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Composition of gall bladder stones associated
with octreotide: response to oral ursodeoxycholic
acid
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Abstract
Octreotide, an effective treatment for
acromegaly, induces gall bladder stones in
13-60% of patients. Because knowledge of
stone composition is essential for studies of
their pathogenesis, treatment, and preven-
tion, this was investigated by direct and
indirect methods in 14 octreotide treated
acromegalic patients with gall stones.
Chemical analysis of gall stones retrieved
at cholecystectomy from two patients,
showed that they contained 71% and 87%
cholesterol by weight. In the remaining 12
patients, localised computed tomography
of the gall bladder showed that eight had
stones with maximum attenuation scores
of <100 Hounsfield units (values of <100
HU predict cholesterol rich, dissolvable
stones). Gall bladder bile was obtained by
ultrasound guided, fine needle puncture
from six patients. All six patients had
supersaturated bile (mean (SEM) choles-
terol saturation index of 1.19 (0.08) (range
101-1.53)) and all had abnormally rapid
cholesterol microcrystal nucleation times
(<4 days (range 1-4)), whilst in four, the
bile contained cholesterol microcrystals
immediately after sampling. Of the 12
patients considered for oral ursodeoxy-
cholic acid (UDCA) treatment, two had a
blocked cystic duct and were not started on
UDCA while one was lost to follow up.
After one year of treatment, five of the
remaining nine patients showed either
partial (n=3) or complete (n=2) gall stone
dissolution, suggesting that their stones
were cholesterol rich. This corresponds, by
actuarial (life table) analysis, to a com-
bined gall stone dissolution rate of 58 3
(15.90/o). In conclusion, octreotide induced
gall stones are generally small, multiple,
and cholesterol rich although, in common
with spontaneous gall stone disease, at pre-
sentation some patients will have a blocked
cystic duct and some gall stones containing
calcium.
(Gut 1995; 36: 126-132)
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Octreotide, a long acting analogue of somato-
statin, suppresses both growth hormone and
insulin like growth factor 1 secretion and is
used to treat acromegaly. However, long term

octreotide treatment induces gall bladder
stones in 13-60% of patients after 3 to 51
months' treatment.1 2

Gall stones are conventionally classified as:
(i) cholesterol rich stones (arbitrarily >70%
cholesterol by weight: they may also contain
variable amounts of calcium salts and bile pig-
ments) and (ii) non-cholesterol stones - that is,
brown pigment and black pigment stones.
Anecdotal reports suggest that most gall stones
found during octreotide treatment are radio-
lucent,3 4 presumed cholesterol rich, and dis-
solvable with oral bile acid therapy.3-5 There
have been no systematic studies of the compo-
sition and dissolvability of gall stones found
during octreotide treatment - essential in-
formation for studies of their pathogenesis,
treatment, and prevention. We therefore
studied stone composition in 14 octreotide
treated acromegalic patients with gall stones
using direct and indirect methods, including,
in a subgroup of nine, stone dissolvability
during oral bile acid therapy.

Patients and methods
Fourteen acromegalic patients (eight men),
with a mean age of 52 years (range 25 to 66)
were studied. They had been treated with a
mean dose of 300 ,ug octreotide/day (range
150-600) for a mean duration of 19 months
(range 3 to 36) before their gall stones were
diagnosed by ultrasonography. At the time the
stones were detected, none of the patients had
symptoms related to gall stones. In one, a 43
year old woman, octreotide had been stopped
for nine months after she had been treated for
a total of three years. Three patients were
shown to be free of stones by ultrasound before
octreotide treatment began. They were found
to have developed gall stones three, 12, and 15
months after starting octreotide, and their
stones were therefore classified as octreotide
induced. In the remaining 11, no imaging
studies of the gall bladder had been carried out
before octreotide treatment to exclude pre-
existing stones: they were, therefore, described
as octreotide associated gall stones.

