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Abstract
Background Abusive head trauma (AHT) is an important
cause of serious brain injury in infants and young children
who have characteristic clinical and imaging findings that
are discordant with the clinical history provided. Recent atten-
tion has focused on abnormalities of the cranial venous si-
nuses and cortical veins, both on MRI and at autopsy. Al-
though many have interpreted these to be secondary to the
AHT, some have recently argued that these venous abnormal-
ities represent primary cortical sinus and venous thrombosis
that leads secondarily to subdural hemorrhage and secondary
brain injury. Direct trauma to the veins and sinuses has been
reported at autopsy in AHT, but there has been no systematic
study of venous abnormalities in cases of AHT.
Objective The purpose of this study was to define the inci-
dence and characteristics of venous and sinus abnormalities in
AHT.
Materials and methods We included all children <36 months
of age who were diagnosed with abusive head trauma between
2001 and 2012 and who had MRI and magnetic resonance
(MR) venography as part of their diagnostic workup. We an-
alyzed age, gender and clinical findings. MRI and MR venog-
raphy were analyzed independently by two neuroradiologists

with a focus on abnormalities involving the intracranial veins
and venous sinuses.
Results A total of 45 children were included. The median age
was 3 months (range 15 days to 31 months) and 28 were boys
(62%). Clinical findings included retinal hemorrhage in 71%
and extracranial fractures in 55%. CT or MRI demonstrated
subdural hemorrhage in 41 (91%); none had subdural effu-
sions. In 31 cases (69%) MR venography demonstrated mass
effect on the venous sinuses or cortical draining veins, with
either displacement or partial or complete effacement of the
venous structures from an adjacent subdural hematoma or
brain swelling. We also describe the lollipop sign, which rep-
resents direct trauma to the cortical bridging veins and was
present in 20/45 (44%) children.
Conclusion Evidence of displacement or compression of cor-
tical veins and sinuses from subdural hemorrhage or edema on
MR venography was present in the majority of children with
abusive head trauma. Evidence of direct trauma to the veins
(lollipop sign) was identified in nearly half of cases. It is im-
portant to understand the superimposed effects of subdural
hematoma and brain swelling on the veins and sinuses to
differentiate it from cortical sinus and venous thrombosis.

Keywords Abusive head trauma . Cortical veins . Infants .

Magnetic resonance imaging .Magnetic resonance
venography . Thrombosis . Venous sinuses

Introduction

Abusive head trauma (AHT) is the most frequent cause of
traumatic brain injury in infants, with a mortality of 15–35%
and significant neurological morbidity in the majority of sur-
vivors [1]. Subdural hemorrhage and retinal hemorrhages are
present, on average, in 80% of cases; these hemorrhages are
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often associated with traumatic or hypoxic–ischemic brain
injury, cervical spine injury and extracranial injuries such as
rib and long-bone fractures such as classic metaphyseal frac-
tures. The diagnosis of AHT is considered when the clinical
and imaging findings considered in toto are discordant with
the clinical history provided. Traumatic, hypoxic–ischemic or
metabolically induced neuronal injury; cervicomedullary, up-
per spinal cord and upper cervical nerve root trauma; and most
germane to the present study, tearing of cortical bridging
veins, have all been invoked as pathophysiological mecha-
nisms in AHT [2].

A number of other well-described clinical conditions
can, on occasion, mimic AHT [3], although most of
these have additional clinical features that readily distin-
guish them from AHT. Recently, the concept of intra-
cranial cortical sinus or venous thrombosis has been
introduced in legal proceedings as a potential mimic of
AHT. Identification of cortical sinus and venous throm-
bosis can be a challenge because of the anatomical var-
iations in venous anatomy and limitations of noninva-
sive neuroimaging techniques such as MR venography
and CT venography. However, several previous studies
have defined the clinical and neuroimaging findings in
children with cortical sinus and venous thrombosis
[4–8].

