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C oncerning th e  pathogenesis o f tubercu lo u s m eningitis, th e re  are  tw o 
co n trad ic to ry  conceptions. P a r t  o f th e  au th o rs  insist on th e  im p o rtan ce  
of in fec tion  im m ed ia te ly  connected w ith  th e  b loodstream , while o th e rs  consider 
th e  tubercu lous foci invading  the  lep tom eninges from  the  b ra in , respec tive ly  
from  its  a d jacen t regions, as decisive fac to rs.

1. Direct infection by way o f  the bloodstream. I t  has been o b serv ed  long 
ago th a t  tubercu lous m eningitis fre q u e n tly  occurs conjointly  w ith  m iliary  
tubercu losis. A ccording to  Steinm eier, tu b e rcu lo u s m eningitis occurs in  45 p er 
cen t, o f m ilia ry  tuberculosis cases. A ccording to  Hartwig's in v es tig a tio n s , th is  
p ro p o rtio n  is as high as 2/3. In  som e instances post-m ortem  ex am in a tio n s 
show  only  a p rim ary  com plex beside th e  tubercu lous m eningitis (W allgren  
and  N ilson , K leinschm idt). H uebschm ann  declared  th a t  tubercu lous m en ing itis 
is s im p ly  a m an ifesta tion  in h e ren t to  m ilia ry  tuberculosis. In  cases when 
generalized  sym ptom s are lacking in  o th e r  p a r ts  o f the organism , ad h eren ts  
of th e  hem atogenous th eo ry  exp la in  th e  origin of tubercu lous m en ing itis 
b y  a m inor bacillem ia and  increased  suscep tib ility  of th e  lep tom eninges.

In  ch ild ren , th e  focus from  w hich  bacilli invade th e  b lo o d stream  is 
u su a lly  th e  p rim a ry  com plex, endow ed w ith  signs of ac tiv ity  ( Gsell an d  Uehlin- 
ger, Engel, W angenheim ). I t  is r a th e r  ex cep tiona l th a t a p rim a ry  p u lm o n ary  
focus in  ch ild ren  w ith  tubercu lous m en in g itis  should  tend  tow ard  reco v ery . The 
investig a tio n s o f H . Koch rep o rt only  tw o  cases of calcification o r cre taceous 
tra n sfo rm a tio n  of pu lm onary  foci an d  ly m p h  nodes, against 255 cases o f  ac tive  
tubercu losis. In  adu lts, i t  is m ore fre q u e n t th a t  bacteria  o rig in a tin g  from  
a progressive organic tuberculosis —  m ostly  o f th e  bone, or o f  u ro g en ita l 
location  —  b reak  in to  the  b loodstream .

B ac te ria  m ay reach the  lep tom eninges by  two different app roaches. 
1/ b y  w ay  o f th e  m eningeal arteries, 2/ th ro u g h  the  chorioid p lex u s. W hile 
th e  first m eans o f infection is p rac tica lly  id en tica l w ith  hem atogenous d ispersion 
o f foci fo u n d  in  o th e r p a rts  of th e  organ ism  ( Skhvortzov), co n tam in a tio n  th ro u g h  
th e  chorio id  p lexus is of d ifferent ch a rac te r .

1 A cta M orpholugica II/4
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The la tte r  w as first investiga ted  b y  Sepp . H e  exp la ined  the  localiza tion  o f  
m eningitis by  th e  s tream in g  of CSF. T u b ercu losis  bacilli s ta r tin g  from  
th e  plexus an d  in v a d in g  th e  CSF, w ould  re a c h  from  here th e  cereb ral 
c isterns. C onsequently , th e  heav iest exudates a n d  th e  m ajo r num ber o f tu b e rc le s  
w ill be  located  on th e  base  o f th e  b ra in  an d  on th e  posterior surface o f th e  
sp in a l cord.

Km enCs in v e s tig a tio n s  led to  th e  h y p o th es is  th a t ,  as a re su lt o f 
hem atogenous d ispersion , th e  chorioid p lexus a n d  th e  te la  chorioidea becom e 
in fec ted . The course o f in fec tion  can a tta in  h e re fro m  th e  leptom eninges th ro u g h  
th e  perivascu lar ly m p h  spaces, or th e  CSF m a y  convey  th e  in fection  to  th e  
m eninges, respective ly  th e  cerebral c isterns. E ngel, Futer and Prokhorovich, 
fu r th e r  Yerofeyev a re  likew ise supporting  th e  th e o ry  o f  th e  plexogenous in fec tion . 
A nim al experim ents perfo rm ed  b y  the  la t te r  a u th o r  dem onstra ted  th a t  th e  
p rim a ry  im p o rta n t tu b e rcu lo u s  altera tions n o te d  in  cases of hem atogenous 
in fec tion  occur in  th e  chorioid plexus.

2. Direct contam ination. This theo ry  was in a u g u ra te d  by  Rich  and  McCordock, 
th o u g h  several p rev ious investiga tions had  a lread y  suggested  th a t  tu b e rcu lo u s  
m eningitis freq u en tly  follows th e  ap p arition  o f tu b erc les  in  the b ra in .

In  1887, R ubens Hirschberg observed 3 cases of tuberculous m eningitis 
th e  evolu tion  of w hich , th o u g h  widely d ivergen t, com prised  dom inating  cereb ral 
focal sym ptom s (p a ra ly sis , convulsions of ep ilep tic  ty p e , aphasia) and  in  w hich 
th e  sym ptom s of tu b e rcu lo u s  m eningitis developed o n ly  la te r. Post -m ortem  in each  
case proved  th e  presence  o f  cerebral tubercles, w ith  a fibrous tubercu lo tic  p ro ­
cess o f p roductive  c h a ra c te r  a t  the  periphery . Hirschberg  having collected fu r th e r  
29 sim ilar cases, em phasized  in  his re p o rt th e  fa c t th a t  th e  source o f  
tub ercu lo u s m en ing itis is frequen tly  in  th ese  cereb ra l tubercles.

Trevelyan  observed  sim ilar cases in 1903. Bieber (1911) m ade carefu l in v es ti­
g a tions and  found  t h a t  13 ou t of 17 tu b ercu lo u s m eningitis cases revealed  a 
tu b e rc u la r  focus in  th e  b ra in . A natom o-pathological andh isto -patho log ica l ex am in ­
a tio n s  confirm ed th e  connec tion  of th e  la tte r  w ith  th e  m eningeal process. A ccording 
to  Bieber, how ever, th is  a lte ra tio n  orig inates in  th e  leptom eninges, to  in v ad e  
from  th e re  th e  cereb ra l substance . Korteweg s ta te d  in  1923 th a t  tu b e rcu lo u s 
m en ing itis is, in  m a n y  cases, a sequel o f e x tra p u lm o n a ry  tuberculosis. T he 
tu b e rc le  bacilli e s tab lish  them selves on th e  leptom eninges, w here th e y  
p ro d u ce  tubercles. T hese , in  tu rn , are going th ro u g h  phases of g row th  and  
co lliquation , d issem inate  th e  tubercle bacilli in to  th e  CSF, and resu lt finally  in  
secondary  diffuse tu b e rcu lo u s  m eningitis.

O n basis o f n u m ero u s  investiga tions R ich  an d  McCordock in 1929 w ere 
th e  first to  prove th a t  d irec t hem atogenous in fec tio n  is fa r from p lay ing  th e  
o u ts tan d in g  role fo rm erly  a ttr ib u te d  to  i t  in  th e  pathogenesis of tu b e rcu lo u s
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m eningitis. C erebral, or m eningeal tubercles in v a d in g  th e  subarachno idal reg io n  
an d  infecting  th e  m eninges are to  be considered  th e  decisive factors.

