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Abstract

AIM: To examine the sensory and motor response(s)
of the stomach following fundic distention and to
assess whether cholinergic mechanisms influence these
responses.

METHODS: Fundic tone, gastric sensory responses and
antral motility were evaluated in eight healthy volunteers
after a probe with two sensors was placed in the antrum
and a highly compliant balloon in the fundus. Isobaric
balloon distentions were performed with a barostat.
Study was repeated in six volunteers after intravenous
atropine was given.

RESULTS: Fundic distention induced large amplitude
antral contractions in all subjects. The area under the
curve was higher (P<0.05) during fundic distention.
First sensation was reported at 12+4 mmHg,
moderate sensation at 184 mmHg and discomfort at
21+4 mmHg. Discomfort was associated with a decrease
in antral motility. After atropine was given, the area
under the curve of pressure waves and fundic tone
decreased (P<0.05). Sensory thresholds were not
affected.

CONCLUSIONS: Fundic balloon distention induces an
antral motor response, the fundo-antral reflex, which in
part may be mediated by cholinergic mechanisms.
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INTRODUCTION

The stomach performs several important functions. It
subserves the function of accommodation and thereby
acts as a storage organ. It also functions as a grinder that
triturates food into smaller particles and as a pump that
transports chyme into the small bowel in a controlled
fashion"!. These functions depend on a complex mix of
neurohumoral mechanisms, visceral sensation, intrinsic
reflexes, intragastric transport, nutrient composition,
particulate size, and the coordinated motor activity of the
gastroduodenal unit™,

In ferrets, distension of the corpus produces phasic
activity in the antrum, a response termed as excitatory
corporo-antral reflex. This is probably mediated by
cholinergic mechanisms and intramural gastric pathwaysH’SJ.
Intramural excitatory and inhibitory reflexes have also
been demonstrated in isolated gastric preparationsléfgj.
Recent studies have suggested that balloon distention of
the stomach may increase phasic activity in the antrum
and duodenum!™", Whether this phasic activity represents
an intrinsic gastro-gastric reflex has not been well
characterized.

Furthermore, previous studies have assessed some
of the individual components of gastric functionm’m;
whereas an integrated assessment of the biomechanical
and sensory properties of the stomach has been scarcely
performed. Also, there is very little information regarding
the integrated role of the stomach as a sensory, motor
and reflex organ. Our hypothesis is that fundic balloon
distention may induce reflex antral pressure activity and
this response may be mediated by cholinergic mechanisms.

Our objectives were to examine the antral motor
responses during step-wise balloon distentions of
the fundus, to simultancously assess the sensory and
tone responses of the stomach and to examine if the
sensory and motor effects were mediated by cholinergic
mechanisms.

MATERIALS AND METHODS

Study population

Eight healthy volunteers (m/f = 4/4) were recruited
for this study. Their mean age was 32£4.95 years. None
of them had a history of gastrointestinal or systemic
ailments and none was using any medications. All had a
normal physical examination. All participants gave written
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informed consent and the study protocol was approved by
the Human Investigation Review Board of the University
of Iowa College of Medicine.

Manometry and barostat assembly

A double lumen plastic-probe (6 mm in diameter)
containing a 10 cm long, highly-compliant balloon was
used (MUI Scientific; Toronto, ON, Canada). The capacity
of the balloon was 600 mL. The balloon was connected
to a barostat (GMB Distender 1I; G&]J Electronics Inc.,
Toronto, Canada). The probe had two perfusion side
holes, 5 and 8 cm from the distal end of the balloon.
These holes were perfused with gas-free distilled water
at a rate of 0.2 mL/min (15 psi) using a low-compliance
pneumohydraulic perfusion system (Arndorfer Medical
Specialties, Inc., Milwaukee, WI, USA) that connected to
transducers (Medex Inc.; MX860-G8618, Hilliard, OH,
USA). Intraluminal pressures were relayed to an analog
data recorder/amplifier Medtronics Polygraph, Medtronics
Functional Diagnostics; MN, USA) and displayed on a
computer monitor using a software program (Polygram for
Windows; Synectics Medical AB). The balloon volume and
pressure data from the barostat were fed to the polygraph
via an interface (Golden Gate; G&J Electronics Inc.).

