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since C. burnetti is a highly resistant micro-
organism; second, it enters the host cells by a
passive mechanism unlike true rickettsiae and a
rash almost never occurs in acute Q fever; third,
patients lack cross-reacting antibodies to proteus X
strains (Weil-Felix reaction).' Therefore, ricketts-
aemia often follows a proliferation of micro-
organisms in the lungs and a self-limited febrile
illness with or without pneumonia is the most
common form of Q fever."6 Nevertheless, Q fever
can present as an acute hepatitis without any
pulmonary manifestations6 and our report demon-

strates that it can also present as isolated lym-
phocytic meningitis. A lumbar puncture is not
usually performed on patients with Q fever. How-
ever, the common occurrence of severe headache
noted in 65-90% of the patients,6 as well as the
biology of the infection' suggest that lymphocytic
meningitis in Q fever may occur much more
frequently than realized, and in fact, C. burnetti has
been isolated from the CSF of such patients.7
Serology for rickettsial diseases including C.
burnetti should always be performed in unex-
plained lymphocytic meningitis.
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Pseudotumour cerebri associated with arteriovenous
malformations
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Summary: The association ofintracranial hypertension and arteriovenous malformations is described
in two patients. Both patients had the typical clinical features of pseudotumour cerebri and were found to
have intracranial arteriovenous malformations on arteriography. The mechanism of raised intracranial
pressure in patients with arteriovenous malformations is discussed.

Introduction

The recognition of a syndrome of raised intra-
cranial pressure without ventricular distension
dates from 1897.' The number of different putative
causes and associations has expanded over the
years.23 It is known that pseudotumour cerebri
may occur with no identifiable cause, or secondary

to various specific disorders.4 The common factor
in producing the raised pressure is a disturbance of
the normal dynamics ofcerebrospinal fluid produc-
tion and absorptions.57 By definition, the term
pseudotumour cerebri excludes patients with raised
intacranial pressure secondary to space occupying
lesions producing a mass effect, or patients with
ventricular distension.8 However, there is a small
group of patients with pseudotumour cerebri who
do have a focal vascular lesion, usually involving
the venous sinuses, producing raised intracranial
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pressure by impairing cerebrospinal fluid (CSF)
outflow.4 The recognition of arteriovenous malfor-
mations as a cause ofpseudotumour cerebri would
have been expected to increase with the develop-
ment of magnetic resonance scanning. However,
there are only four cases of pseudotumour cerebri
in association with arteriovenous malformations in
the literature in whom other causes of pseudo-
tumour cerebri including venous sinus occlusion,
have been excluded.49 11
We present two further patients who have

pseudotumour cerebri secondary to an arterio-
venous malformation (AVM) and review the possi-
ble mechanism of raised intracranial pressure.

Case histories

Case I

A 35 year old Caucasian female presented with a 2
month history of headaches. These were constant
with no relieving or exacerbating factors. She also
had spontaneous brief episodes of visual blurring
affecting both eyes, together or separately. There
was no relevant past medical history. She was on no
medications. On examination her visual acuities
were 6/6 in both eyes unaided. Her visual fields
demonstrated enlargement of the blind spots on
Goldman perimentry. There was bilateral papil-
loedema. She had a bruit over the left cranium. The
rest of the neurological and systemic examination
was normal.
A biochemical and haematological profile was

normal. A computed tomographic brain scan
showed a cerebral arteriovenous malformation in
the left frontoparietal lobe. An angiogram (Figure
1) demonstrated this to be a small vessel
arteriovenous malformation supplied by cortical
branches of the left anterior and middle cerebral
arteries, with drainage mainly into the superior
sagittal sinus. There was no evidence of sinus
occlusion. A lumbar puncture was performed with
a CSF pressure of 28 cm. The CSF constituents
were normal.
An embolization procedure was carried out. A

branch of the left middle cerebral artery was
catheterized and injected with histacryl. Following
this the patients had a dramatic resolution of her
headaches and visual blurring, with reduction of
her optic disc swelling.

Case 2

A 65 year old Indian man presented with a 3 month
history of poor vision. He had had non-specific
tension headaches for many years. He also com-
plained of a pulsating noise in his head. He had a
past history of hypertensive nephropathy con-

.....~ ~~~. .._..

Figure 1 Intravenous angiogram showing a large
arteriovenous malformation supplied by branches of the
left anterior and middle cerebral arteries with drainage
into the distended sagittal sinus.

trolled with continuous ambulatory peritoneal
dialysis for 8 years. His medications consisted of
alphacalcidol and calcium carbonate. On examina-
tion his visual acuities were 6/6 bilaterally unaided.
His fields were constricted to Goldman perimentry
with enlarged blind spots. Both his optic discs were
chronically swollen. There was a right cranial bruit.
The rest of the examination was normal apart from
his indwelling peritoneal catheter. His blood pres-
sure was 120/85 mmHg.

Investigations showed a mild anaemia haemo-
globin (9.5 g/dl) with normal haematinics. Blood
urea and creatinine were 14.2 mmol/l and
190 jAmol/l respectively. Serum calcium and phos-
phate were normal. Computed tomographic brain
scan was normal. A lumbar puncture showed an
opening pressure of 34 cm of water and normal
constituents. An angiogram was performed. This
showed an intracranial arteriovenous malforma-
tion between the right occipital artery and a dural
sinus.
The AVM was embolized with histacryl.

