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The rate of evacuation of solid food from the stomach was investigated in chronic experiments 
on dogs with fistulas of the stomach and proximal part of the duodenum. After exclusion of 
the pyloric sphincter (by the operations of pyloroplasty or  gastroduodenostomy) the evacuatory 
function of the stomach remained basically compensated although, judging from the free passage 
of edible rubber balls 3 mm in diameter  from the stomach into the duodenum, no structures 
replacing the pyloric sphincter could be found. Compensation of the evacuatory function of 
the stomach under these conditions is achieved through a marked increase in the role of the 
enterogastr ic  reflex. 
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The wri ters  showed previously [4] that af ter  Heineke-Mikulicz pyloroplasty more rapid emptying of the 
stomach was observed in some of the dogs. This paper gives the results of an investigation of the mechanisms 
responsible for compensation of the evaeuatory function of the stomach. 

EXPERIMENTAL METHOD 

Experiments were carried out on five dogs with fistulas of the stomach and proximal part of the duode- 
nuna (located 4 or 7 cm away from the pyloric sphincter). 

After control investigations a Heineke-Mikulicz pyloroplasty was performed on two dogs and gastroduo- 
denostomy was performed by Jaboulay's method on three dogs. In one of these dogs, simultaneously with the 
gastroduodenostomy, the pyloric sphincter was iigated. The dogs used for JaboulayTs operation were those 
in which the distance between the pyloric sphincter and the duodenal fistula was 7 cm. Tests were resumed 
2-3 weeks after the operation. The rate of evacuation of 150 g of bread from the stomach was determined by 
the method of multiple drainage of the retropyloric fistula [i]. The bread was mixed with 600 edible rubber 
balls 1-1.5 mm in diameter, which left the stomach unhindered together with the chyme. Every 25 rain the 
duodenal fistula was opened for 5 rain. The presence of the rubber balls was determined in the evacuated por- 
tion of chyme, so that the moment of emptying of the stomach could be established with an accuracy of 15-20 
rain, by noting the time of disappearance of rubber balls and fragments of bread from the evacuated contents. 
The rate of evacuation from the stomach was determined by the time required for complete emptying of the 
stomach, measured in six or seven experiments on each dog. 

EXPERIMENTAL RESULTS 

Comparison of the rates of evacuation of solid food from the stomach before and after exclusion of the 
pyloric sphincter showed that after Heineke-Mikulicz pyloroplasty the rate of evacuation from the stomach 
was increased by 6.4~ in one dog and reduced by 0.7~ in the other dog. After Jaboulay's gastroduodenostomy 
the rate of evacuation was reduced by 6-8% in two dogs; in the dog with ligation of the pyloric sphincter it was 
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F i g .  1. D y n a m i c s  of  e v a c u a t i o n  of  b a l l s  o f  d i f f e r e n t  
s i z e s  f r o m  s t o m a c h  b e f o r e  (a) and  a f t e r  (b) o p e r a t i o n s  
of  H e i n e k e - M i k u l i c z  p y l o r o p l a s t y  (dog No. 2) and  
J a b o u I a y r s  g a s t r o d u 0 d e n o s t o m y  (dog No. 3). 1) B a l l s  
1 m m  in d i a m e t e r ;  2) b a l l s  3 m m  in d i a m e t e r .  A b s c i s s a ,  
t i m e  a f t e r  t e s t  m e a l  (in rain);  o r d i n a t e ,  r a t i o  (in %) 
be tween  n u m b e r  o f  b a l l s  o f  e ach  s i z e  l e a v i n g  s t o m a c h  
in 3 0 - r a i n  t i m e  i n t e r v a l s  and  n u m b e r  of  b a l l s  r e -  
m a i n i n g  in s t o m a c h .  