Thus, the computer display consisted of the intra-
gastric balloon volume, intra-balloon pressure as well
as the intraluminal pressure changes in the antrum.
The manometric data and the ultrasound images were
simultancously fed into a digital splitter (American
Dynamics Ao1479, Orangeburg, NY, USA).

The ultrasonographic image of the cross-sectional
diameter of the gastric antrum allowed visualization of
antral contractions and assurance that the probe was
propetly positioned (Acuson 128XP with a 3 mHz sector
transducer). The digital splitter synchronized the two
images and displayed these images on a monitor screen
(VM-17; Javelin, Los Angeles, CA, USA) such that one
half of the screen showed the combined manometry
and barostat recording and the other half displayed the
ultrasound image. These images were recorded on a VHS
tape for future analysis.

Study protocol

After an overnight fast, the oropharynx was sprayed with
a local anesthetic, pontocaine (Abbott Laboratories, North
Chicago, IL, USA). Then the probe with the balloon
was placed through the mouth into the stomach. The
volunteers were asked to sit in a semi-recumbent position,
such that the head end was elevated by 45°. The balloon
was distended with 250 mL of air and the probe was
slowly retracted until a “tug” was felt signaling that the
proximal end of the balloon was located in the fundus.
Subsequently, ultrasound images were obtained to check
the probe location. The location of pressure sensors in the
antrum was also confirmed by the occurrence of typical
antral motor pattern consisting of 3-cycle/min activity.
The balloon was deflated and the probe was anchored to
the cheek with a tape.

After a rest period of 15 min, the balloon was
distended by 1 mmHg increments to assess the minimum
distending pressure, a pressure at which diaphragmatic
oscillations are clearly visible!". The intraoperating
pressure (IOP) was set at a value of 2 mmHg above
the minimum distending pressure using previous
criteria” ", Subsequently, a bascline recording of
intragastric tone was performed for a period of 20 min.
Then isobaric balloon distentions were performed at
3 mmHg increments. Each distention was maintained for
8 min followed by a rest period of 8 min. Thirty seconds
after each distention, the subject was asked to rate their
sensation on a scale of 0-6 as published previously"",
0 = no sensation, 1 = vague perception of mild sensation,
2 = definite perception of mild sensation, 3 = vague
perception of moderate sensation, 4 = definite perception
of moderate sensation, 5 = discomfort, and 6 = pain.
If the subject reported discomfort at two incremental
distentions or pain at any one distention, the balloon
distentions were discontinued. Abdominal ultrasonography
was performed intermittently to visualize the antral
configuration and morphology. Blood pressure and heart
rate were monitored throughout the study.

We administered intravenously 0.6 mg of atropine
sulfate in six volunteers (4 m/2 f) after a rest petriod of
60 min. Five minutes after administration of atropine,
the balloon distentions were repeated as described above.
Ultrasound images were obtained once again to confirm
the location of antral sensors.

Manometric responses

Manometric recordings from the two antral pressure
sensors were analyzed visually and manually with the
assistance of Polygram for Windows software (Synectics
Medical AB). Pressure waves that were =8 mmHg and
=3 s in duration were included in the analysis. Artifacts
were identified and excluded. There was good quality
pressure activity at both channels in approximately 50%
of the recordings and therefore an average of the pressure
activity at the two antral channels was used. In the rest of
the recordings, the pressure activity was more prominent
in one of the antral channels and this channel was used for
data analysis. The maximum amplitude, duration and atea
under the curve of each wave were calculated. We also
measured the time interval between balloon distention and
the onset of the first antral pressure wave as well as the
total number of propagating pressure waves in the antrum
during each inflation and deflation periods. Propagating
waves were defined as pressure waves, which migrated
across the antral leads within 6 s of each other and were
categorized as either antegrade or retrograde depending
on which of the two leads they first appeared in. A similar
analysis of the antral pressure waves was performed after
atropine injection.

