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Abstract

Background—Atropine reduces the rate
of reflux episodes in normal subjects by
inhibition of transient lower oesophageal
sphincter (LOS) relaxations. The aim of
this study was to investigate the effect of
atropine on the rate and mechanisms of
reflux in patients with reflux disease.
Methods—Oesophageal motility and pH
were recorded for one hour after a meal in
15 patients with reflux disease. On sepa-
rate days, atropine (15 pg/kg bolus intrave-
nously, 4 pg/kg/h infusion) or saline were
given and maintained for the recording
period.

Results—Atropine significantly reduced
basal LOS pressure from 7.1 (2.2) to 2.9
(1.3) mm Hg (mean (SEM)). Atropine also
reduced the rate of reflux episodes from
5.0 (2.0-8.75) to 1.0 (0-6.25) per hour
(median (interquartile range)) largely be-
cause of a decrease in the rate of transient
LOS relaxations from 2.0 (0-4.75) to 0
(0-0) per hour and abolition of reflux dur-
ing swallow induced LOS relaxation.
There was no change in the rate of reflux
episodes because of absent basal LOS
pressure.

Conclusions—Atropine inhibits reflux in
patients with reflux disease largely by
inhibition of transient LOS relaxations
and swallow induced LOS relaxation.
These findings suggest that pharmaco-
logical control of reflux through control of
transient LOS relaxations is possible in
patients with reflux disease.

(Gur 1998;43:12-16)
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Tonic contraction of the lower oesophageal
sphincter (LOS) together with extrinsic com-
pression of the LOS by the crural diaphragm
constitute the principal mechanism preventing
the reflux of gastric contents into the oesopha-
gus. Incompetence of this anti-reflux barrier is
the key determinant of gastro-oesophageal

reflux. In normal subjects, reflux occurs almost
exclusively during transient LOS relaxation.' *
In patients with gastro-oesophageal reflux dis-
ease, most reflux episodes also occur during
transient LOS relaxations,”” although low
basal LOS pressure is the predominant mech-
anism in some patients.’

We have shown recently that atropine
substantially inhibits gastro-oesophageal reflux
in normal subjects by inhibition of transient
LOS relaxations.” Previous studies on the
effects of atropine on reflux in patients with
reflux disease are few and the results conflict-
ing. Atropine has been reported to increase the
incidence of reflux during abdominal
compression,® but decrease the rate of reflux
episodes during postprandial oesophageal pH
monitoring.’ Neither of these studies, however,
examined reflux mechanisms. The aim of this
study therefore was to investigate the effects of
atropine on the rate and mechanisms of reflux
in patients with gastro-oesophageal reflux
disease.

Methods

SUBJECTS

Studies were performed in 15 patients (11
men, four women) with gastro-oesophageal
reflux disease defined as either endoscopy
proven erosive or ulcerative oesophagitis (grade
2 in 10 patients, grade 4 in one patient),'® or
excessive oesophageal acid exposure (pH<4 for
more than 5% of total time) on 24 hour ambu-
latory pH monitoring (four patients). The
median age of the patients was 48 years (range
32 to 69 years). Eight patients had a hiatus
hernia proven endoscopically or during
oesophageal manometry; in two patients the
hernia was more than 5 cm in length. Patients
with a history of previous gastric surgery or
other systemic disease known to influence
reflux such as scleroderma were excluded from
the study. None of the patients was taking
medications known to influence oesophageal
motor function, and acid suppression medica-
tions were stopped at least 72 hours before the
study. Each subject gave written informed con-
sent, and the protocol was approved by the
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Figure 1  Effect of atropine on lower basal oesophageal sphincter (LOS) pressure. Data

have been grouped into intervals of pressure and are expressed as a percentage of the total
recording time. Atropine significantly increased the proportion of time that LOS pressure

was 2 mm Hg or less. *p<0.05 v control (saline infusion). Open columns, saline; closed

columns, atropine.

Research Ethics Committee of the Royal
Adelaide Hospital.

