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Abstract
Background—Gall bladder and sphincter
of Oddi (SO) function are coordinated by
hormonal and neuronal mechanisms.
Nerve fibres pass between the gall bladder
and the SO via the cystic duct. It is there-
fore possible that cholecystectomy may
alter SO motility.
Aim—To investigate the eVect of cholecys-
tectomy on SO function
Methods—SO manometry was performed
in five women (median age 52 years), a few
days before and six months after laparo-
scopic cholecystectomy which was under-
taken for uncomplicated cholelithiasis.
Basal and post-cholecystokinin (CCK) SO
motility were measured.
Results—All patients were symptom free
after laparoscopic cholecystectomy. Prior
to surgery common bile duct pressure,
and tonic and phasic SO motility were
normal and phasic contractions were
inhibited by intravenous CCK (1 Ivy Dog
Unit/kg). Six months later, common bile
duct pressure and baseline tonic and pha-
sic activity were unchanged but CCK
failed to suppress phasic activity.
Conclusion—Cholecystectomy, at least in
the short term, suppresses the normal
inhibitory eVect of pharmacological doses
of CCK on the SO. The mechanism of this
eVect is unknown but it could be due to SO
denervation.
(Gut 1997; 41: 371–374)
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Ingestion of a fatty meal is followed by release
of cholecystokinin (CCK) which causes the
gall bladder to contract and the sphincter of
Oddi (SO) to relax. Coordination of gall blad-
der and SO function may also be influenced by
nerve bundles which connect the gall bladder
and SO via the cystic duct.1–3 Cholecystectomy
may influence normal SO function by disrupt-
ing this nerve pathway and altering its response
to CCK.
To investigate the eVect of cholecystectomy

on SO function, biliary manometry was serially
undertaken in a group of patients undergoing
laparoscopic cholecystectomy for uncompli-
cated cholelithiasis.

Subjects and Methods
PATIENTS

Five female patients (aged 32–61, median 52
years) awaiting laparoscopic cholecystectomy

for symptomatic cholelithiasis were studied.
None had choledocholithiasis as judged by
normal serum liver function tests and normal
biliary tree on ultrasound scan. None had
undergone gastric surgery or vagotomy, or had
diabetes, significant cardiovascular, or respira-
tory disease. In addition, no patient was taking
drugs which aVect gastrointestinal motility. All
patients completed a symptom questionnaire
which detailed aspects of their presenting
history, other abdominal symptoms, and
medication.
The study was approved by the Lothian Eth-

ics Subcommittee for Medicine and Oncology.
Each patient was fully informed of the potential
complications of biliary manometry and that
the studies were not therapeutic.

BILIARY MANOMETRY

Biliary manometry was performed by a single
operator (KRP) two to three weeks before and
six months after laparoscopic cholecystectomy.
After an overnight fast, patients were sedated
with 5–10 mg intravenous midazolam. A
standard triple lumen polyethylene manomet-
ric catheter (SOM-21-LEHMAN, Wilson
Cook Medical Inc., Winston-Salem, USA)
with an external diameter of 1.7 mm, luminal
diameter of 0.5 mm, and a length of 200 cm,
was introduced into the common bile duct via
an Olympus JFIT10 duodenoscope. The
manometric catheter had three lateral openings
of 0.5 mm in diameter at 2 mm intervals. The
most distal end of the catheter was marked by
six black rings 2 mm apart to facilitate
positioning of the catheter in relation to the
ampulla. Selective common bile duct cannula-
tion was confirmed by aspiration of bile; fluor-
oscopy was not used.
The catheter was perfused continuously with

sterile water using a low compliance pneumo-
hydraulic capillary infusion pump (Arndorfer
Medical Specialities, Wisconsin, USA) at a
flow rate of 0.25 ml/min. This was connected
via a transducer to a computerised polygraph
(Albyn Medical Version 6.0, UK). The trans-
ducer was calibrated before each study and
catheter lumen occlusion produced a pressure
rise in excess of 250 mm Hg/s.
After recording duodenal pressure, which

was taken as the zero reference, the papilla was
cannulated and the catheter was withdrawn
across the SO in 2 mm increments using the
black marks on the catheter as a guide.
Recordings were obtained for at least 60
seconds at each station. After two such
pull-throughs, the catheter was repositioned so
that all three channels recorded phasic SO
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contractions. Cholecystokinin (Ferring Phar-
maceuticals, Malmo, Sweden) was injected
intravenously at 1 Ivy Dog Unit/kg bodyweight
over 60 seconds. After a 30 second equilibra-
tion period, recordings within the SO were
obtained for two to three minutes. More
prolonged recording proved impossible as
CCK induced retching and discomfort. The
total duration of recording was approximately
10 minutes.