GALL STONE COMPOSITION
Gall stones, retrieved at cholecystectomy, were
available for direct chemical analysis in two of
14 patients: in the remaining 12, indirect
methods of predicting stone composition were
used: (i) localised computed tomography of the
gall bladder and (ii) analysis of gall bladder bile.
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Direct analysis of stone composition
One acromegalic patient underwent elective
cholecystectomy because of recurrent biliary
colic. In the second, a sailor, the gall bladder
was removed 'prophylactically' to prevent the
remote chance6 of gall stone related complica-
tions while he was at sea.
The macroscopic appearance of the outer

and cut surfaces of the stones (Fig 1) was
noted and the stones were dried, weighed, and
ground to a powder. The resultant powder was
then alkalinised with 1% sodium bicarbonate
and its cholesterol was extracted using chloro-
form:methanol (2:1 volume). The chloroform
phase containing the cholesterol was separated
from the methanol phase and evaporated to
dryness in a rotary evaporator. The residue was
then resolubilised in isopropanol, its choles-
terol content was assayed enzymatically,7 and
the results were expressed as a percentage of
dry stone weight.

Indirect analysis of stone composition
Localised computed tomography ofthe gall bladder
(n= 12). We,8 and others,9 l have shown that
the maximum gall stone attenuation score,
measured in Hounsfield units (HU), provides
an indirect measure of stone composition and
dissolvability. In our experience, a computed
tomography score of less than 100 HU
predicts cholesterol rich and therefore poten-
tially dissolvable stones.12 For this reason,
localised computed tomography of the gall
bladder was performed in 12 acromegalic
patients with octreotide associated gall
stones.
Sampling and analysis ofgall bladder bile. In six of
the 12 patients who underwent localised com-
puted tomography of the upper abdomen, bile
was obtained by ultrasound guided, fine needle
puncture of the gall bladder. 13 14 Of the remain-
ing six, gall bladder puncture was attempted but
failed in two. Gall bladder puncture was not
attempted in two further patients as they had a
blocked cystic duct (non-opacification of the
gall bladder at oral cholecystography). Two
patients refused consent.

Detection of cholesterol microcrystals
Cholesterol microcrystals were identified by
polarised light microscopy from their classical,
notched rhomboid shape and the fact that they
were negatively bi-refringent. The presence of
cholesterol microcrystals in gall bladder bile is
a sensitive and specific predictor of cholesterol
rich stones.15-19

Measurement of cholesterol saturation indices
Total biliary bile acids, phospholipids, and
cholesterol were determined by standard enzy-
matic assays.7 2021 The cholesterol saturation
indices were then derived using a polynomial
equation.22 Saturation indices >1-0 indicate
bile that is supersaturated with cholesterol - a
prerequisite for the formation of both choles-
terol microcrystals23 and cholesterol rich gall
stones.

Measurement of cholesterol microcrystal
nucleation/appearance time
Immediately after obtaining the gall bladder
bile, aliquots were centrifuged at 100 000 g
for two hours. This resulted in a precipitate
phase consisting of cellular debris and solid
cholesterol crystals, a supernatant phase of
liquid crystals, and an 'isotropic' middle
phase. Aliquots of this isotropic phase were
isolated, incubated at 370C, and examined
daily by polarised light microscopy, for up to
21 days.24 The time taken for cholesterol
microcrystals to appear was defined as the
nucleation time (or more accurately, the time
for crystal formation, growth, and detection),
measured in days. Gall bladder bile from
patients with cholesterol rich gall stones
nucleates in less than 10 days.24-26

DISSOLVABILITY OF GALL STONES WITH ORAL
BILE ACID THERAPY

Patient selection
Patients with conventional gall stone disease
(unrelated to acromegaly or octreotide treat-
ment) are usually selected for oral dissolution
therapy with ursodeoxycholic±chenodeoxy-
cholic acids (UDCA±+CDCA) if they:
(i) complain of specific gall stone related
symptoms and (ii) have potentially dissolvable,
cholesterol rich and calcium free stones (as
judged by oral cholecystography and com-
puted tomography) measuring < 15-20 mm
maximum diameter, in a 'functioning' gall
bladder (see below).

