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G ASTRtG HYPOMOTILITY in patients with gastric ulcer was first inferred from 
the roentgenologic observations of delay in the propulsion of opaque 

media. 1-4 Dragstedt and associates ,~-7 have suggested that delay in gastric 
emptying may produce excessive release of gastrin, either from distention or 
from increased peristalsis in the antrum. By increasing secretion of acid, such 
a mechanism could contribute to ulceration. 

We have made, therefore, quantitat ive determinations of antral gastric 
motili ty under  basal circumstances in patients with chronic gastric ulcer and 
in healthy persons. When decreased propulsive motil i ty was found in patients 
with gastric ulcer, the response of the antrum to distention was tested in 2 
similar groups of individuals. 

M A T E R I A L  AND M E T H O D S  

T e n  healthy persons (6 men and 4 women) volunteered as controls. After 
thorough examinations, none was found to have evidence of gastrointestinal 
disorder. Quantitat ive estimates of antral motili ty under  basal conditions 
were made in all 10 (mean age, 29 years; range, 22-52 years). Antral  disten- 
tion was studied in 3 of the men and 2 of the women (mean age, 30 years). 

Nineteen patients with benign, chronic gastric ulcer under  treatment in the 
hospital were studied. T h e  diagnosis of ulcer was made on clinical grounds 
and confirmed radiologically; malignancy was excluded by cytologic examina- 
tion and, when indicated, by endoscopy or surgery, as well as by the subse- 
quent  clinical course. Thi r teen  of the 19 patients (8 men and 5 women; mean 
age, 60 years; range, 33-80 years) underwent  the 2-hr. basal test. Antral  
motili ty following distention was studied in the 6 other patients with gastric 
ulcer; all were men (average, 55 years; range, 43-65 years). Two  patients ex- 
perienced pain of an ulcer type in the 24 hr. before the studies; the majority 
had been free of symptoms for at least 2 days. 

Seven of the 13 patients having basal studies had ulcers located on the lesser 
curve; 3 had prepyloric ulcers; 2 had ulcers on the greater curve; and 1 had an 
ulcer on the posterior wall. In 10 patients, the ulcer was located at or below 
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the angle of the stomach. In addition to a gastric ulcer, the roentgenologist 
observed duodenal scarring in 4 patients; 1, later undergoing operation, had 
no evidence of duodenal  ulcer. There  was no difference in the motili ty pat- 
terns of patients with and without duodenal deformity. In  studies of antral 
distention, ulcers were located on the lesser curve (5 patients) or on the 
greater curve (1 pat ient) .  One of these patients also had radiologic evidence 
of duodenal scarring. 

PROCEDURES 

Tests were performed after subjects had fasted 8-12 hr.; medications had 
been stopped the previous evening. Antral  motility was recorded photokymo- 
graphically for 2 hr. in the basal study by a method previously reported. 8 A 
small Sawyer balloon (3 × 5 cm.) was connected by a Sawyer gastric tube to 
a closed water-air reservoir. Pressure changes in the system were recorded by 
a strain-gauge transducer (Statham P23De*).  T h e  balloon was placed in the 
ant rum and its position checked by cinefluoroscopy. Five milliliters of a radi- 
opaque substance (Gastrografint) in 20 ml. of water was slowly injected into 
the balloon under  15 cm. of water pressure, s T h e  25 ml. filled but  did not 
distend the balloon. Observations were made with the subjects supine on a 
cinefluoroscopy table to allow checking the location of the balloon. Respira- 
tions were recorded by a belt pneumograph.  

A latex balloon, connected by a polyethylene tube to a pressure-recording 
strain gauge, was used in the distention tests. T h e  balloon was constructed so 
that its length was the same as that of the Sawyer balloon, but  when the latex 
balloon was distended to a volume of 125 ml., its diameter was twice as great. 
The  pressure within the balloon was then about  20 cm. of water. Tests with 
the latex balloon also lasted 2 hr., after it was positioned in the antrum. A 
control record of 30 rain., while the balloon contained 25 ml. of air, was 
followed by a second 30-rain. period when the volume was increased to 125 ml. 
This  sequence was repeated during the second hour. During distention, antra1 
contractions were recorded as superimpositions on the increased pressure with- 
in the balloon. 

Cineradiography disclosed that the Sawyer balloon containing 25 ml. usually 
filled the distal port ion of the antrum, but  when the latex balloon contained 
25 ml., only part  of its circumference was in contact with the antral wall. Con- 
sequently, antral contractions seen in cineradiograms did not always produce 
changes of pressure in the flaccid latex balloon, and therefore the motili ty 
records for these periods were not  analyzed. When  the latex balloon contained 
125 ml., it produced a spherical distention of the antrum (Fig. 1) and reliably 
recorded contractions seen in the cineroentgenograms. 

