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pressure reference level at the cranial sagittal
centre. Drainage of CSF and infusion of
artificial CSF was made to and from a con-

tinuously weighed bottle. The pressure in the
bottle was regulated by means of an electronic
control system acting on the fluid in the bottle
by means of the air pressure from a pump.

The CSF resting pressure was determined
when the resting recording had been stable for,
at least 10 minutes, which usually required 30-
60 minutes recording. The conductance of the
CSF outflow pathways was determined by
applying multiple pressure levels to the CSF
space while recording the resulting inflow of
artificial CSF into the patient. Thus within a

few minutes a stable flow at a stable pressure
was obtained. Usually, three different pressure/
flow values could be obtained. These values
were then used to calculate the pressure/flow
relationship. The slope for the pressure/flow
values is equal to the CSF outflow conductance.
The CSF formation rate was determined by
lowering the CSF pressure to a value ofabout 0
kPa for a time long enough to get a stable
pressure and outflow into the bottle. Thus
about 30-40 ml of CSF was drained and the
patient was left with a CSF pressure about 0
kPa. The clinical effect of lowering CSF pres-

sure in this way would be similar to the effect of
the CSF tap-test according to Wikkelso.23 Clin-
ical parameters such as walking disturbance,
memory and fine skilled movements in arms

were tested at 1 pm the day before and the same
day as the CSF hydrodynamic investigation
was performed.

Assessment of monoamine concentrations
Concentrations of 3-methoxy-4-hydroxy-
phenylglycol (MHPG), homovanillic acid
(HVA) and 5-hydroxyindoleacetic acid (5-
HIAA) were determined simultaneously by
reversed phase isocratic liquid chroma-
tography with electrochemical detection essen-

tially as described elsewhere.2425 Briefly, to each
90 pl of CSF, 10 p1 of 1M perchloric
acid (containing 0-3 mM Na2EDTA, 0 5 mM
Na2SO3, 0-5 1M isoproterenol (internal
standard) and 2500 IE heparin) were added.
The samples were vortexed, centrifuged at
48 000 g for 30 minutes at + 4°C, taken through
a 0-60 yM Millipore filter and 50 Ml was then
directly injected into the chromatographic sys-
tem. The isocratic mobile phase, with a flow
rate of 1 2 ml/min, consisted of a 100 mM
citrate buffer including 0 3 mM Na2EDTA,
0 334 mM octylsulphate; 5.5/94.5% (vol/vol)
acetonitrile/water at a pH of 2-35. The station-
ary phase consisted of a 170 x 4-6 mm stainless
steel column packed with Nucleosil C- 18, 5 jm

(batch no 5061) from Macherey-Nagel (Duren,
Germany), the column temperature was con-

trolled by means of a plastic jacket coupled to a

water thermostat that was set at + 25°C. The
substances were detected electrochemically
with a Coulochem ESA detector (Environ-
mental Sciences Associates 5100A, Bedford,
MA, USA) with an analytical cell, model 7021.
A guard cell (placed before the SIL 6A,
Shimadzu autoinjector) was set at + 1-05V (to
minimise background noise), the first detector

cell at + 0 1OV (to avoid a negative deflection in
the baseline) and the second detector cell
(coupled to the integrator) at +0 55V versus
paladium reference electrode. The detector was
coupled to an integrator, model CI10
(Laboratory Data Control, Riviera Beach, FL,
USA). The recoveries for the substances as
measured in CSF were in the range between
94-99%.25 The coefficient of variation (CV)
showed an average value of 1 8% for standards
and 2-1% for CSF samples.25

Assessment of cholinergic markers
Acetylcholinesterase (AChE, EC3.1.1.7) and
butyrylcholinesterase (BuChE, EC3. 1.1.8)
were measured photometrically according to a
modification of the method described by
Ellman, 1961.26 100 ,ul CSF was used for each
assay in a total volume of 500 pl. The assay
medium consisted of 0 1M sodium phosphate
buffer, pH 8-0 and either 1 mmol/l of acetyl-
thiocholine or butyrylthiocholine as substrates
for AChE and BuChE respectively. In order to
specifically inhibit BuChE activity when
measuring AChE activity, the samples were
incubated for 15 minutes with 3-75 x 10- mol/l
iso-OMPA. Similarly, to specifically inhibit
AChE activity when measuring BuChE
activity, the samples were incubated with the
inhibitor BW 284C5 1, final concentration
4 x 10' mol/l. Values given are corrected for
spontaneous hydrolysis of the substrates.

