation in reaching the correct diagnosis.

Imaging Findings18-FDG study shows extensive lymphoma. Coronal PET scan (Fig. 8.10.1) shows uptake 
in cervical, mediastinal, axillary, retroperitoneal, and sacral nodes. PET-CT images 
(Fig. 8.10.2) are more sensitive for both nodal and extranodal disease (sensitivity 94%).

Figure 8.10.3 demonstrates the procedure to locate a paravertebral node suspicious for 
malignancy. Note the usefulness of PET-CT in determining the anatomic localization of 
the focally increased uptake.

In this group of patients, baseline pre-treatment PET-CT scans are very useful for stag-
ing. PET-CT is also useful in the evaluation of the response to therapy (lack of response 
suggests that the treatment regimen should be changed) and in the detection of relapse.

We express our gratitude to Jose R. Infante de la Torre (Badajoz Hospital) for provid-
ing the images.
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Pedro Daltro, L. Celso Hygino Cruz Jr, Renata Do A. Nogueira, 
and Mirriam T. C. Porto

IntroductionThe old medical saying “a kid is not a small grown-up” is perfect to illustrate the impor-
tance of pediatric radiology within the fi eld of radiology. As Dr. Lefèbvre (the father of the 
European Society of Pediatric Radiology (ESPR)) said in 1958: “In pediatrics, losing time 
entails the risk of losing a life or permanent disability for an entire life… Radiologists 
who perform children’s examinations must be well informed and competent.”

All important medical centers should have a pediatric radiologist because there are 
important anatomic differences between children and adults; furthermore, different dis-
eases, with their own specifi c characteristics affect children. Lastly, children are espe-
cially vulnerable to the effects of ionizing radiation, so the imaging techniques of choice 
used are often different, too. Like all radiologists, those working in pediatrics must keep 
abreast of the continual advances in imaging techniques and knowledge about diseases 
as well as new developments in treatment.

Pediatric radiology can be said to have become fi rmly established in 1945 with the 
appearance of the fi rst edition of John Caffey’s seminal book Pediatric X-ray Diagnosis 
(Year Book Publishers, Chicago). This book set guidelines for the imaging of pediatric 
patients and was and is referred to as “the Book” because it was the fi rst reference work 
available. 

In the second half of the 20th century, pediatric radiology underwent great develop-
ments in the U.S., mainly in Boston under the tutelage of Dr. Edward B.D. Neuhauser. Dr. 
Neuhauser’s department was then known as a “leading light of pediatric radiology”. At 
the same time, some European physicians also studied and worked to improve pediatric 
radiology: Dr. Lefèbvre, J  Sauvegrain, Cl Fauré, H.Kaufman, U. Rudhe and others. Europe 
has now outstanding professors in the area of pediatric radiology all over the continent.

Pedro Daltro
Honorary Member of |ESPR

Ex- President of SLARP
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Case 1

Hip Dysplasia

Fig. 9.1.1

Fig. 9.1.2 Fig. 9.1.4

Fig. 9.1.3
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A breech-delivered newborn girl presented a distinctive bilateral clicking sound while 
the head of the femur was moved in and out of the hip joint during the Ortolani test.

CommentsDevelopmental dysplasia of the hip is considered to form part of generalized pelvic in-
stability (ligament and joint instability); it has an overall frequency of 0.1%. According 
to some studies, more than 60% of all newborns with suspected hip dysplasia become 
stable by the age of 1 week and 88% are stable by the age of 2 months. The remaining 
12% of the children with positive Ortolani test shows residual hip instability.

Hip dysplasia may be associated with neuromuscular disorders such as cerebral palsy, 
myelomeningocele, arthrogryposis, or Larsen syndrome. Early diagnosis is essential to 
avoid evolution to acetabular dysplasia. Hip dysplasia may be diffi cult to diagnose in 
older babies and late diagnosis is associated with worse treatment outcome. 

Plain-fi lm fi ndings: delayed ossifi cation in the femoral heads; lateral and upward dis-
placement of the femur; fl at acetabular roof; development of a pseudoacetabulum in long-
standing cases; vertical Perkins’ line passes medial to the medial portion of the femoral 
metaphysis

Ultrasound fi ndings (Graf’s technique): Ultrasound is the fi rst method of evaluation 
because it can detect minimal degrees of laxity in the joint. Dynamic study with posterior 
and abduction stresses to the hip is able to detect subluxation or dislocation. Four basic 
hip types have been described according to alpha and beta angle measurements and the 
development of the acetabulum. Measurement of the hip angles shows great overlap be-
tween normal and abnormal hips. Type 1 is considered normal (alpha angle greater than 
60 degrees). Type 4 includes the greatest grade of hip dysplasia.

Imaging FindingsRight and left hip ultrasound in the coronal fl exion view (Figs. 9.1.1 and 9.1.2) showed 
femoral head displacement out of the acetabulum. Plain-fi lm radiography (Fig. 9.1.3) 
demonstrated lateral hip dislocation to vertical Perkins’ lines.
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Case 2

Hypertrophic Pyloric Stenosis

Fig. 9.2.1

Fig. 9.2.2

Fig. 9.2.4

Fig. 9.2.3
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A fi rstborn 4-week-old boy presented with non-bilious vomiting that was initially mild 
but worsened to projectile vomiting. 

CommentsHypertrophic pyloric stenosis (HPS) is the most common GI disease of infancy that 
requires surgery. Male-to-female ratio is 4–6:1. Symptoms of HPS may begin during the 
fi rst weeks of life (three weeks is the peak age) but in rare cases may be delayed up to 
5 months. Vomiting is the principal symptom, progressing from simple regurgitation to 
projectile vomiting. Constipation, weight loss, dehydration, and hypochloremic alkalosis 
may be found too. Physical examination may reveal a palpable pyloric mass (olive) and 
visible peristalsis. The etiology of HPS is unknown but a genetic component is suspected 
as it is far more common in families with another sibling affected. Hypertrophy and 
hyperplasia of the circular muscle layer of the pylorus is found in biopsies.

Ultrasound is the imaging method of choice allowing faster diagnosis and treatment. 
Plain-fi lm fi ndings include gastric distention and paucity of distal bowel gas. Upper gas-
trointestinal series are usually ordered after a negative ultrasound or if there is doubt 
about other causes of obstruction, such as malrotation or midgut volvulus.

For the ultrasound examination, the patient is placed in the supine and right lateral 
decubitus position and the stomach is fi lled with dextrose-water solution or breast milk. 

The antropyloric region is evaluated in the longitudinal and transverse section.
On transverse scans of HPS patients, the pylorus looks like a doughnut, with the echo-

lucent hypertrophied muscle surrounding the echogenic gastric mucosa. The pyloric 
muscle thickness should be measured on both transverse and longitudinal scans. The 
diagnosis of HPS can be made if the pyloric muscle thickness is greater than 3 mm and 
the channel length is larger than 18 mm. Pyloric muscle length greater than 14 mm and 
pyloric transverse diameter larger than 9 mm can help to confi rm the diagnosis.

Imaging FindingsAbdominal ultrasound performed with convex and linear transducers showed a full 
stomach and the doughnut appearance of the pylorus characteristic of pyloric stenosis 
(Fig. 9.2.1). Longitudinal scan demonstrated a thickened pyloric muscle (5 cm) and elon-
gated pyloric channel (25 mm) (Figs. 9.2.2–9.2.3).

In the upper gastrointestinal series, the pyloric canal was narrowed and elongated 
(Fig. 9.2.4).
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Case 3

Intussusception

Fig. 9.3.1 Fig. 9.3.2

Fig. 9.3.4

Fig. 9.3.3
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A 9-month-old boy presented with irritability, vomiting, crampy abdominal pain, and 
rectal bleeding with red currant jelly stool.

CommentsIntussusception, the invagination or telescoping of one portion of the intestine into 
the contiguous distal segment, is a common abdominal emergency in children. The 
proximal segment is known as the intussusceptum while the distal portion is the intus-
suscipiens. 

Idiopathic intussusception is the most common cause of small intestinal obstruction 
in the infant-toddler age group. Considering diagnoses made in the group from 2 months 
to 3 years age, 50% of all intussusceptions are diagnosed during the fi rst year of life and 
24% during the second year. Males are affected more than twice as often as females. 

Over 90% of intussusceptions are ileocolic, with enteroenteric and colocolic intussus-
ceptions being uncommon. Ileocolic intussusception are usually seen in the right side 
of the abdomen, usually having a lead point. Ileoileal intussusception occurs more fre-
quently in neonates and older children (> 5 years old), and the bowel segment involved is 
shorter than in ileocolic intussusception. Imaging-guided pressure reduction is the treat-
ment of choice and US-guided pneumatic reduction is a reliable and effective technique 
for the nonsurgical reduction of pediatric intussusception.

Ultrasound image shows a mass with alternating rings of hyper- and hypo-echo-
genicity; demonstrating the typical “pseudo-kidney” appearance on longitudinal im-
ages. Color Doppler ultrasound detects vascular changes in the “pseudo-kidney”. The 
most common plain-fi lm fi ndings are: paucity of right lower quadrant gas; non-visual-
ization of air-fi lled cecum; meniscus of soft-tissue mass outlined in air-fi lled colon, and 
small bowel obstruction.

