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Duodenal motility was studied in diabetics with and without diarrhea. Diabetics 
with diarrhea had more and stronger pressure waves during fasting, more 
pressure waves after a test meal, and a total motor activity that was larger 
during fasting, after a test meal and after prostigmine. In addition, they had 
markedly more negative differential pressure waves in all periods, apparently 
because of a weaker reaction to intestinal distension. Maximal pressure ap- 
peared, on the average, shortly after the largest deflection in differential pres- 
sure. This difference was smallest in patients with diarrhea. An auxiliary finding 
was that the duration of action potential bursts increases after prostigmine. 

Emphasis is placed on the importance of using a randomized, blind technic 
in evaluating the motility parameters registered, and, in addition, of employing 
in many cases, nonparametric statistical methods. 

D i s t u r b a n c e s  in  g a s t r o i n t e s t i n a l  f u n c t i o n  

a re  c o m m o n  in  p a t i e n t s  w i t h  d i a b e t e s  mel -  

l i tus .  A m o n g  t h e  a b n o r m a l i t i e s  seen,  d ia r -  

r h e a  is o n e  of  t he  m o s t  c o m m o n .  M o s t  

i n v e s t i g a t o r s  b e l i e v e  t h a t  t he  i n c r e a s e d  in- 

c i d e n c e  of  d i a r r h e a  is d u e  to  a l t e r a t i o n s  in  

t he  m o t i l i t y  o f  t h e  g a s t r o i n t e s t i n a l  t r ac t  

(1-3),  b u t  a c t u a l  m o t i l i t y  s tud ies  a re  few 

(2, 3), a n d  the  p a t h o g e n e s i s  o f  d i a r r h e a  is 

by no  m e a n s  c lear ,  

T h e  p u r p o s e  o f  t he  p r e s e n t  i n v e s t i g a t i o n  

was to d e t e r m i n e  if  c h a n g e s  in  gas t ro in t e s -  

t i n a l  m o t i l i t y  a re  p r e s e n t  in  d i a b e t i c s  w i t h  

d i a r r h e a ,  c o m p a r e d  w i t h  d i a b e t i c s  w i t h o u t  

d i a r r h e a .  T h i s  was a c c o m p l i s h e d  by s imu l -  
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t a n e o u s  r e g i s t r a t i o n  of  i n t r a l u m i n a l  pres- 

su re  v a r i a t i o n s ,  d i f f e r e n t i a l  p ressures  a n d  

e l e c t r i c a l  a c t i o n  p o t e n t i a l s .  T h e s e  s tud ies  

were  s u p p l e m e n t e d  by  shor t  p e r i o d s  of  

c i n e m a t o g r a p h y .  

MATERIALS AND METHODS 

Thirty-five patients divided into 2 groups were 
studied, One group consisted of 28 diabetics with- 
out diarrhea or other gastrointestinal symptoms, 
The average age of these patients was 44 years and 
the average duration of diabetes was 7 ),ears, The 
other group consisted of 7 diabetics with diarrhea 
but without symptoms of other gastrointestinal 
disease. The average age of these patients was 48 
years, and they had had diabetes on an average of 8 
years, None of the patients studied had steatorrhea. 

A special tube, described in detail elsewhere 
(4, 5), was used. The registering end was supplied 
with three openings in the same transversal plane. 
One opening led into an open, fluid-filled catheter. 
A small balloon protruded from another opening. 
This balloon was connected to another fluid-filled 
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catheter in which there was a resting pressure of + 
l0 cm of water. Via these two catheters, pressure 
variations and differential pressures were measured, 
the latter with a modification of Ritchie et al's (6) 
technic. T h e  third opening functioned as a suction- 
cup and contained two pla t inum electrodes (4). 
Pressure was transmitted to an electromanometer 
and potential variations to a universal amplifier 
where a time constant of 0.06 seconds and an upper  
limit frequency filter of 700 Hz were used in order 
to favorize registration of action potentials. These 
measurements were recorded on a Mingograf 81 
together with a pneumogram (Fig l ) ,  and a 
registration of the number  of exposures was made 
in those short  periods where cinematography was 
performed. The  speed of the paper  was 1 cm/sec. 

