
up Ca ions is disturbed [9, 14], even that part  of the Ca which participates in the formation of contraction under 
the original conditions is unable to be evacuated from the myoplasm down to its initial level after completion 
of the evoked contraction. This leads to the development of mechanical oscillations in accordance with mech-  
anisms described for the myocardium of warm-blooded animals [6, 7]. 
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As a rule the clinical state of neurosurgical patients and the effectiveness of their  t reatment are assessed 
on the basis of the results of a neurological examination, investigation of the state of the brain function by 
electroencephalography, and determination of the level of intracranial hypertension, assessed as changes in 
the CSF pressure  (CSFP). Evidence has now been obtained that the CSFP is not identical with the pressure  
inside the brain tissue and does not always accurately reflect  mechanical pressures  developing in it [2, 3, 7, 
8]. 

To study the biophysical character is t ics  of brain tissue methods based on a measured change in the CSF 
volume have been developed [4-6]. 

This paper describes the results of an investigation of the effect of a measured change in the CSF volume 
on the clinical state of the patient, the CSFP and the intracerebral  interstit ial  fluid p ressure  (ICIFP), and on 
the EE G for the purpose of comparing the clinical and physiological data and of determining the advisability 
of an artificial change in the volume and pressure  of the CSF in the acute postoperative period. 

E X P E R I M E N T A L  METHOD 

Altogether 31 patients were studied after removal of supra- and subtentorlal brain tumors (basal menin- 
giomas in 14 patients, intracerebral tumors in 6, tumors in the region of the posterior cranial fossa in Ii). 

N. N. Burdenko Institute of Neurosurgery,  Academy of Medical Sciences of the USSR, Moscow. (Presented 
by Academician of the Academy of Medical Sciences of the USSR V. S. Rusinov.) Translated from Byulleten'  
]~ksperimental'noi Biologii i Meditsiny, Vol. 91, No. 6, pp. 661-663, June, 1981. Original art icle submitted 
February  12, 1981. 
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Fig.  2 

Changes in total  power of EE G (MZ) and power  of f requencies  composing EE G 
within the 8-17 Hz range (Ms) as a function of changes in CSF p r e s s u r e  and volume. 
Origin  of coordinates  co r r e sponds  to mean  initial values of  t e s t  p a r a m e t e r s ,  negative 
values denote a dec r ea s e  compared  with initial l eve ls .  Continuous l i n e -  r e g r e s s i o n  
for  dependence of ME on CSFP,  broken line - r e g r e s s i o n  for  dependence of M on 
CSFP.  Ordinate ,  p r e s s u r e  (in turn Hg); absc i s sa ,  values on left  - M~., on r i g h t -  Ma (in 
~V). 

Fig.  2. Dynamics  of  EEG during m e a s u r e d  change in ven t r i cu la r  CSFP in a patient  
a f t e r  r em ova l  of a gl ia l  t u m o r  of the left  p a r i e t o - t e m p o r a l  region.  Top t r a c e  shows 
changes in CSFP.  Ordinate ,  p r e s s u r e  (in m m  Hg). Bottom: r i g h t -  g raph  of change in 
E E G  spec t rum before  (1), during (2), and a f t e r  (3) a m e a s u r e d  inc rease  in CSFP; l e f t -  
quanti tat ive a s s e s s m e n t  of  to ta l  power (in ~W 2) of EE G and its f requency ranges  pe r  
minute  (in pV 2) before  ~1) and during (2) e levat ion of CSFP; d - for  r ight,  s - for  left  
c e r e b r a l  hemisphe re .  1, 2, 3) Marks  corresponding to t imes  of record ing  EEG.  C) 
ca l ibra t ion .  

The pos topera t ive  condition of the pat ients ,  a s s e s s e d  by means  of the 15-point Glasgow coma sca le  [9], ranged 
f rom compensa ted  (15 points) to coma tose  (6 points) .  

To moni to r  CSFP continuously,  the l a t e ra l  ventr ic le  was ca the te r i zed  and the ca the te r  connected hydraul i -  
cal ly  to an E l e m a  (Sweden) measu r ing  s y s t e m .  The biophysical  p rope r t i e s  of the bra in  were  studied by the 
method of making a m e a s u r e d  change in the CSF volume [1, 4]. The CSF was f i r s t  withdrawn f rom the ven t r i cu -  
l a r  s y s t e m ,  a f t e r  which the s a m e  volume (4-10 ml)  of  physiological  sal ine was injected, at a constant  r a t e .  
Meanwhile the curve  of the change in ICIFP was r eco rded .  

The local  ICIFP was m e a s u r e d  continuously by means  of a spec ia l ly  made  ca the te r  with double m i c r o -  
pe r fo ra t ed  wall ,  which was bur ied in the brain  t i s sue  to a depth of 1.5-2 cm at the end of the opera t ion  [2]. 

P a r a l l e l  r ecord ings  of the EE G f rom 10 sur face  e l ec t rodes ,  a r r anged  in accordance  with the 10-20% 
scheme ,  we re  made  on a 12-channel  polyphysiograph (from OTE Biomedica ,  Italy).  A continuous graph  of the 
change in the EE G spec t rum with t ime  and a quanti tat ive e s t ima te  of changes in its component  f requencies ,  
and also numer ica l  values  of the total  power  of the EE G and of i ts  s e p a r a t e  f requency ranges  pe r  minute  were  
obtained f rom two E E G  der iva t ions  (Cs-Cd) by means  of  a B e r g - F o u r i e r  ana lyze r  (from OTE B i o m e d i c a l  

