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Abstract
Aim There is considerable disparity in literature as regards
to the presentation of subdural fluid collections in children.
In this report, the authors have tried to establish the clinical
and radiographic criteria to define the subdural effusions
(SDEs) in children following minor head injury.
Methods Twenty cases of traumatic SDEs following minor
head injury were studied prospectively. The age of these
children ranged from 1 month to 2 years with an average of
9 months. The duration from the onset of first symptom to
presentation in our outpatient department varied from 1month
to 13 months with a mean of 4.2 months. The duration of
follow-up was 6 months to 2 years with an average of
10 months.
Results Fourteen out of 20 (70%) children presented with
subtle findings. Six out of 20 (30%) children presented with
overt neurological signs and symptoms. Seizures were the
most common mode of presentation in this group. Bilater-
ality and ventriculomegaly were more common in the subtle
group, each with an incidence of 43%. Seven out of 20 (35%)
cases required operative management of traumatic SDEs.
Recurrence was seen in two of 20 (10%) cases who had been
conservatively managed previously. Only one child showed
conversion of traumatic subdural hygroma to chronic
subdural hematoma on conservative management.
Conclusion Traumatic SDEs in children following minor
head injury need to be differentiated from other causes of
subdural fluid collections in children. The clinical and
radiological criteria proposed by us helps to identify this
subset of cases in most of the children.
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Introduction

Subdural effusion (SDE) or subdural hygroma (SDG) is a
common post-traumatic lesion following both major and
minor head injury. Despite its common occurrence, review
of literature suggests that the pathogenesis, clinical signifi-
cance, management and outcome following minor head
injury are not well-established. A trivial trauma can cause a
separation of the dura arachnoid interface, which is the
basic requirement for the development of a SDG [9]. A
child’s brain is characteristically different from that of an
adult as a result of which they present with different clinical
findings and outcome. Furthermore, a child’s brain is easily
compressed so that it is easier to secure spaces for fluid
collection due to brain atrophy after head trauma [3]. The
treatment also differs as compared to adults because a
child’s brain grows and shows fast recovery, plasticity.
Most SDGs resolve spontaneously when the brain is well-
expanded. However, a few SDGs become chronic subdural
hematoma (SDH), when the necessary conditions persist
over several weeks [13]. As the outcome is closely related
to the primary head injury and not to the SDG itself, the
outcome following minor head injury is usually favorable.
We have tried to clarify the present knowledge on the
pathogenic, diagnostic, and therapeutic aspects of this
controversial lesion. Besides, various terms like subdural
fluid collection, hygroma, effusion, chronic subdural
hematoma, and external hydrocephalus have been inter-
changeably used in various reports in literature dealing with
subdural fluid collections of varying etiology. An attempt is
made to differentiate traumatic SDGs from other causes of
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benign extracerebral effusions in children, mainly external
hydrocephalus.

Materials and methods

Twenty cases of traumatic SDGs following minor head
injury were studied retrospectively and prospectively. The
age of these children ranged from 1 month to 2 years with
an average of 9 months. Six out of 20 were female children.
The duration from the onset of first symptom to presenta-
tion in our outpatient department varied from 1 month to
13 months with a mean of 4.2 months. These cases were
treated at Sanjay Gandhi Post Graduate Institute of Medical
Sciences from January 1996 to December 2006. The
clinical details of each case were recorded prospectively.
The follow-up of each case was maintained by principal
author on his personal computer. All the cases were
managed by a single surgeon. The criteria for minor head
injury was based on those proposed by an interdisciplinary
special interest group (BISIG) of the American Congress of
Rehabilitation Medicine (Handbook 16) [12] including:

1. Loss of consciousness should not exceed 30 min.
2. After 30 min the initial Glasgow coma scale score

should be between 13 and 15.
3. Post-traumatic amnesia should not exceed 24 h (assess-

ment not possible in small children).

