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Responses of the competent and incompetent lower
oesophageal sphincter to pentagastrin and
abdominal compression
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Medicine, University of Colorado, Denver, Colorado, USA

SUMMARY Responses of the lower oesophageal sphincter (LOS) to pentagastrin, given by con-

tinuous intravenous infusion in doses ranging between 0 and 9 ,tg/kg/h, and to external abdominal
compression were measured by infused catheters in healthy subjects and in a group of patients with
reflux oesophagitis. In separate experiments, pressures were measured both by sensors stationary
within the LOS, and by repeated continuous withdrawals of sensors from stomach to distal oeso-

phagus. In normal subjects, doses of pentagastrin within the physiological range (0 9 pg/kg/h)
produced modest but statistically significant increases in LOS pressure. By comparison, sphincteric
responses in patients with oesophagitis were small and a dose of 4.5 ,ug/kg/h was the lowest that
produced a significant increase in LOS pressure. During abdominal compression increases in LOS
pressure did not significantly exceed increases in intragastric pressure in either patients or normal
subjects. This was so at all doses of pentagastrin that were tested. Hence, there was no evidence of
synergism between the effects of pentagastrin and abdominal compression upon the LOS. We
infer from our findings that gastrin does play a modest role in the physiological regulation of human
LOS tone. Relative insensitivity of the incompetent LOS to pentagastrin represents, we believe,
sphincteric muscle failure. Our results are not consistent with the hypothesis that LOS incompetence
is due to loss or impairment of an adaptive response of the LOS to alterations in intra-abdominal
pressure.

The central role of the physiological lower oeso-
phageal sphincter (LOS) in the prevention of
gastro-oesophageal reflux is now well recognised;
and, in recent years, the effects upon resting LOS
pressure of a number of hormones and drugs have
been defined (Castell, 1975). However, the physio-
logical means by which resting pressure within the
LOS is maintained and modulated have not been
fully elucidated; nor have the factors responsible
for sphincteric incompetence, and therefore gastro-
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oesophageal reflux, been clearly identified. The
demonstrations that human LOS pressure could
be modified by gastric infusions of acid and alkali
(Castell and Harris, 1970; Beiles et al., 1972;
Castell and Levine, 1972; Higgs et al., 1974); that
LOS pressure could be consistently increased by
gastrin and pentagastrin (Giles et al., 1969; Castell
and Harris, 1970; Cohen and Lipshutz, 1971;
Lipshutz et al., 1973; Siewert et al., 1974; Trindade
et al., 1975); and that LOS pressure in the opossum
could be drastically diminished by the use of
gastrin antiserum (Lipshutz, et al., 1972) led to the
proposal that gastrin was of primary importance
in the regulation of LOS pressure. Recent studies,
however, have cast considerable doubt upon the
physiological relevance of gastrin in this context
(Grossman, 1973; Sturdevant and Kun, 1973;
Farrell et al., 1974; Goyal and McGuigan, 1975;
Walker et al., 1975).

It is well established that LOS pressure rises
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when intra-abdominal pressure is increased (Fyke
et al., 1956; Nagler and Spiro, 1961; Van Derstappen
and Texter, 1964; Lind et al., 1966; Cohen and
Harris, 1971; Henderson and Rodney, 1971; Dodds
et al., 1975b) and several groups, having found that
the rise in pressure in the LOS exceeds that in the
stomach, have concluded that this LOS response
is adaptive and perhaps neurally mediated rather
than purely mechanical. Moreover, Cohen and
Harris (1971), who reported that the LOS pressure
rise exceeded the gastric pressure rise in subjects
without symptoms of gastro-oesophageal reflux, but
not in those with such symptoms, concluded that a

deficient LOS response to altered intra-abdominal
pressure might be related pathogenetically to
sphincteric incompetence. However, Dodds et al.
(1975b) using somewhat different methods, were

unable to confirm these findings.
In the experiments here described, the effects of

pentagastrin and of increased intra-abdominal
pressure, both separately and in combination, were

studied in normal subjects and in patients with
reflux oesophagitis. Our aims were to determine (1)
whether the human LOS responds to 'physiological'
doses of pentagastrin, and if so, whether the re-

sponse of the incompetent sphincter differs from that
of the competent one, and (2) whether the response
of the LOS to increased intra-abdominal pressure is
adaptive, and if so, whether sphincteric incompetence
can be related to loss of such an adaptive response.
Since conflicting results from studies of LOS
function may well be due partly to the use of
different methods for pressure measurement, and
since there is no general agreement as to the best
method, we measured LOS pressures by two different
techniques-anchored stationary catheters and re-

peated continuous withdrawals-in separate series
of studies. Moreover, experiments were designed
to avoid observer bias in interpretation of mano-

metric tracings.

