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1. GENERAL CONCEPTS

We began the treatment of tuberculous meningitis with streptomycin
at the Ospedale Meyer, Florence, Italy, in December 1946, at which time
the earlier publications had already emphasized the toxic effects of this
drug in high dosage. We have throughout been guided by the consideration
of its potential toxicity, and extreme care has been given to limitation of
dosage, whether for intramuscular or for intrathecal application. With

* For detailed data on the different subjects discussed in this paper, the reader is referred to the various
works published by the Department of Paediatrics, University of Florence, from 1947 to 1950. A complete
list of references to these works is in the WHO library, and copies will be supplied on request. - ED.

60 - 215- 3



C. COCCHI & G. PASQUINUCCI

our first cases we obtained excellent response with one-tenth to one-fifth
of the doses used by Hinshaw, Feldman & Pfuetze 10 in their first clinical
trials. Rather than attempt to increase the concentration in the cerebro-
spinal fluid by higher intramuscular dosage, with possible toxic effects,
we combined intrathecal application with the intramuscular. Further
clinical experience has demonstrated that intrathecal treatment is necessary
to overcome the meningeal infection, and that intramuscular treatment
must be considered as complementary, acting on the extrameningeal processes
and vascular lesions. Only with local application can we achieve the
maximum of favourable and definitive results.

As a further reason for the limitation of dosage, we believe that strepto-
mycin in larger amounts, apart from toxic effects, has a deleterious action
on the organism generally, and especially on the biological processes
associated with the development of immunity. Its cytotoxic effect on tissue
cultures in vitro has been demonstrated. Pharmacological investigations
in frogs and mice have shown that its action on the nervous system is
not confined to the centres of the eighth cranial nerve, but is much more
extended.5 6 Also parenchymal effects (renal, hepatic, testicular, etc.) may
be evident after intramuscular dosage little higher than that clinically used
(Galeotti-Flori & Donatelli 9). In our department research has demonstrated
an inhibitory effect of streptomycin on antidiphtheria immunization in
guinea-pigs (Chemi 2). Dosage within clinical limits deeply disturbed the
formation of antitoxin, and higher doses abolished it completely.

Above all, clinical observation and the rarity of relapse in our treated
patients have further strengthened our belief in the necessity of using
small dosage. Streptomycin, by its bacteriostatic action, temporarily
relieves the organism from the burden of infection and allows the processes
of immunity to overcome the disease. But whereas small doses can effect
a complete cure leaving the tissues unharmed, larger ones, without decisive
increase of bacteriostatic activity, are detrimental to the organism, so that
cure is less readily attained and less stable, and the tendency to relapse
greater.

From the outset we thought it wise to associate sulfone (promin) treat-
ment with the streptomycin. Reported results and our own experience
of treating tuberculosis in children have indicated that promin, while not
producing decisive results, has yet a definite activity. It is now a recognized
principle of antibiotic therapy that the concurrent use of two or more
drugs may produce results superior to those obtained with any one of
them alone. In 1946, in the treatment of meningitis caused by the Pfeiffer
bacillus, we observed that the combination of sulfadiazine and penicillin
produced favourable results in the majority of cases, though neither drug
alone gave more than a small proportion of cures. Even in diseases definitely
infectious, but of unknown etiology, combined therapy may have results
far beyond those of any single antibiotic, as we have observed in several
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cases of Still's disease, using a method of " del pettine fitto " (fine tooth-
comb), combining penicillin, streptomycin, aureomycin, sulfadiazine, and
high doses of vitamins C and A.

We believed that the synergic action of promin and streptomycin would
permit smaller dosage of the latter, and this we later found had been con-
firmed by Smith & McClosky, 20 in experimental tuberculosis of guinea-pigs
and mice. An additional advantage of the combined therapy is that drug
resistance appears to develop more slowly than when either drug is used
alone. In fact, Middlebrook 15 has observed that the development of
streptomycin resistance by the Koch bacillus in vitro was clearly delayed
by the presence of promin. In our cases of tuberculous meningitis treated
by the two drugs concurrently, the appearance of resistant strains was
rare. They were observed more frequently in patients already treated by
streptomycin alone before admission. Later, in 1949, we used streptomycin
concurrently with p-aminosalicylic acid (PAS), which has a marked bacterio-
static action on the Koch bacillus, is very well tolerated, and may be given
by mouth, by intravenous drip, or intrathecally. This combination we have
found to be an efficacious improvement in the treatment of more than
100 cases of tuberculous meningitis. The most convincing results were
obtained with PAS sodium salt, administered in high dosage by intra-
venous drip to patients admitted after deterioration under treatment with
streptomycin alone. In some of these patients, afterwards cured, strepto-
mycin-resistant bacilli were isolated at the beginning of the combined
treatment, which leads us to believe that PAS has a more pronounced
effect on bacillary strains already modified by prolonged contact with
streptomycin.

We use vitamin A in all our cases because of the encouraging results
we obtained, before the introduction of streptomycin, in the treatment of
glandular and pulmonary tuberculosis in children. Masi & Maggi have
observed its beneficial results on experimental tuberculosis of guinea-pigs.
We also use any other therapeutic measures which appear to be indicated
to improve the general condition of our patients and to resolve immediate
clinical problems: that is, we employ symptomatic therapy on a
large scale, which, by delaying death, may sometimes make cure
possible.

During the past three years, clinical observation, combined with
extensive laboratory examination, has given us clearer ideas on the most
difficult problem in streptomycin therapy of meningitis-the use of intra-
thecal administration. The study of diffusion of the drug upwards from the
lumbar sac has established more exact indications for administration by
occipital or ventricular puncture, and a broader knowledge of the chemical
and morphological changes in the cerebrospinal fluid has led to an under-
standing of their causes, and has furnished a valuable practical guide for
local therapy. In all our patients, examination of the cerebrospinal fluid
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is as complete as possible, and in section 3.2 we give in detail the results
and conclusions from thousands of such examinations.

The care and follow-up of patients with tuberculous meningitis is
notoriously difficult and laborious, particularly when many of them remain
in a serious condition for long periods. Our clinical trials, with an average
of 90 inpatients throughout the period, have made severe demands on
medical and nursing personnel, though future simplification of treatment
may lighten the burden, especially if earlier diagnosis decreases the pro-
portion of more serious cases. But we think it necessary to emphasize the
fact that so far this disease can be treated satisfactorily only in medical
centres organized for the purpose, with highly trained medical and nursing
staff. We would further point out that the methods of treatment should be
strictly confined to those which extensive experience has proved to be
the most successful. It is reprehensible to repeat experiments on
technique and dosage already demonstrated as wrong, or to make modifi-
cations based on insufficient clinical experience. Above all, we would
stress the importance of making it widely known that tuberculous meningitis
can be certainly and completely cured in the majority of cases by the means
we already possess. It is indeed tragic that in many hospitals, because of
lack of adequately trained staff, the disease should still be so generally
fatal, and that there should still be a widespread and quite unjustifiable
belief that it is incurable.

In conclusion we would say that our cured patients are in such good
health, with such mental and physical vitality, that they seem to be in
better health than before the disease occurred. There is a suggestion
that the recovery from such a serious and prolonged infection has occasioned
a profound organic revival. We are deeply interested in the future of these
patients, for we feel that unusual immune defences will protect them against
any recurrence.

2. SCHEME OF TREATMENT

2.1 Dosage of Streptomycin

The daily dosage of streptomycin was administered to our patients
according to the following scheme:

Dosage
Type of injection Adults Children

over 2 years under 2 years
(mg per kg of body-weight)

Intramuscular
(2 injections per day) 10 20 30

(maximum
dose 700 mg)
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Dosage
Type of injection Adults Children

over 2 years under 2 years
(mg per kg of body-weight)

Intrathecal a
by lumbar route 1 2 3

(maximum
dose 50 mg)

(mg per injection)

by cisternal route 15 - 25
by ventricular route 20 - 30
by subdural route 40 - 80

(diluted in 20 - 30 ml of saline)

2.2 Method of Administration of Streptomycin

Both intramuscular and intrathecal administration are employed for
all patients. In view of the doubts still expressed of the necessity for intra-
thecal treatment, we would stress the following observations based on three
years of practical experience:

1. Reported mortalities with intramuscular treatment alone3, 4, 11 17
are much higher than those with combined treatment.7 14' 22

2. Meningitis develops with considerable frequency during the treatment
of miliary tuberculosis, but is cured rapidly if intrathecal treatment is
employed at the first signs of alteration in the spinal fluid.

3. Only by intrathecal administration have we been able to halt the
downward course of severe tuberculous meningitis, and this has been
accomplished with a total dosage of streptomycin far below that customary
with intramuscular treatment alone. The intrathecal route is obviously
the specific one.

4. Where spinal injection (lumbar) has proved ineffective owing to
complete or partial cervical block, we have repeatedly observed decisive
improvement following cisternal or ventricular injection.

The success of the combined therapy is clearly due to the high level
of antibiotic which is maintained in the spinal fluid. It is true that levels
as high as 10 units per ml (well above the bacteriostatic threshold) have
been reported in individual cases after intramuscular injection, but, even
theoretically, this does not indicate that such treatment is adequate. After
intramuscular injection we have constantly observed lower concentrations
in the ventricular and cisternal fluids than in the spinal fluid and, even
with a high level in the latter, the former may remain below bacteriostatic
level. The extent of transfer of streptomycin from blood to spinal fluid,

a For the intrathecal injections, streptomycin calcium chloride has been used ; dihydrostreptomycin
has been used since 1949 for intramuscular injection but was found more toxic intrathecally, as observed
also by McDermott, Hinshaw, and others.
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as we have confirmed in many cases, bears a direct relation to the con-
centration of protein in the latter, and the same is true for other drugs,
such as penicillin, sulfones, and PAS (see fig. 1). Both protein and anti-
biotics are at the lowest level in the ventricular fluid, increasing in the
cisternal fluid, and reaching higher levels in the spinal fluid. With protein
levels of 0.40-0.80 g per 1,000 ml, antibiotic levels of 20% to 50% of
maximum blood concentration may be found, and when spinal-fluid protein
is very high (above 3 g per 1,000 ml) antibiotic concentration may equal
that of the blood. Further, since the concentration falls more rapidly in
blood than in spinal fluid, the latter may even show the higher level.

FIG. 1. CONCENTRATIONS OF p-AMINOSALICYLIC ACID (PAS)* IN BLOOD,
LUMBAR FLUID, AND VENTRICULAR FLUID DURING ADMINISTRATION

BY INTRAVENOUS DRIP

0
0
0

a

0

-

0

z

z
0

HOURS

* Concentrations expressed in terms of free acid
Paolo, aged 3 years ; tuberculous meningitis treated with 8.0 g (0.5 g per kg of body-weight) of

P-aminosalicylic acid (sodium salt) in 300 ml of water, by intravenous drip for 4 hours
Protein concentration: in lumbar fluid, 0.95 g per 1,000 ml; in ventricular fluid, 0.10 g per 1,000 ml

In our earlier intrathecal treatment we used almost exclusively lumbar
puncture but commenced cisternal puncture during the last months of
1947; and during 1948 some 35% of all patients received suboccipital
injections for varying periods, while a few were treated by ventricular
puncture. We began the suboccipital injections only where there were spinal
blocks with loculation. Later studies on the diffusion of streptomycin
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showed that in half the patients, either at the outset or during the disease,
there was some inhibition of the passage of the drug from the lumbar sac to
the upper subarachnoid spaces. As a practical indication for cisternal appli-
cation we found that protein levels in spinal fluid higher than 1.5-2 g per
1,000 ml, with much lower values in cisternal fluid, always signified a more
or less important obstruction to the upward passage of streptomycin.
This observation was developed in more precise form as the " index of
diffusion ", described in section 3.1.

With the extensive use of cisternal application in 1948, our mortality
figures decreased sharply. In the first and second semesters of 1948 (third
and fourth groups of the series, see section 4.2) the mortalities were 38 %
and 15% respectively, as compared with 55% for the second semester of
1947 (second group), dosage, duration, and continuity of treatment being
unchanged. Our practical results thus confirmed the theoretical prediction
that streptomycin, to be effective, must pass freely from the point of
injection to the site of disease. Although lumbar injection is effective in
most cases, if there is poor diffusion to the upper meningeal spaces it
becomes necessary to employ the more direct suboccipital, ventricular,
or subdural routes.

2.3 Duration and Continuity of Streptomycin Therapy

During the first months of 1947 both the duration and the continuity
of treatment were varied and irregular. Shortage of streptomycin compelled
cessation of intramuscular injections, or intrathecal treatment was inter-
rupted because of local toxic reactions, then frequent and serious. In the
first half of 1947 (first group), nearly all patients received discontinuous
therapy for about two months, with daily intrathecal injections during the
first month, diminished in the second. The mortality in this group was very
high (79%) and relapses were frequent after a four-month period.