In this series, none of the 12 patients with
octreotide associated stones complained of gall
stone related symptoms. Moreover, four of the
12 had calcified stones (as judged by a maxi-
mum stone attenuation score of >100 HU).
Nonetheless, we decided to treat all 12 with
oral UDCA to determine whether the
octreotide associated gall stones were dissolv-
able, as an indirect measure of gall stone
composition, since cholesterol rich gall stones
are potentially dissolvable with oral bile acid
therapy.2
To assess cystic duct patency, a meal

stimulated ultrasound scan of the gall bladder
was performed in all 12 patients who did not
undergo cholecystectomy. This was done at
least eight hours after the last subcutaneous
dose of octreotide - by which time the
inhibitory effects of octreotide on gall bladder
contraction have worn off.27 An arbitrary
reduction in the fasting gall bladder volume of
>20%, 30 minutes after eating a 200 g
chocolate bar, was taken as evidence of a
patent cystic duct. If the reduction was <20%,
oral cholecystography was performed and if
the gall bladder failed to opacify, the pro-
cedure was repeated with a double dose of
contrast.

Gall stone characteristics
All 12 acromegalic patients had more than two
gall stones (mean (SEM) 7.4 (0.9)), and eight
of the 12 had more than eight, with a mean
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Individual results of direct and indirect studies ofgall stone composition in 14 acromegalic
patients with octreotide induced/associated stones

Gall stone composition Gall bladder bile analysis
UDCA treatment

% Cholesterol CT attenuation Cholesterol
Patient (by weight) score (HU) crystals CSI NT Started Response

1* 71 No
2* 87 - - No -

3 - 42 - No -

4 - 106 - - - No -

5 - 217 No 1-01 4 Yest t
6 - 23 Yes 1-29 1 Yes None
7 - 65 Yes 1-53 1 Yes None
8 - 40 Yes 1-90 1 Yes Partial GSD
9 - 490 No 1-09 4 Yes Partial GSD
10* - 63 Yes 1-10 1 Yes Complete GSD
11 - 50 - - - Yes Complete GSD
12 - 66 - - - Yes Partial GSD
13 - 123 - - - Yes None
14 - 51 - - - Yes None

UDCA=ursodeoxycholic acid; CT=computed tomography; CSI=cholesterol saturation index;
NT=nucleation time; GSD=gall stone dissolution; *octreoiide induced gall stones; tlost to
follow up.

(SEM) maximum diameter of 8.1 (0.9) mm
(range 2-14). Two patients had a blocked
cystic duct and were therefore considered
unsuitable for oral UDCA treatment.

Treatment andfollow up
The patients were assessed clinically for gall
stone related symptoms. A full blood count,
fasting serum lipids, alkaline phosphatase,
alanine transaminase, gamma glutamyl trans-
ferase, bilirubin, albumin, and total protein
were measured. The 10 acromegalic patients
with a patent cystic duct were then started on
oral UDCA treatment, in a dose of 10
mg/kg/day, taken at bedtime. With the excep-
tion of the 43 year old woman in whom
octreotide treatment had been stopped, all
patients continued on this treatment while
taking UDCA.
The patients were followed up every three

months, at which time they were assessed
clinically, their liver function tests and fasting
serum lipids concentrations were measured,
and ultrasound of the gall bladder was carried
out. Although 10 patients with ocreotide
associated gall stones and a patent cystic duct
began UDCA treatment, one was lost to follow
up (patient no 5 in the table). The gall stone

Figure 1: Gall stone from one patient with octreotide
induced gall stones. The stones were multiple smooth faceted
stones. The cut surface shows a pigmented centre with a
radiating lattice composed of crystalline cholesterol.

dissolution response to oral therapy was there-
fore assessed in only nine patients. Moreover,
one ofthese (no 12) emigrated after six months
of treatment, although by that time his
response to UDCA had already been assessed
at the three and six month follow up visits.

If, after six months ofUDCA therapy, there
was no reduction in either the maximum stone
diameter or number, or both, an oral chole-
cystogram was performed to exclude blockage
of the cystic duct. In four of the five patients
treated with oral bile acids for more than 12
months who had no ultrasound evidence of
gall stone dissolution, a localised computed
tomogram of the gall bladder was repeated to
exclude acquired gall stone calcification.
Furthermore, in four of these five patients a
second oral cholecystogram was carried out
after 16-20 months of UDCA treatment. In
the fifth, who became intolerant or oral
contrast media, a 99mTc-HIDA (99mtech-
netium-labelled diethyl hydroxyimino diacetic
acid) radionucleotide scan was performed to
assess cystic duct patency.