Imaging FindingsUltrasound performed with convex and linear transducers showed the crescent-in-
doughnut sign characteristic of intussusception in axial (Fig. 9.3.1) and longitudinal 
(Fig. 9.3.2) scans. Radiographs after water-soluble contrast-medium enema showed the 
head of the ileocolic intussusception in the ascending colon (Figs. 9.3.3 and 9.3.4).
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Case 4

Round Pneumonia

Fig. 9.4.1 Fig. 9.4.2

Fig. 9.4.4Fig. 9.4.3
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A 5-year-old-age boy presented at the ER with cough, fever, and chest pain. 

CommentsLess than 1% of pneumonia presents as round pulmonary lesions. Round pneumonia 
corresponds to the initial phase of pneumonia. It can be often misinterpreted as either 
neoplastic lung disease or a focal infl ammatory process. The focal infection begins in a 
segmental bronchus and spreads centripetally through the lymphatic channels and the 
pores of Kohn until it reaches the pleural surface, producing a spherical appearance.

Large-sized round pneumonias are associated with fever and elevated white blood cell 
count, although most small round pneumonias are associated with normal blood results 
and no fever.

Round pneumonia affections children much more frequently than adults. The most 
common causative organisms are Streptococcus pneumoniae, Klebsiella pneumoniae , 
Mycobacterium tuberculosis or Haemophilus infl uenzae. The differential diagnosis of 
round pneumonias in children older than 8 years should raise the suspicion of associated 
immunodefi ciency syndrome (with atypical infectious agents, such as fungi) or malig-
nant diseases such as neuroblastoma.

The most common presentation of round pneumonia in plain chest fi lms is a spherical 
lung opacity with irregular borders and air bronchogram within the mass. Round pneu-
monia has a very short doubling time of growth. It is usually localized in the posterior 
lower lobes. The lesion most commonly disappears rapidly after antibiotic treatment. 
Comparison to recent norma chest radiographs, if available, is key to establishing the di-
agnosis. Prompt recognition of this disease is important to avoid unnecessary repetition 
of chest radiographs or CT, entailing extra radiation exposure. If a child has symptoms of 
pulmonary infection and a “round density” is visualized on chest radiographs, additional 
imaging such as CT is not necessary.

Imaging FindingsPlain chest fi lm showed a round lung opacity with irregular borders (Figs. 9.4.1 and 9.4.2) 
that was not evident in a plain chest fi lm performed 2 months before. Follow-up chest 
radiographs obtained 10 days later, after fi nishing antibiotic treatment, demonstrated 
nearly complete resolution of the round mass (Figs. 9.4.3 and 9.4.4).
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Case 5

Congenital Cystic Adenomatoid
Malformation

Fig. 9.5.1

Fig. 9.5.2

Fig. 9.5.4Fig. 9.5.3
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Prenatal ultrasound detected a heterogeneous echogenic in the right lung of the fetus.

CommentsCongenital cystic adenomatoid malformation (CCAM) accounts for 25% of all congenital 
lung malformations. It most commonly presents with respiratory distress in newborns. It 
is a congenital lung mass of adenomatoid proliferation. These lesions are often diagnosed 
on prenatal sonography or MRI, allowing prenatal treatment.

Newborns may be asymptomatic at birth, and sometimes CCAM presents later in life, 
with recurrent pulmonary infections or hemoptysis. The Stoker classifi cation of CCAM 
distinguishes between: Type I, consisting of large cysts; type II consisting of small cysts; 
and type III showing lesions resembling a homogeneous mass, with cysts only seen at 
microscopy. Resection remains the treatment of choice to avoid the risks of recurrent in-
fection and a small risk for malignant degeneration. The differential diagnosis of CCAM 
must be made with pulmonary sequestration, congenital diaphragmatic hernia, and com-
plicated pneumonia with cavitary necrosis.

Prenatal sonography may detect CCAM as an echogenic fetal lung mass with or without 
cystic components. Its imaging appearance is variable depending on the type of CCAM 
and is determined by the size and number of cysts. The most common presentation is a 
mass with a variable number of solid and cystic components, but it may be completely 
cystic or completely solid (CCAM type III). Cysts may be uniform or variable in size. As 
congenital cystic adenomatoid malformation communicates with the bronchial tree, it 
typically contains air soon after birth (hours to days). Lesions are typically solitary with 
no lobar predilection (differential diagnosis with congenital lobar emphysema). Even in 
asymptomatic patients with prenatal diagnosis, chest radiography and lung CT are man-
datory to complete the evaluation of CCAM.

Imaging FindingsPrenatal ultrasound detected a heterogeneous echogenic lesion with cystic areas in the 
right lung of the fetus (Fig. 9.5.1). On prenatal MRI, the mass showed multiple confl uent 
hyperintense locules, giving the appearance of a multiseptated cystic mass, as is shown 
here in the coronal (Figs. 9.5.2 and 9.5.3) and sagittal HASTE (Fig. 9.5.4) images. At de-
livery, respiratory distress was observed. 
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Case 6

Neuroblastoma

Fig. 9.6.1 Fig. 9.6.2

Fig. 9.6.3

Fig. 9.6.4
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Case I: A 4-year-old boy presented with a painful fi xed abdominal mass that crossed 
the midline. 

Case II: An abdominal mass was detected at prenatal ultrasound – not shown – in a 
male fetus.

CommentsNeuroblastoma is the most common solid intra-abdominal tumor within the fi rst year 
of life, and the third most common pediatric malignancy. Its clinical incidence is about 
1 in 8000–10000 children and the male-to-female ratio is 1.3–2:1. It usually appears in 
younger patients than Wilms tumor does. Around 97% of all cases of neuroblastoma 
are diagnosed in children younger than 8 years of age. Neuroblastoma can be detected 
prenatally by obstetric ultrasound. 

Neuroblastoma results from the malignant growth of precursors of the sympathetic 
nervous system derived from neural crest cells. It has a variable presentation depending 
on the primary site of origin and metastatic spread. The rate of spontaneous resolution 
varies widely among different published series. Physical fi ndings in advanced disease 
include an enlarged liver, subcutaneous tumor deposits, and orbital swelling from retro-
bulbar metastases. Extension from the retroperitoneum into the spinal canal may result 
in paraplegia. Bone marrow invasion may cause anemia and thrombocytopenia. Cortical 
bone metastases may cause severe pain.

The INSS (International Neuroblastoma Staging System) is the established clinical, 
radiographic, and surgical staging system for neuroblastomas. 

The differential diagnosis includes Wilms tumor, lymphoma, and nonneoplastic le-
sions. The diagnosis of neuroblastoma may be diffi cult in 10% of the cases, especially in 
tumors that do not produce catecholamine metabolic products. 

Abdominal plain fi lm may detect microcalcifi cations within the mass and chest radio-
graphs may show pulmonary metastases on rare occasions. Ultrasound is noninvasive 
and provides information about the laterality, consistency, and size of the mass. Abdomi-
nal computed tomography will distinguish between renal, adrenal, and paraspinal pri-
mary origin, as well as provide information about regional lymph-node or vessel invasion 
and distant metastatic disease. Magnetic resonance imaging allows intraspinal extension 
to be detected and is also a very sensitive detector of bone involvement, obviating the use 
of bone scans.

Imaging FindingsCase I: Unenhanced computed tomography demonstrated a retroperitoneal mass with 
internal foci of calcifi cation (Fig. 9.6.1). Contrast-enhanced CT showed heterogeneous 
enhancement of the mass (Fig. 9.6.2).

Case II: Fetal MRI shows a mass in the adrenal gland (Fig. 9.6.3) and metastatic lesions 
in the liver (Fig. 9.6.4). After birth, the boy was asymptomatic.
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Case 7

Wilms Tumor

Fig. 9.7.1 Fig. 9.7.2

Fig. 9.7.3

Fig. 9.7.4
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CommentsWilms tumor (malignant nephroblastoma) is the most frequent abdominal malignancy 
found in children and the third most common malignant childhood disease. It is typi-
cally found in the fi rst years of life, with more than 80% of cases in the 0–14 age range 
presenting under 5 years of age. Up to 5–10% of cases are bilateral. Most cases are spo-
radic, but probably 1–2% of the cases have a familial incidence.

The presence of genitourinary anomalies, such as cryptorchidism or hypospadias, 
and associated syndromes, including sporadic aniridia, Beckwith-Wiedemann or Denys-
Drash syndromes, suggests Wilms tumor.

