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Of the therapeutic measures aimed at controlling cerebral e.'2tema, the greatest value lz at.ached to methods 
of dehydration and osmotic therapy. l .e . ,  therapy by means of h;~ertonie solutions of glucose, table salt, and 
some other substances; and although this type of thera~)y has exisx~-~ since the days of N. I. Pirogov. however. 
there still is no single distinct method for the osmotic therapy ~f r so that the actions of clinicians In this 
direction are not always sufficiently well-founded. Even the m e ~ n i s m  of osmotic therapy Is Itself understood 
from somewhat empirical standpoints. 

The prnbiem of studying the acttoti of hypersonic solutions r the brain and of discovering the mechanisms 
of this action was before us. The Investigations were unique due t-~ the fact that the observations were carried 
out under conditions of experimental traumatic cerebral edema. 

We determined the action of hypertonlc solutions not by the ~;~te of fluid pressure [2. 3: 10, 12-15], but 
b / t h e  reaction of the ~ain itself to the solutt0n~ Introduced Into ~-x For thi,,~ purpose, cerebral oncometry, which 
allowS-the obse,wation and registration of changes In the size of d:~ brain,was the method used and the changes 

In the edema were judged by these changes. 

The experimental method was essentia_Hy as follows. Under acute experimental condltlom, an area 8 em a 
was trephined in dogs und6r morip~lne-ure~ane anesthesia, the d~za mater was dissected, and a brain oncometer 
was fastened in b e  opening. This consist*.d of a Steel d~m, with ~ rubber r~embrane stretched over its base. the 
upper portion of which was connected by means of a rubber tube t~ a water manometer which registered the varia- 

tions of the brain on a chymograph. 

With prolonged observation, the oncometrtc curve could be observed to rise. hour by hour. In connection 
with the gradual rise In intracranial pressure and the developmen~ rff cerebral edema. The edema did not stop 
at ~he boundaries of the t~ephlnatlon but extended bcyone It. m c ~  over l~xto the opposite cerebral hemispheres; 
co~Lsequenrly, the edema was of a diffuse, generalized nature. N~c.roscoplc analysis completely confirmed the 

diagnosis of cerebral edema. 

~'11e edema was provoked by operational trauma, anesthesL2, the procure of the water column of the regis- 
tering manometer, and, finally, by prolongeci Immobilization of the dog with the vessels of the neck clamped. 

One to two hours after onset of the edema, hypertontc solutions of glt cose (40~) and table salt (15~) were 
tested. The solutions, 36 and 37" in temperature were administered into th,'- femoral vein at a rate of 2 ml per 
minute in quantities which corresponded to t~ae average therapeU~: doses t~ed in clinical practice (taking the 

wei~,ht of the animal into account). 
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lt.~ al l ,  "l-I~ obct'tvatit~ts were t , t lr ied out oil #G d~'~,~,s. 

"l'l,*" i!~ttAv~'~olt~ .~d;~hli~lralio~t ,,[ I~}'i~.'rlotd~ - ~.hf, ~,r ;tilt] t,t~.o sMt soltltlOllS was avvompanled by a series 
o~ l~pi~ ~1 , ] | . l t t~*t '~ i , t  t i l t '  I : | | | , 1~  r . t t t i a l  t l i- t . :~sti te , i ! | d  ~,Iu~tlc ,~I II~c ]'*~itl. II)' ~,lWt~tuetrft" o|~t~rv,q|jons, lhr( 'e sra~t~t~ 

o, r t'I~At:~:c itl iulr,~r r,tni~d lp~cs~:lrr wt2rt- lOltttt] (Jlitilt'~ II~t" atltiiilliStr ~'~,t~l Of hy~'rloul~ ,~t,hltIons ltlto a vein (Fig.  1 
arid :FableL 

-q to 

l 

a l 2 $ 4I 
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Fig. 1. Changes in iutracranial  pressure durL~.~ iv~,traveno~ admlnis - 
tration (~)  of a 15~0 solution of . table salt  (1) ~ of a 40~ solution 
of glucose (R). 

Tlle first ( in i t ia l )  stage was the shortest,  from the moment  b e  solution was injected into a vein until the 
intracranial  pressure began to fall;  the second stage (fal l  of intrac.'-anial pressure) took up the greatest portion 
of the oncometric  curve - f r o m  the moment the pressure fell  umi~ it returned to the original leve l .  This s tate 
is of greatest interest sl:lce the therape:utic eff icacy of die a d r n i l ~ c r e d  solution can be judged by the extent  and 
duration of the pressure decrease;  the r~ird stage (secondat 3' actio~ ~) occupied the final section of the oncometr ic  
curve and determined the period from the moment  the intracranf~2 pressure returned to the original state unti l  
the end of the obser~-atiom. 

Detai led study of the act ion of glucose and table salt  solutfons [aci l i ta ted the determinat ion of certain rule*. 

