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Evacuat ion f rom the s tomach was investigated by a method of multiple drainage of an infra-  
pylor ic  fistula, using edible rubber  balls as mater ia l  for compar i son .  The duration of 
evacuation f rom the s tomach after  pyloroplas ty  by the Heineke-Mikul icz  method was r e -  
duced in all the dogs but the effect  was s ta t is t ica l ly  significant in only 2 of the 5 dogs.  
Py lorop las ty  did not abolish the exponential cha rac t e r  of evacuation f rom the s tomach and 
was not ref lected in the pH of the duodenal chyme.  The addition of fat to the diet lengthened 
the evacuation t ime f rom the s tomach equally before and after  pyloroplas ty .  
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The role of the phyloric sphincter  in the regulation of evacuation f rom the s tomach is the subject of 
much lively discussion [2-6, 8, 10, 18-20]. 

In the investigation descr ibed  below evacuation of food of solid consis tency (bread) f rom the s tomach 
was studied after  the function of the pyloric sphincter  had been blocked by the Heineke-Mikul iez  operation 
for pyloroplas ty  extensively used in clinical  surgery .  

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

Five dogs (weight 10-18 kg) with fistulas of the gas t r ic  fundus and proximal  par ts  of the duodenum 
(8-10 cm below the pyloric  sphincter) were used.  Evacuation f rom the s tomach was studied by the method 
of multiple drainage of the infrapyloric  fistula [1]. Balls 1-2 mm in diameter ,  made of special  edible rub-  
ber  were used as the mater ia l  for compar i son .  By this method it is possible to determine both the total 
duration of evacuation f rom the s tomach and the dynamics of evacuation throughout the period of digestion 
in the s tomach.  Graphs of the evacuatory  activity of the s tomach were plotted between semilogar i thmic  
coord ina tes .  The hydrogen ion concentrat ion in each 5-minute sample of chyme was determined with a 
type pH-340 pH-mete r .  

TABLE 1. Effect  of He ineke -  Mikulicz 
Pyloroplas ty  on Duration of Evacuation 
f rom Stomach 

Dog 
No, 

I 
2 
3 
4 
5 

Time of evacuation fron~ 
stomach (in rain) / ~  

before after / o 
opera,on operation / 

300-----6,7 289"+'6,6 
352.+ 7,8 332 .++̀ 14,0 
360.+6,1 322---+7,1 
355 .+ 7,4 299.+ 10,0 
395.+8,2 217.+7,2 

I 

/, 

0 r "  

~0,05 
~0,05 

I 1 ~ 0 , 0 5  
18 ' <0,05 
82 <0,05 

After the initial investigations on the dogs, pyloroplasty 
was carried out by the Heineke-Mikuliez method. During the 
operation the pylorus was divided by a longitudinal incision 
extending 3 cm into the stomach and 3 em into the duodenum. 
The wound was sutured transversely by means of a 
Lembert-Albert continuous inverting suture. Tests were 
carried out on all five dogs on alternate days starting 8 days 
after the operation. 

At the end of the experiment, two dogs were killed and 
the state of the region connecting the stomach with the duo- 
denum was studied. The external appearance was normal, 
but a finger passed through the incision in the pyloric por- 
tion into the duodenum did not encounter the resistance usual- 
ly exerted by the pyloric sphincter. 
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TABLE 2. Effect  of Fat  Loading (25 g Margarine) on Evacuation Time 
of 100 g Bread from Stomach before and after Heineke-  Mikulicz 
Pyloroplas ty  

Dog No. 

Intact stomach 
time of emptying store- delay of 
ach (min) ~vacuation 

normally 

1 300,0"+-6,7 
3 360,0~6,1 
4 355,0----- 7,4 

M ' - m  ] 338,0---+6,7 

during fat after fat 
loading loading (go) 

352,9~ !2,6 117,6 
489,3~ 12,8 135,9 
454,6----- 16,5 128,1 

432,3----- 14,0 127,9 

Operated stomach 

time of emptying stom- 
ach (rain) 
after during fat 
operation loading 

289,0 + 6,6 405,0 -+- 13,4 
322,0~ 7,1 388,0 .+- 11,0 
299,0 -+- I0,0 375,0----- 6,7 

303,3"-7,9 ] 389 3-----10 4 

delay of 
evacuation 
after fat 
loading (%3 

140,1 
120,5 
125,4 

128,4 

TABLE 3. Effect  of Heineke-Mikul icz  
Pyloroplas ty  on Acidity in the Duodenum 

Dog No. 

Acidity of chyme in duo- 
flenum, pH 
before after 
operation operation 

5,1• 5,25-+-0,08 
5,0-----0,06 5,08~0,08 

~0,05 
>0,05 

E X P E R I M E N T A L  R E S U L T S  AND  
D I S C U S S I O N  

The duration of evacuation of 100 g bread f rom the 
s tomach before and after  pyloroplasty by the Heineke-  
Mikulicz method is given in Table 1. 

