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Sites of origin in the central nervous system of
monoamine metabolites measured in human

cerebrospinal fluid1
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SUMMARY The concentrations of homovanillic acid (HVA) and 5-hydroxyindole-acetic acid
(5-HIAA) were measured in five cases with partial or complete block of CSF circulation, at various
levels. Determinations were made in both a lumbar and a cisternal, or 'mixed', sample obtained
during pneumoencephalography. Most of the HVA appears to enter the ventricular system at the
lateral ventricles, whereas much of the 5-HIAA in CSF originates in lower neuronal structures,
including the spinal cord. The spinal contribution to the 5-HIAA content of lumbar CSF is of the
order of 23-37%

Measurement of monoamine metabolites in the
cerebrospinal fluid (CSF) is an increasingly im-
portant approach to the problem of clarifying
the role of biogenic amines in various neuro-
logical and psychiatric diseases (Moir, Ashcroft,
Crawford, Eccleston, and Guldberg, 1970; Roos,
1971; Bowers, 1972). It has also been suggested
that these metabolites might serve as diagnostic
tools in certain conditions (Andersson and Roos,
1969; Curzon, Gumbert, and Sharpe, 1971).
Homovanillic acid (HVA) and 5-hydroxyindole-
acetic acid (5-HIAA), the major terminal meta-
bolites of dopamine and serotonin, respectively,
are the compounds usually measured.
Most of the clinical studies, particularly those

on psychiatric patients, have used fluid obtained
by lumbar puncture on the assumption that
monoamine metabolites at this level would re-
flect the state of the parent amines in the brain.
This assumption, however, has recently been
challenged by findings in experimental animals
(Bulat and Zivcovic, 1971) and in certain clinical
cases with partial spinal blocks (Curzon et al.,
1971). These results suggest that 5-HIAA in the
spinal fluid comes mainly from the adjacent
This investigation received financial support from the World Health

Organization, through a grant to E. Garelis, and from the Medical
Research Council (Canada) through a grant to T. L. Sourkes.

625

regions of the spinal cord, whereas HVA is
formed exclusively at higher levels in the central
nervous system (CNS).

In the course of a more general project to
study the levels ofHVA and 5-HIAA in different
compartments of CSF and the effect of various
factors on their concentrations, we studied five
cases with blockage of CSF circulation in differ-
ent regions. One patient had a complete spinal
block, but the other four were being investigated
by pneumoencephalography (PEG). This tech-
nique not only provides valuable information
about the state of the brain and the various CSF
compartments but also permits direct compari-
son of the concentrations of HVA and 5-HIAA
in the lumbar CSF and in CSF corresponding
to a 'higher' level. The higher level involved is
difficult to specify exactly because the injection
of air produces mixing of the fluid from various
compartments (Moir et al., 1970; Garelis and
Sourkes, unpublished).

METHODS

Four cases undergoing diagnostic PEG at the
Montreal Neurological Hospital, and found to have
complete or partial block in CSF circulation, were
included in the present study. PEG was performed

P
rotected by copyright.

 on M
ay 22, 2023 by guest.

http://jnnp.bm
j.com

/
J N

eurol N
eurosurg P

sychiatry: first published as 10.1136/jnnp.36.4.625 on 1 A
ugust 1973. D

ow
nloaded from

 

http://jnnp.bmj.com/


626 E. Garelis and T. L. Sourkes

TABLE 1
CONCENTRATIONS OF HVA AND 5-HIAA (ng/ml.) IN LUMBAR AND 'MIXED' OR CISTERNAL CSF

IN CASES WITH OBSTRUCTION OF CSF CIRCULATION

Cases Diagnosis Site and degree of block HVA (ng/ml.) S-HIAA (nglml.)
Lumbar AMixed Lmnbar Mixed

1 Paraventricular gliosis Complete block of both fora- 19 < 10 26 35
mina of Monro

2 Hydrocephalus due to ob- Complete block between 177 266 83 106
structed ventriculoatrial ventricular-subarachnoid
shunt compartments of the brain

3 Possible hydromyelia Possible partial obstruction be- 20 73 21 43
(syringomyelia) C1- C5 tween 4th ventricle-cisterna

magna
4 Metastatic carcinoma Partial blocks Tl, T3, T8 < 10 57 22 54
5 Metastatic carcinoma Complete block T2 - T3 - 188 32 86

(extradural) (cisternal) (cisternal)

Mixed CSF is the fluid obtained after injection of air during PEG (see text).
C= cervical segments.
T= thoracic segments.

about 16 hours after the patient's last meal. Prepara- amount of lumbar fluid available to us was very
tory medication was given intramuscularly one half small, only 5-HIAA was measured in this specimen.
hour before the procedure started. The first few The pertinent information about these patients is set
millilitres of CSF were kept for routine diagnostic out in Table 1.
purposes and then the first sample for this study was A series of neurological patients, investigated by
taken. The second ('mixed') sample was obtained PEG at the same hospital, and without obstruction
at the end of the procedure, after all the air had been in CSF circulation, served as our controls (see
injected. In the fifth case, the presence of a complete Table 2).
spinal block was established by lumbar myelography, Determination of the acids was done fluoro-
and a cervical myelography was performed on the metrically. Details of the procedure are given in a
same day. Fluid from both punctures was used for recent report from this laboratory (Papeschi and
measurement of metabolites. However, since the McClure, 1971). Biochemical procedures were car-

