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Summary
The pediatric population is by far the most affected by lesions of the fourth (IV) ventricle. The 
vast majority present a similar radiological pattern, for which today, with the diffusion sequences, 
spectroscopy and ADC maps, it can be inferred that the visualized findings are more likely 
compatible with some of the pathologies that we will review later.

Resumen
La población pediátrica es, de lejos, la más afectada por las lesiones del cuarto (IV) ventrículo. La 
gran mayoría presentan un patrón radiológico similar; actualmente, con las secuencias de difusión, 
espectroscopia y mapas de ADC, se puede inferir la compatibilidad de los hallazgos visualizados 
con alguna de las patologías que se revisarán en el presente trabajo. 

1. Introduction
Lesions involving the fourth ventricle are more 

frequent in the pediatric population and the most 
common are medulloblastoma, pilocytic astrocyto-
ma and ependymoma; in adults the most frequent 
are hemangioblastoma, subependymoma and metas-
tases. Many of these lesions have a similar pattern 
in terms of density or intensity and enhancement, 
therefore, one should try to obtain a differential 
diagnosis as accurately as possible, using clinical 
and demographic data and imaging findings.

The IV ventricle is a cerebrospinal fluid (CSF) 
cavity that is continued upward by the aqueduct 
of Sylvius and opens downward and laterally to 
the subarachnoid space through the foramina of 
Luschkay Magendie. It has an anteroinferior wall 
or floor, consisting of the pons and bulb, and a 
postero superior wall or roof, which ends in a point 
at the level of the fastigium or posterior recess, 
consisting of the cerebellum and the posterior 
choroid tissue (1). 

The fourth ventricle, like the rest of the ventri-
cular system, is lined by ependymal cell epithelium 
and subependymal glial cells, and contains choroid 
plexuses which are the vascularized structures 
responsible for CSF production (1). 

Lesions that may occupy the IV ventricle 
are classified into two main types depending on 
their origin. Primary lesions are derived from the 
ependymal epithelium, subependymal epithelium, 
choroid plexus and arachnoid tissue. Secondary 
lesions are paraventricular lesions with exophytic 
growth causing ventricular invasion (2). 

Primary lesions include those originating from 
the choroid plexus, such as papilloma and carcinoma 
of the choroid plexus, meningiomas and metastases. 
Lesions originating from the ventricle wall include 
ependymoma and subependymoma (3). Non-neo-
plastic processes located within the fourth ventricle 
include neurocysticercosis and tuberculomas. 

Secondary or extraventricular lesions with 
exophytic growth and intraventricular component 
include two thirds of intraaxial lesions, such as 
medulloblastoma, hemangioblastoma and astrocyto-
mapillocytic (4, 5).

2. Lesion classification

2.1. Primary lesions

2.1.1. Papilloma and carcinoma of choroid 
plexuses
Choroid plexus tumors are primary tumors of the 

central nervous system of neuroepithelial origin. Their ap-
proximate annual incidence is estimated at 0.3 × 1,000,000 
inhabitants. They account for 2-4% of pediatric brain 
tumors (20% in the first year of life) and 0.5% of all adult 
brain tumors (4). The more caudal the tumor, the older the 
age of onset, with a mean age of onset of 1.5 years in the 
lateral ventricles and III ventricle, and 22.5 years in the IV 
ventricle (6, 7). The World Health Organization (WHO) 
divides choroid plexus tumors into 3 types, with their co-
rresponding grades: choroid plexus papilloma (CPP) WHO 
Grade I; atypical or anaplastic choroid plexus papilloma, 
WHO Grade II; and choroid plexus carcinoma (CPC) 
WHO Grade III. Atypical papillomas are characterized 

Key words (MeSH)
Medulloblastoma

Astrocytoma

Ependymoma

Hemangioblastoma



5380 Differential Diagnosis of Fourth Ventricular Lesions. Casares K., Araújo A., Arias C.

review article

by histology similar to choroid plexus papillomas, but with increased 
mitotic activity, with at least 2 or more mitoses in 10 high magnification 
fields. Choroid plexus carcinomas have 5 or more mitoses in 10 fields. 
The prognosis for patients with PPC is good, with a 5-year survival rate 
of 97%, but in CPC this rate is reduced to 26-43% (3, 4, 8).

