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Background-Short bowel patients with a
jejunostomy have large volume stomal
outputs, which may in part be due to rapid
gastric emptying of liquid. Short bowel
patients with a preserved colon do not
have such a high stool output and gastric
emptying of liquid is normal.
Aims-To determine if differences in the
gastric emptying rate between short bowel
patients with and without a colon can be
related to gastrointestinal hormone
changes after a meal.
Subjects-Seven short bowel patients with
no remaining colon (jejunal length 30160 cm) and six with jejunum in continuity
with a colon (jejunal length 25-75 cm), and
12 normal subjects.
Methods-The subjects all consumed a
640 kcal meal; blood samples were taken
for 180 minutes for measurement of
gastrointestinal hormones.
Results-Patients with a colon had high
fasting peptide YY values (median 71
pmoIIl with a colon; 11 pmoIIl normal
subjects, p<0005) with a normal postprandial rise, but those without a colon
had a low fasting (median 7 pmol/l,
p=0076) and a reduced postprandial peptide YY response (p<0.050). Motilin values
were high in some patients without a
colon. In both patient groups fasting and
postprandial gastrin and cholecystokinin
values were high while neurotensin values
were low. There were no differences
between patient groups and normal
subjects in enteroglucagon, pancreatic
polypeptide, or somatostatin values.
Conclusions-Low peptide YY values in
short bowel patients without a colon may
cause rapid gastric emptying of liquid.
High values of peptide YY in short bowel
patients with a retained colon may slow
gastric emptying of liquid and contribute
to the 'colonic brake'.

additional major problems in maintaining
fluid balance as they lose large volumes of
water, sodium, and magnesium from their
stoma.' 2 Some of the jejunostomy output is
due to a loss of the normal daily secretions,
produced in response to food2; some may
be due to rapid gastric emptying of liquid,3
and some due to increased gastrointestinal
secretions, such as gastric acid.4
In short bowel patients with and without a
colon, the head of the liquid phase of a meal
travels more rapidly from the stomach to the
stoma or colon than in normal subjects.3
Following this initial rapid transit, gastric
emptying of liquid in those with a colon
becomes normal, while in those without a colon
it remains fast.3 This finding suggests that the
arrival of liquid in the colon, by a neural or
humoral mechanism, is activating a 'colonic
brake' that slows subsequent gastric emptying.
To determine if there may be a hormonal
contribution to differences in gastric emptying
rate and gastrointestinal secretions between
short bowel patients with and without a colon,
we have measured plasma gastrointestinal hormone values after a meal in such patients and
in normal subjects.

Methods
NORMAL SUBJECTS

Twelve normal healthy volunteers (eight
women and four men) with a mean age of 33
years (range 19-53) and taking no medications
were studied. None had gastrointestinal symptoms or previous abdominal surgery.

PATIENTS (TABLE I)
All patients had had a previous resection of
their ileum and part of their jejunum. The
patients were clinically stable and well when
studied at a median time of 48 months (range
3-181 months) after their last intestinal resection. All were maintaining a stable nutritional,
(Gut 1996; 39: 267-272)
fluid, and electrolyte status and all were taking
Keywords: short bowel syndrome, peptide hormones,
an unrestricted oral diet. All the patients,
peptide YY, satiety.
except patient J, were well nourished and had
a body mass index within the normal range.
All patients with previous inflammatory bowel
Patients with a short remaining length of small disease had no evidence of current active
intestine divide into two common clinical disease as assessed clinically, biochemically or
groups: those with a jejunostomy and those radiologically. No patient had had gastric
with jejunum in continuity with a colon.1 surgery. Bowel length was measured at operaBoth patient groups have problems with nutri- tion in nine and radiologically in four
ent absorption; jejunostomy patients have patients.5
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TABLE I Patient details
Time since
last small bowel
resection (months)

Nutritional
orfluid
supplements

Short bowel with no colon
A
32F
30
B*
32M
50x
C
60
36F
D
62F
90
E
61M
120
F
70M
130x
160
G
55M