Several pre-existing conditions have been associated
with cortical sinus and venous thrombosis including in-
fection, dehydration, sepsis, thrombophilia, malignancy,
chemotherapy (most commonly with asparaginase) and
trauma. These pre-existing causes are usually readily
identifiable; moreover, the types and patterns of cranial
injury in cortical sinus and venous thrombosis have
been well-defined and are usually distinctive and in-
volve edema and hemorrhage localized to the area
drained by the involved venous system. On rare occa-
sions subdural effusions have been reported. However,
outside of the perinatal period, during which both sub-
dural hemorrhage and retinal hemorrhage have been de-
scribed as a consequence of normal childbirth, neither
acute SDH nor retinal hemorrhage has ever been iden-
tified as a consequence of cortical sinus and venous
thrombosis. Moreover, because bridging vein trauma
has been documented at surgery and at autopsy in cases
of AHT [9–13], it is not surprising that cortical venous
abnormalities would be present on neuroimaging stud-
ies. In evaluating cases of alleged AHT it is therefore
important to distinguish whether any identified sinus or
cortical venous abnormalities are secondary to trauma or
primary and caused by intravenous thrombosis. There
has been no systematic study of cranial venous abnor-
malities in cases of AHT. The purpose of this study was
therefore to define the incidence and characteristics of
venous and sinus abnormalities in AHT.

Materials and methods

Following approval from the Human Subjects Protection Of-
fice of Pennsylvania State University, we retrospectively iden-
tified all children <36 months who presented between 2000
and 2012 with AHT and had MRI and MR venography. Our
institute maintains a child abuse registry, and the abusive head
trauma cases were manually identified from that registry. Chil-
dren presenting with acute or chronic intracranial injuries that
were inconsistent with the history or developmental age of the
child and not caused by another medical condition were
assessed by a multidisciplinary clinical team that included
pediatric neurosurgeons, pediatric ophthalmologists, pediatric
intensivists, pediatric neuroradiologists and child abuse pedi-
atricians. Caseswere identified as abusive head trauma if, after
a diagnostic workup, there was consensus that the findings
most likely represented abusive head trauma or there was a
perpetrator confession or judicial ruling of abusive head trau-
ma. For all cases, clinical data were abstracted from the med-
ical records to determine patient demographics, clinical find-
ings and outcome. All neuroimaging studies including cranial
CT, MRI and MR venography were independently reviewed
by two experienced neuroradiologists (A.K.C. and K.T., with
more than 8 years’ and 6 years’ experience, respectively)
blinded to the clinical history and diagnosis; any interobserver
differences were resolved by consensus. Skeletal surveys were
reviewed by an experienced pediatric radiologist (D.K.B.B,
with more than 30 years’ experience).

We analyzed intracranial abnormalities that were identified
on any neuroimaging study. Specific abnormalities sought on
the MR venograms included direct vascular trauma, intravas-
cular thrombosis, and compression or displacement from adja-
cent subdural hemorrhage or parenchymal edema or swelling.
Thrombosis was defined as absence of veins or sinuses on 3-D
phase-contrast MR venography (both source and reformatted
images) with velocity encoding (VENC) set to 15 cm/s corrob-
orated by indisputable evidence of thrombus on other se-
quences including T1, T2, fluid-attenuated inversion recovery
(FLAIR), diffusion-weighted imaging (DWI) and
susceptibility-weighted imaging (SWI)/T2* gradient recalled
echo (GRE) sequences. Compression was identified when a
cortical vein or sinus narrowed abnormally, particularly if as-
sociated with displacement by an adjacent subdural hemor-
rhage.We termed the “‘lollipop sign” a specific venous pattern
that reflected parasagittal bridging veins that abruptly terminat-
ed in the region of an overlying subdural hemorrhage and
hypothesized that this represents a bridging vein tear and sub-
sequent post-traumatic thrombosis at the torn terminal end.
This sign was best identified on conventional MRI sequences,
particularly GRE. The subdural hemorrhage was classified as
small if there was no mass effect upon the brain parenchyma,
moderate if there was some evidence of mass effect upon the
underlying brain parenchyma, and large if there was significant
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mass effect upon the underlying brain parenchyma with mid-
line shift. Interobserver agreement was calculated using kappa
statistical measures, with k values of 0–0.2, 0.21–0.40, 0.41–
0.60, 0.61–0.80, 0.81–0.99 and 1.00 values representing slight,
fair, moderate, substantial, excellent and absolute agreement,
respectively. All statistical measures were calculated using
SPSS software (version 18.0; IBM Corp., Armonk, NY).

Results

Patients

A total of 235 children with abusive head trauma (AHT)
<36 months old were identified from the 2000–2012 time
period, of whom 90 (38.3%) had MRI scans. Of this group,
45 children (representing 50% of those with MRI scans and
19.1% of the total) had both MRI and MR venography and
were therefore included in the study. There were 28 boys
(62%) and 17 girls (38%). Themedian age was 3months, with
a range of 15 days to 31 months. All children had undergone a
multi-disciplinary review at our institution and were thought
to be victims of AHT. All of these children were reported to
the Pennsylvania Office of Children, Youth and Families and

were documented as substantiated cases of AHT in Child
Line, a central statewide registry of child maltreatment main-
tained by the Pennsylvania Department of Public Welfare.

