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The pediatric radiology field is a unique area of study; it deals with patients that are differ-

ent to those of other radiological subspecialties. Their illnesses and ailments only belong to 

them, their behavior is different, and the way we approach them from the radiological point 

of view is very specific. They are unlike anything else. It might sound pretentious but I just 

intend to show how thrilled and enthusiastic I am about my field of work, pediatric 

radiology.

The authors have written this book to transmit their in-depth knowledge of the subject 

and to provide a comprehensive coverage for residents, general radiologists, or other pedi-

atric radiologists. There is a wide range of diagnostic cases presented in this book, some of 

them can be diagnosed by simple radiography and others need multivoxel spectroscopy or 

functional imaging.

Learning Pediatric Imaging is a further volume of a series that started with Learning 

Diagnostic Imaging; here we intend to show how challenging, interesting, and rewarding 

pediatric radiology is.

Like a well known pediatric radiologist wrote: “This book is for all the sick children.”

Málaga-Granada, Spain María I. Martínez León

Preface
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Case 1.1

Pilocytic Astrocytoma

Beatriz Avila Gamarra and María I. Martínez León 

Fig. 1.1 Fig. 1.2

Fig. 1.4Fig. 1.3
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Case 1.1a: An 8-year-old boy presents with headache and vomiting.

Case 1.1b: A 13-year-old girl presents with ataxia.

Pilocytic astrocytoma (PA) is the most common infratentorial brain tumor in children and 

frequently presents in the first and second decade of life. It is usually a slow-growing neo-

plasm and approximately 85% arise in the cerebellar vermis. The World Health Organization 

(WHO) classifies PA as a grade I central nervous system tumor.

Pilocytic astrocytomas are most commonly cystic masses with mural nodules. If 

supratentorial, its location is usually the optic nerve or chiasm (frequent in NF-1), as well 

as the cerebral hemispheres and thalamic region.

In CT images, the solid component of the lesion is isodense to the cerebral parenchyma 

and its cystic portion is hypodense. In T1-weighted MR images, PA is iso- or hypointense 

and in T2-weighted and FLAIR MR images, hyperintense. The cystic component of the 

mass tends to have a signal similar to CSF, although it may increase depending on the per-

centage of proteinaceous content of the fluid. More than 95% of these lesions have contrast 

enhancement. The most frequent presentation is a strong contrast uptake by the mural 

nodule (50%). Vasogenic edema adjacent to the tumor is rare. Spectroscopy studies have 

shown very low creatine concentrations, low myo-inositol, and low tCho concentrations 

consistent with their low cellularity. Lipids are slightly elevated and an increase in lactate 

has also been documented.

The first line of treatment for PA is surgical removal with a 5-year 90% survival rate after 

complete resection of the tumor. The prognosis is often less favorable for lesions affecting 

the optic tract or hypothalamic region treated with chemotherapy and radiotherapy.

Case 1.1a: The axial T1-weighted MR sequence with and without contrast shows a midline 

mass in the cerebellar vermis with a predominantly cystic component that surrounds a 

solid portion (Figs. 1.1 and 1.2). With contrast administration, there is strong enhancement 

that identifies a central necrotic zone. There is no evidence of edema. The lesion com-

presses the fourth ventricle causing supratentorial hydrocephaly (dilatation of temporal 

horns).

Figure 1.1 Pilocytic astrocytoma. Case 1.1a

Figure 1.2 Pilocytic astrocytoma. Case 1.1a

Case 1.1b: In MR, T2-weighted axial and a T1-weighted sagittal images with contrast show 

a brainstem tumor of similar characteristics: a cystic mass with an enhancing mural nod-

ule (Figs. 1.3 and 1.4). In both examples, a slight mural contrast enhancement is seen.

Figure 1.3 Pilocytic astrocytoma. Case 1.1b

Figure 1.4 Pilocytic astrocytoma. Case 1.1b

Comments

Imaging Findings
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Case 1.2

Pilomyxoid Astrocytoma

María I. Martínez León 

Fig. 1.5

Fig. 1.7

Fig. 1.6

Fig. 1.8
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An 8-month-old boy presents with findings consistent with intracranial hypertension.

Pilomyxoid astrocytoma (PMA) is a central nervous system tumor that was once believed to 

be a variant of pilocytic astrocytoma (PA) and has recently been described as a separate 

entity. This neoplasm has been shown to have a more aggressive progression and a greater 

tendency to disseminate through the CSF and to recur after treatment than PA. Furthermore, 

significant histological differences between these two tumors have granted PMA a WHO grade 

II classification. Originally described by Janisch as “childhood-onset diencephalic pilocytic 

astrocytoma,” Tihan went on to name and describe the histopathologic characteristics of 

PMA in 1999. The grand majority of PMAs grow in the hypothalamic and chiasmatic regions 

and present in patients under 4 years of age. In images, this tumor usually presents as a solid 

mass without a necrotic or cystic component and with homogeneous contrast uptake.

As stated above, the histologic behavior of the PMA differentiates it from PA. The absence 

of Rosenthal fibers and eosinophilic granular bodies is characteristic of this neoplasm.

Given the increased tendency of the PMA to disseminate through CSF, radiologic find-

ings indicative of dissemination warrant complete neuroaxis extension studies.

Spectroscopy studies suggest differences in metabolite concentrations between pilocytic 

and pilomyxoid astrocytomas. PMA has been shown to present a lower concentration of 

choline, creatine, and NAA, while PA tends to have elevated choline levels with a decrease 

of the other two metabolites. This is yet another finding that may aid in differentiating 

between these two tumors.

MR T1-weighted coronal image, rapid sequence with contrast, shows slight ventricular 

dilatation caused by a diencephalic tumor (final diagnosis was made by biopsy obtained by 

premamillary ventriculostomy) (Fig. 1.5). MR axial FLAIR image displays a predominantly 

homogenous solid mass (arrow) (Fig. 1.6). In a spinal cord study, sagital T1-weighted with 

Fat Saturation and contrast, two enhancing punctiform lesions on the spinal surface, con-

sistent with leptomeningeal dissemination, can be identified (arrows) (Fig. 1.7). The 

T1-weighted axial MR image with contrast shows a significant enhancement and decrease 

in size after 6 months of treatment with chemotherapy (Fig. 1.8a, b).

Figure 1.5 Pilomyxoid astrocytoma

Figure 1.6 Pilomyxoid astrocytoma

Figure 1.7 Pilomyxoid astrocytoma

Figure 1.8 (a, b) Pilomyxoid astrocytoma

Comments

Imaging Findings
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Case 1.3

Ependymoma

Elena García Esparza 

Fig. 1.11 Fig. 1.12

Fig. 1.10Fig. 1.9
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A 14-month-old boy with a 2-week history of progressive vomiting. Weeks prior to admis-

sion, the patient had presented axial instability with incapability to walk and torticollis. 

There were no cranial nerve alterations upon examination.

The ependymoma constitutes approximately 10% of all intracranial tumors in children. 

Presentation is most frequent in children under 2 years and its incidence decreases with 

age. Ependymomas arise from the ependyma, which explains their relation to the ventricle 

walls and the spinal ependymal canal.

The ependymoma is not usually considered an aggressive tumor (WHO grade II). 

Nevertheless, it has been shown to have a high tendency to recur if a complete resection is 

not achieved, which is especially difficult if its localization is infratentorial or intraven-

tricular. A less frequent, WHO grade III variant of the ependymoma has been described as 

malignant or anaplastic ependymoma.

In children, 90% of ependymomas are intracranial and 70% are found to grow in the 

posterior cranial fossa. The most common location is the interior of the fourth ventricle. 

Given its consistency and plasticity, the tumor tends to adapt to the shape of the ventricle 

and then extends through the foramen of Luschka and Magendie toward the pontocerebel-

lar angle or cisterna magna, and through the foramen magnum to the cervical spinal 

canal.

Thirty percent of pediatric ependymomas have a supratentorial location and in this 

case, as opposed to infratentorial tumors, they tend to be extraventricular.

Because of the para or intraventricular location of these tumors, both grade II and grade 

III ependymomas have the ability to disseminate through the CSF, thus warranting exten-

sion studies of the spine with contrast.

The CT image shows a large posterior fossa mass in the interior of the fourth ventricle, with 

a similar density to that of the cerebral parenchyma, causing significant hydrocephaly 

(Fig. 1.9). The MR axial T2-weighted image shows how the ependymoma exits through the 

foramen of Luschka toward both pontocerebellar angles (Fig. 1.10). In the sagittal 

T1-weighted MR image extension of the tumor through the foramen magnum toward the 

spinal canal can be observed, as well as a displacement of the mesencephalic tectum supe-

riorly (Fig. 1.11). The T1-weighted coronal MR image with contrast shows very slight 

enhancement (Fig. 1.12). Nevertheless, this is not its typical presentation since ependymo-

mas usually have a more intense heterogeneous contrast uptake. Significant supratentorial 

hydrocephaly can also be identified.

Figure 1.9  Ependymoma

Figure 1.10 Ependymoma

Figure 1.11 Ependymoma

Figure 1.12 Ependymoma

Comments

Imaging Findings
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Case 1.4

Infrequent Presentation of Medulloblastoma

Diego Alcaide Martín and María I. Martínez León 

Fig. 1.13 Fig. 1.14

Fig. 1.15 Fig. 1.16
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A3-year-old boy with history of head trauma presents with progressive headache and 

irritability.

Medulloblastoma is an aggressive neuroepithelial neoplasm that presents more frequently 

in children and is classified by the WHO as a grade IV tumor. The medulloblastoma is both 

the most frequent malignant CNS tumor in children and the most common tumor found 

in the posterior fossa in this population. Its location is generally the cerebellum (95%), 

specifically the cerebellar vermis (75%) and less frequently the cerebellar hemispheres.

Clinical manifestations include headache, nausea, and vomiting. Central ataxia and 

spasticity are common signs when the mass affects the cerebellar vermis. On the other 

hand, peripheral ataxia and dysdiadochokinesia develop when the tumor is located in the 

cerebellar hemispheres.

Radiologically, medulloblastoma presents as a mass located in the cerebellar vermis that 

is characteristically hyperdense on contrast-enhanced CT, hypointense on T1-weighted 

MR images, and of variable intensity on T2-weighted MR images. Also, it typically shows 

contrast enhancement and diffusion restriction on DWI. In addition, hydrocephaly can be 

seen due to ventricular system compression.

CSF dissemination, generally to the spinal cord, is a relatively common finding (33%), 

On the other hand, satellite metastases are infrequent, yet when they occur are usually to 

the bone.

Differential diagnoses include ependymoma, pilocytic astrocytoma, lymphoma, 

Lhermitte–Duclos disease, and mestastases.

Treatment consists of a combination of surgery and radiotherapy (radiosensitive), with 

or without adjuvant chemotherapy. Currently, advances in diagnosis and management of 

medulloblastoma have increased its 5-year survival rate to approximately 70–80%.

An infrequent presentation of medulloblastoma is shown mimicking Lhermitte–Duclos 

disease. MR images reveal an infiltrative lesion of the cerebellar vermis and hemispheres 

(predominantly the right) extending toward the ventricles and the infra and supratentorial 

cisterns, deforming the cerebellar folds and mimicking a “striated cerebellum” (Fig. 1.13). 

There is no contrast enhancement (Fig. 1.14) and in DWI there is notable restriction to dif-

fusion (Fig. 1.15) and ventricular dilatation. Neuroaxial extension studies reveal extramedu-

lar and intraspinal dissemination with masses that compress the spinal cord causing 

significant compromise (Fig. 1.16).

Figure 1.13 Infrequent presentation of medulloblastoma

Figure 1.14 Infrequent presentation of medulloblastoma

Figure 1.15 Infrequent presentation of medulloblastoma

Figure 1.16 Infrequent presentation of medulloblastoma

Comments

Imaging Findings
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Case 1.5

Brainstem Tumors

Elena Méndez Donaire and María I. Martínez León 

Fig. 1.17 Fig. 1.18

Fig. 1.19 Fig. 1.20
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Case 1.5a: An 8-year-old patient presents with history of headache.

Case 1.5b: A 6-year-old patient presents with hemiparesis and headache.

Brainstem tumors (BT) comprise approximately 10–20% of all central nervous system 

tumors in the pediatric population. Diagnosis is usually made between 7 and 9 years of age 

and there is no gender predilection.

These tumors include those that affect the midbrain, pons, medulla oblongata, and supe-

rior cervical spine. The diffuse glioma is the most frequent of the BT and has the worst 

prognosis. On the other hand, the focal lesions are a minority and have a better prognosis. 

The clinical presentation and behavior of BT depend on the location and the growth pat-

tern they present. Special attention must be paid to obtain a thorough clinical history 

because signs and symptoms of these tumors can be insidious and difficult to identify.  

BT can also be found in the context of neurofibromatosis type I, although pilocytic astro-

cytoma is the most frequent tumor to arise in this syndrome.

With MRI, BT can be further classified into subgroups, which in turn entail different 

treatment plans and prognosis. The Barkovich classification system takes into account the 

following parameters: location (midbrain, pons, and medulla oblongata), focality (diffuse 

or focalized), direction and extension of tumoral growth, mass size, exophytic growth in 

relation to the brainstem, associated hemorrhage and/or necrosis, and evidence of second-

ary hydrocephaly.

The treatment of BT depends on the location and growth pattern of the tumor. In focal-

ized lesions, surgical resection is the first line of treatment. On the other hand, the treat-

ment of choice in diffuse BT is radiotherapy and/or chemotherapy.

Case 1.5a: Axial FLAIR and coronal T2-weighted MR images show a localized mass  

in the right hemi-pons with poorly delineated margins, which causes minimal defor-

mity of the structure with enlargement that does not obliterate the adjacent cistern 

(Figs. 1.17 and 1.18). This mass does not enhance with administration of contrast 

(image not shown). Final diagnosis of high-grade glioma was made.

Figure 1.17 Brainstem tumor

Figure 1.18 Brainstem tumor

Case 1.5b: Axial FLAIR and coronal T1-weighted plus contrast MR images show a tumor 

that compromises both pons and medulla oblongata, with diffuse extension surrounding 

the basilar artery in 360º, IV ventricular compression with secondary hydrocephalous.  

A poor, heterogeneous contrast enhancement can be seen (Figs. 1.19 and 1.20). Final diag-

nosis of diffuse glioma was made.

Figure 1.19 Brainstem tumor

Figure 1.20 Brainstem tumor

Comments

Imaging Findings
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Case 1.6

Choroid Plexus Tumors

María I. Martínez León 

Fig. 1.22

Fig. 1.21

Fig. 1.23 Fig. 1.24
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Choroid plexus tumors are infrequent intraventricular neoplasms that arise from the epi-

thelium of the choroid plexus. These can be classified as papillomas or carcinomas, papil-

lomas being much more common. While papillomas have been documented in adults, 

carcinomas are almost exclusively seen in children less than 2 years of age. The vast major-

ity arise in the atrium of the lateral ventricles and those found in the fourth ventricle are 

more common in adults. The clinical manifestations are often caused by an increase in 

intracranial pressure secondary to hydrocephaly from alterations in the dynamic of CSF, 

namely, hyperproduction of CSF by the tumor, flow obstruction by the mass and decreased 

drainage secondary to recurrent subarachnoid hemorrhage, and accumulation of protein-

aceous material produced by the neoplasm itself. A few cases have been described in 

Li–Fraumeni Syndrome and Aicardi Syndrome. Furthermore, an association has also been 

shown between plexus hypertrophy and neurocutaneous syndromes such as Sturge–Weber 

Syndrome.

Imaging studies for choroid plexus papillomas usually show solid, predominantly het-

erogeneous intraventricular tumors with lobulated “cauliflower” morphology and a signifi-

cant contrast enhancement. Over 24% have calcifications and, as mentioned previously, 

hydrocephaly is a common finding. On the other hand, choroid plexus carcinomas present 

greater signal heterogeneity (necrosis, hemorrhage, cysts) with extraventricular extension 

to the adjacent parenchyma and periventricular white matter edema. Papillomas are clas-

sified as a WHO grade I tumor while carcinomas are classified as grade III.

Surgery is curative for papillomas and tends to resolve the secondary hydrocephaly. 

Presurgical embolization of intratumoral and supplying arteries, in an attempt to reduce 

blood flow and facilitate resection, has been described. Radical surgery in carcinomas is 

difficult due to the extent of vascularization and local tissue invasion. Therefore, adjuvant 

therapy is needed to adequately manage this tumor. Consequently, carcinomas have a 

poorer 5-year survival rate.

An old CT with contrast shows a typical choroid plexus papilloma in the atrium of the left 

lateral ventricle, associated hydrocephalus (Fig. 1.21). Sagittal T1-weighted MR image with 

contrast shows a papilloma of the fourth ventricle (Fig. 1.22). Choroid plexus carcinoma 

with local invasion, edema, and hydrocephaly (Fig. 1.23). Metachronic papillomas in Aicardi 

Syndrome – transfontanellar sonography of a choroid plexus papilloma in the right atrium, 

and a second tumor, which grew in the third ventricle 2 years after surgical resection of the 

first, flair MRI sequence (Fig. 1.24).

Figure 1.21 Choroid plexus tumors

Figure 1.22 Choroid plexus tumors

Figure 1.23 Choroid plexus tumors

Figure 1.24 Choroid plexus tumors

Comments

Imaging Findings
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Case 1.7

Atypical Teratoid/Rhabdoid Tumor of the CNS

Ana G. Carvajal Reyes and María I. Martínez León 

Fig. 1.25 Fig. 1.26

Fig. 1.27 Fig. 1.28
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A 20-month-old girl presents with 1-month history of decreased strength and impaired 

movement of the right upper extremity. During the past week, the patient has shown lower 

right extremity paresis.

Malignant rhabdoid tumors are neoplasms of embryonic origin that may occur in various 

locations, of which the CNS and kidney are most common. In the CNS, the most frequent 

type is the atypical teratoid/rhabdoid tumor (AT/RT). They are formed partially or entirely 

by rhabdoid cells, areas similar to PNET and mesenchymal tissue or malignant epithelium. 

Genetic studies have described the presence of anomalies in the long arm of chromosome 

22, namely, deletion of the 22q11.2 region, which results in the inactivation of the INI1/

SMARCB1 gene.

AT/RT of the CNS is an extremely aggressive and rare neoplasm, occurring more fre-

quently in children under the age of 2. It can appear in any location of the CNS, the most 

frequent one being the cerebellum (60%). They have an increased tendency to disseminate 

to the leptomeninges. The clinical presentation depends on the age of the patient and the 

location of the mass. AT/RT is classified as WHO grade IV tumor. The true incidence of AT/

RT is unknown due to the fact that it is often misdiagnosed as medulloblastoma because of 

their histopathological similarities.

Imaging findings are unspecific, but they tend to be large masses with calcifications, 

hemorrhage, necrosis, and CSF dissemination. Differential diagnoses include medullo-

blastoma, PNET, ependymoma, choroid plexus carcinoma, and high-grade astrocytoma. 

Immunohistochemical techniques and genetic analysis allow for a precise pathological 

diagnosis.

MRI shows both a large, intra-axial solid and cystic tumor located in the left parietal lobe 

with significant mass effect and associated vasogenic edema. The T1-weighted sagittal MR 

image shows heterogeneous signal intensity with hyperintense areas indicative of hemor-

rhage (Fig. 1.25). The T2-weighted axial MR image shows large, hyperintense cystic and 

necrotic areas and associated intermediate signal corresponding to its solid portion 

(Fig. 1.26). With the administration of contrast the solid portion of the mass displays an 

important, heterogeneous uptake, while its cystic component presents peripheral rim 

enhancement (Fig. 1.27). Diffusion-weighted images show a notable restriction by the solid 

component of the mass, appearing as hypointense on the ADC map (Fig. 1.28).

Figure 1.25 Atypical teratoid/rhabdoid tumor of the CNS

Figure 1.26 Atypical teratoid/rhabdoid tumor of the CNS

Figure 1.27 Atypical teratoid/rhabdoid tumor of the CNS

Figure 1.28 Atypical teratoid/rhabdoid tumor of the CNS

Comments

Imaging Findings
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Case 1.8

Glioblastoma

Beatriz Asenjo García 

Fig. 1.29 Fig. 1.30

Fig. 1.31 Fig. 1.32
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A 13-year-old girl presents with sudden functional impairment of the right lower limb 

associated with a 1-week history of bilateral temporal headache.

High-grade glioblastomas in pediatrics comprise a heterogeneous group of tumors with 

different locations and histological characteristics. They may affect children in a wide 

range of ages. These tumors arise most frequently in the supratentorial region and brain-

stem and are uncommon in the cerebellum and spinal cord. Incidence is significantly less 

in children than in adults. While gliomas represent 50% of all pediatric CNS tumors, only 

6–12% are supratentorial high-grade gliomas and 3–9% are high-grade diffuse astrocy-

tomas of the brainstem.

The glioblastoma can present with a wide variety of clinical manifestations. At diagno-

sis, patients show symptoms related to the affected area of the brain, including seizures and 

signs of intracranial hypertension. Radiologically, the most common finding is a heteroge-

neous lesion located in the supratentorial white matter with associated vasogenic edema 

and mass effect.

The first line of treatment for high-grade gliomas in children older than 3 years com-

bines surgery, radiotherapy, and chemotherapy. Surgery is the first line of management of 

these tumors and a strong correlation exists between the location of the mass and the 

grade of resection. For tumors located in the midline, surgical removal is often less success-

ful than for those that affect the cerebral cortex. Experience removing these masses in 

patients under 3 years of age is scarce due to their low incidence.

The axial FLAIR and T2-weighted MR images show a parasagittal, hyperintense, solid, infil-

trative lesion with ill-defined margins that affects both white and gray matter at either side 

of the interhemispheric midline (Figs. 1.29 and 1.30). The T1-weighted sagittal MR image 

with contrast displays a lesion with heterogeneous enhancement, areas of necrosis, and 

signs of invasion of the corpus callosum (Fig. 1.31). Univoxel spectroscopy with short echo 

time located in the mass shows a lipid peak and a decrease of the remaining metabolites 

(Fig. 1.32). This pattern is one of the most frequent among glioblastomas, in which the 

increase in lipids is indicative of intratumoral necrosis.

Figure 1.29 Glioblastoma

Figure 1.30 Glioblastoma

Figure 1.31 Glioblastoma

Figure 1.32 Glioblastoma
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A 6-year-old boy presents with right cervical mass, significant dysphagia, and trismus.

Rhabdomyosarcomas are malignant tumors that arise from primitive muscular cells. They 

are the most common malignant soft-tissue neoplasms present in childhood and are espe-

cially frequent during the first decade of life (70% of cases in children under 12 years of 

age). The most common location is the head and neck (more than 40% of cases). 

Nevertheless, they may appear anywhere in the body, including the urinary tract, retroperi-

toneum, and extremities, among others. Three histological variants have been described: 

pleomorphic, alveolar, and embryonic. While tumors located in the orbit are usually embry-

onic, those arising from the extremities, more typical in adolescents, are frequently alveo-

lar. The pleomorphic variant is less frequent and usually occurs in adults.

Although most cases are found to be sporadic, certain conditions have been shown to 

increase the risk of tumor development, including: congenital cerebral anomalies, neurofi-

bromatosis, nephroblastoma, and retinoblastoma. An association has also been described 

between a mutation of the p53 suppressor gene and the development of rhabdomyosar-

coma. Furthermore, these tumors have been shown to arise secondary to radiotherapy for 

concomitant neoplasms.

Rhabdomyosarcoma must be considered as a differential diagnosis for any soft-tissue 

mass of malignant characteristics that appears in childhood. They present variable con-

trast uptake and an estimated 25% show associated bone destruction. Nevertheless, there 

are no specific imaging findings and rhabdomyosarcomas may, on occasion, simulate 

benign lesions such as hemangiomas. The treatment of choice is usually a combination of 

surgery and chemotherapy.

The MRI shows a mass of the right parapharyngeal space with extension to the parotid and 

carotid space and associated protrusion of the pharyngeal mucosa. The axial T1-weighted 

MR image displays a predominantly hypointense lesion that decreases the lumen of the 

oropharynx (Fig. 1.33). In the T2-weighted fat-suppressed MR image, ill-defined margins 

and invasion to the parotid gland and pterigoid muscles can be observed (Fig. 1.34). 

Administration of contrast on a T1-weighted image displays an intense, heterogeneous 

enhancement (Fig. 1.35). The coronal T1-weighted MR image shows extension to the skull 

base, through the foramen ovale and with a slight intracranial component due to perineu-

ral dissemination through V3 (Fig. 1.36).

Figure 1.33 Rhabdomyosarcoma

Figure 1.34 Rhabdomyosarcoma

Figure 1.35 Rhabdomyosarcoma

Figure 1.36 Rhabdomyosarcoma
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A 5-year-old girl presents with headache and visual impairment.

The pinealoblastoma is a malignant neoplasm that arises from the pineal region and is the 

least frequent type of tumor to develop in this gland. They usually present in children 

under the age of 10 and have no predilection for gender.

Histologically, pinealoblastomas are composed of undifferentiated, immature cells with 

small cytoplasms. These features cause the tumor’s characteristic restriction to diffusion, 

very similar to other tumors of neuroepithelial tissue such as medulloblastoma.

The WHO classifies the pinealoblastomas as a grade IV tumor, and they have a high 

tendency to disseminate trough the CSF (extension studies are indicated) and to invade 

adjacent structures.

The clinical manifestations of the pinealoblastoma are typical of its location. A triad of 

symptoms has been described, which include: obstruction of the Sylvian aqueduct 

(supratentorial hydrocephaly, papilledema and headache), functional alterations of the 

roof of the mesencephalon (causing Parinaud Syndrome, anisocoria, superiorly deviated 

gaze, and convergence paresis), and endocrine changes.

A rare variant of this neoplasm is the trilateral retinoblastoma, which consists of a coex-

istence of pinealoblastoma and bilateral retinoblastoma. This is usually a hereditary syn-

drome and, therefore, all patients with bilateral retinoblastoma should undergo cerebral 

imaging studies.

The pinealoblastoma presents as a mass located in the pineal region of the brain and causes 

dilatation of the third ventricle and both lateral ventricles (with transependymal migration 

of CSF). On T1-weighted MR images they appear isointense, and on T2-weighted and 

FLAIR MR images (Fig. 1.37) they appear hyperintense, with significant contrast enhance-

ment (Fig. 1.38) and without areas of necrosis or hemorrhage. Given the tumor’s cellularity, 

the pinealoblastoma presents a significant restriction to diffusion (Fig. 1.39). With the uni-

voxel spectroscopy study, the lesion displays a high peak of choline, with a choline to cre-

atine ratio greater than 2 and an absence of normal neurons, demonstrated by a significant 

decrease in NAA, indicative of malignancy (Fig. 1.40).

Figure 1.37 Pinealoblastoma

Figure 1.38 Pinealoblastoma

Figure 1.39 Pinealoblastoma

Figure 1.40 Pinealoblastoma
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A 3-day-old neonate develops cyanosis during feeding. MRI reveals a large mass in the 

sinonasal region, calcifications, and erosion of adjacent bony structures.

Nasal chondromesenchymal hamartoma is very rare and benign ossifying fibromyxoid 

tumor, and it most commonly presents during infancy as a congenital condition, although 

it may present later in childhood. It is must be distinguished from other masses such as a 

dermoid teratoma, nasal glioma, and estheseioneuroblastoma as well as other chondroid, 

angiomatous, or lipomatous hamartomas. A hamartoma is a tumor-like formation that 

originates from excessive growth of tissues native to the site of origin, unlike a teratoma 

known to be caused by excessive growth of pleuripotential cells foreign to the site of ori-

gin. Additional presenting symptoms of nasal chondromesenchymal hamartomas include 

deficits or impairment of eye movement (unilaterally), asymmetry of the face, asymmetric 

maxillary swelling, difficulty or inability to breathe nasally, and protruding nasal polyps.

Histologically, a chondromesenchymal hamartoma consists of proliferative lobules of 

cartilage with contiguous spindle cells and myxoid areas of mesenchymal tissue, as well as 

extensive RER and Golgi complexes and microfilamentous bundles within the cells.

Treatment typically involves complete resection of the aberrant tissue. In this case,  

a septoplasty and right middle turbinectomy were also performed. Recurrence is common 

after an incomplete resection, but the tumor typically remains as a microscopic residual 

tumor. No adjuvant therapy is necessary.

Axial, sagittal, and coronal CT images show irregular broad-based mass located in the 

anterior and medial nasal fossa on the right with multiple calcifications, mass effect to the 

surrounding structures, and deviating the nasal septum to the left (Fig. 2.1a–c). Coronal 

T1-weighted and coronal and axial Fat Sat (FS) T2-weighted MR images demonstrate the 

mass being iso- to hypointense in a T1-weighted MR image and slightly hyperintense in a 

T2-weighted image with well-defined margins and calcifications better defined on CT. No 

apparent extension to the brain or orbits (Fig. 2.2a–c). T1-weighted FS coronal and axial 

images with contrast show homogeneous and intense contrast enhancement with ade-

quate border delineation of the lesion without intracranial or intraconal extension 

(Fig. 2.3a, b). Biopsy specimen pathology slide confirmed the diagnosis (Fig. 2.4).

Figure 2.1 

Figure 2.2 

Figure 2.3 

Figure 2.4 
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An 11-year-old boy presents with sudden-onset focal left arm seizure.

Pleomorphic xanthoastrocytoma (PXA) is a rare, superficially located tumor arising from 

subpial astrocytes and often showing extensive involvement of the leptomeninges. Kepes 

et al. coined the term PXA to describe this tumor in 1979 and it was added to the WHO 

classification in 1993 as a grade II tumor. PXA is associated with a higher frequency of 

recurrence, anaplastic transformation, and death in comparison with other low-grade 

gliomas. Extent of primary resection is a significant factor in the prediction of recurrence-

free survival. Response to chemo- and radiotherapy is uncertain. Isolated cases with wide-

spread neuro-axis dissemination at diagnosis and some observations of PXA forming part 

of both ganglioglioma and dysembryoplastic neuroepithelial tumor have been reported. 

PXA is rarely diagnosed in infants, being discovered most commonly in adolescents and 

young adults. The most common single location of PXA is the temporal lobe (50%) and 

affected patients commonly present with seizures. PXA is uncommon in the basal ganglia, 

cerebellum, and spinal cord.

The classical, although nonspecific, appearance of PXA is a well-circumscribed superfi-

cial temporal solid-cystic mass. Solid components usually exhibit iso-attenuation in rela-

tion to gray matter on CT, iso or slightly hypo-intensity on T1-weighted images, iso or 

mildly hyper-intensity on T2-weighted images, and hyperintensity on FLAIR images and 

significant contrast enhancement. Calcification is variable and hemorrhage is rare. Large 

or small cysts are present in about 50% of cases. Surrounding vasogenic edema is usually 

minimal or absent. Leptomeningeal contrast enhancement is a distinctive finding, seen in 

more than two thirds of MRI studies.

Axial SE T1-weighted (Fig. 2.5) and T2-weighted MR images (Fig. 2.6) show a right, pre-

dominantly solid temporal lobe mass with small peripheral cysts surrounded by edema. 

The solid component is slightly hypointense on T1-weighted MRI and mildly hyperintense 

on T2-weighted MR images compared to gray matter. On coronal FLAIR MR images, the 

tumor exhibits greater hyperintensity, being difficult to make it out from surrounding 

vasogenic edema; note the small peripheral cysts being hyperintense in comparison to the 

ventricles (Fig. 2.7). Coronal post-contrast image demonstrates intense contrast enhance-

ment of both the solid tumoral component and adjacent leptomeninges (Fig. 2.8. Reprinted 

with permission of Editorial Médica Panamericana; Menor F. Imagen en Oncología 2009).

Figure 2.5 
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A 27-month-old boy presents with a single epileptic seizure episode. On physical examina-

tion, the infant had a protruding forehead on the left side.

Desmoplastic Infantile Ganglioglioma (DIG) is a rare, benign intracranial neoplasm of 

early childhood with involvement of the superficial cerebral cortex and leptomeninges. 

They are usually large, predominantly cystic tumors located in the frontal or parietal lobes. 

DIGs are classified as a benign WHO grade I tumor of infancy and consist of an uncom-

mon variety of ganglioglioma that occur exclusively in infants. Seizures are the most com-

mon clinical symptom. Also, a rapidly enlarging head size may be seen.