Methods

SUBJECTS
Fully informed written consent was obtained from
all subjects studied.
The normal group consisted of healthy young

volunteers without symptoms of gastro-oesophageal
reflux (heartburn and reflux of sour or bitter-
tasting fluid into the mouth) or of other upper

abdominal disorders.
The oesophagitis group was composed of patients

with symptoms of gastro-oesophageal reflux, in
whom oesophagitis had been documented by
endoscopy and/or oesophageal biopsy (using the
criteria described by Ismail-Beigi et al., 1970).

None of these patients had undergone hiatal
herniography or upper abdominal surgery.
Two series of experiments were carried out.

Each series compared 10 normal subjects with
10 patients. The experimental design for the two
series was the same except that, in the first, LOS
pressure was measured by a catheter system anchored
and maintained in the same position with pressure
sensors (catheter openings) at the point of maximum
pressure within the LOS, whereas, in the second,
LOS pressure was measured by repeated withdrawal
of the sensors from stomach to oesophagus.

FIRST SERIES: STATIONARY CATHETER
METHOD
The control group consisted of three males and
seven females, whose ages ranged from 21 to 32
years (mean 25 2 years). In the patient group there
were six males and four females and the age range
was from 30 to 68 years (mean 50-6 years). Sliding
hiatal hernia and oesophageal stricture were
demonstrable in six and one patients, respectively.
At the time of study, no patient was receiving any
drug known to affect LOS function. After an over-
night fast, during which smoking and antacid
consumption were proscribed, an assembly consisting
of four catheters, each with an ID and OD of 1 12
and 1 65 mm respectively, was passed through the
mouth into the stomach. Three of the catheters were
used for measurement of LOS pressure. These had
side openings of 1 1 mm diameter at the same axial
level of the assembly. The fourth catheter, whose
opening was 7 cm distal to this point, was used for
measurement of intragastric pressures. Catheters
were individually perfused with water at a rate of
1-0 ml per minute by means of an infusion pump
(Harvard Apparatus Co., Inc.). They were connected
to external transducers (Statham P 23 De or Bell
and Howell 4-327-1) whose output was graphed on
a multichannel recorder (Gilson Macropolygraph).
Respiration was monitored by a belt pneumograph
which encircled the chest and which was attached
to the recorder via a fourth transducer. Swallowing
was recorded by electromyograph. An initial
profile of the LOS was obtained by stepwise
withdrawal, 0 5 cm at a time, of the catheter assembly
from stomach to distal oesophagus. The assembly
was then anchored by taping firmly to the cheek,
with the openings of the three catheters for LOS
pressure measurement at the point of maximum
LOS pressure, which was invariably just below the
pressure inversion point (point of respiratory
reversal). The assembly was maintained in the
same position for the remainder of the study. A
needle was then inserted into a vein of the hand or
forearm and connected by a Y fitting to two syringes

934

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.17.12.933 on 1 D

ecem
ber 1976. D

ow
nloaded from

 

http://gut.bmj.com/


Responses of the competent and incompetent lower oesophageal sphincter to pentagastrin

which contained sterile normal saline, or pentagastrin
(Peptavlon, Ayerst Laboratories, New York, N.Y.)
diluted with sterile normal saline. Pentagastrin, in
doses of 0 (sterile saline), 0-45, 0 9, 1 8, 4 5, and
9 ,ug/kg/h was then given by means of a constant-
rate infusion pump (Harvard Apparatus Co.,
Inc.) during sequential 15 minute infusion periods.
The order of doses was randomised. At the end of
each infusion period, LOS and gastric pressures
were recorded continuously both without abdominal
compression (0 pressure) and during compression of
the abdomen by a wide abdominal pressure cuff
inflated to pressures of 15 and 30 mm Hg. Again,
the order of applied pressures (0, 15, and 30) was
randomised. The pressure tracings obtained were
analysed by a computer-assisted technique. The
person responsible for analysis was unaware of the
order in which the doses of pentagastrin had been
given.