During the last half of 1947 (second group) patients received continuous
intramuscular and intrathecal treatment until the spinal fluid became
normal, i.e., five to nine months of uninterrupted therapy. The results
were clearly better, with reduction of mortality from 79% to 55 %.

In 1948 cisternal and ventricular injections were introduced, but other-
wise the treatment was unchanged, so that the second, third, and fourth
groups had daily intrathecal injections for about two months, every second
day for the third and fourth months, and twice weekly from the fifth month
until the spinal fluid became normal.
A normal fluid was the chief indication for cessation of therapy. In

most cases the pathological characteristics of the fluid began to diminish
towards the end of the third month, and in many cases the fluid was normal
by the sixth or seventh. In the majority of cases the time required was
from five to eight months, being progressively less with smaller original
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alterations in the fluid. Where there was loculation during the first months
or a very high protein level (above 5 g per 1,000 ml), treatment up to 15 or
16 months was sometimes necessary. In such patients, treated by the
cisternal route, fluid abnormalities persisting after nine or ten months are
no longer due to active disease, but to stasis from partial spinal block.
In fact, in these cases, the cisternal fluid reaches normality long before the
spinal, and it is the condition of the former which regulates the duration
of therapy.

The persistence of abnormal fluid after the fourth or fifth month of
treatment is mainly due to the local irritant effect, and interruption of intra-
thecal injections for a few days may bring about a remarkable fall in
protein. With biweekly injection from the fifth month, the fluid may become
completely normal in one or two months, or some slight abnormality may
persist which disappears completely within two or three weeks after cessa-
tion of intrathecal therapy. Sometimes the Pandy and gold-sol tests remain
positive for longer, but, if the inflammatory process is at an end, these
reactions become progressively weaker and disappear. Monthly control
punctures are made for about five months after stopping treatment.

In 1949, with a view to more intensive treatment in the early phase,
we have given two intrathecal injections daily for the first month, one daily
for the second and third, and one every two days for the fourth and fifth,
diminishing the frequency thereafter until normality of spinal fluid was
reached. (In some of the more-recently admitted cases, the daily intrathecal
injections were given until cerebrospinal-fluid normality was reached, with
results that, by now, seem to be good.)

In the final decision as to the duration of treatment for each patient,
we consider also the general condition, and in particular the tuberculin
reaction b and the erythrocyte sedimentation-rate. During streptomycin
therapy the Mantoux reaction shows characteristically a gradual increase
in intensity, and after three to ten months a degree of cutaneous sensitivity
is reached which is only comparable with that associated with erythema
nodosum. In patients with a positive reaction on admission (about 60%
of cases) this hyper-reactivity is usually reached between the fourth and
eighth months of treatment. In those negative or doubtfully positive on
admission it is seldom seen before the eighth month. The appearance of
this high sensitivity is almost always accompanied by general improvement,
and by the return to normal of the sedimentation-rate and of the Medlar-
Crawford index. We consider it as representing a "maturation of
immunity ", and as the best guarantee of stability of recovery. It usually
antedates by some weeks the complete normality of spinal fluid.

The fluid becomes normal before the appearance of hyper-reactivity

b For the Mantoux test we used purified tuberculin (MDC), from the Istituto Carlo Forlanini, Rome,
in doses of 0.001 mg to 0.00001 mg. We considered as Mantoux negative the patients who did not have
a clear reaction with 0.001 mg, and as Mantoux hyper-reactive those who had an erythematous-infiltrative
reaction, with a diameter of at least 3 cm, with 0.00001 mg.
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to tuberculin in some patients, usually those with miliary tuberculosis,
and showing, on admission, scanty changes in the fluid, associated with a
negative Mantoux reaction and bad general condition. In such patients
intrathecal treatment is continued for two to three months after the fluid
becomes normal, and intramuscular treatment until the " maturation of
immunity" appears.

The Mantoux reaction on admission is also an important factor in
prognosis. Among 69 patients of the second and third groups, in whom the
reaction was negative on admission, the mortality was 59%. Among 57
with positive Mantoux reaction on admission it was 15%. A positive
reaction on admission we consider a very favourable sign.

Continuity of treatment, intramuscular and intrathecal, proved to be
of first importance. During the first three months of treatment, even a
few days' interruption may be dangerous and should be strictly avoided.
" Intolerance " of intrathecal treatment is almost always caused either by
deficient diffusion of the drug from the lumbar sac, with absolute or relative
overconcentration, or to toxicity of particular batches of streptomycin.
Such an event indicates a change of intrathecal route, a reduction in dosage,
or a new batch of drug, but must never determine a suspension of intra-
thecal therapy.

2.4 Associated Treatment

2.4.1 Use of sulfones
During streptomycin treatment all our patients received sulfone as

well, a few of them discontinuously owing to technical difficulties. This
combined treatment was commenced in 1946. We learned later of the
experimental demonstration, by Smith, McClosky & Emmart,21 of its
synergic effect in guinea-pigs and mice. Further data on the advantages
of combining treatment with promin and streptomycin have recently been
obtained by laboratory research 1, 13, 16, 18 and by clinical experience.8. 12

We used a 60% solution of promin given intravenously at a dosage
of 0.1 g per kg of body-weight per day, in one or two injections. The
intravenous route was preferred because of toxic effects after oral admi-
nistration, from hydrolysis of the drug to diaminodiphenyl sulfone, and
particularly because of the much higher blood levels attained. After
intravenous injection of 0.1 g per kg, high levels may be observed in the
blood for at least six hours (from 30 mg per 1,000 ml at one hour to 5-10 mg
per 1,000 ml at seven hours). After the first hour, promin is estimable in
the spinal fluid and reaches a maximum during the second hour, according
to protein level (6-15 mg per 1,000 ml).

Promin was administered during the whole period of streptomycin
treatment, and in some patients was prolonged after the termination of
the latter. We usually allow an interval of four or five days after each
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fifteen days of continuous promin administration. In about 5 % of cases
there were symptoms of intolerance-vomiting, headache, slight fever,
sometimes allergic rash, and in a very few cases slight anaemia. In six
cases we were forced to abandon promin treatment. During 1949 we also
used diasone and, in a few cases, promizole.

2.4.2 Use of p-aminosalicylic acid
In 1949 p-aminosalicylic acid (PAS) was added to the treatment, given

orally, by intravenous drip, or intrathecally.
One hundred and two patients were treated orally, some from the

commencement of streptomycin therapy, the remainder starting at the
third month. Since March 1949 we have used only the sodium salt (Apacil)
which is much better tolerated than the free acid. For adults, 0.30 g per kg
of body-weight per day was administered in three doses ; for children,
the daily dosage was 0.40 g per kg of body-weight.

Forty patients were treated by intravenous drip for one to five months,
with doses of 0.50-0.75 g per kg per day (in terms of free acid).

Fifty patients were treated with the sodium salt intrathecally in doses
of 50-100 mg for lumbar puncture, 50 mg for cisternal and ventricular
punctures, and 150-200 mg for subdural puncture (in 5% solution). In
selection of route and duration of treatment the same indications were
followed as with streptomycin, and the two drugs were injected contem-
poraneously.

Oral administration of PAS was followed rarely by symptoms of
intolerance-lack of appetite, nausea, vomiting, and gastric pain-but these
disappeared when the intravenous route was substituted. Intrathecal
application at the dosage stated never caused evident disturbance, and the
pleiocytosis following PAS is less than usually occurs with streptomycin.
For intravenous or intrathecal use it is imperative to use a highly purified
PAS, absolutely free from colour in solution of its sodium salt. For intra-
venous drip a different vein was used each day, to avoid phlebitis, which
was not observed once in some 3,000 injections.

With 0.30 g of PAS per kg per day, given orally in three doses, the
maximum blood-levels varied from 40 to 70 mg per 1,000 ml (expressed in
terms of free acid). With intravenous drip using 0.50-0.75 g per kg per
day, diluted in 1,000 ml, at the rate of 20 drops per minute, we observed
blood levels of 120-140 mg per 1,000 ml.

The passage of PAS from blood to spinal fluid bears a relation to the
protein concentration in the latter. With the protein at 0.30-0.80 g per
1,000 ml, PAS levels reached 20% to 50% of the maximum blood level.
With protein above 3.0 g per 1,000 ml, the PAS concentration may be
equal or nearly so to the blood level. After intrathecal introduction by
lumbar puncture of 50 mg, the PAS level in the spinal fluid during the first
hour is 0.5-1.0 g per 1,000 ml, dropping rapidly to a level which cannot

224



TREATMENT OF TUBERCULOUS MENINGITIS

be estimated (<10 mg per 1,000 ml) at nine hours. Upward diffusion
of PAS is similar to that of streptomycin.

Our experience with PAS, though recently acquired, is extensive and
leads us to believe that this drug, definitely active in other forms of tuber-
culosis, is exceedingly useful, in association with streptomycin, in the
treatment of tuberculous meningitis. In some cases where streptomycin-
resistant bacilli were isolated from the spinal fluid the association of PAS
produced favourable results, and we think that this drug should be con-
sidered as obligatory after a certain period of streptomycin administration.
At present we are using it for all patients from the commencement of
treatment.

In the administration of PAS the intravenous-drip method is most
important'; in some patients it is the only method tolerated, and even
with patients in good condition the tolerance is much higher than with
oral administration. Blood levels of 120 to 150 mg per 1,000 ml have been
maintained in many patients for periods of one to four months, using
0.50-0.75 g per kg per day. In some patients we gave 1.0 g without intoler-
ance, e.g., abdominal pain, vomiting, or diarrhoea. During the administra-
tion of PAS we usually give large doses of vitamins C and K, to neutralize
the antagonistic effect of the drug on these vitamins.

2.5 Collateral Treatment

In addition to streptomycin, sulfones, and PAS, we have attempted
to enhance the processes of immunity by improving the general condition,
using means already proved of some avail in tuberculosis. Vitamin A, in
doses of 50,000 units, was given intramuscularly every other day for periods
of three to five months, since it has been shown to be active in experimental
tuberculosis (Maggi, Masi) and we have used it with benefit for years in
the treatment of glandular and pulmonary tuberculosis in children. We
have not observed bone alterations such as have been ascribed to prolonged
use of vitamin A, probably because it is slowly absorbed, and perhaps
because we also give vitamin D2 in doses of 400,000 units, repeated four
or five times during the course of the disease. Large doses of vitamin B
complex are also used, as well as of vitamins C and K, as mentioned in
section 2.4.2.

Repeated blood transfusion has been of evident advantage, especially
in cases which, during the second and third months of treatment, did not
yet show clear improvement.

Barbiturates were of use in controlling psychic and motor excitement,
and pentothal intravenously in doses of 5-10 ml of a 20% solution nearly
always stopped general convulsions.

225



C. COCCHI & G. PASQUINUCCI

3. PRINCIPLES AND MANAGEMENT OF LOCAL THERAPY

3.1 Index of Diffusion and "Mixing Movements" of Cerebrospinal Fluids

Our conceptions of rational management of local therapy are largely
based on consideration of the process of upward diffusion of streptomycin
after lumbar injection. It has been known that antibiotics introduced into
the lumbar sac soon reach the lateral ventricles, but the mechanism of
transfer, of evident importance for local therapy, had received quite insuffi-
cient study.

In studying the diffusion of streptomycin from the lumbar sac to the
cisterna magna, we use a formula which we call the " index of diffusion "
(ID). Fig. 2 shows the rate of transfer to the cisternal fluid of streptomycin
injected by lumbar puncture in a patient with free circulation of cerebro-
spinal fluid. The drug concentrations in the cisternal and spinal fluids
reach equality during the fifth hour, and we consider that a delay beyond
the eighth hour certainly indicates abnormal conditions. To perform the

FIG. 2. CONCENTRATION OF STREPTOMYCIN IN CISTERNAL AND LU MBAR
FLUIDS AFTER LUMBAR INJECTION OF 20 mg

Vivetta, aged 22 years; tuberculous meningitis
Sampling of fluids was carried out by means of cisternal and lumbar indwelling catheters.