Thirty-two of the 45 children (71%) had retinal hemor-
rhages. Twenty-five (55%) had evidence of extracranial inju-
ries. Nine (20%) had a documented history of trauma includ-
ing being thrown to ground by two men, being beaten by
father, being shaken repeatedly, falling, and sustaining injury
to the face (six cases).

Radiologic findings are chronicled in Table 1. Forty-one
children (91%) had subdural hemorrhage. Altogether, 30 chil-
dren (67%) had additional traumatic injuries at the time of
presentation. We identified four patterns of venous and sinus
abnormalities. These were termed lollipop sign, lack of lolli-
pop sign, positive compression sign (Fig. 1), and isolated non-
terminal long-segment venous thrombosis without any vascu-
lar disruption (Figs. 2, 3, 4, 5 and 6). On MR venography, 14
children (31%) showed no evidence of venous compression,
including 10 with and 4 without subdural hemorrhage. The
remaining 31 children (69%) had imaging evidence of cortical
vein or sinus compression. Venous compression was most
commonly bilateral, in 14 of these children (45.2%), with the
remainder equally distributed on the right side (8 cases, 25.8%)
and left side (9 cases, 29.0%). In 17 of these 31 children
(54.8%) only the cortical veins were compressed, whereas in
11 (35.5%) both cortical veins and sinuses were compressed.
In three children (9.7%) only the sinus was compressed.

MR imaging in 20 children (44%) demonstrated one or
more lollipop signs. All children showing lollipop sign also
showed evidence of venous compression of other cortical
veins from an overlying subdural hemorrhage (Fig. 1). The
lollipop sign was seen in children with only vein compression
(70.6%), with only sinus compression (100%) and with both
(54.5%).

Table 1 Neuroimaging findings of patterns of venous and sinus
abnormalities

Subdural volume Compression Lollipop sign Total cases

None 0 (0%) 0 (0%) 4/45 (9%)

Small 15/22 (68%) 10/22 (45%) 22/45 (49%)

Moderate 10/13 (77%) 7/13 (54%) 13/45 (29%)

Large 6/6 (100%) 3/6 (50%) 6/45 (13%)

Fig. 1 Patterns of venous and sinus abnormalities. Graphic
demonstrates: a Positive lollipop sign. The bridging vein (short arrow)
terminates in a subarachnoid blood clot (long arrow) and does not drain
into the sinus. b Lack of lollipop sign. The bridging vein (short arrow)

goes through the blood clot (long arrow) and subdural hemorrhage and
drains into the sinus. c Positive compression sign. The bridging vein
(short arrow) terminates abruptly without any associated blood clot at
its termination
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Among 22 children with a small-volume subdural hemor-
rhage, 15 (68.2%) had evidence of venous compression and
10 (45.4%) had a lollipop sign. Among 19 cases of moderate
or large subdural hemorrhage, 16 (84.2%) had evidence of
venous compression and 10 (52.6%) had a lollipop sign
(Table 1). The four remaining children without subdural hem-
orrhage had neither venous compression nor lollipop sign.

One child had isolated non-terminal long-segment venous
thrombosis without any vascular disruption (Fig. 7). This case,
a 3-month-old boy, presented with unusual cry, stiffening of his
extremities and pallor. No history of trauma was provided but
he had facial bruising and a right parietal fracture, both indi-
cating impact trauma, and retinal hemorrhages. Neuroimaging
demonstrated bilateral supratentorial and posterior fossa sub-
dural hemorrhage, with thrombosis of the left vein of Labbé.
We interpreted the venous thrombosis to be post-traumatic

because (1) there was other evidence of cranial trauma and
(2) bilateral supratentorial and infratentorial subdural hemor-
rhage is incompatible with a unilateral venous thrombosis.

Statistical analysis

Interobserver agreement for assessment of presence or ab-
sence of intracranial venous abnormalities including thrombo-
sis was excellent at 0.95 for lollipop sign and 1.0 for compres-
sion sign (Table 2).