SECOND SERIES: CONTINUOUS PULLTHROUGH
METHOD
The control group consisted of seven males and
three females, whose ages ranged from 19 to 31
years (mean 24 5 years); and the patient group of
four males and six females, with an age range of
28 to 74 years (mean 52 7 years). Six and five of
these patients had a sliding hiatal hernia and
oesophageal stricture, respectively. These experi-
ments differ from those of the first series in the
following respects:

1. A triple lumen assembly was used. Catheters
had side openings at the same axial level of the
assembly.

2. LOS pressure measurements were obtained
by a continuous withdrawal technique. For each
measurement, the recording openings were with-
drawn from the stomach to distal oesophagus at a
rate of 1 cm/s by means of a device similar to
that described by Waldeck (1972). During with-
drawals, subjects held their breath at the end of a
tidal respiration. They were instructed not to swallow
during, and for 30 seconds before withdrawal.
Measurements were repeated if swallowing occurred,
if breathholding was unsatisfactory, or if there was
evidence of a Valsalva manoeuvre. On some oc-
casions in patients with oesophagitis, an LOS
pressure profile was not recorded during abdominal
compression due to sphincteric incompetence and
formation of a common cavity. In these instances,
also, pullthroughs were repeated.

3. During LOS pressure measurements, each
catheter was infused with water at a rate of 4 ml/min.
Apart from these differences, the design of

experiments was the same as in the first series.
For studies in the first series (catheters stationary),

LOS pressure, in mm Hg, was measured in relation
to the initial gastric fundal baseline pressure. For
simplicity, only end-inspiratory pressures are pre-
sented, though, in fact, results are similar when
expressed in terms of end-expiratory or mid-
respiratory pressures. A given measurement repre-
sents the mean of the three recordings at the same
axial level, measured for a period of approximately
30 seconds. Effects of abdominal compression upon
intragastric pressure were recorded by the fourth
catheter, whose opening was in the proximal
stomach. For studies in the second series, in which
LOS pressure was measured by a continuous
pullthrough during suspended respiration, LOS
pressure was determined as the rise above the
baseline gastric pressure recorded at the beginning of
each pullthrough; and, again, a given measurement
represents the mean of values obtained simul-
taneously from three separate pressure sensors.

Results

EFFECT OF PENTAGASTRIN

First series: stationary catheter method
LOS pressures in response to different doses of
pentagastrin, without abdominal compression are
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Fig. 1 LOS pressures during pentagastrin infusion,
without abdominal compression, in normal subjects (0)
and patients with oesophagitis (0). Pressure sensors
stationary within LOS (first series of experiments).
Means and standard errors are shown. Values significantly
different from control, without pentagastrin, (18 01 4+
2-69 and 15-OS + 1-36 in normal subjects and patients
respectively) are indicated by asterisks (*p < 0-05,
**P < 0 005, Student's t test for paired data, one-
tailed).
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shown in Fig. 1. For the normal group, significant
rises in pressure occurred with 0-9 ,ug/kg/h of
pentagastrin, and the peak response, which repre-

sented a 114% increase over the basal value, occurred
with 4-5 ,ug/kg/h. By contrast, in the patient group,

only the 4-5 and 9 ,ug/kg/h doses had a significant
effect upon LOS pressure, and the maximal increase,
of 62% over the basal value, occurred at 9 ,ug/kg/h.

Second series: continuous pullthrough method
Results, shown in Fig. 2, were similar. Again, in the
normal group a significant effect of pentagastrin
was demonstrated with a dose of 0-9 ,ug/kg/h, and
the peak response, of 69 %, occurred with the
4-5 ,tg/kg/h dose. Small rises in LOS pressure

occurred with 1-8, 4-5, and 9 ,ug/kg/h doses in the
patient group, but the changes were not statistically
significant (p > 0-2) with any dose.

