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Production, absorption and但owof the cerebrospinal fluid (CSF) have hitherto 

been energetically studied b~· various investigators and much knowledge thereof has 

been accumulated. Notwithstanding we do not yet have unanimous conclusions on 
these subjects. In the earl~ア years of the present century CusHINGI), DANDY2>3> and 

others reported the production of CSF at the choroid plexus inside the ventricles, 

while KEY and RETZIUs4＞，羽TEED5', DANDY6> and others described the course of its 

absorption into the venous or lymphatic system. At present it is popularly believed, 
as FoERSTERn, DANDY8> and ARAK19> describe, that CSF is produced in the ventricular 

system and flows through the cisterna magna to the basilar cistern and further旬
the subarachnoid space of the cerebral convexity for the most part and partly to 

the spinal subarachno:d space. However, this theory has by no means been accepted 
by everyone without obje巴tion. For instance, Hassin10>11> insisted from the pathological 

point of view that CSF was a kind of tissue fluid in the brain and that the cho-

roid plexus participated also in its absorption. WALLACE et aP2> threw strong doubt 

upon ventricular origin of CSF from the standpoint of pharmacology. ScHALTEN-

BRAND13> supported an opinion that not on！~· the choroid plexus but also the ependyアma

and vessels in the sul】arachnoidspace participated both in production and absorption 

of CSF. Since isotope studies made their appearance in this白eldrecently, results 

of investigations have successively been reported which make us doubt correctness 

of the popular view described above concerning production, absorption and flow of 
CSF. Making use of D,O and other isotopes, BERING14>-15>, SwEET17>18), GREENBERG'9>, 

AnAMs20> and others discovered that exchanges of water and electrolyァtesacross the 

blood-CSF barrier took place at cvc1下 partof the Ycntricular S＞’stem and of the 

subarachnoid space at an almost identical rate. Disagreement in opinion is especially 

marked in regard to d~·namic state of CSF in the spinal subarachnoid space (SSS). 

ScHALTENBRAND21> supposed that there was a CSF flow in the caudal direction along 

the dorsal surface of the spinal cord and a flow in the cranial direction along its 

ventral surface. According to him, there is an anatomical fact supporting his view, 

L e.“【lieλnordnungder arachnoidalen Se戸cl.. On the other hand KoNNa22> and 

MoRITA ct al23>, using P12 or 1131 as an indicator, ob同ineda conclusion that there 

might be little flow of CSF in SSS. Making use of Na"4, ErcHLER24> attained to a 
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conclusion that there was a secondary site of CSF production in the lumbar subar-
achnoid space and that CSF flowed from the caudal to the cranial portion of SSS. 
Strict and definite verification of the sites of production and absorption of CSF is 
of course very important, but it is extremely difficult. On the other hand, if we 
fix our attention to the dynamic state of CSF in SSS, we shall find that the folio-
wing problem is of no less importance : is there any basic flow of CSF in SSS, if it 
may be extreme！γslow, or is there not an;,' basic flow at all? The importance of 
this problem, in connection with various diagnostic and therapeutic problems, such 
as etiology and treatment of h~·drocephalus, lumbar anesthesia, surgery of the spinal 
cord, etc., urged me to obtain a correct solution. 
As the first step experimentation with a radioisotope has been done to inquire 

whether the negativistic view on CSF flow in SSS has a correct basis or not. As 
the next step attempt has been made of ex1〕crimentaldirect demonstration of the 
presence, if any, of CSF flow in SSS in a strict sense. At the same time, influences 
of various factors on dynamics of CSF and e丘町tsof hydrostatic and osmotic pre-
ssures on the ability of water absorption in SSS have been examined. 

IL MATERIALS, METHODS AND RESULTS 

1. Production of chronic and acute blocks in SSS of dogs 
Adult mongrels weighing about from 8 to 14 kg were used. Under Ravonal 
(pentothal sodium) anesthesia laminectomy was performed at the second cervical 
vert怠bra(CZ), a short longitudinal incision was made at the dura, the spinal cord 
thus exposed was completely encircled with a strip of gelatine sponge or a string 
made from arginic acid, and finall~’ sterilized kaolin solution (2g/dl) was injected 
into SSS in the sam.e region for the purpo~c of facilitating a formation of adhesion. 
This kind of operative procedure at such a high cervical level as CZ was apt to 
produce necrosis of the spinal cord due to compression and there was much fatalit）’ 
from respiratory arrest or general weakness in dogs in which the dura was sutured. 
To avoid such a risk it was made a routine procedure to leave the dura open and to 
stu古 itsdefect with muscles, expecting a repair with connective tissues. Its result 
was found to be excellent. E町ectsof a gelatine sponge and an arginic acid string 
as agents producing blocks in the subarachnoid space have already been reported by 
NxsHIMURA25> and ToMITA26>. Actual formation of a block in each dog was verified 
by autopsy. The spinal cord was excised together with the dura for a length of 
ahout 10 cm including its blocked portion as we11 as its cranial and caudal parts, 
and degree of the blockade was tcメtcdl乃 pouringcolored fluid in加 thesubarachnoid 
space. ¥¥'hen the blockade ¥Y 出 foundto be incomplete in a dog, all experimental 
data obtained in that animal were abandoned.、

In a similar way chronic blocks were produced in dogs either at a level of the 
third thoracic vertebra (Th3), the first lumbar vertebra (LI) or at the caudal end 
portion of the subarachnoicl space. 

λ11 acute block w出 producedas follows. 人fterthe dura ＇＇’as exposed b>・ means 
of laminectomy a No. 6 silk叩 ture＇＇’as 抑制eelcpidurallv to make a complete turn 
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around the cord. An acute block of SSS was produced b~＇ straining the suture. 

When this procedure was performed at the level of C2, artificial respiration was 

carried out combinedly. Since reduction in volume of breathing air induced rapid 

rise in CSF pressure, much care was taken of maintaining a respir:ltion rate of 24 

per minute, or a total breathing volume of about 10 l of air per minute. 

In all cases general anesthesia was maintained throughout experimental proced-

ures b~＇ means of intravenous and, if necessary, intramuscular injections of Ravonal. 

Depth of anesthesia was measured according to the method of Magnus-Girndt・Sa-

kamoto, but in reality it was very difficult to keep the depth constantly at the 

second phase of the third stage and some degree of its fluctuation was inevitable. 

2. Pr司eliminaryexperiments on insertion of a p, 

rachnoid space and on changes in CSF pressure after partial removal of the fluid 

In the processes of observing dynamic aspects of CSF and of experimentation 
with P32, on which description will be made later, it was necessary to conduct CSF 

outward from SSS, strictly avoiding its leakage. For this end a pol:¥’ethylene tube 
was inserted into SSS according to the following procedure. _,¥fter exposure of the 

dura in the region of the cisterna magna or of the lumbar cistern, a small hole 

was produced in the dura with an injection needle and immediatel~· a tip of a pol-

yethylene tube, which had previously been cut sharp, ＂’a日insertedinto SSS expanding 
the small hole of the dura by force. The tube was then fixed loosely to soft part 

tissues within the oper叫 ionfield in order to prevent its tip from moving. 

