270

Departments of
Gastroenterology,
Endocrinology and
Radiology, St

Bartholomew’s Hospital,
West Smithfield, London

S M Catnach

J V Anderson
P D Fairclough
R C Trembath
P A ] Wilson

E Parker

G M Besser

J A H Wass

Correspondence to:

Dr P D Fairclough,
Gastroenterology
Department, St
Bartholomew’s Hospital,
West Smithfield,
London EC1A 7BE.

Accepted for publication
4 August 1992

Gut 1993;34: 270-273

Effect of octreotide on gall stone prevalence and gall
bladder motility in acromegaly

S M Catnach, J V Anderson, P D Fairclough, R C Trembath, P A ] Wilson, E Parker,

G M Besser, ] A H Wass

Abstract

Octreotide therapy in acromegaly is associated
with an increased prevalence of gall stones,
which may be the result of an inhibition of gall
bladder motility. Gall stone prevalence in un-
treated acromegalic patients relative to the
general population is unknown, however, and
the presence of gall stones and gall bladder
motility in these patients and in acromegalic
patients receiving octreotide was therefore
examined. Thirty four percent of 39 patients
who had taken octreotide for a mean of 20
months had gall stones compared with 16% of
38 patients who had not been treated with
octreotide (p<<0-005). In a subgroup of 21
patients studied prospectively over 4 to 18
months, two patients developed stones. No
patient had symptoms referrable to their gall
stones. In 31 untreated acromegalic patients,
the mean fasting gall bladder volume was
similar to that in normal subjects. Maximal
percentage emptying, however, was impaired
(34 v 64%, p<0-001) and the mean postprandial
residual gall bladder volume increased (21:7 v
9-0ml, p<0-001). Treatment with octreotide in-
creased the mean postprandial residual volume
further to 36:8 ml (p<0-001). Gall bladder
emptying in untreated acromegalic subjects is
impaired. Octreotide further increases post-
prandial residual gall bladder volume and this
may be a factor in the increased gall stone
prevalence seen in these patients.

(Gut 1993; 34: 270-273)

The excessive and autonomous secretion of
growth hormone in acromegaly may be reduced
by the administration of somatostatin.' The
therapeutic value of somatostatin, however, is
limited by its very short plasma half life of 3 to 4
minutes.? Octreotide,a long acting somatostatin
analogue, is now being used increasingly in the
management of acromegalic patients.’ Patients
with somatostatin producing tumours are known
to have a high incidence of gall stone formation,*
possibly caused in part by impaired gall bladder
emptying consequent upon inhibition of chole-
cystokinin and motilin, allowing stasis of bile
and thence crystal and subsequently stone
formation. An increased prevalence of gall stones
in acromegalic patients being treated with
octreotide has been reported by several groups
and it has been postulated that this may also be
the result of impaired gall bladder contraction.*”’

We have used ultrasonography to assess both
the presence of gall bladder stones and para-
meters of gall bladder emptying in response to a
liquid meal in a group of acromegalic patients, on
and off octreotide treatment, and compared these

patients with a group of normal subjects and a
group of non-acromegalic gall stone patients in
whom impaired gall bladder motility has been
implicated in the pathogenesis of stones.

Subjects and methods

Nineteen normal volunteers (mean age 37, range
23-64 years, eight women) were recruited from
hospital staff. None had any history of gastro-
intestinal or gall bladder disease and ultrasono-
graphy showed no evidence of gall stones or gall
bladder pathology.

Fifty one patients with acromegaly (mean age
48, range 24-80 years, 28 women) were studied.
The clinical diagnosis of acromegaly was con-
firmed by a 75 g glucose tolerance test during
which circulating growth hormone failed to fall
below 2 mU/l. The average basal serum growth
hormone obtained in each patient from a five
point day curve performed on samples drawn
through an indwelling venous cannula over 12
hours ranged from 5 to 1135 mU/l, and no
sample was <2 mU/l.

Thirteen patients with gall stone disease were
also studied. Six aged 43-56 years (one woman)
had wundergone percutaneous cholecysto-
lithotomy and were free of stones at the time of
this study, and seven patients aged 28-78 years
(four women) had gall stones in the gall bladder.
Ultrasound of the gall bladder after percutan-
eous cholecystolithotomy showed no evidence of
thickening or tethering of the gall bladder wall.

