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Since the first description of the spaces of the 

brain by Galen in the second century (35), there has 

been almost total disagreement concerning the content, 

source, mechanism, circulation, and absorption of the 

fluid in these spaces. Because of the lack of freedom 

for scientific investigation, it was not until the year 

1591 that fluid was described within the brain cavities. 

Even then, the work was rebuked because of the long 

standing theory of Galen and others that the spaces were 

filled with an air-like substance (35). Although some 

progress was made in the next three centuries, it was 

the works of Key and Retzius that paved the way for the 

advancement of th• modern concept of cerebral spinal 

fluid (CSF) and i s  containers. These men showed that 

at the arachnoid iilli, the CSF was separated from the 

venous system onlt by a thin epithelial layer of cells. 

They also made the statement that "the most important 

organ in the vent1Ucles is clearly the choroid plexus n 

(35). These and other findings enabled such men as 

Dandy, Weed, Cushing, QU.inche, and many others to formu­

late the concept which bas been generally accepted for 

forty years and is now under challange from recent in­

vestigations using the radioactive substances. 

It is not the purpose of this paper to say who is 
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right and who is wrong, but to revie\v the pertinent 

work concerning the source of CSF, which has been done 

since the birth of the ttmodern concept" of CSF and to 

express the opinion of those men who are faced with 

the actual proble]IJ.s of research. 

Since the tut-n of the century, it has been the 

opinion and tea.chjtngs of the majority of medical lead­ers 

that the CSF is formed primarily in the choroid plexuses 

of the lateral, third, and fourth ventricles. 

It circulates thr4ugh the lateral ventricles to the third 

ventricle by way of the foramina of Monro. Then it flows 

through the aq�educt of Sylvius to the fourth ventricle, 

and finally, into the cerebral and spinal subarachnoid 

spaces by way of the foramina of Luschka and Magendie. 

It then circulates in the subarachnoid space over the 

entire cGntral nervous system (CNS) and finally absorbed 

into the venous system primarily through the arachnoid 

villi of the cranial subarachnoid space. At the present 

time, there is no conclusive evidence favoring the above 

theory or any of the other theories concerning for-illation, 

circulation, or absorption of CSF. By separating the 

experiments which are foremost in acceptance, we can 

review the arguments concerning these subjects. 
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THE SITE OF FORMATION OF CSF 

Even as late as the year 1954 the literature is 

filled with such statements as follows: 11Although no 

proof has so far )een S11pplied, it may be accepted in 

view of the present state of opinion, that normally 

the choroid plexu$---should be considered as the most 

important, if not the only, fluid-producing organ tt (31). 

The experiments which led to this opinion started about 

the first of the century. In 1919, W.E. Dandy (12) 

pre­sented a paper concerning the experimental 

production of hydrocephalus, which he thought offered 

conclusive proof of the theory that CSF is formed by the 

choroid plexus. In this paper, Dandy says that although 

Magen­die described anatomical obstruction at the base 

of the brain in several cases of hydrocephalus, he could 

not explain why there was no dilatation distal to the 

ob­struction since he (Magendie) regarded the pia as the 

source of all CSF. From experiments on dogs, Dandy caJne

to the following conclusions: 1) by blocking the 

aqueduct of Sylvius be deduced that CSF is formed in the 

ventricles at least faster than it is absorbed, the 

aqueduct of Sylvius is a necessary outlet of the first 

three ventricles, and there are no collateral channels 

which assume the fu:rlction of the iter when it is occlud-



ed, 2)unilateral ~ydrocephalus can be produced by 

occluding one for3Jllen of Monro, 3) occlus ion of the 

foramen of Monro after choroid plexectomy showed no 

hydrocephalus . The ventricle remained dry, thus proving 

that the choroid plexus and not the ependymal linings 

is the source of CSF , and lf) obstruction of the aqueduct 

of Sylvius after b ilate ral plexectomy gave slowly de­

veloping hydrocephalus showing that the choroid plexuses 

of the third and fourth ventricles Jroduce more CSF 

than all the ventri cles can absorb . 