With CT, a heterogeneous mass containing both a solid and cystic component is identi-

fied. With MR T1-weighted imaging, the solid portion of the tumor is isointense relative to 

normal brain parenchyma and demonstrates significant contrast enhancement. The cystic 

component has a low signal intensity on T1-weighted MR images and a high signal inten-

sity on T2-weighted MR images. MR spectroscopy shows a lower NAA/creatine ratio, a 

higher choline/creatine ratio, and no significant change in myoinositol/creatinine ratio. 

This study may aid in narrowing down the diagnosis.

The differential diagnoses, based on the neuroimaging findings, are primarily, cystic 

supratentorial astrocytomas, and secondly, high-grade astrocytomas, PNETs, and 

ependymomas. If the leptomeningeal component of the tumor is large, meningioma and 

meningeal sarcoma are other possible considerations.

Total resection of the tumor may be curative, eliminating the need for chemotherapy or 

radiation.

Axial T2-weighted MR image revealed a large supratentorial, predominantly cystic tumor 

in the left cerebral hemisphere, displacing midline structures to the right. Additionally, the 

left lateral ventricle is effaced and displaced (Fig. 2.9). Coronal T1-weighted MR image with 

contrast shows a large cystic component with strong enhancement of a solid mural por-

tion. Contrast enhancement is not seen in the walls of the cyst and the solid component is 

widely attached to the dura (arrow) (Fig. 2.10). MR diffusion-weighted imaging shows no 

restriction of the solid or cystic components (Fig. 2.11). MR venography was done before 

surgical intervention to highlight the absence of longitudinal superior sinus involvement 

(Fig. 2.12). Tumor was completely resected with surgery and the histological diagnosis was 

DIG. No recurrence was documented on follow-up examinations.

Figure 2.9 

Figure 2.10 

Figure 2.11 

Figure 2.12 
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Dysembryoplastic Neuroepithelial Tumor of the Septum Pellucidum (DNET SP)
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A 3-year-old girl presents with headache.

DNET SP are low-grade neoplasms arising at the midline, in the region of the septum pel-

lucidum, with many of the histological features of the DNET. Imaging shows tumors 

extending into the lateral ventricles from the septal region and obstructing the foramen of 

Monro causing varying degrees of hydrocephalus. The lesions are lobular, well-delineated, 

internally septated, hypointense to gray matter on T1-weighted MR images, and hyperin-

tense on T2-weighted MR images. There is usually no mass effect nor is there edema. 

Diffusion is not restricted and ADC map is high (may be attributable to the presence of 

large extracellular spaces and their low cellularity). DNET SP is usually non-enhancing or 

shows only minimal peripheral contrast uptake.

This neoplasm presents with the histological features of DNET, including the “specific 

glioneuronal element,” a histopathological hallmark characterized by axon bundles that 

form columns lined by small oligodendroglial-like cells.

First line of treatment is surgical resection and adjuvant chemotherapy or radiotherapy 

is not commonly needed.

On the basis of both neuroimaging and histopathology, DNET-like lesions should be 

considered as a differential diagnosis of midline, intraventricular tumors in children and 

young adults. Differentiating these tumors from more aggressive neoplasms is essential 

because of the benign evolution DNET SP.

There is a mass located in the anterior recesses of the third ventricle. Sagittal T1-weighted 

MR images without contrast and axial, T1-weighted MR images with contrast show its 

location with caudal extension to the suprachiasmatic recess and cranial extension to the 

intraventricular midline. Signal intensity is slightly increased in relation to CSF in 

T1-weighted MR images and there is no enhancement with contrast (Fig. 2.13 a, b).  

A slightly high signal similar to CSF can be appreciated on FLAIR sequences (Fig. 2.14), 

along with secondary ventricular dilatation due to obstruction of the foramen of Monro. 

T2-weighted MR image shows a signal similar to that of the CSF. Note that the vessels are 

encased by the tumor without alteration (Fig. 2.15). No restriction on DWI is identified 

(Fig. 2.16). According to the location, signal intensity, and behavioral pattern, the findings 

are indicative of DNET SP. There is histological confirmation of the radiological 

diagnosis.

Figure 2.13 
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A 15-year-old patient was sent to the endocrinology department for assessment of diabetes 

insipidus.

Langerhans cell histiocytosis (LCH) is a rare condition that especially affects children and 

displays a wide variety of clinical manifestations. The most common features are bone 

lesions. There is limited knowledge about extra-osseous affectations of LCH. Examples of 

targeted systems include skin (55%) and the CNS (35%).

Approximately 25–35% of children with LCH, especially those who show multisystem 

manifestations, have CNS involvement. Two patterns have been described: granuloma for-

mation and degenerative changes.

Granulomas can develop anywhere in the CNS, the most frequent location being the 

hypothalamic–hypophysary axis. MRI shows a loss of normal T1 signal from the neurohy-

pophysis due to a decrease in storage of vasopressin, which leads to diabetes insipidus, a 

distinctive characteristic of the condition. MRI also displays an abnormal thickening and 

increased contrast enhancement of the hypophysis due to histiocytic infiltration.

Degenerative changes tend to occur in the cerebellum, especially in the dentate nuclei in 

a bilateral, symmetrical manner. Less often, the basal ganglia and brainstem are affected. 

These lesions cause inflammatory diffuse axonal damage, which leads to demyelination 

and, ultimately, atrophy. MRI shows hypointense lesions in T1-weighted MR images and iso 

or hyperintense lesions in T2-weighted MR images, which enhance with contrast propor-

tionally to their degree of activity.

Lateral radiographs of the skull show multiple geographic lytic lesions of the bone with 

well-defined, non-sclerosed margins (Fig. 2.17). The MR T1-weighted image shows loss of 

the normal high signal from the neurohypophysis (Fig. 2.18). Bilateral, symmetric lesions 

of the white matter that are hypointense in T1-weighted images (not shown) and hyperin-

tense in T2-weighted images characterize the cerebellar involvement (Fig. 2.19). After 

administering contrast, the hypophysis shows a normal uptake (not seen here) and the 

lytic lesions show a significant enhancement (Fig. 2.20). On the other hand, the cerebellar 

lesions do not present contrast uptake, which signifies demyelination and gliosis.

Figure 2.17 

Figure 2.18 

Figure 2.19 

Figure 2.20 
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Case 2.6 

Hemangioma of Infancy
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A 2-month-old girl presents with a rapidly growing bluish tumor on the right mammary 

gland that had appeared at approximately 2–3 weeks of age.

Hemangiomas are the most common soft-tissue tumors of infancy. They are usually absent 

at birth and appear between the second and sixth week of life. Hemangiomas show a char-

acteristic clinical evolution: a phase of rapid proliferation (3–9 months) followed by a 

period of relative stability and finally, a phase of slow involution (18 months up to 10 years 

of age). Most are diagnosed clinically and do not require further diagnostic studies or 

treatment. The GLU-T1 immunohistochemical marker serves to differentiate the heman-

gioma of infancy from congenital hemangiomas and vascular malformations. Ultrasound 

and MRI are indicated in atypical cases and in lesions that are large in size in order to 

evaluate the extent of compromise and its relation with neighboring structures. Furthermore, 

imaging may aid in assessing associated abnormalities such as lumbar hemangiomas, spi-

nal dysraphisms, segmented facial hemangiomas, PHACE syndrome, multiple cutaneous 

hemangiomas, and diffuse neonatal hemangiomatosis.

Sonographically, these tumors are well-delineated, lobulated, and show variable echoge-

nicity. On gray scale, US vascular structures are not usually identified; although, on occa-

sion, peripheral supplying arteries can be seen. Doppler US reveals high vessel density with 

high systolic arterial velocities and a low resistance pattern. There is little or no evidence of 

arteriovenous shunting, and veins show a monophasic pattern. Diagnostic criteria for 

hemangiomas of infancy include the presence of five or more blood vessels by square cen-

timeters of area and desplacement of the systolic frequency by 2 kHz or more. During the 

involutive phase, the size of the lesion and the number of vessels decrease, but arterial 

velocities remain unchanged.

Possible differential diagnoses include vascular malformations and other soft-tissue 

tumors. If a lesion does not meet the diagnostic criteria for hemangioma, a biopsy must be 

taken.

Ultrasound shows a predominantly echogenic mass with heterogeneous echo-structure 

and peripheral blood vessels (Fig. 2.21). Color Doppler shows a high vessel density with 

occasional areas of turbulent blood flow (Fig. 2.22). Spectral Doppler (Fig. 2.23) displays a 

low-resistance vascular pattern with high systolic velocities and a pulsatile venous flow due 

to small arteriovenous fistulas (Fig. 2.24). These findings are consistent with a hemangioma 

of infancy in a proliferative phase.

Figure 2.21 
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Figure 2.24 

Comments

Imaging Findings



38 Sara M. Koenig and Juan E. Gutiérrez 

Case 2.7 
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A 5-year-old female presents with a left-sided facial vascular malformation and history of 

prior surgical interventions.

Capillary hemangiomas and venous malformations are each typically benign lesions of 

vascular channels. Hemangiomas are benign endothelial cell neoplasms that commonly 

occur in children, especially under the age of 12 months. A red-colored lesion with a lobu-

lated appearance appears on the skin, from which rapid growth may occur within the first 

12 months of life. Angiography reveals a capillary lesion with well-demarcated dense opaci-

fication throughout, and with substantial blood flow arising from dilated arteries and 

dilated venous drainage. These benign lesions are typically harmless and only pose a cos-

metic defect that typically stabilizes within a year of age and, in some cases, regress within 

a few years. In some circumstances, hemangiomas may cause functional impairment that 

requires aggressive treatment. Functional impairments may include impairment of vision 

development, feeding patterns, or language due to location on the eyelid, lips, or inside the 

mouth. Other defects may include hemorrhage or airway defects due to obstruction. 

Treatment typically consists of surgical resection, laser coagulation, or embolization, 

whereas endovascular interventions are only used in extreme cases that involve thrombo-

cytopenia and bleeding diathesis.

Arteriovenous malformations vary from hemangiomas in that they are a benign growth 

of vascular channels with little and poorly dermarcated opacification during angiography. 

Direct percutenous injection of contrast typically optimizes opacification for imaging. 

Arteriovenous and venous malformations are typically treated conservatively, although 

complications such as hemorrhage, infiltration, or osseous involvement may require surgi-

cal resection or endovascular treatments.

Axial unenhanced T1-w (Fig. 2.25), enhanced T1-w (Fig. 2.26), axial T2-w (Fig. 2.27) and 

coronal and sagittal T2-w (Fig. 2.28) MR images exhibit the large, complex lesion with cys-

tic components and avid enhancement involving the right side of the face (and posterolat-

eral aspect of the neck ending at the right posterior triangle of the neck). This mass involves 

the oral cavity, masticator compartment, parotid space, and submental regions. The imag-

ing characteristics of this lesion are compatible with a large venous malformation.

Figure 2.25 

Figure 2.26 

Figure 2.27 

Figure 2.28 
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Retinoblastoma
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A 14-month old male presents with an abnormal fundoscopic exam. His mother has a his-

tory of bilateral retinoblastoma. Calcifications appear in the soft tissue of the left eye.

Retinoblastoma (RB) is the most common intraocular malignancy in children. Of all retin-

oblastoma cases 70–80% are in infants less than 2 years old, and these tumors arise from 

retinal tissue. The most common presentation of retinoblastoma is leukocoria in early 

childhood, or a whitening of the retina seen on fundoscopic exam.

The most common mutation associated with RB is in the RB1 tumor suppressor gene on 

chromosome 13 controlling progression of the cell cycle, and greater than 200 mutations 

have been found. Most cases are sporadic; however, 10% are heritable as an autosomal 

dominant disease. Hereditary RB is often bilateral (rather than unilateral), and among all 

cases of retinoblastoma approximately 30% are bilateral and 30% multifocal. “Trilateral 

RB” occurs in approximately 4–7% of individuals with bilateral retinoblastoma, where a 

small cell intracranial tumor concurrently develops. These individuals often present at an 

earlier age than those with unilateral or sporadic retinoblastoma, have a higher likelihood 

of hereditary retinoblastoma, may develop additional tumors in the pineal, suprasellar, or 

fourth ventricular regions, and have a poor prognosis.

Imaging studies triangle usually starts with US. On CT scan revealing a high-density 

mass with calcifications arising from the retina, although margins may vary from well 

delineated to very unclear. Calcification within these tumors is considered a primary factor 

in the radiological diagnosis of RB. Retinal detachment is often seen due to the local mass 

effect of the tumor, and extension of the tumor often follows the optic nerve or the lym-

phatics of the orbit. MRI should be used in patients with suspected intracranial spread of 

the tumor or with bilateral retinoblastoma, and increased attention should be given to 

areas mentioned above: the pineal, suprasellar, and fourth ventricular regions. MR images 

are more sensitive to the spread of the tumor along the optic nerve and, with contrast, 

illustrate a well-enhanced intraocular mass. Unenhanced T1-and T2-weighted MRI show a 

mass at approximately the same intensity as normal gray matter.

CT without and with contrast, show of the left orbit revealing retinal high density enhanc-

ing mass with calcifications (Figs. 2.29 and 2.30). MRI axial Fat-Sat post-contrast image 

reveals left retinal detachment due to a solid mass with homogenous enhancement 

(Fig. 2.31). Fundoscopic appearance of the lesion (Fig. 2.32).

Figure 2.29 

Figure 2.30 

Figure 2.31 

Figure 2.32 

Comments

Image Findings



42 Ana Alonso Murciano and María I. Martínez León 

Case 2.9 

Tuberous Sclerosis
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Young boy presents with known congenital syndrome and uncontrolled seizures.

Tuberous Sclerosis (TS) is an autosomal dominant neurocutaneous syndrome character-

ized by the presence of benign congenital tumors in multiple organs. The diagnosis is usu-

ally established on the basis of major and minor diagnostic criteria applied to physical or 

radiological findings. The classical triad of epilepsy, mental retardation, and sebaceous 

adenoma is rare. TS is caused by a mutation of two tumor-suppressing genes known as 

TSC1 and TSC2. Mutation in TSC2 tends to result in a more severe form of the disease and 

a higher number of cortical tubers (CTs). Neurological involvement is seen in 95–100% of 

cases and includes CTs, subependymal nodules (SNs), subependymal giant-cell astrocy-

tomas (SGCAs), and white matter abnormalities. Other common manifestations are 

renal angiomyolipomas (AMLs) (55–75% of cases) and cardiac rabdomyomas (50–65% of 

cases).

1. CTs are characterized by the presence of dysmorphic neurons and large astrocytes. 
Patients with more than six CTs present with a greater difficulty to control seizures.

2. SNs and SGCAs represent hamartomatous changes in subependymal tissue. SNs are fre-
quently calcified. SGCAs are typically located in the foramen of Monro and have a 
benign course. Nevertheless, due to their location, they may cause obstructive 
hydrocephalus.

3. White matter alterations include superficial white matter abnormalities associated with 
cortical tubers, radial white matter bands, and cyst-like lesions.

4. Cardiac rabdomyomas are benign striated muscle tumors that are commonly located in 
the ventricular septum and may be single or multiple. Most of them do not cause clini-
cal manifestations and spontaneous regression may occur.

5. AMLs are characterized by variable amounts of abnormal vessels and immature smooth-
muscle and fat cells. In patients with TS, AMLs usually develops at a younger age and 
tends to be larger in size, bilateral, and multiple.

CT without contrast shows calcified subependymal nodules and frontal bilateral cortical 

tubers (arrows) (Fig. 2.33). Axial T2-weighted MR image depicts multiple cortical tubers 

and white matter abnormalities (Fig. 2.34). Coronal FLAIR MR image displays a left sub-

ependymal giant cell astrocytoma (Fig. 2.35). CT with contrast shows bilateral renal angio-

myolipomas (Fig. 2.36).

Figure 2.33 
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Neurofibromatosis Type 1
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A 12-year-old boy with known neurofibromatosis type 1 presents with multiple café-au-

lait spots, visual disturbances, mild mental retardation, and scoliosis.

Neurofibromatosis type I (NF-1), formerly known as von Recklinghausen disease, is a rela-

tively common (1/3,000 live births) autosomal dominant genetic disorder classified as a 

neurocutaneous syndrome or phakomatosis. Diagnosis is usually established in childhood 

based on a series of well-known major and minor criteria.

Apart from the dermatological manifestations of the condition (café-au-lait spots, axil-

lary freckles, Lisch nodules of the iris), neurological abnormalities such as myelin vacu-

olization (40–90%), and optic tract (30%) and cerebral (1–3%) gliomas can also be 

identified. Dermal neurofibromas are seen in 90% of cases and plexiform neurofibromas in 

approximately 30% of patients. While neurofibromas are usually considered benign nerve-

sheath tumors, the plexiform variation has shown malignant transformation in up to 10% 

of cases. Other abnormalities include bone dysplasia (5%) and scoliosis. Patients with NF-1 

also have a higher risk of developing genetically related tumors such as rhabdomyosarco-

mas and neuroblastomas. Close monitoring is required due to their increased tendency to 

develop both benign and malignant neoplasms.

Imaging studies, specifically MRI, play an important role in the detection, extension 

assessment, and follow-up of the aforementioned neurological and non-neurological man-

ifestations of the disease.

Surgical resection of symptomatic tumors is currently the first line of treatment.

Axial FLAIR (Fig. 2.37) and coronal T2-weighted (Fig. 2.38) MR images show multiple focal 

hyperintense lesions of the cerebellar white matter, brainstem, and bilateral thalami. No 

mass effect or contrast enhancement is observed. These findings are consistent with myelin 

vacuolization. Coronal T1-weighted MR image shows a predominantly left-sided volume 

increase of the optic chiasm consistent with glioma (Fig. 2.39). Coronal STIR MR image of 

the thorax and superior abdomen exhibits a large number of paravertebral, intercostal, and 

bilateral subcutaneous tumors. Additionally, a large mass can be seen on the left hemitho-

rax with hyperintense lobulations and a central, target-like loss of signal, typical of neuro-

fibromas (Fig. 2.40).
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Case 3.1a: A 3-year-old boy presents with fever and altered mental status that develops after 

a case of chickenpox.

Case 3.1b: A 2-year-old boy presents with fever and headache.

Case 3.1c: A 3-year-old boy presents with headache and 10-day history of nocturnal vomit-

ing. Normal CT and CSF pressure are detected.

Acute disseminated encephalomyelitis (ADEM) is an autoimmune inflammatory and 

demyelinating disease of the CNS. Although the mechanism by which demyelination occurs 

is unclear, several theories have been suggested. In approximately 50–75% of cases, symp-

toms arise 4–15 days after an upper respiratory tract infection or after vaccination.

Clinically, multiple symptoms arise depending on the location of the CNS lesions. 

Occasionally, a prodromal period of fever, headache, nausea, vomiting, and altered mental 

status precede the remaining neurological manifestations. Although ADEM is typically 

monophasic, clinical recurrences occur in approximately 30% of cases and they develop 

more commonly in children under 10 years of age. Short- and long-term prognosis is usu-

ally favorable, yet in approximately 20% of patients neurologic sequelae persist.

T2-weighted and FLAIR MR images tend to show bilateral, irregular, ill-defined, and 

asymmetric lesions that are indicative of inflammation and demyelination of the subcorti-

cal white matter. A latency period of 2–35 days may exist between the onset of symptoms 

and the appearance of findings on MR.

The main differential diagnosis is multiple sclerosis, an aggressive, chronic illness with 

a poorer prognosis. An initial episode of multiple sclerosis can be almost indistinguishable 

from ADEM. Clinical, radiological, and serological CSF markers may be almost identical in 

both conditions. Treatment with corticosteroids and/or plasmapheresis is directed at sup-

pressing the immune response toward the infectious agent or vaccine.

Case 3.1a: Axial FLAIR MR image shows hyperintense lesions on the posterior limb of the 

right interior capsule and the periventricular occipital white matter (Fig. 3.1). On a higher 

axial FLAIR MR image, hyperintense lesions of the bilateral semioval centers can be 

observed (Fig. 3.2).

Figure 3.1 

Figure 3.2 

Case 3.1b: Axial T2-weighted MR image displays a hyperintense lesion of the right cerebel-

lar peduncle (arrow) (Fig. 3.3). 

Figure 3.3 Case 3.1c: Axial FLAIR MR image exhibits hyperintense lesions of the cortico-

subcortical white matter (Fig. 3.4).

Figure 3.4 

Comments

Imaging Findings
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Case 3.2

Multiple Sclerosis

Beatriz Asenjo García 
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A 13-year-old boy presents with paresthesia of the left side of the body.

Multiple sclerosis (MS) is a condition that is generally considered to be autoimmune in 

nature. It usually presents during young adulthood and is infrequent during childhood. 

Two types of presentation have been described: infantile (children under the age of 10) and 

juvenile (patients 10–15 years of age). The infantile form of the disease is a relapsing–

remitting subtype that tends to resolve at puberty. On the other hand, the juvenile form of 

MS is more aggressive, has frequent relapses and up to 16% presents a chronically progres-

sive clinical evolution.

MS presents with a single symptom in more than 50% of cases. Optic neuritis, ataxia, 

and paresis are common clinical manifestations at diagnosis. During childhood, differen-

tial diagnoses include metabolic illnesses, leukodystrophies, and especially disseminated 

acute encephalitis.

A diagnosis of MS is based on a series of clinical, radiologic, and laboratory findings. 

T1- and T2-weighted MR images with and without contrast are the conventional sequences 

used to detect and monitor demyelinating lesions. The appearance of new lesions, the 

enlargement of preexisting ones, or the presence of contrast enhancement determine the 

level of activity of the condition. Moreover, the severity of MS is related to the volume of 

the lesions themselves and the degree of cerebral atrophy. The most common diagnostic 

laboratory tool is the analysis of oligoclonal IgG bands in cerebrospinal fluid.

Currently, corticosteroid treatment is used to resolve active clinical crises. Management 

of MS with interferon beta-1a appears to reduce the continued activity of the disease and 

lowers the incidence of recurrences in patients with the relapsing–remitting form of MS. 

Nevertheless, the use of this drug in the pediatric population has many restrictions.

Axial T2-weighted and FLAIR MR images show multiple hyperintense, well-defined lesions 

located in the bilateral semioval centers and in the periatrial white matter (Figs. 3.5 and 3.6). 

Two of the lesions have enhancement on the T1-weighted MR image with contrast (Fig. 3.7). 

The post contrast T1-weighted sagittal MR image shows numerous, non-enhancing, 

hypointense lesions on the corpus callosum, termed “black holes” (Fig. 3.8). The presence 

of these lesions is consistent with diffuse axonal damage and therefore helps to determine 

the degree of disability.

Figure 3.5 

Figure 3.6 

Figure 3.7 

Figure 3.8 
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Case 3.3

Posterior Reversible Encephalopathy Syndrome
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A 5-year-old boy with a diagnosis of B-cell acute lymphocytic leukemia currently in che-

motherapy presents with a partial seizure and a decreased level of consciousness. Upon 

examination, high blood pressure is detected.

Posterior reversible encephalopathy syndrome (PRES) is a clinical and radiologic entity 

that has received multiple names including posterior reversible leukoencephalopathy, pos-

terior reversible edema syndrome, and hyperperfusion encephalopathy. None of these 

terms completely encompass the condition since it is not always reversible nor is it always 

located posteriorly.

Clinical manifestations include headache, visual disturbances, altered levels of con-

sciousness, and epileptic seizures. A common cause is high blood pressure (HPB). 

Furthermore, an association has been described between chemotherapy (especially with 

cyclosporine A), bone marrow transplants, hematological diseases, eclampsia, autoimmune 

disorders, and the presence of PRES.

The pathogenesis consists of cerebral autoregulatory defects and endothelial damage 

that lead to a disturbance of the blood-brain barrier (BBB) with secondary leakage of fluid 

to the extracellular space. When HPB ensues, causing vasospasm, the posterior region on 

the brain becomes more vulnerable, given its poorer sympathetic innervation.

On MRI, T2-weighted and FLAIR images show a predominantly posterior, bilateral, 

hyperintense, cortico-subcortical signal with ADC elevation consistent with vasogenic 

edema. Cerebellar and brainstem involvement is not uncommon. Microhemorrhagic foci 

may be present and contrast enhancement is generally minimal or absent.

The clinical evolution of PRES is heterogeneous. Although usually benign, this condi-

tion is not always reversible and imaging findings may not normalize, especially in patients 

with comorbidities.

FLAIR MR image shows symmetric, bilateral, predominantly posterior (parietal and occip-

ital) cortico-subcortical signal hyperintensity (Fig. 3.9). Cerebellar involvement with both 

white and gray matter lesions can also be observed (Fig. 3.10). Occasional low-signal foci 

consistent with hemosiderin from microhemorrhages can be seen on gradient-echo imag-

ing (Fig. 3.11). Diffusion-weighted MR images do not show restriction and ADC maps 

depict an increased diffusion coefficient due to vasogenic edema (Fig. 3.12). No abnormal 

contrast enhancement is observed (not shown).

Figure 3.9 

Figure 3.10 

Figure 3.11 

Figure 3.12 
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Case 3.4

Focal Cortical Dysplasia

Mercedes Bernabé Durán and María I. Martínez León 

Fig. 3.13 Fig. 3.14

Fig. 3.15 Fig. 3.16
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A 10-year-old girl presents with long-term seizures unresponsive to treatment.

Focal Cortical Dysplasia (FCD) was first described by Taylor in 1971. FCD is a defect that 

occurs during the process of neuronal proliferation in early stages of brain development. 

The condition Taylor described is characterized by a destructurization of the cellular archi-

tecture of the cerebral cortex.

The main clinical manifestations of FCD are epileptic seizures that begin in the first 

decade of life and do not respond to medical treatment. This condition may or may not be 

accompanied by different degrees of mental retardation.

The ideal imaging study for diagnosis is MRI. FCD presents as a localized area of corti-

cal thickening associated with lack of definition between white and gray matter. In addi-

tion, varying degrees of macrogyria and/or abnormal widening of sulci can also be 

identified. FCD signal is hyperintense in T1-weighted, T2-weighted, and FLAIR MRI 

sequences.

Patients may benefit from definitive surgical treatment aided by functional MRI studies 

that make the preservation of essential brain structures during resection possible.

The first differential diagnosis that must be considered is glioma, although they tend to 

have a larger size and are often associated with mass effect, edema, and gliosis. Additionally, 

while gliomas tend to enhance with contrast administration, FCD does not.

Spectroscopy of FCD shows an increase in the NAA/Creatine ratio; on the other hand, 

the Choline/Creatine ratio increases more in neoplasms. In diffusion-weighted sequences, 

the ADC in gliomas is significantly greater than in cortical defects such as FCD.

T1-weighted inversion-recovery coronal MR image with thin slices shows an area of left 

posterior parietal cortical thickening (Fig. 3.13). T2-weighted FLAIR MRI displays a signal 

increase associated with some degree of gliosis and loss of differentiation between white 

and gray matter without any secondary mass effect (Fig. 3.14). T1-weighted MRI with con-

trast shows an absence of contrast uptake (Fig. 3.15). Sagittal T1-weighted functional MR 

image shows an eloquent area of the brain, which directs motor function of the right hand 

(yellow) 5 mm from the FCD lesion (Fig. 3.16) (Courtesy of Dr. Jorge Gómez).

Figure 3.13 

Figure 3.14 

Figure 3.15 

Figure 3.16 
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Case 3.5

CNS Takayasu Arteritis
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Fig. 3.20
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An 11-year-old girl presents with left hemiparesis and facial paralysis secondary to acute 

stroke.

Takayasu arteritis (TA) is an idiopathic inflammatory vascular disorder primarily involv-

ing medium and large caliber arteries. This inflammatory granulomatous disease involves 

the tunica media and adventitia of vessel walls and thus results in luminal abnormalities 

(stenosis, occlusion, and aneurysm formation). Wall thickening and contrast enhancement 

can be seen early in the disease, while arterial stenosis, occlusions, and aneurysms appear 

later on.

Diagnosis is made based on clinical, laboratory, and radiologic data. The American 

College of Reumathology requires three of the following six criteria for diagnosis to be 

made: extremity claudication, age 40 or younger at onset, decreased brachial artery pulse, 

blood pressure difference greater than 10 mmHg, bruit over the subclavian artery and 

abnormal arteriogram.

MRI and ultrasound are two noninvasive techniques that allow for vasculature assess-

ment. Both techniques are useful for early diagnosis because of their ability to evaluate 

vessel wall thickness rather than just luminal narrowing or dilatation.

High-dose corticosteroids are effective for treating TA.

Neurological involvement is reported in only a minority of patients and neurological 

symptoms as the first manifestation of disease is uncommon. The subclavian and common 

carotid arteries are the most frequently affected in CNS TA. Despite severe vascular involve-

ment, the neurological prognosis of the disease with appropriate treatment is favorable.

ADC map image shows acute ischemic stroke of the territory of the perforating branches 

of the right middle cerebral artery (arrow) (Fig. 3.17). Axial T2-weighted MR image exhib-

its concentric wall thickening of the cavernous (Fig. 3.18) and petrous (Fig. 3.19) segments 

of the right internal carotid artery (arrows). Angiography of the circle of Willis without 

contrast with 3D reconstruction (with motion artifact) shows the absence of signal flow in 

the right internal carotid artery (Fig. 3.20a). Continued improvement was seen at 3 and 9 

months of follow-up (Fig. 3.20b, c).

Figure 3.17 

Figure 3.18 

Figure 3.19 

Figure 3.20a, b, c 
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Case 3.6

Premamilar Ventriculostomy
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Case 3.6a: Hydrocephalus due to myelomeningocele in a 6-year-old boy who needs premami-

lar ventriculostomy (PV) for cerebrospinal fluid (CSF) drainage. 

Case 3.6b: A 3-year-old boy with cerebellar astrocytoma and secondary obstructive 

hydrocephalus.

High levels of CSF in ventricular system needs alternative pathways of drainage, classically 

ventriculoperitoneal derivations solve this problem. Nowadays, ventricular endoscopy 

allows ventriculocisternothomy for treatment of hydrocephalus.

The most frequent third ventriculostomy is premamilar that offers significant advan-

tages: combines a minimal invasive approach with good visual control of the field of view, 

and low risk of vascular or neural damage. The perforation point is located at the midpoint 

of the height of the triangle formed by the base of the mamillary bodies and the apex of the 

infunfibular recess.

The radiological criteria for success can be:

1. Reduction in ventricular size ranging from 10% to 50% can be observed in the first 
week, even if the ventricles remain large.

2. Periventricular bright on T2, if present before operation, can disappear.
3. CSF flow artifact must be visible in midline on sagittal T2.
4.  The floor of the third ventricle, if bulging downward in the preoperative images, must 

be straight on postoperative images.
5.  Atrial diverticula and pseudocystic dilatation of the suprapineal recess, if present pre-

operatively, must disappear or decrease significantly.
6.  Pericerebral sulci, if not visible before operation, must reappear or increase in size.

Case 3.6a: Preoperative sagittal T2 view of third ventricle showing triventricular hydroceph-

alus with suprachiasmatic recess dilated, the floor of the third ventricle is deformed and 

bulges into the prepontine cistern (Fig. 3.21). Endoscopic view of the floor of the third ven-

tricle immediately after monopolar coagulation in PV (image yielded by Dr. Mosqueira from 

Neurosurgery Department of Carlos Haya Hospital) (Fig. 3.22). After 2 years, sagital T2 is 

showing ventriculostomomy persistence, floid void artifact is visible through the floor of the 

third ventricle (arrow) (Fig. 3.23). 

Figure 3.21 

Figure 3.22 

Figure 3.23 

Case 3.6b: Phase-contrast cine MRI showing functional third ventriculostomy (Fig. 3.24).

Figure 3.24 
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Case 3.7

Bilateral Cystic Microphthalmia (Bilateral Cystic Eye)
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Fig. 3.25

Fig. 3.27

Fig. 3.26

Fig. 3.28
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Newborn presents with bluish mass that distends both inferior eyelids without visualiza-

tion of the ocular globe upon examination.

Congenital unilateral or bilateral anophtalmia is a rare malformation. There are three clas-

sifications for this condition: primary, secondary, and consecutive/degenerative (bilateral 

75%, unilateral 25%) anophthalmia. The terms anophthalmia and bilateral microphthal-

mia are used interchangeably due to the difficulty to differentiate between them clinically. 

Degenerative anophthalmia or severe cystic microphthalmia is due to disturbances during 

week 4–8 of fetal age, causing degeneration of the optic vesicle. Clinical manifestations 

include rudimentary optic nerves, small orbit size, and an absent or small ocular globe. On 

the other hand, primary or secondary anophthalmia is caused by the arrest of development 

between the 1st and 4th week of fetal age with subsequent complete optic tract and orbit 

aplasia, due to an absence of neuroectodermal tissue.