T A B L E  1. 
on D u r a t i o n  of  E v a c u a t i o n  f r o m  the  S t o m a c h  (M • m) 

E f ie  ct of  H e i n e k e -  M i k u l i c z  P y l o r o p l a s t y  and of  J a b o u l a y ' s  G a s t r o d u o d e n o s t o m y  

Type of operation Dog 
Time of evacuation from the stomach, rain 

before 
operation 

347,1--+5,2 
367,5-+9,6 
315,02 13,4 
309,0-+ 5,9 
352,52--- 7,5 

"after 
operation 

325,0-+ 10, 7 
370,0• 
336,0=-9,0 
261,4~ 17,3 
381,7• 

Quickening 
or slowingof 
:vaeuation, 

--6,4 
--0,7 
--6,3 

+15,4 
--7,6 

Heineke - Mikulic z 
pyloropl asty 

Jaboulay's gastroduodenostomy 

> 0,05 
> 0,05 
> 0,05 
<0,05 
<0,05 

T A B L E  2. E f f ec t  o f  E x c l u s i o n  of  E n t e r o g a s t r i c  Re f l ex  on T i m e  of  E v a c u a t i o n  of  150 g 
of  B r e a d  f r o m  S t o m a c h  b e f o r e  and  a f t e r  O p e r a t i o n s  of  P y l o r p l a s t y  and G a s t r o d u o d e n o s -  
t o m y  (M e: m) 

Type of operation 

Heineke - Mikulicz 
pyloroplasty: 

before operation 

after operat ion 

Jaboulay's 
g#st~odueodenostomy: 
-Detore operation - 

after operation 

Dog 

Gastric emptying time, min Quickening 
after exclusion of of evacua- 

normally reflexenter~ tion, % 

347,125,2 
367,5-+-9,6 
325,0 =- 10,7 
370,025,0 

315,0 + 13,4 
309,0~5,9 
336,0-+9,0 
261,4-+ 17,3 

312,0-- + 12,9 10,1 
273,0-+ 13,0 25,7 
231,9----- 13,1 28,6 
215,0"+-5,0 41,9 

267,0 + 7,3 15,2 
228,0 ~- 11,0 26,2 
230,0+--- 10,5 31,5 
130,0• 10,0 50,3 

<0, t5 
<0,05 
<0,q5 
<0,r 

<0,05 
d0,05 
<0,65 
<0.05 

i n c r e a s e d  by 15~.  A s i g n i f i c a n t  change  in the  r a t e  of  e v a c u a t i o n  f r o m  the  s t o m a c h  was  thus  o b s e r v e d  in only  
one  dog (Tab l e  1). 

I g n o r i n g  c e r t a i n  d i f f e r e n c e s  in the c o n s e q u e n c e s  of  the  o p e r a t i o n  and  a c c e p t i n g  a high d e g r e e  of  c o m p e n -  
s a t i o n  of  t he  e v a c u a t o r y  funct ion of  the  s t o m a c h ,  the  fou r  fo l lowing c a u s e s  of  t h i s  e f f ec t  can be p o s t u l a t e d :  1) 
In the  r e g i o n  w h e r e  the  s t o m a c h  was  j o i n e d  to  the  duodent tm,  m o r p h o l o g i c a l  r e c o n s t r u c t i o n  took  p l a c e  enab l ing  
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the ra te  of emptying of the s tomach  to be compensated,  i .e. ,  something r e sembl ing  a sphinc ter  had formed;  
2) the sphinc ter  de te rmin ing  the r a t e  o f e m p t y i n g t h e  s t o m a e h w a s  inefficient;  3) e o m p e n s a t i o n t o o k p l a e e t h r o u g h  
the abi l i ty of the s tomach  i t se l f  to regulate  the ra te  of its own emptying; 4) compensat ion took place on account  
of m e c h a n i s m s  involving the duodenum, i .e. ,  the en t e rogas t r i c  inhibi tory ref lex.  

To t e s t  the f i r s t  hypothesis  the abi l i ty  of the pylor ic  sphinc ter  to d i sc r imina te  evacuat ion of rubber  balls  
of l a rge  d i a m e t e r  was studied. For  this purpose ,  before and a f t e r  exclusion of the pylor ic  sphincter ,  the 
dynamics  of evacuat ion of balls  1 and 3 m m  in d i ame te r  toge ther  with b read  f rom the s tomach  was inves t i -  
gated. As the g raphs  in Fig. 1 show, before the operat ion the smal l  bails left the s tomach  much f a s t e r  than 
the l a r g e r  bal ls ;  a f t e r  the operat ion both s izes  of bails pas sed  f rom the s tomach at equal speeds ,  i .e. ,  at  the 
t ime  of r e sumpt ion  of the t e s t s  a f t e r  the operat ion the py lor ic  sphinc ter  was inactive.  