The results and conclusions derived from the se 

experiments have been generally accepted. Although 

nobody has succes rfully repeated these experiments it 1 s 

advocators have been nUi~erous (28). Experinents by such 

men as Putnam (34) showed that by cauterizing t h e choroid 

plexus, some cases of hydrocephalus v1ere arrested and 

fontanels were depressed . Braunstein and Mart i n (10) 

and Kahn (29) stated that about one- half of the cases 

of congenital pap illoma of the choroid plexus are asso­

c iated wi th hydrocephalus. They give evidence to show 

that in their cases, the~e were no ventricular obstruc­

t ions or signj_fica'1t meningitis noted. These f lndings 

lend strength to Dandy 's work . Bakay (2) and othe -ca s (27) 

in their experiments on dog s could not explain w1"..y all of 
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the animals in which they a tte:.1pted a block bet·ween ven­

tricles and subarachnoid space, did not develop hydro­

cephalus. Bakay also says that removal of the choroid 

plexus of the lateral ventricles does not diminish the 

hydrocephalus but he explains this on the basis of the 

remaining choroid plexus in the third and fourth ven­

tricles . He also found CSF distal to the obstructions 

he developed or af ter choroid plexectomy and hints that 

there may be another method of CSF formation . 

Grattarola (20), experimenting on cats, eliminated 

the sup9ly of blood to one choroid plexus and t hen 

blocked the ventricles . In some cases symmetrical 

hydrocephalus was formed indicating a possible source 

other than choroid plexus , at least in pathological cases . 

Hyndman (26) says that as a result of tearing the l amina 

of the choroid ple[us, decreasing hydro cephalus is ob­

tained. Th·Ls is because a communica tion is for.:ied from 

t h e l a t eral ventric le t hrough a space (cisterna venae 

parvae) in the tela choroidea to the ci sterna venae 

magna and cisterna ambiens, and thus the entire subarach­

n oid space. 

Studies concerning the forraation of spinal fluid 

using dyes are not too reveal ing except for those in 

which f luorescein was used (35 ). Following injection 

..., 
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intravenously, in animals , dye was actually observed 

emitting from the choroid plexus and also from the pia 

of the spinal subarachnoid space ( 30 ). In this exp eri­

ment , the results indicate that a great part of the CSF 

is formed by the choroid plexus while a smaller part is 

formed elsewhere. 

One of the methods of study of CSF formation has 

been by the histo~athological technique. Weed Ow.) 
presented work do'1e in this nanner and states that t here 

is a possible mec'1.anism for the CSF elabora t i.on in the 

ch oroid plexus. ~ater (46) he s tates that it caTu.~ot be 

proved histologic:1lly t'-1.at the choroid plexus elaborates 

CSF but by pharm3.cological means it c3.n be shown that 

t h e pleJ\.71S chan ges in c:1.aracter und e r s timulation of 

certai n drues. Other investigators (4) h a v e supported 

this content ion . Hassin (23) utilized t h e hi stologi cal 

technique to come to the following conclusions: 1) CSF 

represents the tissue fluid of the brai n, 2) it includes 

the contents of the Virchow-Robin spaces which originate 

in t h e tis sue flu~ds and i;rhi ch are d ischa rged into the 

cerebral ventricles and the subarachnoid space, and 3) 

the function of t '1e choroid plexus is not to s , crete 

fluid but to excrete or eliminate fro~ it noxious sub­

stances and t-ms !1ake it po s , i_ble for the perineural 
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spaces to absorb the CSF . Since earlier authors ref err e d 

to the perineural space s as a sou rce of CSF , t h is l a st 

sta tement ,:,ras of )articu lar inte r e s t and importance , and 

nwuerous expe riments were done to s h ow relationship 

b etween the spinal subarachnoid and perineural s paces. 

Attempts have be en made to s how a relationship 

between blood and tis sue s and CSF ut i lizing t h e tech­

n ique of ionic identification . The first experiments 

with t riis me t h o d nere done u sing ions fore ign to normal 

CSF . Colloidal pall a d ium has been used (25) but t h e 

resu lt s are n o t conclusive . Ion distri bution has b e en 

d e 1~ons tra t e d using bromide , iodide , and thl ocya n a t e . 

