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Abstract
Background—Octreotide is used in many
centres to prevent complications after
pancreatic surgery. Delayed gastric emp-
tying is a another complication occurring
in around 30% of patients after pancrea-
toduodenectomy (PD) and causes pro-
longed hospital stay. The influence of
octreotide on this complication is doubt-
ful.
Aims—To assess the eVect of octreotide, at
the clinical dosage used after pancreatic
surgery, on gastric emptying in healthy
volunteers.
Subjects and methods—Eight healthy
male volunteers (mean age 22.5 years)
participated in this double blind, placebo
controlled study. On day 1 subjects re-
ceived 100 µg of octreotide or placebo sub-
cutaneously, three times daily and on day
2, one hour after the fourth injection, gas-
tric emptying, postprandial cholecystoki-
nin (CCK) release, and mouth to caecum
transit time (MCTT) were measured. This
protocol was repeated after one week, in a
crossover design. On the test day subjects
received a liquid test meal (1.57 MJ/300
ml) and gastric emptying measurements
were performed with applied potential
tomography, a non-invasive, validated
technique which measures gastric empty-
ing through impedance diVerences. From
the gastric emptying curves, lag time, t50,
and postlag emptying rate were measured.
MCTT was measured using the hydrogen
breath test.
Results—Lag time decreased from 29.6
(6.3) (mean (SEM)) to 12.2 (4.6) minutes
(p<0.05) during octreotide treatment; t50

decreased from 87.8 (12.0) to 47.5 (8.2)
minutes (p<0.02) and there was a trend
towards an increased postlag emptying
rate (0.8 to 1.6% per minute; p=0.07).
MCTT increased from 150 (12.7) to 229
(17.9) minutes during octreotide treat-
ment (p<0.01). Octreotide suppressed
postprandial CCK release (p<0.05).
Conclusions—MCTT was delayed by oc-
treotide, suggesting impairment of small
bowel transit. Octreotide administered at
the clinical dosage for pancreatic surgery
accelerates gastric emptying, mainly by
shortening the lag time. Suppression of

postprandial CCK release may be involved
in this process. Octreotide administration
is therefore not a contributing factor in
the pathogenesis of delayed postoperative
gastric emptying after PD and might even
play a role in preventing this complica-
tion.
(Gut 1997; 41: 758–762)
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The most serious postoperative complication
of pancreatic surgery is anastomotic leakage at
the pancreatic remnant. This complication is
reported in the literature in 9–19% of
patients1–7 and is associated with concomitant
morbidity, prolonged hospital stay, and a
mortality of 8–26%.5–7 A number of recent ran-
domised, placebo controlled multicentre trials
showed that octreotide could reduce postop-
erative complications when administered to
patients undergoing pancreatic surgery.8–11 Al-
though mortality was not aVected in these
studies, perioperative treatment with octre-
otide seems to be indicated in pancreatic
surgery.8–11

Octreotide (SMS 201–995, Sandostatin) is a
long lasting somatostatin analogue with an
elimination half life of approximately 1.5
hours.12 13 Octreotide inhibits secretion of
gastrointestinal hormones such as cholecysto-
kinin (CCK), gastrin, pancreatic polypeptide,
motilin, secretin, glucose dependent insulino-
tropic peptide (GIP), vasoactive intestinal
polypeptide (VIP), insulin, and glucagon, and
impairs gastric and pancreatic secretion and
gall bladder motility.12–15

The eVect of octreotide on gastric motility
and emptying rate in patients after pancreatic
surgery is unknown. Delayed gastric emptying
is a complication occurring in 8–36% of
patients after pancreatoduodenectomy.1–5 A
number of factors may play a role in the patho-
genesis of delayed gastric emptying: ischemia
or oedema of the pylorus,16 intra-abdominal
infectious complications,17 18 resection of the
duodenum which is the production site of most
gastrointestinal hormones,19 20 and interruption
of gastrointestinal neural connections by resec-
tion of the duodenum.20 21 Perioperative ad-
ministration of prokinetic agents might reduce
the duration of this complication.
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Octreotide is reported to accelerate gastric
emptying in healthy volunteers, especially the
first phase of gastric emptying; the eVects of
octreotide on gastric motility are known to be
dose dependent.22–24 Other actions on gastroin-
testinal motility are the inhibition of antral
motility, the induction of phase III like activity
of the migrating motor complexes in the inter-
digestive state, and prolongation of the mouth
to caecum transit time (MCTT).22 23 25 26 These
studies, which addressed the eVect of octre-
otide on gastric emptying, tested the eVect of a
single low dose (50 µg) subcutaneously, or oral
doses of octreotide.22 23 In an experimental
study of the eVect of octreotide on postopera-
tive ileus in dogs, Cullen et al found a delay in
gastric emptying for a dosage scheme of 0.83
µg/kg/h in continuous subcutaneous infusion.27

The eVect of the dosage used prophylactically
after pancreatic surgery (100 µg, three times
daily subcutaneously) on gastric emptying has
not been assessed.
In this study we evaluated the influence of

octreotide at a dosage used clinically after
pancreatic surgery, on gastric emptying,MCTT,
postprandial gastrointestinal hormone response,
and adverse eVects in healthy volunteers.