HOURS
.-0 5L
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test we inject 30 mg of streptomycin by lumbar puncture diluting the
solution with 2 ml of spinal fluid, and precisely 8 hours later cisternal
and spinal fluids are withdrawn, by suboccipital and lumbar puncture
respectively, only 1 ml being withdrawn whichever puncture is made first
to avoid causing artificial fluid movements. The concentration of strepto-
mycin (and also of protein) is determined for each fluid and the ratio
between the two represents the index of diffusion:

Units of streptomycin per ml of cisternal fluid _ ID
Units of streptomycin per ml of spinal fluid

Since early in 1947 we have estimated this index as a routine for all
patients at the commencement of treatment, and it is repeated, on an
average, every 15 to 20 days. In about half of the patients the ID value
has been above 0.5, and in the remaining half below 0.5, and sometimes
below 0.1. When the protein level in the cisternal is much higher than in
the spinal fluid, clearly indicating defective circulation, the ID value is
usually below 0.5. On the other hand, very low ID values have sometimes
been obtained even when the two fluids did not differ greatly in protein
concentration. We must conclude that the factors determining the ratio
for streptomycin, as expressed by the ID, are not identical with those which
regulate the protein ratio.

We believe that the natural movements of cerebrospinal fluid depend
on processes of two different kinds:

(a) the so-called circulation, representing a flow from the areas of
production to those where absorption is predominant;

(b) " mixing movements " caused by volume changes of cranial viscera
with arterial pulsation.

The first movement is a slow downward one; the second is a rapid
up-and-down oscillation which is responsible for the upward transfer of
substances from the lumbar region, and for their diffusion throughout the
meningeal spaces.
A cervical arachnoiditis, affecting the permeability of arachnoidal

spaces, will alter both movements, causing a lowering of the ID value
and an increase of protein in the spinal fluid. But there may be changes
in the meningeal channels which, while insufficient to prevent the slow
continuous downward flow, can inhibit the short oscillatory movements
which are responsible for upstream transfer of substances from the lumbar
sac. Accordingly we find that the ID is far more sensitive than the protein
ratio to alterations in exchange of cerebrospinal fluid. A fall in the ID
usually appears days or weeks before the rise of spinal-fluid protein ; and
a lowered ID returns to unity, or near it, much more slowly than do the
protein levels to normal.

Similar relations between the downward and the mixing movements
are observed in the diffusion of streptomycin from cisternal to ventricular
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FIG. 3. CONCENTRATION OF STREPTOMYCIN IN VENTRICULAR FLUID AFTER
3 LUMBAR INJECTIONS, EACH OF 20 mg, ON DIFFERENT DAYS

Carlo, aged 2 years; tuberculous meningitis; normally shaped ventricles
Sampling of fluid was carried out by means of an indwelling catheter.

fluid. Fig. 3 shows normal diffusion-rates from the subarachnoidal spaces
to the ventricle. When cisternal protein is much higher. (over 2.0 g per
1,000 ml) than ventricular, diffusion of streptomycin towards the ventricle
is usually diminished or abolished, but sometimes it may also be diminished
or abolished in cases where the two fluids do not differ greatly in protein
content (see fig. 4). This has been observed only in patients with serious

FIG. 4. CONCENTRATION OF STREPTOMYCIN IN VENTRICULAR FLUID AFTER
SUBOCCIPITAL INJECTION OF 10 mg
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Marco, aged 2 years; tuberculous meningitis; marked dilatation of lateral ventricles
Protein concentration: in cisternal fluid, 0.30 g per 1,000 ml; in ventricular fluid, 0.20 g per 1,000 ml

No diffusion of streptomycin to ventricular fluid
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hydrocephalus, and suggests that the mixing movements, between cisterna
and ventricles, may be altered by the extreme dilatation of the ventricular
cavities.

We believe that rational local treatment of tuberculous meningitis
must be based on a knowledge of the ID value, not only at the commence-
ment, but throughout its course. A low ID is the sure indication for appli-
cation of streptomycin by suboccipital puncture. If the drug does not reach
the cisternal fluid after lumbar puncture, it must be injected there directly.
The recognition of low ID values is also important for avoiding the results
of overconcentration in the spinal fluid due to slow removal, e.g., radiculitic
pains or a sudden increase in spinal-fluid protein.

Though the ID is estimated, as a routine, every 15 to 20 days, the
individual values are rather constant, and may remain unaltered for weeks.
Original indices of 0.5 to 1.0 tend to fall slightly in the second month of
treatment, and to rise again towards the third or fourth month. Indices
originally under 0.5 may show a sudden marked fall preceding a critical
rise in spinal-fluid protein, particularly under high lumbar dosage of
streptomycin ; original indices under 0.1 rarely change during the whole
course of treatment, even when proteins drop to normal from very high
original levels.

3.2 Concentration of Constituents in Cerebrospinal Fluid

Changes in the spinal fluid, considered in relation to clinical symptoms,
often give precise and valuable information, and may reveal meningeal
conditions insufficient to cause clinical signs. At the outset we had little
understanding of the pathogenesis of the abnormalities observed, nor
did we know how far they could be related to such different causes as
active inflammation, drug irritation, or defects of circulation of cerebrospinal
fluid. Only little by little, through very extensive experience,c have we
gained some knowledge of the " language of the cerebrospinal fluid ".
Before discussing the various constituents in detail, we may summarize
our views on the pathogenesis of the more important changes.

The spinal fluid may be considered as the ventricular fluid altered,
even in a small degree, by contact with the meningeal surfaces, where
osmotic exchange takes place with blood in the capillaries of the pia. The
concentration changes which take place in the cerebrospinal fluid between
its origin in the ventricles and its final state in the spinal canal consist in
an approach, for each constituent, to its normal level in blood plasma,
and the proportionate change is similar for all constituents. Constituents
whose normal concentration in ventricular fluid is lower than in blood

c During the past three years we have made some 60,000 examinations of spinal fluids, 7,000 of cisternal
fluids, and 2,000 of ventricular fluids. Routine examinations included: cell count, estimation of proteins,
chlorides, and glucose, Pandy and Nonne-Appelt tests, and, especially at the close of treatment, the Lange
gold-sol test.
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will be increased, e.g., protein and non-protein nitrogen (NPN), while
those normally higher in the fluid than in blood will be decreased,
e.g., chlorides. The change is always in the direction of unity for the
blood/fluid ratio, and the tendency becomes more evident when patho-
logical processes are operative.

Owing to the high protein content of blood, the concentration range
for protein in the cerebrospinal fluid may be extreme-from 0.05 g per
1,000 ml in normal ventricular fluid, to as much as 40.0 g per 1,000 ml
in loculation of spinal fluid. The protein level thus forms a delicate index
of abnormality. Fig. 5 shows the changes in blood/fluid ratios for NPN
(normal ventricular ratio, 1.8) and for chlorides (normal ventricular
ratio, 0.8) corresponding to increasing concentrations of protein in cere-
brospinal fluid. For each constituent the blood/fluid ratio continuously

FIG. 5. CHANGES IN BLOOD/FLUID RATIOS FOR NON-PROTEIN NITROGEN
AND FOR CHLORIDES WITH INCREASING CONCENTRATIONS OF PROTEIN

IN CEREBROSPINAL FLUID
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approaches unity as the protein increases, the ratio value falling for NPN and
rising for chlorides. Fig. 6 shows the same changes expressed as actual
concentrations of NPN and chlorides with rising fluid protein, taking
normal blood values as 0.25 g per 1,000 ml for NPN and 6.0 g per 1,000 ml
for chlorides. NPN values rise and chloride values fall as the protein
increases. The many substances which, like NPN, have a blood/fluid
quotient greater than 1.0 behave similarly, e.g., inorganic phosphorus
and calcium.

In tuberculous meningitis the degree of alteration of the cerebrospinal
fluid depends on two mutually antagonistic factors:

(a) increased meningeal permeability, facilitating exchange with the
blood;

L 1.U, _

I1.61 s
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(b) increased production of ventricular fluid, tending to dilute the altered
fluid and to reduce the degree of abnormality.

It is clear that, with a meningeal inflammation, the alteration resulting
from increased permeability of the inflamed membranes may be partly
cancelled by dilution from increased production of fluid, or from increased
flow resulting from continuous drainage by an indwelling spinal catheter.
We have, in fact, observed patients with serious clinical signs, giving positive
bacteriological findings but showing only scanty chemical changes in the
spinal fluid (proteins within normal limits, Pandy test slightly positive).
Much more frequently, in tuberculous meningitis, the flow of ventricular
fluid to the spinal canal is diminished, because of the formation of inflam-
matory exudates, so that the changes due to inflammation are intensified,
and may be maintained after it has subsided. We can say from experience
that the most extreme alterations of spinal fluid (protein over 2.0 g per

FIG. 6. CONCENTRATIONS OF CHLORIDE AND NON-PROTEIN NITROGEN
IN CEREBROSPINAL FLUID, IN RELATION TO PROTEIN CONCENTRATION
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Normal values for concentrations of non-protein nitrogen and chlorides in blood were taken as being
0.25 and 6.0 g per 1,000 ml respectively.

1,000 ml) are always caused, partially or entirely, by defects of canalization
of the subarachnoid spaces. But, even where the changes in cerebrospinal
fluid are due predominantly to defects of circulation, they always develop
in the sense described above, i.e., towards blood levels. This was well
demonstrated in patients in whom continuous ventricular drainage dimi-
nished the volume of fluid reaching the lumbar sac. In such cases the
contents of the lumbar sac showed a remarkable increase of protein, the
blood/fluid ratio for chlorides was raised, and that for NPN lowered.

The chemical alterations in the cerebrospinal fluid are fundamentally
similar, whether they are caused by inflammation, or by defective circulation

4
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of fluid. But in tuberculous meningitis we also have two distinguishable
features-the behaviour of glucose and the cellular picture.

3.2.1 Alterations ofprotein concentration
In tuberculous meningitis the concentrations of protein in the spinal,

cisternal, and ventricular fluids may vary widely. In spinal fluid a protein
level of 0.3-0.8 g per 1,000 ml, associated with a moderate cellular reaction,
is the most frequent finding in the first phase of disease and treatment.
The cisternal level is usually about one-third lower, and the ventricular
level 0.1-0.2 g per 1,000 ml. In many patients these values remain unchanged
during the 1st month, increasing in the lumbar sac to a maximum of 1.0-1.2 g
per 1,000 ml at the end of the 2nd month and then gradually decreasing
to normal levels during the following months. Such values are those usually
observed in patients admitted at an early stage of the disease.

In many cases much higher protein values were observed, either at the
beginning of therapy or during its course. As we have said, a spinal-protein
level higher than 1.5-2.0 g per 1,000 ml always indicates a decrease in the
volume of ventricular fluid reaching the lumbar sac, resulting from more or
less serious obstruction in the subarachnoid channels. When the obstruction
is below the cisterna, the protein level in the spinal fluid may be five to
twenty times that in the cisternal fluid. In such cases there is always a
marked delay in the upward diffusion of streptomycin, and this movement
may be abolished.

In cisternal fluid high concentrations of protein (2.0-3.0 g per 1,000 ml)
are found much less frequently than in spinal fluid, and such levels usually
indicate diminished flow of ventricular fluid into the cisterna. In some
cases receiving suboccipital injections of streptomycin, and having protein
levels above 2-3 g per 1,000 ml, the diffusion from the cisterna to the ven-
tricles was abolished (see fig. 7).

High cisternal protein, with reduced diffusion, is probably due to
exudate in layers under the cerebellum and around the 4th ventricle. A
rapid increase of cisternal protein, from 0.4-0.8 g per 1,000 ml up to 3.0-4.0 g
per 1,000 ml within a few days, combined with clinical signs of hypertension,
and impairment of 11th and 12th cranial nerves, may indicate the closing
of an already reduced communication with the ventricle. In three such
cases, very serious symptoms were completely relieved by ventricular
drainage. But we also saw two cases with loculation of cisternal fluid
without hydrocephalus, and assume, in these cases, that, while the cisterna
magna was isolated, drainage routes from the 4th ventricle to the cisterna
pontis were still open.

In ventricular fluid, protein values during the disease usually remain
close to normal (0.05-0.2 g per 1,000 ml), even with large alterations of
cisternal and spinal fluids. The reason is that the fluid is secreted by the
choroidal plexus at normal chemical composition, and that the increased
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FIG. 7. CONCENTRATIONS OF STREPTOMYCIN IN VENTRICULAR FLUID AFTER
SUBOCCIPITAL INJECTIONS OF 10 mg
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A. Luciana, aged 7 years B. Glovanna, aged 9 years
Tuberculous meningitis Tuberculous meningitis
Protein concentration: Protein concentration:

cisternal, 3.0 g per 1,000 ml cisternal, 1.80 g per 1,000 ml
ventricular, 0.45 g per 1,000 ml ventricular, 0.20 g per 1,000 ml

No diffusion of streptomycin to No diffusion of streptomycin to
ventricular fluid ventricular fluid

production of fluid tends to dilute and reduce any abnormal characteristics
acquired by contact with altered ependymal surfaces, which, in any case,
are less abnormal than the meningeal membranes. A nearly normal ven-
tricular fluid associated with a high cisternal protein level is the result of
complete absence of mixing of the two fluids. Rarely, high protein levels
are found in the ventricular fluid, mostly resulting from serious alteration
of the choroidal plexa and ependyma,- with reduced secretion. One of our
patients, during the last weeks of life, showed ventricular protein at 5.0 g
per 1,000 ml, and the post-mortem revealed an extensive granulomatous
ependymitis, with deep cicatricial changes of the choroidal plexa. The
ependymitis had caused complete obstruction of the aqueduct of Sylvius,
and the cisternal protein was lower than the ventricular, probably as a
result of continued secretion by the choroidal plexus of the 4th ventricle.

