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u i~c l r~nn iu1s~~na iua31~1d~us :u~1d~:a1~?~~~1na1 ;1  
iaarliol~iEnIrntdo{unuoqGninu$uln'& a:n'oq 

~ i a ' u ~ o o ' e r l u n i s l i o I r d m ~ f a ~ u d ~ ~ n i s l u n i r d i o i ~ ~ : ~ ~  
{ufiusloqiismer iaa: idoiauni~uai isn i~ i1~ l~q3o 

~ u ~ u o ~ ~ b i ~ i n l n ~ n ~ l ~ u i ~ i ~ ! ~ a ~ w i w " ~ ~ ~ i 1 d l i ~ i &  

ana'iifu o:n"ilXa~~nisad~uuiada~Maiudrd:nis~i~u 

iqHnliia:wat8uidfiqniu nir~o:ihloo'rdnng 

nisddiq q a ~ ~ i ~ o ' i ~ ~ u ~ ~ ~ ~ s i u o ' ~ ~ u ~ ? o " i ~ w " n i ~ ~ r  

wui7n~rd~wui~~sn1sin"~ido~~auo~6n~~1uoinaaun~~u , I =J 

a d W  

~~%~vumoui1q q ( i~~u0 iZ i  1 )  t i 9 G 3  

1. Mucosal colonization a n d  invasion by 

bacteria 
a d  d l  9, 4 iiumirdudnoI~sin~liuo$un%~o~Gnaau oz 

Mucosal colonization and invasion by bacteria 

Bacterial entering and survival within blood stream 

Penetration of blood - brain barrier and illto CSF 

JI 
Local release of i~iflammatory cytokines in CSF 

i 
Adhesion of leukocyte to brain endothelium and diapedesis into CSF 

J, 
Exudation of albumin througl~ opened i~itercellular junctions of meningeal venules 

Brain edema, increased intracranial pressure, altered cerebral blood flow 

Cranial nerve illjury, seizures, hypoxic - ischemic brain damage, herniation 



Fnere:~~s~i~uns:p1auc6ii~ 7 $8 ' 
1.1 d d f l n ? 1 i % ~ 4 j ~ n 6 i ~ n ~ a s  secretory IgA 

W ' U ~ I  S. pneumoniae, H. influenzae iba: N. meningitidis 

fl11115~V4~dfl15 IgA protease ~ d i ~ V l < f l ' 1 1 ~  secretory 

IgA 1~~ 
1.2 a a u n i a ~ s n i ~ i ~ ~ ) d ~ l ~ i u n 1 5 ~ 1 5 a l a s  

A 
V U F U ~  (cilia) T S O ~ E I ? ~ ~ ~ M ~ ~ O ~ Z  mu41 H, influenzae. 

N. meningitidis n i u i ~ n ~ i a i s i ( ~ a a " i d ~ ~ G ~ ~ 5 " u u F u n l n "  

ara:M"ilw"w~i~"uo~"uu1'uniiiu1pl 

I .3 i a u n 4 i 7 a r n 1 : i n i T u i $ ~ 2 a  amzaiii.1 

Gaiw"ui iu3u raunida5ms.ahsni~~Euni i  "binding 
Y I 

ee d 
adhesins" ~ ~ W e ( ? ( H d 0 ~ ~ 3 0 1 ~ ~ 1 6 ~ ~ d n l t ~ ~ A d 8 ~ ~ 3  

" ~ 8 d f i d n 1 ~  1ms N. meninsit& & 8 d ~ i t % d 3 ~ i d P d 0 ~ f l  

oloiili8uni7 pili h ~ h ~  I U U O I : ~  H. influenzae 
A ~ l ; r ~ l i % ~  pili 

1.4 a iun i i~uqns iu i iu~doyGa~~ i~n~:~ in  

i z o a  $~imiuiknndirhlui$ai,da:vw"a l a s  
meninpitidis 5 n ~ ~ u e i i u i i l l a ~ i $ ~ y ~ ~ ~ 1 ~ ~ ~ ~ ~ u n  (non - 

ciliated epithelial cell) l ' A ~ f l 5 ~ ' ~ 3 ~ f l l 5  endocytosis d ? ~  
H, influenzae e i i u i d ~ ~ ~ ~ ~ n a n i ~ 1 ~ ~ 1 ~ n G a i i u ~ ~ u c s i 0  

i i~ud~uv~~nsl~l~ic11w~ad~q~avw"nn~dx~~if  (apical tight 

junction of columnar epithelial cell) 