Discussion

Bridging veins have two components, the subarachnoid seg-
ment and dural segment [14, 15]. Violent shaking of the infant
can result in bridging vein rupture, either in the subarachnoid
or subdural segment. A recent study postulated that rupture of
bridging vein in subarachnoid space leads to minimal blood
loss because the pressure inside and outside the vein equalizes.
The torn ends then thrombose terminally [15]. On the other
hand, an intradural tear of the bridging vein results in a larger
subdural bleed and is likely caused by a positive feedback
mechanism that leads the central venous pressure to increase
as the intracranial pressure is increased [15]. In a biomechan-
ical study of bridging vein–superior sagittal sinus complex at
intermediate and high strain rates, the failure occurred in most
of the cases immediately below or along the bridging vein
dural cuff, suggestive of relative weakness in this region [14].

This is a systematic review of the intracranial venous sys-
tem using MRI and MR venography in children with abusive
head trauma (AHT). This study suggests that nearly 70% of
children with AHT have some abnormality — compression,

Fig. 3 Lollipop sign in a 31-month-old boy who presented with tibial
metaphyseal fracture, multiple vertebral compression fractures, bilateral
subdural hemorrhage, retinal hemorrhage and diffuse hypoxic–ischemic
injury of the brain. Brain MRI demonstrates lollipop sign (arrows)
overlying the left cerebral convexity, which is (a) hypointense with

blooming on axial T2* gradient recalled echo sequence. b, c CT
venogram confirms terminal hyperattenuation on (b) unenhanced image
and lack of intraluminal contrast on (c) post-contrast CT in the cortical
bridging vein in question, which terminates abruptly

Fig. 2 Lollipop sign in a 4-month-old girl. Axial T2* gradient recalled
echo sequence demonstrates a cortical bridging vein terminating in a clot
(arrow), consistent with lollipop sign
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displacement, intrinsic abnormality or thrombosis — of the
intracranial venous system. We have interpreted these findings
to be secondary to trauma, but with increasing frequency, these
types of venous abnormalities have been interpreted in court as
primary cortical sinus and venous thrombosis with resultant
subdural hemorrhage and retinal hemorrhage — even though
there is no evidentiary support in the literature for a relationship
between cortical sinus and venous thrombosis and either sub-
dural hemorrhage or retinal hemorrhage. Finally, we would
point out that the venous abnormalities are not multifocal or
widespread, but cortical, not deep system, and are localized to
the areas of a clot. If this were primary venous sinus thrombo-
sis we would expect more widespread changes involving both
the superficial and deep venous systems, and thrombosis of

vessels in areas where there is no subdural hemorrhage. It is
also worth noting that the four children without subdural hem-
orrhage had no evidence of lollipop sign or compression sign.
It is important to identify and characterize the venous abnor-
malities that are seen in AHT in order to properly differentiate
these cases from primary cortical sinus and venous thrombosis.

Imaging of the intracranial venous anatomy can be accom-
plished using a variety of techniques including formal angi-
ography, digital subtraction angiography, CT venography and
MR venography. Each of these techniques has strengths and
weaknesses; MRI and MR venography are the most frequent-
ly used because of their noninvasive nature, absence of radi-
ation exposure, and three-dimensional imaging characteris-
tics. In addition to the standard MRI sequences, specific

Fig. 5 Compression sign in a 5-month-old girl with multiple rib and
extremity fractures, retinal hemorrhage, cervical spine ligamentous
injuries and spinal subdural hematoma. a Coronal MP-RAGE MR
sequence of the brain demonstrates left-side subdural hematoma
hypointense to gray matter overlying the convexity (arrow). b Three-
dimensional phase-contrast MR venography shows paucity and abrupt
termination of cortical bridging veins draining into the superior sagittal

sinus superiorly on the left side (arrow), consistent with absent flow
distally resulting from positive compression sign. No evidence of
lollipop sign or intraluminal thrombosis was seen on other sequences. It
is important to not mistake this appearance of paucity of cortical veins on
MR venography as widespread thrombosis. MP-RAGE magnetization-
prepared rapid gradient echo imaging

Fig. 4 Cortical bridging vein in a 7-month-old boy. a Coronal MP-RAGE
MR sequence demonstrates large mixed-signal-intensity subdural
hematoma bilaterally with cortical bridging vein extending through the
subdural hematoma and draining into the superior sagittal sinus on the left
side (arrow). b Three-dimensional phase-contrast MR venography

demonstrates the cortical bridging vein draining into the superior
sagittal sinus. There is mild stenosis of the vein where it crosses the
dura (arrow). Displacement of the cortical vein is also well
demonstrated on the left side (arrowheads). MP-RAGE magnetization-
prepared rapid gradient echo imaging
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MRI techniques for visualizing flowing blood within the in-
tracranial vasculature include time-of-flight and phase-
contrast sequences as well as newer techniques such as 3-D
elliptic-centric contrast-enhanced and post-contrast 3-D MP-
RAGE (magnetization-prepared rapid gradient echo
imaging) [16]. To properly interpret these images and avoid

misdiagnosis, one must understand several inherent limita-
tions of MR venography imaging, including (1) technical as-
pects and inherent artifacts of MR venography, (2) anatomical
variations in venous anatomy, (3) variations in the appearance
of intraluminal thrombus and (4) additional imaging peculiar-
ities specific to young children.