The duration of high protein levels in the cerebrospinal fluid depends
on the evolution of disease. When this is favourable, the fluids in all regions
become normal after 4 to 9 months. Long duration of abnormal levels is
the result of lumbar or occipital loculation. In such cases treated by sub-
occipital or ventricular injection, the spinal fluid, during the 1st or 2nd
month, lost its xanthochromic colour, no longer coagulated, and then
gradually reached normality between the 8th and 12th months. That
meningitis, with evidence of loculation, may be completely cured is proof
of progressive canalization of subarachnoidal obstructions.
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We do not believe that the irritation caused by intrathecal therapy,
at the dosage we commonly use, can itself result in large rises in protein
level. Further, in tuberculous meningitis, the increased fluid circulation
and the increased volume of fluid tend to produce a tolerance higher than
in the normal subject. About half of the patients never showed, during
the whole course of the disease, protein concentrations in the spinal fluid
above 1.5 g per 1,000 ml, even after months of intrathecal treatment.
On the other hand, streptomycin injected by the lumbar or by the occipital
route, when protein levels are already above 1.5-2.0 g per 1,000 ml in the
spinal or cisternal fluid respectively, may cause either a sudden rise in the
concentration or maintenance of the original level. This occurs when a
higher obstruction reduces the inflow of fluid, so that the drug is insuffi-
ciently diluted, and the irritant effect may cause further obstruction, with
still higher protein levels.

During the disease the reactions depending on alteration of globulin
(Pandy, Nonne-Appelt, Lange) parallel the total protein values. The
Lange test gives a meningitic curve in the first phase, and a paralytic curve
when spinal-fluid protein is over 1.5-2.0 g per 1,000 ml. In the last stage
of therapy a negative Lange test is the most critical evidence of normality,
and in cured patients it is used for periodical control, in order to detect
the first signs of any revival of disease.

3.2.2 Alterations of chloride concentration
To appreciate the significance of the lowered chloride concentration

nearly always observed in tuberculous meningitis from the outset and
during therapy, two factors must be considered. The first is that, with
progressive alteration of cerebrospinal fluid, the chlorides, in common
with other constituents, tend to approach the normal blood levels, so
that the blood/fluid ratio changes in the direction of unity. As protein
levels in the fluid increase, chloride levels fall from the higher concentration
of ventricular secretion towards the lower concentration of blood plasma.
There is a corresponding fall from ventricular to cisternal levels, and
thence to spinal levels. The second factor, in tuberculous meningitis, is
a specific reduction of body chlorides by the disease process, so that for
a certain concentration of proteins in the cerebrospinal fluid, the
corresponding level of chlorides is lower during the acute stage than
during recovery. In patients progressing favourably the blood chlorides
also show a progressive increase from an initial value sometimes as low as
5.0 g per 1,000 ml, and reach the normal value of 6.0 g per 1,000 ml after
3 to 5 months of treatment.

3.2.3 Alterations of glucose concentration
In the active stage of the disease the glucose level in the spinal fluid

is almost always decreased, and generally proportionately to the intensity
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of specific inflammation. Associated with very large numbers of tubercle
bacilli in the spinal fluid, we have often seen extremely low glucose values,
even resulting in absence of reducing power.

Glucose levels in ventricular fluid are often almost normal, even with
very low spinal-fluid levels, and in any case there is a progressive decrease
from ventricular, to cisternal, to spinal fluids, where the lowest values
are found. The behaviour of glucose, for which the blood/fluid ratio in
the ventricle is 1.6 to 1.8, is thus an exception to the rule of change towards
unity, since the ratio rises to much higher values with the decrease in this
constituent. But, in favourable cases, with reduction of disease activity,
the glucose level is rising again by the second month, and after recovery
it follows the general rule of proportionality with proteins, its blood/fluid
ratio behaving like that for NPN, which in the ventricle is nearly the same
(see fig. 8). In the case of persistence of obstruction after cessation of active
inflammation, glucose levels may be over 0.5 g per 1,000 ml in the spinal
fluid, and sometimes nearly equal to the blood level, i.e. a blood/fluid
ratio close to unity. Moreover it is almost certain that this change towards
unity is operative even in the acute phase, though its effect is obscured
by the more extensive reduction of glucose resulting from active inflamma-
tion, the mechanism of which is as yet unknown.

FIG. 8. CHANGES IN BLOOD/FLUID RATIOS FOR GLUCOSE AND NON-PROTEIN
NITROGEN WITH INCREASING CONCENTRATIONS OF PROTEIN IN SPINAL FLUID,
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The significance of this specific reduction of glucose is different from
that of the chloride reduction. The latter appears to represent mainly a
general dislocation of the bodily regulation of chlorides, while the reduction
of glucose expresses a specific local phenomenon of the disease process,
and is, for this reason, a sensitive index of its intensity. Alterations of
glucose levels at the onset of disease appear earlier than those of chlorides,
and have much greater diagnostic significance.
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Intrathecal injection of streptomycin ffiay slightly increase the apparent
glucose level in spinal fluid, because the drug has some reducing power.
Values obtained by Hagedorn-Jensen estimation may be increased by
a maximum of 0.10 g per 1,000 ml. Streptomycin may also have the opposite
effect, since excessive dosage may increase inflammation, with temporary
decrease of glucose.

3.2.4 Alterations in cellular contents

At the first examinations of cerebrospinal fluid in tuberculous meningitis,
widely varying cell contents may be found (50 to 300 per ml), but the initial
number increases remarkably in the first weeks of streptomycin treatment.
Every injection causes a critical increase of morphological elements,
reaching a maximum about the fifth or sixth hour, with values five to ten
times as high as the original. This cellular reaction gradually diminishes
until revived by the next injection of streptomycin, and the cycle, which
varies greatly in different patients, is observed so long as intrathecal treat-
ment continues. In patients progressing favourably, however, the cell
level begins to fall during the second month concurrently with a slight
increase in spinal protein, marking a transition from the acute to the
subchronic and healing stages.

The hypercytosis which is still seen in the last month of treatment
(15 to 30 per ml) even with injections at 2- or 3-day intervals, rapidly
disappears when intrathecal treatment is reduced or terminated.

Cells in ventricular fluid are very much fewer than in spinal fluid,
and seldom exceed 30 to 50 per ml.

A proportionate relation between cellular content and chemical altera-
tions in cerebrospinal fluid is characteristic of the acute stage, but exists
only in so far as cells can be transported by free circulation to the lumbar
sac. In patients with cervical block, the cisternal fluid may contain large
numbers of cells, and the spinal fluid very few, with a much higher protein
level.

3.2.5 Tubercle bacilli in cerebrospinalfluid

For studying the behaviour of bacilli during therapy, as well as for
bacteriological diagnosis, we devised a method, described in Annex 1, d
which has yielded a high proportion of positive results by direct microscopy,
and permits an approximate estimate of the number of bacilli per ml.
In all our cases of tuberculous meningitis, confirmed bacteriologically
during life or postmortem (by direct microscopy, culture, or animal ino-
culation), this method of direct microscopy gave positive results in 91 %
of cases.

dsee page 258.
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At the onset of treatment the number of bacilli is generally approxi-
mately proportional to the degree of clinical symptoms but shows a still
closer relation to the reduction of glucose in the fluid.

The persistence of bacilli varies widely, but, in general, the more
numerous they are at the outset, the longer do they remain evident. In
cases of moderate severity direct microscopy usually gives negative results
during the first two weeks. Persistence of visible bacilli after the second
week is usually associated with particularly serious disease, and sometimes
with poor clinical response to treatment.

During the first days of treatment, and in the most serious cases usually
by the 4th or 5th day, there is seen a critical increase in bacilli in the lumbar
fluid, due to increased exchange following the irritation of the first strep-
tomycin injections.

One hundred animal inoculations from patients under treatment for
1 to 5 months and in good clinical condition, with no marked abnormality
of cerebrospinal fluid, were all negative, except one in which technical
error could not be excluded.

Bacilli reappear in the cerebrospinal fluid only during deterioration,
sometimes in large numbers.

Even in the first days of streptomycin therapy there may be seen, besides
bacilli of normal morphology, short, thick, and solid-staining organisms.
In deteriorations after the second or third month of therapy there may be
seen long, uniformly stained bacilli, with outlines modified by granules.

It is an important observation, not only in relation to the course ofdisease,
but also for original bacteriological diagnosis-as we have confirmed in
a great number of cases-that bacilli are nearly always more numerous
in cisternal than in lumbar fluid and sometimes, in patients with very
high spinal-protein levels, can be found only in the cisternal fluid.

3.3 Management of Intrathecal Therapy

3.3.1 Initiation
In all cases of tuberculous meningitis in our series, the diagnosis was

proved bacteriologically and, in 91 % of cases, by direct microscopic
examination of spinal or cisternal fluid. In some cases a positive result
was not obtained at the first examination, but only during the first week
after treatment had been started. The direct examination, when made by
suitable technique and by trained personnel, is of the greatest importance
for early diagnosis and early initiation of treatment. In our experience
it has been more reliable than cultural methods.

In 9% of the proved cases, direct examination was negative and the
diagnosis was finally made by animal inoculation. Treatment was com-
menced on the basis of clinical symptoms and history. Five cases in which
no bacteriological proof was obtained are not included in the series.
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The most frequent and reliable sign, for early diagnosis, was reduction
of glucose in the cerebrospinal fluid, which is highly significant when the
level drops below 0.40 g per 1,000 ml, with normal blood level; but we must
note that in 10 of our cases, in which tubercle bacilli were found micro-
scopically, the spinal-fluid glucose remained about normal.

Changes in the spinal fluid are particularly important for the early
diagnosis of meningitis developing during the course of miliary tuber-
culosis, treated intramuscularly only, if intrathecal treatment is to be
established without delay. Chemical changes in the fluid appear well
before clinical signs and, in all cases of miliary or other tuberculosis under
intramuscular treatment only, we make control punctures every one or
two weeks, according to the severity of the disease. Intrathecal treatment
is commenced at the first positive reactions for globulin (Pandy, Nonne-
Appelt, Lange).

3.3.2 Choice of route
The decision as to the initial route of intrathecal injection is based above

all on the protein concentrations in spinal and cisternal fluids. With
cisternal levels over 2.0-3.0 g per 1,000 ml we commence treatment by
ventricular injection, as we do also for patients with serious clinical or
ocular signs of hypertension, regardless of protein levels, and usually
also for those admitted in a comatose condition.

In all other cases-the great majority-we commence intrathecal therapy
by lumbar or suboccipital injection, twice a day, for 2 to 4 weeks according
to severity of disease. The choice between lumbar and occipital routes
depends on the protein levels in the two fluids. Where the spinal protein
is much higher than the cisternal, we commonly use the occipital route,
and always do so when the spinal protein is more than 4 or 5 times the
cisternal (e.g., lumbar, 2.5 g per 1,000 ml; cisternal, 0.5 g per 1,000 ml).

During the first week of treatment we estimate the index of diffusion
which gives clearer evidence about the circulation of spinal fluid, and supplies
the rational basis for choice of route. An ID below 0.2 is mandatory for
suboccipital injection, in the same degree as is a very high spinal-protein
level. When the ID is 0.2 to 0.5 we give one lumbar injection after each
two cisternal ; when it is 0.5 to 0.75 we use alternate lumbar and cisternal
injections, and when it is over 0.75 we use the lumbar route only.

In our series, approximately half the patients were treated predomin-
antly by lumbar injection, 35 % predominantly or exclusively by sub-
occipital, and 15% predominantly or exclusively by ventricular.

By the lumbar route, much the simplest in the absence of contra-
indications, slightly higher dosage may be used because of the greater
distance from the more sensitive areas. Lumbar injection also, as a result
of the more gradual mixing movement, produces a reserve of antibiotic
throughout all the subarachnoid spaces, with prolongation of the effect.