Partial gall stone dissolution was defined as
a reduction in stone number or diameter of at
least 50%. Complete gall stone dissolution was
accepted only after two consecutive ultrasound
scans of the gall bladder, one month apart
during continued oral UDCA treatment,
confirmed the absence of stones.
UDCA treatment was stopped for any one

of the following three reasons: (i) when
complete gall stone dissolution was confirmed,
(ii) if patients were found to have developed a
blocked cystic duct; or (iii) if stones had not
dissolved completely after 24 months' therapy.

ETHICAL CONSIDERATIONS
The use of ultrasound guided, fine needle
puncture of the gall bladder was approved
by the Research Ethics Committee of
St Bartholomew's Hospital and by the Ethics
Committee of Guy's Hospital. All patients
gave their written informed consent.

Results
The results for stone composition and the
response to oral bile acid therapy are given in
the Table.

STONE COMPOSITION

Direct analysis
Both of the patients who underwent chole-
cystectomy had multiple, smooth, faceted gall
stones. The cut surface of both sets of stones
showed a pigmented centre with a surrounding
lattice of radiating 'spokes' of cholesterol
crystals (Fig 1). Direct chemical analysis of the
stones showed that they contained 71% and
87% cholesterol by weight, respectively.

Indirect analysis
Localised computed tomography. The maximum
computed tomography attenuation scores of
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Figure 2: The maximum gall stone computed tomographic
attenuation score, measured in Hounsfield units (HU), in
12 acromegalic patients with octreotide associated gall
stones. The broken line at 100HU represents the cut off
value below which stones are predicted to be cholesterol rich
and potentially dissolvable. Those stones which did not
dissolve with UDCA therapy are represented by the filled
circles, those which partially dissolved are represented by the
hatched circles and those which completely dissolved are
represented by the open circles.

the gall stones from the 12 acromegalic
patients are shown in Figure 2. Eight had
stones with scores of < 100 HU (range 23-66),
while the remaining four had scores ranging
from 106 to 490 HU.

Analysis of gall bladder bile. Cholesterol
microcrystals were seen in the bile from four
(nos 6, 7, 8, and 10) of the six acromegalic
patients who underwent percutaneous gall
bladder puncture. In all six patients, however,
the bile was supersaturated with cholesterol
with a mean cholesterol (SEM) saturation
index of 1.19 (0.08) (1.01-1-53).

In the four patients in whom biliary choles-
terol microcrystals were seen, the nucleation
time was invariably short (one day) and the
maximum computed tomography attenuation
scores were all < 100 HU (23-64). In contrast,
in the two in whom cholesterol microcrystals
were not seen (nos 5 and 9), the nucleation

Patients with gall stones

Patent
cystic duct

.-. UDCA
treatment

Dissolution
(treatment time)

Complete Partial None Lost to
(3 & 4 mth) (6-12 mth) (7-24 mth) follow up

Figure 3: Flow diagram showing the outcome of investigations and ursodeoxycholic acid
(UDCA) treatment in 12 acromegalic patients with octreotide associated gall bladder
stones.

time was four days in both and the gall stones
had maximum attenuation scores of 217 and
490 HU.

DISSOLVABILITY OF GALL STONES WITH ORAL
BILE ACID THERAPY
The overall outcome of UDCA treatment in
the 12 acromegalic patients with octreotide
associated gall stones who were considered for
oral bile acids, is summarised in Figure 3. The
gall stone dissolution response (partial and
complete), as calculated by actuarial or life
table analysis, is shown in Figure 4.
As the results in Figure 3 show, complete

gall stone dissolution was seen in two (nos 10
and 11) of the nine patients (22.2%), after
three and four months UDCA therapy respec-
tively. One of these (no 11) had stopped
octreotide nine months before starting UDCA
treatment. In the second, the induced gall
stones dissolved with oral UDCA despite con-
tinued octreotide therapy.

Partial stone dissolution occurred in three
patients (33-3%) after 6 to 12 months UDCA.
As noted above (see 'Treatment and follow up'
in the Methods section), one of these (no 12)
was lost to follow up after six months. A
second (no 8), who had complained of biliary
colic some nine months after starting UDCA,
was found to have developed a blocked cystic
duct at 21 months, while the third (no 9) had
calcified stones before UDCA treatment began
(computed tomography score 490 HU).

