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Learning  Objectives

 

The purpose of this exhibit is to illustrate the various pathologic conditions that
can direct or indirectly involve the intracranial dural venous sinuses in children.
Particular emphasis is made on the imaging findings that are useful for early
identification and differential diagnosis.
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Background

 

INTRODUCTION

Dural venous sinus anomalies have been less extensively reported in the pediatric
age than in adults and there is relatively little radiologic literature on the subject. For
teaching purposes, our exhibit presents the normal intracranial venous anatomy*1 ,
followed by the most common pathologic conditions seen in our pediatric hospital.
Cerebral veno-occlusive disease has special relevance because it is an
under-diagnosed cause of acute neurological deterioration, and the clinical signs and
symptoms are often non-specific. Several processes can cause cerebral venous
thrombosis, including local disease such as sinusitis or mastoiditis, trauma and tumor,
and systemic disorders such as dehydration, infection, trauma, and hematological 
disease.

INTRACRANEAL VENOUS ANATOMY

The cerebral venous system *2 is composed of dural sinuses and cerebral veins, with
multiple anatomic variants. Cerebral veins have thin walls with minimal smooth
muscle, no valves and no vasomotor innervations. The cerebral venous vasculature
consists of a superficial sinovenous system •dural venous sinuses‚ and a deep
venous system. Venous territories are not well defined due to the presence of
collateral circulation.
Between the dural sinuses are located the superior sagittal sinus •SSS‚, inconstant
inferior sagittal sinus •ISS‚, straight sinus •SS‚, transverse and occipital sinuses •TS
and OS‚, tentorial sinuses •TeS‚, sigmoid sinuses •SiS‚ and cavernous sinuses 
*3 •CS‚. The cerebral veins include surface cortical veins, particularly the middle
surface vein •msv‚, vein of Trolard •vT‚ and vein of Labbé •vL‚, as well as the deep
veins, including the medullary veins, subependymal vein, basal vein and vein of
Galen. The majority of these venous structures are easily identifiable on
contrast-enhanced CT examinations and MR imaging, and they are particularly well
defined on MR-venography. 
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*1: Dural Venous Sinuses •cranial floor‚. From
Netter´s Atlas

 
 

   

*2: Dural Venous Sinuses •sagittal section‚. From
Netter´s Atlas

 
 

*3: Cavernous Sinuses •coronal section‚. From
Netter´s Atlas
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Image Findings OR Procedure Details

 

MATERIAL AND METHODS

The main pathologic entities involving the cerebral venous structures and dural
sinuses seen in our pediatric center over the last twelve years are reviewed. Most
patients were imaged with CT and MR, including MR-venography •Table‚.

TABLE OF PATIENTS        Total patients n=54

1. Congenital anomalies 34

- Chiari II malformation 10
- Dandy-Walker 5
- C. callosum agenesis 5
- Sturge-Weber 5
- Galen vein malformation 8
- Sinus pericranii 1

2. Dural Thrombosis 9

- Neonatal 3
- Leukemia 3
- Solid tumors 3

3. Trauma 4

4. Inflammatory conditions 7

IMAGING FINDINGS AND PATHOLOGICAL ENTITIES

1. CONGENITAL ANOMALIES

Aplasia, hypoplasia and duplication are relatively frequent congenital dural venous
anomalies.                                                                                                                
Other anatomic anomalies are often associated with brain malformations, such as 
Chiari II malformation •abnormally low torcular Herophili, with markedly descendent
straight sinus‚ •figure 1‚ *4 , Dandy-Walker malformation •elevation of torcular
Herophili with horizontal or ascendant straight sinus forming an inverted "Y" in the AP
projection between the SSS, confluence sinuum or torcula and transverse sinuses‚ 
•figure 2‚ *5, *6, *7 , corpus callosum agenesis •elevation of internal cerebral veins and
rectification of the usually concave vein of Galen‚, and neural migration
anomalies.                                    Dural venous sinus anomalies can also be
associated with cephaloceles , especially with encephaloceles. The main dural
venous sinuses may be included within the herniated sac through the bony and dural
defect, a very important feature because of the potential for hemorrhage during
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surgical repair •figure 3‚ *8, *9 .