The diagnostic evaluation of a child with suspected nephroblastoma has three pur-
poses:

1-to confi rm the tumor’s location and origin in the kidney and to distinguish it from 
other abdominal masses such as a neuroblastoma or hepatic tumors;

2-to evaluate the extension of the tumor, specifi cally, to identify local tumor spread 
and renal vein involvement;

3-to rule out metastatic or bilateral disease. 
Wilms tumor is often a large heterogeneous tumor mass that bulges the renal cap-

sule, displaces adjacent organs, and may appear quite exophytic. It commonly invades 
the renal and inferior vena cava veins. It usually grows predominantly by local extension, 
compressing the surrounding renal parenchyma and giving the appearance of a sharply 
margined mass, often with a prominent pseudocapsule. Less commonly, small internal 
areas of fat density or calcifi cation may be noted. Wilms tumors are usually hypovascu-
lar, showing poor enhancement in post-contrast series. Lung metastasis occurs in ap-
proximately 20% of cases. 

Ultrasound is often the fi rst initial imaging examination, but it is often diffi cult to 
image the entire mass in a single US slice. Doppler-ultrasound may help to detect tumor 
thrombus extension or vein compression. CT is the most common imaging technique 
used to establish the diagnosis and for staging. However, the diagnostic accuracy of MRI 
is similar to that of CT, and MRI has the important advantage of sparing the child ioniz-
ing radiation. The multiplanar capabilities of MRI enable the organ of origin to be deter-
mined in large abdominal masses. The most common MR presentation of Wilms tumor 
is a large heterogeneous mass with low signal intensity on T1-weighted images and high 
signal on T2-weighted images.

Imaging FindingsUnenhanced computed tomography (CT) demonstrated a large heterogeneous tumor 
displacing the right kidney anteriorly (Fig. 9.7.1) and contrast-enhanced CT showed en-
hancement of the tumor and kidney parenchyma (Figs. 9.7.2 and 9.7.3). Figure 9.7.4 shows 
a coronal reconstruction of the large mass.

A 3-year-old boy presented with a palpable abdominal mass, hematuria, abdominal pain, 
and hypertension. 
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Case 8

Medulloblastoma

Fig. 9.8.1 Fig. 9.8.2

Fig. 9.8.4Fig. 9.8.3
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A 7-year-old boy presented with headache, ataxia, nausea, and vomiting. 

CommentsMedulloblastoma is the most common primary central nervous system tumor. It arises 
most commonly in childhood, accounting for about 15 to 20% of all childhood brain 
tumors and accounts for 6%–8% of all central nervous system tumors. It is rare in the 
adult population, although it may occur in the 3rd and 4th decades of life. It is most 
commonly located within the fourth ventricle, arising from the superior medullary 
velum and in the majority of the cases it arises in the midline cerebellar vermis. Most 
patients have symptoms for less than 3 months. Common symptoms are unsteadiness, 
headaches, and vomiting. Patients may also suffer clumsiness and have problems with 
tasks like handwriting. The diagnosis is usually made within one to three months of the 
onset of symptoms, as this is a fast-growing tumor. This tumor has a tendency to spread 
to other areas of the brain and spinal cord. Evidence of leptomeningeal metastatic spread 
is present in 33% of all cases at the time of diagnosis.

Computed tomographic reveals a hyperattenuated, well-defi ned, enhancing lesion, 
surrounded by vasogenic edema and usually associated to obstructive hydrocephalus. 
Cystic and/or necrotic degeneration within the tumor may be present. Calcifi cation is 
seen in up to 20% of cases. Hemorrhage is rare. On MR imaging, the lesion is hypoin-
tense on T1-weighted images and hyperintense on T2-weighted images, often enhancing 
heterogeneously after intravenous contrast infusion. Diffusion-weighted imaging reveals 
restricted diffusion due to the high tumor cellularity. Perfusion MR imaging may demon-
strate a hyperperfusion neoplasm. MR spectroscopy also helps to establish the diagnosis, 
as this tumor typically shows elevated choline peaks, reduced N-acetyl aspartate and 
creatine peaks, and occasionally elevated lipid and lactic acid peaks.

Imaging FindingsSagittal T1-weighted MR image (Fig. 9.8.1) shows an expanding fourth ventricle mass 
distorting the cerebellum and displacing the brainstem forward. Axial T2-weighted 
image (Fig. 9.8.2) demonstrates a hyperintense round expansive lesion fi lling the fourth 
ventricle and causing obstructive hydrocephalus – better seen in Figure 9.8.1. Medul-
loblastoma is a highly cellular neoplasm with a high nucleocytoplasm ratio, presenting 
with hyperintense signal intensity on diffusion-weighted axial images (Fig. 9.8.3) due to 
restricted water mobility. Relative cerebral blood volume map (Fig. 9.8.4) demonstrates 
a hyperperfusion lesion, indicating the presence of tumor neoangiogenesis.
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Case 9

Corpus Callosum Agenesis

Fig. 9.9.1 Fig. 9.9.2

Fig. 9.9.4Fig. 9.9.3
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Imaging FindingsBrain MRI demonstrated agenesis of the corpus callosum. Sagittal T1-weighted image 
(Fig. 9.9.1) shows the absence of the corpus callosum along the midline, associated to 
radially arrayed gyri pointing toward a high-riding third ventricle. Axial T2-weighted 
image (Fig. 9.9.2) demonstrates parallel lateral ventricles with pointed frontal horns and 
dilatation of the posterior aspects of the ventricles, characteristic of colpocephaly. Coro-
nal T2-weighted image (Fig. 9.9.3) reveals pointed frontal horns and “keyhole” temporal 
horns associated to vertical hippocampi. Probst ś bundles are present: these compact 
white matter tracts course longitudinally and cause invagination in the superomedial 
aspects of the widely spaced lateral ventricles. Coronal diffusion-tensor MR imaging 
(Fig. 9.9.4) demonstrates the principal fi ber tracts and their orientation based on a color-
coded map, where red refers to a horizontal direction, green a longitudinal direction, 
and blue a superior-inferior orientation. Aberrant fi ber connections (Probst’s bundles) 
are easily identifi ed as green fi ber tracts in both cerebral hemispheres. 

15-month-old boy presented with developmental delay and seizures. No complications 
were observed during gestation or delivery. 

CommentsAgenesis of the corpus callosum (ACC) is a rare birth defect occurring in 1 of 4000 
individuals. The corpus callosum can be partially or completely absent. Thus, the term 
dysgenesis has also been used to describe the spectrum of callosal anomalies. Once 
thought to be extremely rare, ACC has been detected with increasing frequency with the 
widespread clinical use of brain MRI. ACC can occur in association with other cerebral 
abnormalities, including Chiari malformation, Dandy-Walker syndrome, schizenceph-
aly, and holoprosenephaly. It can also be seen together with anomalies of other organ 
systems, particularly the musculoskeletal and genitourinary systems, as well as with 
midline facial defects. A disturbance in embryogenesis results in the failure of the callosal 
axons to cross the midline. These arrested axons form the longitudinally oriented white 
matter tracts of Probst’s bundles that are located medial to the lateral ventricles.

Although ACC has been found in asymptomatic individuals, it is generally considered 
a potential marker for neurologic impairment. The effects of the disorder range from 
subtle or mild to severe, depending on associated brain abnormalities. Intelligence may 
be normal with only mild compromise of skills requiring matching of visual patterns; 
however, children with the most severe brain malformations may have intellectual retar-
dation, seizures, hydrocephalus, and spasticity. 

MRI is the imaging modality of choice because of its greater sensitivity for depict-
ing the dysgenesis of the corpus callosum and associated cerebral anomalies. Sagittal 
T1-weighted images clearly demonstrate the extent of callosal dysgenesis and the radial 
disposition of the gyri. Axial images show widely separated parallel lateral ventricles 
associated to colpocephaly (dilatation of the occipital horns). The nondecussated lon-
gitudinal callosal fascicle (Probst’s bundles) is observed in the superomedial aspect of 
lateral ventricle and is best seen on the axial and coronal images. Coronal images can 
also demonstrate a “trident-shaped” appearance of the frontal horns, “keyhole” temporal 
horns, and vertical hippocampi. Cortical dysplasias and heterotopias are easily demon-
strated with inversion-recovery 3D sequences. Diffusion-tensor MR imaging is useful in 
the evaluation of the white matter confi guration in callosal dysgenesis and has contrib-
uted to the understanding of the main fi ber tracts in this entity. 
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Case 10

Tethered Cord

Fig. 9.10.1 Fig. 9.10.2

Fig. 9.10.4Fig. 9.10.3
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A 5-year-old boy presented with low back pain and weakness of the lower limbs associ-
ated to slight muscular atrophy and urinary incontinence. Physical examination found 
abnormal lower-limb refl ex, a simple dimple in the soft tissue of the lumbar region, and 
mild scoliosis.

CommentsA failure in the involution of the fi lum terminale can lead to a tethered cord. This spinal 
abnormality can be associated to other neurological and orthopedic deformities, as well 
as bowel and bladder disturbances, motor and sensory abnormalities in the lower limbs, 
gait disturbances, and scoliosis. VACTERL syndrome (Vertebrae, anus, cardiovascular 
tree, esophagus, renal system, and limb buds) may also be associated. Symptoms usually 
appear at school age, around 4 to 6 years old, and during the adolescent growth spurt. 
There is no gender predilection. Symptoms are generally progressive and early surgery 
may alter the clinical outcome, with improvement or stabilization of neurological symp-
toms such as motor weakness, sensory dysfunction, pain, and bladder dysfunction.

