
the adventitia became replaced by a ring of 

hyalinized fibrous tissue, and the intima showed 

gross thickening wits fibrous tissue and correspondi_ig 

reduction of the lumen. In cases surviving up to 

sixteen weeks new elastic fibrils dev_ loped beneath 

the internal elastic lamina. This degree of fibrosis 

was not observed in the veins. It was Doniach's 

view that streptomycin did not exert a direct effect 

upon the vessels and that his findings ?.ere 

explicable by the prolongation of life, resulting 

in an increase of fibrous endarteritis. This in 

turn may be the cause of widespread ischaemic 

lesions of brain and spinal cord. 

Ligdon and Lefeber (195U) however state that 

thrombosis associa ted with an acute arteritis is a. 

common pathologic finding and that cerebral necrosis 

secondary to endarteritis is apparently minimal. 

They reported two treated cases in which obliterative 

edarteritis had led to necrosis of the anterior 

portion of the basal nuclei due to the essels 

supplying these nuclei becoming involved by 

exudate as they passed through the meninges. 

'inter (1950) carried out a histologic 

study of streptom; cin- treated cases of meningitis. 

Cf the changes in the meninges and subarachnoid 

space he mentioned that slight liquefaction of 

fibrin occurred in some cases. As healing progressed 

the pia-arachnoid mater became thickened, there was 

an/ 
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TAE TREATMENT ÜF TUBERCULOUS MENINGITIS. 

A Study of Twenty -six cases. 

Prior to the introduction of streptomycin a 

few years ago, tuberculous meningitis was a one 

hundred percent fatal disease. It is now justifiable 

to present a thesis on the treatment of this disease 

for streptomycin is the first therapeutic agent to 

be used extensively and successfully in the treat- 

ment of tuberculous meningitis. That fifty percent 

of the patients now live is a remarkable advance, 

but the fact that half the patients succumb serves 

to show that treatment is powerless to save those 

in whom the pathological changes are severe and . 

incompatible with recovery. Thus death is sometimes 

inevitable if the disease process is already 

advanced beyond the limits of the therapeutic power 

of streptomycin. The only certain preventative 

measure is earlier diagnosis of the disease. 

sobering feature of the conquest of this disease is 

that, though many may now live, some are unable to 

follow a full and happy life for treatment is not 

without its complications, some of which are 

permanent and disabling. It is the purpose of this 

thesis to describe the results of treatment of 

twenty -six cases of tuberculous meningitis in all 

stages and to present some of the factors which 

make this treatment unsuccessful or unsatisfactory. 

The/ 



The twenty -six cases to be studied in this 

thesis were admitted to Southfield SanatoriulL, 

Edinburgh between October 1948 and July 1951. The 

author has personally carried out the treatment of 

nine cases admitted after iiarch 195C and of five 

cases admitted prior to ìiarch 1950 but requiring 

treatment for varying periods thereafter. He has 

also been responsible for the follo1. -up and after- 

care of all surviving patients including three in 

whom treatment was completed before 'kíarch 1950. 

The author was not_esponsible for the treatment of 

the remaining nine cases, all of whom were treated 

and died before _arch 1150. i em grateful to 

Professor Charles Cameron, i'iedical Superintendent, 

Southfield Sanatorium, Edinburgh, for permission 

to use the records of these nine cases. 

For advice on specialised points acknowledg- 

ment is gladly made to Professor Charles Cameron, 

Dr. J.X.Slater, Visiting neurologist and :fir. John 

iiacaskill, Visiting Ophthalmologist. 
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THE CEREBROSPINAL FLUID AND ITS PATHWAYS. 

Anatomy. 

The Subarachnoid space. The cerebrospinal 

fluid (C. S.F.) is contained within the subarachnoid 

space. At the base of the brain are found definite 

dilatations of this space to form the basal cisterns. 

The largest and most conspicuous is the cerebello- 

medullary, formed by the arachnoid membrane bridging 

over the wide interval between the posterior part of 

the cerebellum and the medulla oblongata. The 

cisterna pontis lies on the ventral aspect of the 

pons and medulla oblongata. The interpeduncular 

cistern is formed by the arachnoid bridging across 

the interval between temporal lobes and contains the 

Circle of Gillis. Leading out from the latter ale 

the cisterns of the lateral sulci, which accommodate 

the middle cerebral arteries. The cerebello- 

medullary cistern is continuous with the posterior 

pert of the subarachnoid space of the spinal cord, 

wile the pontine cistern is continuous with the 

anterior part of the spinal subarachnoid space. he 

st,inal part of the subarachnoid space is an interval 

partially subdivided into compartments by three 

incomplete septa. The median partition connects the 

pia roster covering the back of the spinal cord with 

the arachnoid - in the upper cervical region it is 

incomplete and represented merely by some strands 

passing/ 
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passing between the two membranes. The other two 

septa are formed by the ligamentum denticulatum, a 

strong fibrous band which stretches out from the pia 

mater on each side of the spinal cord and connects 

the pia mater .ith the dura. The pial attachment is 

a continuous membrane between the anterior and 

posterior nerve roots. The lateral margin is, for 

the most part, free and from twenty to twenty -two 

denticulations are present in the intervals between 

the spinal nerves which are attached to the inner 

surface of the dura mater. 

The Ventricles of the Brain. The third 

ventricle is a narrow cleft between the two thalami. 

Two delicate choroid plexuses hang down from the 

under surface of the roof. This ventricle 

communicates with both of the lateral ventricles and 

also with the fourth ventricle. The aqueduct of the 

mid -brain brings it into communication with the 

fourth ventricle and the foramen of Monro connects 

each lateral ventricle with the third ventricle. 

The lateral ventricle forms a cavity in the 

interior of each cerebral hemisphere. Each is 

composed of a body or central part, with the foramen 

of i4onro lying at its anterior end. In front of 

the foramen lies the anterior horn. The posterior 

horn curves backwards and medially into the occipital 

lobe, while the inferior horn sweeps round the 

posterior end of the thalamus and curves into the 

temporal/ 
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temporal lobe. The choroid plexus is a convoluted 

system of blood vessels within a fold of pi`. rn ter, 

It is composed of tiny vessels arising from the 

choroidal arteries and its veins empty into the 

inernal cerebral veins. It projects into the 

central part and the inferior horn of the ventricle 

but is excluded from the ventricular cavity by the 

ependyma which represents a portion of the wall oi 

the cerebral hemisphere. In front it is continuous 

through the foramen of i,donro with the corresponding 

choroid plexus of the third ventricle. 

The fourth ventricle is bounded by the pons 

and medulla oblongata in front and thee cerebellum 

behind. Above and below it tapers to a point to 

become continuous with the aqueduct and the central 

canal of the lover half of the medulla oblongata. 

respectively. Lying in its roof is a choroid 

plexus. At the lower end of the fourth entricle 

the ependym<-.l ro.._" of the ventricular system is 

deficient and so is the pial layer. This permits 

communic.uion between the ventricular system of the 

brain and the subarachnoid space at the foramen 

of Magendie in the mid-line, and at the foramina 

of Luscbka from the extremities of the lateral 

recesses of this ventricle. 

írachncid. Villi and Granulations. The 

arachnoid granulations are arranged in clusters on 

each side of the superior sagittal sinus and 

protrude/ 



protrude into its interior. They are also found in 

smaller numbers and smaller size in connection with 

other blood sinuses. Each granulation is a bulbous 

protrusion of the arachnoid mater. It is attached to 

the arachnoid by a narrow pedicle and into its 

interior there is prolonged through the pedicle a 

continuation of the subarachncid space filled with 

C.S.Q. The protrusion passes between the interstices 

of the dura mater into contact with the endothelial 

lining of the sinus with which the extremity of the 

diverticulum becomes fused. Besides these marrosccpic 

protrusions of the arachnoid mater there are 

innumerable microscopic processes of this membrane 

called arachnoid villi which have the same relation 

to the venous sinuses. 

Physiology. 

The total volume of the C.S.F. is 100 - 150 

ml. This quantity is probably changed every 6 - 8 

hours in health. When free escape to the exterior 

is permitted the amount formed daily may exceed 

2cL, ml. and in cases of riuñorrhoea following 

fracture of the cribriform plate has been known to 

approach 1 litre d:Tiiy. T e C.S.F. is formed by the 

choroid plexuses of all four ventricles of the brain 

while a small quantity is formed in the peri- 

vascular sheaths of the subarachnoid space. It is 

a clear colourless fluid of low specific gravity 

and alkaline reaction. The intraventricular fluid 

is/ 



is relatively free from cells and protein (this 

feature is discussed below). JJ'r :m each lateral 

ventricle this fluid passes by way of the foramen of 

Monro into the third ventricle. The fluid then 

passes through the aqueduct into the fourth 

ventricle where further additions are made from the 

choroid plexuses in its roof. From the fourth 

ventricle the fluid escapes by way of the foramen of 

Nagendie and the foramina of Luschka into the 

cisterna magna. From here some of the fluid passes 

downward into the spinal subarachnoid space while 

the larger part passes either forward via a system 

of basal cisterns or upwards over the cerebellum 

and under the tentorium. The fluid finally converges 

at the narrow tentorial opening where the cisterna 

ambiens encircles the brain stem, then rises above 

the tentorium into the subarachnoid space over the 

cerebral hemispheres. From here it becomes mainly 

absorbed through the arachnoid villi and 

granulations into the superior sagittal sinus. 

This is the most accepted route of flow and 

naturally the most rapid flow is in this direction. 

But the movement of the C.S.F. is not in this one 

direction only. There occurs an admixture and 

diffusion of C.S.F. throughout the subarachnoid 

space ffected by variations of pressure caused by 

circulatory and respiratory changes, straining, etc. 

,i'üis is shown by the ability of penicillin or 

streptomycin administered by the lumbar route to 

reach/ 



reach the ventricles and vice versa. _'urthermore, 

that admixture of ventricular and subarachnoid 

C.S.F. is neither prompt nor complete is shown by 

the difference in composition of the fluid at 

different levels of the C.S.F. pathways. 

The subarachnoid space is carried outwards 

for a short distance on the nerves in their arachnoid. 

sheaths. In the region where the arachnoid sheath 

comes to an end, some cerebrospinal fluid gains 

access to the lymphatic channels of the nerves, into 

it is absorbed. This prolongation of the 

subarachnoid space along the course of nerves is 

greatest in the olfactory, the optic and the 

auditory nerves. 

As the arteries and veins enter and leave 

the brain substance, they are surrounded by the 

perivascular spaces, which are continuous with the 

subarachnoid space. By this means the C.S.F. 

follows all the vascular ramifications. The normal 

Cloy of the C.S.F. in these perivascular channels 

is from within outwards into the main subarachnoid 

space so that normally a few cells (2 or 3 lympho- 

cytes per c.mm.) and a small quantity of protein 

enter the C.S.F. from these vessels. In certain 

pathological conditions great numbers of leucocytes 

and an increased quantity of protein thus enter the 

C.S.F. 

2unctioJs of the Cerebrospinal fluid. 

It is thought that one of the properties 

of/ 



of the C.S.F. is to transfer metabolic substances 

from the brain and spinal cord to the blood. The 

further away from the choroid plexus the specimen of 

C.S.F. is obtained, the greater its protein content 

since this constituent is probably added to the 

C.S.F. within the perivascular sheath prolongations 

of the subarac_hn -;id space. For example, the content 

in the lateral ventricles may be 10 mg.%,in the 

cisterna magna 20 mg.,, and in the spinal sub - 

arachnoid space 40 mg.g The protein has been 

thought to represent the end products of metabolism 

discharged into the C.S.F. for ultimate disposal 

into the blood stream. Since there are no variations 

in the glucose or chloride levels in the various 

situations, it is presumed that the C.S.F. does not 

play a nutritive part. 

Other functions include that of a fluid 

buffer against injury and a space-compensating 

mechanism to regulate the contents of the cranium. 
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THE PA.THOGENESIS OF TUBERCULOUS MENINGITIS. 

Prior to 1933 it had been almost uni.ersally 

believed that tuberculous meningitis was the direct 

and immediate result of acute miliary tuberculosis, 

and it was only in occasional cases that an older 

tuberculous focus in the central nervous system was 

responsible for infection of the leptomeninges. 

This conception of the pathogenesis of the 

disease was profoundly altered in 1933 by the 

observations of Rich and Mccordock, and their work to 

a large degree was confirmed by the independent 

findings in 1937 of Macgregor and Green. 

Rich and McCordock stated that meningeal 

tuberculosis occurred principally in three quite 

different forms:- 

1. Disseminated miliary tubercles of the 

Meninges which occurred as a result of the 

dissemination of tubercle bacilli in miliary 

tuberculosis. The degree to which certain organs in 

the body were involved depended upon the ability of 

that tissue to arrest circulating foreign particles. 

The meninges belonged to the group that have 

relatively little tendency to arrest circulating 

tubercle bacilli thrown out into the blood stream 

from a tuberculous focus elsewhere in the body. 

Therefore the number of tubercle follicles developing 

in the meninges in a case of miliary tuberculosis was 

relatively small, whereas the lungs, liver and spleen 

might/ 
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might be riddled with them in the same case. The 

diffuse exudative reaction, characteristic of 

meningitis, occurred only if there was introduced into 

the subarachnoid space a number of bacilli in excess 

of what was likely as a result of even the most 

severe miliary tuberculosis. 

2. The focal caseous Llaque was a lesion of 

the leptomeninges that was a frequent source of 

origin of diffuse exudative meningitis. This lesion,. 

which could be single or multiple, was comparable in 

a smaller way to the tuberculomata of the brain. In 

some cases they probably resulted from the transient 

bacillaemia that occurred periodically during the 

course of the primary lesion, and in other cases they 

resulted from the intermittent bacillaemia that 

occurred in a progressive post -primary infection. 

3. Acute inflammatory caseous meningitis 

occurred in a loc:;.lised and a diffuse form. The 

localised form resulted from a caseous tubercle 

follicle in the cortex of the brain extending to the 

overlying menin,gas and infecting them. A localised 

area of the meninges only vas involved in those cases 

where the number of tubercle bacilli liberated was 

small and where the resistance was sufficient to 

confine them to the immediate area of the caseous 

tubercle. In some cases organization might then 

occur, leaving the scarred meninges in contact with 

the healing tubercle of the cortex, while in other 

cases/ 
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cases the lesion ul tim tely extended Lad the diffuse 

form made its appearance. 

In the diffuse form there was found the 

typical thick gelatinous exudate particularly 

abundant at the base of the brain. Tuberculous 

meningitis and miliary tuberculosis were found to be 

associated with each other in 80.7;`ß of the cases 

studied but the diffuse form of meningitis was 

usually not the meningeal manifestation of miliary 

tuberculosis. Eich and McCordock made this state- 

ment for the following reasons:- 

(a) Tubercle bacilli did not escape freely 

into the meninges from the bloodstream because, as 

already stated, the meninges belónged to that group 

of tissues that arrest few circulating bacilli. 

There were therefore many cases of miliary 

tuberculosis of a severe degree in which other organs 

:ere heavily invaded with miliary tubercles and in 

which the meninges were clear except for a few 

idely scattered tubercles. Difficulty to infect 

the meninges directly from the blood stream has been 

noted by several investigators in experimental 

animals: The introduction of large numbers of 

tubercle bacilli into the blood stream of such 

animals produced generalized miliary tuberculosis, 

yet it was not possible to produce meningitis by 

this method, not even if the inoculation was made 

into the carotid artery. The bacilli that do escape 

from/ 



from the blood stream into the meninges produced 

there only few scattered miliary tubercles. This 

experimental evidence supported the iiiew that 

diffuse exudative tuberculous meningitis did not 

result from the escape of bacilli from the blood 

stream into the meninges. 

(b) Tuberculous meningitis occurred in the 

absence of miliary disease, and the lesions in the 

former were identical with those of the meningitis 

that occurred in association -..ith miliary tuberculosis, 

confirming that it was not the blood stream which 

was the only source of infection of the lepto- 

menin.ges. 

(c) Although a massive injection of 

tubercle bacilli into the blood stream did not 

produce a typical exudative tuberculous meningitis, 

the .typical form could be produced by the introductioi 

directly of bacilli into the subarachnoid space. In 

the same way, if a tubercle follicle of the cortex of 

the brain, formed as a result of blood stream 

infection, caseated and broke through into the sub - 

arachnoid space, a typical tuberculous meningitis was 

produced. 

(d) The typical pathological lesion of 

blood vessels in diffuse tuberculous meningitis was 

never seen after the injection of bacilli into the 

blood stream, but was seen where the subarachnoid 

space had become infected from the breakdown of a 

sub-cortical/ 
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sub -cortical tubercle. 

(e) Though miliary and meningeal tuberculosis 

frequently occurred together, the age and character 

of the miliary lesions in the body viscera often did 

not correspond with that of the lesions in the 

Meninges. In many cases the tubercles of liver, 

suleen and lungs were older than the meningitis, 

while in a few cases recent miliary tubercles were 

found in the viscera in association with an older or 

organizing meningitis. It was established that 

occasionally a miliary tuberculosis of the viscera 

may follow a meningitis from a local tuberculoma. 

These findings of Rich and ivIcCordock led 

them to conclude that tuberculous meningitis most 

commonly resulted from the discharge of tubercle 

bacilli directly into the meninges from a local 

tuberculous caseous focus in the brain in contact 

,with the meninges; and that even massive 

experimental blood stream injection failed to cause 

meningitis unless time was allowed for a focal brain 

lesion to develop to the point of discharging 

bacilli into the subarachnoid space. These 

investigators found that the focal meningeal plaque 

was the cause of meningitis in one fourth of the 

cases and was frequently hidden, and possibly over- 

looked at autopsy, by the exudate from the resulting 

acute meningitis. These mmasJderations gave reason 

to believe tht tuberculous meningitis behaves like 

that / 
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the t of tuberculosis of the serous cavities. 

Extensive exudative tuberculous reactions in the 

serous cavities were not produced by direct blood 

stream injection, but by infection of the cavity 

from an adjacent tuberculous focus. It was probable 

that in some cases, when sufficient time had elapsed, 

the sparse miliary tubercles of the meninges that 

had resulted from the widespread dissemination during 

miliary tuberculosis might develop into foci 

capable of becoming the source of a diffuse 

tuberculous meningitis; in other cases older 

isolated foci of brain or meninges, dormant lesions 

of the bacillaemia of the primary infection or post- 

primary infection, became re-activated and discharged 

their bacilli into the subarachnoid space. Blacklock 

and Griffin (1935) were in general agreement with 

Rich ànd NcCordock and demonstrated the frequent 

association of generalized miliary tuberculosis with 

tuberculous meningitis in 68 of their cases of 

tuberculous meningitis. 

In 1937 Macgregor and Green in Edinburgh 

carried out an extensive pathological study to 

confirm the work of Rich and McCordock, to prove 

that many victims of tuberculous meningitis, at some 

prior to the onset of meningitis, had suffered 

an infection of the central nervous system by 

tubercle bacilli which did not immediately give rise 

to diffuse meningitis but produced a localised 

lesion/ 
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lesion which subsequently infected the meninges. 

The first part of their study was the 

examination of the br ain and spinal cord from cases 

of tuberculous meningitis. Foci of tuberculous 

infection, antecedent to the diffuse meningitis, were 

found in 74 out of 88 cases (in an additional 4 cases 

a focus was found in the vertebral bodies ). In the 

reaining 10 cases no tuberculous focus older than 

the meningitis itself could be found. In the early 

cases the meningeal exudate was not found in those 

s itua tions in which it was most plentiful in fully 

developed cases; it was found in the vicinity of 

and spreading- out from the older focus and not at 

the base of the brain. Ale position depended 

entirely on the locality of the focus responsible 

for infection of the subarachnoid space. exudate 

was usually most frequent at the base because most 

of the 6.S.2. tended to collect there at some time 

during its flow from the choroid Taexuses to its 

point of absorption over the hemispheres. In 13 of 

the 78 cases there was no evidence to suggest that 

the focus found was the source of the meningitis. 

In the remaining 65 cases a pre- existant localised 

tuberculous focus, the source of a subsequent 

meningitis, was found. These results supported the 

conception of pathogenesis advanced by Rich and 

i'cdordock, that in the large majority of cases 

exudative meningitis `rose from an older localised 

tuberculous focus and not as the immediate result 

of/ 



of mili ry tuberculosis. 

The anatomical characteristics of the 

localised tuberculous lesions of the central nervous 

system were as follows:- 

(1) In 42 out of the 88 cases, caseous 

nodules originating in the substance of the brain 

or spinal cord were found. They were usually 

multiple and varied in size between 1 - 6 mm. The 

small acute lesions, with the cellular barrier at 

the margin of the caseous centre poorly developed, 

were the ones giving rise most often to meningitis. 

Cerebellar foci frequently produced meningitis 

as the pia mater was quickly reached in the small 

sulci between the folia. In the cerebrum they were 

usually to be found in the cortex, with their 

superficial surface close to the meninges or in the 

walls in the depth of sulci. In the latter the 

resulting meningitis was often at first limited 

to the sulcus to become diffuse later. During the 

time the disease was limited to a sulcus the 

tubercle bacilli multiplied and extended and when 

they burst into the whole subarachnoid space were 

able to produce a severe diffuse meningitis. That 

localised exudative meningitis in a sulcus often 

preceded the diffuse form of the disease was seen 

in many cases in this series. Of these 42 cases 

with foci in the brain substance, 18 cases showed 

tuberculous foci older than the meningitis, while 

in/ 
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in the remaining 24 cases there were also foci in 

the meninges which were older than the meningitis. 

(2) In 56 of the 88 cases examined, foci 

originating in the meninges, of older standing than 

the diffuse meningitis, were found. (In 24 cases 

there were in addition foci in the brain substance.) 

The common site was on the surface of the brain or 

deep in a sulcus. 

Macgregor and Green also considered that the 

origin of localised tuberculous foci in the central 

nervous system, whether in the brain or meninges, 

was almost certainly blood -borne deposits from 

active lesions elsewhere in the pody. The interval 

between the appearance of the focus in the brain 

and the subsequent development of meningitis was 

variable but probably occurred when the lesion was 

your, beginning to caseate and not surrounded by a 

protective tissue reaction. 

The association of miliary tuberculosis 

with tuberculous meningitis was noted in 70 (83jó ) 

of the 84 cases in which a complete necropsy was 

done. This was a very definite relationship but the 

former waw not considered the direct cause of the 

latter. In most autopsies there were few cases 

when all the mili:ry foci appeared to be of the 

same age. It seemed likely that miliary tuberculosis 

did not arise all at once as a result of a single 

discharge of tubercle bacilli from an infected 

focus into the blood stream. 

Of/ 



J the 70 cases, microscopic examination 

was sufficiently complete in 62 to enable Macgregor 

and Green to state that in 8 of the 62 cases no acute 

miliary tubercles were found, but only subacute or 

chronic foci. Including the 14 cases of meningitis 

without miliary disease, there was thus no mili;.ry 

tuberculosis which could be regarded as of the same 

duration as the meningitis in 22 of the total of 84 

cases. In a further 25 cases, acute miliary 

tubercles in the viscera were present in exceedingly 

small numbers. Thus in 61iß of the cases examined 

miliary tuberculosis of an age corresponding to that 

of the meningitis was either absent or negligible 

while in the remainder recent acute tubercles were 

present. The latter might be due either to further 

spread from the primary focus or else have occurred 

as a result of meningitis causing a slight miliary 

spread. This seemed a possible way of fitting in 

the presence of acute tubercles with the Rich 

hypothesis. The view was also put forward that the 

occurrence of miliary tuberculosis might re- activate 

a pre -existant latent caseous focus in the brain 

tihich discharged bacilli into the subarachnoid space 

- this would account for the presence of miliary and 

meningeal tuberculosis of the same age. Another 

theory that was advanced to explain the simultaneous 

presence of acute miliary disease and meningitis was 

that the latter might of itself be the source of the 

blood infection which produces the former. The 

Íbacilli/ 
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bacilli, discharged into the C.S.F., could gain 

access to the blood stream either through the 

arachnoid villi or through damaged walls of meningeal 

vessels. The former have often been found to be 

involved and undergoing caseation, so that the 

absorption of bacilli would now be easier. The 

meningeal vessels were sometimes noted to contain 

caseous thrombi when passing through dense exudate. 

To complete this review of the most 

accepted views of the pathogenesis of tuberculous 

meningitis, it seems appropriate to include the work 

of Macgregor and Green in connection with the 

occurrence of tuberculous lesions in the central 

nervous system, in tuberculous cases without 

meningitis. Of 25 cases of primary lung and 

abdominal tuberculosis and pulmonary tuberculosis 

which they examined, ll had tuberculous lesions 

in the central nervous system. These :sere situated 

as follows - 3 in the substance of the brain, 3 

in the meninges and 5 with foci in the choroid 

plexuses. Most of these instances belonged to the 

younger age groups. Cf these 11, 8 had miliary 

disease and the more severe the blood spread, the 

greater the cerebral lesions. In 3 of the cases no Í 

haeinatogenous foci were found except in the central 

nervous system. 

In a similar group of cases they were also 

able to observe the occurrence of tubercle bacilli 

in the C.S.f. in tuberculous cases without 

1 meningitis./ 
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meningitis. Bacilli were demonstrated in 10 out of 

2C cases. In 7 cases foci were present in the 

central nervous system, while in 3 cases none were 

discovered and in 8 cases mili?.ry disease was also 

present. The interesting feature was that in 2 cases 

there was neither miliary disease nor a focus in the 

nervous system. This fact suggested that, besides 

miliary tuberculosis, tubercle bacilli may 

occasionally occur in the C.S.F. when active 

tuberculosis is present elsewhere in the body. If a 

focus in the brain was not missed, these bacilli must 

have entered the cerebrospinal fluid before the 

formation of miliary tubercles. 

To summarize: Tubercle bacilli might be 

released into the C.S.F. during the course of a 

tuberculous bacillaemia though it was most likely 

to happen when tubercles were formed in close 

relation to the cerebrospinal pathways, but could 

occur in the apparent absence of such lesions. The 

presence of tubercle bacilli in the C.S.F. did not 

necessarily imply the presence of or the early 

development of diffuse meningitis, but it was 

probable that a local meningitis would be formed. 

This suggested that for the production of diffuse 

meningitis a large number of bacilli and a suitably 

allergic subject were necessary and that in their 

absence the result of infection would at the most 

be a localised lesion. As a rule the number of 

tubercle bacilli released into the C.S.F. in acute 

miliary/ 
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miliary tuberculosis seemed to 'e insufficient to 

produce the diffuse exudative meningitis. Localised 

lesions in the meninges might be set up by 

haematogenous infection of a mild sporadic type and 

tubercle bacilli might be present, probably 

temporarily, in the C.S.F. and clinical symptoms and 

signs might mark the occasion of its formation. 

However it was not necessarily followed by the 

'development of a total tuberculous meningitis. This 

suggested that tuberculosis of the central nervous 

system might be arrested and undergo clinical cure, 

even ,.hen the t;. S.F. was infected, provided the 

lesion remained localised and that the diffuse 

exudative reaction did not take place. 
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THE PATHOLOGY ( i4' TUBERCULOUS MENINGITIS. 

prom whatever site in the central nervous 

system the subarachnoid space becomes infected with 

tubercle bacilli, the tuberculous exudate first 

becomes localised to the base of the brain, 

particularly the basal cisterns. It may be limited 

to the interpeduncular fossa and the area surrounding 

it. In cases surviving for a longer period the 

exudate spreads backwards between the cerebral 

peduncles and over the posterior surface of the pons, 

medulla and cerebellum, laterally along the Sylvian 

fissures, forwards between the hemispheres, and into 

the substance of the brain along the subarachnoid 

sheaths of the vessels and ultimately perhaps 

extending to the vertex. Spreading from the area of 

maximum density, minute whitish points of tuberculous 

exudate are seen along the course of blood vessels. 

The dense gelatinous exudate may obscure from view 

the underlying blood vessels and cranial nerve 

roots, especially in the vicinity of the tuber 

cinereum. 

The subarachnoid exudate may at first be 

only slightly turbid and opaque, but later it 

becomes yellowish in colour, thick and gelatinous. 

Tubercle follicles are present in the leptomeninges, 

though they may be so minute that they are not 

visible to the naked eye or else they may be buried 

within the extensive exudate; often the follicles 

are/ 
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are more in evidence along the vessels in the 

depths of the Sylvian fissures or adjacent sulci. 

The subarachnoid exudate may involve the cranial 

nerves, particularly those concerned with movements 

of the eye. 

The brain is swollen and soft, and the 

convolutions flattened. The pia.- arachnoid has a dry 

and glazed appearance. In most cases there is 

dilatation of the ventricles, especially of the 

lateral ventricles, in other cases marked hydro- 

cephalus is present. The accumulation of fluid is 

due to obstruction by exudate of the normal C. S.2. 

flo- and in part to exudate from the inflamed 

choroid plexuses and ventricular walls. Small 

tubercles may be found in the choroid plexuses and 

ependyma. Areas of softening of the ventricular 

walls and adjacent brain are found, due to the 

accumulation of fluid and toxins, but also to endo- 

ventriculiti s, encephalitis, and endarteritis 

obstructing the vascular supply. The areas of 

softening may be accompanied by haemorrhagic extra - 

vasation which accounts for, at times, the xantho- 

chromic colour of the C.S.F. 

The spread of the disease process from the 

point of maximum density at the base of the brain is 

largely perivascular, i.e. around the pial vessels. 

There are found the usual aggregation of lymphocytes 

plasma and other mononuclear cells and the formation 

of endothelial cells and giant cells. Subsequent 

vascular/ 
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vascular changes in the intima and adventitia occur. 

The tuberculous process spreading along the vessels 

and in the meshes of the leptomeninges may produce 

superficial encephalitis and myelitis, and changes 

are also produced in the deeper brain structures by 

impaired circulation through vessels narrowed by 

endarteritis; it is the latter which is most 

frequently responsible for localizing nervous signs. 

The original larger focus or tuberculoma 

with its superficial surface in connection T:lith the 

meninges may be found or perhaps several scattered 

larger foci may be present. This focus may be in 

the depths of a sulcus, in a choroid plexus or else- 

where. These show caseation and usually partial 

encapsulation, often with a surrounding acute 

reaction. 

The leptomeninges of the spinal cord are 

often involved. There may be minute tubercle 

granulations on the surface, at first especially in 

the cervical and lumbar areas, but later of the whole 

cord, the cauda equina or inner surface of the dura. 

Someties isolated follicles may be found within 

the substance of the cord which may also be the site 

of areas of ischaemi c softening. 

In a typical case of tuberculous meningitis 

the cerebrospinal fluid is under increased pressure 

-anything up to 200 ¡mu. water can be regarded as 

normal, 20í) - 250 mm. is suspiciously high and above 

250 mm. 
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250 mm. definitely abnormal. It may be clear and 

colourless if the pleocytosis is moderate (50 - 100 

per c.mm.) or there may be a faint and just visible 

"ground glass" turbidity, especially if the cell 

count be larger. It becomes frankly turbid if 

several thousand cells are present. After standing, 

a spider-web clot frequently forms, and entangled 

by the fibrin may be tubercle bacilli. The cells 

are predominantly lymphocytes at all stages but some 

large mononuclear cells are usually present. In the 

acute stage the percentage of polymorphonuclear cells, 

is variable - they may be present in considerable 

numbers in the e rly stage of the disease. 

The sugar level of the C.S.F. is invariably 

to ?»ered. This is not due to any lowering of the 

permeability of the blood brain barrier but due, as 

evidenced by a corresponding increase in the amount of 

lactic acid, to breaking down of the sugar in the 

fluid itself under the action of the leucocytes rather 

than of the tubercle bacilli. Some saccharolytic 

organisms such as B. coli take an active part in 

diinishing the sugar content or lead to its complete 

absence. The chloride of the C.S.F. is diminished 

more than in any other pathological condition, but it 

is not a constant finding. This is dependent upon a 

i 

corresponding diminution of the chloride of the blood 

plasma. The protein content becomes raised early as 

a result of the disease in the perivascular sheaths 

of/ 
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of the subarachnoid space. 

Blockage of the Cerebrospinal Pathways 

and the Production of H drocephalus. 

The circulation of the C. C.S.F. in meningitis, 

in the light of the introduction of treatment by 

streptomycin, has been reviewed by Sir Hugh Cairns 

(1949). Any part of the cerebrospinal pathways 

might become blocked in meningitis but this was not 

serious unless it affected the main bottlenecks and 

thus interfered with the onward flow of the bulk 

the C.S.L. This blockage might be due to fibrinous 

exudate or granulation tissue in a.rious stages of 

organization, and could occur during any phase of the 

disease. 

The main sites of obstruction were: - 

(1) The foramen of Monro, preventing the 

escape of C.S.F. from the lateral ventricle into the 

t:_ird ventricle. 

(2) The aqueduct, leading to dilatation of 

both lateral ventricles and the third ventricle. 

(3) The foramina of Magendie and Luschka, 

preventing the escape of C.S.F. from the whole 

ventricular system with the result that there is 

little C.S.F. in the subarachnoid space. 

The above- mentioned obstructions gave rise to 

an obstructive or internal type of hydrocephalus. 

(4) The cisterns at the tentorial opening 

giving rise to a communicating hydrocephalus. This 

obstruction/ 
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obstruction occurred at a bottle -neck in the cerebro- 

spinal pathway, namely in the cistern of the great 

cerebral vein and the interpeduncular cistern4which 

encircles the brain stem at the tentorial opening. 

In this case the C.S.F. passed from the ventricular 

system into the subarachnoid space of the base of 

the brain and of the spinal cord but was prevented 

from passing above the level of the mid -brain to be 

absorbed over the cerebral hemispheres. The 

ventricular, cisternal and lumbar C.S.F. pressures 

were high and equal. 

(5) The spinal canal. Since most of the 

C.S.F. does not enter the spinal subarachnoid space 

during its circulation, this site of block was only 

serious in that it prevented streptomycin, 

administered by the lumbar route, from reacbing 

the cerebral subarachnoid space and ventricles. In 

most cases this obstruction was incomplete and 

lasted for a variable period of a few days or a few 

weeks. It usually disappeared before all the 

inflam!.atory granulation tissue had resolved. In 

spinal block, manometric readings showed that the 

rise in pressure was greater on straining than after¡ 

deep compression of the jugular veins. The latter 

rise was negligible while the former occurred even 

in cases of complete block due to a rise of lumbar 

C.S.F. pressure from increase of intra- abdominal 

and intra- thoracic pressure so that venous return 

from spinal veins was temporarily prevented. In 

incomplete/ 



incomplete block, juguln:r compression resulted first 

in a latent period before the fluid began to rise 

in the manometer - this rise then occurred slowly. 

If the pressure was no released, a further latent 

period of a few seconds occurred before the fluid 

level fell but it never fell to the original level. 

A repeat of the jugular compression might now lead 

to a further rise of say 15 mm. , but again the fall 

sfter the ltent period would not amount to more than 

5 or 10 mm.2 so that finally the pressure below the 

spinal block might remain 50 - 80 mm. above the 

original figure in the lumbar region. The 

obstruction was also indicated by a lumbar C.S.F. 

pressure which fell quickly after the removal of 

only a small quantity of fluid, the flow of the 

C.S.F. itself obviously diminishing and it might 

finally cease in complete block. 

Spinal block also led to alteration in the 

characters of the C.S.F. below the level of the 

obstruction. In complete block the fluid was 

faintly or definitely xanthochromic, containing many 

red cells in addition to a moderate number of white 

cells and the protein content was greatly increased 

due to venous transudation. In incomplete block 

the fluid tended to be almost colourless with fewer 

red cells and less protein. A spin -1 block was 

distinguished from a block higher in the cerebro- 

spinal pathway by a comparison of the lumbar and 

cisternal fluids. 

Sir/ 
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Sir Hugh Cairns has pointed out that, in 

obstructions producing a rise of intracranial 

pressure, herniation of parts of the brain through 

the foramen magnum or the tentorium may occur. When 

the lateral ventricles are dilated the hippocampal 

gyri may be displaced downwards into the tentorial 

opening, converting a partial obstruction at the 

tentorial opening into a complete one. When the 

foramina of yiagendie and Luschka were obstructed 

the fourth ventricle dilates, displacing part of the 

cerebellum through the foramen magnum and causing 

a partial or complete block. Cn the other hand the 

cerebellar vermis might be displaced upwards through 

the tentorial opening, further increasing the sub - 

tentorial pressure and preventing the exit of fluid 

from the fourth ventricle. 