RECORDING METHODS

Oesophageal manometry was performed using
an eight lumen manometric assembly. LOS
pressure was measured with a reverse perfused
sleeve sensor."" Gastric pressure was recorded
using a side hole located 1 cm distal to the
sleeve sensor. Side holes, spaced at 4 cm inter-
vals starting at the proximal margin of the
sleeve sensor, monitored pressures at five sites
along the oesophageal body. A side hole in the
pharynx recorded swallowing. The gastric and
oesophageal side holes and sleeve sensor were
perfused with degassed distilled water by a low
compliance pneumohydraulic capillary infu-
sion pump at 0.6 ml/min and the pharyngeal
side hole at 0.3 ml/min. Oesophageal pH was
measured with an antimony electrode (Synec-
tics Medical AB, Stockholm, Sweden) posi-
tioned 5 cm above the proximal margin of the
LOS. The manometric and pH signals were
recorded on a multichannel recorder (model
7D; Grass Instruments, Quincy, Massachu-
setts, USA) at a paper speed of 100 mm/min.
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Figure 2 Effect of atropine on the number of reflux
episodes. Data are depicted as median (interquartile range).
*<0.05 v control (saline infusion).
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STUDY PROTOCOL

Subjects were studied after an overnight fast.
The manometric assembly and pH electrodes
were passed via the nose. A cannula was
inserted into the forearm vein for subsequent
administration of saline or atropine. The
subjects were allowed to accommodate to the
assembly for 10 minutes while in the right lat-
eral position. They then sat up and ate a 3000
KJ (750 kcal) soft mixed nutrient meal, consist-
ing of savoury minced meat, mashed vegeta-
bles, 150 ml milk, and ice cream. Thirty
minutes after the meal the subjects lay on a bed
in the right lateral position. On separate days,
intravenous atropine (15 pg/kg bolus, 4 pg/kg/h
infusion) or saline were then given in ran-
domised order and maintained for the subse-
quent 60 minute recording period. During the
infusion period, the pulse and blood pressure
were recorded every 15 minutes, and the
subjects were asked about symptoms such as
blurred vision and dry mouth. Because of the
potential for atropine to impair oesophageal
acid clearance, thereby making it difficult to
identify reflux episodes, a 5 ml oral bolus of
1.4% bicarbonate was given if oesophageal pH
did not return to a value above 4 within two
minutes of an acid reflux event in order to aid
oesophageal clearance of the acid refluxate.
Ten water swallows of a 5 ml bolus were
performed at the end of the 60 minute record-
ing period. The atropine and saline placebo
were given on separate days in a randomised
order at least one week apart.

DATA ANALYSIS

Basal LOS pressure was measured at end expi-
ration and referenced to intragastric pressure.
A visual mean was taken at one minute
intervals and a grand mean for the 60 minutes
recording period was calculated.

Acid reflux was defined as a fall in oesopha-
geal pH below 4 for at least four seconds or, if
basal oesophageal pH was already below 4, a
further fall in pH of at least 1 pH unit. The
onset of the fall in oesophageal pH was used as
the reference time for analysis of the motor
events associated with reflux. For each reflux
episode, the mechanism of reflux was deter-
mined from the pattern of LOS pressure and
oesophageal body activity and their relation-
ship to swallowing, and the occurrence of
abdominal straining.’ ® Transient LOS relaxa-
tions were defined and counted separately
according to criteria published previously.”” In
addition, when basal LOS pressure was 2 mm
Hg or less, the LOS pressure tracing was
analysed for episodes of transient inhibition of
the crural diaphragm as evidenced by loss of
respiratory increases in LOS pressure recorded
by the reverse perfused sleeve sensor. These
episodes were taken as surrogate markers of
transient LOS relaxations.” *

