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ABSTRACT

Problems considered: Subdural effusion with concomitant ventriculomegaly (SEV) is not
infrequently seen in patients with traumatic brain injury (TBI) after decompressive cra-
niectomy (DC). The management of this entity remains very challenging. The aim of this
study was to determine the incidence of SEV in patients who required DC.
Methods: This retrospective study was done over 8 months (March 2011-October 2011). All
Patients with severe head injury (GCS <8) who developed subdural collection with asso-
ciated ventriculomegaly in the postoperative period following DC were included in the
study. Criteria for ventriculomegaly included modified frontal horn index greater than 0.3
and/or presence of periventricular lucencies.
Results: 270 patients underwent DC during the study period. SEV was seen in 80 (26.6%) pa-
tients. The mean age was 29.8 years with predominance of males (83%). Incidence of SEV was
highest (59%) in the third week (day 14—21) after DC. 90% of SEV were ipsilateral to the side of
craniectomy, and 81.25% (n = 65) were more than 10 mm in thickness. 47.5% (n = 38) of pa-
tients with SEV had IHH with mean thickness of 8.71 mm (range 3.5—-23). 14 patients needed
treatment in the form of various shunts. Of these the majority (86%) had concomitant IHH.
Conclusions: Contrary to common perception, SEV has a very high incidence (26.6% in our
study) in patients who required DC following TBI. Our study shows that IHH is an impor-
tant prognostic marker for the need of CSF diversion in these patients.

Copyright © 2014, Neurotrauma Society of India. All rights reserved.

1. Introduction

Decompressive craniectomy (DC) is widely carried out in
patients with raised intracranial pressure due to trauma or

infarction. The procedure is not entirely free from complica-
tions. The incidence of subdural effusion after decompressive
craniectomy is between 21 and 50%." Subdural effusions are
fluid collections which are usually asymptomatic, and the
course follows spontaneous resolution. Nevertheless, they

Abbreviations: SEV, subdural effusion with concomitant ventriculomegaly; TBI, traumatic brain injury; DC, decompressive
craniectomy; IHH, interhemispheric hygroma.
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occasionally become symptomatic due to associated ven-
triculomegaly and/or mass effect. Traumatic subdural effu-
sion with ventriculomegaly (SEV) has been described in
multiple case reports but its incidence and management has
not been properly dealt with.” * The term subdural effusion
with ventriculomegaly (SEV) describes more accurately the
nature and the severity of this condition, thereby differenti-
ating it from the benign subdural collections of infancy and
subdural hygromas.

External hydrocephalus is a well-established entity in in-
fants which is benign and usually resolves without shunt-
ing.>® The term “External Hydrocephalus” has also been used
to describe the presence of extra ventricular cerebrospinal
fluid (CSF) collections accompanied by hydrocephalus,
particularly in cases of adults suffering from aneurysmal
subarachnoid haemorrhage and severe head injuries.*” *°
However, the fact that this form of hydrocephalus may not
have a benign course and needs in many cases surgical
management demonstrates the need for a different term
other than “external hydrocephalus.”

The aim of this study was to determine the incidence of
subdural effusion with ventriculomegaly in patients who
required DC for traumatic brain injury and survived more
than 3 days. A secondary objective was to study the role of
interhemispheric hygroma (IHH) as a marker of impending
hydrocephalus in these patients.

2. Material and methods

The retrospective study was conducted at Jai Prakash Narayan
Apex Trauma Centre, All India Institute of Medical Sciences,
New Delhi over a period of 8 months (March 2012—October
2012). All Patients with severe head injury (GCS <8) who
developed subdural collection with associated ven-
triculomegaly in the postoperative period following DC were
included in the study. Indications for surgery included the
presence of CT-documented mass effect with or without the
presence of intracranial haematoma, evidence of raised ICP on
monitoring and/or deteriorating neurological status. Exclu-
sion criteria included patients who died within 3 days after the
surgery as we believe that in this period there is not enough
time to develop hydrocephalus.

All patients were admitted and managed in the neurosur-
gical intensive care unit (NSICU) and received standard med-
ical management of cerebral oedema. Serial CT scans of the
head were acquired in all patients. Epidemiological data such
as age, sex, mode and time of injury, admission GCS score,
date, time and type of surgeries and post-surgical outcome
and history were obtained from the Computerised Patient
Record System.