R ich  and  McCordock analyzed ca re fu lly  th e  origin of tu b e rc u lo u s  
changes. T hey  declared  th a t  th e  in tense caseous exudation  no ted  in  tu b e r ­
culous m eningitis can  be  traced  as an  allergic cond ition . In  order to  m ak e  
th ese  a lte ra tio n s m an ifest, a very  large n u m b e r  of bacilli is n ecessa ry . 
C onditions for th e  la t te r  possib ility  are no t g iv en  d u ring  th e  phase o f h e m a to ­
genous dispersion. C onsequently  one has to  inv estig a te  o ther sources. 
C areful fro n ta l slicing o f  th e  cerebral substance  in to  strips of 2— 3 m m  show ed 
in  90 p e r cen t, o f 82 cases cerebral or m eningeal tub erc les , closely in te r re la te d  
w ith  th e  m eninges. H isto logic properties p ro v e d  th a t  the  tubercles h a d  b een  
th e re  before th e  m en ing itis. Rich  and  McCordock considered th e  tu b e rc u lo u s  
m en ing itis as o rig inating  from  these cerebral o r m en ingeal tubercles. T h e y  fo u n d  
th is  process p e rfec tly  id en tica l w ith  th e  in fec tion  o f  o th e r serous m em b ran es, fo r 
in stan ce  of th e  p leu ra , w hich becom es infected  in  th e  m a jo rity  of cases th ro u g h  a 
tubercu lo u s affection  of th e  lungs or lym ph  nodes b reak in g  in to  the  p leu ra l c a v ity .

R ich  an d  McCordock s ta te d  th a t ,  in  cases o f a generalized in fec tio n , th e  
evo lu tion  of m ilia ry  pu lm o n ary  tuberculosis a n d  th e  outbreak  of m e n in g itis  
do n o t coincide in  tim e  •— a t  least no t in  m ost c a s e s — , fu rth e r th a t the  p u lm o n a ry  
change observed an d  th e  m eningitis show d iffe ren t histological ch a rac te ris tic s . 
E x tre m e ly  generalized m iliary  tuberculosis is fre q u e n t w ithou t c o rre sp o n d en t 
tu b e rcu lo u s m en ing itis, an d  vice versa.

T he h y po thesis  o f a d irec t a tta c k  is confirm ed b y  d a ta  yielded b y  an im a l 
experim en ts. F ren ch  a u th o rs  (Péron, A rm a n d  Delille)  in troduced  m assiv e  
doses o f tubercu losis bacilli in to  th e  caro tid  a r te ry  o f th e  dog. Follow ing  th e  
in te rv en tio n , cereb ral m icroem bolism s w ere n o ted . M eningitis, h ow ever, 
d id  n o t appear, an d  on ly  few  tubercles were seen to  develop on the  lep tom en inges. 
T ubercu lous m eningitis w as observed upon  in je c tin g  bacteria  d irec tly  in to  th e  
su b d u ra l cav ity  (M a r tin , Sicard, A ustrian , M anw aring , Soper and D w orski, 
Jousset, R ich  and  M cCordock).

T he in v estiga tions o f R ich  and McCordock gave th e  im pulse fo r sev e ra l 
co n tro l experim en ts. In  the  Soviet U nion, M in ts  h as  given the  question th o ro u g h  
a tte n tio n . A t necropsy  o f  73 children deceased w ith  tuberculous m en in g itis , 
39 cases revealed  tu berc les in  th e  cerebral p a ren ch y m a . These displayed th e  m o st 
v a ried  form s of developm ent, from  ac tua l necrosis  of th e  cerebral su b s ta n c e  
to  th e  onset o f fib rosis . In  some of th e  cases an active p r im a ry  
com plex was p re sen t paralle l w ith  th e  cereb ra l tubercles, w h ile  in  
o th e rs  m iliary tubercu losis appeared. M in ts  consequen tly  s ta te d  tha t, in  
sp ite  o f ad eq u a te  conditions given, cereb ral foci alone can n o t b e  co n ­
sidered  as th e  on ly  cause o f tuberculous m en in g itis . According to  R azd o lsky , 
Z hukovsky  and  R u sk ich , cerebral tubercles a re  n e a rly  always accom pan ied  b y  
tubercu lo u s m en ing itis . A fts in  and Ivanovskaya  s tud ied  50 sim ilar cases.
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T h e y  fo u n d  5 instances o f  so lita ry  cerebral tu b e rc le s , 3 of m eningeal ones, while 
11 cases p resen ted  m ore  o r less m anifest co n g lo m era te  tubercles on th e  m eninges. 
F u te r  in v estig a ted  180 cases of tubercu lous m en in g itis  trea ted  w ith  s trep to m y c in . 
H e  n o te d  th a t  on ly  10 p e r  cent, show ed a  localiza tion  of th e  p rocess on the  
m en in g es, in  th e  rem ain in g  cases a m ore o r less d is tin c t tubercu lous a lte ra tio n  of 
th e  ce reb ra l substance  w as registered . Some cases w ere observed in  w h ich  in te rn a l 
o rg an s  w ere no t affec ted  b y  tuberculosis, th o u g h  highly advanced  m ening itis  
w as p resen t.

Ageytchenko  em phasized  the  specific in te rre la tio n  of tubercu lous m en ing itis 
a n d  ag e .H is observations resu lted  in  th e  re c o g n itio n  th a t  though i t  is k n o w n  th a t  
in v a s io n  b y  cerebral foci p rovokes co n seq u en tia l m eningitis in a d u lt life , th is  w ay 
o f  in fec tio n  is negligible in  in fan ts.

W este rn  lite ra tu re  is equally rich  in  co n tro l investiga tions. T h e  d a ta  
g iv e n  b y  R ich  and  McCordock have been confirm ed  b y  McGregor a n d  Green ; 
M cG regor, K irkpa trick  a n d  Craig ; M cM u rra y , B e'tzke, J . Schwarz, Auerbach, 
f u r th e r  b y  Radm an, w hile  th e  experim en tal re su lts  o f Beres and  M eitzer, A chelis, 
R aggins  co n trad ic t th e  above-m entioned  o bserva tions.

W hile  in  th e  p a s t  th is  discussion ap p ea red  merely th e o re tic a l, the  
e lu c id a tio n  of pa thogenesis  has a tta in ed  a n  essen tia lly  p rac tica l im p o rtan ce  
since  th e  app lica tion  o f  strep tom ycin  th e ra p y . T he fact w hether tu b e rcu lo u s  
m e n in g itis  has been engendered  b y  invasion  o f  cerebral foci, or b y  hem ato g en o u s 
in fe c tio n , exerts a m a jo r in fluence b o th  u p o n  th e  m ethods of tre a tm e n t a n d  the  
p ro g n o sis  of th e  disease. T h is is w hy we co n sid e r th e  study  of th e  p a th o g en esis  
o f  tu b e rcu lo u s  m en in g itis  im perative, av a ilin g  ourselves of the  la rg e  m a te r ia l 
p ro v id e d  b y  our In s t i tu te .

Own investigations

F ro m  Ja n u a ry  1946 onw ard  the  1st D e p a r tm e n t of P a tho log ica l-A natom y  
a n d  E x p . Cancer R esearch  offered us p o st-m o rtem  m ateria l com prising 339 cases, 
d eceased  as a resu lt o f tu b e rcu lo u s m eningitis o r m ilia ry  tuberculosis. T h e  m a jo rity  
o f  th is  m a te ria l com prised  in fan ts  and  ch ild ren . T hese  patien ts had  been  su b jec ted  
to  lo n g er or shorter s trep to m y c in  th e ra p y  a t  th e  1st and 2nd D e p a r tm e n ts  of 
P a e d ia tr ic s  or a t th e  S ta te  In fa n t S an a to riu m  (Szabadság-hegy, B u d a p e s t) . We 
a re  in d e b te d  for th e  clin ica l d a ta  used  in  th e  p resen t rep o rt to  P rofessors 
P . G egesi Kiss and  G. P e tén y i, and D irec to r I .  Flesch. A dult cases w ere  only 
ra re ly  observed.