In t h e first expe:"iments (21),(41 ) ,( 42) with such materi­

als it wa s con clud ed that t h e extracellular flui d of t h e 

brain a nd cord has a qu antitative comp o si tion simi l ar 

to CSF but differ s f r om the extracellul a r fluid else­

where in r espe ct t o t h e passag e of t h e ions i nto it 

from the blood s t reau . These au t hors f ound tha t al­

t h ough there i s n o barrier to t he passag e of ions out 

of t he CSF , there s eems to be s e lect i ve permeability as 

well as a certain threshold to the sane ions passing 

into the CS~ . It wa s also n oted t hat pas sage of certain 

ions from s e rum t o CSF :·_ s slower t han t'iieir passage into 

other tis sue s and tha t t ~e c oncent ration of ions in 
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CSF is always lower than it is in the blood serwn. 

rvallace and Brodie (l.~2 ) at tempted to show that 

Br2 and I 2 normally pass from the serum t o the extra­

cellular spa c es of the brain and cord and fro~ there to 

the CSF . To do this they pla ced n e edle s in v a rious 

parts of the CNS a n d CSF chambers arid with.drew s ,1all 

runounts of fluid for as s ay at sc~ e duled intervals fol ­

lowing intravenous injection . Their results showed: 1) 

i mmediately each ion di s tributed evenly t h roo.ghout the 

CNS extra.va scular system, 2) later t he ions were found 

to be .,1ore concentra ted in the ti ssues i mmediately 

surrounding the ci s terna magna , 3) bromide ions ente r 

t h e CS~ even oelow a liga t ure at the ci s terna magna , 

and 4) iodide ions appear promptly in the brain extra.­

v as cular fluid and later ,l ventricles in equal c oncen­

trations wh ile t h ere was so:-ne l :1g in the concentrations 

of the ions in the supra.cortical sub a rach noid f luid 

and in ci s t e rna mae,na fluid . Pro ,i these result c=, , t hey 

concluded that the anions t ested entered the CSF as 

read i ly from the bra i n capi llarie s as fro,n the ventr i ­

cular ch oroidea . Thus t h e ions passed fr o.n plas~na to 

pericapillary spaces to pe rineural space s and to CSF . 

These authors con sidered the ventricula r choroide a to 

play only a minor role in t h e formation of C SF ■ 
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Before cons '_de ring 111ore recent experiments con­

cerning CSF form ~tion , it will be of value to examine 

sane of the other aspects of the problem under consid­

era tion , namely the mech anism of forma tion , the c ir­

culation , and the absorption of CSF . 

THE EECHANISi1. OF FOillfATI ON OF CSF 

Every worker v,rho ha s experimented Vii th the for-

·.·,ia tion of CSF h::i.s als o tangl ed v!ith the proble,n of 

mechanism . Mo - t of t :'!e s e men favor one or t1-1.e other 

theories but none have oresented co~clus i ve proof that 

CSF formati on tak3s place b one de f i nite mechanism. 

In 1927 , Fremont - Smith (19 ) presented a paper fav oring 

the dialys is theory . He states that t l-~i s theory was 

championed by Mestrazat in 1912 bu t was not accepted by 

all . Boyd cl J.imed that dialysi s was the mechanism to 

b e considered under normal condit i ons whi l e secretion 

was the result of s timuls. t i on cf the c·1oro id plexus . 

He favored dialysis becau se of t h e fluid for~ation 

pressure r a t io , but also it had been shown tha t when a 

hypertonic salt solution is used i ntravenoisly , that the 

direction of flow through the choroid plexus cou ld b e 

changed . Altho,1gh several men b J.cked t ::lls l ine o f 

reasoning (33), most of t ~e~ sided with t ~e secretion 

theory (31) . Fle.xn9r (18 ) , consideri ng equilibriurn 
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activity and concentration of the const i tuent s of the CSF, 

attemp ted to analyze the problem by separate analysis of 

the blood and CSF . It h as also been demonstrated t hat at 

different pre s sures, CSF production v a ries (18) and c e r­

tain drugs also effect the production rate (4) . The l a t­

ter alone ha s bee~ evidenc e enough for some (46) . Flex­

ner goes on to say that assuming CSF and p lasma are not 

in complete equilibrium, then the for:riation of CSF 

involves an expenditure of work . This sugges ts tha t 

CSF is not a dial:rsate i n equilibrium with the blood 

nor an ultrafiltra te because the capillaries in the 

choroid plexus have too small of a pressure to account 

for the energy change which takes place in the formation . 

This leaves only a secre tj_on to be considered . 