X~hen glucose solution was administered,  a brief  rise in int-~cranial  pressurewas observed during the in i t ia l  
stage. At the same d ine ,  when table salt solut~on~was-administe~d, rising as well as fall ing pre~ure could be 
observed. 

In the second stage, die differerice between the actions of ~ : 'ypertonic solutions is most pronounced. 
Thus, when glucose is administered,  file intracranial  pressure usu~i]y falls 20~ oil the average (in relat ion to the 
original pressure), while when table salt solution is adminis tered.  ~2~e fall in pre~ure reache-~ 39-40~ The 
pressure drop with glucose usually lasts 42 minutes; when table s~21 i~ administered, 3 hours. Thus, table  salt" 
solution is twice as effect ive as glucose solutioll and lasts 4 t i m e .  ~s long. 

Finally.  in the thLrd stage, a ris~ in intracranial  pressure f~ obs,.-rved whose extent  appears to be ap lxox imate l  
the same (16-17%) whether glucose or table salt  is adminis tered.  

The nature of the described fluctuations of the stages in irlt~acranial pressure is complex and the declpherme! / 
of these f luctuatiom, undoubtedly, is of value in understanding ~ mechanism by which hypertonic solutions ac t  
on cerebral tissue. 

Study of the oncometr ic  curves of the ini t ia l  stages show ~ a t  ":he variations in intracranial  pressure during 
t.~is sLay.e are determined b)' the action of hypertc~lie solution on ~*-~e vessel wall  and its receptors. The following 
facts support this proposition: a) the speed with ~,'hich the intr~r pressure react ,  b) the existence of a 
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distinct relationship between the rate at which the solution is administered into a vein and the ampl i tude  of the 
variations in lntracranial  pressure (the slower the solution is administered, the less obvious are d~e variations in 
pressure; as the solution is administered more rapidly, the pressure fluctuatiom incre~e)  c) the para l le l  between 
changes in ar ter ial  and intracranial pressure. Thus, when a Pressor reaction of the arterial pre~,~e beg im (a t  
the moment  the solution is administered), a similar reaction is observed in the intracranial  pressure. On the 
other hand when a depressor reaction of the ve:_~seh occurs, a decrease in intracranial  pressure is observed also. 

Thus. the explanation of the init ial  changes in intracranial pressure at the moment  hyper~onic solutions 
are adm~3.~ered should be sought in the initial changes of the artezial pressure which are of a ~euro-ref lex 
n a t u r e .  

The explanation of the action of hypersonic solutiom at the stage of decreasing lntracranial  presmre i t  
much more diff icult .  

I t  is c,~tomary to consider that the intravenous administration of hypersonic solutions a~ a method ~ff com-  
batting ce:ebra l  edema creates the conditions necessary for the removal of stagnant e d e m a t o ~  .*'laid from the 
brain tissues, the introduction of this fluid into the bloodstream and the further el iminat ion of i~ with the urine. 
But is the s~pposition that  the edematous brain can be freed from water mechanical ly sufficienfl]z founded T 

As is known, a hypersonic solution consisting of, generaJay, less than 1% of the entire blood volume is 

administered to the patient. When such a smaU quantity of the solution is administered, can a~" appreciable 

osmotic effect be expected T It is difficult to imagine this. 

The same considerations arise when studying the action of hypotonic solutions also. It w~'Ad seem that 
when ware: is injected, the blood could be expected to become thicker due to the transfer of liqmid from the 

blood into the tissues. However, when hypotonic solution is administered, a dilution of the bloo~ is usu~L1y 

observed, a~ is the case when hypersonic solution [8] is administered. 

8h.rs ~ min 

: + 

. . . .  

i< 

i ! i 

Igmln Igmln :Omin 12rain lOmin lgmin l~mln 

..... +~ L+-++++ 

Normal  
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Fig. 2. Rise in intracranial pressure (Ix, mm of water column) during intravenous 
administration of hot (42 ~ 15% table salt solution (a) and physiological solution 
a t  the same temperature (b). 

Therefore,  the therapeutic effect of osmotic therapy can only t>e explained completely within the laws of 

osmotic equil ibrium. 
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Ch,r iiwt'~,'i,;Jlions o[ the aclir of sol~lions of var|c~l.~ teni- 
pt~ratltrt-s t~il !he ~aitl  confirmed Ihc data [4. l l ]  regarding the 
$i:.~nilic~ncc t,f tJ~c *cuq~..raturc ,)f the ;~drzlb~is~crcd solution. Thus, 
d~r intravcnoa~ ad,~dnistration of sol,tticna which had been heated 
ro 42 or 43". c;~.scd a tftse in intracrantal prcssnre, regardle~ 
whether hypcr -  or hypotonlc sohnion was administered (Fig. 2a).  
The administrati~, ~.ff these same solutions vehen cooled (10 ~ and 
lower) was accompatl~cd by a lowering of Ii~tracrania ! pTessure. 
Even the lnjecti~.~ of physiological salt solur/ons, which had been 
heated to 43* involves a distinct rise in intracra.ztal pressure (Fig. 2b)0 

The data presented here indicate the undoubted significance 
the temperature of. r_he rp!~4ttcnl. 

