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Cerebrospinal fluid neurohypophysial peptides in
benign intracranial hypertension
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SUMMARY The cerebrospinal fluid (CSF) concentrations of arginine vasopressin (AVP) and
oxytocin (OT) were investigated both in patients with benign intracranial hypertension and in age and
sex matched controls. Twenty eight lumbar punctures were performed on 15 patients with benign
intracranial hypertension as part of their routine investigation and therapy. All patients had raised
intracranial pressure (27.4, SE 1-7 cm.CSF). CSF AVP levels were significantly elevated in benign
intracranial hypertension (2' 1, SE 0 3 pmol/l) compared with controls (0 7, SE 0O 1 pmol/l,
p < 0-001) but CSF OT concentrations were similar in both groups. CSF osmolality and plasma
AVP and osmolality were identical in patients and controls. There was no correlation between CSF
AVP concentration and intracranial pressure. The selective elevation of AVP in CSF may be of
importance in the pathogenesis of raised intracranial pressure in benign intracranial hypertension.

Arginine vasopressin (AVP) and oxytocin (OT) are
widely distributed in the CNS, not only in the
hypothalamus, but also in various extrahypothalamic
regions and the spinal cord.'`3 Both peptides have also
been demonstrated in CSF by bioassay and radio-
immunoassay techniques.4" The blood-brain barrier
prevents access of circulating AVP and OT to the
CSF.5 In addition, the classical physiological stimuli to
neurohypophysial peptide secretion do not result in
marked alterations of CSF concentrations of OT or
AVP, suggesting that the CSF peptides have distinct
origins and regulation from the hypothalamo-
neurohypophysial system. The functions of these
hormones in the brain and CSF are unknown.
There is accumulating evidence for an association

between elevated CSF AVP concentrations and dis-
orders associated with raised intracranial pressure
(ICP) including benign intracranial hypertension, 9
subarachnoid haemorrhage'° and meningitis." It is not
known whether the rise in CSF AVP is part of the
primary pathology or simply a non-specific response
to changes in ICP.
We have recently demonstrated'2 that

intracerebroventricular infusion of AVP in the cons-
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cious goat leads to elevation of ICP by a mechanism
independent of any effect on systemic arterial blood
pressure or circulating AVP. We have therefore inves-
tigated CSF neurohypophysial peptide concentrations
in patients with benign intracranial hypertension and
controls.

Methods

Fifteen patients with benign intracranial hypertension (mean
age 35 5y, range 14-55y; 13F:2M) were investigated (table 1).
Table 1 Clinical characteristics, CTand CSFfindings at
presentation ofpatients with benign intracranial
hypertension.

Duration
of Protein WBC ICP

Sex Age symptoms CT (gil) (106/i) (cm.CSF)

F 35 2y N 065 < 3 27
F 35 5y N 0-42 < 3 26
F 53 Sy N 0-68 < 3 30
M 45 2y N 0 53 < 3 28
F 28 ly N 0-32 < 3 37
F 25 4m N 0-41 < 3 41
F 32 5y N 0-38 11 30
F 55 3m ES/V 0.55 < 3 26
F 50 ly N 053 < 3 28
F 26 Sm N 057 9 33
M 28 Im N 0-69 < 3 40
F 21 ly ES 030 < 3 20
F 48 ly N 042 < 3 32
F 37 ly N 0-47 < 3 42
F 14 Im N 0-14 < 3 33

N = Normal, V = small ventricles, ES = empty sella on CT.
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All gave their informed consent to the study which had been
approved by the local ethical committee. All had
papilloedema and enlarged blind spots. Ventricular size was
normal or symmetrically decreased on computed tomo-
graphy (CT); two also showed empty sellae, a feature
associated with elevated intracranial pressure (table 1). Ten
patients were on no medication prior to study, one was
receiving paracetamol for headaches, one was taking
diuretics and three were taking acetazolamide. One patient
on acetazolamide was receiving chronic lithium carbonate
therapy for manic depressive disease.
CSF was obtained at routine lumbar puncture (LP), which

was performed between 09:00 and 12:00h, under local
anaesthesia. Some patients were investigated more than once
(total of 28 LPs). Patients were positioned recumbent for 30
min prior to LP. A blood sample was taken and then LP was
performed in the lateral decubitus position. Intracranial
pressure was estimated by direct manometry before samples
were obtained for routine biochemistry, microscopy and
peptide and osmolality estimation. Serial 5 ml aliquots of
CSF were obtained from 13 patients.
The controls (mean age 35 5y, range 18-61y; l0F:6M)

comprised 16 patients undergoing LP as part of the routine
investigation of lumbar disc disease (8), headache (3),
possible multiple sclerosis (3), acute myeloid leukaemia
without CNS involvement (1) and benign cerebral calcifica-
tion (1). Paired blood and CF samples were obtained after 30
min recumbency and treated similarly to samples from
benign intracranial hypertension patients.

