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At t h e X I V Congresso La t ino -Amer icano de Neuroc i ru rg i a , a n I n t e r n a 
t iona l Sympos ium was held on M a r c h 13, 1971 on " T h e Cerebrospina l F lu id 
in H e a l t h and Disease" . I n t h e opening r e m a r k s , t h e c h a i r m a n pointed o u t 
t h a t a l t hough t h e meninges and spinal fluid h a d been recognized for centur ies , 
m a n y of the i r ana tomica l and physiological f ea tu res we re st i l l poorly defined. 
Even the m e c h a n i s m of resorp t ion of cerebrospina l fluid ( C S F ) is as ho t ly 
deba ted today as half a c en tu ry ago, when Weed disagreed w i t h Cushing 's 
hypothes is of open channels and s t a t ed t h a t C S F resorpt ion occurs by w a y 
of m e m b r a n e f i l t ra t ion. 

Arachnoid villi — Shabo and Maxwel l (Bethesda , U . S . A . ) descr ibed the i r 
combined l ight and e lec t ron microscopic s tudies of p r i m a t e (Macaque) a r a 
chnoid villi of t h e super ior s ag i t t a l s inus. T h e y found t h a t t h e villi a r e 
en t i re ly invested wi th an endothel ia l cell layer , cont inuous w i t h t h a t of t he 
d u r a l venous sinus, which sepa ra t e s t h e subarachno id con ten t s of t h e villus 
f rom the sys temic blood. T h e C S F p a t h w a y is i n t e rp r e t ed as a f i l ter ing 
m e c h a n i s m for t he fluid en r o u t e to c i rcu la t ing blood channels . N o endo¬ 
the l ium-l ined channe ls or o t h e r s t r u c t u r e s we re found which could be in te r 
p re t ed as d i rect p a t h w a y s l inking t h e C S F and blood. Consequent ly , t hey 
could no t confirm the notion of bu lk flow of C S F into t h e sys t emic c i rcula t ion 
by w a y of a rachnoid villi. 

However , o t h e r a u t h o r s we re no t r e ady to accept th is conclusion. 
Davson and Segal (London, Eng land) a rgued t h a t t h e force p e r m i t t i n g 
d ra inage of t he C S F is t h e difference in hyd ros t a t i c p r e s su re across the 
a rachno ida l villi b u t t he r emova l of p ro te in f rom t h e C S F is achieved by 
simple flow t h r o u g h la rge pores . T h e y re fe r red to t h e w o r k of We lch and 
associa tes who perfused par t ic les of v a r y i n g d i ame te r s t h r o u g h excised s t r ips 
of d u r a l s inus wal l and concluded a f t e r l ight microscopic examina t ion t h a t a 
s y s t e m of "coapted t u b u l e s " (4-12 m in d i a m e t e r ) exis ts w i th in t h e villus 
which provides a n open, d i rec t communica t ion be tween t h e subarachno id space 
a n d the d u r a l s inus. 

I n conf i rmat ion of t h i s concept, J . Dona ld McQueen showed a movie of 
oil par t ic les exud ing f rom t h e pacchionian g ranu la t ions in to t h e dog's longi
t ud ina l s inus . H e a n d his associa tes no t ed t h a t t h e a rachno id vil lus is a n 
obvious s i te for b lockade and t h e y the re fore m a d e a n a t t e m p t to ana lyze 
flow t h r o u g h th is s t r u c t u r e . T h e c lea rance of var ious m a t e r i a l s w a s observed 
w i t h a b inocu la r d issect ing microscope a f t e r t h e super ior s a g i t t a l s inus of 



t he dog h a d been opened in t h e midl ine and p re l imina ry i n t r aven t r i cu l a r 
sal ine i r r iga t ions used the c lear res idual red cells f rom t h e sys tem. Var ious 
ma te r i a l s , including saline, mock C S F fluorescein a n d t r y p a n blue w e r e 
injected into t h e vent r ic le to mon i to r t h e flow w i t h t h e dissect ing microscope. 
Th in mine ra l oil proved to be t h e m o s t useful agent . T h e s ame genera l 
p rocedure was car r ied ou t for t h e isotope s tudies except t h a t samples w e r e 
collected by a c a t h e t e r inser ted in to t h e to rcu la t h r o u g h a smal l tw i s t dril l 
opening. Sodium iodide was used w i t h 1 2 5 I , a lbumin was t agged wi th the 
s a m e t r a c e r a n d red blood cells w e r e labelled w i t h 5 1 C r . Samples w e r e 
collected f rom t h e to rcu la ; t hey w e r e m e a s u r e d wi th a g a m m a coun te r and 
c lea rance w a s expressed as the pe rcen tage of ac t iv i ty in th is effluent. T h e 
passage of saline, mock C S F and fluorescein was readi ly seen t h r o u g h t h e 
villa bu t was difficult to pho tograph . Thin, t in ted oil proved to be m u c h 
m o r e easily depicted c inematograph ica l ly in its t r a n s i t t h r o u g h the villus. 
Smal l drople ts formed on the sur face of t h e a rachnoid domes, coalesced 
w i t h o the r drople ts and then d isappeared wi th t h e i r r iga t ing fluid. T h e 
isotope s tudies we re per formed in an a t t e m p t to m e a s u r e re ten t ion . A m a r 
ked res t r ic t ion to the passage of blood was appa ren t . Significant concen
t r a t i o n was found in t h e s inus only w i t h the use of ve ry di lute suspensions 
a t 50,000 cells per c . m m . and a progress ive blockade was indicated w i t h 
heav ie r suspensions. 

T h e a u t h o r s concluded t h a t t h e r eady passage of fluid t h r o u g h villi 
is in keeping wi th flow t h r o u g h a porous sys t em as original ly indicated by 
K e y and Retz ius and as l a t e r sugges ted by Welch and coworkers (wi th 
tubu les ) and by Davson e t al. T h e appea rance of red cells and spheres 
wi th in villi sugges t s a definite f i l ter ing act ion due to t h e dual effects of 
bu lk fluid flow and re ten t ion . Th i s a rachnoid blockade as con t r a s t ed wi th a 
c i s t e rna l one occurs p r imar i ly in t h e villi. 

Choroid plexus — T h e s t r u c t u r e of t he choroid p lexus is s o m e w h a t 
b e t t e r agreed upon. Since the composi t ion of t h e C S F of t he fe tus differs 
f rom t h a t of t h e adul t , one would expect s t r u c t u r a l cor re la tes in t h e 
morphological deve lopment of t h e choroid plexus. Dr . Virginia Tennyson 
( N e w York, U . S . A . ) descr ibed t h e evolving plexus on the basis of l ight 
and e lec t ron microscopic s tudies . 