If possible flow of CSF in SSS is very slow, any minute leakage of CSF will1 

mislead the conclusion. To exclude such an artefact 0.5 % bromsulphalein solution、
was poured into the polyethylene tube at the end of all experimental procedures 

and, in bringing the region adjacent to the site of tube insertion to alkalinity, pre-

sence or absence of CSF leakage was checked up by means of positive or negative 

colorization. In case any faint colorization was found all experimental data obtained 
in that animal were abandoned. 

The polyethylene tube used here was about 0.6 mm  in its internal diameter and 

a water column as long as 24 cm was formed by pouring 0.1 cc of water in旬 it.

In order to observe dynamic aspects of CSF by means of such tubing as described 
above, the tube had to be filled with CSF in the first place. Thus it was inevitable 
that a certain amount (about 0.5 cc) of CSF was made to flow out at the beginning. 

However such an outflow may immediately cause reduction in CSF pressure and, 

furthermore, ma~ア strongly in臼uencedynamic state of CSF. For this reason following 

preliminary experiment was performed. 

A polyethylene tube with an internal diameter of 3 mm, to one encl of which 

an injection needle was attached, was used as a manometer. B~’ inserting the needle 

into the cisterna magna CSF was made to flow out into the tube and time course 

of recovery of CSF pressure, from a reduced value due to the outflow旬 thecontrol 

value, wa日 followed.Results of the experiment are shown in Fig. 1. Both dogs 

having acute blocks and those having chronic blocks shmγed initial pressure of about 

from 50 to 60 mm H .0. Here the amount of CSF which flowed out into the tube 
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Fig. 1 Changes in CSF pressure. 

120 minutes 

was about 0.5 cc. This is an amount enough to fill a polyethylene tube (with an 

inner diameter of about 0.6 mm) as long as 120 cm. The CSF pressure then rose 
in drawing an arc and reached a plateau in about one and a half hour. As a control 

similar experiment was performed in normal dogs having no blocks and results 

similar to those shown above were obtained. Accordingly, in all the experiments in 

which installation of a polyethylene tube about 120 cm long was done, measurement 

was started after lapse of a stabilizing period of one and a half hour following the 

installation. 
3. Measurement of the rate of substance exchange across the blood-CSF barrier 

by means of radioisotope P32 
It may be supposed that the attitude of the phosphor ion can never represent 

the attitude of CSF as a whole. However, in order to obtain a rough information 

on the rate of substance exchange across the blood-CSF barrier, it is convenient to 
use p12 as an indicator, since it is easily obtainable and its treatment is relatively 

simple. Thus P32 was used in the present experiment and the radioactivity was 

measured with a Geiger-Mueller probe. 
At first P32 dissolved in physiological saline solution was injected into a leg 

vein of each of several dogs having acute or chronic blocks in SSS at a dose of ZOμc 

per kg of body weight, for the purpose of examining transference of P 12 from the 

blood to CSF. To obtain specimens of CSF two polyethylene tubes were installed 

according to the method described above, one in the region of the cist.erna magna 
and the other in the region of the lumbar cistern. Two drops of CSF from each 

of these two sources were obtained periodically as specimens, beginning 5 minutes 
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after the injection and lasting for from 4 to 6 hours. In order to know changes in 

P12 density in the blood, 0.25 cc of the blood was obtained periodically from a vein 

of a limb other than that at which P12 had been inje巴ted.Results of counting in 

these specimens are shown in Table 1 and Fig. 2. In all the dogs having blocks in 

SSS, both CSF from the cisterna magna and that from the lumbar cistern showed 

radioactivity very early after the injection. The density reached a peak from 20 

to 30 minutes after the injection, diminishing thereafter gradually. Thus the speed 

Table. 1 Transference of P32 from the blood to CSF in dogs 

having blocks at the level of Th3. 
B . count p町田ioutein tbe blo。d
c c。uniin CSF of the cisterna magna 
L ・ count m CSF of the lumbar c>Stern 
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Fig. 2 Transference of P32 from the blood to CSF following its intravenous administration 
at a dose of 20阿／同， ina dog having a block at Th3. (corresponding to the case 
marked with @ in Table 1.) 
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Fig. 3 Transference of P・" from CSF to blood following its administration into the 
lumbar cistern at a dose of 60μc/kg, in a dog havinga a block at Th3. 
(corresponding to the case marked with @ in Table 2.J 

of Pi" exchange across the blood血CSFbarrier seemed to be vc1・~－ large both in the 

CSF space cranial to the block and in the space caudal to it. 人lrcaclγCrom20 to 

30 minutes after the injection, the density of P '" in CSF seemed to equilibrate with 
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its density in the blood showing a cer-

tain constant ratio. Its density in CSF 

was likely to diminish thereafter in pa-

rallel with that in the blood. In dogs 

with chronic blocks, CSF in the lumbar 

cistern was small in its total amount 

and showed the characteristics of “Spe-
rrliquor＇’. Nevertheless, the curves of 

P32 density in CSF in those animals sh-

owed similar characteristics to those i r 

dogs having acute blocks (if absolute P1" 

density is not taken into considera十ion).

It is thus worth~· of note that P32 app-

ears in lumbar CSF as early as cisternal 

CSF even in dogs with chronic blocks. 

Speed of transference of P32 from 

CSF to the blood was next examined. 

P12 dissolved in physiological saline sol-

ution was injected into the lumbar cis-

terns of dogs having chronic blocks at a 

dose of about 20 μc per kg of body we-

ight, and about 0.25 cc of the blood was 

periodically obtained from a leg vein. 

Results of counting are shown in Table 2 

and Fig. 3. P32 injected into the lumbar 

cistern made an appearance in the blood 

early after the injection, reached a peak 

of density from 30 to 40 minutes after 

the injection and diminished its density 

gradually thereafter. P12 appeared in the 

Liood as early in dogs having chronic 

olocks as in those having acute blocks 

Table. 2 Transference of p32 from lumbar 
CSF to the blood in dogs having 
blocks at the level of Th3. 
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and there was no marked di百erencein time to peak between these two groups. It 

is supposed that radioactivity in CSF of the lumbar cistern, into which P '" had 

been injected, might diminish following a logarithmic curve, but its measurement 

was not performed, because extraction of a little amount of CSF from the cistern 

where total CSF present was small in amount, would cause a serious change in dose 

of P3" injected. After all, transference of P3' from CSF in the lumbar cistern to 

the blood is also rapid and shows a curve similar in form and in time to peak to 

that of transference of P;" from the blood to CSF until the peak is reached. On 

the other hand the speed of diminution after the peak is relatively small in the 

former case as compared with the latter. 

In conclusion, it has been verified that exchange of P12 across the blood-CSF 
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barrier is rapid and that it takes place at a grossly identical rate on both the cranial 

and the caudal sides of the blockade, as have alreadγbeen reported by various 

authors. 
4. Experimental investigation on dynamic aspects of CSF 
A dog having an acute or a chronic block in SSS was laid on its sic'e under 

intravenous Ravonal anesthesia and the cisterna magna and the lumbar cistern were 
interconnected with a pol:-reth:dene tube about 120 cm long, as shown in Fig. 4. 