A m ong th e  339 cases quo ted , basila r m en in g itis  and m iliary  tubercu losis  
w ere  fo u n d  to g e th er in  196 instances, tu b e rcu lo u s  m eningitis w ith o u t co n co m itan t 
m ilia ry  tuberculosis in  118 instances, m ilia ry  tuberculosis in  th e  absence  of 
tu b e rc u lo u s  m eningitis in  25 cases. T h ese  d a ta  consequen tly  prove
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th a t ,  th ough  tubercu lous m eningitis and  m ilia ry  tubercu losis w ere n o ted  
con jo in tly  in  57'8 p e r cen t, o f our m ateria l, 34-8 p e r  cen t, m an ifested  so lely  
m eningitis, and  7 '4  p e r cen t, m iliary  tubercu losis alone. (See T able I.) E v en

TABLE I.

N um ber of cases p e r  ce n t

Total number of tuberculous nieningitis and miliary 
tbc cases autopsied since 1. January 1946.............. 339

Meningitis +  miliary tbc............................................... 196 57,8
Meningitis alone................................................................ 118 34,8
Miliary tbc alone.............................................................. 25 7,4

generalized m iliary  tu bercu losis  in  its  m ost ex trem e  fo rm  was n o ted  w ith o u t in ­
vo lvem ent of th e  lep tom eninges, while diffuse e x u d a tiv e  tubercu lous m en ing itis , 
w ith  considerable ex u d a tio n  and  num erous tu b erc les , occurred w ith o u t gener­
alized m iliary  tu b ercu lo sis , m anifesting  only  sm all, d is tinc tly  c ircum scribed  
p rim ary  com plexes.

These d a ta  suggest above all th a t  tu b e rcu lo u s m eningitis c an n o t be 
considered as a m ere com ponen t of generalized m ilia ry  tuberculosis an d  th a t  
it  m ay  develop in  th e  absence of m iliary  tubercu losis.

W e have s tu d ied  200 cases of tubercu lous m en ing itis in  view  of estab lish in g  
th e  p ercen tu a l occurrence of tubercles in  th e  cereb ra l substance or in  th e  m en in ­
ges, in v es tig a tin g  w h e th e r th e  size and h istopa tho log ic  aspect o f th e  tu b erc les  
w ould prove th e ir  p r io r ity  to  th e  onset o f m en ing itis , and  w hether th e ir  locali­
za tion  could be m ade to  accoun t for th e  m en ing itis. O ur studies inc luded  102 
m ale and  98 fem ale sub jec ts , th e  youngest 3 w eeks, and  th e  o ldest 40 years  
o f age.

Methods
After removing the brain, we described the changes present on the meninges. Thereafter, 

fixing the brain at least a month in a 4% formalin solution, we proceeded to cut frontal sections 
of 3—5 mm, keeping all the while attention to tuberculous alterations present in the cerebral 
parenchyma. Suspicious foci were subjected to transillumination to become clearly outlined, 
owing to their diverging structure. Foci, which appeared macroscopically as tubercles were 
investigated histopathologically.

To complete our investigations we examined the sp'ne, the dura, and the spinal 
cord. Results gained in this manner were finally brought to fit into the row of observations 
regarding tuberculous alterations noted within the entire organism.

Results

200 cases of tubercu lous m eningitis in v es tig a ted  showed 147 cases d isp lay ing  
a tubercu lous focus in  th e  cen tra l nervous sy stem  or in its v ic in ity  (73’5% ). 
142 of these satisfied th e  requ irem en ts ou tlined  above and  could co n sequen tly  be
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re g a rd e d  as im m ed ia te  cause  and  origin o f m eningitis (71% ). In  5 cases, th e  
fo cu s  e ither failed to  show  im m ediate  c o n ta c t w ith  th e  m eninges, o r i t  was 
h isto log ically  proven  to  h a v e  o rig inated  a t  a la te r  d a te  th a n  th e  foci w hich 
c o u ld  be assum ed to  be  th e  cause of m en ing itis. 93 were cerebral, (46‘5%  o f th e  
to ta l ) ,  43 were m eningeal tuberc les (2 T 5 % ). W e discovered in  a d d itio n  2 tu ­
b e rc le s  in  the d u ra , 1 in  th e  cauda equ ina , w hile in  3 cases tu b ercu lo u s  spon­
d y li t is  breaking in to  th e  sp in a l canal was dou b tless ly  found  to  h av e  been  th e  
c a u se  o f m eningitis. T h is gives a to ta l  of 3 p e r  cen t. 58 cases y ie ld ed  no foci, 
e i th e r  in  the  b ra in  or in  th e  su rrounding  reg ion . T hese cases am o u n t to  29 per 
c e n t , (see Table I I ) .

TABLE II.

200 cases exam ined  in  deta il showed Number o f cases p e r  cent

Circumscribed tuberculous alteration in the central 
nervous system or in its vicinity ........................... 1 4 7 7 3 ,5

As focus could he regarded ......................................... 1 4 2 7 1 ,0

Cerebral tubercle.............................................................. 9 3 4 6 , 5

Meningeal tubercle .......................................................... 4 3 2 1 ,5

Tubercle of the dura........................................................ 2
Tubercle of the cauda .................................................... 1 3 ,0

Tubcrculotic spondylitis.................................................. 3
No focus present ............................................................ 58 2 9 ,0

T h e occurrence o f  foci an d  th e ir  respective  frequency  in th e  d iverse  regions 
is to  be  found in T ab le  I I I .

TABLE III.
Localization of foci within the central nervous system

Order Occurrence Number o f case*

l Frontal cortex.......................................... 6 5

2 Temporal cortex ................................... 5 3

3 — 4 Occipital cortex ................................. . 4 7

3— 4 White substance of hemispheres........ 4 7

5 Parietal cortex ....................................... 3 8

6 Cerebellum .............................................. 3 3

7 P o n s .......................................................... 2 4

8 In su la ........................................................ 1 9

9 Basal ganglia ....................................... 1 3

1 0 Peduncle ................................................. 1 2
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D iscussing each  k in d  o f  these  tubercu lous foci, we begin b y  analyzing  
cereb ra l tubercles.

T h ey  are  loca ted  m o stly  in  th e  hem ispheres of th e  ce reb ru m , a t  th e  
bo rderline  o f th e  co rtex  an d  th e  w hite  substance , or cortical su b s ta n c e . T hey 
m ost freq u en tly  occur in  th e  fro n to -tem p o ra l, th e n  in  th e  o cc ip ito -p a rie ta l 
lobes. A nother site  o f occurrence com prises th e  w hite  substance  o f  th e  hem i­
spheres, th e  p ons, in su la , less freq u en tly  th e  b asa l ganglia, p ed u n c le , spinal 
cord , hy p o th a lam u s an d  b u lb . (Fig. 1.)

Fig. 1.
Pea-sized, caseous focus in the medulla oblongata, immediately below the obex.

The num ber o f cereb ral tuberc les is eq ua lly  highest in th e  co rtic a l sub­
stan ce  of th e  cerebrum . M ost tu b e rc le s  w ere observed in  th e  f ro n ta l  lobes, 
th e n  in  th e  occip ita l an d  p a rie ta l lobes, finally  in  th e  w h ite  su b stan ce  of 
th e  hem ispheres, te m p o ra l co rtex  an d  cerebellum . W e observed fu r th e r  num erous 
tuberc les in  th e  insu la , pons and  peduncle. (See T able IV.)

