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The pressure profile of the gastroduodenal
junctional zone in dogs1

BENNO M. BRINK, JERRY F. SCHLEGEL, AND CHARLES F. CODE

From the Mayo Clinic and Mayo Foundation, Rochester, Minnesota, U.S.A.

EDITORIAL SYNOPSIS A narrow zone of raised pressure has been found at the gastroduodenal
junction in fasting dogs, indicating that the diameter of the lumen is less than 1-7 mm. most of the
time. Instillation of acid into the duodenum increased the pressure in the junctional zone and
stimulated duodenal motility while antral motility decreased. Instillation of olive oil into the
duodenum also increased the pressure at the junction but only after a lapse of 15 minutes whereas
antral motility was inhibited immediately.

The gastroduodenal junction or pylorus has been
regarded by some investigators as a true sphincter
while others have questioned whether it performs
such a function. Cannon (1898) concluded from his
radiological observations on cats that the junctional
zone functioned as a sphincter and was closed
except when a peristaltic antral contraction
approached. Gershon-Cohen and Shay (1937)
observed in human subjects that the introduction of
hydrochloric acid or of fat into the duodenum
delayed gastric empyting. In their radiological study,
the junctional zone seemed to be closed by these
agents. The results of others have implied that the
region does not act as a sphincter. For example,
Brody, Werle, Meschan, and Quigley (1940), using
air-filled, open-tip catheters on either side of the
pylorus in dogs, found no sustained pressure eleva-
tion in the zone. The introduction of acid or of fat
into the duodenum produced relaxation in the
region rather than contraction (Quigley, Read,
Radzow, Meschan, and Werle, 1942; Quigley,
Werle, Ligon, Read, Radzow, and Meschan, 1941).
Atkinson, Edwards, Honour, and Rowlands (1957)
detected no increase of pressure as small air-filled
balloons and air-filled, open-tipped tubes were
withdrawn through the gastroduodenal junctional
zone of human beings.

This study was undertaken to determine, first, if a
zone of elevated pressure was present between the
stomach and duodenum of healthy, fasted, un-
anaesthetized dogs using methods not previously
employed in this region, and, secondly, to test the
effect of acid or fat in the duodenum on the pressures
in the junctional region.
'This investigation was supported in part by research grant A-2015
from the National Institutes of Health, Public Health Service.

METHODS

Healthy, adult mongrel dogs weighing from 8-3 to 14 kg.
were used. Seven were males and two were females. With
the dog under pentobarbital or ether anaesthesia, one
Vitallium cannula was inserted into the stomach just
proximal to the pyloric antrum and another into the
duodenum distal to the bile duct. The cannulae were
brought out through the anterior abdominal wall in the
mammary line on either side. The animals recovered
from the operation in a few days and gained or main-
tained body weight throughout the period of study.
The cannulae were plugged between observations.
A battery of small pressure-detecting units of different

lengths and cross-sectional diameters was used in an
attempt to define the diameter of the gastroduodenal
junctional zone as well as to record pressures within it
(Code and Schlegel, 1958). These units included a water-
filled polyethylene tube with internal and external
diameters of 1 2 and 1-7 mm., respectively, in which a
lateral orifice had been cut near the distal end (referred
to as an open-tip tube) and three small balloons that
measured 3 5 by 3 5, 5 by 10, and 7 by 7 mm., respectively
(Fig. 1). The balloons were filled, but not distended, with
water and were attached to the open ends of water-filled
polyethylene tubes that terminated in strain-gauge
pressure transducers (Statham P23De). Breathing was
recorded simultaneously by means of a belt pneumo-
graph. Outputs of the various transducers were led to
galvanometers, deflections of which were recorded photo-
kymographically.
The animals were trained to lie quietly in the supine

position. They were unanaesthetized during the tests and
had fasted for at least 18 hours beforehand. The pressure
profile of the gastroduodenal junctional zone was deter-
mined by a modification of the method of Fyke and Code
(1955). In most tests, the pressure-detecting units were
inserted through the gastric cannula and manoeuvred
through the gastric antrum, junctional zone, and duo-
denum to the duodenal cannula. After recording resting
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FIG. 1. Water-filled balloons and tube with lateral orifice
(open-tip tube) used in the detection of pressures at the
gastroduodenal junction. From above downward, the
balloons when filled are 7 by 7 mm., S by 10 mm., and 3-5 by
3-5 mm.