Procedure 
Subjects fasted from the evening before the 

studies were carried out. In the morning,  the tube 
was passed through the mou th  without  anesthesia 
and inserted tmtil the registering end was in the 
distal part of the duodenum. After a pause of 
one-half hour,  activity was measured for 60 minutes 
dur ing  continued fasting, thereafter, for another  
hour  after ingestion of a standardized, liquid test 
meal, and finally for one-half hour  after in- 
travenous administration of 0.005 mg prost igmine/  
kg body weight. 

Tracing Evaluation 
After all 35 patients had been studied, the 

tracings were evaluated and tile various measure- 
ments performed. This  was done randomly and 
blindly. 

Enumerat ion of the number  of pressure waves 
and measurements of the height and durat ion of 
the individual waves were carried out. Artifacts and 
pressure waves of less than 5 cm of water pressure 
were discarded. Thereafter,  I determined for each 
individual person and for each imlividual 5-minute 
period, the number  of pressure waves and their 
mean height and duration, together with an esti- 
mate of the total area of the pressure waves (the 
motility index)--ie,  the sum of the numbers  ob- 
tained by mult iplying the height by the durat ion of 
each individual pressure wave. 

As far as the differential pressure waves are 
concerned, I divided the material into five sub- 
groups--those waves that were completely positive, 
those that were completely negative, those that  
were-first  positive and then negative, those that 

were first negative and then positive and finally 
those that were more complex. Thereafter ,  I 
counted the number  dur ing the period of fasting, 
the period after the test meal and the period after 
prostigmine. 

As previously described (4), approximately 120 
action potential  bursts  which were representative 
and as evenly distr ibuted as possible were chosen 
from each patient. T h e  height and durat ion of 
these waves were measured, and tile mean values 
calculated for each patient  for each of the three 
periods (4). 

Finally, I measured the durat ions between the 
middle of the action potential  bursts, the m a x i m u m  
of the accompanying pressure wave and the max- 
imal oscillation of the accompanying differential 
pressure wave. Here I calculated the mean values 
for each patient  for each period. 

Statistical evaluation was done with the help of 
the following nonparametr ic  tests: Mann-Whitney 
U test, Wilcoxon matched-pairs  signed-ranks test, 
Kruskal-Wallis one-way analysis of variance. Sign- 
test, and X 2 test (7, 8). 

RESULTS 
T h e  number  of pressure waves in diabet- 

ics with diarrhea was significantly greater 
than the number  in diabetics wi thout  diar- 
rhea both dur ing fasting and after the test 
meal, but  no difference could be demon- 
strated after prost igmine (Table  1). 

T h e  average height of the waves was 
greater dur ing  fasting in diabetics with 
diarrhea.  The re  was no difference after the 
test meal and  after prost igmine (Table  1). 
T h e  average dura t ion  was the same in all 
three periods (Table  1). T h e  moti l i ty in- 
dex, which has been defined previously, 
was greater  in diabetics with diarrhea in all 
three periods (Table  l). 

Results of the enumera t ion  of differen- 
tial pressure waves is shown in Tab le  2. 
T h e  number  is given as the median of 
l -hour values and the original figure from 
the prost igmine period was therefore mul- 
tiplied by two. As shown in the table, no 
difference in the number  of various types 
of differential pressure waves in the 2 
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Table 1. Pressure Waves in Diabetics With and Without Diarrhea 

Diabetics 

Period of With Without 
Pressure waves evaluation diarrhea diarrhea 

Significance of 
difference 

between 
medians (P) 

Waves/5 min 

Average height (cm of water) 

Average duration (seconds) 

Motil ity index 

Fasting 16.5 11 <0.01 
After test meal 24 21 <0.01 
After prostigmine 26.5 24 >0.05 
Fasting 21 18 <0.05 
After test meal 24 24 >0.05 
After prost igmine 32 31 >0.05 
Fasting 4.2 3.9 >0.05 
After test meal 4.6 4.4 >0.05 
After prostigmine 4.8 5.0 >0.05 
Fasting 1450 1050 < 0.01 
After test meal 3250 2550 <0.05 
After prostigmine 5600 4450 <0.05 

Median value for 5-minute periods. 

