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Expe r imen t s  on heal thy dogs showed that  hemodia lys i s ,  while producing no substant ia l  
changes in the p l a s m a  e lec t ro ly te  levels ,  neve r the le s s  led to cons iderable  changes in the 
ca rd iovascu l a r  hemodynamics .  The pr inc ipa l  change was a d e c r e a s e  in the c i rcula t ing 
blood volume.  

In pat ients  undergoing t r e a t m e n t  by hemodia lys i s ,  this  p rocedure  is often accompanied  by lowering of 
the a r t e r i a l  p r e s s u r e ,  t achycard ia ,  ex t r a sys to l e s ,  and dyspnea [2, 3]. In a previous  r epo r t  [4] the wr i t e r s  
showed that these  d i s tu rbances  may  resu l t  f r o m  the action of the hemodia lys i s  p rocedu re  i tself  on the c i r -  
cu la tory  sys t em.  

In the p resen t  invest igat ion the effect  of hemodia lys i s  was studied on the to ta l  oxygen consumption,  
blood oxygen saturat ion,  card iac  output, a r t e r i a l  and venous p r e s s u r e ,  the total  pe r iphe ra l  r e s i s t ance ,  and 
the c i rcula t ing blood volume.  

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

Expe r imen t s  were  c a r r i e d  out on 19 heal thy dogs weighing 19-26 kg anesthet ized with morphine  and 
nembuta l  (30 m g / k g  body weight). Four teen  of the an imals  were  t r ea t ed  by hemodia lys i s  and the o the r  f ive 
acted as the control .  

The a r t i f ic ia l  kidney designed by the R e s e a r c h  Inst i tute of Exper imen ta l  Surgical  Appara tus  and In-  
s t rumen t s  was used for  hemodia lys i s .  The d ia lyzer  was filled with dextran.  The dia lyzing solution con-  
tained (in g / l i t e r ) :  NaC1 6.3, CaC12" 2H20 0.3, KC1 0.27, MgC12. 6H20 0.2, NaHC03 2.65, and glucose 2.0. 
The an imal  was connected to the appara tus  by means  of ca the te r s  inser ted  into the in fe r ior  vena cava.  The 
volume veloci ty  of the blood flow in the appara tus  was constant  at 75 or  100 m l / m i n .  

The minute  volume was de te rmined  by F i c k ' s  method, and the s t roke  volume of the hear t ,  the externa l  
work  of the myoca rd ium,  and the to ta l  pe r iphe ra l  r e s i s t a n c e  were  calculated f rom the resu l t s  obtained. The 
mean  p r e s s u r e  was calculated f rom the aor t ic  p r e s s u r e  curves  r eco rded  by an e l ec t romarmmete r  on a type 
N-700 loop osci l lograph.  The p r e s s u r e  in the or i f ice  of the supe r io r  vena  cava  or in the right a t r ium was 
m e a s u r e d  by a wa te r  m a n o m e t e r .  

The c i rcula t ing blood volume (CBV) was de te rmined  in f ive dogs by the Evans '  blue dilution method 
be fo re  the p rocedure  and twice  or  t h ree  t imes  during the f i r s t  hour of hemodia lys i s .  
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TABLE 1. P l a s m a  Po tass ium and Sodium Concentra t ions  of Healthy Dogs Undergoing Hemodia lys i s  
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t ica l  
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Fig.  1. Dynamics  of total  oxygen demand (in m l / k g  body weight, 1 
and 1') and oxygen sa tura t ion  of a r t e r i a l  (2 and 2') and venous (3 and 
39 blood during hemodia lys i s  (percentages  of initial  level) .  1, 2, 3) 
Control  group; 1' ,  2' ,  3') group with hemodia lys i s .  Ver t i ca l  l ines 
show confidence in te rva l  for  a 95% significant level .  

Fig.  2. Changes in hemodynamic  indices in dogs during hemodia lys i s .  
Dmean - mean  p r e s s u r e  in aor ta ,  Dve n - cent ra l  venous p r e s s u r e ,  
s t . v . /kg  body weight - sys to l ic  vo lume per  kg body weight; min.vo/kg body 
weight - minute volume pe r  kg body weight; R - total  pe r iphe ra l  r e -  
s i s taace ;  W/kg - ex te rna l  work of myoca rd ium of left  ven t r i ca l  pe r  
kg body weight. Fi l led c i r c l e s  show control;  empty  c i r c l e s  show ani -  
m a l s  undergoing hemodia lys i s .  