In the remaining four patients (44A4%),
there was no evidence of a stone dissolution
response despite 7-24 months UDCA treat-
ment. In fact, three of the four (nos 6, 7, and
14) had taken UDCA for 24 months, while the
fourth (no 13) was found to have developed a
non-opacifying gall bladder after seven months
of bile acid treatment, as a result of which the
UDCA treatment was withdrawn.

Life table analysis (Fig 4) shows that the
cumulative percentages of patients with partial
plus complete stone dissolution were 44.4
(16.6)% at six months' treatment and 58.3
(15.9)% after one year, and subsequently,
although the number at risk by that time was
only three.

Thus, by 12 months, five of the nine patients
treated with UDCA and followed up were left
with no, or incomplete, gall stone dissolution.
The incomplete dissolution response did not
seem to result from acquired gall stone calcifi-
cation since repeat computed tomograms of
the gall bladder after one year ofUDCA treat-
ment (nos 6, 8, 9, and 14) showed no increase
in the maximum stone attenuation scores: the
fifth patient (no 7) did not return for a repeat
scan. Furthermore, with the exception of the
patient who developed a blocked cystic duct
(no 8), none of the other four patients who
failed to respond completely developed a 'non-
functioning' gall bladder.
None of the patients reported any adverse

effects of UDCA treatment, and the results of
their fasting serum lipid measurements and
liver function tests remained normal and
unchanged throughout.
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3 6 9 12 15

Duration of UDCA treatment (m

No at 9 8 4 4 3
risk

No with 3 0 0P+C GSD 1 3 0 1 0 _

Figure 4: Actuarial or life table analysis showing the partial plus cc
dissolution response (means (SEM)). The numbers ofpatients at r
partial (P) or complete (C) gall stone dissolution (GSD) at each t
above.

different from that in age and sex matched
controls without acromegaly.30
Compared with the results of large epidemio-

logical studies of gall stone prevalence in the
general population,29 32 33 this study is limited
in that only 14 acromegalic patients with
octreotide induced/associated gall stones were
assessed. However, given the facts that
acromegaly is rare, that octreotide is prescribed
for only a minority of acromegalic patients, and
that not all patients given long term octreotide
develop gall stones, the present series represents

18 21 24 the largest study of octreotide inducedlassoci-
th) ated gall stone composition and the response to

oral bile acid therapy yet reported.
Since none of these patients had symptoms

related to gall stones, there was no clinical
3 3 3 indication for oral dissolution agents. Instead,

the aim of the UDCA treatment in this study
0 0 0 was to assess, in an investigative setting, the dis-

solvability of the octreotide associated gall
)mplete gall stone stones. For that reason, in the Results section
isk and the number with
ime period, are shown and in Figure 4, we have emphasised the

combined partial plus complete gall stone disso-
lution response. In the context of clinically indi-
cated oral bile acid treatment, however, the sole

After nine months UDCA treatment, one

patient (no 8) complained of two episodes of
right upper quadrant pain lasting more than
three hours. None of the others complained of
gall stone related symptoms.

Discussion
These results show that in most patients with
octreotide induced/associated gall stones, the
stones are small, multiple, and cholesterol rich.
However, unlike earlier reports,34 the stones
in one third of our patients were dense on

computed tomography (attenuation scores of
>100 HU) suggesting that they contained
more than 3%/o calcium by weight.28 Moreover,
before UDCA treatment, 17% of the patients
reported here had a blocked cystic duct - a

figure comparable to that found in epidemio-
logical screening studies of the general (non-
acromegalic) population.29 Despite the
suggestion that octreotide associated gall
stones should dissolve with oral bile acids,3-5
we found that during UDCA treatment, only
two patients (22%) showed complete gall
stone dissolution.

