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Of the therapeutic measures aimed at controlling cerebral edzma, the greatest value is attached to methods
of dehydration and esmotic therapya1. e., therapy by means of hyzertonic solutions of glucose, table salt, and
some other substances; and although this type of therapy has existed since the days of N. 1. Pirogov, however,
there still is no single distinct method for the osmotic therapy of edema, so that the actions of clinicians in this
direction are not always sufficiently well-founded. Even the meckanism of osmotic therapy s itself understood

from somewhat empirical standpoints,

The problem of studying the action of hypertonic solutions om 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 hypertonic solutions not by the state of fluld pressure [2, 3, 10, 12-15}, but
by the reaction of the brain itself to the solutions introduced into £1. For this purpose, cerebral oncometry, which.
allows the observation and registration of changes in the size of tz brain,was the method used and the changes
in the edema were judged by these changes.

The experimental method was essentially as follows. Under acute experimental conditlons, an area 3em’

was trephined-in dogs undér morfzﬁine-ureﬂi;ﬂe anesthesia, the diura mater was dissected, and a brain oncometer
was fastened in the opening. This consistd of a steel dium, with = rubber membrane stretched over its base, the
upper portion of which was connected by means of a rubber tube to a water manometer which registered the varfa-
tions of the brain on a chymograph.

With prolonged observation, the oncometric curve could be observed to rise, hour by hour, in connection
with the gradual rise in intracranial pressure and the development af cerebral edema, The edema did not stop
at the boundaries of the trephination but extended beyone it, moving over into the oppasite cerebral hemispheres;
consequently, the edema was of a diffuse, generalized nature. Microscopic analysis completely confirmed the
diagnosis of cerebral edema.

e edema was provoked by operational trauma, anesthesiz, the pressure of the water column of the regis-
tering mancmeter, and, finally, by prolongec immobilization of the dog with the vessels of the neck clamped.

One to two hours after onset of the edema, hypertonic solugions of glucose (40%) and table salt (15%) were
tested. The solutions, 36 and 37° in temperature were administered into the femoral vein at a rate of 2 ml pert
minnte in quantities which corresponded to the average therapeutic doses wsed in clinical practice (taking the
weight of the animal into account),
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I afl, 145 observations were cartied ont on BG dogs,

The intravenous adieinistration of hypertonic gl ose and ta®le salt solutlons was accompanted by a series
of typival «Tuanses b the futracranial pressure and vodume of the Frafn, By oncemenrie olrervations, three stages
of vhanye indmtracranial pressare woere found durin e adminisiraion of hypertonie solusfons into a vein (Fig, 1
and Tabley.

S

Changes in pressure (in 9%)

of original pressure)
L I8 3o 8
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Fig. 1. Changes in intracranial pressure durimg intravenous adminis -
tration (§) of a 15% solution of table salt (1) and of a 40% solution
of glucose (2).

The first (initial) stage was the shortest, from the moment the solution was injected iuto a vein until the
intracranial pressure began to fall; the second stage (fall of intracranial pressure} took up the greatest portion
of the oncometric curve —from the moment the pressure fell unnit it returned to the original level, This state
is of greatest interest since the therapeutic efficacy of the administered solution can be judged by the extent and
duration of the pressure decrease; the third stage (secondary actiom) occupied the final section of the oncometric
curve and deterinined the period from the moment the intracranizl pressure returned to the original state until
the end of the observations.

Detailed study of the action of glucose and table salt solutions facilitated the determination of certain rules,

When glucose solution was administered, a brief rise in intracranial pressure was observed during the initial
stage. At the same time, when table salt solutiom-was-administered, rising as well as falling pressure could be
observed.

In the second stage, the difference between the actions of £he “ypertonic solutions is most pronounced.
Thus, when glucose is administered, the intracranial pressure usually falls 20% on the average (in relation to the
original pressure), while when table salt solution is administered, ghe-fall in pressure reachec 39-400b, The
pressure drop with glucose usually lasts 42 minutes; when table sali is administered, 3 hours, Thus, table salt
solution is twice as effective as glucose solntion and lasts 4 times as long.