Working vri t·J. radioactive phosphorus and sodium 

Baldrey (9) and others (14) have reported t h at i n cases 

":ri th complete block between ventricle s and subarachnoid 

space t :C.ey could ~'1.mv forma tj_ on and absorption occur­

ring in both spaces, absorption being g r eat er in t h e 

lumbar space t :1an in the ventricles . Because both ab­

sorption and formation occurred , it would se em to mini­

mize t h e objectior that t h is is a diffusion phenomena . 

However, there vms a barrier against phosphorus while 

sodiura passed freely , sugges t ing s e cretory activity . 
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In his book, in 1954, Lups ( 31) states t hat t h e 

questi on is undecided and lists the arguments for the 

two prominent theories. In favor of secre tion are : 

1) i t is possible t o increase t 'le produ ct i on of fluid 

by means of administeri 11.g cePtain pharmaceuti cal p ro­

du cts and to decr~ase t~is p roduct ion by oth e rs , 2 ) 

sub s tances are present in the f luid which can":ot be found 

in t he blood , 3 ) f luid p roduction i s not influenced, or 

only s light ly inf l u enced by the arterial pressure, and 

4) the histological investiga t i on s of t h e cells of t h e 

choroid plexus also point to active secretive processes . 

In f avor of t h e d i alysi s theoPy are: 1) the flui d is 

isotoni c with the blood plasma and attempts to main tain 

t his equilibrium, and 2 ) by making t h e blood plasma 

strong ly hypertoni c it i s possible to cause the fluid 

in the ventricles to flow back into the ch oroid plexus 

and to t h e blood s tream. The CSF is apyarently quan­

titatively different t han tha t of t h e plasma. 

Trill CIRCULATION OF THE CSF 

Before begin ning t he di scussion o f circu l ation, , 

it will b e of assi stan c e in evaluation , if the work of 

Schurr , :foLaurin , and I ngra.ham in 1953 (37), be pre­

s ent ed a t this tin~e . In their e xperi me n tal study on 

t h e circu lation of CSF , t hey made a compari s on be t ween 
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species using dogs, cats, and the rhesus monkey . Brief­

ly, t h ey showed t ·1ree ;nain pathways of a:·)Sorpti on ( and 

t hus circulation) in dog wh· ch are : 1) arachnoid villi 

l eading to the blood stream, 2) and 3 ) perineural c i--1an­

nels of the op tic a nd olfactory n erves leading t o t h e 

lymphatics. These pathway s we re given equ al i mportance. 

In the c a t, the dy e (pantopaque) used did not enter the 

optic or olfactory sheaths at all but in the monkey , it 

ente rs t ho optic s'1.eaths. The amounts of fluid b etween 

d og and monkey which circula te in thes e cranial nerves 

and are abs orbed t '1.ere l ead t h e s e men t o s t a te t hat a 

c omparison be t we en dog a~d man is not a reliab l e method. 

Since t h e experiments of Key and Retzius in the 

l ast century , the general cons ensus of op i nion is tha t 

after leaving t ~ e ventric l es, t h e fluid circulate s over 

the CNS a nd back irto the arachno id v i lli. In 1922 , 

. d eed (44 ), su:1Lmarized this work b y s aying tha t a:fter 

elab oration in t h e v entricle s and ~J as s a_;e t :S.rough t ~ e 

foramina of Luschka a n d Magendie, t h e CS F t :-ien circula tes 

everywhere about t he CNS i n the centra•l canal of the 

sp i n a l cord and in the tortuous mashes of subarachnoid 

space. These chan...ne ls are all cloth ed with a special 

cell, which is fluic.-retaining so to maintain a true 

circulation . 
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It must also be recognized that hydrocephalus can 

be produced by blockini; the passageways from the ventri ­

cles as shown in previous experiments (35) using dyes 

and contras t media and also in clinical experience with 

communicating hydrocephalus . Most of these men agree 

that the rate of circulation is not rapid but very 

sluggish , varying 1-"Ti th arteriole and venous pressure 

with the force for movement being changes of intracra­

nial pressure , botl1. in body movement and heart beat . 

Hassin (23 ) had some radical theories on CSF in 

general and ~ade t h e statements tha t CSF i s actual ly 

lymph carrying away the '7as te products of t h e CNS and 

there is no central force to se t the CSP i nto circula­

t j_ on under n ormal conditions . He eJ-..1)lains the flow of 

injected materials by saying that this is a passive 

process set in motion by a lumbar or other puncture . 