Diagnosis was chiefly based on computed tomography
(CT) or magnetic resonance imaging (MRI) findings of a
crescent-shaped hypodensity in the cerebral convexity. The
follow-up of these cases was based on serial CT scans. The
duration of follow-up was 6 months to 2 years with an
average of 10 months. The cases with follow-up less than
5 months were excluded from this study. Other exclusion
criteria included:

1. H/O Meningitis
2. Presence of intracranial hemorrhage
3. Chronic SDH
4. Intracranial/intraventricular surgery
5. CSF diversion in hydrocephalus/endoscopic third

ventriculostomy
6. Cerebral palsy
7. Cerebral atrophy
8. Cerebral infarction
9. External hydrocephalus

On the basis of clinical presentation, all the cases were
classified into two categories:

Category A: Subtle group

This category included children with no neurological deficits
but with subtle signs and symptoms including delayed

milestones, irritability, excessive salivation, occasional epi-
sodes of vomiting, and impaired neck holding.

Category B: Overt group

This category included children with neurological features.
On the basis of management, these cases were divided

into three categories:

Category I: SDG resolved with conservative treatment
Category II: SDG unresolved and under observation
Category III: SDG resolved by operative drainage

Results

Eleven out of 20 (55%) children had a mild increase in head
circumference (HC) but the anterior fontenalle (AF) was
found to be tense in five of 20 (25%) children. Thus, only
three children with increased HC had relatively tense AF.
Fourteen out of 20 (70%) children presented with subtle
findings with irritability being the most common mode of
presentation. Six out of 20 (30%) children presented with
overt neurological deficits, including presence of papille-
dema, cranial nerve palsies, seizures, and focal neurological
deficits. Seizures were the most common mode of pre-
sentation being present in five of 6 (83%) children. When
the presentation with seizures was analyzed in the entire
group, only five of 20 (25%) children had seizures. The
most common subtype of seizures was presentation with
generalized tonic clonic seizures. The other subtypes
included focal seizures, focal seizures with secondary gener-
alization, and complex partial seizures of temporal origin in
one child.

Radiographic evaluation with CT or MRI showed
presence of unilateral effusions in 13 of 20 (65%) cases.
Bilateral presentation was seen in only seven of 20 (35%)
cases, although this is usually asymmetrical. When ana-
lyzed separately in the two categories, bilaterality was more
common in the Subtle group, being present in six of 14
(43%) cases (Fig. 1a). Only one out of six children in the
Overt group had bilateral SDG (16.5%). Seven out of 20
(35%) children presented with ventriculomegaly as defined
by Evan’s criteria on radiographic analysis (Fig. 2a).
Interestingly, all the seven children with ventriculomegaly
had bilateral presentation and accordingly belonged to the
Subtle group. The presence of mass effect as evidenced by
ventricular effacement or midline shift was seen in six of 20
(30%) cases (Fig. 3). All these children were operated by
burr hole drainage. One child without radiographic evi-
dence of mass effect but significant unilateral effusion was
also operated by burr hole drainage. The fluid drained was
mainly dark colored CSF and rarely clear CSF. Thus, seven
of 20 (35%) cases required operative management of
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traumatic SDG. Subdural pressure was monitored during
operative drainage and was found to be elevated in all
operated cases. Thus, subdural pressure monitoring is
helpful in differentiating traumatic SDGs from external
hydrocephalus [5]. Thirteen out of 20 (65%) children were
treated conservatively with antiepileptic drugs (AEDs) and
acetazolamide therapy for 4 weeks to 2 months. Eleven of
20 (55%) children improved clinically and had resolution of
SDGs on CT or MRI scan—Category I (Fig. 1b). two out
of 20 (10%) improved clinically following conservative
therapy but CT scan failed to show resolution of the
effusions—Category II (Fig. 2b).

Follow-up analysis showed a favorable outcome in all
the cases. Seizures were defined to be controlled by either
complete disappearance off AEDs or by significant reduc-
tion in previous dosages. The seizure control rate in the
operated group was 100%, being achieved in all the seven
cases. However, in the conservative group, the seizures
could be controlled in 11 of 13 (85%) cases. Two children
required adjunctive antiepileptic drugs. Recurrence was
seen in two of 20 (10%) cases who had been conservatively
managed previously. One of the child could be managed
conservatively, while the other child had to be operated by
burr hole drainage. Only one child showed conversion of
traumatic SDG to chronic SDH on conservative manage-
ment, yielding an incidence of only 5% (Fig. 4).

Discussion

Minor head injury is also called as ‘mild traumatic brain
injury’ or ‘concussion’. Minor head injuries form the bulk
of head injuries ranging from 80–90%. It amounts to
800,000 (minor) head injuries in India per year. It has been
the subject of investigations in recent years, because it
carries organic brain damage despite having normal CT of
the brain [1]. Besides, minor head injury is also an
important cause of SDE in children. Incidence varies from
0.81~13% regardless of the degree and site of brain injury
[17]. History of trivial trauma could be obtained in nearly
half of the children by asking leading questions in the cases
where there had been no loss or alteration of sensorium
following trauma.