Table Z. Differential Pressure Waves in Diabetics With and Without Diarrhea 

Diabetics 

Subgroup of dif ferential With Without 
pressure waves Subperiod diarrhea diarrhea 

Significance of 
d ifference 
between 

medians (P) 

Positive Fasting 128 171 
After test meal 127 207 
After prost igmine 158 196 

Negative Fasting 61 18 
After test meal 97 25 
After prostigmine 94 44 

Positive negative Fasting 1 18 
After test meal 4 ~0 
After prostigmine 55 54 

Negative positive Fasting 7 6 
After test meal 20 15 
After prost igmine 24 22 

Complex Fasting 1 0 
After test meal 0 0 
After prostigmine 2 2 

>0.05 
>0.05 
>0.05 
<0.01 
<0.001 
<0.01 
>0.05 
>0.05 
>0.05 
>0.05 
>0.05 
>0.05 
>0.05 
>0.05 
>0.05 

Median values for 1-hour period, 

groups o[  diabetics could be demonstrated,  
except that there were many  more purely 
negative differential pressure waves in the 
diabetics with diarrhea. T h e  increased ap- 
pearance of negative differential pressure 

waves in diabetics with diarrhea was found 
in all three periods (Table  2). 

T h e  average dura t ion  of the action po- 
tential bursts was longer after prost igmine 
than dur ing fasting (P<0.05) and after the 
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test meal  (P<0.001). Tile respective median 
values for the entire group  of 35 individu- 
als was 1.16, 1.06 and 1.05 seconds. No 
difference was found between diabetics 
with and without  diarrhea, and no differ- 
ences were found between the average 
heights of the action potent ial  bursts. 

T h e  m a x i m u m  height of the pressure 
waves appeared,  on the average, slightly 
later than the maximal  ampl i tude  of the 
differential pressure wave in both the dia- 
betics without  diarrhea (P<0.001) and dia- 
betics with diarrhea (P<0.05). T h e  average 
time difference was less in individuals with 
diarrhea than in those wi thout  diarrhea 
(P < 0.05). In  both  cases, the t ime differ- 
ences were, however, quite srnall--0.01 and 
0.11 seconds, respectively. 

In several patients, c inematography was 
performed,  but  for only short periods of 
time. Examina t ion  of the films has not 
contr ibuted to the unders tanding of the 
differences shown between diabetics with 
and without  diarrhea.  

D I S C U S S I O N  

There  are only a few studies of gas- 
trointestinal motil i ty in diabetics with diar- 
rhea (2-4, 9-14). Furthermore,  in the ma- 
jority of existing reports, either only a very 
few patients have been investigated (10, 11) 
or intestinal motil i ty has been estimated 
using only transit times or more or less 
quant i ta t ive  measures with the help of ra- 
diologic technics (12-14). T h e  results of 
many  of these moti l i ty  studies have been 
directly contradictory, and with few excep- 
tions, have contr ibuted little to the under- 
standing of the pathogenesis of so-called 
diabetic diarrhea.  

T h e  present study showed that intestinal 
motil i ty was altered in diabetics with diar- 
rhea compared with diabetics wi thout  diar- 
rhea. Diabetics with diarrhea had more 

DREWES 

and stronger pressure waves dur ing fasting, 
more pressure waves after a test meal and a 
greater total amount  of motor  act ivi ty--  
judged from the previously ment ioned mo- 
tility i ndex - -du r ing  fasting, after a test 
meal and after prostigmine. 