*Statham Instruments, Inc., Los Angeles, Calif. 
~-E. R. Squibb g: Sons, New York, N. Y. 
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T h e  basal and the maximal acid output  of the stomach were measured in 
all patients with gastric ulcer by the augmented histamine test of Kay, 9 as 
described by Card and Sircus. I° 

ANALYSIS OF ~IOTILITY RECORDS 

T h e  classification suggested by Temple ton  and Lawson 11 and later modified 
by others 12, la was used. Three  types of waves with the following general 
characteristics were identified: t8 Type  I--pressure of 5 cm. of water or less 
and durat ion of 18=20 sec.; T y p e  II--pressure of more than 5 cm. of water and 
durat ion of 12-25 sec.; and Type  III--base-l ine pressure change producing 
pressures of 1-10 cm. lasting 2-5 rain., upon which are superimposed Type  I or 
Type  II  waves. 

Portions of the record disfigured by movements of the body, coughing, and 
straining were excluded. T h e  durat ion (in seconds) and ampli tude (in centi- 
meters) of water o{ each wave were measured. Ty p e  I and Type  II  waves 
were classified as rhythmic when 4 waves or more occurred in regular sequence 
and as nonrhythmic  when the waves occurred irregularly. T h e  frequency per 
minute  of rhythmic waves was determined. T h e  percentage of t ime that each 
wave was present was calculated for each 30-min. period; a mean of 27.5 rain. 
(range, 25.2-28.7 rain.) of analyzable record was obtained. For the 2-hr. test, 

Fig. 1. Antrum dis- 
tended by latex balloon 
containing 125 ml. of air 
in patient with gastric 
ulcer. 

the durat ion of the analyzable records was 111.7 rain. for the control and 110.4 
for the ulcer group. In  addition, total activities were calculated for the 2 hr. 
of the basal test and for the combined 2 periods of antral distention. Only in 
11 of the 13 patients was the full 2-hr. basal test analyzable. 
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RESULTS 
BASAL ANIRAL MOTILITY 

During the 2-hr. period of the basal test, fewer Type lI contractions oc- 
curred in patients with gastric ulcer. The difference was due to a reduced in- 
cidence of rhythmic Type II waves. Nonrhythrnic Type II activity was the 
same in the control and patient groups (Tables 1 and 2). In both groups, 
nonrhythmic Type 1I waves occurred more o[ten than did rhythmic ones 
(Fig; 2). Nine of 13 patients with gastric ulcer but only 3 of the 10 healthy 
volunteers had no rhythmic Type II activity in more than one 30-rain. period. 

The most significant differences in percentage of rhythmic and total Type II 
activity were present in the first and second 30-rain. periods, because the 
percentage of activity of the rhythmic Type II contractions in healthy persons 
decreased during succeeding 30-rain. periods~ By contrast, Type II activity in 
patients with gastric ulcer did not change (Table 2). 

Mean frequencies of rhythmic Type II waves were similar in health and in 
gastric ulcer patients, being 8.21 and 3.05/rain., respectively. Neither the 
amplitude nor the dui'ation of Type II waves differed in the 2 groups~ The 
number, amplitude, and duration of Type I and Type III waves were not 
significantly different in control individuals and ulcer patients (Table I). 
Because of similarities of Type I waves (rhythmic and nonrhythmic waves) 
in relation to the factors studied and because of their lesser role in gastric 
emptying, only the total activity has been reported (Table 1). Type III 
activity occurred most frequently in the first 30 rain. and then gradually de- 
creased (Table 1). 

After treatment, tests were performed in 3 patients who were free of symp- 
toms and were without residual evidence of gastric Ulcer by radiography. ]n 
each patient, the antral motility pattern was normal, having previously shown 
the changes associated with gastric ulcer (Fig. 3). With the ulcer present, the 
mean total duration of rhythmic Type II wa~!es was 6.9 rain. for the 2-hr. 
basal test (range, 1.8-10.3 min.). After ulcer healing, a mean total duration 
of 37.0 rain. (range, 11.0-69.6) 0~ rhythmic Type II waves was recorded. No 
change occurred in nonrhythmic Type II waves. 