The rate of spontaneous swallowing was
determined by counting the pharyngeal pres-
sure waves. Primary peristalsis in response to
the ten water swallows was analysed for success
rate, mean amplitude, and peristaltic velocity.
Primary peristalsis was defined as successful if
the pressure wave amplitude was more than 12
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Figure 3 Mechanism of reflux during saline and atropine infusion. The data for each
group have been pooled and the numbers in parentheses indicate the percentage of reflux
episodes. LOSE lower oesophageal sphincter pressure; TLOSR, transient LOS relaxation.
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mm Hg in the proximal oesophagus and more
than 25 mm Hg in the distal oesophagus, and
peristaltic velocity between adjacent oesopha-
geal recording sites was less than 6 cm/s.’
Data for reflux episodes and transient LOS
relaxations were analysed using the Wilcoxon
signed rank test and presented as median
(interquartile range). All other data were
analysed using the paired ¢ test and are
presented as mean (SEM). p<0.05 was ac-
cepted as indicating statistical significance.

Results

All patients reported symptoms and exhibited
signs of cholinergic blockade during atropine
infusion. The mean pulse rate during atropine
(98 (2) beats/min) was significantly higher than
that during saline infusion (74 (2) beats/min;
p<0.001). The rate of swallowing during atro-
pine infusion (84 (2)/h) was similar to that
during saline infusion (77(9)/h; p = 0.5).

BASAL LOS PRESSURE
Atropine significantly reduced mean basal
LOS pressure from 7.1 (2.2) to 2.9 (1.3) mm
Hg (p<0.01) and increased the proportion of
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Figure 4  Effect of atropine on the mechanism of reflux. Each point represents the
proportion of reflux episodes in an individual patient that is attributable to a particular
mechanism. LOSR, lower oesophageal sphincter relaxation; LOSE lower oesophageal
sphincter pressure. Open circles, saline; closed circles, atropine.
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Figure 5  Effect of atropine on the number of transient
lower oesophageal sphincter relaxations (TLOSRs). The
data are depicted as median and interquartile range.
*»<0.01 v control (saline infusion).

time that LOS pressure was 2 mm Hg or less
from 40 (9) to 69 (9)% (p<0.05) (fig 1).

GASTRO-OESOPHAGEAL REFLUX

Atropine significantly reduced the frequency of
reflux episodes from a median of 5.0 (2.0—
8.75) per hour to 1.0 (0-6.25) per hour
(p<0.05) (fig 2). During the saline infusion, 92
reflux episodes were scored in the 15 subjects.
Overall, the predominant reflux mechanisms
were transient LOS relaxations (40 episodes)
and absent basal LOS pressure (35 episodes);
16 reflux episodes occurred during swallow
induced LOS relaxation and one during strain-
ing (fig 3). However, there was heterogeneity
among the patients with regard to the predomi-
nant mechanism of reflux; eight patients
refluxed almost exclusively during transient
LOS relaxations and four patients almost
exclusively during periods of absent basal L.LOS
pressure (fig 4).

During atropine infusion, 42 reflux episodes
were scored in the 15 subjects; 40 were due to
absent LLOS pressure and two were associated
with abdominal straining. None of the reflux
episodes during atropine infusion could be
attributed to transient LOS relaxations or
swallow induced LLOS relaxation (figs 3 and 4).
Of the eight patients who, during saline,
refluxed mostly during transient LOS relaxa-
tions, four exhibited no reflux and four contin-
ued to reflux because of absent basal LOS
pressure, as did the patient who refluxed
predominantly during swallow induced LOS
relaxation during saline infusion. However,
atropine inhibited reflux in two of the four
patients who refluxed predominantly during
periods of absent basal L.OS pressure.

TRANSIENT LOS RELAXATION

Atropine significantly reduced the frequency of
transient LOS relaxations from a median of 2.0
(0-4.75) per hour to 0 (0-0) per hour (p<0.01)
(fig 5). This effect remained significant even if
the time during which basal LOS pressure was
2 mm Hg or less was excluded from the analy-

Table 1  Effect of atropine om primary peristalsis

Saline Atropine
Peristaltic success (%) 48 (9) 9 (6)*
Distal amplitude (mm Hg) 55 (8) 27 (5)*
Distal velocity (cm/s) 2.6 (0.2) 3.6 (0.4)*

Data are expressed as mean (SEM).
*p < 0.05 v saline.
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sis. During saline infusion, there were 49 tran-
sient LOS relaxations, of which 40 (82%) were
associated with reflux. During atropine infu-
sion, there were only two transient LOS relaxa-
tions, both of which occurred in the one
patient, neither of which was associated with a
reflux event. No episodes of transient inhibi-
tion of the crural diaphragm were seen during
periods of low (<2 mm Hg) basal LOS
pressure.