C erebral tuberc les are  m o stly  m u ltip le  (Fig. 2), r a re ly  single 
nodu les. (Fig. 3). T h ey  are  o f  w idely  d iffering size. B eg in n in g  w ith 
th e  e lem en ta ry  tu b erc le , for th e  detec tio n  of w hich a  m icroscope 
is needed , up  to  th e  tu b ercu lo m a, large as a green n u t, all sizes a re  m e t w ith. 
A nyhow , th e  m illet-, o r sm all pea size is th e  m ost frequen t one. I t  m a y  b e  sta ted  
in  general th a t  th e  m ore num erous th e  tuberc les th e  sm aller th e ir  size, whereas 
so lita ry  tuberc les a re  reach ing  th e  m axim al size. Tubercles are  ro u n d , som etim es 
scalloped a t  th e  edge. T h e ir specific g reyish-brow n tinge m ak es d istinc tion  
easy  from  th e  su rro u n d in g  cerebral substance . T heir cross-section is hom ogeneous, 
o f a d ry  consistency , th e  cen tre  of la rg e r foci is soft. (F ig . 4.) A round 
th e  larger foci a capsule o f connective tissue m ay develop . This
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TABLE IV.

Order Occurrence N um ber of foci

l Frontal cortex..................................... .. 375
2 Occipital cortex..................................... 302
3 Parietal cortex....................................... 202
4 "White substance of hemispheres......... 198
5 Temporal cortex ................................... 128
6 Cerebellum ............................................. 111
7 In su la ........................................................ 6 4

8 P o n s .......................................................... 6 0

9 Peduncle ................................................. 42
1 0 Spinal cord............................................... 21

tis su e  stands ou t sh a rp ly  against the su rro u n d in g  cerebral substance . In  
sp o ra d ic  cases the  tu b e rc le s  becom e calcified. (F ig . 5.)

Fig. 2.
Lentil - and pea-sized, well circumscribed foci on the left side, located in the biventer lobe, on the 
border of the quadrangular and superior semilunar lobe, within the superior semilunar lobe,

under the pia and in the vermis.

Sm aller cerebral tu b e rc le s  can seldom be fo u n d  w ith o u t perfo rm ing  
se ria l sections or tra n sp a re n c y . In  other cases, th e  in ten se  local process devel­
o p in g  a ro u n d  the tuberc les re su lts  in  their d iscovery . N am ely  i t  occurs f re q u e n t­
ly  t h a t  a tubercle s i tu a te d  in  th e  cerebral su b s ta n c e  grows and  form s 
th e  c e n tre  of a developing e x u d a tiv e , caseous m en in g itis , o r m eningoencephalitis. 
W h e n  th is  happens, th e  dense , p roductive  foci w ith in  th e  ex u d a te  becom e clearly 
o u tlin e d . In  o ther cases, th e  m eninges above ce re b ra l foci m anifest a fibrous 
th ic k e n in g , they  are m ilk y  w h ite , and even tually  a d h e re  to  th e  dura . T he area 
a ffec ted  b y  the fibrous m en ingeal process is often su rro u n d ed  by  an area of tuberc les
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of th e  size of a p en n y , in  o th e r  cases th ere  is a h a n d b re a d th ’ area of d issem i­
n a ted  m illet-sized tu b erc les . These a lte ra tio n s a re  p a rticu la rly  suggestive w hen  
th ey  develop on th e  c o n v ex ity , on a region u su a lly  n o t, or only slightly  a ffec ted

Fig. 3.
Hazelnut-sized solitary tubercle above the right insula.

Fig. 4.
Softened tubercle, of pigeons-egg-size, in the right lentiform nucleus.
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w hile  th e  lep tom en ingeal regions a t  th e  opposite side a re  sm ooth.
A round  th e  focus b reak ing  in to  th e  cereb ral ventricle, th e  ep en d y m a is 

■dotted w ith  num erous tuberc les, th e  cho rio id  p lexus, transfo rm ed  in to  a fibrous 
fascicle , adheres to  th e  v en tricu la r w all an d  is covered w ith  a fibrinous- 
g e la tin o u s  exuda te .

T he h istologic aspect of cereb ral tuberc les varies. In it ia l  changes 
a re  m a in ly  no ticeab le  upon  tubercles lo c a te d  close to  the m eninges, or the

Fig. 5.
•Calcified hazelnut-sized cerebral tubercle, seated in the right putamen, claustrum and insula.

c e re b ra l ven tric les of recen t or n o n -tre a te d  cases. In  th is  area, th e  ganglionic 
cells w ith in  th e  m illet-sized  foci becom e b lo a te d  an d  dissolved. Som e leucocytes 
a re  to  be  observed in  th e  cen tre , w ith  a p ro life ra tio n  of glial cells on th e  p erip h ery . 
T h is  a lte ra tio n , w ith  its  ligh t co loration  a n d  foam y stru c tu re  is w ell ou tlined  
a g a in s t th e  neighbouring  cerebral substance . B y  m eans of Z iehl—N eelsen s ta in ing , 
n u m ero u s  tuberc le  bacilli a re  found  in  th e  tu b e rc le s .

R e la tiv e ly  im m atu re  foci are ch iefly  com posed  of leucocytes w ith  sh ru n k en  
p y k n o tic  nuclei an d  d estro y ed  cells fo rm irg  a m ass of débris w ith in  th e  centre. 
A ro u n d  th e  foci, th e re  is a d is tinc t in filtra tio n  o f round  cells. The glia is condens­
ed , th e  w alls of th e  su rro u n d in g  sm all a r te rie s  a n d  arterioles sta in  hom ogeneously , 
w ith o u t revealing  an y  s tru c tu re . The lu m en  is crow ded w ith e ry th ro c y te s , th e  
a d v e n t i t ia  m an ifesting  ro u n d  cell in f il t ra t io n . B roken , destroyed  vessels cause 
in  som e cases hem orrhage. Ganglionic cells, w ith  swollen b a llo o n ed  nuclei, 
a n d  ph ag o cy tes  co n ta in in g  lipoids, can b e  observed.
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L a te r  on, caseation  tak es  place in  the cen tre  o f such foci (see F ig . 6). T h e ir 
b o rd e r  is com posed of leucocytes b ea rin g  p y k n o tic  nuclei, nuclear shadow s an d  
déb ris . T here  are  num erous K och’s bacilli in  th e se  foci. On th e  p e r ip h e ry  of 
th e  n ec ro tic  zone, ro u n d  cell in filtra tio n  is in tensified , epithelo id  cells a p p e a r, 
follow ed la te r  on b y  g ian t cells of th e  L anghans ty p e .

T hese p roduc tive  foci are developing p a rticu la rly  if  evo lu tion  la s ts  
lo n g  u n d e r  th e  effect o f s trep to m y cin . T hey  also appear in acu te  cases

Fig. 6.
Cerebellar tubercle, with a caseous centre.

b u t in  such  in stances tuberc les are  s itu a te d  fu r th e r  aw ay from  th e  m eninges. 
Foci of such long s tan d in g  consist of ep ithe lo id  an d  g ian t cells, th e ir  cen tre  is 
h y a linous or caseous, an d  in  th e  la t te r  case th e y  co n ta in  a g ranu lous p rec ip i­
ta te  o f calcium  salts. C onsequently , h aem ato x y lin  sta in ing  of th ese  tuberc les 
re su lts  in  a m uch d a rk e r colour th a n  th a t  o f th e  environm ent.