Neuroimaging studies are indicated in cystic microphthalmia in order to assess for fur-

ther malformations (corpus callosum dysgenesis, visual cortex polymicrogyria, absence of 

the optic chiasm or posterior optic tract hypoplasia). Ipsilateral craniofacial malforma-

tions should be evaluated in unilateral anophthalmia. Hereditary cases have been reported 

and associations have been described between congenital rubella, maternal vitamin A defi-

ciency and consanguinity and the presence of this malformation.

Opportune treatment is key to the functional and esthetic prognosis of these patients. 

Frequent follow-up and ocular prosthetics that increase in size according to facial develop-

ment allow the orbit to expand in order to receive a definitive prosthesis at adulthood. 

Maintaining the ocular cysts inside the orbit allows for a more effective way of stimulating 

orbital development than prosthetic implants. Therefore, these remnants, although not 

functional, should be kept in place for the longest amount of time possible.

Ultrasound: multiple intraorbital cysts (white arrow) with cystic degeneration of the 

microphthalmic ocular globe and a malformed and hyperechogenic lens (black arrow) 

(Fig. 3.25). Axial CT shows extraconal space cysts, asymmetrical ocular globes that measure 

<1 cm, and a calcified lens (Fig. 3.26). Axial T1-weighted, coronal T2-weighted MR images 

show microphthalmia, intraconal cysts, optic nerve atrophy, and preservation of muscular 

structures (Fig. 3.27). Sagittal and axial CT images show the measurement of the anteropos-

terior, craniocaudal, and transverse dimensions of both orbits (Fig. 3.28).

Figure 3.25 

Figure 3.26 

Figure 3.27 

Figure 3.28 
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Case 3.8

Tuberculous Meningitis
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Fig. 3.29
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A 10-month-old girl presents with fever, headache, vomiting, malaise, and anisocoria. CSF 

obtained by lumbar puncture showed pleocytosis, hyperproteinorrachia, and decreased 

glucose levels.

CNS involvement by tuberculosis (TB) is one of the relatively common (10%) extrapulmo-

nary manifestations of this infectious disease. Clinical presentation may vary widely, thus 

making diagnosis difficult. There are three classifications for this condition: meningeal TB, 

intracranial tuberculoma, and spinal tuberculous arachnoiditis.

Meningeal TB occurs as a complication of post-primary infection in children. Up to one 

third of these patients present findings consistent with miliary TB on plain chest radio-

graphs. The presence of tuberculous proteins in the subarachnoid space causes an intense 

inflammatory reaction (proliferative arachnoiditis), generally located in the basal cisterns. 

MR is superior to CT for establishing diagnosis. With FLAIR MR images, meningeal thick-

ening, and presence of exudate in the suprasellar cisterns and perimesencephalic region 

can be seen. A significant contrast enhancement occurs and may extend to the cranial 

nerves and penetrating blood vessels. Associated vasculitis occurs in approximately 11% of 

cases and may cause thrombosis and ischemic changes in the basal ganglia, cerebral cortex, 

pons, and cerebellum. This inflammatory process causes communicating hydrocephalus in 

50–75% of patients. In up to 5–10% of cases tuberculomas are also present.

Diagnosis is usually difficult and a timely detection is key to establishing a favorable 

prognosis. Analysis of CSF by lumbar puncture is essential to the patient’s work-up. With 

neuroimaging studies, findings of basal meningeal contrast uptake with associated hydro-

cephalus are highly suggestive of TB meningitis.

An anteroposterior chest radiograph shows bilateral, perihilar, parenchymatous infiltrates, 

and a micronodular miliary pattern (Fig. 3.29). The axial FSE T2-weighted MR image shows 

subtle, bilateral foci of increased signal located in the basal ganglia, thalami, and white 

matter (Fig. 3.30). Additionally, a slight dilatation of the ventricles can be seen without 

signs of transependymal resorption. These lesions show restriction on DWI, which sug-

gests cytotoxic edema in relation to acute ischemic lesions (vasculitic phenomena) 

(Fig. 3.31). The axial T1-weighted MR image with contrast shows diffuse meningeal 

enhancement, especially of the basal region (Fig. 3.32). Furthermore, significant contrast 

uptake is seen of the interpeduncular cistern and the perivascular region surrounding the 

middle cerebral arteries.

Figure 3.29 

Figure 3.30 

Figure 3.31 

Figure 3.32 
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Case 3.9

Spinal Epidural Abscess

Víctor Pérez Candela 

Fig. 3.34

Fig. 3.35 Fig. 3.36
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A 32-day-old girl presents with a 5-day history of appearance of a 5 cm, midline mass 

located on the dorsal region on the back, which had increased progressively in size. Upon 

examination the mass had a soft consistency, no local inflammatory signs were observed 

and the patient presented paraparesis with slight flexion to pain stimuli.

Epidural abscesses are more frequent in older children and young adults rather than in 

infants and babies. Although many different microorganisms can cause epidural abscesses, 

Staphylococcus aureus is the most frequently implicated bacteria.

The most common clinical presentation includes fever, backache, and associated neuro-

logical deficit. Nevertheless, not all children present with an obvious mass as the girl in the 

case example did.

The disease-causing pathogens can present either a hematogenous dissemination or a 

direct extension to the spinal epidural space generating the formation of an abscess. The 

epidural space is wider at the dorsal lumbar region of the spine where the spinal cord is 

narrower. Epidural abscesses usually form at the dorsal aspect instead of the ventral side. 

This tendency is due to the fact that strong connective tissue filaments attach the dura to 

osseous structures ventrally while at the dorsal aspect the space contains adipose tissue.

In the specific case mentioned above, S. aureus was cultivated from the contents of the 

abscess. The suspected origin of the infection was thought to be the heel prick conducted 

to screen for metabolic abnormalities in newborns. A decompressive laminectomy was 

carried out to drain the abscess and the patient also received a 5-week IV antibiotic regi-

men. The girl’s recovery was excellent and she presented no neurologic sequelae.

Lateral chest radiograph shows a soft-tissue increase at the dorsal portion of the back 

(arrow) (Fig. 3.33). Ultrasound displays the cystic nature of the mass with echogenicity 

suggestive of pus that extends to the spinal canal through the adjacent spinous processes 

(Fig. 3.34). The T1-weighted MR image with contrast shows a hypointense epidural abscess 

with peripheral enhancement, which compresses the spinal cord anteriorly and extends 

from T4 to L1 (Fig. 3.35a). On the T2-weighted sagittal MR image the lesion appears hyper-

intense and the dura is seen as a hypointense line that divides the abscess from the CSF 

(Fig. 3.35b). The axial T1-weighted MR image shows the subcutaneous extension of the 

abscess (Fig. 3.36).

Figure 3.33 

Figure 3.34 

Figure 3.35a, b 
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Case 3.10

Mitochondrial Myopathy, Encephalopathy, Lactic Acidosis, and Stroke  
(MELAS) Syndrome
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A 7-day-old infant presents with respiratory distress. Clinical findings included pulmonary 

hypertension, cardiomyopathy, and respiratory failure.

MELAS refers to a group of mitochondrial disorders known to cause episodes of nausea, 

vomiting, headache, and reversible or irreversible stroke-like events. Onset is typically 

between 4 and 15 years of age, presenting most commonly in the second decade and 

uncommonly during infancy. At least six mutations are associated with MELAS syndrome, 

with the tRNALeu gene mutation, or the m3243 A-to-G point mutation, present in approxi-

mately 80% of cases. Other mutations may include mitochondrial DNA deletions.

Most patients present with lactic acidosis of both the serum and the CSF. During infancy, 

developmental delay, failure to thrive, stroke-like episodes, and seizures are very common. 

Also, cardiomyopathy is very common in MELAS, causing respiratory distress and short-

ness of breath. The cause of stroke-like episodes is unknown although it is thought to be 

related to the deficiency of functional mitochondria in the smooth muscle cells of arteries 

causing reduced cerebral blood flow.

Diagnosis is reached through imaging studies and mitochondrial DNA mutation analy-

sis serving as a confirmatory test. Imaging studies during the acute phase indicate swelling 

and T1 and T2 prolongation of affected portions of the CNS, most prominently in the pari-

etal lobe, occipital lobe, and basal ganglia. Between acute and chronic stages, adversely 

affected areas may disappear and then reappear during later imaging studies. The pattern 

created by these lesions is often random and does not follow a vascular distribution, thus 

ruling out infarct or embolism. MRS indicates increased lactate levels throughout the brain, 

elevated glucose, and reduced NAA, glutamate, and creatine.

Transcranial sonography (Fig. 3.37a, b), T1w-T2w MR images (Fig. 3.38a, b) that show 

changes on white matter with malacia secondary to chronic vascular events. MRS in MELAS 

indicates that lactate is very high, which is common due to dysfunctional mitochondria 

causing the cells to revert to glycolysis with an increase in lactate (Fig. 3.39). MRS also 

illustrates decreases in N-acetyl aspartate (NAA) and creatine (Cr) levels (Fig. 3.40).

Figure 3.37 

Figure 3.38 

Figure 3.39 

Figure 3.40 
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A 5-year-old girl presents with a 4-day history of fever. Routinely recommended immuni-

zations were complete. Blood work showed 24,500 leukocytes with 89% neutrophils.  

A plain chest radiograph was performed and antibiotic treatment was initiated. Thoracic 

ultrasound was ordered due to poor clinical evolution.

Parapneumonic pleural effusion and empyema are seen as a complication of approximately 

40% of bacterial pneumonias in children that require hospital admission. The presence of 

effusion worsens the clinical prognosis of lower respiratory tract infections. Currently,  

a greater number of cases of empyema have been documented, which may be related to 

pneumococcal vaccination. However, it has not been determined whether there is a greater 

incidence of pneumonia or whether a greater percentage of them present complications 

such as theses.

Parapneumonic pleural effusion evolves through exudative, fibropurulent (infected and 

loculated), and proliferative (fibroblast proliferation) stages. Although plain chest radiog-

raphy is the study of choice for pneumonias, thoracic ultrasound is a useful complement 

that aids in evaluating pulmonary parenchyma and pleural effusion. Certain characteris-

tics are assessed in order to determine whether the effusion is simple or complex. Complex 

effusions show mobile internal echos, fibrinous bands, septations, and honeycomb pat-

terns. On ultrasound, both transudate and exudate may appear anechoic, yet features com-

patible with complex effusions always indicate exudative fluid. When a moderate amount 

of fluid is identified, a diagnostic and therapeutic thoracentesis should be performed. 

Indications for invasive treatment (thoracostomy tube + fibrinolytics, or surgery) include 

loculated effusions that occupy 50% or more of the hemithorax and have positive cellular 

cultures.

AP chest radiograph reveals a right lower lobe consolidation and associated pleural effu-

sion with mediastinal displacement to the left (Fig. 4.1). Thoracic ultrasound shows pleural 

effusion with thin fibrous bands (Fig. 4.2). On follow-up ultrasound performed 5 days later, 

the effusion has organized and shows fibrous septations that loculate the fluid (Fig. 4.3). 

Additionally, adjacent pulmonary consolidation with sonographic air bronchogram can be 

seen. Doppler shows an increase in pleural flow due to inflammatory changes (Fig. 4.4).

Figure 4.1 

Figure 4.2 

Figure 4.3 

Figure 4.4 
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A 5-month-old girl presents with progressive breathing difficulty and high fever. Comple-

mentary tests demonstrate leukocitosis, PPD test with 10 mm at 48 h, and PCR positive to 

Mycobacterium Tuberculosis.

Primary pulmonary tuberculosis (TB) is the most common form in childhood, and has the 

highest prevalence in children less than 5 years of age. It manifests as four main entities:

Lymphadenopathy: Mediastinal or hilar lymphadenopathy with central necrosis is the ##
most frequent radiologic finding in children. They are typically unilateral and right 
sided (hilum and right paratracheal region). Computed tomography (CT) shows nodes 
with low-attenuation center secondary to caseous necrosis and peripheral rim enhance-
ment, and frequently suggests active disease. They usually calcify 6 months or more 
after the initial infection.
Parenchymal disease: It manifests as dense, homogeneous parenchymal consolidation ##
with predominance in the lower and middle lobes. Lobar or segmental atelectasis is 
frequently seen in children under 2 years of age. The parenchymal focus resolves with-
out sequelae at chest radiographs. A radiologic scar persists in 15% of cases (Ghon 
focus). Tuberculomas are seen in 9% of the cases.
Miliary disease: It refers to widespread dissemination of TB by hematogenous spread. It ##
manifests within 6 months of initial exposure. High-resolution CT is more sensitive 
than plain films. The typical radiographic findings are diffuse small 2–3 mm nodules 
with lower lobe predominance and random distribution. They usually resolve within 
2–6 months with treatment. In children under 5 years is recommended a cranial CT 
because there is a high prevalence of CNS dissemination in miliary disease.
Pleural effusions: It is a very uncommon finding in children, more frequent in adoles-##
cents, usually unilateral. Ultrasound demonstrates a complex septated effusion.

Chest radiographs play a major role in the screening and diagnosis in children with TB. 

They may be normal or show nonspecific findings in patients with active disease. CT scans 

can detect the extent of disease and can reveal lymphadenopathy, calcifications, broncho-

genic nodules, and complications better than chest conventional radiography.

Conventional chest radiograph shows a large parenchymal consolidation in right middle 

and lower lobes (Fig. 4.5). Contrast-enhanced CT demonstrates mediastinal lymphadenop-

athy in right paratracheal region (Fig. 4.6) and subcarinal (Fig. 4.7), with low-attenuation 

center secondary to necrosis and peripheral rim enhancement. Extensive parenchymal 

consolidation in the middle and lower lobes with hypoattenuated areas due to necrosis and 

mass effect with mild mediastinal shift (Fig. 4.8).

Figure 4.5 

Figure 4.6 
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Figure 4.8 
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Case 1: Measles, 

Case 2: Measles with bacterial coinfection, 

Case 3: Upper respiratory tract infection by respiratory syncytial virus (RSV), 

Case 4: RSV pneumonia.

Viruses are the most common cause of respiratory tract infections in childhood. In immu-

nocompetent infants and small children, the most frequently implicated viral pathogens 

include RSV, influenza, parainfluenza, and adenovirus. The severity of clinical presentation 

depends on the virulence of the infectious agent and the immunocompetence of the host. 

Diagnosis is based on cellular culture and serologic analysis results, and bacterial coinfec-

tion is considered the most common complication. Long-term pulmonary sequelae may 

result from the inflammatory effects of viral infection with associated bacterial coinfection 

on the airways.

The main clinical manifestations of respiratory tract infections are tracheobronchitis, 

bronchiolitis, and pneumonia.

Radiologic findings of viral pneumonia do not tend to indicate a specific pathogen. Plain 

chest radiographs show disseminated, patchy consolidations that may display varying 

degrees of confluence. On occasion, they may present an ill-defined nodular pattern. 

Bronchial wall thickening and peribronchial shadows are a common characteristic of viral 

pneumonias. Air entrapment may occur in infections that compromise small caliber air-

ways. Adenopathies are usually rare findings, although they are commonly seen in measles 

and mononucleosis. On CT images, septal thickening, nodules with associated halo sign, 

and centrilobular nodules may also be seen.

Measles is an infection caused by a myxovirus that may produce pneumonia in 3–4% of 

cases, along with other systemic and cutaneous manifestations. Radiologically, measles 

pneumonia displays a reticular pattern with peribronchovascular thickening, patchy con-

solidations, and associated adenopathies (Fig. 4.9). Bacterial coinfection is with measles 

pneumonia (Fig. 4.10). RSV is responsible for approximately 15% of mild upper respiratory 

tract infections and around 45% of lower respiratory tract infections. This virus causes 

stridorous laryngitis and presents radiologically with the steeple or pencil sign. Furthermore, 

it is an important cause of bronchiolitis and pneumonia. Plain chest radiographs show 

peribronchial thickening, pulmonary hyperinflation, lobar collapse and, occasionally, con-

solidations (Figs. 4.11 and 4.12).

Figure 4.9 
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A 15-year-old boy diagnosed with acute myeloblastic leukemia and treated with bone mar-

row transplantation presents with diarrhea and abdominal pain, as well as graft rejection 

and pancytopenia. Upon examination, cough and respiratory distress are observed without 

associated fever.

The main risk factor for pulmonary fungal infection is neutropenia, which frequently 

occurs with oncologic patients, especially those diagnosed with leukemia and receiving 

bone marrow transplants.

The most commonly implicated pulmonary fungal pathogens in these patients are spe-

cies of Aspergillus.

Two separate types of invasive pulmonary aspergillosis have been described, one that 

affects the respiratory tract and the other that involves the blood vessels. Angioinvasive 

aspergillosis occurs almost exclusively in immunosuppressed patients with severe neutro-

penia and it generally develops early on in the post-bone marrow transplant period. 

Invasion and occlusion of small and medium caliber airways by fungal hyphae cause 

peripleural necrotic nodules and hemorrhagic pulmonary infarcts.

On the other hand, pulmonary aspergillosis is histologically characterized by the pres-

ence of Aspergillus beyond the basement membrane of the tracheobronchial tree. Patients 

with neutropenia and AIDS are most frequently affected. Definitive diagnosis is achieved 

by histological and/or microbiological studies of pulmonary tissue obtained by open, 

transbronchial, or percutaneous biopsy.

Chest radiography shows nonspecific findings, including consolidations, perihilar infil-

trates, and pleural effusion. Aspergillosis should be considered in patients with clinical 

suspicion and presence of large peripleural consolidations and multiple nodules on radio-

logic studies. Frequently, chest radiographs are normal (Fig. 4.13) and additional imaging 

is indicated. CT reveals ill-defined nodules with associated halo sign consistent with hem-

orrhagic infarcts surrounding necrosed pulmonary parenchyma (Figs. 4.14 and 4.15). 

Other findings on CT include parenchymal consolidations (arrow) and pleural effusion 

(Fig. 4.16). At approximately 2–3 weeks after treatment, which coincided with resolution of 

the patient’s neutropenia, the nodules presented cavitation (“air crescent” sign), a finding 

that is uncommon in children.

Figure 4.13 
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A 12-year-old girl with known diagnosis of cystic fibrosis (CF) presents with respiratory 

tract infection.

CF or mucoviscidosis is an autosomal recessive disorder caused by a mutation of the trans-

membrane conductance regulator gene (CFTR) found in chromosome 7, known as DF508. 

The defective CFTR protein serves as a chlorine ion channel, affecting the chemical com-

position of mucous secretions and altering pancreatic function.

CF usually presents with abnormal electrolyte levels in sweat, poliposis, sinusitis, vary-

ing degrees of pulmonary compromise, exocrine pancreatic insufficiency and infertility in 

males. Nevertheless, it may affect practically any organ of the body.

Respiratory tract infections continue to be the main cause of morbidity and mortality in 

patients with CF. During the first decade of life, Staphylococccus aureus and Haemophilus 

influenzae are the most frequently implicated pathogens. Later on, Pseudomona aerugi-

nosa and Burkholderia sp. are more common.

Radiologic manifestations of CF include:

1. Thickening of bronchial walls and dilatation of bronchi (bronchiectasis, bronchiolectasis) 
due to thick mucus plugs and chronic infection

2. Gloved finger opacities consistent with mucus plugging
3. Cystic lesions consistent with bronchiectasis, abscesses and pulmonary bulla
4. Intermittent atelectasis and focal consolidations
5. Increase in hilar size with adenopathies and dilatation of pulmonary arteries
6. Pulmonary hyperinflation due to obstruction of small caliber airways (mosaic pattern)

The most commo cations of CF are pneumothorax caused by cystic rupture and hemopty-

sis due to bronchial artery hypertrophy.

CT imaging allows for a more detailed visualization of pulmonary abnormalities. On the 

other hand, its usefulness in acute exacerbations is limited.

Although several classification systems have been proposed, the Bhalla system is most 

widely used due to the excellent correlation seen between CT scoring and functional analy-

sis results.

Chest radiography shows air entrapment, bronchial dilatation, and nodules adjacent to 

secretion-filled bronchi (Fig. 4.17). Coronal CT image shows a mosaic pattern (Fig. 4.18). 

Axial CT images reveal evidence of mucus impaction and bronchial dilatation (tramlines) 

(Figs. 4.19 and 4.20).
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An 18-month-old boy presents with respiratory distress. Chest radiography reveals signs of 

pneumothorax.

Pleuropulmonary blastoma is a dysontogenetic tumor that arises from embryonic precur-

sors, as do neuroblastomas, Wilm’s tumors, and nephroblastomas. The age of onset is 

approximately 5–6 years. Its origin is found to be the pulmonary blastoma and the primi-

tive esplacnopleural and somatopleural mesoderm. This explains its variable location 

(pleural, pulmonary, or mixed) as well as its ability to differentiate into various mesenchy-

mal lines (rhabdomyosarcoma, chondrosarcoma, or angiosarcoma). These characteristics 

and the histological absence of epithelial elements distinguish it from pulmonary blas-

toma, a tumor that generally occurs during adulthood.

Pleuropulmonary blastoma has been classified in three categories based on age of pre-

sentation and degree of aggressiveness. The type I, entirely cystic variant, occurs in chil-

dren under 1 year. In 10% of cases, it presents with spontaneous pneumothorax. However, 

advances in prenatal screening hope to reduce the incidence of these unexpected complica-

tions. The type II, mixed cystic and solid form of the tumor usually presents in children 

2–3 years of age. Finally, the type III, entirely solid variant is generally very large in size and 

appears in slightly older children.

Type I pleuropulmonary blastomas show up on imaging studies as lesions with an over-

lapping appearance with cystic adenomatous malformation. Nevertheless, this finding has 

only been observed in prenatal screening analyses. However, even if it appears later than 

cystic adenomatoid malformation (i.e., second trimester of the intrauterine period), it is 

impossible to differentiate by current imaging modalities (i.e., US), so a surgical manage-

ment is usually required. Type I lesions are usually low-grade malignancies in comparison 

to multilocular cystic nephromas, cystic nephroblastomas, and thyroglossal cyst papillary 

carcinomas. This finding raises the question about the connection between these malfor-

mations and their malignant transformation.

Plain chest radiography shows signs of pneumothorax (Fig. 4.21). CT image performed 

after evacuation shows residual pneumothorax and a multi-septated cyst suggestive of cys-

tic adenomatous malformation (Fig. 4.22). Pathological findings were of a cystic mem-

brane composed of ciliated epithelium and filled with multiple undifferentiated small cells 

(Figs. 4.23 and 4.24). Final diagnosis of pleuropulmonary blastoma was made.
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Case 4.7

Endobronchial Tumor: Mucoepidermoid Carcinoma

Pilar García-Peña and Ana Coma Muñoz 

Fig. 4.25 Fig. 4.26

Fig. 4.27 Fig. 4.28



89Thorax   

A 10-year-old girl presented repeated episodes of cough and lung collapse. Hemoptysis was 

present in the last episode. The physical examination showed no stridor or wheezing, and 

she had no fever. However, during the last episode, breath sounds were clearly decreased in 

the left hemithorax.

Endobronchial tumors are rare in the pediatric population. The most common are 

squamous papilloma, bronchial carcinoid, mucoepidermoid carcinoma, and leiomyoma. 

Adenoid cystic carcinoma and hamartoma are less frequent. Endobronchial lesions gener-

ally arise in a main-stem bronchus or in the proximal portion of the lobar bronchi. Clinical 

symptoms and radiologic findings are related to bronchial obstruction. In addition to air-

way foreign bodies, these tumors should be considered in the differential diagnosis of per-

sistent or recurrent symptoms and chest radiography abnormalities.

Mucoepidermoid carcinoma represents about 10% of primary pulmonary malignant 

neoplasms occurring in children. Patients typically present with cough, fever, expectora-

tion, wheezing, hemoptysis, and chest pain. Hemoptysis occurs in at least 50% of patients, 

reflecting the highly vascular nature of these neoplasms. Persistent lung collapse, as in 

aspirated foreign body, leads to bronchoscopy, which often establishes the diagnosis. About 

25% of patients are asymptomatic, so that mucoepidermoid carcinomas are found 

incidentally.

Chest radiography is the initial investigation of choice in most cases. Although most 

mucoepidermoid carcinomas are primarily endobronchial lesions, they may extend into 

the adjacent parenchyma (“iceberg” lesion). Bronchoscopy shows an intraluminal compo-

nent, whereas computed tomography (CT) and magnetic resonance (MR) imaging provide 

better anatomic delineation of both the intraluminal and extraluminal components. 

Moreover, CT postprocessing techniques, such as multiplanar reformatting, volume ren-

dering, and virtual bronchoscopy, assist in surgical planning by providing a better repre-

sentation of the three-dimensional anatomy.

Axial contrast-enhanced CT demonstrates an enhancing endobronchial lesion arising from 

the left main-stem bronchus. There is no lymphadenopathy or extramural extension 

(Fig. 4.25). Axial oblique CT reconstruction through the left main-stem bronchus axis 

shows the endobronchial lesion located 1 cm from the carina, and secondary obstructive 

emphysema in the left lung (Fig. 4.26). Reconstructed coronal CT image provides a good 

depiction of the tumor and the obstructive emphysema (Fig. 4.27). Virtual bronchoscopy 

demonstrates obstruction of the left main-stem bronchus (Fig. 4.28).
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Case 4.8 

Pulmonary Artery Sling
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An infant presents with recurrent respiratory stridor.

Pulmonary artery sling or aberrant origin of the left pulmonary artery is characterized by 

an abnormal origin of the left pulmonary artery from the right pulmonary artery. Axial 

contrast-enhanced CT of the chest at the level of the pulmonary hila reveals an abnormal 

origin of the left pulmonary artery from the right pulmonary artery running laterally to 

distal trachea. The aberrant left pulmonary artery typically passes above the right main-

stem bronchus and courses between the trachea and the esophagus to the left pulmonary 

hilum, explaining the abnormal finding in the esophagogram. Chest X-ray film may show 

hyperlucency of the right lung and deviation of the trachea to the left, with narrowing of the 

distal tracheal air column. A barium esophagogram is often diagnostic, showing an anterior 

indentation of the esophagus, a finding that is only seen in this type of vascular ring.

Associated anomalies of the tracheobronchial tree are seen in 50% of affected patients. 

The most common malformation being hypoplasia of the distal trachea or right main-stem 

bronchus usually associated with complete cartilaginous rings (“napkin ring cartilage”), 

tracheomalacia, and tracheal bronchus. Cardiovascular anomalies are also common 

(>50%), including persistent left superior vena cava that drains into the coronary sinus, 

atrial and ventricular septal defects, patent ductus arteriosus, aortic arch anomalies, and 

tetralogy of Fallot. The majority of these patients present with respiratory symptoms dur-

ing the first year of life and despite significant improvement with early surgical correction, 

mortality remains high.

Lateral projection esophagogram with oral contrast demonstrates a vascular structure that 

indents the anterior aspect of the medial–proximal portion of the esophagus (arrow) 

(Fig. 4.29). Contrast-enhanced cardiac gated axial CT demonstrates the abnormal origin of 

the left pulmonary artery from the right, encircling a narrowed distal trachea (Fig. 4.30). 

Sagittal reconstruction shows the abnormal position of the left pulmonary artery between 

the trachea and the air-distended esophagus (Fig. 4.31). Volume-rendered 3D reconstruc-

tion illustrates the abnormal branching pattern of the pulmonary trunk (Fig. 4.32).
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Case 4.9

Partial Anomalous Pulmonary Venous Return (PAPVR)
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Case 4.9a: A 16-year-old female presents with fatigue.

Case 4.9b: A 17-year-old female presents with arrythmia.

Partial anomalous venous return is characterized by abnormal drainage of one, two, or 

three pulmonary veins into the systemic circulation, as opposed to total anomalous pulmo-

nary venous return (TAPVR) in which all four pulmonary veins drain into the systemic 

venous system.

Partial anomalous pulmonary venous return (PAPVR) is an uncommon condition with 

a prevalence of <1% and the right lung is more commonly affected. Anomalous right lung 

veins can drain into the systemic circulation via the SVC, azygos vein, right atrium, coro-

nary sinus, or IVC. Association with an atrial septal defect is common. Clinical presentation 

is similar to that of an intracardiac shunt with manifestations including fatigue, chest pain, 

dyspnea, and heart murmurs. Right upper lobe PAPVR is commonly associated with sinus 

venosus ASD. Anomalous veins in the left side are more commonly seen in the upper lobe 

and are associated with ostium secundum ASD. Left upper lobe PAPVR is usually asymp-

tomatic, and therefore an incidental finding. A PAPVR in the right lung, draining into veins 

below the diaphragm (IVC, hepatic veins, or other veins), is typically associated with hyp-

oplastic right lung and is known as hypogenetic lung syndrome, venolobar syndrome, or 

scimitar syndrome because of the appearance of the anomalous vein on chest X-rays.

The presence of an anomalous venous connection can also be suspected when the 

anomalous vein is canalized by a central venous catheter revealing an abnormal position.

Case 4.9a: Axial contrast-enhanced CT image (Fig. 4.33) and coronal reconstruction 

(Fig. 4.34) reveal an anomalous connection of the right upper lobe pulmonary veins to the 

superior vena cava consistent with PAPVR.

Figure 4.33 

Figure 4.34 

Case 4.9b: Axial contrast-enhanced CT image (Fig. 4.35) and oblique planar MIP recon-

struction (Fig. 4.36) demonstrate anomalous venous return from the left upper lobe to a 

vertical vein that drains into the left innominate artery consistent with left upper lobe 

PAPVR.
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Case 4.10

Coarctation of the Aorta

Carlos Marín 

Fig. 4.38Fig. 4.37

Fig. 4.39

Fig. 4.40



95Thorax   

A 12-year-old male presents with hypertension and asymmetric pulses. Transthoracic 

ultrasound was limited due to poor acoustic window.

Coarctation of the aorta (CoAo) is a congenital obstruction of the aorta, almost invariably 

located at the insertion of the ductus arteriosus. It represents the eighth most common 

cardiac malformation and 4% of children with congenital heart disease present some 

degree of CoAo. It has been divided into four subtypes: uncomplicated coarctation of older 

children, neonatal coarctation (with or without ventricular septal defect), CoAo with val-

vular or complex heart disease, and atypical coarctation of the aorta (thoracic or abdomi-

nal CoAo, mainly associated with Williams syndrome and other diseases). Different 

treatment approaches are applied according to the specific variant. This section will focus 

on uncomplicated coarctation in older children.

Since most patients are asymptomatic, CoAo is usually diagnosed when patients pre-

senting asymmetric pulses or rib notching on chest radiograph undergo further work-up 

in search of heart murmurs and arterial hypertension.

In neonatal coarctation, cardiac US is usually sufficient to establish diagnosis. On the 

other hand, in older children, poor acoustic windows and large patient size preclude ade-

quate visualization of the aortic isthmus and descending aorta. Chest radiography in young 

children is usually normal. Indentation in the aortic arch or rib notching can be seen in 

older patients, generally children over the age of 12. CT and MR are effective studies for 

accurate visualization of the thoracic aorta. Lack of ionizing radiation is a major advantage 

of MR over CT, especially in this age group since frequent posttreatment follow-up imaging 

is often needed. MR images provide morphologic information of the ascending aorta, 

transverse arch, isthmus, and descending aorta diameters, as well as the presence of col-

lateral blood vessels. Functional MR imaging adds invaluable data on pressure gradient, 

hemodynamic significance of collateral circulation and heart function.

Conventional black-blood spin echo imaging usually suffices for CoAo diagnosis (arrow) 

(Fig. 4.37). However, contrast-enhanced MR angiography better depicts the diameter of the 

aortic segments and collateral vessels (Fig. 4.38). Rendered images show increased circula-

tion through the internal thoracic arteries, intercostal arteries, and cervical plexus 

(Fig. 4.39). Chest radiography, taken after endovascular repair, displays the location of the 

endovascular stent (black arrow) and rib notching of the lower ribs (white arrows) 

(Fig. 4.40).
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An 18-month-old boy presents with abdominal pain, incessant crying, and lower extremity 

flexion.

Intussuception is one of the most frequent causes of acute abdomen in childhood. This 

occurs when a portion of the intestine (intussusceptum) invaginates into a distal section of 

bowel (intussuscipiens). The usual age of presentation is between 6 months and 2 years and 

it is generally idiopathic in nature. The ileocecal region is the most common location. 

Ultrasound has replaced radiography and barium enema as a non-radiation alternative 

that serves both as a diagnostic tool (sensibility 98–100%, specificity 88–100%) and as a 

guide in reduction procedures.

