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Cons iderable  d is turbance  of the hemodynamics  and cap i l l a ry  c i rcu la t ion  of the l iver  take place in 
shock and t e rmina l  s ta tes  [1, 3-6, 8-10, and o thers ] .  

Dynamics  of the mic roc i r cu l a t i on  of the l iver  during lethal mechanical  asphyxia  and subsequent  r e -  
susc i ta t ion  is  cons idered  in th is  paper .  

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

The expe r imen t s  (including controls)  were  c a r r i e d  out on 54 albino r a t s  of both sexes  weighing 150- 
280 g under  Nembutal  anes thes i a  (5-6 rag/100 g in t raper i toneal ly) .  The mic roc i r cu l a t i on  of the l iver  was 
studied by vital  t r ans i l lumina t ion  m i c r o s c o p y  [2, 7]. Still photographs and motion p ic tu res  we re  taken in 
the cour se  of the expe r imen t s .  The a r t e r i a l  p r e s s u r e  and r e sp i r a t ion  were  r eco rded  at the s ame  t ime  on a 
kymograph .  Asphyxia was produced by c lamping  the a i rway .  The an imals  were  r e susc i t a t ed  a f te r  cl inical  
death (2-3 rain) by ind i rec t  ca rd iac  m e s s a g e  and mechanica l  a r t i f ic ia l  r e sp i r a t ion .  In some expe r imen t s  
s t imulant  doses  of adrenal in  we re  injected into the caro t id  a r t e r y  toward the hea r t .  

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

Approximate ly  20 sec a f te r  the beginning of asphyxia ,  when the a r t e r i a l  p r e s s u r e  was fal l ing sha rp ly  
(Fig. 1A), the l ive r  s inusoids cont rac ted :  at f i r s t  s p a s m  of the inlet  sphinc ter  appeared ,  followed by a n a r -  
rowing of the lumen of the s inusoid tube and cons t r ic t ion  of the outlet  sphincter .  This  v a s c u l a r  reac t ion ,  
d i rec ted  toward expel l ing blood f r o m  the l iver ,  was comple ted  at the end of the f i r s t  minute (Fig. 1A) by 
exclusion of mos t  s inusoids  f r o m  the c i rcula t ion,  by s p a s m  of the a r t e r i o l e s ,  by a d e c r e a s e  in the lumen of 
the cen t ra l  and col lect ing venules ,  and by a d e c r e a s e  in the cell  concentra t ion of the blood flowing in them 
(Fig.  2b). Resp i ra t ion  ceased  a lso  at this  t ime .  

During the t e r m i n a l  pause,  against  a background of gradual ly r i s ing  a r t e r i a l  p r e s s u r e  (Fig. 1A) the 
l i ve r  v e s s e l s  became  fil led with blood (Fig.  2c). The blood flow in the cen t ra l  and col lect ing venules  was 
slowed, and then in te rmi t ten t  and to -and - f ro .  At this t ime  movement  of blood in the por ta l  venules  was 
slowed, but s t i l l  r ema ined  continuous.  This  obs t ruc t ion  to the outflow led to overf i l l ing  of the s inusoids 
with blood. T h e i r  outlet  sph inc te rs  and sma l l  s lu ices  of Deysach were  grea t ly  cons t r i c ted  or  comple te ly  
closed.  As a r e su l t  of th is ,  an avascu l a r  band equal to one or  two d i a m e t e r s  of s inusoids  often appeared  
around the col lect ing and hepat ic  venules .  

At the height of e levat ion of the a r t e r i a l  p r e s s u r e  (Fig. 1A) agonal r e sp i r a t i on  appeared  and, at the 
s ame  t ime,  the blood flow in the l iver  was r e sumed .  If the inc rease  of a r t e r i a l  p r e s s u r e  was cons iderab le  
and brea th ing  prolonged and deep, the total  va scu l a r  reac t ion  was comple ted  by  expulsion of blood f r o m  the 
l iver ,  as  at  the beginning of asphyxia .  In some  expe r imen t s  no s t imulat ion of the blood flow took place.  

Af ter  r e s p i r a t o r y  a r r e s t ,  the l iver  again  became  gradual ly  filled with blood, which ceased  to move 
before  the h e a r t  s topped beating,  when the a r t e r i a l  p r e s s u r e  was 40-60 ram. In the agonal per iod agg rega -  
t ion of the blood ce l l s  was  f requent ly  obse rved .  

