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In chronic  expe r imen t s  on dogs using roentgenoangiographic ,  m a c r o s c o p i c ,  and mic roscop ic  methods ,  
changes  in the c o r o n a r y ,  p u l m o n a r y ,  and bronchia l  a r t e r i e s  were  studied a f t e r  l igation of the descending 
b ranch  of the left  c o r o n a r y  a r t e r y  or  the left  pulmonary  a r t e r y .  In {;he ea r ly  per iods  a f t e r  l igation of the 
a r t e r i e s  i n t e r v a s c u l a r  a n a s t o m o s e s  a r e  insuff icient  for  r e s to r ing  the d i s tu rbed  c i rcula t ion.  ECG changes 
c h a r a c t e r i s t i c  of an t e ro - ap i ca I  in fa rc t s  thereupon a r i s e .  As a resu l t  of d i s tu rbance  of the external  r e s p i r a -  
to ry  function,  hypoxic hypoxia and var ious  other  d i so rde r s  develop. By the 14th-35th day,  as a co l la te ra l  " 
c i r cu la t ion  develops  in the hea r t  and lungs,  the indicies of ca rd iopu lmonary  functien re tu rn  toward the i r  
initial  va lue .  

S t ruc tu ra l  changes in the numerous  a r t e r i e s  of the hea r t  and lungs during a d i s tu rbance  of the c i r -  
culat ion in these  organs  have rece ived  c o m p a r a t i v e l y  li t t le study [1, 3, 5]. However ,  dynamics  of the in-  
d ices  of function alone a r e  insuff icient  for  a s s e s s m e n t  of the plas t ic i ty  of the co l la te ra l  c i rcula t ion [2,4,7] .  

In the p r e s e n t  investigation,  s t r uc tu r a l  changes in the a r t e r i a l  s y s t e m  of the hea r t  and lungs were  
c o m p a r e d  with physiological  indices dur ing adaptat ion to d is turbance  of the c o r o n a r y  and pulmonary c i r -  
cula t ion.  

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

E x p e r i m e n t s  we re  c a r r i e d  out on 76 d o g s .  In 6 an imals  for  control  purposes  thoraco tomy was p e r -  
f o rmed  without subsequent  l igat ion of v e s s e l s ,  while in the r e s t  the c o r o n a r y  or  pulmonary  a r t e r i e s  were  
l igated.  Biochemica l  and physiological  indices were  de te rmined  in the usual way. At va r ious  t imes  (from 
a few hours  to 412 days) the an ima l s  we re  sac r i f i ced ,  a thin suspens ion of red lead was injected into the s y s -  
t em of the c o r o n a r y ,  pu lmonary ,  or  bronchial  a r t e r i e s ,  and these  ve s se l s  were  studied by roentgenoangio-  
g raphy ,  s t e r eo ro en t genog raphy ,  and by m a c r o s c o p i c  and mic roscop ic  methods .  

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

In the f i r s t  48 h a f t e r  l igation of the descending branch of the left cor0na~:f a r t e r y  the con t ras t  m a -  
t e r i a l  filled only a few per iphera l  v e s s e l s  connected by frequent  a n a s t o m o s e s .  Only t r a c e s  of con t r a s t  m a -  
t e r i a l  pene t ra t ed ,  however ,  into the ma in  t runk below the l igature  {Fig. 1A) .  The dis ta l  segment  of the 
l igated v e s s e i w a s  well filled with the s a m e  m a t e r i a l  8-15 days l a te r ,  because  of the development  of a r t e r i a l  
a n a s t o m o s e s  between b ranches  of tha~Yight and left  co rona ry  a r t e r i e s  and of an i n c r e a s e  in the i r  d i ame te r  
(to 0,4-0.6 ram) .  La te r  s t i l l ,  cons ide rab le  reorgan iza t ion  of the vascu l a r  s y s t e m  of the hea r t  took place .  
L a r g e  a n a s t o m o s e s  were  fo rmed at  s o m e  dis tance  f r o m  the point of l igation, connecting distal  ramif ica t ions  
of neighbor ing c o r o n a r y  b ranches  (Fig, 1B). In the zone of the myocard ia l  infarct ,  despi te  the development  
o f ~  ne twork  of blood v e s s e l s ,  as  a rule  marked  degenera t ive  and necrot ic  changes were  observed.  