The classic clinical presentation includes colic-type abdominal pain with a palpable 

mass and bloody stool. Since this triad is present in less than 50% of patients, imaging 

studies are essential in establishing diagnosis. Abdominal radiography is used in cases of 

low-suspicion or in order to detect associated complications (perforation or intestinal 

obstruction). Appearance on ultrasound depends on the location and plane used to evalu-

ate the bowel.

Hydrostatic reduction consists of applying pressure directly to the invaginated intestine 

without exceeding 120 mmHg (150 cm on saline solution barometry) in order to protect 

against possible perforation. Ultrasound-guided hydrostatic reduction using saline enema 

is often effective. Absolute contraindications include: dehydration, shock, and evidence of 

perforation. If after a 10-min attempt, reduction of the invaginated bowel is not attained, 

the procedure should be suspended. Furthermore, if the intussuscipiens has been displaced 

into the base of the cecum, reduction should be reattempted after a few hours, when edema 

has subsided. Although resolution is obtained in up to 95% of cases, the condition may 

recur.

Radiography of the abdomen shows changes in the normal distribution of bowel gas with 

an appearance resembling a soft-tissue mass, usually in the right upper quadrant (arrow) 

(Fig. 5.1). Meniscus sign may or may not be present. Ultrasound reveals a complex mass 

with a concentric ring pattern (Fig. 5.2) and an echogenic center with a hypoechoic halo. 

These findings correspond to invaginated mesointestine with associated lymphadenopa-

thies (white arrow). A sandwich-like appearance is revealed on the longitudinal plane view 

(black arrows) (Fig. 5.3a, b). Real-time ultrasound guides hydrostatic reduction and shows 

reopening of the ileocecal valve (white arrow) and filling of the terminal ileum (asterisk) 

(Fig. 5.4a–d).

Figure 5.1 

Figure 5.2 

Figure 5.3 

Figure 5.4a–d 
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A 3-week-old boy presents with progressively worsening vomiting after feeding and asso-

ciated weight loss.

Hypertrophic pyloric stenosis (HPS) represents the most common surgically treated cause 

of vomiting in infants and is more frequent in males and in patients with genetic suscepti-

bility. This condition generally presents during the first weeks of life caused by an idio-

pathic lack of antro-pyloric muscle relaxation, which leads to progressive hyperplasia and 

hypertrophy and ultimately, obstructed gastric emptying.

Clinically, previously healthy infants present with non-bilious vomiting that turns pro-

jectile. Associated irritability, due to hunger and related electrolyte disturbances, dehydra-

tion, and malnutrition, can also be seen. Physical examination may reveal a palpable pyloric 

“olive” or, in advanced cases, visualization of gastric contraction through the abdominal 

wall.

Radiography of the abdomen shows gastric distension (Fig. 5.5). On occasion, evidence of 

distal gas may be absent. Currently, diagnosis of HPS is established by ultrasound, which 

provides useful information without the use of ionizing radiation or contrast agents. Direct 

signs include: thickening (>11 mm) and elongation (>15 mm) of the pyloric canal, as well 

as hypoechoic thickening of the musculature (>3–4 mm) (Fig. 5.6). The gastric mucosa 

presents hypertrophy and prolapses toward the antrum (arrow); this is known as the “nip-

ple sign” (Fig. 5.7). Color Doppler shows increased vascularization of both the muscular 

and mucosal layers (Fig. 5.8). Real-time imaging may reveal indirect signs such as gastric 

distension, defective opening of the distal stomach as peristaltic waves approach, and asso-

ciated gastroesophageal reflux.

Barium studies are reserved for nonconclusive cases or for when other causes of upper 

digestive tract obstruction are being evaluated (gastric or duodenal membranes). Classic 

findings of these studies include: an elongated pyloric canal with a double linear image that 

appears train track-like, extrinsic bulging of the musculature on the antrum (“shoulder 

sign”), and vigorous peristalsis.

Figure 5.5 

Figure 5.6 

Figure 5.7 

Figure 5.8 
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A 5-year-old boy presents with a 24-h history of right lower quadrant pain and low fever. 

Blood work reveals moderate leukocytosis.

Inflammation of mesenteric lymph nodes is a common cause of abdominal pain in chil-

dren. Although usually caused by viral infection, it may also develop secondary to patho-

gens such as Yersinia enterocolitica, Campylobacter jejuni, and different species of 

Salmonella. It has also been documented in children with streptococcal pharyngitis or 

with ileocolitis. Clinical presentation is often nonspecific. Classic symptoms include 

abdominal pain, fever, nausea, and occasionally diarrhea.

Mesenteric lymphadenopathy is considered a self-limiting condition and its main diffi-

culty is differentiating it from cases of acute appendicitis. Imaging studies are essential for 

establishing the correct diagnosis. Both ultrasound and CT reveal enlarged mesenteric 

lymph nodes. Since it represents a diagnosis of exclusion, a normal-appearing appendix 

must be demonstrated.

The presence of enlarged lymph nodes is a common finding in children. No definite 

node size criteria have been established to diagnose mesenteric lymphadenopathy. However, 

values of >8 mm on the minor axis and >20 mm on the mayor axis are generally considered 

pathological. Apart from size, other characteristics such as number, morphology (rounded), 

and associated clinical presentation (pain during ultrasound probing) may aid in the final 

diagnosis.

Radiograph of the abdomen shows the large bowel with fecal matter and nonspecific gas 

distribution, except for a relative absence of luminal air in the right lower quadrant 

(Fig. 5.9). Linear ultrasound reveals enlarged mesenteric lymph nodes (Fig. 5.10). This 

finding is more evident at the right lower quadrant, although it may also be seen in other 

mesenteric regions. The intestinal bowel shows normal thickness and no significant abnor-

malities (Fig. 5.11). The appendix is clearly seen with a caliber of less than 4 mm and nor-

mal echogenicity (Fig. 5.12). Findings of a normal appendix and non-inflamed bowel 

established the diagnosis of mesenteric lymphadenopathy.

Figure 5.9 

Figure 5.10 

Figure 5.11 

Figure 5.12 
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A 12-year-old boy presents with a 36-h history of right lower quadrant pain and fever. 

Blood work revealed leukocytosis and a differential shift to the left.

Pathogenesis of acute appendicitis is poorly understood. An obstructive cause is consid-

ered the most likely theory. Blockage of the appendicular lumen secondary to appendico-

liths, fecal matter, lymphoid hyperplasia, and tumors lead to distension of the appendix.  

A distended appendix is susceptible to infection and mucosal damage. Inflammatory 

changes lead to increased vascularization, mucosal ulceration, and ultimately perforation. 

Cases related to systemic, usually viral, infections have also been documented.

Typical clinical presentation consisting of right lower quadrant pain, vomiting, and fever 

is not always present in children, especially younger patients. In atypical cases, imaging 

studies are essential in determining an accurate diagnosis. Evidence suggesting the most 

effective imaging study is scarce. CT is generally considered to be superior to ultrasound in 

evaluating for possible appendicitis. Nevertheless, given the great disadvantage that ioniz-

ing radiation represents to this age group, ultrasound is usually the initial study of choice. 

CT would then be reserved for nonconclusive cases.

Dynamic ultrasound shows an inflamed, noncompressible appendix with increased cali-

ber (>6 mm), rounded morphology, and peristaltic wave absence. Increased vascular flow 

seen by Doppler aids in the final diagnosis. Ultrasound also allows for the identification of 

appendicoliths, even those that are not calcified. In more advanced cases, there is notable 

lack of definition between the layers of the appendix wall. CT findings include distension, 

wall thickening (which may present contrast enhancement), and periappendicular inflam-

matory changes.

B-mode ultrasound of the right lower quadrant shows a noncompressible, fixed, tubular 

structure, which can be visualized completely (Fig. 5.13). Its wall is thickened and the 

mucosa is irregular. The mesoappendix shows increased echogenicity secondary to inflam-

matory changes. The distal end is ill-defined (real-time image not obtained), a finding that 

suggests perforation. Transverse planes allow for accurate measurements of the caliber of 

the appendix, in addition to showing its rounded morphology and noncompressible nature 

(Fig. 5.14). Doppler (Fig. 5.15) displays wall vascularization and adjacent reactive lymph-

adenopathies can be seen (Fig. 5.16).

Figure 5.13 

Figure 5.14 

Figure 5.15 

Figure 5.16 
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A 12-year-old boy presents with abdominal pain during last 2 months and weight loss  

of 4 kg.

Inflammatory bowel diseases (IBDs) are complex genetic disorders that include Crohn’s 

disease (CD) and ulcerative colitis (UC). In children, CD is more frequent than UC.

CD is characterized by chronic segmental inflammation that may progressively extend 

through all layers of the intestinal wall and involve extraintestinal structures. It has recur-

rent episodes of exacerbation and remission. CD may involve any part of the gastrointesti-

nal tract, but distal ileum and colon are the most frequently affected parts.

Children with CD most often present with several symptoms including abdominal pain, 

diarrhea, perianal lesions, growth retardation, and weight loss. Because these symptoms 

are common in children, the diagnosis is often delayed by several months.

The goal of imaging studies in the evaluation of CD is an early diagnosis, complete dem-

onstration of the extent of the disease, detection of its extramural complications, periodic 

revaluation, and identification of recurrence.

Absence of ionizing radiation and the ability to evaluate both gut wall and extramural 

extension make sonography a valuable imaging technique. The abnormal segment appears 

stiff and thickened, with lumen narrowing. At the onset, stratification is preserved and the 

submucosa thickened and seen as a hyperechoic band. It can be interrupted by deep ulcers. 

Transmural inflammation extends to all layers and to the surrounding mesentery. 

Stratification may disappear in severe CD. Doppler US is an excellent method of assessing 

disease activity.

MRI shows the extension, the activity, and the CD complications especially fistulas, 

abscesses, and phlegmons. The bowel wall enhancement by gadolinium indicates active 

disease, a factor of great importance as it could alter disease management.

Ultrasound: Transversal and longitudinal views of the terminal ileum show wall thickening 

with preserved stratification. Submucosa appears as a hyperechoic band (s) (Figs. 5.17 and 

5.18). Surrounding mesenteric fat is thickened due to transmural inflammation (*) 

(Figs. 5.19 and 5.20). MRI: Axial and coronal FAST contrast-enhanced images. The distal 

ileum shows marked contrast enhancement in the wall. MRI demonstrates the extension 

and the activity of the disease perfectly.

Figure 5.17 

Figure 5.18 

Figure 5.19 

Figure 5.20 
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A 14-year-old boy presents with abdominal trauma due to a biking accident. The patient 

complains of epigastric pain associated to vomiting and shows elevation of serum amylase 

levels.

Approximately 3–12% of cases of blunt abdominal trauma in the pediatric population 

present pancreatic involvement, which leads to a mortality rate of 8–10%. The most fre-

quent causes include motor vehicle collisions, bicycle handlebar injuries, and child abuse.

Given the nonspecific clinical manifestations of pancreatic trauma, a thorough clinical 

history should be obtained. Low-velocity biking accidents with handlebar trauma to the 

abdomen are a common cause. The neck and body of the pancreas are frequently affected 

due to a compressive effect against the spinal column. Children are especially susceptible 

because of their low amount of intra-abdominal adipose tissue.

Absence of abdominal visceral abnormalities and findings of peripancreatic fluid  

(in the pararenal region and/or lesser sac) suggest possible pancreatic trauma.

Although imaging studies constitute an essential diagnostic tool, findings may be mini-

mal during the first 24 h. Ultrasound is used as the initial imaging technique in evaluating 

abdominal trauma. The presence of free fluid, clinical suspicion, and suggestive paraclini-

cal test results warrant contrast-enhanced CT imaging. When damage of the main pancre-

atic duct (Wirsung) is suspected, MR cholangiopancreatography (MRCP) and endoscopic 

retrograde cholangiopancreatography (ERCP) are indicated, as it is a surgically treated 

condition. The most frequent complications include the development of pancreatitis, 

pseudocysts, hemorrhage, fistulas, and sepsis. Pseudocysts are pathological unwalled col-

lections of varying internal content depending on associated hemorrhage or infection.

Contrast-enhanced CT taken 12 h after trauma shows a hypodense linear lesion of the 

body of the pancreas, consistent with laceration (arrow). A small amount of fluid can be 

seen in the lesser sac (Fig. 5.21). Contrast-enhanced CT taken 10 days after trauma shows 

the development of cystic collections on both sides of the pancreas, consistent with pseudo-

cysts (Fig. 5.22). Follow-up ultrasound imaging was performed displaying a progressive 

enlargement of the cyst (Fig. 5.23). Standard abdominal MRI sequences and MRCP ruled 

out pancreatic duct lesions (Fig. 5.24).

Figure 5.21 

Figure 5.22 

Figure 5.23 

Figure 5.24 
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A 13-year-old boy presents with nonspecific abdominal discomfort. Examination reveals 

excess weight and there are no paraclinical result abnormalities.

Focal nodular hyperplasia (FNH) is not considered a true neoplasm but rather a hyper-

plastic response of the hepatic parenchyma to a congenital vascular abnormality. This con-

dition results in the formation of a hepatic nodule composed, histologically, by hepatocytes 

and Kupffer cells (abnormal but not neoplastic), as well as abundant malformed biliary 

ducts. Additionally, these nodules present a star-like central scar within which evidence of 

thickened arteries run from its center to the periphery.

Up to 8% of cases present in children under the age of 15 years and it constitutes approx-

imately 2–7.5% of hepatic tumors in childhood, although it is typically seen in women of 

reproductive age.

FNH tends to have a stable clinical evolution and no cases of malignant transformation 

have been reported.

Close clinical follow-up is the preferred management in asymptomatic cases (up to 90% 

of patients) and surgery is reserved for symptomatic patients (usually cholestasis due to 

compressive effect on the biliary tract) or when diagnosis is uncertain. Differential diagno-

ses include benign hepatic tumors such as hemangiomas, adenomas, and hamartomas, as 

well as malignant neoplasms like fibrolamellar carcinoma.

Ultrasound reveals an isoechoic lesion of the hepatic parenchyma with evidence of periph-

eral and central vessels seen on the Doppler study (Fig. 5.25).

CT imaging without contrast (not shown) shows a well-delineated mass of isodense sig-

nal in relation to the surrounding parenchyma, with a pseudocapsule that corresponds to 

compressed liver tissue. With contrast administration, the lesion presents intense, homoge-

neous enhancement in the arterial phase (Fig. 5.26), with the exception of the central scar, 

which shows characteristically delayed uptake (arrow) (Fig. 5.27).

On MR imaging, the FNH appears isointense to adjacent parenchyma and the central 

scar is hyperintense on T2-weighted sequences (arrow) (Fig. 5.28), which corresponds with 

the presence of vascular channels and biliary ducts.

Figure 5.25 

Figure 5.26 

Figure 5.27 

Figure 5.28 
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A 2-year-old male patient with grade III malnutrition and failure to thrive presents with 

several months of abdominal pain, vomiting, increase in abdominal diameter, and during 

the last 8 days, a fever of 38.5°C and marked pallor.

Ascaris lumbricoides is a parasite found in soil and human feces and is the nematode most 

commonly found in the gastrointestinal tract of humans. This parasitic worm is transmit-

ted by an oral–fecal route, with an increased prevalence in developing nations, tropical 

climates, and regions with poor hygiene. Furthermore, children are at a greater risk of 

developing this infection.

Ascariasis occurs when the parasite’s eggs are ingested, then travel to the duodenum 

and, by gastric enzyme activity, release larva that then penetrate the intestinal mucosa and 

reach portal circulation, which delivers the worm to the liver where it may remain up to  

96 h. Later, the infection may travel to the heart and lungs by means of pulmonary circula-

tion, where the larva may penetrate the alveoli and bronchi, then reach the pharynx where 

they may be ingested and reach the duodenum in their adult state where they can remain 

for months in the intestinal lumen. The infection may produce symptoms such as abdomi-

nal pain, changes in bowel habits including bowel obstruction, severe inflammatory pro-

cesses, and migration to the biliary tract that may cause jaundice, cholangitis, stone 

formation, and hepatic abscesses.

Treatment of this condition is done with antiparasitic drugs that aid in the elimination 

of the nematode, and in certain cases, depending on the clinical presentation, surgical 

management is required.

Ultrasound image shows a hypoechoic tubular structure with echogenic, moving walls 

within an intestinal loop, which corresponds to Ascaris lumbricoides (Fig. 5.29a). Associated 

right lower quadrant lymphadenopathies are seen (Fig. 5.29b). Transverse and longitudinal 

ultrasound views of the parasite can be seen (Fig. 5.30). Hepatobiliary ultrasound reveals 

the parasite ascending through the intrahepatic biliary tract (Fig. 5.31a). Transverse views 

show hepatic abscesses with Ascaris worms within (Fig. 5.31b). A hepatic abscess caused by 

ascariasis (Fig. 5.32a) and parasites within the gall bladder are also shown (Fig. 5.32b).

Figure 5.29a, b 

Figure 5.30 

Figure 5.31a, b 

Figure 5.32a, b 
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Pregnant woman, whom after an abnormal ultrasound exam at 36 week of gestation that 

revealed a pelvic cystic lesion, absence of the left kidney, and a single umbilical artery is 

referred for a fetal MRI.

The vagina is canalized during the fifth month of fetal age and its embryonic origin is the 

Müllerian duct and urogenital sinus. The hymen is a remnant of the urogenital sinus that 

should ultimately develop a lumen. When this perforation fails to occur, secretions build up 

inside the vagina (hydrocolpos) and, in more advanced cases, affect the uterus as well 

(hydrometrocolpos). Complex manifestations include urinary tract and cloacal involvement.

Congenital utero-vaginal obstructions present in the third trimester of pregnancy as 

pelvic cystic lesions. Suggestive prenatal findings can be confirmed at birth by thorough 

physical examination of the newborn and postnatal ultrasound used to evaluate the uri-

nary tract.

Sagittal, T2-weighted fetal MR image shows a cystic mass at the posterior aspect of the 

bladder, with a normal uterus and the cervix making a mark at its most cranial portion 

(arrow) (Figs. 5.33 and 5.34). The main differential diagnoses include type III teratoma  

(it shows more heterogeneity, septations, and solid components) and anterior myelom-

eningocele (dysraphism is invariably present). Crossed renal ectopia may also be observed 

(double arrow).

Postnatal axial ultrasound of the pelvis minor reveals a thin-walled, finely echogenic, 

cystic lesion (asterisk) at the posterior aspect of the bladder (arrow) occupying the vaginal 

canal and prolapsing toward the vulva (Fig. 5.35). With the sagittal plane view, a normal 

neonatal uterus (arrows) is seen at the cranial end of the lesion (Fig. 5.36)

Figure 5.33 

Figure 5.34 

Figure 5.35 

Figure 5.36 
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Case 5.10

Intrauterine Spermatic Cord Torsion

Francisco Pérez Nadal 

Fig. 5.37 Fig. 5.38

Fig. 5.39 Fig. 5.40



119Non-tumoral Abdomen   

A 39-week full-term neonate, born by eutocic delivery, and weighing 3,375 g presents with 

a painless, non-inflamed enlargement of the left hemiscrotum.

Testicular torsion can be extravaginal (intrauterine-neonatal) or intravaginal (seen in older 

children), as well as complete or incomplete.

Extravaginal testicular torsions are idiopathic and occur before the vaginal tunic con-

tains the scrotal structures. This disturbance causes hemorrhagic necrosis, calcifications, 

and atrophy that affect the testicle, epididymis, and vaginal tunic, ultimately leading to 

anorchism. They represent approximately 5–12% of testicular torsions in infancy.

Generally, extravaginal torsions are prenatal and unilateral. However, they may occa-

sionally occur bilaterally and synchronously, the asynchronous presentation being uncom-

mon. At birth the testicle is nonviable, presenting a hardened increase in size without 

evidence of inflammation. Acute forms of torsion, developing after birth, are a clinical 

emergency and require immediate intervention in order to save the functionality of the 

testicle. Differential diagnoses include hernias, orchiepididymitis, testicular appendix tor-

sion, trauma, hydrocele, meconial peritonitis, and scrotal tumors, among others. Doppler 

serves as an essential tool in establishing diagnosis. Findings consistent with changes in 

echogenicity, hematoma, hydrocele, hyperechoic rings, albugineal tunic calcifications, and 

decreased Doppler flow suggest testicular torsion. On the other hand, other conditions 

present more frequently with increased vascularization, peristasis, and fluid collections. 

Although their incidence is low in children under the age of 1 month, the presence of neo-

plasms must be ruled out. During the initial stage of testicular torsion, the testes may be 

viable, with normal echogenicity but no visible blood flow. Chronic forms may show col-

lateral vessel formation. In incomplete torsions, venous flow may be interrupted while arte-

rial flow remains, although with high resistance and inverted diastole.

In the acute phase, treatment is surgical correction with testicular fixation to the scro-

tum. On the other hand, surgery while in the chronic period is currently controversial.

Heterogeneous testicle surrounded by a hyperechoic ring and mild hydrocele with debris 

(Fig. 5.37). Hyperechoic mediastinum testis is shown (Fig. 5.38) with an increase in size,  

no visible testicular blood flow, and presence of collateral arteries (Fig. 5.39) and veins 

(Fig. 5.40) in the scrotal walls.

Figure 5.37 

Figure 5.38 

Figure 5.39 

Figure 5.40 

Comments

Imaging Findings
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Fig. 6.1
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A 3-month-old boy with 10-days liquid diarrhea and fever.

Neuroblastoma (NB) is the most common solid, extracranial tumor in infants and children. 

NB are of neural crest origin, and most cases arise in the adrenal medulla. Less often, NB 

may arise in other extra-adrenal sites along the sympathetic chain.

The median age at diagnosis is 22 months, and NB may occur in newborns. The clinical 

presentation depends on the site of the primary lesion or location of its metastatic spread. 

The vast majority of NB secrete catecholamine. Vasoactive intestinal peptide (VIP) may be 

secreted by the tumor and may result in watery diarrhea, hypokalemia, and acidosis. Stage, 

age at diagnosis, histology, and genetics (MYCN oncogene) are the most significant and 

clinically relevant prognostic factors.

Local extension usually consists of perivascular extensions with peculiar arterial encase-

ment, infiltration of adjacent soft tissues and organs, and infiltration of foramina and epi-

dural space of the spinal canal when the primary arises from paraspinal sympathetic 

ganglia.

A new International NB Risk Group Staging System (INRGSS) was recently designed to 

stratify patients at the time of diagnosis before any treatment. In the INRGSS, extent of 

locoregional disease is determined by the absence (stage L1) or presence (stage L2) of 

image-defined risk factors (IDRF). Stage M will be used for widely disseminated disease. 

Stage MS describes metastatic NB limited to skin, liver, and bone marrow without cortical 

bone involvement in children aged 0–18 months.

The presence or absence of each individual IDRF should be evaluated by CT or MRI. 

Distant metastases must be assessed by iodine-123-metaiodobenzylguanidine (MIBG) 

scintigraphy. Bone marrow involvement must also be assessed by both marrow aspirates 

and after the age of 6 months, by bone marrow biopsies.

Axial US view through the upper abdomen reveals a big, well-defined, retroperitoneal cen-

tral mass. The lesion displaces anteriorly the inferior vena cava (IVC) and the aorta (short 

and long arrows) (Fig. 6.1). Axial T2FS-W shows neural foraminal invasion (*), with marked 

thecal sac displacement. Both adrenal glands seem to be bigger than normally with cystic 

lesions (Fig. 6.2). Coronal T1-W IV contrast shows heterogenous enhancement of the large 

posterior mediastinal and retroperitoneal mass. The right paraspinal musculature is also 

invaded (Fig. 6.3). T1Gd-W shows intratumoral necrosis (Fig. 6.4).

Figure 6.1  

Figure 6.2  

Figure 6.3  

Figure 6.4  
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Case 6.2

Hepatoblastoma

Sara Picó Aliaga and Cinta Sangüesa Nebot 

Fig. 6.6Fig. 6.5

Fig. 6.7 Fig. 6.8



127Tumoral Abdomen   

A 5-month-old male with an abdominal mass.

Hepatoblastoma is the most common malignant tumor of the liver in children. Boys are 

affected about twice as frequently as girls, and the most cases occurring prior to age 5.

Usually is presented as an abdominal mass or abdominal distension. In the majority 

(90%) of patients, a highly elevated alpha-feto protein is present in the serum, and it is used 

in both diagnosis and as a marker to monitor treatment effectiveness.

The right lobe is involved three times more commonly than the left, with bilobar involve-

ment seen in 20–30%, and multicentric involvement in 15%.

Metastases at diagnoses occur in 10–20% of patients, with the lung being the predomi-

nant site. Although pulmonary metastases are usually accompanied by an increase in AFP, 

recurrence of pulmonary metastases has been reported to occur without such an increase.

In imaging studies, it usually appears as a focal or multifocal solid tumor, with calcifica-

tions in 40–50% of patients. This calcification closely correlates to histologically detected 

osteoid matrix; however, it is a nonspecific finding and is not particularly helpful in dif-

ferential diagnosis. Frequently, the initial diagnosis is made by ultrasound in conjunction 

with color Doppler; it can assign the tumor to the liver and define its relationship to the 

vascular structures. However, the exact limits of the tumor and, even more important, the 

amount and anatomical location of the remaining normal liver tissue necessitate the use of 

MRI and/or CT scan. A single-phase spiral CT is obtained prior to and following intrave-

nous administration of an iodinated contrast material; this technique allows optimal visu-

alization of the tumor during the late arterial/early portal phases. It is recommended at 

diagnosis to include chest CT to determine if pulmonary metastases are present.

The most important objective of imaging is to define resectability of the tumor. The 

PRETEXT, based on the Couinaud’s system of segmentation of the liver, designed by 

SIOPEL group, describes tumor extent before any theraphy and is used for staging and risk 

stratification of liver tumors.

Color US: It has mixed pattern, predominantly increased echoes compared to normal liver 

(Fig. 6.5). Coronal contrast-enhanced CT scans reveal a hypoattenuated tumor with calcifi-

cations in the left lobe abutting the middle hepatic vein (Fig. 6.6). Axial T1-weighted MRI 

shows a mass with slightly lower intensity than normal liver (Fig. 6.7). Axial T2-weighted 

MRI, signal intensity is nonhomogeneous as a result of areas of necrosis within it (Fig. 6.8).

Figure 6.5  

Figure 6.6  

Figure 6.7  

Figure 6.8  
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Case 6.3

Infantile Hemangioendothelioma of the Liver

Susana Calle Restrepo and Jorge Andrés Soto 

Fig. 6.9 Fig. 6.10

Fig. 6.11 Fig. 6.12
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A 12-month-old patient presents with abdominal distension and a palpable abdominal 

mass.

The infantile hemangioendothelioma is a benign vascular tumor that arises from mesen-

chymal tissue. This tumor occurs predominantly in the liver and develops more frequently 

in females. Although considered a benign neoplasm, cases of malignant transformation 

into sarcomas have been reported. It is the third most common hepatic tumor in child-

hood, the most common benign vascular tumor in this age group, and the most common 

symptomatic liver tumor in children under the age of 6 months.

Most patients present symptoms during the first 6 months of life, including abdominal 

distension and hepatomegaly, and approximately half also have cutaneous hemangiomas. 

Other findings may include heart failure (due to arteriovenous shunting within the lesion), 

anemia, thrombocytopenia, jaundice, difficulty breathing, and bowel obstruction. Differ-

ential diagnoses include hepatoblastoma and mesenchymal hamartoma.

Histologically, hemangioendotheliomas can be further classified into type I and type II. 

While type I tumors are composed of multiple vascular channels with immature endothe-

lial linings and fibrous septations containing biliary ducts, type II tumors are more disor-

ganized and hypercellular, and lack biliary ducts.

On ultrasound, the lesion appears as a heterogeneous, predominantly solid mass. On CT 

studies, the mass presents peripheral enhancement during early phases and later shows 

central contrast uptake. The tumor is hypointense on T1-weighted and hyperintense on 

T2-weighted MR images.

Conservative management is usually applied unless life-threatening symptoms warrant 

surgical resection. The use of steroids and interferon aids in accelerating the natural regres-

sion of the lesion, which generally occurs spontaneously after the first year of life.

Axial contrast-enhanced arterial phase CT image depicts marked hepatomegaly and mul-

tiple heterogeneous lesions with peripheral contrast uptake (Fig. 6.9). MR shows large 

masses that are slightly hypointense on T1-weighted images (Fig. 6.10) and hyperintense 

on axial (Fig. 6.11) and coronal (Fig. 6.12) T2-weighted images.

Figure 6.9  
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Case 6.4

Endodermal Sinus Tumors (Yolk Sac Tumors)

Alejandra Doroteo Lobato and María I. Martínez León 

Fig. 6.15

a

b

Fig. 6.16

a b

Fig. 6.13 Fig. 6.14



131Tumoral Abdomen   

Endodermal sinus tumors (EST) are a histological subtype of the germ cell tumor (GCT) 

group of cancer, a heterogeneous variety of neoplasms. GCTs include benign variants (tera-

toma) as well as malignant tumors (EST, germinoma, choriocarcinoma, embryonal carci-

noma). Malignant GCTs are uncommon in children and represent only 3% of all cancerous 

tumors in the pediatric population. Of the malignant varieties of GCTs, EST is the most 

frequent. EST, also known as yolk sac tumor (YST), is a malignant neoplasm of non-

seminomatous germ cells. They are often gonadal in location, although they may arise any-

where at the midline of the body (extragonadal). These tumors usually present in children 

under the age of 2 years, and they represent the most common form of testicular cancer in 

young children. On the other hand, ovarian involvement occurs more frequently in prepu-

bescent females.

Clinical presentation depends on the location and staging of the tumor. Symptoms 

related to compressive effects of the tumor on adjacent structures can often be seen.

At diagnosis, many patients are classified in advanced stages of the disease (III or IV) 

with associated organ infiltration and metastases. Usually, testicular tumors are diagnosed 

in earlier stages (I or II).

Radiologically, ESTs present a heterogeneous appearance with evidence of necrosis, 

hemorrhage, and cystic degeneration. These findings often make them indistinguishable 

from other non-seminomatous GCTs and sometimes even difficult to differentiate from 

other forms of neoplasms (rhabdomyosarcoma, neuroblastoma, lymphoma). A character-

istic finding, in up to 90% of cases, is a significant elevation in alpha-fetoprotein levels, 

which aid in determining the diagnosis, prognosis, and clinical evolution of the tumor.

Ovarian EST. Abdominopelvic T1-weighted contrast-enhanced MR image shows a well-

delineated, large, solid, heterogeneous mass with cystic areas in its interior arising from the 

pelvis, specifically from the right adnexa. It ruptured during surgical resection and was clas-

sified as a stage III (Fig. 6.13). Testicular EST. Testicular US reveals a complex solid mass 

with cystic components (Fig. 6.14). Sacrococcygeal EST. Pelvic MR image shows a presacral 

mass that appears isointense on sagittal T1-weighted images (Fig. 6.15a) and hyperintense 

on axial T2-weighted MR images (Fig. 6.15b). Retroperitoneal EST. Abdominopelvic axial 

CT displays a huge retroperitoneal solid mass with areas of necrosis (Fig. 6.16a) producing 

osseous infiltration of the lamina and pedicle of S1 (arrow) (Fig. 6.16b).

Figure 6.13 Ovárico

Figure 6.14 Testicular

Figure 6.15 Sacrocoxígeo

Figure 6.16 Retroperitoneo
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Case 6.5

Adrenocortical Tumors

Sonia Romero Chaparro and María I. Martínez León 
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A 11-year-old boy presents with asthenia and anorexia. There are no signs of virilization.

Childhood adrenocortical tumors (ACT) constitute only about 0.2% of all pediatric malig-

nancies. The incidence of ACT is remarkably high in southern Brazil. The clinical presenta-

tion in most children includes signs and symptoms of virilization, which may be 

accompanied by manifestations secondary to hypersecretion of other adrenal cortical hor-

mones. Fewer than 10% of patients with ACT show no endocrine changes at onset and 

these are often older children and adolescents.

ACT is commonly seen in association with constitutional genetic abnormalities, par-

ticularly mutations of the p53 gene.

Given their histological and radiological similarities, differentiating between adenoma 

and carcinoma may be difficult. The presence of hematogenous metastases and/or vascular 

infiltration is highly suggestive of malignancy. Other suggestive radiologic findings include 

a mass with a size greater than 6 cm, heterogeneity of the lesion, and signs of recurrence.

Complete surgical resection is required in order to obtain full ACT remission. The role 

of chemotherapy or radiotherapy has not yet been established. Nevertheless, treatment 

with medications such as Mitotane and others has shown promising results.

