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The following signs of myocardial insufficiency were found previously in fragments of human atrial 
(auricular) myocardium removed during correct ive operations for diseases of the hear t  valves: 1) a fall in 
amplitude of rhythmic contractions even during stimulation with frequencies of 1-3 Hz (the normal myocardium 
character ical ly responds with an increase in the amplitude of contractions - a positive Bowditch's staircase); 
2) a frequency - strength curve of monophasic type (in the normal myocardiura it is triphasic); 3) absence of 
positive or  appearance of a negative inotropic effect in response to a decrease in the external sodium ion con- 
centration or  after  removal of potassium ions from the solution [2]. 

In the investigation described below a further sign of myocardial  insufficiency was discovered, namely 
the presence of mechanical oscillations of tone arising after the principal contraction induced by an electrical  
stimulus. Oscillations usually developed in the myocardium of patients with acquired heart  diseases and, as 
a rule, they were absent in the myocardium of patients with congenital heart  diseases.  Sometimes, however, 
they did occur in the myocardium of patients with congenital defects. 

The object of this investigation was to study mechanical oscillations of tone in the pathologically changed 
myocardium in a group of patients. 

E X P E R I M E N T A L  M E T H O D  

Preparat ions from the auricles of the right atrium from 32 patients were studied. The auricle,  removed 
before connection to the artificial circulation apparatus, was immersed in Tyrode solution, oxygenated with 
carbogen (95% O2+ 5% CO2) at room temperature .  The t issue was sent from the operating theater  to the lab- 
oratory in a container. The transportation time was 10-15 rain. Trabeculae 3-5 mm long, 1-2 rnm wide, and 
not more  than 1 mm thick were removed from the auricle.  Ligatures were attached to both ends of the prepa- 
ration, which was immersed in a working chamber through which Tyrode solution flowed. The preparation 
was attached at one end to a stationary hook fixed to the floor of the chamber,  and with the other end to the 
rod of a 6MKhlS mechanotron. The initial load on the preparation was 100-200 rag. For  1-1.5 h before the 
experiment began the trabeculae were stimulated with a frequency of 0.5 Hz. Square pulses, above threshold 
strength and 20-100 msec in duration, were used. SHver disk stimulating electrodes were arranged along 
the preparations.  The trabeculae were perfused with solutfon circulating around a closed circuit  with the 
aid of a peristalt ic pump. The working chamber, made of Plexiglas, held 2 ml of solution. Throughout the 
experiment the solution was saturated with carbogen. Tyrode solution of the following composition (in mY) 
was used: NaC1 131, KC1 4.5, NaHCO 3 11, Natt2PO 4- 2H20 0.6, MgC12" 6H20 0.25, CaC12" 2H20 2.16; glucose 
11; pH 7.4. The temperature of the solution was 32-34~C. 

EXPERIMENTAL RESULTS 

On the basis of rhythm and inotropic properties the myocardia of the patients could be divided into four 
main groups. In group 1 the f~equency-strength curve was of the descending monophasic type, i.e., within 
the frequency range from 0.1 to 1.8 Hz the amplitude of contractions fell steadily to 50 �9 8% of its initial value 
at 0.1 Hz (100%) (Fig. 1; 12 experiments).  In group 2 the curves were biphasic in type: Between 0.1 and 0.7 
Hz the amplitude of contractions fell to 75 • 7%, but later,  within the frequency range from 0.9 to 1.2 Hz, the 
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Fig.  1. The four  types  of 
f r equency -  s t rength  cu rves  
for  the pa t i en t s '  m y o c a r d i -  
urn. 1, 2, 3) Acqulred  hear t  
d i seases ;  4) congenital  hea r t  
d i s e a s e s .  A b s c i s s a ,  f r e -  
quency of s t imula t ion  of 
p r epa ra t i ons  (in Hz); o rd i -  
nate ,  ampli tude of con t r ac -  
t ions (in %). 