Prior to completion of the interconnection CSF in the cisterna magna was made to 

flow out to fill the tube, of which one end had previously been inserted into that 
cistern and which had an intervening short rubber tube at the portion ab~ut 10 cm 

distant from the cistern, and the other end of the tube was connected with another 

polyethylene tube about 10 cm long, of which one end had previously been inserted 

into the lumbar cistern and which had been filled with CSF, with a help of another 
short intervening rubber tube. Into the cranially located rubber tube a small amount 
of air was injected to form a bubble of about 2 mm in longitudinal diameter. This 

bubble cut the column of CSF inside the tube into two parts, cranial and caudal, 

and its movements were used as an index of CSF flow. In view of the result of 

the preliminary experiment that one and a half hour was necessary to obtain the 
stability of CSF pressure, an air bubble was formed in the tube after lapse of one 

and a half hour following the installation of the tube. Movemenfa of the bubble 

were recorded repeatedly with an interval of 10 minutes and from results obtained 
the speed of CSF flow was calculated. 

Results of the observation are shown in Figs. 5 and 6. (In these and following 

figures a CSF flow in the caudal direction is expressed by a positive value and an 
expression is used, in the figures and in the text, that the bubble or CSF progres鈴s,

while a CSF flow in the opposite direction is expressed by negativit；.’ and the bubble 

or CSF is called as regressing.) In all 【logsobserved (3 dogs having chronic block~ 

and 3 dogs having acute blocks) the bubble progressed ver：.’ slowly but steadily, thus 
indicating decisively the presence of slow CSF flow from the cranial to the caudal 

portion of SSS. The bubble used to fluctuate to and fro synchronously with respir・ 
ation and, to a lesser degree, with pulsation. In several dogs in which blocks in 

SSS were unsatisfactory neither unidirectional, stead；.ア movementof the bubble nor 
its fluctuation synchronous with pulsation could be observed. Thus it seems that 
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CSF passed in these cases through 

incompletely blocked subarachnoid space 

rather than through the thin polyeth;-'-

lene tube having a large hydrocl；－’・namic 

resistance. 

At the portion indicated b;-' a in 

Fig. 6 the poly’ethγlene tube m’as occluded 

for one hour. On recanalization the speed 

of flow (roughly indicated b;-・ inclination 

of the curve in the figure) wa日 found

to be almost twice as large as the value 

observed prior to the occlusion. This 

fact suggests that a large di町erencein 

pressure between CSF of the cisterna 

magna and that of the lumbar cistern 

was produced b;--occlusion of the tube. 

At the portion of b in Fig. 6 an acute 

block in SSS was released by loosening 

the strain of the silk suture around the 

spinal cord for a period of 30 minutes. 

On release of the block the bubble in 

the tube immediate］γceased to move and 

fluctuations synchronous with respiration 

and pulsation also disappeared. On resumption of the block inclination of the cur明

indicating the speed of flow was almost identical with that prior to release of the 

block. Thus it is supposed that CSF passed through the subarachnoid space for 

the period of release of the block. 

In some cases too deep anesthesia caused respiratorぅァarrest and on such occasions 

the speed of CSF flow became from 40 to 50 times as large as the usual speed. In 

case an artificial respiration ＂’加 performedon such occasions the rapid progression 

of the bubble used to cease gradual!;-・ until at last its regression appeared. The 

distance of this regr℃ssion was usually about 10 ?( of' the cli日tanceof the preceding 

progression and a new progression took the place of the regression thereafter. In 

case the animal w 部 leftto die ¥¥・ithout application of an artificial respiration, the 

bubble which had progressed rapidly began to regress tovvard the time when the 

heart action became weak and the regression continued f<n-ahmt 30 minutes after 

the animal’s death. T¥¥・o representati＼℃ cases ar℃ illustratecl in Fig. 7. 

As far as there ＼＼百℃ nosuch extreme fluctuations in depth of anesthesia as 

described above the cl;-・namic aspect日ofCSF ＼γere found usual!J・ to be in such states 

as shown in Figs. 5 and 6. Although the amount of CSF flow per 10 minutes 

showed marked fluctuations, when calculation was made c¥"cn・ 3 hours CSF little 

short of 1.0 cc wa日 foundto flow regularlγin this period from the cranial to the 

caudal side. Name];-・, the amount of CSF flow from the cistcrna magna to the 

30 minute> 
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caudal part of SSS was about 0.3 cc per hour on the average both in animah’ 

having acute blocks and in those having chronic ones. The fluctuations -in speed 

of CSF flow with relatively short periods ¥Vere probably due to small fluctuations' 

in depth of ane3thesia, w七ichwas difficult to be maintained in a strictly constant 

condition. The latter fluctuations probably induced those of CSF pressure, which, 

in turn, seemed to a汀ectCSF flow. Thus next experiment was performed to obtain 

a correct knowledge on relationship bebYeen changes in CSF pressure and the speed 

of CSF flow. 
A pol｝ァethylenetube with an inner diameter of 3 mm  was attached, as a 
branch, to the tube interconne巴tingtwo cisterns at a point bet＂℃en the cranial end 

of the latter tube and the cranial!~－ placed connection rubber tube (cf. Fig. 4). Th~· 

former pol~アethJlene tube was used as a manometer. Amount of. CSF flow per 10 
minutes, value of CSF pressure C¥Tl下 10minutes and value of its change in a Unit 

period of 10 minutes were continuously measured in 3 dogs having chronic blocks 

and 3 other dogs having acute blocks. The results are shown in Fig. 8. Altht:mghi 

measurement began after lapse of the stabilization period, i. e. about one and a h:alf 
hour following installation of those tube3, many cases showed gradual rise, accomp;.. 
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anied by minor ftuctuatiens, in CSF pressure as can be seen in the figure. Against 

the expectation that CSF flow would increase in proportion to rise in its pressure, 

parallelism between the-two was not always observed. For example, at the point 

a in Fig. 8 the speed of CSF flow was 0.1 cc /10 min. when its pressure was 128 

mm  H,O, while at the point b the speed was 0.02 cc/10 min. when the pressu問

was 164 mm  H,0. Similar facts were also observed in other cases. Therefore it 

must be concluded that, when CSF pressure is in a state of fluctuation, there is no 

direct rela七ionshipbetween CSF pressure and the speed of CSF臼owat a cer匂in

instant. However, if we pay attention to their average values, appearing in the 

figure, it will be found that the average speed of CSF flow tends to be large when 

the average・. CSF pressure is high. Thus existence of scme relationship between the 

two is supposed. On the other hand, when the speed of CSF flow (indicated by a 

continuous line in Fig. 8) is compared with the value of change in CSF pressure in 

10 mioutes (indicated by a broken line in the same figure), we can find a gr価

parallelism between the two, which suggests an existence of a kind of interrelati-

onship between them. This result may be taken to be an evidence indicating that 

the change in CSF pr田sureis a motive power of its flow. Here arise two questions: 

does CSF臼owactually exist if there is no fluctuation in pressure and, if it actually 

does, is there any definite relationship between the speed of CSF flow and the abs・

olute CSF pressure? To find solutions to these questions following experiments were 
performed. 

