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(HE DIAGNOSTIC VALUE OF THE
EXAMINATION OF

THE CEREBROSPINAL FLUID
By J. N. CUMINGS, M.D., M.R.C.P.

Lumbar puncture is in most diseases safe but
somewhat uncomfortable to the patient, yet while
examination of the cerebrospinal fluid (C.S.F.)
frequently yields most valuable aid to clinical
diagnosis, there are many occasions when such
examinations are disappointing. It seems best to
limit discussion to specific diseases in which
assistance to the clinician can be given by the
pathologist.

Normal Cerebrospinal Fluid
Before turning to the findings in various diseases

it is necessary to be certain of the normal range
and of the alterations that may occur naturally,
for example as a result of increasing age. Table
i gives the ranges that are commonly accepted for
most of the substances examined.
The exact figure for chlorides may depend to

some extent on the blood chloride level, but the
sugar level does not vary greatly from one time of
the day to another as raised blood sugar levels
following a carbohydrate meal are hardly reflected
at all in the fluid, and when they are there is a
considerable time lag. Even so it is best to try to
take C.S.F. at about the same time if one patient
is being followed from day to day.
Age affects the findings particularly in relation

to protein content. Subjects of 6o or over very
frequently show figures of up to 55 or 6o mg./ioo
ml., whereas children under io frequently have
only 15 mg./ioo ml. in the fluid and there is a
corresponding variation between these ages. Pro-
longed immobility in bed also tends to raise the
protein content. The other substances commonly
examined show little variation due to these causes.

The C.S.F. in Disease
Syphilis-Acquired

Primary. A small proportion (IO to 20 per cent.)
of patients with primary syphilis have been shown
to have a positive Wassermann and a lympho-
cytosis in the fluid, but following adequate treat-
ment only a very few retain these abnormalities.
Such patients should still be treated and the vast
majority will finally show no abnormality.

Secondary. An increase of cells of up to 50 per
cmm. composed of lymphocytes, a raised protein
of up to ioo mg./ioo ml. and a positive Wasser-
mann are not uncommon. The Lange in these
patients shows a mid-zone curve. Treatment
usually removes these abnormalities. Occasion-
ally, a spinal block from an arachnoiditis may be
found with a fluid similar to that seen in a block
from a spinal tumour, but showing in addition a
pleocytosis and a positive Wassermann.

Tertiary. Although three common types of
disease involving the central nervous system are
seen-a meningo-vascular lesion, tabes and general
paralysis of the insane-yet other varieties of
affection are possible, but these latter do not
usually show any absolute diagnostic features in-
the C.S.F.

Table 2 gives in brief the type of results that
are usually found in each of these three conditions,
with the chief distinguishing features such as type
of cell and frequency of positivity of the Wasser-
mann, together with the relative degree of positivity
in blood and C.S.F. indicated respectively by the
figures in brackets and the number of + signs.
Not every patient shows such clear-cut results

at the first fluid examination. The Lange in
particular does not always conform to these
findings, and paretic curves such as 5544332100
can be seen in meningo-vascular disease. Should
such findings persist despite treatment, general
paralysis of the insane must be seriously con-
sidered, as such curves will change to mid-zone or
luetic curves in treated cases of tabes and meningo-
vascular syphilis, but not in general paralysis of
the insane. The Wassermann reaction in the fluid
is much more easily influenced in meningo-vascular
disease than it is in the blood; whereas in tabes
and general paralysis of the insane prolonged
treatment lowers the Wassermann levels in both
blood and fluid much more slowly. In general
paralysis of the insane an abnormal Lange curve
and positive 'blood Wassermann may be found
after prolonged treatment, even though the fluid
Wassermann has become negative.
The Wassermann reaction is only positive in the
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C.S.F. in syphilitic conditions, but a negative
test does not exclude syphilis, and a fluid showing
all the other findings, even with a negative Wasser-
mann, only rarely occurs in other diseases. The
exceptions to this that have been seen are in
meningeal spread of a secondary carcinoma, in
torulosis, rarely in disseminated sclerosis and in
sarcoidosis.

,Syphilis-Congenital
Some patients show no fluid changes. Cases of

general paralysis of the insane usually show a
slight pleocytosis, slight protein rise, a positive
Nonne Apelt test and a Lange of paretic type with
a positive Wassermann. These findings are often
difficult to alter by treatment or at the best only
show slow improvement.