All the expe r imen t s  we re  c a r r i e d  out while the hear t  cont rac ted  at an a r t i f ic ia l ly  imposed rhythm.  
Blood samples  we re  taken per iodica l ly  f rom the animals ,  and the po tass ium and sodium concentrat ion in the 
p l a s m a  were  de te rmined  by means  of a Ze i s s  f l ame  photometer .  

EXPERIMENTAL RESULTS AND DISCUSSION 

The oxygen saturation of the arterial blood remains unchanged during hemodialysis and reproduced 
the dynamics of this parameter in the control experiment (Fig. I). The oxygen concentration in the venous 
blood, on the other hand, fell significantly during the first 30 rain, and continued to fall subsequently during 
dialysis. The total oxygen demand did not differ by a statistically significant degree from its demand in the 
control animals, although during hemodialysis a tendency for the oxygen demand to be increased could be 
detected. 
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The minute  volume fel l  cons iderably  during the f i r s t  30-60 min of hemodia lys i s  (Fig. 2), a f t e r  which 
it r ema ined  essen t ia l ly  unchanged. The magni tude and dynamics  of the d e c r e a s e  in sys to l ic  volume were  
v e r y  close to those  fo r  the minute  volume of the hea r t .  

In some  expe r imen t s  the hea r t  r a t e  was inc reased .  This  effect  occur red  15-30 min a f te r  the be -  
ginning of hemodia lys i s  and as a r e su l t  of it, the hear t  r a t e  was no longer  bound to the or ig inal  f requency  
of s t imulat ion,  so that  this  had to be inc reased  st i l l  fu r the r .  The mean  i nc r ea se  in hear t  r a t e  a f te r  30 min 
of hemodia lys i s  was 4% and a f t e r  90 rain 10%. If these  values  were  compared  with the dec r ea se  in volume 
during the s ame  t imes  (46 and 58% of the init ial  levels  respec t ive ly) ,  it can be concluded that the i nc rea se  
in hea r t  r a t e  during hemodia lys i s  does not compensa te  fo r  the changes developing in the oxygen debt of the 
hea r t ,  and they cannot t h e r e f o r e  be  r ega rded  as an effect ive mechan i sm for  maintaining the minute  volumes  
requ i red .  It  mus t  t h e r e f o r e  be ag reed  with Rushmer  [6] that the pr inc ipa l  f ac to r s  maintaining the minute  
volume of the hear t  a r e  those  which control  the sys to l ic  output of the hear t .  

Toge ther  with the changes desc r ibed  above,  hemodia lys i s  a lso  led to a m a r k e d  d e c r e a s e  in the mean  
p r e s s u r e  in the aor ta  (Fig. 2). One of the main  causes  of this  d e c r e a s e  is considered to be a dec r ea se  in 
the sys to l ic  output of the hea r t  s ince the action of o ther  f ac to r s  par t ic ipat ing in the maintenance  of the mean  
p r e s s u r e  was d i rec ted  during hemodia lys i s  toward compensat ion  of the changes ar is ing .  These  f ac to r s  in-  
clude the t achycard ia  developing during hemodia lys i s ,  and also the i nc r ea se  in the to ta l  pe r iphe ra l  r e s i s t -  
ance (Fig. 2). The inc rease  in pe r iphe ra l  r e s i s t a n c e  was m o r e  m a r k e d  during the f i r s t  30 min of h e m o -  
d ia lys is ,  a f t e r  which it fe l l  sl ightly and was mainta ined at a s teady level  throughout the r e s t  of the p rocedure .  

The d e c r e a s e  in mean  sys to l ic  p r e s s u r e  and in the sys to l ic  output of the hea r t  was accompanied by a 
d e c r e a s e  in the ex te rna l  work of the myoca rd ium,  so that  a f t e r  1.5 h it had fallen to 26% of its initial level .  

Bes ides  changes in the a r t e r i a l  pa r t  of the c i r cu la to ry  sys t em,  hemodia lys i s  a lso  produced d i s tu rb -  
ances  in the venous blood flow. The cen t ra l  venous p r e s s u r e  fel l  cons iderably  during hemodia lys i s ,  and 
the c h a r a c t e r  of i ts  changes was s i m i l a r  to that  of the minute  and sys to l ic  volumes  of the hear t  (Fig. 2). 