Hassin ' s findings were ba sed on histopatholog:ical tech­

nique and had fer.r backer[' until the discoverie s with 

radioactive substarces vrnre presented . L'ven then Eich­

ler and Linder ( 15) attempted to shov, some circulation 

using radioactive s odium. They demonstrated t hat after 

intrathecal injection , the concentration drops slowly 

at t he injection site ahd increases rapidly 22 cm crani­

ally to it , f ollowed by a rapid drop . They thus con-
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eluded that besides a cranial to cervical current, there 

is a lurabar to c ~rv i cal current. In t he sa~e year , 

Becker (5), using India ink c ould demonstrate only a 

caudal d irection of flow. Further research is , of course , 

neede~ to prove or d isprove the currents sugges t ed or 

even t heir very existance . 

The difference in the compo s i t i on of the fluids 

in the ventricle s , ci s terna, and lumbar spaces strongl y 

sugge sts circula t io n of the fluid in a cranial to caudal 

direction (24),(~)). 

One of the intere sting aspects of formatio;1. and 

circu lation is the determination o f protein in the 

different parts of the v entricle s and subarachnoid spa ce. 

Wagner (40) s h owe d the relationship between protein in 

obstru cted and unobstructed cases and stated that vri th 

a block , the lumbar proteins wel"e increased. in mo s t 

cases . Schaltenbrand ( 35 ) in a revie·.1 o f t he literature 

stated tha t the CS P changed considerably in constitution 

during it s m.igrati:::m fro .. n ventri cle s to suba rachnoid 

space in the lumbar area. Blockage does not p revent 

fluid formation below the block, but the fluid is of 

different co:i.,1po si t i on than that of n or mal CSP . An 

electrophoresis of CSF shov,rs the sa111e proteins 9..S blood 

bu t i n different J roportions with decreased globulins 
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and increased smt:11 albun1ins . This small albumin :nole­

cule is appa rently forraed in the ventricle s fo r it ' s 

concentration d ecreases as the CS~ sfunpling a pproaches 

the lumbar area . It is also absent below a complete 

block. He theorizes that t hi s ~ay be a function of the 

choroid plexus . This difference in protein composi­

tion may also fig·J.re into the mechanis:u of circulation 

vlith relation to sone osmotic phenomena . 

THE ABSORPTION OF CSF 

Weed (43), in 1914, revie-;;ed t he w·orks of Key and 

Retzius and state~ tha t because of t h eir work , it was 

generally believe~ t ha t the CSF escapes along lymphatic 

pathways. He states tha t t h e past me thods used are 

open to adverse cri ticism and no exact pathway has been 

agreed upon. Weed 1 s experiment s in that ye,ar led h im 

to b e lieve that CSF was returned to t he general cir­

c u lation b y a filtr a tion process through arachnoid 

v i lll into the gre'.lt s inuses. He also showed there was 

insignificant amounts absorbed into t h e lymphat i c 

system. He s aw no evidence of CSP escape into t ':1.e 

cerebral veins or ~apill'lries but did note that the 

absorption is much more rapid and ~nu.ch more in a111ount 

in the cranial subarachnoid space than in the spinal 

portion . 
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Many men (3 ) could no t accept t ~1j_s theory and ad­

vocated that the CSF was absorbed through the linings 

of the ventricle s and subarachnoid s :)aces . Among these 

men was Dandy w:'lo , in his c lassical work on the choroid 

plexus and experimental hydrocephalus in 1919 (12) show­

ed tha t in a case of coin.munica ting hydrocephalus , dye 

was absorbed from the subarachnoid space at about 1/5 

the normal rate of the entire space . This is due to a 

decrease in absorptive area to 1/5 normal because of a 

block of the cranial subarachnoid spaces as indicated 

by dye injection into the lumbar space . Weed (44) st i ll 

ma intained h is former theories as did a number of in­

ve s tigators (33),(17) , ( 36 ), but states that there is also 

absorption by the perivascuL1r channels and by t h e 

ependy::nal lining of the cerebral ventricle s into the 

capillary bed of tbe nervous system , but only after the 

use of intravenous hypertonic s 0lution s (45). In 1929 , 

Dandy ( 13), tried to disprove 'Need I s theory by separa­

ting the cerebral hemispheres from all attac~nents of 

longitudin~l, transverse, or c ircular sinuses . This 

separates the subarachnoid space from any venous out ­

flow . All of his experiments showed no c ollection of 

flu id . Even TTith the injection of certain dyes , there 

v1as no absorption by the granulations. He also notes 
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that if a dye is injected into the spinal canal, 20-

25% will be absorbed before it reach e s the g ranulations. 

