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Abstract
Background and aims—Even if the motor
activity of the gall bladder and sphincter
of Oddi (SO) are integrated, it is not
known if the presence of stones in the gall
bladder aVects SO function. The aim of
the study was to compare SO motor activity in patients with and without gall
stones.
Patients and methods—In a series of 155
patients consecutively submitted to endoscopic retrograde cholangiopancreatography and SO manometry for suspected
biliary or pancreatic disease, 23 gall stone
patients had recurrent episodes of biliary
or pancreatic pain (colicky group); 52
patients had non-biliary/pancreatic-type
abdominal pain/discomfort, and of these,
15 had gall stones (non-colicky group), 25
were free of stones (controls), and 12 had
undergone cholecystectomy.
Results—SO basal pressure in gall stone
patients in the colicky or non-colicky
group was significantly higher than in
controls (p<0.001). SO basal pressure
recorded in postcholecystectomy patients
did not diVer from controls. SO phasic
activity did not diVer between the patient
groups. SO dysfunction was detected in
more than 40% of gall stone patients irrespective of associated biliary/pancreatic
pain but in none of the control subjects
(p<0.001).
Conclusions—Gall stones are frequently
associated with increased SO tone which
may obstruct bile flow thus acting to
facilitate gall bladder stasis, and may play
a role as a cofactor in biliary/pancreatic
pain.
(Gut 2001;48:414–417)
Keywords: biliary pain; gall bladder; gall stone disease;
sphincter of Oddi

To better understand the mechanism of stone
formation and origin of colicky pain in gall stone
patients, many investigations have focused on
modifications in gall bladder motility.1–9 However, their role in these conditions is still far from
clear. Thus although several studies, both in
animals10–14 and humans,15–19 have provided
evidence supporting the role of gall bladder bile
stasis in the genesis of gall stones, clear cut data
on impaired gall bladder contractility have not
been found consistently in gall stone patients.
Although colicky pain in gall stone patients is
generally thought to be caused by the increased
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pressure within a gall bladder contracting
against a cystic duct obstructed by a stone(s),
identical biliary-type pain occurs in postcholecystectomy patients, in patients with a choledochal stone(s), and in those without stones and
sphincter of Oddi (SO) dysfunction.20 Furthermore, it has been reported that in patients
without21 and with gall stones,22 biliary colic
may be caused by SO dysfunction and
increased pressure within the common bile
duct rather than by gall bladder contractility
and increased pressure within the gall bladder.
Taking into account the fact that the motor
activity of the gall bladder and SO are
integrated and linked by neural reflexes,23–27 it
may be hypothesised that dysfunction of the
SO may be present in patients with a stone(s)
in the gall bladder. Hence the aim of the
present study was to evaluate SO motor activity and to assess the occurrence of SO dysfunction in patients with gall stones.
Methods
PATIENTS

The study population comprised 155 consecutive patients with recurrent upper abdominal
pain and/or discomfort referred for endoscopic
retrograde cholangiopancreatography (ERCP)
and SO manometry as part of a diagnostic
workup for suspected biliary or pancreatic disease.
Gall bladder status was assessed by means of
an oral cholecystogram and/or real time
ultrasonography. Sixty one patients with concomitant disorders of the liver, pancreas, or
biliary tract (with the exception of gall bladder
stones) were excluded from the study. Nineteen patients (20%) were excluded from the
analysis for technical reasons (10 for failure of
cannulation and nine for artefacts on the
manometric tracings).
The first group (colicky group) comprised
23 patients (16 females, mean age 51.3 (SD
14) years, range 14–85) who had gall stones
and complied with the Rome diagnostic
criteria for biliary or pancreatic pain28: moderate to severe steady pain located in the epigastrium and/or right upper abdominal quadrant,
lasting 20 minutes, which has occurred on one
or more occasions during the past 12 months,
sometimes accompanied by biochemical features of transient biliary and/or pancreatic tract
obstruction (elevated serum transaminase
and/or alkaline phosphatase and/or conjugated
Abbreviations used in this paper: ERCP,
endoscopic retrograde cholangiopancreatography;
LFTs, liver function tests; SO, sphincter of Oddi.
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Immediately before endoscopy, patients were
sedated with diazepam (10–20 mg intravenously). After completion of ERCP,29 manometry was performed using a 200 cm polyethylene triple lumen catheter with three distal side
holes located 2 mm apart (Arndorfer Medical
Specialties, Inc, Greendale, Wisconsin, USA),
continuously infused with bubble free water at
a rate of 0.25 ml/min by a minimally compliant
hydraulic capillary infusion system (Arndorfer). The catheter, passed through the biopsy
channel of a duodenoscope (Olympus Co., TJF
100/TJF 140, Tokjo, Japan), was introduced
into the common bile duct and withdrawn
across the SO in 2 mm step increments. The
correct position was confirmed at fluoroscopy
during injection of small amounts of contrast
medium through the catheter. The catheter
was then positioned to record SO motor activity for at least two minutes with all three manometric sensors; intraduodenal pressures were
recorded by a single lumen catheter taped to
the endoscope. Pressure recordings were divided into and measured over one minute periods. SO maximal basal pressure was measured
at the mid inspiratory phase and expressed as
mm Hg, with duodenal pressure as a zero reference. Mean SO basal pressure represented
the mean of all maximal basal pressures,
recorded at a steady baseline of at least 20 seconds. Maximal basal pressure was the highest
Table 1 Mean (SD) values for sphincter of Oddi (SO) resting pressures and phasic
activity variables in the four groups of patients
Gall stone
colicky
(n=23)
Resting SO pressure
Mean SO basal pressure (mm Hg) 23.1 (14)*
Maximal SO basal pressure (mm
Hg)
47.2 (30)**
Phasic activity
Frequency (cycle/min)
2.5 (1.3)
Duration (s)
6 (1.6)
Amplitude (mm Hg)
91 (24)