These patients present with hydrocephalus as a result of increased 
CSF production by the neoplasm, direct obstruction to cerebrospinal 
fluid flow and decreased reabsorption due to protein exudate and he-
morrhage affecting the arachnoid villi (4).

Imaging findings
These intraventricular lesions show well-defined contours, 

cauliflower shape, are very vascularized, so hemorrhages and cysts 
are common. Although histological grades cannot be differentiated 
histologically, papillomas and atypical papillomas have a lobulated 
appearance; choroid plexus carcinomas tend to have a more irregular 
contour, are heterogeneous due to necrosis and invade more the brain 
parenchyma (9-11).

In computed tomography (CT) they are observed as intraventricular 
lesions of medium or high density, which may have calcifications and 
areas of hemorrhage, and they enhance avidly with contrast medium 
(Figure 2). 

In magnetic resonance imaging (MRI), a medium or low signal 
tissue is observed in the PPC in sequences with T1 information, medium 
or high signal in sequences with T2 information and with common 
signal voids due to flow (9). Periventricular vasogenic edema and 
intense homogeneous enhancement due to high vascularization can 
be observed. They do not show signs of water diffusion restriction. 
In perfusion sequences they reflect high arterial flow, which does not 
return to baseline due to loss of the blood-brain barrier, with persistence 
of contrast medium in the interstitium (4, 9, 12).

The spectroscopy sequence shows an elevated choline (Cho) peak 
and absence of the N-acetyl-aspartate (NAA) peak. CPCs show elevated 
lactate peak due to increased cell proliferation and anaerobic glycoly-
sis. Some authors report increased myoinositol peak in papillomas as 
opposed to carcinomas (2, 9, 11, 13-15) (Figures 1 and 2).

2.1.2. Ependymoma
It represents 2-5% of intracranial neoplasms in adults (16), but it is 

the third most frequent posterior fossa tumor in children after pilocytic 
astrocytoma and medulloblastoma, with a mean age of presentation 
of 6 years. It is a glial tumor arising from the ependymal cells of the 
ventricular wall and medullary ependyma (4, 16, 17).

According to the WHO classification it is divided into grade I 
papillary ependymomyxoma, grade II ependymoma, grade II-III RELA-
positive fusion ependymoma and grade III anaplastic ependymoma. 
Supratentorial ependymomas have a worse prognosis and higher relapse 
rates than those located in the posterior fossa (8, 18-20).

Imaging findings
Ependymomas originating in the IV ventricle tend to fill the ventri-

cle and take its shape, and may extend through the foramen of Luschka 
or Magendie or the foramen magnum. It is common to observe a cystic 

component and irregular areas of calcification, and eventually areas of 
intratumoral hemorrhage (12, 17).

In CT ependymomas show medium or low density and in MRI 
they have medium to low signal in sequences with T1 information and 
medium to high signal in sequences with T2 information. There may 
be vasogenic edema in the periventricular white matter. They have 
heterogeneous enhancement with contrast medium, as well as foci 
of absence of signal due to calcification or hemorrhage in magnetic 
susceptibility sequences (3, 4) (figure 3). 

In diffusion its signal is variable, depending on the cellularity of 
the tumor, with generally intermediate values of the apparent diffusion 
coefficient (ADC) (11, 21). In spectroscopy ependymomas have a 
neoplastic pattern with reduced NAA peak and moderate elevation of 
lactate and choline. In some cases they present high myoinositol (mI) 
and glycine (Gly) peaks with relative preservation of the NAA peak. 
However, spectroscopy alone does not differentiate them from other 
tumors (9, 11, 21-23). 

In the perfusion sequence, ependymomas demonstrate markedly 
elevated cerebral blood volume and, unlike other glial tumors, have 
poor return to baseline due to alteration of the blood-brain barrier (11, 
22) (Figure 3).

2.1.3. Subependymoma
They represent 0.7% of intracranial neoplasms. Most of these 

lesions appear in the IV ventricle (50-60%). They arise from the 
subependymal glial layer surrounding the ventricles. They predo-
minate in males 2:1, and 82% occur in patients older than 15 years. 
The prognosis is good and recurrence after surgical resection is rare 
(2, 3, 12, 24).