Other anomalies have been described in association with neurocutaneous syndromes
such as Sturge-Weber disease , phakomatoses characterized by capillary facial
malformation, retinal angiomas, leptomeningeal venous malformation and absent or
hypoplastic cortical veins, with subsequent dilatation of deep medullary veins that drain
towards the deep venous system. These venous anomalies are usually unilateral and
cause progressive cerebral atrophy with typical gyral calcifications due to vascular steal
and ischemia •figure 4‚ *10, *11, *12 .

Vein of Galen malformations constitute a heterogeneous group of anomalies with
dilatation of galenic system deep venous structures fed by anomalous arteriovenous
shunts. In most of these anomalies, hypoplasia or agenesis of the straight sinus occurs;
thus, early intrauterine straight sinus thrombosis has been related with the development of
arterio-venous fistulas. A hyperdense mass posterior to the third ventricle, with intense
homogeneous enhancement on contrast and associated with hydrocephalus or secondary
ischemic changes is seen on cranial CT. Helical CT *13, *14, *15and/or MR with 
MR-angiography*16, *17, *18  are very useful for understanding the arterial MR with
connections and for therapeutic endovascular planning.

Another significant anomaly is sinus pericranii , a communication between the intra-
and extracranial veins via one or several dilated emissary veins. Lesions appear most
frequently in the frontal and paramedian regions and present as fluctuant soft-tissue
masses that increase in size with jugular compression or the Valsalva maneuver. They are
sometimes associated with osseous erosion. This anomaly is usually congenital in origin,
although it can also appear after trauma or sinus thrombosis. Helical CT *19, *20and
Color Doppler US can document the venous nature of the scalp masses and demonstrate
their communication with the dural sinuses, usually the SSS. 

2. DURAL VENOUS THROMBOSIS

Diagnosis requires a high index of suspicion:

Helical CT. Radiologists should look for CT signs: anomalous sinus hyperdensity on
precontrast slices, and venous infarcts or abnormal central hypodensity on
post-contrast slices •"empty delta sign"‚. Nevertheless, false negatives as the "empty
delta sign", seen in only one-third of patients and false positives resulting from
abscesses abutting the sinus, high red cell count •mainly in newborns‚, or anatomic
variants such as high bifurcation of SLS, duplications, fenestrations or presence of
subdural hematoma or subarachnoid hemorrhage, can be noted.
Other suggestive findings on enhanced CT studies include dilated transcerebral
medullary veins, tentorial and falcine enhancement, and asymmetric meningeal 
enhancement.

MRI and MR-venography  offers numerous advantages over CT because of its ability
to visualize the thrombus as an increased signal on T1 and T2 images, and to show
parenchymal disease with better definition. There are fewer false negatives with MR
imaging than with CT, except at the very early stage when the thrombosed sinus can
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still be hypointense or just isointense and when there is substantial slowing of blood flow. 
Cerebral edema in cases of considerable venous hypertension and venous infarcts 
•often hemorrhagic and multiple‚ in the subcortical region, thalami or basal ganglia can
also be seen. 
MR with gradient-echo techniques and MR-venography  easily demonstrate absent
flow in the affected dural sinuses. These non-invasive methods are excellent for evaluating
the intracranial venous system, particularly in the diagnosis of venous thrombosis. When
using these techniques one must be familiar with normal variants and the possible
causes of false positives. For example, among 100 venograms studied by Ayanzen et al,
the right transverse sinus was dominant in 59% of cases, the left in 25% and both were
codominant in 16% of cases. False positive diagnosis can result from the presence of 
Arachnoid Granulations, usually asymptomatic anatomic variants seen mainly in the
transverse or sigmoid sinuses that can simulate defects of intraluminal thrombi. Flow
artifacts that simulated venous thrombus were observed in 31% of patients with
intraluminal defects.
TOF •time-of-flight‚ techniques  are mainly based on flow relative enhancement to
produce vascular images, whereas "phase-contrast" studies  use phase deviations
induced in the moving spins to distinguish between moving blood and surrounding
stationary tissue. A combination of 2D-TOF and phase-contrast in sagittal and coronal
planes allows a more confident diagnosis.
Dural venous thrombosis can be seen in several pathologies such as dehydration,
hypercoagulability, infection or tumoral invasion. Diagnosis has been classically based on
conventional arteriography, an invasive and risky method, particularly in the pediatric 
patient.