W e have encoun tered  hazelnu t-sized , en tire ly  calcified cerebral tuberc les 
w ith  trace s  of ossification lead ing  to  tubercu lo u s m eningitis. A round th e  calcified 
tub erc les , th e  developm ent of considerable gliosis an d  fibrous connective  tissue 
could  be  observed in  th e  cerebral su b stan ce . Glial tissue m ay  su b s titu te  
sm alle r tuberc les, form ing th ere  specific round  or s ta r-sh ap ed  foci.

T hough these  old p ro d u c tiv e  foci p o in t to  a healing of the p rocess, they  
s till co n ta in  num erous K och bacilli an d  th e  possib ility  of a fla re -u p  is b y  no 
m eans negligible. T his becom es n a tu ra lly  ev en  less p robab le , i f  a fibrous
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cap su le  has been fo rm ed  a ro u n d  the  tu b erc le . T he chances of p ro p ag a tio n  a re  
c e r ta in ly  m uch m ore fav o u rab le  in  th e  foci p resen tin g  rap id  casea tion . In  these  
cases th e  m orbid  process m ay  often  be o b served  during  th e  a c t of in v ad ing  
th e  d e p th  of a su lcus or its  surface, p roducing  a  gelatinous, fibrinous ex u d a te  
b e tw e e n  th e  m eninges. T he process m ay  eq u a lly  sp read  in to  th e  v en tric le s  and  
i t  is som etim es possib le  to  observe th e  caseous m ass pouring  in to  v en tr icu la r  
ca v itie s  (Fig. 7.). H isto log ica l findings d e m o n s tra te  th a t  foci w hich m acroscopic 
ca lly  seem  to  lie fa r  from  th e  m eninges o r v en tric les  can s till b rin g  ab o u t 
m en in g itis . The ex ten sio n  o f th e  process fro m  th e  tuberc les to w ard s th e  lep to -

Fig. 7.
Several caseous foci within the Illrd ventricle have invaded the chorioid plexus, which is covered 

by fibrinous exudate and adheres to the ventricular wall.

m eninges or in to  th e  v e n tr ic u la r  system  th ro u g h  th e  perivascu lar lym ph-spaces 
is f re q u e n tly  no ted . T he V irchow -R obin  spaces are  d ila ted , a p e riv ascu la r 
caseous ex u d a te  m a y  occur. I n  o th e r  cases considerab le  p e riv a scu la r  
ro u n d  cell in filtra tio n  is p re sen t (Fig. 8.), fu r th e r  tubercles of m icroscopic 
size b u i l t  up of ep ithe lo id  an d  even g ian t cells m a y  ap p ea r in  a localisa tion  corre­
sp o n d in g  to  the  p e riv ascu la r spaces.

A n o th e r  group o f foci is com posed o f  m eningeal tubercles. T hese are  
u su a lly  num erous, w ith  th e  a spec t an d  size o f  a f la tte n e d  pea or b lack  pepper. 
T hey  s ta n d  ou t as d ry  nodules from  the  cereb ra l su bstance  (Fig. 9.) an d  are 
f re q u e n tly  localized in  th e  d e p th  of a sulcus, p ro tru d in g  from  th e  surface like 
m ush room s. In  o ther in stan ces , th ev  d ila te  th e  su lcus, s tay ing  h idden  w ith in
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Fig. 8.
Expansion of the tuberculotic process, starting from the cerebral tubercle and reaching the 

meninges through the perivascular spaces.

Fig. 9.
Multiple softened meningeal tubercles, seated bilaterally in an area between 

hippocampi and the base of the pons.
the fissura
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its  d e p th  and appearing  on ly  on cross sections. I t  occurs th a t  severa l m eningeal 
tu b e rc le s  localised w ith in  a deep sulcus, get coalesced d u rin g  g row th  and 
fo rm  a conglom erate tu b erc le . T h e  cen tre  of these tubercles is caseous, su rrounded  
b y  ep ith e lo id  cells, fib ro b lasts  an d  g ran u la tio n  tissue co n ta in in g  g ian t cells 
o f  th e  L anghans-type.

M eningeal foci are  seldom  seen to  form  those f la tly  p ro m in en t, 
fib ro u s tuberc les tak in g  th e  size o f a p en n y  or of th e  h a n d b re a d th  o f an  in fan t, 
w h ich  a re  designated as » tu b erc les  en  p laques«.

W e no ted  2 instances o f  th e se  tuberc les. The first w as loca ted  on th e  convex­
i t y  o f  th e  righ t fro n ta l lobe  a n d  w as com posed of coalescing bean - and  
c h ild -p a lm  sized foci. (Fig. 10.) In  re la tio n  to  th e  a lte ra tio n s , th e  lé p te ­

i ig .  10.
Tubercle en plaque, correspondent to the frontal convexity. The granulomatous, highly fibrous 

tissue penetrates into the depth of the sulci, but does not invade the cerebral substance.

m en in g es  adhered firm ly to  th e  d u ra , so th a t  th e  rem oval of th e  b ra in  h a d  to  
be e ffe c ted  by  separa tion  fro m  th e  d u ra  b y  a knife. The process p assed  deeply  
in to  th e  sulcus, b u t d id  n o t  p e n e tra te  in to  th e  cerebral su b stan ce  an d  only 
d e s tro y e d  i t  by  the  com pression  ex e rted . H istologic findings p ro v ed  th a t  it  
c o n s is te d  of fibrous con ju n c tiv e  tissu e , w ith  d issem inated  caseous a reas, an d  at 
th e  p e r ip h e ry  of granu lom atous tissu e , com posed of ep ithelo id  cells an d  fib roblasts.

T h e  second tubercle  en  p laq u e  w as loca ted  in  re la tion  to  th e  p ons, i t  was 
o f p e n n y  size, and the  pons a d h e re d  to  th e  clivus in  th e  affected  area . G elatinous 
e x u d a tio n  occupied th e  p e rip h e ry . T he histologic p ic tu re  show ed ep ithelo id  
a n d  g ia n t  cells com posing a g ran u lo m a to u s  tissue m an ifesting  signs o f hyalinous 
t ra n s fo rm a tio n .

T w o cases of m eningitis could  be traced  to  tubercu losis o f th e  d u ra . The 
firs t p re se n te d  5 caseous nodu les  o f pea  or shelled h aze ln u t size, localized  on the  
in te rn a l  surface of the  d u ra , in th e  area o f th e  hem isphere’s co n v ex ity , righ t
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an d  left o f th e  superior sa g itta l sinus (Fig. 11.) In  the region co rrespond ing  
to  th e  foci, th e  du ra  adhered  to  th e  arachno idea, w hich w as o f a g ra n u la r  
ap p earan ce  and  con tained  num ero u s m illet-sized tuberc les. T he m a jo rity  o f  
nodules w as caseous, and  co n ta in ed  ep ithelo id  an d  L an g h an s’ g ia n t cells 
w ith  a large num ber of K och bacilli. On th e ir  p erip h ery , a fibrous capsu le  could  
be d em o n stra ted . In  th e  second case, a m u ltitu d e  o f len til-sized  tubercles*  
d isp lay ing  an  identical s tru c tu re , s itu a te d  on th e  in te rn a l surface o f th e  d u ra  
n e a r  to  th e  cervical segm ent o f  th e  spinal cord, could be considered  as t h e  
cause of th e  diffuse tubercu lous m eningitis.

Fig. 11.
Bean-sized, caseous tubercle, situated on the lining of the dura, and recognized as the source

of diffuse tuberculous meningitis.

