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duced a positive drift as high as
0-27 mm Hg/°C.

This has important practical implications
as the transducer is usually zeroed at room
temperature (18-21 °C) before insertion in
the subarachnoid space (36-38°C). Hence
the displayed value of ICP is as much as 4-5
mm Hg higher than the true ICP. One way
to show this effect in clinical practice is to
monitor the pressure signal during removal
of the microtransducer from the patient's
brain. The pressure waveform disappears
immediately (figure, A-point 1) and the
reading falls rapidly (commonly after a 5-10
second period of unstable reading) to
around 4-5 mm Hg. There is then a more
gradual decrease to 0 mm Hg over the next
10-20 seconds. This decrease represents the
temperature drift during cooling of the
membrane to room temperature. A similar
temperature drift can be easily shown by
removing the Camino catheter tip from a
glass of warm water (figure, B).
The 4-5 mm Hg offset is perhaps of little

importance in patients with normal ICP, but
it is relevant when active treatment of raised
ICP is introduced over a critical threshold
(for example, ICP above 25 mm Hg).
Statistical assessment of the predictive value
of various levels of ICP and cerebral perfu-
sion pressure should be based on values cor-
rected for the offset of Camino transducers.
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Intracranial mucoceles with midline
fusion defects

We report a patient with large bifrontal
intracranial mucoceles presenting with

seizures and progressive mental deteriora-
tion. The diagnosis was only confirmed after
operative intervention. Midline congenital
malformations of bifid nasal septum, sub-
mucosal bifid uvula, and subcutaneous nasal
fistula were also subsequently documented.

Mucoceles, usually associated with
paranasal sinuses can be defined as an
abnormal accumulation and retention of
mucous secretions. They tend to present
with intraorbital or paranasal symptomatolo-
gies but rarely with purely neurological
symptoms.' This case report illustrates one
such patient who has in addition, evidence
of other midline congenital malformations.
The patient, a white man, first presented

in June 1987 at the age of 32 years to the
Department of Neurology after two grand
mal seizures. He had no history of infection,
trauma, or operation involving the cranium,
face, or paranasal sinuses. He denied any
other symptoms. There was a positive family
history for epilepsy (patient's brother) and
nasal sinusitis. His initial physical examina-
tion did not disclose any focal neurological
abnormality. Skull radiographs and EEG
were reported as normal. He was managed
with a provisional diagnosis of epilepsy of
idiopathic origin.

Seizure control remained poor despite
individual trials with phenytoin, sodium val-
porate, and carbamazepine. As a result of a
further increase in seizure frequency after
October 1989, he underwent CT of his
brain (fig IA). This showed bilateral frontal
non-contrast enhancing hyperdense lesions
with no surrounding oedema. Coronal CT
(fig 1 B) showed that these lesions arose
from the anterior cranial fossa floor.
Magnetic resonance imaging showed low
signals on both TI and T2 weighted images.
On referral to the Department of

Neurosurgery, operative intervention was
deferred as his only symptom was seizures
and the risks of surgically induced bifrontal
lobe damage was considered to be unwar-
ranted. He remained under the care of the
neurologists to control his seizures, which
occurred about once a month.
He was rereferred in 1993 with a history

of gradually progressive lethargy and apathy.
His relatives noted abnormal behaviour and
neglect of his personal hygiene. Subsequent
physical examination disclosed bilateral

papilloedema and a repeat brain CT showed
a further increase in the lesion size.
Radiological angiographical studies did not
show any significant vascular supply to the
tumour.
The patient underwent a bicoronal flap

and frontal craniotomy in October 1993.
The surface of the brain was normal. A cys-
tic lesion was encountered at a depth of 1
cm containing thick, dark brown mucous-
like material. Aspiration on the right side led
to collapse of both frontal lobes confirming
the intercommunication between the two
lobes. After the aspiration of all the cystic
contents, fibrin sealant (Tisseel R, Immuno
AG, Vienna, Austria) was injected into the
base of the cyst with the aim of sealing off
any potential communication with the eth-
moidal sinuses. Immediate histological
smear of the contents showed acellular
material with keratin. Paraffin section of the
biopsy of the wall showed gliotic tissue lined
by epithelium on a thin layer of collagen.
The epithelium was multilayered and
columnar (respiratory sinus epithelium?)
with no ciliated or goblet cells suggesting
squamous differentiation. Bacteriological
studies showed the cystic contents to be
sterile.

Postoperative recovery was uneventful
and CT of the brain one week later showed
complete evacuation of the mucoceles (fig
1C). He subsequently underwent ear, nose,
and throat assessment at which a midline
nasal hairy punctum was noted (fig 2), with
an underlying track extending at least 3 cm
in the subcutaneous layer in a superior
direction towards the glabella. He also had a
submucosal bifid uvula. Radiological studies
showed this tract to be blind ending in the
subcutaneous tissues with no obvious
intracranial communication. A further
review of the previous imaging showed a
bifid nasal septum and an aerated crista
galli. The above findings were consistent
with congenital midline fusion defects.

In this patient, mucocele recurrence is
anticipated as the walls were not completely
excised. Further neurosurgical intervention
possibly in combination with the repair of
the anterior cranial fossa floor, external
rhinoplasty, and excision of the midline tract
may be necessary to prevent further recur-
rence. No attempt would be made to com-

Figure 1 (A) Axial cranial CT (1989) showing the bilobedfrontal hyperdense lesions. (B) Coronal cranial CT (1989) showing the communication of
the lesions from the floor of the anterior cranial fossa. (C) Postoperative axial cranial CT (1993).
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Figure 2 Frontal view showing the midline
nasal punctum.

pletely excise the lesions in view of the risks
involved. Regular follow ups should ensure
that surgical intervention precedes any per-
manent neurological damage.