STUDY DESIGN

Only three of our 14 patients had octreotide
induced, as opposed to octreotide associated,
gall stones. In theory, therefore, some of the
remaining 11 could have had stones which
antedated the octreotide treatment. In
practice, this seems unlikely since the
prevalence of stones in octreotide treated
acromegalic patientsl 2 is much higher than
that in their counterparts who are not treated
with octreotide.5 30 31 Indeed, in the same

cohort of acromegalic patients as that studied
here, 50% of those treated with octreotide
were found to have gall stones. This compares
with a prevalence of only 15% in untreated
acromegaly - a figure which is not significantly

criterionfor success is a symptom free patient
with complete gall stone dissolution.

DIRECT CHEMICAL ANALYSIS OF OCTREOTIDE
INDUCED GALL STONES
Based on our arbitrary definition (see above),
both sets of octreotide induced gall stones
retrieved at cholecystectomy were cholesterol
rich (>70% cholesterol by weight). Despite
this, 13% and 29% respectively of these stones
comprised material that was not cholesterol,
and although we did not assay the stones for
calcium or bilirubin, the macroscopic appear-
ance of their cut surface showed a pigment rich
centre. These appearances are common in
conventional gall stone disease, where the
nucleus consists of calcium bilirubinate and
other calcium salts.34 Furthermore, four of the
12 acromegalic patients studied by localised
computed tomography, had stones with atten-
uation scores of >100 HU, suggesting that
they were either non-cholesterol in type or

contained more than 3% calcium salts.28

INDIRECT ASSESSMENT OF STONE COMPOSITION

Attenuation scores

In our experiencel' and that of others,35 a com-

puted tomography attenuation score < 100 HU
predicts cholesterol rich stones which dissolve
well with oral bile acid therapy. Of the four
acromegalics with stones shown to be dense by
computed tomography, only one also had a pre-
treatment ultrasound (to exclude gall stones
before octreotide treatment). Thus, it remains
possible that those with the highest computed
tomography scores had pre-existing stones. The
other two patients with octreotide induced
gall stones had not undergone computed
tomography before cholecystectomy.

In this series, the prevalence of stones that
looked dense on computed tomography is
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similar to that of radio-opaque stones (= 30%/O)
in spontaneous gall stone disease.29 There are
no comparable data on the prevalence of
'CT-dense' stones in the general gall stone pop-
ulation but, based on previous observations,89
one would expect this to be higher than 30%.

Bile composition
All six bile samples studied were super-
saturated with cholesterol. This observation is
compatible with the suggestion that these
octreotide associated stones were rich in
cholesterol. The sensitivity and specificity of
supersaturated bile as a predictor of cholesterol
gall bladder stones, however, is low. We36 and
others24 have often found supersaturated bile
in obese people without gall stone disease, and
sometimes in acalculous control subjects. For
this reason, the presence of cholesterol micro-
crystals in bile19 and the rapid nucleation of
biliary cholesterol crystals2426 are better pre-
dictors of cholesterol stones than super-
saturated bile. Thus, in a study by Ros et al,19
the positive predictive value of biliary choles-
terol crystals was 95% for cholesterol rich gall
stones. Furthermore, the rapid nucleation of
cholesterol crystals clearly distinguishes
between those with cholesterol rich and those
with non-cholesterol stones25 26 or stone free
subjects.24 In our experience, non-acromegalic
patients with cholesterol rich stones invariably
have nucleation times of <five days while stone
free acromegalic patients have nucleation
times of > 10 days.37

Only four of the six acromegalic patients
whose bile composition was studied had
cholesterol microcrystals in fresh bile immedi-
ately after aspiration. However, all six bile
samples nucleated in <four days, suggesting
that the stones were indeed cholesterol rich.
In the two remaining patients who initially
had no cholesterol microcrystals, the nucle-
ation time was longer (four days) than that in
those with crystals (one day), although in
both cases it was still abnormally fast.
Furthermore, the stones in these two patients
had maximum attenuation scores of > 100
HU, suggesting that they were either non-
cholesterol or mixed in composition, with
appreciable amounts of calcium. In the event,
despite the fact that one of these patients had
the highest recorded attenuation score (490
HU), there was unequivocal evidence of
partial gall stone dissolution with oral UDCA
therapy, suggesting that at least some of the
stone must have consisted of dissolvable cho-
lesterol. The present observation that biliary
cholesterol microcrystals may occur in the
bile of octreotide treated patients confirms the
findings of Buscail et al.4 They showed that
there was an appreciable increase in the
prevalence of biliary cholesterol crystals
during octreotide treatment when compared
with that beforehand.