W e have noted  one case w here th e  source of m eningitis was a cong lom erate  
of bean-sized  tubercles sea ted  betw een  th e  roo ts of th e  cauda  eq u in a . 
A  d e fin ite  productive reac tio n  d istingu ished  th e  p e rip h era l a rea . T h e  sp inal 
process unequivocally  d o m in a ted  th e  en tire  aspect of th e  m en ing itis . 
H isto log ical exam ination  show ed th a t  i t  was com posed of ep ithe lo id  an d  g ian t-cell 
tuberc les, w ith  a caseous cen tre  con ta in ing  dem onstrab le  tu bercu losis  bacilli.

In  3 cases, th e  tu b ercu lo u s m eningitis o rig inated  from  tu b ercu lo u s  
spo n d y litis . The p a tien ts , su b jec ted  to  p ro trac ted  strep to m y c in  th e ra p y  on 
acco u n t o f  spondylitis, had  developed  m eningitis d u ring  th e  tre a tm e n t. A u to p sy  
rev ea led  th a t  th e  tubercu lous caries had  broken  in to  th e  sp inal canal ; th e  
m eningeal process was m ost accen tu a ted  in its  v ic in ity .
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O rigin and  evolution o f tuberculous foci

Studying  th e  a lte ra tio n s  encountered  occu rring  con jo in tly  w ith  tubercu lous 
lesions in  o ther p a r ts  o f  th e  organism , we fo u n d  th a t  tubercu lous foci of th e  
b r a in  and  its  su rro u n d in g s  a re  th e  resu lt o f h em ato g en o u s in fection . The origin 
o f  th e  tubercu lous p ro cess  is generally a p r im a ry  com plex. T h is v iew  is confirm ed 
b y  th e  fac t th a t  ce reb ra l tuberc les often  develop  a t  a tim e , w hen th e  p rim ary  
co m p lex  is th e  only tu b e rc u lo u s  process w ith in  th e  organism .

F rom  the  339 cases sub jec ted  to  in v es tig a tio n , 306 disclosed p rim ary  foe1 
o r  caseous tub ercu lo u s h ila r , p a ra trach éa l a n d  m esen te ria l lym phnodes. Am ong 
th e s e  there  were 17 cases of calcification , 7 of p ronounced  scarification. 
I n  17 instances — m ain ly  in  a d u lt subjects — th e  s ite  o f invasion  was a progressive 
o rg an ic  tuberculosis m o s tly  of the  jo in ts  a n d  bones. 16 cases o u t of 339, 
a n d  10 ou t of 200 sy s tem atica lly  s tud ied  ones failed  to  show  tubercu lous 
changes in o ther p a r ts  of the  organism . E ach  o f th e  10 w as found to  
m a n ife s t tubercu lous foci in  th e  b ra in , o r a ro u n d  th e  cen tra l nervous system , 
a n d  th ese  were w ith o u t excep tion  large p ro d u c tiv e  foci, a t  least of th e  size 
o f  a  pea  su rrounded  b y  a  fibrous capsule. T h is proves th a t  d issem ination  had  
ta k e n  place some tim e  before, the  cereb ra l foci rem ain ing  la te n t while 
th e  p rim ary  com plex h ea led  and was no  longer traceab le  a t  post-m ortem  
ex am in a tio n .

A n argum ent in  fa v o u r  of the hem atogenous orig in  is th e  parallelism  of the  
n u m b e r  of foci in  th e  n e rv o u s  system  w ith  th e  degree of generalization  observable 
in  th e  organism . T h is w as especially  tru e  in  w idesp read  m iliary  tubercu losis, 
w h en  num erous m ille t-sized  tubercles, possib ly  over a h u n d red , developed in  the  
c e re b ra l substance a n d  led  to  m iliary  cerebral tub ercu lo sis  (see F ig . 12). In  such ca­
ses i t  could be estab lished  b y  careful in v e s tig a tio n  th a t  some tuberc les h ad  grown 
la rg e r  th a n  the re st, a n d  ev en tu a lly  fused w ith  neighbouring  tuberc les, form ing 
in  th is  fashion cloverleaf-shaped  foci in  th e  d e p th  of som e sulcus. Subacute 
m ilia ry  tuberculosis p ro d u c e d  larger cerebral fcci.

T he m ajor p a r t  o f tuberc les, as s ta te d  before, o rig inated  chiefly  from  
b acillem ia , arising from  th e  p rim ary  com plex. G eneralization  tak es  place 
w h en  allergy and  re s is tan ce  of the  o rgan ism  have n o t y e t developed. 
T h is  is confirmed b y  th e  histologic c h a ra c te r  of th e  foci, inasm uch  as
( in  th e  beginning th e  evo lu tio n  of specific g ran u la tio n  tissue is missing 
a n d  th e  lesions a re  m o re  of the  e x u d a tiv e  ty p e . These foci increase
ra p id ly  in  size and b r in g  a b o u t diffuse e x u d a tiv e  tubercu lo u s m eningitis w hen­
e v e r  th e y  are lo ca ted  n e a r  the  m eninges o r th e  ven tric les. If, how ever,
th e y  are  seated  deep ly  in  th e  cerebral p a ren ch y m a , th e re  is a good chance
o f  encapsu la tion , a ss is ted  b y  th e  favourab le  cond itions produced  by  the  
dev e lo p in g  resistance o f th e  organism . T h is is how  th e  haze lnu t or n u t­
sized  tubercles lead ing  to  clinical sym ptom s are  developed.
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T h e  rest o f ce reb ra l foci develops as th e  re su lt o f la te  d issém ination . 
T he la t te r  will ta k e  p lace w henever and  w herever a progressive tubercu lous 
focus is p resen t in  th e  o rgan ism . C onsidering, how ever, th a t  b y  th a t  tim e  the  
resistance  of th e  organ ism  has been fu lly  developed, th e  grow th o f  foci is slower 
and  th e re  is a possib ility  of encapsu la tion .

I t  is possible, how ever, to  d em o n stra te  tubercu losis bacilli in  such in capsu la ted  
foci, w hich are a co n s tan t m enace to  th e  organism . T he decrease o f res is tan ce  of an

Fig. 12.
Miliary cerebral tuberculosis : several tubercles of pinhead size can be observed on the border 
of the cortex and white substance, in the pons, — further, a well circumscribed tubercle can

be noted inside the corpus callosum.

o rg an ism  is su b jec t to  ou tw ard  and  inw ard  influences. These w ill ren d er in ­
fectious agen ts in  th e  foci m ore v iru len t. A focus w hich had  been  encapsu la ted  
m ay  d is in teg ra te  an d  th e  discharged bacilli m ay  b ring  ab o u t a diffuse 
tubercu lous m en ing itis. T his pathogenesis is well illu s tra ted  by  th e  follow­
ing case.

A m ale su b jec t 40 years of age had  suffered  during  adolescence from  
a specific p u lm o n ary  affection  w hich had  healed  a fte r 6 m on ths a n d  d id  cause 
no inconvenience in  la te r  years. 8 years before adm ission, sy m p to m s of hyper­
tension  and  increased  in tra c ra n ia l p ressure h ad  been recorded. A fte r unsuc­
cessful conservative  tre a tm e n t, lum bodorsal sp lanchnectom y accord ing  to  
S m ithw ick  was perfo rm ed , following w hich th e  p a tie n t  developed  headaches. 
A fter th e  second in te rv e n tio n , th e  p a tie n t’s cond ition  becam e w orse, an d  am ­
blyop ia , followed b y  loss o f consciousness and  d ea th  ensued 3 weeks a f te r  th e  second

2 Apta M orphnîopica 1 1 4
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in te rv e n tio n . A utopsy re v e a le d  tubercles en p laques localized on the  conv ex ity  be­
side tubercu lous m eningitis. I t  is ev iden t th a t  a decrease o f resistance induced  b y  
th e  o p e ra tio n  had a c tiv a te d  local m eningeal processes o f long s tan d in g  and  of 
fib rous-hyalinous c h a ra c te r  b rin g in g  thus ab o u t a diffuse tubercu lo u s m en in ­
g itis  o f  le tha l outcom e .