Findings at plain-fi lm radiography can be normal or can reveal spinal dysraphism or 
incomplete posterior fusion. CT fi ndings can also demonstrate associated bone abnor-
malities, enlargement of the dural sac, and posterior and inferior positioning of the fi lum 
terminale. Ultrasound can dynamically demonstrate the reduction or absence of spinal 
cord motion, as well as the low-lying conus and a thickened fi lum terminale. MR is the 
imaging modality of choice in patients with clinical suspicion of tethered cord. Its multi-
planar capabilities permit a complete analysis of the spinal abnormalities and associated 
alterations, such as lipomas and meningoceles.

Imaging FindingsMagnetic resonance revealed dysraphism of the lumbar spine and spina bifi da. Sagittal 
T1-weighted (Fig. 9.10.1) and T2-weighted (Fig. 9.10.2) images demonstrated an elon-
gated, thinning spinal cord; a thickened fi lum terminale; and a low-lying (ending below 
L2 inferior endplate), dorsally positioned conus in contact with the dural sac. Note the 
enlargement of the inferior portion of the dural sac and the spinal dysraphism. Axial 
T1-weighted (Fig. 9.10.3) and T2-weighted (Fig. 9.10.4) images also showed the widening 
dural sac and the inferior-posterior location of the dorsally displaced fi lum terminale.

RibesLunaRos.indb   225 18.03.2008   12:54:13



226 P. Daltro, L. C. da Cruz, R. Do A. Nogueira, and M. T. C. Porto

Further Readings

Books
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  Nuclear Medicine 

Ultrasound Imaging 10

Pedro Segui and Simona Espejo

IntroductionUltrasonography (US) is the most widely used and fastest growing sectional imaging 
method. The current success of US is based on certain specifi c advantages over other 
imaging modalities:

There are no known risks or contraindications to its use.
The spatial resolution of a high-frequency US image is higher than that of other cross-
sectional modalities such as computed tomography (CT) or magnetic resonance (MR). 
This resolution is particularly high when superfi cial structures are examined.
The dynamic qualities of US are unique, enabling real-time observations of move-
ments of muscles or tendons, pulsations, and peristalsis. The effects of compression, 
Valsalva’s maneuver, and gravity can be appreciated.
The Doppler effect can be used to make quantitative measurements of blood velocity 
and to map blood fl ow. 
Modern US scanners are small and provide high-quality images. Portable and hand-
held units can be used in high-care units, operating rooms, and emergency units.
US is extensively used to guide punctures and interventions.
US examination allows direct communication with the patient and the information 
the patient provides, e.g., the area of maximum tenderness, is extremely helpful for a 
specifi c sonographic search.
US is relatively inexpensive, especially when compared with modalities such as CT 
and MR.

US instruments have been used to image the human body for more than 50 years, but 
primitive real-time sonographic units did not appear until 1975. After improvements in 
gray-scale US were made, the addition of Doppler techniques greatly increased the capa-
bilities of US. US technology is currently evolving at a more rapid pace than ever. Recent 
developments include tissue harmonic imaging, spatial compound imaging, extended 
fi eld-of-view imaging, coded pulse excitation, electronic focusing of the image section or 
plane, three-dimensional and four-dimensional imaging, and many innovations in Dop-
pler US techniques. Another innovation is intravascular microbubbled contrast agents, 
which were initially used for improvement of Doppler studies and have been recently 
introduced for characterization of focal masses.

Despite these technical innovations, it is important to note that the value of US is ul-
timately determined by the training and experience of the individual performing and 
interpreting the examination. The popularity of US and the availability of low-cost scan-
ners have stimulated the rapid proliferation of US into unskilled hands, with the conse-
quent results of poorly performed studies and increasing misdiagnosis that have begun 
to discredit this imaging modality.

●
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●

●
●

●
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A 66-year-old man with a three-day history of right upper quad-
rant pain was admitted to the hospital. He had severe leukocytosis 
but no fever. US examination showed signs of acute calculous 
cholecystitis. The patient underwent emergency open cholecystec-
tomy. Acute infl ammation and wall necrosis (gangrenous chole-
cystitis) without gallbladder perforation were observed at surgery 
and histological examination.

Case 1

Acute Cholecystitis

Fig. 10.1.3

Fig. 10.1.1 Fig. 10.1.2
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CommentsAcute cholecystitis results from obstruction of the gallbladder neck or cystic duct with in-
fl ammation of the gallbladder wall. Approximately 95% of the cases result from obstruction 
due to gallstones. Acute cholecystitis manifests as persistent upper right quadrant pain that 
may radiate to the right scapula. Nausea, vomiting, fever, and leukocytosis are common.

Ultrasonography is usually the initial imaging procedure of choice in a patient with 
suspected acute cholecystitis. In uncomplicated cases, the ultrasound fi ndings include 
gallstones (often impacted in the gallbladder neck or cystic duct), positive sonographic 
Murphy’s sign, gallbladder larger than 4 × 10 cm in diameter, gallbladder wall thickening 
greater than 3 mm, and pericholecystic fl uid. Of these fi ndings, the fi rst two are consid-
ered the most specifi c.

The sonographic Murphy’s sign refers to localized tenderness directly over the gall-
bladder, and it is positive when pressure applied with the transducer elicits maximal 
tenderness over the gallbladder visualized at sonography. The combination of gallstones 
and Murphy’s sign has a positive predictive value of over 90%. This sign may be absent 
in non-responsive patients, when pain medication has been administered, or in cases of 
gangrenous cholecystitis.

Thickening of the gallbladder wall occurs to some degree in most cases of acute chole-
cystitis. However, many causes of gallbladder wall thickening exist beyond cholecystitis, 
so this fi nding is less specifi c. 

Pericholecystic fl uid is found in approximately 20% of patients, and its presence im-
plies a more advanced type of cholecystitis. It is usually seen as a focal collection adjacent 
to the gallbladder wall.

Gangrenous cholecystitis is a severe advanced form of acute cholecystitis, with in-
creased morbidity and mortality rates. The sonographic hallmark is the presence of het-
erogeneous or striated thickening of the gallbladder wall, which is often irregular with 
localized disruptions or projections into the lumen. Murphy’s sign may be absent. How-
ever, a striated appearance of the gallbladder wall is common and may be seen in uncom-
plicated cholecystitis and other conditions causing gallbladder edema.

A striated appearance of the gallbladder wall is common, but this may be seen in un-
complicated cholecystitis and other conditions causing gallbladder edema. Intraluminal 
membranes and wall disruptions are more specifi c but less frequent fi ndings.

Emphysematous cholecystitis is a rare complication of acute cholecystitis and is asso-
ciated with gas-forming bacteria. Up to 50% patients have diabetes. Gas may be intralu-
minal or intramural. Intraluminal gas can be recognized by the antidependent gas echoes 
within the lumen. Intramural gas may be more diffi cult to identify because it may mimic 
the calcifi ed wall of a porcelain gallbladder.

Acalculous cholecystitis may occur in extremely ill patients. In these cases, US is often 
equivocal because these severely-ill patients have distended, thick-walled gallbladders even 
in the absence of infl ammation, and Murphy’s sign is unreliable in these patients. CT may 
be more specifi c, but the diagnosis is often diffi cult to make or exclude by any means.

Imaging FindingsUltrasound image of the gallbladder in the sagittal (Fig. 10.1.1) and transverse planes 
(Fig. 10.1.2) demonstrated distension of the gallbladder, a gallstone impacted in the gall-
bladder neck (arrow), and thickened gallbladder wall with a striated appearance (dotted 
arrows). There was a positive sonographic Murphy sign. These fi ndings can be found in 
acute uncomplicated cholecystitis or in gangrenous cholecystitis. Color Doppler ultrasound 
(Fig. 10.1.3) shows a hypervascular gallbladder wall, which is a nonspecifi c feature. 
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Case 2

Appendicitis

Fig. 10.2.1

Fig. 10.2.2 Fig. 10.2.3
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A 12-year-old girl was admitted to the hospital with a one-day history of epigastric and 
right lower quadrant pain, fever, and vomiting. Physical examination revealed tenderness 
in the right lower quadrant. Laboratory studies yielded leukocytosis with neutrophilia. 
US examination showed acute appendicitis without signs of perforation. An infl amed 
nonperforated appendix was found at surgery. Histologic examination demonstrated 
acute phlegmonous appendicitis.

CommentsAcute appendicitis is the most common abdominal surgical emergency in the western 
world. The overall accuracy of clinical diagnosing of appendicitis is approximately 80%, 
with a mean false-negative appendectomy rate of 20% and a mean overall incidence of 
perforation of 20%. New imaging technology (helical CT, graded-compression US) has 
the potential to improve these clinical outcomes.US examination of the patient with sus-
pected appendicitis usually starts with a curvilinear 3.5–5 MHz transducer. The linear 
transducer is used last for more detailed images.