EFFECTS OF INCREASED INTRA-ABDOMINAL

PRESSURE (IIP) UPON LOS PRESSURE

Intragastric pressure regularly increased in response

to abdominal compression. As we wished to de-
termine whether rises of pressure in the LOS
exceeded those in the stomach, each LOS pressure
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Fig. 2 LOS pressures during pentagastrin infusion
without abdominal compression, in normal subjects (0)
and patients with oesophagitis (0). Pressures measured
by continuous withdrawal technique (second series of
experiments). Means and standard errors are shown.
Values significantly different from control, without
pentagastrin (9-80 i 0-94 and 9-39 i 1-94 in normal
subjects and patients respectively) are indicated by
asterisks (*p < 0-025, **P < 0-001).

measurement obtained during abdominal compres-
sion was corrected by subtraction of the rise in
gastric pressure which had been simultaneously
recorded. The resulting value could then be com-
pared with that obtained without abdominal
compression and with the same dose of pentagastrin.

First series: stationary catheter method
Rises in intragastric pressure during inflation of the
abdominal cuff of 15 mm Hg were 4-42 ± 2-09
(mean ± SD) and 5-33 ± 205 in controls and
patients respectively. During inflation of the cuff
to 30 mm Hg, the corresponding values were
9-32 ± 3d13 and 9-92 ± 3-60. The difference be-
tween groups for the 15 mm Hg values was signifi-
cant (p < 0-02, Student's t test for unpaired data,
two-tailed). The reason for this difference is un-
certain, although it may reflect relative laxity of the
abdominal musculature in patients, as compared
with healthy subjects. Differences between LOS
pressures without abdominal compression, and
corrected LOS pressures during compression, are
shown in Table 1. In no instance were the measure-
ments during compression significantly higher than
those without compression-that is to say, in no
case did the mean rise in LOS pressure (A LOS)
exceed the mean rise in intragastric pressure (zG).
In both groups, L LOS tended to be less than zG;
and in the patient group LOS pressures during

Table 1 Changes in LOS pressures during abdominal
compression: pressure sensors stationary within LOS
(first series of experiments)

Pentagastrin Pressure Change in gastric-LOS pressure
dose (1.g/kg/h) applied gradient with compression*

(mm Hg) (mean ± SE, mm Hg)

Normal subjects Patients with
oesophagitis

0 15 + 1-60± 305 - 261 1-44
30 + 1-30 ± 449 - 4-40 1l99t

0 45 15 + 1-24 ± 305 - 2-94 3-80t
30 - 5 23 4-38 - 4 85 1-27t

0-9 15 - 4-08 ± 414 - 035 ± 1-56
30 - 7-24 ± 554 - 2-92 ± 1-82

1-8 15 + 0-68 3-26 - 3-68 ± l15t
30 - 0 33 ± 410 - 8-31 ± 1-85$

45 15 - 2-54 ± 2-88 + 1-69 ± 4-27
30 - 11-12 5-03 - 4-70 3-53

9-0 15 + 735 4-74 - 7-90 ±2-82t
30 - 0-14 5-18 -12-80 3-83$

All doses 15 + 0-90 1-44 - 2-22 i1-Olt
combined 30 - 3 79 1-96 - 6-38 i 1-08$

*Values represent differences between LOS pressures without com-
pression, and LOS pressures during compression after correction by
subtraction of associated rise in intragastric pressure. A positive value
indicates that corrected LOS pressures were higher with compression
than without; a negative value the reverse.
tDifference between values with and without compression significant
at 0-05 level.
+Differences significant at 0-005 level (Student's t test for paired data,
two-tailed).
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compression were significantly less than those
without compression for seven of 12 measurements
(two compression pressures, six pentagastrin
dosages).