Analyses
Venous blood was collected into lithium heparin tubes on ice,
centrifuged at 4°C, the plasma separated, an aliquot retained
for osmolality estimation by freezing point depression, and
the remainder stored at - 20°C for subsequent peptide
radioimmunoassay. CSF was stored at - 20°C. Plasma was
extracted through octadecasilyl silica cartridges (Sep-pak
C18, Waters Associates, Milford, MA) prior to peptide
estimation by sensitive and specific radioimmunoassays.'3
Extraction yield was >90% for both OT and AVP; no
correction for yield was made. CSF peptides were estimated
directly. Intraassay coefficient of variation was < 5% for
both OT and AVP ((2 fmol standard, 10 replicates). Interas-
say coefficients of variation were 10% for OT and 15% for
AVP (2 fmol standard). Minimum detectable concentra-
tions, under the assay conditions employed, were 0-25 pmol/l
for AVP in CSF and plasma, and 2 pmol/l for CSF OT. High
performance liquid chromatography (HPLC) was performed
on a reverse phase column (Nucleosil C8, Macherey-Nagel,
Duren) using a linear gradient of 12-48% acetonitrile against
0-1% trifluoroacetic acid. Fractions of CSF from two
patients with benign intracranial hypertension were assayed,
as above, for AVP and compared with authentic, synthetic
standard AVP (Cambridge Research Biochemicals, Cam-
bridge).

Statistics
CSF peptides were not normally distributed and were
compared by the Wilcoxon signed rank test. Other compari-
sons were made using Student's t test. Linear regression
analysis was performed by the least squares method. Statis-
tical significance was set at p < 0 05. Values are means, SE.

Results

Intracranial pressure was significantly (p < 0-001)
elevated in patients with benign intracranial hyperten-
sion (27-4, SE 1-5 cm.CSF) compared with controls
(13-6, SE 1-7 cm.CSF). CSF protein concentration
(0 47, SE 0 04 g/l in benign intracranial hypertension,
0-48, SE 0-07 g/l in controls) and CSF cell counts were
similar in both groups.
CSF AVP concentration was 2 1, SE 0 3 pmol/l

in benign intracranial hypertension patients, signifi-
cantly greater than controls (0-7, SE 0- 1 pmol/l,
p < 0-001). CSF OT levels however, were similar in
patients (9 3, SE 11 pmol/l) and controls (8-8, SE
1-4 pmol/l). Examination of the data (fig) revealed a
single control CSF OT value considerably higher than
the rest. Exclusion of this point reduced mean (but not
median) control CSF OT to 7-8 SE 0-9 pmol/l, but this
adjusted control value was also not significantly lower
than CSF OT in benign intracranial hypertension
patients (p = 0 49).
Plasma AVP and osmolality and CSF osmolality

were identical in both patients and controls, (table 2).
There were no significant differences between the CSF
AVP concentrations in the first (2 1, SE 0-2 pmol/l)
and the last (1-7, SE 0-2 pmol/l) aliquots of CSF, nor
were there differences between the initial (8-9, SE
1 7 pmol/l) and final (8-9, SE 1-3 pmol/l) CSF OT
levels. There was no correlation between CSF AVP
and intracranial pressure in either patients
(r = - 0 2), controls, or combined patients and
controls (r = 0 1).
HPLC analysis of CSF from patients with benign
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Figure CSF vasopressin (A VP) and oxytocin (OT)
concentrations in patients with benign intracranial
hypertension (BIH) and controls.
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Table 2 Comparison ofplasma and cerebrospinalfluid
(CSF) data in patients with benign intracranial hypertension
(BIH) and controls.

