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Abstract Cerebral sinovenous thrombosis (CSVT) in the
pediatric population is a relatively uncommon yet under-
appreciated and potentially life-threatening neurological
condition. Early symptoms and signs are often vague and
the clinician requesting a cranial imaging study might not
even suspect sinovenous thrombosis. If left undiagnosed, or
if the diagnosis of CSVT is delayed, progressive neurolog-
ical deterioration, coma and death can follow. The purpose
of this review is to highlight pertinent development of the
cerebral venous system, discuss the causal factors of cere-
bral sinovenous thrombosis in the pediatric population, re-
view practical imaging strategies using cranial sonography
augmented with color and pulsed Doppler, unenhanced
brain CT, CT venography, cerebral MRI, and MR venogra-
phy (MRV). Finally, this review will illustrate the imaging
features of sinovenous thrombosis, including a discussion of
the common causes of false-positive and false-negative CT
and MRI studies.
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Introduction

Avariety of terms appears in the literature describing throm-
bus within intracranial venous structures. These terms in-
clude cerebral sinovenous thrombosis, dural sinus
thrombosis, sinovenous thrombosis, deep cerebral venous

thrombosis, cerebral vein thrombosis, intracranial venous
thrombosis and cavernous sinus thrombosis.

Traditionally, intracranial venous thrombosis describes
thrombus in at least one of three compartments. The superfi-
cial venous system (e.g., cortical dural veins, vein of Labbe,
vein of Trolard), deep venous structures (e.g., internal cerebral
veins, basal vein of Rosenthal, Great cerebral vein or vein of
Galen) and the dural venous sinuses (enclosed in the leaves of
the dura and representative of the major drainage pathways of
the cerebral veins, e.g., superior sagittal, transverse and sig-
moid venous sinuses) [1, 2]. In this review, the term cerebral
sinovenous thrombosis (CSVT) is used to describe thrombus
within one or more of these compartments.

The newborn, infant, child or adolescent afflicted with
cerebral sinovenous thrombosis may present with a variety
of symptoms and signs, including irritability, headache,
seizure, encephalopathy, papilledema, cranial nerve
palsies, motor weakness and coma. Additionally, the loca-
tion of the thrombus and whether it is partial or complete,
acute or chronic influences the clinical presentation.
Across all pediatric age groups, seizures remain the most
common presentation of CSVT. Seizures and coma at
presentation represent poor clinical prognosticators [3–6].
Apart from seizures, irritability and hypotonia are ob-
served more commonly among neonates and headache
and motor symptoms predominate in the non-neonatal
patients. Sinovenous thrombosis might be associated with
serious neurological impairment, lifelong morbidity, and
mortality in a minority of patients. Hemorrhagic infarc-
tions (40%) and hydrocephalus (10%) represent important
contributors to morbidity [7–9].

DeVeber et al. [10] in the Canadian cerebral venous
thrombosis registry reported CSVT as a relatively rare event
in pediatric patients, occurring with an estimated incidence
of less than 1 per 100,000 between term birth and 18 years
of age. These authors estimate that CSVT is the cause of
approximately 20% of ischemic cerebral vascular disease in
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children [10]. Neonates and infants in the first 6 months of
life contribute significantly to the total number of docu-
mented cases of pediatric CSVT. The incidence of neonatal
venous sinus thrombosis is estimated at 40.7 per 100,000
live births per year [3–7]. Carvalho et al. [3] reported that
among 31 children with SVT, 61% were neonates. Other
authors have reported a similar high proportion of neonates
and young infants in their pediatric cohorts afflicted with
CSVT [8]. In a multicenter study of pediatric cerebral ve-
nous sinus thrombosis, Wasay et al. [7] reported a mortality
rate of 25% among neonates with CSVT.

The anatomical location and extent of sinovenous throm-
bosis varies based upon the etiology of the clot. In the
multicenter study by Wasay et al. [7] the transverse sinus
(73%) was more commonly involved, followed by the su-
perior sagittal sinus (35%), and multiple anatomical sites of
thrombosis were common (70%). Contiguous involvement
of transverse and sigmoid venous sinuses might be as high
as 90% [1, 7].

Cerebral venous development

A working understanding of cerebral venous development
and common anatomical variations provides insight to the
radiologist responsible for interpreting pediatric cranial im-
aging studies. Furthermore, in the setting of partial or com-
plete cerebral sinovenous thrombosis, appreciation of
collateral pathways of venous drainage allows the imaging
physician to make critical observations that have important
diagnostic, treatment and outcome impact.

In the final stages of cerebral venous development during
the 3rd month of fetal life, much of the definitive venous
system is established. In contrast to other areas of the body,
the cerebral venous system shows much more morphologi-
cal variability than the arterial system. Throughout fetal and
early postnatal development, the venous system is continu-
ously remodeling in a process of integrative development as
a result of morphological changes occurring in the skull
base and cerebral vesicles [11].

The main components of the cerebral venous system are
the dural venous sinuses and the cerebral veins. The dural
venous sinuses represent venous conduits invested by dura
receiving blood from superficial and deep sources (Fig. 1).
The cerebral veins can be further subdivided into superficial
veins that drain the cortical and subcortical regions, and
deep cerebral veins (medullary and subependymal) that
drain blood from the periventricular white matter and basal
ganglia (Fig. 1) [11].

