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Abstract
In infants without a history of trauma, subdural haemorrhages should raise the concern for an abusive head injury, particu-
larly when they are associated with bridging vein clotting/rupture or with septations. However, non-haemorrhagic, fluid-
appearing subdural collections (also called hygromas) may also be the result of abuse. Subdural collections have also been 
uncommonly observed in patients with benign enlargement of the subarachnoid spaces (BESS) and a few large-scale studies 
accurately investigate the incidence and the significance. Currently, there is a wide variation of practices in children with 
BESS and subdural collections. Due to the social risks associated with abuse evaluation and the perceived risk of radiation 
exposure, there might be a reluctance to fully evaluate these children in some centres. The diagnosis of physical abuse cannot 
be substantiated nor safely excluded in infants with BESS and subdural collection(s), without investigation for concomitant 
traumatic findings. The exact prevalence of occult injuries and abuse in these infants is unknown. In macrocephalic infants 
with subdural collections and imaging features of BESS, thorough investigations for abuse are warranted and paediatricians 
should consider performing full skeletal surveys even when fundoscopy, social work consult, and detailed clinical evalua-
tion are unremarkable.

Keywords  Abusive head trauma · Benign enlargement of the subarachnoid spaces · Infants · Macrocephaly · Magnetic 
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BESS: Nomenclature, typical clinical, 
and imaging findings

Benign enlargement of the subarachnoid spaces (BESS) is 
one of the causes of macrocephaly in infants and a self-limit-
ing condition in most cases. It can be defined as an increased 
or increasing head circumference, with a widened subarach-
noid space on neuroimaging and no other cause accounting 

for macrocephaly. In infants with a normal, small or gradu-
ally reducing head circumference percentile and widened 
subarachnoid spaces, the diagnosis of BESS should not be 
considered and other causes of brain underdevelopment or 
even atrophy secondary to numerous aetiologies might be 
considered.

BESS most commonly affects boys and the incidence is 
0.4 per 1,000 live births (95% confidence interval, 0.34 to 
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0.46) [1, 2]. Infants with BESS present with macroceph-
aly (head circumference more than two standard devia-
tions above the mean compared to international standards 
[3]), often above the 90th–98th percentile, at the age of 
3–12 months peaking around 7 months. These children may 
have a family history of macrocephaly, they are born nor-
mocephalic or macrocephalic and a vast majority of them 
are developmentally normal both at presentation and at fol-
low-up [4–6]. The enlarged subarachnoid spaces subside by 
1–2 years of age while macrocephaly stabilises and persists 
along a curve parallel to the 95–98% curve [7]. A small per-
centage may show transient developmental delay [2] while a 
non-negligible percentage may end up with motor and verbal 
delays at pre-school age [8].

Benign enlargement of the subarachnoid spaces (BESS) 
has also been called benign familial hydrocephalus, benign 
external hydrocephalus, benign enlargement of the extra-
axial spaces, idiopathic external hydrocephalus, benign 
extra-axial/extracerebral collections of infancy, extra-ven-
tricular hydrocephalus, pseudo-hydrocephalus, benign com-
municating hydrocephalus, and extra-ventricular obstructive 
hydrocephalus [9, 10]. Subdural hygroma, benign subdural 
effusion, benign hygroma of infancy, although they are cur-
rently used for collections in a different space, the subdural 
space, are sometimes inappropriately used to describe BESS, 
adding to the confusion [11].

Hypotheses regarding the pathogenesis of BESS include 
a delayed maturation of arachnoid villi leading to defective 
absorption of cerebrospinal fluid (CSF) and consequent CSF 
accumulation in the subarachnoid spaces, and/or amplifi-
cation of the physiologic imbalance between the skull and 
brain growth in infants between 3 months and 1 year of age 
[12]. Subarachnomegaly-venous congestion of infancy has 
recently emerged as a term to indicate the correct location 
of prominent CSF space and implicates venous outflow 
impairment as a possible pathogenetic mechanism [7]. Mag-
netic resonance (MR) venogram may show hypoplasia of 
transverse sinuses in subarachnomegalic patients [7, 13]. In 
infants, arachnoid granulations are not completely developed 
and the intradural vascular plexus is larger; these, together 
with meningeal lymphatic vessels in the dura matter appear 
to play a role in CSF absorption, although further studies are 
required to demonstrate age-related changes of CSF outflow 
in humans [14].