PRESENCE OF GALL STONES
Thirty eight of the patients with acromegaly were
studied before treatment with octreotide and 21
of this group with a further 18 patients (total 39)
were also studied after taking octreotide for a
mean of 10 months (range 3-62 months). Octreo-
tide was administered by subcutaneous injection
(100 pg) three times daily at 0700, 1500, and 2300
inall but five patients. Three of these five took 600
ug, one 400 pg, and one 360 pg/day. The treated
and untreated groups of patients were well
matched for age and sex (untreated patients,
median age 50 years, range 24-79, 13 women;
treated patients, median age 48 years, range 25—
80, 15 women). The expected prevalence of gall
stones in the untreated and treated patients was
calculated from the population prevalence data in
two previously published studies from Bristol,
UK:® and Sirmione, Italy.’ For each patient, the
probability of having gall stones was determined
and the sum of the individual probabilities was
taken as the expected prevalence for the whole
group.

None of the patients or volunteers were taking
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TABLE I Variability in gall bladder size and emptying in 12

normal subjects

Coefficient of
Gall bladder measurement Mean (SD)* vanation (%)
Fasting volume (ml) 28:6 (4°6) 16-1
Residual volume (ml) 9:0(2:4) 27-0
Maximal emptying (%) 66:0(8-1) 12-3

* Standard deviation of differences between values of the duplicate
scans.

any other medication and all gave informed
consent. The study was approved by the local
ethical committee.

Gall bladder motility

Gall bladder volume and emptying were deter-
mined using ultrasonography.'" Using a 3-5 or
S MHz transducer, real time ultrasound scans
were obtained with an Aloka SSD 500 scanner.
Subjects were scanned supine in the right
anterior oblique position and the gall bladder
was visualised in the longitudinal and transverse
planes. Measurements of length (1), width (w),
and height (h) of the gall bladder were taken in
duplicate. The volume of the gall bladder was
subsequently calculated using the ellipsoid
method (vol=n/6X1wh)." In order to determine
the reproducibility of our scanning technique,
repeat studies, on at least three separate occas-
ions, were performed in 12 of the normal subjects.
The coefficient of variation for gall bladder fasting
and residual volumes and percentage gall bladder
emptying are given in Table I and are similar to
those quoted by Everson et al."

Scans were performed at 8 am, subjects having
fasted for at least 10 hours. The fasting volume
(FV) of the gall bladder was determined from the
mean of two measurements taken 5 minutes
apart. Subjects then ingested 250 ml of Ensure
(250 kcal, fat as corn oil, 8-8 g, protein 88 g,
carbohydrate 34-3 g, Abbott laboratories,
England) and the gall bladder was rescanned at
5 minute intervals for 40 minutes or until the
gall bladder started to refill. The smallest gall
bladder volume observed was termed the
residual volume (RV). The maximal percentage
emptying (%E) was calculated using the formula
(1-RV/FV)x100. The rate constant of gall
bladder emptying was calculated from In/linear
regression of gall bladder volume v time.

Acromegalic patients taking octreotide ad-
ministered the first daily injection 1 hour before
the scan. The radiologist was unaware which
acromegalic subjects were taking octreotide.

Gall bladder motility studies were performed
in 31 patients before treatment with octreotide,
and in nine of this group with a further six patients
(total 15) also after treatment with octreotide.

TABLE I1  Prevalence of gall stones in untreated acromegalic patients and those treated with
octreotide studied prospectively and retrospectively. Medians and ranges of duration of therapy
with octreotide are given

Duration of
Patient group therapy (months) Gall stones No gall stones Total
Untreated — 6 32 38
Treated (prospective) 11-7 (4-18) 2 19 21
Treated (retrospective) 30 (3-59) 11 7 18
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Statistics

Results are expressed as means (SEM). The
prevalence of gall stones was assessed by 2
analysis. Differences between the acromegalic
groups and normal controls were compared
using the Wilcoxon rank sum test. Differences in
the paired data were assessed with the Wilcoxon
signed rank test.

Results

GALL STONE FORMATION

Table II details the number of gall stones found
in each patient group. Six (16%) of the 38 un-
treated acromegalic patients had gall stones.
This figure is just significantly different to that
predicted for a group of people of the same age
and sex in the general population using the
Bristol prevalence data (2-5 cases predicted,
p<0-05),* but is not significantly different to that
similarly calculated from the Sirmione, Italy data
(37 cases predicted).’ The median plasma growth
hormone concentration (mU/1) on afive-point day
curve was not significantly different in patients
with gall stones (26-5, range 187 to 1135) com-
pared with those without (38-9, range 5-4 t0 294).