T h e ini t ial fold of t h e te lencephal ic choroid plexus is covered by a 
pseudost ra t i f ied epi the l ium. I t h a s shor t , t h in microvill i and t igh t junc t ions 
b u t re la t ive ly s t r a i g h t or only s l ight ly folded l a t e ra l surfaces n e a r t he base 
of t h e cell. T h e myelencephal ic choroid plexus, on t h e o t h e r hand , h a s a 
tall , c o l u m n a r ep i the l ium w i t h longer, m o r e polypoid microvil l i a n d s imi lar 
apical junct ions , b u t m o r e e labora ted folded l a t e ra l m e m b r a n e s . Glycogen 
a c c u m u l a t e s ea r l i e r in t h e myelencephal ic epi thel ium, b u t tends to r e m a i n 
in t h e base of t h e cell except for s ca t t e r ed par t ic les . T h e te lencephal ic 
ep i the l ium becomes co lumnar . I t amasses large quan t i t i e s of glycogen, dis
t end ing the cell and a lmos t ob l i t e ra t ing the microvil l i and folded cell p ro
cesses. T h e nucleus is displaced to t h e apical region and the organel les a r e 



reduced in n u m b e r and show u l t r a s t r u c t u r a l a l t e ra t ions . T h e m a r k e d diffe
rences be tween t h e two epi thel ia sugges t t h a t t hey a r e funct ioning differently 
du r ing t h e ear ly deve lopmenta l period. T h e te lencephal ic choroid plexus m a y 
have a nu t r i t i ve function. T h e myelencephal ic choroid plexus also s to res 
glycogen, b u t i t 's e l abora ted m e m b r a n e s and n u m e r o u s mi tochondr ia sugges t 
t h a t it m a y be forming cerebrospina l fluid by an ac t ive process . Au tophag ic 
vacuoles form in t h e glycogen masses in t h e l a t e r s tages . T h e s e s t r u c t u r e s , 
which a p p e a r to be derived from dis tended mi tochondr ia and associa ted 
smooth re t i cu lum, m a y play a role in t h e r emova l of glycogen f rom t h e cell. 

Formation of cerebrospinal fluid — Davson and Sega l noted t h a t t h e 
r a t e of secret ion of t h e C S F is fair ly c o n s t a n t being of t h e o rde r of 0 . 5 % 
per min. Carbonic a n h y d r a s e causes inhibit ion of secre t ion of t h e C S F 
leaving a res idual flow a m o u n t i n g to some 3 3 % of t h e no rma l . T h e only 
influence t h a t reduces t h e secre t ion f u r t h e r seems to by hypo the rmia . W h y 
a carbonic a n h y d r a s e inhibitor should be so effective, r ema ins a physiological 
puzzle. 

So far as p rac t i ca l appl icat ions a r e concerned, only t h e carbonic anhy
drase inhibitors, such as ace tazo lamide (Diamox) a r e of l ikely va lue in t h e 
t he r apeu t i c reduc t ion in secre t ion r a t e . However , if, as seems very likely, 
t h e cause of hydrocepha lus in all i ts man i fes ta t ions is a n obs t ruc t ion to d ra i 
nage, t hen m e r e reduc t ion in the r a t e of secre t ion can only be pal l ia t ive. 

T h e C S F is m u c h m o r e t h a n a filler of cavi t ies ; i t comes into close dif¬ 
fusional re la t ions w i t h the cen t r a l nervous pa renchyma , and diffusion be tween 
the C S F and nervous t issue, be it across the ependyma o r across t h e pia-glia, 
is unres t r i c ted . T h e close re la t ion be tween the C S F and bra in ex t r ace l lu l a r 
fluid migh t sugges t a s imi la r i ty no t only in composit ion, b u t also in mode 
of fo rmat ion ; thus , if t h e cerebrospina l fluid has a low concen t ra t ion of 
K + by compar ison w i t h blood p lasma, t h e n the ex t r ace l lu l a r fluid m u s t also 
have a low concent ra t ion of K +, and th is m e a n s an ac t ive process ope ra t ing 
across t h e blood-brain ba r r i e r . 

T h e evidence on the m a t t e r of an a c t u a l flow is conflicting. To s u m 
mar ize , t he C S F seems to be formed cont inuous ly a t a r a t e t h a t is abou t 
one half pe r cen t or less of t h e to t a l vo lume per m i n u t e . T h e process of 
format ion involves ac t ive t r a n s p o r t of ions, such as N a + and C l — , and 
seems to be analogous wi th fluid t r a n s p o r t processes in t h e eye, k idney or, 
gal l-bladder. As such, t he process is capable of genera t ing , and w o r k i n g 
agains t , qu i te high p ressures . T h e r e is no reason to doub t t h a t a n obs t ruc t ion 
to the d ra inage of C S F could r e su l t in t h e cont inued format ion of fluid 
w i t h ever increas ing p ressures . 

I t is now genera l ly accepted t h a t t h e m a j o r escape r o u t e for t he secre ted 
C S F is t h e a rachnoid villi. O t h e r si tes of d ra inage have been suggested, 
such as f rom the spinal subarachnoid spaces into the large spinal veins 
associated w i t h emerg ing nerve roots . T h e r e we re t w o physical fac tors 
favor ing passage f rom subarachno id space to vessel lumen, name ly the 
h igher hydros t a t i c p res su re in t h e C S F and the difference of colloid osmot ic 
p res su re be tween t h e v i r tua l ly prote in-f ree C S F a n d t h e p lasma. Whi l s t 



t h e r e is l i t t le doub t t h a t t h e hyd ros t a t i c difference of p res su re is a n impor
t a n t factor , t h e significance of t h e colloid osmot ic p re s su re of t h e p l a s m a 
has been called in to ques t ion on b o t h theore t i ca l a n d ana tomica l g rounds . 

David Bowshe r (Liverpool, E n g l a n d ) discussed t h e mechan i sms of p roduc
t ion and r emova l of C S F and t h e fac tors concerned w i t h t h e p re s su res 
exe r t ed wi th in t h e c r a n i u m by a r t e r i e s , s inuses, veins and cerebrospinal fluid. 

T h e to t a l vo lume of C S F is no rma l ly accepted as 140 m l ; of th is , a n 
ave rage 23 ml , a r e con ta ined in t h e vent r ic les and 30 m l in t h e spinal sub 
a rachnoid space leaving some 87 m l t o occupy t h e c ran ia l subarachno id 
space. T h e g l andu l a r n a t u r e of t h e choroid plexuses has been recognized 
for over t h r e e h u n d r e d yea r s . 

In spi te of these ea r ly observat ions , m u c h con t roversy has r aged over 
t h e m a n n e r by which C S F is formed. An ea r ly view r ega rded i t as a n 
u l t r a f i l t r a t e of p lasma, b u t evidence has been g radua l ly a c c u m u l a t i n g t h a t 
t he choroid plexuses have a n ac t ive sec re to ry function. Fol lowing t h e deve
lopment of a t echn ique for collect ing newly-formed fluid from t h e sur face 
of t h e choroid plexus, Ames , S a k a n o u s a n d E n d o w e r e able to prove t h e 
sec re to ry function of t h e choroid p lexus beyond all possible doubt . 

In t h e f irs t place, it should be no ted t h a t t h e sodium concen t ra t ion 
is t h e s a m e in p lexus and c i s te rna l fluid, a n d h ighe r t h a n t h a t of a p l a s m a 
u l t r a f i l t r a t e . T h e chloride concen t ra t ion a t t h e plexus is also s l ight ly h igher 
t h a n t h a t of p l a sma u l t r a f i l t r a t e . I n i ts passage from plexus to c i s t e rna 
m a g n a , t h e fluid gains chloride anions and loses potass ium, ca lc ium a n d 
m a g n e s i u m cat ions in app rox ima te ly t h e following p ropo r t i ons : Cl- : 4 . 3 5 % ; 
K + : - 1 0 . 8 % ; Ca+ + ; - 1 0 . 2 % ; M g + + : - 9 . 5 % . 

If secre t ion by t h e choroid plexus be r ega rded as the p r i m a r y source of 
C S F , exchange ( i . e . diffusion) b e t w e e n t h e neu rax i s and the f luid-containing 
cavi t ies m u s t be r ega rded as a second source . T h a t th is process can t a k e 
place across t h e ependyma is no t dependen t for i ts proof upon t h e chemica l 
ana lyses quo ted above, for it was empir ica l ly d e m o n s t r a t e d long ago by Dandy . 