Poliomyelitis
It is generally agreed that the fluid differs at

varying stages of the disease and the usual findings
are given in Table 3.
The particular features to note are that the

cells decrease and the protein increases during
paralysis. Should the protein be sufficiently
raised (e.g. over i5o mg./ioo ml.) then a fine
coagulum may form, such as is seen in tuberculous
meningitis. The differential diagnosis from this
latter disease is that in poliomyelitis the sugar and
chlorides are normal at all stages. Polymorphs do
not occur in the pleocytosis of encephalitis, but
are seen in about a quarter of the cases of polio-
myelitis until towards the end of the first week of
paralysis, after which time only lymphocytes are
present. It is not easy by an examination of the
C.S.F. to distinguish some cases of poliomyelitis
from some forms of benign lymphocytic meningitis.
Here there may be a slight reduction in chlorides,
a lymphocytic pleocytosis and a raised protein
content in the fluid fairly early in the disease.
Nevertheless, it is rare to see a patient with
lymphocytic meningitis in such an early stage as
one may in poliomyelitis, e.g. before paralysis, so
that the clinical picture answers the problem ex-
cept in those cases of poliomyelitis without
paralytic signs.

Encephalitis
The C.S.F. during the active stage is frequently

under raised pressure. The fluid is clear and
colourless and there is never a coagulum. Cells
are increased and are always lymphocytes, together
with a few mononuclears in a small number of
patients. Protein is only very slightly raised with
usually a negative Nonne Apelt test. While the
chloride level is normal, the glucose content may
frequently be raised. The Lange is frequently

abnormal and, while a luetic type is the more
common, paretic curves do occur.

Patients with inclusion body encephalitis show
a normal fluid apart from the Lange which is
paretic in type.

In post encephalitic cases changes in the fluid
are not seen, apart from slight protein increase
and perhaps a very low luetic type Lange.

.1Ieningitis
There are three main sub-groups to be discussed

which, according to their aetiology, can be des-
cribed as pyogenic, tuberculous or virus meningitis.
Although the first of these is not quite so

commonly seen now as formerly, the findings in
the C.S.F. can be recorded as in Table 4.

Exact figures are, of course, impossible to give
as they depend on the length of infection and the
severity of the condition. However, the im-
portant features are that in pyogenic conditions
the polymorphs outnumber the lymphocytes in the
cell count, whereas the reverse is usually, but not
invariably, true in tuberculous meningitis. Sugar
is absent or almost absent in pyogenic cases, but in
tuberculous meningitis there is only a reduction in
amount and no alteration is seen in virus meningitis.
The finding of the responsible organism is

naturally the most important single diagnostic
feature. It should and can be found in nearly
every case of tuberculous meningitis-by guinea
pig inoculation if necessary-but in practice I
have not failed to demonstrate it if sufficient fluid
(e.g. 8 ml.) and time are used; even in one case of
a small child with only I2 cells one organism was
seen after a prolonged search, and post-mortem
revealed the diagnosis as correct.

It cannot be too frequently stated that the sugar
content of the C.S.F. is the surest guide to prog-
nosis. Given a rising sugar level, whatever the
cell, protein or chloride estimations, the patient is
improving; both this and the reverse have been
seen many times during streptomycin treatment
alone, as well as in cases shown me in Zurich
under continuous P.A.S treatment together with
streptomycin.

It must always be remembered that intrathecal
streptomycin in tuberculous meningitis almost in-
variably gives rise to an increase in cells and
protein, so that no prognostic significance can be
placed on results of the examination of the fluid as
regards these two components. It has, moreover,
been recently shown that streptomycin itself in no
way affects the sugar level of the fluid.
The differential diagnosis between virus

meningitis and poliomyelitis is very difficult when
no paralysis is present in the latter condition, as
has already been mentioned.
.Another difficulty that arises is in sarcoidosis.
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DIAGNOSTIC VALUE OF EXAMINATION OF CEREBROSPINAL FLUID

TABLE I
NORMAL CEREBROSPINAL FLUID

Lumbar Fluid Cistemal Fluid Ventricular Fluid
Appearance .. .. .. Clear and colourless. Clear and colourless. Clear and colourless.
Cells .. .. .. .. Up to 4 lymphocytes per i to z lymphocytes per i lymphocyte per c.mm.

c.mm. c.mm.
Protein .. .. .. Up to 30 mg./ioo ml. About i mg./ioo ml. Up to IO mg./ioo ml.
Globulin (e.g. Nonne Apelt) Negative Negative. Negative.
Chlorides .. .. .. 700 to 760 mg./ioo ml. 700 to 760 mg./ioo ml. 700 to 760 mg./ioo ml.
Sugar .. .. .. .. 50 to 70 mg./ioo ml. 50 to 70 mg./Ioo ml. 50 to 70 mg./ioo ml.
Lange .. .. .. .. No change. No change. No change.
W.R. .. .. .. .. Negative. Negative. Negative.