We studied the significance of the method of administering 
the solution also. As was indicated, intravenous administration of 
the solution lead~ to lowered intracranial pre~ure. Howe;oct, 
administration of the same solu~on into an artery produced the 
opposite effect and Is accompanied by increased pressure (Fig. 3). 

Consequently, the various methods of administering the sol- 
ution determine the difference in the reaction of the brain io this 
administration. From this point, the conclusion becomes obvious 
that the action d hypertonic solutions on the brain cannot be ex-  
plained by a single ~mot i c  law. The matter lies not only in fl~ 
concentration of ~ e  solutiom, but also ha the conditions of ad- 
ministering them to the organism, since a solution is above all 
an irritant which, in one way or another, touches the vessel wall 
and its receptors; specifically, the osmoreceptors described by 
K. M. Bykov [3] which react to the least fluctuation in the osmotic 
pressure of the internal medium. 

However. when the stimulants acting internally on the her~ 
vou~ system ate under discussion, those ~Imulan~ should also be 
kept in mind which L P. Parlor [7] called automatic, eomider- 
tng these to include the changes in the blood and fluid which act 
directly on the nerve centers. 

It is known that the administration of hypertonie solutions 
Into the blood depresses the liquid-forming function of the vessel 
connections of the brain, which leads to a decrease in the fluid 
content of the c~anial space, lowering the tnt~acranial pressure. 
This inhibition d fluid-formation is ~pee ia ! !y  noticeable when 
table salt [6, 9] is introduced, thus pointing to the greater p~o- 
aongation of the action of salt compared with g luc~e .  

When hypertonic solution Is injected into a vein, ~ e  brain 
loses up to 5% of Its moisture. This phenomenon of desiccation 
Is usually explah~ed by the process of osmc~ds. Actually. ~ m o t l e  
effects are widely sepresented in nature and ~e .  of course, do ~ot 
deny the role ar~  significance of osmosis In physiological functions. 
However, in the l ive organism, osmosis doe~ not occur as a phydeo-  
chemical phenomenon independent of netmfl mechanisms, but as 
a process which is di~:ectiy regulated by the nervous system. The 
speed with w h i ~  osraotic ba.lauce is tee~tablL~hed as described 
above can only be e~:plah~ed hy the participation of neural mech-  
antsrm. 
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Fig. 3. Rise ~"z.intracranial pressure duS..~g arterial admini{tration of a 15e~o solution of 
table salt. Perb~l ol solution admlnistm~on delimited by arrows. Curves (top to bottom): 
tntracranial ~t-e~ssure, null line, time ma.rk (6 seconds). 

The role of the re.~ex in increasing ube per=~tbi l i ty  of the xesseh of the brain when hypertonic solutions 
are a ~ i s t e r e d  into a v,~_i.n was established~earli~ I1]. One can believe that this same mechanism which in- 
crease,  ~he permeability ~ the basis of increasing, c.mosis through the w.~ssel membrane. The membrane factor 
(permeability) is one of ~ae meclaanisms which c a ~ b u t e  to the changes in .the fotc~ and direction of osmotic 
pheno=ena produced by ~ adminisuation of hyp~zonic solution. 

Three aspects of ~ .  action of hypertonic soi:~ions on the'brain can therefore be discussed: a-) the action 
on the -vessels of the b r a ~  and on their c o n t r a c t i l i ~  b) the effect on fluid formation; c) the action on vessel 
permeability and the osw_a~c processes. But both ~ e  vasomotor reflex and the capillary plexus reflex and tim 
changes in permeability ~.re all neurogenic factors, a fact which is. not taken into consideration "in the classical 
theo~'y of osmotherapy. 

The above l e t sce  .r~.-,dn practic: l  conclusiom be drawn; namely, solutiom intended therapeutically should 
be ad~iniztered at a te.~="oerature of not more thar~ 3~';  the use of solutions at a higher temperature can cause 
a rise m intracranial pressure and, consequently, ~ harm the patient J:astead of helping him; the intracrantal 
adr~i~L~tratton of small c~,_aantities of distilled ware: is safe and can produce a rise in intracranial pressure which 
lets ~ method be reco~_mended in the clinic w~e.n there is lowered intracranial pressure. 

The effort to base ~be effect of hypertonic scansions on the nervor~ system and through it on the iJnysico- 
chemica l  processes in the organism can help poinz ~ e  way to active reflex Influences on the brain during trau- 
marie states. 
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