Thirteen (34%) of the 39 acromegalic patients
taking octreotide for a mean of 20 months (range
3-62) had gall stones. This is significantly dif-
ferent to the prevalence in patients not taking
octreotide (p<0-005). Two new cases of gall
stones occurred in the 21 prospectively studied
patients. Gall stones were first found after 15 and
16 months follow up, previous scans at 5 and 10
months and at 6 and 12 months respectively had
been normal.

Among retrospectively studied patients, who
had been treated with octreotide, 11 (61%) of the
18 had gall stones. This prevalence is much
higher (p<0-001) than that predicted for the
general population of the same age and sex using
the published prevalence data in the general
population (1-2 cases predicted using the Bristol
data®; 1-6 cases predicted using Sirmione data®).
Within these retrospectively studied patients, all
but two of the subgroup of eight patients who
had been on therapy with octreotide for over
36 months) mean 45-5 months, range 37-59)
developed gall stones. The mean (SEM) daytime
plasma growth hormone concentration (mU/l)
measured on octreotide therapy was not signifi-
cantly different in patients with gall stones (12-9
(3-2)) compared with those without (180 (7-5)).
Five of the patients with gall stones were scanned
repeatedly. In all five, the number and size of the
stones increased over a 12-18 month period. To
date, no patient has had symptoms referrable
to their gall stones.

Gall bladder motility

Fasting and postprandial residual gall bladder
volumes and maximal percentage emptying after
the liquid meal in normal subjects and untreated
and treated acromegalic patients are given in
Table III. Exclusion of the data of the five acro-
megalic patients studied who had gall stones did
not affect the results. Maximal percentage gal
bladder emptying for the different groups, in-
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TABLE III
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Parameters of gall bladder emptying in normal subjects, untreated acromegalic

patients and acromegalic patients treated with octreotide. (Values mean (SEM))

Normal Unireated Treated

Gall bladder subjects acromegali agromegalic p
measurement (n=19) (n=31) (n=15)
Fasting gall bladder

volume (ml) 26-2(2+6) 33-6(2:7) 45-0(3:0)
Residual gall bladder

volume (ml) 9-0(0-9) 21-7(2-1)* 36:8 (3-9)*t
Maximal gall bladder

emptying (%) 64:0(2-8) 34-2 (4-0)* 21-2(5-9)*

* p<0-001 compared with normal subjects; Tp<0-001 compared with untreated acromegalic patients.

Figure 1: Maximal gall
bladder emptying after a
liquid test meal in normal
(N), untreated acromegalic
patients (A), acromegalic
patients taking octreotide
(AO), and gall stone patients
(GS). Means of the groups
are represented. Gall bladder
emptying in A, AO, and GS
groups was significantly
impaired compared with that
in normal controls
(p<0-001).

cluding the subjects with gall stone disease is
given in Figure 1. Gall bladder emptying was
significantly impaired in the untreated acro-
megalic patients and acromegalic patients on
octreotide, and similar to that in gall stone
patients. There was no significant difference in
maximal percentage emptying in the octreotide
treated group of acromegalic patients and those
not taking octreotide. The rate of gall bladder
emptying in untreated acromegalic patients was
significantly less than in the normal controls (rate
constant —0-015/minutes v —0-040/minutes,
p<0-001). Treatment with octreotide reduced
the rate of emptying still further (rate constant
—0-006/minutes, p<0-05) and significantly
increased postprandial residual gall bladder
volume. Although the control group was younger
(mean age 37 years) than the acromegalic patients
(mean age 48 years), the subset of the older normal
subjects (eight in all) with a mean age of 51 years
had similar results to the normal group asa whole.

Nine of the acromegalic patients had gall
bladder motility studies performed before and
after treatment with octreotide, and the effect on
gall bladder fasting and residual volume is shown
in Figure 2. Fasting volume increased with
octreotide in seven of the nine patients (mean
(SEM) of group 40-6 (7-0) ml to 48-7 (3-8) ml).
This was not statistically significant. Residual
volume however increased in all but one of the
patients (mean (SEM) of the group 25-9 (5-3) ml
to 39-1 (4:6) ml, p<0-05).