To t e s t  the ro le  of the en te rogas t r i c  re f lex  in compensat ion of the evacua to ry  function of the s tomach 
expe r imen t s  were  ca r r i ed  out as  follows. The g a s t r i c  contents escaping f rom the duodenal fistula were  
col lected not during in te rva ls  of 5 rain, but continuously throughout the per iod of investigation.  Under these  
c i r c u m s t a n c e s  the chyme did not en te r  the smal l  intest ine and the en t e rogas t r i c  ref lex  was la rge ly  excluded, 
for  the pas sage  of the chyme along 4 or  5 em of the initial  pa r t  of the duodenum could not play any decis ive  
role.  Whereas  before  exclusion of the pylor ic  sphinc ter  the en te rogas t r i c  ref lex  caused a delay of evacuation 
f rom the s tomach  by 10-25%, a f t e r  the operat ion the delay was inc reased  f rom 30-50% (Table 2). 

Two conclusions can thus be drawn. F i r s t ,  as  some  w o r k e r s  [2, 3, 5, 6] consider ,  the pylor ic  sphincter  
plays an impor tan t  role  in the regulat ion of emptying of the s tomach and does not s imply  d i sc r imina te  against  
the expulsion of la rge  p ieces  of food f rom the s tomach  and reduce the duodenogast r ic  ref lex  [7, 8]. Second, the 
i nc r ea se  in the ra te  of evacuat ion f rom the s tomach  in a dog with a nonfunctioning py lor ic  sph inc te r  is com-  
pensa ted  by an inc rease  in the role  of the en t e rogas t r i c  ref lex.  Undoubtedly the s tomach  i t se l f  plays an 
impor tan t  pa r t  in th is  effect,  for its pe r i s t a l t i c  waves  "bite off" a fixed port ion of the g a s t r i c  contents,  not 
m o r e  than 30-50% m o r e  than the mean  volume of chyme that mus t  leave the s tomach,  at the moment  of complete  
occlusion in the distal  half of the an t ra l  port ion.  I t  mus t  be a s sumed  that  it is because  of the regu la to ry  
function of the py lor ic  sphinc ter  that about one th i rd  of the chyme is propel led  backward into the an t ra l  port ion 
during the p a s s a g e  of each  pe r i s t a l t i c  wave. 

Although the d i f ference  between the ra te  of emptying of the g a s t r i c  contents in dogs with an intact pylor ic  
sph inc te r  and with a des t royed  or  ~by-passed"  pylor ic  sphinc ter  is compara t ive ly  smal l ,  the range of sp read  
of the data among dogs undergoing the opera t ions  of py loroplas ty  and gas t roduodenos tomy amounts  to 10-15%. 
Des t ruc t ion  of the sph inc te r  by pyloroplas ty ,  abolishing the obs tac le  along the natura l  pa s sage  of the chyme, 
can be a s s u m e d  only to a c c e l e r a t e  evacuat ion f rom the s tomach,  and this is substant ia l ly  modera ted  by the 
e n t e r o g a s t r i c  ref lex .  Af ter  gas t roduodenos tomy the natural  passage  of the chyme is d is tor ted.  Pe rhaps  some 
of the chyme, leaving the s tomach  through the pylor ic  sphincter ,  r e tu rns  into it through the g a s t r o s t o m y  and 
delays  evacuat ion of the g a s t r i c  contents through it. This  hypothesis  is conf i rmed by the fact that  in a dog 
with a l iga ture  applied to the py lor ic  sphinc ter  a f t e r  the operat ion of gas t roduodenos tomy,  the ra te  of evacua-  
tion f rom the s tomach  a f t e r  the operat ion was not reduced by 6-7%, as in the other  dogs, but inc reased  by 15%. 
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