2. Bacterial entering and survival within blood 

stream 
4 d 

w ~ ~ ~ i n a a u n ~ P s e r ~ i n i ~ G ~ ~ w " u i i ~ d a u w ~ s ~ ~  
A 23"uasii~nier f ; o : q n 5 ~ ~ k ~ ~ a ' u " ~ L l d i ~ n ~ : ~ ~ n F a G ~  ills 

%nsdn641~n1s~:6io'nad~~~n~a.u4u19uns:aaarlaw'n 
d 

% ~ U D I $ U  serum cornplernent ~ ~ 9 ~ 1 ~ ~ 1 5 f l 5 ~ ~ ~ ~ 1 9  

altei-nate pathway ~ 1 f l f l 1 5 ~ f l 3 4 1 ~ ~ ~ 1  S. pneumoniae, 

H, influenzae lit?: N. meningitidis ' $ ~ Q ~ G I ~ I u % A ~ ~  serum 
Li A 

complement 1 ~ 8 d 0 l f l z  capsular polysaccharide C1(9 

e ) o n q m ~ ~ o & i u q ~ i f ~ ~  serum cornplerl~ent 7 ;  

A u 41 S fimbriae J ~ Q P I O ~ K U  sialated glycoprotein) baa: 
capsular polysaccharide d 3 U 1 U n l l ~ ~ h % O d i ~ O h l 8 ~ 1 1 U i ~ 8 ~  

p . s ' 18naz8a~~f lu8d  ~ ~ ~ Z ~ ~ S I U ~ I U  blood - brain barrier 

a i a u i a ~ n ~ d s ~ ~ w ~ u o " i i ~ u X o ~ e 7 1 ~ u n i ~ i n ~ 1 " a v i o 1 ~ 1  

4. Local release of inflammatory cytokines 

in CSF 

V 4 ~ 4 0 l f l ~ l ~ I J F l i b ? f J d l ~  blood - brain barrier 

11a:~nnu1411dlu CSF i i ~ m u o : h l i d 8 l & i n t < o ~  

o l f I % ~  CSF ~ 5 ? ~ ~ l ~ ~ l ~ ~ ~ ~ ~ 3 i u 8 5 " 5 ' a  (humoral 

m e d i a t e d  i m m u n i t y )  ?Ai l6  c o m p l e m e n t  iia: 

immunoglobulin 8 ~ ~ ~ 5 : 6 ¶ ~ ~ 1 % 1 1 f l  0 l f l n l 5 ~ f l ~ l l ~ ~  

d5:iVlfffl%l'Iill~f1i~~n" W U ~ I  opsonic activity IU CSF 

ij~:di~1~1uinw?01lj~aau~unudnG iaa:wu5:n'u 

a i u ~ ~ < ~ n ~ ~ u ~ l s i ~ ~ u n ~ : i ~ n ~ a ~ n ~ p d ~ ~ ~ u ~ d ~ $ u  
~ u o s G n a a ~ l o i n a a ' u n i a " 5 ~  G s ? i w s i u a ~ p d 4 n i i n i 5 " ~ 1 ~  

~ ~ ~ ? ~ ~ M I ~ ~ ~ ~ ~ I ~ I ~ u w ~ Q I ~  immunoglobulin aka: 
'Yd 4 

complement ~ d f l 1 1 l 1 5 n ~ l u b ' u " l ~ ~ d ~ u  CSF ~ ~ ~ L W U P ~ H ? D  

~ ~ u i ~ s i : ~ 4 j f l i u i s n o o n ~ ~ ~ ! ~ ~ u u ? i a t M n " ~ n d i  8eiiq 

l ~ f ; ~ n 1 ~ " u 1 n ~ ~ & 1 u ~ 1 1 ~ 6 ~ n d 1 a i ~ ~ ~ a % w " i ~ u n 4 a ? ~ ~ ~ n i ~  