Barostat responses
Gastric tone was assessed by measuring the arca under
the curve of the gastric volume during isobaric balloon
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distentions as previously described”"". The tone changes
during and after distention were compared. Likewise, the
tone changes obtained during the baseline study were
compared with those after atropine injection.

Visceral sensory responses

During intragastric balloon distention, the minimum
distending pressure that induced the first perception (a
sensation of fullness and discomfort) were calculated.
Likewise the sensory responses obtained after administration
of atropine were compared to those obtained during the
baseline study.

Statistical analysis

The data were presented as mean+SE. The number of
pressure waves in the antrum during and after each balloon
distention as well as before and after atropine injection
was compared using Student’s test. The thresholds for
sensory perception and the gastric tone changes before
and after atropine injection were compared using ANOVA.

RESULTS

Effects of fundic distention on antral pressure activity
Fundic balloon distention induced antral pressure waves,
typically with an amplitude of =50 mmHg (Figure 1).
Occasionally, the distention-induced pressure activity
persisted for several seconds even after the balloon
was deflated, but in most instances the pressure activity
ceased after deflation. Incremental balloon distention was
associated with a steady increase in antral motility of up
to 15 mmHg, but thereafter and particularly at 18 mmHg
pressure there was a decrease in antral motility (Figure 2).
Interestingly, during successive deflation periods, there was
a trend towards progressive decrease in the area under the
curve of pressure waves possibly reflecting a recovery of
muscle tone.
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Figure 1 Typical example of the fundo-antral reflex. Channel 1: the fundic balloon
volume; channel 2: the balloon pressure; channels 3 and 4: the pressure changes
in the antrum.

The mean amplitude of antral pressure waves was also
higher (P<0.05) during balloon distention than during
balloon deflation. For example at balloon distending
pressures of 6, 12, and 15 mmHg, the amplitudes were
(inflation »s deflation) 60(11) »s 42(9), 70(14) »s 33(7), and
65(11) »s 23(7) mmHg respectively. The area under the
curve (AUC) of the pressure waves was also significantly
higher (P<0.05) during balloon distention (Figure 2A).

Visceral sensory responses

The subjects reported a first sensation at distending
pressures ranging from 6 to 15 mmHg, a definite per-
ception between 6 and 18 mmHg, a vague perception
of moderate sensation between 11 and 21 mmHg, a
definite sensation of moderate fullness between 12 and
24 mmHg and definite discomfort between 15 and
28 mmHg (Figure 2B).

Effects of atropine on gastric motor and sensory function
Visceral sensory responses The thresholds for first
perception, fullness, and discomfort tended to be lower
after administration of atropine but the difference was not
significant (Figure 2C).

Antral pressure activity The area under the curve of
pressure waves was significantly lower (P<0.05) after
administration of atropine, particularly at balloon pressures
of 6,9, and 15 mmHg, but not at higher distending
pressures (Figure 2D).

Fundic tone responses After administration of atropine,
there was a significant increase (P<0.05) in balloon volume
(Figure 2E) for the same corresponding level of intra
balloon pressure, suggesting a decrease in fundic tone.
Cardiovascular responses The mean heart rate/min
increased significantly (P<0.05) after administration
of atropine during most of the distention except at
18 mmHg. There was no significant change in blood
pressure.

DISCUSSION

We found that graded balloon distentions of the fundus
induced antral pressure waves starting at thresholds
that were not perceived by our healthy volunteers. This
response was seen in all of our subjects. The area under
the curve of pressure waves was significantly higher during
the balloon inflation period than during the baseline
petiod or the deflation period. Typically, the waves were
=50 mmHg in amplitude. Ultrasound images confirmed
that these pressure events were often lumen-occluding
contractions. The contractions began within a few seconds
after balloon distention. These features suggest the
existence of an excitatory gastro-gastric reflex in human
beings, wherein distention of the fundus induces antral
contractions. In a previous uncontrolled pilot study, we
showed that fundic balloon distention may induce antral
and duodenal phasic activity'"”. However, in the previous
study, gastric visceral sensation or tone was not assessed
and likewise the possible role of cholinergic mechanism(s)
was not explored.