Transcerebral veins connect the surface venous network
with the subependymal veins. These transcerebral veins play
a role in cerebrospinal fluid (CSF) resorption and cerebral
nutrition. Dilation of these veins can be observed in states of

augmented venous flow (e.g., arteriovenous malformation
[AVM]), obstructed venous drainage (e.g., thrombosis), and
elevated cerebral venous pressure [12]. Transcerebral veins
that have only previously been observed in the venous phase
of cerebral angiography have more recently been rendered
visible by susceptibility-weightedMRI (SWI) (Fig. 1) [12, 13].

Recognizing common anatomical variations in dural ve-
nous sinus anatomy becomes particularly important in the
clinical setting of dural venous sinus thrombosis. Develop-
mentally, the superior sagittal sinus drains preferentially to
the right transverse venous sinus and jugular vein. The
straight sinus, which develops as the primary venous out-
flow of the deep venous system (choroid plexi of the lateral
and third ventricles), drains preferentially to the left trans-
verse sinus and jugular vein. These two venous systems
typically unite at the torcular Herophili but in a small per-
centage of patients they are separate. Venous thrombosis of
one venous limb could lead to inadequate venous drainage
and serious clinical consequences [11]. The persistence of
the falcine venous sinus is an important embryological
venous system observed in the setting of vein of Galen
malformation and atretic parietal cephalocele. In the latter
condition, a lack of recognition that the palpable subcutane-
ous vertex mass is in fibrovascular continuity with the
underlying dura, bifid superior sagittal venous sinus and
falcine venous sinus could lead to unexpected hemorrhage
or thrombosis during surgery (Fig. 1) [11].

Causal factors and pathophysiology

Some causal factors for the development of sinovenous
thrombosis differ between the pediatric population and
adults. The predisposing factors for CSVT can be broadly
broken down into conditions that cause mechanical com-
pression of the vein or venous sinus with resultant venous
stasis and occlusion, and invasion of the vessel or dural
venous sinus wall. This happens by way of infectious,
granulomatous or neoplastic disease, and by prothrombotic
states. Often co-morbidities exist, with more than one factor
predisposing to thrombus formation. Whether evaluating a
neonate, infant, child or adolescent with CSVT, it is impor-
tant to remember that upon clinical and laboratory investi-
gation the majority will be found to have an underlying
cause for thrombosis [1, 2, 4, 7] (Table 1).

The neonate is predisposed to CSVT by maternal factors
(e.g., premature rupture of membranes, maternal infections
and gestational diabetes), obstetrical trauma, hypoxic-
ischemic encephalopathy, dehydration, infection and pro-
thrombotic states. Calvaria molding from childbirth has
been reported as a cause of superior sagittal sinus compres-
sion venous stasis and resultant thrombosis [8]. Calvaria
fractures with resultant cortical vein or venous sinus
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compression represent another mechanical cause of CSVT
(Fig. 2). Asphyxia, dehydration, sepsis, bacterial meningitis,
polycythemia and cardiac defects put the newborn and
young infant at risk for CSVT. Prothrombotic factors en-
compass hematological and hypercoagulable states and have
become increasingly recognized as important causes of
CSVT. These include: factor V mutation, lupus anticoagu-
lant and deficiencies of protein C, protein S, anti-thrombin-

III and factor XII. Other disorders predisposing to CSVT
include the prothrombin gene mutation, dysfibrinogenemia,
sickle cell disease, disseminated intravascular coagulation
and homocystinuria [3, 4, 7, 9].

In the older infant, child and adolescent, additional causal
considerations include head and neck infections (e.g., otitis/
mastoiditis/sinusitis) and cranial trauma (temporal-occipital
fractures with sigmoid sinus occlusion) (Fig. 3). Less

Fig. 1 Cerebral venous
anatomy. a Color graphic of the
normal cerebral dural venous
sinuses. Superior sagittal sinus
(arrow), right transverse sinus
(curved arrow), torcular
Herophili (arrowhead) and
sigmoid venous sinus (small
arrow). (Courtesy of Amirsys
Publishing). b Normal
enhanced 3-D spoiled gradient
recalled (SPGR) MR venogra-
phy (MRV). Sagittal image
demonstrates homogeneous en-
hancement of the internal cere-
bral veins (arrow), Great
cerebral vein or vein of Galen
(curved arrow) and straight
sinus (arrowhead).
c Axial susceptibility-weighted
MR image (SWI) demonstrates
numerous normal medullary
veins (arrows).
d Persistent falcine venous
sinus. Sagittal color graphic
shows a vertically oriented
falcine venous sinus (arrow).
Note the associated vertex
atretic parietal cephalocele
(arrowhead). (Courtesy of
Amirsys Publishing)

Table 1 Causal factors in cere-
bral sinovenous thrombosis

PROM premature rupture of
membranes, CNS central ner-
vous system, SLE systemic lupus
erythematosus

Neonates Infants and young children Older children and adolescents

Dehydration Dehydration Dehydration

CNS infection Infection Infection

Gestational • CNS • CNS

• Maternal infection • Head and neck • Head and neck

• Gestational diabetes Trauma Trauma

• PROM Iron deficiency anemia Prothrombotic states

Obstetrical Other prothrombotic states Chronic systemic disease

• Trauma Chronic systemic disease Oral contraceptives

• Hypoxic ischemic injury • Malignancy

Prothrombotic states • Chronic renal disease

• SLE
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common causes of CSVT include chronic systemic disease
(e.g., nephrotic syndrome, SLE, neoplasms), treatments for
cancer (e.g., L-asparaginase) and oral contraceptives [2, 4,
10]. In my practice, I have found iron deficiency anemia to
be an underappreciated cause of cerebral sinovenous throm-
bosis among infants and young children (Fig. 4) [14]. Tak-
ing all pediatric age groups into consideration at our

children’s medical center, trauma, dehydration, bacterial
meningitis and iron deficiency anemia represent the most
common causes of venous thrombosis.