Using the same equipment as that in the preceding experiment, a thick injection 

needle was inserted into the tube used as a manometer at a certain horizontal level 
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Fig. 9 CSF flow under a constant pressure of 100 mmH20. 
(in dogs having chronic blocks at C2) 
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to make CSF exceeding this level overflow and thus to maintain a constant CSF 

pressure. The overflowing CSF was collected and measured every one hour. In this 

manner, CSF fl.ow at a pressure of 100 mm  Hρwas observed in 6 dogs having 

chronic blocks (each at the level of CZ) and in 6 dogs having acute blocks (at the 

level of CZ in 3 cases and at the level of Th3 in 3 cases). 

Results obtained are shown in Figs. 9 and 10. The speed of CSF flow shows no 

marked fluctuation and the curve approaches a straight line. Here we have ob同ined

a solution to the first question : CSF definitely flows from the cranial to the caudal 

portion of SSS even if CSF pressure is kept at a constant level. The average amount 

of CSF flow per hour was 0.13 cc in dogs having chronic blocks at the level of CZ 

and 0.15 cc in dogs having acute blocks (0.16 cc in dogs having blocks at the level 
of CZ and 0.15 cc in dogs having blocks at the level of Th3). These values are 

about a half as large as the values obtained without installation of the manometer 

tube (i. e. under fluctuating CSF pressure). No marked di汀erencewas noted between 

the values obtained in chronically blocked dogs and those obtained in acutely blocked 

ones. The amount of overflowing CSF in each case is shown in the same figures. 

There seemed to be no particular relationship between this amount and the amount 

of CSF flow per unit time. It is of interest here that the former amount tended 

to be larger than the latter. 
Similar experiments were performed in the same【logs,in keeping CSF pressure 

at constant levels of 50, 75 and 100 mm H,O respedivアel~·. Results obtained are 
shown in Fig. 11. When CSF pressure was kept at a relatively low level, the 

amount of CSF臼owper unit time decreased, whereas that of overflowing increased. 

This decrease in amount of CSF flow is considered to be due to reduction in CSF 
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Fig. 10 CSF flow under a constant pressure of 100皿mH20.
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absorbing ability in SSS caudal to the blockade. The increase in amount of overfl-
owing CSF is naturally to be anticipated on the basis of the reduction in CSF flow, 
but the increase was found in fact to be far more pronounced than that anticipated. 
This fact is illustrated at the upper portion of Fig. 11. The fact must be explained 
as follows : the production of CSF in the CSF space cranial to the blockade 
decreases, when CSF pressure is kept at a high level and its production increases 
when the pressure is kept at a low level. 

As a next step relation of CSF flow to the site of blockade was examined. 
CSF flow was observed (without attaching the manometer tube to the interconnecting 
tube), in dogs having chronic or acute blocks in SSS at various levels, i. e. at the 
level of C2, Th3, Ll or at the caudal end portion. The results are shown in Fig. 
12. The speed of CSF flow was found to decrease as the site of blockade approached 
the caudal end. This fact is seemingly related to reduction in area of CSF absor-
ption in parallel with reduction in SSS caudal to the blockade .. However when the 
length of SSS caudal to the blockade is depicted with a continuous line in the same 
figure, it becomes evident that, as the blockade approaches the caudal end of SSS, 
f3:r more amount of CSF flow is observed as compared with the amount anticipated 
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Fig. 13 Changes in CSF flow induced by postural alteration. 

on the basis of reduction in len広thof SSS caudal to the blockade. 

5. Experimental studies on influences of various factors, inducing changes in 
CSF pressure, on CSF flow 

Various factors have hitherto been reported which induce changes in CSF pre-
ssure. On the other hand, it h九＂ been clarified ab.i¥・c that changes in CSF pressure 
induce changes in CSド flow. Among those various factors in日uencingCSF pressure 

some were studied in regard to their influences on CSF flow in SSS. CSF flow was 
measured applying following procedmεs and the results were compared with the 

basic CSF flow discovered above. 
1¥ccording to LoMAN27), YosmNo加 andothers, the CSF pressure at a certain 

point inside the subarachnoid space show日， incase of angular changes in the body 
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Fig. 15 Changes in CSF flow induced by pressure on a jugular Yein. 

axsi as to the horizon, a tendency to change roughl~＇ ， but not precisely, in accordance 

with the law of hydrostatics. The following experiment was performed to observe 

changes in CSF flow in case of changes in bod~· position. A dog, which had a block 

in SSS and in which a polyeth~·lene tube had been installed in the ordinar~· manner, 

was laid on its side and its bodv axis was inclined so as to cause an elevation or 

lowering of its he'lcl b>・ an angle of about 10 degrees against the horizon, and 

change日 inCSF flow were measured. Results obtained in several dogs are shown in 

Figs. 13 and 14. Immediately following changes in body position, CSF flow in the 

direction of the lower side appeared or increased. After from 30 to 40 minutes, 

however, the日owreached a state of equilibrium; i. e. in case of elevation of the 
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head CSF progressed more rapidly than in the horizontal position of the body, and 

in case of lowering of the head CSF did progress (not regressed) definitely but 

more slowl~· than in the horizontal position. Fig. 14 illustrates the amount of CSF 

flow per hour in each case. In case of elevation of the he孟d an average increase 

in CSF flow by about 53 Yo was observed as compared with the value in the hor匂・

Fig. 17 
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ontal position of the body, ＇γhile an average decrease in its flow by about 50% was 
observed in case of lowering of the head. 
In clinical practice ,,.e know that application of pressure on a jugular vein or 

of abdominal pressure induces a rise in lumbar CSF pressure. To investigate 

changes, if any, of CSF flow caused h~’ these procedures, pressure was applied for 

one minute to a jugular vein or to the abdomen of a dog having a block in SSS, 

in which measurement of CSF flow was being performed. Results of the observation 

in several dogs are shown in Figs. 15 and 16. On pressure of a jugular vein, CSF 
rapidbγprogressed and on release of the pressure it regressed for from 5 to 10 
minutes, finallγresuming progression thereafter. On pressure of the abdomen, CSF 

rapidly regressed and on release of the pressure it progressed rapid!≫. The average 

amount of CSF flow per minute, induced bγapplication of such pressures as above 

for a minute, was about 0.16 cc in dogs having blocks at the level of Th3. This 

amount is about 30 times as large as that of the basic CSF flow per minute. 

Since it was fo山1db~’＼＼アEED and McKIBBEN29¥ the fact that changes in the 

blood osmotic pressure cause changes in CSF pressure has been confirmed by many 

investigators and is inpularly recognized today. WEED et al inje~ted distilled water 

intravenously in cats and observed a striking riぽ inCSF pressure. In my experi-

ment 0.5% saline solution was inje~ted intravenousl~＇ at a dose of 5cc/kg of body 
weight in dogs having blocks and CSF flow was observed. The results are shown 

in Fig. 17. A slight increase in CSF flow in the normal direction was seen to be 
induced by the procedure. 

