[ 4 Case Report

Armored Brain Associated with Secondary Craniostenosis Development
at 7-year following Ventriculoperitoneal Shunt Surgery during Infancy:

Extremely Unusual Association and Review

Abstract

Calcification is uncommon in chronic subdural hematoma and popularly known as calcified chronic
subdural hematoma (CSSDH), and about hundred cases are reported in the form of isolated cases
report. The calcified inner membrane of chronic subdural hematoma gets adherent to underlying
cerebral cortex preventing re-expansion of the brain and producing mass effect. Calcification can
develop in chronic subdural hematoma of traumatic origin or postmeningitic effusion or extremely
rarely after shunt surgery. CCSDH is also known as armored brain or Matrioska head and those
related to cerebrospinal fluid diversion ventriculoperitoneal (VP) shunt surgery, constitute one of
the rare complications of shunt, and development is attributed to overdrainage of shunt. Authors
report a unique case with bilateral calcified chronic subdural hematoma in an 8-year-old boy, who
had VP shunt surgery for obstructive hydrocephalus at the age of 1 year of life, presented with
feature of nonlocalized raised intracranial pressure; a diagnosis of suspected VP shunt malfunction
was also considered; however, cranial computed tomography scan on current admission revealed
the presence of bilateral calcified chronic subdural hematoma with secondary craniostenosis and
managed successfully with burr-hole craniostomy and drainage of CCSDH. In a detailed PubMed and
Medline search, authors could not get any publication regarding CSSDH associated with secondary
craniostenosis developing following VP shunt surgery in infancy. The current case represents the
first case in the Western literature developing secondary craniostenosis-associated CCSDH following
shunt surgery in infancy, requiring surgical management. The clinical features, neuroimaging, and
management of such rare case along with pertinent literature are reviewed briefly.
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well as features of nonlocalized raised
intracranial pressure; only few cases may
warrant surgical intervention for relief
of neurological deficit.”! Authors report
a unique case bilateral calcified chronic
subdural hematoma in an 8-year-old boy
underwent shunt surgery for hydrocephalus
at the age of 1 year and developed
secondary craniostenosis and managed with
burr-hole craniostomy with drainage of
CSSDH.

Introduction

Chronic subdural hematoma is commonly
seen in neurosurgical practice; however,
calcification in the membrane of such
hematoma is an extremely uncommon.
Calcification is considered uncommon in
chronic subdural hematoma and observed
in about 0.3%-2.7% of cases of chronic
subdural hematoma.l"* This complication
has been rarely reported in cases suffering
with hydrocephalus treated with shunt

surgery.* Case Report

It involves calcification of the membranes
of the subdural hematoma and typically
form envelopes the brain like “armor,”
which limits re-expansion and accordingly

An 8-year-old boy presented with insidious
headache, vomiting, and difficulty in
walking and diminution of the vision for
the past 6 months. Previous important

called an “armored brain” syndrome. history  included medium  pressure
CSSDH also produces mass  effect on ventriculoperitoneal (VP) shunt surgery
underlying brain parenchyma producing as he was diagnosed as congenital

with its focal neurological deficits as
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hydrocephalus, for which he underwent right parietal burr
hole and shunt insertion at the age of 1 year. Examination
at current admission revealed vital stable; neurological
examination revealed mild impairment of recent memory,
left-sided upper motor neuron seventh nerve paresis, and
left-sided hemiparesis of grade 4/5. Noncontrast computed
tomography (CT) scan revealed asymmetrical bilateral
frontoparietal calcified CCSDH with relatively larger
sizes on the right side [Figure la-c]. The tip of VP shunt
was lying in the lateral ventricle and presents in situ with
well-decompressed ventricles [Figure 2]. Three-dimensional
reconstruction of the skull revealed the presence of
craniostenosis [Figure 3]. Although cerebral decongestant
was prescribed, it did not respond. VP shunt chamber was
well compressible and refilling suggesting well functioning
VP shunt. Hence, plan was made to carry our burr-hole
craniostomy and drainage of subdural collection under
general anesthesia.

He underwent right frontal burr hole and evacuation of
subdural collection. He tolerated surgical procedure well.
His headache completely subsided but had only partial
improvement of the visual acuity in the postoperative
period. He was doing well at the last follow-up 1 year
following drainage of chronic subdural hematoma.
However, parents were not willing for any kind of surgical
intervention for management for craniostenosis.

Discussion

A calcified chronic subdural hematoma (CCSDH) is
extremely uncommon occurrence.!'® Calcification in a
traumatic subdural hematoma is relatively more common
than the subdural collections of postmeningitic and VP
shunt origin. It is more frequently seen in children though

Figure 1: Computed tomography scan of the head of an 8-year-old boy
showing asymmetrical bilateral frontoparietal calcified chronic subdural
hematoma following ventriculoperitoneal shunt surgery. The calcification
was more marked on the right side compared to the left-sided (a) axial
section (b) coronal section formatted image, and (c) sagittal reconstruction

it has been described in all age groups.l The time interval
required for the development of calcification following
hematoma formation has been reported to vary from
6 months to many years. It can occur following head
trauma, postmeningitic or shunt surgery. The CSSDH
developing following cerebrospinal fluid (CSF) diversion
surgery is caused and attributed to overdrainage of CSF.>7:#