ampl i tude of cont rac t ions  inc reased  to 90 -~ 9% (six exper iments ) .  The f r e q u e n c y - s t r e n g t h  cu rves  in the m y o -  
ca rd ium of group 3 had the following appearance :  Within the f requency range  f r o m  0.1 to 0.7 Hz the ampli tude 
of cont rac t ions  inc reased  to 130 • 8%, but within the range  f rom 0.7 to 1.4 Hz the ampli tude of cont rac t ions  
then fell  to 100 • 6% (eight exper iments ) .  In group  4 the cu rves  in the f requency range  f rom 0.1 to 1.4 Hz 
were  of  the r i s ing  monophas ic  type.  The ampli tude of cont rac t ions  inc reased  s teadi ly  to 500 :~ 25% at  1.4 Hz 
(six p repara t ions ) .  In a few expe r imen t s  the ampli tude of cont rac t ions  began to fal l  only at f requencies  of 
between 2.4 and 3 Hz. 

Osci l la t ions  of  tone appear ing  a f t e r  the end of the main  cont rac t ions  obtained in r e sponse  to an e l ec t r i ca l  
s t imulus  were  r e c o r d e d  in the m y o c a r d i u m  of group 1. The osci l la t ions  appeared  at f requencies  of s t imu la -  
t ion of 0.1-0.5 Hz. It  will be c l ea r  f r o m  Fig.  2 ( three exper iments )  that  the ampli tude of the f i r s t  osc i l la t ion  
was 20 • 3% of the ampli tude of the main  contract ion during s t imula t ion  with a f requency of 0.1 Hz. With an 
i nc r ea se  in the f requency of s t imula t ion  to 1.6 Hz the ampli tude of the osci l la t ions  gradual ly  inc reased  to 42 
6%. In r e s p o n s e  to s t imula t ion  at f requencies  higher  than 0.7 Hz osci l la t ions  were  r e c o r d e d  agains t  the back -  
ground of a m a r k e d  inc rea se  in tone. Osci l la t ions  were  obse rved  in the m y o c a r d i u m  of groups 2 and 3 in 12 
of 14 e x p e r i m e n t s .  In the myocardiu_m of  group  4 no osc i l la t ions  were  found in any of the s ix  p r e p a r a t i o n s .  
The  per iod  of the osc i l la t ions  (the t ime  f r o m  the m a x i m u m  of  the ma in  cont rac t ion  to the m a x i m u m  of the f i r s t  
osci l lat ion) did not change s ignif icant ly  with an i nc r ea se  in f requency  (Fig. 2). 

However ,  the m y o c a r d i u m  of each group had its own per iod of  osci l lat ion:  Fo r  group 1 it  was 0.33 �9 0.05 
sec (at 1.8 Hz), for group 2 1.02 �9 0.05 sec (at 0.7 Hz), and for group 3 0.51• 0.09 sec (at 1.4 Hz). 

The amplitude of the rhythmic contraction was found to decrease when the interval between contractions 

coincided in t i m e  with the per iod of the mechan ica l  osc i l l a t ions .  This  is shown in Fig.  3 for  the m y o c a r d i u m  
of group 1. I f  an ex t ra  s t imulus  was applied agains t  the background of a constant  rhy thm of s t imula t ion  of 
the p r e p a r a t i o n  before  osc i l la t ion  developed,  the  ampl i tude of contract ion r o s e  sharp ly  (see F ig .  3, I ,  f requency  
of s t imulat ion 1.4 Hz).  A s i m i l a r  i nc rease  in ampli tude of cont rac t ions  was obse rved  when the f requency 
of s t imula t ion  i nc rea sed  to 3 Hz (Fig. 3, II). 

A twofold i nc r ea s e  in the ex te rna l  ca lc ium concentra t ion,  a 40% dec rea se  in the initial  sodium ion con-  
cent ra t ion  in the Tyrode  solution, r e m o v a l  of  po tass ium ions f r o m  the solution, and the addition of s t rophanthin 
in a dose of 1 • 10 -6 g / m l  all caused the development  of  a posi t ive  inotropic effect  and inc reased  the ampli tude 
and number  of  mechan ica l  osc i l l a t ions .  