It will be c lear  f rom Table 1 that, although after 
pyloroplasty the evacuation time from the s tomach was 
shortened in all five dogs, the difference was s tat is t ical ly 
significant in only two animals .  

In all the dogs emptying of the s tomach took place in 
three phases:  a phase of increase  in the rate of evacuation, 

a phase of exponential evacuation, and a phase of rapid emptying of the s tomach;  i.e,, it followed the same 
course as in dogs with an intact pyloric sphincter  (Fig. 1). 

In view of evidence of the st imulant effect of fat on the pyloric sphincter [10] it was interesting to 
examine changes in the evacuation f rom the s tomach after  pyloroplasty in response to fat loading. For  
this purpose,  the rate of evacuation of a mixture consisting of 100 g bread and 25 g margar ine  from the 
s tomach was investigated before and after pyloroplasty.  As the resul ts  in Table 2 show, the addition of 
fat to the diet led to equal delay in evacuation from the s tomach in dogs with an intact or a divided pyloric 
sphincter .  

The resul ts  in Table 3 show that destruction of the pyloric sphincter  was not accompanied by signifi-  
cant changes of pH in the chyme in the middle par t  of the duodenum. Charac te r i s t i ca l ly  the react ion of the 
chyme remained  relat ively stable even in dog No. 4, in which the pyloroplasty  induced a s ta t is t ical ly  s ig-  
nificant accelerat ion of evacuation f rom the s tomach.  

All theoret ical ly possible var iants  of the effect of blocking the pyloric sphincter  on evacuation f rom 
the s tomach have been mentioned in the l i te ra ture :  accelerat ion [15,16], no effect  [12, 17], and delay [3, 7, 
20]. The d isagreement  between the resul ts  may depend both on the method used to block the pyloric 
sphincter (insertion of a r igid tube into the sphincter ,  various types of pyloroplasty or pylorotomy) and on 
the species of animal or the type of food st imulus.  For  example, pyloroplasty by Firmey's  method does 
not affect the rate of evacuation of solutions of carbohydrates  f rom the s tomach and it delays emptying of 
fatty foods [14]. The present  experiments  were ca r r i ed  out under conditions as close as possible to natural .  
Bread is a normal  constituent of the animals '  diet; the sphincter  was des t royed by an operation that does 
not deform the s tomach or lead to an excess ive  increase in size of the s toma connecting the s tomach with 
the duodenum. The fact that pyloroplasty  in all the animals was accompanied by accelera ted evacuation 
from the s tomach points to a regula tory  role of the pylorus in evacuation f rom the s tomach.  However, the 
wide sca t te r  of the resul ts  and, in par t icular ,  the absence of a s tat is t ical ly significant change in the rate of 
evacuation in 3 of the 5 dogs point to the presence  of highly effective compensa tory  mechanisms that can 
take over  the function of the pyloric sphincter .  Even under the specific conditions of food loading these 
mechanisms can delay evacuation f rom the s tomach.  This calls  into question the importance of the role 
of the pyloric sphincter  in the delay of gas t r ic  evacuation after  the intake of fat. The high effect iveness of 
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Fig. 1. Dynamics  of evacuat ion of 100 g b read  
f r o m  dog 's  s tomach  before  and a f t e r  H e i n e k e -  
Mikulicz pyloroplas ty ,  Absc i s sa ,  t ime of evac -  
uation (in rain); o rd ina te ,  logar i thm of quantity 
of food in s tomach  (in g) a f te r  eve ry  30 rain; a) 
be fo re ,  b) a f t e r  opera t ion.  Values of M ~- m 
given. 

compensa t ion  is also demons t r a t ed  by main tenance  of the n o r m a l  pH of the duodenal chyme in the py lo -  
ro tomized  dogs. In dogs with a divided pylor ic  sphinc ter  the pH within the s tomach  also r e m a i n s  within 
n o r m a l  l imi ts  [14]. The p r e s e r v a t i o n  of the no rma l  hydrogen ion concent ra t ion  in the s tomach  and duo- 
denum of py lo ro tomized  dogs is  ind i rec t  p roof  that  the regurg i ta t ion  of the intes t inal  contents into the s t o m -  
ach was on a much g r e a t e r  sca le  than n o r m a l l y  in these an imals .  Some w o r k e r s  have a sc r i bed  the bas ic  
ro le  in the prevent ion  of the regurg i ta t ion  of the duodenal contents into the s tomach  to the py lor ic  sphinc ter  
[ii, 13, 16]. 

There  a r e  indicat ions in the l i t e r a tu r e  that the evacua to ry  function of the s tomach  is control led by an 
inhibi tory e n t e r o - g a s t r i c  re f lex  and by changes in the t r a n s p o r t  act ivi ty of the duodenum [3, 9, 19]. P r e -  
sumably  these  m e c h a n i s m s  a re  respons ib le  for  the comple te  or  par t i a l  compensa t ion  taking place  a f t e r  
des t ruc t ion  of the pylor ic  sphinc ter .  The re la t ive  impor t ance  of these fac tors  is not known. 
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