Only one third of patients have clinical manifestations, especially 
those originating from the floor of the fourth ventricle, secondary to 
CSF flow obstruction. The most frequent clinical manifestations are 
headache, vomiting, dizziness and vertigo (25), and less frequently 
with focal neurological deficits and seizures (26). Subependymomas 
are WHO grade I neoplasms (8).

Imaging findings
Subependymomas are well-circumscribed, small lesions, less than 

2 cm in diameter. They may show cystic degeneration, calcification 
or intratumoral hemorrhage. Unlike ependymomas, there is usually 
no extraventricular invasion (4, 11, 25).

In CT they are observed as low to medium density, intraventri-
cular masses with well-defined contours. In MRI they are lesions 
of low to medium signal in sequences with T1 information, of high 
signal with T2 and FLAIR information, without edema of the adja-
cent parenchyma, and they can express foci of absence of signal by 
calcification or hemorrhage in sequences of magnetic susceptibility. 
Most lesions have little or no enhancement since they are avascular 
tumors (3, 11, 24) (Figure 4).

Subependymomas show greater free diffusion than the adjacent 
parenchyma, they have high signal in ADC maps. In perfusion studies 
they show very low cerebral blood volume, in spectroscopy sequences 
they show a normal choline peak and decreased NAA. Rarely, they 
show an increase in the choline/creatine ratio (27).
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Figure 1. Papilloma of the IV ventricle MRI. a) Sequence with T1 information: low signal. b) Spin echo sequence; and c) FLAIR sequence with T2 
information: high signal. d) Magnetic susceptibility sequence; low signal attributed to calcium. e) Diffusion sequence and f) ADC map: no restriction 
to water diffusion. g and h) With contrast medium: heterogeneous enhancement attributed to calcium.

Figure 2. Carcinoma of the choroid plexus of the IV ventricle. a) CT scan: heterogeneous density with areas isodense to the parenchyma and calcifications. 
b) MRI with T1 information: isointense to the brain parenchyma. c) Sequences with T2 information of intermediate to high signal. d) With contrast 
medium: enhancement. e) Diffusion sequence: no restriction to water diffusion. f) Supratentorial axial image: dilatation of the ventricular system.
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Figure 3. Ependymoma in the 
IV  vent r i c l e .  a )  Ax ia l  MR I 
sequence with T1 information, 
low to intermediate signal. b) 
With contrast medium: intense 
enhancement and discreetly 
heterogeneous. c) Sequence with 
T2 information: predominantly 
high signal. d) Diffusion sequence: 
intermediate signal. e and f) 
Perfusion: high cerebral blood 
volume without return to baseline.

Figure 4. Subependymoma of the 
inferior medullary leaflet of the 
fourth ventricle. a) MRI with T1 
information: intermediate signal 
lesion. b) With contrast medium: 
low enhancement. c and d) FLAIR 
sequence; and e) Spin echo with 
T2 information: discreetly high 
signal. e) Diffusion sequence: no 
restriction to water diffusion.
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2.1.4. Meningiomas
Intraventricular meningiomas account for 0.5-3.7% of intracranial 

meningiomas. They arise from arachnoid cells trapped in the choroid 
plexus or choroid tissue during embryological formation of the choroid 
fissure and plexus. Of intraventricular meningiomas 77.8% occur in the 
lateral ventricles, 15.6% in the third ventricle and 6.6% in the fourth 
ventricle (2, 11, 28, 29). These slow-growing neoplasms usually reach 
large sizes before showing symptoms, which are intracranial hyper-
tension, contralateral sensory or motor deficit and may also present 
intraventricular hemorrhage (3, 29). 

Imaging findings
Meningiomas are well-circumscribed lesions of regular contours, 

they can be calcified (50%) and have cystic areas. In CT they are ob-
served with medium or high density in reference to brain tissue; in MRI 
they are of low to medium signal in T1-weighted images, of medium 
to high signal in T2, they can show periventricular edema secondary 
to reabsorption of subependymal CSF or to the secretion of vascular 
endothelial growth factor by the meningioma (3, 4, 29).

They are highly vascularized and enhance intensely with contrast 
medium. In diffusion sequences they may show reduced diffusion 
velocity due to high cell density (9, 30-32). 

In perfusion sequences, meningiomas show elevation of cerebral 
blood volume, with persistence of contrast material in the tumor inters-
titium due to the lack of a blood-brain barrier (2, 11, 27, 33).