CT head was reviewed to see for any ventriculomegaly and/
or subdural effusion. Ventriculomegaly was defined as the
presence on CT scans (in the postoperative period) of both of the
following criteria: 1) modified Frontal Horn Index score greater
than 33% (the greatest width of the frontal horns divided by the
bicortical distance in the same plane), and 2) distended
appearance of the anterior horns of the lateral ventricles and
the enlargement of the temporal horns and third ventricle in the
presence of normal or absent sulci and/or presence of

periventricular lucency. Subdural effusions were classified as
ipsilateral, contralateral, bilateral and interhemispheric
depending on the site of craniectomy. Scans revealing ven-
triculomegaly were serially followed in order to assess the
evolution of the hydrocephalus vis-a-vis subdural effusion and/
or midline shift. Individual lesions identified on CT scans, such
as diffuse brain oedema, cerebral contusions, traumatic SAH,
IVH, or intra/extra-axial haemorrhagic collections, were also
recorded. Data from subsequent scans were also recorded. In-
hospital mortality was assessed for all patients.

3. Results

A total of 270 patients had undergone decompressive cra-
niectomy in the study period. Of these 80 (26.6%) patients
developed subdural effusion (Figs. 1 and 2). Males constituted
83% of these patients with the mean age of 30 years. Majority
of the patients (35%) were in the 20—30 year group. The most
common cause of trauma was road traffic accidents (92%)
followed by falls (6%). Sixty percent patients had acute sub-
dural haematoma followed by contusions (31.25%), diffuse
brain oedema (6.25%) and bullet injury (2.5%). The admission
GCS was <8 in 72.5% patients, rest being moderate head in-
juries (GCS 9 < 13).

The presence of SEV was 26.62%. SEV manifested earliest in
3 days but majority of patients (52%) developed SEV in the 3rd
postoperative week with a mean of 10 days. Most common site
of the SEV was ipsilateral to the site of craniectomy (70%)
followed by interhemispheric (47.5%) and bilateral (22.5%).
The average thickness of the SEV was 14.67 mm (57.5%). It was
more than 20 mm in 23.75% patients with the maximum of
39 mm in 2 patients.

Fig. 1 — CT scan brain showing left frontotemporoparietal
acute subdural haematoma with mass effect.
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Fig. 2 — Postoperative CT scan of the same patient 2 days after surgery showing evidence of left frontotemporoparietal

decompressive craniectomy and appearance of subdural effusion (a) but no interhemispheric collection (b).

3.1 Interhemispheric hygroma (IHH) and association
with ventriculomegaly

Nearly half of the patients with SEV had interhemispheric
hygroma (47.5%) ranging in thickness from 3.5 mm to 23 mm
with an average width of 8.71 mm (Fig. 3). The incidence of
IHH after decompressive craniectomy was 14%. In sixty
percent patients the thickness was between 5 and 10 mm.

30 out of 38 patients having IHH developed ven-
triculomegaly (Fig. 4a and b) and the incidence in patients
harbouring IHH was 79%. The mean modified Frontal Horn
Index was 0.38 (range 0.318—0.412). Thirty patients out of forty
two (71.39%) developed ventriculomegaly within 45 days
whereas 12 patients (28.57%) developed it after 45 days
(delayed ventriculomegaly). 93.3% (n = 28) patients developing
early ventriculomegaly had associated IHH. The appearance
of ventriculomegaly was followed by a compensatory
decrease in the subdural effusion as well as IHH.

IHH was found to be a significant precursor of ven-
triculomegaly in patients with SEV and could easily predict
the need of aggressive management in such patients.14 out of
42 patients with HCP (33.33%) required treatment in the form
of different types of shunts [subduroperitoneal shunt (SPS),
lumboperitoneal shunt (LPS), burr hole evacuation and ven-
triculoperitoneal shunt (VPS)]. 12 (85.71%) of such patients
were also harbouring IHH with a mean of 8.7 mm (Fig. 5).

Of the various modalities of treatment, 1 patients needed
burr hole evacuation, 3 had SPS, 3 had LPS and 7 had primary
VP shunt. All the patients managed with SPS and burr hole
evacuation needed secondary VP shunt for increasing HCP
and mass effect. The patients with LPS however were lost to

A

Fig. 3 — CT scan brain taken on 9th postoperative day
revealing subdural effusion and interhemispheric
hygroma (IHH).
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Fig. 4 — CT scan 2 months after the surgery revealing subdural effusion with ventriculomegaly (SEV). Note the compensatory
decrease in the amount of subdural effusion (a) and the IHH (b).

Fig. 5 — CT scan after insertion of right parietal
ventriculoperitoneal shunt. Ventriculomegaly and the
effusion both have decreased after the procedure.

follow up. All the patients who had VP shunt showed decrease
in ventriculomegaly as well as IHH on radiological
assessments.

3.2. SEV and mortality following DC

22 out of 80 patients died (27.8%). The last CT head done (prior
to death) showed resolution of subdural effusion in 4 patients.
Four patients had subdural effusion along with midline shift
(range 7.32—17.9 mm) while 14 had IHH (64%) ranging from
7.5 mm to 17.8 mm (mean 10.22 mm). Thus the risk of mor-
tality was also proportional to the width of IHH and hence it
can be considered as a marker of poor outcome or mortality.