The principal diagnostic distinction in children should be made between infective and
non-infective causes. 

The main predisposing infectious processes include ear infection •acute
otomastoiditis‚, peritonsillar abscess, bacterial meningitis, and orbital celullitis •due to
retrograde flow from facial and orbital veins into the cavernous sinus‚.The relative
incidence of septic intracranial venous sinus disease has diminished since the introduction
of antibiotics and now constitutes only 8% to 10% of all cases.

Non-infectious predisposing factors include cyanotic heart disease, leukemia,
perinatal asphyxia •figure 5‚, *21, *22primary or metastatic tumors and coagulation
disorders •e.g. protein C deficiency, antithrombin III, factor V Leiden and Prothrombin
G20210A mutations‚.

In oncologic patients •particularly leukemia‚, dural venous thrombosis is more
common than previously reported, due to cerebral and meningeal infiltration, leukostasis
and the use of chemotherapeutic agents like L-asparaginase and vincristine. Up to 2% of
patients treated with L-asparaginase develop hemorrhagic or non-hemorrhagic infarcts,
usually secondary to sinovenous occlusion •figure 6‚. *23, *24, *25, *26Other tumors such
as neuroblastoma or medulloblastoma can encroach upon, or metastatize to, cerebral
sinuses, leading to sinus thrombosis •figure 7‚. *27, *28, *29
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 3. TRAUMATIC CONDITIONS

Bridging veins and dural sinus rupture of traumatic origin associated with subdural
hematomas are sometimes seen in births with obstetric trauma. Post-traumatic
carotid-cavernous fistula is another entity with a variable clinical course and
prognosis. The clinical presentation of proptosis, ocular pain and headaches may be
delayed. CT detects only the proptosis with an anomalous dilatation of the superior
ophthalmic vein in the affected side. Doppler US demonstrates dilatation and arterialization
of the superior ophthalmic vein. MR with 3D gradient sequences is useful for depicting the
shunt within the cavernous sinus, with a sensitivity and specificity reaching 83% and
100%, respectively, according to T. Hirai, et al. •figure 8‚. *30, *31, *32, *33

4. INFLAMMATORY CONDITIONS

Venous thrombosis can also occur secondary to extradural abscesses in acute
complicated sinusitis or, more often, in acute complicated otomastoiditis . Epidural
abscess may lead to superior and inferior petrous sinus thrombosis. Indirect imaging signs
include sinus hypodensity on pre-contrast and post-contrast CT studies, absence of
normal flow void corresponding to venous flow on spin-echo images and absence of
flow-related enhancement on gradient-echo sequences •figure 9‚. *34, *35, *36, *37, 

*38Early antibiotic therapy prevents further progression to thrombophlebitis, although in
severe cases the interrupted venous drainage occasionally leads to hydrocephalus.

Cavernous sinus septic thrombosis is particularly dangerous. Although a rare entity
nowadays, it still can complicate a facial, head or neck infection. A more benign and
indolent clinical curse that has been related with earlier antibiotic therapy has been
recently described. Variants in the size and internal structure of the cavernous sinuses can
make early diagnosis more difficult. CT, particularly high-resolution CT, is often used to
evaluate the osseous anatomy of the paranasal sinuses and temporal bone when
investigating the infectious focus. Contrast-enhanced CT may show unenhanced areas
within one or both cavernous sinuses, together with dilatation and thrombosis of the
superior ophthalmic vein. MR can also show non-homogeneous enhancement of the
cavernous and tributary venous sinuses •figure 10‚. *39, *40 It is believed that
retrograde thrombosis of these tributary sinuses is responsible for late cerebral
complications and for rare, secondary carotid artery thrombosis.
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*4: MR sagittal T1WI shows low position of
straight sinus and venous confluence or
torcular Herophili in a patient with Chiari II
malformation. 