238



TREATMENT OF TUBERCULOUS MENINGITIS 239

Suboccipital injection has the advantage of bringing large amounts of
streptomycin into the cisterna, from which the fluid circulation carries
it to the supratentorial and subtentorial arachnoid spaces. For this reason,
even when the ID is normal, we frequently alternate suboccipital with
lumbar injection during the first days of treatment. Another reason for
using both routes, as also for injecting twice daily, is that the streptomycin
level falls more rapidly after intrathecal injection at this stage of the disease
than later, probably as a result of greater fluid production and resorption.

Our customary dosage for the respective routes has been indicated in
section 2.1.

During the past three years we have made more than 6,000 suboccipital
punctures, with only two serious incidents, which are described in
section 3.3.4.

Suboccipital puncture is usually made with the patient on his side, to
facilitate immobilization, but anaesthetics have never been required. The
introduction of streptomycin into the cisterna is generally well tolerated,
but may be followed by pains in the neck and shoulders, and sometimes
epigastric pain. It is well, therefore, sometimes to dilute the drug with
saline, or by slow mixing with cerebrospinal fluid, so that the injected
solution contains not more than 3,000 units per ml. Even in the ventricles
streptomycin is well tolerated, and in some 2,000 injections we have seldom
observed any resulting disturbance. In only a few cases headache, nausea,
vomiting, vertigo, or epigastric pain occurred after the injection. Polyuria
occurred in occasional cases.

Fig. 9 shows the persistence of streptomycin in ventricular fluid in
different patients, and fig. 10 the diffusion of streptomycin from the
ventricular to the spinal fluid.

Ventricular injection may be made by puncture through a burr-hole
(the phial vessels being cauterized to avoid haemorrhage) or by an indwelling
catheter. In a few patients we have used repeated puncture, but more
generally we have used the catheter, which is more convenient for admin-
istration and less troublesome for the patient (see Annex 2).e

3.3.3 Subdural therapy and ventricular drainage

English authors (Smith, Vollum & Cairns,19 etc.) were the first to point
out the importance of the localization of specific exudate at the base of the
brain, and around the midbrain at the level of the tentorial opening, in
relation to evolution of disease and to local therapy. Exudates in this
critical zone of fluid movement may cause more or less complete blocks,
resulting in:

(a) communicating hydrocephalus, with isolation of the zones in which
fluid is produced from those in which it is mainly resorbed;

e See page 259.
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(b) limitation or prevention of the passage of streptomycin from the
lumbar sac, from the cisterna, or from the ventricle into the supratentorial
meningeal spaces where the disease is most active.

It must be noted that blockage at the tentorial opening, which is easily
demonstrated postmortem, is characteristic only of very severe tuberculous
meningitis. Were it more frequent we should more often see serious ventri-
cular dilatation and severe symptoms of intracranial pressure, and there
would be more frequent failure of local therapy by the usual route.

FIG. 9. CONCENTRATIONS OF STREPTOMYCIN IN VENTRICULAR FLUID
OF 3 DIFFERENT PATIENTS AFTER INJECTIONS OF30 mg
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The streptomycin was injected into the lateral ventricle through an indwelling catheter.

In some of the most serious cases, the tentorial block is rightly to be
considered as the important cause of the failure of therapy, and in such
cases, in order to bring the drug directly to the supratentorial spaces, we
have employed, since early in 1948, administration through an indwelling
subdural catheter, introduced through a burr-hole in the cranial vault
(see Annex 2f).

In tuberculous meningitis the subdural spaces generally remain free,
even where the subarachnoid spaces are filled with exudate. Streptomycin,
introduced into the subdural space, can reach the outer surfaces of these
exudates, and may also penetrate the altered arachnoid membrane.
Resorption from the subdural space is, however, remarkably rapid, and in
a one-year-old patient we found streptomycin in the longitudinal sinus
a few minutes after subdural injection (see fig. 11). This suggests that it
may also be resorbed through the subarachnoid and other spaces.

f See page 259.
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FIG. 10. CONCENTRATION OF STREPTOMYCIN IN SPINAL
VENTRICULAR INJECTION OF 30 mg
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Subdural application is specific for tuberculous lesions of the dura
mater, often seen as disseminated miliary or submiliary tubercles. In five
of our patients a xanthochromic fluid rich in bacilli was recovered by sub-
dural catheter, and the subdural introduction of streptomycin was followed
by marked improvement of the originally very serious clinical condition.

Up to June 1949 we employed the subdural catheter in 23 patients
-in 10 of them from the commencement of local therapy. Of these 10,

FIG. 11. CONCENTRATION OF STREPTOMYCIN IN BLOOD OF LONGITUDINAL
SINUS AFTER SUBDURAL INJECTION OF 25 mg IN 20 ml OF SALINE
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6 are living and 4 dead ; of the 13 treated after deterioration at the 2nd
to 5th month, 9 are living and 4 dead. All these patients were in an extremely
serious condition. The more favourable results of early treatment may be
ascribed to less advanced pathological change, and to full sensitivity of
the infecting organisms. All 23 patients also received treatment by ventri-
cular injection, and some of them had ventricular drainage for varying
periods. We cannot with certainty ascribe the quite unexpected recovery
of some of these patients to any one factor, but consider the different
measures as complementary.

During the past two years we have, for some patients, employed ventri-
cular drainage against hydrostatic counter-pressure for the control of
intracranial pressure. Hydrocephalus and hypertension may be factors
of great importance in rapid or slow deterioration, and may even be directly
fatal through pressure on brain tissue. By hypertension the outer brain
surfaces are compressed against the rigid cranium, while the temporal
lobes are compressed against the tentorium and the cerebellar vermis is
pressed into it from below. All these processes increase the existent obstruc-
tion to the flow of cerebrospinal fluid, particularly at the tentorial level,
so that a vicious circle is established. Signs of hypertension may appear
gradually and progressively increase in severity: persistent headache,
continual vomiting, foul reddened tongue, progressive sleepiness, psychic
changes, severe diminution of pupillary reaction, progressive deterioration
of fundus, clonus of feet, difficulty in swallowing, feeble respiration, and
finally tonic crisis and respiratory paralysis.

In order to interrupt this vicious circle we have attempted to relieve
the intracranial pressure by ventricular drainage, but at the same time to
maintain it, by hydrostatic counter-pressure, at a level which will relieve
symptoms, but yet will not cause a loss of fluid sufficient to lead to protein
concentration and loculation in the spinal canal.

Ventricular drainage with counter-pressure was used in 15 patients,
in 10 of whom it was associated with subdural therapy. In all cases
the drainage was followed by prompt and remarkable improvement of
symptoms. Ten patients survived after drainage periods of up to 3 months.
The rationale of drainage is that it reduces the danger of death from
secondary processes, while giving the drug time to act on the primary one,
and the results depend on whether or not the specific local therapy is
effective.

Where drainage is effective in modifying the pressure blocks and re-
establishing a balanced circulation of fluid, the fluid passing into the drainage
apparatus, against a pressure of 20-30 cm of water, amounts at first to 200
to 300 ml daily, but gradually diminishes until only a few ml pass over
during the night-the period of maximum production. This point is
reached after a few weeks or months, and the drainage may then be termi-
nated without any resultant sign of hypertension.
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Where the specific therapy is ineffective and the blocks are not modified,
the drainage fluid does not diminish, and the patients become gradually
more sensitive to intracranial pressure, so that the counter-pressure must
be progressively lowered. During the last days of life hardly any pressure
is tolerated, the apparatus being kept at the level of the head.

3.3.4 Incidents
Haemorrhage during puncture is the most frequent incident in local

therapy, and we have observed it in varying degrees. In the most extensive
haemorrhages the cerebrospinal fluid did not remain bloody for more
than 10 days. We have never observed death due to haemorrhage, or
deterioration clearly related to it. Subarachnoid haemorrhage causes
new or increasing signs of hypertension, radiculitic pains, increased
temperature, etc., the signs varying in degree according to the extent of
haemorrhage. The frequency of haemorrhage of moderate degree, causing
bloody fluid lasting more than 4 days, appears to be 1.5% after lumbar
punctures, with about the same proportion following suboccipital and
ventricular punctures. Haemorrhage after suboccipital puncture, however,
caused more marked symptoms than after lumbar puncture, with pains in
the neck, vertigo, and nystagmus. The most serious results of haemorrhage
occurred in two patients, both after suboccipital puncture. In one, imme-
diately after puncture, signs of bulbar disturbance appeared, which
diminished and disappeared only after 2 weeks. The other showed signs
of cerebellar disturbance lasting also for 2 weeks. Both recovered.

We prefer that any one patient should have all punctures made by the
same doctor. Haemorrhage occurred more frequently after the first
puncture, or when there was a change of doctor. Suboccipital puncture
may prove difficult owing to special anatomical conditions, in which case the
possibility of haemorrhage should be avoided by using the ventricular route.

In one small girl, readmitted with slight signs of relapse, death occurred
from respiratory paralysis 5 hours after the first suboccipital puncture.
The post-mortem revealed a wedging of a cerebellar lobe into the occipital
foramen. There was a small amount of organized exudate over the base
of the brain, and adhesions between the choroid plexus of the 4th ventricle
and the cerebellar surface, causing obstructive hydrocephalus. In two other
patients symptoms caused by a cone of pressure were relieved, in extremis,
by burr-holes and ventricular drainage, and recovery was ultimately attained.

In most cases of tuberculous meningitis hypertension is the result of
communicating rather than obstructive hydrocephalus, which is probably
why sudden wedgings are rare. But it is important to recognize cases in
which there is reason to suspect obstruction in the 4th ventricle, for they
are always in danger of such incidents. Wedging must always be considered
wherever increasing hypertension is not relieved by lumbar or occipital
puncture.
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3.3.5 Associated meningeal infections

Associated secondary infections have occurred in 25 of our cases,
and were the cause of death in 2. The responsible organisms all showed
remarkable resistance to streptomycin (pneumococci, streptococci,
staphylococci). Such secondary infections may arise during puncture,
but haematogenous origin cannot be excluded. In one case we found the
infecting organism also in the streptomycin container, probably owing to
contamination during dilution. The most careful asepsis is thus essential
both when diluting the drug and when making the puncture, the more
so since we have found the bacterial flora of the ward, and of the throats of
patients, after prolonged streptomycin therapy, to be largely streptomycin-
resistant.

Some cases of secondary pneumococcal meningitis were clinically
similar to spontaneous acute meningitis. Early diagnosis of such conditions
is essential if life is to be saved. Less severe secondary infections with
milder symptoms were also seen ; these were easily diagnosed in patients
whose tuberculous condition was progressing favourably, and in whom
vomiting, headache, radiculitic pains, or a rise in temperature appeared
suddenly. In particular a secondary meningitis should not be mistaken
for a reaction caused by intrathecally administered streptomycin, or vice
versa. The deciding factor is usually the time interval since the last injection.
Symptoms of secondary infection, resulting from infection at puncture,
usually appear 18 to 24 hours after the puncture, while symptoms of
streptomycin irritation appear not later than 5 hours after injection. In
patients in a serious condition, a secondary meningeal infection may pass
unnoticed or its effects may be ascribed to deterioration of the tuberculous
process. Frequent microscopic examination of the cerebrospinal fluid for
secondary invaders is obligatory whenever a sudden clinical deterioration
occurs, and should not be delayed until the fluid becomes turbid. During
the first hours of a secondary infection, we have observed clear fluid rich
in bacteria. Herpes labialis is a frequent associate of pneumococcal menin-
gitis.

Treatment of secondary meningitis has always been by penicillin (1 million
units per day intramuscularly, and 5,000 units intrathecally twice daily),
with sulfonamides, intramuscularly or by intravenous drip, in doses of 0.3 g
per kg per day for children. We have used sulfadiazine, sulfathiazole, and
sulfamerazine. We have observed some secondary infections resistant
to penicillin alone, but, started at the first signs of new infection, penicillin
plus sulfonamide may abolish very serious symptoms within a few hours.
Treatment should last for at least 10 days. In some cases where secondary
infection was still evident in the fluid after two days we successfully used
aureomycin and chloramphenicol orally.
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4. RESULTS OF TREATMENT

4.1 General Observations

From December 1946 to December 1949 we treated 385 cases of tuber-
culous meningitis with streptomycin. At present, i.e., in September 1950,
229 of these patients are alive and 179 of them also have normal cerebro-
spinal fluid. 9

Of the 385 patients, 299 were treated in the Ospedale Meyer from the
beginning of their streptomycin treatment, 60 had already been treated
with streptomycin for more than one month in another hospital before
their admittance to our hospital, and 26 were treated in the Casa di Cura
del Bambino, Florence, under the direct supervision of the personnel
of the Department of Paediatrics, University of Florence. All these cases
were bacteriologically (by culture or guinea-pig inoculation) or anatomi-
cally ascertained.