HAoEN3°l was the first who succeeded in reducing CSF pressure by means of 

intravenous injection of hypertor巾 glucosesolution. Although ur巾 warde百ectsof 

the procedure, such as a secondary rise of CSF pressure, have since been discussed, 
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it is at least accepted popularly that CSF pressure decreases for some short period 

after intravenous administration of hypertonic solution. For the purpose of observing 

the e百ectof the procedure on CSF flow, 50% glucose solution was injected intrav-

enously for a period of about 5 minutes to reach a total dose of 5 cc/kg of body 

weight in dogs having blocks. Fig. 18 shows results of the observation. A comp-

aratively rapid progression of CSF which could be observed during and immediately 

after the injection, was replaced by a regression 10 minutes after the injection. 

About 1 hour thereafter, a rapid progression again took the place of the preceding 

flow. The initial increase of progression might correspond to. the initial elevation of 

CSF pressure according to MAssERMAmflu. However, it is considered that the hype-

rtonic solution may influence not only the intracranial CSF pressure but also the 

CSF pressure in SSS caudal to the blockade, and that the amount of CSF flow 

depends solely upon the difference in pressure on both sides of the blockade. 

Therefore correct identification cannot be made between the initial increase in 

progression of CSF and MAssERMANN’s initial elevation of CSF pressure. 
FREMONT-SMITH et al32i白rstpointed out that intravenous administration of urea 

could reduce CSF pressure and the e百ectwas confirmed clinically by JAvm et alお）．

To investigate the effect of this procedure on CSF flow, 30% urea solution was 

intravenously administered in dogs having blocks by means of drip infusion (with 

a speed of 60 drops per minute and for a period of about 30 minutes) to attain a 

total dose of 1 g/kg of body weight. As illustrated in Fig. 19 CSF showed already 

in early period a rapid regression, which continued for about 40 minutes and was 

replaced thereafter by a progression. 
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Fig. 19 Changes in CSF flow induced .by intravenous injection of 30% urea solution. 
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A lowering e百ecton CSF pressure has also been advocated as for polyvinylpy-
rrolidon (PVP) solution, though TAKAHASHI34i throws doubt upon the e百ect.At any 

rate it is supposed that PVP solution may cause changes in osmotic pressure of the 
blood and thereby cause changes in CSF pressure and, consequently, in CSF flow. 

On the basis of this assumption Periston-N (Bayer) was intravenously administered 

in dogs having blocks by means of drip infusion (with a speed of 60 drops per 

minute and for a period of about 15 minutes) to attain a total dose of 5 cc/kg of 
body weight, and changes in CSF flow were observed. As shown in Fig. 20 CSF 
flow in the caudal direction increased for about 10 minutes after beginning of the 
infusion, to reach a value about twice as rapid as the basic CSF flow. Subsequentlyア
slight regression occurred and continued for about one and a half hour, gradually 

being replaced thereafter by a new progression. After all, it has been confirmed 
that those agents which cause changes in osmotic pressure of the blood also cause 

cc nor回 lCSF flow 
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Fig. 22 Change in CSF flow induced by continuous drip infusion 
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cylind・r

¥u Polyethylene tube bubble ＼ connec色ivetube 
Fig. 23 

changes in CSF pressure and, consequently, induce remarkable changes in CSF flow. 

If a large dose of such hypertonic solutions as above are injected repeatedly or 

continuously, dehydration of the animal’s tissues will surely occur. To investigate 
CSF flow in such a condition of strong dehydration, 50% glucose solution was inje-

cted intravenously at a dose of 10 cc/kg of body weight in dogs having blocks. It 
has been described above that regression of CSF occurs after the injection. Toward 

the time when the regression stopped, i. e. about 1 hour 50 minutes after the 

injection, 50% glucose solution was injected again at the same dose as above. As 

shown in Fig. 21 a more strong regression of CSF was induced by the second 

injection. On the other hand, when 30% urea solution was injected by means of 

drip infusion to reach a total dose of 7 g/kg of body weight, CSF regressed rapidly 
as shown in Fig. 22. The fluid that flowed during one and a half hour amounted 

加 1.5cc. The regression of CSF continued ther伺 fterfor 3 hours, but the speed 
was slower. In any case, CSF pressure in the cisterna magna showed a negative 

value of from 50 to 100 mm H,O after a strong regression had occurred. 

In short it has been found that a strong dehydration of tissues due加 some

drugs can induce CSF flow in the cranial direction for a long period. 

6. Studies on absorbing ability of SSS caudal to the blockade 

It has been clarified above that there is a very slow flow of CSF in the caudal 

direction in SSS of dogs, having blocks and kept under general anesthesia. It is 

considered that this flow is caused by absorption of CSF from SSS caudal to出e

blockade. To know changes, if any, of CSF absorbing ability in this space in case 
ぐSFpressure is changed, following experiment was performed. 

Usually it is difficult to maintain CSF pressure, b＼’ some means other than 

infusion of自uid,at a level of 100 mm H20 or more without giving the animal any 

modification in its physiological state. Therefore physiological saline solution, instead 
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of CSF, was infused into the lumbar cistern as shown in Fig. 23, and i臼臼owwas 

observed using a bubble in the polyethylene tube as an indicator just as in the 

preceding experiments. According to this method any desired strength of pressure 

could be produced and maintained at a roughly constant level, but when the pressure 

exceeded 200 mm H,O leakage of the fluid from the site of insertion was observed. 
Therefore, amount of the fluid that flowed into the lumbar cistern was measured 

in keeping the pressure at 50, 100, 150 and 200 mm  H20 respectively in 4 dogs, 
each having an acute block at the level of Th3. The amount of flow per hour 

under each of these pressures is shown in Fig. 24. The amount per hour under the 
pressure of 100 mm H20 was 0.16 cc on the average. This is roughly equal to the 
amount of CSF自owper hour under a constant pressure of 100 mm  H20, which has 

been described in Section 4. As can be seen in the figure, the amount of inflow 

increased together with elevation of the pressure. It is to be noted, however, that 

the rate of increase in the amount of inflow graduall:yア diminishedin spite of 

arithmetical progression of the increase in pressure. rt・ seems from the 負gurethat 
the maximum amount of inflow per unit time shows individual di百erence,but there 

seems to be a common tendency that the speed of inflow comes to show less 
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Fig. 24 Relationship between pressure and amount per hour of inflow of physiological 
saline solution into the lumbar cistern, in dogs having chronic blocks at Th 3. 
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increase as the pressure reaches 200 mm  H,O, to converge finally at a certain higher 

value, if the pressure were raised further. It is conjectured from the figure that 

the pressure, at 1Yhich roughly maximum speed of in臼owwould be reach吋， wouldv

be about 250 mm  H20. On the other hand, when the pressure is lowered towar<k: 

50 mm  H20 the speed of inflow rapid！~γdiminishes and the curves tend to cross the 

臼‘clinateat poi日tscor、1司espondingto presst es be 

of reachi1 the origin. The:-・ suggest the presence of a minimum value of pressu咽
for the fluid to be able to flow into SSS. 叫凋
As a next step examination was made on influence, if any, of the presenc n 

SSS of macromolecular substances on the absorption abilitァofSSS described above. 