Crohn's disease
Ulcerative colitis
Desmoid disease
Irradiation
Crohn's disease
Crohn's disease
Crohn's disease

40
68
48
3
181
127
146

HPN
HPN
HPN
Oral
Oral
Oral
Oral

Short bowel with a colon
H
19M
25
25
25M
It
J
41F
70x
Kt
60M
75x
L4
58F
75
51M
75
Ms

Volvulus
Volvulus
Adhesions
Ischaemia
Volvulus
Volvulus

28
36
72
147
32
23

HPN
HPN
Oral
None
Oral
None

Jejunal
length (cm)

*Jejunorectal anastomosis.
tJenunotransverse anastomosis.
fIleocaecal valve present.
§Radiological measurement of bowel length.'7
HPN=Home parenteral nutrition.

Short bowel with no colon
Six patients with an end jejunostomy and one
patient with a jejunorectal anastomosis were
included in this group. Four of them had less
than 100 cm of jejunum remaining, of whom
three required longterm home parenteral
nutrition. The other four patients required oral
electrolyte or nutritional supplements to maintain fluid balance and nutritional status.
Short bowel with a colon
Six patients with most of their colon in situ
were studied. Two had their jejunum anastomosed to a short length of terminal ileum (15
cm of ileum in patient L, and 5 cm in patient
M), and had a retained ileocaecal valve and
whole colon, two had jejunum anastomosed to
the caecum, and two jejunum anastomosed to
the proximal transverse colon. Two patients,
both with jejunal lengths of 25 cm, were receiving longterm home intravenous nutrition. Two
others took oral nutritional supplements and
two others required no fluid or nutritional
supplements.

HORMONE ANALYSIS

Ten ml blood samples for hormone assays were
taken into heparinised tubes containing 4000
kallikrein inactivator units of aprotinin (0.2 ml
Trasylol). Plasma was separated within 15
minutes of sampling and frozen at -20°C until
time of assay. The plasma values of
neurotensin, motilin, enteroglucagon, pancreatic polypeptide, gastrin, peptide YY, cholecystokinin, and somatostatin were all measured by
radioimmunoassays.6-8The median fasting and
peak values, and the integrated response (IR)
were determined for each hormone.
STATISTICAL ANALYSIS

The Mann-Whitney U test was used to
compare each group of patients with normal
subjects at all sample times.
Results
TOLERANCE OF PROCEDURE

All normal subjects ate the meal within 10
minutes with no difficulty. Most of the short
bowel patients had problems consuming the
meal; patient A with no colon could not eat all
of the pancake even after 20 minutes and left
80 g. Three patients with a colon had considerable difficulty in finishing the meal: one
(J) left 63 g after 25 minutes, two others (H
and I) took 12 and 20 minutes to finish the
meal. No subject had any problem drinking the
orange

juice.

STUDY DESIGN

Antisecretory drugs omeprazole (patient B),
octreotide (patient A), and ranitidine (patients PLASMA HORMONE VALUES (TABLE II)
C and D) were stopped five, three, and one
day respectively prior to the study. The anti- Neurotensin
diarrhoeal drugs codeine or loperamide, or both, There was a tendency for fasting and post(all patients except A, B, H, and I) were stopped prandial values of neurotensin to be lower in
the evening before the study; these drugs were both patient groups than controls (Fig 1). In
not stopped earlier because of potential drug those without a colon, fasting (Fig 2) and
withdrawal symptoms. Women were studied peak neurotensin values correlated with the
remaining length of jejunum (fasting: r=0-86,
during the first half of the menstrual cycle.
A standardised test meal of a pancake and p<0 05, peak: r=0.89, p<0 05).
orange juice was chosen; total weight 415 g,
energy 640 kcal, carbohydrate 80 g, fat 27 g,
protein 18 g, potassium 20 mmol, sodium 6 Motilin
mmol, fibre 1 g. After fasting from midnight Motilin values in patients without a colon were
the meal was eaten in the morning (about 10 significantly higher than in normal subjects at
am) over 10 minutes then the orange juice 0, 90, 120, and 180 minutes (p<0.05) (Fig 3).
(195 ml) was drunk. Time 0 is taken as the However those, with the most rapid gastric
time of starting to eat the meal. Blood samples emptying of liquid and the shortest remaining
were taken at 0, 15, 30, 45, 60, 90, 120, and
lengths of jejunum, had motilin values within
180 minutes for hormone assays. Nothing else the normal range.
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Original
cause of
short bowel