We are going to summarize here the results of the treatment of the
267 cases admitted to the Ospedale Meyer from December 1946 to June 1949
and treated by us from the beginning of their streptomycin treatment.
The period of observation for these cases varies from a minimum of
14 months (June 1949 to September 1950) to a maximum of 44 months
(December 1946 to September 1950).

In the exposition of our data we shall divide these patients into five
groups according to the date of their admittance:

First group: patients admitted from December 1946 to June 1947
Second group: patients admitted from July 1947 to December 1947;
Third group: patients admitted from January 1948 to June 1948;
Fourth group: patients admitted from July 1948 to December 1948;
Fifth group: patients admitted from January 1949 to June 1949.
This division, made on the criterion of time of admittance, corresponds

also to successive steps in the evolution of the therapy, which has been
progressively perfected on the basis of the preceding experiences. So
that, in each group, the treatment and the results were different from the
preceding and following groups.

However, we wish to point out that since the treatment of the first
cases we used the same daily dosage of streptomycin intramuscularly in
the treatment of the patients of all groups (see section 2.1). The dosage
of streptomycin for each intrathecal injection also remained unchanged.
We also used, since the first cases, the associated therapy with sulfonic
compounds.

g By normal cerebrospinal fluid we mean fluid not only containing normal levels of cells, proteins, sugar,
and chlorides, but also giving negative Pandy and Nonne-Appelt reactions and, above all, a negative Lange
gold-sol test.
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The differences in the treatment of the groups are essentially in relation
to the duration and continuity of treatment and to the conduct of intrathecal
therapy.

In section 4.2 we will discuss the results obtained in each group and the
therapy used.

4.2 Detailed Analysis of Data

4.2.1 First group-admitted December 1946 to June 1947 (See fig. 12)

Number of patients admitted 57
Number of deaths: 45 (79%)
Number of survivors 12 (21 %), 10 of whom have normal

cerebrospinal fluid
In this group the duration of intramuscular and intrathecal treatment

did not exceed three months and was often not continuous. The intrathecal
injections were exclusively lumbar. The treatment was suspended before
the cerebrospinal fluid had returned to normality.

The high mortality, as well as the number of relapses, in this group
is believed to be closely related to the insufficient duration and continuity
of the treatment. Sixty per cent. of the fatalities occurred after a relapse
(23 patients relapsed after the third month of treatment). Of the 12 living
all had one or more relapses. The mean period of return to spinal-fluid
normality was 14 months, much longer than for the patients of the succeed-
ing groups.

4.2.2 Second group-admitted July 1947 to December 1947 (See fig. 13)

Number of patients admitted 66
Number of deaths: 36 (55%)
Number of survivors 30 (45 %), 29 of whom have normal

cerebrospinal fluid.

Therapy by intramuscular and intrathecal injections was continuous.
Daily lumbar punctures were given for a period of one or two months,
then with decreasing frequency until the cerebrospinal fluid reached nor-
mality. The intrathecal injections were exclusively lumbar. Mean duration
of treatment was 9 months.

Mortality and relapses were notably reduced in this group, owing
to the greater duration and continuity of treatment which was prolonged
sometimes beyond the point of spinal-fluid normality. There were only
five relapses after the third month of treatment in comparison with 23
relapses in the first group. The mean period of return to spinal-fluid nor-
mality was also markedly shortened (9 months).
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FIG. 12. RESULTS OF TREATMENT OF PATIENTS ADMITTED BETWEEN
DECEMBER 1946 AND JUNE 1947

20
MONTHS AFTER BEGINNING OF TREATO

Mn. and Mx. represent the minimum and maximum periods of observation respectively
(Mx. December 1946 to September 1950). Each horizontal column represents a patient. The end
of the column shows the month in which death occurred. Continuation of the column to the point
Mx. signifies that the patient was alive at the end of the maximum period of observation. The
beginning of the dotted portion of the column indicates the date of normalization of cerebrospinal
fluid. The relapses after normalization of the spinal fluid and their evolution are indicated by the

interruption of the dotted portions.

FIG. 13. RESULTS OF TREATMENT OF PATIENTS ADMITTED FROM JULY
TO DECEMBER 1947
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beginning of the dotted portion of the column indicates the date of normalization of cerebrospinal

fluid.
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4.2.3 Third group-admitted January 1948 to June 1948 (See fig. 14)

Number of patients admitted: 60
Number of deaths: 23 (38 %)
Number of survivors: 37 (62 %), 33 of whom have normal

cerebrospinal fluid

Continuous therapy was employed as in the preceding group. Daily
intrathecal injections were given over a period of two or three months
and then with continuously decreasing frequency. Treatment was continued
for two or three months after spinal fluid was normal to ensure efficacy of
therapy. This group was the first in the series to be given suboccipital
injections in cases of spinal block. In some cases streptomycin was
administered by ventricular puncture. Mean duration of treatment was
11 months.

The further prolongation of therapy and the use of suboccipital injections
of streptomycin in individual cases brought about a further reduction in
the total mortality figure for this group, especially in the mortality occurring
after the first month. The mean period of return to spinal-fluid normality
was 8.3 months.

4.2.4 Fourth group-admitted July 1948 to December 1948 (See fig. 15

Number of patients admitted: 40
Number of deaths : 6 (15 %)
Number of survivors: 34 (85 %), 32 of whom have normal

cerebrospinal fluid

Continuous therapy was employed as in the preceding group, but
was intensified during the first 15 days (two intrathecal injections per day
in the more severe cases). Tapering-off was not extended beyond injections
every other day, until the spinal fluid reached normality. Suboccipital
injections were used more frequently in this group than in the previous
group. There was a more systematic use of ventricular and subdural
injections, as well as symptomatic therapy of hydrocephalus. Mean duration
of treatment was 11 months.

There was a notable reduction in mortality during the first month of
therapy (16% of the total mortality). However, this figure may be due to
the smaller percentage of severe cases admitted during this period, as
well as to the refinements in intrathecal therapy. There were also reductions
in the number of relapses after the third month of therapy (one relapse
in the fifth month). There was further reduction in the mean period of
return to spinal-fluid normality.
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FIG. 14. RESULTS OF TREATMENT OF PATIENTS ADMITTED FROM JANUARY
TO JUNE 1948

Mn. and Mx. represent the minimum and maximum periods of observation respectively;
(Mx. January 1948 to September 1950). Each horizontal column represents a patient. The end
of the column shows the month in which death occurred. Continuation of the column to the point
Mx. signifies that the patient was alive at the end of the maximum period of observation. The
beginning of the dotted portion of the column indicates the date of normalization of cerebrospinal
fluid. The relapses after normalization of the spinal fluid and their evolution are indicated by the

interruption of the dotted portions.

FIG. 15. RESULTS OF TREATMENT OF PATIENTS ADMITTED FROM JULY
TO DECEMBER 1948

Mn. and Mx. represent the minimum and maximum periods of observation respectively;
(Mx. July 1948 to September 1950). Each horizontal column represents a patient. The end
of the column shows the month in which death occurred. Continuation of the column to the point
Mx. signifies that the patient was alive at the end of the maximum period of observation. The
beginning of the dotted portion of the column indicates the date of normalization of cerebrospinal
fluid. The relapses after normalization of the spinal fluid and their evolution are indicated by the

interruption of the dotted portions.
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4.2.5 Fifth group-admitted January 1949 to June 1949 (See fig. 16)

Number of patients admitted: 44
Number of deaths: 10 (22%)
Number of survivors: 34 (78 %), 25 of whom have normal

cerebrospinal fluid

Therapy was carried out with the same technique used for the fourth
group except that the intrathecal treatment was even more intensified.
Ventricular and subdural injections were more widely applied.

The successes with this group were slightly less than in the fourth
group. However, this may be related to the higher percentage of severe
cases admitted. Many of these patients are still in the stage of ambulatory
treatment. Two relapses occurred after the third month of treatment.
The mean period of return to spinal-fluid normality was 8 months.

4.2.6 Combination of group results (See fig. 17)

The results of treatment of the 267 patients who were admitted from
December 1946 to June 1949 are summarized in table I.

FIG. 16. RESULTS OF TREATMENT OF PATIENTS ADMITTED FROM JANUARY
TO JUNE 1949
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Mn. and Mx. represent the minimum and maximum periods of observation respectively-
(Mx. January 1949 to September 1950). Each horizontal column represents a patient. The end
of the column shows the month in which death occurred. Continuation of the column to the point
Mx. signifies that the patient was alive at the end of the maximum period of observation. The
beginning of the dotted portion of the column indicates the date of normalization of cerebrospinal

fluid.
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FIG. 17. GRAPH SHOWING RESULTS OF TREATMENT OF ALL PATIENTS
ADMITTED BETWEEN DECEMBER 1946 AND JUNE 1949
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TABLE I. RESULTS OF TREATMENT OF ALL PATIENTS ADMITTED BETWEEN
DECEMBER 1946 AND JUNE 1949

Number Number Number Number of
of of of survivorsThrp0 ~~~~~~withnormalThrppatients deaths survivors spinal fluid

1st group 57 45 12 10 discontinuous and shorttreat-
ment

2nd group 66 36 30 29 continuous until normality of
spinal fluid attained

3rd group 60 23 37 33 more prolonged treatment

4th group 40 6 34 32 suboccipital treatment in 12%
of cases

5th group 44 10 34 25 more intensified and prolonged
intrathecal treatment

Total 267 120 147 129
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The mortality among the patients in the second, third, fourth, and
fifth groups, in relation to age and severity of illness on admission was as
follows

Number of Number of Mortality
patients deaths %

Under 2 years 50 27 54.0
2 to 10 years 88 26 29.5
10 to 20 years 59 18 30.5
Over 20 years 13 4 30.8

Slight severity 49 4 8.2
Medium severity 80 23 28.7
Very severe 81 48 59.3

4.2.7 Cerebrospinal-fluid recovery

Of the total number of patients admitted between December 1946 and
June 1949, 147 have survived and 129 have completely normal cerebro-
spinal fluid (negative Lange test).

The time which elapsed between the beginning of therapy and the
complete recovery of spinal fluid progressively decreased from the first
to the subsequent groups of patients in relation to the duration and
improvement of therapeutic technique.

The spinal fluid reached normality more rapidly (in 3 to 5 months)
in those patients admitted with slight spinal-fluid changes than in those who
at the beginning of, or during, therapy had serious spinal-fluid changes
owing to spinal blocks. In these cases the spinal fluid reached normality
many months after clinical recovery, i.e., from 6 to 12 months.

Eighteen of the surviving patients, though appearing clinically cured,
have not yet normal spinal fluid after one year of therapy (content of proteins
in spinal fluid, 0.25-0.80 g per 1,000 ml, or more). These patients had, at
the beginning of the disease and during its course, a very high lumbar-
protein content in their spinal fluid owing to total or partial blocks. Their
cisternal fluid, however, has reached complete normality. Fluid changes in
the same individual, both at the beginning of the disease and during its
course, are more severe in the spinal than in the cisternal fluid. The ventri-
cular fluid is the least changed. The recovery (negative Lange test) occurs
first in the ventricular, then in the cisternal, and finally in the spinal fluid
(see fig. 18).

Of 129 patients who reached complete recovery of cerebrospinal fluid,
only 6 had relapses ; 3 of these responded very well to a new course of
treatment and 3 died (see section 4.2.8).
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FIG. 18. RESULTS OF LANGE TESTS CARRIED OUT ON SPINAL, CISTERNAL,
AND VENTRICULAR FLUIDS OF 1-YEAR-OLD GIRL
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4.2.8 Relapses
The relapses after the third month of therapy may be classified into two

types:
1. Relapses which occurred in patients clinically cured but without

spinal-fluid normality. A large number of cases of this type of relapse
occurred in the first group of patients, i.e., those admitted between December
1946 and June 1947, because therapy was insufficient and discontinuous.
Very few relapses were observed in the other groups, the figures for the
five groups being, respectively, 23, 5, 3, 1, and 2 ; these figures expressed
as percentages of the number of patients surviving at the third month are,
respectively, 71 %, 14%, 7 %, 2 %, and 5 %. All the patients who relapsed
during therapy died.