In a clog having a block, CSF caudal to the block wa日 suckedout and replac吋 with,

serum of the same clog or clextran solution.λfter about 5 minutes it was suckel 

out and replaced this time with physiological saline solution. Then the same soluti!咽

was infused into the same space under a pressure of 200 mm  H20 according to th!l 

procedure described above, and the results of measurement in several dogs m時
compared with those obtained without infusion of serum or dextran but otherw姻

under the same situation. In Fig. 25 ratio of values obtained in the present ex阿弥

riment to those obtained in control experiment is shown. よい can be seen in the 
figure, the presence of such a macromolecular substance as serum or dextran, sticking 

to the 1γhole inner surface of SSS caudal to the block, causes reduction in ability 

of water abso叩tionin the same space to from 50 to 60% of control values. Therl 

seems further to be a tenclenc~· that the reduction is more marked in the initi唖

100克

50% 

presence of seru皿

presence of dextran 
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Fig. 25 Rate of decrease in amount of inflow. caused h~· presence of serum or・
<lextran. of physiological saline solution into the lumbar cistern under 
a pressure of '.?OOmm HcO 
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Fig. 26 Specimens of the brains showing ventricular dilatat10n. 

a; normal control b; slight ventricular dilatation c ; moderate ventricular dilatation 
d ; marked ventricular dilatation e ; ventricular dilatation in case of blockade at the fourth ventricle 

stage of the fluid infusion. 

7. Observation on formation of hydrocephalus in dogs having blocks at the 

cranial portion of SSS 

Thirty-two dogs having chronic blocks in SSS at the level of C2 or of Th3 

were sacrificed after completion of all experimental procedures and their brains 

were excised and fixed in 10% formalin. After sufficient fixation the brains were 
cut on the frontal plane passing through the tuber cinereum, and the size of lateral 

ventricles was examined. Those dogs had lived for from 1 week to 3 months after 

formation of the blocks in SSS. The result of the examination is shown in Fig. 26 

and Table 3. Moderate or marked dilatation of the ventricle日，suchas that in b or 

c in the figure, was observed in 28% of the cases. Thus it is to be concluded that 

presence of a block in SSS at the level of C2 or of Th3 causes distinct dilatation 

of the ventricles in relatively small number of cases. No specific relationship was 
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Table. 3 Incidence of hydrocephalus. 
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observed between the degree of ventricular dilatation and the site of the block or 

the survival period after formation of the block. As controls the ventricles were 

examined in dogs having chronic blocks at the fourth ventricle and in those having 

chronic blocks at the caudal portion of the lumbar cistern. In the former group 

typical h川lrocephalus,such as that shown in e in the figure, was found to have 

developed already 2 we2ks after formation of the block. In the latter group ( 4 dogs 

m all) none showed an:・; sign of ventricular dilatation. 

III. DISCUSSION 

In those experiments reported here I did not intend to clarify the sites of 

production and absorption of CSF" M>・ real intention has been to examine whether 

or not there is a flow of CSF in SSS in one constant direction, if it is very slow. 

It is generally accepted that there are, as have been pointed out bY GREENBERG191, 

incessant exchanges of water and various electrolytes between the blood and CSF 

throughout the ventricular system and the subarachnoid space, according to a certain 

law characteristic of each substance. Therefore even if we find a passage of a 

certain substance across the blood-CSF barrier at a certain portion of the ventricular 

system or the subarachnoid space we cannot conclude at once that the substance is 

produced or absorbed at the site. For the sake of convenience I will define the 

production of CSF in a wide sense and its absorption in a wide sense as follows: 
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the former is the passage of a substance from the blood to CSF and the latter is 

that from CSF to the blood. These terms are contrasted with those in a narrow 

sense, or in a popular sense. In order that the CSF production in a narrow sense 
occurs, the CSF production in a wide sense must be larger than the CSF absorption 

in a wide sense regarding each of various CSF constituents. When the latter is 

larger than the former the CSF absorption in a narrow sense takes place. In my 
experiment P32 injected in句 theblood was found to appear in CSF rapidly and 

there was no marked difference in the situation between CSF cranial to the block 

and that caudal to it. On the other hand, P32 injected into the lumbar cistern of a 

dog having a block rapidly appeared in the blood, too, showing thereafter a similar 

change in density to that in the preceding experiment. Thus it is to be concluded 

that passage of P32 across the blood-CSF barrier takes place rapidly, showing a 

grossly identical change in density, whether it passes from the blood to CSF or vice 
versa and whether the CSF concerned is cranial to the block or caudal to it. In 

other words, the production and the absorption in a wide sense occur everywhere in 
the CSF space, as far as P32 concerns, and we cannot postulate a specific locus of 

the production or the absorption in such a sense. Those results of m~· experiment 
coincide with those of SwEET18), BAcKEY35> and others. 明reare not sure, however, 

that the dynamic state of P32 represents that of CSF to some extent. Even if it 

were allowed for us to analogize the dynamic state of CSF on the basis of that of 
P3", we could never attain at once to the conclusion, such as that of KoNNa22>, 
MoRITA23> or others, that the production and the absorption of CSF in a narrow 

sence occur at an identical rate everywhere in the subarachnoid space and, accord-
ingly, there is no CSF flow in SSS. 

It is supposed on the ground of experimental data that the total amount of 

CSF in SSS caudal to the level of CZ of a dog is about 3 cc. It has been found in 
my experiments that there is definitely a basic CSF flow in the caudal direction 

in SSS at a rate of about 0.3 cc per hour on the average. Provided that a similar 

CSF自owat the same rate as above exists in a normal dog (without a block in 

SSS), about 10 hours are required for the replacement of total CSF caudal to the 

level of CZ by CSF flowing down from above. On the other hand P32 passes the 

blood-CSF barrier in several minutes and reaches a state of equilibrium about 30 

minutes after its administration. Thus it must be concluded that the use of tracers, 

such as P32 is inadequate to a purpose of examining such a flow of ver~· slow speed 

as the basic CSF flow found in my experiments. 

As has been described in Section 5 of the previous chapter the CSF flow is 

strongly influenced bγvarious factors. In view of these experimental results and 

also of morphological complexity of the subarachnoid space (as compared with a 

polyethylene tube) there are perhaps very complicated flows of CSF in SSS of a 

normal waking dog. There may be localized flows in either cranial or caudal 

direction with speeds several times as large as the speed of the basic CSF flow. 

The object that I intended to examine is not those complicated and localized flows 

that are evoked by various factors, but is the （‘＇SF flow as a whole or of a larger 
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dimension, which takes place in a certain direction in a relatively st伺dymanner. 

Heretofore, various investigators have reported on their experiments, in which 

various pigments, normally absent in CSF, or various isotopes, capable of passing 

through the blood-CSF barrier rapidly, are injected into the CSF space that has 

complicated, localized and rapid flmγs on the one hand and a very slow flow as a 

whole on the other hand. Bγmeans of these procedures they have attempted to 
examine a basic CSF flow in a strict sense. According to m~＇ opinion these attempts 

can harcllY be successful. 