Lactic acid determination
L-lactic acid concentrations in CSF were
determined photometrically according to a
modification ofthe method described by Noll.27
Lactic acid assay kits (Cat 256 773) were
purchased from Boehringer and Mannheim.
Briefly, 50 ,l of CSF was added to 5 ml of
carbonate buffer including NAD. To 2 5 ml of
this solute, 50 M1 of ammonium sulphate was
added, to the other 2 5 mls 50 MI of LDH/L-
alanine: 2-oxoglutarate aminotransferase was
added. The solutes were mixed and incubated
for 20 minutes, and the difference of the absor-
bance was monitored in the two media.

Statistical analysis
All statistical analyses were conducted using
the System for Statistics.28 Comparisons of
transmitter markers between different diagnos-
tic groups were evaluated by analysis of
variance (ANOVA) followed by post-hoc tests.
Linear regression analyses between the CSF
transmitter variable versus the different clinical
variables were performed where the regressors
were tested in the models using t-test (HO = 0)
and regarded as statistically significant when
the corresponding p-value was below 0 05.

Results
Comparison of CSF transmitter markers in
patients with the adult hydrocephalus syndrome
versus controls, Alzheimer's disease and multi-
infarct dementia (table 3)
MHPG concentrations did not differ significan-
tly between the different groups (ANOVA;
F=0 55, p > 0.6). No differences were seen
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Table 3 CSF neurotransmitter and metabolic markers in patients with adult
hydrocephalus syndrome (AHS) in comparison with controls, multiinfarct dementia
(MID) and Alzheimer's disease (AD)

Controls AHS MID AD

MHPG 46.4 (33 4) 35-2 (7 38) 39 1(12 0) 36.3 (8 86)
5-HIAA 157 (191) 129 (64-8) 163 (66 4) 153 (63-0)
HVA 243 (102) 224 (100) 250 (133) 247 (104)
ACHE 45-3 (12 4) 36-2' (8-3) 38-5 (8 52) 36-5b (5.58)
BUCHE 21 2 (6 09) 191 (5 77) 21-8 (8-61) 16-6 (4-27)
LACTATE 2-10 (0-47) 1-74c (0-28) 1-96 (0-31) 1 70d (0 20)

Values are given as mean (SD) in nmol/l CSF for monoamine metabolites and lactic acid and in
nmol/min/l CSF for cholinesterase activities."b Significantly reduced compared with controls;
'F = 766, p< 0-01; bF = 6-95, p< 005. 'Significantly reduced compared with controls;
'F = 7 69, p < 0-01; dF = 9-83, p < 0-01. When comparing CSF transmitter markers in AHS vs
AD and MID patients, no significant differences were found (ANOVA, p < 0 1).

between theAHS group versus the controls, the
AD group or the MID group (p > 0 3).
HVA concentrations were not different

between the diagnostic groups (ANOVA;
F=0 16, p > 0 9). No significant differences
were found between the AHS versus controls,
AD patients and MID patients (p > 0-5).
5-HIAA concentrations showed no dif-

ference between the diagnostic groups
(ANOVA; F=0-21, p > 0 8). No significant
change was seen between the AHS group and
the controls, theAD group and the MID group
(p > 0-4).
AChE activities differed between the diag-

nostic groups (ANOVA; F=3-39, p < 0 02).
Significantly reduced AChE activity was
observed in the AHS and AD group versus
controls (80% of control values for AHS,
F=7-66, p < 0-01; 81% of control values for
AD, F= 6-95, p < 0-05) while the CSF AChE

in the AHS group did not differ from the AD
group or the MID group (p > 0 5).
BuChE activities showed no differences be-

tween diagnostic groups (ANOVA; F=2206,
p > 01). CSF BuChE activity was without
significant difference in the AHS group versus
controls, AD and MID patients (p > 0 2).

Lactic acid concentrations differed between
the diagnostic groups (ANOVA; F = 4-25, p <
0-01). Significantly reduced lactate concen-
trations were observed in the AHS group
versus controls (83% of controls, F= 7-69, p <
0.01) and also in the AD group compared with
controls (F=9-83, p < 0 01) while no other
differences were detected.

