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Whether  or not sa t i s f ac to ry  r e su l t s  a r e  obtained with implantat ion of an ar t i f ic ia l  hea r t  is l a rge ly  de-  
t e rmined  by the adequacy of the ar t i f ic ia l  c irculat ion.  Under unsa t i s fac to ry  conditions of ar t i f ic ia l  c i r cu la -  
tion, se r ious  injury may  take place  to the e ry th rocy tes ,  leading to m a s s i v e  hemolys i s .  These changes may  be 
obse rved  to a l e s s e r  degree  even if per fus ion  is adequate [2, 3, 6-8] .  Data have recent ly  been published on 
changes in e ry th rocy te s  in an imals  with an implanted ar t i f ic ia l  hear t ,  which can also be r ega rded  to some ex-  
tent as an i n t r aco rpo rea l  a r t i f ic ia l  c i rcula t ion apparatus  [5, 6, 9 ]. However,  no informat ion could be found in 
the cu r r en t  l i t e ra tu re  on the sequence of development  of u l t r a s t r uc tu r a l  changes in the blood cel ls  a f ter  im-  
plantat ion of an a r t i f ic ia l  hear t .  This pape r  is devoted to a study of this problem.  

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

Ten expe r imen t s  were  c a r r i e d  out ( P r o f e s s o r  V. I. Shumakov) on ca lves  of the Kholmogorok b reed  
weighing 80-120 kg and aged 3-4 months.  In the course  of the exper imen t s  an ar t i f ic ia l  c i rculat ion appara tus  
(ACA) was connected and continued to function until an ar t i f ic ia l  hea r t  (AH) of the "Poisk"  type was connected 
to the blood flow. 

Blood samples  were  taken 5 rain and 1 and 2 h a f te r  the ACA began to work,  at the t ime of its d isconnec-  
tion, and also 1, 3, 6, 9, and 12 h a f te r  the beginning of functioning of the AH. A cell  count was ca r r i ed  out on 
the blood samples :  Blood f i lms were  fixed with methanol,  s tained by the R o m a n o v s k y - G i e m s a  method, and 
examined under  the mic roscope  in the usual  way to de te rmine  s t ruc tu ra l  changes in the e ry throcytes .  For  
e l e c t r o n - m i c r o s c o p i c  examinat ion ,  the blood ce i l s  were  fixed with glutaraldehyde,  postf ixed with osmium 
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Fig. 1. Fluctuations in total erythrocyte 
count during functioning of ACA and AH. T) 
Time of connecting AH. Abscissa, duration 
of ACA and AH (in h); ordinate, erythrocyte 
count (in millions/ram3). Continuous line - 
expt. No. 79, broken line- expt. No. 86. 

Fig. 2. Calf erythroeytes after functioning of ACA for differ- 
ent times: a) 5 rain, b) 1 h, c) 2 h; d) separation of cell 
membrane of erythrocyte, after functioning of ACA for 2 h; 
e) fragmentation of erythrocytes after functioning of AH for 
1 h; f) calf erythrocytes after functioning of AH for 3 h. 
Magnification: a) 6000; b, c, e, f) I0,000; d) 30,000. 

tetroxide, embedded in Epon-Araldite, stained by Reynolds ~ method, and examined in the UEM-100V micro- 
scope. 

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

After  the ACA had been in operation for 5 min the ery throcyte  count was 20-40% lower than initially 
(Fig, 1). Anisocytosis  and poikilocytosis of the e ry throcytes  were found. Fur ther  light on these findings was 
shed by e lec t ron-mic roscop ic  investigation. More than half of the e ry throcytes  were not of the charac te r i s t i c  
dumbbell-shape.  Many e ry throcy tes  had wide p rocesses ,  Their cell  membrane  was indistinct in some par ts ,  
The distribution of the hemost romat in  complex was relat ively uniform (Fig. 2a). 
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After hmctioning of the ACA for 1 h, the stained blood films often showed erythrocytes of "mulberry" 
appearance. Furthermore, throughout the period of functioning of ACA numerous fragments of erythrocytes 
of hyperchromic character were observed in the blood films. Electron-microscopic investigation at this stage 
revealed the presence of erythrocytes with digitate, spinous, and club-shaped processes, with high osmio- 
philia ( Fig. 2b). 

Starting from the 2nd hour of Operation of ACA, many reticuloeytes and also a few normoblasts appeared 

in the blood of the experimental animals. The proportion of normoblasts to erythrocytes varied in different 
cases from 2 to 4%. After disconnection of the ACA the number of normoblasts in the peripheral blood fell 
gradually to 1Y0. All erythrocytes appeared considerably deformed on the electron-micrographs at this period 
of functioning of the ACA (Fig. 2c). The membrane of these cells was separated over quite wide areas (Fig. 
2d). The distribution of the hemoglobin was in discrete clumps and, in some cells, there was a tendency 
toward its concentration in the center. Fragmentation of the erythrocytes was marked. Destructive forms of 
erythrocytes with escape of the intracellular osmiophilic substance into the plasma (erythrocyte ghosts) also 
appeared. 