No matter how slow the speed may be, the presence of a basic CSF flow from 

the portion cranial to the block to that caudal to the block definitely indicates that 

the production of CSF in a narrow sense takes place at the portion cranial to the 
block and the absorption in a narrow sense does at the portion caudal to the block. 

If we assume that the production in a narrow sense at the portion cranial to the 
block occurs at a constant rate irrespective of the absolute pressure, the change 

(increase or decrease) per unit time in amount of CSF overflowing from the 

manometer tube, in the experiment described in Section 4 of the preceding chapter, 

should have been equal to the change (decrease or increase) per unit time in 

amount of CSF flow in the caudal direction. In fact, however, such a precise 

relationship could never been found (see Fig. 11). The results obtained must 悦

interpreted as follows: under a relatively low pressure the production of CSF in a 

narrow sense is relatively large in amount at the portion cranial to the block, while 

under a relatively high pressure it is relative｝~· small there. The same fact has 

already been pointed out b~· Cushing1> in 1914. 

The significance of the absolute value of CSF pressure in the mechanism of CSF 

flow and the significance in the same mechanism of difference in pressure加tween

the portion cranial to the block and the portion caudal to it, are the problems 

quite different from each other. "'hen two vessels, which contain the same fluid 

and in・ which the height of its surface is di仔erentfrom each other, are intercon-

nected with a tube, it is a ph ~·sical commonsense that the higher the di百erencethe 

faster the flow inside the tube. Thus the result of the experiment described in 

Section 4 of the preceding chapter, i. e. existence of correlation between changes in 

pressure of CSF and the speed of CSF flow, and also the result of experiment 

described in Section 5, i. e. the fact that CSF flow is greatly influenced by those 

factors which cause changes in CSF pressure above and below the block, seem to be 

little more than that physical commonsense. On the other hand the fact, that CSF 

flow definitely exists when the pressure is kept at a constant level, certainly indicates 

that the absorption in a narrow sense occurs at the portion of SSS into which岱F

flows. The fact that the CSF flow is faster under a high CSF pressure than under 

a low one, evidences that the ability of absorption in the lumbar cistern is large 

under a high CSF pressure. In the experiment, in which physiological saline solution 

was infused into the lumbar cistern, the attitude of the solution might not be 

identical w・iththe physiological attitude of CSF, but we can at least conclude that 

the water is absorbed within the lumbar cistern through some routes. In dogs 
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having acute blocks, the amount per hour of phyァsiologicalsaline solution flowing 

into the lumbar cistern under a pressure of 100 mm  H20 and the amount per hour 

of CSF flow in the caudal direction under a constant pressure of 100 mm  H,O were 

roughly identical and were about 0.15 cc. This fact suggests that the circumstances 

in the absorption of physiological saline solution roughly repre田ntthose in CSF 

absorption. The speed of inflow of the solution into the lumbar cistern increases, 

as described previously, according to rise in pressure, but the rate of increase in 

inflow gradually diminishes with rise in pressure and the speed of inflow does not 

seem to exceed a certain limit. In the physiological state of an animal it seems 
therefore that the ability of absorption in the lumbar cistern cannot increase 

infinitely if CSF pressure rises more and more. On the other hand, it is considered 

in view of the result shown in Fig. 24 that the absorption in a narrow sense, in 

the lumbar cistern of an animal in the physiological state, stops if CSF pressure 

falls beyond a certain limit. As a matter of fact, if we attempt to m伺 surethe 

upper limit of the speed of CSF flow, we must give up the attempt on account of 

leakage of CSF and, if we attempt to measure the pressure at which the flow 

stops, we must also give up the attempt on account of errors due to relative largeness 

of the hyァdrodynamicresistance in the tube as compared with relatively small 

di汀erencein pressure between both ends of the tube. Therefore we cannot help 

assuming both limits on the basis of the curves in the figure. This assumption, 

however, v可rellcoincides with clinical findings. It is often experienced in clinical 

cases that, when CSF pressure rises up旬 a level of from 230 to 250 mm  H,O, 

symptoms of increased intracranial pressure promptlyア becomemarked. This fact 

makes us suppose that regulation of CSF pressure comes to be di田cultas the 

pressure exceeds the upper limit described above. On the other hand, the fact that 

“Sperrliquor”， or CSF in hydrostasis, usuall~γshows a pressure of from 40 to 50mm 
H,O and not a pressure of lower value, argues for the presence of the lower limit 

mentioned above. I must emphasize here again that the presence of the lower 

limit indicates the absence below the limit of the CSF absorption in a narrow 

sense, and that it does not in the least mean cessation of the production and the 

absorption of CSF in a wide sense below that limit. 

GARDNER et al36) stated that increase in protein content in CSF causes a rise of 

CSF pressure. In my experiment described in Section 6 of the preceding chapter, it 

was found that the amount of in日owof physiological saline solution into the lumbar 

cistern under a pressure of 200 mm  H,O decreased to show from 50 to 60% of the 

original value when the inner surface of SSS had previously been drenched with 

serum or dextran. This fact indicates that the presence in SSS of macromolecular 

substances hinders normal CSF absorption. Therefore in discussing abilitJ’ of 

absorption in the lumbar cistern, not onlγthe influence of the pressure but also 

that of osmotic pressure must be taken into consideration. 

The ability of CSF absorption in SSS mentioned above is not the same in 

various parts of SSS. As shown in Fig. 12 it seems to be relative！：γlarge at the 

caudal end portion. This is in accordance with the result of W usTMANN'7), who 
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studied making use of a contrast medium. It also lends support句 BECKER’sobjec-
tion38i against the opinions of EICHLER et al24l. This fact does not in the least 

conflict with a definite rule that the higher the level of the block in SSS the more 

the absolute amount of CSF absorption below the block. As a matter of fact among 

dogs having chronic blocks at the caudal end portion of SSS none showed any sign 

of ventricular dilatation. In contrast, moderate or marked hydrocephalus was found 

加 beproduced in about one-third of dogs having chronic blocks at the cranial portion 

of SSS. Although hydrocephalus was less frequent and tended to be less marked in 

these dogs as compared with dogs having obstruction at the fourth ventricle or at 

the cerebral aqueduct (cf. Fig. 26, DANDY2l, N1sHIMURA25l), it is of interest that 

hydrocephalus did occur as a result of blockade at the cranial portion of SSS. This 

fact coincides with reports by some authors on clinical cases, in which blocks at the 

cranial portion of SSS were accompanied by hydrocephalus. 