RESPONSE TO ORAL DISSOLUTION THERAPY

Complete or partial stone dissolution occurred
in five of nine patients treated with UDCA in

whom follow up was possible, which suggests
that at least part of these stones was composed
of cholesterol. The complete stone dissolution
rate in this study is similar to that in 126
patients without acromegaly, but with radio-
lucent stones, treated with UDCA in another
study from our unit.38

Failure to dissolve stones completely with
oral bile acid therapy may be due to: (i) an
inadequate dose of bile acids; (ii) an adequate
dose but poor patient compliance in taking the
prescribed medication; (iii) despite adequate
doses and a compliant patient, failure of the
oral bile acids desaturate bile (cholesterol
saturation index <1-0); (iv) the development,
during treatment, of cystic duct blockage;
(v) acquired stone calcification; and (vi) the
presence of stones which, before treatment,
were lucent by both conventional radiology
and computed tomography, but were none
the less non-cholesterol in type.

In the present study, all nine patients were
given 10 mg UDCA/kg/day - the optimum
dose for stone dissolution in patients of normal
weight39 - and claimed to have taken their oral
UDCA regularly. Two patients developed a
blocked cystic duct - a similar proportion to
that seen in conventional stone disease during
UDCA therapy.38 None developed stone calci-
fication while taking UDCA, and since none of
the four non-responders developed gall stone
related symptoms, there was no indication for
cholecystectomy, and therein the opportunity
for gall stone retrieval and analysis. We can
only speculate, therefore, about the possibility
of computed tomography lucent (HU scores of
23, 65, and 51), but non-dissolvable, stones in
three of these four patients whose cystic duct
remained patent. Bile composition was not
assessed during UDCA treatment in these
three patients. Thus, inadequate desaturation
of bile cannot be excluded as a possible cause
for non-dissolution of stones.

In theory, resistance to UDCA treatment as
a result of concurrent octreotide therapy is
possible, since eight of the nine patients with
acromegaly treated with UDCA continued to
take octreotide. However, there are no data on
the influence of octreotide on the efficacy of
UDCA in desaturating bile and dissolving gall
stones. Nonetheless, four of the five patients
who showed partial or complete stone dissolu-
tion, continued concurrent octreotide treat-
ment, which suggests that octreotide does not
affect UDCA efficacy adversely.

PREDICTORS OF STONE COMPOSITION
Of the 12 patients whose gall stone composi-
tion was assessed indirectly, only two had
all of the following criteria for cholesterol
rich stones: (i) a maximum attenuation score
of < 100 HU; (ii) partial or complete gall
stone dissolution; (iii) the presence of biliary
cholesterol microcrystals; and (iv) a rapid
nucleation time of <5 days. However, small
amounts of calcium contamination may
result in attenuation scores >100 HU and
oral dissolution therapy may fail for a

variety of reasons other than the presence of
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non-cholesterol stones. Because of this, the
best indirect criteria for predicting stone
composition are the presence of biliary micro-
crystals and rapid nucleation time. Four of the
six patients who underwent biliary analysis
had both cholesterol microcrystals and rapid
nucleation, thus predicting that at least 67% of
stones associated with octreotide treatment are
cholesterol rich.
We conclude that octreotide induced/associ-

ated gall stones are generally small, multiple,
and cholesterol rich. Although inhibition of
meal stimulated CCK release, leading to gall
bladder stasis,2 has been implicated in stone
formation, we have shown elsewhere37 that gall
bladder bile from acromegalic patients with
octreotide associated stones is also: (i) super-
saturated with cholesterol; (ii) rich in vesicular
cholesterol; (iii) has a high vesicular choles-
terol: phospholipid molar ratio; and (iv)
nucleates rapidly to form cholesterol micro-
crystals - important defects in the pathogenesis
of 'conventional' cholesterol gall stones in
patients who do not have agromegaly. Finally,
in common with spontaneous gall stone
disease, some of the acromegalic patients with
octreotide associated gall stones have a blocked
cystic duct or stones which are contaminated
with calcium.
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