In  addition, it appeared that there was 
not only a quant i ta t ive change in pressure 
variations in the intestine, with an in- 
creased number  of pressure waves of in- 
creased strength, but  also a change in the 
character of the motil i ty as manifested by a 
marked increase in the number  of negative 
differential pressure waves. Thus,  not only 
were there quant i ta t ive variations from the 
normal,  but  there was also an altered reac- 
tion pattern.  Th is  was also evidenced by 
the, admit tedly quite small, differences be- 
tween the average distances between the 
pressure waves and the differential pressure 
waves. 

No comparable  published reports are 
available on studies of diabetics with diar- 
rhea where pressure variations in the intes- 
tine were measured with the use of open 
catheters and the results given. However, 
there are studies where intestinal mot i l i ty  
has been estimated on the basis of pressure 
variations in balloon catheters and where, 
in addition, balloon catheters have been 
used to investigate the reaction of the intes- 
tine to distension. Whalen  et al (2) studied 
8 diabetics with diarrhea dur ing fasting 
and compared  them with 12 control sub- 
jects. These investigators were unable to 
demonstrate  significant differences in intes- 
tinal tone, the fraction of t ime occupied by 
phasic small waves or the frequency and 
dura t ion  of large waves. 

At first sight, these results seem to indi- 
cate that changes in intestinal motil i ty did 
not occur, but  this kymographic  study can 
obviously not be compared to that port ion 
of the present study where motil i ty was 
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estimated by measuring in t ra luminal  chan- 
ges in pressure. This  is also the case in the 
work of McNally et al (3) who studied 8 
control subjects, 24 diabetics without  diar- 
rhea and 4 diabetics with chronic diarrhea 
during fasting. Nei ther  were these investi- 
gators able to demonstrate  changes in the 
frequency of small waves in the small intes- 
tine in the 4 diabetics with diarrhea;  how- 
ever, they indicated that  there was an in- 
creased number  of large waves and that  the 
ampli tude of these waves appeared to be 
increased. 

In both studies (2, 3), tile reaction of the 
intestine to distension was also investi- 
gated. Whalen et at (2) studied this by 
distending a thick-walled, rubber  balloon 
in the je junum. In  4 diabetics with diar- 
rhea, they found that  none of these pa- 
tients felt pain even when the balloon was 
distended far beyond the point  that  pro- 
duced pain in the 8 control subjects (P<  
0.01). This  was interpreted to show de- 
creased or absent visceral pain response in 
the je junum in diabetic diarrhea. McNally 
et al (3) investigated the volume which could 
be injected into the balloon before the 
small bowel wall contracted. Among  the 
diabetics studied, this volume was largest in 
the 4 that had diarrhea. These findings can 
probably be related to my finding of an 
increased occurrence of negative differen- 
tial pressure waves in diabetics with diar- 
rhea. All three findings can be explained 
by the observation that  the response of the 
small bowel to distension is reduced in 
diabetics with diarrhea, so that  the bowel 
wall in these patients can be distended to a 
greater degree without  producing a reac- 
tion. 

Whalen  et al's (2) work should also be 
noted, because nonparamet r ic  statistical 
methods were used as in the present study. 
Admittedly, this is not necessary in all 

cases, but  pre l iminary  studies and studies 
of the values given in the l i terature showed 
very clearly that  conditions for the use of 
more conventional  methods were not 
present in many cases (5). For instance, it 
became apparen t  that  the number  of pres- 
sure waves per t ime unit  was nei ther  dis- 
t r ibuted normal ly  nor  distr ibuted ac- 
cording to any other  commonly  known 
dis t r ibut ion--unless  very long periods of 
registration were used, A more or less cor- 
responding situation was present as far as 
several other parameters  were concerned- -  
eg, height of pressure waves and moti l i ty 
index. The re  can be no doub t  that  this is 
of great impor tance  and that  nonparamet-  
ric statistical methods should be used to a 
greater degree. These methods have, up  to 
now, only seldom been used in moti l i ty  
studies. 