 
 

   

*5: Lateral simple cranial view shows the inverted
€"Y€" configuration of torcular Herophili and
transverse sinuses in a patient with
Dandy-Walker malformation. 
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*6: AP simple cranial view shows the inverted €"Y€"
configuration of torcular Herophili and
transverse sinuses in a patient with
Dandy-Walker malformation. 

 
 

   

*7: Another patient with associated Dandy-Walker
malformation and meningocele presents a
markedly high tentorium position, straight sinus
and torcular Herophili on sagittal T1WI. 

 
 

10



*8: Newborn boy diagnosed with occipital
cephalocele on the clinical picture.

 
 

   

*9: Newborn boy diagnosed with occipital
cephalocele. The neural tissue •cerebellum,
torcular Herophili and straight sinus‚ shows an
anomalous extracranial position.

 
 

*10: Sturge-Weber syndrome. MR axial T1WI
demonstrates posterior cortical atrophy in the
left hemisphere. 

 
 

   

*11: Sturge-Weber syndrome. MR axial T2WI
demonstrates posterior cortical atrophy in the
left hemisphere and presence of anomalous
ependymal veins.
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*12: Sturge-Weber syndrome. MR axial post-Gd
T1WI demonstrates presence of anomalous
ependymal veins, asymmetrical enhancement
of choroid plexus and abnormal
leptomeningeal enhancement in the affected
brain. 

 
 

   

*13: Newborn with vein of Galen malformation.
MIP reformatted image shows the hypoplastic
straight sinus and dilated anomalous primitive
falcine sinus. 
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*14: Newborn with vein of Galen malformation.
Enhanced axial helical CT slice shows the
hypoplastic straight sinus and dilated
anomalous primitive falcine sinus. 

 
 

   

*15: Newborn with vein of Galen malformation.
Sagittal MPR reformatted image shows the
hypoplastic straight sinus and dilated
anomalous primitive falcine sinus. 
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*16: Newborn with vein of Galen malformation.
Sagittal MR T2WI demonstrates the dilated
structures with a signal flow void
corresponding to the primitive falcine sinus,
the primitive prosencephalic vein, and the
absent straight sinus. 

 
 

   

*17: Newborn with vein of Galen malformation.
Coronal MR T2WI demonstrates the dilated
structures with a signal flow void
corresponding to the primitive falcine sinus,
the primitive prosencephalic vein, and the
absent straight sinus. 

 
 

*18: Newborn with vein of Galen malformation.
Angiographic image demonstrates the dilated
structures corresponding to the primitive
falcine sinus, the primitive prosencephalic
vein, and the absent straight sinus. 

 
 

   

*19: Sinus pericranii. Axial helicaI CT image after
contrast medium administration demonstrates
the enhancing paramedial posterior parietal
soft tissue masses. 

 
 

14



*20: Sinus pericranii. MIP helicaI CT image after
contrast medium administration.
Reconstructed images are valuable to
demonstrate the abnormal venous
communication with the superior sagittal
sinus. 

 
 

   

*21: Dural venous thrombosis diagnosed in the
neonatal period. Sagittal MR T1WI show an
abnormal hyperintense signal corresponding
to subacute thrombus within the superior
sagittal sinus. 

 
 

*22: Dural venous thrombosis diagnosed in the
neonatal period. Coronal MR T1WI show an
abnormal hyperintense signal corresponding
to subacute thrombus within the superior
sagittal sinus. 