Influence of CSF outflow conductance, resting
pressure and CSFformation rate on CSF trans-
mitter and metabolic markers
In fig 1, the relationship between CSF HVA
concentrations and CSF outflow conductance
level is presented. As can be seen, a positive
correlation was observed for CSF HVA versus
CSF outflow conductance in theAHS group (fig
la, linear regression; r= +0 74, p < 0-001)
while in the MID group and the AD group no
such relationship was observed (fig lb and lc).
However, in MID patients with a CSF outflow
conductance below 15 mm3 kPa-' sec'1 a similar
pattern as in the AHS group was observed (fig
ib; linear regression, r= +0-88, p < 0-01).
A positive correlation was observed between

CSF 5-HIAA concentration versus CSF out-
flow conductance in the AHS group (fig 2a,

Figure la-c CSF
homovanillic acid
concentrations versus CSF
outflow conductance in
patients with the adult
hydrocephalus syndrome
(fig la; linear regression,
n=15,r= +0-74,
p < 0O001), multiinfarct
dementia (fig Ib; linear
regression, n = 13,
r= +O-26,p> 03) and
Alzheimer's disease (fig
Ic; linear regression;
n=12,r=-024,p >
0 4). In MID patients
with a CSF outflow
conductance value below
15 mm' kPa-' sec', a
positive correlation was
observed between CSF
HVA versus CSF outflow
conductance (linear
regression; n= 9,
r= + 088, p < 0 01,
equation
y= -730+35Ox).
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Figure 2a-c CSF 5-
hydroxyindoleacetic acid
(5-HIAA) concentrations
versus CSF outflow
conductance in patients
with the adult
hydrocephalus syndrome
(fig 2a; linear regression,
n=15,r= +073,p <
0 01), multiinfarct
dementia (fig 2b; linear
regression, n = 13,
r= +0-13,p> 06) and
Alzheimer's disease (fig
2c; linear regression;
n=12,r=-O09,p >
0 7).
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linear regression; r= +0-73, p < 0-01), while
no such relationship was observed in the MID
and AD groups (fig 2b-c).

Similarly, CSF lactic acid concentration
correlated positively with CSF outflow conduc-
tance in the AHS group (fig 3a, linear regres-
sion, r= +0-64, p < 0 05) while no relation-
ship was observed in the MID and AD groups

(fig 3b-c).
No significant relationship was found be-

tween CSF MHPG concentrations and CSF
outflow conductance (p > 0 1). No significant
relationship was observed for the transmitter
and metabolic markers versus CSF resting
pressure or CSF formation rate (p > 0 1).

Influence of cognitive decline, walking distur-
bance, urine incontinence andfunctionalgrade on

CSF transmitter and metabolic markers in the
AHS group
A positive correlation was observed between
CSF AChE activity and Minimental State
Examination (MMSE) score (fig 4) in the AHS
group (Linear regression; r= +0 55, p <

0-05).
No significant relationship was observed for

any of the assessed transmitter markers versus

degree of gait dyspraxia, urine incontinence or
ADL function (p > 0 1) in the AHS patients.

Influence of degree of hydrocephalus and brain
atrophy in the AHS group
No significant relationship was seen for the

CSF transmitter and metabolic markers versus

Evans ratio, degree of cerebral atrophy or

width of the third ventricle (p > 01) in the
AHS patients.

Discussion
CSF TRANSMITTER MARKERS AS INDICES OF
HUMAN BRAIN NEUROTRANSMISSION
Lumbar CSF neurochemical measurements
aim to serve as indirect in vivo markers of
human central neurotransmission.29 This
assumption is based on the following data (for a
recent discussion, see Wester et al3): a) mani-
pulation of brain monoamine systems caused
predictable CSF metabolite changes in animal
models; b) rostrocaudal gradients forHVA and
5-HIAA3' and decreased lumbar concentra-
tions of these substances after restricted CSF
flow32 were found in humans; c) positive
correlations for HVA and 5-HIAA concentra-
tions have been reported between lumbar CSF
and human postmortem frontal cortex33 as well
as for the parent monoamines and their
metabolites between ventricular CSF and
specific brain regions.'
These data suggest a specific topographic

origin for monoamine neurotransmitters and
their metabolites in human ventricular CSF
and support the contention that CSF
measurements are useful indices of central
monoaminergic activity in humans.