The typical appearance of an infl amed appendix is a thick-walled, noncompressible sau-
sage-like and blind-ended structure in a fi xed position at the point of maximal tenderness. 
The appendix is considered enlarged when its outer anteroposterior diameter under com-
pression measured in the transverse plane is 6 mm or larger. The average maximum diam-
eter is 9 mm. Appendicoliths are found in 30% of infl amed appendices and appear as bright, 
echogenic foci with clean distal acoustic shadowing. The adjacent fat of the mesoappendix 
may become larger, hyperechoic, and less compressible, and, if infl ammation progresses, 
this fatty tissue tends to increase in volume around the appendix. With perforation of the 
appendix, the distended appendix may no longer be visualized at US examination and the 
infl ammatory changes in the perienteric fat are more obvious. Patients evaluated with a 
considerable delay from the onset of appendicitis may show a large mass of noncompress-
ible fat around the appendix, interspersed with poorly marginated hypoechoic zones (ap-
pendiceal phlegmon) or a fl uid collection (appendiceal abscess). A small amount of free in-
traperitoneal fl uid is nonspecifi c and may be present in both nonperforated and perforated 
appendicitis, as well as in many other conditions. A large amount of peritoneal fl uid in the 
presence of a infl amed appendix usually represents pus from a perforated appendix.

Color Doppler US is also useful. Circumferential color in the wall of the infl amed ap-
pendix is strongly supportive evidence of active infl ammation. With gangrene, color 
Doppler may show decreased perfusion or none at all.

US and CT have similar positive and negative predictive values (both over 90%) for 
appendicitis. The choice between US and CT is largely dependent on institutional pref-
erence and on available expertise. Operator skill has particular importance in the US 
evaluation of the patient with right lower quadrant pain, and the learning curve required 
is considerable. Patient sex, age, and body habitus are important factors. US is usually the 
recommended initial imaging study in children, in young women, and during pregnancy. 
In patients with equivocal US fi ndings, most of which are obese, CT is indicated.

Imaging FindingsCross-sectional (Fig. 10.2.1) and long-axis (Fig. 10.2.2) US images of the right lower quad-
rant obtained with a linear transducer show a blind-ended, tubular structure measuring 
10 mm in diameter with a laminated wall. The appendix was not compressible. Cross-
sectional US image (Fig. 10.2.3) shows some oval, reactive lymph nodes (arrows) near the 
terminal illeum, a common fi nding in the context of acute appendicitis.

missing
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A 43-year-old man was admitted with left lower quadrant pain 
and fever of one day’s duration. Physical examination revealed ten-
derness and guarding in the left lower abdomen. Laboratory tests 
showed leukocytosis with neutrophilia. US fi ndings were sugges-
tive of uncomplicated sigmoid diverticulitis. The patient underwent 
conservative management with antibiotics and was symptom free 
after a few days. Scheduled surgical resection (sigmoidectomy) was 
performed three months later. Histologic examination disclosed 
diverticulosis and chronic diverticulitis, without malignancy.

Case 3

Acute Colonic Diverticulitis 

Fig. 10.3.1

Fig. 10.3.2

Fig. 10.3.3
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CommentsDiverticulitis is a common cause of left-sided abdominal pain in the adult population. It is re-
lated to infl ammatory changes involving acquired diverticula, most often in the descending 
and the sigmoid colon. Diverticulitis occurs in up to 25% of patients with known diverticu-
losis. The diagnosis is often made on clinical grounds: the classic presentation is localized 
pain and guarding in the left lower abdomen, fever, and leukocytosis. However, the diagnosis 
is not always clear, and there are a large number of erroneous clinical diagnoses. Differen-
tial diagnoses include urinary tract infection, renal colic, perforated pelvic ulcer, adnexitis, 
sigmoid carcinoma, and epiploic appendagitis. Diverticulitis is considered uncomplicated 
(simple) in the presence of peridiverticulitis or phlegmon and complicated when associated 
with obstruction, perforation, fi stula, or abscess formation. This information can help in 
deciding whether medical or surgical management is indicated. Many authors recommend 
radiological evaluation of all patients with clinically suspected diverticulitis, both to confi rm 
the diagnosis and to assess the location and extent of the infl ammatory processes.

The normal descending colon and upper part of the sigmoid can be reliably identifi ed 
on ultrasound in virtually all patients because of their consistent location in the left para-
colic gutter. In diverticulosis the muscularis layer is often thickened, and fecalith-con-
taining diverticula can be easily recognized as large, strongly hyperechoic, round-ovoid 
structures with acoustic shadow located on the outside contour of the colon.

In acute diverticulitis there is usually local thickening (> 3 mm) of the intestinal wall. 
The infl ammatory pericolic fat that surrounds the fecalith is seen as a hyperechoic, non-
compressible halo and shows local tenderness induced by graded compression. This in-
fl amed fat must be present for the diagnosis of diverticulitis (intestinal wall thickening 
can be seen in diverticulosis). Later, a small (often < 1 cm) paracolic abscess develops, the 
fecalith disintegrates, usually with evacuation of pus through the weakened wall into the 
colonic lumen, and symptoms disappear in a few days. In about 20–30% of patients, di-
verticulitis takes a complicated course with a larger (> 2.5 cm) diverticular abscess (dem-
onstrated as a well-defi ned hypoechoic mass localized in the pericolic environment, with 
or without an aeric component), fi stula, or free perforation; these patients are less likely 
to respond to conservative treatment.

Right-sided diverticulitis is much less common. It involves congenital or true diverticula 
and occurs more commonly in young women. The bowel wall will show thickening, and the 
infl amed diverticula are identical in appearance to the acquired variety in the left hemicolon.

The differentiation between diverticulitis and perforated colonic neoplasm can be 
very diffi cult with any imaging technique. Once the infl ammatory changes have sub-
sided, contrast enema examination or colonoscopy to exclude carcinoma is warranted in 
every patient with diverticulitis undergoing conservative management.

US has yielded results similar to those of CT in diagnosing acute diverticulitis, with 
a sensitivity between 84 and 100%. US can be the initial imaging technique in patients 
referred for lower quadrant or pelvis pain, with CT reserved for initial imaging of patients 
with clinical suspicion of free intraperitoneal perforation or for reassessment of patients 
with a doubtful US. However, most institutions consider CT the technique of choice for 
diagnosing patients with clinical suspicion of acute diverticulitis. 

Imaging FindingsLongitudinal (Fig. 10.3.1) and transverse (Fig. 10.3.2) sonograms demonstrate hypoechoic 
mural thickening of the sigmoid colon. Note the surrounding hyperechoic, noncompress-
ible tissue representing the infl ammatory fat  (arrows). Transverse sonogram at a different 
level (Fig. 10.3.3) reveals an infl amed diverticulum (black arrow), also with surrounding 
infl amed fat (arrows).
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A 33-year-old man presented with acute onset of right scrotal pain, 
without urinary symptoms or fever. With the suspicion of testicular 
torsion, a Doppler ultrasound scan was performed, revealing an 
enlarged right epididymis with hyperemia of testis and epididymis, 
asymmetric with the left side. After the diagnosis of right epididy-
moorchitis, the patient was treated with antibiotics and anti-in-
fl ammatory drugs and showed complete clinical recovery in a few 
days. 

Case 4

Epididymoorchitis

Fig. 10.4.1 Fig. 10.4.2

Fig. 10.4.4Fig. 10.4.3
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CommentsThe differential diagnosis for acute scrotal pain includes testicular torsion, infection 
(epididymoorchitis, epididymitis, or orchitis), torsion of the appendix testis, trauma, 
incarcerated inguinal hernia, hemorrhage in a testicular tumor, and vasculitis.

Acute epididymoorchitis and epididymitis are the most common causes of acute scro-
tum in adolescent boys and adults. Common pathogens are Chlamydia trachomatis, Neis-
seria gonorrhea, Escherichia coli, and Proteus mirabilis. Epididymitis fi rst affects the tail 
of the epididymis and then spreads into the body and head. Orchitis develops in 20–40% 
of cases of epididymitis. Primary orchitis without associated epididymitis is relatively 
rare, but may be caused by HIV or mumps virus.

Patients with epididymoorchitis usually present with pain and swelling of the scro-
tum and its contents with systemic signs of infection. The clinical history, however, 
may be atypical, and relatively acute onset of symptoms may simulate torsion. Fur-
thermore, many patients with testicular torsion often present without classical signs 
and symptoms, and this condition may mimic epididymoorchitis, with a nearly 50% 
false-positive rate for diagnoses of testicular torsion based solely on clinical find-
ings. In patients in whom the history and physical examination do not reveal clas-
sical symptoms, ultrasound has been used to help differentiate between torsion and 
infection.