Gall stone
non-colicky
(n=15)

Controls
(n=25)

Cholecystectomy
(n=12)

18.9 (8)

14.3 (6)

14.7 (6)

36.2 (17)**

21.5 (8)

26.2 (10)

1.7 (1.9)
5.7 (1.6)
94 (37)

3.1 (1.4)
6.1 (1.6)
101 (31)

2.2 (0.7)
5.9 (1.6)
70 (16)

*p<0.02; **p<0.001 v controls.
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STATISTICAL ANALYSIS

The Mann-Whitney U test and Fisher’s test
were used to assess intergroup diVerences.
Results
Mean and maximal basal pressures of the SO
recorded in gall stone patients with biliary or
pancreatic pain (colicky group) were significantly higher (23.1 (14) mm Hg and 47.2 (30)
mm Hg, respectively) compared with those in
patients with intact gall bladder and no stones
complaining of pain not apparently suggestive
of a biliary or pancreatic source (control group)
(respectively, 14.3 (6) mm Hg, p<0.02; and
21.5 (8) mm Hg, p<0.001). Of the gall stone
patients without typical biliary or pancreatic
pain and not presenting abnormal LFTs, amylase or lipase (non-colicky group), SO maximal
basal pressure was significantly higher than in
the control group (36.2 (17); p<0.001).
Mean and maximal basal pressures (14.7
(6); 26.2 (10) mm Hg) recorded in subjects
who previously underwent cholecystectomy
(cholecystectomy group) did not diVer statistically from controls (table 1, fig 1).
Phasic activity of the SO, in terms of
duration, frequency, and amplitude of contractions, did not diVer significantly between the
two groups of gall stone patients (colicky and
non-colicky groups); also, there was no significant diVerence between the cholecystectomy
group and controls (table 1).
160

Pressure (mm Hg)

METHODS

value recorded. The amplitude of SO contractions was measured from the peak to the base
of the waves and expressed as mm Hg with SO
maximal basal pressure as the zero reference.
Duration of SO phasic contractions was
measured from the onset of the ascending to
the end of the descending tract of the wave.
Frequency of SO contractions was measured as
the number of waves per minute. Each investigated variable was assessed at each recording
level and expressed as the average of the mean
values of the three tracings.
SO mean and maximal basal pressure, as
well as amplitude, duration, and frequency of
SO phasic contractions were evaluated in the
four groups. A maximal SO basal pressure
equal to or exceeding 40 mm Hg was
considered as evidence of SO dysfunction.30