Typical imaging appearances in BESS include excess CSF 
in the subarachnoid space, overlying both frontal lobes and 
extending into a widened anterior interhemispheric fissure. 
Occasionally, widened Sylvian fissures and a normal or only 
slight increase in the volume of the lateral ventricles may be 
seen [2, 8, 10, 15, 16]. At present, there are no imaging cri-
teria for BESS and no established cut-off values [17]. Age-
dependent sinocortical, craniocortical, and interhemispheric 
widths above the 95th percentile are considered abnormal 

[18, 19]. Upper limits of normal craniocortical width have 
reportedly ranged from 4 to 10 mm in infants (<1 year of 
age) and 3.3 to 5 mm in neonates [17]. Craniocortical width 
of  >5 mm is considered widened and  >10 mm significantly 
widened, regardless of modality used, ultrasound (US), com-
puted tomography (CT), or MR imaging (MRI) [15, 18–21]. 
In BESS, in contrast to subdural hygromas, fluid does not 
cause a mass effect upon the brain, vessels are elongated and 
cross the entire width of the enlarged subarachnoid space, 
without being displaced towards the gyri [21, 22]. On US, 
there should be no cortical flattening, no midline shift, no 
areas of increased echogenicity within the CSF and no vis-
ible arachnoid membrane (Fig. 1). In children with BESS, 
on CT and MRI images, vessels in the subarachnoid spaces 
appear thin, non-displaced towards the gyri, without evi-
dence of adjacent clots (Figs. 2 and 3).

Multimodality differentiation 
between enlarged subarachnoid spaces 
and subdural collections

Subdural collections can appear unicompartmental without 
septations exhibiting a homogeneous or heterogeneous echo-
genicity, density, or intensity, while multicompartmental 
subdural collections with septations and heterogeneous com-
ponents may also occur. Different terms including haema-
toma, haematohygroma, chronic haematoma, and hygroma 
have been used in the literature to describe these imaging 
patterns in a subdural collection. These imaging appearances 
are attributed to the presence of clotted and unclotted blood, 
mixture of blood with CSF following bridging vein injury 
and arachnoid tear, and the presence of neomembranes [21].

On US, it is important to closely inspect the convexity 
with linear probes, colour Doppler and/or power Doppler or 
B-flow techniques. In BESS, a widened subarachnoid space 
containing crossing bridging veins is seen on colour Doppler 
(Fig. 1). In subdural collections, an excess line parallel to the 
dura, represents the arachnoid membrane which is normally 
not visible (Figs. 4 and 5). Moreover, the subarachnoid ves-
sels are displaced towards or against the cortical surface, 
while differences in fluid echogenicity and space-occupying 
phenomena on the brain surface may exist (Figs. 4 and 5) 
[22].

On CT, subdural haematomas can be clearly identified 
when hyperdense and less conspicuous when isodense 
is related to grey matter. It can be difficult to differenti-
ate between BESS and subdural hygromas because there 
might be no difference in density between CSF in BESS, 
almost pure CSF in hygromas (Fig. 5) and CSF mixed with 
few blood products in haematohygromas following rupture 
of the arachnoid membrane and mixture of CSF with blood 
[23–25]. It can be useful to use a subdural (blood) window 
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which may increase the sensitivity to detect thin subdural 
haematomas (centre/level 50–100 HU; width 130–300 
HU) [26].

On MR, this differentiation is easier because in BESS 
the brain is surrounded by one fluid compartment, exhibit-
ing CSF signal intensity, containing free-traversing vessels 
(Fig. 5) [25]. In subdural collections/haematomas, at least 
two fluid compartments with different signal intensities may 
be seen and displaced vessels against the cortical surface are 
easier to identify (Fig. 6) [25, 27]. Radiologists should be 
aware of exceptional appearances of subdural collections 
in which bridging veins will remain visible with minimal 
displacement and subdural collections will show similar 
signal intensities to CSF. Utilization of T2* or susceptibil-
ity-weighted sequences for identification of blood products 
and routine performance of diffusion sequences for evalu-
ation of brain cytotoxic oedema, maximize the diagnostic 
capabilities of this method in comparison to US and CT 
and should be an indispensable part of the MRI protocol in 
these children.