On gray scale images, the epididymis is enlarged and usually appears hypoechoic. 
Reactive hydrocele or pyocele with scrotal wall thickening are present in most cases. In 
cases of testicular involvement, gray scale may show testicular enlargement with dif-
fuse hypoechogenicity. Later (sometimes within a few hours), the ultrasound appearance 
evolves from a diffuse pattern to increasingly well-defi ned patchy focal hypoechoic areas. 
These gray-scale sonographic fi ndings are nonspecifi c. Torsion may present with similar 
sonographic appearances, and a heterogeneous echo pattern may be diffi cult to differ-
entiate from neoplastic lesions. Because gray-scale fi ndings are not specifi c, the Doppler 
component of the examination is essential.

The increased blood fl ow to the epididymis and testis on color Doppler examination 
is a well-established criterion for the diagnosis of epididymoorchitis. It is important 
to compare the vascularity in both epididymides, because blood fl ow can be seen in a 
normal epididymis. Increased vascularity in acute epididymoorchitis has a high-fl ow, 
low-resistance pattern. In normal volunteers, the resistive index in the testes is rarely 
less than 0.5, but more than half the patients with epididymoorchitis have a resistive 
index of less than 0.5.

With healing, the sonographic changes often resolve completely. In all cases of testicu-
lar inhomogeneity diagnosed as epididymoorchitis, the diagnosis should be reconsidered 
if there is no sonographic improvement with antibiotic treatment. 

Complications arise in as many 50% of men with epididymoorchitis; these include 
abscess formation, necrosis, hematoma formation, and infarction with subsequent tes-
ticular atrophy.

Imaging FindingsLongitudinal gray-scale US image (Fig. 10.4.1) shows enlargement of the right epididymal 
tail (arrows). Color Doppler US image (Fig. 10.4.2) shows marked hyperemia. Transverse 
color Doppler US image of both testes (Fig. 10.4.3) shows hyperemia within the right testis 
(left side of screen), clearly asymmetric with the asymptomatic left testis (right side of 
screen). Pulsed Doppler imaging of the right testis (Fig. 10.4.3) shows testicular fl ow with 
resistive index of less than 0.5, typical of epididymoorchitis.
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Case 5

Deep Venous Thrombosis

Fig. 10.5.1

Fig. 10.5.2

Fig. 10.5.4Fig. 10.5.3
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A 51-year-old man experienced a gradual onset of pain and swelling in his right calf 5 days 
before admission. The patient had been immobilized for three weeks for an ankle sprain. 
A venous US scan of the right leg showed deep vein thrombosis in the femoropopliteal 
segment. Anticoagulant treatment was initiated and resulted in rapid improvement of 
symptoms.

CommentsDeep vein thrombosis (DVT) is a common problem in the acute care setting. Commonly, 
DVT begins in the veins of the calf and progresses proximally over time. Less than 20% of 
patients with confi rmed DVT have thrombi isolated to the calf veins. While the thrombus 
is isolated in the iliofemoral region in only approximately 10% of patients with lower-
extremity DVT, this is a common presentation of DVT during pregnancy, usually on the 
left side. The more central the thrombi, the greater the risk of pulmonary emboli. About 
50% of patients with DVT develop pulmonary emboli, although many of these may be 
subsegmental and undiagnosed. Patients with acute calf-popliteal-vein thrombosis usu-
ally present with symptoms of unilateral pain and swelling in the calf and this condition 
may be associated with warmth, redness, and tenderness.

The signs and symptoms of DVT are notoriously unreliable, so a noninvasive screening 
test is usually necessary.

Compression ultrasonography (CUS) is the diagnostic procedure of choice for the as-
sessment of patients with suspected DVT. It has been shown to be highly sensitive and 
specifi c for the diagnosis of DVT, particularly in the lower extremities in symptomatic 
patients. Sensitivity and specifi city are near 100% in the femoropopliteal segment. Sensi-
tivity decreases in isolated calf thrombi and in asymptomatic patients.

CUS of the deep venous system of the lower extremities is performed with the patient 
in the supine position, with the leg externally rotated and slightly fl exed at the knee. 
Patients may be placed prone to assess the popliteal fossa and occasionally in the sit-
ting position if there is diffi culty in identifying the calf veins. A linear transducer with a 
frequency in the 5–12 MHz range is used. The transducer is placed transversely, moving 
down the leg following the common femoral vein, superfi cial femoral vein, and popliteal 
vein until it divides. Gentle pressure is applied to the vessels with the transducer at 1 cm 
intervals and, in the absence of DVT, the lumen of the vein should collapse. In the pres-
ence of DVT, the lumen does not collapse, and this is the most sensitive and specifi c sign 
of DVT. In acute DVT, the thrombosed vein is distended and clot echogenicity is variable. 
Duplex and color Doppler are not required but can be helpful. No spectral or color fl ow 
can be demonstrated at the site of total occlusion, and there is loss of phasic response in 
the segment distal to it. 

The value of performing CUS of the calf veins when proximal veins are normal remains 
controversial.

Imaging FindingsUS scan of a healthy volunteer (Fig. 10.5.1). Split screen transverse US image of a normal 
superfi cial femoral vein (V) and artery (A). Uncompressed (left side) and compressed 
(right side) images show that, in the absence of thrombosis, compression results in com-
plete apposition of the walls of the vein (arrow) while the artery remains patent.

In our patient with femoral vein thrombosis split screen transverse US image 
(Fig. 10.5.2) shows a non-compressible superfi cial femoral vein (arrows). Longitudinal 
US image (Fig. 10.5.3) shows the distended vein (posterior to the artery) with intralumi-
nal clot (arrows). Color Doppler longitudinal image (Fig. 10.5.4) shows normal fl ow in the 
superfi cial femoral artery and no fl ow in the superfi cial femoral vein.
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A 47-year-old female patient presented with a 2-month history of a 
right neck mass, without fever or weight loss. Physical examination 
revealed palpable nodules in the right side of the neck. A cervical 
US scan showed multiple pathologic adenopathies located in the 
jugular and supraclavicular spaces and in the posterior triangle, 
suggestive of lymphoma. A right supraclavicular adenopathy was 
surgically excised and diagnosed as Hodgkin’s lymphoma at histo-
logical examination. Staging computed tomography (CT) showed 
pathologic cervical adenopathies, without thoracic or abdominal 
involvement. The patient underwent chemotherapy.

Case 6

Hodgkin’s Lymphoma

Fig. 10.6.1 Fig. 10.6.2

Fig. 10.6.3 Fig. 10.6.4
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CommentsHodgkin’s disease is a B cell lymphoma. In 80–90% of patients, the fi rst manifestation 
of Hodgkin’s lymphoma (HL) is lymphadenopathy, most frequently located in the neck. 
High-resolution sonography can be used as the fi rst-line modality for evaluating cervical 
soft-tissue masses.

Sonography is a useful imaging tool in the assessment of peripheral lymph nodes. 
Gray-scale sonography is widely used in the evaluation of the number, size, site, shape, 
borders, soft-tissue edema, and internal architecture of lymph nodes. Spectral Doppler 
sonography with measurement of vascular resistance, color Doppler, and power Doppler 
may be helpful. High-resolution ultrasound is currently used in the diagnostic evaluation 
of lymph-node involvement in patients with head and neck carcinomas (cervical lymph 
nodes), breast cancer (axillary nodes), melanoma (regional peripheral nodes), and many 
other malignancies. Normal and reactive nodes tend to be oval and to have an echogenic 
hilum. The upper limit in minimal axial diameter of normal and reactive nodes varies 
with the location (5–8 mm for cervical nodes). Malignant lymph nodes (metastatic and 
lymphomatous) are usually round and without echogenic hilum; central necrosis (echo-
genic-coagulative or anechoic-cystic) is sometimes present. Eccentric cortical hypertro-
phy is a useful sign to indicate focal tumor infi ltration in a node.

In both Hodgkin’s and non-Hodgkin’s lymphoma, lymph nodes tend to be round, 
hypoechoic, without echogenic hilum and to show intranodal reticulation.

Fine-needle biopsy and core biopsy are usually diagnostic for HL but may not yield 
enough material to enable the histological classifi cation. Excisional lymph node biopsy is 
required to fully appreciate the architecture of the lymph node. 

Staging in HL consists of determining the location and extent of disease, defi ning prog-
nostic factors and manifestations that can be evaluated and will determine the choice of 
treatment. In essence, the staging is based on the number of sites of lymph node involve-
ment, whether lymph nodes are involved on both sides of the diaphragm, whether there 
is visceral involvement, and whether B symptoms (fever, weight loss, drenching night 
sweats) are present.

Thoracic CT scanning is useful as it has a considerable potential to infl uence the initial 
treatment. Staging below the diaphragm is hampered by false-negative CT results due to 
CT’s inability to detect HL in normal-sized nodes and the diffi culties in detecting HL in 
the spleen by CT or ultrasound. Although bone-marrow involvement is relatively uncom-
mon, a bone marrow biopsy is usually recommended. Magnetic resonance appears to 
be sensitive for the evaluation of bone and/or bone-marrow involvement. However, this 
modality has the disadvantage that only a limited area of the body can be investigated. 
Positron emission tomography is a very promising imaging modality for the staging of 
Hodgkin’s patients.