We lch emphas ized t h e capac i ty of t h e s y s t e m to produce fluid by point ing 
ou t t h a t t he r a t e of fo rmat ion "in severa l ins tances th is ha s come to a n 
a m o u n t of fluid each m i n u t e a lmos t equa l to the weight of t h e plexus, a 
pe r fo rmance which r ivals t he h ighes t r a t e of reabsorp t ion of g lomeru l a r fil
t r a t e by t h e kidney." B r y a n and Coe d e m o n s t r a t e d t h a t cryogenic de s t ruc 
tion of t he choroid plexus of t he l a t e r a l ventr ic les reduces C S F flow f rom 
the c i s t e rna m a g n a by as m u c h as 2 6 % . 

T h e to t a l ex t r ace l lu l a r fluid vo lume is some 150 m l wi th in the ne rvous 
t issue — a q u a n t i t y a t least equa l to , if no t in excess of, t h a t of t h e C S F . 
W h e n isotopes of normal ly -occur r ing C S F elect rolytes a r e in t roduced into 
the isolated ventr ic les and subarachno id space of pa t i en t s wi th ven t r i cu lo
c i s t e rnos tomy tubes in w h o m t h e fluid p r e s su re is normal , d i sappearance is 
seen to be a mul t ip le exponent ia l process . These curves m a y be resolved 
into fas t and slow components . I t seems reasonable to a t t r i b u t e the rap id 
component to equi l ibra t ion wi th ex t r ace l lu l a r fluid, and the slow componen t 
to bu lk r emova l f rom t h e c ran iove r t eb ra l cavity. 



C S F exe r t s a p re s su re which is genera l ly g r e a t e r t h a n a tmospher i c . As 
a base-l ine, we m a y t a k e t h e a u t h o r i t a t i v e s t u d y of S p i n a - F r a n g a on 1,500 
h u m a n sub jec t s ; h e found a m e a n p r e s s u r e of 119 m m , w i t h a r a n g e f rom 
41 m m to 197 m m . 

R e g u l a r f luc tua t ions in p re s su re occur w i t h t h e a r t e r i a l pulse a n d w i t h 
resp i ra t ion . Unde r n o r m a l condit ions, t h e C S F p re s su re is independent of 
t h e sys temic a r t e r i a l p ressure . I n n o r m a l dogs for a m e a n C S F p re s su re of 
9 8 . 6 m m H 2 O , t h e m e a n p re s su re in sma l l subarachno id veins is 2 4 1 . 1 m m 
H 2 O , which gives a p re s su re g rad i en t f rom subarachno id veins t o i n t r a d u r a l 
s inus of a t leas t 165 m m H 2 O . I t is easy to d e m o n s t r a t e t h a t a n increase 
in ce rebra l venous volume, achieved t h r o u g h d a m m i n g back t h e outflow, in
creases the r a t e of r emova l of an e lec t ro ly te f rom t h e C S F . Doubt less t h e 
a r t e r i a l pulse, by caus ing r h y t h m i c va r ia t ions in cerebrospina l fluid p ressure , 
also aids in dr iv ing subs tances f rom t h e fluid into t h e veins. 

Recen t evidence sugges t s t h a t t h e r e is a s lowing of b u l k r e m o v a l in 
hydrocepha lus ; in m a n y adu l t cases, th i s m a y even be t h e p rec ip i t a t ing 
factor , due to blocking of t he d ra inage m e c h a n i s m s by suba rachno id h a e 
m o r r h a g e or low-grade chronic a rachnoid i t i s . Shu lman , Yarnel l , and Ran ¬ 
sahoff found t h a t in the n o r m a l dog, t h e p res su re in t h e super ior s ag i t t a l 
s inus w a s abou t 60% of C S F pressure , whi le t o r c u l a r venous p r e s s u r e (effec
t ively ex t r ac r an i a l in t h e dog) was only 30% of C S F p res su re . W h e n 
hydrocepha lus w a s induced, s ag i t t a l s inus p r e s su re rose t o a level only a b o u t 
2 5 % below t h e C S F pressure , b u t t o r c u l a r p res su re r ema ined a t i t s n o r m a l 
level. 

T h e ques t ion of blood flow is of c ruc ia l impor t ance in t h e progress ion 
of hydrocepha lus . H a g g e n d a l e t a l . us ing t h e k r y p t o n e l iminat ion technique, 
showed exper imenta l ly t h a t t h e r e w a s no change in ce rebra l blood flow if 
C S F p re s su re r anged f rom — 15 to 100 m m H g ; above th is level, however , 
t h e r e was a n increase in sys temic blood p r e s su re a n d a decrease in cerebra l 
blood flow. T h u s , increas ing C S F pressure , p robably caused in t h e f irs t 
ins tance by defective absorp t ion in non-obs t ruc t ive cases, p roduces increased 
ce rebra l venous p re s su re and decreased ce reb ra l blood flow. T h e resu l t ing 
i schaemia causes necrosis f i rs t of w h i t e m a t t e r . L a t e r in t h e course of t h e 
disease, t he cor tex m a y be m o r e affected t h a n t h e wh i t e m a t t e r . 

"Spon taneous a r r e s t " of hydrocepha lus occurs in a considerable propor
t ion of cases . Th i s can only occur if t h e r a t e of fo rmat ion is reduced to a 
level quan t i t a t ive ly equa l to w h a t t h e defective absorp t ive m e c h a n i s m can 
deal wi th . 

I n conclusion, Bowsher pointed ou t t h a t t he pa thologica l changes in hy
drocephalus which affect t he l ep tomeningea l r emova l mechan i sms a r e p ro 
bably i r revers ib le ; p rocedures which pa r t i a l ly o r to ta l ly inac t iva te plexus 
secre t ion by pharmacologica l o r surg ica l m e a n s a r e the bes t m e a n s of r e s 
to r ing a to le rable balance. 

Cerebrospinal fluid pressure — Garc ia Aus t t , Car levaro , Vil lar and Ara¬ 
na- In iguez (Montevideo, U r u g u a y ) discussed the regu la t ion of t h e cerebros¬ 



pinal fluid p ressure . T h e y pointed o u t t h a t t h e sy s t em conta in ing the C S F 
is dis tensible so t h a t a change in C S F p re s su re is a function of t h e vo lume . 
T h e compl iance of t h e sys t em is also a funct ion of C S F p re s su re or vo lume. 
Be tween 10 and 20 m m H g pressure , t h e compliance decreases considerably 
and in the in te rva l 20-80 m m H g the changes a r e discret bu t a f te r 80 m m 
H g the compl iance increases rapidly. 

T h e m a t h e m a t i c a l analysis of t he t e m p o r a l course of t he recovery curves 
of induced hyper tens ion d e m o n s t r a t e s t h a t when t i m e t ends to be inf ini te 
t h e C S F p ressu re app rox ima te s t h e basa l p ressure . However , t h e capac i ty 
to compensa te for induced hyper tens ion is n o t infinite as shown by t h e 
slow fall of p re s su re and the h igh level a t which t h e p re s su re m a y r ema in . 

T h e e lements displaced wi th in the c r a n i u m in o rde r to compensa te for 
t he added volumes, a r e st i l l a sub jec t of speculat ion. T h e d isp lacement of 
blood has been the fac tor m o s t f requent ly re fe r red to in the l i t e r a tu r e , 
despi te t he expe r imen t s of Bradford in t h e dog, in which l i ga tu re of a l l 
c ran ia l s inuses failed to e l imina te the capac i ty to compensa te for an induced 
hyper tens ion . On t h e o the r hand, the brain, as such, is ru led ou t as a n 
e l e m e n t subjec t to d isplacement . O t h e r possible fac tors include a decrease 
of blood supply t h r o u g h an act ive vasoconst r ic t ion of mechan ica l compress ion 
of t he vessels. Last ly , an a l t e r a t ion in t h e ba lance of C S F product ion a n d 
resorpt ion a t t h e expense of a decrease in the fo rmer and an increase of t he 
l a t t e r m a y r ep re sen t a con t r ibu to ry factor . T h e non-displaceable vo lume 
in the s u p r a t e n t o r i a l c o m p a r t m e n t tends to shift t h e b ra in to t h e infra¬ 
t en to r i a l c o m p a r t m e n t so t h a t s t resses ac t upon the b r a i n s t e m w h e r e t h e 
au tonomic cen te r s a r e located. Ana tomica l s tudy of d i sp lacements invar iably 
show ten tor ia l he rn ia t ions of the occipi tal lobe compress ing and deflect ing 
t h e b ra ins t em. 