I~ all  the exper imenta l  an ima l s  fo r  a per iod of 2-3 weeks changes were  found in the ECG c h a r a c t e r -  
[ s t i r  0f a n t e r o - a p i c a l  myocard ia l  in fa rc t  (lowering of the voltage or invers ion  of the T wave,  ~videaing of 
the Q - T  in te rva l s  and QRS complex ,  appea rance  of a deep Qi wave,  d i sp l acemen t  of the S-T  segoh:ent) 
(F~. 1c). 

D e p a r t m e n t  of Normal  Anatomy,  Ivano -F rankovsk  MediCai Inst i tute (Presented  by Academician  V. V. 
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Fig. I. Arterial system of dog's heart 28 h (A) and 410 
days (B), and ECG (C) under normal conditions (a) and 
3 days (b) after formation of a myocardial infarct, i) 
right; 2) left coronary artery; X denotes point of ligation. 
arrows indicate dilated anastomoses between neighbor- 
ing branches. Leads are Shown on ECG by numbers. 

In the f i rs t  3-4 days a f te r  development of myocard ia l  infarct ion the total glutathione concentra t ion 
(and also the total oxidized and reduced glutathione) in the blood of the animals  fell f~om 29 :e 0.7 to 
17 • 0.3 rag% (P < 0.001). By the 10th day after  the Operation thegiutathione concentra t ion had r i sen  
to 60 • 2 mg %, and by the 27th-28th day it was close to its preoperat ive  level.  

On the 3rd day after the operation a considerable  dec rea se  in the blood protein concent ra t ion  w a s  
found in all experimental  dogs (3.97 • 0.45%; normal  7.06 • 0.3%; P < 0.01), mainly on account  of the 
albumins (1.11 ~= 0.5 ,~r normal  4.19 * 0.3%; P < 0.001). By the 30th day the content of total protein and 
albumins had returned to its initial level.  The blood nonprotein  nitrogen was increased by about 2-2.5 
t imes  af ter  dis turbance of the co rona ry  circulat ion (from 24.9 • 1.1 to 49.6 mg %; P < 0.00i) ,  and the 
fibrinogen concentrat ion was increased  by 4-4.5 t imes  (from 277 =~ 11.3 to 1010 + 12.5 mg%; P < 0.001). 

958 



Fig .  2. Vascu l a r  s y s t e m  of the lungs (A) and dynamics  of blood oxy-  
gen sa tu ra t ion  (B) a f t e r  d i s tu rbance  of c i rcu la t ion  in pulmonary  a r te ry .  
Newly fo rmed  a r t e r i a l  a r c a d e s  can be seen  in A (arrow) in the r ight  
apical  lobe of the lung of dog No. 73, 169 days  a f t e r  l igatioa of the 
a n t e r i o r  segraenta l  a r t e r y .  Twice n o r m a l  s ize .  

The Takata-Ara reaction, which is normally negative, was positive in all the animals for 25-30 days. Sig- 
nificant changes in carbohydrate and lipid metabolism also were observed. In particular, the blood sugar 
of the dogs rose ~rom 93 • 7 to 156 • 9% (P < 0.001), returning to normal in the 4th or 5th week. The blood 
cholesterol was also increased, from 120-160 to 190-200 mg %. 