Though hydrocephalus has been for a long 

time a recognised complication, the frequency With 

which it occurs has only come to be recognised in 

recent times. This was brought about as a result of, 

streptomycin prolonging the duration of the disease 

and stimul ting sufficient interest so that air 

ventriculography was carried out during life and 

autopsy examinations were more frequent. These 

studies have shown that varying degrees of 

dilatation of the ventricles occur in many cases 

and 1vecommenced by the time a diagnosis has been 

made. 
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A Medical Research Council report (1948) 

included 46 cases of hydrocephalus among 53 

autopsies on cases of tuberculous meningitis following 

streptomycin treatment. Tn most of these cases the 

posterior part of the cisterna magna was free of 

exudate, while the anterior two -thirds was heavily 

filled with it. This would lead to frequent blockage 

of the foramina in the roof of the fourth ventricle 

and thereby to hydrocephalus. The hydrocephalus was, 

however, usually of the communicating type due to 

exudate at the cisterns of the incisura tentorii. 

The longer the time of survival the greater was the 

degree of hydrocephalus. cf 13 cases dying within 

the first week of treatment, 7 showed hydrocephalus. 

The remaining 39 cases survied for longer periods 

and all showed varying degrees of hydrocephalus. 

Smith, Vollum & Cairns (1948) described two cases of 

gross communicating hydrocephalus, in one of which 

the final hydrocephalic episode was thought to be due 

to upward displacement of the cerebellum vermis 

;through the tentorial opening. De (1949) studied 

the effect of streptomycin in the development of 

,hydrocephalus in 8 cases of tuberculous meningitis. 

in 6, hydrocephalus was present and the basal sub - 

a.rachnoid space was found to be blocked by fibrinous 

exudate and tuberculous granulation tissue. All 6 

were treated with streptomycin but only 2 showed 

any evidence of fibroblastic proliferation in the 

exudate/ 



exudate and around the tubercles. In the remaining 

2 cases, hydrocephalus was not present and the basal 

exudate was small enough not to block the subarachnoid 

space. These --ere treated with streptomycin but 

showed no evidence of fibrosis. De states that it 

was not the fibrosis from streptomycin treatment 

which caused hydrocephalus as 3 of his cases showed 

hydrocephalus in the absence of fibrosis; it was 

the presence of massive exudate in the basal sub - 

arachnoid space. The tendency to fibrosis of the 

meningeal exudate was known to occur in the days 

before the use of streptomycin. He also found that 

the variety of hydrocephalus was usually of the 

communicating type and in these cases the subarach- 

noid space around the mid -brLin and pons was 

completely occluded by exudate. De concluded by 

saying that there was "no convincing evidence that 

streptomycin increases the chance of the 

complication by stimulating the production of 

reparative tissue." 

The Effect of Streptomycin upon the 

Pathology of Miliary Tuberculosis and 

Tuberculous Meningitis. 

Baggenstos$ 2eldman and Hinshaw (1947) state 

that "streptomycin has a regressive and healing 

action on the morphological aspects of tuberculosis 

in guinea -pigs .... and has a suppressive effect on . 

human tuberculosis." In the postmortem examination 

of/ 
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of 5 cases of miliary tuberculosis treated for 

varying periods with streptomycin there was evidence 

of regression and healing of the tubercles; 

fibrosis and absence of caseation was noted though 

tubercle bacilli could often be found. The changes 

they found were not encapsulation of the lesion as 

seen in the chronic untreated case but a diffuse 

fibrosis of the entire lesion. This pattern of 

definite healing was to be found in the lung, liver 

and splenic lesions but lack of it was noticeable in 

the primary focus, the regional lymph glands and 

especially in tubercles in the brain. `these workers 

suggested that the reason for this might be such 

mechanical factors as the blood and lymphatic supply 

of the organ or the inherent resistance of different 

organs (that of the spleen and liver being greater 

than that of the lungs). The size of the lesion at 

the start of treatment was also important as 

streptomycin could not be expected to reach the 

centre of a larger necrotic mass. The concentration 

of the streptomycin in the tissue fluids was a 

factor to be reckoned with; large amounts given 

intramuscularly appeared in the C.S.F. in small 

amounts while none appeared in the brain - this might 

be due to a pia -glial barrier, which behaves in a 

similar way with bilirubin. Hence they concluded 

that meningitis might heal while the lesion in the 

brain remained active and could easily re- discharge 

tubercle/ 
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tubercle bacilli into the subarachnoid space. 

etsky, Ritter and Zimmerman (1)50) 

described the morphologic findings in, 3 patients 

who died of tuberculous meningitis and the importance 

of these findings in relation to intrathecal 

streptomycin treatment. In one case of nine months' 

duration they describe the picture of fibrosis and 

minimal exudate in the spinal leptomeninges but of 

extensive exudation without any evidence of healing 

in the meninges of the brain stem and cerebrum. In 

a second case of two months' illness, there was 

histological evidence of fibrosis and healing in the 

lower part of the spinal subarachnoid space in 

contrast to the exudation, arteritis and caseation 

higher up in the base of the brain. In both these 

cases numerous adhesions of the dura to the lepto- 

meninges throughout the spinal cord were present, 

most marked in the lumbar region. Similar findings 

were found in a third case after an illness of 4 

months. That tuberculous meningitis should be found 

healing in part with fibrosis was a new entity but 

the almost exclusive limitation of this fibrosis to 

the meninges of the spinal cord was a noticeable 

feature. It was probably to be explained by the 

direct administration of streptomycin in the lumbar 

region but these workers suggested that this fibrosis, 

might be the irritative effect of streptomycin on 

the leptomeninges in contrast to fibrosis of healing.; 

These autopsy findings stressed how necessary it was 

to/ 
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to find convenient means of obtaining higher 

concentrations of the drug in the upper region of 

the central nervous system. 

Referring to the effect of streptomycin 

upon the basal exudate of tuberculous meningitis, 

a report (1948) to the Medical Besearch Council 

showed that it was rare to find fibrous proliferation 

in the meningeal exudate. Autopsy of 53 cases was 

carried out. 13 cases died after less than one week 

of treatment and all showed acute meningitis. Of 

14 cases which died between the 4th and 8th weeks 

of treatment, only 1 showed slight evidence of 

healing of the basal exudate. 8 cases survived for 

longer than four months and though several of these 

showed signs of chronicity, active tuberculous 

meningitis was also noted in each case. In this 

series gross thickening of the spinal leptomeninges 

by tuberculous granulation tissue was noted. As 

noted by other workers, numerous cases in this series 

showed healing of miliary tubercles of the lung, in 

contrast to the lesions in the central nervous system 

which shoed, only in rare cases, any evidence of 

healing. However in some cases, alongside these 

healing lesions, were found active tubercles of 

recent formation. In 38 out of 51 cases an active 

primary complex was found. 

Changes in the meningeal and cerebral blood 

vessels in tuberculous meningitis were originally 

thought/ 
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thought to be due to infection of these vessels from 

within. Today most opinions support the view of 

rich that the vessels are affected chiefly from 

without in their passage through the subarachnoid 

exudate. The effect of tuberculous meningitis upon 

the blood vessels as they pass through the exudate 

wes studied in the untreated case by Smith and 

Daniel (1947). Arteritis, most commonly of the 

meningeal arteries, was a common finding in vessels 

in the neighbourhood of the tuberculous meningitis. 

It was noted that the vessel wall was invaded by 

mononuclear cells and caseation within the wall 

might occur. The adventitia was most heavily 

involved, the media less severely, while a 

proliferative endarteritis was a frequent occurrence 

in the intima, sometimes progressing to an end- 

arteritis obliterans. A fibrinoid necrosis was 

sometimes observed, the homogeneous structureless 

material being chiefly found as a subintimal layer. 

Inflammatory cells lay beneath this layer and led 

to narrowing of the vessel lumen, which might also 

be occluded by a thrombus. The fibrinoid necrosis 

has been regarded as a non- specific change as it is 

observed in cerebral and meningeal vessels in 

conditions other than tuberculous. meningitis. 'these. 

changes were noted to affect both meningeal vessels 

and those which penetrated the cortex, but more 

especially the vessels involved in exudate at the 

base/ 
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base of the brain and in the depth of the Sylvian 

fissures. Gbstruction of the vessels in the latter 

site was frequent end led to infarction and 

ischaemic softening of the basal ganglia and 

internal capsule on the affected side - this could 

produce a wide variety of focal signs. 

Doniach (l9+9) contrasted the findings of 

disease of the vessels in the treated and the untreated 

case. In 26 untreated cases he found that only those 

vessels traversing the exudate were involved. The 

vessels over the vertex were normal in the absence 

of exudate. The involved vessels showed gross 

swelling of the adventitia in all except the largest. 

This was due to the proliferation within the 

adventitia of "reticulin- forming epithelioid cells ", 

with the invasion from the surrounding exudate of 

mononuclear cells. The intimai changes were lifting 

up of the endothelium by oedema and mononuclear 

infiltration, and subendothelial fibrinoid deposits. 

The media was little affected. Though this arteritis 

led to varying degrees of narrowing or even occlusion 

of the lumen, occlusive thrombosis of arteries was 

not seen. Thrombosis was only seen in the veins if 

they came into contact with a massive caseous focus. 

In his examination of the treated cases, similar 

changes to those in the untreated series were found 

if death occurred after less than four weeks' 

treatment. After ten weeks of streptomycin treatment 

the/ 



an associated proliferation of capillaries, which 

resulted in the formation of tuberculous granulation 

tissue. This tended to obliterate the subarachncid 

space except for occasional "lakes of fibrin and 

serum, and islands of caseation necrosis." It 

occurred more in the sulci and lateral fissures than 

in the basal exudate. The maximum healing response 

was found in the lumbar subarachnoid space, since 

the intrathecal streptomycin concentration was 

highest here. winter observed obvious changes in the 

blood vessels after 3 - 4 months' treatment - in some 

vessels the lumen was greatly reduced but thrombosis 

was not observed. Not all the diseased vessels 

showed the same degree of change which depended on 

the stage of inflammation in the surrounding 

meninges. The larger vessels showed similar 

histologic cnanges but no stenosis. He also observed 

that ischaemic softening of the brain was most common 

in the basal ganglia and internal capsule at first, 

being found elsewhere in the more chronic case. 

infective softening, due to inward extension of the 

tuberculous process, was minimal except in the floor 

of the third ventricle and around the brain stem. 

linter divided his cases into three groups. The 

acute group died within two months of toxaemia, coma 

and increased intracranial pressure with little 

evidence of healing. The subacute group lived for 

three to four months and died showing severe 

hydrocephalus, fibrous organization of the exudate 

with/ 
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with blockage of the cei ebrospinal pathway, 

obliterative arteritis and ischaemic softening of 

the brain, especially the basal ganglia. If the 

brain softening was marked the patient could be 

expected to die of the acute meningitis and if he 

survived it could be anticipated that the softening 

would also be minimal and would not leave residual 

neurological signs. The chronic or relapse group 

showed severe hydrocephalus with exudate at the base 

of an acute nature which the streptomycin had never 

properly penetrated. 

The conclusion reached from a review of the 

pathological findings as a result of streptomycin 

treatment is that most of these findings can be 

explained as a result of the prolongation of life. 

for streptomycin to be successful it must be started 

before the exudate has become so extensive that the 

drug cannot penetrate to the tubercle bacilli, and if 

the exudate becomes extensive healing results in 

considerable fibrosis and permanent obstruction of 

the cerebrospinal pathway and finally it must be 

started before the vascular changes produce ischaemic 

lesions of the brain. 
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THE CLINICAL COURSE OF TUBERCULOUS MENINGITIS. 

The Clinical Course of the Untreated Case. 

The onset is gradual in most cases with signs 

of vague and slight illness. In children these 

include apathy and disinclination to play, headache, 

dullness, irritability, restlessness at night with 

grinding of the teeth during sleep, loss of appetite, 

vomiting, constipation and fever. In older people 

there are, in addition to some of these features, 

signs of mental alteration or hysterical 

manifestations. Delirium may occur and frontal 

headache is frequently complained of. This - the 

prodromal stage - may last for a few days to a few 

weeks. The ankle may 

diminished or disappear. The patient becomes 

lethargic, which soon deepens into drowsiness and 

eventually coma from which it is difficult or 

impossible to arouse the patient. Persistent 

voiting and obstinate constipation occur at this 

stage. The child will be found lying curled up in 

bed with the eyes protected from the light and 

resenting any interference. The neck is found to be 

stiff or definitely rigid, and there may be head 

retraction. Kernig's sign is frequently present to 

a varying degree and there is s.pasm of the spinal 

muscles. Later the limbs may be extended and rigid, 

and finally all limbs may be held in the position of 

flexion. The hydrocephalic cry may be heard in the 

later/ 
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later stages. 

Ocular pareses make their appearance quite 

early while monoplegia or hemiplegia are 

infrequently seen. Varying degrees of strabismus 

are met with, paralysis of the external rectus being 

the most common. Ptosis also occurs. Lolling 

movements of the eyeballs occur late in the disease. 

Papilloedema is common and choroidal tubercles may 

also be found in miliary cases of tuberculosis. 

There may be a facial weakness úness on one or other side. 

Convulsions are common in children but rare in the 

adult, and may be seen at any stage of the disease. 

They may be local or general. Repeated rhythmic 

movements are frequently seen in connection with the 

mouth, where sucking movements and grim ding of the 

teeth are common, and are also seen in the limbs, 

especially the hands and a.:rists. Coarse tremor 

upon movement of the limbs is the rule, or spasmodic 

t?:itchings of muscles may occur. 

There is usually a moderate degree of 

pyrexia and irregularity of the pulse often occurs. 

Cheyne -Stokes respiration occurs in the later stages. 

The invariably fatal termination usually 

occurs from a few days to three weeks after the 

appear :nee of definite symptoms, with the patient 

taking little food and becoming more emaciated. The 

signs of meningeel irritation increase, coma deepens 

and the end often comes from respiratory failure. 

Apparent / 
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Apparent clinical recovery from 

Tuberculous MeninÁitis. 

iacgregor, Kirkpatrick and Craig in 1934 

reported 3 ceses of tuberculosis of the central 

nervous system with apparent clinical recovery. In 

these 3 cases the bovine tubercle bacillus was found 

on guinea -pig inoculation in 2 cases, and the human 

variety was isolated in the third case. The first 

case was that of a child of one and a half years, 

admitted with an acute pleurisy. The tuberculin test 

was positive. The child was restless and contelually 

held his head in his hands. The knee jerks were 

diminished, the abdominal reflexes were absent and 

there was resistance to flexion of the neck. On 

lumbar puncture there was no increase of cells, the 

protein content was 40 mg. %1 the chloride 700 mg. 

and the sugar 6u mg. This child made a complete 

recovery and was alive and well two years later. 

The second case was of a boy aged two years and 

three months admitted with neck rigidity. There 

were diminished knee and ankle jerks on the left 

side and a flaccid paresis of the right leg 

ssociated with loss of tendon reflexes. un lumbar 

;uncture the C.S.F. was found to be under pressure 

and a small coagulum formed on standing. The cell 

count was 130 per c.mm., mostly lymphocytes. The 

protein content was 8u mg., chloride 643 mg. x and 

the sugar 32 mg.. This child developed polio - 

myelitis two and a half months later. He recovered 

and/ 
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and two years later was in good health apart from 

the weakness and wasting of the right leg. The 

third case, a girl aged four years and six months, 

became drowsy and developed headache six days after 

an injury which did not suggest intracranial damage. 

There was a family history of tuberculosis and the 

tuberculin test was positive. On lumbar puncture 

the C.S. 2 . showed no increase of cells, the protein 

was 5o mg. A, chloride 720, mg.$ and the sugar 70 mg.;o 

Later she had severe fits of an epileptic type. The l 

child recovered and two years later was alive and 

well. 

In these three cases there was absence of thé 

classical signs of meningitis, and the nervous 

symptoms that did exist were mild and transitory. 

In two cases there was an absence of definite 

chemical and cytological C.S.F. changes, though 

tubercle bacilli were isolated in all three cases. 

r.acgregor et al. pointed out that, if the views of 

riich and McCordock are accepted, it follows that 

a case developing tuberculous meningitis has on an 

earlier occasion suffered an infection of his central 

nervous system by the tubercle bacillus which has 

set up a localised lesion. The occurrence of the 

initial infection might in some cases be shovn by 

mild and transient clinical evidence of meningitis 

without the finding of definite cytological and 

chemical abnormality in the C.S.F. 

These/ 



These authors recall that Cramer and 

3ickel collected and reviewed 46 cases, including 

one of their own, the tubercle bacillus being 

isolated in each case. In many,however, recovery 

was temporary and death followed some months later 

from a recurrence of the meningitis or from the 

effects of a tuberculous lesion elsewhere in the 

body. 

In 1926 MciMiahon of New York reported the 

case of a woman aged 28 years in whom the clinical 

features of meningitis were definite and prolonged. 

Tubercle bacilli were found in the diffuse caseous 

lesions produced in guinea -pigs from inoculation of 

C.S.F. Ten months after her discharge from hospital 

as cured she was alive and well. Choremis and 

Vrachnos (1948) reported 2 cases suffering from 

primary tuberculosis with meningism and tubercle 

bacilli in the spinal fluid without accompanying 

manifestations of tuberculous meningitis. 3oth cases 

:wade a complete recovery. 

"Serous Tuberculous Meningitis" in Children. 

This condition has been described by Lincoln 

(1947) who presented 12 cases diagnosed as suffering 

from it. She thought that it was most likely the 

result of a focal reaction around the lesion which 

arose during a period of dissemination of tubercle 

bacilli in the primary or post -primary phase. lie 

finding of tubercle bacilli in the C.S.F. was not 

regarded as being incompatible with this diagnosis. 

The/ 



The common C.S.F. findings were an increased number 

of cells, with the fluid under increased pressure, 

while the biochemistry remained normal. The 

clinical features were identical 17ith those of 

exudative tuberculous meningitis except that a fatal 

outcome did not occur. 

jf these 12 cases, 3 were alive and well. 

The shortest period of observation had been twelve 

years. All 3 had transient symptoms and signs of 

cerebral end meningeal irritation occurring during 

the course of an active tuberculous lesion else- 

where in the body. In one there was the coincident 

development of a pleural effusion and in another 

there was radiographically an increase in size of 

the focal reaction around the primary lesion in the 

medi t tinal and lung root glands. 4 other cases 

died of tuberculosis while presenting the features 

of serous tuberculous meningitis. In this group 

also there was a tendency for the appearance of 

serous meningitis to be associated with evidence of 

spread of tuberculous disease locally or by the 

blood stream. In one case of this group there 

appeared Japulo- necrotic tuberculides and 

radiographically increase of pulmonary infiltration. 

In another a tuberculous pneumonia appeared 

simultaneously with the meningitis. At autopsy a 

non -specific adhesive meningitis was present in 2 

of the }+ cases of this group, while in 3 of them, 

although no evidence of exudative tuberculous 

,Leningitis/ 



meningitis was found, caseous foci were present 

in the cortex of the brain. 

In a second group of 4 cases, the serous 

tuberculous meningitis subsided but each died later 

of other tuberculous complications. In this group 

there was the same tendency for signs of serous 

tuberculous meningitis to be accompanied or followed 

by evidence of increased activity of the ,_rimary 

tuberculous lesion or the lesions produced by its 

blood dissemination. At autopsy, 2 showed evidence 

of non -specific meningitis. In the twelfth case, the 

serous meningitis was relieved, but three months 

later the patient died of tuberculous meningitis. 

Lincoln concluded that, if the clinical 

picture of serous tuberculous meningitis be regarded 

as due to the focal reaction around a tuberculous 

;'ocus previously formed in the brain, then it must 

be anticipated that the clinical picture of this 

condition may be seen preceding a diffuse exudative 

tuberculous meningitis. In this series of 12 

cases, only in one instance did this happen. Since 

both these conditions occur secondary to an 

extension from a primary or post- primary lesion and 

both have similar clinical features, differentiation 

on clinical grounds is never possible except in the 

third stage of tuberculous meningitis which is 

severe, distinct and finally fatal. The commonest 

physical signs in serous meningitis were deck 

rigidity/ 



rigidity and ankle clonus. Since this condition 

originated from a caseous central nervous lesion, 

the prognosis must be guarded for at any subsequent 

time diffuse tuberculous meningitis might arise. 

In 194+8 Cohen and Wood described a similar 

condition to which they proposed the name "Cerebral 

Paratuberculosis" be given. They described 5 cases 

of the syndrome to be observed in children and 

young adults suffering from pulmonary tuberculosis. 

They suggested that it was due to an allergic ex- 

udative reaction localised in the leptomeninges, its 

transient and benign nature distinguishing it from 

tuberculous meningitis. The ages of these 5 cases 

ere between six and twenty years and in all the 

pulmonary disease was of recent origin. The leading 

symptoms of this syndrome were headache, lethargy, 

and drowsiness, associated with an elevated 

temperature. The physical signs in all were mini al 

- sluggish reactions of the pupils and depressed 

knee jerks - and only in one case was there slight 

evidence of meningism. The C.S.F. was normal in 

each apart from increased pressure, and tubercle 

bacilli were never isolated. Spontaneous recovery 

occurred in all in seven to twelve days. They 

likened this paratuberculous exudative reaction to 

erythema nodosum, phlyctenular conjunctivitis and 

some cases of pleural effusion because all appeared 

to be due to tuberculosis but were not directly 

associated/ 



associated with the tubercle bacillus as from none 

was this organism isolated. It was also suggested 

that the excess of C.S.F. production in these cases 

was due either to an allergic response from the 

dEposit of a few tubercles in the leptomeninges or an 

allergic response to tuberculo- protein produced 

elsewhere in the body. 

Rich recalls 2 cases which he observed, 

each showing transient signs of meningeal irritation 

some weeks before diffuse tuberculous meningitis 

appeared. Nacgregor and Green also reported 2 cases 

of tuberculosis in children in whom transient 

neurological signs were noted. In both the C.S.2. 

produced a coagulum and cytological changes 

suggestive of tuberculous meningitis, but no tubercle 

bacilli , ere found. These two children recovered 

completely and the spinal fluid returned to normal. 

The authors suggested that these features may have 

been due to localised foci in the brain or meninges 

which set up a local exudative reaction but did not 

progress to the stage of diffuse meningitis. 

Lincoln commented that it was her belief 

that the cases she reported as serous tuberculous 

meningitis due to a perifocal reaction around a focus 

.Formed earlier in the central nervous system were 

similar to those reported by Rich, and Macgregor 

and Green, and possibly those of Cohen and Wood as 

well. 
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STREPTOMYCIN. 

Attempts to establish the usefulness of any 

drug in the treatment of tuberculosis have not 

i'ulf filled expectations in the past because the anti- 

tuberculosis effect of the drug in vitro was followed 

by disappointing results in vivo. It was not until 

the introduction of streptomycin in 1944 by Schatz, 

Bugie and Waksman that claims could be made that a 

specific remedy was at hand. Early this century 

micro- organisms and their metabolic products were 

known to exert an antagonistic effect upon Myco- 

bacterium Tuberculosis in vitro and in vivo. Should 

a culture of Tuberculosis become contaminated 

with bacteria or mod it ceased to grow, due to the 

production of some growth -inhibiting factor of the 

contaminant, i.e. the latter was capable of the 

production of some anti- tuberculosis agent. This 

factor could be obtained from fungi, bacteria and 

actinomycetes. In the search for such an antibiotic 

the antinomycetes were found to offer the most 

promising potentialities, and it was from A. griseus 

that streptomycin was first isolated some twenty - 

eight years ago. Two strains of this organism were 

found to produce streptomycin, one from a heavily 

manured soil and the other from the throat of a 

chicken which was a less active form and was not 

thought to be a normal inhabitant of animals. 

Stressing the difficulties to be encountered in the 

;isolation/ 
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isolation of an effective anti-tuberculosis agent 

for the living animal, Waksman (1947) pointed out 

that the tubercle bacillus could survive on manure 

in the sunlight for two months, or in running water 

for one year, or for over 300 days in dessicated 

sputum, but if secondary organisms were present in 

the sputum the survival time might only be twenty - 

one days. 

aksman defined an antibiotic as "that 

chemical compound produced when micro -organisms are 

grown in artificial culture media, having the 

capacity of inhibiting and even destroying in dilute 

solutions the growth of other microbes, especially 

the causative agents of disease ", and as Feldman and 

Hinshaw remarked "permit the intrinsic factors of 

healing to operate successfully." 

Experimental Studies. 

The pioneer work in the study of 

streptomycin in experimental tuberculosis was 

performed by Feldman and Hinshaw (1945, 1947), 

assisted by Mann and Karlson. In their first 

experiment, 12 guinea -pigs were inoculated sub- 

cutaneously with a culture of human tubercle 

bacilli, strain H 37 Rv. 8 served as controls and 

received no treatment, 2 received daily injections 

of streptomycin at once and 2 others commenced 

treatment fourteen days after being inoculated. 

2if ty -four days after the inoculation the animals 

were killed. In the treated 

tuberculous/ 
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tuberculous lesions in the organs of predilection 

were either non -progressive or arrested (average 

numerical index of infection 2.8) and were in 

striking contrast to the advanced disseminated 

disease of the controls (average index of infection 

81.9). Though tubercle bacilli were recovered on 

culture from the spleen of only 1 of the 4 treated 

animals, they were however found in all 4 after the 

spleen was emulsified and injected into another 

tuberculous -free guinea -pig. In another series 

of guinea -pigs, in which virulent tubercle bacilli 

from sputum were used in addition to the H 37 Rv 

strain, similar results were obtained. From the 

spleens of 3 treated animals, 2 of which belonged to 

the delayed treatment group, virulent tubercle bacilli 

were grown on culture, while in 6 animals culture 

was negative. These results indicate that 

streptomycin can prevent the development of 

tuberculosis in guinea -pigs when treatment is started 

on the same day that the animals are inoculated, and 

that it exerts a definite suppressive effect on the 

disease when commenced about two weeks after the 

injection occurs. In the third part of the work by 

2eldman, Hinshaw and Mann, guinea-pigs, inoculated 

subcutaneously with virulent tubercle bacilli, were 

subjected to laparotomy on the forty- eighth day and 

liver biopsy performed in order to assess the extent 

of dissemination of the disease before treatment. 

Half/ 
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Half the number were now treated with daily 

streptomycin for 166 consecutive days while the 

remainder served as controls. At the end of this 

time 7up, of the 2-i- control animals had already died, 

while only 86 of the 25 treated animals had succumbed. 

At necropsy all the control animals showed massive 

widespread parenchymal tuberculous lesions but this 

was the case in only one of the treated animals; 

also liver examination compared with the earlier liver 

biopsy, showed a continuing destructive tuberculous 

lesion in the control animals while in the treated 

group the hepatic lesions were found to be resolved 

or atrophic remnants. However virulent tubercle 

bacilli were cultured from the spleens of 8 of the 

24 treated animals and from a portion of emulsified 

spleen injected into another tuberculous -free guinea - 

pig, positive results were obtained from 15 of the 

treated animals. This result occurred in spite of 

the finding that in all cases the gross splenic 

lesions were minimal. This experiment showed that in 

some animals a reversal of the normal tuberculous 

process was brought about by streptomycin and that 

this drug exerted a bactericidal effect under optimum 

conditions in addition to bacteriostacic effects. 

Having seen the beneficial effect of 

streptomycin upon tuberculous disease set up following 

the subcutaneous inoculation of virulent tubercle 

bacilli into guinea -pigs, Feldman, Karlson and Hinshaw 

,1947)/ / 
.;. 
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(1947) proceeded to inoculate guinea -pigs by the 

intravenous route to see if streptomycin was able to 

cope with the disease under more exacting conditions. 

21+ guinea -pigs were inoculated intravenously with 

tubercle bacilli of H 37 iv strain and all 12 control 

animals died within 27 days. The average time 

of survival was 19 days. 6 animals were given 

streptomycin immediately for 60 days and the first 

death occurred on the 84th day from the time of 

inoculation, and the 6th animal died on the 193rd 

day. A similar group of animals commenced 

treatment on the 4th day after inoculation and 

received streptomycin for 215 consecutive days. 

In this group the first death occurred on the 

21t.th day and the last on the 341st day folloi ing 

inoculation. Pathologically, the control animals 

showed rapidly progressive fulminating 

tuberculosis, the second group (60 days treatment 

at once) showed minimal gross lesions, though 

microscopically active miliary tubercles were 

found, and the third group (215 days treatment 

commenced after delay of 4 days) showed definite 

evidence of suppression of tuberculosis (with 

healing), the results being superior to those of the 

second group. However cultures of the spleens of the 

treated animals grew tubercle bacilli in 7 out of 12 

cases. In the second part of this experiment using 

the intravenous route as the source of infection, 

streptomycin treatment was made even more exacting as 

it/ 
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it was only commenced after the first animal in the 

control group had died. In 507,, of such treated 

animais there was prolongation of life but no evidence 

that streptomycin could now exert a therapeutic 

effect beyond reducing a rapidly advancing disease 

to one of less menacing degree in which however 

evidence of a healing process was manifest. 

Anti- bacterial Properties. 

Streptomycin is both bacteriostatic and 

bactericidal. Bacteriostatic concentrations of the 

drug inhibit bacterial growth and if this level is 

of sufficient duration the organism will, in all 

probability, die out. At higher concentrations 

streptomycin is bactericidal and the greater the 

concentration the more rapidly lethal is the effect. 

During the early stages of the experimental' 

work on streptomycin in the U.S.., the tendency was 
1 

to administer the drug at frequent intervals as 

the bacteriostatic effect of streptomycin was 

considered to be of most importance. From blood 

examination Feldman, Hinshaw and Mann (l945) found 

that streptomycin disappeared quickly and suggested 

that three- hourly dosage was necessary in order to 

maintain detectable amounts in the blood stream. 

Feldman and Hinshaw (l943), making observations from 

their own experimental work, stated that medication 

four tines daily produced no better results than 

twice daily and that treatment on alternate weeks 

was / 



was just as satisfactory as every week. `heir 

impression was that streptomycin exerted its 

beneficial effects by suppressing the normal growth 

of tubercle bacilli rather than by acting in a 

bactericidal way, as virulent organisms were often 

found in the spleen of guinea -pigs treated for many 

months, due perhaps to the tissue level of 

streptomycin being inadequate to be entirely 

bactericidal. At the same time it was becoming the 

tendency in the U.S.A. to administer the drug only 

twice daily for the treatment of tuberculosis without 

diminution of therapeutic efficacy. This could 

hrdly be explained solely by bacteriostasis for one 

or two daily injections will not maintain a 

constantly bacteriostatic concentration in the blood. 

l aksman (1947) stated that the view that 

streptomycin was bacteriostatic rather than 

bactericidal was due to the discovery that it did not 

bring about complete eradication of tuberculous 

infections in the animal body. On the compl:et.a:n of 

treatment a few surviving organisms in the meantime 

might have developed resistance to the drug and 

begun to multiply again. Re- infection of the host 

might thus occur and the final impression was that 

streptomycin did not exert any bactericidal action 

at all. Another factor was that, compared to 

chemical antiseptics, antibiotics exerted a slower 

bactericidal effect and that a larger concentration 

of/ 
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of the drug was required to kill bacteria than to 

inhibit them. Therefore when the bactericidal 

action of streptomycin seemed unsatisfactory it might 

be due to two factors, namely subminimal level of the 

drug in the tissues and /or inadequate duration of the 

required tissue level. Waksman also showed that, for 

a given amount of streptomycin, the larger the 

;bacterial culture and the longer its incubation 

period, the less bactericidal and the more 

bacteriostatic was the effect of streptomycin. 

Garrod (1948) showed conclusively that 

streptomycin possessed bactericidal effects by 

;finding that the death rate of staphylococcus aureus 

in a broth culture varied with the concentration of 

the drug. present. The greater the concentration, the 

more rapid was the death rate, so that with a 

concentration of 2,000 micrograrrmies per millilitre, 

a 99.8 % mortality occurred in ten minutes. Garrod 

pointed out that the action of streptomycin 

differed from that of other antibiotics such as 

penicillin. Above a minimum level the action of 

penicillin cannot be accelerated further by increase 

of concentration, but the converse is the case with 

streptomycin which shows greater and more rapid 

activity with progressively increasing concentrations. 

It also appeared that a given concentration of 

streptomycin could dispose of only a population of 

a certain density - above this level the remaining 

organisms / 
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organisms survived. The cause of this feature was 

not known, and though it might be due to resistant 

.cells, subculture showed that there was no marked 

increase of resistance. G>rrod also showed that 

streptomycin ,,,ill cause a substantial mortality among 

.tubercle bacilli within a few hours in concentrations 

therapeutically obtainable in the body. A single 

dose of the drug produced a blood concentration 

which exceeded 3U ug./ ml. and this was bactericidal 

in vivo. 

To summarise, streptomycin is both 

'bacteriostatic and bactericidal, the degree to which 

each occurs depending upon the concentration of the 

drug. 

Streptomycin Sensitivity of 

Tubercle Bacilli and the Development of 

Resistance. 

With all organisms sensitive to the actions 

of streptomycin, there is a considerable variation 

in the degree of sensitivity of the different 

strains of the same species. This applies to the 

tubercle bacillus. Youmans & Karlson (1947) 

collected 131 strains of the human type of tubercle 

bacillus from patients who had never received 

streptomycin and found that 90,'' of these strains were 

inhibited by two microgrammes per ml. or less. The 

'bovine strains they collected showed approximately 

the same degree of sensitivity while the avian 

strains were slightly less sensitive to the drug. 

However,/ 
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However, exposure of the tubercle bacillus 

to streptomycin alters this picture very considerably 

in the majority of cases. This occurs in vitro and 

in vivo and considerably limits the scope for the 

utilization of the drug. This limitation is of 

most importance in those forms of tuberculosis in 

which other methods of treatment are available and 

in which a universally fatal outcome is not 

inevitable. ..cterial resistance however is a less 

serious consideration in mili.Lry and meningeal 

disease which would otherwise have a fatal outcome, 

and because the tubercle bacillus in the central 

nervous system appears to acquire resistánce less 

frequently and more slowly than in other situations 

and the degree of resistance is often not 

significant if it does develop. 

Bacterial resistance to streptomycin occurs 

very easily. it is not strictly true to spy that 

t:e tubercle bacillus'acquires" resistance to the 

drug for a minute proportion of streptomycin- 

resistant tubercle bacilli can usually be found in 

any population of apparently sensitive pre- 

treatment strains. By the use of streptomycin, in 

vitro and in vivo, the sensitive organisms are 

gradually eliminated, the resistant minority 

gradually coming to for, .1 a larger and larger 

proportion of the total bacterial population. 

Eventually this proportion becomes sufficient to 

manifest/ 
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manifest streptomycin resistance as determined by 

the usual routine sensitivity tests. It has been 

thought that even in the absence of streptomycin 

there is a slow but steady mutation to streptomycin 

resistant forms. However, the proportion of resistant 

forms does not appear to increase unless they are put 

to an advantage by exposure to streptomycin and tend 

to die out on their own. 

Tubercle bacilli are regarded as being 

resistant to streptomycin if they exhibit 

resistance eight times or more that of the control 

strain H 37 by (0.5 microgrammes per millilitre). 

the degree of increase of resistance varies from 

5- to 1,000-fold, and any bacterial population 

usually possesses widely different degrees of 

resistance. The rate at which bacterial resistance 

is acquired varies considerably. With some Gram 

negative organisms it may occur after only 24 hours' 

treatment but with the tubercle bacillus if occurs at 

a slower rate corresponding to their more leisurely 

growth. This is usually not less than one month 

after the commencement of daily treatment; but 

usually occurs within two or three months. During 

treatment a steady shift towards higher degrees of 

resistance proceeds, so that a bacillus sensitive 

originally to 1 ug. may withstand 100 ug. at 2 

months and even 1,000 ug. at 3 months. The rate at 

which resistance increases shows no definite pattern. 

Williston and Youmans (1947) found that, of 18 

strains/ 
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strains which they isol ted, 14 developed resistance. 

In one, it was two -fold, in three it was four -fold, 

and took from 52 - 12u days to develop. 