T h e exis tence of a cr i t ica l th resho ld value for t he d isp lacements is 
compat ib le w i t h t h e rheologic n a t u r e of t h e process, since it is k n o w n t h a t 
t he flow of m a t e r i a l s which a r e n o t mere ly viscous (newton ians ) b u t s imul
taneous ly p las t ic a n d viscous, requi re , before ac tua l ly occurr ing, t he exis tence 
of a n effective p re s su re value , t h e "yield p re s su re" . 

Raised C S F p re s su re a lways decreased p°2. B o t h curves we re s imi la r 
in shape b u t opposite in direct ion. W h e n C S F p re s su re was dropped to i ts 
previous level by a b r u p t l y diminishing t h e vo lume in t h e balloon, t h e p°2 
often a t t a i n e d va lues even h igher (over-shoot) t h a n those it had shown for 
n o r m a l fluid p ressure , r e t u r n i n g to t h e l a t t e r wi th in a few mi n u t e s . T h e 
records of oxygen p re s su re in t h e b r a i n s t e m were s imi lar to t h a t described 
for t he co r t ex du r ing induced hyper tens ion , except t h a t they never r e t u r n e d 
to the previous levels while t h e balloon was dis tended. Therefore , a s suming 
t h a t t he sys temic a r t e r i a l p res su re and p°2 r e m a i n e d cons tan t , t h e r e a r e two 
possibilit ies to explain t h e decrease of b ra in p°2 observed dur ing i n t r ac ran i a l 
hype r t ens ion : (1) a n increase O 2 ut i l izat ion; and (2) a decrease in blood 
flow. T h e r e is no avai lable evidence to suppor t a n increase in cel lular con
sumpt ion . Hence , a decrease in b ra in blood flow can be assumed. This 
decrease in flow should t en ta t ive ly be considered due to d i rec t compression 



of t h e vessels — pa r t i cu l a r ly t h e veins — w i t h consequen t increase of v a s 

cu la r res i s tance . 

Compl iance in m a n is considerably h igher t h a n in ca ts , a f e a t u r e wh ich 
tended to r e t u r n to t h e value of t h e basa l p res su re Pb. 

I n o rde r to ob ta in in a s imple m a n n e r , clinically useful q u a n t i t a t i v e 
da ta , t h e m e a s u r e m e n t of t h e semi regu la t ion t ime T ½ is advocated . This 
m e a s u r e m e n t m a y be accomplished w i t h a m a n o m e t e r a n d a ch ronomete r , 
a n d does no t en ta i l a m o r e complex p rocedure t h a n t h e r o u t i n e m e a s u r e 
m e n t of C S F p res su re . I t does, however , yield fa r m o r e a c c u r a t e da ta , for 
t h e TV2 can be increased du r ing t h e ea r ly s t age of a n expand ing process , 
when only unspecific focal s y m p t o m s a r e present , w i t h o u t clinical, oph ta lmo¬ 
logical o r sp ina l fluid evidence of i n t r a c r a n i a l hyper tens ion . U n d e r these con
di t ions a TV2 g r e a t e r t h a n 60 sec is h ighly suggest ive of a space-occupying 
lesion. 

H Y D R O C E P H A L U S 

T h e second half of t he the Sympos ium on Cerebrospina l F lu id was devoted 
to the discussion of hydrocepha lus . T h e clinical man i fes ta t ions of this di
so rder w e r e m u c h b e t t e r agreed upon t h a n the pa thogenes is of t h e condit ion. 

Clinical manifestations — C. C a r r e a a n d C. P e s k e (Buenos Aires , Argen t i 
n a ) ana lysed the clinical f ea tu re s of 577 cases selected f rom a l a r g e r series of 
pa t i en t s hav ing var ious types of hydrocepha lus . T h e g r e a t ma jo r i ty of these 
individuals we re seen in t h e f irs t y e a r of life. T h e sex d is t r ibut ion w a s 
a b o u t equal . T h e r e did no t seem to be a s ignif icant increase in mal for 
ma t ions in t h e family as compared to those in t h e n o r m a l popula t ion. Even 
pa t i en t s suffer ing f rom hydrocepha lus r a r e ly h a d o the r congeni ta l a b n o r m a 
lities. However , t h e socioeconomic s t a t u s of t h e p a r e n t s of t h e involved 
chi ldren was definitely lower t h a n ave rage . T h e del ivery w a s n o r m a l in 
7 7 % of cases, pathological in 1 1 % a n d by cesa rean sect ion in 1 2 % . Some type 
of infection preceded t h e onse t of hydrocephal ic s y m p t o m s in m a n y cases ; 
these involved t h e c e n t r a l ne rvous in 10% of t h e cases, t h e r e sp i r a to ry 
sys t em in 4 % and o t h e r sys t ems less commonly . 

T h e clinical mani fes ta t ions of hydrocepha lus r e l a t e to t h e shape of t h e 
head, t h e size of t h e a n t e r i o r fontanel le , t h e presence of a c r acked po t sound 
and the velocity of head g rowth . T h e neurological abnormal i t i e s found in 
pa t i en t s suffer ing f rom hydrocepha lus include pa r t i cu la r ly ocu lomotor pals ies 
a n d occasionally convulsions. T h e intel l igence quo t i en t co r re la tes w i t h t h e 
th ickness of t he ce rebra l m a n t l e a n d the size of t h e head . Spinal fluid 
examina t ions r a r e ly gives useful informat ion. A compar i son of t h e h i s to ry 
of hydrocephal ics t r e a t e d surgical ly and those n o t ope ra t ed upon seems t o 
indicate t h a t t h e surgica l ly t r e a t e d pa t i en t s no t only live longer b u t have 
a signif icantly h igher intel l igence quot ien t . 

Mechanisms of hydrocephalus — S. H a k i m (Bogotá , Colombia) in dis

cuss ing the mechan i sms produc ing hydrocephalus , emphas ized t h a t t h e b ra in 



t i ssue or p a r e n c h y m a is subjec ted to t w o opposing forces; one produced by 
t h e C S F sys tem, t end ing to en la rge t h e ventr ic le , a n d t h e o the r or ig ina t ing 
f rom t h e venous s y s t e m which t ends to reduce t h e vent r ic le size. 

T h e force produced by t h e C S F s y s t e m is t h e p roduc t of t h e m e a n t i m e 
ave rage C S F p re s su re a n d t h e m e a n effective surface , r e l a t ed to vent r ic le 
a rea . T h e opposing force exercised by t h e venous s y s t e m is t h e p roduc t of 
t h e m e a n t i m e a v e r a g e venous p r e s s u r e a n d t h e m e a n effective a r e a of t h e 
veins wi th in t h e p a r e n c h y m a . Be tween t h e venous a n d C S F sys t ems lies 
t h e viscoelast ic ce reb ra l t i ssue . Any imbalance be tween these forces wil l 
man i fes t itself by s t resses and m o v e m e n t of t h e viscoelast ic b ra in t issue. 