TABLE 2
HVA AND 5-HIAA CONCENTRATIONS IN DIFFERENT COMPARTMENTS OF CSF IN MAN,
(IN SUBJECTS ASSUMED TO BE NORMAL IN RESPECT TO MONOAMINE METABOLISM)

MEAN+ SD (NUMBER OF MEASUREMENTS)

CSF HVA 5-HIAA Authors and type of suibjects
compartment (ng/ml.) (ng/ml.)

Ventricular 466± 163 (18) 105 ± 49 (20) Moir et al. (1970). Unspecified
391 ± 71 (3) - Papeschi, Molina-Negro, Sourkes, and Erba (1972). Pain syndromes

Cisternal 185 (1) 85 (1) Moir et al. (1970). Unspecified
188 (1) 86 (1) Garelis and Sourkes (1972). Metastatic spinal tumour

'Mixed' - 33-3 ± 11-2 (28) Ashcroft, Eccleston, Crawford, Sharman, McDougall, Stanton, and
Binns (1966). Various neurological

649± 16-8 (20) 37± 14 (18) Garelis and Sourkes (1972). Various neurological, without obstruction
in CSF circulation

Lumbar 44-4 ± 23-9 (60) 32-4 ± 10 4 (60) Roos (1971). Healthy volunteers
53 ± 30 (25) 31 ± 13 (18) Papeschi et al. (1972). Various neurological
49-1 ± 15 (19) 29-2± 10 (17) Garelis and Sourkes (1972). Various neurological, without obstruction

in CSF circulation

V/C gradient 2-52 1-24 Calculated from data of Moir et al. (1970)
C/L gradient 3-83 2 95 Calculated from our data

V/C= ventricular/cisternal.
C/L = cisternal/lumbar.
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ried out without previous knowledge of clinical in-
formation or PEG findings on the part of the analyst.

RESULTS

The analytical results for the HVA and 5-HIAA
concentrations are given in Table 1. For pur-
poses of comparison and discussion of certain
points the 'normal' concentrations of HVA and
5-HIAA in various compartments of the CSF
are presented in Table 2.

In case 1 a previous operation had demon-
strated complete block of both foramina of
Monro, so that both lateral ventricles were ex-
cluded from CSF circulation. The rest of the
CSF compartment was found normal at PEG.
HVA in the lumbar sample was >2 SD below
the mean of our controls (cf. Table 2). The con-
centration in the mixed sample was even lower.
On the contrary, both values were within the
normal range for 5-HIAA.

Case 2 had been previously operated upon for
a meningioma of the posterior fossa. During
PEG, the ventricular system was visualized well,
but no air passed into the basal cisterns. Ob-
struction of the V-A shunt was confirmed surgi-
cally; no sign of recurrence of the tumour was
found. Lumbar concentrations of both acids
were very high, corresponding, in fact, to cis-
ternal values. On the other hand, the concen-
trations in the mixed sample were close to normal
ventricular levels (cf. Table 2).

In case 3 no air was seen in the ventricular
system, whereas some of the basal subarachnoid
space was visualized. The neuroradiologist could
not exclude the possibility that technical failure
was responsible for this picture. HVA in the
first sample was at the lower level of normal
range; 5-HIAA was normal. Concentrations of
both acids were much higher in the mixed
sample. The relative increase was greater in the
case of HVA.

Case 4 had multiple blocks at the thoracic level
which, taken together, provided nearly complete
obstruction. There was no evidence of blockage
at higher levels. A few days after PEG, myelo-
graphy showed the block to be complete. HVA
was very low in the lumbar sample, but was
within normal limits for the fluid collected after
the injection of air. In contrast, concentrations
of 5-HIAA in both samples were within the
respective normal limits.

For case 5, 5-HIAA concentration on either
side of the block seemed to be normal (cf.
Table 2). The same was true for cisternal HVA.

DISCUSSION

The results of the present study throw light on
the sites of origin in the CNS of monoamine
metabolites. Thus, in case 4, HVA is very low
below the level of obstruction, but when lumbar
fluid is mixed with CSF from higher compart-
ments, the concentration increases greatly. This
indicates that HVA originates above the block
at the thoracic level. On the contrary, 5-HIAA
concentration seems not to be affected by the
obstruction in either sample, a result that sug-
gests multiple sites of origin of this compound.
Even in the case of complete block (case 5),
lumbar 5-HIAA concentration is normal. Cis-
ternal concentrations of both acids are very close
to those of the only other case we could find in
the literature where this measurement was made
(Table 2). To our knowledge, the present case 5
is the first where cisternal and lumbar concen-
trations of 5-HIAA have been determined in the
same patient.
The results in case 1 indicate a further point