Tuberculous m en in g itis  being  a disease com m on in  in fancy  an d  childhood, 
ce re b ra l tubercles are  also  m ore common in  ea rly  years. I f  tubercu lous 
m en in g itis  happens to  d ev e lo p  in  the  a d u lt, cereb ral tuberc les m ay  also 
o ccu r. T he correlation b e tw een  age and foci is d em o n stra ted  in  T ab le  Y .

TABLE Y.
Distribution of subjects according to their age. Interrelation of tuberculous foci in the brain 
and age. On the abscissa, age of patients ; on the ordinate, number of cases. The upper curve 
indicates the total number of cases, the lower one only those in which a cerebral focus was 

found, which could be considered as source of tuberculous meningitis.

Results

I n  71 per cent, o f th e  200 cases discussed w ere th e re  p re se n t in  th e  
c e n tra l  nervous system  o r in  i ts  neighbourhood foci from  w hich tu b ercu lo u s 
m e n in g itis  m ay have s ta r te d . T here  are am ong th e  cases tw o defin ite  g roups in
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w hich foci in  th e  nervous sy stem  occurred  in  a m uch h ig h er percen tage. 
T he f ir s t  group included  cases o f tubercu lous m eningitis in  w hich no  o th e r  tu b e r­
culous change occurred  in  th e  organism . T he second group w as com posed  of 
cases w ith  relapsing tu b ercu lo u s m eningitis.

T here  were 10 cases in  w hich  no tu b ercu lo u s change a p a r t  from  m enin­
g itis w as p resen t. E ach  case y ie lded  a focus in  th e  cerebral su b s ta n c e , o r upon 
th e  m eninges, w hich fu lly  accoun ted  fo r th e  origin of tu b e rcu lo u s  m eningitis.

A m ong th e  200 cases o f tubercu lo u s m en ing itis th ere  w ere 16 relapsing 
ones. R elapsing  tu b ercu lo u s m en ing itis has been know n since th e  in s titu tio n  
o f s trep to m y c in  th e ra p y . T h e  specific changes on th e  lep tom en inges m ay  dis­
a p p e a r  as a resu lt o f s trep to m y c in  th e ra p y , sym ptom s as w ell as a lte ra tio n s 
o f  th e  CSF m ay  regress. R em ission m ay  la s t for a long tim e  ; we h a v e  observed 
cases w hen  th e  child  rem ain ed  in  w h a t seem ed good h ea lth  fo r  2 y ears . In  
o th e r  instances only a few m o n th s o f re lief w ere gained. A fte r a w h ile , how ever, 
th e  sym ptom s of tu b e rcu lo u s m eningitis re tu rn ed , and  becam e f a ta l  in  spite 
o f th e  strep to m y cin  an d  a d ju v a n t th e ra p y  in troduced .

15 o f th e  16 relapsing  cases of tubercu lous m eningitis o bserved  b y  us had 
a focus w ith in  th e  cen tra l n ervous system  or in  neighbouring reg ions. P a r t  of the  
cases m anifested  foci com posed of pea- or bean-sized m eningeal tu b e rc le s  provided 
w ith  a w ide, fibrous capsu le (F ig. 13). T heir inside consisted  o f a caseous 
m ass in  w hich tb c  bacilli w ere dem onstrab le . In  o th e r in s tan ces  foci sim ilar 
to  m eningeal tuberc les w ere no ticeable  in  th e  cerebral p a re n c h y m a . In  a 
single case of re lapsing  tu b ercu lo u s m eningitis, in  w hich a focus cou ld  n o t be 
d em o n stra ted , generalized m ilia ry  tubercu losis w as p resen t a n d  th e  hypo thesis 
th a t  th e  bacilli reached  th e  m eninges b y  w ay  of th e  b loodstream  seem ed  justified .

T he question  rem ains, in  w hich w ay tubercu lous m eningitis h a d  b een  b rough t 
a b o u t in  cases in  w hich th e  cen tra l nervous system  an d  its  im m e d ia te  vicin ity  
disclosed no focus upon  investig a tio n . N egative  resu lts  m ay  be p a r t ly  explained 
b y  in ex ac t techn ique, —  sm all tubercu lous foci m ay  nam ely  rem a in  undetec ted  
in  th e  cerebral sub stan ce . Besides, i t  m ust be assum ed t h a t  p a r t  of the 
tu b ercu lo u s m eningitis cases are  th e  re su lt o f  hem atogenous d issem ination . 
E v e n  so, i t  is strik ing  th a t  th o u g h  p a r t  o f th e  cases is accom panied  b y  generalized 
m ilia ry  tuberculosis of th e  organism , o th e r cases fa il to  m an ifest genera lized  pheno­
m ena and  th e  p rim ary  com plex is associated  solely w ith  tu b ercu lo u s  m eningitis.

I t  doubtlessly  follows from  th e  above d a ta  th a t  even in  cases o f tu b e r­
culous m eningitis in  w hich th e  absence o f foci w ould p o in t to  a hem atogenous 
pathogenesis, bacillem ia alone can n o t be m ade responsible fo r th e  process. 
T h e  fac to r allied to  bacillem ia in  allow ing th e  process has n o t b een  cleared and 
as to  its  n a tu re  one is le ft to  conjectures.

In  th is  sense, th e  vessel-factor, investig a ted  b y  A geytchenko, probably 
p lay s some role. The p a r t  o f cerebral and  m eningeal vessels in  th e  evolution 
o f  tubercu lous m eningitis has been s tu d ied  b y  several S o v ie t authors.

2*
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T h e  in v estiga tions of M a rg u lis , Skhvortzov, S trukov  a n d  Abrikosov  have p roved  
th e  f a c t  th a t  infection in v a d e s  th e  central n e rv o u s sy s tem  w hen th e  v ascu la r  
b a r r i e r  is being d am aged , w h e n  hyperergic a lte ra tio n s  occur in  th e  vessels. T he 
n a tu r e  of im m uno-biological changes leading to  hypererg ic  vessel a lte ra tio n s 
a n d  b a rr ie r  damage is s till a  question  w aiting fo r answ er.

T h e  chorioid plexus is likew ise  a factor of im p o rtan ce , to  w hich a considerable 
ro le  in  tuberculous m en in g itis  h as  been a ttr ib u te d  in  th e  investiga tions o f Sepp, 
Y ero feyev  and Kment.

Fig. 13.
Pea-sized tubercle in a fibrous capsule, below the infundibulum, from where relapse of an appar­
ently recovered tuberculous meningitis started. On both sides, masses of gelatinous, partly

caseous, exudate.

A ltera tions of th e  v a s c u la r  fac to r and of th e  chorio id  plexus are am ong 
th e  p ro b le m s our In s t i tu te  h a s  been also s tu d y in g . O u r own observations 
w ill b e  published elsew here. T h e  investigations h ith e r to  perfo rm ed  con­
c lu d e  in  th e  fact th a t  c e r ta in  v ascu la r a lte ra tions, w hich  canno t be discussed 
h ere  in  d e ta il, or tubercles fo u n d  in  th e  chorioid p lexus, m a y ,in  certa in  cases, p lay  
an  im p o r ta n t  role in th e  d ev e lo p m e n t of tubercu lous m eningitis.