In the setting of CSVT, brain parenchymal injury can
result from venous backpressure leading to impaired paren-
chymal venous egress, with resultant venous hypertension,
vasogenic and cytotoxic edema and possibly hemorrhagic

Fig. 2 Compression of the
superior sagittal venous sinus.
a Sagittal CT venography
shows birth-related molding
and compression of the superior
sagittal venous sinus (arrow).
b After closed head trauma,
sagittal CT venography dem-
onstrates compression of the
superior sagittal venous sinus
(arrow) resulting from de-
pressed convexity skull fracture
and associated epidural hema-
toma (arrowhead)

Fig. 3 Acute mastoiditis in a
14-year-old girl. a Axial
contrast-enhanced temporal
bone CT (bone detail) shows a
lack of expected enhancement
within the larger groove for the
left sigmoid dural venous sinus
(arrow). Note the normally en-
hancing smaller right sigmoid
venous sinus (arrowhead).
There is complete fluid opacifi-
cation of the left middle ear and
mastoid air cells. b Enhanced
axial CT image with soft-tissue
windowing confirms thrombus
within the left sigmoid venous
sinus (white arrow) and normal
right sigmoid venous sinus
(black arrow). Note the charac-
teristic features of a develop-
mental cerebellar venous
anomaly (arrowhead). c, d
Sagittal and coronal enhanced
3-D SPGR MRV images con-
firm thrombus at the junction
between the lateral left trans-
verse venous sinus and sigmoid
sinus (arrow). The hypointense
clot extends into the distal sig-
moid venous sinus (arrowhead)
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venous infarction (Fig. 5) [15]. The post-thrombotic com-
plications of hydrocephalus and papilledema cause long-
term morbidity [2, 4, 7, 9].

Some authors posit and testify to the fact that some infants
and young children with CSVT have venous back pressure of
such a magnitude to burst cortical dural veins, thus resulting in
subdural hemorrhage (SDH) that mimics the SDHs found in
abusive head trauma (AHT) [16, 17]. The quality of evidence
to support this tenet is lacking [18–21]. Recently, McLean et
al. [22] reported their observations of 36 patients ranging in
age from birth to 19 years with proven CSVT. The authors
reviewed cross-sectional brain imaging for the presence of
SDH at the time of CSVT diagnosis. No SDH was detected
among their CSVT cohort [22].

CT and CT venography

Radiologists enhance the imaging care of the child with intra-
cranial venous thrombosis by recognizing predictive findings
that lead to an accurate and timely diagnosis. Often the clinical
history is vague or lacking altogether or perhaps pointing the
clinician and imaging physician toward another diagnosis [7].

Tang et al. [23] reported that in patients ultimately proved
to have CSVT, the clinical history as stated on the imaging
study order raised concern of thrombosis in only 5% of CTs
and 33% of MRI examinations. They also showed that when
the clinical indication for the cranial CT study reflected no
suspicion for CSVT, the false-negative rate for detecting
thrombosis on the unenhanced brain CT was 53% [23].

The unenhanced CT of the normal newborn and young
infant brain shows the attenuation of the superior sagittal ve-
nous sinus to be subtly greater than that of adjacent cerebral
gray matter (Fig. 6). Additionally, in these young patients, the
cortical dural veins and deep venous structures should be iso-
attenuating to slightly hyper-attenuating to the unenhanced
cortex. In the older infant, child and adolescent the dural venous
sinuses and deep midline venous structures are normally hypo-
or iso-attenuating to gray matter. Generally speaking, beyond
the neonatal period and first few months of infancy, the dural
venous sinuses, cortical dural veins and deep venous system are
normally relatively inconspicuous [1, 2, 24, 25].

The characteristic unenhanced CT appearance of cerebral
sinovenous thrombosis is the presence of hyper-attenuating
thrombus within the superficial, deep or dural venous sinuses.
When the radiologist observes increased attenuation within

Fig. 4 Iron deficiency anemia
and sinovenous thrombosis in a
7-month-old girl with seizures
and vomiting. Axial unen-
hanced CT (a) and coronal CT
reformation (b) show distention
and increased attenuation of
cortical veins (arrowheads).
c Sagittal enhanced 3-D SPGR
MRV confirms extensive hypo-
intense thrombus within the su-
perior sagittal venous sinus
(arrows)

Pediatr Radiol (2013) 43:173–188 177



cortical veins, superior and inferior sagittal sinuses or the deep
midline venous structures (internal cerebral veins, vein of
Galen, and straight sinus) then CSVT should be considered.