Immediately following this there was relief of the
patient's pulsating noise. Later his papilloedema
improved and his visual fields enlarged.

Discussion

Raised intracranial pressure in patients with
arteriovenous malformations is usually secondary
to subarachnoid haemorrhage with consequent
communicating hydrocephalus and ventriculo-
megaly. The high flow rates through the arterio-
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venous malformation may also provoke sagittal
sinus thrombosis and then produce psuedotumour
by interfering with CSF absorption."2"3 In our
patients neither of these factors was operating.
Other causes of raised intracranial pressure such as
cerebral oedema, mass effect or ventricular ob-
struction were also absent.
The occurrence of raised intracranial pressure in

patients with an arteriovenous malformation is
rarely mentioned in the literature. In a review of
545 patients with arteriovenous malformations not
one patient is mentioned with papilloedema.'4 Out
of 110 patients reported by Paterson,'5 17 had
papilloedema, 14 secondary to subarachnoid
haemorrhage, one from non-communicating hydro-
cephalus, and the other cause was not specified. In a
description of arteriovenous malformations invol-
ving the transverse sinus, 24% were described as
having papilloedema.'6 Unfortunately there was no
information provided on the CSF pressure,
presence of hydrocephalus, or association with
subarachnoid haemorrhage. In another report of
16 patients, also with dural arteriovenous malfor-
mations,'7 two had papilloedema, this was secon-
dary to subarachnoid bleeding in one and caver-
nous sinus distension in the other. There are more
reports of raised intracranial pressure secondary to
anteriovenous malformations in infants than in
adults. '823However, ventriculomegaly is present in
infants. It has been suggested that it is the ability or
inability of the cranial vault to expand that
differentiates these two groups.24 Cronquist
speculated that the mechanism of raised intrac-
ranial pressure was that by shunting blood into the
sagittal sinus the sinus pressure was increased and
CSF absorption was disturbed.'9 One infant was
described with an extracranial AVM which
shunted blo'od into the transverse sinus causing
raised CSF pressure and hydrocephalus.23 In adults
the same mechanism may operate to produce
pseudotumour cerebri in patients with arterio-

venous malformations. The increased sagittal sinus
pressure is counterbalanced by an increase in CSF
pressure to maintain the CSF-sagittal sinus pres-
sure gradient.5 25'26 In one patient with an
arteriovenous malformation and pseudotumour
cerebri sagittal sinus pressure and CSF pressure
were measured during removal of the arterio-
venous malformation which was shunting blood
into the transverse sinus.9 They found that the
sagittal sinus pressure was considerably raised but
consistently lower than CSF pressure.
The site of the arteriovenous malformation

seems to have no bearing on whether pseudo-
tumour cerebri is produced. Of the four cases in the
literature, three were in the cerebral paren-
chyma4"0"' and the other was dural.9 All shunted
blood into the sagittal sinus although the dural
arteriovenous malformation9 was via the trans-
verse sinus. The second of our cases was a dural
AVM the other an intracerebral AVM. Presumably
it is the pressure in the sagittal sinus that is the
critical factor rather than the size or position of the
AVM. The larger and more numerous the arterial
component of the AVM, the higher the pressure
transmitted to the draining veins. This cannot be
assessed by angiography, although in the first case
the degree of distension of the sagittal sinus gives
some indication of raised venous pressure. The
prognosis is favourable for the pseudotumour
cerebri syndrome if the AVM can be treated. One
patient reported by Lamas9 underwent selective
embolization of the ateriovenous malformation
with resolution of the raised pressure altogether.
Another was treated by a lumbar peritoneal shunt
with success." No treatment details are available
from the other two cases. Both our patients had a
useful response to embolization. This method not
only cures the pseudotumour cerebri but also
reduces the risk of subsequent bleeding from the
arteriovenous malformation which is the major
cause of morbidity and mortality.'4
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Summary: The tumour-derived factor PTH-related protein (PTHRP) is the primary humoral factor
responsible for hypercalcaemia in patients with solid tumours. In a woman presenting with anaemia and
hypercalcaemia, the finding of raised plasma PTHRP and undetectable serum PTH concentrations led to
further investigations and the subsequent identification of a uterine tumour. No evidence of tumour spread
was found at operation, and removal of the tumour resulted in normalization of both serum calcium and
plasma PTHRP. Expression of PTHRP by the tumour was shown by immunohistochemistry and in situ
hybridization. We conclude that the identification of an occult tumour in a patient with hypercalcaemia
and raised plasma PTHRP provides evidence of the diagnostic utility of PTHRP immunoassays in the
investigation of patients with hypercalcaemia and suspected malignancy.

Introduction

Hypercalcaemia is a common biochemical com-
plication in patients with both solid and
haematological malignancies. In the case of solid

tumours, there is overwhelming evidence that the
tumour-derived factor parathyroid hormone-
related protein (PTHRP) is an important humoral
mediator of hypercalcaemia,' and is elevated in the
plasma of the majority of hypercalcaemic
patients.2'3 Here we report a patient identified
during an assessment ofthe clinical roles oftwo-site
immunoradiometric assays (IRMA) for para-
thyroid hormone (PTH) and PTHRP,4 in whom
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