***

***

120

80

40

0
Gall bladder Gall bladder
stones
stones
colicky
non-colicky

Controls

No gall
bladder

Figure 1 Distribution of individual data for sphincter of
Oddi maximal basal pressures recorded in the four groups of
patients. Broken line represents the cut oV normal value of
40 mm Hg; ***p<0.001 v the control group.
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bilirubin (LFTs) and/or amylase and/or lipase). In this group, 14 patients had elevation
of one or more LFTs and/or amylase/lipase
during episodes of pain.
The remaining 52 patients had upper
abdominal pain not in keeping with the Rome
diagnostic criteria of biliary or pancreatic pain
in terms of type and duration. None presented
with increased LFTs or amylase/lipase and bile
ducts and pancreatic duct were normal at
ERCP. Of these patients, 15 (eight females,
mean age 48.6 (18) years, range 26–80) had
gall stones (non-colicky group), 25 (16 females, mean age 49.2 (15) years, range 23–74)
were free of stones (control group), and 12
(seven females, mean age 46.0 (13) years,
range 31–60) had undergone cholecystectomy
for uncomplicated gall stone disease 3–6 years
previously (cholecystectomy group).
Informed consent was obtained from all
patients prior to the investigation, and the
study protocol was approved by the local ethics
committee.
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Discussion
Although it has been indicated that the gall
bladder and SO can reciprocally aVect motor
function,23–27 little attention has focused on the
motor activity of the SO in gall stone patients
and it is not known if the presence of stones in
the gall bladder aVects the gall bladder-SO
interrelationship.
Three studies have reported data on SO
pressure in gall stone patients. The first was
limited to analysis of SO phasic pressure which
was comparable in a mixed group of gall stone
and cholecystectomised patients and did not
oVer any indications concerning SO basal
pressure.31 In the second,32 SO motor activity
was recorded in a small series of gall stone
patients and the average value of mean SO
basal pressure was higher than that in postcholecystectomy patients. In the third,33 which
assessed SO motor activity in patients with
recurrent pancreatitis, SO basal pressure in the
control group of asymptomatic gall stone
patients was not diVerent from that in normal
controls, and thus at variance with our findings
reported here. A more recent investigation by
those same authors,34 however, on SO motor
function in patients with symptomatic gall
stones and a normal common bile duct
revealed that 4% of patients with normal alkaline phosphatase and 40% of comparable
patients with increased alkaline phosphatase
presented an abnormally elevated SO basal
pressure.
In the present study, to evaluate the
association, if any, of gall stone disease with
impaired SO motor activity, SO manometry
was performed in patients with and without
gall stones. The results showed that none of the
latter group had elevated SO maximal and
mean basal pressure whereas a substantial
number of the former group had elevated SO
pressures.
As colicky pain in gall stone patients may
originate in the gall bladder and also in the SO
as a result of the possible concomitant presence
of SO fibrosis and/or migration of stones from
the gall bladder to the duodenum, gall stone
patients not complaining of biliary/pancreatictype pain and with no laboratory evidence of
abnormal LFTs or pancreatic enzymes were
evaluated and the results compared with those
from gall stone patients undergoing a diagnostic workup for recurrent biliary/pancreatic-type
pain and with those from patients without gall
stones.
Exclusion of several patients from the analysis for technical reasons may have had a limited
eVect on the relative diVerence between groups
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but the finding that all gall stone patients, irrespective of clinical presentation and laboratory
findings, had similar maximal and mean SO
basal pressures which were significantly more
elevated than in those without gall stones,
would indicate that the presence of stones in
the gall bladder is frequently associated with
elevated SO pressure.
The finding of normal SO pressure in
patients without gall stones and in those who
previously underwent cholecystectomy for biliary colic and gall stones suggests that elevated
SO basal pressure in gall stone patients is secondary to the presence of the stones in the gall
bladder.
Increased SO basal pressure may not be
devoid of marked eVects on bile flow regulation. For example, it is known that maximal
basal pressure is the SO motor variable which
best correlates with hepatoduodenal bile transit
time, at least in postcholecystectomy subjects25 35; in addition, several investigations in
animals and humans indicate that SO sphincterotomy is followed by a reduction in gall
bladder volume and improved gall bladder
emptying function, even in the presence of gall
stones.13 14 36–41 It can therefore be hypothesised
that the increased SO pressure in gall stone
patients would inhibit bile flow into the duodenum and facilitate bile flow into, and storage in,
the gall bladder thus oVering a possible explanation for the common finding of an increase in
fasting gall bladder volume in gall stone
patients.7–9
An unexpected result in the present study
was the finding of SO maximal basal pressure
equal to or exceeding 40 mm Hg in at least
46% of all gall stone patients, irrespective of
whether or not they presented with episodes of
biliary or pancreatic-type pain and evidence of
abnormal LFTs. A possible explanation could
be selection bias as the study population was
comprised of patients referred for upper
abdominal pain. It cannot be ruled out that
modifications in SO pressure may play a role in
the pathogenesis of both colicky and noncolicky pain. This selection bias could have
been further reinforced by the small number of
patients in each group.
The manometric evidence in the postcholecystectomy patients of maximal SO basal pressure equal to or exceeding 40 mm Hg and no
residual stones as well as complaints of biliary/
pancreatic-type pain is diagnostic of SO
dysfunction which is usually considered an
indication for therapeutic sphincterotomy in
this group of symptomatic patients.20
Within the limits of the present study it is
impossible to establish if the finding of an
elevated SO basal pressure in patients with a
gall bladder in situ and containing stones but
with no evidence of biliary/pancreatic-type
pain and/or altered liver or pancreatic function
tests is clinically significant. Elevated SO basal
pressure in gall stone patients may be considered an important predisposing pathogenetic
cofactor which, in the presence of other
transient conditions such as the passage of
crystals and/or SO spasm and/or inflammation,
may give rise to biliopancreatic symptoms.
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SO dysfunction (maximal SO pressure >40
mm Hg) was detected in none of the patients in
the control group, in 11 of 23 (48%) in the colicky group (p<0.001), in seven of 15 (46%) in
the non-colicky group (p<0.001), and in one of
12 in the cholecystectomy group (8%, NS v
controls).
Complications following ERCP and SO
manometry included pancreatitis in six patients (6.4%): one severe, one moderate, and
four mild.
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Increased SO basal pressure may possibly create a condition which would predispose to colicky pain resulting in the need for cholecystectomy in non-colicky patients and would result
in postcholecystectomy pain in those patients
who underwent cholecystectomy for biliopancreatic manifestations.
A longitudinal study on colicky gall stone
patients before and after cholecystectomy as
well as in dyspeptic non-colicky gall stone
patients and in healthy controls is warranted to
confirm the present hypotheses and to oVer an
insight into the potential pathogenetic implications of increased SO basal pressure in gall
stone patients.