4, Discussion

The incidence of hydrocephalus in patients suffering trau-
matic head injury and requiring DC has been reported to be
0.7—86%,%'' 13 the wide range owing to different evaluation
criteria. Using radiological criteria for the diagnosis, we
observed an incidence of hydrocephalus of 15.5% (42 of 270
patients). The incidence of hydrocephalus in patients devel-
oping subdural collection was very high (42 of 80 patients).
Patients undergoing decompressive craniectomy have
increased chances of developing subdural collections owing to
the deranged balance between CSF production, circulation
and absorption. In our study, subdural effusion seen in 26.6%
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of the patients. Despite it being a common entity, the ideal
management of the condition remains ill defined.

Kaen et al have suggested a correlation between inter-
hemispheric hygroma and the development of hydrocepha-
lus.'* In their study the IHH had preceded the development of
overt hydrocephalus in more than 85% and had appeared
before the development of HCP. In our series too IHH preceded
the development of HCP in more than 90% patients but it
appeared after the development of subdural effusion in about
80% patients.

The physiological mechanisms causing HCP after DC are
yet to be determined and the probabilities can be summarized
as:

1. Abnormal CSF circulation due to posttraumatic subarach-
noid haemorrhage and cranial surgery particularly
craniectomy.’” *°

2. Formation of a one-way valve due to arachnoid tear, either
by shear stress after TBI or surgical injury, allowing uni-
directional pass of CSF.*

3. Leakage of serum fluid from fenestrations of small vessels
on subdural neomembranes and concomitant enlargement
of the subdural hygromas.”®

Recent studies by Kaen and colleagues have proposed
different phases of development of IHH and HCP such as 1)
rebound phase when there is traction on the falx soon after DC
leading to an expansion of the interhemispheric space and
causing IHH, and a 2) hydrodynamic phase leading to the
subdural collection. Analysing the serial CT scans of the pa-
tients for the evolution of SEV, and contrary to the rebound
phase, we propose that the evolution of IHH is a result of
decreased absorption secondary to the blockage of the
arachnoid granulations with blood or its proteinaceous
breakdown products seen typically after trauma or surgery. In
our study the IHH was seen after the appearance of the sub-
dural effusion in 30 of the 38 patients. Brain bulge was not a
significant finding in our study (seen in only 6 out of 80 sub-
dural effusions i.e., 7.5%) and though decompression can
cause expansion of the interhemispheric space, the develop-
ment of IHH cannot be attributed to it alone.

SEV occurs when the abnormal CSF circulation is com-
bined with communication between the subdural space and
the ventricles. The CSF is diverted to the subdural space
because the convexity of the brain has less resistance (espe-
cially after the removal of the cranial vaultin DC) compared to
the ependyma of the ventricles and the formation of the
subdural CSF collection requires less pressure than the ven-
tricular enlargement.*

The presence of an extra-axial collection with mass effect
makes the decision to treat an SEV with a V-P shunt difficult
and many surgeons would argue that it is better to wait until
the subdural collection has been absorbed and the hydro-
cephalus is established.? However, this practice is not without
risk because shunting at a later stage might not reverse a
neurological deficit. Also, dealing with the subdural collection
first with a simple burr hole evacuation of the subdural effu-
sion is not without risks; the cause of the SEV remains un-
treated and the patient might develop CSF leak and
subsequently infection which will delay further the

implantation of the VP shunt. After diagnosis of SEV has been
made, we would advise to treat this condition with a VP shunt.

Poca et al have proposed the continuous monitoring of
intracranial pressure (ICP) to diagnose these difficult cases of
ventriculomegaly, particularly in complex cases, and it seems
that high mean ICP and plateau waves are good prognostic
factors for satisfactory outcome after shunt insertion.”**’
Recently, Huh et al ?* suggested measuring the subdural pres-
sure using a manometer intraoperatively, before opening the
dura mater, in patients with subdural collections and ven-
triculomegaly. Both methods will be helpful in managing pa-
tients with SEV because there is no need for a lumbar puncture
which carries the risk of increasing the size of the subdural
collection in cases of a misdiagnosed subdural hygroma.

In patients with SEV after decompressive craniectomy, the
placement of VP Shunt may be sufficient to take care of both
the hydrocephalus and subdural collection. Other authors
have also suggested early cranioplasty for correction of CSF
hydrodynamics after decompressive craniectomy particularly

in cases of the “syndrome of the trephine”.’’ %2272

5. Conclusion

Our findings confirm that posttraumatic hydrocephalus is a
common complication following DC. The physiological
mechanism by which hydrocephalus develops after DC re-
mains to be determined. Contrary to common perception, SEV
has a very high incidence (26.6% in our study) in patients who
required DC following TBI. Our study shows that IHH is an
important prognostic marker for the need of CSF diversion in
these patients.
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