Discussion
This study shows that acromegalic patients who
are not treated with octreotide have a similar gall

100 ¢
90}
[] [ ]
80 }
(1]
g 70 s ) :
€ 8‘ ] °
(] °
o 60 s
& s
S sof ° H
3 ) s
[+ ° °
Q 40 oo .
© ._gi -4 t "
g 30F 3
5 ' .
= »} N [E— .
b ] oo
10F ' :
[ [ )
(]
0 <& P oy
N A AO GS

Fasting Residual
80 r NS p < 0-05
N \A
= 60F
3
)
g€ 50t :[,
3
g
> wf 1L
[
he]
K
E 30 I~
©
QO 2}
10 |
0
Before After Before After

Figure 2: Gall bladder fasting and residual volumes in
acromegalic patients before ( A ) and after treatment with
octreotide (\ ). Means (SEM ) are represented.

stone prevalence to the general population and
that treatment with octreotide is associated with
gall stone formation. Long term octreotide
therapy might be expected to increase the risk
of gall stone formation for several reasons.
Tumours secreting large amounts of native
somatostatin are associated with the ‘somato-
statinoma syndrome’ caused by the biological
effects of excessive somatostatin production; six
of seven such patients described by Krejs ez al had
gall stones,* and 25 of the 27 patients reported so
far with pancreatic somatostatinoma have had gall
stones.” Somatostatin has several actions that
may predispose to cholelithiasis. Firstly, gall
bladder contraction in response to exogenous
cholecystokinin' and meal stimuli is impaired.'
Somatostatin has an inhibitory effect on cholecys-
tokinin release™"” and also on acetylcholine
release from the gall bladder myenteric plexus
upon which cholecystokinin is partly dependent
for its action." Secondly, somatostatin has an
anticholeretic action, reducing fasting hepatic
bile production in both man and dog."”? The
effect of somatostatin (and its analogues) on bile
composition is not well defined. In a study by
Ahrendt et al® using a prairie dog model,
octreotide not only induced gall bladder stasis but
alsoaltered bile composition, possibly making the
bile more prone to stone formation. This is
supported by Hussaini et al who have shown that
some of the acromegalic patients reported in their
study who developed gall stones while taking
octreotide have abnormally lithogenic bile.?

A high prevalence of gall stones has indeed
been reported in acromegalic patients treated
with octreotide,*’** together with poor gall
bladder contraction,® but the incidence of gall
stones, and gall bladder motor function in un-
treated acromegalic patients has not been pre-
viously studied. In a report of the effect of
octreotide on gall bladder motility in five acro-
megalic patients maintained on octreotide for
6-32 months, van Liessum et al showed that
octreotide completely suppressed gall bladder
contraction after a Lundh meal.”* Chole-
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cystokinin release after the meal was attenuated
by octreotide butstill occurred. Thisisin contrast
to the acute study showing total inhibition of
cholecystokinin release and suggests that there is
partial escape of cholecystokinin release during
chronic octreotide therapy from the suppressing
action of octreotide.

Our data confirm previous reports that octreo-
tide therapy is associated with an increased preva-
lence of gall stones and show that the duration of
treatment with octreotide is important in the risk
of stone formation. The high prevalence of gall
stones in the retrospectively studied group is par-
ticularly convincing. Data from this group of
patients suggest that the risk of gall stone forma-
tion within the first year of octreotide treatment
is slight, but that this increases with time, such
that gall stones are present in 75% of patients
when treatment is continued for more than 3
years. The risk of gall stone formation with octre-
otide therapy has been reported to be quite low in
some studies,” * and the timing of the octreotide
administration in relation to meals may be an
important factor. Octreotide administration after
meals may result in a less profound effect on gall
bladder emptying. Our patients, however, have a
high prevalence of gall stones despite being in-
structed to take their second and third injections
of octreotide mid-afternoon and late in the even-
ing and since even small doses (in the order of
5 ug) are capable of suppressing meal stimulated
gall bladder contraction for up to 6 hours,” it may
not be possible to avoid the effect of octreotide on
gall bladder motor function.

The prevalence of gall stones in the untreated
acromegalic subjects is at the most only slightly
greater than that in the normal population despite
the fact that gall bladder function in this group is
severely impaired and of the order of that found
in patients with cholesterol gall stone disease.**
The reason for impaired gall bladder emptying in
these subjects is not clear: delayed gastric empty-
ing may be important, although since the time
course of gall bladder emptying and refilling after
the liquid meal was similar in both the untreated
acromegalic patients and the normal controls it
seems unlikely that this is a major factor.

In conclusion, our study has confirmed pre-
vious work that shows that octreotide therapy is
associated with an increased prevalence of gall
stones and that duration of treatment seems to
be important. Impaired gall bladder emptying is
associated with this increased risk. We have also
shown, for the first time, that acromegalic
patients not treated with octreotide have
abnormal gall bladders which empty poorly. The
reason for this is as yet undetermined.
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