Subjects and Methods
Eight healthy male volunteers with a mean age
of 23 years (range 19–27 years) and mean body
weight of 78.4 kg (range 69–91 kg) gave their
written informed consent to the study, which
was approved by the Medical Ethics
Committee of the Academic Medical Centre.
Only male subjects were studied since the
menstrual cycle influences gastric emptying in
women.28–32 None of the volunteers had
undergone abdominal surgery and none used
drugs that might influence gastrointestinal
motility. The subjects were not allowed to
smoke during the test day or the preceding day.
Figure 1 shows the design of this placebo

controlled, double blind, randomised study. All
subjects were tested on two occasions, at which
they received either octreotide or placebo in a
crossover design. These test days were one
week apart, to allow a washout period for
octreotide. On day 1, subjects received either
the clinical dose of octreotide (Sandostatin,
Novartis Pharma BV, Arnhem, The Nether-
lands), 100 µg three times daily, or an equal
volume of placebo (sodium chloride) subcuta-
neously. Subjects and observers were blinded
for placebo and octreotide injections. The next

day, one hour after the fourth injection,
patients received a test meal (at t=0) and
measurements of gastric emptying and MCTT
were carried out (from t=–15 to t=300
minutes). Blood samples were simultaneously
collected for CCK measurements (t=–15 to
t=180 minutes).

TEST MEAL

To assess gastric emptying a standard liquid
test meal was used, which consisted of 300 ml
of tomato juice, containing 40 g carbohydrate,
13 g protein, and 18 g fat; the total caloric
weight was 375 kcal (1.57 MJ). Lactulose
(Lactulosum,Centrafarm BV, Etten-Leur, The
Netherlands; 25 ml, 16.8 g lactulose) was
added for the hydrogen breath test and 4.5 g of
broth powder was added to enable gastric
emptying measurements by means of applied
potential tomography; broth powder has a high
ion density, which is used to lower the
impedance.

GASTRIC EMPTYING MEASUREMENTS

The gastric emptying rate was measured by
applied potential tomography (APT). This is a
validated, non-invasive technique which meas-
ures gastric emptying through impedance
diVerences. This technique has been described
by others33 34 and previously utilised in our
department.35 In short, APT registers resistiv-
ity of the stomach and its contents through 16
electrodes that are placed around the upper
abdomen at the level of the eighth costal carti-
lage, which corresponds to the gastric fundus
or body.34 The electrodes are connected to a
data collection system which emits and records
electrical potentials. Sequential currents of
1 mA are sent through adjacent electrode pairs
at 50 Hz. During testing, impedance measure-
ments are made at one minute intervals for two
hours. These measurements are then com-
puted as relative values of the preprandial data
and a curve is constructed, corresponding to
the gastric contents.
In order to obtain impedance diVerences

between the gastric contents and surrounding
tissue, the test meal contained 4.5 g of broth
powder (“bouillon soup”), which shows up in
the tomographic image produced by the APT
equipment, because of its increased conductiv-
ity. This technique has been shown to correlate
well with scintigraphic measurements.33 34 To
avoid interference of gastric acid with the test
results, acid secretion was inhibited by 800 mg
of cimetidine (Tagamet) administered 90 min-
utes before gastric emptying measurements.
Cimetidine has no eVect on gastric emptying,
and in this way diVers from other histamine H2

receptor blockers, such as ranitidine.36 37

The gastric emptying curves were analysed
by three independent observers, unaware of the
type of injection. Each observer estimated lag
time, t50, and postlag emptying rate by drawing
a horizontal line through the lag phase and a
second line through the emptying curve, which
was linear in all volunteers. Lag phase was
defined as the time period from the end of the
meal until the crossing of the two lines, which
corresponded to a maximum of 5% emptying

Figure 1: Study protocol, with octreotide and placebo injections indicated by the small
black arrows. On the test day gastric emptying, CCK, and MCTT measurements were
performed.
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of the test meal from the gastric lumen. After
this time period postlag emptying commenced.
The final result was obtained by calculating the
mean value for the three observers. The
duration of the lag phase, the t50 (time interval
required for 50% emptying), and the rate of
postlag gastric emptying were compared.