Clinically it has been universally found that 

there is definitely less emergence of resistant 

tubercle bacilli on a course of 42 days than on 

either 6u or 126 days. 2C.;á of cases of pulmonary 

tuberculosis (from which organisms can most easily 

and frequently be obtained) develop resistance 

(i.e. resistant to 4 ug./ ml. or more) to 

streptomycin within the first month, 5C6 by the end 

of two months, 62 b; the third month, and 75;x, by 

the fourth month. In spite of continuous or 

interrupted courses, once daily or several times 

daily injections, the emergence of resistant forms 

occurs approximately at the same time and in the 

same proportion of cases and the degree of resistance 

which develops is also the same. prom some quarters 

in imerica it has been stated that,on a regimen of 

one gramme of streptomycin every third day for 120 

days, the emergence of resistance per day of 

treatment appears to approximate closely to that of 

the daily injection, i.e. it takes 3 times as long to 

develop. Variations in the total daily dose 

administered do not appear to alter the liability to 

the development of resistance and it is the duration 

of the course which determines whether or not it 

will develop. The recent inclusion of para-amino- 

salicylic acid does give significantly lower 

percentages/ 



percentages of resistance with streptomycin treatment 

of any duration and it takes longer to develop. When 

in vitro tests indicate that resistant bacilli are 

present, it is not possible to say what percentage 

are non -resistant in the same culture, but the former 

are usually regarded as forming quite a small 

percentage. Therefore continued treatment may still 

be beneficial, but when the streptomycin -resistant 

population of tubercle bacilli has largely or wholly 

replaced those that were sensitive to it in the 

first place, further administration of the drug is 

usually not warranted. Feldman, Karlson and Hinshaw 

have provided definite evidence that in the guine- 

pig streptomycin has no therapeutic effect if the 

tuberculous disease has been induced by a resistant 

strain of the tubercle bacillus, and this was also 

the case in vivo. But they postulate that at the 

beginning of treatment most of the bacilli are non- 

resistant, some are killed, some suppressed, and 

this enables the natural defences of the patient in 

most cases to become operative. Consequently "there 

is set in motion the complex mechanisms of 

resistance and repair which were latent or suppressed 

as long as the majority of the infective bacteria 

were undisturbed in their natural progression. Once 

activated as a result of the action of streptomycin 

on the sensitive bacteria, the forces of repair seem, 

in most instances, to continue effectively operative. 

After streptomycin therapy is discontinued, even 

though/ 



though highly resistant tubercle bacilli can for a 

time at least be isolated, the forces of resistance 

and repair are often expressed in the continued 

betterment of the clinical course of the disease." 

Absorption of Streptoucin and 

its Distribution in the Tissues. 

;rally administered streptomycin is almost 

entirely unabsorbed from the intestine, but large 

amounts are found in the faeces. On the other hand, 

intravenous streptomycin appears in the faeces in 

amounts of 2% or less. 

Following intravenous injection, the level 

in the blood rapidly becomes raised, reaching a peak 

within the first hour but falling quickly; with 

intramuscular injection the peak level is not so 

great, while with subcutaneous injection the maximum 

blood level is not attained for 2 - 3 hours. Zintel 

et al. (1945) noted that, follov ing the intravenous 

injection of one dose of 6G6,00c units of 

streptomycin (1 unit being equivalent to one micro - 

gramme of streptomycin), a maximum concentration 

of 32.8 units per ml. was obtained after 15 minutes. 

decrease occurred at a uniform rate for the next 

6 hours and at the end of this period an anti- 

bacterial level was still present at 4.9 units per 

ml. They also noted that, to obtain a blood level 

of 20 - 6S units per ml. over 24 hours, 3- hourly 

injections of 375,u, units were required. Levin, 

Darr/ 



Darr and Heelman (1948) showed that significant anti-, 

bacterial quantities of streptomycin were still 

evident in the blood 24 hours after the injection of 

2 gm. The blood level at 1 hour was 150 - 200 
1 

' microgrammes per ml.; at 6 hours 30 ug., at 12 hours. 

10 ug., and at 24 hours 2 - 4 ug. The levels at the 

corresponding times with a dose of 1 gm. were 50 ug., 

13 ug., 4 ug. and 1 - 1.5 ug. 

In the treatment of systemic disease, the 

tissue level of streptomycin is more important than 

the level in the blood. As streptomycin diffuses 

into different tissues at different rates, the 

estimation of blood levels is not of great practical 

importance. 4 microgrammes of streptomycin per ml. 

of blood appear to be the lowest blood level that 

will be effective against tuberculosis. Better 

results are obtained with a dosage giving a peak 

blood level of 20 ug. per ml. The anti -bacterial 

effect of streptomycin on the tubercle bacillus is 

exerted by high peak levels t,:ith intervening lower 

levels, as well as by a lower but more continuous 

blood level. It may well be that the tissue level is 

more important than the blood level and that brief 

exposure of the tubercle bacillus to streptomycin may 

be sufficient to disturb the progression of growth 

which now requires several days for recovery o_C its 

reproductive mechanisms. When this becomes 

sufficiently disturbed by repeated exposures to the 

drug/ 
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drug, it is possible that the intrinsic healing 

factors gain control and lead the way of healing. 

Follov.ing parenteral injection of 

streptomycin into the normal individual, Zintel et 

al. (1945) found that, with a dose of 1,000,000 to 

,000,00u units dai._y, levels of 1 - 5 units per ml. 

ere obtained in the cerebrospinal fluid. In ,ne 

case of Haemophilus influenzae meningitis, the spinal 

fluid contained 25 units per ml. after 1,000,000 

units in 24 hours. In the presence of meningitis 

large doses of streptomycin have yielded spinal 

fluid concentrations of one -fifth that of the blood 

level which are considered not to be adequate to 

control tuberculous meningitis. Though the 

penetration of the drug into the 0.S.2. may be low, 

none reaches the brain substance at all. (This 

aspect will be dealt with later more fully). On the 

other hand, the intrathecal injection of 100,000 

units yields anti- bacterial amounts of streptomycin 

in the C.S.F. 24 hours later. Streptomycin also 

appears in the peritoneal fluid, the bile and the 

pleural fluid within a fey hours with a maximum 

concentration of about 6 - 8 ug. per ml. 

Excretion of Streptomycin. 

Streptomycin is excreted mainly in the urine. 

Following the administration of a single dose 6u - 

90» is recoverable in the 24 -hour specimen of urine. 

Only about 2' is excreted in the faeces. In the 

presence/ 



-54- 

presence of reduced renal function considerable 

amounts of the drug may be retained in the body, 

increasing the frequency with which toxic 

!manifestations are found. 

Streptomycin Preparations. 

The first preparations available were the 

sulphate and the hydrochloride. Since these forms 

did not readily crystallise from solution, they were 

riot sufficiently free from impurities. Later a more 

pure compound was prepared known as the calcium 

chloride complex of streptomycin. By the catalytic 

hydrogenation of streptomycin, dihydrostreptomycin 

was formed. This is not a naturally occurring 

substance. It was first used in the form of the 

hydrochloride but now the sulphate is usually 

employed. 

Dihydrostrejtomycin was introduced in 19-6 

and was found to have properties very similar to 

streptomycin. In the years that followed its 

introduction it was considered the drug of choice as 

it was much less likely than streptomycin to c,euse 

symptoms of neurotoxicity. (Evidence will be 

presented later that in tuberculous meningitis it is 

often more toxic than streptomycin and that its use 

in this form of tuberculosis is definitely contra- 

indicated.) Studies on the effect oX dihydro- 

streptomycin in experimental tuberculosis were 

carried out by Feldman, Karlson and Hinshaw (19+8). 

In/ 
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1 In guinea -pigs, they proved that the anti- 

tuberculosis properties of streptomycin and dihydro- 

streptomycin were equal. Since virulent tubercle 

bacilli were recovered from the spleens of many of 

them, it was concluded that its bactericidal 

capacity was limited. In a second experiment dihydro- 

streptomycin failed to exert any recognisable 

influence on the course of infection in guinea-pigs 

induced by tubercle bacilli resistant to 

streptomycin. Rake et al. (1948) showed that 

dihydrostreptomycin has biological activity 

qualitatively and quantitatively comparable to th_ t 

of streptomycin itself against the tubercle bacillus 

in vitro, but that aginst some other organisms the 

former was less active. The absorption and excretion 

of the two compounds is the same and the blood levels 

attained are also similar. Resistance to the same 

degree develops with both compounds. Like 

streptomycin, it has been found to penetrate the 

intact central nervous system, concentrations of 

5 to 8 ug./ ml. being recorded in the spinal fluid by 

Hobson et al. (1948). The discovery that dihydro- 

streptomycin was relatively less neurotoxic than 

streptomycin brought it into prominence as the drug 

of choice in tuberculosis but by 1950 evidence was 

slowly accumulating contradicting this optimistic 

picture, and it can no longer be regarded as being 

greatly superior to streptomycin - certainly in the 

treatment of meningitis. The neuro- toxicity of the 

two/ 



two compounds will be discussed in the next section. 

Toxicity and its Relationship to 

Dosage and Duration of Treatment. 

An antibiotic like penicillin is for practical 

purposes non -toxic (though examples of sensitivity 

to the drug do occur) and this aspect of therapy 

need not be considered in its administration. 

However, with streptomycin the toxicity of the drug 

is important, determining not only the dose of the 

arug to be given but the total duration of its 

administration, as the subsequent toxic effects may 

be crippling and permanent. 

Irritation at the site of injection occurs 

quite frequently with intramuscular injections. It 

occurred most commonly with the calcium chloride 

complex, the hydrochloride and the sulphate salt of 

streptomycin, less frequently with dihydrostrepto- 

mycin hydrochloride and infrequently vith the 

sulphate derivtive of dihydrostreptomycin. 

with the latter this was a great asset for many 

patients are caused considerable discomfort by the 

.L,ther derivatives. Painful, red, indurated areas 

may occur at the site of injection. The tissue 

reaction is a granulomatous response of the areolar 

fibrous tissue. Young fibroblasts appear with 

varying amounts of collagen tissue. Small vascular 

channels are prominent which lead to haemorrhages 

into the surrounding areas. 

The/ 



the most serious toxic manifestation 

produced by streptomycin is upon the eighth cranial . 

nerve, especially the vestibular branch. When 

dihydrostreptomycin was introduced it was thought to 

cause signs of neurotoxicity less frequently. 

Experience has sh wn that this is true for the 

vestibular apparatus but for the cochlear branch 

of the eighth nerve it is more toxic than 

;streptomycin itself. 

Vestibular Dysfunction. 

Complete and permanent loss of vestibular 

function develops in patients receiving large doses 

of streptomycin for prolonged periods or having 

excessive blood levels as a result of impaired renal 

function. With smaller, briefer or interrupted 

dosage the dysfunction may only be partial. The 

neurotoxic effects appear to be related to the total 

dósage and possibly to the frequency of adminis- 

tration of the drug. The severest effects are 

likely to be apparent when the daily dose is 3 gm. 

while the incidence is considerably more delayed 

when 1 gm. is given over a similar period. 

Vestibular disturbances rarely appear before a total 

of 20, gm. have been given but can be anticipated in 

50 - 66 when 6o gm. have been administered. Since 

most cases of meningitis receive 4+ - 6 months' 

continuous intramuscular streptomycin, it is to be 

expected that in most cases vestibular function will 

be/ 
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be completely lost. Children are able to tolerate 

the drug better than adults and they are less prone 

to develop neurotoxic symptoms - when the latter does, 

occur, compensatory mechanisms of equilibrium occur 

more satisfactorily in the child than in the adult. 

The effect of streptomycin upon the vestibular 

function has been the subject of numerous 

investigations and only some of these will be 

mentioned. Domon et al. (1949) stressed that the 

syndrome of vestibular dysfunction was recognised by 

one or more of the following features: - 

(a) ataxia - the patient walking on a broad base 

and being unable to walk along a straight line. 

(b) nausea and vomiting. 

(c) difficulty in focusing for near vision. 

(d) dizziness agravated by turning movements. 

(e) tinnitus. 
i 

(f) nys t agmus . 

They gave 10 patients 3 gm. streptomycin and 1C 

patients 3 gm. dihydrostreptomycin until toxic 

effects were produced or for a maximum of 90 days. 

The results were that none of the dihydrostreptomycin 

group developed vestibular or auditory dysfunction 

while 8 of the 10 streptomycin group finally lost 

their cold caloric response indicating complete loss 

of vestibular function, even though treatment was 

stopped at the earliest signs of dysfunction. There 

was no deafness. All 8 cases however gained 

satisfactory / 
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satisfactory compensation from this disability. 

When the vestibule is knocked out, compensation 

occurs through the optic and proprioceptive 

mechanisms - this is readily attained in the young but 

is seldom complete in the older age groups, 

especially walking in the dark or upon rough ground. 

Feldman and Hinshaw (1948) reported that 

vestibular dysfunction was seen in 90;ó of cases 

receiving 2 gm. of streptomycin for more than 4 

weeks, but the incidence was reduced to 3C if the 

dose was reduced to 1 gm. Fortunately some recovery 

occurs in the vestibular apparatus two or three 

months after stopping the drug or else a satisfactory 

.degree of compensation of equilibrium is attained. 

Hinshaw, Feldman, Carr and Brown (1948) stated that 

neurotoxicity was usually observed if 40 mg. or more 

per kg. body weight is given for more than a few 

weeks, but only occurred in a minority of patients 

is the scale was reduced to 20 mg./ kg. body 

weight. The American Council of Pharmacy and 

Chemistry (1948) also reported that the vestibular 

function was frequently damaged or abolished with 

a dosage of 2 gm. daily but only occurred in about 

15% when the dose was reduced to 1 gm. daily for a 

course of similar duration. This toxic manifestation: 

was also generally less when a daily dose of 1 gm. 

was divided into two injections than when it was 

divided into five injections, suggesting that 

toxicity / 
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"toxicity is a function of maintained plasma 

iconcentrations of streptomycin rather than 

occasional peaks of concentration." Finally the 

reduction of daily dosage has occurred without 

appreciable reduction of therapeutic efficacy. 

2 owler & Feind (1949) confirmed that the most 

important factors in the production of toxic 

symptoms in animals were the blood level of 

streptomycin and the length of time that this blood 

level was maintained, which in some cases was 

greatly accentuated by impaired renal excretion. 

They also stated that vestibular function might 

return if the drug was stopped before damage was 

complete, otherwise compensatory mechanisms would 

have to be relied upon for equilibrium. 

Reporting the effect of streptomycin on the 

vestibular function, Bignall et al. (1951) stated 

that the giddiness was often preceded by mistiness 

of vision when changing quickly from near to 

distant vision. Definite sense of rotation was rare; 

More commonly there was instability of movement or 

sensation of movement continuing after change of 

posture had been completed. Nausea was frequently 

associated with the more severe degrees of giddiness. 

23 patients received 2 gm. daily for at least 12 

weeks, and 6ú0 complained of giddiness most 

commonly occurring about the 22nd day. On the other, 

hand only 16% of 43 patients having 1 gm. for a 

similar / 
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similar period complained of it and its appearance 

was now usually delayed until the +5th day. This 

observation demonstrated that the incidence of 

giddiness was diminished by the reduction of the 

daily dose of streptomycin and that the time taken 

for its appearance was lengthened. Giddiness 

tended to be transient and usually disappeared in a 

few weeks even if treatment was continued. 

Nystagmus was the other most common sign of 

vestibular damage. It was usually present in about 

75iß of those who complained of giddiness. In the 

above group of patients receiving 2 gm. daily it 

occurred in 63¡x, while in those receiving only 1 gm. 

daily it was present in only 16;x. After 12 weeks' 

treatment with 2 gm. it was found that 6u;.. had 

reduced or absent caloric reactions. They stated 

that recovery of labyrinthine function was possible 

even after the cold caloric test hpd shown severe 

depression. 

To compare the neurotoxicity of dihydro- 

streptomycin for the vestibule with that of 

streptomycin, ú'Connor, Christie and Howlett (1951) 

administered equal doses of the two drugs (with a 

maximum of 1.5 gm. daily). Following a three months 

course, 7 of 11 patients having streptomycin showed 

diminished or absent caloric responses at the third 

m3nth while only 1 in a similar group receiving 

dihydrostreptomycin showed this loss to the caloric 

test./ 
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test. However, 7 of the 8 cases recovered the 

caloric response three months later. hen the 

course was continued for six months, lü of 12 cases 

receiving streptomycin showed a diminished or absent: 

response and only 6 of 16 cases on dihydrostreptomycin 

showed such a loss. This again proved that the 

latter was less toxic to the vestibule, dose for 

dose, than streptomycin itself. Hobson et al. 

(1948), from experimental and clinical work, also 

showed that vestibular disturbance occurred later 

and less frequently with dihydrostreptomycin than 

with streptomycin. In experimental work with cats 

Edison et al. (1948) obtained the same result. The 

U.S. Veterans' Administration found that, of 900 

patients having 1.8 - 2 gm. streptomycin daily, 8ü 

had hypofunction or abolition of vestibular 

function by the 4th week, and of 766 patients having 

1 gm., impairment was noted in only 25 by the 60th 

day. Shane and Laurie (1950) contrasted this result 

with their own 21 patients, each of whom received 

2 gm. f dihydrostreptomycin for 90 days, and at 

the end all had normal cold caloric tests. 

Carr et al. (1950) reported on the neuro- 

toxic reactions of dihydrostreptomycin in the 

presence of diminished renal function. In 4 such 

cases blood levels up to 93.6 ug./ ml. after one 

hour were obtained following a dose of 1 gm. 

(normal 45 - 55 ug./ ml.), while in 3 cases 
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receiving 2 gm. daily, blood levels after the first 

hour varied between 119.2 and 214.4 ug./ ml. `these 

high blood levels were stated as being the most 

likely cause of neurotoxicity and this could be 

avoided if the maximal concentration in the blood 

serum did not exceed 50 ug./ ml. 

Fowler and Feind (1949) thought that 

streptomycin might act as an allergen. In 

experimental work on cats they found that the 

administration of an anti -histamine prolonged the 

time taken to produce vestibular disturbance 

compared t &ith cats having similar doses of 

streptomycin but without the addition of anti- 

histamine. An even greater prolongation of this timé 

was achieved by means of desensitization. 

S.reptomycin, commenced in a very small dose, was 

rapidly increased to the level required over a 

!period of 6 days. It was thought likely that the 

latter method would encourage the emergence of 

;resistant strains. 

It is not known where the site lies or the 

nature of the pathological lesions responsible for 

vestibular disturbance. Glorig and Fowler (1947) 

considered that streptomycin injured the vestibular 

nerve peripherally. Floberg, Hamberger and Hyden 

(1949) demonstrated on experimental animals that the 

site was both peripheral and central and they found 

definite alterations in the vestibular ganglion 

and/ 
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and Dieter's nucleus. 

Summary. Vestibular damage occurs later 

and less frequently with dihydrostreptomycin than 

with streptomycin and occurs more readily the greater 

the daily dosage, the greater the duration of the 

course, and perhaps the more frequent the number of 

daily injections. It appears in a proportion of 

cases after the administration of only 20 gm. The 

effects are more severe in the adult than in the 

young. If the dysfunction is not complete when 

therapy is discontinued, recovery in a large 

percentage is possible, otherwise satisfactory 

compensation of equilibrium occurs in most cases. 

Deafness. 

Deafness occurring during the administration 

of streptomycin has been recognised from the earliest 

days, but it occurred largely in patients receiving 

the relatively high daily dosage of 2 - 5 gm. When 

it later became customary to use smaller doses of 

streptomycin, deafness was no longer a problem and 

it became a very rare occurrence, even when 6 - 12 

months' continuous treatment was given. taken dihydr 

streptomycin was subsequently introduced it was 

found to be less neurotoxic to the vestibular 

apparatus and, it was anticipated, to the auditory 

branch of the eighth nerve as well. The latter 

however was not confirmed and it has now been proved 

to be more toxic to the auditory apparatus than the 

parent/ 
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parent drug itself. (In the series of cases to be 

discussed only three were treated throughout with 

dihydrostreptomycin and each patient is now totally 

deaf.) Several reports have now been published to 

confirm this. 

Allison, Volk and Vitagliano (191+9) were 

investigating the toxicity of dihydrostreptomycin 

in the treatment of pulmonary tuberculosis. This 

was supposed to 'oe a less neurotoxic drug and in 

order to test its effect upon the vestibular 

apparatus larger doses than usual were given. One 

group received 2 gm. and another 3 gm. daily, each 

for 90 days. At the end of the treatment only one 

out of twenty cases had loss of vestibular function, 

while one case showed impairment of cochlear nerve 

function without clinical deafness. However, some 

weeks after the conclusion of treatment three other 

cases developed cochlear nerve damage, and 

manifested clinical deafness. Shane and Laurie 

(1950) also showed that deafness may occur even after 

the drug has been withdrawn (This is in contrast 

with what happens in the case of streptomycin) and 

that it might occur without the warning sign of 

vestibular dysfunction. 21 patients received 2 gm. 

dihydrostreptomycin for 90 days and some weeks after 

the treatment was discontinued 2 cases developed 

deafness, while continuing to show a normal caloric 

response.. In these examples tuberculous meningitis 
i 
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could not have accounted for it. Both cases 

eventually died and never showed any improvement of 

the deafness. homansky, _Katz and Glorig encountered 

deafness in 26!i) of cases on dihydrostreptomycin 

hydrochloride and considered that this might be more 

toxic than the sulphate - however the latter 

derivative was used by Shane and Laurie in their 2 

cases which became deaf. 

O'Connor, Christie and Howlett (1951) 

iztve-atigated this liability to deafness by means of 

audiograms as it was thought that cochlear nerve 

damage might be detected more frequently before it 

was manifested clinically. A three months' course 

of intramuscular injections of 1 gm. daily was given 

to 22 patients. 11 received streptomycin and 

none showed auditory impairment. 11 had dihydro- 

streptomycin sulphate and at three months none 

showed any auditory impairment but three months 

after the completion of the treatment there was 

definite impairment in 3 cases. The comparison of 

the effects of dihydrostreptomycin and streptomycin 

at the end of a six months' course was even more 

disconcerting - none of 12 cases on streptomycin 

showed any auditory impairment while 16 of 21 cases 

receiving dihydrostreptomycin showed significant 

auditory impairment and none have shown improvement 

since discontinuing chemotherapy. Analysing these 

19 cases of deafness from the clinical aspect, 2 

were totally deaf, in 3 hearing was moderately 

impaired/ 
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unpaired, in 4 it was slightly impaired, in 3 

significantly impaired, while in the remaining 7 

cases there was no clinical alteration. Tinnitus 

was marked in most cases while the caloric response 

was normal in many. In this deafness the higher 

frequencies were usually lost first and then a 

progressive loss occurred in the lower-spoken voice 

frequencies. D'Esopo (195U) reported significant 

loss of hearing in 5 patients who had received 1 gm. 

dihydrostreptomycin for 29 weeks or more. O'Connor, 

Howlett and Christie (1951) regard the sulphate 

derivative of dihydrostreptomycin as toxic as the 

hydrochloride. They now only use dihydrostreptomycin 

in cases sensitive to streptomycin itself or in 

those having a locomotion defect or leg injury in 

which the avoidance of vestibular damage was 

imperative. The site of 8th nerve damage is not 

known, but Stevenson et al. (19+7) suggest that it 

lies in the central cochlear nuclei. 

The loss of hearing is fax more distressing 

to the patients affected than is the loss of 

vestibular ±unction which has been the principal 

toxic factor concerning us until recently. Recovery 

from vestibular dysfunction is possible, while 

compensation for complete vestibular loss is usually 

satisfactory, but the deafness seems to increase 

gradually and is permanent. Thus, given for a 

prolonged period, dihydrostreptomycin is a more 

toxic drug than the parent substance. 

Summary./ 
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Summary. streptomycin rarely affects the 

auditory apparatus, but dihydrostreptomycin causes 

partial or total deafness in a high percentage of 

cases if given for more than two months. The 

deafness may appear without previous warning of 

vestibular dysfunction, it may be delayed for many 

weeks after the drug is discontinued, and is always 

permanent. On account of the long period of treat- 

ment required in tuberculous meningitis, streptomycin 

should be used in preference to dihydrostreptomycin. 

The remaining toxic effects of streptomycin 

to be described are of minor importance compared 

to those mentioh.ed already. Headache may occur 

accompanied by vertigo. A case of diffuse 

encephalopathy following the administration of 42 gm. 

has been reported by Edge (1951). Renal irritation 

is not common and there is no evidence to suggest 

that nitrogenous retention in the blood occurs. 

lbuminuria anä haematuria may occur with doses over 

2 gm. daily but clear readily when streptomycin is 

withheld. Ido significant changes are noted in the 

haemopoetic system apart from a slight eosinophilia 

in some cases. Rashes, drug fever, arthralgia, 

angioneurotic oedema and other allergic phenomena may 

occur but these are usually satisfactorily controlled 

with anti -histamines without the interruption of 

treatment. Anorexia, vomiting and abdominal pains 

have been reported. Skin sensitization may occur in 

these repeatedly coming into contact with the drug, 

giving/ 
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giving rise to contact dermatitis, and those 

continually handling it should protect the hands 

with rubber gloves. 

fie Therapeutic Administration of Streptomycin. 

The greater the dose of streptomycin, the 

greater the therapeutic effect, but this must be 

weighed against the known resistance and toxicity of 

the drug. In the administration of this drug against 

tuberculosis, three factors have to be considered, 

namely therapeutic efficacy, toxicity, and bacterial' 

resistance. During the evaluation of streptomycin 

régimes it was common at first to give 2 gin. daily 

for 120 days. The therapeutic efficacy was good, 

lour -fifths developed vestibular dysfunction and 

about half developed significant bacterial 

resistance. This was a big price to pay for the 

benefits gained. A reduction of the duration from 

120 to 60 days,or the reduction of the daily amount 

from 2 to 1 gm. without alteration of the duration, 

led to vestibular dysfunction occurring only in about 

one- quarter of the cses, without reduction of the 

therapeutic efficacy. The incidence of resistance 

following a course of 120 days' streptomycin was the 

same whether the dose was 2 or 0.5 gm. daily. If 

the duration was halved, the incidence of resistance 

was halved but the therapeutic 

somewhat at the same time. It 

efficacy decreased 

has now been found 

that the therapeutic effect is similar whether the 

total daily amount be given in one or two injections 

or/ 
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or four injections daily. Since toxicity is related 

also to the height of the blood concentration, a 

reduction in the number of daily injections is also 

beneficial.. Thus, to reduce toxicity, the dosage 

must be reduced; to reduct bacterial resistance, the 

duration must be reduced. These complications cannot 

be avoided with certainty without reduction of 

therapeutic efficacy of the drug. 

Tucker (1949), discussing the evaluation of 

streptomycin regimens, summarizes concisely the 

views held today when he says that "the difference 

in clinical response between the treatment of 

tuberculosis with 2 gm. a day and with 1 gm. a day is 

very slight and of more theoretical than practical 

importance, particularly in view of the definitely 

greater toxicity of a regimen employing 2 gm. a day. 

The difference in therapeutic response between 

treatment with 1 gm. a day or with G.5 gm. a day is 

greater, the latter being definitely less effective 

and there is not corresponding decrease in toxicity. 

it is probable that 1 gm. a day is the dosage of 

choice .... although regimens of 42 days' duration 

;are found to be associated with less therapeutic 

response than their longer counterparts with 

equivalent dosages, because of the importance of the 

limitation of drug resistance, it is nevertheless 

probable that the duration of continuous therapy 

should generally not exceed 42 days." 

Ivíiliary and meningeal tuberculosis are such 
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leth, =l diseases that to obtain therapeutic 

efficacy from streptomycin the duration of treatment 

must be continuous and prolonged and the danger of 

inadequate therapy is greater than the risk of 

exposing the patient to toxicity and bacterial 

resistance. 

Para- aminosalic;'lic acid, possessing in 

itself tuberculostatic properties, is of importance 

when used in conjunction with streptomycin because 

it delays the development of bacterial resistance. 

It is a useful drug when added to the general 

sanatorium regilLe of the treatment of pulmonary 

tuberculosis, but in the more fulminating type of 

disease found in the central nervous system its 

therapeutic benefit is doubtful. .'or this reason 

P.A.S. will not be discussed further. 



Table I. Results of treatment of tuberculous meningitis 

from other centres. 

Author 
No. 
of 
cases 

Alive Dead 

Observation 
period (mths. 
since treat- 
ment commenced 

Jebre et al. (1947) 

Smith et al. (1948 ) 

Hedical Research 
Council (1948) 

Choremis et al. 
(1948) 

Scottish Streptomycin 
Trial (19-9 ) 

70 

18 

105 

63 

81 

Bunn (1950) 81 

inistry of Health 369 
(1950 

McSweeney (1950) 94 

i. ussell & MacArthur 33 
(1950) 

LacCarthy & Mann 
(1950) 

Cairns et al. (1950) 60 

Cathie & MacFarlane 
(1950) Series A. 20 

Series B. 4U 

Mori (1950) 
1947 Series 123 

1948 Series l00 

Choremis et al. (1951) 132 

Ruble & Mohun (1951) 

1+3 

54 

46 (66ó ) 

11 (67 %) 

34 (33%) 

29 (46, ) 

36 (44iß ) 

10 (12%) 

104 (28%) 

19 (20 %) 

15 (4yíó ) 

14 (33iß ) 

30 (5u%) 

24 (34% ) 

7 (33 %) 

71 (67 %) 

34 (54% ) 

45 (56`rß ) 

2 - 10 

2 - 12 

Minimum 7 

5 - 11 

7 - 12 

71 (88%) Minimum 23 

265 (72;) 10 - 12 

75 (8O(%) 6 - 36 

18 (55&) 12 - 32 

29 (67%) 

30 (5u) 

5 (25%) 15 (75%) 

23 (58 %) 17 (42/,) 

44 (36%) 

74 (74iß ) 

81 (61% ) 

16 (30 ) 

79 (64 %) 

26 (26 o) 

51 (39%) 

38 (7U% ) 

16 - 32 

Minimum 12 , 

29 - 38 

7 -29 

Minimum 30 

Minimum 18 

12 -24 

Minimum 30 
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A REVIEW OF THE PUBLISHED WORK 

ON STREPTOMYCIN - TREATED CASES OF 

TUBERCULOUS MENINGITIS. 

The percentage of cases' of tuberculous 

meningitis, with or without miliary disease, 

apparently cured varies considerably from one 

published series of cases to another depending to a 

great extent on the length of the observation period 

since completion of treatment. One fact is out - 
i 

standing in all - namely, that streptomycin led to 

a prolongation of life in the vast majority of cases 

regardless of whether the outcome was successful or 

fatal. In the evolution of schemes of treatment of 

this disease, stress has been laid more and more on 

the necessity for the prolongation of therapy, with 

a corresponding reduction in the daily dosage to 

miniiiize toxicity. One point illustrating the 

difficulty of evaluating any scheme of treatment was 

that the treatment of many of the unsuccessful cases 

appeared to differ little in substance from that of 

the successful. 

Results. 

Table 1 shows the results obtained at 

different centres. It is difficult to compare one 
1 

series with another because in no two instances were 

the conditions sufA_ciently identical. The lowest 

survival rate was 12 (Bunn 1950) and the highest 

6l? (Choremis et al. 1951) after a minimum 

observation/ 
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observation period of twelve months. However in the 

former all were adults, most of whom had also an 

adult type of active tuberculous lesion in the lung 

or elsewhere with its consequent guarded prognosis, 

while in the latter series all were children under 

15 years of age, the great majority having a primary 

glandular lesion with a relatively good prognosis for 

__ eeling. That relapse of meningitis commonly occurs 

after the completion of the first course of treatment 

was shown by the general tendency of the survival 

rate to fall as the period of observation increased. 

Bunn (1948, 1950) published the results of treatment 

of 81 cases of meningitis. After an observation 

period of eighteen months in some cases, 23 persons 

were alive in October 1947. By June 1948 this 

survival rate fell to 11, all but 2 of those now dead 

succumbing to a relapse of the meningitis. In 1950, 

after a minimum observation period of at least two 

years, one further case had died, leaving 10 

survivors only. -,nd of these 10 cases one was 

moribund from pulmonary tuberculosis and another 

moribund following a relapse of the meningitis. 

11ubie and Mohun (1949) reported that they had 18 

survivors of 54 treated cases, the minimum 

observation period being eight months. After the 

survivors had been observed for two and a half years, 

it was reported (Calnan, Rubie and Mohun, 1951) that 

2 of the 18 cases had died from a relapse, 
while a 

further 3 cases had relapsed but responded 
to 

fur ther/ 



Table iï. i: ortality _oi_tuberculous_meningitis 

in relation to age. 

Author 

--.--- . 

u - 3 yrs. 3- lu yrl 1G-2t; yrs.i 2; yrs. 
and over. 

Smith et 
al. 
(1948 ) 

uhoremis 
et al. 
(1948 ) 

r.us s ell a 
i-ia c Ar tnur 
(195u) 

McCarthy 
a Mann 
(195G) 

C ,thie a 
Mac2 a.rlane 
(195u) 
series L 

Series B 

Jhoremis 
et al. 
(1951) 

Lubie ú 
1-íohun 
(1951) 

rd rd 
Q) a) 
4) 4...) 

N 

rd . . zs -1-) 

O a) O ct o a) O cL 
° 
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J urt__er treatment. 

To compare the results of treatment in 

different groups, three important aspects have to be 

considered. These are the age of the patient, the 

stage of the disease at the commencement of treatment, 

and the association of miliary tuberculosis. 

Age. Table II shows the mortality in 

relation to the age of the patient. The mortality 

was greatest in the group of children under three 

years of age. The younger the patient, the more 

advanced was the disease likely to be and the more 

troublesome the mechanical obstructions within the 

cerebrospinal pathways. In this age -group, the 

prodromal signs and symptoms are not easily 

discernible or are impossible to elicit because such 

patients are unable to convey complaints. At the same 

time the age -group over twenty years of age also 

showed a considerable mortality for here the :Focus 

responsible for the meningitis was mostly of the 

chronic adult type, usually pulmonary, or else of a 

terminal nature in a case with an already hopeless 

outlook. As already quoted, Bunn (1950) reported 

mortality of 88, among 81 cases between the ages of 

seventeen and sixty -three years of age. The age- 

groups 3 - 16 and 10 - 20 showed the highest rate of 

survival. 

Stage./ 



Table [II. Mortality in relation to clinical condition 

on admission. 
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Starve of Disease. cable iIi shows that the 

percentage mortality bears a close relationship to 

the clinical condition on admission. The development 

of the illness is sometimes very rapid, particularly 

in young children and indeed the bad prognosis in 

those under three years of age was explained by the 

fact that so many of them were at an advanced stage 

on admission. 

¿ssociaticn of Nililary Disease. The 

mortality among patients showing a "snowstorm's 

radiograph or choroidal tubercles was higher than 

among those not showing them. The more serious 

prognosis of meningitis when accompanied by raillery 

disease/ 



Table _I v . I'he mortality in relation to the _presence 

or absence of miliary tuberculosis. 
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disease is shown in 'able I. i1iliary tuberculosis 

with tuberculous meningitis in infants is the most 

severe and intractable form of tuberculosis to be 

submitted to streptomycin therapy. The outlook was 

worse when a patient was admitted with both forms of 

the disease but seemed to be brighter when the 

miliary disease had received some streptomycin treat- 

ment before the meningitis developed. There was also 

evidence to suggest that a more acute blood 

dissemination occurred following a. recent primary 

lesion and it was from this type of primary lesion 

that the mortality was highest. 

Treatment with Streptoacin. 

Streptomycin is the main therapeutic weapon 

used in the treatment of tuberculous meningitis, and 

it alone will be considered in detail. A brief 

outline of the regime of treatment used in some of 

the cases quoted in Table I will be given. Where 

adjuvant forms of therapy were also used these will be 

mentioned but not discussed here as it is considered 

that in general they have not played a notable róle 

in the results obtained. 

It is now agreed that combined intramuscular 

) and intrathecal (I. T.) streptomycin will give 

the best results. respite the fact that clinical 

remissions of meningitis have occurred on I.N. 

therapy alone, the percentage of remissions was 
not 

high enough to justify its exclusive use. If 

meningitis/ 



meningitis cannot be prevented by I.M. streptomycin 

alone in the treatment of miliary tuberculosis, 

streptomycin by this route cannot be advocated as 

a cure. Furthermore, it has been stated that the 

results obtained, when I.T. streptomycin was given 

on 50 or less of the days on which I.M. streptomycin 

was administered in a given period, were poorer than 

if given on 75% of the days within the same period 

(Ministry of Health 1950). 

(1) iebre et al. (1947). Combined I.M. and 

I.T. treatment was started in all cases in this 

series. Initially they gave a dose of 100 to 20L mg . 

streptomycin per kilogram body weight per day. This 

led to severe toxic disturbances which produced as 

many symptoms as the disease itself and treatment had 

usually to be interrupted after one to three weeks. 