about the site of origin of the acidic metabolites.
In this unusual case, the exclusion of both lateral
ventricles from CSF circulation results in very
low concentrations of HVA in both the lumbar
and mixed specimens. This finding, therefore,
suggests that most of the HVA in the CSF ori-
ginates at the lateral ventricular level, and it is
then likely that this HVA would come from
neuronal structures adjacent to the lateral ven-
tricle, mainly the striatum. This agrees with the
pattern of distribution of dopamine in the brain
(Hornykiewicz, 1966) and with the effect of
nigrostriatal lesions on cisternal HVA (Papeschi,
Sourkes, Poirier, and Boucher, 1971). Moreover,
the sharp ventricular/cisternal gradient of con-
centration ofHVA points to the same conclusion
(Table 2). It is interesting that the gradient for
HVA is reversed in this patient.
The concentrations of 5-HIAA in the fluids

drawn from case 1, unlike the situation with
respect to HVA, are virtually unaffected by the-
block, so that it is evident that much 5-HIAA
can be formed in lower parts of the CNS. The:
ventricular/cisternal gradient of 5-HIAA concen-
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trations, very much smaller than in the case of
HVA, also suggests that the acidic metabolite of
serotonin can originate in substantial quantity
below the ventricular level.
The high concentrations of HVA and 5-HIAA

in both samples in case 2 are in good agreement
with the findings in hydrocephalus (Ashcroft and
Sharman, 1960; Andersson and Roos, 1965).
This is probably due to defective transport of
HVA and 5-HIAA from the CSF in hydro-
cephalus (Andersson and Roos, 1968).

Case 3 is more difficult to evaluate than the
others. 5-HIAA is in the normal range in both
specimens, but there is a relatively low concen-
tration of HVA in the lumbar sample. This
would be compatible with the existence of some
obstruction, in conformity with the clinical diag-
nosis cited in Table 1. However, the fact that
the concentration of HVA undergoes a great in-
crease after the injection of air is at variance
with the possibility of a significant block between
the 4th ventricle and the cisterna magna. As the
patient was considered a poor surgical risk, the
possibility of obstruction was not further investi-
gated and the diagnosis was based on clinical
grounds alone.

Obstruction of the circulation of CSF from
the foramina of Monro down to the lower thor-
acic spine (cases 1 and 4) results in low lumbar
HVA concentrations. In contrast with this, when
the blockade creates a hydrocephalic situation
(case 2) lumbar concentrations are very high.
These facts obviously limit the suggestion by
Curzon et al. (1971) that determination of lumbar
HVA is of considerable help in diagnosing an
obstruction of CSF circulation somewhere in the
system. Furthermore, the possibility cannot be
excluded in their study that concentrations of
HVA and/or 5-HIAA might be low not only
caudally to the partial cervical blocks, but also
above.

Curzon et al. (1971) observed that, in their
cases of spinal block, the lumbar 5-HIAA con-
centration was low. This was not true of our
two cases.
Our results confirm the findings of Curzon et al.

(1971) and of Bulat and Zivcovic (1971) on the
dual origin of 5-HIAA in the lumbar fluid. How-
ever, information about the extent of the spinal
contribution is lacking. Although this problem
is best studied in experimental animals under

controlled conditions, a rough estimate can be
made from available data on man, as follows.

If we assume that the flux of active transport
of the acidic metabolites out of the CSF is the
same for both compounds, and that circulation
of CSF affects them identically, then the differ-
ence in the cisternal/lumbar (C/L) gradients for
HVA and 5-HIAA (Table 2) would be due to
the fact that a portion of 5-HIAA comes from
the spinal cord. On the basis of the assumptions
made above, the C/L gradient for HVA in our
controls, 3-83 (Table 2), ought to apply equally
to that portion of the lumbar 5-HIAA which is
of cisternal origin. If the cisternal value for
5-HIAA in case 5 is regarded as a normal one,
then 86 . 3-83 = 22-4 ng/ml., the portion of that
5-HIAA which would be contributed (by circu-
lation and diffusion) to the lumbar CSF. The
difference, therefore, between actual lumbar con-
centration of 5-HIAA and cisternal contribution
gives a measure of 5-HIAA of spinal origin:
29-2-22-4= 6-8 ng/ml., or 6.8/29.2 x 100=23%
of the actual lumbar concentration.

It should be pointed out that the data of
Moir et al. (1970) on cisternal and lumbar
concentrations in man do not agree with this
estimate because their C/L gradient for 5-
HIAA is higher than the gradient for HVA.
This is due to the fact that the mean lumbar
concentration of 5-HIAA for their controls
(19 ng/ml.) is much lower than in our series or
in Roos's healthy volunteers (see Table 2). How-
ever, if the C/L gradients for the dog, as given
by Moir et al. (1970), are considered, the spinal
contribution of 5-HIAA is calculated by the
above process to be 3700.

We thank Dr. R. Ethier of the Neuroradiology
Department, Montreal Neurological Hospital, for his
help on this study.
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