P ractical conclusions

T h e  above investig a tio n s h av e  led us to  conclude  th a t  in the m a jo rity  
o f cases th e  developm ent o f  tubercu lous m en ing itis  is being in itia te d  b y
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cerebral or m eningeal tubercles. The la t te r  reach  in  the  course of th e ir  g row th  
th e  m eninges or, less com m only, b reak  in to  a  cerebral ventricle. T h is  ty p e  of 
pathogenesis w as p a r tic u la rly  frequen t in  re lap s in g  tuberculous m e n in g itis  and  
in cases in w hich o th e r  p a r ts  of the organism  w ere exem pt of tu b ercu lo tic  process.

A cquain tance  w ith  cerebral or m en ingeal focal lesions m akes i t  possib le  to  
u n d e rs tan d  those cases in  w hich the  presence o f  K och  bacilli in the  CSF is n o t asso­
c ia ted  w ith m eningeal sym ptom s. These b a c illa r  findings do no t e n ta il an  ac tu a l 
tubercu lous m en ing itis, th e y  are, how ever, a lik e ly  proof th a t a tu b e rcu lo u s  focus 
is developing w ith in  th e  cen tra l nervous sy s te m , w ith  the  corresponding m enace 
of tubercu lous m en ing itis (serous m eningitis o f  L incoln). The im m ed ia te  ad m in is­
tra tio n  of in tra sp in a l strep tom ycin  is co n seq u en tly  indicated  w h en ev er such 
findings are  disclosed.

W hen tu b ercu lo u s foci have ac tua lly  developed , and m eningitis h a s  becom e 
m anifest, th e  chances of recovery  are m uch p o o re r, th ough  we have o b se rv ed  sm al­
ler tubercles being rep laced  by  glial tissue u n d e r  th e  effect of s trep to m y c in . T hese 
cases are, how ever, ra re  exceptions. A ccording to  several authors ( C hiari, Debré, 
Thiefry  and  B rissa u d , Ruzicska, Z o llinger), cerebral tubercles h a v e  a  poor 
prognosis. L arger tubercu lous foci in th e  b ra in  m ay even soften u n d e r  the  
influence of s trep to m y c in  th e rap y  (P éró).

The feeble ten d e n c y  tow ard  recovery  in  cerebral tubercles is ex p la ined  
b y  several facto rs. Baggenstoss, Feldm ann  a n d  H inshaw , effecting s tre p to m y c in  
co n cen tra tio n -te s ts  in  th e  cerebral su b stance , hav e  dem onstrated  th a t  th e  la t te r  
was free of s trep to m y c in  th ough  th e  C SF show ed a high c o n c e n tra tio n  of 
the  drug.

A ccording to  B éguin , strep tom ycin  is u n a b le  to  reach a high c o n c e n tra tio n  
in th e  caseous m ass, so th a t  the  path o g en ic  ag en t is a t liberty  to  m u ltip ly  
w ith in  th e  tu b ercu lo u s focus. This process is fu rth e red  by  the  ac id  re a c tio n  
developing in  th e  caseous foci, w hich, accord ing  to  Abraham  a n d  D uthie  
neu tralizes th e  a n tib a c te ria l effect o f th e  a lk a lin e  strep tom ycin .

These dem arca tio n s, lim iting  th e  c u ra tiv e  possibilities o f tu b e rcu lo u s  
m eningitis, are increasing ly  valid  for re lap sin g  tubercu lous m eningitis. T h e  fac t 
th a t  we w ere able to  discover tubercles o f o ld  stand ing  in th e  b ra in  o r up o n  
th e  m eninges in  93 p e r cen t., presented  th e  clue to  an  eventual relapse. T h e  poor 
prognosis o f re lapsing  cases m ay be ex p la ined  b y  th e  phenom enon t h a t  tu b e r ­
culosis bacilli lib e ra ted  from  the  focus in v a d e  th e  meninges when resis t ance  to  
strep to m y c in  has developed after the  first t r e a tm e n t ( Madigan, Sw ift, Brownlee  
and  W righ t).

In  view  of th e  fa c t th a t  these tu b ercu lo u s foci m ay lead a t a n y  tim e  to  a 
fla rin g  up  of th e  m eningeal process, it  is im p e ra tiv e  th a t  exact neu ro log ica l 
investiga tions should  be m ade for th e  de tec tio n  o f  tubercles in  cases o f tu b e rc u lo u s  
m eningitis reg istered  as »recovered«. In  p a r t  o f  th e  cases there  is a fa ir  ch an ce  o f  
success since —  accord ing  to  our observations —  th e  tubercles found in  re lap s in g
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m e n in g itis  are of fa ir  size and  freq u en tly  occu r in groups. As a  r a re  
e x c e p tio n , we m ay  m en tio n  cases in  w hich ca lc ified  foci were d e tec ted  b y  X - 
r a y  e x a m in a tio n .

Summary

Investigation of 200 cases of tuberculous meningitis led to the conclusion that 
in the origin of the process, tuberculous foci within the central nervous system or its imme­
diate vicinity are playing the decisive role. They invade the meninges either by direct contact 
or through the perivascular lymph spaces (71%). In 93 cases foei were located in the cerebral 
or spinal substance (46'5%), 43 cases yielded meningeal tubercles (21,5%), 2 cases tubercles 
on the dura, 1 in the cauda equina. Finally, in 3 cases the source of meningitis was tubercu­
lous spondylitis breaking into the spinal canal (3%). In 58 cases (29%) we failed to de­
monstrate focal findings, but even these cases of meningitis can hardly be ascribed to 
hematogenous dissemination alone, and other factors (vascular factor, chorioid plexus tuber­
culosis) must also be taken into account.

Attention must be called to cases devoid of any other tuberculous change in the or­
ganism. Out of 10 such cases of tuberculous meningitis each presented a tubercle in the 
central nervous system or its nearby regions. We e camned 16 cases of relapsing tuberculous 
meningitis, in 15 of them (93,6%) the original focus was found in the brain.

Relapsing tuberculous meningitis is induced by the breaking out and into the meninges 
of tubercles, encapsulated after the first attack once more. The prognosis of such cases is 
usually a poor one.
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ПАТОГЕНЕЗ ТУБЕРКУЛЕЗНОГО МЕНИНГИТА 

Г. Рона и Я- Леринц 

Р е з ю м е

В 200 случаях туберкулозного менингита наблюдения авторов указывают на то, 
ьто при возникновении процесса решающую роль играют образующиеся в центральной 
нервной системе, или по ее близости, туберкулезные очаги, которые или непосредствен­
ным расширением, или же через периваскулярные лимфатические щели инфицируют 
мозговые оболочки (71%). Из всех очагов 93 размещались в веществах мозга (46,5%). 
43 представляли собой бугорки в оболочках головного мозга (21,5%), в двух случаях 
авторы наблюдали очаги в твердой мозговой оболочке, в одном случае в конском хвосте, 
а в трех случаях источником менингита был проникнувший в позвоночный канал тубер­
кулезный спондилит (3%).

В 58 случаях (29%) авторы не могли доказать присутствие такого очага, однако в 
большинстве этих случаев возникновение туберкулезного менингита нельзя объяснить 
только гематогенной диссеминацией и необходимо принимать во внимание и другие 
факторы (фактор крови, туберкулез сосудистого сплетения).

Авторы особенно подчеркнул те случаи, при которых они в других местах орга­
низма не нашли изменений, указывающих на туберкулез. В 10 случаях такого туберкулез­
ного менингита они в каждой из этих случаев могли найти бугорки в центральной нервной 
системе или по ее соседству.

Авторами были исследованы 16 случаев возвратного туберкулезного менингита. 
Среди этих они в 15 случаях (93,6%) нашли исходный очаг в мозгу.

Следовательно рецидирующий туберкулезный менингит возникает таким образом, 
что инкапсулированные при первом процессе бугорки опять воздействуют на оболочки. 
В таком случае прогноз в общем неблагоприятнее.
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