This interruption led naturally to clinical improve- 

ment but at the same time might actually mask 

deterioration of the meningeal condition. Subse- 

quently all cases received, as initial treatment, 

100 mg./ kg. body weight per day of I.M. streptomycin, 

and 50 - 100 mg. intrathecally twice daily for one 

week. Following this, the phase of attack, came the 

maintenance phase which consiste( of 50 mg. or less!Lg. 

body weight daily by I.M. injection, no I.T. 

streptomycin being given as a rule. Their 

indications for stopping this régime were absence of 

clinical signs, ascending weight curve, complete 

apyrexia and a normal B.S.R.. The cells of the C.S.F. 

were/ 
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were required to be below 10 per c.mm. and if 

possible the protein content normal. 

(2) Smith, Vollum and Cairns (1948). Adults 

received 2 gm. and infants 20 mg./ kg. body weight 

daily for 4 months, and on alternate days for the 

next 2 months. The total daily amount was injected 

at the one time. 3y the I.T. route adults received 

lu mg. and infants 50 - 75 mg. daily for the first 

6 weeks at least. Thereafter, if the patient was 

free of symptoms and signs, the I.T. injections were 

withheld, provided the C.S.F. concentration of 

streptomycin was adequate from the systemic route 

alone (i.e. about 5 ug . / ml. after 24 hours) . The 

average amount of I.M. streptomycin required by 7 

survivors was 230 gm. and the average I.T. dosage 

was 5 gm. given over 62 days. Their aim was to 

obtain high concentrations of the drug in the C.S.F. 

as soon as possible and to continue the adminis- 

tration until recovery seemed assured. This enabled' 

access to the tubercle bacilli before they became 

embedded in granulation tissue, before the 

circulation of C.S.F. (and that of streptomycin too) 

became impaired by organizing exudate and before 

changes in the cerebral blood vessels became 

irreversible. They found also that by the 6th month, 

in those surviving, the milder toxic effects of the 

drug were so similar to the signs of an attenuated 

case of meningitis that there was difficulty in 

deciding the time to stop treatment. Therefore at 

this / 
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this period they gave only half the daily dosage, 

improvement w,=:s usually accelerated and this was 

an encouragement to stop treatment altogether. 

(3) a edical Research Council (1948). The 

I.ii. dosage at first was 1 gin. for children under 

three years of age and 2 gni. for patients above three 

years of age. Later this was modified to 20 mg./ lb. 

body weight with a maximum of 2 gm. It was given 

daily for a minimum of 3 months. The I. T. dosage 

was 54 -lv mg., the duration being determined 

by the response of the individual case. The regimen 

of treatment of the 23 cases who responded 

satisfactorily was in the centres where the least 

intrathecal treatment was given and where all 

streptomycin treatment was interrupted frequently and 

for relatively long periods. The impression was 

gained that prolonged continuous 1. T. injections 

cease to be beneficial because greater improvement 

occurred when the patient was off treatment than 

when on it. Because levels of streptomycin of 

2 - 8 ug./ ml. were obtained in the C.3.2. of cases 

of meningitis, 28 cases in this trial received I..twi. 

treatment alone. As the disease progressed, the 

C.3.2. levels of the drug increased but the results 

were inferior. 22 (78,.) of these patients died. 

Uf 72 patients having combined therapy 42 (58;) died. 

(4) Uhoreimis et al. (1948). At first 2 gin. 

daily by the I.11. route were given but this was 

subsequently reduced to 1 gm. daily. In this series, 

smaller/ 
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smaller doses were given by the I.T. route - lC to 

5u mg. daily - because I.T. streptomycin was 

considered to lead to an aggravation, if present, of 

partial spinal block or hydrocephalus caused by 

tuberculous exudate. The more severe the signs of 

meningitis, the smaller the initial dosage given. 

Both I.M. and I._. therapy here given for the first 

+ - 6 weeks. After a 5 - 10 days' rest- period, 

combined therapy was resumed for 1C - 15 days; this 

sequence w_-s repeated for 3 - 4 months with a gradual 

reduction of the I. T. dose and prolongation of the 

rest periods until the C.S.F. was normal. Finally, to 

complete, 1 month of I.1 injections was given. 

Those surviving had on the average 6C - 36 gm. of 

I.M. streptomycin and about 5 gm. by the I. ̀ ï'. route; 

respective figures for the majority not surviving 

were 2u - 36 gai. and 6.5 - 1 gm. In fact, of 26 

cases dead, only 3 had received a course of si....ilar 

duration to that which had led to cure in 21 

survi7 :ors. After the first acute stage was over, the 

clinical appearance was rio indication for stopping 

treatment and it was continued as long as the C. S. L'. 

showed any sign of tuberculous meningitis. 

(5) Scottish Streptomycin Trial (1949). 

The I.M. dose was 1. j - 2 gm. daily for adults and 

2u mg./ lb. body weight for infants. This was given 

for 3 months and it was not customary to repeat the 

course unless a relapse occurred. The usual I.T. 

regime/ 



-91- 

regime was the administration of 10i. mg. for adults 

and 25 - 5CÁ mg. for children for 2 - 3 weeks either 

continuously or on alternate weeks. Thereafter one 

injection was given weekly at the time of withdrawal 

of C.S.2. for examination. Intensive therapy was only 

resumed if the C.S.F. was not showing slow but steady 

improvement. 

(6) Bunn (1950). The usual regi- e for these 

adult cases was 1.8 gnu. by the i.Ivi. route for, on the 

average, 115 - lßû days. I. T. treatment, in a dose of 

5u - 100 mg., was given for 115 - 186 days, the total 

amounts varying from 3.5 to 15.4 gm. 

(7) hussell and iviacArthur (1950). In this 

series of cases two schedules of treatment were 

evolved, but the results do not indicate that one was 

superior to the other. In one the I.14. therapy was 

continuous and the I.T. interrupted, while in the 

other both were interrupted. The treatment was 

continued for 3 - 6 months with or without short 

remissions. The dosage was the same as for the 

Scottish Trial. Their experience was that long 

intensive intrathecal treatment was unnecessary. 

(8) IhacCarthy and i'iann (1950). They tried 

several schemes and found that interrupted therapy 

did not constantly lead to better or worse results 

than continuous 'therapy. The former was at any rate 

bad for the morale of the child as he might rebel 

violently when the injections were resumed. 
' h y. 

believe it is better to give continuous I.L. therapy, 

and/ 
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and I.T. injections on alternate days for 3 months. 

They follow this by I.M. treatment alone until the 

C.S.F. has been normal on two occasions over a period 

of 3 months. If intolerance was shown to the 

I.T. injections it was thought better to reduce the 

dosage than discontinue them for a period. 

(9) Cairns, Smith and Vollum (1950). The 

I.M. dose, 2 gm. for adults and 20 mg./ lb. body 

weight for children, was given without interruption 

for 6 months. If miliary disease was evident it 

was prolonged up to one year as a rule. The I.T. 

dose was 100 mg. for adults and 50 - 75 mg. for 

children and was given daily for 6 - 12 weeks or 

even longer. If miliary disease or adult type of 

pulmonary disease was also present three or four 

courses of 6 - 12 weeks gave better results. They 

point out the difficulty of laying down indications 

for stopping treatment and that it is usually 

stopped too soon, seldom given too long. 

(lu) Cathie and Macfarlane (1950). Series 

A.received the standard course of treatment given by 

many, namely 6 months I.M. therapy and 4 -week I.T. 

courses with intervening rest periods; 5 (25g) of 

2u coses survived. Series B. received a similar I.I. 

course and, as these workers believed they were over, 

treating by the I.T. route, a reduced course was 

given as follows:- daily injections for 2 weeks, 

every other day for 2 weeks, every 3rd day for 2 

weeks/ 
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weeks, this constituting a course of 24 injections. 

Sulphetrone and streptokinase were added to each 

injection. Cnly if the C.S.F. showed deterioration 

was this course repeated, particular attention being 

paid to the glucose level. 29 cases received one 

course oil;., 10 received 2 courses, and one a 3rd 

course. 23 (58;) of the 40 cases survived. 

(11) ;'loci (1950). The I.T. dose was 20 - 

25 mg. daily for infants, 36 - 50 mg. for children 

and 5ù - 70 mg. for adults. This was given for 40 - 

6u - 80 days continuously. It was then gradually 

reduced to 3 injections per week, then 2 per week 

and finally 1 per week until a normal C.S.F. was 

obtained. The daily I.::. dose was about 0.25 gm. 

daily for infants and 0.5 - 0.75 gm. daily for 

adults. It was given in the majority of cases for 

5 - 7 months. In this series all patients received 

intravenous sulphone 50 - 100 mg./ kg. body weight 

daily. When the case became chronic in nature, 

.:.5. was introduced and was given intravenously 

in .5;s solution, the dose being 0.5 - 0.8 gm. per kg. 

body weight daily. Intrathecally it was given in 

the same amount as the daily I.T. dose of strepto- 

mycin. 

(12) Ohoremis et al. (1951). The I.M. dose 

never exceeded 1 gm. and the I.T. dose was 50 - 1 L 

mg., the smallest dose being reserved for severe 

cases on account of the danger of the production of 

acute hydrocephalus. Both were given until the 

clinical/ 



-94 

,linicEl condition and the C.S.F. were normal, but 

the latter was stopped first to see what effect this 

might have, since the irritant effect of I.T. 

streptomycin itself was sufficient to produce minor 

symptoms. The I.M. treatment was continued for one 

month thereafter. The average duration of treatment 

of the 72 successful cases of simple tuberculous 

meningitis was 154 days. All cases received intra- 

venous tuberculin until clinical improvement was 

apparent. 

(13) Rubie and Mohun (1949, 1951). The I.M. 

dose was 20 mg. per pound body weight and the I.T. 

dose was 1uD mg. in all children in this series. The 

scheme was as follows:- I.M. and I.T. - 28 days; 

I .ìßi. - 28 days; I.M. and I.T.-28 days; rest period 

- 28 days; I.i-. - 28 days. Further treatment was 

given subsequently if indicated. 

It is difficult to summarize since schemes 

of treatment differing widely in amount and duration 

have been equally successful. I.M. therapy alone 

seems at first to prolong life and control the 

infecti._m but the C.S.F. level of streptomycin must 

only just be adequate. As clinical improvement 

occurs and the meninges become less permeable, the 

streptomycin level becomes inadequate and finally 

they succumb. Yet at all times the streptomycin 

level of the C.S.F. may be bacteriostatic. As the 

acute case passes into the chronic stage the 

tubercle/ 
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tubercle bacilli become more and more safely hidden 

in fibrin -walled pockets and less and less accessible 

to streptomycin; at the same time the C.S.F. level of 

streptomycin becomes lower and lower as they get 

better. With impending relapse, if on I.M. therapy 

alone ,the streptomycin level of the C.S.F. starts 

rising. I.T. therapy is essential and causes a 

frequent bactericidal level to be attained in the 

C.S.F. and this is able to deal with any re- infection 

of the subarachnoid space occurring from the cerebral 

lesions which seem to be untouched by streptomycin. 

Though success may be achieved in apparent 

sterilization of the subarachnoid space, the 

cerebral focus and the primary focus elsewhere in the 

body may remain active, only to re- infect this space 

within quite a short time. 

The Clinical Response to Streptomycin. 

As a result of strptomycin, a new form of 

the disease is now being observed - chronic 

tuberculous meningitis. Of 92 cases in the M.R.C. 

Trial (1948), 61 died. No response to treatment was 

shown by 20 of these 61 deaths; they were mostly 

under three years of age and in an advanced stage, 

all dying within the period expected for untreated 

cases. 2u other cases survived, on the average for 

three or four months, showing a slow deterioration 

with no period of improvement. The temperature fell, 

tubercle bacilli disappeared from the C.S.F. 
.nd the 

miliary/ 
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Imiliary shadows sometimes cleared from the lung 

radiographs but they succumbed to progressive hydro- 

cephalus and spinal block. 9 other cases showed 

progressive deterioration following a short initial 

,period of improvement. 12 of the 61 cases died 

only after a long period of improvement in which it 

seemed as if the disease had been arrested; in more 

than half this group treatment had been under way for. 

75 - 198 days while some had even completed treatment. 

It was in this group that the C.S.F. might be showing 

definite improvement yet in most it remained 

definitely abnormal. Relapse and death, associated 

wit':, hydrocephalus, followed. The 23 cases alive 

were making good progress. In some, improvement was 

apparent from the beginning, all clinical signs dis- 

appearing in two or three weeks. In others, continuous 

improvement occurred after the clinical condition had 

remained stationary for six or seven weeks. 

Choremis et al. (1948, 1951) described the 

clinical course of the disease in two phases. There 

was first the phase of clinical improvement, usually 

occupying six to eight weeks, during which the 

clinical state of the patient gradually returned to 

ni normality. y. Lney stated that "providing the clinical c 

improvement is steady the prognosis of the disease is, 

a rule, expected to be satisfactory." This was 

followed by the phase of recovery confirmed by the 

C.S.{. findings, usually occupying a further two to 

three months. 

ìiacCerthy, 
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i4acCarthy and iAann (195L) do not regard the 

mere _ rolongation of life, which is seen in a very 

large percentage of the treated cases, as a sign of 

response to treatment. The return towards normal 

of the mental state was their principal criterion of 

improvement. The degree of meningitis and raised 

intra- cranial pressure were more a.ccur,tely envisaged 

by the mental state than by any other symptom or sign. 

Recrudescence and relapse were common. 

,iacCarthy and i,iann reserved the former term for those 

cases clinically well but with an abnormal C.S.F., 

who deteriorated soon after the cessation of all 

treatment. It wes thought to be due to the persistence 

of meningitis, suppressed as long as streptomycin 

was administered, but released when treatment was 

withdrawn. rile recrudescence might not appear for 

several weeks and was usually suggested by a return 

of clinical signs rather than by deterior t.on of 

the C. S.f.t the time of the recrudescence however 

the C.S.F. had usually continued to be persistently 

abnormal, often with a low glucose level. It was 

an indication for resuming treatment in itself. 

About half of these cases showed a favourable 

response to a second course of treatment while the 

remainder died. The term ''relapse" was reserved 

for those who h =d made a full recovery and whose 

C.S.F. was nearly normal. In the latter case the 

meninges had largely been cleared of infection and 
a 
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relapse occurred due to re- infection of the subar- 

achnoid space from a small active focus within the 

organized exudate at the base of the brain or from a 

focus in the brain itself. A relapse might occur 

long after apparent recovery, perhaps as long as 

eighteen months afterwards. As :cith recrudescence, 

clinical symptoms and signs frequently antedated the 

signs of deterioration in the C.S.F. Following the 

re- institution of treatment some cases recovered, but 

many did not, for now the organisms were imprisoned 

within organizing exudate and mechanical obstructions 

within the C.L.F. pathways had occurred. Since about 

half the cases suffering a recrudescence or relapse 

would recover again from further treatment, their 

early detection was imperative. As already pointed 

out, the suspicion was usually formed on clinical 

grounds rather than by C.S.F. changes. These signs 

were unexplained fever for several days, a steadily 

falling weight, headache or vomiting of twenty -four 

hours' duration, and mental or personality changes. 

Summary. The majority of cases responded to 

streptomycin; some responded merely by prolongation 

of life, others showed clinical improvement while 

under the suppressive effect of streptomycin, a 

recrudescence of the disease occurring when the drug 

was withdrawn. Others improved to the extent of 

;apparent arrest of the disease only to relapse many 

months later. Less than half finally survived long 

enough/ 
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enough to reach the stage of convalescence and a 

return home to a normal way of life. 

The Response to Intrathecal Streptomycin. 

Before discussing the effect of intrathecal 

(I.T.) streptomycin in tuberculous meningitis, mention 

will be made of its effect upon the normal theca. 

Choremis et al. (1948) examined the cerebrospinal 

fluid (C.S.F.) of 3 normal individuals before and 

twenty -four hours after an I.T. injection of 20, 50 

and 150 mg. respectively of the drug. They found it 

led to an increase in the amount, the cell count and 

the protein content of the C.S.Z. Prior to the 

injection all 3 cases had cell counts below 5 per 

c._n. and all the cells were lymphocytes. £went; - 

four hours after the injection the counts varied 

between 222 and 1,800 cells per c.mm., the smaller 

level being obtained from the smaller dose of 

streptomycin. All the cells were now polymorpho- 

nuclear leucocytes, which was to be expected as an 

acute meningeal reaction is always predominantly 

polymorphic and the less acute varieties predominantly 

lymphocytic. After the injection of similar 

quantities of the drug the protein contents rose 

from below 25 mg., 3U - 150 mg., the larger values 

being obtained from the bigger doses. In each case 

the glucose and chloride levels were unaffected. 

Cathie (1948) also found in 2 cases that 
lUL. mg. I.T. 

Streptomycin caused a predominantly polymorphic 

pleocytosis/ 
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pleocytosis which took a week to return to normal. 

Beynon (1951) reports a case of meningitis due to 

Bact. faecalis in which the C.S.F. was sterile on the 

second day of cisternal streptomycln tut six months 

elapsed before the protein of the C.S.F. returned 

to normal. Intramuscular streptomycin does not 

cause these changes. To assess to what extent these 

changes were caused by the streptomycin itself, it 

must be remembered that it is relatively simple to 

produce a pleocytosis in the C.S.F. Simple lumbar 

puncture and the removal of a quantity of fluid or 

the immediate replacement of C.S.F. just withdrawn 

are sufficient to induce a pleocytosis. Both 

pleocytosis and a rise of protein occur after pneumo- 

encephalography and last for several days 

(Bickerstaff, 1951) and after the injection of 

distilled water or saline, and Choremis et al. (19+8) 

did not state in what vehicle the streptomycin was 

injected. 

Smith and Vollam (1950) have published 

several interesting observations on the relationship 

of streptomycin to the C.S.F. changes in tuberculous 

meningitis. They pointed out that the total cell 

count in the treated case was usually above the 

range seen in the untreated case. During the first 

week or two of treatment the cell count would rise 

and show frequent fluctuations and at the peaks 

about 80-;ß of the cells were polymorphonucle ar 

leucocytes/ 



leucocytes. This phenomenon continued during the 

acute stage, but as improvement occurred and while 

I.T. streptomycin continued to be given, the cell 

fluctua_tioas and their total numbers fell steadily, 

while the polymorph was gradually replaced by the 

lymphocyte. The cell fluctuations and polymorph 

percentage increased again if a recrudescence of the 

disease occurred. The C.S.F. picture of the cases 

of meningitis reported in this thesis conformed 

closely to this general pattern. 

I.T. streptomycin also led to an increase of 

the protein content of the S._'. during the early 

weeks of treatment. frequent fluctuations of this 

level occurreL:., cor :esponding approximately to the 

fluctuations of the cellular element. As improvement 

occurred, the protein level and the fluctuations 

gradually became reduced in spite of the continuation 

of treatment. 

All workers have noted that while the 

chloride and glucose content of the S._. return 

to normal, he protein and cells remain slightly 

elevated, so long as I.T. streptomycin is continued 

in the apparently cured case. Even after the 

cessation of I.T. therapy it takes weeks or months 

for the latter to return to normal levels. 

Smith and Vollum (1950) do not regard these 

high and fluctuating cell counts 2nd protein contents 

as being due simply to irritation of the theca by 

streptomycin/ 
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streptomycin but the result of a specific reaction 

of tuberculous meningitis influenced by streptomycin 

To support this, they point out that the cells and 

protein decrease and the irregular spikes disappear, 

even though the I.T. streptomycin is continued, 

and that it is not possile to reproduce these 

phenomena when subsequent courses of I.T. injections 

are given if active meningitis has subsided. They 

also pointed out that similar fluctuations are not 

seen in other varieties of meningitis treated with 

streptomycin such as that caused by Haernophilus 

influenzae. Smith and j%ollum have suggested that 

the phenomena may be due to the liberation of 

bacterial breakdown products, e.g. tuberculin, into 

the subarachnoid space of a sensitized patient 

receiving streptomycin. The injection of small 

amounts of tuberculin into the theca of iriantoux- 

negative normal individuals produced no significant 

reaction, but if riantoux- positive, was followed by 

a pleocytosis and rise of protein resembling that 

seen in patients under treatment for tuberculous 

meningitis. can account of the acute onset of the 

reaction, the cells were mainly polymorphs for the 

first twenty -four hours, being replaced by lympho- 

cytes after forty -eight hours or so. 

The Response of the Cerebrospinal Fluid 

under Treatment. 

Ill workers are agreed that the glucose 
level 

of/ 
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of the is the most consistent aid to diagnosis, 

prognosis and the detection of recrudescence. In 

the early days of strep.,omycin treatment the value 

of sugar estimations was not fully appreciated, and 

they were not always estimated, reliance being placed 

on the chloride level. streptomycin is a reducing 

agent, a concentration of G.05 gm./ ml. having a 

reducing effect equivalent to that of lu mg. of 

glucose per lvv ml. water. In practice, however, 

this has been found to have a negligible effect on 

the Q.S.F. sugar level. At the time of diagnosis the 

sugar level was usually below 45 mg., and next to the 

finding of tubercle bacilli in a direct smear, was 

the most significant diagnostic feature. In only s. 

minority of cases was it normal at the time of 

diagnosis. ilerrit and Fremont -Smith (1935) showed 

that t low C.S.. +. sugar values were not a 

reflection of a low blood sugar level. They said 

that a low . S. ,. sugar was not dependent on an 

increase in the number of cells and bore no relation 

to the presence of tubercle bacilli in the 0.6. :0. 

It has generally been found that during the 

first few weeks of treatment there was little 

alteration in the sugar level; in the successful 

case there then occurred a progressive increase, 

perhaps 1 or 2 mg. per week, but marked 

fluctuations did not occur. Where the sugar level 

showed little change one way or the other, week after 

week, this was an indication of persisting activity 

and, / 



and, in spite of clinical improvement, an indication 

for the continuation of treatment. Other cases 

eight show an initial improvement, but the level 

never rose above 45 mg.) physical signs 

of meningitis I.aere absent, this was an indication 

that some activity was still present, the streptomy- 

cin exerting a suppressive of ect only. Ii the 

latter was now withdrawn, a recrudescence of the 

disease was likely to occur and the sugar level fell 

once more. 

The chloride level. There is no character- 

istic chloride level in the C.S.F. in tuberculous 

meningitis. The lowering of the serum chloride 

content, which occurs in all forms of acute 

meningitis, is the chief reason for the lowering of 

the L,.S.t+. c hloride level. The lowest level of all 

is met with in alkalosis. In infection in general, 

and in tuberculosis in pa.rticuler, a fall of serum 

chloride occurs and this is mirrored in the low 

C.S.F. level, irrespective of whether meningitis be 

present or not. In the meningism of lobai pneumonia, 

the C.S.F. chloride may be 650 mg. ¡a Very low 

chloride levels are found more often in tuberculous 

meningitis than in non- tuberculous meningitis. The 

C.S.F. chloride may be low in any patient if there 

be severe vomiting. 'too much attention has been 

focused on the chloride content, which in the early 

case (that is the case most suitable for treatment) 

may / 



may not be significantly lowered. It was formerly 

stated (i-ies trezat) that a chloride level above or 

equ= l to 65G mg.'/) was never tuberculosis. Today 

with the earlier diagnosis of the disease, ni3merous 

cases are found with a level above 7ù0 mg.% 

During treatment of the disease the chloride 

level has been found to return to normal before the 

sugar level in the successful case. fluctuations 

were apt to occur and in general it could be stated 

t__t it had little value in the prognosis of the 

case. In cases showing rapid deterioration the 

chloride level fell as sharply as the sugar level. 

In a recrudesce_.ce of the disease there might be 

minimal or no clinical signs and the chloride level 

was frequently unaffected. 

Chite Cells and Protein. These two 

constituents of C. 3.iß'. will be considered together 

because each appears to vary in the same direction. 

Furthermore, they have been largely considered in 

the section dealing with the response to intrathecal 

streptomycin. 

During treatment the white cells and protein 

were found to be of little value in prognosis for 

they varied considerably from day to day while the 

patient was 'having intrathecal streptomycin, and in 

the early stages were increased by intrathecal 

injections. À differential cell count was also of 

little value in the early stages because strepto- 
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streptomycin always led to an increase in the 

poly morph percentage. This diminished as the acute 

stage subsided. One time when the cells and pro- 

tein did not vary in the same direction was seen in 

partial spinal block, the lumbar C.S.F. showing 

decreasing white cells, increasing red cells and a 

rising protein content. A rise of both white cells 

and protein was sometimes an indication of 

extension of the disease down the spinal theca. 's 

indicated earlier, the protein and cells gradually 

fell with improvement but after the last intrathecal 

course of streptomycin the C.S.F. was always 

abnormal, whatever the clinical state. This return 

to normal might take weeks or months, the cells 

returning to normal the protein. 

An increase of cells again was of equal importance to 

a falling sugar level in forecasting relapse. 

mcCarthy and Mann (195ú) have observed that a cell 

count fluctuating for a long time after treatment is 

stopped between 10 and 20 per c.mm. probably fore- 

tells relapse. Further, the higher the protein at 

the beginning of treatment the longer it will take 

to reach normality. Cairns et al. (1950) rioted that 

when a diagnosis of tuberculous meningitis was in 

doubt and streptomycin started, in the non - 

tuberculous case the cells and protein fell, even 

when I.T. streptomycin was being continued, in 

addition to the clinical improvement. The increase 

and considerable fluctuations of cells and protein 

in/ 
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in tuberculous meningitis, apparently specific for 

the condition, have been described earlier. 

Summary. The value of the sugar level in 

the C. S.2. has been stressed. A low or falling 

sugar content, after treatment has been concluded, 

was an almost certain indication of recrudescence or 

relaJse. The chloride was of no prognostic value. 

Str ptomycin itself was partly responsible for 

preventing the cells and protein from returning to 

normality, though after the initial increase and 

fluctuations a progressive fall should ensue. Even 

with clinical cure,however,persisting abnormality 

of the C.S.F. was often a sobering reminder that 

lote rel?_:)se was still possible many months later. 

. oncentra.tions of Streptomycin 

in lood and Cerebrospinal Fluid. 

u.5 dig./ ml. of streptomycin is about the 

minimum inhibitory concentration effective against 1 

the tubercle bacillus in vitro; in vivo it appears 
1 

1 

desirable to attain a concentration nearer 4 pg./ ml: 

to ensure an anti -bacterial effect. Cathie (1948) 

examined the blood levels when 20 mg./ lb. body 

weight daily was administered 6- hourly by the 

systemic route. At 1 hour the concentration was 

15 -35 pg./ ml. and at 6 hours 2- 8lig. /ml., i.e. 

a bacteriostatic blood level was maintained through- 

out the 24 hours. In an attempt to reduce the 

number of daily injections without reduction of 

therapeutic/ 
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therapeutic efficacy, the same daily amount was given 

in two daily injections. At 1 hour te bloDd level 

ad reached 70 pg./ ml. while at 12 hours 41xg./ ml. 

were present. It was at the beginning the practice, 

in the treatment of meningitis, to give intramuscular 

streptomycin either 3- or 6- hourly, but now that it 

has been shown that a bacteriostttic amount of 

streptomycin, for the majority of sensitive organisms, 

is present in the blood after 12 hours and that 

clinically the results are not inferior with this 

régime, it is customary to divide the daily dose into 

two injections only. 

As pointed out previously, the pia -glia1 

barrier is virtually complete in the absence of 

meningitis. Cathie (1948) found that, with the intra- 

muscular dosage given above,L. pg./ ml. or less 

was present in the C.S.F. ?,hen meningitis was 

present, however, concentrations of 2 - 8pg./ ml. 

streptomycin were frequently obtained. He also 

pointed cut that, if the streptomycin concentration 

following I.E. injection of the drug can be shown 

be gradually increasing, this was an indication of 

increasing meningeal inflammation. To show that the 

highest concentration of the drug was obtained by 

intrathecal injection he found that the level in the 

24 hours after an 1.2. injection of 50 ing. 

was 8 - 16/44g./ ml. Rubie and 1,1ohun (1949 ) 

injected 1000 mg. by the lumbar route and found 

24 hours afterwards that the lumbar C.S.F. contained 

1L; 
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lu pg./ ifi1., the cisternal C.S.F. 3.3 üg./ ml. and 

the ventricular fluid 2.7/4g./ ml. Smith, Vollum 

and Cairns (1948) found that the streptomycin level 

in the C.S.F. was four times greater 24 hours after 

a combined I.T. and I.M. injection than when a 

similar amount was given by the I.I. route only - 

the levels being on the average 20.5,,g./ ml. and 

5.7 ßíg./ ml. respectively. The findings of Russell 

and iacArthur (195,) are less favourable. 24 hours 

after the I.T. injection of 5C mg. they could and 

no streptomycin in the C.S.F. In the A.R.C. Trial 

(1948), amounts of 2 - 16 /xg./ ml. were found in the 

C.S.F. following an I.T. injection of 106 mg. 

streptomycin. It was again stressed that, as the 

meningeal process progressed, streptomycin passed 

with greater east from blood to theca, while as 

the condition improved the pia -glial barrier became 

less permeable. In spite of this, the concen- 

tration of the drug within the brain remained minimal 

and unaltered. It was demonstrated that strepto- 

mycin passes from the C.6.2. into the blood. 

Following an I.T. injection of 100 mg . , 2 -4tg . / 

ml. could be detected in the blood one hour later 

and 4 - 16 ,ntg./ ml. four hours later. It was for 

this reason that they suggested the daily I.T. 

injection should be given midway between the two 

daily injections in order to boost the blood 

level. 

Provided no block exists to the flow of the 
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C. S.:i{,. , there were no advantages in administering 

I.T. streptomycin by the cisternal or ventricular 

route rather than by the customary lumbar route. 

Lorber (1950) shoved that penicillin (and this was 

thought to hold for streptomycin too) could be 

detected in the ventricular or cisternal fluid after: 

a lumbar injection as quickly as the other way 

round. Complete dispersal of the injection took 

place within ten minutes both with and against the 

normal flow of the fluid. 

Bacterial Sensitivity. 

The consensus of opinion is that bacterial 

resistance to streptomycin occurs less frequently in 

tuberculosis of the central nervous system than in 

other tuberculous lesions. In the M.R.C. Trial 

(1948) the great majority of the organisms remained 

sensitive after many weeks or months of treatment. 

It was suggested that these sensitive bacilli might 

have come from foci in the brain which it is known 

are not readily reached by streptomycin. It wa.s 

also concluded that when serious resistance was 

encountered further treatment did not usually prevent 

a fatal outcome, though in many cases mechanical 

factors such as hydrocephalus contributed more to the 

final deterioration than the bacterial resistance. 

In this series three resistant strains were 

isolated from 26 patients and all died. Similar 

findings have been reported by Russell and MacArthur; 
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(195x), an insignificant increase being found in 2 

of 33 children after the start of treatment. ún the 

other hand Youmans and Karlson (1947) reported a case 

were the streptomycin sensitivity rose from c.78/lag./ 

ml. to 2uu ,Ag./ ml. after forty -eight days' treat- 

ment. Cairns, Smith and Vollum (1950) report that 

serious resistance was encountered in 6 of their 

first 8x cases. In one case the minimum inhibitory 

concentration of streptomycin rose to 5úO /ag./ ml. 

during treatment. In 4 cases the increase of 

resistance was 8u- to L., -fold after 22, 3, 6, and 

9 months ' therapy respectively, while in the sixth 

case the increase was 16 -fold in 42 months. 11 of 

these cases died. A slight degree of resistance 

(i.e. 8 times the initial sensitivity) was 

encountered in 5 cases, and of these 2 are dead. 

However in the majority of cases no drug -fast 

strains were isolated even up to the tenth month of 

treatment. Cathie and hacfarlane (l50) isolated 

five strains, originally sensitive to 0.5,Ug./ ml., 

resist: nt to 2, uuu ,üg./ ml. or more and all died. 

iicDermott (1947) reported two interesting cases 

where the strains first isolated from the were 

sensitive to 2 jug./ ml. or less, though bacilli from 

the corresponding systemic lesions were hignly 

resistant to streptomycin. This fact may be due to 

the comparative freedom from streptomycin experienced 

by organisms in the nervous system in the absence 
of 

intrathecal therapy. 
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-112- 

hesconse of the Primary Complex and 

the Brain Focus to Streptomycin._ 

There is general agreement that the primary 

glandular focus of tuberculosis is little influenced 

by'streptomycin. Russell and ì<acArthur (19jù ) 

reorted radiographic enlargement of hilar glands in 

all their cases but none regressed during the period 

of treatment of the meningitis. Lorber (1956) also 

made this observation during the treatment of 22 

children suffering from a primary lung lesion. There 

was also no evidence that the development of 

miliary tuberculosis was prevented when streptomycin 

was given for an active primary complex. It has been 

a common experience that meningitis does develop 

dul°ing the streptomycin treatment of miliary tub- 

erculosis. >.cJermott (191+7) said that when 

meningitis occurs during the course of streptomycin - 

treated miliary disease the focus in the brain was 

probably present before the streptomycin was started, 

the seeding occurring at the time of the acute mi liary 

dissemination. it was unlikely to have got there 

while streptomycin was being administered as all 

systemic tubercles were now regressing. The 

likeliest reason for the activity within a cortical 

focus was the negligible or absent levels of 

streptomycin in the brain. The prognosis of 

.Leilingitis was worse when associated with 
miliary 

disease because the brain foci were bound to be 

multiple, whereas in meningitis alone there might onl;; 
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be a single lesion within the brain. 

The Response of i,ii1iary Tuberculosis 

to Streptomycin. 

Since streptomycin is known to produce its 

best therapeutic effect upon the recently formed 

exudative type of tuberculous lesion, it is natural 

that the effect upon miliary tuberculosis is striking. 

The M.R.C. Tr 1 (1950) described the response of 25 

cases treated with streptomycin for three months or 

more. The most striking feature of this response 

was the radiographical clearing of the miliary 

shadows in the lungs. The improvement commenced 

about the second month and took from 4 - 11 months 

to become complete. This occurred equally in those 

who finally survived and in those who later 

developed meningitis and died of it. Because of 

this fact, clearing of the "snowstorm" appearance 

in the lungs is thus no guide to the prognosis. 

Here was further evidence that the miliary lesions 

in the brain or meninges are relatively unaffected 

by systemic streptomycin. Of the 25 cases, 14 (56%) 

were alive 2 - 2i years after the commencement of 

treatment. 8 cases developed meningitis during or 

of ter treatment. In 4 cases this development 

occurred during streptomycin therapy. The onset 

occurred between the first and fourth month after 

the commencement of treatment; 2 recovered after 

the introduction of intrathecal treatment. 
The other 
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4 cases developed meningitis 2 - 40 weeks after the 

completion of treatment and only one survived after 

the introduction of combined therapy. 

Nothing can be done to prevent the develop- 

ment of meningitis during the streptomycin treatment 

of miliary tuberculosis, but weekly examination of 

the C.S.F. will permit of the earliest possible 

diagnosis. This is an essential procedure as the 

development of meningitis frequently occurs without 

symptoms or signs referable to the nervous system, 

or else the onset is so insidious as to be easily 

missed. In the -.R. C. Trial (1950) every patient 

showing some abnormality of the C.S.F. developed 

meningitis and the first abnormality was usually a 

slight rise in the cell count. It was also found 

to supervene most frequently in the very acute 

cases a temperature over 101°F. at the commence- 

ment of treatment and in those cases where the 

temperature did not return to normal within the first 

month of treatment. because of the frequency of 

meningitis occurring within the first few weeks of 

stopping treatment, it has been recommended by some 

(Bunn 1948, Cairns et al. 195U) that streptomycin 

should be continued in all cases of miliary 

tuberculosis for at least six months, even up to one 

year. 

In the Linistry of He: -:lth (1950) review of 

the treatment of tuberculous meningitis it was 

reported that about one third of the cases of 
miliary 
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tuberculosis developed meningitis during treatment - 

this occurrence frequently took place about 6 weeks 

after the onset of the illness but might not occur 

until the 7th month under the suppressive effect of 

systemic streptomycin. It was also noted that 

prophylactic intrathecal streptomycin did not 

prevent the occurrence of meningitis. This also 

shows how relatively inaccessible are the miliary 

tubercles of the cerebral cortex to streptomycin 

whether by the systemic or intrathecal route. 

,c:ermott (1947) mentioned that the radio - 

graphical miliary shadows sometimes re- appeared 

following relapse. Thus, at autopsy the lung milisry 

tubercles showed a central zone of necrotic tissue 

surrounded by a. zone of fibrous tissue and outside 

this was a zone of acute inflammation which contained 

the tubercle bacillus. The appearnce was that of a. 

partially healed tubercle again breaking down. 