pressures and duodenal contractions for several minutes,
the units were withdrawn in a stepwise fashion, 0 5 cm.
at a time, toward the gastric cannula. A pause of about
10 seconds was allowed after each withdrawal to permit
recording the pressures. The withdrawal terminated at the
gastric cannula. In some tests the pressure detectors were
inserted through the duodenal cannula into the gastric
antrum and withdrawn in the opposite direction.

After the fasting studies the pressure-detecting units
were again placed in the duodenum. A second withdrawal
was performed during instillation into the duodenum of
either 0-1 N hydrochloric acid at a rate of 6 ml. per
minute for eight minutes or olive oil at a rate of 2 ml. per
minute for eight minutes. Fifteen to 20 minutes after the
instillations, a third withdrawal was done.
The following measurements were made. The mean

resting antral pressure during each test was determined
and was used as the reference or 'zero' for all other
pressure measurements. The resting pressures (the
pressure recorded between contractions) in the duodenum
and in each 0 5 cm. of the junctional zone were deter-
mined. The pressure profiles of the junction obtained in
this manner were arranged with the 05-cm. segment
having the greatest pressure in each profile as the common
point of spatial reference. The mean pressure profiles
detected by each pressure-sensitive unit, under each of the
different conditions of the experiments, were defined in
this manner and compared statistically. The mean
length of the zone of elevated pressure and the mean
duodenal pressure were determined. The location of the
zone in relation to the presence of duodenal and antral
motility also was defined in each group of tests.

RESULTS

FASTING STUDIES When the pressure-detecting unit
was placed in the duodenum of the fasting dog,
typical rhythmic and non-rhythmic duodenal type I
waves usually were recorded. As the unit was
withdrawn proximally at 05-cm. intervals, duodenal
motility continued to be recorded until the unit
reached the gastroduodenal junctional zone. This
zone was recognized by two features, an increase in
resting pressure and a change in the pattern of
motility from duodenal to antral (Fig. 2).
The magnitude of the change in resting pressure

at the junctional zone varied with the cross-sectional
diameter of the pressure-detecting instrument used
(Figs. 2 and 3). With the open-tip tube, a measurable
elevation of pressure was recorded in the junction in
15 of 25 tests on five dogs (Table). The mean
maximal pressure was 3-2 cm. of water more than
the mean resting antral pressure (Table). In most tests,
the point of maximal pressure was either at the
centre of the zone or near it, giving it a rather
symmetrical profile in the records (Fig. 3). The mean
length of the zone was 1 1 cm. (Table).
With balloons, an increase of pressure at the

junction was detected more often. In 12 of 15 studies
on four dogs, an increase of pressure was recorded
by the 3-5 by 3-5-mm. balloon. The incidence
increased to 97% of 58 observations on four dogs
with the 7 by 7-mm. balloon. The larger the diameter
of the pressure-detecting unit (Table, Fig. 3), the
greater were the pressures recorded throughout
the zone. The mean maximal pressures recorded by
the balloons were 5 7 cm. of water with the 3 5
by 3-5-mm. balloon, 7-4 cm. of water with the 5
by 10-mm. balloon, and 113 cm. of water with the
7 by 7-mm. balloon. (Table) As expected, the zone
was slightly longer when balloon detectors were
used (Table).
The zone of elevated pressure was located close to

the junction as identified by the change in motor
action recorded during the withdrawals. In the fasted
dogs, the only pressure waves detected in the zone of
elevated pressure were antral. The last duodenal
contraction to be recorded during the withdrawals
was 2 to 2-6 cm. distal to the point of maximal
pressure in the region.