There was no difference in antral motility patterns in relation to the age 
of the patient and location or size of the gastric ulcer. Three patients experi- 
enced abdominal discomfort of an ulcer type during the test, but no change 
in antral motility was found at these times. No difference in motility patterns 
was found between patients with radiologic deformity of the duodenum and 
those without it--nor were the results of gastric analysis significantly different 
in these groups. In all patients with gastric ulcer, mean basal acid output was 
1,8 mEq./hr. (range, 0.2-6.0); after the augmented dose of histamine, mean 
acid output was 19.5 mEq./hr. (rante, 3.8-46.7). Acid secretion in the 4 
patients with radiologic evidence of duodenal deformity was similar. Mean 
basal acid output was 0.9 mE%/hr. (range, 0.8-1.1), and mean output after 
histamine was 17A mEq. /hr .  (range, 13.6-23.2). 
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RESPONSES TO ANTRAL DISTENTION 

During antrat distention, Type II activity was the same in health)' persons 
as in patients with gastric ulcer (Fig. 4 and Table 3). Type II activity was 
comparable during both periods of distention (Tab]e 3), and the durat ion 
and amplitude of rhythmic and n0nrhythmic Type II  waves were similar in 
both groups. Type II activity during antral distention in healthy individuals 
(Table 3) was similar ~to that during the comparable 30-rain. periods (second 
and fourth) of the basal motility test (Table 2). By contrast, patients with 
gastric ulcer showed significantly greater Type II activity during antral dis- 
tention than in their corresponding 30-rain. basal period (p < 0.0l).  

Type I and Type III  waves were not significantly altered by antral disten- 

Health J t 

, ,  , .  ] i  I 

Pneumograph ~ ~, 

Signal 

Gastric Ulcer T=50cm. 
i t-120 P r e s s u r e  

~a~oo~-r l~ II ~ ~ ~ ~, 

Pneumograph t / min,i 
Signal. 

Fig. 2. Antral motility in health and in gastric ulcer. 

With Ulcer "[ 
SAWYER BALLOON [ t I lOto~mr . . . . . .  

No Ulcer Present 

I Pneumagroph ~ . ; ~ , 

Fig. 3. Changes in antral motility after healing of gastric ulcer. 
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TABLE 3. ANTRAL MOTILITY AFTER BALLOON DISTENTION: TYPE II CONTRAC- 
TIONS IN CONTROLS AND PATIENTS W I T H  GASTRIC ULCER 

30-rain.  p e r i o d s  

D i s t e n t i o n  D i s t e n t i o n  C o m b i n e d  1 hr .  
P e r i o d  1 P e r i o d  2 ac t iv i ty  

Gas tr ic  Gastr ic  Gas tr ic  
C o n t r o l  u lcer  C o n t r o l  u lcer  Co~tt~ol u lcer  

T Y P E  I I  ACTIVITY (r~t]Nu'rEs) 

Individuals (No.) 5 6 5 6 5 6 
Mean 14.47 11.78 16.07 11.06 30.54 23.84 

(51.0) * (41.6) (57.4) (44.2) (54.2) (44.7) 
S.E. 2.26 0.19 1.96 2.92 2.97 4.19 
P value > 0,30 > 0.10 > 0.10 

RHYTHAIIC 'rYPE II .~( ,TiVI ' rY (MINUTES) 

Individuals (No.) 5 6 5 6 5 6 
Mean 9.07 4.87 9.t 8 7.07 18.26 I 1.94 

(31.9) (17.2) (32.8) (28.0) (32.4) (22.3) 
S.E. 2.58 1.57 1.84 3.14 4,00 4.23 
P value > 0.10 > 0.40 > 0.30 

*Numbers in parentheses indicate percentage activity of analyzable record. 

t ion ,  e i t h e r  in  h e a l t h  o r  in  p a t i e n t s  w i t h  u lce r .  F o u r  of  5 h e a l t h y  p e r s o n s  w e r e  

a w a r e  o~ a b d o m i n a l  d i s c o m f o r t  i r m n e d i a t e l y  a f t e r  a n t r a l  d i s t e n t i o n ,  b u t  n o n e  

w i t h  u l c e r  e x p e r i e n c e d  d i s c o m f o r t .  N o  c h a n g e  i n  m o t i l i t y  p a t t e r n  was f o u n d  

at  such,  t imes .  