Those cases of miliary disease which showed complete 

remission (but died of meningitis) were found to have 

tubercles composed of indistinct areas of loosely 

arranged fibrous tissue containing a few lymphocytes 

but not the tubercle bacillus. 

Nunn (1948) found that cases of miliary 

disease, subsequently developing meningitis, showed 

at autopsy healed miliary tubercles in all areas except 

the meninges, brain, kidneys and glands. 

Table IV shows that death from meningitis 

is more likely when miliary tuberculosis is present 

t _an/ 
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than when it is absent and it is this fact which 

gives miliary tuberculosis its high death rate. 

The presence of choroidal tubercles in 

miliary tuberculosis is discussed later in a separate 

section. mention -here however will be made of the 

observations in the Scottish Streptomycin Trial 

(1949). It was pointed out that choroidal 

tubercles appeared early, whereas some time must 

elapse before the mili_ry tubercles in the lungs were 

demonstrable radiographically. further, it was 

considered that choroidal tubercles were an 

indication of wide dissemination of disease and that 

the "snowstorm" lung was an indication of the time 

that had elapsed since the miliary dissemination 

occurred. 

.bs truction of the 3erebros pinal 

fluid Circulation. 

The difficulties of treatment are increased 

in many cases by the development of obstructions 

to the na.tur ::1 flow and absorption of the C. S.2. 

This leads to mechanical damage to the central nervous 

system and influences the site of administration of 

intrathecal streptomycin. The two complications 

most commonly found are hydrocephalus and spinal 

block. 

-drocephalus may be brought about in two 

ways. There is the relatively mild form, due mainly 

to shrinkage of brain substance consequent upon 

cerebral/ 
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cerebral infarction and softening and which may be 

associated temporarily with an obstructive element. 

Secondly, there is the more severe and progressive 

form of hydrocephalus due to obstruction of the 

C. S.2 . pathway. The causes of this obstruction may 

be fibrinous exudate becoming fibrous later, 

tuberculous granulation tissue, herniation of the 

brain into the foramen magnum and tentorial opening 

and the irritant effect of streptomycin itself. The 

incidence of hydrocephalus is uncertain and 

views are conflicting. Sir Nugh Cairns and 

workers relieved this complication occurred 

almost all cases of tuberculous meningitis. 

current 

his 

in 

Lorber 

of Sheffield on the other hand stated that "hydro- 

cephalus is by no means an essential pathological 

feature of tuberculous Meningitis" and could find no 

reason why it should occur in the absence of 

obstruction. 

X11 cases of tuberculous meningitis admitted 

to the : ;euro- Surgical Unit at Oxford have two 

frontal burr -holes ruade at the tiLe of admission to 

provide access to the anterior horns of the lateral 

ventricles. Sir Hugh Cairns and his workers regard 

this step as essential, for dilatation of the lateral 

ventricles has been found in all cases in which the 

ventricles were tapped or the brain examined at 

autopsy. Since they might be unduly biassed in its 

favour in a Unit of this type, they tre. ted 20 cases 

without/ 
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without burr holes but eventually 6 cases required 

them. The value of this procedure was both diagnostic 

and therapeutic. From the diagnostic standpoint it 

excluded brain abscess and space -occupying lesions 

and allowed of exact diagnosis,for tubercle bacilli 

were isolated more frequently from the ventricular I 

fluid than from the lumbar fluid. Therapeutically, 

burr holes gave access to the ventricular system at 

any stage of the illness for relief of acute rise of 

intracranial pressure and for the administration of 

streptomycin where there was spinal block. They 

found that streptomycin injected into the cisterna 

magna produced a more severe reaction than when 

injected into the ventricle. Smith et al. (1948) 

performed frontal burr holes in 16 of the 18 cases 

reported. In some cases continuous ventricular 

drainage was instituted in order to reduce the 

increased intracranial pressure. This in fact did 

not lead to any improvement in the patients' 

general condition. It was sometimes even found to 

accelerate hydrocephalus for it was followed by a 

eise in the protein content of the lumbar C.S.F. 

which eventually caused a block at the cisterna 

ambiens. Cathie and MacFarlane (1950) hold similar 

views. In their first series of 20 cases, increased 

intracranial pressure was found in 19 of 20 cases, 

while in their second series it only occurred in 25 

of 40 cases. (This difference they explained 
by the 

use of streptokinase,) Autopsy and encephalography 

indicated/ 



-119- 

indicated that hydrocephalus was present in nearly 

1G0) of cases in the first series, and this seemed 

an indication for ventricular drainage in all cases 

from the onset, yet they admitted that some patients 

recovering with hydrocephalus appeared quite normal. 

Their indications, a combination of which were 

usually present in any particular case, for vent- 

ricular drainage were coma or increasing drowsiness, 

papilloedema, intractiiDle vomiting, fits and 

generalised spasm. 

Rubie and Mohun (1949) report that surgical 

intervention was required in 10 of 54 cases to 

relieve hydrocephalus of the communicating type. 

This measure prolonged life but only one lived. This 

is a fairly general finding, that the survival rate 

is small in cases requiring surgical relief of 

increased intracranial pressure for by this time the 

disease is in an advanced and irreparable stage. 

Lorber (1950) has studied the G.S.F. 

circulation in children with meningitis. At first 

he used penicillin as a tracer substance but found 

that the exact sites of block were more accurately 

determined by air studies. Further, using 

penicillin, partial spinal blocks could not be 

detected. Lorber (1951) reviewed 100 pneumo- 

encephalograms which he had performed on 58 children 

with meningitis. 28 of this number had normal 

ventricular radiological appearances and all 
were in 
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good clinical condition. ¡Pour to fourteen months 

after the commencement of streptomycin treatment, 

22 still had ventricles of normal size and there was 

no evidence .f obstruction. The association of 

absence of obstruction in the C.S.2. pathway and 

absence of hydrocephalus was found in 99% of his 

cases. In the second group were 36 children (in- 

cluding the 6 from the first group who showed 

hydrocephalus at a subsequent encephalogram) who 

showed abnormal radiological appearances. Mocks, 

other than spinal, -were found in 30 of the 36. The 

common sites were the foramina of Luschka and 

i.:a.gendie, the cisterna ambiens encircling the brain 

stem at the tentorial opening, within the spinal 

theca, and in the aqueduct in two cases. A double 

block was found in 5 cases. In 17 of these 30 

abnormal cases the examination was carried out 

within two weeks of commencing treatment and the 

obstruction was already present at that time. Only 

in 6 cases did the block develop after the initial 

normal encephalogram. Of the 36 abnormal cases with 

a block, hydrocephalus was already present in 34. 

At the ttAe of writing, 44 cases of the 58 had 

already completed seven months' treatment - 18 

belong to the normal group and only 2 were dead, 

while 26 belonged to the second group and 18 were 

dead. Thus there is a very close relationship 

between abnormal encephalography and the prognosis. 

In contrast to the findings of Cairns et al., 
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Lorber stated that normal encephalograms can be 

anticipated in 4L,,, of cases of tuberculous meningitis. 

He also found that mental deterioration was more 

frequent when ventricular dilatation was present. 

Since Lorber could only find hydrocephalus 

developing in 6 cases after the start of treatment 

it did not seem that intrathecal streptomycin 

played a part in the causation of hydrocephalus 

but merely made it more obvious by prolonging life. 

'_ore__is et al. (1948), on the other hand, state 

that prolonged intrathecal streptomycin may cause 

complete obstruction (by a local traumatic adhesive 

meningitis) of the spinal canal. In the light of 

this, and because tuberculous meningitis produces 

some degree of acute hydrocephalus, they suggested 

that streptomycin might lead to an aggravation of 

this hydrocephalus and acceleration of death. If 

signs of hydrocephalus appeared in their cases, 

streptomycin was stopped until the crisis was past 

and meantime ventricular drainage was instituted. 

Intra.thecal therapy was then resumed with a reduced 

dose. They found that the more advanced the disease 

the grater the intrathecal reaction to streptomycin 

Early cases tolerated it well and could be given 

bigger doses while the more acute cases should 

initially receive small doses. Other workers have 

also drawn attention to the dangers of excessive 

intrathecal treatment. Beynon (1951) believes that 
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intrathecal streptomycin can produce an increased 

o ut?ouring of . by irritation of the choroid 

plexus, sufficient to raise intracranial pressure. 

Smith et al. (1948) describe an acute hydro - 

cep"lalic attack arising during the course of treat- 

ment in 2 cases, and in the M.R.C. Triai (1948) 

2 cases showed dramatic clinical improvement with 

cessation of meningism when streptomycin was stopped 

This short review of the incidence of 

hydrocephalus and increased intracranial pressure 

during the treatment of meningitis serves to 

the difficulties which may be encountered in 

administering streptomycin to the site of maximum 

disease at the base of the brain. Ventricular 

drainage is life saving, but by the time hydro- 

cephalus is present the disease is in an advanced 

stage and it is therefore to be expected that 

surgical intervention does not produce encouraging 

results. 

indicate 

Spinal block occurred in about 2ût of the 

cases of tuberculous meningitis under treatment. 

It was found to occur at any time during the early 

months of treatment, it might be partial or complete 

and it might be transitory or last for an indefinite 

period. It does not however lead to the difficulties 

that hydrocephalus does. Its only drawback is that 

it prevents the administration of streptomycin by 

the lumbar route, necessitating the use of the 

cisternal or ventricular route. For example, it 

occurred/ 
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occurred in 4 of the 16 cases reported by Smith et 

al. (1948), in 20 of 92 cases reported in the 

Trial (1948 ),and. in 8 of 33 cases reported 

by Russell and iJiacÁrthur (1950). 



Table V. Age on admission and its relation 

to mortality. 

Age (years) u - 3 3 - 10 10 - 2C 20 & over Total 

_ ur hers 3 (11 ) 7 (27A ) (35 ;0) 7 (27,x) 26 ado, 

Actual age 2y.6mo.(8) 9y.6mo.(5) 18y.(4) 28y.(1) 

of patient 2y.lmo. (14) 3y.2mo.(7) 17y.(6) 22y.(2) 
within ly.3mo. (22) 8y.6mo. (11' lly.(1C) 29y.(3) 
each 5y.lumo. lly. (12) 28y.(9) 
group (13) 14y.6mo. 27y.(20) 

757.(15) (16) 26y. (24 ) 

7y.6mo. 10y.(17) 23y.(25) 
(18) 16y.(19) 

3y.(21) 13y.(23) 
12y.(26) 

Nuinber 
dead. 

2 (66;x) 4 (r:y ) 2 (24.) O7,) 12 0-6r0 

Case (14) (5) (7) (4) (26) (1) (2) 
numbers (22) (11) (13) (3) (9) 

Number 
alive 

1 (33A 3 (43 ;.x) 7 (78. _ (.3.) 1,+ (54) 

Case (8) (15) (18) (6) (10) (2u) (24 ) 
numbers (21) (12) (16) (25) 

(17) (19) 
(23) 

Underneath the number within each 
age group is given the actual age of 
each patient within that group. The 
numbers in brackets refer to the case 
numbers in the appendix. 
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A STUDY of TWENTY -SIX CASES of 

TUBERCULOUS MENINGITIS 

at SOUTHFIELD SANATORIUIMM, EDINBURGH. 

During the period October 1948 to May 1951 

twenty -six cases of tuberculous meningitis were 

admitted to the Streptomycin Unit of Southfield 

Sanatorium. The cases were consecutive admissions 

and all received streptomycin treatment regardless 

of the severity of the disease. There has been no 

selection of cases, the only criterion for refusing 

admission being that no bed was available. 

Sex. 

here were 17 (65;x) female cases of 

tuberculous meningitis and 9 (35;x) male cases. Of 

the female patients,9 (53á) died while only 3 (33;ß) 

male cases died. It is not considered that the 

difference between the two sexes is of statistical 

significance for so many factors affect the 

prognosis, e.g. age, stage of disease at time of 

diagnosis, etc. 

Age. 

The ages of the 26 cases are given in 

Table V. The results in this series show quite 

definitely that the age -group lU - 20 years holds 

the most favourable prognosis with a survival 
rate 

of 78,o. The prognosis generally in children 
under 

3 years of age is less favourable. 

History of Contact. 

In/ 
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In 6 (23íá) cases there was a definite histor 

of contact. Two sisters (case nos. 10 and 17) devel- 

oped meningitis within six months of each other, 

both having shared a bed with a case of open 

pulmonary tuberculosis. There wEs no history of 

contact with tuberculosis in 15 (58;ß) of the 26 

cases; included in this number is the case (no. 11) 

of a child who had no known contact but who had 

developed spinal tuberculosis six years previously, 

and case no. 6 who had no kno n human contact but 

was employed as a dairymaid at the time of commence- 

ment of her illness, and from whom the bovine 

tubercle bacillus was subsequently isolated. In a 

further 3 cases no record was made. In 2 cases 

family history of tuberculosis was given; a 

paternal aunt died of tuberculosis in case no. 2, and 

both paternal aunt and uncle died of the disease in 

case no. 8 but were stated never to have been in 

contact with the patient. 
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SY1PTOi TOLOGY of ONSET of ILLNESS. 

This will be considered in two separate 

groups:- 

Group I. Those cases showing onset of 

miliary tuberculosis, subsequently developing 

tuberculous meningitis. 

Group II. Those cases presenting features 

of meningitis from the onset. 

Group I. In 7 of the 26 cases, miliary 

tuberculosis was diagnosed at the onset of the 

illness. There were 3 other cases in the series 

suffering from mili:. ry tuberculosis but these 3 

cases presented miliary and meningeel disease simul- 

taneously and are consequently included in Group II.. 

Evidence of the development of meningitis (clinically 

end /or by examination of the cerebrospinal fluid) 

occur= ed 3 - 13 weeks following the diagnosis of 

miliary tuberculosis. Because the clinical onset of 

miliary tuberculosis was indefinite in some ceses, 

the interval between the development of miliary 

disease and the onset of meningitis is calculated 

from the time of diagnosis of miliary tuberculosis. 

,yen the streptomycin treatment of miliary 

tuberculosis was first started the frequency with 

which meningitis could supervene despite treatment 

was not fully apprecited and it is therefore not 

surprising that in the first 3 of these 

clinical/ 

7 cases 



Table VI. Developlent of meningitis during, 

of miliary_tuberculosis. 

Interval 
Case before 
o. onset 

menin- 
gitis 

(18) 

(2L) 

1 (22) 

5 weeks 

11 weeks 

12 weeks 

weeks 

13 weeks 

3 weeks 

7 weeks 

Total 
Clinical C.S..!. strepto- 

mycin 
before features. 
onset men- Iells 
ingitis 

treatment 

62 gm. 

7+ gm. 

81 gm. 

35 gm. 

3u gm. 

22 gm. 

24 gm. 

'eck stiff- lu 
ness. 
Photophobia 

Neck stiff- 25 
ness. 
Kernig 

Headache 21C 
Slight 
Kernig 

No 

o 

12 

28 

52 

D84 

t) Result 

Glucose! cr) 

44 t L Dead 9 

Dead 7 35 

43 E Dead 

Alive 

Jell 

53 

)1-6 

4)1 

22 

E 

ell 

bead 

Onset of meningitis is taken as the time at which 
intrathecal streptomycin was started. 

xThis boy developed meningitis in October 1949, has 
relapsed twice, and is at present (July 1951) 
having a third course of streptomycin. 

7 

21 

17 

7 
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clinical signs of meningitis were present with C.S.F. 

alterations before a diagnosis of tuberculous 

meningitis was made. In the later cases the 

meningitis was diagnosed and treatment was 

instituted on the findings of the C.S.F., in the 

absence of any clinical signs of meningitis. 

Table VI shows the time elapsing between 

the onset of miliary tuberculosis and the diagnosis 

of meningitis in these 7 cases, and the amount of 

systemic streptomycin given in each case prior to 

tale discovery of meningitis. The importance of 

weekly examination of the C.S.F. during the treat- 

ment of miliary tuberculosis is now fully realised, 

for alterations in the C. S. r,. indicating_' meningitis 

are always found to precede symptoms and signs of 

the disease. Treatment can thus be instituted at 

an early stage and may thus never allow clinical 

signs of the disease to appear at all. On the 

other hand, a recrudescence or relapse of meningitis 

is as often heralded by clinical deterioration as 

by alteration in the constituents of the C.S.F. 

Group II. 19 cases presented features of 

clinical meningitis from the onset. In 16 cases the 

meningitis was present alone and in the other 3 

cases the meningitis was complicated by miliary 

disease./ 



Table VII. Symptoms and signs of cases presenting with meningitis. 

_ 
M M 14 

'Case numbers 3 4 6 8 1u 11 12 1 14 16 1 lq 21 2 242 26 

;Days before 
diagnosis made 21 14 14 921 t 

L 7 b 1, 1 11 Li lu 2 

stage of 
dise ase 

. 

:. Pi Pi 1 i « A , _ E N 

_____ 

q 

i:esult D iJ , L., _ 
. 

- A D 

Period observed 
(months) 2. 29 4 28 24 IL 21 19 14 12 b 7 j 1 

Headache 21 + 14 7 7 10 . 1 7 . 11 11 10 2 4 7 1+9 

Stiffness neck 
back or legs 

3 + 7 . 6 10 

Photophobia 14 + + + + + 2 21 

Irritability + + + + 3 + + . . . . + + .14 

Tiredness . 14 21 lb . 4911+ 

1.ental confusion + + 2 . + + + + 1 

Drowsiness 2 9 + + + 3 + + + + ++. 
Stupor . + . s . + + 

Coma 
fever + 14 14 + + + 28 

+ 
1C) . 11 . . . 

, 

. 

Loss of weight + + . . + . + + 

Anorexia + + ) 21 . . 21 . . . + + 4 + + 

Jomiting 7 14 14 + 7 . + 11.) 3 + 16 8 2 1C 4 . 28 

Constipation 7 + 9 7 . + + + 10 8 . + 4 + + + 

Neck rigidity +-i + + --, ++ + + t +4 + +4 + + -i --I. + + ++ +4 ++ 

i(-ernig + + + + ++ + + + +-++ + - + - ++ + + ++ 

Cranial nerve 7th 7th 7 6/a 7th 7th 7th 7t 
palsies R L .1. L . Rh. .L.L. 

4-da 

L 
Papilloedema - + + - ++ _ - + ++ + - + - - - +4 + 

Knee jerks + + + + + + + - 

'4' 4+ + - - + - - - _ 
- L. L. 

Ankle jerks + + + + _ + + + + _ + _ _ + 
L. L. 

Plantar response 
h:L 

14, 14, 4, 4, 4.4, ?t ?4, 44, 4411 44, 14, 0 4,1, Tt tt 11 

Abdominals + + + ± - + + + + + - + 1,.. + + + 
- 

Limb paresis 
. ,? . 

4 
' 

ease numbers: 
Stage of disease: 

Lesult: 

um I 

tiE 

tiD!' 

nw 

= miliary disease present in addition. 

= and discharged. 

"A" = advanced = early case: "¡V = middle case: 

= died; "A" = alive but still in hospital: 

case. 

The figures in the body of the table indicate the number of days 
which each symptom was present before diagnosis. 

+ = symptom present but duration not accurately known. 
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disease. in Table VII an attempt has been made to 

tabulate the principal symptoms and signs of each 

case within this group and to sho?g the stage at 

which the diagnosis was made. 2rom this table it 

will be seen that there has been relatively little 

change in the last 3 years in the stage of the 

disease at the time of diagnosis. 

The stage of the disease at the time of 

diagnosis :_as been clas cif fed in the manner described 

by kubie and hichun (1 949) : 

-Early case - fully conscious patients with 

no focal signs and little or no meningism 

but with petological cerebrospinal fluid 

and a characteristic mental picture. 

piddle case - fully conscious but sometimes 

drowsy and lethargic, with neck rigidity 

and perhaps focal signs. 

Advanced case - unconscious or deeply 

stuporous patients. 

It has been found in this series that the 

majority of early cases of tuberculous meningitis are 

to be found in those individuals presenting with 

miliary tuberculosis (Table VI). It is natural in the 

latter type of case that a sharp look out is kept 

for tie onset of meningitis by repeated C.S.F. 

examination which is facilitated by their presence 

already in hsopital. This earlier diagnosis does 

not however lead universally to better results 
for 

the/ 
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the prognosis is considerably reduced when meningitis 

co- exists with miliary disease. The great majority 

continue to be middle or even advanced cases and the 

number of days of illness which have elapsed before 

a diagnosis was made has shown little alteration. 

In fact the last 2 cases in the series were almost 

the most advanced cases seen. In spite of the fact 

that the disease was not being diagnosed sooner, 

experience was being gained in its treatment and 

the results have improved. The commonest early 

symptoms were headache, vomiting and constipation. 



Table VIII. Results of treatment of 26 cases of 

tuberculous meningitis. 

Stage +o. Dead Alive 
and 
well 

Alive, 
require 
treat - 
ment 

Miliary 
'resent 

Miliary 
absent 

Dead ive Dead Alive 

Early 8 4 31 13 4 4 o r 

(31ïß) (5u% (38iá) (12A 

:.fiddle 14 5 72 24 l 1 4 8 

(54,-) (36 ;:) (50 ) (14;x) 

7 
_:.dvanced 4 3 U 15 i. L 3 1 

(15)O (75ïß) (25,A ) 

Total 26 12 1ú 4 5 5 7 n 
(1uß.;) (46;x) (38%) (16%) 

1. 2 cases completely deaf. 

2. 1 totally deaf, 1 severely deaf. 

3. Has had a second relapse, third course of treatment, 
doing badly. 

4. One doing well, another C.S.F. slow to improve. 

5. Clinical and C.S.'. condition very unsatisfactory. 
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RESULTS 

Of the 26 cases, 14 (54 %) are alive today 

(August 1951) and 12 (46 %) are dead. Of the 14 

survivors, 3 have been observed for over two years 

and 8 have been observed for between twelve and 

twent;, -four months. The other 3 survivors are still 

under treatment and have been observed for seven, 

six and three months respectively. 

Table Y shows the relationship between the 

age of the patient and the final outcome of the 

disease. It shows that the most satisfactory results 

have been obtained in the age- period of 10 - 20 years. 

In Table VIII is shown the relationship 

between the result of treatment and the stage at 

which the disease was diagnosed. Of the 8 early 

cases, 5v;ß have lived. This survival rate is lower 

than that of the middle cases, 64 (i.e. 8 of 14 

cases) of whom have survived. It must be stressed 

however that all the early cases were complicated 

by miliary disease and there is no doubt that this 

factor has unfairly influenced the possibility of 

survival following treatment in the early stages of 

the disease. This matter is discussed in the section 

on miliary tuberculosis. 

Even though the numbers are small, the fact 

that the chañce of survival is smallest in the 

advanced case 'is amply borne out in the cases 

reported. 

The last tie) columns of Table VIII show 

the/ 
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the results in relation to the presence or absence 

of miliary disease. The numbers are too small to 

alloy of valid comparison. 



- 

_JNTOUX 
' r AG 1 I í;l'! S . 

Unfortunately little information has been 

obtained about the reaction to tuberculin of 

treated cases of tuberculous meningitis. Insufficient 

tests have been carried out and the tests have been 

read by several observers. However from the 

diagnostic standpoint, 25 cases gave a positive 

result to an intradermel injection of old tuberculin; 

the remaining case was negative to a 1 in 1,000 

dilution and died before the test could be repeated 

with a 1 in dilution. All cases were initially 

given 6.1 ml. of a 1 in 10, 0c0 dilution of old 

tuberculin and only 12 were positive. Of the 14 

cases negative to e 1 in l0, 0l0 dilution, 12 were 

positive to e 1 in 1, ú0:, dilution. 0f the remaining 

2 cases, one died before a further test could be 

carried out, and the other (case no. 2c) did not 

become positive to a 1 in 100 dilution. until two 

months later. From the iantoux tests carried out 

during treatment, no constant findings were noted 

about the tuberculin sensitivity of these patients. 

In nearly half the cases little alteration of 

allergy was noted, in 4 cases there was actually an 

increase in the sensitivity to tuberculin, while in 

the remainder sensitivity decreased slightly. 

B AC LOGY. 

in 22 of the 26 cases the diagnosis of 

tuberculous meningitis was confirmed by 
the isolation 

of/ 



Table Il. ;na.lysis of LacterioloCical Andings. 

case no. 
Cerebrospinal fluid Gsstric 

lava- e Sputum Urine 

+ 

Type 

T, 

Direct smear . LJ.l:edium G.P. 

1 + 

f 

+ . . 

2 + . + H. 

3 + + . . . , 
4 . + + . . . _. 

5 ;- +1 + . . H. 

6 + + B 

7 + + + . . . H. 

8 + + . . . . . g + + . . . H. 1C . . . . - 

11 . + . _. 

12 + + + , , . H. 

13 + + . . -i 

14 . + + . 

15 . + + . . . 

16 + . 

17 . . . - lb . , . ? 

19 . + + . . :. 2C. . . 
+ 

21 . + . :. 
22 + + + +- . . 

23 . -1 + . 
, : . 

24 . . + 
. 

ii. 

2 5 . + + . . 
H. 
' 

26 . + + 
. 

:. 

____ - ----_ .____.. 

Total 6 20 16 2 2 2 

__. _--- - 
1. Positive rabbit culture in <addition. 
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of tubercle bacilli from the cerebrospinal fluid on 

direct smear examination, culture on Lówenstein- 

Jensen medium or by guinea -pig inoculation (See 

Table Imo). In the other 4 cases, tubercle bacilli 

were isolated from the sputum in case no. 18, from 

the urine in case no. 20, and in only 2 cases was the 

tubercle bacillus not isolated at all. These were 

cases no. 10 and 17, and it is perhaps a coincidence, 

that these patients were sisters and the source of 

their infection was known to be identical. In all 

other respects their condition was typical of 

meningitis and both were Mantoux positive. Of the 

24 positive cases, the tubercle bacillus was of the 

human variety in 23 and of the bovine in 1 case 

only. This variety was isolated from the C.S.F. of 

case no. 6, employed as a dairymaid until the time 

of her illness. 

In this series of cases, the bacteriological 

investigations on the cerebrospinal fluid were 

performed as a confirmatory diagnostic procedure. 

Periodic cultures of the C.S.F. . were carried out 

during the course of treatment but no attempt was 

made to carry out sufficient bacteriological 

examinations of the C.5..ß. to note whether any 

prognostic information could be obtained in this way. 

In these 26 cases tubercle bacilli ,:ere 

found on direct smear examination of the 
C. ,.;. on 

6 occasions only. 

In/ 



i'able A. Analysis of the radiographical findings 

in the chest. 

Case no 
and age 

";3nows torm" 
Lung 

"Adult type" 
pulmonary 

+) cn 
4,, o2s 

nH 
ko°p 

consolidation 
or 

collapse 

Result 

1 (28) 

2 (22) 

3 (29) 

4 (18) 

+ Disappeared 
4/12 

+ Disappeared 
5/12 

Too ill to 
be x-rayed 

Cavitation 1. 
upper lobe 

Both upper 
lobes 

.. . 

Dead 

Dead 

Dead 

Dead 

5 (9) + Disappeared 
5/12 

R. middle 
lobe 

Dead 

6 (17) + Vell 
7 (3) Dead 
8 (2) Dead 
9 (28) + Tuo ill for 

subsequent 
Dead 

X-ray 
10 (7) h. loi.,er lobe b.eil 
11 (g) Dead 
12 (11) R. middle lobe 
13 (5) Dead 
14 (2) Too ill to Dead 

A -ray 
15 (7) + Disappeared 

14/12 
Treat- 
ment 

16 (14) Well 
a7 (1C ) Vell 
8 (7) + Disappeared Well 

7/12 
9 (16) + Disappeared L. mid -zone V ell 

5/12 
o (27) + Disappeared -1- Both bases hell 

3/12 
21 (3) iwüliary disease 

but no 
snowstorm 

L. apex Well 

2 (1) + Too ill for 
subsequent 

ONO -i- Dead 

X-ray 
3 (13) -1 - Treat- 

ment 
11. (26) T II 

5 (23) 
_6 (12) Poo ill to 

be x -rayed 

- x-L.Tnid-zone 
rt 

I' 

Dead 



In 6 cases only was it possible to have 

tested the sensitivity of the tubercle bacillus to 

streptomycin, and in these cases no serious 

bacterial resistance was encountered. 

THE A-RAY FI NDIi ;GS. 

A summsry of the -A-ray findings in 2-1- of the 

26 patients is given in _'ably There were 1G 

cases of miliary tuberculosis. In 9 of these the 

typical "snowstorm" appearance of the lung was 

present at the time of diagnosis. In the luth case 

(no. 21) there w= s enlargement of the paratracheal 

glands on the right side with right apical collapse. 

In each lung field were scattered numerous blood - 

borne foci, not typical of miliary tuberculosis. 

In 6 ceses the snowstorm appearance had disappeared 

by the seventh month of treatment though 3 of these 

patients succumbed to meningitis. In one case 

(no. 15) the miliary shadows did not disappear until 

fourteen months after the institution of treatment 

and this boy has h:d a recrudescence of meningitis 

on two occasions. He is still under treatment. 

Case no. 9 and 22 were too ill to be subsequently 

n- r_.yed and each died of meningitis. The luth case 

(no. 21) has shown improvement of the blood -borne 

scattered lung foci which have not yet disappeared. 

The course of the radiographical findings in the nn- 

miliary cases is described in t e progress notes 

accompanying each case report. 



TIIE CEREBROSPINAL FLUID. 

Repeated accurate examinations of the cerebro- 

spinal fluid are of the utmost value in assessing the; 

progress of tuberculous meningitis under treatment 

with streptomycin. Evidence of a patient's progress 

can be estimated by assessment of changes in the 

clinical state. Unfortunately this has been found to 

be a crude method of assessing progress, for the 

clinical picture often does not reflect accurately 

the state of the tuberculous lesion within the 

;central nervous system. Several times, among the 

!cases being discussed, evidence has been seen of 

satisfac ry clinical improvement accompanied by a 

lack of iiiiprovement in the C.S.F. The former is 

!an indication for no more than guarded optimism for 

it is the latter which alone can accurately forecast 

the course of events. Except in advanced cases, 

physical signs in the central nervous system give 

little or no information about the state of the 

tuberculous meninges and in the end reliance has to 

be placed entirely upon repeated C.S.F. examinations. 

Examination of all specimens of C.S.F. was 

carried out at Southfield Sanatorium. Cell counts 

and differential white cell counts have all been 

estimated by the member of the medical staff 
who 

obtained the C.S.F. and all biochemical examinations 

have been performed by the same laboratory 
technician 

throughout the period October 19+8 to July 1951. 

(During/ 



(During July, August and September 1950 the 

la.boratory technician was indisposed and no figures 

of biochemical examinations for that period are 

quoted in this thesis without mention to this effect. 

During this period C.S.F. specimens were sent to 

other laboratories in the area but the results 

fluctuated so considerably and bore so little 

relation, in any particular case, to the pattern 

which the C.S.Q. picture had been following for 

weeks or months that it seemed unjustifiable 

to include them. In the tables and graphs which 

follow, where results have been omitted for the 

above reason, a note will be made to that effect. ) 

The C.S.r'. of all patients is examined weekly 

except in a few cases where it been done 

fortnightly following the cessation of treatment. 

The findings have been recorded on a graph which is 

found with each case report in the appendix. A 

normal cerebrospinal fluid, for purposes of 

discussion in this thesis, is defined as follows: - 

Pressure - under 200 mm. water 

Cells - 5 or less per cubic millimetre 

Protein 4o mg.A or less 

Sugar - 5G mg., or more 

Chloride - 72J or more. 

THE CELLS OF THE CER,EBRÜSPINAL FLUID. 

The Nhite Cells. 

Many interesting aspects of 
the white cell 

count of the C.S.F. have been obst.rved as a result 

of/ 



Table AI. An analysis of the duration of the pleocytosis of the C.E.F. 

Case 
i 

Cou_át at 

No. Diag- 
nosis 

1 2 3 4 5 6 

1 

2 

3 

17 

lú 

19 

2li 

21 

22 

=3 

160 

110 

37u 

61i, 

190 

31u 

36 

78 

39 T. 

6;l 

368 

21 

68 

52 

308 

185 

195 T. 

85 

8o 

820 

lulu 

104 

132 

12u 

114 

36 

728 

196 

23 

20 

14, 

159 

25 34 

120 72 

476 

168 92 

70 240 

64 52 

120 2O 

12o 

68 

;1 

46E 

136 

12u 

39 

14 

136 

99 96 

267 79 

4U 

3.4u 

130 

)3 

28 

191 

57 

91 

4G 

11 

`F8 

52 

41 

16 

53 

4u 

27 

73 

43 

311 

29 

25 

52 

24 

37 

264 

124 1161, 

8 

8 

21 

44 

13 

5 

13 

14 

38 

16 

24 

132 51 

33435 

-8 41 

29 20 

88 29 

43 11 

13 

7 1 8 

156 124 

132 l2Ú 

9 7 

12 11 

3 4 

22 

153 

24 

177 

9 1C 11 12 

56 62 

1 

5 12 

36 

9 4 

435 425 

L4 107 

59 197 x 

4 11 8 

25f17 

x 5 

12 

25 

21 

10U 

7 5 

5+1 360 

48 15 

4c 16 

11 

13 

11 

.56 

4 

T 
13 114 15 16 

--+------ 

4í, 15 

5 

5 

263 176 

2 

75 

7 

12 

15 

21 

7 

13 

12 

3 

13 

17 

1). 

5 

l8 2u 21 

"T" = still under treatment. x = discontinuation of I.T. streptomycin. Case numbers in black indicate dead, in red type indicate alive and :ße11. Numbers in top horizontal line represent months folloying start of treatment. 

2 

1 

lz 1O 



of the use of intrathecal streptomycin. The initial 

white count varies quite considerably as the 17 

cases shown in Table .Li demonstrate. The height 

of the white count was found to bear little direct 

relationship to the clinical severity of the 

1 meningitis at the time of diagnosis and the lympho- 

cyte- polymorph percentage was in most cases 

approximately 80 and 20 respectively. A change, not 

seen in the untreated case, occurred following the 

intermittent administration of streptomycin by the 

intrathecal route. Fluctuating increases and 

decreases occurred, the resulting peaks being quite 

irregular. Frequently the increasing pleocytosis 

occurred during the period of administration of the 

drug; the decreases commonly occurred during the 

rest periods. But this was not an invariable 

finding for the administration of streptomycin for 

several weeks continuously was sometimes found to be 

accompanied by a fall in the total count. This 

seemed to prove at any rate that the pleocytosis 

occurring during the treatment of meningitis cannot 

be wholly ascribed to the irritant action of intra- 

thecal streptomycin. The impression has been formed 

during the treatment of these cases that the white 

cell fluctuations in the C.S.'. are the response of 

tuberculous meninges and tuberculous exudate and 

granulation tissue to intrathecal streptomycin, for 

when the tuberculous disease subsides streptomycin 

alone no longer produces similar fluctuations 
in the 

white/ 
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white cell count. The second change which occurred 

following the use of intrathecal streptomycin was 

the increased number of polymorphonuclear leucocytes 

which appeared in the C.S.F. In the acute stage 

they would rise from the normal 2O to L'0% or even 

76,0. Not all the remaining cells were now lympho- 

cytes for 5, had been replaced by a large mono- 

nuclear cell. The high polymorph percentage has 

been found to persist during the acute stage and as 

the total white cell count falls so does the poly - 

morph percentage. It is often found that when the 

white count falls below % or 3u per c.mm., the 

cells become entirely lymphocytes. A recrudescence 

or relapse of the disease leads to a return of the 

pleocytosis and when intrathecal streptomycin is 

resumed the percentage of polymorphs again increases. 

Because this cellular reaction is quite different 

from that found in the untreated case and because 

it has been found that results vary depending upon 

the technique used, a description of the 

differential white cell count in the C.S.F. will be 

described in detail. 

Differential White Cell Count 

in the cerebrospinal fluid. 

A differential count of the white cells 

of the C. S. r?. was originally performed med by 

pipetting the centrifugalised deposit onto a glass 

slide. To aid drying of the film it was placed in 

an/ 
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an incubator at 37 °C. until dry. It was then 

stained with Leishman's stain for 3ü seconds 

followed by the addition of double the quantity of 

distilled water for 7 minutes. After removal of 

all stain, distilled water was added for 1 - 2 

minutes to aid differentiation. These films were 

not satisfactory for they showed many cells to have 

swollen up and disrupted to the extent of being quite 

unrecognisable while others had shrunk and were 

densely stained so that differentiation between a 

polymorph and a lymphocyte was sometimes difficult. 