EFFECT OF ACID IN THE DUODENUM ON PRESSURE
PROFILE OF THE JUNCTION Two groups of control
tests were done on three dogs to determine the effect
of repeated withdrawals of pressure-detecting devices
through the junctional zone and the effect of the
instillation of a neutral solution into the duodenum
on the pressures in the region. In the first group, a
7 by 7-mm. balloon was withdrawn twice in quick
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OPEN -TIP TUBE

Dog A
T 25cm.

H1O Pressure

DUODENUM JUNCTION STOMACH

3.5 x 3.5 mm. BALLOON

Dog B

A~~~~~~~~~~~~~~~~~~4-.A.,

DUODENUM JUCINSTOMACH

7x7 mm. BALLOON

Dog A

FIG. 2. Pressure profiles of
canine gastroduodenal
junction in fasting dogs A and
B, as detected by the open-tip
tube and the 35 by 35 mm.
and 7 by 7-mm. balloons. In
this and subsequent
illustrations the pressure
detecting units were
withdrawn orad 05 cm. at
each vertical arrow. Notice
the rise ofpressure over a
short distance as the units
passed through the junction
between duodenum and
stomach.

30 seconds

DUODENUM JUNCTION STOMACH

PNEUMOGRAPH i

---

VA ~ ~ A ml\4

TABLE
CANINE GASTRODUODENAL JUNCTIONAL ZONE UNDER FASTING CONDITIONS

No. of No. of Pressure Elevation at Junctional Zone
Dogs Tests

Incidence Test Mean Width Mean Maximal Pressure
(cm.) (cm. H20)

All Tests Tests with
Elevation

5 25 15 (60%)

4
5

4

15
16
58

12 (80%)
15 (94%)
56 (97%,)

1-1

1 2
1-3
1*6

3-2

5.7
7-4

11-3

40

7-1
7.9

11-7

Detecting Unit

Open-tip tube
Balloon

3 5 by 3 5 mm.
5 by 10 mm.
7 by 7 mm.
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junction in fasting dogs by open-ti

succession and then a third ti
In the second group, 6 ml. of I
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minutes and the balloon was v
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Opoe.-ripe T.O 525 encountered in the junction during the first with-
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4 S..{.. 5 ,, was not significantly different from that obtained

r mnm. 4 a58 under any of the other circumstances in either ofthe
two groups of tests. Likewise, the width and the
location of the maximal pressure of the zone did not
change.
The instillation of 01 N hydrochloric acid into

- b WGastriPressure the duodenum at a rate of 6 ml. per minute for eight
minutes produced marked changes in the pressure

* profile of the junction and in duodenal and antral
5 1.5 cm. motility (Fig. 4). With acid in the duodenum, a
Proximal zone of elevated pressure was detected during 14 of

17 withdrawals in five dogs with the open-tip tube,
during six of seven withdrawals in four dogs with

I at the gastroduodenal the 3 5 by 3-5-mm. balloon, and during nine of
p and balloon detectors. 10 withdrawals in four dogs with the 7 by 7-mm.

balloon. Each unit detected a greater maximal
ime 20 minutes later. pressure during the instillation of acid than during
ryrode's solution was the withdrawal just before the instillation. The mean
duodenum for eight maximal pressure defined by the lateral orifice
vithdrawn during and increased from 3 7 cm. of water during control tests

Fosting

Dog C

I 25 cm.