In spectroscopy sequences the choline level is elevated, with va-
riable amounts of lactate and lipids. An alanine peak, when present, 
can be useful in its diagnosis (doublet centered at 1.47ppm). As it is a 
mesenchymal lesion without neuronal tissue, it does not show NAA 
peak (4, 9, 11, 22).

2.2. Secondary lesions

2.2.1. Medulloblastoma
It is the most frequent malignant posterior fossa brain tumor in 

children, representing 20-25% of brain tumors in pediatrics and 40% 
of posterior fossa tumors. It is a WHO grade IV embryonal invasive 
tumor, with an inherent tendency to metastasize to the craniospinal 
axis, through the subarachnoid space (11-43%), on which its prognosis 
depends. The mean age of debut is 5-7 years (12, 34, 35). Histologi-
cally, according to the WHO 2016 review, they are classified into: 
classic (65-85 %), desmoplastic-nodular (15-25 %) and with extensive 
nodularity (5 %), and anaplastic/large cell (4-5 %). With the advent of 
molecular medicine it has been classified into 4 genetic groups. The 
Wnt/B-catenin (WNT) group is the least common (10%) and the one 
with the best prognosis, with a 5-year survival of 94%, which genera-
lly involves the dorsal aspect of the brain stem. The Sonic-Hedgehog 
(SHH) type (30%) with a 5-year survival of up to 87% depends on the 
TP53 mutation. Group 3 (25%) with 5-year survival of 32% has the 
worst prognosis. Group 4 is the most common (35-40%), with 5-year 
survival of 76% (8, 12, 36-39).

Imaging findings
In CT, medulloblastoma typically appears as a homogeneous 

mass located near or in the midline, with well-defined contours, with 

medium to high density compared to the adjacent cerebellar paren-
chyma, with peritumoral vasogenic edema that, after contrast medium 
administration, enhances in a diffuse homogeneous or heterogeneous 
manner. Calcifications can be found in up to 20% of cases and areas of 
cystic necrosis that do not enhance in up to 50% of cases; intratumoral 
hemorrhage is rare (17, 34, 36).

In MRI the appearance of medulloblastoma is variable, they can 
be observed as rounded masses slightly lobulated, with medium or 
low signal with T1 information, of heterogeneous signal in T2, the 
solid portion frequently has low to medium signal compared with the 
cerebellar parenchyma. They usually enhance with the administration 
of contrast medium, although in a variable way (34, 36, 37) (figure 5).

In spectroscopy sequences they show increased choline peak with 
decreased NAA and myoinositol peak. Short TE sequences show in-
creased taurine by 3.36 ppmfor increased cell proliferation (12, 22, 36).

In the diffusion sequence, medulloblastomas show high signal in 
diffusion imaging and low signal in ADC, with low values of diffusion 
velocity, secondary to the high cellularity of the tumor that decreases 
the interstitial space and reduces water diffusion (40-45) (Figure 5).

The perfusion sequence shows an increase in relative cerebral 
blood volume (rCBV) with an average value of 2, in the range of 
high-grade gliomas (11-5.3) (46). The circulation curve of the contrast 
medium shows rupture of the blood-brain barrier with accumulation 
in the extracellular matrix, rather than neoangiogenesis exceeding the 
baseline (41, 46).

2.2.2. Pilocytic astrocytoma
Cerebellar astrocytoma is the most frequent posterior fossa tumor 

in children and accounts for approximately 30-35% of cases. It has a 
peak incidence between the ages of 5-13 years and affects boys and 
girls equally. Pilocytic astrocytoma is rare in adults, with an incidence 
of less than 0.1 × 100,000 inhabitants, it occurs in those over 45 years 
of age, predominantly in the cerebellar hemispheres. It has a very 
non-aggressive behavior with slow growth, and is classified as grade 
I astrocytoma by the WHO (5, 12, 34, 47, 48). The classic appearance 
in the cerebellum is that of a cystic tumor with a hypercapillary mural 
nodule; there is a solid-cystic form -the most frequent-, but it predo-
minates in the other locations and the solid variant -the least frequent-, 
predominates in the optic nerve (49).

Imaging findings
In CT it is observed as a predominantly cystic mass in the vermis or 

cerebellar hemispheres, with a solid area of low density. Occasionally 
it shows calcifications and hemorrhage is rare (34, 50).