The invest igat ion showed that  the m y o c a r d i a  of pat ients  with congenital  and acqui red  hear t  d i seases  could 
be divided into four  main  groups  on the bas i s  of rhy thmic  and inotropic p r o p e r t i e s .  A m y o c a r d i u m  of groups  
1, 2, and 3 was p r e s e n t  in pat ients  with acqui red  hear t  d i s ea se s .  The hear t  t i s sue  of these  pat ients  was 
affected by rheumat ic  d i sease .  Calcif icat ion was p re sen t  in the hear t  va lves .  Ca rd iomega ly  was obse rved .  
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Fig.  2. Ampli tude and per iod of mechan ica l  observa t ions  as functions of f r e -  
quency of s t imulat ion of myocard ia l  p repa ra t ions .  Absc i s sa ,  f requency of 
s t imulat ion (Hz); ordinate:  above - ampli tude of cont rac t ions  (%), below - 
per iod of osci l la t ions  (in sec) - d is tance f rom peak  of contract ion evoked by 
e lec t r i ca l  s t imulus  to peak  of f i r s t  osci l la t ion.  

Fig.  3. Ampli tude of contract ions  as a function of phase  of mechanica l  o sc i l -  
la t ions.  F requency  of s t imulat ion (in Hz) shown in top lef t  hand corner ;  t ime 
m a r k e r  below: D 250 m s e c ,  II) 200 m s e c .  

Atrial flutter was present. Patients with congenital heart diseases had a group 4 myocarditan. In these 
patients the heart was normal in size and exhibited a sinus rhythm. Rhythmic and inotropic relations in the 
group 4 myocardittm were similar to those which developed in the normal myocardkan of warm-blooded ani- 
mals, and for that reason the myocardium of these patients was considered to be normal. The investigation 
showed that mechanical oscillations develop in the pathologically changed myocardium of groups 1, 2, and 3 
within the frequency range of 0.1-2 Hz, in Tyrode solution of normal ionic composition and at a temperature 
of 32-34qC. All procedures which caused the development of a positive inotropic effect in myocardial prepara- 

tions increased the amplitude and number of mechanical oscillations. These effects were absolutely identical 
with those established previously in the myocardium of warm-blooded animals as a resultof corresponding 
treatment. Coincidence between the period of oscillations and the interval of the rhythmic contractions led 
to a decrease in amplitude of the contractions. Analysis of the experimental data showed that the period of 
oscillations for myocardium of groups i, 2, and 3 was equal to the period between contractions in the region 
of the minimum of the frequency- strength curves. The minimum of the frequency- strength curves was thus 
formed by superposition of rhythmic contractions on the peak of the oscillations. With a further increase in 
the frequency of sthnulation the frequency-strength curves were again shifted upward along the amplitude 
axis, for the interval between contractions was reduced and they appeared before the development of mechani- 
cal oscillations, and as the investigation showed, the amplitude of the contractions increased in these cases. 
This increase in amplitude of the contractions was probably connected with an increase in activity of the slow 
sodium- calciumchannels of the heart cells [I], which increased the combined contribution of Ca ions from 
the sarcolemma and the sarcoplasmic reticulum (SR) to the development of contraction. 

Mechanical oscillations were observed previously in the myoeardium of warm-blooded animals in re- 
sponse to an increase in the Ca ion concentration in the medium [13, 14], lowering of the temperature of the 
myocardium [1, 3, 5, 10, ii], in the presence of cardiac glycosides [8, 15], and in response to other procedures 
[12, 13]. However, in Tyrode solution of normal ionic composition, and at a temperature of 32-34~ no oscil- 
lations were found in the myocardium of warm-blooded animals. In the present experiments no oscillations 
likewise were recorded in the normal myocardiurn of patients with congenital heart diseases. In accordance 
with modern views mechanical oscillations in the myocardium of warm-blooded animals developed because 
the SR of the heart cells, when overloaded with Ca ions, cannot restore the original Ca ion concentration in 
the myoplasm in the course of a single contraction. As a result of this the Ca ions remaining in the myoplasm 
after the end of a contraction evoked by an electrical stimulus again potentiate the liberation of Ca from SR 
and cause the development of mechanical oscillations, unaccompanied by changes in membrane potential [i, 3, 
13]. In the pathologically changed rnyocardium of the patients, in which the sequestering ability of SR to take 
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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. 

0007-4888/81/9106- 0727507.50 �9 1981 Plenum Publishing Corporation 72 7 