 
 

   

*23: Dural venous thrombosis in acute
lymphoblastic leukemia, treated with
L-asparaginase. Axial MR FLAIR
demonstrates a peripheral hyperintense
parietal lesion.
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*24: Dural venous thrombosis in acute
lymphoblastic leukemia, treated with
L-asparaginase. Axial MR T1WI
demonstrates discrete hyperintense signal
within the right sigmoid sinus. 

 
 

   

*25: Dural venous thrombosis in acute
lymphoblastic leukemia, treated with
L-asparaginase. Axial MR T1WI
demonstrates discrete hyperintense signal
within the right sigmoid sinus and vein of 
Labbé.

 
 

*26: Dural venous thrombosis in acute
lymphoblastic leukemia, treated with
L-asparaginase. MR-venography image with
phase-contrast technique in the sagittal plane
demonstrates absence of flow within the
superior sagittal, straight and sigmoid
sinuses. 

 
 

   

*27: Dural venous thrombosis after resection of a
posterior fossa medulloblastoma. Sagittal
MR-venography with phase-contrast
technique confirms the absence of flow.
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*28: Dural venous thrombosis after resection of a
posterior fossa medulloblastoma. Axial CT
image shows a filling defect within the right
sigmoid sinus •€"empty delta sign€"‚. 

 
 

   

*29: Dural venous thrombosis after resection of a
posterior fossa medulloblastoma. Axial CT
image shows a filling defect within the right
sigmoid sinus •€"empty delta sign€"‚
associated with anomalous hyperattenuating
lateral sinuses. 
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*30: Post-traumatic carotid-cavernous fistula.
Angiographic image in early arterial phase
demonstrates early filling of the cavernous,
straight and sigmoid sinuses. The precise
location of the anomalous shunt is difficult to
discern. 

 
 

   

*31: Post-traumatic carotid-cavernous fistula. Axial
CT image shows early enhancement of right
cavernous sinus. 
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*32: Post-traumatic carotid-cavernous fistula. Axial
CT image shows early enhancement of right
cavernous sinus and right proptosis. 

 
 

   

*33: Post-traumatic carotid-cavernous fistula. Axial
MR T1WI depicts the enlarged superior
ophthalmic vein on the right side. 
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*34: Dural venous trombosis in acute coalescent
mastoiditis. Axial MR T1WI before gadolinium
demonstrates the asymmetric enhancement
of both sigmoid sinuses. 

 
 

   

*35: Dural venous trombosis in acute coalescent
mastoiditis. Axial MR T1WI after gadolinium
again demonstrates the asymmetric
enhancement of both sigmoid sinuses. 
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*36: Dural venous trombosis in acute coalescent
mastoiditis. Axial CT images obtained from
temporal bone show mastoid cell filling. 

 
 

   

*37: Dural venous trombosis in acute coalescent
mastoiditis. Axial CT images obtained from
posterior fossa show an empty delta sign
within the left sigmoid sinus. 
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*38: Dural venous trombosis in acute coalescent
mastoiditis. Venous thrombosis is better seen
on axial MR-venography, which shows
absence of normal flow void within the left
transverse and sigmoid sinuses. 

 
 

   

*39: Cavernous sinus thrombosis. Coronal MR T2
WI shows heterogeneous signal intensity
within left cavernous sinus with secondary
carotid artery stenosis.
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*40: Cavernous sinus thrombosis. Coronal MR T2
WI shows an enlarged superior ophthalmic
vein on the left side •arrow‚.
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Conclusion

 

Cerebral veno-occlusive disease is an elusive often under-diagnosed cause of
acute neurological deterioration in children because clinical signs and
symptoms are often non-specific. Several different processes can be
predisposing factors, including local or systemic disorders. Neuroimaging is
critically important for diagnosis. CT imaging may be needed in the emergency
setting but the diagnostic procedure of choice is MRI with MR venography.
These techniques are very useful for evaluating the intracranial venous system
and obviate more invasive angiography, a particularly important advantage in
the pediatric age.
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