D I S C U S S I O N  

I n  hea l t h ,  the  m a j o r i t y  o~ T y p e  I I  a n t r a l  waves  a re  p r o p u l s i v e  a n d  c o n s t i t u t e  

t he  m o s t  i m p o r t a n t  gas t r ic  c o n t r a c t i o n s  w i t h  this  f u n c t i o n .  14, 1,5 T h e  s ign i f i can t  

r e d u c t i o n  of  r h y t h m i c  T y p e  I f  ac t iv i ty  f o u n d  in  p a t i e n t s  w i t h  gas t r ic  u l ce r  

Distention H e a l t h  

Pneurnograph ~I } ~ 

-Signal 
T 

Distention G a s t r i c  U l c e r  |=5o cm. I [HtOPressure 

BALLIOON-TIP  ( ~  - - ' 11  . . . . . . .  : . . . . . . . . . . .  
~ i/cain" { 

~ - S i g n a t  " v -  ,", . . . .  ,' 

Fig. 4. Effect of distention on antral motility in health and in gastric ulcer. 
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accords wih the impairment of gastric emptying reported by radiologists. 2-4 
In addition, Brauch a6 found, by kymography, altered gastric motility in 
patients with gastric ulcer but  attr ibuted the change to "arrhythmia gastrica," 
emphasizing the prominence of nonrhythmic Type  If  contractions (poikilo- 
peristalsis) rather than the reduction of rhyttnnic Ty p e  II  activity revealed 
by this study. 

Although reduction of antral  motili ty under  basal circumstances might 
permit greater accumulation of gastric secretion in the stomach, no evidence 
was forthcoming to support the theory that, with gastric ulcer, a primary dis- 
order of motility permits an abnormal response to distention of the antrum, 
with a consequent increase in acid secretion which may contribute to ulcera- 
tion.5, s Antral  motility following distention was unimpaired in patients with 
gastric ulcer and, in addition, normal motili ty patterns were obtained after the 
ulcer had healed. These findings indicate a secondary effect of the ulcer on 
motility, perhaps an interrupt ion between action potentials and the contractile 
mechanism of  antral smooth muscle. 

Reduction of antral motil i ty in patients with ulcer was significant only dur- 
ing the initial hour  of the study. Since intubat ion is believed normally to 
increase gastric motility, a7 loss of such a response to a nondistending stimulus 
may represent an important  defect in antral~motor function with gastric ulcer. 
However, al though the decrease in propulsive waves was significant only in the 
initial hour, when fasting, reports of retention of bar ium for as long as 24 hr. 
in patients with gastric ulcer 1-4 imply the possibility of a more prolonged 
impairment  of motility. Barium or food may not distend the antrum to the 
degree of the balloon used in our  studies, but  the normal  response to antral 
distention by the balloon mechanism in patients with gastric ulcer indicates 
that local mechanisms remain capable of compensating for the motility dis- 
order. 

Percentage of Type  II  activity in healthy individuals in this study was 
higher than that recorded by Hightower and Code a~ but  less than that found 
by Smith and Code. as As we did, Smith and Code also found a reduction in the 
number  of all wave types with time in healthy individuals. T h e  greater inci- 
dence of Type  I I I  activity in health than was found in previous studies a8 
probably reflects inclusion of base-line changes with superimposed non- 
rhythmic as well as rhythmic contractions in the analysis. Insofar as the func- 
tion of Ty pe  III  waves is at tr ibutable to the maintenance of tonus, our  results 
failed to support  the radiologic impressions of decreased tonus with gastric 
ulcer. 1 In addition, no characteristic alteration in any wave type was detected 
in our  studies during periods of abdominal discomfort, al though ulcer pain 
had been ascribed to changes in tone or motility. 1.~ Finally, it is relevant that 
our patients with gastric ulcer and duodenal deformity demonstrated neither 
the antral motili ty pattern 2° nor  the gastric secretory changes 2~ characteristic 
of duodenal  ulcer, despite the frequency with which the latter is believed to 
be the original of the 2 lesions when both types of ulcer are found. 21 
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S U M M A R Y  

Q u a n t i t a t i v e  a t ta lys is  o[  a n t r a l  m o t i l i t y  i n  p a t i e n t s  w i t h  g a s t r i c  u l c e r  re- 

v e a l e d  a s i g n i f i c a n t  d e c r e a s e  i n  r h y t h m i c  p r o p u l s i v e  T y p e  I I  c o n t r a c t i o n s .  

A l t e r  h e a l i n g  ok t h e  u lce r ,  t i le  m o t i l i t y  p a t t e r n s  r e t u r n e d  to  n o r m a l .  W h e n  t h e  

a n t r u m  was  d i s t e n d e d ,  t h e  m o t o r  r e s p o n s e  i n  u l c e r  p a t i e n t s  was  s i m i l a r  to  t h a t  

of  h e a l t h y  v o l u n t e e r s .  Mayo Clinic 
Rochesler, Minn. 55901 
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