Conf i rmat ion of t h e in te rdependence of C S F a n d venous sys tems in 
hydrocepha lus , is t h a t in cases of venous ce rebra l th rombos i s t h e r e is a n 
increase in C S F p re s su re b u t no e n l a r g e m e n t of t h e ventr ic les , t h e effects 
of increased venous p r e s su re in th is case "ba lanc ing off" t he effects of 
increased C S F pressure . T h e m a i n var iab les influencing hydrocepha lus a r e : 
1) C S F p re s su re ; 2) venous p r e s s u r e ; 3) ventr ic le a r e a ; 4) venous a r e a ; 
5) mechan ica l p roper t ies of t h e ce reb ra l t i ssue . 

T h e effective force developed on t h e C S F side of the model is l a rge r 
t h a n t h e opposing force gene ra t ed in t h e venous side. T h e mechan ica l spr ing-
d a m p e r sys tem, r ep re sen t ing t h e b ra in t issue, is the re fore displaced due t o 
the imbalance of t h e t w o forces. T w o i m p o r t a n t consequences r e su l t f rom 
this m o v e m e n t ; f irst ly, t h e effective ope ra t iona l a r e a of C S F pis ton increases 
t h e r e b y des t roy ing t h e ba lance b e t w e e n t h e t w o sides; second, the venous 
s y s t e m collapses, r ep re sen ted by t h e pis ton reach ing t h e end of i ts t rave l , in 
o r d e r to a c c o m m o d a t e t h e l a rge r v e n t r i c u l a r vo lume. Th i s condit ion will 
con t inue while t h e C S F p re s su re is m a i n t a i n e d high, a n d w i t h t h e subsequen t 
d i la ta t ion of t h e ventr ic les , t h e b ra in t i ssue will be s t r e t ched while t h e 
venous and capi l la ry vessels in t h e p a r e n c h y m a a r e compressed. Once t h e 
vent r ic les have been expanded, t h e y h a v e a t endency to r e m a i n di la ted a n d 
t h e neurological a n d m e n t a l s y m p t o m s r e m a i n despi te t h e r e t u r n of t h e 
C S F p re s su re to no rma l . 

I t is su rpr i s ing to see t h e clinical and pneumoencepha lograph ic impro
v e m e n t of m a n y cases t h a t have been opera ted upon a f t e r a l eng thy period 
w i t h n o r m a l p re s su re hydrocepha lus . T h e b ra in t i ssue recovers its lipids 
a n d pro te ins a n d t h e vent r ic les r e t u r n to the i r n o r m a l size. In m a n y cases 
w i t h such pa t i en t s i t is possible to r emove the ven t r icu lo-a t r i a l s h u n t a f t e r 
a comple te recovery because equi l ibr ium has been res to red be tween vascu la r 
and C S F sys tems . 

T . H . Mi lho ra t (Wash ing ton DC, U . S . A . ) ha s developed a s imple and 
effective t echn ique for p roduc ing obs t ruc t ive hydrocepha lus in monkeys . 
I t consis ts of inse r t ing a 8 Fo ley c a t h e t e r t h r o u g h t h e fo ramen of Ma¬ 
gendie un t i l i t a b u t s t h e cauda l end of t h e a q u e d u c t of Sylvius and t h e bal loon 
is inf lated so as to occlude t h e 4 th ventr ic le . A h ighly consis tent , b u t 
su rpr i s ing finding w a s t h e observa t ion t h a t hydrocepha lus can occur a s a n 
acu te , fu lmina t ing process. A c u t e hydrocepha lus m a y be a possible compli
ca t ion of a n y of t h e following cond i t ions : a c u t e head injury, spon taneous 



subarachno id h e m o r r h a g e , a c u t e exuda t ive meningi t i s , i n t r a c e r e b r a l or i n t r a¬ 
cerebe l la r h e m o r r h a g e , sudden decompensa t ion of t u m o r s bo rde r ing t h e ven
t r i cu l a r sys tem, and a c u t e obs t ruc t ion of funct ioning v e n t r i c u l a r shun t s . 

T h e ven t r i cu l a r s y s t e m enlarges rapid ly following comple te ven t r i cu l a r 
obs t ruc t ion . W i t h i n 3-6 hours , however , th i s r a t e slows a b r u p t l y and con
t inues to decrease , un t i l by 2-3 days , a chronical ly progress ive r a t e being 
establ ished. A t 3 hours , for example , t h e s t r e t ched and f la t t ened ependymal 
ep i the l ium developed r e n t s and t ea r s , m o s t a p p a r e n t a t t h e angles of t h e 
l a t e r a l ventr ic les , su r round ing t h e ventr ic les , and m o s t p ronounced ad jacent 
to a r ea s of severe ependymal damage , edema of t h e wh i t e m a t t e r w a s noted. 
Subsequen t to t h e appea rance of e d e m a in the wh i t e m a t t e r , a progress ive 
loss of wh i t e m a t t e r occur red which w a s largely t h e r e su l t of glial cell 
loss. Axona l swell ing a n d demyel inizat ion w e r e min ima l (even u p to 3 weeks ) 
sugges t ing t h a t neurons and the i r axons a r e unusua l ly r e s i s t an t to t h e 
combined forces of edema, t i ssue ischemia, a n d increased i n t r aven t r i cu l a r 
p ressure . 

A signif icant increase in ven t r i cu l a r permeabi l i ty was found as soon as 
pathological changes in t h e ependyma became a p p a r e n t (3-6 hour s ) and 
t h e permeabi l i ty was g r e a t e s t a t points of severe ependymal d a m a g e . A t t h e 
angles of t h e l a t e r a l ventr ic les , a va r i e ty of t r ace r s , no rma l ly excluded f rom 
t h e b ra in pa renchyma , p e n e t r a t e d in to t h e deph ts of t he wh i t e m a t t e r wi th in 
30-40 minu te s . These observa t ions sugges t t h a t in hydrocepha lus , increased 
i n t r a v e n t r i c u l a r p ressure , ac t ing in concer t w i t h the pa thologica l changes in 
t h e ven t r i cu l a r wall , r e su l t s in a flow of C S F ou t of t h e vent r ic les a t t he 
points of leas t res i s tance . On the basis of t he pathological findings j u s t 
presented, it is a p p a r e n t t h a t " a c u t e hydrocepha lus" a n d "chronic hydroce
p h a l u s " a r e qu i t e different cl inicopathologic condit ions. T h e p rob lem of a c u t e 
s h u n t fa i lure is a surgica l emergency . T h e ra t iona le for th i s approach is 
to limit, to t h e ex t en t possible, t h e rap id des t ruc t ive changes of a c u t e hydro
cephalus . I n view of t h e g rea t ly increased pe rmeab i l i ty of t h e ven t r i cu la r 
sur face in hydrocephalus , it m i g h t be asked w h e t h e r d iagnost ic techniques 
t h a t r equ i r e t h e injection of foreign subs tances d i rec t ly in to t h e ventr ic les , 
a r e a l t oge the r innocuous . I t would seem t h a t diversion of ven t r i cu l a r fluid 
in to t h e subarachno id space would no t only bypass t h e obs t ruc t ion , b u t would 
serve to re -es tab l i sh n o r m a l rou t e s of C S F flow. 