H,O Prossure

30 seconds

FIG. 4. The effect of acid instillation into the duodenum on the pressure profiles of the gastro-
duodenal junction and duodenal motility in a dog using a 7 by 7-mm. balloon detector.
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to 7-3 cm. of water during the acid instillation, from
8-4 to 16 8 cm. of water with the 3-5 by 3-5-mm.
balloon, and from 7 9 to 16-4 cm. of water with the
7 by 7-mm. balloon (Fig. 5). The pressures through-
out the zone were increased although its mean
width did not change appreciably (Fig. 5).
The type of motor activity recorded in the zone of

elevated pressure changed with the instillation of
acid. During control studies, only antral pressure
waves were recorded. These became duodenal in
character when acid was instilled in the duodenum
(Fig. 4). The last duodenal contractions to be
recorded as the balloons were withdrawn were on the
gastric side of the point of maximal pressure, while
during control studies they were 2 or more cm. distal
to this point (Fig. 4).
Duodenal contractions (type I waves) increased

greatly in strength as acid was instilled into the
duodenum (Fig. 6). Motor activity in the antrum,
on the other hand, ceased promptly with the
instillation of acid in the duodenum and little or no
activity was detected for some time afterwards
(Fig. 6). The enhanced duodenal motility soon
disappeared when the instillation was stopped.

Fifteen to 20 minutes after the instillation of acid,
mean maximal pressures in the junctional zone and
in the duodenum had nearly returned to fasting
values (Fig. 5), and the zone of elevated pressure
again was surmounted by antral contractions.

EFFECT OF FAT IN THE DUODENUM Olive oil was
instilled twice into the duodenum of four dogs at a
rate of 2 ml. per minute for eight minutes. During
the instillation, little change occurred in duodenal
motility or in the mean maximal pressure of the
junctional zone (Figs. 7 and 8)., but antral motility
was inhibited (Fig. 9).

Fifteen to 20 minutes after the instillation, a
significant increase of pressure was recorded
throughout the junctional zone by each pressure-
detecting unit (Figs. 7 and 8). The mean maximal
pressure had increased from a fasting level of 2-6 cm.
to 4-5 cm. of water with the open-tip tube, from 3-2
to 7-8 cm. of water with the 3-5 by 3-5-mm. balloon,
and from 12-3 to 22-1 cm. of water with the 7 by
7-mm. balloon. The mean width of the region was
unaltered. No change was seen in duodenal pressure
or motility. Antral contractions were still inhibited.

OPEN - TIP TUBE ( /7 tests - 5 dogs)

IuodeIum0.5 -.

Duodenum t .5 0- 5 * °5 1.5 c

3.5 x 3.5 mm. BALLOON
( 7 tests - 4 dogs)

* Fostiny
E----X = During Instilling ef N/ID HCI
0--O - 15-20 min. After Instilling of N/ID HCI

cm.

20 _

/5
.:I#-:

E- X
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FIG. 5. Mean pressures in the gastroduodenal junction of dogs before (fasting), during, and after the instillation of acid
in the duodenum, using open-tip tubes and tiny balloon detectors.
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FIG. 6. The effect of acid instillation into the duodenum on gastric antral and mid-duodenal motor activity. The inter-
ruptions in the signal line indicate the initiation and cessation of the instillation of acid.
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FIG. 8. Mean pressures in the gastroduodenal junction of
dogs before (fasting), during, and 15 to 20 minutes after the
instillation offat into the duodenum as detected by open-tip
tube and by 3=5 by 3 5 mm. and 7 by 7-mm. balloons.
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COMMENT

Other investigators, using air-filled pressure detecting
systems, have not found a region of increased
pressure at the gastroduodenal junction (Atkinson,
et al., 1957; Brody et al., 1940; Wheelon and Thomas,
1920). Therefore, they have concluded that the zone
is usually open. In the studies of Wheelon and
Thomas (1920) and those of Brody et al. (1940), the
pressure-detecting units were left in place, in or on
either side of the pyloric canal. The zone of elevated
pressure found in our study was very narrow and
could have been missed by detectors in a fixed
position.