Age
Sex

was eaten or drunk for the following six hours.
The patients on home parenteral nutrition had
stopped their infusion at least two and a half
hours before the study.
Liquid and solid gastric emptying and small
bowel transit were determined during this study;
the results have been published previously.3
This study was approved by the ethical
committee of the City and Hackney District
Health Authority and all subjects gave
informed consent.
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Neurotensin (pmol/l)
Fasting

No colon
(n=7)

Colon
(n=6)

46
(15-72)
74

36

34
(19-49)
44
(32-84)
944
(- 1215-3963)

(29-153)

(19-70)
46*
(24-70)

Motilin (pmol/l)
Fasting

24

86*

(5-56)
Peak

51

IR

(6-91)
396

(16-244)
118
(19-398)

Peak
IR

1327
(- 1479-11069)

Enteroglucagon (pmol/l)
Fasting

-127
(-3723-1914)

3174

(-2475-4859)

(-2858-18871)

40

30
(6-84)
73

(16-84)
Peak

93
(29-477)
1794

IR

Peptide YY (pmol/l)
Fasting
Peak

3526
(-9424-20422)

11

7

(6-59)

(6-12)

71t

194

(-45-1309)

9*
(5-34)
63
(6-142)
2284*
(60-11318)

34

4.5t
(3.9-9.4)
10.8*

4.0*
(3-7-11-5)
9-8
(4-4-14-6)

(2.2-4.2)
6-1
(4-3-10.3)

Peak

(3-9-13-6)

(-65-740)
Pancreatic polypeptide (pmol/l) (no colon n= 6)
34
Fasting
(12-60)
167
Peak
(35-579)
17052
IR

14*
(5-38)

(8-197)
1354
(- 1665-14108)

(-60-868)

560
(32-909)

32

46

464

339

IR

Cholecystokinin
In both patient groups cholecystokinin values
(Fig 5) were significantly (p<0 05) higher than
in normal subjects at 0 and 180 minutes and
additionally in those without a colon at 90
minutes.

6
(4-11)
27

(102-2123)
Cholecystokinin (pmol/1) (no colon n=6)
3-3
Fasting

Pancreatic polypeptide
Fasting and postprandial pancreatic polypeptide values were not significantly different, in
either group, from normal subjects.

(32-88)

(17-87)

263
(49-599)
26448

247

(59-695)
24367

(1862-66484)

(-229-91010)

Somatostatin (pmolA1)
Fasting

(1182-73690)

30

41

43

Peak

52

(18-73)

(22-70)
59
(419-9)

(18-52)

61

(41-75)
2189
(-87-4657)

IR

(31-114)
787
(-3047-11781)

1ll q*
panII 25-5 +t1T

° 40t40
0

20

o
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Figure 1: Graph for normal subjects 0, patients with 0 and without A a colon for
~ -- -neurotensin. Median and interquartile
ranges
--- -- - ~ shown.
.2
--

---

preserved
values of peptide YY were higher than normal
subjects, while in those without a colon they
were lower. Peptide YY, which is produced in
the ileum and colon,7-10 is released when
unabsorbed nutrients, especially fat,7 11 or bile
salts12 reach the terminal ileum and colon.