Thus , Dandy s ays , it :nu s t pass directly into the blood 

stream . We ed and his followers answered t hese state ­

ments by saying t hat Dandy overlooked the villi in the 

spinal subarachno , d space w~i ch took over t h e load. 

Katzenelbagen (30 ) suggested that the ch oroid 

plexus migLt be c onsidered an organ of reabsorption, as 

vrnll as product i on, but added that the experiment s of 

Dandy were see~ ing ly conclusive and that t 11ere was very 

little absorption in the ventricles . 

Somb e rg ( 38 ) , in 1947 , used .1e t hylene blue, intra­

thecally , in 12 hu.iuans j u st before they died and serial 
/ 

micro-sections failed to show any cow.rnunication beyond 

t h e spinal ganglion, at which point the meninges fused. 

Sections also were made which s 1-1owed no comrnunica tion 

betrrnen t :-ie subara chnoid and subdur:11 spaces . Hass i n 

(21) rebuked t1:lis wo r k by saying tha t the experiment 

was not good technj_que because of poor dye distribution 

and the fai lure to obtain certain nece ssary micro-se0-

tions. Also, in the p r esence of such a barrier a s 

Samberg describes, SO'ile of the severe t ypes of spinal 

defects are seen . Hassin bel i t cles the excuse t ha t the 

sections vrere too minute for the equipment used by 
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Somberg, and says tha t ~he pat'-wmys d o exist but mu s t 

be demonstrated microscopically . 

In 194-8, Has .:,in (23 ) stated t ½at absorption was 

not through the v i lli or pacchionian bodies but through 

the p erineural space s of the cranial nerves and spinal 

roo t s. Most of t h e investigators had gi1en this rou te 

some minor signifi cance but not t he entire role. 

In 1950 and 1951, Brierley (11) and others (6) 

vrorked with histo:ogical sections after i njection of 

India ink in s a line into t he cisterna ::n.agna. He showed 

that a cul- de -sac exi s t s but he could not support Hassin 

on the suba rachnoid continuity with tissue or perineu­

ral space. He does howev er show continuity between the 

su bdural and sub-perineur•al s )ace s, with free pas sage 

of the mat ter fron1 subarachnoid to subdura l and then to 

peripheral nerves . He concludes that some CSF mu s t 

escape by this latter route but the amount is sm~ll. He 

does say that so~ne of the dye was s ~ Gn in the perivas­

cular spaces of t he CNS showing sone conne ction here . 

Howarth and Cooper (24) experimented wi t h cats 

using a variety of radioactive ions and concluded t hat 

the substance s were passed into the general circulation 

by direct venous drai.nage . This was probably the most 

important work at this t ime . 
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PBCENT STUDIES ON CSF 

In the past ten year s , t he u s e of radioactive 

sub stances and heavy water has be co:11e a mi lestone in the 

effort to prov ide a correct answer to the problem of 

CQ.F forma t ion a n d absorpt i on . Whether this will prove 

to b e the la s t word c an only be t old by the t est of t ime . 

The follovving studies a-J 9ear to be fa lrl y c onclus i ve in 

nature and seeJi1ingl y answer many o f t he riddles of the 

p roblems related to CSF . 

The fir s t extensive s tudies c ame in 1951 from 

su ch :men as Maass , Adams , Boldrey, Low- Beer , and Stern 

(1),(9),(32), who carried on s tudies with radioac t ive 

pho sphoru s and sodium. In one case report, in whi ch the 

pat ient had a comp lete b lock between ventricles and 

subarachnoid s pace, t ~ e conclusion, after s t udying t h is 

patient was that fluid was f o rmed in both spaces . 