In order to obtain better results, all films 

were stained with Leishman for 1+5 seconds, followed 

by the addition of double the quantity of distilled 
Ì 

water for 7 minutes, the film being differentiated in 

pure distilled water for 2 minutes. Different 

methods of preparation of the film,using the same 

specimen of C.6.2. throughout, were tried and the 

results obtained are shown on the accompanying 

photographs. Film no. 1 is the control - this film 

was dried in the incubator at 37 °C. before staining 

lcommenced. It shows several cells swollen and 

disrupted. These, as will be shown later, are 

predominantly polymorphs. The enlarged cell on the 

extreme left shows the three lobes of the polymorph 

nucleus lying at the periphery of the swollen cell. 

A few cells of normal size are seen, while others 

appear shrunken and all stain very densely. Film 

No. 2 is a film dried in the open air instead of in 

the/ 
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the incubator. It shows the disruption, at various 

sta es of all g polymorphs, while the three lympho- 

cytes in the picture are of normal size and outline. 

A film prepared in exactly the same way as no. 2 is 

shown in film no. 3, but here the disruption of the 

nuclei of the polymorphs is almost complete although 

the cells themselves are not so swollen as in no. 1. 

It is also to be noted that in no. 3 the normal cells 

are all lymphocytes apart from one shrunken polymorph. 

_Film no. 4 shows the effect of fixing the 

film with methyl alcohol for 2 minutes, after drying 

in the open air, and before staining with Leishman. 

In this film the great majority of cells are well 

preserved and easily differentiated. The use of 

methyl led to the preparation of a 

much more satisfactory film. 

it seems that the polymorph is more liable 

to suffer damage in the preparation than the lympho- 

cyte. A count on film no. 1 showed that it con- 

tained 37; polymorphs and 63;9 lymphocytes. following 

the addition of methyl alcohol to film no. 4 the 

differential count was now 62 polymorphs and 38 

lymphocytes. Thus, depending on the method of 

preparation of the film, a complete reversal of the 

'.a. tip between polymorph and lymphocyte may be 

obtained. 

Une further point has been noted in a11' 

cases, namely that the best films are always obtained 

from/ 
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from the cases showing an acute meningeal reaction. 

As the clinical response increases and the pleo- 

cytos is of the C. S. íi'. is reduced under treatment, the 

films become less satisfactory. In spite of the 

addition of methyl alcohol, a few cells continue to 

rupture, to be represented by structureless shadows, 

while some shrink in size and above all the great 

majority develop an increased affinity for dye and 

now stain very deeply. Thus some polymorphs show, 

after shrinkage, clumping together of the lobes of 

the nuclei, sometimes to the extent of each lobe 

lying partially on top of another; if, in addition, 

they have stained deeply, some of them may be confusdd 

in appearance with lymphocytes. 

Alm no. 5 from a subsequent specimen of 

C.S.+'. is included to show how clearly red blood 

cells in the C.S.F. show up on a film using methyl 

alcohol to fix before commencing staining. Without 

the addition of methyl alcohol the same disin- 

tegration that overtook the white cells also affected 

the red cells. 

£he tendency to swelling and disruption of 

white cells which occurs in the C.S.F. does not occ 

during the preparation of ordinary blood films. It 

was felt that this phenomenon might be related to 

t!:e different osmotic pressures of the C.S.F. and 

blood. The average protein content of the C.S.F. in 

the acute case of tuberculous meningitis lies between 

200/ 
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ACC and 3CL, mg.;. The osmotic effect thus 

exerted is very inferior to that of the blood plasma 

which contai.is 6,u00 - 7, JUC mg.,; protein. It was 

therefore decided to add to each specimen of C.S.F., 

before centrifugalization, an equal quantity of egg 

albumin solution containing 15 gm.76 The resulting 

osmotic pressure exerted from. the mixture was equal 

to that exerted by the blood plasma on white cells. 

control films were dried at 37 °C. and stained in the 

usual way and the usual disruption of cells was noted. 

in those films to which protein was added before 

the staining, no swelling or disruption of cells 

occurred, and a differential count was easily made. 

Summary. Swelling and disruption of the 

white cells of the C.S.F., particularly polymorphs, 

is abolished or markedly reduced by drying the film 

in air and fixing with methyl alcohol before 

staining. If heat is used to dry the films, 

disruption of cells can be prevented by increasing 

the osmotic pressure of C.S.F. through the addition 

of egg albumin. 

The Duration of the Pleocytosis 

in the C.S.i. 

During recovery from meningitis the cell 

count, along with the protein, is one of the last 

constituents of the L.ä.ii. to return to normal. 

The sugar and chloride content have usually long 

since returned to normality. In all cases, 

apparently cured, it has been noted that a normal 

cell/ 
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cell count is never obtained while intrathecal 

streptomycin continues to be given. Even upon its 

discontinuation the cell count remains elevated 

usually for quite a prolonged period. Table 

shows that of the 14 survivors in only 8 cases 

(nos. 8, 1C, 12, 16, 17, 18, 19 and 21) has the 

cell count dropped to 5 cells or less per cubic 

millimetre and can thus be regarded as normal; and 

after the cessation of treatment the period of time 

required in each was 2, 19, 5, 6, 9, 9, 8 and 8 

months respectively. Cases no. 6 and 2G have been 

without treatment for 1G and 7 months respectively, 

yet at the time of the last count neither could be 

considered as having a normal one. The remaining 

4 cases are still receiving treatment and are not 

considered. In spite of the fact that 9 cases now 

have a normal cell count, occasional and slight 

fluctuations of this count can be anticipated and 

only cause concern if the increase is greater than 

1G cells per c.mni. 

Red Blood Cells. 

hed cells in the C.S.F. may be sufficiently 

numerous to be obvious to the naked eye, but more 

often their presence can be detected only by 

microscopic examination of the fluid. It is often 

ascribed to a "traumatic" puncture and that its 

occurrence is only occasional, but this has been 

shown not to be the case. During the prolonged 

course/ 



course of streptomycin treatment one fact has been 

repeatedly observed, namely that red cells are 

present more frequently in the C.S.F. than absent. 

On admission, and prior to the administration of 

intrathecal streptomycin, a large white cell count 

is iavaribly present while red blood cells are 

almost, if not nearly always, absent. It is after 

the administration of intrathecal streptomycin that 

red cells begin to appear, at first perhaps only 3 

or 4 per c.mm. of C.S.F., though sudden increases 

occur from time to time sufficient to tinge the 

fluid yellow. It has occurred to me that, as a 

result of the treatment of meningitis by intrathecal 

streptomycin, the presence of red cells in the 

C. S. F. can be regarded as a natural sequel to this 

form of local therapy. It has been observed very 

frequently in the cases being discussed. In some 

cases it has been rare not to find them in every 

specL en, but even in the average case red cells 

have been present in fully half of the many fluids 

examined. Most commonly their number is less 

than the number of white cells in the same 

specie, en; at other times they are many times gre: ter. 

The cause of this would seem to be the 

irritant action of intrathecal streptomycin upon the 

meninges and the repeated puncturing of the meninges 

which leads to their thickening and increased 

vascularity. Autopsy examination of the lumbar 

meninges in case no. 22 showed several small red 

mas ses/ 



-145- 

masses at the site of lumbar punctures. Microscop- 

ical examination showed fibrous thickening and 

several deposits of haemosiderin. 

Two further points will be mentioned which 

have been observed. If an area of increased 

vascularity in the lumbar region of the meninges 

is traumatised by a spinal needle, streaking of the 

C.S.F. with blood will be observed as it drops from 

the needle and by alteration of the Y position of 

the needle, ti, ill usually cease. On the other hand, 

the pressure of the needle against the wall of the 

track of the vascularised area may prevent bleeding 

at the time of puncture, but when the needle is 

withdrawn free bleeding may now take place from the 

wall of the track into the subarachnoid space. 

This may explain why, to one's surprise, a straight- 

forward lumbar puncture on the following day may 

yield heavily but uniformly blood -st, ined C.S.F. 

which takes days to clear up. 

Finally, this occurrence can cause 

considerable discomfort to patients as has been seen 

twice in case no. 25. On account of spinal block, 

it was necessary to administer streptomycin by the 

cisternal route. After it had been done many times 

without difficulty, one day something happened which 

had never occurred before. The cisternal puncture 

was straightforward, the c.S.,. was colourless, the 

needle was withdrawn and the patient was quite 

comfortable until five minutes later when she felt 

dizzy/ 
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dizzy, developed a sharp increase in headache and 

complained of acute spinal root pain spreading over I 

the back and chest. This lasted several hours and 

required morphine for relief of the pain. The 

cisternal puncture was repeated next day and 

brightly blood -stained C.S.F. was obtained. 

Fortunately at this time the partial spinal blocx 

cleared and thereafter the lumbar route was used for 

intrathecal therapy. Two weeks later a cisternal 

puncture was again performed in order to compare 

the cisternal fluid with the lumbar C.S.F. and once 

again she had a similar subarachnoid haemorrhage 

accompanied by the same symptoms as before. This 

bleeding presumably had occurred from increased 

vascularity of the alanto- occipital membrane. 

While dealing with the subject of red cells 

in the C. S. Z. , mention will be made of the response 

of the theca in the sensitized individual to intra- 

thecal injections of tuberculin. The response is 

one of great outpouring of C.S.F. containing an 

increase of red cells many times greater than of the 

white cells. As the degree of sensitivity decreases 

with subsequent gradually increasing doses of 

tuberculin, the response is less marked and the 

fluctuations of the red cell count diminish. In the 

treatment of cases of meningitis by streptomycin 

alone, it is probable that tuberculin is liberated 

into the C.S.F. periodically and in itself is 

sufficient/ 



sufficient to liberate red cells into the spinal 

fluid. 

THE PROTEIN CONTENT 

OF THE CEREBROSPINAL FLUID. 

The protein content of the C.S.F. will be 

considered next because an increase or decrease of 

the white cells is usually followed by a similar 

change in the protein content. As will be seen from 

the graphs of the C.S.F. findings in the appendix, 

the protein content tends to rise after the 

institution of intrathecal streptomycin, and 

irregular fluctuations continue to occur for a 

considerable period. As the disease process comes 

under control, a gradual fall occurs. Like the 

cell count, a normal protein content is never found 

when I.T. streptomycin is discontinued; several 

months thereafter are required during which time 

the fall is very slow, and the cell count has 

usually returned to normal before the protein falls 

to below 4u A study of the protein levels 

during the course of treatment of the uncomplicated 

case does not give any additional information than 

can be obtained from a study of the cell counts. 

The one exception is spinal block (to be discussed 

later), when the protein steadily rises without 

necessarily a corresponding rise of the cell content 

of the C.S.F. occurring. 

THE/ 
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THE SUGAR CONTENT 

02 CEREBROSPINAL FLUID. 

T pis estimation has been found to be the 

most valuable in the early diagnosis and assessment 

of progress of tuberculous meningitis. plight 

variations or errors in technique can lead to 

considerable alteration of the sugar values obtained. 

The values obtained at Southfield Sanatorium have 

been const_:nt for all estimations throughout the 

period of treatment of these 26 cases and have been 

performed by the same laboratory technician. 

For the purpose of this thesis, a normal 

sugar value is taken as 50 mg. All the cases in 

Group II which presented with features of tuberculous 

meningitis, uncomplicated by miliary tuberculosis, 

gave a sugar value below this figure at the time of 

diagnosis. The highest level found at the time of 

diagnosis was 47 mg.d and the lowest figure 2ü 

The cases ftlling into Group I, i.e. presenting 

with miliary tuberculosis, subsequently developing 

meningitis, were naturally diagnosed at an earlier 

stage and generally presented slightly higher sugar 

levels. In two instances (cases no. 15 and 18) levels 

of 50 mg.d were obtained at the time of diagnosis; 

the remainder were under 50 mg. 

In Table 'JI are shown the sugar curves of 

20 of the 26 cases during the course of their treat- 

ment. it shows how the values of those surviving 

(within the limits of the red lines) steadily 

ascends/ 



ascends, while of those now dead (within the black 

lines) this ascent is noticeably absent. 

The sugar level falls with progressive 

disease, and rises as the disease process undergoes 

resolution. It has been found that the morbid state 

of the disease is quite accurately portrayed by the 

sugar levels, which is fortunate, for it cannot be 

accurately assessed from the patients' clinical 

condition. The sugar estimation at the time of 

diagnosis is usually in accord with the clinical 

severity of the disease, but once streptomycin 

therapy is instituted the clinical improvement which. 

occurs has been found to bear little relationship 

to the pathological condition of the meninges and 

brain. A striking fact seen in so many of these 

cases is the remarkable clinical improvement which 

occurs under treatment, sometiies to the extent of 

unbelievable well- being, yet the persistent failure 

of the C.S.F. sugar to rise is a sober reminder 

that all is far from well. From experience gained 

during the treatment of these cases the lesson has 

been forcibly learned that a patient without 

symptoms and without clinical evidence of meningitis 

but with a C.S.F. sugar below 5u mg.;» is in grave 

danger of recrudescence of the disease in the near 

future if streptomycin treatment is discontinued. 

Case no. 15 will be quoted as an example. 

At the end of this boy's first course of 

treatment the C.S.F. sugar value was 4 mg.b Four 

¡months/ 
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months later he developed slight headache, vomiting, 

and an elevated temperature. Though the sugar level 

at this time was 50 mg.%, there was sufficient 

evidence to indicate a recrudescence for it has been 

found that a recrudescence, unlike the initial . 

development of the disease, is as often ushered in 

by clinical manifestations as by a falling sugar 

level. Treatment was re- instituted for a further 

six months. The general symptoms again subsided 

quite quickly. At aQ time were there any abnormal 

physical signs in the central nervous system yet the 

sugar level gradually fell from 50 mg.,c to 24 mg. 

and at the latter level it remained for week after 

week. Apart from the low sugar level there was no 
P 

evidence of disease, so treatment was stopped to 

observe what effect this would have upon the C. S.2. 

sugar. During the next five months it gradually 

climbed and reached the level of 47 mg. 

This quite unexpected feature was not easy 

to explain. Coinciding with the rise of the sugar 

level, there was a gradual and 'masked fall of the 

cell and protein content. If the latter were 

indicative of decreasing activity of the meningitis, 

it then followed that a rise in the sugar level 

could be anticipated. It has occurred to me that 

the f raling cell and protein content and t! le rise 

of the sugar level, in the absence of streptomycin 

treatment, may have resulted from fibrous 

encirclement of the area of active meningitis. As 

a/ 
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a result there would be formed a localized tuber- 

culous meningitis shut off from the general sub- 

aracruloid space. Unlike a diffuse meningitis, this 

localised lesion would no longer be in communication 

with the cerebrospinal fluid and could no longer 

render the changes in it which it had been able to do 

previously. Thus the C.S.F. would be permitted to 

return gradually to a normal state and this change 

was in fact taking place in this boy. A break out 

of the disease through the defence barrier would at 

once set in motion again all the C.S.F. changes 

characteristic of the disease. This hypothesis may 

explain the recrudescence which subsequently occurred. 

Men once again he developed headache, 

became tired and pyrexia returned but without any 

physical signs of a return of meningitis. treatment 

was re- instituted for the third time three months 

ago and again the sugar level is falling and is now 

(July 1951) 38 mg. 

This case report illustrates well that to 

discontinue tretment in the presence of a subnormal 

sugar level, in spite of the absence of all physical 

signs of disease, is unjustifiable. It presents many 

problems in the management of the atypical case. No 

answer can be found to explain why all this is 

happening, and this case will have to be left at 

present as an unanswered problem. 

In the average case, making a normal 

response/ 



Table xIII. An analysis of the time required for the 

C.S. '. sugar level to rise above 50 mg.o 

in 10 cases of tuberculous meningitis 

successfully treated. 

Case 
No. 

ìionths of 
Treatment 
given 

Period at which 
C.S.F. sugar 
level 50 mg.c 

reached 

Remarks 

6 14 16th month Treatment stopped at 49 
mg.7o 2 months before 
C.S.F. sugar over 50 mg. 

8 5th t1 

lC 5 7th if Treatment stopped at 46 
mg., 2 months before 
C.S.. sugar over 50 mg.% 

12 6 7th " Treatment stopped at 48 mg. 

16 10 10th " 

7o 1 month before q. s.2. 
sugar over 50 mg., 

17 10 10th n 

18 6 6th ,t 

19 8 7th " 

20 6 5th ti 

21 5 4th 'f 

i 
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response to treatment,the clinical improvement 

usually moves ahead of the improvement in the sugar 

values of the (: . 5..+ Table lIII shows that, with the 

minor exceptions mentioned, the sugar level of the 

C.S.F. had risen above 50 mg.% before treatment was 

discontinued. It further shows the prolonged period 

necessary before this occurs. It has been observed 

in those cases where the sugar level remains 

stationary at a low level month after month that 

the outlook is not favourable, and most die. A 

falling sugar level after the institution of energetic 

treatment is always a bad prognostic sign. 

Finally, a few observations will be 

mentioned about the value of estimations of the 

sugar content of the C.S.F. after the fluid has been 

withdrawn for variable periods. It is known that an 

accurate sugar estimation is impossible if the fluid 

obtained from a case of pyogenic meningitis is not 

examined very soon after its T:,ithdrawal. The 

reason for this is that pyogenic bacteria are 

saccharolytic organisms which quickly destroy the 

sugar of the G.S.Q. The tubercle bacillus is not 

saccharolytic but it has been suggested that the 

leucocytes contained in the C.S.F. metabolize sugar. 

To establish within what period the sugar 

estimation must be performed to be dependable, the 

following tests t ere carried out. Specimens of 

C..) F. were obtained from persons whose fluids 

contained varying numbers of leucocytes; an 

immediate / 



Table XIV. The value of the sugar content of the C.S.F. 

in relation to the time of estimation. 

cu ber leucocytes Sugar content mg.; 

per c. min. í ... r'. 

21 

29 

8 

15 

1C 

8 

5 

2(.: 9 

18 C 

9 CO 

48 5 

immediate 
examination 

After 
24 hours 

36 

52 

7u 

50 

34 

52 

66 

5u 

6u 56 

64 64 

66 6'+ 

38 24 

44 36 

28 2.2 

32 24 

After 
48 hours 

2 r, 

48 

6u 

45 

50 

62 

62 

16 

24 

18 
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immediate estimation of the sugar value was made, 

thereafter the fluid was allowed to stand at room 

temperature and further estimations were made at 

24 and 48 hour intervals. The results are recorded 

in Table xIV. These results show the fall in th'e 

sugar level is greater in C.S.F. containiag large 

numbers of leucocytes while that approaching 

normality shows a very small fall in the sugar value 

24 hours after the withdrawal of the fluid. Thus, 

to be of diagnostic value in the presence of a 

Leucocytosis in the C.S.i., the sug =r estimation 

requires to be carried out within the shortest ti ..e 

possible. The addition of sodium fluoride to the 

C.S.F. at the time of collection has been found to 

prevent or greatly reduce the fall in sugar value. 

It is not used as a routine but only when delay in 

examination of the fluid is anticipated. 

THE CHLORIDE CONTENT 

OF THE CEEERROSPiNAL FLUID. i 
Since the value and reliability of the sugar 

restimations have been realised, less significance 

is attached to the chloride content of the C.S.2. 

A normal chloride content is accepted as 72o mg. jo 

or/ 



Table AV. 

S. r'. chloride mg.;c tÿo. of cases. 

:bove 72L 

1_bove 7Cï, 

65L. - 7uU 

6 - 65u 

Below 6L,C 

x 
5 

ix 

li) 

7 

3 

x All but one presented as 
cases of miliary tuberculosis. 



-154- 

or over. In Table .A.V are shown the values of the 

C.S.F. chloride at the time of diagnosis of 

meningitis in the 26 cases in this series. This 

shows from the diagnostic standpoint that, with one 

exception, all cases presenting features of menin- 

gitis on admission had a chloride value below 70C mg.- 

Wily in 5 cases was the level above this and these 

5 patients all developed meningitis while under 

treatment for miliary tuberculosis. Though less 

reliable than sugar values, and tending to 

fluctuate for little apparent reason, the chloride 

content of the C. S.'. in general tends to reflect 

the changes in the clinical state of the patient and 

in general follows the same course as the sugar. The 

chloride value usually reaches normality before the 

sugar content does, but thereafter the chloride often 

shows slight fluctuations between normality and 

abnormality for a short tine. It is on this account 

that it was impossible to compose a satisfactory 

table to show after what period of treatment the 

chloride level became normal. An examination of the 

graphs in the appendix does however clearly show that 

the improvement of the sugar values is closely 

paralleled by the rising chloride content. 

A comparison of the values of the C.S.F. 

obtained by cisternal and lumbar puncture will be 

discussed later when dealing withspinal block. 

THE CEREBROSPINAL FLUID PRESSURE. 

Little/ 



iarde XVI. Analysis of the or trie 14 survivors. 

case 
4o. 

Nhite 
cells 

Protein 
mg.c 

Glucose 
mo .c 

Chloride 
mg.4 

Pressuret 
mm.? c. 

1 

Date 
examined 

8-P 
,-10 

cn á 
-. gt 
0 V-.-a te 
of'io f-1 

mo-p 

emarks 

6 9 4U 7G 73o 190 15.2.51 10 At home 

8 1 50 68 734 - 12.7.51 23 At home. 

lu 4 66 64 736 90 4.6.51 18 At home 

12 1 50 68 730 120 15.2.51 12 At home 

15 210 4úi; 36 694 140 27.7.51 U Under 
treatment 

16 4 4U 68 75u 260 21.8.51 8 At home 

17 1 5o 62 734 95 12.7.51 9 At home 

18 5 7o 66 738 10U 9.7.51 9 In 
hospit 1 

19 4 80 58 730 9U 10.8.51 8 In 
hospital 

2u 12 8u 58 734 9U 14.8.51 7 In 
hospital 

21 3 66 7'+ü - 3.9.51 7 In 
hospital 

23 9 6v 46 722 150 6.8.51 0 Under 
treatmenu 

24 32 16U 4U 692 15U 6.8.51 U Under 
treri tmen 

25 49 375 34 634 120 6.8.51 U Under 
trea.tmeni 

Criteria of a normal U.S. 2.: cells 5 or less per c.mm., 
protein 4u mg.b or less, 
glucose 5G mg. /c or more and 
chloride 720 mg./, or more. 
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Little consistent information has been 

derived from a study of the pressure readings during 

the course of treatment, apart from its significance 

in partial or complete spinal bloc.. The graphs in 

the appendix show in which cases there was a raised 

pressure at the time treatment commenced. It has not 

given rise to much trouble for lumbar puncture was 

performed daily for the first four weeks and an 

appropriate amount of C.S.F. could thus be drained 

as required. Furthermore, it has been found that the 

pressure, if raised, diminishes within the first few 

weeks. The main factor preventing accurate 

recordings of pressure was the fact that most patients 

brace themselves for the spinal puncture which is 

always done without local anaesthesia and the 

resulting circulatory and respiratory changes affect 

the pressure of the spinal fluid considerably. In 

children the pressure readings were even more 

variable because some days they were quite undis- 

turbed by the puncture, on others there might be a 

few quiet sobs and yet on another a lusty cry. 

TriE CUiJDITIUN UF THE C.S.F. 

IAv Th_ 14 àURVIVúRS . 

In Table AVI is presented an analysis of the 

G.S.F. findings in those surviving. It largely 

confirms what has already been said in the previous 

sections. The chloride level in the majority, 

whether discharged home, convalescing or still under 

treatment/ 
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treatment, has returned to normal and does so quite 

soon after the institution of treatment. It is 

therefore not an important guide in the progress of 

treatment. The sugar level however is above 50 mg.,Q 

in those who have completed treatment but is abnormal 

in all cases still under treatment. The protein level, 

and to a lesser extent the cell count, remain abnormal 

in varying degrees in those who have and in those who 

have not completed treatment. As already pointed out, 

it has been found that it requires many months after 

the completion of treatment before these two constit- 

uents return completely to normal and it is the f i gal 

smell reduction of protein ' and cells which takes 

such a long It is this factor which allows 

the C.S.r. of only two of the survivors being 

classified as normal (no. 16, 21). If slight increase 

of the cells and protein be ignored and normality 

assessed largely on the glucose and chloride levels, 

it is found that the C.S.J. of all t'ose who have 

completed treatment :_^:s returned to normal end this 

finding would be in keeping with the satisfactory 

clinical condition of each patient. the criteri:3 of 

what constitutes a normal C.S.F. are strict but seem 

justified when viewed in the light of the ease and 

frequency with which recrudescences and relapses of 

tuberculous meningitis can occur. 
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Tr-,E PRESENCE 02 NiILIARY TUBERCULOSIS 

WITH TUBERCULOUS 1ti .dING ITIS . 

Apart from the radiographical appearances 

(already described) and the significance of choroidal 

tubercles, miliary tuberculosis in association 7.;ith 

tuberculous meningitis requires little in the way of 

a separate description for the treatment and 

prognosis are largely those of the meningitis itself: 

The assessment of a case of miliary disease, 

apart from observations of the general clinical 

condition, has to be largely based upon the radio- 

graphical appearance of the lung miliary shadows. 

un account of their acute nature, they are readily 

dealt with in a few months by the systemic strepto- 

mycin which in any case h:d to be given for the 

meningitis. Tubercle bacilli were isolated from the 

urine of two patients and there is no clinical 

evidence suggesting a residual renal lesion. 

In this series of 26 consecutive cases of 

tuberculous meningitis, 10 (3E;ß) had miliary 

tuberculosis. 7 cases (Table VI) were admitted with 

clinical features of miliary disease only, but 

subsequently developed meningitis, while 3 cases 

(Table VII) were admitted with clinical evidence of 

meningitis in addition to miliary disease. Of these 

lü cases, 5 (5u;ß) are alive. (In the 16 cases 

without miliary disease, 9 (56 %) are alive.) The 

figures quoted are admittedly small but the one 

striking/ 



striking feature is th?t the results of treatment 

of meningitis complicated by milis.ry disease are 

only slightly inferior to those of tretment of 

uncomplicated meningitis. This result was 

undoubtedly due to the f_ ct th t 7 of the 10 cases 

of miliery tuberculosis were already in hospital 

receiving streptomycin for that condition when the 

meningitis supervened. Jew cases of meningitis without 

miliary disease are likely to be diagnosed and have 

treatment instituted so quickly. It is this factor 

which probably lessens the serious prognosis of 

combined miliary and meningeal disease for it is known 

that the prognosis of an early case of meningitis is 

superior to that of the middle or advanced case. 

Gnly 2 of the 10 miliary patients were middle cases. 

The percentage of cases of miliary 

tuberculosis developing meningitis is nigh, and it is 

now fully recognised thLt the administration of 

systemic streptomycin for the former condition affords 

no protection to the meninges and subarachnoid space. 

In all probability the tuberculous focus in the brain 

was seeded into the brain at the time of the acute 

dissemination and before any streptomycin was given. 

Infection of the meninges occurs long before clinical 

evidence of meningitis is manifested and for this 

reason weekly examination of the G.6.2. during the 

treatment of all cases of miliary tuberculosis is 

essential. The earliest G.S.L. changes noted in this 

series/ 



series of cases were slight increase of the cells 

and protein and usually a. sugar value gradually 

falling below the level of 5u mg.; It was exceptional 

for the chloride value to be below normal. 
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CHOPIUIDAL TUBEECLES. 

Caes of miliary tuberculosis and tuberculous 

meningitis may reveal tubercles of the choroid. The 

prolongation of life which has resulted from the use 

of streptomycin has stimulated interest in the . 

repeated examinations of the fundus oculi, and has 

provided the opportunity of studying the natural 

history of these choroidal lesions. 

Illingworth and Wright (1948) reviewed this 

subject and pointed out that, in view of the 

dif iculties in the examination of the fundus in 

children, it was possible that in some cases 

choroidal tubercles were present but not detected. 

They also thought that it was certainly possible 

that histological examination would reveal tubercles 

which were toc small to be detected by the ophthal- 

ìnosco.De. 

In their series of 42 cases of miliary 

tuberculosis, choroidal tubercles were found in 25 

(6u,.) of the cases. Various writers between 1867 

and 1947 had reported finding choroidal tubercles 

in 206 (28,) out of 737 cases of miliary tuberculosis 

with or without meningitis. In this series of 10 

cases of miliary tuberculosis, choroidal tubercles 

were found in 7 (70ß) but none were found in the 16 

cases of meningitis in which there was no miliary 

disease. The pupils in all cases were dilated by 

i 

l;á homatropine. Choroidal tubercles were usually 

found at the time of the first or second examination 

except/ 
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except in children whose co- operation had to be 

gained. If found on subsequent examinations their 

discovery may well be explained by an inadequate 

search previously. That choroidal tubercles are 

often missed is proved by the finding of further 

tubercles showing some degree of pigmentation which 

indicates that they are not of recent origin. Case 

no. 18 was an example of this. At the time of 

diagnosis of miliary tuberculosis in February 1950, 

two choroidal tubercles were present in the left 

optic fundus. treatment of her meningitis was 

satisfactorily concluded in October 1950. sour weeks 

later a tubercle was seen for the first time in the 

centre of the left macula. It certainly was not of 

recent formation for it was well defined and heavily 

pigmented. By April 1951 her general condition was 

very satisfactory yet three further choroidal 

tubercles were found in the same fundus and in hay 

1951 a seventh tubercle was found. As each 

succeeding tubercle was found their position was 

further away from the disc and 'could thus be more 

easily missed on routine weekly examinations. In 

fact the seventh tubercle to be discovered was only 

,just visible with the pupil fully dilated by homa- 

tropine. Since the general condition and the C.S.F. 

findings were so satisfactory it did not seem 

conceivable that a fresh dissemination of disease 

could have occurred. It is usually the position of 

the tubercle in relation to its distance from the 

disc/ 



The right optic fundus of Case no. 15. Choroidal 

tubercles in an early stage of development. Early 

pigmentation appearing in some tubercles. 
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disc wnich determines whether or not it will be 

overlooked. 

In cases no. 2, 19 and 20, choroidal 

tubercles "appeared for the first time" during the 

course of streptomycin treatment but it seems likely 

that they were actually missed in the earlier exam- 

inations. In case no. 20, when the diagnosis of 

miliary tuberculosis and meningitis was so much in 

doubt, the finding of choroidal tubercles was a 

definite aid to diagnosis. None were found in either 

fundus on admission while six weeks later 5 choroidal 

tubercles were found, and it was not until seven 

months later again that a 6th choroidal tubercle 

was found, the latter by now showing definite 

evidence of pigmentation. Examination of the fundus 

oc11 i of this man was made difficult on account of 

a severe degree. of myopia and it was probably this 

which accounted for the delay in finding the 

choroidal lesions. 

escribtion of the e_oroidal Tubercle. 

In the early stage the choroidal tubercle 

appeared as a circular or slightly iregular, pale 

yellow area with an indefinite edge merging into the 

red background of the choroid. The larger ones 

appeared raised above the surface. There might only 

be one tubercle (as in case no. 19), but usually 

there were several. The largest number found in one 

eye was thirteen (case no. 15). In three cases (no. 

18, 19 and 21), tubercles were found in one eye only 

n.nr7 / 
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and were present in both eyes in the other four 

cases (no. 2, 5, 15 and 20). They were found to b 

most numerous close to the disc; in one case (no. 

18) a tubercle was found in the centre of the left 

macula. The size was usually about' one -fifth that 

of the optic disc. The lesion was sometimes 

traversed by vessels which appeared normal. The 

surrounding retina was often swollen. 

The natural history of the uhoroidal Tubercle. 

The short posterior ciliary arteries 

perforate the sclera a short distance from the optic' 

nerve and pass at once to the choroid to form a 

delicate capillary network, which spreads forward 

into the anterior part of the choroid, and for this 

reason the majority of choroidal tubercles are found 

in the posterior part of the choroid. The long 

posterior ciliary arteries do not supply branches t 

the choroid. However the anterior ciliary arteries 

give off some branches which pass backwards to join 

with the vascular plexus of the choroid and it is 

probably because of this devious route that choroidal. 

tubercles are infrequently seeded in the anterior 

part of the choroid. The degree of inflammation in 

a choroidal tubercle is probably minimal; some 

oedema of the surrounding retina is often present 

but iliflamma.tory changes in the vitreous have not 

been seen. 

During streptomycin treatment of these 

seven/ 
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seven cases of miliary tuberculosis, changes have 

been observed in the choroidal tubercles over a 

period of many months - the longest period has been 

23 months in case no. 15. No tubercles have been 

seen completely to disappear during treatment. 'In 

most cases they remained unchanged for about three 

mnths. The first change usually noted was that the 

tubercles became a deeper yellow in colour and the 

outline became more distinct as the retinal oedema 

subsided. Fine dots of black pigmentation then 

appeared in and around the tubercle. Later still 

this pigmentation increased in and particularly 

around the lesion. This is due to migration of 

pigment from the choroidal layer of the retina to the 

nervous layer where it clumps together to form small 

particles. Illingworth (19+8) regarded the healed 

tubercle as one which showed a parchment -white scar, 

with a well- defined sharp edge and heavy black 

pigmentation. As the pale- yellow patch of 

inflammatory exudate heals, the choroid becomes 

thinned and the parchment -white scar consists of scaí' 

tissue in the choroid and the white of the sclera. 

None of the cases in this series, including that one 

observed for 23 months, showed such a picture1 but 

instead/ 

1. A case of miliary tuberculosis with meningitis, 

admitted too late to be included, shows this 

picture very clearly. The tubercles are white 

with a dense central and peripheral zone of 

pigmentation. 



"'able Analysis of choroidal tubercles in 

7 cases of raillery tuberculosis. 

Case No. cnoroidl 
o. 

h. eye 

2 3 

5 

15 

18 

19 

20 

21 

13 

1 

tubercles 

L. eye 
tt e s u1 t 

4 Dead 

6 Dead 

7 Alive but relapsed 
twice 

7 Bell 

U it 

2 t 

n 

7 (1L0,,) Alive 5 (71;' ) 



instead one in which the individual lesions became 

a deeper yellow in colour, sometimes even orange 

yellow, so that the contrast between the colour of 

the tubercle and that of the normal choroid became 

less and less distinctive. The edge of each lesion 

became sharp in outline, though sometimes of 

irregular shape, with dots of black pigmentation 

around and within the tubercle. Table XVII gives 

a brief analysis of the choroidal lesions in the 

7 cases. 

The prognostic value of changes 

in choroidal tubercles. 

If the dissemination of tubercle bacilli is 

great enough to cause several miliary foci in such 

a small area as the choroid, the miliary lesions 

must also be very numerous in the brain and elsewhere. 

df the 7 cases, 2 have died, 4 have now completed 

treatment and are without clinical signs of 

meningitis though the C.S.F. has not yet returned 

to complete normality and one is undergoing a third 

course of treatment. uf the 5 survivors, the 2 most 

severe cases (no. 15 and 2ú) of meningitis were 

those with tubercles in both eyes while the other 

3 cases showed tubercles in one eye only and have 

had a better and quicker response to treatment (no. 

18, 19 and 21) . Of the surviving cases, all of whom 

have been observed for a minimum of twelve months 

since the completion of treatment, none have shown 

the choroidal tubercles to have developed beyond 

the/ 
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the " -intermediate stage" described by Illingworth who 

stated that what he regards as the final healed 

stage of the tubercle may be reached in twelve to 

fourteen weeks. The picture of the final phase of 

healing, which is very different from that described 

by Illingt orth, appears to have been reached in 

these survivors, and has usually required over six 

months for its development. It is of course not 

possible to say that these choroidal lesions are 

definitely healed or arrested but only when assessed 

in conjunction with the state of the miliary and 

meningeal disease is it possible to surmise that the 

final phase of arrest or healing has been reached. 

It has been found that the value of 

choroidal tubercles as a prognostic feature is that 

they indicate the degree of haematogenous 

dissemination which has taken place. When 

,choroidal tubercles were present dissemination was 

probably widespread, while if they were present in 

botl. eyes the dissemination of the disease was 

probably wider than if they only occurred in one eye. 

The clearer definition of outline of the tubercle 

and the appearance of increasing pigmentation 

suggested signs of healing but whether the tubercle 

must also become parchment -white in colour to be 

regarded as healed is more doubtful. 
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STREPTOMYCIN. 

