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ABSTRACT: Purpose. We studied the effects of octreo-
tide and ursodiol on the gallbladders of patients with
acromegaly.

Methods. We performed gallbladder sonography in
patients with acromegaly at various intervals during
treatment. Group I (18 patients) was treated with sub-
cutaneous injections of the somatostatin analogue oc-
treotide. Group II (10 patients) was treated with urso-
diol while receiving octreotide therapy.

Results. Seventy-eight percent of patients receiving
octreotide developed gallbladder abnormalities:
sludge in 72% (13/18) and calculi in 39% (7/18). Urso-
diol reversed the gallbladder abnormalities in 7 of 10
patients.

Conclusions. A majority of patients receiving oc-
treotide develop gallbladder abnormalities. Urso-
diol appears to reverse the abnormalities in most
cases. © 1998 John Wiley & Sons, Inc.* J Clin Ultra-
sound 26:289–294, 1998.

Keywords: gallbladder; ultrasonography; acromegaly;
octreotide; ursodiol

Acromegaly is a disfiguring and life-threat-
ening disorder caused by excessive secretion

of growth hormone (GH), usually owing to a pitu-
itary adenoma. The therapeutic efficacy of sur-
gery and radiotherapy is high over the long term.
However, in 10–20% of patients, the GH levels
remain elevated even 15 or more years after
therapy.1 In recent years, the somatostatin ana-
logues have become available for clinical use, and
the results of many studies of their long-term use
in acromegaly have been positive.2 Most patients
display marked improvement in signs and symp-
toms, and 30–90% have significant suppression of
both serum GH and insulin-like growth factor I
(IGF-I) levels. Shrinkage of the pituitary tumor,
usually to a moderate degree, has been reported
in 30–50% of patients.3–7 However, somatostatin
analogues have been associated with an increased
incidence of gallbladder calculi.1,8

Ursodiol is an agent intended for the dissolu-
tion of radiolucent gallstones. It is a naturally oc-
curring bile acid that inhibits the hepatic synthe-
sis and secretion of cholesterol as well as the
absorption of cholesterol in the intestine. Ursodiol
causes the bile of patients with gallstones to
change from cholesterol-precipitating to choles-
terol-solubilizing, thus resulting in bile conducive
to cholesterol stone dissolution.9
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We studied the incidence of sonographically de-
tectable gallbladder abnormalities associated
with long-term therapy with the somatostatin
analogue octreotide and evaluated the effect of
ursodiol on these abnormalities.

PATIENTS AND METHODS

Sonographic examinations of the gallbladder
were performed as part of a protocol studying the
effects of octreotide in patients with acromegaly
and GH excess after noncurative pituitary sur-
gery. Informed consent was obtained from all pa-
tients. After 8 hours of fasting, patients were
scanned in the supine and right anterior oblique
positions by a technologist and by a radiologist.
Sagittal and transverse gray-scale images were
obtained using 3.5- and 5.0-MHz sector transduc-
ers with Acuson 128 and 128XP ultrasound scan-
ners (Acuson, Mountain View, CA). The greatest
length, width, and height of the gallbladder were
recorded, and the gallbladder volume (GBV) was
calculated according to the following formula:
GBV 4 p/6 × length × width × height.10,11 The
following parameters were also recorded: pres-
ence of sludge (fluid layering within the gallblad-
der lumen that may or may not contain particu-
late floating material, eg, cholesterol crystals);
presence of calculi; thickness of the gallbladder
wall; diameter of the common hepatic duct; sono-
graphic Murphy’s sign; and presence of pericho-
lecystic fluid.

Group I consisted of 18 patients with acromeg-
aly: 7 men and 11 women ranging in age from 25
to 58 years (mean, 38 years). The dose of octreo-
tide was adjusted to attain maximum suppression
of GH and IGF-I levels. The ultrasound examina-
tions were performed 1 week prior to starting oc-
treotide and at various times thereafter. The
scanning parameters and the patient’s fasting
state were reproduced for all examinations. We
plotted the observed fraction of patients develop-
ing sludge and calculi (Figure 1). Because the fol-
low-up period varied among the patients, we ob-
tained estimates of the probability of developing
sludge and calculi using an actuarial (Kaplan-
Meier) method (Figures 2 and 3).

Group II consisted of 10 of the 18 patients in
Group I. While receiving octreotide, these pa-
tients, in response to the detection of gallbladder
abnormalities, were also given ursodiol, 300–900
mg/day (10 mg/kg/day), for 8–50 months (mean,
27 months). Serial sonographic examinations of
the gallbladder were performed over a period of
1–30 months (mean, 4 months) after beginning
therapy with ursodiol, and the findings were re-
corded as outlined above.