The arterial system of the lungs is less Plastic than that of the heart and does not adapt itself so 
quickly to circulatory disturbances in the organ. In the first 7-14 days after ligation of one or several seg- 
mental branches the main trunks and their ramifications usually were filled to an even lesser degree than 
in the heart with contrast material. Opening of anastomoses and an increase in their diameter took place 

gradually, but even on the 52nd-69th day, it was not always possible to see good fillir.g of the ligated ves- 
sels. After 144-169 days, large anastomoses began to form at a distance from the point of ligation (Fig. 
2A), compensating for the disturbed blood flow. ~Iore considerable changes after disturbance of the blood 
flow in the lungs were observed in the bronchial arteries soon after the operation. In the first 3-7 days 
the pattern of the bronchial arteries in the zone of exclusion became more intensive. When the material 
was injected into the bronchial arterial system, it passed along the anastomoses to fill many peripheral 
branches of the pulmonary artery also. With the course of time the branches of the pulmonary arteries 
became progressively wider in diameter and more tortuous, and the contrast material injected into them 
penetrated into all branches of the pulmonary artery in the excluded and even the intact segments. 

The changes in external respiration after ligation of branches of the pulmonary artery were ill 
defined. They were more marked after ligation of the main trunk, when the respiration rate increased from 
12-22 to 54-68 per minute. The amplitude of the respiratory movements was reduced by 50-75% below the 
initial level. The minute volume of respiration increased from 1.7-3.2 to 3.8=4.2 liters. A study of. the 
oxyhemograms revealed only a transient increase in the percentage saturation of the arterial blood with 
oxygen, which was associated with an increase in ventilation of the lungs [6] and redistribution of the blood. 
By the 3rd day the oxygen saturation of the blood had fallen to 89-91%, but by the 7th-14th day it had reached 
its initial level again (Fig. 2B). Investigation of the composition of the blood gases in these animals by Van 
Slyke's method showed that in the early postoperative period a state of hypoxic hypoxia was present. The 
oxygen concentration in the arterial blood fell to between 16.8 • 3 and 17.8 • 3.2 vol.~; P < 0.01 (normal 
17~-18 v01.%), and in the venous blood to between 11.4 • 2.1 and 12.2 • 2.4 vol.%; P < 0.02 (normal 14-15 
vol.%). The oxyhemoglobin dissociation curve was displaced upward and to the left compared with normal. 
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Hence, in the initiai period after experimental ligation of both the coronary and pulmonary ar ter ies ,  
the existing anastomcses are insufficient both physiologically and anatomically to enable rapid recovery 
of the disturbed brood Now to take place. Complex physiological disturbances develop in the animals. Later, 
during development of the collateral circa~ation and operation of adaptive mechanisms, the previously ob- 
served changes diminish in intensity. 

1| 
2 .  

3o 
4. 

5t 
6. 
7. 

LITERATURE CITED 

N. V. Boikova, Byul. Eksperim. Bi~t. i Med., No. 3, 112 (1959). 
T. A. Gibradze~ Transactions of the Institute of Experimental Morphology, Academy of Sciences of 
the Georgian SSR [in Russian], Vo!. 9, Tbilisi (196i), p. 19. 
M. A. Egorov, Lq: Problems in Th.~racic Stu-gery [in Russian], Vol. 5, .Moscow (1955}, p. 88. 
M. E. Komakhidze and N. A. Dzha-,--~=khishvili, Transactions of the Institute of Experimental Mor- 
phology, Academy of Sciences of h e  Georgian SSR [in Russian], Vol. 7, TbHisi (1959), p. 9. 
E. M. Kreps, OxD'hemometry [in Rcssian], Leningrad (1959). 
A. V. Kuz'mina-Prigradova,  Byul. Eksperim. Biol. i Med., No. 9, 67 (1956}. 
K. I. Kul'chitskii, Abstracts of Proceedings of the 2rid Ukrainian ConferenCe of Morphologists (Com- 
bined Conference of Regional Anatomists, Histologists, Embryologists, and Topographical Anatomists 
of the Ukrainian SSR to celebrate %'. P. Vorob'ev's Birthday) [in Russian], Khar'kov (1956), p. i56. 

960 