Rao S SC et al. Fundo-antral reflex in human beings

6679

[] Inflated [ ] Deflated
3 000+ a,c

a
2 500 ac
2 000 a,c
a,c
1 5001
1 000

Baseline 6 9 12 15 18
(IoP) Balloon pressure (mmHg)

>

Area under the curve
(mmHg/s)

w1
- 8
iy

—+—Baseline

N
wv
|

wv
1

Balloon pressure (mmHg)
& 8

o
—

2 3 4 5
Sensory perception score

(@]

—*— Pre-atropine
—=—Post-atropine

N
L4

bl

Balloon pressure (mmHg)
— — N
v 2

o
—_

2 3 4 5
Sensory perception score

O

35004 ["IPre-atropine [ | Post-atropine
3000
2 500
2 000
1 500+
1 000+

“he | |l

(mmHg/s)

Area under the curve

Baseline 6 9 12 15 18

(I0P)
Balloon pressure (mmHg)

—*— Pre-atropine
400+ —=—Post-atropine
350+
300+
250+
200
150+
100+

50|

Balloon volume (mL)

3

6 9 12 15 18
Balloon pressure (mmHg)

Figure 2 “P<0.05 inflation vs deflation. °P<0.05 baseline vs balloon inflation,
°P<0.05 pre- vs post-atropine (A-E).

One of the limitations of our study is that we recorded
motility from only two antral pressure sensors and it is
possible that some of the antral activities may have been
missed. However, the number of distention-induced
contractions and the area under the curve of pressure

waves gradually increased to a distending pressure
of 15 mmHg, but thereafter their incidence declined,
suggesting that there appears to be some correlation of
antral motor responses with the visceral sensory responses.
All of our subjects tolerated balloon distentions up to
a pressure of 15 mmHg above IOP. Beyond this level
of distention, some subjects reported discomfort or
pain which was associated with a decrease in pressure
activity. Thus, it appears that fundic distention at either
subthreshold levels of perception or at thresholds that
produce first sensation or fullness may induce reflex antral
contractions, whereas higher distending pressures that
induce discomfort or pain may cause an attenuation of this
response.

After administration of atropine, there was a significant
increase in heart rate and decrease in the resting gastric
tone. Furthermore, the antral motor activity was also
significantly attenuated, particularly at lower levels
of balloon distention. At higher distending pressures
(=12 mm Hg), some antral pressure activities were seen,
though its incidence was lower than those observed before
administration of atropine, suggesting that there is an
adequate anti-cholinergic response and that the fundo-
antral reflex may be partially mediated by cholinergic
mechanisms'”. However, we used a single dose of atropine
and it is possible that over time there may have been a
loss of anti-cholinergic effect. Also, there was no placebo
arm, which is a limitation of this study. Nonetheless, these
features suggest that either neuronal or drug-induced
inhibition of cholinergic neurotransmission may partly
affect gastric motor function. The sensory thresholds
were either unchanged or somewhat decreased after
administration of atropine, suggesting that gastric sensory
responses may not be affected by cholinergic mechanisms,
though the study was underpowered to assess this more
completely.

Our study showed the possible existence of an
intrinsic gastro-gastric reflex that can be induced by fundic
distention. This response is different from the fundic
relaxation that can be induced by antral distention'™”
and appears to be partially mediated by cholinergic
mechanisms and may in part be related to gastric sensation.
Furthermore, unlike the Starling’s Law which states that
distention of an intestinal segment is associated with
proximal contraction and distal relaxation, our result shows
that in the human stomach, distention of the fundus is
not necessarily associated with antral relaxation. Whether
this response plays a role in the trituration of food or in
the transport of gastric contents remains to be examined.
Also, whether an attenuated or absent fundo-antral reflex
plays a role in the pathogenesis of diabetic gastroparesis or
functional dyspepsia remains to be explored.
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