Using air-filled, open-tipped tubes and air-filled
tiny balloons in studies on human beings, Atkinson
et al. (1957) did not detect a rise of pressure during
withdrawals through the junction. If their tubing
was unkinked and if their balloons did not seal off
the tips of their tubes, the zone must have been open
when their units passed through the region. In the
fasting dog, the pyloric canal or sphincter is closed
only during a part of each antral cycle. In human
beings three cycles occur each minute. If the
sequence of closure in humans is the same as that in
dogs, it is unlikely that during the withdrawal of a
series of balloons a period of closure would be
missed by all of them. It seems more probable that
the canal was open during their tests. This would
very likely occur in the absence of antral or duodenal
motor activity. The effects of acid and fat were not
tested by Atkinson et al. (1957).
The results of our study indicate that in fasting

dogs the gastroduodenal junctional zone has a cross-
sectional diameter of less than 1.7 mm. 60% of the
time and that the orifice is nearly always less than
7 mm. (smaller than the 7 by 7-mm. balloon).
The instillation of 0. 1 N hydrochloric acid into the

duodenum produced a pronounced increase in
duodenal motility and an increase in the pressure
in the junctional zone. The increase in pressure at the
junction may help to prevent reflux into the stomach
during the period of augmented duodenal motility.
Thomas, Crider, and Mogan (1934) noted a
momentary increase of pressure and motility in the
junction after a single injection of hydrochloric acid
into the duodenum. This was followed by a decrease
in pressure and an inhibition of motility. The
difference between their findings and ours is probably
related to the longer period of instillation of acid in
our tests. Quigley et al. (1942) found only a decrease
in pressure and an inhibition of motility in the
region when acid was injected into the duodenum,
but their fixed detectors may not have been located
at the site of the increased pressure. Their results
suggest that their detectors rested in the terminal

antrum, which is inhibited by acid in the duodenum.
The instillation of olive oil into the duodenum

produced no immediate effect except the inhibition
of gastric antral motility. When tested 15 to 20
minutes later, however, a definite increase in the
pressures in the junction was present, while antral
motility was still inhibited. The delay may be due to
the time needed for emulsification of the olive oil
(Menguy, 1960). Gershon-Cohen and Shay (1937)
and Waugh (1936) interpreted their radiological
observations as indicating that fat in the duodenum
closed the pylorus. No previous manometric studies
have confirmed their interpretation. With fixed
detectors, Quigley et al. (1941) found that fat de-
creased pressures in the junctional region but, as
previously mentioned, their detectors may not have
been located in the segment responding with
increased pressure. Our results suggest their detectors
lay on the antral side of the high pressure zone when
fat or acid was in the duodenum.
The changing character of the motor activity

surmounting the zone of elevated pressure indicates
that either the junction migrates, being sometimes
located in the terminal antrum or sometimes in the
first segment of the duodenum, or the character of
the motor action in the junction can change from
antral to duodenal. A slight shift in location seems
possible.

SUMMARY

In healthy, unanaesthetized, fasting dogs a zone of
elevated pressure was detected in the gastroduodenal
junction in 60% of the studies with a lateral orifice
tube, 1.7 mm. in diameter. With 3-5 by 3'5-mm.,
5 by 10-mm., and 7 by 7-mm. balloons, the incidence
increased progressively from 80 to 97% with the
largest balloon. The mean maximal pressure
recorded in the junction by the different detectors
ranged from 3.2 to 11.3 cm. of water depending on
their cross-sectional diameter. The mean width of the
zone varied only from 1.1 to 1-6 cm.
During the introduction of 48 ml. of 0.1 N hydro-

chloric acid into the duodenum over a period of
eight minutes, the duodenal activity and the mean
maximal pressure in the junction increased while
antral motility decreased. During the instillation of
16 ml. of olive oil over an eight-minute period, no
significant change was noted in the mean pressures
in the junction, although antral activitywasinhibited;
but 15 to 20 minutes later the mean maximal
pressures were increased in the junction, and antral
activity remained inhibited.
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