PRIMARY PERISTALSIS
Atropine had no effect on the degree of swallow
induced LOS relaxation with water swallows.
Nadir LOS pressure during saline infusion (1.2
(0.3) mm Hg) was similar to that seen during
atropine administration (0.5 (0.3) mm Hg;p =
0.31). However, atropine significantly affected
primary peristalsis; it reduced the rate of peri-
staltic success and wave amplitude, and
increased peristaltic velocity in the distal
oesophagus (table 1).

Discussion

We have shown recently that atropine substan-
tially inhibits reflux in normal subjects by inhi-
bition of transient LOS relaxations.” Whether
or not atropine would also inhibit reflux in
patients with reflux disease, however, was not
clear. Whereas normal subjects reflux almost
exclusively during transient LOS relaxations,
patients with reflux disease exhibit a greater
degree of heterogeneity of reflux mechanisms.
Although most patients reflux predominantly
during transient LOS relaxations,”” reflux dur-
ing periods of absent basal LOS pressure is the
most common mechanism of reflux in a
minority of patients.® A low basal LOS pressure
induced by atropine is insufficient to promote
free reflux in healthy subjects.” However, atro-
pine could conceivably aggravate reflux in
some patients by reduction of an already low
basal LOS pressure to a level below the thresh-
old for gastro-oesophageal competence, or
merely alter the mechanism of reflux from
transient LOS relaxation to absent basal LOS
pressure without changing significantly the
overall rate of reflux episodes. The present
study has shown that, like the effect in normal
subjects, atropine also inhibits reflux in pa-
tients with reflux disease largely by inhibition
of transient LOS relaxations as well as by inhi-
bition of reflux during swallow induced LOS
relaxation.

Atropine almost completely inhibited tran-
sient LOS relaxations and totally abolished
reflux during both transient and swallow
induced LOS relaxations. Although atropine
also reduced basal LOS pressure, its effect on
transient LOS relaxations cannot be explained
merely on the basis of a reduction in basal LOS
pressure to a level at which transient LOS
relaxations could not be scored or recognised,
as the effect was significant even when the time
during which basal LOS pressure was absent
was excluded from the analysis. Moreover,
even during periods of low basal LOS pressure,
there were no episodes of transient inhibition of
the crural diaphragm, which are useful markers
for transient LOS relaxations.” Likewise, the
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unexpected reduction in reflux during swallow
induced LOS relaxation was not due to a
reduction in the rate of swallowing.

The inhibitory effect of atropine on reflux in
patients with reflux disease was less marked
than that seen previously in normal subjects.”
The most plausible explanation is that tran-
sient LOS relaxations were not the only mech-
anism of reflux in the patients. As patients with
reflux oesophagitis reflux through a variety of
mechanisms, one would not expect atropine to
reduce reflux in all patients. Atropine may only
be expected to reduce the frequency of reflux in
those patients who reflux predominantly dur-
ing transient LOS relaxations and may not be
of benefit in those patients who have a very low
resting L.LOS pressure and high degree of free
reflux. In keeping with this notion, there was no
change in the number of reflux episodes during
absent basal LOS pressure, although reflux
during transient and swallow induced LOS
relaxations was totally abolished. The lack of
apparent effect on reflux during absent basal
LOS pressure was the result of a change in
reflux mechanism from that of transient LOS
relaxation to that of absent basal LLOS pressure
in four patients, balanced partly by the
abolition of reflux during absent basal L.OS
pressure in two patients.