Fig. 7 Thrombosis in a 3-month-
old boy who presented with
unusual cry, stiffening of
extremities and pallor. No history
of trauma was provided, but facial
bruising, right parietal skull
fracture and retinal hemorrhage
were present. a Coronal head CT
demonstrates bilateral
supratentorial and posterior fossa
subdural collection (white
arrows) with hyperattenuation in
the region of the left vein of
Labbé (black arrow). b Axial T2
and (c) axial T2* gradient recalled
echo MR sequences show
thrombosis of the vein of Labbé
(arrow). d MR venography
demonstrates absence of vein of
Labbé, consistent with
thrombosis (circle). The arrow
represents superior sagittal sinus
and the circle represents the
expected location of the left vein
of Labbé

Fig. 6 Lollipop and compression signs in a 2-month-old boy with
multiple extremity and rib fractures. a Coronal MP-RAGE MR
sequence demonstrates large subdural hemorrhage bilaterally (arrows).
b Axial T2* gradient recalled echo sequence shows lollipop sign with a
torn bridging vein terminating in a clot with terminal thrombosis,

demonstrating blooming (arrow) with bilateral subdural hemorrhage
(arrowheads). c Reconstructed MR venography sequence demonstrates
paucity of cortical bridging veins draining into the superior sagittal sinus
superiorly, consistent with compression. MP-RAGE magnetization-
prepared rapid gradient echo imaging
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Technical limitations and inherent artifacts of magnetic
resonance venography

A number of technical artifacts on MR venography have been
well described and include in-plane saturation of spins and
physiological variations in both anatomy and flow (slow or
alternating flow, sinus hypoplasia, complex blood flow pat-
terns, and enhancement of late-stage thrombus mimicking
blood flow on contrast-enhanced MR venography [16, 17].
Post-processing can generate images that underestimate
the size of vessels and overemphasize the degree of
vessel stenosis and flow gaps [17].

Finally it is important to remember that MR venography
images measure flow only through the larger veins; occlusion
of smaller cortical veins, below the threshold for imaging, is
difficult to identify. Dynamic imaging such as digital subtrac-
tion or formal angiography might be required to demonstrate
collateral venous flow, tortuous veins or delayed venous drain-
age [18]. Although interobserver agreement is good to excel-
lent for sinus occlusion, greater discordance has been demon-
strated in identifying isolated cortical vein thrombosis [19].

Variations in venous anatomy

A number of anatomical variants can mimic sinovenous oc-
clusion, including sinus atresia and hypoplasia, asymmetrical
and variant venous drainage patterns such as occipital sinus
and sinus duplications, and normal sinus filling defects such
as arachnoid granulations or septae within the sinus [20, 21].
Superficial cortical veins emptying into the dural sinuses are
variable in size, morphology and location [4]. Although these
veins may be of nearly equal size, more commonly there are
one or two dominant veins. Three veins in particular are large
and consistent enough to be named — the superficial middle
cerebral vein and the veins of Trolard and Labbé [22]. There
may also be significant right–left asymmetries in the size of
the cortical bridging veins [23]. Four anastomotic venous pat-
terns have been described, with varying dominance of the
draining veins [23]. A variant venous drainage pattern with a
paucity of cortical veins should not be construed as thrombo-
sis with collateral drainage pattern on MR venography [22].