In  the present investigation, a random- 
ized blind technic was used in evaluat ing 
the registration curves after all of them had 
been recorded. All investigators of moti l i ty 
know- that  evaluat ion of curves is very 
difficult and can be quite subjective. Th is  
not only makes it difficult to compare  re- 
sults obtained by various groups, but  also 
the curves evaluated by the same investiga- 
tor. This  is part icularly the case with pre- 
cise motil i ty studies--eg,  measurements  of 
the dura t ion  of pressure waves; but  it is 
also the case with comparisons between the 
number  of pressure waves, and with com- 
parat ive evaluations of action potential  
bursts. T h e  time factor, in part icular,  but  
also the possible knowledge of the origin of 
the individual  curves and numerous  other  
factors, usually make it advisable to use a 
randomized,  bl ind technic in comparat ive  
investigations, unless a mechanical  reading 
makes this superfluous. T o  date, there are 
practically no clinical studies which fulfill 
these criteria. 

Digestive Diseases, VoL 16, No. 7 (July 1971) 633 



DREWES 

REFERENCES 
1. Farrar JT, Zfass AM: Progress in gastro- 

enterology. Small intestinal motility. Gas- 
troenterology 52:1019, 1967 

2. Whalen GE, Soergel KH, Geenen JE: Dia- 
betic diarrhea. A clinical and pathophysio- 
logical study. Gastroenterology 56:t021, 
1969 

3. McNally EF, Reinhard AE, Schwartz PE: 
Small bowel motility in diabetics. Amer J 
Dig Dis 14:163, 1969 

4. Drewes VM: Electrical action potentials 
and their relationship to mechanical ac- 
tivity. Measurements in the duodenum in 
normals and diabetics: fasting, after food, 
and after prostigmine. Modern Gastroenter- 
ology. Edited by O Gregor, O Riedl. New 
York, FK Schattauer, t969, pp 575-577 

5. Drewes VM: The small intestine in diabetes 
mellitus with special reference to electrical 
and motor activity, Absorptive and Pancre- 
atic Function. Copenhagen, Munksgard, 
1971 

6. Ritchie JA, Ardran GM, Truelove SC: 
Motor activity of the sigmoid colon of 
humans. A combined study by intraluminal 
pressure recording and cineradiography. 
Gastroenterology 43:642, 1962 

7. Siegel S: Nonparametric Statistics for the 

Behavioral Sciences. New York, McGraw- 
Hill, 1956 

8. Lienert GA: Verteilungsfreie Methoden in 
der Biostatistik. Meisenheim am Glan, 
Anton Hain, 1962 

9. Drewes VM: Motor activity in the duo- 
denum in normals and diabetics, Modern 
Gastroenterology. Edited by O Gregor, O 
Riedl. New York, FK Schattauer, 1969, pp 
578-581 

I0. Friedman G, Wolf BS, Wave JD, et al: 
Motility patterns and cine correlates of 
small bowel diseases. Gastroenterology 52: 
1133, 1967, abstr 

11. Wangel AG, Deller D J: Intestinal motility 
in man. III. Mechanisms of constipation 
and diarrhea with particular reference to 
the irritable colon syndrome. Gastroenter- 
ology 48:69, 1965 

12. Malins JM, French JM: Diabetic diarrhoea. 
Quart J Med 26:467, 1957 

t3. Hodges FJ, Rundles RW, Hanelein J: 
Roentgenologic study of small intestine. II. 
Dysfunction associated with neurologic 
diseases. Radiology 49:659, 1947 

14. Texter EC, Danovitch SH, Kuhl WJ, et al: 
Physiologic studies of autonomic-nervous- 
system dysfunction accompanying diabetes 
mellitus. Amer J Dig Dis 7:530, I962 

634 Digestive Diseases, Vol. 16, No. 7 (July 1971) 