Among patients who undergo complete tumor resection, favorable prognostic factors 

include: an age of less than 4 years, small tumor size, signs of virilization as the only mani-

festation at onset, and adenomatous tumor histology.

The combination of clinical signs of adrenocortical hyperfunction and evidence of an 

adrenal mass indicates a diagnosis of ACT.

Ultrasound reveals a well-defined, solid, large heterogeneous right adrenal mass showing 

tumor thrombosis of the IVC (arrow) and its relation with the suprahepatic veins in the 

localized image (Fig. 6.17). Axial and coronal T2-weighted MR image and sagital sonogra-

phy displays infiltration of the IVC (short arrow in MRI) by the tumor, extending toward 

the right atrium (long arrow) and caudally to the common iliac (not shown). Displacement 

of adjacent structures (liver and right kidney) due to secondary mass effect can also be 

observed (Figs. 6.18 and 6.19). Multiple, bilateral pulmonary nodules consistent with 

hematogenous metastases can also be seen (Fig. 6.20).

Figure 6.17  

Figure 6.18  

Figure 6.19  
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Case 6.6

Hodgkin’s Lymphoma

Elena Pastor Pons and Antonio Rodríguez Fernández 
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A 7-year-old boy presents with enlarging left-sided cervical lymphadenopathies that did 

not respond to anti-inflammatory or antibiotic treatment. Lymph node resection revealed 

grade II nodular sclerosing Hodgkin’s lymphoma.

Hodgkin’s lymphoma, also known as Hodgkin’s disease, may present an exclusively nodal 

or nodal and splenic origin. The grand majority manifest with cervical or supraclavicular 

adenopathies. The main objective of imaging techniques in Hodgkin’s lymphoma is initial 

staging. Lymphadenopathies are the most common cause of neck masses in children, and 

they are generally benign lesions. Ultrasound is essential in establishing superficial lymph 

node involvement. Lymphomatous nodes are usually solid, round, and show absence or 

infiltration of the fatty hilum, as well as vascularization abnormalities. The use of whole 

body CT (optimally, multi-detector CT) or MRI is essential. Positron emission tomography 

(PET) yields functional images using radionuclide-traced molecules. Recently, x-ray 

tomography has been incorporated to this study in order to fuse both functional and struc-

tural images (PET-CT). The functional image helps to differentiate the tumor from healthy 

or fibrotic tissue and also helps to characterize lesions that have not responded to treat-

ment. Since 2005, the EuroNet Pediatric Hodgkin’s Lymphoma Group has developed a 

European protocol for children and adolescents suffering from classic Hodgkin’s lym-

phoma (EuroNet-PHL-C1). These guidelines standardize the use of thoracic PET and CT 

imaging for initial staging. Furthermore, three ways of conducting extension studies have 

been established: (a) MRI of the neck, thorax (mediastinum), abdomen, and pelvis; (b) CT 

of the neck, thorax, abdomen, and pelvis with oral and IV contrast, taken from the epiphar-

ynx to the pubic symphysis; or (c) a combination of CT and PET techniques, where CT 

must provide images of equal quality than those of diagnostic CT studies.

Axial MDCT reconstructions of the skull base show a large, rounded lymph node mass with 

homogeneous enhancement located in the left retrocarotid space (arrow) and in the abdo-

men (not shown) (Fig. 6.21). Splenomegaly with multiple focal lesions is seen (Fig. 6.22). 

Coronal reconstruction image shows, in addition to these lesions, multiple latero-cervical, 

supra and infraclavicular lymphadenopathies (arrows) (Fig. 6.23). Coronal and axial PET 

images of the neck and spleen reveal a heterogeneous increase in metabolic activity in lat-

ero-cervical, supra and infra clavicular regions as well as in the spleen (Fig. 6.24).

Figure 6.21  

Figure 6.22  

Figure 6.23  

Figure 6.24  
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Case 6.7

Non-Hodgkin Lymphoma

Elena Pastor Pons and Antonio Rodríguez Fernández 
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A 6-year-old boy presents with a soft tissue mass located in the right fronto-parietal region 

associated with proptosis, splenomegaly, and right ocular hyperemia. Both the mass biopsy 

and bone marrow aspiration showed a Burkitt lymphoma.

Lymphomas comprise approximately 10–15% of all childhood malignancies and encom-

pass a wide range of pathological subtypes. Any organ or structure may be affected, includ-

ing the CNS, head, neck, thorax, abdomen, gonads, and bone. Extragonadal involvement is 

more common in non-Hodgkin lymphoma (NHL). The main objective of imaging is tumor 

staging. Various protocols have been established for the initial evaluation according to the 

histological type and associated findings. Ultrasound is essential in assessing superficial 

lymph node and testicular involvement. It also provides important information on abdom-

inal compromise, although it does not replace CT imaging for this purpose. Multi-detector 

CT (MDCT) is the main imaging modality utilized to evaluate these patients. If neurologi-

cal symptoms are present, brain and spine MRI are indicated. Brain MRI should also be 

performed if blasts are detected in CSF and if there are manifestations of lymphoma in the 

head and neck. PET yields functional images using radionuclide-traced molecules. Recently, 

x-ray tomography has been incorporated to this study in order to fuse both functional and 

structural images (PET-CT). The functional image helps to differentiate the tumor from 

healthy or fibrotic tissue and also helps to characterize lesions that have not responded to 

treatment.

Brain CT reveals a large fronto-parietal, hyperdense mass with a significant extradural 

component and a permeative infiltration of the skull (Fig. 6.25). Contrast-enhanced MRI 

shows multiple, moderately enhancing lesions in the retroconal space of the right orbit 

with associated proptosis of the ocular globe (arrow) and dural thickening at the anterior 

aspect of both middle cranial fossae (short arrows) (Fig. 6.26). Body MDCT with contrast 

reveals hepato-splenomegaly, bilateral hypodense focal lesions with low enhancement 

(short arrows) and a conglomerate of retroperitoneal lymphadenopathies (arrow) 

(Fig. 6.27). PET-CT imaging displays increased metabolic activity of the bone marrow with 

several right fronto-parietal, right orbit, and para-aortic mass foci. In conclusion, these 

findings were consistent with stage IV Burkitt lymphoma with osseous, neuromeningeal, 

orbitary, splenic, renal, retroperitoneal, and bone marrow involvement (Fig. 6.28).

Figure 6.25  
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Case 6.8

Hepatosplenic Candidiasis in Acute Lymphoblastic Leukemia

Luisa Ceres Ruiz 
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Following two rounds of chemotherapy for acute lymphoblastic leukemia (ALL), a 5-year-

old patient presents with recurrent fever, persistent neutropenia, abdominal pain, and 

hepatosplenic lesions visible on ultrasound.

Chronic or hepatosplenic candidiasis represents a disseminated form of candidal infection 

that involves the liver, the spleen, and occasionally, the kidneys. It is generally considered a 

variant of systemic invasion in immunosuppressed hosts. Prevalence has been shown to 

rise over the past years, which may be due to an increase in immunosuppressed patients 

with an elevated risk of developing fungal infections and the use of more intense chemo-

therapy. Furthermore, now that neutropenic patients show better survival rates, more com-

plications are documented. Finally, diagnostic sensitivity has improved. US, CT, and MR 

imaging aid in the identification of this condition. In neutropenic patients, dissemination 

to intra-abdominal organs occurs hematogenously through portal circulation. Fever and 

bilateral hypochondriac pain may be the only clinical manifestations. However, a blood 

culture positive for Candida suggests an invasive infectious process. Timely diagnosis and 

treatment are essential in establishing a favorable prognosis. Diagnostic criteria include 

the growth of yeast in blood cultures, detection of Candida antigen in serum, suggestive 

findings on imaging studies, and the presence of yeast or pseudohyphae in hepatic tissue.

In the case mentioned above, diagnosis was made by detection of Candida in the culture 

of secretions obtained by bronchial lavage. Coexisting pulmonary symptoms were present 

in addition to the hepatosplenic lesions. This condition should be suspected in all patients 

that present persistent fever or fever that reappears after neutropenia has subsided, along 

with elevated alkaline phosphatase levels. Criteria for remission are based on radiologic 

findings including eradication of lesions and absence of clinical signs and symptoms of 

infection.

Ultrasound imaging guides the diagnosis by revealing characteristic findings in the liver 

and spleen. US of the spleen shows: (a) a concentric ring pattern seen in early stages of the 

condition; (b) target-like lesions; (c) hypoechoic lesions (Fig. 6.29). Ring-like lesions of 

1–4 mm in diameter are viewed in the liver on ultrasound (arrow) (Fig. 6.30). A hepatic 

hilar adenopathy with ring-like lesions in its interior is seen (arrow) (Fig. 6.31). Chest 

radiograph shows patchy infiltrates at the lung bases, especially on the left side (bronchial 

lavage was positive for Candida) (Fig. 6.32).

Figure 6.29 (a) and (b)

Figure 6.30  

Figure 6.31  

Figure 6.32  
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Case 6.9

Cystic Testicular Teratoma

Carolina Torres Alés 
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A 15-day-old boy presents with an enlarged scrotum on the right and mild cutaneous 

erythema.

Teratomas represent the second most frequent type of testicular tumor in patients under 

the age of 4 years, and testicular tumors in turn comprise 1–2% of solid neoplasms in chil-

dren (with an increased incidence during the first 3 years of life). The most common form 

of testicular tumors in the pediatric population are non-seminomatous GCTs (70–90%), 

with YSTs and teratomas being the most frequent subtypes. Clinical presentation usually 

consists of a painless testicular mass, and associated risk factors include positive family 

history, cryptorchidism and intersex syndromes (gonadal dysgenesis, true hermaphrodit-

ism, and pseudohermaphroditism).

Teratomas are composed of cells originating from three distinct embryologic germ lay-

ers. The mean age at onset is 13 months, and these tumors generally present a benign clini-

cal evolution. They are classified as mature, immature and with malignant components. 

Teratomas appear as well-defined, solid masses with a cystic component (either simple or 

complex) and/or with echogenic foci (hemorrhage, cartilage, calcification, fibrosis). They 

do not present tumor marker elevation. Differential diagnoses include other tumors such 

as epidermoid cysts (cystic lesion with hyperchoic ring with a typical onionskin appear-

ance) and YSTs (solid, heterogeneous or microcystic lesion with associated elevation of 

alpha-fetoprotein).

B-mode and color Doppler ultrasound is the diagnostic study of choice due to its ability 

to determine the location (intra- or extrascrotal), composition (solid or cystic), and vascu-

larization of the tumor (useful for infiltrating tumors). However, US does not differentiate 

between benign and malignant neoplasms. The use of CT imaging is indicated when there 

is suspicion of metastases (retroperitoneum, lung, and mediastinum). The first line of 

treatment is surgical resection by orchidectomy or enucleation. (Teratomas may present 

malignant transformation in adulthood).

Longitudinal view B-mode ultrasound shows moderate hydrocele and an enlargement of 

the right testicle in comparison to the left with a single, intratesticular cystic mass located 

in its inferior pole (Fig. 6.33). The transverse view (Figs. 6.34 and 6.35) reveals well-defined 

margins with a reinforced posterior echo and echogenic borders (peripheral solid compo-

nent). The cystic portion is predominantly anechoic with a few echogenic components 

(Fig. 6.36).
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Case 6.10

Ovarian Tumor (Yolk Sac Tumor)

Luisa Ceres Ruiz 
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A 13-year-old girl presents with a 10-day history of abdominal pain.

The ovarian/YST arises from the primitive multipotent cell, originating from yolk sac 

structures and appearing as a hyperproliferation of the yolk sac endoderm (forming alpha-

fetoprotein) and with extraembryonic mesoderm. It is considered a rare neoplasm and 

constitutes approximately 10% of GCTs. They usually appear in young females as large, 

unilateral, solid/cystic, aggressive masses.

Clinical presentation generally consists of abdominal pain associated with an abdomi-

nal or pelvic mass. Approximately 10% of patients present with acute abdomen due to tor-

sion, rupture, or hemorrhaging of the mass. As with any ovarian tumor of malignant 

characteristics, staging must include dissemination studies, tumor marker levels, and kary-

otype when a GCT is suspected. Furthermore, dysgerminomas may be associated with 

gonadal dysgenesis.

A staging system has been developed by the International Federation of Gynecology and 

Obstetrics:

Stage I: Disease is limited to the ovaries.

Stage II: Disease presents extension to the pelvis.

Stage III: Disease extends to the peritoneal cavity.

 Stage IV: Disease presents distant metastases to the liver parenchyma or has spread 

beyond the peritoneal cavity.

Differential diagnoses include embryonic carcinoma, immature teratoma, intra-abdominal 

cystic tumors, and other GCTs such as the dysgerminoma. If the mass is small in size, ovar-

ian torsion must be considered. In ovarian torsion, Doppler ultrasound reveals absence of 

blood flow within the mass, while in ovarian YSTs, a vascularized solid component is seen.

Sagittal view US reveals a well-encapsulated, 13 × 16 × 14 cm solid mass located in the 

hypogastrium (Fig. 6.37). Duplex US shows significant vascularization and an afferent 

pedicle originating from the internal iliac artery (right ovarian artery) (Fig. 6.38). Sagittal, 

extended field-of-view ultrasound displays the extension of the large mass (Fig. 6.39). 

Sagittal T2-weighted MR image reveals a tumor of mixed components showing high-inten-

sity signal of the solid portion in addition to its cystic areas (Fig. 6.40).
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A 7-year-old boy with hematuria and a brother diagnosed with Wilms’ tumor.

Wilms’ tumor (WT) is the most common intra-abdominal malignancy found in children 

(0.8 per 100,000 people per year). It originates from the kidney by abnormal proliferation 

of the metanephric blastema. The histological spectrum of this tumor ranges from ele-

ments of the renal blastema to aggressive sarcomatous variants (4–10% of WT). An asso-

ciation has been described between the loss of the WT1 suppressor gene found in 

chromosome 11 and the development of this tumor, and it may be seen in relation to WAGR 

syndrome (Wilms’ tumor, Aniridia, Genitourinary anomalies, and mental Retardation). 

Clinical presentation consists of a flank mass and hematuria, as well as hypertension, fever, 

and anemia.

Prognosis depends on the histological variant, and the degree of capsular and vascular 

invasion. If vascular invasion is documented, distant metastases are more frequent. A 90% 

survival rate can be achieved with surgical management and chemotherapy.

The staging system is as follows: (1) Tumor is limited to the kidney. (2) Tumor extends 

locally but may be excised. (3) Similar to II but the tumor is unresectable. (4) Lung, liver, 

brain, or bone metastases are detected. (5) Bilateral renal involvement is present.

Differential diagnoses include neuroblastoma and other renal tumors such as malignant 

rhabdoid tumor (MRT) and clear cell sarcoma (both are extremely rare). Final diagnosis is 

made by histological findings. Imaging studies aid in identifying and locating the mass, 

evaluating the degree of local and vascular extension (may invade the renal vein, the vena 

cava, and the right atrium), and determining the presence of metastases. Extension assess-

ment must be performed by employing different imaging techniques:

Retroperitoneal adenopathies (US, CT, MRI)##
Perirenal or capsular involvement (ideally with CT, also with MRI)##
Vascular invasion (Doppler US, contrast-enhanced CT, MRI)##
Contralateral kidney involvement and pulmonary metastases (CT, MRI)##
Hepatic metastases, uncommon (US)##
Bone metastases, exceptional (scintigraphy)##

Sagittal and axial US show a solid inferior renal mass that invades the sinus (arrow) 

(Fig. 7.1a, b). Coronal T2-weighted MR image reveals normal renal parenchyma at the supe-

rior pole (arrow) (Fig. 7.2). US displays tumor size reduction post-chemotherapy (Fig. 7.3). 

A bisection of the anatomical specimen shows a tumor in the inferior pole (Fig. 7.4).

Figure 7.1a, b  

Figure 7.2  

Figure 7.3  

Figure 7.4  
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Case 7.2

Fetal Rhabdomyomatous Nephroblastoma
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A 3-year-old patient presents with macroscopic hematuria and right palpable abdominal 

mass.

Renal tumors in children represent approximately 8% of all pediatric malignancies. More 

than 80% of renal tumors are classic nephroblastomas or WT composed of a combination 

of blastemal, stromal, and epithelial cell types. Of the histological variants of WT, some 

present distinct morphologic features and biological behaviors as, for example, the fetal 

rhabdomyomatous nephroblastoma (FRN), a rare stromal variant that contains at least 

30% of fetal striated muscle (rhabdomyoblasts) which is classified as an intermediate-

grade malignant tumor by the International Society of Pediatric Oncology (ISPO).

FRN may be radiologically indistinguishable from WT, but it is characterized by appear-

ing at an earlier age than WT (with an increased incidence in children under the age of 

2 years). Specific characteristics of this neoplasm include bilateral presentation (seen in 

one third of cases), large size at diagnosis, tumoral extension to the renal pelvis and ureter, 

paucity of pulmonary metastases, and poor response to chemotherapy. Clinically, patients 

present with a palpable mass and abdominal pain. Respiratory distress and fever may also 

appear.

At the initial evaluation, abdominal ultrasound is necessary to characterize the renal 

tumor and exclude bilateral involvement. Chest radiography is useful to assess for the pres-

ence of pulmonary metastases. Contrast-enhanced body CT and/or abdominal MRI should 

be performed for tumor staging and a complete abdominal evaluation. Surgical manage-

ment is elective in these patients.

A large hyperechoic mass is found on ultrasound in the right upper renal pole that expands 

within the collecting system causing distortion and displacement of the renal parenchyma 

(Fig. 7.5). Contrast-enhanced CT image shows a large intra-pelvic mass causing secondary 

hydronephrosis with rim enhancement of the compressed parenchyma (Fig. 7.6). No ade-

nopathies, venous extension, contralateral involvement, or metastases were detected. After 

a month of preoperative chemotherapy, another CT study was performed showing no sig-

nificant changes in the right renal tumor (Fig. 7.7). These findings were suggestive of FRN. 

Final diagnosis is usually determined by open biopsy or nephrectomy. The histological 

specimen is shown revealing the tumor’s extension to the renal collecting system 

(Fig. 7.8).

Figure 7.5  

Figure 7.6  

Figure 7.7  

Figure 7.8  
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Mesoblastic Nephroma
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Premature female newborn with palpable solid left intra-abdominal mass.

Mesoblastic nephroma (MN) is a mesenchymal renal tumor of early life. It is an uncom-

mon benign neoplasm that comprises 3% of renal tumors of childhood but as many as 56% 

in the first 3 months of life and nearly 90% of patients present in the first year. This tumor 

is the most common solid renal tumor in the neonate. Clinically, the most reliable differen-

tial feature is the patient’s age. MN is the primary consideration in a neonate and young 

infant with a palpable renal mass, the differential diagnosis is WT with neonatal presenta-

tion. The most common clinical presentation is a palpable abdominal mass.

Many cases are detected at prenatal US. Plain radiography shows a large soft-tissue mass, 

visible calcification is rare. The sonography appearance or this tumor varies from a homo-

geneously hypoechoic lesion to a complex, heterogeneous mass with cystic formation and 

areas of hemorrhage. Hydronephrosis is usually absent. CT and MRI also demonstrate 

a hypervascular mass, neovascularity, and displacement of adjacent vessels without 

invasion.

Histologically, MN may show a classical, cellular or mixed pattern. Histologic character-

istics are not reliable for predicting the biologic behavior of the tumor. Nephrectomy with 

wide surgical margin is necessary due to the infiltrative nature of the lesion. Chemotherapy 

is occasionally used for cellular histology, tumor rupture, or incomplete surgical excision. 

Local recurrence occurs within 12 months following surgery; therefore, it is currently rec-

ommended that patients be closely followed up for 1 year after surgical resection.

X-ray film: large soft-tissue left mass without calcifications, displacing adjacent bowels 

(Fig. 7.9). Doppler color ultrasound: Hypervascular solid heterogeneous renal mass involv-

ing the sinus. Non-nephroblastomatous foci or renal vein invasion (not shown) (Fig. 7.10). 

CT with contrast: large left homogeneous well-defined renal mass, minimum dilatation of 

superior callicial groups, light pseudocapsula enhanced, no perirenal extension, no exten-

sion through the midline (Fig. 7.11). MR T1 with contrast (other case): huge right solid 

renal mass with cystic/necrotic degeneration and medium enhancement. There is mini-

mum dilatation of inferior callicial groups. MN is bulking across midline without adjacent 

infiltration (Fig. 7.12).

Figure 7.9  

Figure 7.10  

Figure 7.11  
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Case 7.4

Malignant Rhabdoid Tumor of the Kidney
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A 1-year-old boy is sent to the emergency room by his pediatrician for presenting an 

abdominal mass.

The Malignant Rhabdoid Tumor (MRT) represents approximately 2% of renal malignan-

cies. Also, it has the worst prognosis and is considered the most aggressive neoplasm. MRT 

was initially described in 1978 as a rhabdomyosarcomatoid variant of the WT because of 

its occurrence in the kidney and its cells’ resemblance to rhabdomyoblasts. The lack of 

muscular differentiation led to the coining of the term Rhabdoid tumor of the Kidney in 

1981, as a separate entity from WT. Now, it is called the MRT of the kidney. MRT occurs 

exclusively in infancy, with a mean age of 11 months and a survival rate of less than 20%.

Clinical presentation usually consists of a palpable abdominal mass, with other, less fre-

quent symptoms such as hematuria, fever, and hypercalcemia (caused by ectopic produc-

tion of parathyroid hormone). MRT presents an aggressive behavior with vascular and 

lymphadenopatic invasion, and early metastases to lung, bone, lymphatics, liver, and 

brain.

Characteristic imaging findings allow for the differentiation between MRT and other, 

more frequent tumors at this age, such us WT and MN. These tumors usually show a lobu-

lar outline with internal heterogeneity due to hemorrhage and necrosis. Calcifications are 

seen with a higher prevalence than in WT. A subcapsular fluid collection has been described 

as a characteristic finding.

Since nearly 15% of MRTs are associated with synchronic or metachronic midline brain 

neoplasms, CNS CT or MRI is recommended in these cases.

An association with tumoral gene suppression (hSNF5/INI1) has been described, a fea-

ture that provides additional genetic and molecular information about the tumor.

Axial US reveals an extensive heterogeneous right renal mass. Coronal US shows the rela-

tion between the mass and the kidney, with inferior displacement and rotation of the kid-

ney (arrow) (Fig. 7.13a, b). Axial T1-weighted contrast-enhanced MR displays an image 

similar to the first US, with the MRT displacing the mesenteric vessels (Fig. 7.14). Coronal 

T1-weighted contrast-enhanced MR image shows the renal origin of the mass, crossing the 

midline and encasing the renal artery and vein. A peripheral necrotic collection is seen 

(arrow) (Fig. 7.15). T2-weighted MR image of the lung bases reveals parenchymal lung 

metastases (Fig. 7.16).
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Case 7.5

Megacystis-Microcolon-Intestinal Hypoperistalsis Syndrome (Berdon Syndrome)
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A 1-month-old boy presents to the emergency department with abdominal distension, bil-

ious vomiting, constipation, and incessant crying.

Megacystis-microcolon-intestinal hypoperistalsis syndrome (MMIH) is a rare and serious 

autosomal recessive entity, described by Berdon in 1976. It occurs more frequently in 

females with a ratio of 4:1 and is produced by vacuolar degeneration of the intestinal and 

vesical smooth muscle cells with the presence of ganglionar cells in the myenteric and sub-

mucosal plexi (may be increased or decreased in some cases). Recently, the primary myo-

cellular defect has been demonstrated to occur in the synthesis of contractile fibers due to 

a mutation in the genes coding for the a3 and b4 subunits of the nicotinic-acetylcholine 

neuronal receptor in chromosome 15q24.

Muscular tone is decreased in both the urinary and intestinal tracts. Patients present 

with abdominal distension, intestinal hypoperistalsis and malrotation, microcolon, dilata-

tion of the proximal ileum, hydronephrosis, and megacystis (due to transmural interstitial 

fibrosis of the bladder).

Diagnosis should be suspected if findings of constipation, and meconium and urinary 

retention are documented. Clinical manifestations may develop at birth or shortly after.

During routine pregnancy sonographic exploration, suggestive prenatal findings include 

megacystis and abdominal distention. Differential diagnoses include prune belly syn-

drome, posterior urethral valves (PUVs), vaginal atresia, and large ovarian cysts. 

Distinguishing between them is essential due to the fact that MMIH presents a less favor-

able outcome. Diagnostic confirmation is determined by histological and immunohis-

tochemical (decreased actin in smooth muscle) data collected from intestinal biopsy or 

autopsy that demonstrates intestinal and vesical myopathy.

Abdominal radiography is suggestive of MMIH if abdominal distension with small bowel 

dilatation, and occasionally intestinal perforation is identified (Fig. 7.17a). Voiding cys-

tourethrogram (VCUG) shows significant megacystis, and vesicourethral reflux is uncom-

mon (Fig. 7.17b). Ultrasound reveals megacystis with low-grade (I/IV) hydronephrosis 

(Fig. 7.18) due to defective urethral drainage. Intravenous urography shows minimal ure-

thral ectasia, which is always less severe than that observed in prune belly syndrome and 

PUV (Fig. 7.19). Barium enema (Fig. 7.20) displays microcolon with a significant disparity 

in relation to the caliber of the small bowel. The small intestine presents a greater dilatation 

of its middle portion than of the distal ileum.
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Case 7.6

Ossifying Renal Tumor of Infancy
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A 5-year-old black female patient presents with hematuria. Upon physical examination, no 

changes are observed. Further studies, including CT, detect a calcified renal mass.

The ossifying renal tumor of infancy (ORTI) is an extremely rare neoplasm, which was first 

described in 1980 and has since had few reported cases. The peak of incidence is reached at 

14 months of age, and the condition is more frequent in males.

ORTI originates from the urothelium and affects the renal medulla, more specifically the 

papilla, and may extend itself to the calyceal system. Due to its location, it may mimic stag-

horn calculi, which can be ruled out because of the patient’s age.

Although the etiology of the lesion is poorly understood, some authors believe it is 

caused by osteogenic changes of the urothelial cells, while others have described the pres-

ence of fusiform cells similar to those found in the spectrum of the Wilm’s tumor. 

Nevertheless, to date, no WT transformation has been reported in patients affected by 

ORTI.

Histologically, this tumor is comprised of hypocellular areas made up of cells with small, 

rounded or oval nuclei within a pale cytoplasm immersed in a dense bone matrix. Also, the 

tumor presents an osteoblastic osteoid component without osteoclasts or cartilaginous 

tissue. Furthermore, few to none mitoses are detected. Macroscopically, ORTI is an irregu-

lar calcified mass.

The neoplasm is classified as a benign tumor since at up to 23 years of follow-up neither 

recurrence nor metastases have been documented. Surgical resection and close clinical 

monitoring are considered the first line of treatment.

Non-contrast CT shows a solid, calcified heterogeneous mass located at the inferior pole of 

the left kidney (Figs. 7.21 and 7.22). A contrast-enhanced coronal CT view shows a calcified 

heterogeneous renal mass that does not exhibit contrast uptake (Fig. 7.23). Coronal 3D 

reconstructions show the anatomic location of the mass and its relation to neighboring 

structures (Fig. 7.24).
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Case 7.7

Xanthogranulomatous Pyelonephritis
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A 4-year-old girl presents with a 4-month history of recurrent urinary tract infections, 

fever, and clinical deterioration. Upon examination, a right hypochondriac mass is 

palpated.

Xanthogranulomatous pyelonephritis (XP) is a serious and chronic inflammatory process 

of the kidney characterized by a destruction of the renal parenchyma with infiltration by 

lipid-charged macrophages. It is considered a rare entity that usually occurs in adults, pre-

dominantly women in the sixth to seventh decade of life. XP is uncommon in children, and 

only few cases have been reported. Although the pathogenesis is unclear, up to 76% have 

been documented in relation to obstruction of the pyeloureteral junction, generally by 

calculi. Also, congenital cases have been reported. The most frequently implicated patho-

gens include Escherichia coli and Proteus mirabilis. XP can be divided into two subtypes: 

diffuse and focal.

XP is usually unilateral and presents initially as a pyonephrosis. Clinical manifestations 

include fever, flank pain, weight loss, failure to thrive, urinary symptoms, and palpable 

flank mass. It may be associated with anemia, leukocytosis, increased globular sedimenta-

tion rates, and urinary sediment abnormalities.

Neither the clinical presentation nor the imaging findings are specific to this entity. 

Nevertheless, a combination of both may help in guiding the diagnosis. Manifestations 

such as urinary infections, lithiasis, and impaired renal excretion in a patient presenting 

chronic obstruction with infection and a poor response to antibiotic treatment suggest a 

diagnosis of XP. Unfortunately, the treatment of choice for this condition is nephrectomy 

and definitive diagnosis is established by histological examination.

Localized abdominal radiograph shows a staghorn calculus superimposed on the right 

renal silhouette (arrow) (Fig. 7.25). Abdominal ultrasound reveals an enlarged right kidney 

with a thinning cortex and echogenic elements within dilated calyces. Lithiasis within the 

renal pelvis is observed (Fig. 7.26). Abdominopelvic contrast-enhanced CT shows right 

nephromegaly with a thin rim of cortex, delayed enhancement in comparison to the con-

tralateral kidney, and distended calyces occupied by material. Renal pelvis lithiasis is 

revealed (Fig. 7.27). A bisected macroscopic specimen of the right kidney is shown 

(Fig. 7.28).
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Case 7.8

Ureteral Duplications
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Ureteral duplications consist of the presence of two excretory systems originating from a 

single kidney. It is termed incomplete duplicity or bifid ureter when both drain into the 

bladder via a common ureter and complete duplicity occurs when both ureters drain sepa-

rately. The pathogenesis of this condition is due to the premature division of the ureteral 

bud originating from the Wolffian duct. The Weigert–Meyer rule states that the ureter col-

lecting from the superior pole of the kidney usually opens inferiorly and medially in rela-

tion to that of the lower pole. The superior ureter tends to drain ectopically in the vesical 

trigone, urethra, or other Wolffian duct structures in males and Müllerian structures in 

females. Furthermore, it has a higher susceptibility to become obstructed and if distension 

occurs at its intravesical portion, ureterocele develops.

Anomalies associated with a double collecting systems include:

Hydronephrosis of the upper renal pole due to stenosis of the ureteral opening##
Ectopic insertion of the superior ureter##
Ectopic ureterocele of the superior system##
Reflux to the inferior system due to valvular incompetence##

The treatment of choice is surgical correction, namely, heminephroureterectomy when 

dysfunctional parenchyma of a renal pole is detected. The endoscopic management of the 

refluxing ureter is usually curative in low-grade cases.

US imaging in complete duplication reveals an evident differentiation between the renal 

poles. On the other hand, incomplete duplication may be confused with Bertin column 

hypertrophy. When the superior system displays dilatation, the bladder must be evaluated 

for ureterocele. A single intravenous urography (IVU) image taken 20 min post-contrast or 

MRI may aid in establishing the diagnosis. VCUG is indicated in assessing for reflux when 

the collecting systems present dilatation. IVU, MRI, and/or vaginogram is useful in evalu-

ating ectopic insertions. Differential diagnoses include cystic adrenal masses, non-acute 

hemorrhage, cystic neuroblastoma, and segmental multicystic kidney.

US and IVU show incomplete duplication of the right collecting system and complete 

duplication of the left with inferior pole nephropathy (arrow in both) (Fig. 7.29a, b). IVU 

shows right duplication with inferior pole reflux nephropathy (Fig. 7.30). US and VCUG 

display ureteral duplication with an ectopic insertion at the seminal vesicles (Fig. 7.31a, b). 

Ureteral duplication with a large ureterocele (arrow) is seen causing obstruction and asso-

ciated dysfunction of the superior renal pole (asterisk) (Fig. 7.32).
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Case 7.9

Renal Trauma
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A 5-year-old girl presents with lumbar region contusion and associated malaise due to a 

fall 4 days prior.

Approximately 80–85% of renal lesions occur secondary to blunt trauma to the abdomen, 

flank, and/or dorsal region. Compression causes direct organ damage, which in turn pro-

duces lacerations, hematomas, contusions, fractures, and thromboses.

Ultrasound is typically used as the initial imaging technique and aids in determining 

the need for further studies. The preliminary use of US decreases the amount of normal CT 

studies. The Injury Severity Score, which incorporates clinical and sonographic data, ulti-

mately determines the use of additional diagnostic imaging by CT or MRI.

The manner in which renal lesions occur is generally trauma by compression or decel-

eration mechanisms, and less frequently in children, penetrating injuries.