Variations in the appearance of venous thrombus

Direct MRI findings indicative of cortical sinus and venous
thrombosis include an absence of flow void as well as the

presence of altered signal intensity indicative of intraluminal
clot [4]. A hyperintense vein sign has been reported as an
additional direct indication of cortical vein thrombosis [4,
24]. However, there are a number of pitfalls in identifying
intraluminal thrombus. Intraluminal clot in the acute stage
(0–5 days) contains intracellular deoxyhemoglobin within
red blood cells and therefore is predominantly isointense on
T1- and hypointense on T2-weighted images, mimicking a
flow void and leading to diagnostic error [4]. Similarly, be-
yond 15 days a partly recanalized thrombus might be iso- or
hyperintense on T2- and isointense on T1-weighted images
and appear similar to slowly moving oxygenated blood. The
thrombus is easier to diagnose during the subacute stage (6–
15 days) because then it is predominantly hyperintense on
both T1- and T2-weighted images [4]. Post-contrast MR ve-
nography can also be challenging in more chronic stages be-
cause there is sometimes enhancement of a thrombus as well
as slow flow in dural and intrathrombus collateral channels.
Restricted diffusion is observed in 41% of patients with corti-
cal sinus and venous thrombosis [25] and might be identified
as blooming on susceptibility-weighted or gradient echo se-
quences. However, it is crucial to differentiate blood within
the vessel from blood outside the vessel and within the adja-
cent subarachnoid or subdural spaces [26], making the inter-
pretation of intraluminal thrombosis particularly challenging
in the setting of alleged abusive head trauma.

Imaging peculiarities in children

There are a number of special considerations in imaging in-
fants and young children. The venous sinuses are smaller and
blood flow is slower in infants [27], which can lead to in-
creased turbulence, intraluminal heterogeneity, voxel
dephasing and artifactual flow gaps in the infant venous si-
nuses, particularly the superior sagittal sinus on MR venogra-
phy. Focal narrowing of the superior sagittal sinus has been
demonstrated in infants at the junction of the sagittal and
lambdoid sutures (lambda) in the supine position because of
inbending of the adjacent occipital bone [27, 28]. Additional
changes in superior sagittal sinus blood flow can be induced in
infants from both positional changes and occipital pressure
[29]. These effects have been thought to predispose infants
to cortical sinus and venous thrombosis [30]. Changes in in-
tracranial pressure (such as idiopathic intracranial hyperten-
sion as well as spontaneous intracranial hypotension) are
known to alter the caliber of the dural venous sinuses.

Table 2 Interobserver agreement
for lollipop and compression
signs

Signs Reader 1 Reader 2 Interobserver agreement
using kappa statistics

Lollipop sign 20/45 positive 19/25 positive 0.95

Compression sign 31/45 positive 31/45 positive 1.0
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Globally reduced cerebral blood flow can also produce flow
gaps in the sinuses and veins.

Primary versus secondary thrombosis

The primary diagnostic consideration in the setting of
venous abnormalities is primary cortical sinus and ve-
nous thrombosis, a rare disorder with an incidence of
approximately 2–7 cases per million people. It is estimat-
ed that a typical tertiary care referral center could there-
fore see 5–8 cases per year [4]. In children, predisposing
factors are present in up to 95% [3, 31, 32]. Cortical
sinus and venous thrombosis is usually multifocal;
among 510 cases of cortical sinus and venous thrombosis
reported in the literature between 1995 and 2003, cortical
sinus and venous thrombosis was multifocal in 90% of
cases — 63% involved the superior sagittal sinus and cor-
tical veins, 57% involved the transverse sinus, and 15% in-
volved the sigmoid sinus. Isolated cortical vein thrombosis
was present in only 6% of cases [4].

Most cases of cortical sinus and venous thrombosis are
associated with some identifiable precipitating factor. Outside
of the perinatal period, predisposing factors include dehydra-
tion, an underlying malignancy or chemotherapy (primarily
with asparaginase), iron deficiency anemia, infection or sep-
sis, or thrombophilia from, for example, protein C or protein S
deficiency, MTHFR gene mutations or oral contraceptive use
[4, 31]. Trauma is an important precipitating factor of cortical
sinus and venous thrombosis and can be caused by direct
trauma (laceration) to a sinus or vein; sinus compression (lead-
ing to slowing or cessation of flow) by a depressed skull frac-
ture, adjacent hematoma or cerebral edema or swelling [33];
and intramural hemorrhage caused by rupture of small sinu-
soids, injury to the endothelial lining, or extension of throm-
bus from injured emissary veins [34]. Traumatic dural venous
sinus thrombosis can be found in 40% of patients with blunt
head trauma who had skull fracture extending to a dural ve-
nous sinus or jugular bulb [35]. Our case of thrombosis of the
vein of Labbé probably represents a similar etiology of second-
ary thrombosis.

