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Ceresbrospinal fluid hypoxanthine and xanthine
concentrations as indicators of metabolic damage due
to raised intracranial pressure in hydrocephalic
children
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SUMMARY Intracranial pressure and cerebrospinal fluid hypoxanthine and xanthine concentra-

tions were measured in hydrocephalic children with suspected raised intracranial pressure. There
was a highly significant correlation between intracranial pressure and cerebrospinal fluid hypox-
anthine and xanthine levels.

Adenosine triphosphate (ATP) is the main energy
currency of the cell.' Adenine nucleotides are
catabolised during failure of energy supply2 to
uncharged products which can escape from the
ce113-8 so that hypoxanthine69 1015 and xanthine'5
concentrations rise in extracellular fluid, for exam-
ple, cerebrospinal fluid (CSF). The breakdown of
GTP contributes to the related increase in xanthine
excretion.22 The raised hypoxanthine and xanthine
concentrations in CSF from ATP and GTP break-
down in brain can be measured.'3 1" The high and
irreducible" energy consumption of the brain

renders it especially vulnerable to failures of oxygen
or glucose supply, both of which are reduced in
ischaemia. Such ischaemia occurs with raised intra-
cranial pressure (ICP).'6

Previous studies have shown that brief intracra-
nial pressure monitoring in the awake hydrocephalic
patient is likely to produce a false low normal meas-
urement because of the patient's ability to regulate
pressure by hyperventilating."' Overnight pressure
studies have shown that ICP is highest during REM
sleep.'9 These studies are time-consuming and inva-
sive but may be justified because of limitations in the
diagnosis of raised ICP from imaged ventricular
dilatation. A biochemical marker indicating that
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ICP was sufficiently raised to cause cerebral
ischaemia would obviate these difficulties. Our
hypothesis was that raised intracranial pressure
causes ischaemia by reducing cerebral perfusion
pressure and the resulting failure of energy supply
would cause metabolic damage which would be
reflected in CSF hypoxanthine and xanthine levels.

Patients and methods

Nineteen hydrocephalic children with suspected raised
intracranial pressure underwent 23 recordings. Their ages
ranged from 1 year 10 months to 14 years 5 months with a
mean of 7 years 7 months. Hydrocephalus had been diag-
nosed in the first few months of life, usually in association
with spina bifida, but other causes included neonatal
meningitis (1 case), aqueduct stenosis due to congenital
toxoplasmosis (1 case), intraventricular haemorrhage (1
case) and occipital encephalocele (1 case). Most patients
had Rickham ventriculostomy reservoirs inserted at the
time of their initial ventriculo-peritoneal shunt procedure.

Overnight pressure monitoring
Patients had ICP monitored via the Rickham reservoir or
Pudenz cap. A 21 gauge Huber needle was inserted into
the reservoir and this was connected to a Gaeltec* solid
state transducer and preamplifier and Bryan'st pen recor-
der. The mean ICP over one minute during REM sleep was
calculated (fig 1). Blood pressure was recorded regularly
either with a mercury sphygmamanometer or Dinamapt

*Dunvegan, Isle of Skye, Scotland IV51 9RL
tOrchard Road, Royston, Herts SG8 5HH
tSimonsen & Weel Ltd, Hatherley Road, Sicup, Kent DA14 4BR
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Fig. 1 Portion ofovernight intracranial
pressure monitoring trace. The patient was in
REM sleep defined on clinical and elec-
troencephalographic criteria. Because pres-
sure fluctuated markedly over one minute a
mean pressure over this time was calculated
using points shown.

oscillometric device. A 3 channel EEG was recorded using
an Oxford§ medilog cassette recorder and end expiratory
PCO2 was measured continuously via nasal prongs using a
Gould Godartl Capnograph. Sleep staging was done using
the continuous EEG trace with clinical observations. Seiz-
ure activity, if any, was noted.
At the end of the period of monitoring, ventricular CSF

was removed for oxypurine estimations. Within an hour of
collection it was centrifuged (2000 g for 5 minutes) if
blood-stained and stored in plain plastic tubes. The con-
centration of intracellular ATP is about 1 mmol/I whilst
extracellular hypoxanthine concentration is about 1 ,umol/
1. If red cells are not removed, freezing will cause lysis,
released ATP will be degraded enzymically and falsely
high concentrations of CSF oxypurines recorded. The
samples were stored at - 200C until the time of analysis.

Trichloracetic acid extracts of CSF were analysed by
high pressure liquid chromatography (HPLC) using the
method of Simmonds and Harkness on a C18 Hypersil
column.'4 Absorbance was measured at 254 and 280 nm
and peak identity checked by enzyme incubation. HPLC
can separate hypoxanthine and xanthine and is specific and
sensitive.'3 14

Results

Eighteen satisfactory recordings were obtained
allowing calculation of the highest mean pressure
during REM sleep. There was a highly significant
correlation between hypoxanthine concentration
and ICP during REM sleep (fig 2) and xanthine con-
centration and ICP (fig 3). If individual patient's
hypoxanthine and xanthine are added and this total
correlated with ICP the correlation is even more
significant (p = 0.0000024).