~~ln"F~ulnio"iiT~aia:~~i~i~~nai~~.u"%~.u"u"u~~~~~ni~~lu 

CSF ti9 IOO,OOO Oia~nui~lndi7aaPauns ozP1'1lw"ai7cl 

~ i n ~ ~ i a a t ~ i n i ~ i ~ n n ~ " u ~ ~ i d ~ $ % ~ n a ~ a ~ ~ n ~ n u ~ u  muii 
d d  L ' Y  I 

e r ~ d s : n e d ~ u $ u G a ~ o ~ l & ~ d ~ a n $ % ~ " u ~ ~ ~ ~ u ~ ~ a ~ ~ l a i i n  

e(c4iill~a" 1IW: lipopolysaccharide "Ud Q n e u m o n i a e ,  
Y I 

d W  dd0 

H. influenzae, N. meningitidis IbW: E. coli $d~1~d%Jlf391 

o ~ w 7 o r n u a ~ n ' ~ a b u G a n ~ : ~ u I X i i i c l n i ~ n f i ~ i ~ a : w X ~  

f l l 5 ~ E ~ f l d l  LLinflammatory cytokines3' 88nIJl%sd CSF 

r n r m d i i f ~ n a i a v ~ a  i i i i w u i i i u n u i ~ r i i i ~ ~ u n i r  
8 ' Y P  Li 

n 8 ~ ~ ~ i n ~ l ~ 0 ~ ~ ~ ~ 0 d ~ n 1 a l U ~ 8  interleukin - 1 (IL - I). 

interleukin - 6 (IL - 6) bba: tumor necrosis factor 

(TNF)' R I ~ I W ~ I ~ O D ~ & U I ~ ~ : I ~ ~ : ~ T ~ ~ % J ~ ~ ~ ~ ~ ' P ~ I U  

d*f--'Y 
I Y 

ni5n5:~ui~1(aa , . ,  ~ ~ n i u % u " ~ s w a ~ n R a G ~ i u i a 3 ~ ~  

tf~89%w"iTfld adhesive glycoproteins w"iIw"ainFaGn 
~ ~ a u ~ q u t a u ~ n ~ ~ ~ w d w w " ~ n " ~ u l u ~ o ~ ~ ~ a o n ~ s I ~ m  

3. Penetration of blood - brain barrier and 

into CSF 

nalni~a:diaiwu'~~aiu~i1?uqn51ukiu blood - 

brain barrier ~ ~ ~ ~ U ? ~ ~ ~ ! P ~ Z $ I R Y ~ ~ I ~ I L ~ ~ P J O U  31?13tUi 

~~o~lw'io:a~u~labw~diaiun~~uilud.u"lui~n"airi brain 

microvascular endothelium d 3 W ~ ~ % ~ ~ ~ f l l 5 ~ l ~ b ~ l ~ l  
Y 

l u s : u u d ~ z n i w d 3 u n a i ~ w ' u  o i n n i r i n ~ i I u . a ' m 5  
p lna~sw1 l i i l u~ rn1$0~u~%1~~6n~nuo in  E. coli E, coli 

U I S ~ C I $ U < O I ~ ~  cell suiface pilli ( T G ~ u \ Q W I : ~ ~ U ~ ~ U ~ ~  

5. Adhesion of leukocytes to brain endothelium 

and diapedesis into CSF 

0lnfll~fl5Ztfd"u89 inflammatory cytokines 

~ ~ l ~ T w " ~ n ' d ~ d i ~ M " i % w " 1 ~ ~ ~ ~ ~ ~ " u i 3 i ~ i : ~ ~ ~ ~ ~ d n " i P d 1 ~  

" u ~ ~ w a ~ n l a G ( s l n ~ ~ ~ F a u ~ i ~ u  adhesive glycoproteins 

o i n ~ u a i a ~ a ~ c ~ l w i ~ ~ o : ~ ~ w ~ n ~ a ~ i ~ ~ ~ ~ w a ~ c l ~ a G ~  a4'1 
h ~ ~ u  CSF ~ i ~ w " ~ i i w n i r ~ n i a u " u a ~ ~ d ~ ~ u n u o ~ ~ i u u i  

6. Break down of blood - brain barrier and 

exudation of albumin through open intercelllllar junctions 



of meningeal venules 

~ l f l t l 1 5 ~ ~ 9 ~ 1 5  inflam~natory cytokins 64 

blood - brain barrier 0 l n n l 1 ~ n ~ l ~ 3 ~ n ~ ~ d ~ f l ~ 1 4 ~ ~ ( s d " -  