Imaging for this clinical entity must evaluate parenchymal lesions, the integrity of the 

collecting system and vascular pedicle, urine excretion, perirenal extension, and active 

hemorrhage. Renal trauma can be classified into four grades by severity:

1. Minor renal injury – includes subcapsular hematomas, small lacerations, and segmental 
infarcts. Conservative treatment is generally employed.

2. Major renal injury – includes lacerations that affect over 50% of the renal parenchyma, 
involves the collecting system with associated leakage of urine and/or presents with 
large perirenal hematomas. Surgery is indicated in hemodynamically unstable patients.

3. Catastrophic kidney damage that requires surgical intervention. Findings include frag-
mentation of the renal parenchyma with large para- or perinephric hematomas, and 
venous or arterial vascular pedicle lesions.

4. Pyeloureteral junction avulsion.

Sagittal US of the right kidney shows an extensive subcapsular and perirenal hematoma 

with a severe lesion of the renal parenchyma that involves the sinus (arrow) (Fig. 7.33). 

Doppler of the renal artery reveals integrity of the vascular pedicle (Fig. 7.34). Contrast-

enhanced CT shows multiple renal lesions with a large perirenal hematoma. The patient 

remained stable after blood transfusion, and conservative management was followed 

(Fig. 7.35). Follow-up US 4 months later revealed a scar (arrow) located in the middle region 

of the kidney as the only sequelae of the trauma (Fig. 7.36).
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Case 7.10

Renal Candidiasis
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A 45-day-old male patient with a history of PUVs presents with fever and vomiting. Upon 

physical examination, the patient was irritable and laboratory results showed a urinary 

infection. Renal ultrasound identified pelvicalyceal dilatation and a renal abscess, culture 

of which grew Candida albicans.

C. albicans is a fungus that makes up part of the normal human flora and usually does not 

cause symptoms. Nevertheless, it may manifest as an opportunistic disease in individuals 

with compromised immune response. Neonates are at greater risk due to their immune 

immaturity. Other factors such as antibiotic use, prematurity, and indwelling catheters also 

contribute to the development of candidiasis in newborns.

Infections caused by C. albicans have been described in almost all organs including the 

meninges, eyes, kidneys, and heart, as well as in other less common locations, such as the 

joints. Renal compromise may occur by hematogenous spread of the pathogen from septic 

foci elsewhere in the body. Also, an ascending infection originating from a urinary infec-

tion, urinary tract instrumentation or urinary obstruction may ultimately colonize the 

kidneys.

Renal candidiasis may manifest itself as pyelonephritis, papillary necrosis, a perinephric 

abscess, a mycetoma, urinary obstruction, nephrocalcinosis, ureterocele, and/or hydro-

nephrosis, among others.

Diagnosis is based on the growth of C. albicans in urine cultures, and treatment with 

intravenous antifungal medications is required. In certain cases, depending on clinical pre-

sentation of the infection, surgical management may be necessary.

Renal ultrasound shows an increase in renal parenchyma echogenicity as well as a well-

defined rounded lesion with thick walls and internal echos consistent with a mycetoma 

(arrows) (Fig. 7.37). An ultrasound image of a renal abscess caused by C. albicans is shown 

(Fig. 7.38). Pyeloureteral dilatation consistent with the patient’s history of PUVs is identi-

fied (Fig. 7.39). Follow-up studies after antifungal treatment show a decrease in parenchy-

mal echogenicity with persistent pelvicalyceal dilatation (Fig. 7.40).
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A 6-year-old boy presented a 3-months history of right hip pain. Synovitis of the hip was 

initially diagnosed, and X-ray were normal. Three months later a slight pain in the hip 

persisted, and a limitation of joint motion was evident at physical examination. X-ray and 

MRI at this time revealed evidence of osteonecrosis of the right femoral head.

Legg–Calvé–Perthes Disease (LCP) is an idiopathic osteonecrosis (or osteochondrosis) of 

the femoral head. It affects children, especially between 4 and 8 years old, and is four times 

more common in boys. Both hips are involved in approximately 10–15% of patients, usually 

not at the same time. The most important clinical signs are pain and limited mobility, and 

the main duration of symptoms is 4 months.

The lateral pillar classification is the most accepted way to assess severity, based on the 

loss of height of the lateral third of the femoral head, which is the weight-bearing zone and 

where revascularization begins. Collapse of the lateral pillar predicts poor outcome. Type 

A, the full height of the lateral pillar is preserved; Type B, between 50% and 100%; and Type 

C, more than 50% of the lateral pillar is lost.

Radiography is the primary imaging technique used in patients with suspected or 

known LCP disease. MR Imaging has been shown to be more accurate in evaluating the 

extent of epiphyseal necrosis and can be used to stage the hip and identify when the revas-

cularization period begins. The timing of imaging Perthes disease and the treatment 

options are still controversial. Initial MRI in the acute hip pain phase should include postin-

travenous contrast dynamic imaging to asses femoral head perfusion. Diffusion-weighted 

Imaging may be a better indicator of cell damage and necrosis than postcontrast gadolin-

ium Imaging. Recent investigations show that early restricted diffusion is present.

X-ray, AP (Fig.  8.1a), and axial (Fig.  8.1b) view of the hips show a slight soft-tissue swelling 

on the lateral aspect of the right joint and a curvilinear radiolucent shadow beginning in 

the anterior margin of the epiphysis and extending posteriorly representing a subchondral 

fracture (radiolucent crescent sign) (Fig. 8.1). Coronal STIR image shows curvilinear sub-

chondral hypointense line in the right proximal femoral epiphysis suggesting subchondral 

fracture and right hip joint effusion (Fig. 8.2). Sagittal DP weighted image with fat satura-

tion is useful to show the extension of the necrosis (Fig. 8.3). Coronal T1 weighted image 

with fat saturation obtained immediately after gadolinium administration shows absence 

of enhancement of the right femoral epiphysis with an incipient revascularization of the 

lateral pillar (revascularization phase) (Fig. 8.4).

Figure 8.1 (a) and (b)

Figure 8.2  

Figure 8.3  

Figure 8.4  
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A 13-year-old male presents with a 2-week history of low-grade fever and 5 days of pro-

gressive limping on his right leg. Later on, high fever developed and blood work showed 

leukocytosis with a differential shift to the left.

Pyomyositis is an acute infection of the skeletal muscle. Although generally found in tropi-

cal regions, an increased incidence in temperate regions has currently been documented. 

Blood cultures return positive in approximately 30% of patients, and Staphylococcus aureus 

is the most frequently isolated pathogen. Although it can develop in any anatomical region, 

it generally occurs in the gluteal muscles, thighs (particularly the quadriceps), and deep 

pelvis.

Clinical presentation occurring during the subacute phase is common and usually con-

sists of insidious pain and fever. After 1–3 weeks, the suppurative phase ensues with the 

onset of purulent intramuscular collections, accompanied by high fever, chills, and clinical 

deterioration. Since conventional radiological studies are often nonspecific during early 

stages of the disease, diagnosis is sometimes delayed. Subsequently, ultrasound imaging 

can be decisive as the first diagnostic step.

Pyomyositis of the muscles adjacent to the sciatic nerve causes impaired function that 

may mimic hip arthritis. The progression of pain and functional limitation can be attrib-

uted to irritation of the sciatic nerve and inflammation of the plexus due to the infectious 

process occurring in neighboring muscles such as the piriformis, obturator internus, and 

superior and inferior gemelli. The sciatic plexus extends anteriorly to the piriformis mus-

cle, and then the nerve runs through a plane immediately posterior to the gemelli and 

quadratus femoris muscles.

Since arthritis is a common differential diagnosis to this condition, initial imaging studies 

usually include hip ultrasound and plain radiography to rule out osteomyelitis (Figs. 8.5 

and 8.6). When both return negative, and given the poor visualization of the deep pelvic 

muscles by US, when septic seeding is suspected, MRI is then performed to detect foci of 

pyomyositis and/or osteomyelitis. Contrast-enhanced MR T1-weighted images showed 

enlargement and intense enhancement of the internal and external obturator muscles with 

abscessed areas within them (Figs. 8.7 and 8.8).

Figure 8.5  

Figure 8.6  

Figure 8.7  

Figure 8.8  
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A 10-year-old girl presents with chronic pain in the lumbar region and right ankle, without 

associated fever.

Chronic recurrent multifocal osteomyelitis (CRMO) is a rare disease that develops in chil-

dren and is characterized by aseptic inflammation in the metaphyses of long bones. This 

condition affects fewer than 1 in 200,000 children and manifests with bone or joint pain, 

swelling, and fever. The etiology is currently unclear, and typically, infectious agents are not 

isolated from the site of the lesion. CRMO is no longer considered an autoimmune disease, 

but rather an inherited, auto-inflammatory disease. The term CRMO is self-explanatory of 

its characteristics:

1. Chronic: characterized by a prolonged, fluctuating clinical course.
2. Recurrent: cycles between painful exacerbations and spontaneous remission.
3. Multifocal: Lesions may affect any location of the skeleton. Each outbreak may develop 

in a different bone.
4. Osteomyelitis: very similar to this entity, yet no infectious pathogen has been isolated.

Plain radiography shows osteitis, new bone formation, and osteolytic lesions in the meta-

physis. Some bones are affected more often than others, including the tibia, femur and 

clavicle. Bacterial cultures return negative, and biopsies show nonspecific chronic inflam-

mation. CMRO is often diagnosed by the exclusion of its two main differential diagnoses, 

bacterial infections, and tumors. Diagnosis is established on the basis of characteristic 

clinical course and findings on conventional radiographs, on occasion supplemented by 

scintigraphy and MRI. Body-MRI displays the totality of the lesions.

While antibiotic treatment shows poor response, steroidal and nonsteroidal anti-

inflammatory drugs may aid in resolving persistent lesions. Radiologists should be famil-

iar with the typical imaging findings of CRMO in order to prevent multiple unnecessary 

biopsies and long-term antibiotic treatment in children with this condition.

Coronal contrast-enhanced T1-weighted MRI of the right ankle reveals a lytic lesion of the 

tibial metaphysis with an enhancing physeal base. Periosteal reaction of the internal aspect 

of the tibia is seen (arrow) (Fig. 8.9). T2-weighted pelvic MRI with fat suppression shows 

two lesions in body of right ischium and in S1 (arrows) (Fig. 8.10). Scintigraphy displays 

uptake of three concurrent foci: right ischium, right ankle, and S1 (minimal). There are no 

other bone lesions (Fig. 8.11). Two months later, a new lesion is detected coinciding with 

clinical manifestation of contralateral ankle pain. Axial T2-weighted MRI with fat suppres-

sion shows the lesion in the left ankle (Fig. 8.12).

Figure 8.9  

Figure 8.10  

Figure 8.11  

Figure 8.12  

 Comments

 Imaging Findings



178 María I. Martínez León 

Case 8.4

Spondylodiscitis

María I. Martínez León 

Fig. 8.13 Fig. 8.14

Fig. 8.15 Fig. 8.16



179Musculoskeletal   

A 9-year-old girl presents pain while in the sitting position and also when walking.

Spondylodiscitis (SD) is the development of an inflammatory process of the intervertebral 

disk or vertebral plates with a symptomatic decrease in disk space. Clinical presentation 

tends to be nonspecific and varies according to the patient’s age. Laboratory data has also 

been found to be inconclusive. Song et al. believe the process begins as osteomyelitis of the 

vertebral metaphysis. The infection then extends through the epiphysis and involves the 

intervertebral disk. This process could further affect the adjoining vertebral body by fol-

lowing the vascular anastomoses that communicate one vertebra with the other. This vas-

cular network undergoes modifications during the first years of life. A more intricate 

connection and increased blood flow are present between the disk and vertebral plates, 

which progressively sustains involution until complete avascularization of the disk is seen 

in adulthood. The most frequently isolated pathogen is Staphylococcus aureus, and the 

most common location is the lumbar region. Although the clinical course of the condition 

tends to be favorable, radiologic sequelae may persist. SD may be associated with epidural, 

paravertebral, and psoas muscle abscesses. Furthermore, non-abscessed inflammatory 

paravertebral masses have been described in 75% of cases.

Plain radiography is the initial imaging study of choice, although lesions may not appear 

until up to 2 weeks after onset. Scintigraphy aids in locating the inflammatory process, and 

CT serves as a guide in diagnostic disk aspiration. MRI is the most accurate study for evalu-

ation, with a sensitivity of 93% and a specificity of 97%. It allows for the assessment of disk 

and vertebral destruction, spinal edema of the vertebral body, the nature and extension of 

abscesses with relation to the spinal canal, and differentiation between inflammatory 

masses and abscesses. Treatment consists of immobilization and antibiotics. Surgical man-

agement is reserved for neurologic complications and drainage of abscesses that have not 

responded to medication.

Sagittal T1-weighted without and with contrast, and T2-weighted MRI reveals involvement 

of the disk, end plates, and vertebral bodies of L3 and L4. Protrusion of the disk and soft 

tissues into the spinal canal can also be seen (Fig. 8.13a–c). Axial T1-weighted (Fig. 8.14) 

and with fat suppression and contrast (Fig. 8.15) MRI shows a left paravertebral abscessed 

component with necrosis and enhancement. Coronal contrast-enhanced T1-weighted MRI 

reveals SC with left psoas involvement and an abscessed mass. Locoregional lymphade-

nopathy (arrow) (Fig. 8.16).

Figure 8.13  

Figure 8.14  

Figure 8.15  

Figure 8.16  
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A 15-day-old boy presents with a 3-day history of fever and crying when mobilizing his 

lower limb, which maintained a flexed position.

Septic arthritis is an acute bacterial infection of the joint, which occurs more frequently in 

males and in children under the age of 5 years. It generally involves the joints of the lower 

extremity: knee, ankle, and hip (in the newborn and infant). In neonates, the most com-

monly isolated pathogens are Staphylococcus aureus, group B streptococcus, and entero-

pathogenic Gram-negative Bacilli. An infection that is not controlled by the macrophages 

of the connective tissue of the synovium produces a severe inflammatory response and 

purulent joint effusion. In the hip, the joint capsule prevents expansion of the inflamma-

tory process, which may lead to involvement of the vascularization of the femoral head. 

Since joint cartilage covers the articular surface of the femoral head, the periosteum of the 

femoral neck comes in close contact with infected fluid, and ultimately osteomyelitis may 

ensue. In a manner of days, irreversible destructive cartilaginous lesions develop and cause 

permanent impairment of joint mobility. For these reasons, an early diagnosis and timely 

drainage of the purulent effusion is essential to a favorable outcome. Clinical presentation 

usually includes pain associated with joint movement, high fever of rapid onset, and an 

abduction and external rotation position.

Plain radiography shows an increase in the articular space. Ultrasound reveals fluid 

within the joint, and hyperemia of the capsule and adjacent soft tissue. It also aids in guid-

ing arthrocentesis, which must be performed immediately after diagnosis is established. 

Technetium-99 m scintigraphy shows an increased uptake of the affected joint, a finding 

that is useful in subclinical cases, assessing deep joints, and ruling out associated osteomy-

elitis. CT and MRI are effective for diagnosis in difficult locations and for determining the 

extent of involvement (pelvic osteomyelitis).

Pelvic radiography shows a decrease in articular space with femoral displacement and 

periarticular soft-tissue swelling (Fig. 8.17). Bidimensional ultrasound reveals femoral 

head luxation (fine arrow) with distension of the joint capsule (thick arrow) due to the 

accumulation of echogenic fluid (suggests pus) (Fig. 8.18). Power Doppler ultrasound 

shows significant pericapsular vascularization, which translates to hyperemia of the cap-

sule and of the surrounding soft tissue (Fig. 8.19). 20 days later, necrosis of the femoral 

epiphysis (the femur is elevated and displaced outside the acetabulum) and an osteolytic 

femoral neck lesion are seen (arrow) due to contiguous osteomyelitis (Fig. 8.20).

Figure 8.17  

Figure 8.18  

Figure 8.19  
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A 1-year-old boy presents with a 3-day history of a right-sided lumbar region mass of elas-

tic consistency, which is painless and does not present adherence to the skin.

The lipoblastoma is a rare, benign mesenchymal tumor that originates from embryonic 

white adipose tissue. This differentiates it from other tumors such as the hibernoma that 

arises from brown adipose tissue and the lipoma that derives from mature white fat. 

Approximately 90% of cases develop in children under 3 years of age.

In 70% of patients, it presents as a partially or completely encapsulated, circumscribed 

mass that appears in superficial tissue (generally in the extremities but may also develop in 

the neck and torso). Lipoblastomatosis occurs in 30% of cases and consists of an infiltra-

tive, non-encapsulated lesion that tends to grow in deep tissue (retroperitoneum, mediasti-

num, and perineum).

Both the lipoblastoma and the lipoblastomatosis are histologically identical and present 

lobes of immature adipocytes (termed lipoblasts) that are separated by fibrous septations, 

which contain a myxoid stroma with a rich capillary network. While in small children the 

myxoid component predominates, the fatty component is greater in older patients. For this 

reason, in older children, it may easily be confused with lipoma. On the other hand, in 

younger patients, where the myxoid component is significant, a myxoid liposarcoma may 

be erroneously diagnosed, although liposarcomas are extremely rare in children under the 

age of 10 years.

The first line of treatment is complete surgical resection. A recurrence rate of 9–25% has 

been reported, especially in cases of lipoblastomatosis, given their difficult resectability.

Ultrasound shows a well-defined mass with hyperechogenic areas that correspond to the 

fatty component of the tumor and lines of lesser echogenicity, which represent the myxoid 

stromal septations (Fig. 8.21). CT (Fig. 8.22) better locates the lesion and delineates the 

planes. The two separate components of the tumor are still clearly differentiated: areas of 

lesser attenuation, fat and denser lines, myxoid stroma. On MRI, the fatty component 

appears as hyperintense areas of identical signal to that of subcutaneous fat on T1-weighted 

sequences (Fig. 8.23) and with myxoid septations of low signal on T1 and high signal on T2. 

These are more evident on fat suppression techniques (not shown). With contrast admin-

istration, the myxoid tracts show enhancement (Fig. 8.24).

Figure 8.21  

Figure 8.22  

Figure 8.23  
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A 9-year-old girl presents with pain and swelling of the right knee.

The osteosarcoma is the most common malignant bone tumor in children and young 

adults. It characteristically produces immature bone and/or osteoide tumor matrix. Three 

types of primary osteosarcoma have been described: intramedullary, superficial, and 

extraosseous. It may also present secondary to an underlying malignancy (fibrous dyspla-

sia, Paget’s disease) or to previous radiation therapy. Approximately 80% affect long bones 

(55% present around the knee) and 20% develop in flat bones or vertebrae. Although ini-

tially metaphyseal, up to 80% present epiphyseal infiltration at some point in the course of 

the disease. Around 7% show distant metastases along the same bone, skip metastases, and 

80% develop pulmonary metastases.

Initial treatment consists of neo-adjuvant chemotherapy in order to aid in performing 

subsequent conservative surgical management. A 5-year 70% survival rate has been 

described for localized disease. On the other hand, when metastases are documented at 

onset, the rate drops to 30%.

The intramedullary osteosarcoma is the most frequent subtype (75%). Approximately 

90–95% present as a centromedullar and metaphyseal bone lesion with mineralized tumor 

matrix and associated discontinuous periosteal reaction and soft-tissue mass.

The telangiectatic osteosarcoma is a rare variant (<5%) that presents as an expanding 

lytic lesion with no mineralized matrix and with internal fluid–fluid levels that appear 

on MRI.

Osteosarcomas may also affect the surface of long bones. The parosteal osteosarcoma 

(3%) is the most characteristic type and causes a sclerosing, lobulated, cortical mass that 

frequently invades bone marrow.

AP plain radiography (Fig. 8.25) shows a mixed metaphyseal-diaphysary lesion of the distal 

femur with extensive mineralized tumor matrix of cotton-like appearance, associated cor-

tical rupture, and discontinuous periosteal reaction, forming Codman’s triangle (arrow). 

Coronal T2-weighted STIR (Fig. 8.26) and T1-weighted (Fig. 8.27) MR images reveal an 

extensive, sclerosing, centromedullar lesion with an associated large soft-tissue mass that 

surrounds the femur and invades the knee joint with a distant metastasis to the middle 

third of the femoral diaphysis (arrow). With contrast administration and applying fat sup-

pression techniques, the soft-tissue mass displays intense enhancement (Fig. 8.28).

Figure 8.25  

Figure 8.26  

Figure 8.27  

Figure 8.28  
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A 10-year-old boy with a history of trauma 6 months prior to diagnosis presents with wors-

ening pain and functional impairment of the right upper extremity.

Ewing’s sarcoma (ES) is the second most common primary bone tumor in children after 

osteosarcoma. It belongs to the Ewing family of tumors, which also includes the extra-

skeletal ES and the primitive neuroectodermal tumor. The age of onset is usually the first 

and second decade of life, and it is slightly more prevalent in males. ES may affect both the 

axial and appendicular skeleton as well as extraosseous structures, yet the most common 

locations include the long bones (70%), flat bones (25%), and vertebrae (5%). Up to 20–30% 

of patients present metastases at onset, of which 36% are pulmonary, 32% are osseous, and 

21% are both.

The prognosis of localized ES depends on tumor size, location (worse outcome when 

axial skeleton is affected), and age (the older the patient the poorer the prognosis). A 5-year 

70% survival rate has been reported. On the other hand, when metastases are documented 

at onset, the rate drops to 30%.

Diagnostic imaging in this condition includes conventional radiography, that character-

izes bone lesion, and MRI, which evaluates its extension.

AP radiograph of the right arm (Fig. 8.29) shows a lytic bone lesion (moth-eaten appear-

ance) of the proximal metaphyseal-diaphysis of the humerus with associated cortical ero-

sion and disruption, and spiculated periosteal reaction. A metaphyseal, spiral, pathological 

fracture with thickened, continuous periosteal reaction can also be seen.

Coronal T2-weighted MRI with fat suppression reveals an extensive, hyperintense cen-

tromedullar lesion associated with a large, hyperintense, heterogeneous perilesional soft-

tissue mass (Fig. 8.30). Axial T1-weighted MRI (Fig. 8.31) shows cortical rupture and a 

large hypointense soft-tissue mass surrounding the humerus. With contrast administra-

tion and fat suppression (Fig. 8.32), the lesion presents an intense heterogeneous enhance-

ment, surrounds the tendon of the long head of the biceps brachii muscle, and infiltrates 

the deltoid, infraspinatus, subscapularis, and coracobrachialis muscles.

Figure 8.29  
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A 13-year-old male presents with severe lower back pain with no apparent cause.

ES is the second most common primary pediatric bone tumor. It most commonly presents 

between the ages of 4 and 15 years old. Most often, it begins as a primary bone tumor from 

elsewhere that affects the spine, although it may also occur as a primary osseous and infre-

quently extraosseous spinal tumor. Extraosseous spinal tumors are referred to as periph-

eral primitive neuroectodermal tumors (PNET). 25% of ES tumors occur in or near the 

femur, 14% in or near the ilium, and others may occur in the humerus, ribs, or other 

locations.

Patients often present with severe pain, soft-tissue mass, pathologic fracture, fever, and/

or leukocytosis. Lytic lesions with poor demarcation and a “moth-eaten” appearance are 

visible on plain radiograph and CT. In long bones, there is commonly an “onionskin” 

appearance due to the periosteal reaction. T1-weighted MR images exhibit hypointense 

bone signal, while T2-weighted MR images of Ewing sarcoma vary between hypo- and 

hyperintense signals.

The differential diagnosis for ES includes osseous leukemia, metastatic neuroblastoma, 

lymphoma, Langerhans’ cell histiocytosis, and infection. Treatment includes the combina-

tion of chemotherapy, surgery, and/or radiation. Staging and follow-up are guided by imag-

ing studies. Often a hypointense T2-weighted MRI signal posttreatment may indicate a 

successful therapeutic effect.

High loss of L3, more severe on the right superior endplate (arrow) with misalignment of 

the spinal column to the right can been seen (Fig. 8.33). Pathological compression of L3 

with a biconcave defect, apparent lytic lesion on the right suprachondral superior edge 

(long arrow), and lateral displacement of the right psoas muscle (asterisk) are suggestive of 

paravertebral compromise (Fig. 8.34a–c). Sagittal T1-weighted and coronal and sagittal 

T2-weighted images exhibiting lytic lesions on L3 with paravertebral mass on the right 

(Fig. 8.35a–c). Axial MR images (T1w w/wo contrast and FS, T2w) showing compromise of 

the vertebral body, a paravertebral mass involving the adjacent psoas muscle and the right 

lateral foramen, and compromise of the right vertebral facet are observed (Fig. 8.36a–d). 

Figure 8.33  

Figure 8.34  

Figure 8.35  

Figure 8.36  
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A 2-year-old girl presented with acute right groin pain without fever or other symptomol-

ogy associated. Eight months earlier, the patient had complained of similar intermittent 

episodes in the left hip.

Granulocytic sarcoma (GS) or myeloid sarcoma is a rare solid tumor originating from 

immature myeloid cells of the granulocytic series of white blood cells. In the past, the term 

“chloroma” was used for this kind of tumor. The growth of immature cells at an extramed-

ullary site is secondary to acute or chronic myeloid leukemia or other myeloproliferative 

disorders. Although very unusual, it may precede leukemia.

Clinical presentation of GS is generally related to its anatomic location. Nevertheless, 

it may also be asymptomatic and be discovered incidentally in the monitoring of a child 

with acute myeloid leukemia. Although GS has been found to develop anywhere in the 

body, the most common sites are the orbit and subcutaneous tissue followed by paranasal 

sinuses, lymph nodes, and bone. Bone GS arises from the bone marrow, extends through 

the Haversian canals, reaches the periosteum, and ultimately affects the surrounding soft 

tissue.

The most common radiographic findings are osteolysis and rarefaction with ill-defined 

margins. Differential diagnoses include osteomyelitis, Langerhans cell histiocytosis, neu-

roblastoma metastases, ES, and lymphoma.

A lytic, permeative tumor in the right ischium (arrow) is seen on pelvic radiography 

(Fig. 8.37). On pelvic CT (Fig. 8.38), another lesion expanding the left iliac bone with asso-

ciated periosteal reaction is shown. On postcontrast MR images (Figs. 8.39 and 8.40), bone 

marrow infiltration and soft-tissue involvement are revealed.

In this rare case of GS, where two pelvic bone lesions appeared before leukemia was 

diagnosed, a biopsy was necessary. However, currently, immunohistochemical stains using 

monoclonal antibodies and flow cytometry are the mainstay of diagnosis.

Figure 8.38  

Figure 8.39  

Figure 8.40  

Figure 8.37  

 Comments

 Imaging Findings



192 Further Reading

Further Reading

Book

Barkovich JA (2005) Pediatric neuroimaging. Lippincott 
Williams & Wilkins, Philadelphia

Labrune M, Kalifa G (2000) Diagnóstico por imagen de la 
columna vertebral en la infancia. Colección de diagnóstico 
por imagen. Ed Masson SA, Barcelona

Parizel PM, Vanhoenacker FM (2006) Imaging of soft tissue 
tumors, 3rd edn. Springer, New York, p 227

Resnick D (2001a) Bone and joint imaging, vol II. W.B. Saunders, 
Philadelphia, p 667

Resnick D (2001b) Bone and joint imaging, 2nd edn. W.B. 
Saunders, Philadelphia

Resnick D. (2005) Diagnosis of bone and joint disorders, vol 5, 3rd 
edn. W.B. Saunders, Philadelphia, Chapter 81, pp 3559–3610

Resnick D. (2005) Diagnosis of bone and joint disorders, 3rd 
edn. W.B. Saunders, Philadelphia

Silverman FN, Kuhn JP (1993) Caffey’s pediatric X-ray diagnosis. An 
integrated imaging approach, 9th edn. Mosby, St. Louis, p 1850

Stoller DW, Tirman PF, Bredella MA, Beltrán S, Branstetter RM, 
Blease SC (2004) Diagnostic imaging. Orthopedics, vol 8. 
Amirsys, pp 14–17, Salt Lake City, Utah: Amirsys

Stoller DW, Tirman PFJ, Bredella MA, Beltrán S, Branstetter RM, 
Blease SC (2004) Diagnostic imaging. Orthopedics. Amirsys, 
pp 814–817, Salt Lake City, Utah: Amirsys

Web Link

http://emedicine.medscape.com/article/826935-overview
http://journals.lww.com/spinejournal/pages/default.aspx
http://www.ich.ucl.ac.uk/gosh/clinicalservices/Rheumatology/

MedicalConditions/#H2_1834
http://www.nlm.nih.gov/medlineplus/ency/article/001302.htm
http://www.revistapediatria.cl/vol3num2/pdf/8_Lipoblastoma.

pdf
http://www.uptodate.com/home/index.html
www.bonetumor.org
www.emedicine.medscape-com/article/1259337overview

Articles

Anik Y, Corapcioglu F, Yildiz DK (2008) Radiological findins of 
atypical extraoskeletal Ewing sarcoma. Pediatr Hematol 
Oncol 25:469–471

Averill LW, Hernandez A, Gonzalez L, Peña AH (2009) Jaramillo D 
Diagnosis of osteomyelitis in children: utility of fat-suppressed 
contrast-enhanced MRI. AJR 192:1232–1238

Baleato Gonzalez S, Vilanova JC, García Figueras R (2008) The 
role of MRI in the early diagnosis of pyomyositis in children. 
Radiología 50:495–501

Bansal M, Bhaliak V, Bruce CE (2008) Obturator internus muscle 
abscess in a child. A case report. J Pediatr Orthop B 17: 
223–224

Benesch M, Christian U, Herwig L, Reinhold K, Wolfgang S, 
Christine B-S et al (1999) Typical extraosseous Ewing sar-
coma of the spinal canal with bone marrow involvement in a 
two-month-old boy. Med Pediatr Oncol 32(6):471

Bestic JM, Peterson JJ, Bancroft LW (2009) Use of FDG PET in 
staging, restaging, and assessment of therapy response in 
Ewing sarcoma. RadioGraphics 29:1487–1500

Bodart E, Motte F, Michel M (2008) Limp with fever in adolescent: 
about 2 cases of pyomyositis. Arch Pediatr 15:1304–1307

Brown R, Hussain M, McHugh K, Novelli V, Jones D (2001) 
Discitis in young children. J Bone Joint Surg Am 83:106–111

Browne LP, Mason EO, Kaplan SL (2008) Optimal imaging strat-
egy for community-adquired Staphylococcus aureus muscu-
loskeletal infections in children. Pediatr Radiol 38:841–847

Buchmann RF, Jaramillo D (2004) Imaging of articular disor-
ders in children. Radiol Clin North Am 42:151–168

Campidelli C, Agostinelli C, Stitson R, Pileri SA (2009) Myeloid 
sarcoma: extramedullary manifestation of myeloid disor-
ders. Am J Clin Pathol 132(3):426–437

Carr AJ, Cole WG, Roberton DM, Chow CW (1993) Chronic mul-
tifocal osteomyelitis. J Bone Joint Surg Br 75:582–591

Chan LL, Czerniak BA, Ginsberg LE (2000) Radiation-induced 
osteosarcoma after bilateral childhood retinoblastoma. AJR 
174:1288

Chantal JD, Krebs S, Kahan A (2001) Chronic recurrent multifo-
cal osteomielitis: five-year outocomes in 14 pediatric cases. 
Joint Bone Spine 68:242–251

Choi EK, Ha HK, Park SH, Lee SJ, Jung SE, Kim KW, Lee SS (2007) 
Granulocytic sarcoma of bowel: CT findings. Radiology 
243(3):752–759

David Pienkowski et al (2009) Novel three-dimensional MRI 
technique for study of cartilaginous hip surfaces in Legg–
Calvé–Perthes disease. J Orthop Res 27(8):981–988

De Boeck H (2005) Osteomyelitis and septic arthritis in chil-
dren. Acta Orthop Belg 71:505–515

Demharter J, Bhondorf K, Milch W, Vogt H (1997) Chronic 
recurrent multifocal osteomyelitis: a radiological and clini-
cal investigation of five cases. Skeletal Radiol 26:579–588

Dillman JR, Hernandez RJ (2009) MRI of Legg–Calve–Perthes 
disease. AJR 193(5):1394–1407

Dobbs MB, Sheridan JJ, Gordon JE, Corley CL, Szymanski DA, 
Schoenecker PL (2003) Septic arthritis of the hip in infancy: 
long-term follow-up. J Pediatr Orthop 23:162–168

Doria AS et al (2008) Legg–Calvé–Perthes disease: multiposi-
tional power Doppler sonography of the proximal femoral 
vascularity. Pediatr Radiol 38(4):392–402