Traumatic subdural effusion (TSE) refers to accumula-
tion of CSF, xanthochromic or slightly blood-tinged fluid
between the dura and the arachnoid membrane. It was first
reported by Mayo in 1894 using the term “subdural
hydroma” [10]. McConnell proposed the terms “subdural
effusion” or “subdural fluid collection” [11]. A trivial
trauma can cause a separation of the dura arachnoid
interface, which is the basic requirement for the develop-
ment of a SDE [9]. Arachnoid tear is likely to occur in the
Sylvian fissure or chiasmatic region due to coup or
countercoup injury because the arachnoid membrane

Fig. 1 a Axial CT scan of a
child with subtle presentation
showing bilateral effusion with-
out mass effect or midline shift.
b Axial CT scan of the same
(as a) showing almost complete
resolution on conservative
management

Fig. 2 a Axial CT scan of a
child showing bilateral effusion
without effacement of sulci and
gyri and with mild ventriculo-
megaly. b Axial CT scan of the
same (as a) showing persistence
of effusion on conservative
management. Note the slight
increase in the degree of
ventriculomegaly
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adheres strongly to the sharp sphenoidal wing. For the
development of SDE, it is necessary that the subarachnoid
barrier is broken and a sufficient space is created to
accumulate body fluid in the subdural area. Brain atrophy
develops easily after trauma in children and in the elderly
compared with adults since their brain is prone to be
compressed. Another possibility proposed is that SDE
results from injury due to deceleration or is an epiphenom-
enon with increased vascular permeability in the Sylvian
veins or cortical capillaries [6]. Osmotic pressure mecha-
nism has also been suggested as one of the causes or
development of traumatic SDEs. Extension from a small
SDH can also be a contributory factor in some cases [18,
19]. Presence of an associated structural lesion such as an
arachnoid cyst can lead to traumatic SDEs in a small subset
of cases [2], but this is very rare and we did not find any
child with an associated structural lesion in the brain.

The clinical presentation in children with traumatic
SDEs following minor head injury is distinct if clear
history is available, which is not possible in most of the
cases, particularly with subtle presentation. In our study, 11

of 20 (55%) children had an increase in head circumference
but the anterior fontenalle was found to be tense in five of
20 (25%) children. Thus, only three children with increased
HC had tense AF. This is an important finding as it signifies
absence of significant mass effect and differentiates these
cases from those with traumatic chronic SDH. However,
children with external hydrocephalus also tend to present
with macrocrania with lax AF [7]. Fourteen of 20 (70%)
children presented with subtle findings such as delayed
milestones, irritability, excessive salivation, occasional
episodes of vomiting, and impaired neck holding. This
pattern of clinical presentation is also seen in external
hydrocephalus but rarely in chronic SDH. Six out of 20
(30%) children presented with overt neurological deficits
such as papilledema, cranial nerve palsies, seizures, and
focal neurological features. Seizures were the most com-
mon mode of presentation being present in five of six
(83%) children. When the presentation with seizures was
analyzed in the entire group, only five of 20 (25%) children
had seizures. Presentation with seizures is more common
with chronic SDH because of the highly epileptogenic
effect of blood [8]. The high incidence of seizures in the
overt group can be postulated to be a result of small
component of SDH accompanying the traumatic SDEs in
these cases. This is usually not appreciable on imaging as it
becomes hypodense over a period of time.

Radiographic evaluation with CT or MRI reveals
presence of unilateral crescent-shaped hypodensity over
the cerebral convexity in most of the cases. A bilateral
presentation is more common with external hydrocephalus,
although the effusions tend to be symmetrical in most of
these cases. Although there are few case reports which
suggest that traumatic SDEs can also occur in posterior
fossa [16], we did not encounter any such case. Children
with subtle findings tend to present with bilateral effusion
more frequently along with ventriculomegaly signifying the
fact that ventricular enlargement in these cases can be a
result of subarachnoid scarring. External hydrocephalus is

Fig. 4 Axial CT scan of a child showing conversion of traumatic
SDG to chronic SDH following conservative management