After disconnection of the ACA and connection of the AH the structural changes in the erythrocytes re- 
mained the same for 1 h as after functioning of the ACA for 2 h (Fig. 2e). Later, however, if the AH functioned 
adequately, a gradual increase in the number of erythrocytes with the normal structure was observed. For in- 
stance, after functioning of the AH for 3 h the proportion of normocytes in the calf's peripheral blood was 
about 509~ and the distribution of hemoglobin was uniform (Fig. 2f). Meanwhile, in some erythrocytes concen- 
tration of the hemoglobin in the center of the cell in the form of a '~seudonucleus" was observed. Later these 
cel l s  d i sappeared  (on average ,  6h a f te r  connection of the AH). 

The r e su l t s  desc r ibed  above indicate that connection of the ACA is assoc ia ted  with cons iderable  t r au ma  
to e ry th rocy tes  c i rcula t ing in the an ima l ' s  (ca l f ' s )  blood s t r e am.  Des t ruc t ive  changes in the e ry th rocy tes  in- 
c reased ,  as the resu l t s  of light and e lec t ron  m i c r o s c o p y  indicate,  gradual ly  in the course  of the exper iment .  
Af ter  5 rain of functioning of the ACA the f i r s t  signs of lys is  of the e ry th rocy te  cy to l emma  appear ,  and it 
s e e m s  l ikely that these can be connected with mechanica l  influences on the e ry th rocy te  sur face .  La t e r ,  s t r u c -  
tura l  changes in the e ry th rocy tes  inc rease .  A p ic ture  r e sembl ing  u l t r a s t r uc tu r a l  changes during hemolys i s  
following sharp  d is turbances  of the osmot ic  conditions and d is turbance  of the chemica l  s t ruc tu re  of the e r y -  
throcyte  cy to lemma,  espec ia l ly  its lipid component,  begin to be obse rved  under  these c i r cums tances .  During 
connection of the AH, if functioning adequately,  a compensa to ry  react ion  of the body begins to take place. As 
a r e su l t  of s t imulat ion of the ca l f ' s  bone m a r r o w ,  young cel ls  of the e ry th rocy te  s e r i e s  (up to no rmoblas t s )  a r e  
l ibe ra ted  into the blood s t r e am .  Observa t ions  thus show that a f t e r  connection of the AH conditions a re  c rea ted  
in the body for  r ep l acemen t  of the changed e ry th rocy te s  in the pe r iphe ra l  blood. This p r o c e s s  evidently de-  
pends on inc reased  l iberat ion of young f o r m s  of e ry th rocy tes  f r o m  the r ec ip i en t ' s  hematopoie t ic  organs  and 
el iminat ion of e ry th rocy tes  changed in the course  of the ar t i f ic ia l  circulat ion.  

LITERATURE C I T E D  

1. G . A .  Krasnikov,  Ve te r ina r iya  (Kiev), No. 13, 75 (1967). 
2. A . G .  Melkumova, "Morphological  composi t ion and some aspec ts  of me tabo l i sm of blood and bone m a r -  

row cel ls  during var ious  types of a r t i f ic ia l  c i rcula t ion,"  AuthorVs Abs t r ac t  of Candidate ' s  Disser ta t ion ,  
Baku (1971). 

3. A . G .  Rybalov and Kh. Kh. Khapii, in: Hyperba r i c  Oxygenation [in Russ ian] ,  Moscow (1975), p. 110. 
4. E . S .  Chertkova,  in: Proceedings  of a Conference  of Junior  Physic ians  of the Georgian SSR [in Russ ian] ,  

Tbi l is i  (1974), p. 98. 
5. V . I .  Shumakov and L. S. Komarov,  Grudnaya Khir. ,  No. 6, 52 (1970). 
6. T. Akutsu, Art i f ic ia l  Heart ,  Tokyo (1975), p. 110. 
7. E . F .  Bernste in ,  P. L. Blackshear ,  and K. H. Kel ler ,  Am. J. Surg., 114, 126 (1967). 
8. E. Bernste in ,  A. Castaneda,  R. Evans,  et al., Surg. Forum,  1__3.3 , 193 (1962). 
9. B . K .  Kusserow and I. F .  Clapp, J. Am. Med. Assoc . ,  193, 25 (1965). 

10. N. Ohshima and M. Hori, Microvasc .  Res. ,  1_22, 325 (1976). 

422 