Second series: continuous pullthrough method
Results were essentially similar. With 15 mm Hg
external compression, intragastric pressure rises
were 3 99 ± 1-80 and 5 70 ± 2X80 mm Hg in
controls and patients respectively; and, with 30mm
Hg compression, the corresponding values were
8X41 ± 3-15 and 9-84 ± 3-69 mm Hg. Statistically,
the differences between groups were significant
(p < 0 05) for both the 15 and 30 mm Hg measure-
ments.
The effect of abdominal compressions upon LOS

pressures is shown in Table 2. Again, J LOS
tended to be less than AG in both groups, with the
result that corrected mean values for LOS pressures
during compression were generally less than those
without compression. Differences between measure-
ments with and without compression were statisti-
cally significant in two of 12 sets ofmeasurementsin
the control group, and one of 12 in the patient group.
Results in the patient group were undoubtedly
affected by the fact that, not infrequently during
abdominal compression, a withdrawal tracing
failed to show a LOS pressure profile-that is,
a 'common cavity' had been produced, so that LOS
and intragastric pressures were equal. In such

Table 2 Changes in LOS pressures during abdominal
compression: pressures measured by continuous
withdrawal technique (second series of experiments)
Pentagastrin Pressure Change in gastric-LOS pressure
dose (jug/kg/h) applied gradient with compression*

(mm Hg) (mean ± SE, mm Hg)

Normal subjects Patients with
oesophagit,s

0 15 +1-82 1-72 -0 34 ± 1-62
30 +3-66 ± 3-06 -1-13 ± 1-93

0-45 15 +0-80 + 1-97 -0-91 ± 1-37
30 +3-63 ± 2-31 +0-62 : 1-82

09 15 -2-86 ± 2-21 +1-16 ± 2-23
30 - 5-65 + 1-74 -1-61 ± 1-85

1-8 15 -4-28 1-21t -2-95 ± 1-82
30 -4-66 2-10 -5-40 2-54

4-5 15 -6 41 + 2-51t -2-11 ± 0-81t
30 -4-51 ± 2-88 -3-90 ± 200

9-0 15 -2-33 i 1-62 -1-46 ± 3-02
30 -5-89 ± 4-64 -2-29 i 1-21

All doses 15 -2-33 ± 0-83t -1-10 ± 0-77
combined 30 -2-23 + 1-31 -2-28 ± 0-79t

*Values represent differences between LOS pressures without com-
pression, and LOS pressures during compression after correction by
subtraction of associated rise in intragastric pressure. A positive value
indicates that corrected LOS pressures were higher with compression
than without; a negative value the reverse.
tDifference between values with and without compression significant
at 0-05 level.

instances, the measurement was repeated, until a
LOS pressure profile was recorded, and the last
measurement obtained was used in subsequent
analysis.

Discussion

The design of this study differs in several important
respects from others in which the effects of gastrin
and pentagastrin upon the human lower oesophageal
sphincter have been examined. Firstly, the hormonal
agent was given in doses within the physiological
range and by continuous intravenous infusion
rather than by bolus injection. Secondly, bias was
avoided by measurement of pressures without
knowledge of pentagastrin doses, the order of which
was randomised. Thirdly, LOS pressures were
measured by three sensors arranged circumferentially
at the same axial level, in order to minimise that
variability of pressure measurement which relates
to radial orientation of pressure sensors within the
LOS (Kaye and Showalter, 1971). And, finally,
LOS pressures were measured by two fundamentally
different techniques. The validity of our conclusions
is strengthened by the similarity of the results
obtained with these techniques.

In both series of experiments, pentagastrin was
found to increase pressure within the normal LOS
at a dose, 0-9 ,ug/kg/h, which is less than half of that
required to produce a maximal gastric secretory
response (Multicentre Pilot Study, 1967) and,
therefore, well within the physiological range.
Hence, it seems reasonable to conclude that gastrin
plays some role in the regulation of LOS pressure
in normal individuals, though this role may be
relatively minor, as the increases in pressure which
we observed were quite modest. This view is in
accord with the results of some recent studies
(Farrell et al., 1974; Wright et al., 1975; Dodds
et al., 1975a) which have failed to reveal a clear
relationship between levels of serum gastrin and
LOS pressure. Moreover, the rise in LOS pressure
which occurs in response to a protein mean (Nebel
and Castell, 1972; Farrell et al., 1974) does not
correlate closely with alterations in concentration
of serum gastrin (Farrell et al., 1974; McCall et al.,
1975).
As compared with normal subjects, our patients