RESULTS

Group I

All patients had normal findings on gallbladder
sonograms obtained before the initiation of

FIGURE 1. Observed fraction of patients receiving octreotide who developed sludge or calculi as a function of months of treatment.
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therapy. In 4 (22%) of 18 patients, the gallbladder
remained normal during therapy with octreotide
(8–88 months). Fourteen patients (78%) devel-
oped various abnormalities after the initiation of
therapy with octreotide: 13 (72%) developed
sludge (150–400 mg/day octreotide for 1–17
months), and 7 (39%) developed gallbladder cal-
culi (150–900 mg/day octreotide for 3–32 months)
(Table 1). None of the patients developed pericho-
lecystic fluid, dilatation of the common hepatic
duct, or sonographic Murphy’s sign. None of the
patients developed any symptoms that were clini-
cally consistent with gallbladder disease.

The observed fractions of patients developing
sludge and calculi are plotted in Figure 1. The
actuarial (Kaplan-Meier) probabilities of develop-
ing sludge and calculi are plotted in Figures 2 and
3, respectively. These data suggest a transition
from sludge to gallstones as the time of exposure
to octreotide increases. In general, the patients
receiving higher doses of octreotide ($ 300 mg/

day) developed gallbladder sludge sooner (mean,
3.6 months) than did the patients receiving lower
doses (< 300 mg/day) (mean, 14 months) (Table 1).

The gallbladders of 2 patients who developed
abnormalities while receiving octreotide returned
to normal (without intervention) during octreo-
tide therapy. Patient 5 developed sludge 2 months
after the initiation of octreotide (300 mg/day); the
gallbladder was normal 2 months later, while the
patient was still receiving octreotide. Patient 7
developed sludge 6 months after the initiation of
octreotide (300 mg/day); the gallbladder returned
to normal at 15 months, while the patient was
still receiving octreotide. The gallbladder again
developed sludge at 34 months, became normal at
41 months, and remained normal for an addi-
tional 9 months.

Group II
Ten patients who developed gallbladder abnor-
malities while receiving octreotide were given ur-

FIGURE 2. Probability of developing sludge during treatment with octreotide (Kaplan-Meier method).

FIGURE 3. Probability of developing calculi during treatment with octreotide (Kaplan-Meier method).
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sodiol at various times after the initiation of oc-
treotide. Follow-up sonograms showed that the
gallbladders of 7 patients (all 7 had sludge, and 4
also had calculi) returned to normal after 5–18
months of treatment with ursodiol (Figure 4). The
gallbladders of 3 patients remained abnormal 24–
28 months after therapy with ursodiol was initi-
ated (all 3 had sludge, and 2 also had calculi)
(Table 1).

DISCUSSION

In our series, we showed that the gallbladders of
some patients receiving octreotide remained nor-
mal for as long as 88 months of treatment but
that 78% developed abnormalities. None of our
patients had any history of liver or biliary tract
diseases, and their gallbladder sonograms were
normal before therapy. We also demonstrated an
increased probability of developing gallbladder
abnormalities with increasing duration of octreo-

tide therapy. Five of 7 patients with gallbladder
calculi had sludge before the appearance of cal-
culi; in 2 of 7, calculi and sludge appeared on the
same examination. These data suggest a transi-
tion from sludge to gallstones as the time of ex-
posure to octreotide increases (Figures 1–3).

Gallbladder abnormalities developed with
doses of octreotide as low as 150 mg/day and as
high as 900 mg/day. The 1 patient in our series
who received 150 mg/day octreotide developed
sludge and calculi 14 months after initiation of
therapy. On average, the patients receiving
higher doses of octreotide who developed gallblad-
der sludge did so earlier during therapy (mean,
3.6 months). Thus, the rate of development of
gallbladder abnormalities seems to be related to
the dose of octreotide.

