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Vasopressin in plasma and CSF of patients with
subarachnoid haemorrhage
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S U MM ARRY Arginine vasopressin was measured in the bood and cerebrospinal fluid (CSF) of
42 patients with subarachnoid haemorrhage. Increased concentrations of vasopressin were

present in 10 patients, of whom eight had bled from an anterior communicating artery
aneurysm. In three patients high blood vasopressin values were associated with gross hypo-
natraemia. Five patients were found to have increased CSF vasopressin concentrations in the
presence of normal plasma values and in all of these the level of consciousness was severely
disturbed. It is suggested that an increased secretion of vasopressin into the blood or CSF may
be a contributory factor in the worsening condition of some patients with subarachnoid
haemorrhage.

Disturbances in sodium metabolism have fre-
quently been reported in association with sub-
arachnoid haemorrhage1 2 and hyponatraemia in
particular has been implicated in the worsening
clinical condition of some patients. A low serum
sodium concentration has sometimes been attri-
buted to the inappropriate secretion of antidiuretic
hormone, vasopressin,2 although this diagnosis
is usually made on clinical grounds only, without
knowledge of the actual concentration of vaso-
pressin in the blood, mainly because assay of the
hormone is not readily available. With the recent
development of sensitive radioimmunoassays it
has been shown that vasopressin is also present
in normal cerebrospinal fluid (CSF),4 5 and it has
been suggested that CSF may provide a transport
system whereby neurohypophyseal secretion can
reach various parts of the brain., With these con-
siderations in mind, we have determined the con-
centration of vasopressin both in plasma and CSF
of patients with subarachnoid haemorrhage, and
have attempted to correlate the findings with the
clinical condition.

Patients and methods

Forty-two patients were studied in whom the diagnosis
of subarachnoid haemorrhage had been established by
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lumbar puncture. Cerebral angiography was per-
formed in all cases and arterial abnormalities were
found in 32 patients: anterior communicating artery
aneurysm (14), posterior communicating artery
aneurysm (12), middle cerebral artery aneurysm (2),
multiple aneurysms (3), parietal angioma (1). One of
the 10 patients in whom no arterial abnormality could
be demonstrated had an extensive temporal lobe
haematoma. After the diagnosis had been made, lum-
bar CSF and blood samples were taken simultaneously
for measurement of arginine vasopressin by a highly
specific radioimmunoassay method previously des-
cribed.4 Using this method it has been established that
in a series of normally hydrated subjects without
brain disease plasma vasopressin ranged from 19-
3.9 pmol/l (mean+SD=2 8+07) and CSF concentra-
tions ranged from 1-4-3-6 pmol/l (mean 2-4+0-7).
Paired CSF and plasma samples were always assayed
together. Plasma electrolytes and osmolality were also
determined in each case. At the time of the investiga-
tion 20 patients were fully alert, 16 were drowsy, and
six were comatose.

Results

The values for the plasma and CSF concentrations
in all patients are shown in the figure. Thirty-two
patients, including all those who were fully alert,
had vasopressin values which were within the nor-
mal range for plasma and CSF. Two of these had
moderately decreased plasma sodium concentra-
tions of 129 and 128 meq/l respectively. In 10
patients vasopressin concentrations were increased
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either in the plasma or CSF, and sometimes in
both fluids. All with increased values, apart from
two patients, had anterior communicating artery
aneurysms. These findings are further analysed
in the table which also shows the plasma sodium,
osmolality and the level of consciousness.

In patients 1-5 plasma vasopressin was in-
creased, and in three of these (nos 1, 3, 4) plasma
sodium was considerably decreased. Two patients
had increased vasopressin concentrations in both

plasma and CSF, and the highest value was found
in a patient with a large temporal lobe haema-
toma. In five patients (nos 6-10) CSF vasopressin
was increased in the presence of normal plasma
values; a raised CSF vasopressin value persisted in
two patients when they were re-examined 11 and
14 days later. All of the 10 patients with increased
vasopressin concentrations had an impaired level
of consciousness, and three of those with raised
CSF values were comatose and subsequently died.