5aanmsou wpriipr?a3mG~nGiaiu3o meningeal venules 

~ ~ u ~ n i s a a u n 6 a a r a s s o u d o s : m i i ~ a ~ a ~  (intercellular 

junctions) illnli~huIubiIdGrn5iavodaaoay~u~u 

waia~ia4iuiltr CSF 

7. Brain edema, increased intl-acranial pressure, 

altered cerebral blood flow 

7.1 Vasogenic mechanism - f ) l ~ f l l % ~ l ~ l ~  

%ad blood - brain ban-ier l b a : ~ n 1 5 @ 3 : 7 " ~ 8 9 1 1 8 ~ ~ ~ ~ % ~  

waia(iia4iuilu CSF ara:adBaiuos 
4 

7.2 Interstitial mechanism - 01n'n193@1~ 

n~4Jvnd CSF u?nm arachnoid villi gni/niUraololn 

ni5ani:nsgiusaun"u$10d1inFaGmvia 

lwns~$nisEnaa~r6~~i~w"z~n'a~id~z~ni~a5"1d 

aaa:~k~fl15~.saiuvw"n~nua~1~i~ oxygen free radicals 

aka: nitrogen intermediates Ulfl$U lf l l f i f la!f l f l l5 

n~prnuni5~Maa"7uva~~a~mL1d$au~di3uYd Inu  

d ? u i a l a f i m ~ 1 d a ~ ~ ~ ~ u a ~ o z a n a ~ ~ i % ~ a c b . a a " n u o ~  

8. Neurologic seque!ae 

oinwuitnmwiaiin$ulu CSF uaza&$u 
Y 

a u a ~  nicdaiinni~raua~4~r)uaaa:n~iun'u%uau~~q~Qu 

mwanoud?uiala~wi"~dadu~a(ua~ana~ o:fio?4'in"n 
ni~:aawsn4aumiuui~~iud~:ni5 '%$a~d 

- i ~~d5 :~1~~0~8dw"n15  (cranial nerve palsy) 

- Gfl (seizure) 
N 

- r .aa4~uosqnw" ia~~~ inn is6u i~~~on~aa~e3on-  

$LOU (hypoxic - ischemic brain damage) 

- f l ~ i ? I d i # B ~  (brain herniation) ~9810611X 

~43uiiiol?mFnu6~lwdu!$ i$asmnt?iwnuo~~nnn 

n a i u i . u " i l o ~ s w u i ~ n " i a ~ n 1 1 a ~ w u i ~ ~ 7 ~ ~ w ~ i  

v a ~ ~ s n i ~ a ~ u ~ u a ~ 6 n i a 1 ~ ~ i n 1 1 ~ 1 ~ 1 ~ a ? u ~ i ~ d u  <I%$ 
A u w ~ 1 ~ 1 n ~ 9 ~ i 1 a : a a u a w i ~ l ~ ~ l u n i ~ f n ~ i F ~ n I ~ G  

d ~ : 8 w ~ n i w ~ s $ w 6 w ~ : r ~ w n i ~ a ~ 1 6 m ~ i d ~ u i a a : G m ~ i  9 

miuws{dauas n'sd 
I .  < ia8u~9 ia"a~Aas lp -1 'u in ' iu~a~wv~~41  
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Y 

adaaavn~iiu (bactericidal) i~a:~ldut;034i l~~0~w*~%~~\  

~ d l n u i ~ 3 $ ~ n ~ ~ a S ~  ? 

aiodoin CSF opsonic activity diUin6d 
4 * ,  * 

~l$na'iailiY-, i s o " i ~ 8 u A ~ ~ l X o ~ W i u ~ a 5 w ~ ~ ~ w ~ ~ i ~ . i i a  
9 

aL~lfl?6?~ (bactericidal agents) bl~:01fln198nMl~9~~ 
d 

~ d a u a a a z - a " ~ a d w ~ a a ~ w p r i i n i ~ l ~ e r i ~ i ~ ~ a ~ w w u ~ w ' ~ ~ ~ i ~ ~ a  