Segmental regions of increased attenuation within the dural
venous sinuses are also a hint to the presence of CSVT. Dis-
tention of a dural venous compartment irrespective of the

Fig. 5 Sinovenous thrombosis
and cerebral edema in a 15-
year-old boy with leukemia be-
ing treated with L-asparaginase;
he had new-onset seizures. a
Axial T1-weighted image
shows hyperintense thrombus
within the superior sagittal ve-
nous sinus (arrow) and adjacent
cortical veins (arrowheads). b
Axial diffusion-weighted image
shows left frontal lobe cortical
and subcortical hyperintensity
(arrowheads). c ADC image
confirms left frontal and parie-
tal regions of reduced cortical
diffusivity (cytotoxic edema)
(arrowheads). d Sagittal en-
hanced 3-D SPGR MRV con-
firms thrombus within the
superior sagittal venous sinus
(arrows)

Fig. 6 Normal neonatal
unenhanced venous anatomy.
a Axial unenhanced CT image
shows normal subtle increase in
straight sinus attenuation
(arrow). Also note the normal
increased attenuation of the
anterior inferior aspect of the
superior sagittal venous sinus
(arrowhead). b Coronal
unenhanced CT reformation in
the same patient shows normal,
slightly hyper-attenuating inter-
nal cerebral veins (arrow) and
superior sagittal venous sinus
(arrowhead)
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intrinsic attenuation or signal intensity is a clue to the diagnosis
of venous sinus thrombosis (Fig. 7) [23–28]. Radiodense dural
venous sinuses might reflect elevated hematocrit and mimic
thrombosis [29]. If the intracranial venous and arterial structures
appear similarly high in attenuation, then suspect primary or
secondary polycythemia as the cause. This appearance of dense
venous and arterial structures is an ominous sign
(hyperviscosity) and warrants immediate clinical attention [29].

Historically, many imaging observations associated with
CSVT have been well described on unenhanced and en-
hanced CT and are embraced by radiologists as being critical
to a strongly suspected diagnosis of thrombosis. On unen-
hanced CT imaging, the cord sign (high attenuation of the

cortical vein) and the hyperdense dural sinus sign, or dense
dural sinus sign, are findings supporting the diagnosis of
SVT [1, 2, 25, 27, 28]. Contrast-enhanced CT and CT
venography show the empty delta sign in the setting of
superior sagittal sinus thrombosis (Fig. 8). Although dogma
continues to prevail upholding these CT signs as being key
to making a timely and accurate diagnosis of thrombosis, the
truth is that the sensitivity of these CT signs is variable,
ranging from 5% for the cord sign to 20% for the dense
dural sinus sign to 70% for the empty delta sign [25, 30, 31].
Thus, a normal-appearing unenhanced CTshould not dissuade
the radiologist from proceeding to either CT venography or
MRI and MR venography (MRV) if clinically warranted.

Fig. 7 Bilateral cavernous sinus thrombosis secondary to sphenoid
sinusitis. a Axial T1-weighted MR image shows distention of the
cavernous sinuses (arrowheads). The signal intensity of the cavernous
sinus is nearly isointense to gray matter. Normally the cavernous sinus
is predominantly hypointense on T1-weighted imaging prior to intra-
venous contrast administration. Note the obliteration of the right peri-
mesencephalic cistern and hypointensity in the mesencephalon
secondary to associated meningitis and edema (arrow). b Coronal
T2-weighted image demonstrates distention of the cavernous sinuses
and heterogeneity of signal secondary to thrombus (arrows). There is

normal hypointensity of blood within the superior sagittal venous sinus
(arrowhead). c Axial T1-weighted IV contrast-enhanced MR image
with fat saturation demonstrates hypointense thrombus within the
cavernous sinuses (arrowheads). There is thickening and strong en-
hancement of the lateral cavernous sinus dura. Also, note the focal
enhancement of the right perimesencephalic cistern, a result of associ-
ated meningitis (arrow). d Axial trace diffusion-weighted image shows
a linear focus of diffusion hyperintensity within the right perimesence-
phalic cistern, presumed to represent thrombus within the right basal
vein of Rosenthal (arrow)
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The normal lower brain attenuation of the newborn and
young infant, the relatively higher normal hematocrit, and the
less deformable red blood cells (RBCs) of these patients com-
pared with the adult might lead the radiologist to consider the
differential diagnosis of hemoconcentration versus sinovenous
thrombosis when reviewing unenhanced brain CT studies. In
large part, it is our gestalt of the imaging findings based upon
our experience in neuroimaging that either comforts us to
render a normal impression or raises suspicion, thus leading
to a contrast-enhanced study. An accurate clinical history will
heighten our concern. Does the patient have a clinical risk for
cerebral venous thrombosis (known malignancy or a history of
previous thrombotic events such as pulmonary thromboembo-
lism)? As a pediatric radiologist, I entertain the possibility of
sinovenous thrombosis if the clinical history is suggestive of the
diagnosis or if the unenhanced CT demonstrates age-
inappropriate attenuation of the intracranial venous system,
including signs of increased attenuation of convexity cortical
veins, hyper-attenuation of the internal cerebral veins and other

midline venous structures, and an appearance of greater than
expected attenuation among segments of the dural venous
sinuses. Additionally, unexplained parenchymal edema or sub-
cortical hemorrhage should also lead the radiologist to consider
cerebral venous thrombosis in the differential diagnosis. These
observations should prompt the referring physician to proceed
with CT venography or MRI and MRV immediately [1, 2, 31].