On the basis of his study on hydrocephalus in experimental dogs, DANor' 

considered the choroid plexus as the site of CSF production. Results of BERING’s 

experiment16' are quite contrasting. Making use of various isotopes he clarified as 

to ventricular CSF that exchanges across the blood-CSF barrier of water and 

electrolytes were little a百ectedb~・ plexectomy. This fact indicates, as he correctly 

stated, that the production of these substances in a wide sense takes place not only 

at the choroid plexus, however it never evidences that the choroid plexus is not the 

site of the production of CSF in a narrow sense. Various facts disclosed by recent 

energetic studies with isotope tracers are certainly true. On the other hand no one 

can deny the fact that, when the ventricular system is obstructed at some place, 

the ventricles rostral to the obstruction are usually dilated. In my experiments it 

has been found that there is a ve1γslow but incessant flow of CSF in SSS from 

the cranial side to the caudal side. When this extreme slowness of CSF flow and 

the rapidity with which exchange of CSF constituents occur across the blood心SF

barrier are taken into consideration together, the results obtained by DANDY and 

others do not seem to conflict with those obtained by BERING and others. Indeed I 

believe they are certainly compatible m北heach other. 

IV. CO:¥CLUSION 

1. Exchange of P32 across the blood-CSF barrier in dog is very rapid and it 

is inadequate to measure CSF flow in SSS by means of such an indicator. 

2. In an anesthetized dog there is a ver~＇ slow but incessant CSF flow in SSS 
from the cranial 旬 the叫 udalside. It has been found that the amount of CSF 

flow at the level of C2 is 0.3 cc per hour on the average. 

3. The speed of flow increases with rise of pre回ureand decreases with fall of 

pressure. But the rate of increase in speed gradually diminishes as the rise of 

pressure progresses and the rate of its decrease is gradually promoted as the fall of 

pressure progresses. The speed of臼owis markedly influenced by changes in body 

position, pressure on jugular veins, pressure on the abdomen, changes in osmotic 
pressure of the blood and by deh:-・dration. 
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4. The more caudally located the portion of SSS, the slower the CSF flow 

inside. However relatively large amount of CSF flow still exists at the caudal end 
portion of SSS. 

5. The lumbar cistern has an abilityア of water absorption. This ability is 

regulated by mechanical as well as osmotic pressure inside the cistern. 

6. When SSS was blocked chronically at its cranial portion, hydrocephalus was 

found to develop in relatively small number of cases, but a majority showed no 

such sign. 
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和文抄録

脊髄蜘網膜下腔に於ける髄液循環の実験的研究

須

岐阜県立医科大学第2外科学教室（指導－竹友隆雄教授）

和

髄液の流れは脳室に発して大槽に達しp 大部分は脳

底槽を通って大脳凸部蜘網膜下腔に向いp 一部は脊髄

蜘網膜下座に向うことはp 略ぽ一般の認める所であ

る．しかし此の髄液の循環説は現在に至る迄全く肯定

されているものではない．特に脊髄蜘網膜下腔の髄液

の動態に関しては異論が多し最近アイソトープを使

用して行なった諸家の実験ではp 此の部の髄液には一

定の流れは無かろうと云う結論が多く見られる．各種

の臨床診断及び治療手投を行なうにあたって，此の部

に髄液の流れが全くないのかp 極めて徐々であっても

基本的な流れが厳存するのか，の問題は重大な意義を

もつものと考えられる．そこで著者はアイソトープに

よる若干の追試を行なってP 脊髄蜘網膜下降に於ける

髄液流否定論に考察を加えると共にp 此の部に於ける

髄液の厳密な意味での流れの存否を実験的に追究しp

併せて髄液の動態に関与する種々の因子の影響及びp

脊髄墜に於ける髄液の吸収能に関する液圧及び漆透圧

の影響を検討した．

実験動物は成熟雑犬を用い，その脊髄蜘網膜下腔を

各種の高さに於てp 慢性或いは急性に完全遮断しp 大

槽と腰槽とをポリエチレン細管をもって連結しp 此の

細管内髄液佳を両断する気泡の移動を指標としてP 髄

液の流動状態を時間的に計測した．

実験結果を要約すると次の如くである．

1) 犬の血液髄液関門に於ける p32の交換は諸家の

報告の通り迅速であってp どちらからも略ぽ類似の経

過をもって通過し，且つ遮断部の上下を問わずほほ平

等に行われている事を確認した．此の様に交換速度の

速いものをもってF 緩やかなp しかも局所的には複雑

な様相をもっP 脊髄蜘網膜下腔の髄液のJ,1：本;ii日を測知

しようとするのは不適当であると言わねばならぬ．

2) ラポナール麻酔下，安静に横臥させた犬ではp

髄液は常に極めて徐々に頭側より尾側に向って流れて

いる． その流量は犬の第2頚椎高で 1時間平均0.3cc

であり，急性遮断犬と慢性遮断犬の聞に大差を見出し

原 書店

得ない．

3) 此の流量は液圧の上昇と共に増加しP 下降と共

にi1；~少する．しかし液圧の上昇が進むに従って流量の

増加度は逓減して行きp 又液圧の下降が進み＇ 40～50 

m水位圧に近ずくと流量は激減する傾向を持つ．

4) 又此の流量は髄液圧を変動せしめる各種の因子

により大きく影響を受ける.E!Pちp

i) 体位を変動させるとP 頭側を約10°上げた場

合はp 水平位にある場合より平均539石流量が増大し

た. ~頭側を約10。下げた場合は水平位にある場合よ

り，平均50%流量が減少するが，髄液は依然として大

槽より腰槽へ流入した．

ii) 頚静脈圧迫を加えるとP 流量は極めて増大

しP 圧迫をゆるめると髄液は直ちに頭方へ逆流し，

後p 基本流に従う緩徐な尾方への流れを認めた．腹圧

を加えると上記の流れの変動とは全く対照的であっ

てp 髄液は強く頭方へ逆流する．腹圧を除くとp 急速

に尾方へ流動した後p 漸次基本流に移行する．

iii) 低張液（0.5%食塩水）の静注によっては軽

度の流量増大を認めた．高張液（50%葡萄糖溶液）の

静注では約1時間にわたる頭方への逆流の後，再び尾

方へ急速に流動した．尿素溶液の静注でも同様頭方へ

強く逆流した後，再び尾方へ急速に流動した．ペレス

トンNの静注では短時間尾方へ流量が増大して後若干

頭方へ逆流し，以後速度を落して尾方へ流動するのを

見た．即ち血液診透圧の変化は髄液流に複雑な変化を

与える．

jy) 高張葡萄糖溶液或いは尿素溶液の大量連続

静注によって，実験動物に脱水状態を起させると髄液

は極めて強く頭方に向って逆流する．

5) 脊髄蜘網膜下隆の遮断部位の高さを各種変化し

て行った実験によれば，上記流量は脊髄蜘網膜下座の

末梢に至るに従い低下するが，~側端部に於ても比較

的多量の髄液の流れを認める．

6) 腰槽には水の吸収能があり，上部より遮断され
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た腰槽に生理的食塩水を注入するとき，定圧に於ては 存在すると，吸収能は減少する．

一定して流入させる事が出来る．此の吸収能は液圧， 7) 脊髄蜘網膜下墜を高位に於て遮断すると， 32例

法透圧性に調節され得る.IWち液圧に関しては要約 中10例（28%）に軽度の脳水産発生を見たが大多数に

3）の如き傾向をもっており，此の部に高分子溶液が 於ては著明なものは認められなかった．