Types,_ Methods of Treatment and Dosage,. 

From the outset a definite scheme of treat- 

ment for intramuscular and intrathecal streptomycin 

was laid down, but the graphs of the case reports 

in the appendix show just how seldom this plan was 

adhered to. It was soon realised that the require- 

ments of each case had to be assessed independently¡ 

each case necessitating variations peculiar to 

itself as one event succeeded another in the course 

of the illness. 

Types of Streatomycin. 

From vctober 19+8 until March 19+9 

streptomycin sulphate was used entirely. Then a 

change was made to the calcium chloride complex. 

By May - June 1950 the use of dihydro- streptomycin 

was commenced on account of its claim to be a less 

toxic form of streptomycin. This however was not 

found to be the case and a return was made in all 

cases to the calcium chloride complex in January 

1951. 

Dosage and Duration. 

Intramuscular. In the first few cases the 

daily dosage was 2 gm. for adults but this was soon 

found to be excessive for therapeutic efficacy and 

was thereafter reduced to 1 gm. daily. Children 

have received 0.5 - 1 gm. daily. At first the total 

daily dose was divided into four injections, but 

when this was seen to be unnecessary two doses only 

were/ 
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were given. The initial plan was to give this 

continuously for six months in all cases. Some cases 

actually had a shorter course, in others it was 

interrupted and in some the duration was even more 

prolonged. It was the experience of all patients that 

the dihydrostreptomycin injection caused less dis- 

comfort in the buttocks than did the pure strepto- 

mycin. 

Intrathecal. All 26 cases had intrathecal, 

combined with intramuscular streptomycin. All 

patients received an interrupted intrathecal course. 

A course was made up as follows:- 

4 weeks continuous therapy y 

1 week rest 

1 week intrathecal therapy 

i week rest 

1 week intrathecal therapy 

1 week rest. 

Total period 63 days. Total no. of 1.ï'. injections 

42. 

This course was repeated (or altered) as 

indicated by the response of the patient to tre= tment. 

The dose has varied between SG - 1UL mg. for adults. 

For children it has been Su mg. 

'JALYSIS uF THE STREPTOMYCIN TREATMENT 

. 

ur ÿ L 
26 , SES . 

Intramuscular. The commonest cause of the 

premature cessation of the planned 6- months course 

was/ 



Table XVIII. the analysis of the intramuscular and intrathecal 

streptomycin treatment of 26 cases of tuberculous meningitis. 

Case 
No. 

I.ì,i.Strep. No. 
days 

Amount (ili,2 Total. I.'l'.Strut No. 
(gm.1 days 

From 
To 

% 
I.T 

1 

Amount ( m. ayta 

SÜ or 
C- C2C. 

,_ 

D. H. SO or 
CaC2 li. 

D. ?-i. 
¡gm. 

From 
To 

1 D 5/10/48- 
11/6; 4 

125 250 - 

- 

25G 

, _ 
202 

6/11/48- 86 

3 /6/' 
I 70 5 - 5 

- - + 
3. 

262 12/1/49- 93 
17/5/1+ ,_._ - 1;".5 2 D 3u/1u/+$- 

1 ; 5/499 
166 

i* 

3 D 1/11/48- 
2á/e/4 

122 244 - I 244 

24 

160 

16/11/48- 0ó - 3.5 - 
/49 

4 D 1 26/12/8- 
6/1/49 

1 

12 t 

160 ¡ 

2 
160 

- 

- 

2 12/48- 
6/1/49 
19/3/49- 
30/6/49 

12 100 

73 46 

G.. 

3.5 

- 

- 

O.. 

3. 5D a/12/48- 
(.i/6/4 

iJ 12/2/ 9 - 

27/5/ 
208 264 - 264 12/2/49- 

10/4/50 
199 96 9.5 - 9.5 

7 D 26/2/)- 
18/6(49 

75 37.5 - 37.5 26/2/49- 
18 6 4 

7 3 - 3 

8 t;,r 21,8/-_ . 
122 61 - 61 

31%8 
9- 

9 63 50 3 
- 3 

) D 3/5/-1-9- 
4 

112 - 

62 

112 

135 

26/49- 
7/7/4 
19/7/9- 
5/1/50 

34 

95 

60 

94 

2 

4.5 

- 

- 

2 

45 lü tv 

11 D 

1.77/ 9- 
6/1 u 

101 73 

20/7/ 9- 
12/4 u 

266 195.5 - 

- 

- 

195.5 

138 

20/7/49- 
12/4/5ù 
12/8/49- 
12/2f50 

131 

112 

: 

i. 

..5 

. 

- 

- 

6.5 

15 

7 
12 h! 

13 D 

12/ / 9- 
11_2410 
3/3/4)- 
2 104 

136 

190 

138 

150 150 3/3/49- 9/114 94 z L17+ -4.5 - 

14 D 1./:/ 9- 
22/V49 

7 3.5 - 3.5 16/49- 
[22/8 4-- 

7 

270 

lg 

100 

.1 

0.3 - 0.3 

l7. 15 T 14/9/4')- 

1/ 1 

456 222 171 393 

..:z1(1-51 
22[o/4`9- 

26/10/ +9- 
27/8/50 

10 3.5 

T Ti; 20/1û/49- 
5/950 

30. 207 48 2ÿj 7 , 2.5 9.5' 

4.0--T-1' 17 W 3/1/50- 
12/150 

241 72 56 128 3/1/50- 1 77 

3 

.S 

o7 

85 

92 

3.5 

1.5-- 

- 

- 

- 

- 

18 :I l8/1 5u- 
12/1uJ0 
23/5/50- 
/11 V 

262 

16-8- 

94.5 

- 

- 

- -.160 

- 

61 

1:9.5 

2ú' 

52 

155.5 

1:9.5 

2U- 

160 

52 

i,%G/5G- 
6 10 _10 
22/5/50- 

22 50U 
21/12/50 
22/7/50- 
26 12 50 
4/ / 
?1./7/1 

112 

1 . 

122 

137 

96 

4.0 

14 

11 

6 

4 

5.5 i 

14 

11 

6 ; 4 
19 w 

2u Id 1/ / 0- 
,2 1 1 

183 

21 V. 20/7/50- 
26 12J50 
1 /6/50- 
2 /3 u 

160 

104 22 D 

23 l 

?!T 
5/2/ 1- 

21/12/11- 

17 17 - 175 5/2/51- 277-77- 

127 

6.5 - 6.5 

112- 191 191 - 191 2l/12/lu- 
31 7/ 

.6 12 - 

2/1- 55 
1/7/51 

9g 

7 

A3- 

7 - 

9$ 2+51- 
_,31/71.51 

7 12/5/51- 
18/5/51 

66 

6 

67 

1Gù- 

6.5 

0.3 

- 

- 

6.5 

0.3 2. D 12/5/51- 
18/5/51 

D = Dead. Vi = Alive and well, treatment completed. 
T = At present under treatment. 
SO4 = Streptomycin sulphate. Ca0120 = Calcium chloride complex of 

streptomycin 
D.H. = Dihydrostreptomycin 

I. T. = Percentage of days of intramuscular therapy on which 
intrathecal injections given. 



was death. The commonest cause of interruption 

of this continuous plan was the development of 

symptoms and signs regarded as due to streptomycin 

rather than the disease process itself. Table ',VIII 

shows an analysis of the total amount of intramuscular 

streptomycin given in each case. In generl it 

will be seen that the smallest amounts were received 

by those cases who died before sufficient could be 

administered, while cases which have received the 

largest amounts have not always had a successful 

outcome. Uf the 14 surviving cases, 4 are at 

present (31st July 1951) receiving intramuscular 

treatment; lC cases have now completed treatment 

and the reasons for stopping intramuscular 

s treutomycin were as follows:- 

(a) äatisfactory clinical condition 

and improvement of the C. . pith 

sugar content 5 ng .;= or over 3 

(b) As above, except sugar content 

betveen 48 and 5C mg. /0 2 

(c) coarse nystagmus with improvement 

in e.ä.2. and sugar content of 41 

and 46 mg .;u respectively 2 

(d) fjevelopment of severe deafness 

with improving C.3.2. and sugar 

values of 45, and J6 mg. 

respectively 3 

To t; l 1L 

Although/ 



although a period of 6 months' intramuscular 

streptomycin was planned, the main criterion for the 

discontinue tion of treatment was usually the state 

of the cerebrospinal fluid. The clinical condition 

of the patient seldom required consideration for by 

this time it was usually very satisfactory. Cf the 

lu cases alive and well, the average number of days 

on which intramuscular streptomycin was given was 

actually 5 days over the six months. uzily 2 of the 

dead exceeded this amount. 

ì,inor symptoms, e.g. vomiting or diarrhoea, 

thought to be due to streptomycin toxicity rather 

than symptoms of the disease itself sometimes led to 

a temporary interruption. The neurotoxic manifest- 

ations gave cause for more concern. Nystagmus was 

at the beginning sufficient reason for the 

interruption of treatment but in the later cases, if 

the vestibular disturbance did not give rise to 

symptoms, it was not interrupted. This step seemed 

justified for, in spite of prolonged therapy and 

the persistence of nystagmus, ataxia has been an 

infrequent complication. In 3 cases the onset of 

severe deafness during treatment largely figured in 

the decision to stop treatment. At the present time 

the maximum intramuscular dose used is 1 gm. daily 

and dihydrostreptomycin is no longer used. It is 

hoped that maximal therapeutic benefit will be 

obtained ,:.ith minimal neurotoxic manifestations. 

However it remains definite that the decision to 

discontinue/ 
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discontinue treatment varies from case to case, for 

the increasing therapeutic benefits from prolonging 

treatment must be weighed against the increasing 

chances of permanent neurotoxic manifestations. 

Intrathecal. If the intrathecal course 

already outlined is followed throughout the average 

six months' intramuscular course, about 120 intra- 

thecal injections will be given during this time. 

analysis of the intrathecal treatment is given in 

Table AVIII. The average number of intrathecal 

injections given to the 1G survivors who have 

completed treatment was 136 and the average amount 

given was 7.6 gm. In these 1G cases intrathecal 

therapy was given on an average of 75? of the days 

on which streptomycin was given. This 

percentage actually corresponds to that recommended 

by the Ministry of Health (195G) in a survey of the 

treatment of over 35G cases of tuberculous meningitis. 

In no case that died did the number of intrathecal 

injections exceed the average number given to all 

the survivors. The indicatiòns for stopping intra- 

tnecal treatment I-ere the same as those described in 

the previous section. 

THE ADMINISTRATION Gai IN'iRAT1iEC_zL S'TREPTCHYCIN. 

The instruments and dressings required for 

daily intrathecal therapy in each case are auto- 

claved in individual packs on the previous day. Each 

pack contains two spinal needles, one of size no. 2u 

and/ 
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and the other no. 21. The latter is generally used 

for the injection of intrathecal streptomycin, while 

the former is used on the occasions on which it is 

desired to remove a larger quantity of C.3.2. than 

can :e conveniently obtained from the no. 21 needle. 

In some adult cases,however, so much resistance is 

encountered during the insertion of the needle that 

it is not possible to insert a fine needle with 

sufficient speed in order to minimize pain. In this 

case the larger needle is used routinely. 

The use of local anaesthesia for lumbar 

puncture has been restricted to the minimum and 

probably it is this restriction which has resulted in 

the almost complete absence of painful sites in the 

lumbar area, and the complete absence of infection 

of the lumbar subcutaneous tissues. Local anaesthesia 

is used at the initial lumbar puncture to obtain a 

specimen of C.S.2. and, on the average, for the first 

three occasions on 1. :hich intrathecal streptomycin is 

injected. Thereafter, even in the youngest children, 

lumbar puncture was performed 'T. ithout the use of local 

anaesthetic, yi thout increasing the difficulty to the 

operator and without causing any more then trivial 

disturbance to most of the patients. 

The site of the lumbar injection usually 

alternated between the 3rd and 4th space and the ' +th 

and 5th space. The skin is cleansed with dettol 

only. No particular measures are instituted after 

lumbar/ 
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lumbar puncture apart from curbing the activities of 

the more lively child who is clinically without 

symptoms of disease. Collodion is never applied 

afterwards to the site of puncture, and the foot of 

the bed is never raised on blocks. It has been 

extremely rare ever to receive a complaint of head- 

ache following lumbar puncture. 

The streptomycin required for intrathecal 

injection is prepared the day before to ensure 

complete solution of the substance. 4.75 ml. of 

sterile water are added to a vial containing one 

gramme of streptomycin. Further dilution for intra- 
!. 

theca.l injection is made by withdraTing the required 

dose (8 minims contai.n l0C mg.) innto a syringe con- 

! taining 2 ml. of distilled water. 

During the injection of the streptomycin 

into the spinal subarachncid space, the commonest 

complaint was shooting pain down one or both legs 

while the injection lasted. The pain did not 

usually pass below the level of the knee joint. This 

complaint was met with in mangy of the cases and in 

some was a regular feature. There did not appear 

to be much that could be done to alleviate it. 

However on those occasions when the complaint was of! 

pain in one leg only it was noted that if the needle 

was turned round slightly the pain was sometimes 

diminished - this fact suggested that the pain was 

due to the irritation of streptomycin injected 

Onto a nerve of the cauda equina, and that altering 

the/ 



the position of the bevel of the needle might 

deviate the flow of the irritant fluid away from the 

nerve. Further dilution of the injection does not 

often reduce the pain should it occur, and therefore, 

whether the injection be one of 50 mg. or ILA, mg., 

it is never diluted in more than 2 ml. of sterile 

water. If during the injection the plunger is 

repeatedly withdrawn in order to dilute the 

streptomycin further with C..2., the injection of 

the more dilute solution produces the same degree 

of pain which suggests that it is the "jet" of 

irritant fluid which causes the pain more than the 

actual concentration of streptomycin. Furthermore, 

the pain in the legs can be immediately diminished or 

alleviated by temporarily stopping the injection or 

by giving it more slog ly. There was no doubt that, 

in those patients who were subject to such pains, 

the quicker the injection was given the more acute 

was the pain. 

Tracking back of the cerebrospinal fluid 

along the track of the needle' puncture was noted 

under two circumstances. In the first instance, if 

the spinal needle was inserted at the point of the 

previous needle mark for several days in succession, 

a definite track was thus formed and C.S.F. 

(containing streptomycin which had just been 

injected) would exude from the needle hole. This 

did on a few occasions lead to acute tenderness 

around the site and made subsequent needling at that;: 

lumbar/ 
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lumbar space acutely painful to the patient. It is 

known that streptomycin can cause inflammation in the 

subcutaneous tissues, and it is probably this 

tracking back of O.Q.F. from the spinal canal which 

caused the area of tenderness. In two cases small 

indurated nodules actually occurred at the puncture 

sites similar to those seen on the buttocks when an 

intramuscular injection of streptomycin has not all 

entered the muscle. Secondly, after withdrawing the 

larger spinal needle, in those patients who were very 

young and emaciated, a tracking back of C.S. 2. was 

sometimes obtained. In no case however did any 

bacterial infection occur as a result of this. 

6ne other feature, noted during lumbar 

puncture of infants and the very young, was that when 

the child was held with the spine fully flexed the skin 

over the back was taut yet in his struggles he could 

bend and twist his spine. In case no. 21, this 

fixation of skin and mobility of the spine, when 

the intrathecal needle was in situ, led to it becoming 

bent at the point where it pierced the skin, to an 

angle of 300. In case no. 22, this movement of the 

spine with the needle in the theca led to stretching 

of the needle hole in the skin and on some occasions 

tracking back of C.S.F. through the enlarged puncture' 

hole. 

Two further minor points were noticed in the 

fourteen months -old baby (case no. 22). After the 
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needle had been inserted into the theca it was not 

necessary to hold the child so tightly in the 

curled -up position while streptomycin was injected. 

On a fe. occasions when it came to withdraw the needle 

the child had developed sufficient extension of the 

spine to require a moderate degree of force to with- 

draw the needle. This was obviated by further 

flexing the spine again. In this case also there 

developed slight swelling in the area of the 3rd, 

4th and 5th lumbar spinous processes. This swelling 

appeared to be due to thickening of the subcutaneous 

tissues and periosteum of the spinous processes from 

trauma during lumbar puncture. This child always 

resisted his lumbar puncture very forcibly. While 

inserting the needle through the skin he was capable 

of sufficient movement of the spine so that the 

needle frequently came up against a spinous process 

instead of entering an intervertebral space. 

Only in one case (no. 25) has it been 

necessary to alter the intrathecal course because of 

difficulties in the administration of intrathecal 

strptomycin. This patient for a long time had 

considerable spasm of the spinal muscles which 

prevented flexion of the back. Lumbar puncture 

produced much discomfort and led to frequent bleedin 

under the skin so that a few days' rest had to 

follow a week of injections. 

Cisternal Puncture. 

Cisternal/ 



-177- 

cisternal puncture was performed at some 

time or other in 11 patients on account of the 

development or suspected development of spinal 

block. The cisternal route was never used as an 

alternative to the lumbar route for the injection of 

streptomycin, for it has been my experience that 

reactions with the cisternal route are more unpleasant 

than with the lumbar route. 

Cisternal puncture, when performed for the 

administration of streptomycin, was carried out 

without the use of a local anaesthetic, except for 

the initial puncture. It was quite astonishing how 

little discomfort was caused to patients by this 

procedure - in fact several commented that it was 

less unpleasant than a lumbar puncture. On the other 

hand, injecticn of streptomycin did lead to dis- 

comfort not experienced by the lumbar route, and 

produced clinical signs not seen when using the 

lumbar route. During the insertion of the spinal 

needle, especially if this had been done repeatedly, 

it was common to obtain slight blood streaking of 

the cerebrospinal fluid as a result of minor 

trauma to the alanto- occipital membrane. While the 

streptomycin itself was being injected, patients 

complained of various subjective symptoms. The 

commonest were a sensation of "burning hot pain" in 

the region of the head, face and neck, a bursting 

sensation in the ears, headache, drowsiness and 

dizziness, and blurred or double vision. These 

usually/ 
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usually passed off quite quickly, but the visual 

disturbances tended to persist for several hours. 

Ene most constant objective sign was vestibular 

disturbance. It was frequently noticed that about 

a quarter of an hour after the injection a coarse 

nystagmus developed. It was often so coarse that 

lateral movement of the eyes was not required to 

elicit it, and each movement caused jerking 

movements of the upper eye lid. The nystagmus was 

usually horizontal, someti_Jes horizontal to one side 

and vertical ,,,hen looking to the other. This 

vestibular disturbance was sometimes associated with 

double vision and blurring of vision. The nystagmus 

gradually diminished during the next twenty -four 

hours and was minimal at the time of the injection 

next day, which again led to its exacerbation. 

'ventricular Puncture. 

In only one case,(no. 22) was surgical 

intervention decided upon to gain access to the 

lateral ventricles. Because cerebrospinal fluid 

could be obtained neither by 'the lumbar route nor thé 

cisternal route, bilateral frontal burr holes were 

made to reduce the ventricular pressure. Gradual 

decompression was started by a thin rubber catheter 

fixed within one lateral ventricle. This was allowed 

to drain under a pressure of 2U mm. into a flask 

suspended from the top of the bed. Five days were 

allowed for this and the amount of C.S.F. drained 
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daily was approximately 200 ml. On the 6th day the 

catheter was removed from the ventricle and inter- 

mittent drainage of fluid was instituted by the daily 

insertion of a brain needle into the other ventricle. 

this procedure was performed with relative ease, 

particularly in this case because of the considerable 

dilatation of the ventricular system. Each day a 

stab incision over the burr hole was made after the 

use of local anaesthesia, and through this the brain 

needle was inserted. It was through this needle, after 

the removal of C. S.j,., that streptomycin was 

injected. Since this patient was a child of one year 

old, it was not possible to assess subjective and 

objective symptoms. 

THE RESPONSE TO TEE :LTMENT. 

The response of the individual patient to 

streptomycin treatment was extremely variable and it 

is therefore difficult to give anything other than 

a very general impression. The response of each 

patient -in this series is fully described in each 

case report in the appendix. Those patients admitted 

in stupor or coma, in a desperately ill condition, 

'olloted the clinical course of the untreated case 

except that the rate of the deterioration might be 

retarded by the use of streptomycin. 

Patients responding to treatment generally 

showed two phases of response. There was first the 

improvement of the mental state of the patient, 

_Followed/ 



followed by a gradual subsidence of such general 

symptoms as headache and vomiting and later 

lessening of the symptoms and signs of meningeal 

irritation. At this point there might yet be little 

improvement in the C.S.F. biochemistry. The second 

phase largely concerns a careful watch and 

interpretation of cerebrospinal fluid improvement 

until the point is reached when treatment can be 

safely dispensed with. 

The phase of clinical improvement generally 

occupied the first 4 - 8 weeks, depending upon the 

initial severity of the clinical disturbance. A 

favourable prognostic sign was the gradual return to 

a normal mental state and a return of the patient to 

his environment. Irritability lessened and 

co- operation became evident. Sleep disturbances were 

frequent during the first few weeks, the patient 

sleeping for a large part of the day and appearing out 

of touch with his environment. By the evening, 

headache often became more marked and the night might 

be the occasion of prolonged periods of restlessness 

and mental confusion. In the favourable case this 

gradually lessened and the sleep rhythm became 

restored. Headache, usually intermittent and often 

severe, was most troublesome during the evening and 

night. The C.S.F. pressure was not always found to 

be significantly elevated and removal of a quantity 

of the spinal fluid did not always lead to 

alleviation./ 
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alleviation. In those patients making a good 

response headache did not persist for more than a 

week or two. The use of heptalgin has been found 

beneficial, combined with a sedative. A s mptom 

causing much distress in many patients is frequent 

and persistent vomiting. This usually subsided 

under treatment after 2 or 3 weeks, but might cause 

difficulty in ensuring an adequate fluid intake. 

Seldom however was it necessary to supplement this 

with rectal fluids. Until this subsides it is 

impossible to give the patient solid nourishment and 

his already emaciated state may be accentuated. 

However it was found that once the vomiting ceased, 

the appetite soon returned and the general nutrition 

improved. Little could be directly done for the 

vomiting. constipation was another very constant 

feature. It was always obstinate and often persisted 

for more than two or three months. Until the bowel 

habit returned to normal, all patients received 

either a cascara or liquorice mixture with a si:_.ple 

water rectal wash -out every second or third day. The 

temperature, if it be hectic at the time of 

admission, gradually diminished during the first week 

or two, but a return to anything approaching normal 

did not usually occur until about the third month or 

after. A completely normal temperature was never to 

be expected so long as the p.tient was receiving 

intrathecal streptomycin. 

Improvement of the physical signs in the 
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central nervous system is extremely variable, apart 

from those of meningeal irritation. It has been an 

almost constant finding that neck rigidity disappears 

before the spasm of the hamstring muscles as 

indicated by Kernig's sign. '2.he former often dis- 

appeared during the first 2 - 6 weeks but the latter 

often lasted for months, long after all other 

physical signs of meningitis had disappeared. In 

some cases it has persisted for such a prolonged 

period that it was difficult to attach much 

significance to it when viewed in conjunction with 

the general well -being of the patient. Phis 

inability to extend the knee with the hip flexed is 

probably due to a residual tightening of the ham- 

string muscles as a result of their prolonged spasm 

during the acute stage. full extension has usually 

returned when the patient has been discharged home. 

The state of the limb reflexes also has shown a 

picture often repeated. A common finding at the 

time of diagnosis was diminished or absent 

abdominal reflexes and it might be many weeks before 

they returned. Diminished or absent knee and ankle 

jerks frecíuently occurred and months passed before 

they returned. This has been attributed to 

endarteritis obliterans interrupting the reflex 

spinal arc and, even a year after the onset of 

the illness, they have been found to be still absent. 

The plantar responses are also variable. In some 

cases there may be an extensor response on one or 

both/ 
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both sides in the absence of any other reflex change. 

In two cases a noticeable feature has been a 

persistent extensor plantar response up to one year 

after the time treatment commenced. Again, vascular 

disturbance of the spinal reflex arc is the probable 

cause. In 8 cases, cranial nerve palsies were present, 

in 7 cases the facial nerve being involved. All 

have shown a complete return of function within 

a period of 2 - 5 months. Only one case showing loss 

of motor power of the limbs is alive (no. 25). This 

patient was admitted with a spastic hemiplegia of 

the left side. She is making poor progress and, 

although a very considerable degree of power has 

returned to the limbs, they remain spastic. 

The second phase of response to treatment 

commences when all physical signs of meningitis 

have disappeared, except perhaps for a slight 

degree of Kernig's sign, or a slightly elevated 

temperature. At any rate at this stage attention 

becomes focused on the cerebrospinal fluid changes. 

As already noted in the section dealing with the 

C.S.F. changes, the chloride level soon returns 

to normal with the clinical improvement, and the 

sugar level begins gradually to rise, though still 

remaining definitely subnormal. The white cell and 

protein contents will have become reduced, but minor 

fluctuations will still occur. In the favourable 

case, further improvement gradually occurred until 

at about the sixth month of treatment, success 

seemed/ 



seemed assured. Although the course of treatment 

planned was a six-months one, energetic tre:= :.turent 

is now continued in all cases until the sugar level 

l ¡.s risen to above 5C mg.;c, the chloride level is 

above 7vc mg. ¡ó and the protein and cells counts are 

approaching normality although, as pointed out 

previously, this can never be achieved so long as 

intrathecal therapy continues to be given. During 

the second phase clinical improvement was maintained 

and continued. ;,ommonly, a vigorous appetite 

developed and the weight often increased considerably. 

The criterion for stopping treatment now rested upon 

the condition of the cerebrospinal fluid which has 

been discussed in the appropri to section. 

The response of the C.S.F. to intrathecal 

streptomycin has been described in the section 

dealing with the administration of the drug by this 

route. one point remains to be mentioned, and this 

is its effect upon the temperature of the patient. 

in the early stages, when the temperature is 

elevated, fluctuations due to the effect of intra- 

thecal streptomycin cannot be distinguished from 

those brought about by the disease process itself. 

However, s the temperature falls and becomes 

steady, it has bean noted in some cases that a slight 

elevation occurs during the period of intrathecal 

injections. For any particular patient this was 

not a constant occurrence for on occasions there 

might actually be a fall of temperature. 

Final/ 
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Final Clinical Condition of the Survivors. 

Case _.o. 6. No residual symptoms or signs of 

meningitis. Weight remains over 14 stones, but she 

was a very stout girl before her illness. Mental 

development average. Lives at home and doing part - 

time work. 

Case no. 8. She has a concomitant convergent 

strabismus of the right eye for which she continues 

to wear spectacles. There is slight optic atrophy 

in both discs but on account of her age it has not 

been possible to examine the visual fields. Mental 

development not retarded and she is due to commence 

school next session. 

Case no. 1U. Has made a complete recovery. She is 

slightly deaf and this may account for the fact that. 

she is mentally a backward girl. Nystagmus persists, 

no obvious ataxia but some difficulty in walking 

along a straight line. She lives at home with her 

sister (Case no. 17), awaiting special educational 

arrangements, as deafness prevents attendance at 

normal school. 

Case no. 12. A completely normal child without any 

residual complications. 

Case no. 16. complete recovery. Nystagmus persists 

and he shows slight ataxia. Thus he has fallen down 

stairs, fallen off a bicycle and off a step -ladder 

and finds walking on rough ground difficult. He has 

put on a considerable amount of weight, though he 

always tended to be stout. He is aged 16 years and 

weighs/ . 



-186- 

weighs 11 stones. Numerous lineae distensa.e are 

present on the arms, breasts, abdomen, buttocks 

and thighs. Aentally rather dull but always has 

been. Commencing traini«g as boot repairer soon. 

Case no. 17. Complete recovery. 4stagmus persists, 

but no ataxia although walking along a straight line 

is difficult. Very intelligent girl. Almost totally 

deaf. Is at home with sister (Case no. 10), 

awaiting special educational arrangements to be made. 

Case no. 18. Excellent recovery. No nystagmus or 

ataxia, and impairment of hearing so slight as to 

cause no disability. Aged 9 years, she Iveighs 6 

stones and has become very fat. Not yet discharged 

from hospital. 

Case no. 19. Complete recovery from meningitis. No 

nystagmus, no ataxia, but completely deaf. Has 

become mentally dull since loss of hearing became 

complete. Discharged home and future occupation not 

yet decided. 

Case no. 20. Complete clinical recovery from 

meningitis but C.S.F. cells and protein not returned 

to normal as expected. Definite nystagmus and a 

moderate degree of ataxia. Completely deaf. t.lhen 

discharged will be able to continue work as surveyor 

Case no. 21. Complete recovery from meningitis, 

though pulmonary lesions probably not yet healed. 

Completely deaf. He was aged 3 years when he became 

deaf and at that time had not mastered many words. 

Remains very cheerful but can no longer pronounce 

any/ 
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any word distinctly. Special educational facilities 

will be needed. 

Cases no. 23, 24 and 25 remain under treatment. 

From this brief survey, it is noteworthy 

that there are few residual complications of the 

disease itself. The important disabilities have 

resulted nearly always from the drug used in its 

treatment. 

RECRUDESCENCE AID RELAPSE. 

A recrudescence of the disease is defined 

as reactivation of disease in cases of meningitis 

who have shown apparent recovery but in whom definite 

abnormality of the C.S. . has persisted. The term 

"relapse" should be confined to cases showing a 

recurrence of the disease after complete normality 

of the C.S.F. has been attained (with the possible 

exception of slight elevation of the cell - e.g. 

lu cells per c.mm. at the most - and protein content 

which normally persists for such a considerable time 

after the cessation of treatment.) In the 26 cases 

reported here, recrudescence and relapse have been 

uncommon. Deterioration after initial improvement 

was more commonly seen but since notable improvement 

in the C. ä.2'. had been lacking from the beginning, 

it does not fall within the terms being discussed. 

It has been stated from other treatment 

centres that relapse, as defined above, occurs very 

seldom. In the 10 survivors of this series whose 
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. is almost normal, no relapses have occurred 

as yet, and the minimum observation period for all 

is 12 months. A recrudescence occurred in 3 patients 

(no. 1, 11 and 15). Case no. 11, after 6 months 

treatment, showed no clinical evidence of meningitis 

and her general condition was satisfactory but the 

C.S.F. sugar was 46 mg. and the chloride level 

716 mg. Seven months after the cessation of all 

treatment the recrudescence occurred. This was 

ushered in by persistent constipation and vomiting 

and eventually by a return of all the symptoms and 

signs of meningitis. Then followed a gradual fall 

of the sugar and chloride levels of the C.S.F. In 

spite of the resumption of treatment, the pL-tient 

was dead 3 months later. A similar story occurred 

with case no. 1. Case no. 15, admitted nearly two 

years ago, has had two recrudescences, three courses 

of treatment and is still alive though making 

little headway. Admitted in September 19-9 as a 

case of miliary tuberculosis, meningitis supervened 

four weeks later. After five months combined 

intramuscular and intrathecal streptomycin, his 

clinical condition was satisfactory and the C.S.2. 

was almost normal apart from slight elevation of 

the cells and protein. Six weeks after the dis- 

continuation of treatment, a recrudescence of the 

disease occurred. The initial symptoms were slight 

elevation of temperature and vomiting, but at no 

time / 
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time did specific symptoms and signs of meningitis 

recur. Treatment was resumed for a further seven 

months, and was only stopped because of the continued 

absence of any physical signs of meningitis. The 

ominous feature continued to be the grossly 

abnormal C.S. . with a sugar level of 24 mg. 

Remarkable improvement occurred in the next five 

months without treatment, the sugar content reaching 

+7 mg., but it was not long maintained. Once again, 

the temperature became elevated and headache and 

vomiting returned, and once more the C.S.F. 

condition deteriorated and at the present time the 

sugar level has fallen to 3L1- ing., He is at present 

undergoing a third course of combined treatment , is 

making little progress and has become totally deaf. 

Th__s case presents problems difficult to ansv:er. 

Throughout most of this long illness the C.S.F. and 

the sugar content have been constantly lowered. It 

may be that here we are dealing with an example of 

localized meningitis producing changes in the C.S.F. 

only, a more diffuse meningitis being required to 

bring about clinical features of meningitis. 

Although insufficient evidence has been 

obtained from this work to conclude that recrudescence 

is more liable to occur when treatment is discontinued 

in the presence of abnormality of the C.S. F., it is 

noted that in the cases described above this was the 

case. At the present time, treatment is continued 

so long as abnormality of the sugar and chloride 

values / 
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values persists- in spite of the complete absence 

of all physical signs of meningitis. 



OBS'TRUC TIL ̀! Ali T I CELLBROSPIRAL 
FLUID PATHWAYS. 

The complications found during the treatment 

of tuberculous meningitis are more commonly due to 

the effect of the streptomycin upon the host than a 

result of alteration or extension of the disease 

process. Common examples of the former are dis- 

turbance of equilibrium and hearing from eighth nerve 

damage. Ib.ere is however one important complication, 

due to an extension of the disease process, occurring 

within the central nervous system which requires 

attention. This is the interruption of the flow of 

the cerebrospinal fluid within the cerebrospinal 

pathways. After the injection of the antibiotic 

into the lumbar theca, reliance is placed won the 

flow of the C.3.2. for its dispersal to the site of 

maximal disease at the base of the brain. 

The diagnosis of minor degrees of obstruction 

in the S. , . pathways is difficult apart from that 

occurring within the spinal suberachnoid space. 

Varying degrees of hydrocephalus are known to Occur 

in a high percentage of all cases of tuberculous 

meningitis. It is difficult to detect partial 

obstruction at the foramina in the roof of the 

fourth ventricle by clinical methods. ì'iore marked 

degrees of obstruction can be diagnosed by signs of 

increasing intracranial pressure and the finding of 

si. il .r changes in the character of the :3. F . in 

;the cisternal and lumbar regions. In the same way, 

.varying/ 



varying degrees of obstruction occur in the cistern 

surrounding the mid -brain at the tentorial opening. 

Minor degrees cannot be detected by clinical methods 

but more severe degrees can be detected by the high 

C.ä.ß. pressure obtained both on cistern&.l and lumbar 

puncture and the marked fall in pressure following 

upon the removal of a comparatively small quantity 

spinal fluid. The former type of obstruction leads 

to what is called "internal hydrocephalus" and the 

latter to a "communicating hydrocephalus." It must 

be admitted that in no case in this series was one or 

other type diagnosed confidently. Its presence was 

only suspected, and this suspicion was usually 

aroused by deterioration of the clinical condition 

of the patient. The value of surgical intervention 

cannot be assessed from this series of cases, for in 

only one was intraventricular drainage resorted toy 

and this patient eventually died. 

an the other hand spinal block can be 

detected at the bedside and the importance of the 

diagnosis lies in the fact, that the administration 

of intrathecal streptomycin by the lumbar route is 

no longer beneficial. Varying degrees of spinal 

block occurred in 11 of the 26 patients under 

discussion. Complete lumbar spinal block is easily 

diagnosed by the discovery of a "dry tap" on lumbar 

puncture. It is partial s,.inal block which presents 

greater difficulty and it has been found that only 

by/ 



by careful manometric and biochemical examination 

of the C.S. ,. it i::: possible to arrive confidently 

at a diagnosis. Complete block has been found to 

occur rarely in comparison with partial block. 

Then partial spinal block is suspected, the 

log, of the C. from the spinal needle gi res 

little indication of the state of the spinal sub - 

a:.ra.chnoid space, for it has been found that in its 

presence quite a satisfactory flow will still occur. 

in general, however, the fluid pressure tends 

gradually to diminish over a period of some days, 

the fluid comes away less readily than previously and 

a greater drop of pressure occurs after the removal 

of quite a. small quantity of fluid. 

it is the Queckens tedt test which gives most 

information. from it three observations have been 

made. first, the positin of the needle --ithin the 

spinal subarachnoid space has some bearing upon the 

results obtained. If a root of the cauda equina 

lies against the bevel of the needle, jugular com- 

pression does not lead to true transmission of the 

fluid pressure to the manometer and a suspicion of 

a spinal block may be falsely created. Repetition 

of the test next day may then show a normal response 

to jugular compression. The second point is the 

method of carrying out the test. It has been observed 

in several cases (the prtient lying in the left 

lateral position) without spinal block that 

compression of the left (dependent) jugular vein 

results/ 



results in a greater rise of the manometric pressure 

than similar compression of the right vein. 