ANALYSIS OF MANOMETRIC RECORDINGS

Manometric tracings were coded and analysed
by an experienced observer (AP) who was
blinded to the status of patients. Common bile
duct pressure, basal SO pressure, and ampli-
tude of the phasic contractions of the sphincter
were determined with reference to the in-
traduodenal pressure. The mean amplitude of
phasic contractions was calculated as the aver-
age of contractile amplitude minus basal pres-
sure in each of the three channels. Average
phasic contractile frequency was calculated as
the number of phasic contractions divided by
the duration of the recording period during
which contractions were identified. The dura-

tion of phasic contraction in seconds was
measured from the onset of the major upstroke
to the end of the wave. A motility index was
calculated as the product of mean amplitude
and frequency.4 Duodenal motor activity was
monitored using a separate catheter which was
taped to the outside of the endoscope.

STATISTICAL ANALYSIS

All data are reported as mean (1SE) unless
otherwise stated. Paired Student’s t tests were
used to compare variables before and after
laparoscopic cholecystectomy. Baseline
values—that is, values obtained before CCK
administration, and those found after the
administration of CCK injection were analysed
separately. DiVerences with p values of less
than 0.05 were considered significant.

Results
All patients underwent uncomplicated laparo-
scopic cholecystectomy and completed ques-
tionnaires showed excellent symptomatic out-
come in all cases. Biliary manometry was well
tolerated and successful in all patients although

Figure 1: Variables of SO motor activity with CCK administration before and after laparoscopic cholecystectomy.
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one patient developed uncomplicated and rap-
idly resolving acute pancreatitis following her
second manometric study.
Table 1 and fig 1 present the results of SO

motor activity, and an example of manometric
tracing is shown in fig 2. There was a
non-significant increase in mean common bile
duct pressure after laparoscopic cholecystec-
tomy. Baseline SO motility variables were very
similar before and after laparoscopic cholecys-
tectomy. Prior to laparoscopic cholecystectomy
CCK injection consistently suppressed SO
phasic activity. Mean basal SO pressure tended
to fall after CCK but this did not achieve
statistical significance.Thus, the major eVect of
CCK was that phasic contractions became sig-
nificantly less frequent, were shorter in dura-
tion, and had lower amplitude than baseline
values. Consequently, the motility index fell
from 491 (96) to 81 (35). Following laparo-
scopic cholecystectomy CCK again did not
significantly aVect SO basal pressure. How-
ever, in notable contrast to the findings before
surgery, CCK had only minimal eVect on pha-
sic contractions. Mean frequency and ampli-
tude of phasic contractions were identical at
baseline and after CCK, and although the
mean duration of SO phasic contractions was
reduced significantly by CCK, the magnitude
of this eVect was much less than that which
occurred preoperatively. Indeed, the mean
post-CCK phasic wave duration was signifi-

cantly longer after cholecystectomy (table 1).
The motility index fell with CCK injection
from 416 (79) to 351 (43), and this relatively
small change was significantly diVerent from
that measured preoperatively (p<0.01).

Discussion
SO motility was normal in the five subjects
studied prior to laparoscopic cholecystectomy,
and as anticipated, a pharmacological dose of
CCK largely inhibited phasic SO activity and
tended to reduce tonic pressure. This is
consistent with findings from other studies
using a similar perfusion technique in healthy
volunteers.5–8 Following laparoscopic cholecys-
tectomy there was a non-significant increase in
mean common bile duct and tonic SO
pressure, but the most striking finding was loss
of inhibition of SO phasic activity following
CCK injection.
This observation contrasts with the findings

of other groups of reduced SO phasic contrac-
tion following CCK injection in the majority of
patients investigated for post-cholecystectomy
syndrome.6 7 9 The reasons for this discrepancy
are not clear. Our observations relate to
laparoscopic cholecystectomy rather than open
cholecystectomy but it is unlikely that operative
diVerences account for the divergent results.
Our observations were obtained after only a
relatively short postoperative period, while
others have reported their findings in patients
studied many years after cholecystectomy; it is
therefore possible that our findings are a
temporary, early phenomenon. Nevertheless,
our findings of reduced responsiveness to CCK
after cholecystectomy in humans are similar to
those reported by Grace and Pitt in the cat.10

These investigators showed that while basal SO
motility was unaVected by cholecystectomy,
the sphincter was not relaxed by intraduodenal
fat infusion or by an injection of CCK.
Our observations relate to pharmacological,

rather than physiological doses of CCK and
their clinical relevance is unclear. Plasma CCK
concentrations were not measured, but the
doses of CCK injected pre- and postoperatively
were identical in each patient and diVerences in
SO motility following cholecystectomy could
not be due to diVerences in CCK plasma con-
centrations.
The actions of CCK on the gall bladder and