Black et al. [32] reaffirm the importance of differentiating
hematocrit (hemoconcentration) effect from sinovenous throm-
bosis. In their study of pediatric and adult patients proved not to
have sinovenous thrombosis, all had dural venous sinus Houns-
field unit valves (HU) of 70 or less (measured at the torcular
Herophili). The authors warn that aging, recanalizing clot could
yield an HU value less than 70 and thus lead to a false-negative
interpretation on unenhanced CT [32]. To address this false-
negative risk, the authors observed that when clot is iso- or
hypo-attenuating to normal brain (anemia and aging clot), the
ratio of hematocrit-to-dural venous sinus HUs (H:H) might be
helpful in diagnosing CSVT [32] (Fig. 9). The mean H:H

Fig. 8 CT signs of sinovenous
thrombosis. a Axial unenhanced
CT image through the cerebral
convexity shows hyper-
attenuating cortical dural veins
(cord sign) (arrowheads) and the
dense dural venous sinus sign
(arrow). b Coronal enhanced CT
image shows hypo-attenuating
thrombus (arrow) filling the su-
perior sagittal venous sinus
(empty delta sign)

Fig. 9 Iron deficiency anemia and sinovenous thrombosis in a 10-
month-old girl with lethargy and new onset of generalized seizures. a
Axial unenhanced CT image shows distention and increased attenua-
tion of cortical dural veins (arrowheads). The superior sagittal sinus
appears normal (arrow). b Coronal CT reformation shows a CT HU

measurement within the superior sagittal sinus of 58. The calculated H:
H is 2.0. This is highly suspicious for thrombus within the superior
sagittal venous sinus. c Coronal contrast-enhanced CT shows the
empty delta sign (arrow). Note the normal enhancing inferior sagittal
venous sinus (arrowhead)
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among Black et al.’s [32] normal subjects was ≤1.4. Among
patients proved to have CSVT it was 2.2 or greater. H:H from
the dural venous sinus equaling 1.4–2.2 should be viewed with
concern and strong consideration given to further imaging (CT
venography or MRV) [32, 33]. A recent clinical and imaging
investigation at the University of Utah of adult patients with
proven CSVT showed dural venous sinus HU measurements
greater than 70 or H:H ratios of 1.9 or greater. In patients with
HUs <52 or H:H <1.4 no thromboses were found. One-third of
patients proved to have CSVT had H:H between 1.4 and 1.9
(personal communication by David Besachio, DO, presented at
the American Society of Neuroradiology, 50th annual meeting,
New York, April 24, 2012). To date, these HU thresholds and

H:H ratios have not been validated in a pediatric population
with CSVT.

In many centers, CT venography is the most commonly
used test when patient risk factors, clinical symptoms, or the
unenhanced CT suggests CSVT (Table 2). I rely on CT venog-
raphy to follow unenhanced CT in the initial evaluation of
suspected CSVT (Fig. 10). False-positive CT venography
examinations can lead to inappropriate therapy. The combina-
tion of the strongly enhancing normal vascularized inner dural
border zone of the dural venous sinus in the neonate and young
infant and relatively less attenuating (compared with the en-
hancing dura) contrast-containing blood within the dural ve-
nous sinus can mimic sinovenous thrombosis [34]. In cases
such as this, supplemental cranial sonography with color and
pulsed Doppler have improved my diagnostic accuracy and
avoided inappropriate therapy (Fig. 11) [35]. Supplemental
cranial sonography is most applicable in the neonate and
young infant for the investigation of midline venous structures
including the superior and inferior sagittal venous sinuses,
internal cerebral veins, vein of Galen and straight sinus. If the
neonate or young infant’s CT venography is strongly sugges-
tive of CSVT and US is also abnormal, then treatment for
CSVTshould begin immediately. In these patients, I also make
every effort to perform brain MRI and IV-enhanced MRV
within 24 h to assess for brain parenchymal abnormalities
(edema, ischemia and hemorrhagic infarction) and to map the
extent of thrombus [1, 2, 6]. Alternatively, if the clinical
symptoms, signs and complementaryUSwith color and pulsed
Doppler are discordant with the CT venography results, I move
immediately to MRI and enhanced MRVas the gold standard
for CSVT detection. In older children and adolescents, CT
venography is very satisfactory in quickly confirming the

Table 2 Parameters for helical multidetector CT venography

Contrast type: iopamidol 370

(Isovue 370, Bracco Diagnostics, Princeton, NJ)

Dosage: 2 ml/kg

Injection rate: 2 ml/s

Scan delay: 2 min

mA/kVp

• 0-5 years 100 kV, mA by automatic tube current modulation

(min. mA 80, max. mA 140)

• >5 years 120 kV, mA by automatic tube current modulation

(min. mA 80, max. mA 160)

Axial helical acquisition

Coronal and sagittal reformatted MIP images

A Toshiba Aquilion 64 (Toshiba Medical Systems, Irvine, CA) multi-
detector CT system was used