Imaging FindingsLongitudinal gray-scale sonogram of the right posterior cervical triangle (Fig. 10.6.1) 
shows multiple rounded, enlarged lymph nodes. Nodes appear homogeneously hy-
poechoic and without echogenic hilum. Color Doppler sonogram (Fig. 10.6.2) shows 
nodes are hypervascular. Spectral Doppler sonogram (Fig. 10.6.3) shows a very high-
resistance fl ow pattern with diastolic inversion, a feature that usually indicates malig-
nancy. Cervical contrast-enhanced CT (Fig. 10.6.4) shows enlarged right-sided nodes with 
homogeneous density (arrows).
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Case 7

Abdominal Wall Endometriosis

Fig. 10.7.1

Fig. 10.7.3

Fig. 10.7.2
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CommentsEndometriosis is classically defi ned as the presence of functional endometrial glands and 
stroma outside the uterine cavity. Endometriosis is a common and important clinical 
problem in women, predominantly affecting those in the reproductive age group. The 
most common site of involvement is the ovary, but virtually all pelvic organs can be af-
fected and endometriosis can also occur in nongynecologic sites.

Endometriosis can occur within surgical scars, generally from prior gynecologic op-
erations. Abdominal wall endometriosis may occur after pelvic surgery that violates the 
uterine cavity, such as a cesarean section, allowing endometrial tissue to be transplanted, 
and this usually occurs in the absence of any history of pelvic endometriosis. Other le-
sions, such as those of the umbilicus, are thought to occur spontaneously. Endometriosis 
of the abdominal wall may be diffi cult to diagnose, both clinically and with diagnostic 
imaging, and is often confused with other abnormal conditions such as a suture granu-
loma, incisional hernia, abscess, hematoma, sebaceous cyst, or malignant tumor.

Abdominal wall endometriosis can manifest clinically weeks to years after surgery as 
a palpable mass or focal cyclic pain associated with menses, both located near or under 
the surgery scar. However, many patients present with constant pain not associated with 
the menstrual cycle, and a palpable mass is not always present.

US features of abdominal wall endometriomas are variable. The most common ap-
pearance of these masses is solid, hypoechoic lesions with internal vascularity on color 
or power Doppler examination. An infl ammatory reaction to the endometrial implant 
may be seen as a hyperechoic border. Cystic masses and complex cystic and solid masses 
have also been described, but these are uncommon. Lesions may be confi ned to the rectus 
sheath, located in the subcutaneous fat, or infi ltrating both of these layers. Sonographic 
fi ndings are nonspecifi c, but hernia, hematoma and abscess can be excluded in view of 
the solid appearance and Doppler-detected internal fl ow.

US-guided fi ne-needle aspiration (FNA) is a rapid and accurate diagnostic procedure, 
enabling malignancy to be excluded. If FNA results are inconclusive, as may occur be-
cause endometriomas are often fi brous in nature, an additional histological biopsy may 
be considered. Therapeutic options for abdominal wall endometriosis are pharmacologic 
therapy or surgical excision.

Imaging FindingsTransverse (Fig. 10.7.1) and longitudinal (Fig. 10.7.2) sonograms show a 13 × 7 mm hypo-
echoic solid mass (arrow) with irregular margins confi ned to the rectus abdominis sheath 
(dotted arrows). A hyperechoic rim partially circumscribes the nodule (arrowhead).

Color Doppler sonogram (Fig. 10.7.3) shows vascularity within the peripheral rim.
A 37-year-old woman presented with right lower quadrant pain of two month’s dura-

tion. Pain was cyclic, increasing during menses. She had a history of a cesarean section 
with Pfannenstiel’s incision two years before. Physical examination found no palpable 
masses. US showed a focal solid nodule into the rectus abdominis muscle. US-guided core 
biopsy was inconclusive, showing fi brosis. The nodule was surgically excised. Histologic 
examination disclosed endometrial tissue infi ltrating muscular tissue.

A 37-year-old woman presented with right lower quadrant pain of two month’s duration. 
Pain was cyclic, increasing during menses. She had a history of a cesarean section with 
Pfannenstiel’s incision two years before. Physical examination found no palpable masses. 
US showed a focal solid nodule into the rectus abdominis muscle. US-guided core biopsy 
was inconclusive, showing fi brosis. The nodule was surgically excised. Histologic examina-
tion disclosed endometrial tissue infi ltrating muscular tissue.
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A 66-year-old man presented with acute-onset dysarthria, postural instability, and dis-
orientation. Urgent computed tomography (CT) detected no acute fi ndings. Magnetic 
resonance imaging (MRI) of the brain on day 5 of admission showed small infarcts in 
both cerebral hemispheres. Doppler ultrasound revealed signifi cant stenosis (> 70%) at 
the right internal carotid (ICA) origin. Digital subtraction angiography confi rmed 90% 
stenosis and an endovascular stent was implanted. The patient was asymptomatic after 
a one-year follow-up period.

Case 8

Carotid Artery
Stenosis

Comments Stroke is the third most important cause of death in developed countries and one of the 
most common causes of disability. The most well-known risk factor for the development of 
cerebrovascular events is high-degree internal carotid artery (ICA) stenosis. Three large-
scale, multicenter, randomized trials, published between 1991 and1995 recommend carotid 
endarterectomy in symptomatic  patients with > 60% stenosis of the ICA and in asymptom-

Fig. 10.8.1

Fig. 10.8.2

Fig. 10.8.3 Fig. 10.8.4
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Longitudinal color Doppler (Fig. 10.8.1) and power Doppler (Fig. 10.8.2) US images of the 
proximal right ICA show heterogeneous plaque with apparent moderate-to-severe lumi-
nal narrowing (arrows). Duplex US image (Fig. 10.8.3) shows high pulsed wave Doppler 
PSV of 290 cm/s at the point of maximal stenosis. This velocity represents severe stenosis 
(more than 70% but less than near occlusion). Digital angiography (Fig. 10.8.4) shows a 
severe stenosis in the proximal ICA of about 90% (arrow).

Imaging Findings

atic patients with > 70% stenosis. In recent years, stent implantation in the carotid artery 
has been shown to be safe and effective and seems to be a minimally invasive alternative 
to endarterectomy. Digital subtraction angiography is the standard imaging modality for 
quantifying the degree of stenosis but it is an invasive examination with a relatively high 
risk of mortality and morbidity. Duplex ultrasound is an excellent noninvasive examina-
tion for classifying above or below a certain degree of severity and is a widely accepted 
technique for screening patients with extracranial artery stenosis due to atheromatous 
disease. Other noninvasive tests are MR-angiography and CT-angiography. Ultrasound 
examinations of the ICA should be performed with gray-scale, color Doppler, and spectral 
Doppler in a standardized fashion. The Doppler waveform should be obtained with an 
angle of insonation less than or equal to 60 . As stenotic lesions increase in severity, they 
perturb carotid artery blood fl ow patterns. Stenosis over 50% of diameter narrowing will 
increase peak systolic velocity (PSV) and make the blood-fl ow profi le more homogeneous 
at the point of maximal narrowing. Peak systolic velocities remain elevated for varying 
distances that typically extend for 1–2 cm beyond the stenosis. Care should be taken to 
position the sample volume within the area of greatest stenosis. Color Doppler serves as a 
guide for the sonographer: sites at which aliasing occurs are likely to have elevated peak 
velocities and correspond to areas of high grade stenoses that must be further evaluated 
with Doppler waveform analysis.

Doppler US cannot be used to predict a certain percentage of stenosis. Expert consensus 
recommends stratifi cation of the degree of stenosis into the following strata: normal (no 
stenosis), < 50% stenosis, 50–69% stenosis, > or equal 70% stenosis but less than near oc-
clusion, near occlusion, and total occlusion. The diagnoses of near occlusion and total oc-
clusion are usually not based primarily on the Doppler measurement of velocity but rather 
on gray-scale and color and/or power Doppler imaging. The ICA PSV and the presence of 
plaque are the parameters that should be used when diagnosing and grading ICA stenosis. 
Two additional parameters, the ICA/CCA – common carotid artery – PSV ratio and ICA 
end-diastolic velocity (EDV), are useful when ICA PSV may not be representative of the ex-
tent of the disease owing to technical or clinical factors (tandem lesions, contralateral high-
grade stenosis, discrepancy between visual assessment of plaque and ICA PSV, elevated 
CCA PSV, or low cardiac output). 

The ICA is considered normal when ICA PSV is less than 125 cm/sec and no plaque 
is visible sonographically. A < 50% stenosis is diagnosed when ICA PSV is less than 
125 cm/sec and plaque is visible. A 50–69% ICA stenosis is diagnosed when ICA PSV is 
125–230 cm/sec. A 70% or greater stenosis but less than near occlusion is diagnosed when 
the ICA PSV is greater than 230 cm/sec, with visible plaque and luminal narrowing at 
gray-scale and color Doppler US. In cases of near occlusion the velocity parameters may 
not apply: this diagnosis is established primarily by demonstrating a markedly narrowed 
lumen at color or power Doppler US. Total occlusion should be suspected when there is 
no fl ow with spectral, power, and color Doppler US.
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A 17- year-old male presented to the emergency department with a two-day history of 
left lower extremity weakness and paresthesia. Two weeks before he had had an acci-
dental fall from an amusement park ride and, after this event, he had right-sided neck 
pain for one day. Physical examination revealed left hemiparesis. Cranial MRI showed 
some ischemic foci in the right cerebral hemisphere. Doppler ultrasound fi ndings were 
strongly suggestive of internal carotid artery dissection with intra-mural hematoma. 
Digital subtraction angiography confi rmed these fi ndings. The patient was treated with 
anticoagulants and showed good clinical evolution.