Absorpt i on was also active in both spaces but more in 

the lu:nbar areas t1an in t h e ventri cle . The e xac t 

s i te however was n'.)t deter.nined. . In another seri es of 

c ases (32) ev i denc 3 was presented to show th~ t the ab­

sorptive bed for c ,:;F is not t he arachnoid villi of the 

pacchionian granul~tions, but lies distal to t his p oin t 

and is p restL'!lab l y t he capilliries and possibly the small 

ve i ns of the pia arac hnoid . 
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The mo s t con c lusive experiments with radioactive 

phosphorus (p32 ) in jected intraventricula r ly or intra­

ci s ternally shovrnd t he following results . l"r om samples 

of blood from the superior sagi tt a l s inus , the uptake 

of p32 after int raventri cular or intracisternal injec­

tion was great i n the first f i v e 1ninute s , dropped rapid­

ly to 15 minutes and then tapers off . Samples of a r­

terial blood (ca rotid a . ) demonstrated s lower uptake 

and l ess concentr:1tion after i n travont rj_ cu l a r or intra­

ci s terna l inject ion . The A- V equilibrium was reac:1ed 

in a b out 70- 80 minutes. This level in arterial bloo d 

sugc;ested t ~:>.. t the upt ake ref'lects the absorption f rom 

the entire brain rather than the ab sorpt i v e b ed drained 

only by t h e su.9erior s agital sinus (surfa c e of the 

hemis:9;::ere s ). The time element suggest s t b_o_t absorp­

tion of CS.? t akes place through the pia a rachn oid ·nem­

brane rather t han v i ll i . There also were samples of 

cortex of brain te s ted. In this s tudy, absorp tion of 

intraventricular p3 2 was markedly slowed but c ould be 

i ncreased b y t he use of 1yaluronidase . 

Bering (7),( 8) has added much t o our k nowledg e of 

water exchan g e in che CNS and CSP . He injected , i ntra­

venously , D20 prepared as 0 . 8% NaCl and analyz ed sam­

ples of arterial b :ood , super i or longi tudinal s i nus 
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blood , Ventricu l ar CSF , c isterna magna CSF' , subarach­

noid CSF , and CNS tissue . In the normal state he found 

that D20 appeared simultaneously i~ the three CSF spaces 

but con centra t ed nore rap j_dly in the ci,3terna magna . 

The tLne interval for CST' to reac11. equi l ibrium :-1i th 

blood vari ed , increasing vri th the a:"?;e of the experi ­

mental ani-nal . Half-tir.1es ( time required for solution 

tested to reach 50% of tracer containing solution) were: 

Ventricles , 2- 37 :·1inutes; c isterna .,1agna, 1. 5- 6 minutes; 

lwnba r, 7- 38 minutes . ~his showed that the choroid 

plexus definitely was not t he only source of t he water 

component of CSF . Even after chor oid plexector:1y , no 

change in water exchange was detected , suggesting that 

t h e role played by the choro id plexus i n water exchange 

was small . 

Cases of isolated spinal subarach..noid space were 

also te s ted and. t he half - ti·,1es of l umbar exchange 'Nere 

wit~" in normal var:!..at ion . Th:i.s exchange 1:rns :nore rapid 

than could be ex::;:,lained by circu l ation alone su;;est ing 

exchange at the s1...rfa ce of the CSF . 

In attempting to sh ow so!rie t hing of blood , brain , 

water exchange , nc significant arteri al- sagittal sinus 

n2o difference co uld be detected indi cating eith er very 

slow or very fast ~'ra t e r transfer into the brain . Study 
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on CNS tissue revealed t _1e brai n substance to be in 

eq-,.dlibrium with blood i n one mi nu te a nd thus exchan ge 

is very rapid . T~'lei r conclusions are that t he 1/iater of 

the CSF is c ontin~ally exchanging at all surfaces of the 

brain and spinal cord by free diffusion . The author 

make s this comiilent , 11 It must be kept in mind t hat water 

exchange and CSP' p roduc tion are ind ~pendent phenomenan 

and the explanat.i.on of hydrocephalu s and the nece ss ..'... ty 

of CSF circula tion requ-.. re more res earch into the other 

components o f CSF'~ In a l a ter pa""S)e r (8) on hydrocep'~a ­

lus , Bering s '"covrnc" th r1. t t wo hours were required for t '-Le 

trace r to equalize in both ventricle s suggest ing lack 

of CSF movement and poor mixing characterls t i cs of the 

ventricular system. . In another t wo 1ours, only 82% 

of t he D2o had been absoro ed . 