Downey Carmona FJ, Farrington Rueda D (2006) Pyomiositis of 
hip obturator muscles. Cir Pediátr 19:241–243

Drevelegas A, Pilavaki M, Chourmouzi D (2004) Lipomatous 
tumors of soft tissue: MR appearance with histological cor-
relation. Eur J Radiol 50:257–267

Dwek JR (2009) The hip: MR imaging of uniquely pediatric dis-
orders. Magn Reson Imaging Clin N Am 17(3):509–520

Fabry G (2010) Clinical practice: the hip from birth to adoles-
cence. Eur J Pediatr 169(2):143–148

Fink LH, Meriweather MW (1979) Primary epidural Ewing’s sar-
coma presenting as a lumbar disc protrusion case report.  
J Neurosurg 51(1):120–123

Forlin E, Milani C (2008) Seqelae of septic arthritis of the hip in 
children: a new classification and a review of 41 hips. J Pediatr 
Orthop 28:524–528

Galant J, Martí-Bonmatí L, Sáez F, Soler R, Alcalá-Santaella R, 
Navarro M (2003) The value of fat-suppressed T2 or STIR 
sequences in distinguishing lipoma from well-differentiated 
liposarcoma. Eur Radiol 13:337–343



193Musculoskeletal   

Gamble JG, Rinsky LA (1986) Chronic recurrent multifocal 
osteomielitis: distinct clinical entity. J Pediatr Orthop 6:579–584

Garner HW, Kransdorf MJ et al (2009) Benign and malignant 
soft-tissue tumors: post-treatment MR imaging. 
RadioGraphics 29:119–134

Girschick HJ, Zimmer C, Klaus G, Darge K, Dick A, Morbach H 
(2007) Chronic recurrent multifocal osteomyelitis: what is it 
and how should it be treated? Nat Clin Pract Rheumatol 
3(12):733–738

Gutierrez K (2005) Bone and joint infections in children. Pediatr 
Clin North Am 52:779–794

Ha TV, Kleinman PK, Fraire A, Speavak MR, Nimkin K, Cohen IT 
et al (1994) MR Imaging of benign fatty tumours in children: 
report of four cases and review of the literature. Skeletal 
Radiol 25:361–367

Ha AS, Wells L, Jaramillo D (2008) Importance of sagittal MR 
imaging in nontraumatic femoral head osteonecrosis in chil-
dren. Pediatr Radiol 38(11):1195–1200

Haresh KP, Joshi N, Gupta C, Prabhakar R, Sharma DN, Julka PK, 
Rath GK (2008) Granulocytic sarcoma masquerading as 
Ewing’s sarcoma: a diagnostic dilemma. J Cancer Res Ther 
4(3):137–139

Hernández R, Strouse PJ (2002) Focal pyomyositis of the peris-
ciatic muscles in children. AJR 179:1267–1271

Hernández F, Nistal, Encinas JL (2004) Lipoblastoma: el menos 
conocido de los tumores adiposos. Cir Pediátr 17:175–178

Herring JA (1994) The treatment of Legg–Calve–Perthes disease. 
A critical review of the literature. J Bone Joint Surg Am 76: 
448–458

Hoffer FA, Nikanorov AY, Reddick WE (2000) Accuarcy on MR 
imaging for detecting epiphyseal extension of osteosarcoma. 
Pediatr Radiol 30:289–298

Jagodzinski NA, Kanwar R, Graham K, Bache CE (2009) 
Prospective evaluation of a shortened regimen of treatment 
for acute osteomyelitis and septic arthritis in children. 
J Pediatr Orthop 29:518–525

Jansen BR, Hart W, Schreuder O (1993) Discitis in childhood. 
12–35-year follow up of 35 patients. Acta Orthop Scand 
64:33–36

Jaramillo D (2009) What is the optimal imaging of osteonecro-
sis, Perthes, and bone infarcts? Pediatr Radiol 39:216–219

Jordanov MI, Block JJ, Gonzalez AL, Green NE (2009) 
Transarticular spread of Ewing sarcoma mimicking septic 
arthritis. Pediatr Radiol 39:381–384

Jurik AG (2004) Chronic recurrent multifocal osteomyelitis. 
Semin Mucsuloskelet Radiol 8(3):243–253

Karmazyn B, Loder RT, Kleiman MB (2007) The role of pelvic 
MRI in evaluating nonhip sources of infection in children 
with acute nontraumatic hip pain. J Pediatr Orthop 27: 
158–164

Kayser R, Mahlfeld K, Greulich M, Grasshoff H (2005) 
Spondylodiscitis in childhood: results of a long-term study. 
Spine 30:318–323

Khanna G, Sato TS, Ferguson P (2009) Imaging of chronic 
recurrent multifocal osteomyelitis. RadioGraphics 29(4): 
1159–1177

Klimo P Jr, Codd PJ, Grier H, Goumnerova LC (2009) Primary 
pediatric intraspinal sarcomas. J Neurosurg 4(3):222–229

Krandorf MJ (1995) Benigg soft-tissue tumors in a large referral 
population: distribution of specific diagnosis by age, sex and 
location. AJR 164:395–402

Lan TY, Lin DT, Tien HF, Yang RS, Chen CY, Wu K (2009) 
Prognostic factors of treatment outcomes in patients with 
granulocytic sarcoma. Acta Haematol 122(4):238–246

Li W, Brock P, Saunders DE (2005) Imaging characteristics of 
primary cranial Ewing sarcoma. Pediatr Radiol 35(6): 
612–618

Llorente Otones L, Vázquez Román S (2007) Piomiositis en los 
niños. No sólo una enfermedad tropical. An Pediatr 67:568–571

Ludwig JA (2008) Ewnig sarcoma: historical perspectives, cur-
rent state-of-art, and opportunities for targeted therapy in 
the future. Curr Opin Oncol 20:412–418

Mar WA, Taljanovic MS, Bagatell R, Graham AR, Speer DP, 
Hunter TB et al (2008) Update on imaging and treatment of 
Ewing’s sarcoma family tumors: what the radiologist needs 
to know? J Comput Assist Tomogr 32:108–118

Merlini L et al (2010) Diffusion-weighted imaging findings in 
Perthes disease with dynamic gadolinium-enhanced sub-
tracted (DGS) MR correlation: a preliminary study. Pediatr 
Radiol 40(3):318–325 

Miller TT (2008) Bone tumors and tumorlike conditions: analy-
sis with conventional radiography. Radiology 246:662–674

Mitsionis GI, Manoudis GN, Lykissas MG (2009) Pyomyositis in 
children. Early diagnosis and treatment. J Pediatr Surg 
44:2173–2178

Mortenson W, Edeburn G, Fiers M, Nilsson R (1988) Chronic 
recurrent multifocal osteomyelitis in children. Acta Radiol 
29:565–570

Murphey MD, Robbin MR, McRae GA, Flemming DJ, Temple HT, 
Kransdorf MJ (1997) The many faces of ostesarcoma. 
RadioGraphics 17:1205–1231

Murphey MD, Carroll JF, Flemming DJ (2004a) From de archives 
of the AFIP: benign musculoskeletal lipomatous lesions. 
RadioGraphics 24:1433–1466

Murphey MD, Jelinek JS, Temple HT, Flemming DJ, Gannon FH 
(2004b) Imaging of periosteal ostesarcoma: radiologic–
pathologic comparison. Radiology 233:129–138

Neiman RS, Barcos M, Berard C et al (1981) Granulocytic sar-
coma: a clinicopathologic study of 61 biopsied cases. Cancer 
48:1426–1437

O’Keeffe F, Lorigan JG, Wallace S (1990) Radiological features of 
extraskeletal Ewing sarcoma. Br J Radiol 63:456–460

Paydas S, Zorludemir S, Ergin M (2006) Leuk granulocytic sar-
coma: 32 cases and review of the literature. Leuk Lymphoma 
47(12):2527–2541

Pekala JS, Gururangan S, Provenzale JM, Mukundan S Jr (2006) 
Central nervous system extraosseous Ewing sarcoma: radio-
logic manifestations of this newly defined pathologic entity. 
Am J Neuroradiol 27:580–583

Perlis CS, Collins MH, Honig PJ, Low DW (2000) Forehead lipo-
blastoma mimicking a hemangioma. Pediatrics 105:123–128

Pileri Sa, Ascani S, Cox MC, Campidelli C, Bacci et al (2007) 
Myeloid sarcoma: clinico-pathologic, phenotypic and cyto-
genetic analysis of 92 adult patients. Leukemia 21:340–350

Post MJ, Bowen BC, Sze G (1991) Magnetic resonance imaging of 
spinal infection. Rheum Dis Clin Norh Am 17:773–794

Pretorius ES, Hruban RH, Fishman EK (1996) Tropical 
pyomyositis:imaging findings and a review of the literature. 
Skeletal Radiol 25:576–579

Pui M, Fletcher B, Langston J (1994) Granulocytic sarcoma  
in childhood leukemia: imaging features. Radiology 190: 
698–702



194 Further Reading

Quan GM, Slavin JL, Schlicht SM, Smith PJ, Powell GJ, Choong 
PF (2005) Osteosarcoma near joints: assessment and impli-
cations. J Surg Oncol 91:159–166

Ranson M (2009) Imaging of pediatric musculoskeletal infec-
tion. Semin Musculoskelet Radiol 13:277–299

Regueras Santos L, Ledesma Benítez I, Regueras Santos L, 
Ledesma Benítez I, de la Mano LJ Ferrero, Del Río González 
E, Fernández Castaño MT (2007) Chronic recurrent multifo-
cal osteomyelitis. Our experience. Bol Pediatr 47:136–141

Reiseter T, Nordushus T, Borthne A, Roald B, Naess P, Schistad O 
(1999) Lipoblastoma: MRI appearances of a rare paediatric 
soft tissue tumour. Pediatr Radiol 29:542–545

Rodriguez DP, Poussaint TY (2010) Imaging of back pain in chil-
dren. Am J Neuroradiol 31(5):787–802

Sabourin SM, Jayashankar A, Mullins ME (2008) Imaging of 
osteosarcoma after irradiation: self-assessment module. AJR 
191:S28–S30

Schultz E, Rosenblatt R, Mitsudo S, Weinberg G (1993) Detection 
of a deep lipoblastoma by MRI and ultrasound. Pediatr 
Radiol 23:409–410

Shapeero LG, Vanel D, Sundaram M, Ackerman VL, Wuisman P, 
Bauer TW et al (1994) Periosteal Ewing sarcoma. Radiology 
191:825–831

Shin JH, Lee HK, Rhim SC, Cho KJ, Choi CG, Suh DC (2001a) 
Spinal epidural extraskeletal Ewing sarcoma: MR findings in 
two cases. AJNR 22:795–798

Shin JH, Lee HK, Rhim SC, Cho K, Choi CG, Suh DC (2001b) 
Spinal epidural extraskeletal ewing sarcoma: MR findings in 
two cases. Am J Neuroradiol 22:795–798

Smith AS, Blaser SI (1991) Infectious and inflammatory pro-
cesses of the spine. Rad Clin Norh Am 29:809–827

Song KS, Ogden JA, Ganey T, Guidera KJ (1997) Contiguous dis-
citis and osteomyelitis in children. J Pediatr Orthop 14: 
470–477

Song HR et al (2000) Classification of metaphyseal change with 
magnetic resonance imaging in Legg–Calvé–Perthes disease. 
J Pediatr Orthop 20(5):557–561

Song J, Letts M, Monson R (2001) Differentiation of psoas mus-
cle abscess from septic arthritis of the hip in children. Clin 
Orthop Relat Res 391:258–265

Song X, Choi J, Rao C (2008) Primary Ewing sarcoma of lumbar 
spine with massive intraspinal extension. Pediatr Neurol 
38(1):58–60

Spiegel PG, Kengla KW, Isaacson AS, Wilson JC (1972) 
Intervertebral disc-space inflammation in children. J Bone 
Joint Surg Am 54:284–296

Stacy GS, Ravinder SM, Peabody TD (2006) Staging of bone 
tumors: a review with illustrative examples. AJR 186:967–976

Stein-Wexler R (2009) MR imaging of soft tissue masses in chil-
dren. Radiol Clin North Am 47(6):977–995

Strouse PJ, DiPietro MA, Adler RS (1998) Pediatric hip effusions: 
evaluation withpower Doppler sonography. Radiology 206: 
731–735

Suresh S, Saifuddin A (2007) Radiological appereances of appen-
dicular osteosarcoma: a comprehansive pictorial review. Clin 
Radiol 62:314–323

Tapia Moreno R, Espinosa Fernández MG, Martínez León MI, 
González Gómez JM, Moreno Pascual P (2009) Spondylodiscitis: 
diagnosis and medium-long term follow up of 18 cases. An 
Pediatr (Barc) 71(5):391–399

Tlougan BE, Podjasek JO, O’Haver J, Cordova KB, Nguyen XH, 
Tee R et al (2009) Chronic recurrent multifocal osteomyelitis 
(CRMO) and synovitis, acne, pustulosis, hyperostosis, and 
osteitis (SAPHO) syndrome with associated neutrophilic 
dermatoses: a report of seven cases and review of the litera-
ture. Pediatr Dermatol 26(5):497–505

Uhl M, Saueressig U, Van Buiren M, Kontny U, Niemeyer C, 
Köhler G et al (2006) Osteosarcoma: preliminary results 
in vivo assessment of tumor necrosis after chemotherapy 
with diffusion- and perfusion-weigthed magnetic resonance 
imaging. Invest Radiol 41:618–623

Vogel G, Gane A, Salai M (2001) Lipoblastoma in an infant’s foot. 
Isr Med Assoc J 3:540–541

Wenger DR, Bobechko WP, Gilday DL (1978) The spectrum of 
intervertebral disc-space infection in children. J Bone Joint 
Surg Am 60:100–108

Wootton-Gorges SL (2009) MR imaging of primary bone tumors 
and tumor-like conditions in children. MRI Clin North Am 
17:469–487

Worch J, Ritter J, Frühwald MC (2008) Presentation of acute pro-
myelocytic leukemia as granulocytic sarcoma. Blood Cancer 
50(3):657–660

Zawin JK, Hoffer FA, Rand FF, Teele RL (1993) Joint effusion in 
children with an irritable hip US diagnosis and aspiration. 
Radiology 187:459–463

Zwaga T, Boveé JV, Kroon HM (2008) Osteosarcoma of the femur 
with skip, lymph node, and lung metastases. RadioGraphics 
28:277–283



M.I. Martínez-León et al., Learning Pediatric Imaging, Learning Imaging,  
DOI: 10.1007/978-3-642-16892-5_9, © Springer-Verlag Berlin Heidelberg 2011

Neonatal 9

Contents

Case 9.1 Surfactant Deficiency Disease . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 196
Carmen Gallego Herrero 

Case 9.2 Bronchogenic Cyst . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 198
Elisa Cuartero Martínez and María I. Martínez León 

Case 9.3 Localized Persistent Pulmonary Interstitial Emphysema  . . . . . . . . . 200
María I. Martínez León 

Case 9.4 Posthemorrhagic Hydrocephalus in the Preterm Infant  . . . . . . . . . . 202
Cristina Bravo Bravo and Pascual García-Herrera Taillefer 

Case 9.5 Hypoxic–Ischemic Encephalopathy in the Full-Term Neonate . . . . . 204
Eva Gómez Roselló 

Case 9.6 Cerebral Sinovenous Thrombosis in Neonates  . . . . . . . . . . . . . . . . . . 206
Cristina Bravo Bravo and Pascual García-Herrera Taillefer 

Case 9.7 Disseminated Cerebral Candidiasis in Preterm Infants . . . . . . . . . . . 208
Cristina Bravo Bravo and Pascual García-Herrera Taillefer 

Case 9.8 Necrotizing Enterocolitis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 210
Amparo Moreno Flores and Roberto Llorens Salvador 

Case 9.9 Midgut Volvulus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 212
Pascual García-Herrera Taillefer and Cristina Bravo Bravo 

Case 9.10 Portal Calcification Secondary to Umbilical Vein Catheterization . . 214
Cristina Serrano García 



196 Carmen Gallego Herrero 
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Immediate respiratory distress in a 29-week-gestational-age preterm infant that required 

endotracheal surfactant administration. On the third day of life, a sudden increase in respi-

ratory work is appreciated.

Surfactant Deficiency Disease (SDD) reflects the pulmonary immaturity and deficiency of 

surfactant phospholipids covering the alveoli. SDD leads to respiratory distress syndrome 

(RDS) clinically and hyaline membrane disease pathologically in neonates less than 

36 weeks of gestational age. Despite the many complications associated to prematurity, 

lung disease remains the leading cause of neonatal morbidity.

SDD courses with tachypnea, expiratory grunting, retractions, and some degree of cyano-

sis within the first 8 h of life. In the absence of surfactant, the alveolar surface tension is 

increased, with the resultant collapse of alveoli and subsequent poor gas exchange, hypoxia, 

hypercarbia, increased pulmonary resistance, and ventilation perfusion imbalance. The 

advent of technical innovations in therapy that include antenatal corticoid administration, 

postnatal surfactant instillation, and more gentle mechanical ventilation have modified 

both the radiological appearance and clinical evolution of SDD. Surfactant administration 

may result in a rapid clinical improvement with a more variable radiological response rang-

ing from complete to partial or less frequently non-clearance of the lungs. With the progres-

sive recruitment of ventilated alveoli, a decrease in pulmonary vascular resistance may lead 

to a hemodinamically significant left-to-right shunt via a patent ductus arteriosus (PDA) 

that puts the patient in pulmonary vascular congestion and edema. Mechanical ventilation 

and oxygen are responsible for the air block complications in SDD that include interstitial 

emphysema, pneumomediastinum, pneumothorax, and pneumopericardium.

The most common radiological manifestation in SDD is a reticulogranular lung pattern 

secondary to alveolar collapse, interstitial fluid, and overdistension of bronchioles (Fig. 9.1). 

More severe involvement of the lungs correlates with increased opacification of the lungs 

and air bronchograms. Clearance of reticulogranular opacities is seen in up to 35% after 

surfactant instillation (Fig. 9.2). An increase in heart size and pulmonary density with 

effacement of pulmonary borders suggests the presence of PDA (Fig. 9.3) with a significant 

left-to-right shunting that leads to pulmonary edema. Closure of the PDA is accomplished 

with indomethacin therapy – if not contraindicated – with the subsequent disappearance 

of pulmonary edema and reduction in heart size (Fig. 9.4).

Figure 9.1 

Figure 9.2 

Figure 9.3 

Figure 9.4 
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Case 9.2

Bronchogenic Cyst

Elisa Cuartero Martínez and María I. Martínez León 

Fig. 9.5 Fig. 9.6

Fig. 9.8Fig. 9.7
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A 1-month-old boy is brought to the emergency department with tachypnea, moderate 

subcostal retractions, and decreased breath sounds on the left.

Bronchogenic cysts (BCs) are congenital malformations of the bronchial tree caused by 

abnormal budding of the tracheal diverticulum in the ventral foregut between weeks 5 and 

16 of fetal age. Histologically, BC is a closed sac composed of a ciliary or columnar epithe-

lial membrane filled with fluid or mucus material.

According to their location, BCs can be divided into intrapulmonary or mediastinal. 

Other, less frequent locations include the neck, pericardium, abdomen, and subcutaneous 

cellular tissue. The mediastinal or central form is more frequent. In this variant, the cyst is 

generally located at the distal trachea or the proximal main bronchus. Three subtypes for 

mediastinal BC have been described: paratracheal (usually right-sided), carinal, and hilar, 

the carinal subtype being the most common.

On the other hand, intrapulmonary cysts are usually located in the inferior lobes. Cysts 

may vary in size, be single or multiple, and/or present with multiloculation. Furthermore, 

some show communication with adjacent airways, a feature that predisposes them to 

infection.

Although the vast majority of BCs are asymptomatic, clinical presentation may vary 

according to the size and location of the mass. Mediastinal cysts may compress the trachea 

or bronchi causing cough, dyspnea, chest pain, hemoptysis, and air entrapment due to an 

associated valve effect.

On the other hand, the intrapulmonary form presents clinically with respiratory tract 

infections. This complication is usually seen in BCs that show communication with the 

tracheobronchial tree. In these cases, air or air–fluid levels can be seen within the cyst itself. 

Spontaneous rupture of these structures is a rare finding.

The treatment of choice for symptomatic BC is surgical resection. A complete removal 

decreases the incidence of recurrences.

AP chest radiograph shows hyperinflation of the left hemithorax in comparison to the 

right (Fig. 9.5). Low radiation-dose axial CT image without contrast shows a thin-walled 

nodular lesion containing material with fluid attenuation (9.9 HU) located in the posterior 

mediastinum (Fig. 9.6). Coronal CT MIP image depicts a mass compressing over 50% of the 

lumen of the left main bronchus (arrow) (Fig. 9.7). Hyperlucency of the left lung can be 

seen due to the valvular mechanism caused by the cyst. Sagittal CT MIP image exhibits a 

cystic mass in the posterior mediastinum (asterisk) (Fig. 9.8).

Figure 9.5 

Figure 9.6 

Figure 9.7 

Figure 9.8 
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Case 9.3

Localized Persistent Pulmonary Interstitial Emphysema

María I. Martínez León 

Fig. 9.9
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Fig. 9.12
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Premature (36 weeks), male newborn, product of twin pregnancy, weighing in at 1,550 g 

presents with respiratory distress since birth.

Localized persistent pulmonary interstitial emphysema (LPPIE) is a syndrome character-

ized by air-leakage in the perivascular tissues of the lung. It generally presents during ini-

tial hospitalization of premature newborns due to clinical distress and immaturity. History 

of mechanical ventilation is common, although cases of LPPIE have been reported in full-

term neonates without mechanical ventilation. Typically, development of hyperinflated 

radiolucent lobar lung lesions appear after radiologic findings of pulmonary interstitial 

emphysema have been documented.

The difference with interstitial emphysema (IE) is that LPPIE is localized (usually lobar, 

but can be multilobular or less frequently, bilateral), persistent on time, and expanding, 

causing mass effect and progressive respiratory distress. The first line of treatment for 

LPPIE is surgical resection, although there are cases where conservative nonsurgical meth-

ods (decubitus positioning, selective intubation) may apply. Differential diagnoses include 

other radiolucent congenital lung lesions such as congenital cystic adenomatoid malfor-

mation and congenital lobar emphysema. Differentiating between them is essential in 

establishing an adequate treatment plan.

Radiography appearance of LPPIE is similar to IE except for that it is localized and pres-

ents associated mass effect. CT findings are different to that of IE because it characteristi-

cally shows solid linear or punctiform structures within air-filled cysts, consistent with 

bronchovascular bundles surrounded by interstitial gas (“line-and-dot pattern”). The final 

diagnosis is confirmed histologically when surgical resection is performed.

Chest radiography shows a mechanically ventilated neonate (arrow) with light diffuse 

opacities consistent with surfactant deficiency disease (Fig. 9.9a). Two days later, chest radi-

ography reveals a left-sided pneumothorax (Fig. 9.9b). Ten days later, chest radiography 

displays findings consistent with left LPPIE (Fig. 9.10). Axial CT MIP reconstruction image 

with lung window shows localized involvement of the left lung with irregular cystic air 

spaces and elongated solid components surrounded by smaller air spaces, line-and-dot 

pattern (arrow) (Fig. 9.11). Coronal CT miniMIP reconstruction image reveals a localized 

expansive cystic lesion of the upper lobe with mass effect and secondary mediastinal con-

tralateral shift (Fig. 9.12). The patient underwent surgical lobectomy and there was histo-

logical diagnostic confirmation.

Figure 9.9a, b 

Figure 9.10 

Figure 9.11 

Figure 9.12 
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Case 9.4

Posthemorrhagic Hydrocephalus in the Preterm Infant

Cristina Bravo Bravo and Pascual García-Herrera Taillefer 

Fig. 9.15

Fig. 9.13 Fig. 9.14

Fig. 9.16
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Preterm newborn presents severe intraventricular hemorrhage, increased cephalic perim-

eter, and progressive dilatation of the ventricular system.

Posthemorrhagic hydrocephalus consists of a progressive dilatation of the ventricular sys-

tem due to obstruction of the circulatory pathways and CSF reabsorption secondary to 

hemorrhage in the ventricular system and spaces containing CSF. It is considered a severe 

complication of intraventricular bleeding in the preterm neonate. Ultrasound is the pre-

ferred imaging modality in the evaluation of this condition. The progressive enlargement 

of the ventricular system can be quantified by the measurement of ventricular size on serial 

studies. Findings that aid in diagnosing hydrocephalus and differentiate it from ex-vacuo 

ventriculomegaly include rounding of the frontal horns, dilatation of the temporal horns, 

and bulging of the third ventricle. The morphological characteristics of the dilatation indi-

cate the level of obstruction, which may have therapeutic implications. In intraventricular 

hydrocephalus (noncommunicating) the obstruction occurs in the Sylvian aqueduct 

(in which case the fourth ventricle is normal) or in the openings that drain the fourth 

 ventricle (the ventricle would appear dilated and the cisterna magna, small). In extraven-

tricular hydrocephalus (communicating), the entire ventricular system is dilated and the 

cisterna magna is either normal or enlarged. Exploration through the mastoid fontanelle 

allows for adequate assessment of the posterior fossa. In cases where blood particles or 

detritus are present in CSF, color Doppler may aid in evaluating the permeability of the 

Sylvian aqueduct or of the foramen of Luschka or Magendie. An increase in intracranial 

pressure is reflected on the resistance index (RI) of the intracranial vessels. Compression of 

the anterior fontanelle increases the sensitivity of the RI for the detection of intracranial 

compliance abnormalities.

Coronal view US of the anterior fontanelle (Fig. 9.13) shows ventricular dilatation with 

thickening and hyperechogenicity of the ependyma (chemical ependymitis) and a blood 

clot in the right ventricle (arrow). Axial US images obtained through the mastoid fonta-

nelle (Figs. 9.14 and 9.15) reveal extraventricular hydrocephalus with dilatation of the 

fourth ventricle and the cisterna magna, as well as permeability of the Sylvian aqueduct, 

which shows color signal in its interior due to the presence of mobile blood particles in the 

CSF. Also, diastole inversion and an RI increase (>1) of the anterior cerebral artery 

(Fig. 9.16) can be seen, which indicate elevated intracranial pressure.

Figure 9.13 

Figure 9.14 

Figure 9.15 

Figure 9.16 
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Case 9.5

Hypoxic–Ischemic Encephalopathy in the Full-Term Neonate

Eva Gómez Roselló 

Fig. 9.17

Fig. 9.20Fig. 9.19

Fig. 9.18
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Case 9.5a: Woman with a 41-week gestation with labor dystocia. The newborn presented 

epileptic seizures 24 h after birth. 

Case 9.5b: Woman with a 40-week gestation with history of cesarean section presents uter-

ine rupture. Neonate is born by urgent c-section with a low Apgar score.

Hypoxic–ischemic injury is an important cause of morbidity and mortality in the neonate 

and produces cerebral paralysis as a possible sequela. Imaging findings are unique to the 

newborn, with different patterns appearing according to cerebral maturity and the severity 

and duration of the ischemic insult. Moderate damage refers to sustained yet incomplete 

deficit, which causes redistribution to hypermetabolic areas and in turn, damage to inter-

vascular watershed territories. Severe damage consists of a sudden and complete hypoxia 

that predominantly affects deep gray matter and myelinated fibers. While mild hypoten-

sion produces parasagittal cortical and subcortical white matter lesions, severe hypoten-

sion affects the posterior putamen, hypocampus, lateral aspect of the thalamus, corticospinal 

tract, and the sensitive and motor cortex.

Conventional, diffusion (DWI), and spectroscopy MRI are the most sensitive modalities 

used to detect patterns of ischemic damage. A combination of T1-, T2-, and DWI is recom-

mended for evaluating hypoxic–ischemic lesions during the early neonatal period in the 

full-term newborn. Certain signs have been described as indicative of hypoxic injury, 

including an increased signal of the basal ganglia and thalami on T1, loss of hypersignal of 

the posterior limb of the internal capsule, and diffusion restriction of the injured areas. 

An earlier diffusion is seen between 24 h and 8 days after birth and it is more sensitive to 

cytotoxic edema, an important indicator of outcome. Spectroscopy may also be useful in 

providing information used to determine prognosis.

Case 9.5a: Ultrasound performed at 24 h was normal. MRI 5 days later revealed multiple 

cortical and subcortical lesions in watershed territory that are hyperintense on T2-weighted/

FLAIR MR images (Fig. 9.17) and show restricted diffusion on the ADC map without hem-

orrhagic transformation (Fig. 9.18). 

Figure 9.17 

Figure 9.18 

Case 9.5b: MRI performed 4 days after the ischemic event revealed severe ischemic damage. 

T1-weighted MR image shows bilateral hyperintensity of the basal ganglia, mesencephalon, 

and precentral cortex (Fig. 9.19). The lesions display restricted diffusion (Fig. 9.20).

Figure 9.19 

Figure 9.20 
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Case 9.6

Cerebral Sinovenous Thrombosis  
in Neonates

Cristina Bravo Bravo and  
Pascual García-Herrera Taillefer 

Fig. 9.21 Fig. 9.22

Fig. 9.23 Fig. 9.24
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A 7-day-old full-term neonate presents with seizures.

Cerebral sinovenous thrombosis (CSVT) is a relatively uncommon disorder in children 

and it occurs most commonly in neonates. Signs and symptoms are nonspecific and the 

diagnosis can be delayed or easily misdiagnosed. Seizures are the presenting feature in 71% 

of neonates. Less common manifestations include lethargy, respiratory distress, irritability, 

macrocephaly, and a bulging fontanelle. The main risk factors are perinatal complications, 

dehydration, and sepsis. Often a prothrombotic state is associated. In some cases the etiol-

ogy remains unknown. The thrombosis can affect the superficial system, the deep system 

or both, and one or multiple sinuses. The most commonly involved sinuses are the trans-

verse sinuses, the superior sagittal sinus (SSS), and the straight sinus. Focal brain abnor-

malities have been identified in approximately 50–60% of patients, and often are 

hemorrhagic. US Doppler is a useful tool for the initial diagnosis and monitoring of neo-

natal sinovenous thrombosis. Color Doppler and power Doppler techniques can image the 

major portions of the deep and superficial venous pathways. The diagnosis is established 

when an enlarged sinus with reduced or absent blood flow is observed. MRI and MR venog-

raphy are the imaging studies of choice. The absence of a flow void and the presence of 

altered signal intensity in the sinus is a primary finding of sinus thrombosis. The signal 

intensity varies according to the interval between the onset of thrombus formation and the 

time of imaging. Parenchymal lesions (venous congestion, edema, infarct) are better 

depicted and identified with MRI than with US or CT. On non-enhanced CT, a thrombosed 

dural sinus typically has homogeneous hyperdensity, which produces a filling defect on 

enhanced CT (“delta sign”). Another classical sign is the “cord sing” (cortical hyperdense 

vein). Infarcts are a predictor for unfavorable neurological outcome.

US reveals diffuse white matter echogenicity and bilateral lesions in the thalami (not 

shown) and left basal ganglia. The ventricular system is collapsed (Fig. 9.21). Coronal view   

color Doppler through the anterior fontanelle (Fig. 9.22 a) and power Doppler axial image 

through the posterolateral fontanelle (Fig. 9.22 b) show an enlarged SSS (arrow) and trans-

verse sinus (arrowhead), with thrombi and absent blood flow (asterisk: cerebellum). Sagittal 

T1-weighted MR image shows the SSS, internal cerebral veins, Galen vein, straight sinus, 

and a torcular thrombosis in the subacute stage (Fig. 9.23). Axial T1-weighted MR image 

reveals a small hemorrhagic venous infarct in the right thalamus (Fig. 9.24).

Figure 9.21 

Figure 9.22a, b 

Figure 9.23 

Figure 9.24 
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Case 9.7

Disseminated Cerebral Candidiasis in Preterm Infants

Cristina Bravo Bravo and Pascual García-Herrera Taillefer 

Fig. 9.25 Fig. 9.26

Fig. 9.27 Fig. 9.28
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Extremely low-birth-weight neonate, born at 26 weeks of gestation with a birth weight of 

736 g. She was mechanically ventilated and required antibiotic treatment for high infection 

risk and sepsis. On day 14, her clinical condition deteriorated and she developed new signs 

of infection. Brain US revealed disseminated brain microabscesses. Blood culture was posi-

tive for C. albicans. Patient died on day 40.

Systemic candidiasis is a frequently clinical problem in neonatal intensive care units. 