Case 9

Carotid Artery
Dissection

Fig. 10.9.1 Fig. 10.9.2

Comments Extracranial carotid artery dissection is a relatively uncommon cause of cerebrovascular 
symptoms and accounts for about 1% of all ischemic strokes; however, it accounts for 10–25% 
of strokes in young adults. Although the classifi cation of internal carotid artery (ICA) dis-
section as traumatic or spontaneous may be apparent clinically, there are no angiographic 
differences between both groups. External trauma may be minimal in the former group, and 
spontaneous dissection may be linked in a few cases with an underlying arteriopathy such 
as fi bromuscular dysplasia. The mechanism of dissection is thought to be either a tear in 
the intima, which allows intraluminal blood to dissect along the layers of the vessel wall or, 
alternatively, direct hemorrhage from the vasa vasorum of the media. The hematoma dis-
sects longitudinally along the media. When the hematoma lies beneath the intima, luminal 

Fig. 10.9.4Fig. 10.9.3
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narrowing or occlusion occurs. If the hematoma dissects beneath the adventitia, a pseudoa-
neurysm forms. A false lumen occurs if blood reenters the true lumen; this false lumen may 
remain patent, resolve completely, or thrombose and cause narrowing of the true lumen.

The typical patient with carotid dissection presents with pain on one side of the head, 
face, or neck, accompanied by a partial Horner’s syndrome followed hours or days later 
by cerebral or retinal ischemia. This triad of symptoms is found in less than one third of 
patients. Cerebral infarcts are reported in 50% and transient ischemic attacks (TIA) in 
20% of patients with ICA dissection.

The commonest location for a spontaneous ICA dissection is the cervical segment 
2–3 cm distal to the carotid bulb. Dissections extend for a variable length but they rarely 
reach the point of entry of the ICA into the petrous temporal bone. In the absence of ar-
teriopathy, recurrent dissection is rare.

Intraarterial angiography has been the gold standard in the diagnosis of dissections, 
but it is increasingly being replaced by noninvasive imaging techniques. The most com-
mon angiographic fi nding, reported in more than 50% cases, is an irregular stenosis 
starting about 2–3 cm distal to the carotid bulb. Other, less common angiographic fi nd-
ings (5–30% cases) are a fl ame-shaped occlusion, a tapered narrowing of the ICA (“rat’s 
tail” or “string sign”), and pseudoaneurysm. All these appearances are indicative of dis-
section, but they are non-specifi c. The only pathognomic fi nding is an intimal fl ap with 
double lumen, but these fl aps are detected in less than 10% cases. Angiography does not 
allow direct visualization of the vessel wall when there is a thrombus in the false lumen.

US provides direct visualization of the pathological fi ndings, hemodynamic informa-
tion, fl ow direction and velocity data, and enables evaluation of the vessel wall and lumen 
patency. The commonest gray-scale fi nding is the presence of a hypoechoic thrombus (cor-
responding to intramural hematoma or thrombosed false lumen) 2–3 cm cranially from the 
bulb, with or without true lumen narrowing. The presence of an arterial luminal fl ap (mem-
brane) in the longitudinal and axial views is pathognomic, but this fi nding is uncommon. 

The commonest spectral Doppler US fi nding in the affected ICA is a high resistance 
pattern or absence of signal in cases of total occlusion. Another, less common spectral 
pattern is a damped spectral waveform (lower amplitude with biphasic pattern). Visual-
ization of intramural hematoma combined with high-resistance fl ow strongly suggests 
dissection. The diagnostic sensitivity of US decreases if an ICA dissection results in a 
low-grade stenosis, and gray-scale and spectral fi ndings can be normal in these cases. US 
is less reliable for dissections located in the subpetrous segment and the carotid canal. 

At present, the diagnosis of carotid dissection is essentially established with cervical 
MR and MR-angiography. The former can provide direct visualization of an intramural 
hematoma, which is the hallmark of a dissection, and the later allows noninvasive visual-
ization of blood vessels. However, MR is not always available around the clock and many 
centers use ultrasound to assess carotid dissection. Furthermore, follow-up US studies 
can document recanalization, stabilization or progressive vascular occlusion.

Imaging FindingsLongitudinal color Doppler US (Fig. 10.9.1) of the right internal carotid artery (ICA) dem-
onstrating a low-refl ective intramural hematoma (arrows) compressing the true lumen of 
the internal carotid artery 2 cm cranially from the bulb. Color and spectral Doppler US 
of the ICA immediately prior to dissection (Fig. 10.9.2) shows a high-resistance triphasic 
waveform. Spectral Doppler at the point of maximal lumen stenosis (Fig. 10.9.3) shows a 
very high peak systolic velocity over 4 m/s. Digital angiography (Fig. 10.9.4) confi rmed 
an irregular stenosis (arrows) starting 2 cm distal to the carotid bulb.
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Case 10

Choroidal Melanoma

Fig. 10.10.1

Fig. 10.10.3

Fig. 10.10.2

RibesLunaRos.indb   250 18.03.2008   12:54:56



 Ultrasound Imaging 251

A 57-year-old woman presented with decreased visual acuity. Ophthalmoscopic examina-
tion showed a brown mass suspected of choroidal melanoma. US scan and MRI showed 
a mass with typical features of melanoma with no signs of extraocular invasion or com-
plications. No distant metastases were found. Enucleation was performed.

CommentsMalignant melanoma is the most common primary intraocular tumor in adults. It occurs 
more often in the choroid than in the iris or ciliary body. Some melanomas may originate 
from pre-existing nevi. The clinical appearance of malignant melanoma is variable, but 
it usually presents with decreased visual acuity and visual fi eld defects. A circumscribed 
choroidal mass of varied pigmentation is identifi ed on ophthalmoscopic examination. In 
some cases, the tumor may be amelanotic. Initially, the tumor is fl at; later, it elevates re-
sulting in the characteristic mushroom-shaped lesion growing towards the vitreous cavity. 
Choroidal melanomas can usually be diagnosed accurately by ophthalmoscopy, fl uorescein 
angiography, or US. Misdiagnoses, however, are not uncommon. Lesions more than 3 mm 
in size are usually well visualized on CT and MR imaging. Smaller lesions are better studied 
with US. Extraocular extension of the tumor can be better diagnosed with MR.

Ultrasound typically shows a rounded or mushroom-shaped hypoechoic mass that 
sometimes is accompanied by marginal retinal elevation. A thin hyperechoic rim is usu-
ally seen, and this represents a combination of elevated retina and peripheral blood ves-
sels. It is extremely easy to overestimate the extent of penetration of the layers of the wall 
of the globe with US. 

Choroidal melanomas are very vascular tumors, and color Doppler shows vessels penetrat-
ing and encircling the lesion. This feature is useful to differentiate melanoma from nonneo-
plastic lesions such as large subretinal hemorrhages, which usually have no blood supply.

Melanomas of the eye can be complicated by retinal elevation and vitreous hemor-
rhage. These complications can be depicted with US.

Many benign and malignant lesions can be confused with malignant choroidal mela-
noma, including choroidal hemangioma, choroidal nevi, uveal metastasis, choroidal 
detachment, and retinal detachment, among others. Choroidal hemangioma has been 
commonly confused with malignant melanoma.Several authors have described the use-
fulness of MRI in evaluating and differentiating uveal melanomas from simulating le-
sions. Because of the paramagnetic property of melanin, uveal melanomas appear rela-
tively hyperintense on T1-weighted images, making diagnostic differentiation possible 
with a high degree of accuracy.

The management of clinically and imaging suspected choroidal melanoma has been the 
subject of increasing controversy. Enucleation does not prevent metastasis. Choroidal mela-
nomas of less than 10 mm in diameter and 3 mm in thickness have a relatively favorable 
prognosis. Clinically stable choroidal melanomas are usually managed with longitudinal 
observations. When tumor growth is evident enucleation may be indicated. A thorough 
search for metastasis is important to spare the patient an unnecessary enucleation.

Imaging FindingsTransverse gray-scale sonogram (Fig. 10.10.1) shows a rounded hypoechoic mass (arrow) 
with hyperechoic rim. Note the optic nerve, depicted as a hypoechoic band extending 
posteriorly (black arrow). Color Doppler sonogram (Fig. 10.10.2) shows blood vessels en-
circling and penetrating the tumor. Fat-suppressed T1-weighted MR image (Fig. 10.10.3) 
shows a hyperintense mass, typical of melanoma, without retrobulbar extension. 
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