2. Relapses which occurred in patients who had already reached spinal-
fluid normality and whose treatment had been stopped for a certain period
of time. Six cases of this type of relapse were observed in the five groups
the case-histories were as follows
In first group:
(1) M. Luisa G. (17-year-old girl)

Admitted in January 1947 and treated until April 1947. Spinal fluid reached normality
in July 1948. Relapsed in November 1949 and organisms resistant to 10 y of streptomycin
were isolated from spinal fluid. Responded very well to fresh treatment with streptomycin
and PAS, and after 8 months again had normal spinal fluid. Complete recovery has
now been attained.
(2) Roberto P. (3-year-old boy)

Admitted in July 1947 and treated with discontinuous treatment until December
1947. Normal spinal fluid in July 1948. Relapsed in August 1949 and organisms that
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grew in 0.5 y of streptomycin were isolated. Responded very well to fresh treatment
with streptomycin and PAS, and spinal fluid was again normal after 4 months of treat-
ment. Complete recovery has now been attained.

(3) Grazia M. (S-year-old girl)
Admitted in June 1947 and treated with discontinuous treatment until December

1948. Spinal fluid normal in August 1948. Relapsed in November 1948 and died 3 days
after readmission from a cerebellar cone of pressure (discovered at autopsy).

In third group:
(1) Vico B. (9-year-old boy)

Admitted in February 1948 and treated until September 1948. Spinal fluid was normal
on 1 September 1948. Relapsed in December 1948. Organisms resistant to 0.5 y of
streptomycin were isolated on readmission. On the 13th and 23rd days after readmission
organisms resistant to 5 y and 100 y respectively were isolated. Condition improved
slowly but continuously under fresh treatment with streptomycin and PAS. PAS was
given in large doses (0.5-0.7 g per kg of body-weight daily) for almost 3 months by intra-
venous drip. Inoculation tests from a spinal fluid were afterwards repeatedly negative.
Death from acute purulent meningitis occurred in August 1949 when child was already
well on the way to complete recovery.

(2) Biancarosa R. (2-year-old girl)
Admitted in March 1948 and treated until May 1949. Spinal fluid normal in April

1949. Relapsed in June 1950 and did not respond to therapy for more than one month
after readmission.

In fourth group:
(1) Orlandina P. (2-year-old girl)

Admitted in November 1948 and treated until April 1949. Relapsed in September
1949 and organisms resistant to 10 y of streptomycin were isolated. Slow but continuous
improvement under a new course of treatment with streptomycin and PAS. New spinal-
fluid recovery obtained after 8 months of treatment. Patient is now well.

4.2.9 Sequelae

All the cured patients present a very good general condition, their
physical aspect often being much better than in the years previous to their
illness. Even in the severely ill patients who presented paresis and profound
physical alterations upon admittance, or during the acute phase of the
disease, all pathological symptoms gradually disappeared in the great
majority of cases. The following sequelae have, however, been observed
in 14 patients:

1 case of slight facial paresis
4 cases of slight hemiparesis which permits ambulation
1 case of paraparesis
3 cases of slight deafness (adult patients, 20 to 35 years of age)
5 cases of defective psychomotor development (children under 2 years

of age who had very serious forms of tuberculous meningitis with severe
hydrocephalus)
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In addition, 4 cases of new localization of tuberculosis in bones were
observed 2 to 18 months after normalization of spinal fluid

2 cases of osteoarthritis of talocrural joint
1 case of spondylitis
1 case of coxitis

All these patients have had meningitis and miliary tuberculosis. They had
no relapses of meningitis during the new localization of tuberculosis.

4.3 Streptomycin Resistance h

The streptomycin resistance of 83 strains isolated from 83 patients in
the first days of therapy was tested and the results are shown in table II.
The testing technique adopted involved:

(1) isolation in guinea-pigs or directly in Petragnani's medium;
(2) passage in Dubos' medium;
(3) streptomycin-resistance test in Herrold's medium with streptomycin

concentrations of 0.5, 2, 5, 10, 50, 100, and 1,000 y per ml, the readings
being taken after 40 days.

In patients who respond to therapy, organisms disappear from the
cerebrospinal fluid more or less rapidly, and they cannot generally be found
after the third week of therapy, or by guinea-pig inoculations.

TABLE II. STREPTOMYCIN RESISTANCE OF 83 STRAINS ISOLATED FROM
83 PATIENTS IN FIRST DAYS OF THERAPY

Number Streptomycin content Number Number Percentage
of of medium of of of

resistant strains (in y per ml) patients deaths deaths

24 0.0 24 10 42
35 0.5 35 14 40
18 2 18 7 39
3 5 3 2 67
1 10 1 1 a
1 50 1 b
1 100 1 c

a Death occurred after 5 months
b Patient recovered
c Patient did not respond to therapy

The results of 199 guinea-pig inoculations-made from the second
month of therapy on-in patients who were progressively improving both
from the clinical point of view and with regard to spinal-fluid changes
(including those already cured) were all negative. However, the results
of 69 guinea-pig inoculations made in deteriorating or relapsed patients
were positive except in 8 patients in whom deterioration was caused by
hydrocephalus or acute purulent meningitis.

h The data given in this section refer only to organisms isolated from cerebrospinal fluid; these data
are not only relative to patients belonging to the five groups.
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TABLE 111. STREPTOMYCIN RESISTANCE OF STRAINS ISOLATED BETWEEN
SECOND AND ELEVENTH MONTH OF THERAPY FROM 27 PATIENTS

WHO SUBSEQUENTLY DIED a

Concentration of
streptomycin to
which strains _
were resistant
(in y, per ml) 2nd

1,000

100 1

50

10 1

5

i_
2 2

0.5 1

<0.5 1

Number of strains isolated in
each month

3rd 4th 5th 6th

_i_
1

7th 8th

2

1

_I

_

a The resistance of the last-isolated strain was the only one considered.

Streptomycin-resistance tests were made on 61 strains isolated from
46 patients in whom deteriorations or relapses occurred after 2 to 11 months
of therapy ; the results (for the last-isolated strain only) are shown in
tables III and IV. It can be seen that there is an evident relation between
streptomycin resistance and mortality:

Mortality
0%

36
52
78

Concentrations of streptomycin
to which strains are resistant

(in y per ml)

0.5 - 2
5 - 10

50- 1,000

However, it is particularly noticeable that, even in the group with strep-
tomycin resistance over 50 y per ml, 22% of the patients are cured.

The data also show that there is an evident relation between appearance
of streptomycin resistance and duration of therapy. However, cases in
which resistance appears soon (3rd to 4th month of therapy) and cases
in which organisms show no resistance even after 7 to 9 months of treatment
have been observed.

9th 10th

1

11th

Number
of

patients

5

5

3

5

4

3

1

s l
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TABLE IV. STREPTOMYCIN RESISTANCE OF STRAINS ISOLATED BETWEEN
SECOND AND ELEVENTH MONTH OF THERAPY FROM 19 PATIENTS

WHO SUBSEQUENTLY RECOVERED a

Number of strains isolated in each month

2nd 3rd 4th 5th

1 1
~~I

1 4

2i

1 1

1 1 2

1-

2

W~~~~~~~~~~~~~~~~~ 5

:3

a The resistance of the last-isolated strain was the only one considered.

FIG. 19. VARIATION IN STREPTOMYCIN RESISTANCE OF STRAINS
SUCCESSIVELY ISOLATED FROM 10 PATIENTS

Concentration Month of therapy
of

streptomycin 1 2 3 4 5 6 7 8 9

iOOOI I
oo0 I| I| I I tI I t I, IUI

I I

5Q 75 J I I I 1/0 I t I, I

|10 , / 'l/
/1 1 210 '5I r /

lo-s a I I
I

I I I I I f
*-e Patients who subsequently died
o--o Patients who subsequently recovered

Concentration of
streptomycin to
which strains
were resistant
(in y per ml)

1.000

100

50

10

5

2

0.5

<0.5

!~~~~~~~~~~~~ '__ -_I I -_ I

I A I ; i

--------"

I - I ,

y I
-

1 2 X 1 41, 1 e; I I .0/ I 1 466
I 0
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The variations in streptomycin resistance of organisms successively
isolated in the same patient showed a typical behaviour, namely, a sudden
jump from low to very high values of resistance (see fig. 19). This behaviour
was particularly evident in strains successively isolated during the relapses
that occurred after therapy was stopped.

The sudden rise of resistance during a new course of treatment in the
relapse may be due to a rapid selection of resistant bacilli caused by the
new therapy on a population of organisms which, because of the previous
treatment, contained a large number of streptomycin-resistant variants.

4.3.1 PAS and streptomycin resistance
As shown in table II, 24 patients at the beginning of their streptomycin

treatment had bacilli which were resistant to 2 y or more. Of these patients,
13-admitted in 1949-were treated with PAS and streptomycin ; 10 (77 %)
are alive and 5 have reached complete spinal-fluid recovery. Eleven patients,
previously admitted, received no PAS and only 3 (27 %) have survived.

Tables III and IV show that organisms resistant to 2 y and more were
isolated from 38 patients during the course of their streptomycin treatment.
Of these, 23 received PAS with streptomycin ; 13 (57%) are alive, though
in four of them organisms resistant to 50 y, 50 y, 100 y, and 1,000 y were
isolated before treatment with PAS. The 15 patients not treated with PAS
all died.

Annex 1

TECHNIQUE FOR MICROSCOPIC DEMONSTRATION OF
TUBERCLE BACILLI IN CEREBROSPINAL FLUID

The method used is based on the principle of depositing the entire
particulate sediment on a small area of the slide for staining and search.

The apparatus (see fig. 20 and 21) consists of a brass tube 22.5 cm long
with an internal diameter of 7 mm and a capacity of 8.5 ml. To the lower
end is soldered a brass plate with a central aperture of 7 mm. A second
similar plate is provided with lateral studs, which engage apertures in the
fixed plate, and is clamped to it by nuts screwed to the studs. The upper
end of the tube is closed by a brass stopper, and a little below its centre
is attached a metal bar with lateral trunnions to engage the centrifuge
head. The assembly weighs 165 g.

The microscope slide, between rubber gaskets, changed each time of
use, is clamped between the two plates so that it forms the base of the tube,
with an exposed circular area of 7-mm diameter. Before use, the brass
tube is brushed and cleaned, and heated in a flame to destroy morpho-
logical elements. The slide is attached, the spinal fluid is placed in the
tube, and the assembly is centrifuged in an " International " type machine
for 20 minutes at 1,000 r.p.m. The supernatant liquid is carefully decanted

258



TREATMENT OF TUBERCULOUS MENINGITIS

and the slide is removed and allowed to dry, inverted, for 30 minutes.
After staining by Ziehl, the entire film is examined on a mechanical stage,
the process taking 15 to 20 minutes. By counting the total bacilli seen,
an approximate estimate of the number per ml in the fluid may be made.

FIG. 20.
CROSS-SECTION OF
APPARATUS FOR

CENTRIFUGALIZATION
OF CEREBROSPINAL

FLUID

FIG. 21. DISMANTLED APPARATUS
FOR CENTRIFUGALIZATION

A = fixed brass plate; B = movable brass plate; C brass tube;
D - microscope slide; E = nuts; F = studs; G = rubber gaskets;

H = connexion to centrifuge

Annex 2

TECHNIQUE OF CATHETERIZATION AND
CONTROLLED-PRESSURE DRAINAGE

As a catheter we use a capillary tube of Politene, sterilizable by boiling,
of 1.2-mm external, and 0.3-mm internal, diameter. Lumbar or ventricular
puncture is made with a needle of 1.5-1.7 mm internal diameter, and the
catheter is inserted through the needle so that it will project slightly from
the free end. The needle is then carefully withdrawn, leaving the catheter
in place and gripped by the elastic compression of the tissues at the puncture.
It is further secured by a few drops of collodion on the skin surface, and
by adhesive plaster 2 or 3 cm from the point of entry. If it is to be used
only for injection of streptomycin, the free end is closed by a sterile pin
and wrapped in sterile gauze moistened with antiseptic.
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If drainage is required, the catheter is joined to the apparatus, shown
in fig. 22, by means of a tube of Polisolit of 3-mm external diameter, which
also can be sterilized by boiling. The catheter
is inserted into this tube and is fixed by collo- FIG. 22. ASSEMBLY
dion and tying. The Polisolit tube is about FOR VENTRICULAR
2 metres in length, or a sufficient length to DRAINAGE
reach from the bed to the assembly, which is
clamped to an upright bar on which it is ad-
justable for height. The difference in height
between the head and the level of fluid in
the manometric tube A represents the intra-
cranial pressure. When the fluid rises to the A
top of tube A, it drips into the receiver B, and
the pressure is limited to this level, while the
fluid lost is measured in the receiver. The
pressure limit is determined by the height at
which the assembly is set. Strict asepsis is
essential throughout, and the Polisolit tube and
drip set is changed every three days. C

Once set up, this system may continue in c
operation for months, and permits any position
of the patient, including sitting up. We have
never observed obstruction of the capillary
catheter, even with bloody or highly cellular
fluid. The flow may occasionally be stopped by A = manometric tube
contact of the free end of the catheter with the B = graduated receiver
ventricle wall, but is re-established by with- C = Polisolit tube
drawing it slightly.

