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Abstract We present an infant with macrocrania, who
initially demonstrated prominent extra-axial fluid col-
lections on sonography of the brain, compatible with
benign infantile hydrocephalus (BIH). Because of
increasing macrocrania, a follow-up sonogram of the
brain was performed; it revealed progressive enlarge-
ment of the extra-axial spaces, which now had echogenic
debris. Color Doppler US showed bridging veins tra-
versing these extra-axial spaces, so it was initially
thought that these spaces were subarachnoid in nature
(positive cortical vein sign). However, an arachnoid
membrane was identified superior to the cortex, and
there was compression of true cortical vessels beneath
this dural membrane. An MRI of the brain showed the
extra-axial spaces to represent bilateral subdural hema-
tomas. The pathogenesis of spontaneous development of
the subdural hematomas, in the setting of BIH, is dis-
cussed. We also emphasize that visualizing traversing
bridging veins through extra-axial spaces does not nec-
essarily imply that these spaces are subarachnoid in
origin.
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Introduction

Many infants are referred for US of the brain because
of macrocephaly. Most sonograms performed for mac-
rocephaly are normal and demonstrate mildly promi-
nent extra-axial spaces [1]. Dilatation of the extra-axial

spaces with normal-size ventricles and no other brain
abnormality is termed ‘‘benign infantile hydrocephalus’’
(BIH). These infants are generally followed by clinical
parameters to document stability of head growth. The
development of a subdural hematoma in the setting of
BIH is a known, but rare phenomenon [2].

Making a distinction between a subarachnoid and
subdural collection, using sonography, can be chal-
lenging. A positive cortical vein sign has been used as a
sign of a subarachnoid collection [3, 4]. The positive
cortical vein sign refers to observing bridging veins tra-
versing an extra-axial space from the cortical surface to
the arachnoid, and these vessels can also be traced into
the superior sagittal sinus. A positive cortical vein sign
implies that the extra-axial fluid is subarachnoid in ori-
gin. Not visualizing such traversing veins through extra-
axial fluid collection implies that it is subdural in origin.

We present an infant with progressive macrocephaly,
who ultimately developed bilateral subdural hematomas
in the setting of BIH. In addition, these subdural
hematomas were found to have bridging veins traversing
them on color sonography.

Case report

A 3.5-month-old boy was referred for a head US
because of progressive increase in head circumference.
Medical history included spontaneous vaginal delivery
at 32-week gestational age secondary to premature
rupture of membranes. He spent 12 days in the Neonatal
Intensive Care Unit, where he required continuous po-
sitive air-pressure treatment for 1 day. When he was
6 days old, he was diagnosed with grade I germinal
matrix hemorrhage, which resolved on follow-up US
examinations prior to discharge.

The patient was referred by his primary health care
provider for a follow-up head US at 2 months of age
because of a large head circumference that showed
mildly prominent subarachnoid spaces. Cortical veins
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traversing the extra-axial spaces were noted (Fig. 1). The
sonographic findings were thought to be compatible
with BIH. The infant was subsequently seen at his pri-
mary pediatric clinic for a routine well-baby visit. Dur-
ing a 6-week period, his head circumference had
increased from 32 to 42 cm. At this time, the US re-
vealed larger extra-cerebral fluid collections, which had
increased from the prior sonogram. These extra-axial
collections also demonstrated diffuse low-level internal
echoes and an arachnoid membrane superior to the
cortex (Fig. 2). There also appeared to be mass effect
upon the adjacent cerebral cortex. Color Doppler
interrogation and spectral tracings demonstrated venous
structures traversing these extra-axial fluid collections
(Fig. 3), but they appeared to be fewer in number than
noted on the prior sonogram. In addition, there were
cortical veins noted to be trapped beneath the dural
membrane (Fig. 3). Despite the fact that veins were
noted to traverse these extra-axial fluid collections, the

other sonographic findings were not compatible with
BIH. The patient was admitted to the hospital, and a
brain MRI was ordered. No history of trauma was
elicited. A full evaluation for non-accidental trauma was
performed, including a skeletal survey and ophthalmo-
logic examination, but no definitive evidence for abuse
was found. Evaluation for coagulopathy disorders did
not reveal abnormalities.

The MRI revealed bilateral subdural collections with
layering hemorrhagic components (Fig. 4). It was also
noted on the MRI that there were linear structures tra-
versing the subdural collections bilaterally, which ap-
peared to correlate with the traversing veins
demonstrated on sonography. In addition, the MRI
demonstrated cortical vessels trapped beneath the dural
membrane, as seen on sonography (Fig. 4).

The surgically drained subdural collections were
composed of bloody fluid. The patient was discharged
home with close follow-up by his primary care pedia-
trician.

Discussion

Babcock et al. [1] first coined the term benign
macrocrania to describe infants with macrocephaly,
normal to slightly enlarged ventricles, and bilaterally
symmetric subarachnoid collections. These infants gen-
erally are 2–7 months of age, have normal neurological
development and no other brain abnormalities. This
condition has also been termed BIH, and is thought to
be the result of inadequate absorption of CSF by the
arachnoid villi. BIH generally resolves by 2 years of age
[1, 5]. In addition, infants with BIH often have a family
history of macrocrania [6]. The BIH is a diagnosis of
exclusion. Other causes of enlarged extra-axial fluid
spaces include passive dilatation of the subarachnoid
space because of brain atrophy, subdural hygroma/
hematoma, and subdural abscess secondary to menin-
gitis [4].