w a n ~ ~ ~ n ~ ~ ~ : ~ n i ~ n ~ s l w " u i ~ ~ u ~ a ~ w ~ ~ ~ w ~ a ~ u ~ ~ ~ ~ ~  
Y 

n lcda0?qa?~l i~%odlG06dfln~d~~ (bacteriostatic agents) 

au'i~!58~a3u~aiiaLdwniilu~il~u$aad'1n"ipIui$iu 
s d ,  )i 

~ a ~ w G G q w s w i a G o ~ ~ n ~ ~ ~ m ~ i w " n ~ ~ ~ ~ a z ~ m ~ i n ~ s m ~ e r Y ~  

a 
wnaod~w"l%n~nnauo~udu~d~n~flproin H. influenzae 

6i0?$?'Lln15fnk!l$3~ ceftriaxone ~ $ d ? ~ i m % ~ d  

lipopolysaccharide (LPS) aaa: TNF TU CSF qdniiara: 

dswn9n'o'iu~uabniaGm"uialu CSF qsn?' in$ui ld& 

?prui&iwgaiiwoeii~Gliuar"iBiq a i n n i s ~ n ~ i d a u i  
e o.rauiiaiawldi9uiiuddsdoinoihuea~wliiqn$ 

l i i r i a l a u n ~ ~ u ~ a ~ a d i d 5 a n I f a  lnu~nwi:n~u - l a c t m  

w"il#Gni%naiu63 (lysis) vo~aaprnGa'?uaeiiduin aaa: 

ai3uv8diaun~i~u$aamnaaiua?iu ww"daua6'arod 

S. pneumoniae, LPS %8dlk~lFI$~~a~f l5%~t l~ o:%pI$ 

f l ~ Z ~ ~ f l l % ~ ~ l f l ' l ~ 1 ~ d i 9 ~ ~ 1 6 ~ d ~ ~  subarachnoid space 

~ ~ ~ 0 : ~ 5 : ~ ~ ~ 1 5 f l ~ i d ~ i ~ : ~ ~ d  intlamlnatol-y cytokinrs 

iiu?ulnn a i~ r ra~$~rn rbnmprv~da~a~u~%~o~u indu  , Y 

~ ~ ~ z ~ I ~ ~ " I ~ I u Q I D ~  blood - brain ban-ier j ~ ~ L ~ 9 ~ d $ ~  

~ i n a ~ ~ ~ a ~ ~ n a ' i a ~ ~ ~ ~ p r ~ n " i o u  7 $ < ~ ~ B T ~ ~ R I ~ o { x I  
e a  A 

auo~b~ iaua in~ in lnw i~uauaa~~~? .Gn i~ fn~ l i  {d3s 

i i u ~ u u i n ~ ~ G o i n i ~ ~ a a a ~ l u i ~ ~ ~ ~ ~ n  aa&3$90:~&~lw 

n s i i a u i  n'rhiai i inirn"i~al$olf ip. lunldi ia$q~ 
o:a3ua~i~uiu%uni~fn~~i15r la8o$ua(uo~~naa(u 

d l  

i M u l : ~ o ~ f i ~ n ~ d n 3 5 ~ q 9 1 ' 6 ~ d l l d ~ 8 ~ d  (highly bactericidal) 

adldrnrdil~i~anaiuk~a8u~iuauuin (not highly 

bacteriolytic) ~ 1 ~ ~ 1 5 ~ ~ P J 1 ~ ~ 0 d n ' ~ ~ ~ d ~ 7 " ~ ~ ~ ~ 9  WU<I 

~ w b s n l ~ o { u ~ u t ~ ~ n i ~ ~ ~ ~ i n  - E c o ~ i  uin"iuilafwniu 

carbapenemq ~ ~ R I A ~ U I J A ~ ~ ~ ~ ~ % U ~ I ~ ? ~ I ~ $ ~ ~ I ~ R U U  

adindu p-iactam $9&~aldlqn$GilXa<onaiu6rldi 
niiaaaGd?uia LPS %U CSF ~1i~4ini51duid~4au: 
63814 7 ~ani~in~1insAasn"nmiuFiold 