Radiologists should compare CSF density and signal 
intensity at the convexity to the respective density or signal 
intensity within the lateral ventricles to ensure they do not 
misinterpret bilateral symmetric hypodense subdural collec-
tions for BESS [26, 28].

Subdural collections and their significance 
in the setting of BESS

Subdural haemorrhagic collections in children younger 
than 2 years, without any medical cause or a relevant his-
tory of trauma, should always raise concern for abusive head 
injury and should be extensively evaluated as per interna-
tional guidelines [29–37]. Subdural collections can occur 

Fig. 1   Brain ultrasound, coronal scans of a 6-month macrocephalic 
boy with normal psychomotor development and a family history of 
macrocania (both parents), diagnosed as benign enlargement of the 
subarachnoid spaces. a Coronal image with a 15  MHz linear probe 
through the anterior fontanelle shows increased cranio-cortical width 
(the widest vertical distance between brain surface and calvarium), 
increased sino-cortical width (the widest distance between lateral 

wall of superior sagittal sinus and cortical surface) and moderately 
wide interhemispheric fissure width (the widest horizontal distance 
between hemispheres), all ≥ 5 mm. b Colour Doppler, shows multiple 
vessels (arrows) traversing the subarachnoid space CCW: Cranio-cor-
tical width SCW: Sino-cortical width IFW: interhemispheric fissure 
width

Fig. 2   Axial brain computed tomography image of a 7-month-old 
boy with macrocrania and benign enlargement of the subarachnoid 
spaces. There is an enlargement of the subarachnoid spaces over the 
frontal lobes and at the interhemispheric fissure without cortical com-
pression. Importantly, the vessels are located away from the cortical 
surface of the brain (arrows)
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in children with BESS either spontaneously or because of 
accidental trauma [15, 16, 27, 38–40]. The theory of BESS 
predisposing to isolated subdural haemorrhage implicates 
over-stretching of the extra-axial blood vessels following 
brain translocation and has been supported by a mathemati-
cal model of the cranial vault [41]. The association between 
a greater depth of the subarachnoid space and the increased 
prevalence of such collections is controversial [15, 42]. 
Although enlarged subarachnoid spaces can be associated 
with subdural collections in children with macrocrania [39], 
long-term observations of infants with BESS as well as a 
finite element study indicated no increased risk for develop-
ing subdural haematomas [11, 43].

A review of 14 relevant studies describing imag-
ing findings in children with BESS showed that subdural 
collection(s) occurred in 128 out of 1,705 children with 
BESS (7.5%) with a varying prevalence ranging from 0 to 
42.1% (Table 1) [8, 12, 15, 16, 27, 39, 42, 44–50]. A review 
of 16 relevant studies mentioning co-existence of subdural 
collections with BESS, showed that only 83 out of 191 
children with BESS and subdural collections were further 
evaluated with skeletal surveys and/or fundoscopy and 28/83 
(33.7%) also had concomitant injuries, including extensive 
retinal haemorrhages and/or fractures (Table 1) [8, 12, 15, 
16, 27, 38, 39, 42, 44–52]. In Table 1, the different preva-
lence of subdural collections among infants with BESS and 
of concomitant suspicious injuries among different studies 
can be attributed to the diversity of imaging modalities with 
different sensitivities in the detection of subdural collec-
tions and the diversity of practices among institutions in the 

investigation of such children. It is important to understand 
that in some of these historically important publications in 
Table 1, images produced with CT and MRI scanners of 
previous generations, it might have been difficult to deter-
mine whether the enlarged extra-axial spaces were actually 
subarachnoid or potentially subdural. This might also factor 
into the prevalence range variation stated. It should also be 
emphasized that a visible subdural space in the context of 
BESS, mentioned in the recent literature as a common find-
ing of approximately 1 mm width [50] is not a synonym for 
a subdural haematoma discussed herein.