with reflux showed both quantitative reduction in
the LOS response to a given dose of pentagastrin,
and relative insensitivity to pentagastrin, with
displacement of the dose-response curve to the
right. These results confirm those obtained by
several other groups (Rosenberg and Harris, 1971;
Lipshutz et al., 1973; Farrell et al., 1974; Siewert et
al., 1974; Sturdevant and Kun, 1974) who have
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compared the responses of the competent and
incompetent LOS to pentagastrin. We believe that
these abnormalities represent failure of the sphincter
muscle. This does not necessarily imply, however,
that insensitivity to pentagastrin (or gastrin) is a
specific pathogenetic abnormality in schincter
incompetence, especially as normal LOS responses
to doses of pentagastrin within the physiological
range were quite modest.

It is well established that when intra-abdominal
pressure rises, so also does LOS pressure. Reports
that a given rise in LOS pressure exceeded that
rise which occurred simultaneously in intragastric
pressure (Lind et al., 1966; Cohen and Harris,
1971) led to the concept of an adaptive, and perhaps
neurally mediated, alteration in tone of the intrinsic
LOS. Others (Fyke et al., 1956; Nagler and Spiro,
1961; Van Derstappen and Texter, 1964; Henderson
and Rodney, 1971), however, have found that
induced alterations in intragastric pressure and LOS
pressure are similar, suggesting a purely passive
response of the LOS to external forces. In probably
the most definitive study of this phenomenon
(Dodds et al., 1975b) concluded that LOS responses
to increased intra-abdominal pressure are best
accounted for by purely mechanical factors. They
found also, in contrast with Cohen and Harris
(1971), that patients with sphincteric competence
could not be distinguished from normal on the
basis of LOS responses to alterations in abdominal
pressure, unless the latter caused development of a
'common cavity' (Butterfield et al., 1972) with
complete loss of a gastro-oesophageal pressure
gradient. Our findings justify similar conclusions.
LOS pressures tended to rise less than intragastric
pressures during abdominal compression in both
normal subjects and patients with sphincteric
incompetence. Interestingly, and despite the fact
that the LOS tends to move proximally during
abdominal compression (Lind et al., 1966; Dodds
et al., 1972), results were the same whether pressures
were measured by the continuous pullthrough
technique or by sensors held stationary in the
LOS. We found no evidence to suggest potentiation
by pentagastrin of the LOS response to increased
intra-abdominal pressure, and hence no indication
of synergism between these two influences. This also
is consistent with the hypothesis that the LOS
response to alteration in intra-abdominal pressure
is purely passive. It should be stressed that our
examination of the relationship between induced
alterations in intra-abdominal pressure and LOS
pressure was limited to a study of the effects of
moderate sustained external abdominal compression.
Other, less easily controllable methods, such as
Valsalva manoeuvre and leg-raising, can be used,

and conceivably might have produced different
results. Indeed, Dodds et al. (1975b) found that the
LOS response exceeded the intragastric pressure
response during leg-raising but not during abdominal
compression. As perfused catheters within the LOS
measure resistance of the wall to stretch, recorded
pressures reflect both intrinsic LOS tone and forces
applied external to the intrinsic sphincter. Hence, a
relatively greater rise in LOS pressure during
leg-raising might indicate tighter apposition against
the LOS of such structures as the diaphragmatic
crura, rather than an adaptive increase in LOS
tone. We believe that sphincteric incompetence
cannot be held due to failure or impairment of an
adaptive LOS response to increased intra-abdominal
pressure. It is, however, abundantly clear that
episodes of reflux in susceptible individuals do
occur during some manoeuvres associated with
sudden increases in intra-abdominal pressure. We
envisage the incompetent sphincter as one the
intrinsic musculature of which is weak, as evidenced
by reduced resting tonus and diminished responses
to agents such as pentagastrin; inadequately
bolstered by external supporting structures; and
therefore more readily overcome by mechanical
stresses.

Pentagastrin (Peptavlon) was kindly supplied by
Dr John D. Stevens of Ayerst Laboratories, New
York, NY.
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