MCTT

MCTT was measured by means of the hydro-
gen breath test. Lactulose (16.8 g) was added
to the test meal; end expiratory volumes of 30
ml were collected every 10 minutes for 300
minutes and hydrogen concentrations were
measured using a lactometer H2 breath tester
(Lactoscreen). MCTT was defined as the time
to an increase above 10 ppm compared with
baseline values during at least two consecutive
readings.

HORMONE ASSAYS

Blood samples were taken in the fasting state,
at –15 and 0 minutes, and, after consumption
of the test meal, every 15 minutes for 90 min-
utes and subsequently at 120 and 180 minutes.
Blood was collected in ice chilled tubes and
plasma was stored at –30°C until analysis.
CCK plasma concentrations were measured by
a sensitive and specific radioimmunoassay as
described previously.38 Indices of CCK release
were basal concentration (mean concentrations
at –15 and 0 minutes) and maximum increase
(pmol/l).

SYMPTOMS

Symptoms that occurred during placebo/
octreotide treatment were scored by means of a
questionnaire after both experimental treat-
ments. Scoring was performed on the morning
before the test meal was administered. Subjects
could indicate the occurrence of the following
symptoms: diarrhoea, defined as an increase in
frequency of defecation to at least five times per
day with watery stools; abdominal pain or ten-
derness, defined as pain or tenderness, at or
after one or more of the injections; meteroism,
defined as abdominal bloating or an incidence
of flatus of over four times per day; nausea,

defined as discomfort as reported by the
subject, at or after one or more of the
injections; or pain or tenderness at the injection
site indicated during or within 30 minutes after
subcutaneous injection.

STATISTICAL ANALYSIS

Lag time, t50, postlag emptying rate, andMCTT
measurements were recorded as mean, standard
error of the mean (SEM), and range. Wilcoxon
matched pairs test was used for statistical analy-
sis of lag time, t50, postlag emptying rate, and
MCTT. CCK concentrations were recorded as
mean (SEM). For comparison of CCK concen-
trations, analysis of variance for repeated meas-
ures was used. CCK increase compared with
basal concentrations was assessed using the
Mann-Whitney U test. A p value of less than
0.05 was regarded as significant.

Results
GASTRIC EMPTYING AND MCTT MEASUREMENTS

The lag phase was shorter in octreotide treated
subjects (12.2 (4.6) minutes (range 3.3–34.3)
versus 29.6 (6.3) minutes (range 12.3–47.2);
p<0.05). The t50 was accelerated by octreotide
(47.5 (8.2) minutes (range 14.2–84.4) versus
87.8 (12.0) minutes (range 34.7–136.5);
p<0.01). The postlag gastric emptying rate,
measured as percentage emptying per minute,
was higher for subjects given octreotide,
although this did not reach statistical signifi-
cance (1.6 (0.5) per cent per minute (range
0.4–4.7) versus 0.8 (0.12) per cent per minute
(range 0.4–1.3); p=0.07; fig 2). MCTT was
significantly delayed during octreotide treat-
ment (229 (17.9) (range 180–250) minutes
versus 150 (12.7) (range 100–210) minutes;
p<0.01).

CCK RELEASE

Basal CCK was 3.5 (0.2) pmol/l in the placebo
group and 3.2 (0.1) pmol/l in the octreotide
treated group. There was a maximum increase
of 0.9 (0.3) pmol/l in the placebo group
compared with basal concentrations (p<0.05)
and a maximum increase of 0.2 (0.1) pmol/l in
the octreotide treated group (not significant
compared with basal concentration). CCK
concentrations were lower in subjects who
received octreotide compared with those who
received placebo, throughout the postprandial
phase (p<0.05; fig 3).

Figure 2: Lag time, t50, and postlag emptying rate for
placebo and octreotide treatment. *p<0.05, †p<0.02.
Postlag emptying rate was not significantly diVerent
between placebo and octreotide treatment (p=0.07). White
columns, placebo; shaded columns, octreotide.
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SYMPTOMS

Table 1 presents symptoms experienced by the
subjects during octreotide and placebo admin-
istration. After placebo injection seven of the
subjects were symptom free, whereas seven of
the subjects experienced symptoms after octre-
otide injection.