Finally, in the third stage, a rise in intracranial pressure is ebserved whose extent appears to be approximatel
the same (16-17%) whether glucose or table salt is administered.

The nature of the described fluctuations of the stages in intracranial pressure is complex and the deciphermes
of these fluctuations, undoubtedly, is of value in understanding the mechanism by which hypertonic solutions act
on cerebral tissue,

Study of the oncometric curves of the initial stages show that “he variations in intracranial pressure during
this staje are determined by the action of hypertonic solution on the vessel wall and its receptors, The following
facts support this proposition: a) the speed with which the Inwaczarial pressure reacts 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 amplitude of the
variations in intracranial pressure {the slower the solution is administered, the less cbvious are the variations in
pressure; as the solution is administered more rapidly, the pressure fluctuations increase) ¢) the parallel between
changes in arterial and intracranial pressure, Thus, when a pressor reaction of the arterial pressure begins (at

the moment the solution is administered), a s!mllax reaction is observed in the intracranial pressure, On the
other hand when a depressor reaction of the vessels occurs, a decrease in intracranial pressure is observed also.

Thus, the explanation of the iniiial changes in inmacranial pressure at the moment hypertonic scludons
are administered should be sought in the initial changes of the arterial pressure which are of a neuro-reflex
nature.

The explanation of the acticn of hypertonic solutions at the stage of decreasing intracranial pressure is
much more difficult.

It is customary to consider that the intravenous administration of hypertonic solutions as a method of com-
batting cerebral edema creates the conditions necessary for the removal of stagnant edematous fluid from the
brain tissues, the intrcduction of this fluid into the bloodstream and the further elimination of it with the urine,
But is the supposition that the edematous brain can be freed from water mechanically sufficiently founded ¢

As is known, a hypertonic solution consisting of, generally, less than 1% of the entire blood volume i3
administered to the patient. When such a small quantity of the solution is administered, can azy appreciable
osmotic effect be expected ¢ It is difficult to imagine this.

The same considerations arise when studying the action of hypotonic solutions also, It would seem that
when water is injected, the blood could be expected to become thicker due to the transfer of liguid from the
biood Into the tissues, However, when hypotonic sclution is administered, a dilution of the blood is usually
observed, as is the case when hypertonic solution [8] is administered.
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Fig. 2. Rise in intracranial pressure (in mm of water column) during intravenous
administration of hot (42%) 159 table salt solution (a) and physiclogical solution
at the same temperature (b),

Therefore, the therapeutic effect of osmotic therapy can only be explained completely within the laws of
osmotic equilibrium.
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Changes In Intracranial Pressure Influenced by Intravenous Administration of a 15% Solution of Table Salt and a 40% Solution of Glucose (By Stajes)
&

494

v ¥
vsél«
C e ™ o]
21 9w o0 @
- f e = —
Ol YL e w0
m 19 85 g bl —t
-y e
o~ X om =
=] =
;UQ--—‘OV
o -
S iy e =
=ore v = b1
312528 |E E
b~ = =
< |92 8 G (o e
212287 Iz
e - 2 i=
},0'33“5:1 o
-
»
._kg’\_
g O R
v
EL
583 o =)
b1 o™ o™
- 1<
c E 8
HE
U«E
©
AR
ao
®
§a.
& 1's
o0
E1{5
nzg
- L] 2 3
Q] o e =
512 ¢ o
o |7 = <
<
A
Guéé
Qo‘Oh-
quQ-
3 )8 =
— =
w_,E =
n -t
b oy
s3ss |8
Ty
- < N
cEG 2 |e &
o -
5
L3
Ses s ©
L]
g 3 wo jes
o ]S
ugﬂ
N oo L2
[ < V3]
)
g"“g O
T IO - S z
v):s -
@©
5123 © ~+
= ole =~
ElSe 2 .
“ls 5 E
« o
Lo
(=3
fed
8 [
- 0
28 8
- S
-] 35
S e 83 8
. 2 & B
] P
:0 o o ©
S5 & £
o=
g 5
El * g
2 2 o
v ) 3
a e
-~ ~*

Our investications of the action of soluiions of various tem-
puratures on the brain confirmed the data [4, 11] regarding the
significance of the weperature of the administered solutfon, Thus,
the infravenoas adiinistration of solution which had been heated
10 42 ur 43°, caused a rise in Intracranfal pressure, regardless
whether hyper- or hypotonic solution was administered (Fig, 2a).