In infants with macrocephaly and subdural collections, the 
possibility of abusive injury may be supported by the presence 
of concomitant suspicious injuries in various organs and sites: 
co-existing parenchymal injuries or cytotoxic oedema, bridg-
ing vein thrombosis/rupture, subdural collections in different 
locations (around right frontal lobe, around left frontal lobe, 
convexity, interhemispheric fissure, posterior fossa), spinal 
injuries (including ligamentous injuries and subdural spinal 
haematomas), unexplained fractures, especially classic meta-
physeal lesions (CMLs), rib and skull fractures [23, 29–32, 
53–62]. Skin, oral and genital stigmata are extremely impor-
tant to identify, strongly supporting the hypothesis of abuse 
in the absence of any additional finding in a child with BESS 
and subdural collection(s) [63–65]. A relevant social history 
disclosing factors and conditions that might place a child at 
risk for maltreatment and a previous history of unexplained or 
frequent trauma to the same patient or household members, a 
delay in seeking help and a changing history are also red flags 
for physical abuse [10, 64]. Apnoea, loss of consciousness, and 

Fig. 3   Brain magnetic resonance imaging of a 7-month-old male 
with a large head and seizures lasting less than 5 min. a Axial and (b) 
coronal T2-weighted scans show prominence of Cerebrospinal fluid 
(CSF) spaces over the frontal lobes with vessels traversing the entire 

width of the subarachnoid space (arrows). c Coronal fluid attenuation 
inversion recovery image shows extracerebral fluid with isointense 
signal compared to the CSF
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death, to our knowledge, have not been described in infants 
with BESS, as opposed to infants with abusive head trauma 
[10, 35, 53]. Indeed, the hypothesis of subdural collection in 
the setting of BESS does not provide explanations for the pres-
ence of the concomitant injuries described above [51].

On the other hand, the presence of a homogeneous sub-
dural collection, without clots over the vertex in particular, 
with continuous bridging veins in a macrocephalic asymp-
tomatic infant with large subarachnoid spaces, with the 
expected head growth curve and lack of the aforementioned 
concomitant suspicious injuries on craniocerebral structures, 
bones (including vertebrae), skin/soft tissues, fundus, etc., 
favours the hypothesis of BESS associated with incidental 
subdural collections [15, 38].

Topics requiring further studies

Non-specific signs including occasional seizures of less 
than 5 min duration, twitching, fussiness, crying, bulging 
fontanelle, and drowsiness cannot, when they are isolated, 
be used as discriminators between abusive head trauma 
and BESS with spontaneous subdural collections because 
they have been reported in both [9, 35, 51, 66]. It is not 
clearly known at present whether these signs are inciden-
tally seen in BESS i.e., during a benign infectious intercur-
rent process or other neurological disease or if they can 
occur per se in BESS. Importantly, not only symptomatic 
but even asymptomatic or minimally symptomatic children 
with subdural collections and BESS may have concomitant 

Fig. 4   A 3-month-old ex-premature boy with progressive macro-
crania and normal development. On ultrasound (US), there was an 
incidentally discovered subdural collection, confirmed by magnetic 
resonance imaging (MRI). Fundoscopy, skeletal surveys, social and 
family history, and clinical follow-up were unremarkable. The diag-
nosis was subdural collection in the setting of benign enlargement 
of the subarachnoid spaces. a Coronal US with a high-frequency 
linear transducer shows enlargement of subarachnoid spaces bilater-
ally and an anechoic subdural collection (*) displacing the arachnoid 
dura (arrow) on the right. A small linear membrane was also seen 

on the left. b MRI 2 weeks later. Axial T2-weighted image confirms 
increased craniocortical width and the presence of a hyperintense 
subdural collection (*). c MRI, axial FLAIR image, same level as in 
b. The subdural collection (*) is more conspicuous and restricts the 
adjacent subarachnoid space. d Axial T2-weighted image at thew 
convexity shows normal bridging veins. e Repeat ultrasound scan on 
the same day shows increased echogenicity of the subdural collection 
(*) while the arachnoid membrane is still visible (arrow). f Coronal 
colour doppler US of the same area confirms lack of vessels within 
the collection (*)