The clinical presentation of primary cortical sinus and ve-
nous thrombosis is well described in children and is almost
universally one of a progressive, subacute decline, often over
several days, usually in the context of another identifiable
illness or process. This stands in stark contrast to the majority
of infants with AHT, who suffer an acute, significant and
prolonged neurological collapse. Seizures can occur in both
conditions, causing an abrupt change in neurological function
with subsequent recovery. However abrupt collapse (within
seconds or minutes) with prolonged coma in a previously
healthy child has not been described in primary cortical sinus
and venous thrombosis to our knowledge. Although retinal
hemorrhage has been described in retinal vein thrombosis,

these hemorrhages are readily distinguished from those that
occur in AHT, and multiple, multilayered retinal hemorrhages
have not been described in any child with primary cortical
sinus and venous thrombosis. In contrast, retinal hemorrhages
are present in approximately 80% of children with AHT, the
number, pattern and distribution of which are quite distinctive
in most cases, and their presence has been highly correlated
with AHT in multiple studies [36].

The neuroimaging features of cortical sinus and ve-
nous thrombosis have also been described in multiple
studies [4–8]. An obvious feature is absence of the nor-
mal veins or sinus on MRI or MR venography, but
equally important is the demonstration of a thrombus
within the vessel lumen on MRI. Other important sec-
ondary findings of primary cortical sinus and venous
thrombosis include parenchymal edema, hemorrhagic in-
farction and increased flow through collateral veins. Sub-
arachnoid hemorrhage is relatively common and there are
rare reports of associated subdural effusions that, com-
pared with cerebrospinal fluid, are isodense on CT and
isointense on MRI. Among 160 children with cortical
sinus and venous thrombosis described by deVeber
et al. [31], 14 (9%) had “extra-axial collections,” but neither
the location (epidural, subdural or subarachnoid) nor na-
ture (hemorrhage, effusion) of these collections was de-
scribed. Multiple studies have documented the absence
of acute subdural hemorrhage among children with
cortical sinus and venous thrombosis [5, 37–39]; in fact,
we cannot find a single reported example of acute sub-
dural hemorrhage in the setting of isolated or primary
pediatric cortical sinus and venous thrombosis.

The routine use ofMR venography since 2008 in suspected
AHT at our institute has revealed a number of previously
unreported abnormalities of the intracranial venous system.
The presence of cortical vein displacement and narrowing in
areas with adjacent subdural hemorrhage we interpret to be
caused by primary trauma to the parasagittal bridging veins. In
this series we sometimes found intact cortical veins running
through the subdural hematoma with no evidence of throm-
bosis (Fig. 4), but in nearly half of cases we found at least one
vein that was abruptly cut off with adjacent blood clot and no
demonstrated flow distal to the point of disruption, a radio-
graphic finding that we have called the lollipop sign. We in-
terpret this to be a sign of bridging vein rupture, usually over
the convexity near its attachment to the superior sagittal sinus.
These torn and thrombosed bridging vessels have also been
recently described at autopsy [6]. Although extrinsic compres-
sion and vasospasm are considerations, these disrupted ves-
sels did not reappear on delayed imaging when it was per-
formed. Direct evidence of non-terminal long-segment
intraluminal thrombus was seen in only one of our cases,
and we determined this to be secondary to traumatic injury
of the vessel.
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The abnormalities described in this series may superficially
mimic primary cortical sinus and venous thrombosis; in
fact, trauma is an identified predisposing factor in primary
cortical sinus and venous thrombosis so it is not surpris-
ing that others have (we think erroneously) interpreted
these neuroradiologic findings as primary cortical sinus
and venous thrombosis, and the question arises as to
which came first. Our interpretation of these as a conse-
quence of trauma is supported by other evidence of both
cranial and extracranial trauma in two-thirds of these chil-
dren, the abrupt onset of symptoms in these children, and
the presence of subdural hemorrhage and retinal hemor-
rhage that, to our knowledge, have not been reported in
non-traumatic cortical sinus and venous thrombosis. Ad-
ditionally, it is illogical to conclude that isolated cortical
vein thrombosis leads to diffuse parenchymal injury, four-
compartment subdural hemorrhage, or retinal hemorrhage.

It is also important to review all of the MRI sequences and
the source images from the MR venography for both primary
and secondary evidence of cortical sinus and venous throm-
bosis. In particular, differentiating intraluminal thrombus from
extraluminal blood in the presence of extra-axial hemorrhage
should be undertaken with caution because this can be mis-
leading. This study confirms that true intraluminal thrombus
is uncommonly identified in abusive head trauma. Contrast-
enhanced MR venography, dynamic MR venography and
post-contrast MP-RAGE, CT venogram and even digital sub-
traction angiography or angiography might provide additional
information, although we think the total clinical and neuroim-
aging features are sufficiently distinctive that such studies are
rarely needed.