2. n3~1$ corticosteroid ~ ! T ) P J & ~ U  ~ u ~ ~ I ~ ? ~ I Y ~ E I  
$4~uI~mado{unuo~~na~proi~i~tIuPi~~~uM4o?i 

m-b%fi corticosteroid ~ ? P J ~ ~ U I ~ I U ~ ~ ~ W ? . U  



$dil?ulrndoflunuo~6n1nu~in11uni~u1~u~nt1ua~i~ 
nd~r /nk i ia : l la%uni3d~9n 'un is5n~~~lor i i9~~1~39  

uo.riia$unuo9dlfl*$uwGal~uiXiuga0w do9ain 
9% * 

corticosteroid iq918~Elg9fl15d~19 IL - 1 CLaE TNF Q l f l  

macrophage 60nns:PjU~nu LPS Iunao~nnao9 01n 

nirfinlnlu%inaao~wuii %un~u$~du~do<unuo9 

6fllEfEl~lfl H. influenza f l l 5%# dexamethasone YIZ@'ll6El 

ceftriaxone 0:25E&lJ TNF %U CSF l 1 ~ : ~ ~ 1 5 6 ~ 1 ~ 1 1  

i i o<uauosGouni in~ud%ai !~~u  dexarnethasone 

~~iafhkdi<% iid~¶Jilni5?# dexarnethasone ~ i h ~ i n  

lL ihupa%w I ka1u.1 5 . h  TNF 1u CSF im:nir 

~niaui$o+auos~!n"aaRiaq i ~ < u n m ~ u n i r I n '  

dexarnethasone ~ 9 1 g ~ ~ ~ k d d l n ' ~ n " W  Qlflf l ldnBl 
d C i P  

%~inn~~la~l8~15fli$0p9"%~a(p~696fliaiu H. influenzae 2 

51uaiu Inu~ ius iu t i~nZn~1i lu~ 1988 ! 8 u n i 5 ~ n ~ i  

ilElU prospective, randomized, placebo - controlled 

i ~ o ~ d ~ u u ~ ~ u u w a n i s ? n ~ i n " a u n i 5 l ~ u i ~ i u g a t i i ~  

(cefuroxime H?O ceftriaxone) 6~19i~~an'Wn'~lni3~n' 

~ l & i ~ B ~ ? ~ ~ 9 ~ a ' i ~ ~ ~ ~ ~ ~  dexamethasone (0.15 Un./flfl. 

qn 6 h lu r i duna i  4 i u )  wu{i%unt@d!n"?u 

dexarnethasone 3 ~ 6 ~ ~ P ) 3 ~ ~ i 1 a : i i a ~ i W 9 1 % ~  CSF TI69 

%n'nls?nul 24 ia%m anasnilaaa:~fi~n156~69 sensori 

neural hearing loss ~Gdf l l3?f l~ l  6 t?'dnipl"$in~i%u 

n?.udI~!n"?u dexamethasone o(iis%5d~%uni58n~id 

iu'o.rainii lyml$osni3~uuoui~if au1umrilnlndi 

%#laaini3%&?u dexarnethasone %iiaPduou ~11951~%n"?El 

dexamethasone 30 uiGtisulliinhugnlw %u%m:d 

ui~~ia%n"?~lna'~%#ui&iu~a~wi~.a"anaiu$a~ua~ 
4 

nl5hEIi?fI 1 51U9lU %9G1%94 Costa Rica %U 

$daai$n$daurgu~-dni6o$nraiur796niauain 

H. influenzae ~ f l i l n i 3 % 6  dexamethasone (0.15 Ufl. / fin. 

4n 6 h ~ u q  d u n m  4 i u )  ~nuitulnY 15 - 20 u i ~  

iioul&i&upa?w (cefotaxirne) wuiir:riumiunir~i 
w a ' o a ~ l o s t ~ a a l - u a ' u w a ' ~ ,  ni-6~nl-iru.uaJdo{uapIo;1 

iia:d?uim TNF %u CSF wG~1i7n15in~11 12 ialus 

an~ini ioei i92w'uar" i<~p11~ai~~ iia:wuiiiinZnia: 
l ~ ~ ~ n ~ o u n 1 s a u o 9 1 1 a t n i ~ % n " ~ u $ i n ~ 1 o e i 1 9 ~ ~ u d 1 ~ ~  Y u 