Sweet and Locksley (39) present evidence that t h e 

formation and absorption of CSF take s place indepen­

dently of flow from one area to another . They s tate t hat 

the elements te sted , K~2 and c138 enter and leave the 

ventri cles and st1-barachnoid space by direct '11olecular 

c :1pillary exchange, and 'nay be considered to be in a 

state of dyn a-ni c equilibrium with the p l asma . In their 

work, they used es sentially nor.c:1al patients with no 

flov1 from the l :?.. t eral an '.l t hird ventricle s except 
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through plastic tubes . There re sults were as follows: 

K42- there is a inore r•apid rise in isotonic concentration 

in t he lumbar CSF t han in t he ventricles following i ntra­

v enous injection . This has also been shovm by others 

(15) ; c1 J8 _appear3d at the s ame r ate in a ll t hree 

sites af ter intravenous inj ection. Ele ctroly t es ap­

parently moved in and out of t he CSF indep endent ly of 

each other and at t heir own characteristic rates . He 

concl ude s that water , from previous experiments, and 

electroly tes of the CSF are in dyn~rnic equilibrium with 

plasma and tha t CSF is renewed by local exchange in every 

region . These authors also used radioiodina ted human 

s er um albwnin t o s~1.ov1 t ha t it ts r eabsorption from the 

ventricle s vras slow (hal f - time 31 h ours ) and also from 

the subarachnoid space (two comoonents; half-tLne 30 

hours a.c'1.d 2 . 6 hourn ) . They reasoned that t he s i te and 

rate of protein re '.lbsorption is an im:)ortant deter ninant 

of the direction a'1.d rat e of flo-v, of CS? . 

Fisbrtlan (16) in j ected activated protein intravenous­

l y and wi t hdrev1 CSF and p l n. sma at interva l s following . 

Their result s showed that no r adioactive pro t ein vrns 

detected in t he ci s ternal fluid in ten minutes but in 

the second sanpl e ( 40 ilinutes) t here was a signifi cant 

a:aount . Equili br ium. time between CSF and plasma was 
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17-25 hours . 11The fact that the maximal specifi c activ-

ity in cisternal ..:."'luid occu r s at the ti:;:ne th3.t t h e CSF 

spec ific activity equaled th .;. t of plas,li.a, indicates thJ. t 

the plasma is t h e i .mnediate pre cursor o f the CSF albu­

min11. They also noted that t h e protein gradient increas­

ed in t h e CSF trac t fror1 ventricle to lumb ar space. 

From these experinents i t was con cluded that the de­

layed appearan ce t i me , equilibriwn t~ne , and t urnov e r 

r ate of iodoalbunin in cisternal fluid are functions of 

the blood-C SF barrier. 

SU: J\L'\.RY AND CONCLUS I ON S 

The pertinent past work concerning formation , ab­

sorption, mechani s:11 , and circula tio-n i s reviewed . 

The recent s t udies of for..r,ation , as well a s ab­

sorption , utilizing radi oa ctive ions , deuterium oxide, 

and p rotein, a re pre s ent ed. 

The recent advance:.1ent s in the use of r adioactive 

elements have enabl ed us to present new evidence con­

cern i ng t he formation and ab sorption of CSF . This new 

evidence , vrl1.ile not entirely conclusive, advanc es the 

idea t hat CS? is produ ced t hroughout t he ventricles and 

subarachnoid spaces . The sourc e of t h~ s f l uid is pri-

. ·-;ia r ily the c9.pil l ari es a nd small ve ssels of t h e linings 

of t he ventri cles and s1...barachnoid spaces and :1.o t the 
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ch oroid plexuses as previously theorized. 

T'.ne mechanism for this formatlon seems to be a 

combinatim of two or more theories. Thus, ions and 

water are produced by a method of selective dialysis 

while protein seems t a .Je elaborated by both dialysis 

and secretion . Ti-ie various experi:nents seem to indi ­

cate that t h e ch oroid plexus elab orates a s:nall albu.min 

molecule by secretion plus some s:.nall a:a1ounts of water 

and other element 3 . This is apparently t h e main func ­

tion of the choro:.d plexuses . 

The circu l at.on may also be concerned wi t h the 

production of this small albumin molecule by the choro id 

plexus . Since it is concentrated in the ventricles, 

c irculation , if any , may be a result of some process 

of osmosis. 

Al though vve a re not irnmedia tely concerned with the 

process of absorption , it appears to be similar to for­

mation and no t by way of t he arachnold v illi . 

It is obvious that more researc .::1 is needed before 

any definite conclusions are reached . 
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