Fol lowing v e n t r i c u l a r obs t ruc t ion in monkeys , a secondary obs t ruc t ion of 
t h e subarachno id space rapid ly ensued. Wi th in 12-18 h o u r s t h e ce rebra l gyr i 
w e r e usua l ly f la t tened, t h e ce rebra l sulci w e r e considerably na r rowed , and 
the sur face subarachno id space w a s mechanica l ly obl i te ra ted . S o m e w h a t 
la ter , t h e bas i l a r c i s te rns we re obs t ruc t ed by impac t ion of t h e t e m p o r a l 
lobes t h r o u g h t h e inc isura of t h e t en to r i um. Fo l lowing effective ven t r i cu l a r 
shunt ing , considerable re -expans ion of t h e space can f requent ly be achieved. 
P ro longed compression of t h e subarachno id space, as wel l as a va r i e t y of 
o t h e r insul ts , can r e su l t in a chronic fibrosis of t h e d i s ta l subarachno id 
p a t h w a y s . I n b o t h plexectomized and non-plexectomized an ima l s , ven t r icu lo¬ 
a q u e d u c t a l perfusions w i t h C 1 4 - i nu l in w e r e per fo rmed w i t h t h e following 
r e s u l t s : a) t h e C S F produc t ion in b i la te ra l ly plexectomized an ima l s w a s 



reduced by 2 6 % ; b) t he composit ion of C S F in plexectomized a n d non¬ 
plexectomized g roups was essent ia l ly t h e s a m e ; c) i t was e s t i m a t e d — 
al lowing t h a t t h e choroid plexus of t h e 3rd vent r ic le produces fluid in 
propor t ion to i ts size and weight — t h a t t he combined plexuses of t he l a t e r a l 
and th i rd ventr ic les form less t h a n l / 3 r d of the C S F produced r o s t r a l to 
t h e 4 th ventr ic le . I n a la rge n u m b e r of plexectomized an imals , ven t r i cu l a r 
obs t ruc t ions w e r e subsequent ly performed. Hydrocepha lus occur red in al l 
cases, and t h e ex t en t of t he ven t r i cu l a r e n l a r g e m e n t was found to be only 
s l ight ly less advanced t h a n t h a t occur r ing in non-plexectomized an imals 
w i t h s imi la r obs t ruc t ions of t h e s a m e dura t ion . Mi lhora t concluded therefore , 
t h a t hydrocepha lus can occur rapidly and progressively in t h e plexectomized 
ven t r i cu l a r sys tem, a n d t h a t the choroid plexus is not essent ia l e i the r a s 
a source of ven t r i cu l a r fluid, or as a pulsa t i le m e c h a n i s m for expanding t h e 
ventr ic le in hydrocepha lus . 

Radioactive scanning in hydrocephalus — T h e va lue of radioact ive scan
n ing in hydrocephal ic s t a t e s was discussed by Giovanni Di Chiro (Bethesda , 
U . S . A . ) . F o r radioisotopic c i s t e rnography a n d myelography, rad ioac t ive t r a 
cers a r e injected by l u m b a r or suboccipi ta l punc tu re , while r ad io -pha rmaceu
t icals a r e in t roduced di rec t ly into t h e ven t r i cu l a r sy s t em for ven t r i cu logra 
phy. More t h a n 25 different rad ioac t ive agen t s and bo th rec t i l inear scanners 
and c a m e r a s have been used for C S F scanning. 

T h e indicat ions of C S F scanning inc lude : (1) hydrocepha lus in i ts var ious 
forms, communica t i ng (normo- and hyper- tens ive) and non-communica t ing ; 
(2) cerebrospinal fluid rh ino- and o t o r r h e a ; (3) l ep tomeningeal cys t s ; (4) 
porencephaly ; (5) pseudotumor cerebri; (6) pa tency eva lua t ion of neu rosu r 
gical s h u n t s ; ( 7 ) spon taneous ven t r i cu los tomy; ( 8 ) spinal blocks and space-
occupying lesions; and ( 9 ) congeni ta l ma l fo rmat ions (Arnold-Chiar i , Dandy-
W a l k e r ) . 

I n t h e hydrocephal ic pa t i en t c i s t e rnography can offer informat ion r e g a r 
ding differential diagnosis be tween communica t i ng hydrocepha lus and so¬ 
called hydrocepha lus ex-vacuo. 

A wide va r i e ty of c i s te rnographic findings a r e encoun te red in communi 
ca t ing hydrocepha lus . A block, t h a t is, t h e fa i lure of t h e ascending rad io
p h a r m a c e u t i c a l to pass beyond the obs t ruc t ed area , is undoubted ly t h e mos t 
i m p o r t a n t finding. T h e block is usua l ly symmet r i ca l , a l t hough in some 
cases t h e t r a c e r ascends m o r e c rania l ly on one side t h a n on t h e o the r . 
T h e subarachnoida l spaces proximal to t h e obs t ruc t ion a r e often wider t h a n 
in n o r m a l cases. T h e block m a y be to ta l , b u t f requent ly it is pa r t i a l or 
sub to ta l . T h a t is, t h e r ad iopharmaceu t i ca l , a f t e r a period of a r r e s t a t a 
ce r t a in level, enven tua l ly passes beyond the obs t ruc t ion , moving u p w a r d 
w i t h a s o m e w h a t delayed flow t o w a r d the convexi ty of t h e bra in . 

A second very i m p o r t a n t finding is i n t r aven t r i cu l a r pene t r a t i on of t h e 
t r ace r . As noted above, no i n t r a v e n t r i c u l a r pene t r a t i on of t h e t a g g e d a lbu
min is recognizable in n o r m a l c i s t e rnograms . I n t r a v e n t r i c u l a r pene t r a t ion 
m a y occur t o g e t h e r with, b u t also wi thou t , subarachnoid block. A c lea r -cu t 



posit ive radioisotope c i s te rnographic syndrome consists of ea r ly (2 to 3 
hour s ) i n t r aven t r i cu l a r pene t r a t ion of t h e t r ace r , w i t h long-s tanding (24, 36, 
48, 72 hour s ) i n t r aven t r i cu l a r s tas is a n d no passage of t h e r ad iopha rmaceu 
t ica l above and beyond t h e di la ted c i s te rns a r o u n d t h e bra in s tem. T h e 
chances t h a t improvement , somet imes d r ama t i c , will follow t h e e s t ab l i shment 
of a C S F shun t ing procedure wi th t h e above described c i s te rnographic syn
drome, a r e very good. Occasionally a very slow flow of the r a d i o p h a r m a 
ceut ica l m a y be t h e dominan t or t he only pathologic finding. In a few cases, 
t h e u p w a r d spread of t h e t r a c e r is to ta l ly blocked w i t h a r r e s t in t h e c i s te rns 
a r o u n d t h e bra in s t e m and no i n t r aven t r i cu l a r pene t ra t ion . This l as t pic
t u r e is found only in associat ion wi th increased in t r ac ran ia l p r e s su re and 
never in normotens ive hydrocepha lus . 

As w i t h o the r diagnost ic methods , t h e nega t ive c i s t e rnog ram m a y be 
very va luable in the m a n a g e m e n t of t h e pa t ien t . T h e nega t ive c i s t e rnogram 
ru les ou t t h e necessi ty o r advisabi l i ty of a C S F shun t ing procedure . A p a t i e n t 
who p resen t s a cha rac te r i s t i c c i s te rnographic syndrome of communica t ing 
hydrocephalus , m a y fail to improve w i t h a s h u n t i n g because of t r a u m a t i c 
involvement or va scu l a r i m p a i r m e n t of t h e ne rvous sys t em s t r u c t u r e s . 

Communica t i ng hydrocepha lus m a y also be s tudied by radioisotope ven
t r icu lography , since as soon as the t r a c e r t h a t ha s been injected in to t h e 
v e n t r i c u l a r sy s t em flows ou t of t h e f o u r t h ventr icle , it ascends super ior ly in 
a fashion essent ia l ly ident ical w i t h t h a t observed w i t h c i s te rnography . 