In T1-weighted MRI a cystic lesion of low or slightly high signal to 
CSF is seen, with solid areas of medium or low signal. On T2-weighted 
sequences, high-signal solid areas are seen in the gray matter, with 
medium to high-signal cyst content in the CSF. In FLAIR sequences, 
high-signal solid areas are seen in the gray matter and the cyst content 
is not suppressed, so it appears as high signal to the CSF. After the 
administration of contrast medium, intense enhancement of the solid 
component is observed (5, 49-51) (Figure 6). 

In diffusion sequences the solid portion has diffusion similar to 
the gray matter with high apparent diffusion coefficients ADC. The 
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ADC never shows diffusion restriction (17, 21, 50, 52) (Figure 6). 
Spectroscopy sequences show increased choline with decreased 
NAA and creatine. Also, lipids and lactate. The choline/NAA 
ratio is usually elevated (between 1.80 and 3.40) (22, 23, 48, 52).

In perfusion sequences low cerebral blood volume is observed 
in contrast to the high enhancement after contrast medium adminis-
tration. Values of rCBV lower than 1.5 and a characteristic curve 
in the recovery phase of the curve with increased intensity above 
the baseline are due to loss of contrast medium to the interstitial 
space and increased permeability (49, 50, 53-55).

2.2.3. Hemangioblastoma
Hemangioblastoma is the most frequent primary posterior 

fossa tumor in adults, most frequently found in the cerebellum, 
brainstem and spinal cord. Most are sporadic tumors; however, 
approximately 25% are familial associated with Von Hippel-Lindau 
syndrome, typically presenting as multiple hemangioblastomas in 
young patients. They manifest with signs of endocranial hyper-
tension such as headache, vomiting, ataxia odysmetry (5, 12, 56).

The WHO classifies it as a grade I mesenchymal tumor. The-
se are highly vascular and typically intraaxial, located near the 
pial surface of the cerebellum and spinal cord. They may have 
leptomeningeal dissemination to the subarachnoid space as he-
mangioblastomatosis (12). 

The classic appearance is that of an intraaxial mass in the 
posterior fossa with a cyst and a reinforced mural nodule that 
contacts the pia mater, with large vessels supplying the mural 
lesion that present a signal void. The cystic lesion is surrounded 
by brain parenchyma that may have reactive gliosis without tu-
mor infiltration. Forty percent present as solid nodules without 
associated cyst. Probably, all hemangioblastomas start as solid 
nodules frequently small and asymptomatic with vascular hyper-
permeability and plasma extravasation with vasogenic edema and 
cyst formation (5, 12, 57).

Imaging findings
CT shows a low density cystic lesion with a medium density 

nodule that enhances after the application of contrast medium. Cal-
cifications are extremely rare and may present hemorrhage due to 
hypervascularity (37, 57-59) (Figures 7 and 8). 

In MRI, in T1-weighted sequences, an intermediate signal nodule 
is seen with the encephalon, flow voids and high light/moderate signal 
of the cyst compared to the cerebrospinal fluid (CSF). In sequences 
with T2 information the nodule and cyst have high signal, with pro-
minent flow voids. In FLAIR sequence both the nodule and the cyst 
are observed with high signal. The nodule enhances intensely with 
contrast medium, it is rare to observe enhancement of the cyst wall 
(5, 12,34,60-62) (figures 7 and 8). 

In the diffusion sequences high ADC is observed in the cystic and 
solid portions related to a great amount of capillaries inside the tumor, 
with values greater than 1 similar to CSF (21 ,42,53) (figures 7 and 8).

In the spectroscopy sequence minimal elevation of the choline 
peak is observed, lipids can be seen in the cystic portion. In the 

perfusion sequences a marked increase in cerebral blood volume 
(rCBV) is observed with an average rCBV value of 26.6 with 
ranges of 18.34-40.75 and increased permeability (53, 63, 64).