Discussion
The influence of octreotide on gastric empty-
ing after pancreatic surgery is unknown. In this
study we found that octreotide, in a clinically
used dosage (100 µg three times daily),
accelerates gastric emptying in healthy volun-
teers. The increase in gastric emptying was
partly caused by a shorter lag phase. These
results are in accordance with previous studies,
which used either oral SMS products, or lower,
single subcutaneous dosage administrations.22 23

Our results suggest that a delay in gastric
emptying, as reported for a continuous sub-
cutaneous octreotide infusion rate of 0.83
µg/kg/h in dogs,27 which corresponds to a dose
of approximately 500 µg three times daily in
humans, is not induced by dosages adminis-
tered after pancreatic surgery (100 µg three
times daily).
Because gastric emptying rate after octre-

otide treatment was accelerated, small bowel
transit time was delayed much more than the
80 minute diVerence of total mouth to caecum
transit time. To obtain an indication of small
bowel transit time, gastric emptying time
should be deducted from the total mouth to
caecum transit time. These results concur with
previous studies in which delayed small intesti-
nal passage was found after octreotide
administration.22 23 39 40

Intraluminal fats cause decreased antral
motility and increased phasic and tonic pyloric
contractions in healthy volunteers.41 42 This
delay in gastric emptying is partly mediated
through CCK release. Intestinal fat causes
CCK release43 and CCK inhibits gastric
emptying of liquid and solid meals in a dose
dependent manner.44–46 In healthy volunteers,
intravenously administered CCK resulted in
suppression of antral and duodenal contrac-
tions and increased tonic and phasic pyloric
contractions.47 Octreotide inhibits postprandial
and basal gastrointestinal hormone release,15 48

and in the present study, octreotide suppressed
postprandial CCK release. By diminishing the
postprandial CCK release, an element of the
neurohumoral feedback mechanism of the
antropyloroduodenal region is suppressed by
octreotide. Therefore, diminished postprandial
CCK release could be an important factor in
the increased gastric emptying rate seen during

octreotide treatment. The long lag phase for
this liquid test meal is explained by its high fat
and caloric content. During initial emptying of
only a small part of the test meal (less than 5%;
lag phase) the fat containing nutrients trigger
enterogastric feedback mechanisms—for ex-
ample, the CCK response. Thus, the CCK
response is evoked by the initial emptying of a
meal from the stomach. A test meal containing
enough fat (as in the test meal used in our
study) evokes a significant CCK response,
which prolongs the lag phase and delays the
first gastric emptying phase. This also explains
the fact that the CCK response occurs before
the end of the lag phase.
The high incidence of diarrhoea in subjects

treated with octreotide seems to be in contrast
with the delay in intestinal transit found in
these same subjects. Others have described
diarrhoea as a result of octreotide
administration.40 In that study, subjects also
received octreotide at a dosage of 100 µg three
times daily and experienced watery diarrhoea,
which declined after three days of octreotide
administration. The decrease in pancreatic
exocrine function by octreotide diVered for the
various enzymes: for chymotrypsin and trypsin
the inhibitory actions of octreotide had ceased
after seven days of octreotide administration,
whereas for amylase, inhibition persisted.40

Apart from this diminished pancreatic exocrine
function, octreotide inhibits glucose and amino
acid absorption in the intestine.12 49 This
diminished intestinal nutrient absorption is the
major cause of steatorrhoea in patients treated
with octreotide.50

Apart from the impairment of small bowel
transit and the inhibition of absorption of glu-
cose, intraluminal amino acids, and fats, octre-
otide decreases fluid secretion in the jejunum
and stimulates water and electrolyte absorption
in the distal small bowel.12 49 These combined
actions do not seem to overrule the osmotic
diarrhoea, as induced during octreotide treat-
ment. This condition will not favour the proc-
ess of nutrient absorption in the postoperative
period after pancreatoduodenectomy. The de-
layed intestinal transit, as found in this study,
does not seem to be an additional problem
under these circumstances; in contrast, delay of
passage time increases time for chyme-mucosa
contact and might therefore improve gastroin-
testinal absorption.
In conclusion, octreotide at the dosage used

prophylactically after pancreatic surgery, accel-
erates gastric emptying of a liquid meal. This is
probably partly due to a suppression of
postprandial CCK release. In the direct
postoperative phase octreotide is therefore
probably not a cause of delayed gastric empty-
ing after pancreatoduodenectomy and might
even play a role in preventing this complica-
tion. As this study was performed in healthy
volunteers, further studies in patients after
pancreatic surgery are indicated to assess the
influence of octreotide on gastric emptying in
this specific group of patients.

This study was partly supported by a grant from Novartis
Pharma BV, Arnhem, The Netherlands. Some of the results of

TABLE 1 Symptoms during octreotide and placebo
administration

Symptom
Placebo
(n=8)

Octreotide
(n=8)

Diarrhoea 0 7
Abdominal pain 0 4
Meteroism 0 3
Nausea 1 3
Pain/tenderness at injection site 0 1
None 7 1
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