Within three months, the patient had fully
recovered from his behavioural disturbances.
His seizures remained well controlled over
the next year. He is still undergoing further
follow up.
The medical literature over the past 30

years contains reports of intracranial muco-
celes in about 60 patients. Most of the neu-
rosurgical literature involves individual case
reports'-4 and occasional series.'

This particular patient had certain
unusual features. Patients in the previous
reports presented with associated symptoms
of intraorbital or paranasal problems.
Intracranial mucoceles presenting with
epilepsy' and frontal lobe signs were excep-
tionally rare. Also this patient gave no his-
tory of orbital, visual, or sinus related
symptomatology, previous operations, or
trauma.

Although we failed to identify a persistent
tract, it is very likely that the mucoceles were
associated with the midline fusion defects of
bifid uvula, bifid septum, aerated crista galli,
and the midline nasal subcutaneous tract. It
is probable that trapping of an ectopic focus
of functioning respiratory epithelium in the
intracranial compartment led to the subse-
quent production and accumulation of
mucus and debris. The high proteinaceous
contents would have accounted for the
hyperdense images on CT.
The CT appearances satisfy two of the

three major criteria suggested by Perugini et
a16 for the diagnosis of mucoceles-namely,
the presence of a homogenous isodense
mass and a clear cut perimeter. The absence
of the third criteria of patchy osteolysis
around the mass may have resulted from the
distance of the mucoceles from the bony
walls. The MRI appearance of mucoceles is
more variable4 and in this case did not pro-
vide any extra information.

H S CHING
KW LINDSAY

Department ofNeurosurgery
B F O'REILLY

Department ofNeuro-Otology, Institute of
Neurological Sciences, Southern General Hospital

NHS Trust, Glasgow, UK

Correspondence to: Mr Ching Hin San, Depart-
ment of Neurosurgery (Box 166), Addenbrooke's
Hospital, Hills Road, Cambridge CB2 2QQ, UK.

1 Tamas LB, Wyler AR. Intracranial mucocele

mimicking arachnoid cyst: case report.
Neurosurgery 1985;16:85-6.

2 Lunardi P, Missori P, Lorenzo ND, Fortuna
A. Giant intracranial mucocele secondary to
osteoma of the frontal sinuses: report of two
cases and review of the literature. Surg Neurol
1993;39:46-8.

3 Selvapandian S, Rajshekhar V, Chandy MJ.
Mucoceles: a neurosurgical perspective. Br J
Neurosurg 1994;8:57-61.

4 Pompii A, Mastrostefano R, Caroli F, et al.
Mucoceles of neurosurgical interest: clinical
consideration on five cases. Acta Neurochir
(Wien) 1990;102: 114-21.

5 Delfini R, Missorri P, Iannetti G, Ciappetta P,
Cantore G. Mucoceles of the paranasal
sinuses with intracranial and intraorbital
extension: report of 28 cases. Neurosurgery
1993;32:901-6.

6 Perugini S, Pasquini U, Menichelli F, Salvolini
U, Nicola M, Valazzi CM. Mucoceles in the
paranasal sinuses involving the orbit: ct signs
in 43 cases. Neuroradiology 1982;23:133-9.

Irradiation induced osteosarcoma in the
posterior cranial fossa six years after
surgery and radiation for medulloblas-
toma

The development of a secondary malignant
neoplasm in an irradiated field is a rare but
serious complication of therapeutic irradia-
tion. Because of the increased survival rates
for patients who receive radiation therapy
for malignancies, this problem has become
more prevalent.' Although radiation induced
neoplasms can originate virtually from any
kind of tissue, the most common are acute

myelogenous leukaemia and sarcomas of
soft tissue and bone. We report a radiation
induced sarcoma of the suboccipital bone
after irradiation for a medulloblastoma.
A six year old girl was first seen in 1987

with a history of vomiting, progressive
headache, and an unsteadiness during walk-
ing. Clinical examination showed slight
papilloedema, horizontal nystagmus, and
gait ataxia.

Brain CT disclosed a moderate hydro-
cephalus, caused by a large hyperdense
tumour occupying the entire fourth ventricle
(fig IA). The tumour was incompletely
removed and histologically classified as a
medulloblastoma (fig 2A and B). Radio-
therapy of the craniospinal axis with a dose
of 34 Gy in daily fractions of 1-8 Gy was
given, followed by a surdosage of 20 Gy in
10 fractions at the posterior fossa. During
the subsequent years, she was symptom free.
Yearly CT showed no recurrence of tumour.

In 1993, at the age of 13, she presented
with a two day history of episodes of
headache without vomiting or nausea. On
the day of admission, she had noticed a
painful swelling in her neck.
On examination, a solid lump was pal-

pated at the lower occiput. No neurological
abnormalities were found.

Brain CT showed a hydrocephalus caused
by a large biconvex, contrast enhanced, and
calciferous tumour in the dorsal part of the
posterior fossa. The tumour infiltrated the
occiput and showed extracranial extension
(fig 1B). Magnetic resonance imaging did
not show tumour involvement of other parts
of the brain (fig 1C) or spinal cord (not

Figure I (A) CT (contrast enhanced)
showing moderate hydrocephalus, caused by a
large contrast enhanced midline tumour of the
posterior cranialfossa. (B) CT (contrast
enhanced) six years after operation, showing a
large biconvex, calciferous tumour in the dorsal
part of the posterior cranialfossa with
extracranial extension originatingfrom the
occipital bone. (C) T2 weightedMRI (TR 480,
TE 14, sagittal plane). Tumour of the cranial
vault with posteriorfossa-and extracranial
extension-compressing the pons and medulla
oblongata.
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