E X P E R I M E N T A L  R E S U L T S  

A s s e s s m e n t  of  the cl inical  s ta te  a f t e r  87 t e s t s  of m e a s u r e d  change in the CSF volume showed that  in 76 
c a s e s  the pat ient  did not r e a c t  to the invest igat ion.  They showed no i nc rea se  in e i ther  local  o r  genera l  c e r e -  
b ra l  neurological  s y m p t o m s .  In 11 ca se s  at  the height of  CSF hype r -  or ,  l e s s  frequently,  hypotension the 
pat ients  developed a feeling of d i scomfor t ,  which they could not desc r ibe  exact ly .  They complained of w o r s e n -  
ing of headache,  d izz iness ,  nausea,  numbness  in the l imbs ,  and a feeling of heat.  In some pat ients  a change 
of 8-10 m l  in the CSF volume,  with the assoc ia ted  fall  of  25-40 m m  Hz in the CSFP took place without any 
subject ive  sensa t ions ,  whereas  in o the r s ,  a change of 2-4 m l  in CSF volume and a fall  of 10-20 ram Hg in the 
CSFP gave  r i s e  to a s ta te  of d i scomfor t .  

I t  can accordingly  be sugges ted  that  in c a s e s  when a drop of CSFP caused  s l ight  worsening of the c l in i -  
ca l  s ta te  it  was not due to the hypo- or  hyper tens ion  as such, but to inability of the CNS to adapt  i t se l f  quickly to 
the fal l  of in t rac ran ia l  p r e s s u r e .  
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Changes  in ICIFP  a r i s ing  in r e sponse  to a m e a s u r e d  change in CSF volume were  not d i r ec t ly  dependent 
on  the change in CSFP,  but were  ambiguous ,  With a fall in CSF volume,  leading to a fall  of 6-23 m m  Hg in 
CSFP,  in 55% of cases  the local  ICIFP r o s e  by 0.6-3 m m  Hg. 

With an inc rease  in CSF volume,  ra i s ing  the CSFP by 15-40 m m  Hg, in 37% of the  ca se s  I C I F P w a s  v i r tua l ly  
unchanged, o r  it changed by not m o r e  than 0.5 m m  Hg, in 34% of the cases  ICIFP  fell  by 0.6-4.5 m m  Hg, and in 
29% it i nc reased  by 0.6-3 m m  Hg. 

During a m e a s u r e d  change in CSFP of between 5 and 50 m m  Hg, ICIFP may  the re fo re  r e m a i n  unchanged. 
In cases  when ICIFP did change,  these  changes were  very  smal l  (under 10% of the changes in CSFP),  and were  
not a lways in the s a m e  di rec t ion  as  the changes in CSFP.  Hence it follows that  the r e s p o n s e  of ICIFP  is not 
a s imple  ref lec t ion  of changes  in CSFP but is brought  about indirect ly through a number  of f ac to r s  which r e -  
quire  spec ia l  study. 

The r eac t ion  of the EE G to a m e a s u r e d  change in CSF volume and p r e s s u r e  also was ambiguous.  Changes 
in the total  power  of  the E E G  and the power  of the a - r h y t h m  in r e sponse  to a r i s e  and fall  of  CSFP,  obtained 
fn nine pat ients ,  a r e  shown g raph ica l ly  in Fig.  1. As this f igure shows,  during a m e a s u r e d  change in CSFP 
the total  power  of the EEG could e i the r  i nc r e a se  o r  d e c r e a s e .  In 60% of c a se s ,  however ,  the following t rend 
was obse rved  in the EE G changes:  A fall  in CSFP led to an i n c r e a s e  in the power  of the EE G whereas  a r i s e  
in CSFP caused  the power  to fall .  This  re la t ionship  is r e p r e s e n t e d  on the g raph  by a l inear  r e g r e s s i o n  l ine.  
lVteanwhile the changes in the power  of  the  EE G were  ve ry  smal l ,  not m o r e  than 8% of i ts  init ial  value.  In 
40% of the ca se s  a fal l  in CSFP led to a d e c r e a s e  in power  of  the EE G, and an i nc r ea se  in CSFP led to a c o r r e -  
sponding i n c r e a s e  in power .  Changes in the EE G in this d i rec t ion  were  even less  m a r k e d  and did not exceed  
3.5% of the init ial  power .  The degree  of the r eac t i ve  changes of the EE G in r e sponse  to an a r t i f ic ia l  change 
in CSFP was m o r e  m a r k e d  inpa t ien ts  in whom the cou r se  of the pos topera t ive  per iod was compl ica ted  and, 
in p a r t i c u l a r  in coma tose  pa t ien ts .  

An example  of a ve ry  smal l  change in the EEG spec t rum in r e s p o n s e  to an i nc r ea se  in CSFP is shown 
in Fig.  2. It  shows that  the power  s p e c t r a  before ,  during and a f t e r  an inc rease  in CSF volume and CSFP do 
not d i f fer  s ignif icant ly  f rom one another  and that  max ima l  power  is located in the low f requency range.  Quanti- 
t a t ive  ana lys i s  of  the power  s p e c t r u m  revea led  a s y m m e t r y  of the reac t ion  of the E E G  to an i nc rea se  in CSFP.  
F o r  ins tance ,  in the "sound" hemisphe re  the total  power  of  the EE G dec reased ,  whereas  in the affected h e m i -  
sphe re  it i nc reased .  

A m e a s u r e d  change in CSFP thus g ives  r i s e  to s h o r t - t e r m  changes in the EE G in different  d i rec t ions .  
T h e s e  r e su l t s  sugges t  that  an a r t i f i c ia l  change in CSFP is t r e a t e d  by the CNS as a nonspecif ic  e x t r e m a l  s t i m u -  
lus,  the r e sponse  to which usual ly  depends on the initial s ta te  of the sy s t em.  
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