It occurs in 3–5% of very low-birth-weight neonates. Premature infants have a high risk for 

systemic fungal infection: prematurity, low birth weight, prolonged intubation, in-dwelling 

catheters, central lines, parenteral feeding, prior cutaneous colonization, and prolonged 

use of broad-spectrum antibiotics.

After the kidneys, the brain has been reported to be the second most commonly involved 

organ. Central nervous system (CNS) candidiasis is a serious complication of a candidemia 

in preterm infants, and is associated with high mortality and morbidity. Symptoms and 

signs are often nonspecific and subtle, with CSF findings variables, even can be normal.

A high clinical suspicion and appropriate imaging study findings permit the early diag-

nosis, that is, essential to choose the correct antifungal therapy and its duration.

The most common imaging findings in brain candidiasis are multiple microabscesses 

(<3 mm), distributed in the subcortical and periventricular regions, thalami, basal ganglia, 

brain stem, and cerebellum. Other findings in CNS candidiasis are meningitis, ventriculitis, 

and ventricular dilatation, or macroabscesses. Ultrasound should be the preferred initial 

imaging method, given its portability, lack of required sedation, avoidance of radiation, 

and easy follow-up. At US the microabscesses are small, echogenic rimlike lesion with 

hypoecoic centers scattered in the brain parenchyma. MRI is best to depict infratentorial 

lesions. Contrast-enhanced MRI shows enhancing-ring lesion and DW-MR shows restricted 

diffusion lesions.

Parasagital image through anterior fontanelle (Fig. 9.25) shows small hyperchoic nodules 

in basal ganglia and periventricular white matter. Seven days later, US shows more numer-

ous nodules, some of them with rimlike appearance. Midline image (Fig. 9.26): lesions in 

corpus callosum and brain parenchyma. Posterior, angled, coronal image (Fig. 9.27): 

periventricular and subcortical lesions. Coronal image through posterolateral fontanelle 

(Fig. 9.28): lesions in brain stem and cerebellum.

Figure 9.25 

Figure 9.26 

Figure 9.27 

Figure 9.28 
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Case 9.8

Necrotizing Enterocolitis

Amparo Moreno Flores and Roberto Llorens Salvador 

Fig. 9.30

Fig. 9.32Fig. 9.31

Fig. 9.29



211Neonatal   

A 29-week premature newborn weighing 1,100 g at birth presents with abdominal disten-

tion and increased gastric aspirates. A day later, he presents bloody stools.

Necrotizing enterocolitis (NEC) remains a major cause of neonatal morbidity and mortal-

ity, yet its pathogenesis is poorly understood. A multifactorial theory suggests that four key 

risk factors including prematurity, intestinal ischemia, bacterial colonization and formula 

feeding, are involved in the development of an intestinal injury characterized by coagula-

tive and hemorrhagic necrosis of portions of intestine in newborns. NEC is the cause of 

approximately 1–5% of neonatal care unit admissions and over 90% of patients are born 

preterm (risk is inversely related to birth weight and gestational age). Since more preterm 

infants of very low birth weight (less than 1,500 g) survive the early neonatal period, the 

population at risk for developing NEC increases.

NEC typically presents with both gastrointestinal and systemic manifestations. Abdo-

minal distension, bloody stools, diarrhea, feeding intolerance, sepsis, apnea–bradycardia, 

and lethargy are commonly seen. Many infants with NEC recover with medical therapy 

(bowel rest with placement of a nasogastric tube, total parenteral nutrition, fluid therapy, 

antibiotics) and have long-term outcomes similar to unaffected infants of matched gesta-

tional age. Plain abdominal radiography (AbXR) is the imaging modality of choice for 

evaluation of NEC. Serial abdominal X-ray films are recommended. Findings range from 

normal to suggestive to diagnostic, according to the presence, amount, and distribution of 

abdominal gas.

Ultrasound can provide useful information such as the presence of free intraabdominal 

fluid, bowel wall thickness, air porthogram, and perfusion abnormalities.

Suggestive findings of NEC in AbXR are asymmetric bowel loop dilatation with loss of the 

mosaic pattern and development of elongated or rounded loops (Fig. 9.29). The degree and 

pattern of bowel dilatation are the most important signs for early diagnosis and follow-up 

because they usually correlate well with clinical severity and subsequent response to medi-

cal therapy. Definitive findings are related to pneumatosis intestinalis (Fig. 9.30) as submu-

cosal (bubble-like) or serosal (curvilinear) patterns. Occasionally, it may mimic stool or 

meconium. Advanced disease is suspected when portal venous gas (Fig. 9.31), persistent 

loop sign or free intraperitoneal air are seen (Fig. 9.32), the latter being the most frequent 

indication for surgery in patients with NEC.

Figure 9.29 

Figure 9.30 

Figure 9.31 

Figure 9.32 
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Case 9.9

Midgut Volvulus
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A 6-day-old boy presents with continuous crying, abdominal distension, and bilious 

vomiting.

The rotation and subsequent fixation of the intestine occurs between the fourth and tenth 

week of embryonic development. The proximal section then situates itself posteriorly to 

the mesenteric vessels and the distal portion, anteriorly. With the mesenteric fixation from 

the duodenojejunal junction to the cecal base, the bowel adopts a fan-like configuration. 

Abnormal rotation of the intestine and fixation to the mesointestine may cause various 

consequences, the most serious one being a midgut volvulus. This condition occurs more 

frequently in the neonatal period (75%), when the mesentery and bowel rotate clockwise 

with the superior mesenteric artery as their axis. Since the final consequence of this condi-

tion may be extensive intestinal necrosis, a timely and accurate diagnosis is essential in 

order to determine prompt surgical treatment.

A normal plain abdominal radiograph does not exclude the presence of volvulus. This 

modality is especially effective at evaluating intestinal obstruction (Fig. 9.33) and pneumo-

peritoneum. The gastrointestinal study with oral contrast is considered the technique of 

choice for determining the location of the duodenojejunal junction and for assessing the 

corkscrew-like arrangement of the proximal intestine in these patients (Fig. 9.34). Barium 

enemas have been used to identify the location of the cecum, yet this is the most variable 

of the radiologic findings. Sonographic findings include gastric and duodenal distention, 

thickened bowel wall in the right upper quadrant, and an abnormal layout of the mesen-

teric vein (smv) and artery (sma) in their initial portion (Fig. 9.35). Currently, a spiral 

whirpool sign consisting of curving vessels on the superior mesenteric artery (Fig. 9.36) 

has a sensitivity of 83–92% and a specificity of 100% for the diagnosis of midgut volvulus. 

The rotation observed must be clockwise (only one case of counterclockwise volvulus rota-

tion has been reported). CT allows for the evaluation of the mesenteric vessels in the char-

acteristic whirlpool sign arrangement, as well as the presence of ischemic bowel.

Figure 9.33 

Figure 9.34 

Figure 9.35 

Figure 9.36 
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Case 9.10

Portal Calcification Secondary to Umbilical Vein Catheterization

Cristina Serrano García 

Fig. 9.37 Fig. 9.38

Fig. 9.39 Fig. 9.40
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Neonate born at 36 weeks of gestation is admitted to the neonatal intensive care unit 

(NICU) due to respiratory distress. During the patient’s hospitalization, an umbilical 

venous line is placed.

Umbilical vein catheters are routinely placed in the NICU. The main indications for its use 

include monitorization, venous access in low-birth-weight premature newborns, analytic 

extractions, parenteral nutrition, IV medication, and fluid therapy.

The distal end of the catheter should be located at the most cranial portion of the infe-

rior vena cava (IVC), at the junction of the IVC with the right atrium or at the distal portion 

of the right atrium.

It is considered inadequate positioning of the umbilical vein catheter when it has been 

placed in the foramen ovale, left atrium, superior vena cava (SVC), internal jugular vein, 

right ventricle through the tricuspid valve, umbilical recess, trunk and branches of the 

portal vein, splenic vein, or superior mesenteric vein. The main complications derived from 

umbilical vein catheter placement include:

Portal thrombosis (most common cause of extrahepatic portal hypertension), caverno-##
matosis, portal pneumatosis, and hepatic hematomas
Vascular calcifications##
Hemorrhage and extravasation due to catheter rupture##

Plain abdominal films are used as a routine technique to confirm the placement of umbili-

cal vein catheters. By means of B-mode ultrasound and Doppler, certain vascular complica-

tions such as calcifications, thrombosis, and aneurysms can be detected, as well as secondary 

visceral involvement. CT studies are not commonly used, nevertheless they may aid in 

diagnosing vascular calcifications, evaluating the integrity of abdominal viscera, and deter-

mining vascular permeability.

Plain abdominal films identify the distal end of the umbilical vein catheter ill-positioned 

within the umbilical recess (arrow) (Fig. 9.37). Abdominal ultrasound detects linear calci-

fications in the wall of the left portal vein (Fig. 9.38). Doppler ultrasound shows predomi-

nant arterial blood flow in the left lobe, while minimal portal flow is evident (Fig. 9.39). 

Abdominal contrast-enhanced CT confirms the presence of complete calcification of the 

left portal vein branch (arrow) (Fig. 9.40).

Figure 9.37 

Figure 9.38 

Figure 9.39 

Figure 9.40 

Comments

Imaging Findings
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Case 10.1

Fetal Open-Lip Schizencephaly
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A 29-week fetus is referred to MRI for asymmetric ventriculomegaly.

Schizencephaly (SchC) is the most frequent neuronal migration disorder consistent in a 

cerebrum spinal fluid–filled cleft, lined by gray matter. The clefts may extend through the 

hemisphere from the ependymal lining of the lateral ventricles to the pial surface of the 

hemisphere. The cleft can be uni- or bilateral and are commonly located near the pre- or 

postcentral gyry. It develops between the third and fifth gestational months. There are two 

types: closed-lip SchC, characterized by gray matter-lined lips that are in contact with each 

other (type 1), and open-lip SchC, which has separated lips and a cleft of CSF that is lined 

by gray matter and extending to the underlying ventricle (type 2). Prenatal imaging allows 

detection and characterization of open-lip Sch; there are no reported cases prenatally diag-

nosed of close-lip SchC. Additional abnormalities, such as polymicrogyria, gray matter 

heterotopia, absence of the septum pellucidum, may also be demonstrated.

The etiology is unclear, genetic (EMX2 gen), vascular, and infectious (cytomegalovirus) 

theories have been described.

The severity of the motor and mental impairment is directly related to the extent of the 

anatomic defect. Treatment should be symptomatic and multidisciplinary.

The differential diagnosis for a CSF-containing abnormality of the fetal brain includes 

both developmental (arachnoid cyst, ventriculomegaly, monoventricle in holoprosenceph-

aly, agenesis of the corpus callosum with and interhemispheric cyst) and destructive lesions 

(poroencephalic cyst, ventriculomegaly after infection or bleeding, hydranencephaly).

Transvaginal sonography of the head fetus shows unilateral parenchymal defect 

(Fig. 10.1).

Fetal MR, axial T2, left pre-central open-lip SchC (Fig. 10.2). Fetal MR, coronal T2, large 

cleft in continuity with the lateral ventricle. Continuity of gray matter lining the cleft is 

clearly seen, which is the pathognomonic finding of SchC (Fig. 10.3). Newborn, head MR 

axial T2, confirmation of open-lip SchC with gray matter lining the defect. Presence of 

associated structural abnormality, contralateral polymicrogyria (arrow) (Fig. 10.4).

Figure 10.1 

Figure 10.2 

Figure 10.3 

Figure 10.4 

Comments

Imaging Findings
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Case 10.2

Classic Lissencephaly

Ignacio Alonso Usabiaga 

Fig. 10.5

Fig. 10.7

Fig. 10.6

Fig. 10.8
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Fetal CNS ultrasound performed at 27 weeks of gestation.

Classic lissencephaly is one of the multiple forms of presentation of genetic malformations 

of the cerebral cortex (GMCCs). Classification systems for these conditions are constantly 

being updated because of technological advances in MRI and the discovery of new genetic 

abnormalities related to these disorders. The way GMCCs present depends on the develop-

mental period in which the abnormality occurs (proliferation, migration, or cortical orga-

nization) and associated abnormalities. Different gene mutations and deletions are 

continuously being discovered in relation to these malformations, and they lead to multiple 

syndromes with distinctive clinical manifestations and imaging findings.

Classic lissencephaly, according to the most recent classification (Barkovich 2005), 

belongs to group II and is characterized by a defective development of cerebral sulci and 

circumvolutions due to an incomplete neuronal migration. This agyria or pachygyria 

may be an isolated finding or be accompanied by other malformations such as in Miller–

Dieker syndrome, where there is a deletion of the 17p13.3 locus that causes facial dys-

morphism, mental retardation, and occasionally cardiac, gastrointestinal, or genitourinary 

malformations.

Cerebral US shows poor development of cerebral sulci for the gestational age. Progressive 

microcephaly and mild dilatation of the lateral ventricles may also develop, yet they are not seen 

in this particular case. The Sylvian fissure is superficial and maintains a rounded morphology 

due to a delayed insular operculation, which should be evident after week 25 of gestation 

(Fig. 10.5). On MRI, the same findings are also observed (Fig. 10.6). On postnatal US obtained 

on a coronal plane, the poor development of the Sylvian fissure is seen, as well as in the sulci that 

originate from the interhemispheric fissure (Fig. 10.7). The macroscopic specimen obtained by 

autopsy shows a smooth brain surface because of the underdeveloped cerebral sulci and cir-

cumvolutions (Fig. 10.8).
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Case 10.3

Fetal Thyrocervical Teratoma
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MRI is performed on a 19-week-old fetus due to a mass seen on routine prenatal US.

Fetal teratomas are rare tumors that contain components of all embryonic germ layers. 

Cervical teratomas are infrequent and account for only a small portion of all teratomas. 

Teratomas of the head and neck region may be localized around the thyrocervical area, 

palate, or nasopharynx. They are often large, mobile, bulky masses containing both cystic 

and solid elements. Although calcifications are virtually diagnostic for teratomas, they are 

only present in 50% of cases. There is no definitive theory about the etiology or pathogen-

esis of anterior cervical teratomas, yet they are not thought to originate directly from thy-

roid tissue.

These tumors are frequently large and usually arise from the anterior and lateral aspect 

of the neck, and may extend posteriorly to the trapezius muscle, superiorly to the mastoid, 

and inferiorly to the clavicle or even into the mediastinum. For this reason, it is sometimes 

difficult to determine the original site of the tumor.

Cystic malformation, “hygroma,” is the primary differential diagnosis for a large neck 

mass, yet these generally appear as septated fluid-filled collections rarely with solid com-

ponents. While cervical teratomas are located anteriorly, cystic malformations arise more 

posteriorly. Other differential diagnoses include goiter, hemangioma, neuroblastoma, 

branchial cleft cyst, macerated twin fetus, and other soft-tissue tumors.

Polyhydramnios is a common and important associated finding and is caused by a direct 

mass effect that interferes with swallowing and ultimately leads to an accumulation of 

amniotic fluid.

It is important a careful delivery is planned, with a close and coordinated management 

among the perinatal team because reported mortality from lack of airway control is high. 

A substantial improvement in survival rates can be achieved by using the ex-utero intra-

partum treatment (EXIT) procedure. In the EXIT procedure, the fetus is partially delivered 

by cesarean section while the placenta and umbilical cord remain intact.

Prenatal ultrasound shows a large solid and cystic cervical mass (arrow) (Fig. 10.9). Sagittal 

T2-weighted MR image shows a large anterior mixed-signal-intensity mass within the soft 

tissues of the fetal neck (arrow). Moderate fetal polyhydramnios is observed (Fig. 10.10). 

Coronal T2-weighted MR image shows right lateralization of the mass (arrow) (Fig. 10.11). 

Plain X-ray of the fetus after intrauterine death shows that the head is being deviated and 

hyperextended to the side by the anterior neck mass. No calcification of the mass is seen 

(Fig. 10.12).

Figure 10.9 

Figure 10.10 

Figure 10.11 

Figure 10.12 

Comments

Imaging Findings



226 César Martín Martínez 

Case 10.4

Congenital Cystic Adenomatoid Malformation, Type II

César Martín Martínez 

Fig. 10.13 Fig. 10.14

Fig. 10.15 Fig. 10.16



227Fetal   

After routine sonographic screening at 20 weeks’ gestation detected a fetal lung anomaly in 

a woman with no relevant history, MRI was performed to characterize the anomaly. The 

child was born asymptomatic, but underwent plain-film chest X-ray on the first day of life 

and CT at 30 days to confirm the prenatal findings. He was operated on at the age of  

9 months.

Congenital cystic adenomatoid malformation (CCAM) is characterized by a multicystic 

mass of pulmonary tissue with abnormal proliferation of bronchial structures. Its inci-

dence is unknown, as many neonates with CCAM are asymptomatic at birth. It is thought 

to be caused by an embryogenetic alteration in lung development in the first 8–9 weeks of 

gestation. CCAM can affect a single lobe or an entire lung, but it rarely affects both lungs. 

Stockes suggested three types of CCAM: Type I (macrocystic), with cysts between 2 and  

10 cm; type II (macrocystic with a microcystic component), with cysts less than 2 cm; and 

type III (microcystic) with cysts less than 0.5 cm. The appearance of the lesion depends on 

the type of CCAM.

In the absence of hydrops, the prognosis is very good, with survival rates practically 

100%. CCAM rarely enlarges after diagnosis; in fact, most lesions become smaller with 

increasing gestational age, sometimes to the point of being imperceptible on X-rays after 

birth. However, the lesion does not disappear and CT is necessary to detect it. CCAM must 

be differentiated from lung sequestration, hybrid malformation (sequestration and CCAM), 

diaphragmatic hernia, neurenteric cyst, and teratoma. Other, less likely, diagnoses include 

congenital lobar emphysema, bronchial atresia, or bronchogenic cyst. CCAM is not usually 

associated to extrapulmonary or chromosomal anomalies. After birth, although most 

patients are asymptomatic, the treatment of choice is surgical resection of the mass.

Sonography showed a hyperechogenic solid lesion with cysts inside it in the base of the 

right lung (not shown).

Sagittal (Fig. 10.13) and axial (Fig. 10.14) HASTE images at 22 weeks’ gestation show a 

hyperintense lesion (long arrows) with some small cysts inside (short arrows). The heart is 

displaced to the left (thick arrow). No pleural effusion or hydrops fetalis is evident. Findings 

at chest X-ray after birth (Fig. 10.15) are normal. CT 30 days later (Fig. 10.16) shows cystic 

lesions in the lower lobe of the right lung (arrows). The lesion is proportionately much 

smaller than in the fetal study.
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Case 10.5

Congenital Diaphragmatic Hernia
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Fig. 10.17 Fig. 10.18
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Diaphragmatic hernias consist of the displacement of abdominal content through an open-

ing in the diaphragm into the chest cavity. In 80% of cases the diaphragmatic defect is 

located in the posterolateral region of the left hemidiaphragm (Bochdalek hernia). Its rela-

tion with chromosome disorders is frequent, and in approximately half of patients other 

associated abnormalities are detected.

The earlier the condition is diagnosed, the worse the prognosis. Outcome depends on 

the degree of secondary pulmonary hypoplasia and the presence of pulmonary hyperten-

sion in the neonatal period.

The response to treatment of diaphragmatic hernias by tracheal occlusion during the 

prenatal period is currently controversial.

Diagnosis is established by US, and the characteristic finding is the presence of a predomi-

nantly cystic heterogeneous mass located in the chest with associated displacement of the 

heart to one side (Fig. 10.17).

The absence of the stomach in the abdominal cavity and the visualization of peristaltic 

waves within the intrathoracic mass are pathognomonic signs of diaphragmatic hernias.

MRI may aid in confirming the diagnosis by analyzing the signal from intrathoracic 

bowel or by identifying the presence of liver within the herniated mass (arrow) (Fig. 10.18). 

The lung to head ratio (LHR) can be determined by MRI or US by dividing the area of the 

lung contralateral to the hernia (the multiplication of both diameters measured on the 

axial plane) by the fetal head circumference. A LHR of less than one indicates a worse prog-

nosis (Fig. 10.19).

Differential diagnosis includes cystic adenomatoid malformation (CAM type I or II), 

although in the latter the presence of an intra-abdominal stomach (arrow) and the visual-

ization of the integrity of the diaphragm with a caudal displacement rule out the presence 

of diaphragmatic hernia (Fig. 10.20).
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Case 10.6

Multicystic Dysplasia of the Kidney
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Fig. 10.21
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Transabdominal prenatal ultrasound is performed at 19 weeks of gestation.

Multicystic dysplasia of the kidney (MCDK) corresponds to a type II kidney dysplasia 

according to Potter’s classification system. The incidence among live births is 1 in 4,300. 

MCDK is characteristically unilateral (80%), predominantly left-sided, and more prevalent 

in males. Its pathogenesis consists of a rapid and complete obstruction of the pyeloureteral 

junction, which leads to poor differentiation of the metanephros and a subsequent inabil-

ity to develop mature nephrons. A segmental variation has been described, which consists 

of a dysplastic transformation of the superior system when a double collecting system is 

present.

The prognosis of unilateral MCDK is excellent when there are no associated abnormali-

ties (30% in the contralateral kidney and 5% extrarenal). No oligoamnios is detected, and 

fetal development is normal. The typical clinical course of the condition tends toward invo-

lution, and in approximately half of patients there are no apparent findings after the age of 

3–4 years. Neoplastic transformation of residual dysplastic tissue is uncommon.

Differential diagnosis includes severe hydronephrosis with stenosis of the pyeloureteral 

junction; but in this case the cystic lesions are connected because they represent dilated 

calyces, and although the renal parenchymal thickness is reduced, an area of parenchyma 

of normal echogenicity is always present.

Autosomal recessive dysplasia (type I) is bilateral and is associated with oligoamnios. 

The cysts that develop in this subtype are so small that they cannot be visualized as sepa-

rate structures, and therefore appear as two large masses of increased echogenicity within 

the fetal abdomen. The autosomal dominant form of the condition (type III) does not tend 

to manifest during fetal life, and an evident positive family history is present.

Prenatal fetal US reveals a large multicystic mass toward one side of the abdominal cavity 

(Fig. 10.21). Within the cysts, which tend to be of different sizes, dysplastic tissue of 

increased echogenicity is seen (arrow), but normal parenchyma is never present (Fig. 10.22). 

The multicystic kidney may frequently be located ectopically, usually in the pelvis (the 

arrow indicated the adrenal gland) (Fig. 10.23). Normal renal parenchyma is seen exclu-

sively in the segmental variant. US of a different patient shows the evolution of a segmental 

multicystic kidney at 3 years, with the multicystic segment folding over the normal inferior 

renal pole (Fig. 10.24).
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Case 10.7

Fetal Posterior Urethral Valves
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A male fetus of 22 weeks gestation shows bilateral ureteropyelocalycial ectasia and a dis-

tended bladder on serial studies.

Posterior urethral valves (PUVs) in males are remnants of the urethrovaginal folds or “pli-

cae colliculi” (from the Wolfian duct), that remain fixed anteroinferiorly to the “veru mon-

tanum” and cause obstruction of the urethra with dilatation of its posterior portion. 

Around 30% of PUVs result in terminal renal insufficiency, which is why an opportune 

diagnosis is essential. Currently, diagnosis is established in the prenatal period.

When fetal hydronephrosis is detected, one must consider the following: (a) whether it 

is uni- or bilateral, (b) if there is contralateral renal involvement, (c) whether there is evi-

dence of mega ureter on the side of the hydronephrosis, (d) bladder studies that evaluate 

distension, thickness, and voiding, (e) gestational age and fetal gender, (f) associated fetal 

abnormalities, (g) amniotic fluid volume. And when oligoamnios is detected, whether there 

is renal dysplasia and pulmonary hypoplasia.

The bladder may either be distended or may show a decrease in size with wall thickening 

due to “hostile bladder.” Although prenatal US is a sensitive and specific method of diagno-

sis, MRI further evaluates hydronephrosis and pulmonary hypoplasia. Severe forms of the 

condition are detected at 15 weeks and findings include bilateral ureterohydronephrosis of 

varying degrees, dilated bladder with thickened walls, dilated posterior ureter (“keyhole 

sign”), fetal ascitis, and oligoamnios. In approximately 50% of cases, PUVs may be associ-

ated with vesicoureteral reflux and would then be termed VURD syndrome (vesicoureteral 

reflux and dysplasia). Patients with severe oligoamnios almost always show pulmonary 

hypoplasia and renal dysplasia with a poor prognosis. Differential diagnoses include prune 

belly syndrome, urethral atresia, massive vesicoureteral reflux, and certain rare abnormali-

ties. Diagnosis is confirmed by performing a voiding cystourethrogram (VCUG) on the 

newborn.

Sagittal fetal US: (a) Dilated left ureteropyelocalycial system with thin renal parenchyma. 

Distended bladder (asterisk). (b) Dilated right excretory system with a tortuous ureter 

(arrow) (Fig. 10.25). Sagittal image of the fetal bladder shows elongation with posterior 

urethral dilatation (arrow) (“keyhole sign”) (Fig. 10.26). Fetal MRI: (a) Dilated and tortu-

ous ureter. (b) Dilated left ureter. (c) Distended bladder (Fig. 10.27). VCUG reveals proxi-

mal dilatation of the urethra due to obstruction by PUVs (long arrow). Hypertrophy of the 

posterior lip of the internal sphincter (short arrow). Large bladder capacity. Grade IV right 

vesicoureteral reflux (Fig. 10.28).

Figure 10.25 (a, b)
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Case 10.8

Fetal Jejunal Atresia
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Fig. 10.30
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A 34-week fetus is referred for dilated bowel loop seen on routine prenatal sonography.

Intestinal atresia is one of the most common causes of bowel obstruction in the newborn 

and can occur at any point in the gastrointestinal tract. Jejunal atresia (JA) is usually an 

isolated anomaly (only 10% associate other malformations) and comprises approximately 

50% of small bowel atresias and may be associated with other jejunal and ileal atresias. (In 

about 10% of cases, multiple atresia is seen.)

To date, the most accepted theory regarding the etiology of JA is that of an intrauterine 

vascular accident resulting in necrosis of the affected segment, with subsequent resorption. 

The atresia has been classified into four types based upon their anatomic characteristics 

representing a spectrum of severity, from a simple web to full atresia with loss of bowel 

length.

JA is normally detected by prenatal ultrasound because of the presence of dilated bowel 

loops, hyperechogenic bowel, ascites, and maternal polyhydramnios. Fetal MR can be used 

to improve antenatal detection of surgically correctable anomalies allowing a planned 

delivery with prompt surgical intervention. Affected infants typically develop abdominal 

distension and bilious emesis within the first 2 days. Meconium could be passed initially in 

high intestinal obstruction. Postnatal imaging should start with plain-film evaluation. 

Resection of the proximal dilated bowel with primary anastomosis with or without taper-

ing of the proximal bowel is commonly performed.

Several dilated small bowel loops in a sagittal T2 fetal MR (Fig. 10.29). In patients with JA, 

a proximal segment of bowel usually becomes markedly dilated due to continuing peristal-

sis proximal to the obstruction as it is shown in a coronal T2 (Fig. 10.30). Fat saturation T1 

MR is used to identify meconium distribution in fetal gastrointestinal tract normally seen 

in the colon beyond 24 weeks’ gestation. Sagittal T1 with linear high signal intensity related 

to a small abnormal quantity of meconium in fetal rectum (Fig. 10.31). Postnatal abdomi-

nal radiograph (Fig. 10.32) showing a big dilated bowel loop and no distal gas in JA. Number 

of dilated loops reflects level of obstruction (few loops implies upper obstruction like JA 

and many loops implies distal ileal or colonic atresia).

Figure 10.29 

Figure 10.30 

Figure 10.31 
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Case 10.9

Prune Belly Syndrome (Eagle–Barrett Syndrome)
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Fig. 10.33

Fig. 10.36

Fig. 10.34
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Prenatal ultrasound performed at 20 weeks of gestation.

Prune belly syndrome (PBS) is a rare condition (1/35–1/50,000 live births) characterized by 

a defective development of the abdominal musculature with a significant dilatation of the 

urinary tract (ureters and bladder) and cryptorchidism (triad syndrome). It is very uncom-

mon in females. The etiology of PBS is poorly understood, and although the most accepted 

theory is a primary abnormality of the mesodermal tissue, some authors believe in a mul-

tifactorial origin due to an early ureteral obstruction and a poor development of the 

embryonic prostate. Furthermore, a primary genetic disorder has also been proposed as a 

possible cause.

Prognosis is generally poor because of the associated severe renal insufficiency caused 

by renal tissue dysplasia due to abnormalities present in the urinary tract. Early oligoam-

nios indicates a worse clinical outcome.

The external appearance of the newborn is characterized by a prune-like flaccid and 

wrinkled abdomen due to an absence of abdominal musculature, which gives the condition 

its name. Apart from the classic triad, PBS may manifest itself in association with other 

malformations, commonly gastrointestinal and cardiac (10%). The degree of pulmonary 

hypoplasia and limb deformity depends on the severity of the oligoamnios.

A differential diagnosis includes megacystis-microcolon-hypoperistalsis syndrome, 

which is much more frequent in females and presents ureterohydronephrosis without 

associated oligoamnios. PUVs may also present similar manifestation, although in this 

case the bladder–urethra complex tends to develop the typical keyhole-like appearance, 

unlike the “beak” morphology acquired in PBS, which indicates a functional obstruction.

Fetal US reveals significant ureteral dilatation (asterisk) and a large bladder, whose dome 

appears as if adhered to the anterior wall of the abdomen in the umbilical region (arrow) 

(Figs. 10.33 and 10.34). The sonographic renal pattern is abnormal, and the kidneys are 

small and present some cysts within, which indicate the dysplastic transformation of the 

renal tissue (hypodysplastic kidneys) (not shown). A mild dilatation of the pyelocalycial 

system is seen, which is disproportionate to the large dilatation of the ureters and bladder. 

Occasionally, dilatation of the entire urethra (megalourethra, arrow) due to cavernous 

body agenesis, which is considered a typical sign of the condition, is seen (Fig. 10.35). The 

beak-like morphology of the bladder–urethra complex correlates between the fetal US and 

postnatal voiding cystourethrogram (Fig. 10.36).

Figure 10.33 
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Case 10.10

Gastroschisis
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A 28-year-old woman with an estimated 32 weeks of pregnancy was referred to MRI for 

evaluation of fetal extra-abdominal bowel loops seen on prenatal ultrasound.

Gastroschisis is a congenital abdominal wall defect in which the abdominal organs, gener-

ally the small intestines, herniate into the amniotic cavity. The herniation is usually to the 

right of the umbilical cord. The small bowel eviscerates through the defect and is non-

rotated and lacking secondary fixation to the posterior abdominal wall. The loops of bowel 

in this condition are never covered by a membrane.

Three theories have been suggested to explain the pathogenesis of gastroschisis: abnor-

mal involution of the umbilical vein, intravascular event of the omphalomesenteric artery, 

and early intrauterine rupture of an omphalocele with complete resorption of the sac. The 

abdominal wall does not close until week 6–10 of fetal development; this leaves an opening 

on the right side of the umbilical cord, allowing the intestines to protrude through the 

abdomen and float freely in the amniotic fluid.

Almost all cases are diagnosed during the prenatal period by ultrasound and there is 

also an elevation of alpha-fetoprotein (AFP) levels in maternal serum and amniotic fluid. 

(Open fetal defect allows diffusion of AFP from the fetal circulation into amniotic fluid.)

The main differential diagnosis is omphalocele, another more frequent abdominal 

fusion defect that differs because the herniated organs remain enclosed in visceral perito-

neum. Also, omphalocele is more frequently associated with other malformations than gas-

troschisis. Other abdominal wall defects such as bladder exstrophy, body stalk anomalies, 

and amniotic band syndrome may resemble gastroschisis.

Gastroschisis requires surgical management after delivery to return the exposed viscera 

to the abdominal cavity. Also, parenteral nutrition until bowel motility permits oral feed-

ings and evaluation for coexisting malformations must also be performed.

Axial T2-weighted MR image of the fetal abdomen shows the right paraumbilical hernia-

tion of bowel (arrows) (Fig. 10.37). Sagittal paramedian T2-weighted MRI of the abdomen 

reveals herniated bowel without dilatation (arrows), the walls are not thickened nor dis-

tended, which indicates that there is no obstruction (Fig. 10.38a, b). Axial T2-weighted MRI 

shows the small abdominal wall defect (usually measuring 2–4 cm) (arrows) (Fig. 10.39). 

Abdominal plain X-ray of the 38-week newborn shows periumbilical loop distention 

related to gastroschisis and obstruction, which was confirmed during surgery (Fig. 10.40).
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