The effect of atropine on basal LOS pressure
was more marked in patients with reflux
disease than in the previous study in normal
subjects. The reasons for this are not clear but
may relate to defective vagal cholinergic inner-
vation to the oesophagus. Experimental
oesophagitis is associated with impaired
cholinergic innervation to the LOS in cats."
About 40% of patients with reflux disease have
abnormal parasympathetic cardiovascular
reflexes,” '° and the gastric secretory response
to insulin is impaired in some patients with
reflux disease,” suggesting abnormal vagal
function in these patients.

Reflux was not seen during periods of low
basal LOS pressure induced by atropine in
normal subjects. This contrasts with our
findings in patients with reflux disease, in some
of whom atropine provoked reflux by this
mechanism. This difference may have resulted
from the greater effect of atropine on basal
LOS pressure in the reflux patients. However,
half of our patients had hiatus hernias. Loss of
the extrinsic diaphragmatic support could
potentially aggravate the effects of low or
absent LOS pressure on gastro-oesophageal
competence.'®

Anticholinergic agents have previously been
regarded as being contraindicated in patients
who are prone to gastro-oesophageal reflux
disease, because of their effect on reducing
LOS pressure.”” *® Reports on the effect of
atropine on reflux, however, have been conflict-
ing. Atropine has been reported not to increase
reflux in normal volunteers® or in pregnant
women.” Information on the effect of anti-
cholinergic agents on reflux in patients with
gastro-oesophageal reflux disease is limited. In
a scintigraphic study, atropine has been re-
ported to increase reflux provoked by abdomi-
nal compression.® In contrast, a single subcuta-
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neous dose of atropine was found to decrease
the frequency of reflux as measured by pH
monitoring during the first postprandial hour.’
These inconsistencies are probably a result of
differences in methodology, dose, and route of
atropine administration among the studies.

The mechanism of action of atropine in
reducing gastro-oesophageal reflux and tran-
sient LOS relaxations remains speculative at
this stage. It is possible that atropine reduces
gastric tone and thereby the stimulus to the
gastric mechanoreceptors. Atropine decreases
proximal gastric tone in the fasting state.”
However, although atropine has been reported
to have no effect on postprandial proximal gas-
tric tone,”* the dose of atropine used was
substantially lower than that used in the
present study. It is also possible that atropine
acts centrally on the integrative mechanisms in
the brain stem that are believed to mediate
transient LOS relaxations. In support of this
hypothesis are our recent observations that
atropine also inhibits LOS relaxations induced
by pharyngeal stimulation,” and that hyoscine
butyl bromide, a quaternary anticholinergic
agent that does not cross the blood-brain
barrier, does not inhibit transient LOS relaxa-
tions in normal subjects.”® It seems unlikely,
however, that atropine affects the motor limb of
the putative vagovagal reflex arc that is believed
to mediate transient LOS relaxations,” as, like
findings of previous studies®, atropine had no
effect on swallow induced LLOS relaxation. The
reduction in reflux during swallow induced
LOS relaxation, however, may indicate a more
subtle interference with the motor pathway
controlling LLOS relaxation.

Pharmacological reduction in the rate of
transient LLOS relaxations is a physiologically
attractive approach to the treatment of reflux
disease. Although the reduction in reflux
episodes was less substantial than that seen in
normal subjects, consistent with the previous
study in normal subjects there was complete
abolition of reflux during transient LOS
relaxations. This finding suggests the
possibility of pharmacological control of reflux
by inhibition of transient LOS relaxations. In
patients with reflux disease, the effect of such
an approach is likely to be influenced by the
mix of reflux mechanisms in individual sub-
jects. However, as most patients with reflux
disease have no macroscopic oesophagitis and
are therefore likely to reflux predominantly
during transient LOS relaxations,” effective
pharmacological control of transient LOS
relaxations is likely to be wuseful in most
patients. Atropine or other non-selective anti-
cholinergic agents are not themselves appropri-
ate potential therapeutic agents in this regard
because of their deleterious effects on basal
LOS pressure and oesophageal clearance.
However, the findings point the way to
development of other drugs that have more
selective effects on triggering of transient LOS
relaxations.
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