MIP maximum intensity projection

Fig. 10 Sinovenous thrombosis: value of CT venography. Images in a
newborn known to have agenesis of the corpus callosum who pre-
sented with seizures. a Axial unenhanced CT shows increased attenu-
ation within the great cerebral vein or vein of Galen (curved arrow),
straight sinus (arrowheads) and torcular Herophili (arrow). b Sagittal

reformation from CT venography shows linear hypo-attenuating
thrombus (arrowheads) within the straight sinus. Note the compression
of the superior sagittal venous sinus caused by calvaria molding
(arrow)
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diagnosis of CSVT. The presence of associated seizures, en-
cephalopathy, hydrocephalus and parenchymal hemorrhage in
the setting of CSVT calls for expeditious MRI and enhanced
MRV. Another false-positive CT pitfall is seen in the setting of
temporal or occipital bone fractures associated with acute
extradural hemorrhage lateral to the sigmoid venous sinus.
This extradural hemorrhage can compress the venous sinus
and mimic SVT. CT venography including coronal reforma-
tions distinguishes a compressed from a thrombosed dural
venous sinus (Fig. 12). Parafalcine and paratentorial subdural
hemorrhage might be misinterpreted as SVT. The routine use
of axial helical CT followed by coronal and sagittal CT refor-
mations helps in making the distinction. Occasionally,

thrombus within the inferior sagittal venous sinus is misinter-
preted as an acute intradural hemorrhage (Fig. 13). Dural
venous sinus fenestrations and arachnoid granulations repre-
sent other potential causes of false-positive enhanced CT
examinations and are discussed further under the topic of
MRI/MRV false-positive pitfalls [25, 26].

MRI and MRV

The appearance of CSVT on unenhanced MRI studies is
often complex, being influenced by clot age, location and
extent of thrombus, whether the clot is partly or completely

Fig. 11 Pseudosinovenous thrombosis in a 12-month-old girl with
macrocephaly. a Coronal reformation from unenhanced CT shows
homogeneous slightly hyper-attenuating superior sagittal sinus (ar-
row). b Coronal reformation from CT venography demonstrates low-
attenuation regions within the central superior sagittal venous sinus

(arrow) and lateral transverse venous sinuses (arrowheads). The pres-
ence of a cardiac pacemaker precluded MRI and MRV. c Sagittal
cranial color Doppler imaging immediately following the CT venog-
raphy confirms normal venous flow throughout the superior sagittal
venous sinus (arrow)

Fig. 12 Extradural hemorrhage mimics venous thrombosis in a 15-
year-old boy with blunt trauma to the right temporal occipital region. a
Axial unenhanced CT shows increased attenuation within the right
sigmoid vascular groove (arrow). This was interpreted as being sug-
gestive of thrombus within the right sigmoid venous sinus. b Coronal

reformation following CT venography demonstrates medial displace-
ment of the proximal right sigmoid sinus by extradural hemorrhage
(white arrow). Note the normal enhancing displaced sigmoid dural
venous sinus (black arrowhead)
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occlusive, clot hydration, clot serum separation, MR
sequences employed, and magnetic field strength [36–38].
Intraluminal clot evolves in stages that parallel extravascular
clot.

The normal unenhanced intracranial dural venous sinuses
on spin-magnitude MRI show hypointensity within the
sinuses on T1-weighted sequences, hypointensity on T2-
weighted sequences, hyperintensity on normal gradient re-
call imaging (GRE) and hypointensity on fluid inversion
recovery sequences (FLAIR). On normal unenhanced MRI
sequences, slow venous flow, in-plane venous flow, and
entry-slice phenomena can mimic the presence of venous
clot [1, 25, 26]. This is particularly common in neonates and
children younger than 2 years [1, 2, 25, 26, 29]. The addi-
tion of a coronal GRE sequence is often critical in detecting
the paramagnetic susceptibility effects of hemoglobin break-
down products. The GRE sequence remains particularly
helpful in the detection of thrombus when clot is isointense
on T1-weighted imaging or hypointense on T2-weighted
sequences [38, 39]. Another important sequence modifica-
tion to consider in the routine MR brain examination is the
extension of unenhanced sagittal T1-weighted imaging to

the lateral-most margins of the brain; this often aids in the
detection of hyperintense subacute thrombus within the
transverse and sigmoid venous sinuses. T1-weighted imag-
ing in the early and late subacute stages of dural venous
thrombosis shows T1 hyperintensity as a result of extracel-
lular methemoglobin. A subtle sign of CSVT might be
cortical and deep intracranial veins appearing hyperintense
on T1-weighted sequences [26, 40, 41]. As with intravenous-
enhanced CT, detecting a dural venous sinus filling defect
with enhanced MRI and/or MRV confirms the diagnosis of
CSVT (Fig. 14) [1, 2, 6, 36–39].

The presence of partial or chronic thrombus (>15 days of
age) represents a potential cause of false-negative CT and
MR interpretations. On the unenhanced MRI the heteroge-
neity of MR signal from chronic recanalizing clot can mimic
normal slow-moving venous blood [42]. The utilization of
GRE imaging, SWI, and 3-D enhanced MRV improves
diagnostic accuracy in such cases (Fig. 15) [25, 26].
Susceptibility-weighted imaging (SWI) is sensitive to min-
ute amounts of hemosiderin and ferritin. SWI is more sen-
sitive than GRE to detect microbleeds. However, SWI
displays normal and clot-containing veins and dural venous