TABLE 2

THE C.S.F. IN SYPHILIS
Meningo-Vascular Tabes G.P.I.

Pressure .. .. + + * +
Appearance .. .. Clear and colourless. Clear and colourless. Clear and colourless.
Cells .. .. .. 20 to 150 per c.mm. io to 50 per c.mm. io to 5o per c.mm.
Type of Cell .. Mostly lymphocytes, few Lymphocytes, a few large Usually lymphocytes and

large mononuclears. mononuclears. large mononuclears.
Protein .. Usually less than IOO Usually under IOO mg./i0oo So to I50 mg./Ioo ml.

mg./roo ml. ml.
Nonne Apelt Test .. + + + + +
Lange .. .. .. Variable but usually mid-zone. Luetic, i.e. mid-zone. Paretic, i.e. ist stage.
W.R. C.S.F. .. + ++ (in 70 per cent.) + ++ (in Ioo per cent.).

Blood +++ + + +(in 65 per cent.). + + +

TABLE 3
C.S.F. IN POLIOMYELITIS

BEFORE PARALYSIS FIRST WEEK OF PARALYSIS SUBSEQUENT WEEKS
Appearance .. .. Clear and colourless. Clear and colourless. Clear and colourless or with

a coagulum.
Cells .. .. .. Up to 50 (can be 2,000), per 5 to io per c.mm., usually 4 per c.mm.

c.mm. Polymorphs, 25 lymphocytes.
per cent. Lymphocytes,
75 per cent.

Protein .. .. Normal or only slightly Raised -I 0oo mg./ioo ml. 300 mg./Ioo ml.
raised.

Nonne Apelt Test .. Negative. Positive. Positive.
Chlorides and Sugar .. Normal. Normal. Normal.
Lange .. .-. .. No change. 00II210000. Normal or slightly mid-

zone.

TABLE 4

C.S.F. IN MENINGITIS

Pyogenic T.B. Virus

Pressure .. .. Raised + + Raised + + Slight increase.
Appearance .. .. Turbid in varying degree. Clear or slightly opalesceni. Usually clear.
Cells .. .. .. Hundreds or thousands. Tens or hundreds. Tens,occasionallyhundreds.
Type of Cell .. Polymorphs. Usually more lymphocytes Lymphocytes.

than polymorphs (2 or 3
to I).

Protein .. .. I00+ mg./Ioo ml. 100+ mg./ioo ml. Up to I50 mg./0oo ml.
Globulin .. .. Positive. Positive. Positive.
Chlorides .. .. Decreased to about 65o Decreased to 6oo to 65o Slight decrease-68o mg./

mg./Ioo ml. mg./Ioo ml. I00 ml.
Sugar .. .. .. Absent. Decreased to 20 to 35 mg./ Normal.

I00 ml.
Direct Smear .. Causal organism. T.B. Nil.
Culture.. .... Causal organism. T.B. Sterile.
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Two or three cases have been seen and all showed
a fluid similar to that seen in tuberculous
meningitis, except that the sugar was never de-
creased to such a low level and tubercle bacilli
were never found. Post-mortem alone revealed the
truth, for in one case a negative Kveims test was
also obtained.
No verified case of torulosis has been seen, but

here the sugar is not greatly reduced and the
organism should be found or cultured.

Cerebral Abscess
A really-deep-seated abscess may give no more

changes in the C.S.F. than may a similarly sited
tumour. This type of abscess is rare and oedema
is common around an abscess, hence it is usual to
find a raised protein level. A moderate pleocytosis
is about half as common as a raised protein and
the cells are usually lymphocytes, although poly-
morphs are not infrequently seen in small numbers.
When the abscess is near the ventricular surface a
considerable increase in cells, especiajly in poly-
morphs, is present. Fluids from such cases also
show a lowered sugar and chloride content, but the
more chronic abscess with few cells gives rise to
little depression in the levels of sugar, and chloride
levels in such cases are frequently unaltered. It is
uncommon to find organisms in the fluid.