SO are complex and are known to be mediated
by myogenic and neuronal receptors. In the gall
bladder, CCK stimulates postganglionic
cholinergic neurones and this action is blocked
by atropine.11 CCK also directly stimulates gall
bladder smooth muscle contraction as the
atropine resistant eVect is unaltered by com-
plete denervation with tetrodotoxin. In con-
trast, CCK inhibits the SO by stimulating
postganglionic non-adrenergic, non-cholin-
ergic inhibitory neurones, and this action is
inhibited by tetrodotoxin but not atropine.
CCK also directly contracts the SO by
stimulating excitatory receptors on the smooth
muscle, and this action is not inhibited by
tetrodotoxin.11

Under physiological conditions, the neurally
mediated inhibitory eVect of CCK on the SO

TABLE 1 Sphincter of Oddi motility variables before and after laparoscopic cholecystectomy

Motility variable
Before laparoscopic
cholecystectomy

After laparoscopic
cholecystectomy

Mean CBD pressure (mm Hg) 5.5 (3) 6.8 (2.3)
Baseline
SO basal pressure (mm Hg) 24 (7) 27 (3)
SO phasic frequency (per minute) 5.2 (0.6) 4.4 (0.8)
SO phasic amplitude 94 (11) 101 (17)
SO phasic duration (seconds) 5.7 (0.8) 6.1 (0.2)
Motility index 491 (96) 416 (79)

After CCK
SO basal pressure (mm Hg) 22.6 (6) 26 (4)
SO phasic frequency (per minute) 1.6 (0.7) 4 (0.7)*
SO phasic amplitude 30.5 (12.5) 94 (11)*
SO phasic duration (seconds) 1.9 (0.8) 4.4 (0.6)*
Motility index 81 (35) 351 (43)*

*p<0.05 injection of CCK before and after laparoscopic cholecystectomy.
CBD, common bile duct.

Figure 2: Manometric tracing of SO motility (the top three tracings represent proximal,
middle, and distal sphincter pressure; the bottom tracing shows the duodenal pressure).
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overrides the direct excitatory eVect of the hor-
mone on the SO smooth muscle and the SO
displays net relaxation following CCK injec-
tion. The mechanism of reduced inhibitory SO
phasic activity to CCK following laparoscopic
cholecystectomy observed in this study is
unexplained. It is, however, possible that
cholecystectomy, by dividing the nerves con-
necting the gall bladder and SO, results in
altered responsiveness to CCK. This is analo-
gous to the experimental observation of truncal
vagotomy in the prairie dog which leads to an
increase in baseline resistance to bile flow
through the SO12 and an increase in frequency
and amplitude of phasic SO contractions.13

This is also compatible with the finding that an
injection of tetrodotoxin or lignocaine into the
cystic duct of animals prevents SO relaxation in
response to gall bladder distension.1 2 14 It is
therefore likely that gall bladder and SO func-
tion are coordinated by nerve fibres which pass
from the gall bladder to the SO; such fibres
have actually been demonstrated by anatomical
dissection.2 3 15

Elevated SO basal pressure,7 9 16 retrograde
phasic wave contraction,6 and increase in pha-
sic wave greater than seven contractions per
minute (tachyoddia)6 17 are several of the
manometric abnormalities described for SO
dysfunction in patients with post-chole-
cystectomy syndrome. Some patients with SO
dysfunction also exhibit paradoxical increases
in basal pressure and phasic activity after
CCK.18 19 The subjects reported in this study
were all asymptomatic at the time of repeat
manometry and none displayed these mano-
metric abnormalities. It may, therefore, be
inappropriate to extrapolate from this observa-
tion that denervation of SO is the cause of SO
dysfunction in patients with post-chole-
cystectomy syndrome.
The findings reported in this study may

alternatively be explained by the possibility that
the SO relaxes in response to large surges of
bile flow. Gall bladder contraction results in
enormous increases in bile flow into the
common bile duct and it is possible that ductal
distension directly inhibits SO function by
local reflexes. Bile flows continuously through
the SO following cholecystectomy and there-
fore SO relaxation does not occur following
CCK injection due to a lack of common bile
duct distension.

We have demonstrated that cholecystectomy
is associated with altered SO motility with
pharmacological doses of CCK. Their clinical
relevance is unclear and their relation to
post-cholecystectomy syndrome is unknown.
Further studies are needed to clarify our
observations.
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