Resusc i ta t ion  m e a s u r e s  ( indirect  ca rd iac  massage  and ar t i f ic ia l  respi ra t ion)  led to the appearance  
of t o - a n d - f r o  movemen t  of the blood in the ve s se l s ;  movement  of blood through the l iver  took place only 
slightly,  however ,  With the appearance  of card iac  act ivi ty  the sinusoids cont rac ted  and, at the s a m e  t ime  
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Fig. 1. Dynamics of a r te r ia l  
p res su re .  A) During lethal a s -  
phyxia; B) during resusc i ta t ion  
af ter  clinical death (mean data 
of 9 experiments) .  Explanation 
in text. 

as the a r te r ia l  p re s su re  rose  (Fig. 1B), the blood s tored in the l iver  
was expelled. Only af ter  this had taken place, at about the end of the 
f i r s t  minute, was blood observed to flow in the a r te r io les  and sinusoids 
receiving a r te r ia l  anas tomoses .  After 1.5-2 rain blood began to move 
in the portal  venules.  By this t ime the velocity of the blood flow in the 
a r t e r io les  was comparable  with that observed initially. In the central  
and collecting veins, movement of blood was still intermit tent  in c h a r -  
ac ter ,  dependent on the phases of the r e sp i r a to ry  cycle. Gradually more  
and more  sinusoids became involved in the circulat ion.  After emptying 
i tself  in the ejection period, the l iver  again began to fill with blood. 
In most  exper iments ,  by the t ime of appearance of the f i rs t  spontaneous 
inspirat ions,  the a r te r ia l  p re s su re  had increased  (Fig. 113) and the vol-  
ume of blood in the l iver  had again decreased .  The normal  appearance 
of the hepatic microc i rcu la t ion  was r e s to red  by the 10-15th minute of 
resusci ta t ion,  although even in exper iments  in which the a r te r ia l  p r e s -  
sure  remained close to its initial level, the movement  of blood was ap-  
preciably  s lower  than in the control  period. 

Approximately  30 min after  resusci ta t ion,  or  1.5 h after  adminis -  
t ra t ion of Nembutal (Le., when the anestet ic  was wear ing off, as the 10 
control  exper iments  showed), new changes were observed:  the vesse l s  
of the per ipheral  portions of the l iver became empty while the centra l  
vesse ls ,  on the cont ra ry ,  were filled with blood. The question a rose  

whether these changes were associa ted  with the severe  hypoxia or  whether they were the resul t  of the end 
of the anesthetic action of Nembutal. To answer  this question, the l iver  microc i rcu la t ion  was observed in 
4 intact rats  anesthetized with Nembutal. The blood flow was observed to become slower 1.5-2 h af ter  ad-  
minis t ra t ion of the anesthetic,  and the centra l  port ions o f  the hepatic globules were filled with blood while 
the per ipheral  portions were emptied. On the other  hand, studies of the hepatic microc i rcu la t ion  in ra ts  
under  local anesthesia  (5 experiments) revealed the same picture as in the animals r ecover ing  f rom the 
general  anesthetic.  Adminis t rat ion of Nembutal to the animals caused an appreciable dec rease  in the blood 
volume in the l iver,  while the velocity of movement  of the blood increased  and the differences between the 
circulat ion in the central  and per iphera l  port ions of the lobules disappeared.  It may therefore  be consid-  
ered  that the redis t r ibut ion of the blood flow within the lobules developing in the r e c o v e r y  period of r e s u s -  
citation is the resu l t  of ending of the anesthetic action of Nembutal. 

In only 31% of cases  was the r ecove ry  of the microc i rcu la t ion  completed a lmost  to its initial state.  
More frequently in the resusc i ta t ion  period, af ter  the phase of ejection,the l iver  gradual ly filled with blood. 

Fig. 2. Liver  of a ra t  (sinusoids,  centra l  and collecting veins) during lethal asphyxia and subse-  
quent resusci ta t ion,  a) Initial state;  b) during expulsion of blood (30 sec of asphyxia) ; c) in the 
period of filling with blood (1.5 rain of asphyxia) ; d) 26 rain af ter  resusc i ta t ion  (arrow indicates 
a fat globule). Photomicrograph,  8 x 7. 
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The blood flow was active only in the a r t e r i a l  vesse l s  and sinusoids rece iv ing  a r t e r i a l  anas tomoses .  The 
vesse l s  of many of the lobules played no par t  in the circulat ion.  These  exper iments  also were  cha rac t e r i zed  
by a low level of a r t e r i a l  p r e s s u r e  and b y t h e  appearance of numerous  fat lobules and emboli  (Fig. 2d), caus -  
ing sti l l  fur ther  d is turbances  to the circulat ion.  

Hence, the reac t ion  of the l iver  vesse ls  to asphyxia is dynamic in cha rac t e r  and consis ts  of a l t e r -  
hating phases of emptying (with an initial fall of p r e s s u r e  and during agonal respirat ion) and of deposit ion 
(during the t e rmina l  pause and af te r  r e s p i r a t o r y  a r res t )  of blood. In the resusc i ta t ion  period the blood 
flow through the l iver  appears  a f te r  the phase of blood expulsion, and is seen init ially in the vesse l s  of the 
a r t e r i a l  sys tem,  evidently in connection with the re la t ive ly  g rea te r  a r t e r i o - cava l  p r e s s u r e  gradient;  
movement  of blood in the portal  vesse l s  is r e sumed  la te r .  The normal  blood flow is r e s t o r e d  in compara -  
t ively  fewer  cases ,  and more  f requent ly  the passage of blood is obst ructed as the vesse ls  a re  overf i l led 
with blood. This  las t  var iant  is observed  if the a r t e r i a l  p r e s su re  falls  considerably  and resp i ra t ion  is d i s -  
turbed,  and it is evidently r e l a t ed  pathogenetieal ly to these factors .  
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