Cerebral Tumour
The value of examination of the C.S.F. is

limited in tumours of the brain, and this is re-
flected in the fact that one-tenth of the number of
lumbar fluids from such cases are now examined as
compared with the years before the last war.
However, when lumbar puncture is performed
there is in many cases either a high normal or a
raised C.S.F. pressure. Frequently pressure
figures of 200 to 300 mm. are found. Examination
of the fluid reveals a raised cell count in about
Io per cent. of cases, with a raised protein level in
some 8o per cent. of cases. Very occasionally
tumour cells can be found. Raised cell counts are
found in tumours in close apposition to the
ventricles or at the base of the brain. Such
patients also show increased protein and while
malignant gliomata are more commonly associated
with higher figures than the more innocent cere-
bral tumours, this is not always true, the pontine
glioma is a typical exception.

Neurofibromata of the eighth cranial nerve are
almost invariably associated with a high protein
content and not infrequently the C.S.F. is xantho-
chromic in appearance. Secondary carcinomatous
deposits in the brain frequently show a raised
protein and this is rather more common than in
malignant gliomata as there is not uncommonly
more oedema around the former than the latter.

The value of the examination of the fluid from
the lateral ventricles is now well recognized. A
raised protein content in the fluid from one side
as compared with thle other is an almost sure
indication that the side of the tumour is the same
as that of the raised protein level.

Spinal Tumour
Manometry is of vital importance here. The

usual Queckenstedt test is adequate and an
absence of any significant rise in the lumbar
manometer on jugular compression is indicative of
a spinal block above the. level of the puncture.
When the block is incomplete there may be a slow
and partial rise followed by a similar slow fall.
Frequently the actual pressure may be as low as
40 mm. The fluid is rarely yellow and as rarely
clots spontaneously. Cells are not usually in-
creased, but in meningeal sarcomatosis, or wide-
spread meningeal tumours there may be a slight
pleocytosis. Protein is always raised in complete
block and figures as high as i,ooo mg./Ioo ml. are
to be seen. There is practically always some in-
crease in protein in any spinal tumour whether
there is a block or not.
The examination of the cisternal fluid is of value

as the protein in this fluid will be normal in many
cases of spinal tumour. However, as there may be
increased protein in the fluid just above a tumour,
a cervical tumour may give rise to an increased
cisternal fluid protein, but even so there is almost
always a wide disparity between the protein levels
in the two regions. Similarly, a raised protein
level in the fluid from the lumbar region may be
found above a herniated lumbar disc or a lower
lumbar chondroma.

Disseminated Sclerosis
Characteristic changes can be found in the fluid

in this condition. The acute phases give rise to a
slight to moderate pleocytosis in which the pre-
dominating cell is the lymphocyte. In some 5 per
cent. of cases polymorphs in small numbers are
present. The protein content is only very slightly
raised above the normal and, in fact, almost never
exceeds ioo mg./ioo ml. Globulin is always in
excess and an abnormal Lange curve is -very fre-
quently seen. The paretic curve in association-
with a raised cell count, slight rise in protein and
a negative Wassermann is seen but only occurs in
some I5 per cent. of all cases, whereas the luetic
type of curve is seen in some 30 to 40 per cent. of
all cases, while some 40 per cent. of all cases show
no appreciable change in the Lange.
The C.S.F. in neuromyelitis optica may show

changes similar to those found in disseminated
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sclerosis, but on the whole cells and protein tend
to be higher provided the lumbar puncture is
performed in the acute stages.

There are many other diseases in which the
C.S.F. is examined but in which there are few, if
any, diagnostic features. The one obvious ex-
ception to this is in subarachnoid haemorrhage
where a fluid intimately mixed with blood is
found. Should the haemorrhage be three or more
days old the supernatant fluid, after centrifugation,
may be pale yellow and after one week the red
cells diminish or may be entirely lost, but the

yellow colouration may persist along with a slightly
raised protein content.
The description given here of the results of the

examination of the cerebrospinal fluid has of
necessity an air of dogmatism about it, but this is
inevitable unless statistical tables and long
descriptions of each condition are given. There-
fore, one must be prepared for slight variations
from the absolutely typical findings recorded here,
but on the whole these are relatively rare, so that
the writer may perhaps be forgiven for the
approach that has been used.
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