Radioisotope ven t r i cu lography can offer va luable informat ion in cases 
of non-communica t ing (obs t ruc t ive) hydrocepha lus . T h e a n a t o m i c deta i l t h a t 
can be visualized by scann ing is no t comparab le w i t h t h a t shown by a i r 
ven t r i cu lography b u t t h e s i te of t h e obs t ruc t ion and t h e degree of d i la ta t ion 
of t h e ven t r i cu l a r sy s t em a r e qu i te sa t i s fac tor i ly demons t r a t ed . 

Radioisotope c i s t e rnography m a y also offer useful informat ion in cases 
of noncommunica t ing hydrocephalus . Here , one m a y appra i se t h e pa tency 
of t h e subarachnoida l spaces, which is i m p o r t a n t in deciding w h a t type of 
s h u n t i n g procedure will be m o s t su i tab le for a specific case. 

Di Chiro a sks " W h y does the t r a c e r p e n e t r a t e into the ven t r i cu l a r sy s t em 
in ce r ta in pathological condi t ions?" Recen t d a t a a f t e r expe r imen ta l a n d 
clinical choroid p lexec tomy would indicate (as it h a d a l r eady been pos tu la ted 
before) t h a t a t a ce r t a in s t age in the development of hydrocephalus , t h e 
choroid plexus s tops produc ing C S F and, revers ing one of i ts funct ions, s t a r t s 
resorb ing it. These e lements a r e probably the i m p o r t a n t fac tors to explain, 
possibly on t h e basis of a C S F gradient , t he in t r igu ing phenomenon of t h e 
i n t r aven t r i cu l a r pene t ra t ion . 

Shunts for hydrocephalus — M a r t i n P . Sayers (Columbus , U . S . A . ) p re 
sen ted his views on shun t ing for hydrocepha lus . H e s t a t e d t h a t t h e g r e a t 
hope for a la rge pe rcen tage of t h e chi ldren wi th obs t ru t ive hydrocepha lus lies 
in finding a successful m e t h o d of connec t ing t he i r ventr ic les w i t h a re la t ively 
n o r m a l a r e a of absorp t ive subarachnoid space. A n u m b e r of inves t iga tors 
h a v e shown t h a t u n d e r n o r m a l c i r cums tances a lmos t as m u c h fluid is 
formed in a un i t of t ime in t h e subarachnoid spaces as in t h e ventr ic les . 



T h u s , in chi ldren w i t h obs t ruc t ive hydrocepha lus some degree of e x t r a v e n ¬ 
t r i c u l a r spinal fluid c i rcula t ion exis ts even w i t h basa l a rachnoid i t i s or 
aqueduc t a l s tenosis . T h e ins t i tu t ion a n d m a i n t e n a n c e of a d e q u a t e ven t r i 
cu l a r s h u n t i n g seems in m o s t cases to encourage improvemen t in th is e x t e r n a l 
c i rcula t ion as t i m e passes in t h a t t h e i n t r a v e n t r i c u l a r p re s su re is consis tent ly 
reduced, t h u s a l lowing t h e b ra in " to h a n g s lack" and encourag ing t h e sub 
a rachnoid fluid to find its w a y m o r e easily t h r o u g h g radua l ly en la rg ing sub 
arachnoid p a t h w a y s , t h a t is, to "force" t h e subarachno id space. 

Spon taneous compensa t ion occurs a f te r s h u n t in a t leas t 2 0 % of non-
communica t i ng and 4 0 % of communica t i ng hydrocepha lus even w i t h o u t be
nefi t of surg ica l ven t r icu los tomy. This is of course to be expected pa r t i cu l a r 
ly in t h e pos t infectious and in the post h e m o r r h a g i c ca tegor ies . W h e n 
discussing t r e a t m e n t for hydrocepha lus i t is a lways i m p o r t a n t to s t r ess t h a t 
i t is no t t h e la rge ventr ic les b u t t h e progressive hydrocepha lus wh ich is 
t r ea t ed . 

Approx imate ly 70% of the proven hydrocephal ic chi ldren p resen ted for 
s tudy have been shunted . T h e ma jo r cont ra indica t ion to imme
dia te s h u n t ha s proved to be pr ior compensa t ion despi te l a rge head a n d / o r 
la rge ventr ic les . M a n y t imes th is j u d g e m e n t requ i res a period of observa t ion 
unless t h e child is obviously in j eopardy due to excessive i n t r ac ran i a l p re s su re . 
E v e r y neurosurgeon ' s exper ience indicates t h a t bo th neona t a l and older 
chi ldren can t o l e r a t e re la t ively e levated i n t r ac r an i a l p res su re and ven t r i cu l a r 
d is tent ion for sho r t per iods w i t h o u t developing de tec tab le b ra in d a m a g e or 
loss of in te l lec tua l potent ia l . A n o t h e r cont ra ind ica t ion to s u r g e r y is e x t r e m e 
bra in th inn ing and demons t r ab le excessive bra in d a m a g e as mani fes ted by 
inabi l i ty to c ry o r suck, and excessive spas t ic i ty or e x t r e m e hypoton ia . 
Hydroanencepha ly is a cont ra indica t ion for shunt ing . I n older chi ldren it 
is preferable not to s h u n t or r e s h u n t and prolong life of a child w i t h no 
useful intel lect , b u t such shun t s m a y be m a d e a t t he s t r o n g r eques t of 
s incere families. Spinal fluid and blood infections r equ i re delay of s u r g e r y 
un t i l t h e infection is control led and t h e child can be re -eva lua ted . A final 
cont ra ind ica t ion is t h e presence of mul t ip le mal format ions , one or m o r e of 
which seemed to prec lude sa t i s fac tory survival . 

Vent r icu lo-vascular s h u n t is p re fe r red over vent r icu lo-c i s te rnos tomy be
c a u s e : (1) h igher degree of re l iabi l i ty; (2) ease of s u r g e r y ; ( 3 ) reduced 
morb id i ty ; and (4) avoidance of a rachnoid i t i s a t the cr i t ica l basa l subarachno id 
spaces. T h e Ho l t e r vaive wi th very smal l highly refined si last ic cervical and 
thorac ic c a t h e t e r s is m o u n t e d high and poster ior ly over t h e par ie to-occipi ta l 
skul l to al low a m a x i m u m length of ve ry flexibe c a t h e t e r be tween t h e lower 
end of t h e valve and the fixation point on the i n t e rna l j u g u l a r vein. T h e 
distal end of t he c a t h e t e r is a lways instal led deep in t h e r i g h t aur ic le , a n d 
because of i ts smal l d i a m e t e r causes no demons t rab le embolizat ion or ten
dency to develop p u l m o n a r y hyper tens ion . T h e incidence of sept icemia is 
ma te r i a l l y reduced by (1) soaking t h e s h u n t a p p a r a t u s in Bac i t r ac in -Neo
mycin solut ion for one h o u r preopera t ive ly ; and ( 2 ) by the reduced in t r a 
vascu la r mass of foreign ma te r i a l . Loss of the thorac ic c a t h e t e r into t h e 



m e d i a s t i n u m is p reven ted by a few mi l l imete r s of swedged on 2 . 4 m m c a t h e t e r 
a t t h e point of a t t a c h m e n t and e n t r a n c e into the vein. W h e n thorac ic revi
sion of t h e s h u n t becomes necessa ry t h e r i gh t i n t e rna l j u g u l a r vein m a y be 
used and re-used as long as possible. T h e r i g h t e x t e r n a l j ugu l a r vein is 
t h e n used before t h e s h u n t is moved to t h e left side of t h e head. 