CSF TRANSMITTER MARKERS IN AHS
Conflicting results have been observed when
comparing differences in CSF transmitter
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Figure 3a-c CSF lactic
acid concentrations versus
CSF outflow conductance
in patients with the adult
hydrocephalus syndrome
(fig 3a; linear regression,
n= 13, r= +0-64,p <
0 05), multiinfarct
dementia (fig 3b; linear
regression, n = 11,
r= -0-38,p> 0-2) and
Alzheimer's disease (fig
3c; linear regression;
n=12,r=-034,p >
02).
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markers of patients with different kinds of
dementia and Parkinson's disease. Thus
decreased, no change or even increased CSF
transmitter marker concentrations have been
reported in these conditions.534 In previous
studies ofAHS patients, both normal'5 and low
levels of monoamine metabolites"6 have been
found. The lack of significant group differences
of monoamines in this report does not support
the idea ofAHS with a specific monoaminergic
neurochemical profile in CSF that would depict
it from control subjects or patients with other
types of dementia.

In contrast to the monoamine systems, AHS
and AD patients showed a similar decrease in
CSF AChE activity compared with the con-

trols, which suggests a common cholinergic
disturbance in these two conditions.35
The decreased CSF AChE activities and

CSF lactate concentrations and the non-sig-
nificant trend of decreased CSF monoamine
metabolite concentrations seen in the AHS
group compared with the controls might be due

Figure 4 CSF
acetylcholinesterase
activity (AChE) versus
minimental state
examination (MMSE) in
patients with the adult
hydrocephalus syndrome;
linear regression, n = 13,
r= +055,p < 005.
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to some dilution effect ofCSF with an increased
sink effect causing diminished CSF concentra-
tions. However, no significant relationship was
seen for the transmitter and metabolic markers
versus Evans ratio, width of the third ventricle
or degree of hydrocephalus in the AHS group
suggesting that a diluting effect of CSF would
not be of major importance.

CSF OUTFLOW CONDUCTANCE VERSUS CSF

TRANSMITTER MARKERS
In this study, significant positive correlations
were found for concentrations of CSF HVA,
CSF 5-HIAA and CSF lactic acid versus CSF
outflowconductanceinAHS patients (fig 1a, 2a,
3a). A similar pattern was also observed in the
MID group with a low CSF conductance (fig
lb). According to a transport mechanism that
follows the hydrostatic gradient between CSF
and dural sinus blood,36 a low CSF conduc-
tance in the AHS patients, that is, an increased
CSF outflow resistance, was predicted to com-
promise the clearance of CSF transmitter and
metabolic markers with an accumulation of
these substances in the CSF. However, our

results are in contrast to this hypothesis and
may instead be explained by one of the follow-
ing theories, or a combination of them:

1 Disturbance of CSF absorption at the
probenicid sensitive out-transport site
The acidic metabolites HVA and 5-HIAA are

transported out from the CSF into the blood-
stream by an active transport mechanism,
which can be blocked by probenicid.363' The

same active transport site is used by mono-

carboxylic acids such as lactic acid,38 while
MHPG, a neutral glycol, diffuses freely through

25 ' 3'0 the CSF-brain and CSF-plasma barriers" and
is not probenicid sensitive. The exact
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anatomical location of this active transport site
remains to be established. Two different major
sites have been proposed, that is, the choroid
plexus' and the cerebral subarachnoid space.4'
The positive correlation between concentra-
tions of CSF HVA, CSF 5-HIAA and also
CSF lactic acid versus CSF outflow conduc-
tance in theAHS group found in this study may
be due to a various degree of stimulated out
transport of the acidic solutes at the probenicid
sensitive transport site. This implies an
autoregulatory or compensatory CSF clearance
mechanism in AHS patients with a facilitated
out transport at the probenicid sensitive site.