Calcified Chronic Subdural hematyoma (CCSDH) is also
called armored brain. In 2012, Taha could able to collect
only ten cases of isolated CSSDH, occurring following shunt
surgery, in his detailed literature search, who developed
during the very first decade of life, but none of the analyzed
cases had additional association of secondary craniostenosis.™
The exact mechanism of osseous transformation is lacking.
Many postulates are put forward to explain the pathogenesis
of CCSDH including injury to the highly vascular tissues,
ie, dura matter, skull bones provoking inflammatory
response and although healing is comparatively more rapid
in children than the adult counterpart. The shunted side,
lateral ventricle used to be continuously draining CSF, hence
ipsilateral brain fails to re-expand, and this could promote
the persistence of subdural hematoma cavity for a prolonged
period, and prolonged stasis of subdural collection may
initiate and promote future calcification.®

Sarkar et al. observed eosinophilic infiltration in the
vascularized and hyalinized granulation tissue of the
subdural membrane in approximately half of the specimens
removed during operative procedure.l'” The connective
tissue growth extending from hematoma margin to
the cranial vault, which ultimately gets hyalinized
with  calcium deposition subsequently under poor
circulation or malabsorption of the subdural hematoma
content.”!” However, microscopic calcium deposits noticed
after month, may progress to extensive calcification and
eventually ossifications in few cases. An underlying poor
circulation, metabolic abnormality, and craniostenosis are
possible hypothesis for development.[-*!

Figure 2: Cranial computed tomography scan showing ventricular catheter
tip of ventriculoperitoneal shunt in situ with well-decompressed lateral
ventricles
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Figure 3: Three-dimensional reconstruction image of the skull showing
the presence of craniostenosis and fused bilateral coronal sutures with
ridge-like appearance

Patients are usually asymptomatic and those symptomatic
cases may develop symptoms many years following
surgical shunt placement. It can present with features of
raised intracranial tensions such as headache, vomiting,
failure to thrive, seizures, and even rarely mental
retardation.'*) Unlike to adult, CCSDH in children may
present with seizures and mental retardation; however,
many asymptomatic cases are also picked up incidentally.P!
The clinical presentation of patients with “armored brain”
is characterized by a slow progression of neurological
signs and symptoms. While the majority of patients remain
asymptomatic, symptoms can include gait disturbance,
chronic headache, deteriorating vision, epileptic seizure,
dysphasia, behavioral problems, and paresis.

CT scan head or magnetic resonance imaging brains
are helpful in confirmation of diagnosis. More common
differentials include calcification in meningioma and
epidural hematoma calcification.

Management of calcified CSH is controversial; management
option includes observation, cerebral decongestant,
or surgical intervention. The conservative treatment
modalities are also advocated for those patients, who are
either elderly or asymptomatic.”’ However, asymptotic
cases discovered incidentally may be followed up and
managed conservatively as only few cases need surgical
management.!

Surgical interventions are recommended for patients with
progressive neurological deficits or raised intracranial
tension.??! The surgical treatment options for armored
brain cases include shunt revision, burr-hole craniostomy,
or craniotomy, and drilling of calcified subdural membrane
should be made judiciously. The surgical procedure
of craniotomies and drilling of calcified membranes
carry risk of injury to the underlying brain."¥ In cases
where the etiology of armored brain is secondary to
shunt overdrainage, the management plan may differ.

Salunke et al. offer alternative method of revision surgery
of the VP shunt citing existence of fine-tune balance created
between the overdraining shunt and the subdural collections,
which is disturbed with shunt block and causes masking of
obstructive hydrocephalus, as the brain cannot re-expand
due to the presence of the already calcified membranes.['™

Our cases underwent burr-hole evacuation with good
result as burr-hole drainage can also offer an equivalent
relief similar to craniotomy, with a lesser morbidity and
mortality and relatively very short hospital stay. However,
craniotomy is advocated in cases with recurrent hematoma
reaccumulates after repeated burr-hole evacuation of
CSSDH or residual hematoma membranes, which
prevent re-expansion of the brain and persisting failure to
obliteration of the cavity.!

Salunke et al. observed the burr-hole tapping of subdural
collections may provide transient improvement, which may
last only for few days. Although drilling of the calcified
membranes may be carried and permitting re-expansion
of the brain.'" However, shunt revision is relatively
much simpler surgical procedure associated with lesser
morbidity and emphasized fresh VP shunt, or shunt
revision should be standard method of care for the armored
brain syndrome cases, especially who were asymptomatic
for years and suddenly getting symptomatic. The more
extensive procedure of craniotomy and drilling the calcified
membranes should be considered only in those patients
who fail to respond to shunt surgery.!'s)

Conclusion

Every case of hydrocephalus, managed with VP shunt
surgery in the past, if presents during follow-up period with
features of fresh neurological deficits, the possibility of
developing calcified chronic subdural hematoma also needs
to considered, although incidence is much rare; however, a
high degree of clinical suspicion is required for diagnosis of
CSSDH. An early diagnosis and appropriate management
is essential. Although every case does not warrant
management intervention, who is diagnosed incidental on
neuroimaging. Ideally, the therapeutic management options
should be tailored made depending on focal neurological
deficit, march of progression of neurological deficits,
volume of chronic subdural hematoma, associated degree
mass effects, and response to conservative therapy.
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