I t is no t necessa ry to c a r r y ou t routine s h u n t revisions. A t leas t 
4 0 % of t h e obs t ruc t ive hydrocephal ics ( largely in the myelomeningocele ca
t egory) do no t r equ i re a revision a f t e r t h e init ial shun t . If t he r e is no 
revision in a four y e a r period it is re la t ive ly safe to a s s u m e t h a t t he child 
has become independent . 

If a child requ i res t w o o r m o r e s h u n t revisions for o t h e r t h a n post
opera t ive complicat ions, it is felt t h a t h e is a n d probably will r e m a i n 
s h u n t dependent unless a new r o u t e for spinal fluid disposal can be es tabl i shed; 
th is ha s been accomplished by an t e r io r and pos ter ior th i rd vent r icu los tomies 
on 46 of these s h u n t dependen t chi ldren. Since 1968, 28 o r m o r e have been 
pe r fo rmed pe rcu taneous ly w i t h no opera t ive mor t a l i t y . Subsequen t ly 2 of 
these chi ldren have died, one f rom p u l m o n a r y embolus a f t e r a f r ac tu red 
f e m u r a n d t h e o t h e r wi th Arnold-Chiar i ma l fo rma t ion b u t w i t h o u t ven t r i 
cu l a r e n l a r g e m e n t or increased i n t r ac r an i a l p ressure . J u s t one pa t i en t in 
th is series of 43 surv iv ing chi ldren has requi red an addi t ional s h u n t revision 
up to t h e p r e s e n t t ime . 

T h e key to sucess wi th th is p rocedure has been a period of successful 
s h u n t i n g preopera t ive ly to al low g r o w t h of t he subarachno id space and t h e 
complet ion of a successful low p re s su re s h u n t j u s t pr ior to the vent r icu lo
s tomy. I t is re la t ive ly easy to keep t h e f is tulas open wi th the lowest 
possible i n t r a v e n t r i c u l a r p res su re while t he C S F is es tabl i sh ing a new absorp
t ive p a t h w a y . 

P e r c u t a n e o u s s te reo tax ic vent r icu los tomies have the a d v a n t a g e of: (1) 
considerably less morb id i ty ; (2) less d i s tu rbance of t he n o r m a l subarachnoid 
re la t ionsh ips ; (3 ) br iefer ope ra t ing t i m e ; (4) less expense and very smal l 
sca rs . T h e y a r e m a d e by m e a n s of smal l s t ab wounds in t h e scalp and 
twi s t dril l openings in the skul l and dura . Using fluoroscopic image ampl i 
fication a McKinney l euko tome is then in t roduced t h r o u g h t h e forehead to 
t h e midl ine l amina t e rmina l i s below t h e an t e r io r c o m m u n i c a t i n g a r t e r y and 
into the 3rd ventr ic le . T h e loop is opened downward and w i t h d r a w n f rom 
t h e vent r ic le m a k i n g a 9-12 m m opening in the an t e r io r wa l l of t h e ventr ic le . 
T h e l euko tome is t hen re in t roduced a t a point 2-3 c m to t h e r ight of the 
midl ine t h r o u g h the skul l n e a r t he coronal s u t u r e so t h a t i ts course is 
para l le l to the p lane of the clivus and di rected a t t h e mid do r sum sella. 
T h e l euko tome slides pos ter ior ly off t he do r sum sella, passes t h r o u g h the 
floor of t he 3rd vent r ic le approx imate ly be tween t h e m a m i l l a r y bodies and 
into the i n t e rpeduncu la r and bas i la r c is terns . T h e loop is t hen opened 
t o w a r d the d o r s u m sella and d r a w n back into t h e 3rd ventr ic le , reduced 
and w i t h d r a w n . 

Occasional ly it is encoun te red bleeding f rom a twis t drill opening, b u t 
M a r t i n P . Sayers has not ye t had a r e t u r n of bloody fluid from t h e 3rd 



ventr ic le t h r o u g h the leukotome. One child developed a t r ans i en t l a t e r a l 
r e c t u s eye musc le weakness which subsided in one week. Mos t chi ldren 
a r e s o m e w h a t d rowsy a n d i r r i t ab le on t h e f irs t pos topera t ive day b u t p lay 
in the corr idors on t h e second a n d go home on t h e th i rd or fou r th post
ope ra t i ve day. 

T h e p e r c u t a n e o u s p rocedure is car r ied ou t only on chi ldren w i t h mode
r a t e l y la rge ventr ic les a f t e r careful p reopera t ive localization of t h e ventr ic les . 
T h e inferior e x t e n t of t h e th i rd vent r ic le is highly var iable , b u t in mos t chil
d r e n w i t h m o d e r a t e l y advanced hydrocepha lus , lies a top of the sella tu rc ica . 

T h e out look for t h e pa t i en t w i t h obs t ruc t ive hydrocepha lus has improved 
s teadi ly t h r o u g h o u t t h e f i rs t seventy yea r s of t he twen t i e th cen tu ry . Recen t 
exper icence w i t h t h e l a t e r course of chi ldren w i t h myelomeningocele a n d 
hydrocepha lus compl ica ted by la te Arnold-Chiar i ma l fo rma t ion and an over
full pos ter ior fossa sugges t the need for ve ry ea r ly ass i s tance in r egu l a t i ng 
t h e g r o w t h of t h e middle and pos ter ior fossas in the chi ldren. Possibly 
ea r l i e r ven t r i cu los tomy m a y help to p r even t this ve ry cr ippl ing and occa
sionally le thal ma l fo rmat ion . 

An te r io r and pos ter ior th i rd ven t r i cu los tomy can provide a biological 
s u b s t i t u t e for cont inued r enewa l of mechan ica l C S F shun t ing devices. 

F I N A L CRITIQUE 

E. Ber ing (Bethesda , U . S . A . ) ana lysed t h e m a t e r i a l p resen ted by t h e 
br i l l iant inves t iga tors f rom all p a r t s of t h e world . H e emphasized t h e m a n y 
points which t h e discussion had clarified. However , i t was obvious t h a t t h e 
Sympos ium pointed to the need of fu r the r ana tomica l s tudies to explain t h e 
discrepancies in observa t ions m a d e on different species of an imals . E m p h a 
sis on enzyme chemica l s tudies of choroid plexus and pacchionian g r a n u l a 
t ions m i g h t resolve some of t h e difficulties for bo th of these s t r u c t u r e s 
r equ i re h igh ene rgy supplies. T h e biochemical phenomena r e l a t ed to t h e 
C S F , t h a n k s to t h e w o r k of Davson, P a p p e n h e i m e r and o thers , seems to 
be b e t t e r unders tood t h a n some of t h e o t h e r aspec ts . T h e r e a r e m a n y 
obvious gaps in o u r knowledge of hydrocephalus , b o t h a s to i ts mechan i sms 
and as to i ts t r e a t m e n t . T h e use of radioisotopes has b r o u g h t o u t c lear ly 
some of ou r lack of ins ight into t h e dynamic changes which occur in hydro 
cephalus . Cis te rna l scans, a l t hough of considerable d iagnost ic value , a r e 
also, a t t imes , qu i t e confusing and fail to give t h e cruc ia l in format ion 
needed for t h e ins t iga t ion of t h e r a p e u t i c endeavors . F inal ly , t he m e c h a n i s m s 
by which s h u n t s in some cases p roduce mi racu lous cures and, in o t h e r cases, 
mise rab le fai lures, is qu i te unknown . S tudies of t h e absorp t ive capabil i t ies 
of t h e a rachno id sys tem, p a r t of a d iagnost ic w o r k u p , p robably should be 
r epea t ed a t in te rva ls pos topera t ive ly in all cases to de t e rmine w h a t t h e s h u n t 
h a s effected. 
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