Fig. 13 Thrombosis of the
inferior sagittal sinus mimics
intradural falcine (subdural)
hemorrhage. a Axial unen-
hanced CT image shows high-
attenuation thrombus in the an-
atomical position of the inferior
sagittal venous sinus (arrows).
This had been interpreted as
subdural hemorrhage as might
be seen in abusive head trauma.
b Sagittal T1-weighted MR
image shows hyperintense
thrombus within the inferior
sagittal sinus (arrows), the great
cerebral vein or vein of Galen
(curved arrow) and straight si-
nus (arrowheads). c Coronal
GRE demonstrates hypointense
thrombus throughout the inferi-
or sagittal venous sinus
(arrow). d Two-dimensional
TOF unenhanced MRV shows a
lack of flow signal in the
expected position of the inferior
sagittal venous sinus (arrows)
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sinuses as hypointense structures, thus potentially leading to
a false-negative interpretation of the MRI study when clot is
present within the venous structures [43]. Therefore, GRE in

my practice has not been supplanted by SWI. Additionally, I
have found it helpful when initiating my routine MRI search
pattern to spend a few moments reviewing the 2-D GRE MR

Fig. 14 MRI and MRV of cerebral sinovenous thrombosis in an 8-
year-old girl with encephalopathy. a Sagittal T1-weighted MR image
shows thrombus isointense to brain parenchyma within the great cere-
bral vein or vein of Galen (arrowhead), straight sinus (arrows), and
torcular Herophili (curved arrow). Note the increased T1 signal infe-
rior to the torcular Herophili clot, which represents thrombus within a
persistent occipital dural venous sinus. b Sagittal T1-weighted image

through the dominant right transverse venous sinus shows lateral
transverse venous sinus extension of hyperintense thrombus (arrow).
c Sagittal enhanced 3-D SPGR MRV image shows hypointense
thrombus throughout the straight sinus (arrows), torcular Herophili
(arrowhead), and persistent midline occipital dural venous sinus
(curved arrow)

Fig. 15 Chronic sinovenous
thrombosis in a 16-year-old girl
taking oral contraceptives and
suffering from worsening head-
aches who presented with focal
seizure. a Sagittal T1-weighted
MR image shows hyperintense
thrombus throughout the supe-
rior sagittal sinus (arrows).
Note the hyperintensity within
the torcular Herophili (arrow-
head). b Coronal T2-weighted
MR image demonstrates hyper-
intense clot within the superior
sagittal venous sinus (arrow)
and left lateral transverse ve-
nous sinus (arrowhead). c Cor-
onal GRE image demonstrates
the paramagnetic effect of
thrombus within the superior
sagittal venous sinus (arrow)
and the left lateral transverse
venous sinus (arrowhead). The
right transverse venous sinus
was interpreted as being hypo-
plastic. d Coronal reformation
from 3-D SPGR enhanced
MRV shows hypointense
thrombus within the superior
sagittal sinus (arrow) and bilat-
eral transverse venous sinuses
(arrowheads)
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scout localizers, evaluating for normal venous sinus flow,
which appears as hyperintense signal [21, 22]. These scout
data are under-utilized by radiologists and trainees alike.

Brain parenchymal changes in the setting of CSVT are
common and much better appreciated with MR than CT.
The spectrum of parenchymal findings includes reversible
vasogenic edema (increased ADC values), cytotoxic ede-
ma (decreased ADC values) and subcortical hemorrhagic
infarction (Figs. 5, 7 and 16) [44–46]. Fortunately, unlike
pediatric arterial strokes, the edematous parenchymal ab-
normalities of SVT are often reversible [45, 46]. Unex-
plained focal cerebral edema and subcortical parenchymal
hemorrhage should prompt the consideration of CSVT [1,
2, 6, 15]. This is particularly true for deep thalamic edema
that can arise from internal cerebral vein thrombosis
(Fig. 16).

Venous flow is a common source of false-positive TOF
MRV studies, specifically the saturation effect from in-plane
slow venous flow that comes about when venous flow is
parallel to the imaging acquisition. The resultant flow gap
can simulate venous sinus atresia, hypoplasia or thrombosis.

Blood signal intensity on TOF venography is greatest when
the imaging acquisition plane is perpendicular to venous
flow. Additionally, the use of an inferior saturation band
(to saturate arterial inflow) often leads to signal loss within
the anterior aspect of the superior sagittal venous sinus
(because of the cephalad direction of flow). Venous sinus
hypoplasia (seen in approximately 30% of normal patients),
venous sinus septations and arachnoid granulations can
represent sources of false-positive TOF MRV studies [25,
26, 47–50].

Arachnoid granulations and venous sinus septations can
mimic the appearance of sinovenous thrombosis. Arachnoid
granulations are normal anatomical structures that play an
important role in CSF resorption (particularly in the first 2
years of life) and are particularly common in the superior
sagittal sinus, torcular Herophili and transverse dural venous
sinuses. Their normal protrusion into the venous sinus can
mimic thrombus. This is particularly true of imaging in the
short axis of the dural venous sinus. When imaged in the
long axis, arachnoid granulations have a round morphology

Fig. 16 Basal ganglia edema
and hemorrhage secondary to
cerebral sinovenous thrombosis
in a 6-month-old girl with pro-
found iron deficiency anemia,
lethargy and seizures. a Axial
unenhanced CT shows hyper-
attenuating midline venous
thrombus involving the great
cerebral vein or vein of Galen
(arrow), straight sinus (curved
arrow) and torcular Herophili
(arrowhead). Also note the
low-attenuation basal ganglia
edema and focal right basal
ganglia hemorrhage. b Sagittal
T1-weighted MR image shows
hyperintense thrombus within
the superior sagittal sinus
(arrows), the internal cerebral
veins, vein of Galen and
straight sinus (arrowheads). c
Axial T2-weighted MR image
demonstrates hyperintense bas-
al ganglia signal representing
edema (arrows). Note the hy-
perintense clot within the pos-
terior aspect of the superior
sagittal venous sinus (arrow-
head). d Axial diffusion-
weighted image shows in-
creased diffusivity consistent
with vasogenic edema within
the basal ganglia (arrowheads).
Vasogenic edema is common in
the setting of cerebral sinove-
nous thrombosis
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and have attenuation and signal intensity that mirrors CSF
(Fig. 17) [50].