Table Abnormal plasma or CSF vasopressin concentrations in patients with subarachnoid haemorrhage

Patient Age Sex Level of Source of Plasma Na Plasma osmolalitv Vasopressin pmol l
consciousness haemorrhage (mmolIl) mosmol/kg

Plasma CSF

1 65 M Very drowsy ACA 117 263 7-5 1-5
2 48 M Drowsy ACA 140 282 5 9 2-6
3 47 M Drowsy ACA 125 265 7-3 1-3
4* 61 M Coma ACA 146 298 6-8 15-0

6 days later 122 256 15-5 2-6
11 days later 127 269 11-3 5 0

5 33 M Very drowsy Temporal lobe 133 279 35-0 24-0
haematoma

6 45 F Very drowsy ACA 127 272 2-6 8-5
7* 61 F Coma ACA 121 257 2-2 7-2

14 days later 131 277 1-5 4-8
8* 43 F Coma ACA 153 317 2-9 7-3
9 53 F Drowsy Unknown 137 289 1.9 4-5
10 51 F Drowsy ACA 135 290 3 0 4-9

Normal range 134144 279-298 1 9-3 9 1-43-6

*Died; ACA =anterior communicating artery.
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Discussion

These results show that in approximately 25% of
this series of patients with subarachnoid haemor-
rhage, increased concentrations of vasopressin
were present in the plasma or CSF. Hyponatraemia
was present in a total of seven patients and was
of sufficient severity in five to be a contributory
cause of their impaired level of consciousness. In
three of these patients the high concentration of
vasopressin which was found in the blood provides
a direct confirmation that an inappropriate secre-
tion of antidiuretic hormone can occur in sub-
arachnoid haemorrhage. It is important to identify
this complication since improvement can be ob-
tained by simple restriction of the fluid intake. In
the presence of a normal or low plasma osmolality
the cause of the raised plasma vasopressin concen-
trations must be outside the normal osmotic regu-
lation of the hormone. In experimental animals, a

sudden increase in intracranial pressure, produced
either by the injection of blood into the sub-
arachnoid space or by cerebral compression, leads
to a rapid rise in blood vasopressin concentrations.7
It is, however, significant that all the patients with
abnormal values in the present series, apart from
two, had bled from an anterior communicating
artery aneurysm. In a detailed histological study of
patients dying from subarachnoid haemorrhage,
Crompton8 showed that haemorrhagic and is-
chaemic lesions in the anterior hypothalamus were

particularly associated with haemorrhage from
anterior communicating artery aneurysms, and it
seems likely that these lesions could result in an

abnormal release of vasopressin from hypothala-
mic neurons.
Of particular interest was the observation that

CSF vasopressin concentrations were increased
in some patients with normal plasma values,
although in normal subjects, CSF values are

usually slightly lower than those of the plasma.4
It has been shown, however, that there is a blood-
CSF barrier to the hormone4 9 and it seems that
excessive secretion of vasopressin into the CSF
is independent of the classical hypothalamic-
neurohypophyseal release of hormone into the
blood. The origin of the CSF vasopressin could be
a direct secretion into the ventricles since, by the
use of immunohistochemical methods, vasopressin
fibres have been traced from the paraventricular
nucleus of the hypothalamus to the choroid plexus
and the surface of the lateral ventricle.'0 11 In
addition, a direct passage of vasopressin from the
brain into the CSF is possible since it is now known
that various extra-hypothalamic areas of the brain
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contain the peptide."213 The possibility that in-
creased concentrations of vasopressin in the CSF
are of clinical importance receives support from
the experiments of Raichle and Grubb,14 who in-
fused vasopressin into the cerebral ventricles of
rhesus monkeys and observed that the perme-
ability of the brain to water was greatly increased,
whereas raising the plasma concentration of the
hormone had no such effect. Cerebral oedema
often accompanies a worsening of the clinical
condition, so that it is perhaps significant that all
our patients with increased CSF vasopressin con-
centrations had gross impairment of consciousness,
and three subsequently died.

There are many reasons, some of which are as
yet unknown, for the high morbidity and mortality
in subarachnoid haemorrhage; it seems likely that
in some cases, especially those with anterior com-
municating artery aneurysms, an increased secre-
tion of vasopressin into the blood or CSF is an
important contributory factor.
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