Fig. 3 Axial CT scan of a child showing unilateral effusion with
effacement of ipsilateral lateral ventricle and slight midline shift

Fig. 5 Axial CT scan of a child showing left sided subdural hygroma
superimposed on chronic subdural hematoma with cortical atrophy
and chronic infarct in left MCA distribution

1394 Childs Nerv Syst (2008) 24:1391–1396



characterized by certain radiological criteria which help to
differentiate it from traumatic SDEs. These include:

– Bi-hemispheric extracerebral fluid collections: anterior
> posterior

– Widening of the anterior interhemispheric fissure
– Enlarged subarachnoid spaces
– No evidence of cortical atrophy
– Enlarged or prominent basal cisterns
– Mild to moderate ventriculomegaly without periven-

tricular lucency
– Absence of restriction of blood flow in the cortex

adjacent to fluid collection on diffusion-weighted MRI
(DWMRI)

A characteristic “cortical vein sign” is present in external
hydrocephalus which signifies absence of mass effect in
these cases [7]. In traumatic SDEs, mass effect is evident in
the form of effacement of sulci/gyri, effacement of basal
cisterns/ventricles, and restriction of cortical blood flow on
DWMRI. Differentiation of traumatic SDEs from chronic
SDH can be difficult at times but in many cases with
chronic SDH, membrane enhancement is seen on contrast
scan which is a useful differentiating feature. Other
conditions which need to be differentiated include effusions
following meningitis, CSF diversion in hydrocephalus/
endoscopic third ventriculostomy (ETV), cerebral palsy,
cerebral atrophy, and cerebral infarction (Fig. 5). This is not
difficult in most of the cases. A color-coded Doppler
ultrasound is helpful in doubtful cases [15]. In benign
subarachnoid space enlargement, color-coded Doppler
sonography detects arachnoid vessels within the fluid
collection. Besides, a high resolution ultrasound demon-
strates the dural border of the arachnoid as an echogenic
membrane which is a sign of the subarachnoid location of
the fluid collection. In patients with traumatic SDEs and
other subdural fluid collections, increased echogenity,
absence of vascular structures and absence of surrounding
border are seen.

Majority of the children with traumatic SDEs can be
managed conservatively with antiepileptic drugs and
acetazolamide therapy. The clinical symptoms improve,
seizures get controlled and effusions tend to resolve with
time. Thirty-five percent of cases required operative
management of traumatic SDEs by burr hole drainage.
Subdural pressure was found to be elevated in all the
operated cases. Recurrences do occur in around 10% of the
cases. An interesting finding is that conversion to chronic
SDH is seen only in 5% of the cases, which is significantly
less as compared to effusions following major head injury.
The reported incidence in literature of conversion of
traumatic SDEs to chronic SDH following major head injury
is around 25–30% or even higher in few series [13]. Many
other studies report the progression of traumatic SDEs to

chronic SDH with incidence of 14% by Hong et al. [4], 25%
by Yamada et al. [20], and 47% by Ohno et al. [14].

Conclusion

Conclusions from our study are:

(1) Traumatic SDGs need to be differentiated from other
causes of subdural effusions in children, mainly
external hydrocephalus, chronic subdural hematoma,
effusions secondary to meningitis, intracranial hemor-
rhage, cortical atrophy etc.

(2) The clinical criteria include (a) absence of other
etiological factors such as H/O meningitis, intracranial
hemorrhage, intracranial/intraventricular surgery, CSF
diversion in hydrocephalus/ETV, cerebral palsy etc.;
(b) presentation with subtle findings such as delayed
milestones, irritability, excessive salivation, occasional
episodes of vomiting and impaired neck holding in
most of cases; and (c) presentation with seizures in the
overt group.

(3) The radiological criteria include (a) bilateral effusions,
although asymmetrical, in a subgroup of patients, (b)
unilateral effusions in the overt group, and (c) mild
ventriculomegaly may occur with bilateral effusions.

(4) In approximately 55% of cases, traumatic SDGs get
resolved by conservative treatment and in 10% cases
they persist despite clinical improvement. Seizures get
controlled in most of cases following treatment,
seizure control rate being 100% in the operative group.

(5) Recurrence of SDGs following minor head injury is
uncommon and is reported in 10% of cases.

(6) In 5% of cases, traumatic SDG may lead to chronic
SDH.
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