Meal-stimulated cholecystokinin release and
gallbladder contraction following a fatty meal are
significantly lower than normal in patients with
acromegaly treated with somatostatin ana-

TABLE 1

Summary of Sonographic Findings in Patients Treated with Octreotide with or without Ursodiol

Patient
No. Age/Sex

Duration of Therapy
in Patients who

Remained Normal
during Octreotide

Average Dose and
Duration of Therapy

Ursodiol Dose
Follow-up after Initiation

of Ursodiol Therapy

Developed
Sludge during

Octreotide

Developed
Calculi during

Octreotide

1 39/F 88 months — — — —
2 38/M 8 months — — — —
3 33/F 11 months — — — —
4 25/F 17 months — — — —
5 58/F — 300 µg/day — — —

2 months
6 29/M — 300 µg/day — — —

1.5 months
7 35/F — 300 µg/day — — —

6 months
8 31/M — 300 µg/day 300 µg/day — —

17 months 17 months — —
9 38/F — 300 µg/day — 600 mg/day Remained abnormal with sludge

3 months after 28 months
10 31/F — 300 µg/day — 300 mg/day Normal after 24 months

1 month
11 32/M — 300 µg/day — 900 mg/day Normal after 5 months

1 month
12 42/F — 300 µg/day — 600 mg/day Normal after 11 months

4.5 months
13 52/M — 300 µg/day 300 µg/day 900 mg/day Normal after 13 months

5 months 16 months
14 37/M — 300 µg/day 300 µg/day 900 mg/day Normal after 18 months

2 months 18 months
15 42/F — 150 µg/day 150 µg/day 600 mg/day Normal after 13 months

14 months 14 months
16 34/F — 300 µg/day 300 µg/day 600 mg/day Normal after 10 months

3 months 8 months
17 31/F — 400 µg/day 400 µg/day 900 mg/day Remained abnormal with sludge

1 month 3 months and calculi after 24 months
18 48/M — 300 µg/day 900 µg/day 600 mg/day Remained abnormal with sludge

3 months 32 months and calculi after 27 months
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logues.12 Somatostatin analogue doses as low as 5
mg/day have an immediate inhibitory action on
the gallbladder in healthy adults. Therefore, gall-
bladder paresis does not seem avoidable by reduc-
ing the dose of somatostatin analogue while main-
taining the agent’s suppressive effect on GH
secretion.1,13 The sequence of development of gall-
bladder disorders following somatostatin ana-
logue therapy seems to be as follows: suppression
of gallbladder contractility, cholestasis, develop-
ment of sludge, and, finally, gallstone formation.1

Indeed, all of our patients who developed gall-
stones did so simultaneously with or after the de-
velopment of sludge.

In the majority of cases, sludge and gallstones
induced by somatostatin analogues are rich in
cholesterol and thus amenable to dissolution with
oral bile acid therapy.8 In our series, however, the
gallbladders of 3 of the 10 patients receiving long-
term treatment with ursodiol (24–28 months) re-
mained abnormal: all 3 had sediments and
sludge, and 2 had calculi. One patient (patient 18)
developed gallstones while receiving octreotide
and ursodiol. In theory, resistance to ursodiol

treatment as a result of concurrent somatostatin
analogue therapy is possible. However, ursodiol
dissolved the sludge and calculi in 7 of 10 patients
while they were receiving octreotide, suggesting
that octreotide does not affect ursodiol efficacy ad-
versely in all patients. The efficacy of ursodiol in
this setting may also be affected by the fact that
some of the calculi associated with somatostatin
analogue therapy contain varying degrees of cal-
cium, which is not dissolved by ursodiol.9

Somatostatin analogues are currently being
used in the treatment of acromegaly, metastatic
carcinoid, and vasoactive intestinal peptide–
secreting tumors. Prior studies have reported an
increased incidence of gallstones in patients
treated with somatostatin analogues; however, to
our knowledge, there has been no prior report of
somatostatin-induced gallstones in the imaging
literature. Radiologists should be aware of our
finding that a majority (78%) of patients treated
with somatostatin analogues developed gallblad-
der abnormalities. Gallbladder sludge may spon-
taneously resolve in a minority of patients while
they are receiving somatostatin analogues. In our

FIGURE 4. Sonograms of gallbladder in a 37-year-old acromegaly patient (patient 14). (A) Normal transverse sonogram of the gallbladder prior to
octreotide therapy. (B) Transverse sonogram through the gallbladder after 15 months of octreotide therapy. Note sludge in the gallbladder. (C)

Transverse sonogram through the gallbladder after 18 months of octreotide therapy. Note echogenic calculi layering posteriorly, producing
acoustic shadowing. (D) Sagittal sonogram of the gallbladder 52 months after initiation of octreotide and 18 months after initiation of ursodiol
therapy. Note normal gallbladder.
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limited study population, ursodiol appeared to re-
verse the formation of sludge and gallstones in a
majority of patients.
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