n1~arn"G' uonoinGoinni~Zn~iw"9 2 5iuqiu wuii 

nl5%w' steroid 1i!n"dl%63EuEtXIl$ CSF da8ni68~la4 

ua:!iwuwa,im,n&uddi~~oinni51W" steroid &q<~ 

nld%n"<iain& 2 n u n u o 4 ? u n l 5  steroid 

iaun'uuin"iwga?w (lnut<ulXrioun4ooeii~Gouw~ou 
d A *  

~ u n i ~ 1 # u i ~ i u a a f w )  lun i~ in~1~annmdaun"auFs~  

$o(unuodhtauainimni~u 

0$1d!4i?ti fi9lg~i6)fll~~9ii0da'lnl3%# steroid 
d a ,  ~ : ! ~ r t 1 u r ~ % u ~ n n n d a u n " a u ~ ~ n i ~ o ~ u n u 0 ~ 6 n ~ n ~ l  

oinaaunG~u&a$uwio%i id~qoin6q%iZni5ilnBi$~ 

woIun~ui$o(unuo~~ninuoini$o~u liaulu$n$i 

kliiinlinliui4iauwodo:i9$iini5%# steroid fau 

n'uui~iuQn~w?#d~:~u%w"uinnii 

3. iif~nirin~i$u'luilapfiuian:ouina6u 
% ~ ~ d w ' l Q E ! n " P 4 t l ~ f 8 ! ~  ? 

oinnaiuaru"i%oi~uan'~lwui5~ii~ni~w~wui5- 

n7r3nuiuos~~o~nunsdniaiuoini1u~~~uw"ilXZni~ 
Y Y  

~n lnnano . r~3n i r?n~ i~u  7 l n u l j s ~ $ n i 5 ~ ~ n 6 v i u  

aoudis 7 uo~nix~nido~nrainro~~iliaiuwionia:wX~ 

m5dDnal-J (mediators) 6 1 4  7 fll5i~lt?90~1P153wjl.11.1 

nisfinui3iYu!n"lifi 

3.1 non - steroid inflammatory agents 

(NSAID) l?h indornethacin 

3.2 phosphodiesterase inhibitors i ? i~  
pentoxifylline 

3.3 monoclonal antibodies 60 adhesive 
d d 

glycoprotein 1;~ IB 4 vsidu monoclonal antibody i 8  B2 

integrin adhesive glycoprotein 

3.4 monoclonal antibodies d8 IL - 1, TNF 
d 

lia: adhesive glycoproteins OPd 7 

3.5 cytokine inhibitors i i ~ d  TNF binding - 

protein, IF - 1 receptor antagonists 

3.6 oxygen free radicals inhibitor (fl1514 

4 1) 

1. w u i t R i i 3 n ~ a a : w a i ~ a ( ~ ~ ~ n u 1 " u o ~ n i ~ i ~ n  

lsni$o$unuos6niauoiniiun~i7ud~:nouAau 
n5zuauni5wniu<ume,ui~DLiD~~u na ip I l { i ~a i?u  

m s u i ~ n d 1 a l ~ u ~ ~ i ~ d 1 6 ~ 9 u n i r Z n ~ ~ 1 ~ ~ u ~ d o X u p . 1 1  
94 a s n i s % ~ i  7 %wni~?n~ i l sn ln "oe i i~Gds:~~%niw 

~ u o r i ~ w n i ~ ? i a u a ~ ~ w ~ i n ~ ~ w " n ~ ~ i i a ~ ~ ~ ~ ~ ~ ~ u l ~ d ~ d a u  
2 8  

2. nl3%6~1~1~ga~~~~~91'6wli~0(bactericidal 
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Pathophysiologic event 

Bacteriolysis within CSF and local release of 

inflammatory bacterial components 

Local generation of inflammatory cytokines within 

CSF (interleukins, TNF) 

Cytokine - induced exudation of neutrophils 

into CSF 

Activation of CSF neutrophils and local generation 

of vasoactive mediators causing breakdown 

of blood - brain barrier 

Potential therapeutic intervention 

New antibiotics that are bactericidal but less 

bacteriolytic 

Corticosteroids, pentoxifylline 

Corticosteroids, cytokine antagonists, monoclonal 

antibodies to adhesive glycoproteins 

Corticosteroids, pentoxifylline, antagonists of 

platelet activating factor, cyclooxygenase 

inhibitors, superoxide disrnutase 
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