756 Pediatric Radiology  (2023) 53:752–767

1 3



Fig. 5   A 3.5-month-old abused boy was shaken and thrown against 
the floor in public by his alcoholic father. He was brought to hospi-
tal by the police with irritability, unalert gaze, bulging anterior fon-
tanelle, generalised hypertonia, and a head circumference above the 
97th percentile. a Coronal ultrasound, showing visible arachnoid 
membranes bilaterally (arrows), clearly separating the pericerebral 
spaces into subdural and subarachnoid (between cursors) compart-

ments. b, c Axial computed tomography scan images demonstrate 
convexity subdural collections with cerebrospinal fluid density (*), a 
hyperdense infratentorial subdural haematoma (arrow) and subarach-
noid vessels displaced against the brain’s surface (arrowheads). Such 
imaging findings should always rise concerns for trauma and should 
not be misinterpreted for benign enlargement of subarachnoid spaces

Fig. 6   A 7-month-old ex-
premature boy with progres-
sive macrocephaly and normal 
development presenting with 
collections on ultrasound, con-
firmed by magnetic resonance 
imaging (MRI). Fundoscopy 
revealed retinal haemorrhages 
and skeletal survey revealed 
multiple fractures. The child 
was reported to authorities 
as physical abuse. a Coronal 
ultrasound with high-frequency 
linear transducer shows extra-
axial anechoic collections (*) 
and vessels displaced against 
the brain surface (arrowhead) 
and below the arachnoid mem-
brane (arrow). b-d MRI on the 
same day. b Axial T2-weighted 
sequence shows subdural 
hyperintense collections (*). c 
Axial fluid-attenuated inversion 
recovery image shows different 
intensity subdural collections. 
d T2* axial image shows a 
vessel-like structure (arrow) 
adjacent to a line (arrowhead), 
thought to represent bridging 
vein thrombosis and a subdural 
membrane, respectively
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injuries suspicious of abuse in up to 35% of cases when 
systematically screened according to the recommended 
protocols for suspected abuse [51]. Further studies are 
required to specify the severity of clinical signs and symp-
toms in children with subdural haemorrhages and BESS 
in an attempt to identify clinical discriminators and their 
potential association with fractures on skeletal surveys.

Macrocephaly with a fast-growing head, crossing percen-
tiles, with a gradual or “abrupt” onset has been described in 
BESS [7, 17]. An abrupt onset of macrocephaly may also 
occur following acute abusive head trauma. The criteria for 
“abrupt onset” have not been yet specified in the literature. 
Traumatic large and bilateral subdurals may cause macrocra-
nia and secondary enlargement of the subarachnoid spaces 
due to disruption of the arachnoid-dura interface, resulting 
in reduced CSF absorption by blocked arachnoid granula-
tions [10, 24]. Further studies measuring head circumference 
with accuracy and comparing percentiles to international 
charts [3], may determine discriminating features of head 
circumference growth between the two entities, also keeping 
in mind that abusive head trauma may be repetitive [58].

Retinal haemorrhages have been described in approxi-
mately 85% of children with abusive head trauma and 
exceptionally in children with BESS [35, 67, 68]. Further 
studies are required to identify and clarify differences in 
occurrence and in imaging /fundoscopic patterns of retinal 
haemorrhages between the two populations.

Additional studies are required to define differences in 
characteristics of subdural collections in abused children 
with BESS compared to the subdural collections occurring 
in the setting of BESS following minor trauma, with regard 
to subdural collection depth, density on CT, or intensity on 
various MRI sequences and consequently stratify the risk of 
concomitant injuries. It is likely that the presence or absence 
of clots at the vertex related to the rupture of bridging veins 
is an important marker of severe trauma [35].

Children with BESS and subdural collections: 
Who should we evaluate for abuse and how?