BIH Controls

ICP (cm.CSF) 27-4, SE 1.5 13-6, SE 1-7
Plasma AVP (pmol/l) 1-8, SE 0 5 1-3, SE 0 5
CSF OSMOL (mOsm/kg) 288, SE 2 288, SE 2
Plasma OSMOL (mOsm/kg) 288, SE 2 290, SE I

ICP = intracranial pressure.

intracranial hypertension confirmed that AVP
immunoreactivity eluted in the same position as
authentic synthetic AVP.

Discussion

All patients investigated had elevated intracranial
pressure without focal abnormality on CT scan,
Although benign intracranial hypertension is likely to
be a heterogenous disorder, the patients described here
were similar in characteristics and clinical findings to
those reported by others.'9 There was no evidence of
abnormalities of CSF protein concentration, cell
count or type.

Previous studies have demonstrated raised levels of
CSF AVP in patients with benign intracranial hyper-
tension and other disorders associated with raised
ICP, though there was considerable overlap with
control subjects in some series.9 Our results showed a
three-fold elevation of CSF AVP in patients with
benign intracranial hypertension. Again there was
overlap in CSF AVP values between some benign
intracranial hypertension patients and controls. In
addition, we were unable to demonstrate a direct
relationship between CSF AVP concentration and
intracranial pressure, in contrast to previous results.8
These discrepancies might suggest that the CSF AVP
elevation observed represents a secondary epiphen-
omenon.
On the other hand, CSFOT was identical in patients

and controls, suggesting that the elevation of CSF
AVP in benign intracranial hypertension does not
represent a non-specific release of peptides secondary
to the pathological process. OT is a particularly good
control for AVP in view of its similar structure and
distribution throughout the CNS.3 14 The elevation of
AVP, but not OT, in CSF is unlikely to reflect
differences in the clearance rates of these similar
nonapeptides.5 In addition, the HPLC analysis
provides strong evidence that the immunoreactivity
measured is authentic AVP rather than any
accumulating metabolic product or cross-reacting
substance present in the CSF in benign intracranial
hypertension. Furthermore, the overlap of values
between benign intracranial hypertension and con-

Seckl, Lightman
trols does not exclude a primary role for CSF AVP in
the pathogenesis ofraised ICP. Indeed, this variability
should perhaps be ofno surprise in a condition oflong
duration and fluctuating severity. It is unlikely that the
peptide would act directly in the CSF itself, raised
levels presumably represent dilution ofAVP released
from sites of action within the CNS or related
structures.

Although early work on the effects ofAVP on ICP
in anaesthetised rabbits yielded conflicting results,915
we have recently demonstrated that intracerebroven-
tricular infusion of AVP leads to elevation of ICP in
conscious goats.'2 There are several possible mechan-
isms by which elevations of AVP in CSF might affect
ICP. AVP injections into both the CSF and brain stem
have been shown to alter cardiovascular
parameters.'617 However, in the conscious goat, sys-
temic blood pressure changes were not an important
factor in the elevation of ICP observed. 12

Central injection of AVP in nanomolar doses has
been shown to alter brain capillary permeability'8 and
increase cerebral hydration in experimental
animals.'92 Although increased cerebral hydration is
seen in intracranial infections, such as meningitis,
cerebral oedema is not usually reported in benign
intracranial hypertension.2' Indeed, in benign
intracranial hypertension there is considerable
evidence for altered CSF dynamics; most suggests
increased resistance to absorption of CSF,2'-23 alth-
ough some studies have proposed excessive CSF
formation.624 Furthermore, we have recently demon-
strated that elevation ofCSF AVP in the goat leads to
a fall of CSF absorption rate without significant
alteration of CSF formation rate.25 These changes in
CSF dynamics would be fully in accord with the
normal CT scan findings in this condition.26

Intracerebroventricular infusion ofAVP in anaesth-
etised dogs is associated with a reduction in circulating
AVP levels.27 This might be expected to affect CSF
formation rate by a direct action on the choroid
plexus,2819 but in the conscious goat plasma AVP
concentrations were not significantly altered by
intracerebroventricular AVP infusion.'2 These
differences may represent interspecific differences or
the differential effects of anaesthetic agents,3' which
may themselves alter CSF dynamics and intracranial
pressure.3' In our patients with benign intracranial
hypertension plasma AVP concentrations were similar
to controls, suggesting that peripheral hormonal
effects are not important in the pathogenesis of the
intracranial hypertension observed.
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their patients. Molly Seckl provided invaluable
secretarial assistance. JRS was in receipt of a Jules
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