2.2.4. Intraventricular neurocysticercosis (IV 
ventricle)
Neurocysticercosis (NCC) is the most important helminthic 

infection of the central nervous system in the world, which occurs 
when by fecal-oral contamination humans ingest the eggs of Taenia 
solium and become intermediate hosts; the oncospheres migrate 
by hematogenous route to various tissues, most frequently to the 
central nervous system, eyes, muscles and subcutaneous cellular 
tissue. Once it reaches the neural tissue, the parasite goes through 
five stages: non-cystic, vesicular, vesicular-colloidal, nodular-
granulomatous, and nodular-calcified (65-70). Depending on where 
the cysticercus lodges, NCC can be parenchymal, subarachnoid, 
ventricular or medullary. In the intraventricular form, the larva 
reaches the ventricles via the choroid plexus and causes symptoms 
due to obstruction of cerebrospinal fluid flow and/or ependymitis 
(66, 71-73). 

Imaging findings
On CT they appear as low density lesions that enlarge the 

fourth ventricle and cause hydrocephalus. Many have interme-
diate density to CSF and are only inferred when alteration of 
the shape of the ventricle is observed, which can be a diagnostic 
challenge especially if there are no associated calcified paren-
chymal lesions (74).

In MRI the cysts usually behave with CSF-like signal in T1- 
and T2-weighted sequences. The cyst wall can be seen as a low 
signal linear structure in T2 sequences or it can show enhance-
ment after contrast medium administration, with deformity or 
distension of the fourth ventricle associated with hydrocephalus. 
In FLAIR sequence it can be observed with discrete higher signal 
compared to CSF. The presence of scolex is seen as an eccentric 
high signal focus in the cyst, which is considered an absolute 
criterion for the diagnosis of neurocysticercosis. With contrast 
medium, enhancement of the cyst wall or ependymal enhancement 
can be observed if there are associated inflammatory changes 
(67,68,71,74-77) (Figure 9).

High resolution cisternography sequences improve the 
visualization of intraventricular cysts, which can demonstrate 
the scolex. These sequences should always be included when 
neurocysticercosis is suspected. In spectroscopic sequences NCC 
behaves similarly to pyogenic abscesses with increased choline, 
lactate, succinate, alanine, lipids and acetate, with decreased 
creatine and n-acetylaspartate (78-80). 

In the diffusion sequences a signal similar to CSF is observed, 
with high ADC, which differentiates it from pyogenic abscesses 
that present diffusion restriction with low ADC. However, when 
scolex is present, it shows high signal in the diffusion sequence. 
In perfusion MRI there is no increase of rCBV in the white matter, 
which reflects the absence of angiogenesis and hyperperfusion 
(78, 81, 82) (Figure 9).
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Figure 5. Medulloblastoma. a) MRI with T1 information: low signal. b) Spin echo sequence and c) FLAIR with T2 
information: high signal. d) With contrast medium: heterogeneous enhancement. e and f) Diffusion sequences 
and ADC map: some areas with water diffusion restriction.

Figure 6. Pilocytic astrocytoma. a) MRI with T1 information 
cystic lesion: low signal. b) FLAIR sequence with T2 
information: high signal. c and d) With contrast medium: 
intense peripheral enhancement of the nodule. e and f) 
Diffusion sequences and ADC map: without restriction of 
water diffusion.
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Figure 7. Hemangioblastoma. a) Simple CT and b) with contrast medium: low density lesion well delimited in the left cerebellar hemisphere, with 
compression of the fourth ventricle. c) MRI sequence with T1 information: low signal. d) Sequences with T2 information: high signal. e) FLAIR sequence: 
partial suppression of the signal. f) With contrast medium: mural nodule that enhances homogeneously with gadolinium. g) Diffusion sequence: no 
restriction to water diffusion. h) Spectroscopy: slight increase of the choline peak and increase of the lipid peak in the cystic portion.

Figure 8. Hemangioblastoma. a) Axial and b) sagittal CT: lesion of CSF-like density, well delimited from the cerebellar vermis. c) MR sequences with T1 
information: low signal. d) Spin-echo sequences and e) FLAIR with T2 information, high signal with mural nodule of intermediate signal similar to the 
gray matter. f and g) With contrast medium: homogeneous enhancement. h) Diffusion sequence: no restriction to water diffusion.
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3. Conclusion
Taking into account clinical, demographic data and imaging fin-

dings with routine imaging techniques, as well as advanced diffusion, 
perfusion and spectroscopy techniques, a more accurate diagnosis can 
be established in the presence of a lesion that primarily or secondarily 
involves the fourth ventricle.
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