The concentra t ions  of po ta s s ium and sodium in the p l a s m a  at all  s tages  of hemodia lys i s  were  v i r -  
tual ly indist inguishable f r o m  the i r  or ig inal  va lues  and they cor responded  on the whole to the i r  concen t ra -  
t ions in the p l a s m a  of the control  an imals  (Table 1). It  can accordingly  be concluded that hemodia lys i s  i t -  
self ,  unaccompanied by changes in the e lec t ro ly te  composi t ion of the blood, produces  profound d is turbances  
of the c i r cu l a to ry  s y s t em .  

Analys is  of the c h a r a c t e r  of the c i r cu l a to ry  d i s tu rbances  during hemodia lys i s  suggested that they 
m a y  be due to a d e c r e a s e  in CBV. Direc t  de te rmina t ion  of the CBV showed that  hemodia lys i s  is in fact  
accompanied  by a d e c r e a s e  in this  p a r a m e t e r .  The init ial  CBV was 81 ~- 12.1 ml /kg ,  and a f t e r  1 h of h e m o -  
d ia lys i s  it fel l  to 18~-3.9 m l / k g  (21 ~-6.2% of the initial  level).  A tendency for  the CBV to fall  could be de -  
tec ted  during the f i r s t  5-10 min  of hemodia lys i s ,  and it i nc reased  p r o g r e s s i v e l y  during the f i r s t  hour of 
the p rocedure .  

The r e su l t s  indicating a d e c r e a s e  in the CBV during hemodia lys i s  c o r r e l a t e  well with the dynamic 
of the ea r ly  d e c r e a s e  in cen t ra l  venous p r e s s u r e  [4]. They a re  a lso  conf i rmed by the observa t ion  that the 
veins a r e  empt ied  during hcmodia lys i s ,  as is shown by the effect  of suction of the ca the te r  collecting the 
blood against  the wall  of the vein.  F r o m  this point of view the r e su l t s  of this  invest igat ion provide  a ready  
explanation of the morphologica l  findings obtained by Gol 'd ina  and Gorbovi tski i  [1] on dogs unde rgo inghemo-  
d ia lys i s .  These  w o r k e r s  found h y p e r e m i a  of the l iver ,  lungs, and spleen - the blood depots of the body - 
a f t e r  hemodia lys i s .  A d e c r e a s e  in the c i rcula t ing blood m a s s  a f t e r  t r e a t m e n t  of pat ients  with rena l  fa i lure  
by hemodia lys i s  was a lso  obse rved  by Braun et al.  [5]. 

The d e c r e a s e  in CBV during hemodia lys i s  obse rved  in the p resen t  exper imen t s  was undoubtedly one 
of the chief r e a s ons  fo r  the d i s tu rbances  of the hemodynamics  during this p rocedure .  A d e c r e a s e  in CBV 
leads  to a d e c r e a s e  in venous p r e s s u r e ,  and through a d e c r e a s e  in the venous r e tu rn  to the hear t  it a lso 
d e c r e a s e s  the volume.  This  d is turbance ,  in turn,  gives r i s e  to a d e c r e a s e  in a r t e r i a l  p r e s s u r e ,  reduces  
the work  of the myoca rd ium,  and causes  the development  of an insufficient  blood supply to the t i s sues ,  which, 
in the p re sen t  exper iment ,  was e x p r e s s e d  as a d e c r e a s e  in the oxygen sa tura t ion  of the venous blood. 

858 



LITERATURE CITED 

1. B . G .  Gol 'dina and E o B. Gorbovitskii ,  Arkh. Pat . ,  No. 2, 70 (1962). 
2. A. Ya. Pyte l ' ,  S. D. Goligorskii ,  M. D. Dzhavad-Zade,e t  al.,  The Art i f ic ia l  Kidney andIts  Clinical  

Application [in Russian],  Moscow (1961). 
3. N .N.  Skachilova and V. A. Agranenko, Te r .  Arkh.,  No. 7, 73 (1963). 
4. A . A .  Trikashnyi ,  V. S. Sal 'manovich,  S. S. Mogoras,  and G. P. Kulakov, Kardiologiya,  No. 5, 94 

(1970). 
5. L. Bratm, P. H. Krasemann,  and H. J .  Michalke, Z. K r e i s l . - F o r s c h . ,  5_77, 1190 (1968). 
6. R . F .  Rushmer ,  Card iovascula r  Dynamics,  Philadelphia (1961). 

859 