It is widely believed, though difficult to prove, that
distention of the subarachnoid spaces caused by BIH
might predispose patients to subdural bleeding [5]. Mori

Fig. 2 Sagittal sonogram of the brain, 6 weeks later. The extra-
axial spaces have significantly enlarged and now contain echogenic
material. In addition, an arachnoid membrane is visualized (arrow),
superior to the cortex of the brain

Fig. 1 Coronal sonogram of
the brain. a Color Doppler
shows mild prominence of the
extra-axial spaces and
traversing vessels to the cortex
of the brain. The ventricles are
of normal size. b Color Doppler
spectral tracings demonstrate
that the traversing extra-axial
vessels have venous wave forms,
a positive cortical vein sign
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et al. [2] studied 20 infants with BIH who were followed
over an 8-year period. Three of these infants developed
spontaneous subdural hematomas. The etiology of the
spontaneous development of subdural hematomas is
most likely secondary to arachnoid ruptures or tearing
of bridging veins by progressive enlargement of the
subarachnoid spaces [2, 5]. It is also possible that
bleeding into the subdural space in the setting of BIH
might be the result of minor trauma to distended sub-
dural veins. The amount of trauma necessary for this to
happen is probably less than in the infant population
without BIH [5]. Ravid and Maytal [7] reported on three
healthy infants who spontaneously developed subdural
hematomas in association with BIH and who had no
other risk factors for subdural development. The
researchers also postulated that there might be stretch-
ing and rupture of subdural veins with BIH. In 2000, a
theoretical mathematical model of the cranial vault was
produced by Papasian and Frim [8]. The authors pro-
posed a relationship between venous stretch and the
width of the extra-axial spaces, which supports the
predisposition of extra-axial bleeding with only minimal
trauma in infants with BIH.

Distinction between a subdural collection and the
subarachnoid space can be difficult using ultrasonogra-
phy. McCluney et al. [3] and, subsequently, Chen et al.
[4] described the ‘‘cortical vein sign’’ to distinguish these
two extra-axial spaces. The cortical vein sign refers to
visualization of cortical veins within extra-axial fluid
collections at the cerebral convexities. If cortical veins
traverse the extra-axial collection, then a positive corti-
cal vein sign is present and is compatible with a sub-
arachnoid collection. The absence of cortical veins
traversing the extra-axial spaces favors a subdural col-

lection. Subdural collections, if large enough, have been
described as causing displacement of brain tissue, as well
as entrapment of the cortical veins within the
subarachnoid space. In our case, we noted bridging veins
traversing the extra-axial spaces, but these collections
proved to be subdural in nature. We observed, however,
that these veins appeared to be fewer than usually seen
with subarachnoid collections. Another clue on the
sonogram that pointed to a subdural collection was the
identification of an inferiorly displaced arachnoid
membrane (Fig. 2), a finding not present with sub-
arachnoid collections. Bridging veins that traversed the
subdural spaces extended to this membrane. Close
inspection also showed compression of cortical vessels
beneath this membrane. Other findings that were sug-
gestive for the presence of a subdural collection included
the extra-axial space progressively enlarging from the
initial sonogram, compression of brain tissue, and the
presence of echogenic material in the collection.
This echogenic material subsequently proved to be
hemorrhage.

Therefore, our case illustrates that visualization of
veins traversing an extra-axial collection does not nec-
essarily imply a subarachnoid collection. The exact
nature of this observation is not certain. It is most likely
that these vessels represent engorged and stretched veins
within the subdural space. Bridging vessels have been
seen in subdural collections on MRI as reported by Swift
and McBride [5]. In addition, several authors have
proposed that subdural membranes in time become
highly vascularized by the ingrowth of numerous small
vessels. These vessels can easily be torn in the setting of
minor trauma and predispose the patient to chronic re-
bleeding into the subdural space [9, 10]. Hemorrhage

Fig. 3 Coronal and sagittal
color Doppler images taken at
the same time as Fig. 2.
a, b Note enlarged extra-axial
spaces with traversing vessels,
proved to be bilateral subdural
hematomas on subsequent
MRI. c Color spectral Doppler
shows venous tracings of the
vessels traversing the subdural
hematoma. d Coronal color
Doppler image shows
entrapment of the true cortical
vessels beneath the arachnoid
membrane, compatible with
compression by the subdural
hematomas
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from new vessels might then increase angiogenesis fac-
tors in the subdural fluid, resulting in a cycle of hem-
orrhage and new vessel formation. It is possible that
these bridging veins represent vascularized subdural
membranes.

In conclusion, subdural hematomas can arise spon-
taneously in infants with enlarged subarachnoid fluid
collections. Although clinical follow-up might be suffi-
cient in the majority of infants with BIH, imaging fol-
low-up of infants with progressive macrocrania is

appropriate. One should also be alerted to the fact that
bridging veins can also traverse the subdural space, and
the presence of such vessels does not necessarily imply a
subarachnoid collection. These vessels might represent
stretched subdural veins or possibly vascularized sub-
dural membranes. Other signs of a subdural collection
include observation of an arachnoid membrane, com-
pression of true cortical vessels beneath this membrane,
compression of brain tissue, and a complex appearance
of the extra-axial fluid.

Fig. 4 T-2 axial MRI images of the brain. a Bilateral subdural
hematomas with layering of hemorrhagic components posteriorly.
b Entrapment of vessels beneath an arachnoid membrane can also
be seen. c Linear structures traversing the subdural hematomas

(arrows) in the same location as those seen on the sonogram are
thought to represent bridging veins or vascularized subdural
membranes
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