A source of false-negative TOF MRV is the presence of
clot within the dural venous sinus that exhibits T1 shorten-
ing or hyperintensity, thus mimicking the presence of ve-
nous sinus flow or T1 shine-through [25, 26]. Recognizing
that some children will be non-sedate, or orally sedated and
have no IV access, the pitfalls of TOF MRV can be mitigat-
ed by avoiding the axial plane of image acquisition, avoid-
ing the use of an inferior saturation pulse, and in suspect
regions applying the phase-contrast venography technique
[25, 26, 47–50].

Intravenous contrast-enhanced 3-D MRV (because of the
reduced spin saturation effects of the gadolinium chelate)
has become the MRV standard for the detection and char-
acterization of CSVT. At my institution, we use an intrave-
nous contrast-enhanced sagittal 3-D SPGR technique with
isotopic coronal and axial reformations (Table 3). It circum-
vents the flow-related artefacts and T1 shine-through pitfalls
inherent with 2-D unenhanced TOF MRV. This enhanced
technique better differentiates between atretic and hypoplas-
tic sinuses and is more sensitive to detecting non-occlusive
thrombus and venous stenosis when compared with 2-D
TOF MRV [51].

Conclusion

The radiologist plays an important role in the early detection
of pediatric cerebral sinovenous thrombosis. Advancements
in medical imaging technology, particularly US, CT and
MRI, have facilitated more accurate and timely diagnosis.
However, despite an array of advanced imaging tools and
techniques, the diagnosis of CSVT is often elusive. Given
that the referring physician might not even suspect the

diagnosis of CSVT and that the patient’s symptoms and
signs are often non-specific, the radiologist’s responsibility
is heightened to detect subtle imaging clues that suggest the
presence of cerebral sinovenous thrombosis.

An understanding of the normal neonatal and young
infant brain attenuation and the appearance of normal ve-
nous structures on unenhanced CT goes a long way in
avoiding false-positive interpretations of venous thrombo-
sis. If suspicion arises over CSVT upon CT review, the use
of Hounsfield unit measurements and H:H ratios might
improve diagnostic accuracy, although this has not been
validated in the pediatric population. Routine coronal and
sagittal reformations from axial helical unenhanced CT help
to distinguish dural venous thrombosis from subdural drop

Fig. 17 Normal arachnoid granulations. a Sagittal and (b) coronal
enhanced T1-weighted MR images demonstrate a round filling defect
within the superior sagittal venous sinus characteristic of a normal
arachnoid granulation (arrows). Note the opacified sphenoid sinus with

intense mucosal enhancement (sinusitis). c Sagittal T2-weighted MR
image from another patient shows a characteristic round hyperintense
arachnoid granulation protruding into the straight sinus (arrow).
Arachnoid granulations should follow CSF signal intensity

Table 3 Parameters used for enhanced MRV

Series: Sagittal SPGR 3-D MRV

Parameters:

• FOV 24.0

• Slice thickness 2.0 mm

• Matrix 256/192 (frequency/phase)

• NEX 1.0

• ASSET acceleration factor 1.0

• TE in-phase TI 300

• Receiver bandwidth 31.25

Contrast agent:

• Gadobutrol (Gadovist, Bayer HealthCare, Wayne, NJ)

• Dosage 1 mmol/kg or 0.1 ml/kg

• Injection rate: hand injection (0.5–2 ml/s)

• Flush with 5–15 ml 0.9% NaCl

A Signa HDxt (GE Healthcare, Milwaukee, WI) MRI scanner was used

SPGR spoiled gradient echo,MRVMR venography, FOV field of view,
NEX number of excitations, ASSET array spatial sensitivity encoding
technique
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adjacent and epidural hemorrhage. A quick move to CT
venography in questionable cases can clinch the diagnosis
of CSVT. However, be aware that in normal newborns and
young infants, the normal enhancing inner dura on enhanced
CT and CT venography examinations can mimic venous
sinus thrombosis. Therefore, if pandural venous sinus clot
is suggested on the CT venography or the clinical presenta-
tion is incongruous with the CT venography results, supple-
ment with high-resolution cranial sonography with color
and pulsed Doppler to either verify or dismiss the diagnosis
of CSVT. Routine review of the 2-D GRE MRI scout
imaging and lateral extension of unenhanced sagittal T1-
weighted imaging along with routine inclusion of coronal
GRE imaging and a low threshold for performing contrast-
enhanced 3-D SPGR MRV with multiplanar isotropic recon-
structions all aid the radiologist in making a more timely and
accurate diagnosis of cerebral sinovenous thrombosis.
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