The adindnistration of these same solutions when cooled {16° and
Tower) was accompanicd by a lowerlng of intracranial pressure.

Even the Injectivn of physiolegical salt solutions, which had been
heated to 43° involves a distinet rise In intracra-fal pressure (Fig, 2b),

The data presented here indicate the undoubted significance
of the temperature of the solution,

We studied the significance of the method of administering
the solution also. As was indicated, intravenous administration of
the solution leads 1o lowered intracranial pressure, However,
administratfon of the same solution into an artery produced the
opposite effect and {s accompanied by increased pressure (Fig. 3).

Consequently, the various methods of administering the sol-
ution determine the difference in the reaction of the brain to this
administration. From this point, the conclusion becomes obvious
that the action of hypertonic solutions on the brain cannot be ex-
plaimed by a sinzle osmotic law. The matter lies not only in the
concentration of the solutions, but also in the conditions of ad-
ministering them to the organism, since a sclution 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 mediom,

However, when the stimulants acting internally on the ner-
vous system are under discussion, those stimulants should also be
kept in mind which I, P. Pavlov [7] called automatic, consider-
ing these to include the changes in the blood and fluid which act
directly on the nerve centers.

It is known that the administration of hypertonic 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 cranial space, lowering the intracranial pressure,
This ishibition of fluid-formation is especially noticeable when
table salt [, 9] is {ntroduced, thus pointing to the greater pro-
songadion of the action of salt compared with glucese.

When hypertonic solution is injected into a veln, the brain
loses up to 5 of its moisture. This phenomenon of desiceation
is usually explained by the process of osmesis, Actually, osmotic
effects are widely represented in nature and e, of course, do not
deny the role and significance of osmosis in physiological functions.
However, in the live organism, osmosis does not occur as a physico-
chemical phenomenon independent of neural mechanisms, but as
a process which is directly regulated by the nervous system. The
speed with which osmotic balance is reestablished as described
above can only be explained by the participation of neural mech-
anfsms.
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Fig. 3. Rise £n-intracranial pressure during arterial administration of a 15% solution of
table salt. Period of solution administra=ion delimited by arrows, Curves (top to bortom):
intracranial pressure, null line, time mark (6 seconds).

The role of the refliex in increasing the permeability of the vessels of the brain when hypertonic solutions
are administered into a wein was established’earlier {1]. One can believe that this same mechanism which in-
creases the permeability &s the basis of increasing. csmosis through the vessel membrane. The membrane factor
(permeability) is one of £ue mechanisms which corzribute to the changes in the foice aud direction of osmotic
phenommena produced by he administration of hypestonic solution,

Three aspects of thee action of hypertonic scl=ticns on the brain can therefore be distussed: a) the action
on the wvessels of the braiz and on their conmactiliry; b) the effect on fluid formation; c¢) the action cn vessel
permeabilicy and the osmotic processes. But both the vasomotor reflex and the capillary plexus reflex and the
changes in permeability are all neurogenic factors, 2 fact which is not taken into consideration in the classical
theory of osmotherapy.

The above lets certzin practiczl conclusions De drawn; namely, solutions intended therapeutically should
be adezinistered at a temzperature of not more than 38°%; the use of solutions at a higher temperature can cause
a rise in intracranial pressure and, consequently, czz harm the patient instead of helping him; the intracranial
admingsmration of small quantities of distilled water is safe and can produce a rise in intracranial pressure which
lets this method be recormrmended in the clinic whaa there is lowered intracranial pressure.

The effort to base the effect of hypertonic sclutions on the nervous system and through it on the physico-
chemical processes in the organism can help point the way to active reflex influences on the brain during trau-
matic states. '
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