Tyrrell (1951) has reported similar findings and has 

suggested that this feature is due to grvity as 

it is largely through gravity that the venous blood 

drains from the brain. It is important when 

carrying out the jugular compression test that light 

pressure only be applied for anything more leads to 

discomfort, particularly in children, and the con- 

sequent respiratory and circulatory phenomena in 

themselves lead to a considerable rise of pressure. 

For this reason it was found better to apply light 

pressure to both sides simultaneously. The third 

point that has been observed when the test is carried 

out is that the fall in the pressure which occurs 

following the release of jugular compression is 

someti___es so considerable and prolonged that the 

final resting level of the fluid in the manometer 

is many centimetres below the original level. It 

has occurred to me that this excessive fall might 

be due to the pressure of the'fingers stimulating 

the crotid sinus, the resulting fall of blood 

pressure causing the fall in the cerebrospinal fluid 

pressure. 

In the cases of partial spinal block in this 

series, it has been noted how infrequently the 

response to jugular compression is lost; more 

frequently it becomes modified in the following way. 
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After jugular compression is applied a latent period 

occurs instead of immediate rise of pressure in the 

manometer, then occurs a slow rise. On releasing the 

pressure, no fall may occur at all or else, after 

another latent period of a few seconds, a very slow 

fall may occur, but the fall is never to the original 

level. repetition of the jugular compression several 

times leads to the sane phenomena., the rise alwys 

being greater than the fall, until the final resting 

level may be many centimetres above the original 

O.S.Z. pressure. This alteration of the test in 

partial block is due to the jugular compression 

slowly forcing the 0.5.2. beyond the site of 

obstruction, and once there, it is difficult for it 

return the side of the block and 

thus it leads to a rise of pressure distal to the 

obstruction. 

Spinal block can also be detected by 

examination of the cerebrospinal fluid itself. 

Suspicion is usually aroused first by a gradual 

increase of the protein content to 4,_.G mg. or more, 

sometimes as high as one or two grammes. The fluid 

frequently becomes increasingly xanthochromic, due 

to the presence of increasing amounts of blood 

pigment. Sometimes the fluid may contain many red 

cells which are usually in excess of the white cells 

present. At other times the striking feature is 

that the fluid loses its ground glass turbidity and 

becomes absolutely clear though xanthocromia. 

increases./ 
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increases. This marked reduction in the number of 

cells probably only occurs when spinal meningitis is 

not present below the site of block. It is of 

great importance at this stage to compare the fluid 

below the block with the cisternal cerebrospinal 

fluid. Cisternal puncture reveals a normal response 

to jugular compression, the fluid is colourless 

instead of xanthochromic and the protein content is 

considerably less. It has also been noted that there 

is a greater ria.tion in the glucose and chloride 

contents of the cisternal and lumbar C.S.F. in 

spinal obstruction. Even in the absence of 

obstruction the glucose and chloride levels were 

found to se a few milligrammes loser in the lumb .r 

fluid than in the cisternal fluid. The graph of 

Case no. 25 in the appendix shows the differences 

in the two fluids very clearly. 

The Causes of Jpinal Block and 

its Duration. 

The common cause of spinal block is the 

presence of gelatinous tuberculous exudate within the 

narrow spinal suborachnid space. The duration of 

this complication is variable and unpredictable. 

In fact it is surprising how quickly evidence of 

partial block subsides, and it does not always seem 

reasonable to suppose that reeanalization through 

the exudate could have taken place in so short a 

time. The answer to this may lie, as Choremis et 
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al. (1951) have pointed out, in the ability of 

streptomycin itself to make manifest an already 

incipient block. Streptomycin intrathecally does 

lead to acute congestion of the meninges and if 

tuberculous exudate be already there it is reasonable 

to suppose that obstruction can be readily produced. 

Several cases in this series have shown an interesting 

example of this. Partial spinal obstruction was 

diagnosed, and streptomycin was no longer administered 

by the lumbar route. In some cases, when a lumbar 

puncture was repeated after a matter of only e few 

days, it was to my surprise that all evidence of 

spinal block had disappeared. This has occurred on so 

many occasions that there can be little doubt that 

the administration of intrathecal streptomycin does 

precipitate the development of spinal block and 

that a few days' rest will frequently lead to it 

clearing up. In nearly all cases evidence of 

obstruction had disappeared within four weeks. 

TEE TOXICITY OF STREPTOMYCIN. 

There are a number of minor symptoms causing 

slight discomfort to the patient during the course of 

trectment which are ascribed to the toxicity of 

streptomycin. It is frequently difficult with such 

minor and generalized symptoms as vomiting, headache 

and abdominal pain to know whether these are not the 

syiptoms of the disease itself. This can usually be 

discovered by omitting the streptomycin for a few days 

(but/ 



Table XIX. The incidence of deafness in relation to the 

y pe of streptomycin used in the 14 survivors. 

Case 
No. 

I.T. I. T. 

State of hearing at 
completion of treatment. 

6 

8 

264 

61 

73 

12 i 138 

15 222 

16 2u7 

17 72 

18 

19 

2G 

21 

23 

24 

25 

9.5 

3.0 

4.5 

5.5 

7.L 

3.5 

94 1.5 

175 

191 

98 

6.5 

12.c 

6.5 

62 

171 

48 

56 

3.5 

2.5 

4.c 

61 4.0 

19G. 14.0 

204 11.0 

16u 6.c 

'Tormal 

Normal 

Left - loud whisper just 
audible 

Right - conversation 
voice audible 

Normal 

Totally deaf 

Normal 

'Light - almost total 
deafness 

Left - )o. 

Left - Normal 
-Eight - loud whisper just 

audible 

Totally deaf 

It u 

Normal 

Normal 

Norm-1 

STR;.= The sulphate of calcium chloride complex of streptomycin 

D.H. = Dihydrostreptomycin. 
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(but because treatment is so essential in the early 

stages, it is Defter to reduce the dosage than omit 

the drug,) but at the same time it has to be 

omitted that nearly all patients feel better when 

temporarily off treatment. 

i2 e toxic manifestation which has caused 

considerable concern in the treatment of these 26 

cases is deafness. Until June 195(, when the 

sulphate salt and calcium chloride complex of 

streptomycin were used, deafness was never observed. 

-: ter June 1956, dihydrostreptomycin was used in all 

c=.ses, and the development of deafness became a fre- 

quent and serious problem. _ ble -L.: shows the 

state of hearing in the 1+ surviving cases. it is to 

ue noted that impairment of hearing to varying degrees 

has occur ed in all cases but one who have received 

dihydrostreptomycin at some time or other. As from 

January 1951 (after 3 consecutive cases, no. 19, 

26 and 21 had become totally deaf) the use of 

dihydrostreptomycin was abandoned and a return made 

to the calcium chloride complex. Since then three 

surviving cases have received a considerable quantity 

of the calcium chloride complex and in none is there 

any disturbance of hearing whatsoever. It has been 

observed that impairment of hearing has its onset in 

two different ways. In 4 cases (no. lc, 1 ) , 20 and 

21) the deafness slowly appeared during the course of 

treatment. The onset was often accompanied by 

tinnitus. The higher tones were usually involved 

first.; 
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first. In all cases the deafness was slo, ly 

progressive and not always readily appreciated at 

first. In no case has any improvement occurred. 

The rapidity of onset of deafness is variable and 

depends to a certain extent on the stage treatment 

has reached when the onset first occurs. For 

example, in case no. 19 treatment was almost complete. 

before the first slight impairment of hearing 

appeared, and since discontinuing treatment it has 

not increased further. In case no. 19 and 20, the 

meningitis was in such an unsatisfactory state when 

deafness first appeared that it was impossible to 

discontinue treatment. It had to be continued to 

save life and in each case the bilateral deafness 

grew worse and worse, becoming total in 3 - 4 months. 

Oase no. 21 was a s =mall boy of 3 years of age and 

it was not at first realised that the reason for his 

increasing quietness and unwillingness to answer was 

due to deafness. 1.ithin a matter of a few weeks he 

was totally deaf in spite of the cessation of tree- tmerit. 

The other disturbing factor about this incidence of 

deafness with dihydrostreptomyycin is connected with 

the second way in which the onset of this deafness 

may occur. In case no. 16 and 17 a delayed onset of 

deafness occurred after a.11 treatment had been 

discontinued. At the time of stopping treatment both 

young ptients showed slight impairment of hearing to 

a distant whisper in one or other ear. About 2 - 3 

_months 1ater it was obvious that in each case the 

deafness/ 



deafness was rapidly becoming worse and now one is 

totally deaf and the other shows very severe impair- 

ment. 

From this description it is difficult to 

explain the deafness in 6 of 7 cases receiving 

dihydrostreptomycin other than by direct 

incrimination of the drug itself. This feature has 

not been seen in cases receiving pure streptomycin 

alone. Though perhaps difficult to exclude deafness 

due to the disease itself, the differences in the 

results obtained with the two forms of streptomycin 

is sufficiently striking. There is no evidence of 

a threshold of the amount of the drug required before 

impaired hearing becomes manifest, for some of the 

largest total amounts received were in the form of 

the calcium chloride com}lex. This serious dis- 

advantage to the use of dihydrostreptomycin has 

only recently been recognised. It has only been 

during the last 2 - 3 years that this form of 

streptomycin was acclaimed as the drug of choice 

in the treatment of all forms of tuberculosis on 

account of its lower toxicity than pure streptomycin. 

From the results obtained with it in the treatment 

of these cases, it is firmly established that it is 

a dangerous drug. Furthermore, because it has been 

established that, even if dihydrostreptomycin is 

stopped on the appearance of the first signs of 

cochlear damage, a subsequent progression of the 

deafness/ 



deafness can occur, its use in the prolonged 

treatment of meningitis is no longer justified. 

Deafness is a serious disability at any time. 

The disability to the patient is increased for 

hearing aids are of no benefit. when it occurs in the 

very young, the patient is left to go through life 

seriously handicapped, which leads to social and 

educational difficulties. 

Audiometric examinations are not routinely 

wde in all ceses of meningitis as the necessary 

facilities are not available. 

Disturbances of the vestibular app Tratus come 

next in importance. Though occurring very frequently, 

the consequences of this are less disabling to the 

patient. The cold caloric test has not been 

routinely carried out in all cases and therefore 

disturbance of the vestibule has been assessed on the 

clinical findings only. It is a recognised fact that 

vestibular dysfunction occurs frequently and quite 

early in the course of treatment and this was so at 

some time in the treatment of nearly all the cases in 

this series. There wes no evidence suggesting that 

dihydrostreptomycin was less liable to cause this 

complication than streptomycin, for the groups 

receiving one or other drug are not comparable. 

The earliest sign of its development was 

usually a fine horizontal nystagmus and sometimes, 

though not in all, associated with the subjective 

complaint of giddiness on movement. :hen it was 

found; 



found in this event that the consequences of 

persisting with treatment were negligible, it was 

no longer interrupted as was the case during the 

treatment of the earlier cases. The giddiness was 

usually transient and passed off in spite of the 

continuance of treatment. The duration of the 

nystagmus was variable but usually persisted through- 

out the course of treatment and it has been not 

uncommon for it to remain 6 - 12 months after the 

completion of all treatment. lihen the time comes 

for the patient to leave his bed after many months, 

it is natural that his muscular we.=kness is revealed 

b some ataxia. Once the patient regains his feet, 

vestibular dysfunction (or what is more commonly 

complete abolition of the function of the vestibular 

apparatus) is seldom evidenced by ataxia. This is 

so particularly for children, but compensation is less 

complete in the older patient. That equilibrium is 

largely regained by compensatory optic mechanisms is 

seen from the disability suffered by those with 

defects of vision. Only in two of the surviving 

patients is ataxia evident. Case no. 16, a boy of 

16 years of age, completed treatment in October. 1950. 

1;hen last seen (August 1951) there was a fine 

horizontal nystagmus and he stated that he found no 

difficulty whatsoever walking straight ahead on flat 

ground, but he recalled how he became ataxic when 

swerving suddenly on rough ground, ho-:- he had fallen 

from a step- ladder and how twice he had fallen from 

his/ 
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his bicycle. There was also case 20, a man of 

29 years of age, with a severe degree of myopia. 

Treatment was completed in January 1951 and he has 

been out of bed for six months, though still remaining 

in hospital. He shows definite ataxia even walking 

straight ahead on flat ground. As he walks his 

eyes are fixed on the ground and if they leave the 

ground the ataxia increases. In this patient toJ) the 

nystagmus persists. This patient's difficulties are 

increased because he is totally deaf. bone of the 

other survivors show ataxia though there is someti;_1es 

inability to walk along a straight line. 

It is difficult to foresee how the incidence 

of the toxic of 'ects of streptomycin upon the eighth 

cranial nerve can be eliminated. Ideall;; , a. 

derivative of streptomycin without a neurotoxic 

property is required. At present, in the light of 

experience with these cases, the calcium chloride 

complex should be used in preference to dihydro- 

streptomycin t all times. It is recognised that 

these complications can be definitely reduced by a 

reduction in dosage and duration of treatment. But 

i :hen can the duration of treatment be safely reduced 

without jeopardising the final outcome of the 

meningitis? At present it is probably safe to say 

from the results so far seen that e are not in a 

position to reduce drastically the amount of tre :tment. 

in the past, under -treatment was the cause of more 

failure rather than over- treatment. To save life, 

= / 
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a slight degree of ataxia, as common with the 

calcium chloride complex as with dihydrostreptomycin 

in a prolonged course, is a small price to pay and 

deafness, a crippling complication, can be confidently 

avoided if the calcium chloride complex is alone used.. 
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^DJU T NT FORMS OF TREATMENT USED. 

Two forms of adjuvant therapy aroused 

considerable interest when first introduced. They 

were the intrathecal administration of minute amounts 

of tuberculin and the addition of the fibrinolytic 

enzyme streptokinase to the intrathecal streptomycin. 

Subsequent evidence has not however substmtia..ted 

their claims to a definite place in the treatment of 

tuberculous meningitis and only brief mention will be 

made of them. 

Tth3ELCULI . 

Smith and Vellum_ (l95) reported the 

dramatic response of three of their cases to intra- 

t',.ecal tuberculin, in whom the prognosis was regarded 

as hopeless. They postulated that the high fluctuating 

cell and protein values of the C.S.F. during the acute 

stages of streptomycin treatment were due to the 

breakdown and liberation of bacterial products into 

the C.S.F. of the sensitized meninges. It was seen 

only in the streptomycin- treated case and never in the 

untreated case. The bacterial product in question was 

considered to be tuberculin. This view was sub - 

stcn .'.ated by the fact that an intrathecal injection 

of tuberculin produced a similar picture in a 

tuberculin- sensitized individual not suffering from 

meningitis but was not produced in a ,lantoux -neg,= tive 

person. Smith and Vellum considered that tuberculin 

1-is the power of resolving the dense exudate at the 

base of the brain against which the most intensis: e 

streptomycin/ 
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streptomycin treatment is ineffective. The tubercle 

bacilli, liberated as a result of this resolution, 

could be effectively dealt with by streptomycin. 

Two of the three cases treated in this way 

survived. These patients had not been cured by 

intensive streptomycin treatment, and the fluctuations 

of the cells and protein of the C. .r'. were 

flaitening out. When the tubercle bacilli were 

released from the dense basal exudate by the use of 

tuberculin, the fluctuation reappeared again. 

Tuberculin was thought to set in motion a fibrinolytic 

process. Clinically the reaction was manifested by 

an acute exacerbation of the symptoms and signs of 

meningitis. The tolerance to tuberculin was found to 

increase during the treatment. 

Cne case (no. 22) in this series was t'ea_ted 

with intrathecal tuberculin after it was seen that 

streptomycin therapy itself was leading to no 

improvement. Each injection of intrathecal tuberculin 

caused a marked worsening of his condition and an 

increase in the signs of meningitis. Miter the child 

h d cone through each exacerbation he appeared better 

and this improvement was increased by each injection. 

The clinical improvement hove c-er was not long 

maintained for in spite of intrathecal tuberculin he 

developed a block in the flow of the cerebrospinal 

fluid. The block was above the basal cisterns for 

C. S.. could no longer be obtained in the lumbar 

region, nor by cisternal puncture. It was then 

necessary/ 
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streptomycin treatment is ineffective. The tubercle 

bacilli, liberated as a result of this resolution, 

could be effectively dealt with by streptomycin. 

Two of the three cases treated in this way 

survived. These patients had not been cured by 

intensive streptomycin treatment, and the fluctuations 

of the cells and protein of the C.C.F. were 

f la tening out. When the tubercle bacilli were 

released from the dense basal exudate by the use of 

tuberculin, the fluctuation reappeared again. 

Tuberculin was thought to set in motion a fibrinolytic 

process. Clinically the reaction was manifested by 

an acute exacerbation of the symptoms and signs of 

meningitis. The tolerance to tuberculin was found to 

increase during the treatment. 

cne case (no. 22) in this series was 'seated 

with intratheca.l tuberculin after it was seen that 

streptomycin therapy itself was leading to no 

improvement. Each injection of intrathecal tuberculin 

caused a marked worsening of his condition and an 

increase in the signs of meningitis. After the child 

had come through each exacerbation he appeared better 

and this improvement was increased by each injection. 

The clinical improvement however was not long 

m- intained for in spite of intrat hecal tuberculin he 

developed a block in the flo of the cerebrospinal 

fluid. The block was above the basal cisterns for 

C.S.2. could no longer be obtained in the lumbar 

region, nor by cisternal puncture. It was teen 

necessary/ 
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necessary to institute Ventricular drainage but he 

failed to respond to further treatment and died 

shortly afterwards. At post -mortem, the basal 

exudate was dense and appeared to occlude completely 

t-te foramina in the floor of the fourth ventricle 

so that it was not surprising that tuberculin had 

exerted so little action. 

Pletcher (1951) treated 5 cases, 

responding poorly to streptomycin treatment. The 

response to intrathecal tuberculin was also poor and 

he could find no evidence to support the view that 

tuberculin was resbonsible for a lysis of the basal 

exudate. He also reported that, during the course of 

tuberculin therapy, 2 cases developed fresh blocks 

of the cerebrospinal fluid circulation and that, of 

the 2 cases that died, there was no difference in thc 

nature of the exudate at the base of the brain from 

that of the conventionally treated case. Experimental 

work failed to show that tuberculin possessed any 

specific power of lysing fibrinous exudate. 

STR PTUKI1 ASE. 

Streptozdnese, a streptococcal f ibrinol sin, 

was introduced by Cathie and in the comparison of 

the results of two series of cases Cathie and 

i1act arlane (195 0) reported that ".... streptokinase 

has been the most important single factor in the 

improvement in the second series of cases.' Un the 

other hand, Lorber (1951) found that in two groups of 

12 patients strictly comparable, 5 children 

.a..tr,.1 ..,-,¡.,: / 
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developed partial or complete spinal block in the 

streptokinase-treated group while only 2 developed 

similar complications in the group treated with 

stï- eptomycin alone. The value of this adjuvant 

is thus in doubt. Cnly one case (no. 23) in this 

series received streptokinase and no useful 

information can thus be added to this controv:arsy. 

Certainly no untoward features were noted in this 

case. 

PARA -Ai1I úOS ALICYLIC ACID 

i J 

P.A.S. has been shown to possess tuberculo- 

static activity but its main therapeutic asset is 

that it delays the development of streptomycin- 

resistant strains of tubercle bacilli. 

The value of in meningitis is not 

fully known. The tuberculostatic effect of F.A.C. 

is small in comparison to that of streptomycin, and 

bacterial resistance is less frequently encountered 

in tuberculosis of the central nervous system than 

elsewhere. 

In the 26 cases in this series, P.A.S. has 

not been found to exert any striking benefits. In 

the early stages of the disease, when vomiting is a 

frequent and distressing symptom, it cannot be given. 

This has usually settled in a few weeks' time, but 

the patient has often by now lost a considerable 

amount of weight and a good appetite Was encouraged. 

If/ 



If, as so frequently happens, F.A.S. leads to a 

decrease of appetite, the patient's strength and 

general condition will suf. er. Principally for this 

reason, no patient continued to receive P.A.S. if it 

caused loss of appetite or nausea,. In all, 14 of the 

26 cases received P.A.S. for varying periods. Only 

1G received it for 3 months or longer. It is not 

possible to correlate the numbers receiving it with 

the final results because it was those least 

seriously ill who were able to tolerate it and the 

prognosis was naturally more favourable in this 

group. ±ull details of the P. < -.3. dosage, which 

varied between 5 - 15 gm. daily, are found in the 

case reports in the appendix. 
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POST- Ii1QRTEiv FINDINGS. 

Post- Lortem examination was carried out in 

8 of the 12 fatal cases. Two cases (no. 4 and 26) 

had received less than 3 months streptomycin while 

the remaining 6 cases had received treatment varying 

from 3 - 9 months. ñ full report on the findings is 

found after each case report in the appendix. 

The tuberculous exudate at the base of the 

brain was extensive in all cases. In the two cases 

receiving less than 3 months treatment this exudate 

had the usual characters of the untreated case. In 

3 cases (no. 1, 3 and 9) the exudate was so thick in 

the interpeduncular fossa that it completely 

obscured the vessels and nerves in this region. In 

one case who showed failure of vision during treatment 

the exudate appeared to be causing considerable 

compression and atrophy of the optic chiasma and 

nerves. In case no. 22 the thickness of the exudate 

in the interpeduncular fossa and around the mid -brain 

varied from 4 - 8 mm. It was the most extensive seen. 

In this case also,a similar exudate, lying between 

the cerebellum and medulla, filled the cisterna 

magna and appeared completely to shut off the exit of 

the L.S. from the interior of the brain. So far 

it was obvious that streptomycin, even after 

prolonged administration, led to no obvious 

resolution of the tuberculous exudate at the base of 

the brain. when examining the extent and thickness 

of/ 



of the exudate it was naturally felt that intrathecal 

tuberculin and streptokinase were being set an 

almost insuperable task in the resolution of this 

exudate. 

The microscopical appearance of the exudate 

sho -.red considerable variation, not only in the 

different cases but in any individual case. Gne of 

the two cases receiving less than 3 months' treatment 

(it was actually only 5 days) already showed evidence 

of organization of this exudate around the basilar 

artery. This served to show, in agreement with what 

had already been found by others, that organization 

does occur even in the absence of treatment (and 

treatment was virtually absent in this case). It is 

this point of course which makes it all the more 

difficult to assess just how much organization has 

occurred through the action of streptomycin and how 

much has been due to the prolongation of life 

permitted by the administration of streptomycin. 

'any pathologists now believe the latter factor to 

be the main one in the development of org :niz e.tion of 

the tuberculous exudate. 

microscopical examination of the exudate was 

carried out in 5 of the other 6 cases. In two cases 

there was no evidence of fibrosis in the exudate. 

Each (no. 2 and 3, treated with streptomycin for 7 

and 4 months respectively) showed a. typical acute 

tuberculous meningitis from which tubercle bacilli 

were recovered. case no. 1 (8 months streptomycin) 

showed/ 



showed an exudate typically chronic tuberculous in 

nature with mild fibroblastic activity in the 

cellu1 .r parts of the exudate. Case no. (3 months 

streptomycin) revealed a very cellular tuberculous 

exudate in the subarachnoid space, and though many 

small areas of caseation were found, e m :erked degree 

of fibrosis was occurring around the medulla. Case 

no. 22 (7 months streptomycin), in whom the basal 

exudate was so thick, showed variations in the 

character of the meningeal exudate in different areas. 

In general, a considerable amount of organization had 

taken glace which had resulted in the replacement of 

the fibrous cellular tissue by tuberculous 

granulation tissue and which had become densely- 

fibrous in some areas. The disconcerting feature was 

that among this tissue many typical tubercle 

follicles were found and furthermore large caseous 

masses had formed in the interpeduncular fossa and 

cisterna magna, though they were surrounded by a wall 

of fibrous or gi. enula.tion tissue. This case serves 

to show the magnitude of the task confronting us in 

the treatment of meningitis; and how impossible it is 

with exudate of this extent to expect streptomycin, 

administered at the lumber region, to act effectively 

against the contained tubercle bacilli. 

The meningeal vessels showed similar 

pathological changes in all cases receiving more 

than 3 months' treatment. They were congested, showed 

perivascular cuffing with round cells and usually a. 

striking/ 
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striking fibrous pei ierteritis and endarteritis. 

Endarteritis obliterans was seen in two cases. 

Thrombosis of arteries or veins was not seen. In 

all cases, many vessels remained unaltered, even 

when found to be traversing organizing exudate. 

The brain was enlarged and the convolutions 

flattened in all cases due to the presence of hydro - 

cephalus. Each showed moderate or marked dilatation 

of the whole ventricular system. In case no. 11, 

this was a particularly striking feature. During the 

examination, a small incision was made in error over 

the surface of one of the hemispheres and a consid- 

ereble quantity of turbid C.S.F. escaped - the 

brain seemed as if it suddenly become "deflated" 

a. id it collapsed down into a soft flabby mass. 

Section of this brain revealed a gross degree of 

internal hydrocephalus and both lateral ventricles 

were so dilated that each extended half an inch 

from the frontal pole to within half an inch of the 

occipital pole. The ependyma in all cases was 

thickened and often showed eruption of clusters of 

small miliary tubercles. 

In all cases there was little alteration of 

the brain tissue underlying the exudate. Sometimes 

it was oedematous and showed secondary toxic 

degenerative changes. In some sub- ependymal areas, 

the underlying brain tissue was softened and showed 

infiltration by histiocytes and proliferation of 

astrocytes. In case no. 9, there was in addition 

an/ 
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an extension of the caseating process a short way 

into the adjacent nervous tissue and an early 

gliosis was occurring. In this case also there 

were small areas of softening in the underlying 

cortex, presumably the result of vascular occlusion. 

'inally, brief mention of the extra - 

cerebral pathological changes will be made by 

quoting the findings in a typical case of miliary 

and meningeal tuberculosis. This is case no. 22. 

In this case the prLnary tuberculous focus was 

found in the lower lobe of the right lung. It was 

not showing satisfactory healing. It had a caseous 

centre, which was partly calcified and surrounded by 

a thin fibrous wall. It contained ni raer ous 

tubercle bacilli. In this case the glands at the 

lung roots were small, hard, and calcified. It has 

been a common finding that streptomycin frequently 

does not lead to satisfactory healing of the primary 

focus. Macroscopically, moderate numbers of minute 

miliary tubercles were found in the lung substance. 

Microscopically these showed neiter caseation nor 

fibrosis, and appeared to be of recent origin, due 

to a further extensive miliary dissemination. Also 

found in the lungs was a considerable amount of old 

fibrosis, its character and distribution suggesting 

that it was the result of healing of former miliary 

tubercles. This would represent a very complete 

healing of a fairly heavy miliary dissemination. 

This/ 
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This finding is in keeping with general opinion that 

complete healing of miliary tubercles does occur with 

streptomycin in spite of the persistent activity of 

the primary focus. The liver and spleen of this case 

showed miliary tubercles exhibiting neither fibrosis 

nor e section. This again shows how suppressive is 

the action of streptomycin and frequently how 

incapable it is of promoting complete healing. 

The pathological findings in these cases show 

that in many cases more than streptomycin itself is 

required to conquer and heal the lesions of 

tuberculosis. If healing cannot al,7ays be attained 

in the small miliary lesion with its absence of 

protective fibrous zone, how much more difficult it 

will be to eradicate the fibrous -wall, protected 

primary or post -primary tuberculous Focus. 
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CONCLUSIONS. 

1. The treatment of twenty -six cases of tuberculous 

meningitis has been described. It was found that the 

age group 10 - 20 years had the highest survival 

ra..te. The prognosis is unfavourable in children under 

3 years of age. 

2. The symptomatology of onset of the disease has 

been described. 7 cases presented with features of 

miliary tuberculosis, subsequently developing 

meningitis, while 19 cases presented with features of 

meningitis from the onset. In the former group a 

diagnosis of meningitis in an early stage was possible, 

and its onset varied between 3 - 13 weeks after the 

diagnosis of miliary disease was made. This earlier 

diagnosis does not universally lead to better results 

for the prognosis is less satisfactory when meningitis 

co- exists with miliary disease. 

3. The results of treatment of the 26 cases are 

that 14 (54,x) are alive and 12 (46;) are dead. (;f 

the 14 survivors, 3 have been observed aTer 2 years, 

8 over 12 - 24 months, and 3 continue to 

treatment. The highest survival rate oc d 

among the middle cases rather than the early eases 

because in the latter miliary disease largely 

influenced the outcome. 

4. The tubercle bacillus isoi obC 1úh Nlwa 

strain in 23 cases, and of t'h, l 

case. The organism disc- a' 'r :'1 'Z 
spinal/ 
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spinal fluid following the introduction of intra- 

thecal streptomycin. 

5. The high fluctuating white cell count of the C.S.F., 

seen during the intrathecal administration of 

streptomycin, is not due entirely to the irritant 

action of the drug, but is probably the response of 

tuberculous meninges and tuberculous exudate to 

intrathecal streptomycin. As the meningitis subsides, 

the pleocytosis diminishes. Streptomycin leads to 

an increase in the polymorph- lymphocyte ratio of the 

C.S.F. The cells of the C.S.F. ha-:e never been found 

to return to normal so long as intrathecal 

streptomycin is administered. Even after discontin- 

uation , many months elapse before a return to normal 

occurs. 

6. the differential white cell count in the cerebro- 

spinal fluid was described in detail. .ore 

satisfactory films were obtained using methyl alcohol 

to fix the film. The addition of protein to the C.S. . 

during the preparation of a film reduced the 

disintegration of cells, especially polymorphs. It 

was thought that this method raised the osmotic 

pressure of the C.S.F. sufficiently to prevent such 

disintegration. 

7. The causes of red blood cells in the C. S.2. have 

been discussed. As a consequence of streptomycin 

treatment, their occurrence is frequent and they 

have been found in more than half the specimens 

examined. / 
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examined. On two occasions a subarachnoid 

haemorrhage has occurred. A high red cell count is 

the predominant response of the meninges to intra- 

thecal tuberculin. 

8. The protein content of the C.S.Q. follows the 

pattern of the cell changes during the treatment of 

meningitis. A return to normal never occurs until 

after intrathec.vl streptomycin is withheld and it has 

usually been the last constituent of the C.S.F. to 

return to normal. 

9. The sugar content of the C.S.F. has been found 

to be the most valuable in the eE.rly diagnosis and 

assessment of progress of tuberculous meningitis. 

_e sugar alue was below 50 mg.% at the time of 

diagnosis of all cases of meningitis. Higher levels - 

w were usually found in the earlier diagnosis of 

meningitis made in cases with miliary tuberculosis. 

With a satisfactory response to treatment, the 

sugar level gradually and consistently rose. It has 

been found that to discontinue treatment in a patient 

without symptoms and without clinical evidence of 

meningitis but with a C.S.F. sugar value below 

50 ing ; leaves him in grave danger of a recrudescence 

of the disease. 

The estimation of the sugar content of the 

C.S.F. at variable periods after the fluid has been 

withdrawn has been discussed. It was found that the 

fall in the value depended upon the leucocytosis of 

the i 
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the C. J.Ì'. present. An insignificant fall occurred 

48 hours after the withdrawal of the fluid if the 

cell count was normal. The addition of sodium 

fluoride to the specimen enabled dependable results 

to be obtained in the presence of a leucocytosis. 

10. It was found that the chloride content of the 

C.S.Q. was not of reliable diagnostic or prognostic 

significance. 

11. The C.S.'?. graphs of each case in the appendix 

reveal that in the case showing a satisfactory 

response to treatment the sugar- chloride curves 

diverge from the protein -cell curves, while in the 

unsuccessful cases these curves converge. 

12. The C. S.'. of the 14 survivors has been 

analysed. Long after the cessation of treatment, the 

majority cannot be regarded as having a normal 

C.S.F. on account of the slightly raised cell and 

protein contents. Apart from this, the sugar and 

chloride contents of all those, in whom the disease is 

thought to be arrested, are normal. 

13. 10 of the 26 cases of meningitis were 

accompanied by miliary tuberculosis. 5 (50) are 

alive. The results are only slightly inferior to 

those in the treatment of uncomplicated meningitis 

(56A. This was due to the fact that 7 of the 1(, 

miliary cases were already in hospital r6.ceiving 

streptomycin for that condition when the meningitis 

supervened. In few cases of uncomplicated meningitis 

could treatment be instituted so quickly. A high 

percentage/ 
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percentage of cases of miliary tuberculosis develop 

meningitis during treatment and streptomycin affords 

no protection. For this reason regular examination 

of the C.S.F. is necessary. 

14. Choroidal tubercles were found in 7 (70) of 

the 10 cases of miliary tuberculosis but none were 

found in the cases of meningitis without miliary 

disease. It was stated that when additional 

choroidal tubercles were found during the course of 

the illness, they were more likely to have been 

missed on previous examinations than to have 

developed during the course of streptomycin 

treatment. They were an indication of the severity 

of dissemination of the disease. 

15. The systemic administration of streptomycin 

wes discussed. At present adults receive i gm. 

daily and children 0.5 - 1 gm. The original plan 

was th t it should be given continuously for 6 

months. The commonest cause of cessation of this 

plan was death. In gener2l the smallest amounts of 

streptomycin were received by those who died. In 

the 1C cases alive and well who have completed 

treatment, the average duration of systemic 

streptomycin was 6 months and 5 days. Only 2 of the 

12 dead received a treatment of similar duration. 

16. Intrathecal streptomycin has been given to all 

cases in interrupted courses. The adult dose was 

100 mg. and for a child was 50 mg. The planned 

intrathecal course resulted in 12u intrathecal 

injections/ 
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injections being given during the 6 months' course 

of systemic streptomycin. The average number 

received by the 1C: survivors was 136 and the averge 

amount was 7.6 gm. This meant that intrathecal 

streptomycin was given on 75 of the days on which 

intramuscular streptomycin was given. In no case 

that died did the number of intrathecal injections 

exceed the average number given to the survivors. 

It has been concluded that it is unsafe to give 

a less intensive intrathecal course than this. 

17. The mein criterion for stopping all streptomycin 

treatment was usually the state of the C.S.F. The 

clinical condition seldom required consideration for 

at this stage it was always very satisfactory and 

physical signs of meningitis had long since 

disappeared. 

18. The administration of intrathecal streptomycin 

presented no serious _problems. The co- operation of 

p-tients, old 'nd young alike, is readily attained 

and local anaesthesia is not required. Streptomycin 

injected into the cisterna magna, in cases of spinal 

block, caused toxic features not seen when the lumbar 

route was used. The commonest features were 

drowsiness and marked nystagmus. 

19. There were two phases of response to treatment. 

There was first the clinical improvement and gradual 

disappearance of all physical signs of meningitis. 

The persistence of a positive Kernig's signor a. 

long time was thought to be the result o prolonged 

spasm/ 



spasm during the acute stage. The second response 

was that shown by the C.S.F. which occurs more 

slowly a.nd requires longer than the first response. 

Een though the clinic al response is encouraging, 

it is the C.S.F. picture alone which most accurately 

portrays the state of disease within the central 

nervous system. 

2U. In the survivors, residual complications of the 

disease itself are noticeably absent. The important 

disabilities (deafness, ataxia) have resulted from 

the drug used in its treatment. 

21. No case of relapse has occurred in t he 10 

patients apparently cured. A recrudescence occurred 

in 3 patients in whom persisting abnormality of the 

C.S.I. was a constant feature. 

22. The obstructions of the cerebrospinal fluid 

pathways have been discussed. Partial spinal block 

has been a common occurrence. The relationship of 

this to the administration of intrathecal streptomy- 

cin has been suggested because spinal block was 

found to resolve rapidly when streptomycin injected 

into the lumbar theca was withheld. The form in 

which the Queckenstedt test becomes modified has been 

described, and better results have been obtained 

by performing this test with light pressure to both 

jugular veins simultaneously. 

23. The important neurotoxic manifestations of 

streptomycin have been described. No serious 

residual :estibular disturbances have been seen. 

3 cases/ 



ceses have developed complete deafness after being 

tre--ted with dihydrostreptomycin and all the others 

receiving this preparation vt some time or other 

during the course of their treatment show some 

audito_ y impairment. Deafness has never been 

encountered with the calcium chloride complex of 

streptomycin. :nor this reason dihydrostreptomycin 

is no longer used in the treatment of tuberculous 

meningitis. 

24. Adjuvant forms of therapy played little part in 

the treatment of these cases. 

25. The post -mortem findings in 8 of the 12 deaths 

were variable. It was evident that fibrosis of 

tuberculous exudate does occur as a result of 

streptomycin treatment but that acute meningitis 

was often ooresnt in adjacent areas relatively 

unaffected by treatment. 
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