Evidence-based guidelines regarding children with sub-
dural collections and BESS are currently lacking. Due to 
perceived social risks associated with abuse evaluation and 
perceived risks of radiation exposure from skeletal sur-
veys, some physicians may choose not to conduct an abuse 
evaluation in children with BESS, thin subdural collec-
tions, and no or minimal neurological symptoms, assum-
ing that these infants exhibit evidence of subdural collec-
tions in the setting of BESS and cannot also be victims of 
abusive head trauma [16, 51]. However, it is well-known 
that a significant proportion of children who suffered from 
severe abusive head trauma have been seen previously Ta
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with findings which should have required further child 
abuse evaluation [69, 70]. Therefore, the “better safe than 
sorry” approach would dictate careful multi-disciplinary 
team assessment, including a thorough evaluation for skin 
(top-to-toe examination), oral, and genital abnormalities, 
investigation for previous history of unexplained trauma 
or frequent trauma to the same patient or household mem-
bers, investigation of the family environment for factors 
and conditions that might place the child at risk for mal-
treatment (social work-up), laboratory tests for bleeding 
diathesis, fundoscopy and further imaging with a skeletal 
survey in all patients [10, 30, 51]. Importantly, fundoscopy 
and skeletal surveys should be performed as early as pos-
sible, since relative fundoscopic findings and CMLs may 
heal quickly, the latter within 2 weeks, the former within 
a few days, and as early as 3 days, depending on type and 
severity [40, 61, 68]. Some paediatricians may decide not 
to perform skeletal surveys if the remaining investigations 
are unremarkable. However, a skeletal survey may reveal 
key finding (s) even when fundoscopy is normal [53, 58] 
and is particularly indicated in symptomatic children, in 
the previous history of unexplained or frequent trauma in 
the same child or other members in the child’s household 
and in large, compressing, clearly haemorrhagic subdural 
collections [10, 16, 51]. The prevalence of skeletal inju-
ries in children with prominent subarachnoid spaces and 
subdural collection(s) not examined with skeletal surveys 
and repeat skeletal surveys, is currently unknown.

In practice, the diagnosis of physical abuse cannot be 
medically ruled out without the exclusion of concomitant 

important findings in children with BESS and subdural col-
lections [40]. Conversely, the diagnosis of physical abuse 
in an infant with BESS and an isolated subdural collection, 
especially when asymptomatic, is presumptive [69]. Not 
performing the full work-up may result in an unknown pos-
sibility of missing important occult findings. Consequently, 
based on our current understanding, we recommend to fully 
evaluate all these children as per national and international 
guidelines including initial and follow-up skeletal surveys 
(Fig. 7) [37]. Whole spine MRI, if included in the protocol of 
suspected physical abuse (Fig. 7), may reveal thoracolumbar 
injuries even when spinal radiographs are unremarkable [70].

Parents of children with BESS should be made aware 
of the possibility of subdural collection development and 
advised to take extra precautions to avoid minor trauma. 
This knowledge of the association of BESS and subdural 
collections may also alleviate unnecessary emotional trauma 
to parents/caregivers during interrogations to rule out abuse.

Conclusions

Subdural collections in the setting of BESS are uncommon 
and large-scale studies are few.

1.	 Infants with subdural collection(s) and BESS: The 
diagnosis of abuse cannot be substantiated nor safely 
excluded without investigation for concomitant trau-
matic findings. The exact prevalence of occult injuries 
and abuse in these infants is unknown.

Fig. 7   Clinical and imaging 
considerations in infants with 
macrocephaly and possible 
subdural collections. Children 
with benign enlargement of 
subarachnoid spaces (BESS) 
are more likely to be asympto-
matic. Symptoms should alert 
physicians to the possibility of 
a subdural collection or another 
imaging finding not visible on 
ultrasound. CCW​ cranio-cortical 
width, SCW sino-cortical width, 
IFW interhemispheric fissure 
width, US ultrasound, CT 
computed tomography, MRI 
magnetic resonance imaging
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2.	 Infants with subdural haemorrhages (with or without 
BESS): Infants should be thoroughly evaluated, includ-
ing initial and follow-up skeletal surveys even when 
fundoscopy, social work consult, and detailed clinical 
evaluation are unremarkable.

Subdural haematomas in children with macrocephaly and 
concomitant injuries cannot be attributed to the hypothesis of 
BESS, particularly if there is rupture of bridging veins at the 
vertex. The absence of concomitant and previous injuries and 
a generally benign clinical course supports the hypothesis of 
BESS-related collections rather than abuse. As a precaution, 
the children with BESS and subdural collections should be 
clinically followed for a few months by available specialists, 
ideally by the child abuse paediatrician and the child protection 
services, even if the diagnosis of abuse is not retained.
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