In infants whose fontanelle is still open, catheterization may be ac-
complished by simple puncture. In older subjects we commonly make a

FIG. 23. POSITION OF SUBDURAL CATHETER

A B

B = anterior view
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frontal burr-hole, just in front of the coronary suture and 3 cm from the
median line.

For subdural catheterization (see fig. 23) a similar burr-hole is used,
the dura mater is opened, and the catheter is introduced guided by a curved,
grooved probe, and may easily be pushed to the cranial base.

SUMMARY

From December 1946 to December 1949
a total of 385 cases of bacteriologically
confirmed tuberculous meningitis were
treated in Florence ; 359 of these cases

were treated in the Ospedale Meyer and
the remainder in the Casa di Cura del
Bambino. From the outset, special atten-
tion was paid to limiting the dosage of
streptomycin, whether administered intra-
muscularly or intrathecally. It was found
that by giving small intrathecal injections
in conjunction with intramuscular applica-
tion, it was possible to obtain cures

without increasing the intramuscular
dosage, and thus to avoid the toxic and
generally deleterious effects of large doses
of the antibiotic.
The daily intramuscular dosage, in mg

per kg of body-weight, given in two
injections, was approximately 10 mg for
adults, 20 mg for children over 2 years,
and 30 mg for children under 2. The
corresponding daily intrathecal doses
were 1 mg, 2 mg, and 3 mg respectively;
in 1949, the intrathecal injections were
given twice daily for the first month, once
daily for the second and third months,
and then once every other day until
normality of cerebrospinal fluid was

reached.

An associated dosage of 0.10 g per kg
of body-weight per day of a 60% solution
of promin, in one or two intravenous
injections, permitted smaller dosage of
streptomycin, and drug resistance appeared
to develop more slowly during combined
therapy. Associated treatment with
p-aminosalicylic acid (PAS) was effective
in over 100 cases. The PAS was given
orally (as sodium salt, 0.30 g per kg per
day, in 3 doses), by intravenous drip

RItSUMIt
De decembre 1946 a decembre 1949,

385 cas de meningite tuberculeuse, con-
firmee par des examens bacteriologiques,
ont ete traites A Florence ; 359 d'entre eux
l'ont e A l'Ospedale Meyer et les autres
a la Casa di Cura del Bambino. Des le
debut, on prit soin de limiter le dosage
de la streptomycine, qu'elle fut adminis-
tree par voie intramusculaire ou intra-
rachidienne. On a constat6 que l'injection
de faibles doses par voie intrarachidienne,
simultanement a I'administration intra-
musculaire, permettait d'obtenir des gue-
risons sans augmenter le dosage par cette
derniere voie et d'eviter ainsi les effets
toxiques et generalement dele'tres des
fortes doses de l'antibiotique.
La dose intramusculaire quotidienne,

calculee par kg de poids du corps et
repartie en deux injections, a et6 approxi-
mativement de 10 mg pour les adultes,
20 mg pour les enfants au-dessus de deux
ans et 30 mg pour les enfants de moins de
deux ans. Les doses intrarachidiennes cor-
respondantes ont ete de 1 mg, 2 mg et 3 mg
par jour respectivement ; en 1949, les
injections intradurales ont ete adminis-
trees deux fois par jour pendant le premier
mois, une fois par jour les deuxieme et
troisieme mois et, ulterieurement, une fois
tous les deux jours, jusqu'A ce que le
liquide cephalo-rachidien (LCR) fMt rede-
venu normal.
En associant a la streptomycine une

solution de promine a 60 %, A raison d'une
dose quotidienne de 0,10 g par. kg de
poids, administree en une ou deux injec-
tions intraveineuses, il a ete possible de
r6duire les doses de streptomycine; it
semble que la resistance a l'antibiotique
soit apparue plus lentement au cours de
cette therapeutique mixte. Le traitement
combin6 A la streptomycine et A l'acide
para-aminosalicylique (PAS) a e efficace
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(0.50-0.75 g per kg per day, in terms of
free acid, for 1-5 months), or intrathecally
(as sodium salt, in doses of 50-100 mg for
lumbar, 50 mg for cisternal and ventricular,
and 150-200 mg for subdural routes).
Symptoms of intolerance were observed
in 5% of cases receiving promin, but only
rarely in those receiving PAS.

Local therapy was based on a systematic
study of the process of upward diffusion
of streptomycin after lumbar puncture.
An index of diffusion (ID), defined as

units of streptomycin per ml of
cistemal fluid

units of streptomycin per ml of
spinal fluid,

was determined in each patient every
15-20 days. When the protein level in the
spinal was much higher than in the cisternal
fluid, the ID was usually below 0.5.
Routes of injection indicated by ID values
were: below 0.2, suboccipital; 0.2-0.5,
one lumbar after each two cistemal
0.5-0.75, alternate lumbar and cistemal;
over 0.75, lumbar only. Subdural therapy
was used in serious cases of tentorial
block, sometimes in conjunction with
ventricular drainage.

General treatment included administra-
tion of large doses of vitamins, blood
transfusions, and administration of barbi-
turates and pentothal where necessary.

Treatment was continued until the fluid
became normal, which was generally after
6-7 months, and was prolonged for the

dans plus de 100 cas. Le PAS a ete admi-
nistre par la voie orale (sous forme de sel de
sodium, a raison de 0,30 g par kg et par
jour, en trois doses), en goutte-a-goutte
intraveineux (0,50-0,75 g par kg et parjour,
calcule en acide libre, pendant un a cinq
mois) ou par la voie intrarachidienne
(sous forme de sel de sodium, a des
doses de 50-100 mg pour les injec-
tions lombaires, de 50 mg pour les injec-
tions sous-occipitales et ventriculaires, et
de 150-200 mg pour les injections dans
l'espace sus-arachnoldien). Des symp-
tomes d'intolerance ont ete observes chez
5% des sujets traites a la promine, mais
rarement chez ceux auxquels etait admi-
nistre le PAS.
Le choix de la localisation des injections

a et fonde sur une etude syst6matique du
processus de diffusion ascendante de la
streptomycine apres injection lombaire.
Un indice de diffusion (ID), donn6 par
la formule
streptomycine par millilitre de LCR obtenu

par ponction sous-occipitale
streptomycine par millilitre de LCR obtenu

par ponction lombaire,
a e't calcule pour chaque malade tous les
15 a 20 jours. Lorsque le taux des pro-
teines dans le LCR lombaire etait beau-
coup plus eleve que dans le LCR sous-
occipital, 1'ID etait en g6neral inferieur
a 0,5. Les voies d'injection, indiquees par
les valeurs de l'ID, s'etablissaient comme
suit: au-dessous de 0,2, sous-occipitale;
de 0,2 a 0,5, une injection lombaire apres
chaque serie de deux injections sous-
occipitales; de 0,5 a 0,75, injections
lombaires et sous-occipitales alteme'es;
au-dessus de 0,75, injections lombaires
seulement. On a eu recours aux injections
dans l'espace sus-arachnoidien dans les
cas de blocage important et, parfois,
concurremment avec un drainage ventri-
culaire.
Le traitement general comportait l'ad-

ministration de fortes doses de vitamines,
des transfusions sanguines et l'adminis-
tration de barbituriques et de pentothal
en cas de necessit6.
Le traitement a ete poursuivi jusqu'a

ce que le LCR redevint normal, ce qui
etait generalement le cas apres six a sept
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last two groups of patients 1-3 months
beyond the normalization of cerebrospinal
fluid. Increase in intensity of the Mantoux
reaction, usually accompanied by a return
to normal of the sedimentation-rate, often
preceded attainment of fluid normality.
" Intolerance" of intrathecal treatment
was interpreted as an indication of a
change of route of administration, a
reduction in dosage, or the use of a new
batch of streptomycin, but never a suspen-
sion of the therapy. Especially in the
first months of treatment a suspension of
the therapy is always considered as
dangerous.

A study of the alterations in the com-
position of cerebrospinal fluid gave
valuable indications for therapy. A
reduction of the glucose level in the
cerebrospinal fluid to below 0.4 g per
1,000 ml frequently permitted early
diagnosis of tuberculous meningitis. Protein
levels in spinal and cisternal fluids deter-
mined the route of injection; protein
levels of over 2.0-3.0 g per 1,000 ml in the
cisternal fluid were taken as indications
for ventricular injection, and so were
ocular signs, hypertension, and comatose
condition, regardless of protein levels.

Of 129 strains of tubercle bacilli isolated
from cerebrospinal fluid, 38 were resistant
to 5 y per ml, or more, of streptomycin.
There was an evident relation between
streptomycin resistance and mortality, and
between appearance of resistance and
duration of therapy. It was found that
patients who had relapses and from whom
streptomycin-resistant organisms were iso-
lated responded well to treatment with
PAS and streptomycin. Of 38 patients
with bacilli resistant to 2y per ml, or more,
23 were given PAS and streptomycin;
13 of these are alive whereas the 15
patients not treated with PAS all died.

mois; pour les deux derniers groupes de
malades, il a ete prolonge pendant un a
trois mois apres la normalisation du
LCR. Le retour du LCR a l'etat normal a
et souvent precede par une intensification
de la reaction de Mantoux, generalement
accompagnee d'une normalisation de la
vitesse de sedimentation globulaire. L'" in-
tolerance )) aux injections intradurales a
e interpretee comme une indication qu'il
fallait changer la voie d'introduction du
medicament, diminuer la dose ou utiliser
un nouveau lot de streptomycine, mais
n'a jamais entraine la suspension du
traitement. Une interruption du traitement
est toujours consideree comme tres
dangereuse, surtout dans les premiers
mois.

L'etude des modifications de la compo-
sition du LCR a foumi des indications
utiles pour le traitement. Une baisse du
taux de la glycorachie au-dessous de
0,4 g par 1.000 ml a permis frequemment
de poser un diagnostic precoce de menin-
gite tuberculeuse. Les taux des proteines
dans le LCR (lombaire et sous-occipital)
ont servi a determiner la voie d'introduc-
tion medicamenteuse; des taux de pro-
t6ines de plus de 2-3 g par 1.000 ml dans
le LCR sous-occipital ont ete consideres
comme des indications d'injection ventri-
culaire ; il en a ete de m8me dans le cas de
signes oculaires, d'hypertension et d'etat
comateux, quels que fussent les taux de
proteines.

Sur 129 souches de bacilles tuberculeux
isolees du LCR, 38 se sont revelees resis-
tantes 'a 5 y, ou plus, de streptomycine
par millilitre. I1 y a eu un rapport evident
entre la resistance a la streptomycine et la
mortalite, ainsi qu'entre l'apparition de
la resistance et la duree du traitement.
On a constate egalement que les malades
qui avaient des rechutes, et chez lesquels
des micro-organismes streptomycino-resis-
tants etaient isol6s, reagissaient bien au
traitement combine au PAS et 'a la strepto-
mycine. Sur 38 malades presentant des
bacilles resistants a 2 y, ou plus, par
millilitre, 23 furent traites au PAS et aL la
streptomycine; 13 d'entre eux sont
encore en vie, tandis que les 15 malades
non traites au PAS sont tous decedes.

6
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Of the 267 patients who were admitted
between December 1946 and June 1949,
and received treatment at the Ospedale
Meyer only, 147 have survived and 129
have normal cerebrospinal fluid. The
general condition of all the cured patients
is very good. In only 14 of them have
sequelae persisted; 4 have slight hemi-
paresis, 1 has slight facial paresis, 1 has
paraparesis, 3 are slightly deaf, and 5
show defective psychomotor development.

Techniques for microscopic demonstra-
tion of tubercle bacilli in cerebrospinal
fluid, and for catheterization and con-
trolled-pressure drainage, are described in
annexes.

Sur les 267 malades qui ont ete admis
entre decembre 1946 et juin 1949 et qui
ont ete traites a l'Ospedale Meyer, seule-
ment 147 ont survecu et 129 presentent
un LCR normal. L'etat general de tous
les patients gueris est excellent. Chez 14
d'entre eux, seulement, des sequelles de
la maladie ont persiste: 4 souffrent d'une
legere hemiparesie, 1 d'une legere paresie
faciale, 1 de paraparesie, 3 d'une legere
surdit6, tandis que 5 accusent des troubles
psychomoteurs.
La technique de demonstration micro-

scopique des bacilles tuberculeux dans le
LCR et celle du catheterisme et du drai-
nage avec contr6le de la pression sont
decrites dans des annexes.
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