2 Inverse molecularflow in CSF
In contrast to our data, Maira et al'6 reported
low lumbar CSF HVA concentrations in AHS
patients, which were interpreted as an effect of
an inverse, that is, caudorostral, molecular flow
in CSF. This suggestion is supported by the
finding ofRISA-scint inAHS patients showing
accumulation of the radioactive isotope in the
ventricle system instead of over the convexities
as seen in healthy subjects.42 Moreover, a
positive correlation has been reported between
decreased CSF outflow conductance, ven-
tricular retention and absent parasagittal
accumulation of a radioisotope at 24 hours.43
Thus a low CSF outflow conductance may be
related to an inverse molecular flow in CSF.
This would cause an accumulation ofHVA in
the ventricles and a subsequent transepen-
dymal absorption of the acidic metabolites.
Thus an inverse molecular flow in CSF may
explain the findings in our study with a
relatively low lumbar CSF HVA and CSF 5-
HIAA concentrations related to a low CSF
outflow conductance. It should, however, be
pointed out that the extrapolation of RISA-
scint studies with heavy molecular weight
tracers to the possible behaviour of smaller
molecules such as the monoamines may be
hazardous.'

3 Disturbance of transportfrom the brain
extracellularfluid to the ventricular CSF
An underlying hypertension and athero-
sclerotic cerebro-vascular disease has been
proposed to be essential in the pathogenesis of
idiopathic AHS. Ischaemia in the territory of
the deep vessels in the brain could produce
pathological changes4546 with small periven-
tricular infarctions, oedema, gliosis and
demyelination and thereby create a transepen-
dymal barrier effect.47 48 Also the expansion and
dilation of the vessels that produce the pump-
ing action directing extracellular fluid (ECF)
toward the ventricles in perivascular spaces49
may be reduced by atherosclerotic changes and
certainly by an elevation of intraventricular
pressure in developing hydrocephalus. This
might lead to an obstacle to transependymal
diffusion from ECF to CSF and also a trapping
of ECF with its constituent of metabolic
products including HVA, 5-HIAA and lactic
acid.

AHS VERSUS MID PATIENTS
AHS and MID patients showed a similar

pattern of hydrocephalus and a similar gait
disturbance. However, the MID patients had a
distinctive clinical and radiological picture of
cerebrovascular disease with focal neurological
signs, higher Hashinski score, more pro-
nounced cognitive decline and old brain infarc-
tions in five patients. In three out of six MID
patients with a pathological low CSF outflow
conductance (less than 10 mm3kPa'sec-'), a
short and transient amelioration of clinical
symptoms was observed after CSF tap-test.
However, this could not be replicated in sub-
sequent CSF tap tests and the patients were
therefore not treated by operation. It was
impossible to differentiate between the two
MID groups with normal or abnormal outflow
conductance according to case history, clinical
signs or CT scan. Among MID patients with a
low CSF conductance, a similar relationship as
in the AHS group was observed with a positive
correlation between the concentrations of CSF
HVA versus the CSF conductance. This
relationship in MID and AHS patients may be
explained by the fact that some of the MID
patients also had features of the AHS syn-
drome.
Our data support the idea that at least a

subgroup of MID patients with dilated ven-
tricles and disturbed CSF hydrodynamics are
essentially equivalent to patients with AHS.46
This underlies the difficulties in differentiating
MID and AHS patients, which may be
underestimated in clinical practice, and may
reflect the lack of a satisfactory definition for
either of these conditions.

AHS VERSUSAD..PATIENTS.
More than half of the 15 AD patients had a
moderate hydrocephalus. The enlargement of
the ventricles was due to cerebral atrophy.
These patients therefore did not have any
changes in CSF hydrodynamics in contrast to
the AHS patients in whom a low CSF outflow
conductance probably is essential. There are
several other differences in the clinical symp-
tomatology between AHS and AD patients.
Thus while AD patients show a cognitive
decline with the parietal and temporal lobes
most affected,5" AHS patients exhibit a frontal
lobe dementia with apathy, irritability, leth-
argy and confusion.5' Furthermore, in AHS
patients the dementia appears late in the disease
progress, after the patient has gait dyspraxia,
whereas in AD patients, the order of walking
disturbance and dementia is reversed.
A cholinergic deficit in AD is well estab-

lished, with a dysfunction of nucleus basalis of
Meynert and its different projection areas."7 In
this study, a significantly lower activity ofCSF
AChE was seen in both AHS and AD patients
compared with controls. A positive relation-
ship was also seen between CSF AChE activity
and MMSE in the AHS patients. A similar
relationship has been observed for AChE
activity in AD patients,35 52 although this is not
a consistent finding.35 Thus while the clinical
picture inAHS andAD patients is different, the
two groups seem to share a cholinergic CSF
dysfunction. This dysfunction seems to be
related to a brain neurochemistry dysfunction
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