In the remaining five recordings and another four
incomplete studies it was possible to say that pres-

sure was raised but not to quantitate it. If these cases
are included, the results can be summarised as
shown in fig 4. From these results it was found that
for hypoxanthine no patient with normal or

§Oxford Medical Systems, Nuffield Way, Abingdon OX14 IBZ
1Roebuck Road, Hainault, Ilford, Essex IG6 3UE
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Fig. 2 Correlation ofCSF hypoxanthine concentration
against mean intracranial pressure over one minute during
REM sleep.

equivocal pressure had a level greater than 8 ,umolIl.
With xanthine no patient with normal or equivocal
pressure had a level greater than 5-1 i.molIl. If total
oxypurines are considered, that is, hypoxanthine
plus xanthine concentration, no patient with normal
or equivocal pressures had a level greater than 13
,moV/I.

Discussion

Raised intracranial pressure may be difficult to
diagnose especially if it is low grade or intermittent.
Prolonged intracranial pressure monitoring is time-
consuming and technically difficult, whilst the CT

731

.
.

.

.

by copyright.
 on M

ay 22, 2023 by guest. P
rotected

http://jnnp.bm
j.com

/
J N

eurol N
eurosurg P

sychiatry: first published as 10.1136/jnnp.47.7.730 on 1 July 1984. D
ow

nloaded from
 

http://jnnp.bmj.com/


Levin, Brown, Harkness

14-

12-

10-

Xanthine 8-
(,umol / I )

6-

4-

2-

10 20 30 40
ICP (mm Hg)
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Fig. 4 Concentrations ofCSFhypoxanthd
total oxypurines in patients with raised IC.
(0); equivocal ICP, 13-20 mmHg (O); a)

<13 mmHg (0). No patient with normal o

sure had a hypoxanthine concentration >8
ine level >5 1 pmolll, or a total oxypurine
1.

scan diagnosis of raised intracranial pressure is late
and imprecise. These problems are particularly
relevant in children with long-standing hydro-
cephalus who may have partial or intermittent shunt
obstruction. There may be a difficult decision as to
whether to change a shunt with all the attendant
hazards20 or allow possible low grade cerebral dam-
age to occur because of long-standing subtly raised
ICP. A biochemical marker of significantly raised
ICP is desirable in these circumstances.
Our results indicate a highly significant correla-

y=2 3+014x tion between maximum ICP during REM sleep and
r=0 8634 both hypoxanthine and xanthine. Our results are
p=0 0001 consistent with those in experimental animals9 16 and

suggest that the mechanism by which CSF
oxypurines are raised in the presence of raised ICP

50 60 70 is due to decreased cerebral perfusion pressure caus-
ing tissue hypoxia.

?ntration against No patient with a normal or equivocal ICP had a
e during REM hypoxanthine level greater than 8 ,umol/l, a xanthine

level greater than 5-1 umol/l, or a total oxypurine
level greater than 13 gmol/l, and we suggest that
further studies to prove that these levels are

* pathological, requiring surgical intervention, are
now justified. These figures also suggest that a sensi-
tive method measuring total oxypurine concentra-
tions would be suitable for routine clinical use. Total
oxypurine, hypoxanthine plus xanthine, concentra-
tions can be measured in CSF with a pO2 electrode
measuring the amount of oxygen that is consumed
when hypoxanthine is oxidised to urate in the pres-
ence of added xanthine oxidase," and an improved

* method has been described.'" An enzymatic colour
test for total oxypurine has also been described'2 but

* these methods are insensitive and for research high
pressure liquid chromatography which can separate
hypoxanthine and xanthine, is the most specific and
sensitive method.'3 14

Some patients with raised ICP have hypoxanthine
and xanthine measurements below the levels men-

o tioned previously. This suggests to us that either the
*0.o episodes of raised pressure are of too short a dura-
* tion to cause significant ischaemia or that CPP is
o maintained by other methods, for example, by

increasing mean arterial pressure. Patients with
reduced compliance may show rapid increases in
pressure with changes in cerebral blood flow but
accommodate in a relatively short time. Since there

oxyplrine is a time factor involved in the production of
ineoxyprinea significant metabolic tissue damage from hypoxia,

P, >20 mmHg prolonged low grade intracranial hypertension may
nd normal ICP cause the same amount of damage as a brief episode
r equivocal pres- of markedly raised ICP.
p,umolll, a xanth- CSF hypoxanthine and xanthine levels appear
level >13 ,umoll specifically to reflect the initial metabolic damage

from failure of energy supply2' and could thus indi-
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cate significantly raised intracranial pressure.
Whilst raised CSF oxypurines may prove useful in

selecting those patients requiring shunt revision,
there is a need for a controlled trial in which CT scan
appearances, intracranial pressure monitoring and
oxypurine levels are evaluated against long-term
progress including psychometric assessment of both
treated patients and those with supposedly arrested
or adequately controlled hydrocephalus. Oxypurine
measurements may then be found to simplify the
diagnosis and management of raised intracranial
pressure not only in cases such as ours but also in
other situations.
The work was undertaken under the rules of the

Royal Hospital for Sick Children, Edinburgh, Ethi-
cal Committee.
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