It has also been suggested by some that a thrombophilia
workup be undertaken in all cases of suspected AHT to ex-
clude primary cortical sinus and venous thrombosis as a mim-
ic of AHT [40]. A normal screening MR venography will
almost certainly exclude cortical sinus and venous thrombo-
sis; conversely, additional studies are warranted if the clinical
and neuroimaging features suggest cortical sinus and venous
thrombosis as a diagnostic probability. Second, like clotting
factors, norms of thrombophilic factors are expressed as quan-
titative ranges and some individuals may have only mildly
abnormal values that are of dubious clinical significance; the
mere presence of an abnormal value is not synonymous with a
clinical thrombotic condition [41, 42]. Third, some of the
thrombophilic factors such as proteins C and S are nonspecif-
ically altered in the setting of acute conditions [41, 43, 44].
Fourth, norms for infants have not been firmly established [41,
42, 45]. Last, the mere presence of such a marker does not
exclude AHT. A finding of an altered thrombophilic marker
must be interpreted in the context of the entire case.

This study has several limitations. First it is retrospective
and selective. Second, in the interest of full disclosure, there is
one case for which another “expert witness” testified to the

presence of cortical sinus and venous thrombosis and the per-
petrator was found not guilty. For all of the reasons cited
above, we respectfully disagree with the conclusions drawn
by this other individual. Third, the issue of circular reasoning
has been raised with respect to all research concerning AHT,
the accusation being that the determination of AHT is subjec-
tive and the inclusion of cases identified in this manner results
in a pre-ordained outcome. Because the primary diagnostic
consideration in the present study is cortical sinus and venous
thrombosis, the presence of other indicia of trauma in two-
thirds of the cases and the similarities among those without
other such indicia reduce the potential for this type of bias.

Another limitation of our retrospective study is that prior to
2008 some children had MR venography and some did not,
quite possibly depending upon the source of referral and also
the severity of abusive head trauma. Subsequently, as we
learned more about the venous injury seen in abusive head
trauma, we started obtaining MR venography routinely for
all infants suspected of having abusive head trauma. There-
fore, our findings cannot be generalized to all infants with
abusive head trauma, but only to those selected for our study
by having the necessary imaging.

This study suggests that MR venography adds information
about the nature and pathophysiology of AHT, but the modal-
ity might also create confusion when studies are interpreted by
a radiologist who is not well-versed in the technical limita-
tions, pediatric-specific issues, anatomical variants, and other
limitations of such studies. It is hazardous to establish a diag-
nosis of intraluminal thrombosis based solely on MR venog-
raphy without consideration of all of the other MRI sequences
and MR venography source images. We recommend that all
such images be evaluated by an experienced pediatric neuro-
radiologist and that consideration be given to multi-reviewer
interpretations of difficult or challenging cases. Spinal subdur-
al hemorrhage and cervical spine ligamentous injuries have
been seen in a higher proportion of abusive head trauma cases
as compared to accidental trauma cases, and the mechanism of
injury has been postulated as a possible differentiating factor
[46, 47]. Although more research is needed, the presence of
the lollipop sign in conjunction with spinal subdural hemor-
rhage and cervical spine ligamentous injuries might reflect a
mechanism of shaking and abusive head trauma as causative
etiology.

Conclusion

This is a comprehensive systematic review of the neuroimag-
ing abnormalities involving the intracranial venous system in
cases of abusive head trauma (AHT) and adds to our under-
standing of the imaging findings and pathophysiology of sub-
dural hemorrhage in AHT. There are frequent abnormalities of
the venous system in AHT. Although signs of bridging vein
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injury such as subdural hemorrhage, cortical vein compres-
sion or displacement, and the lollipop sign are common, it is
rare to directly demonstrate intraluminal clot. Trauma is a
well-described predisposing factor in cortical sinus and ve-
nous thrombosis and establishing trauma as the etiology of
the venous abnormality is usually not difficult if the entire
clinical and neuroimaging findings are considered. The rou-
tine use of MR venography might address the legal challenge
of thrombophilia and cortical sinus and venous thrombosis as
a mimic of AHT, but abnormal findings should be interpreted
by an experienced pediatric neuroradiologist with knowledge
about the limitations and pitfalls of MR venography in order
to make the appropriate diagnosis.

Conflicts of interest Dr. M. Dias provides expert witness testimony in
child abuse cases.
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