High plasma concentrations of peptide YY

have been reported in tropical sprue, chronic
syndrome,14 and after
,,an ileal resectiondumping
leaving the colon in situ.15 16
Low values occur in patients who have had a

rtcreatitis,13

~~~~~~~~~~~~~~~colectomy.15
Peptide YY slows gastric emptying.17 18 The

O 20

-

The plasma values of peptide YY show the
most striking difference between short bowel

patients andcolon
normal subjects. In those with a
fasting and postprandial

p<0.001 compared with normal subjects.

80 _

- 60

Somatostatin
Fasting and postprandial somatostatin values
were not significantly different, in either group,
from normal subjects.
Discussion

1762

(-2878-2384)

IR units pmol/1/80 min.

*P<0u05, tp<0mo058

Gastrin
Fasting gastrin values were significantly higher
in both groups of patients than in normal
subjects (p<0 05). In those without a colon
gastrin values at 30, 60, and 180 minutes and
the integrated response were also significantly
higher than in normal subjects (p<005).

(58-224)
3932
(816-10461)

(-3656-4728)

1069

Patients without a colon had low fasting
peptide YY values (median 7 pmol/l, p=0 076)
and a reduced integrated response (p<005)
and at all time points peptide YY was less than
in normal subjects (p<0 05 except 60 minutes
when p=0.06).

(17-179)

l0ot

(11-23)
261*

(8-78)
IR

(24-250)

3503
(-4224-4808)

1448

Peak

(5-162)
134

(-2822-45602)

(23-76)

Gastrin (pmol/l)
Fasting

19
(6-68)
25
(17-115)
226
(-1689-6944)
40

(30-88)

33

IR

(Fig 4).

Normal
(n=12)

----

180

failure of peptide YY to rise after a meal in
short bowel patients without a colon, may
explain why the gastric emptying rate for liquid
does not slow. This rapid gastric emptying rate
may be a factor in causing a large jejunostomy
output. As liquid enters the colon, a rise in the
already high fasting peptide YY value occurs,
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Enteroglucagon
Peptide YY
Fasting and postprandial enteroglucagon Patients with a colon had high fasting peptide
values were not significantly different, in either YY values (median 71 pmol/l) compared with
normal subjects (median 11 pmoVl, p<0 005),
group, from normal subjects.
and peptide YY values were raised at all time
points (p<0 005 except 15 minutes when
TABLE II Gastrointestinal hormone results (median and range)
p<005). The integrated response was normal
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gastric acid to be secreted20 and less water and
electrolyte to be absorbed by the small
bowel.2'
The initial fast transit of the head of the
liquid meal, in both patient groups,3 may
reflect loss of neurotensin producing cells in
the ileum.22 The fasting values of neurotensin,
which slows gastric emptying,23 were low in
both patient groups. In those without a colon
fasting neurotensin values correlated with
residual jejunal length. This finding may
explain why those with the shortest length of
remaining jejunum and the lowest neurotensin
values have the most rapid rates of liquid
gastric emptying.3
The values of motilin, which is produced by
the upper small intestine24 25 and increases the

rate of

gastric emptying,2628 were high

in

patients without a colon. However, low or
normal motilin values were seen in those without a colon, who had the shortest remaining
lengths of jejunum and the most rapid rates of
liquid gastric emptying. Thus high motilin
values are not responsible for rapid early
gastric emptying of liquid.
Hormonal changes may affect gastrointestinal secretions and hence the volume of output
from a jejunostomy. Both fasting and postprandial gastrin values were high in both
patient groups. While previous drug therapy

(for example, with a proton pump inhibitor or
H2 antagonist) could contribute to the high
gastrin values in those without a colon, this is
unlikely. One patient without a colon had
stopped taking 20 mg omeprazole daily, five
days before the study. This time period should
have allowed serum gastrin concentrations to
return to pre-treatment values.29 The two
patients who had been taking ranitidine, which
only increases plasma gastrin values by a small
amount,30 stopped taking it at least 24 hours
before the study, when the effect of ranitidine
on gastric acid secretion should have ceased.3'
Removal of the colon alone does not affect
gastrin concentrations.32 High gastrin values
... , _reflect the loss of small bowel, which
probably
is a major site of gastrin catabolism.33 34 High
gastrin concentrations have been reported in
patients with a short bowel and a colon35 36
and now also in short bowel patients without a
colon. Although the gastrin values are high it is
not clear if gastric acid hypersecretion is occurring. Hypersecretion may occur shortly after a
small intestinal resection, if the colon has been
preserved,37 but it is unknown if gastric acid
hypersecretion occurs in the long term; if it
does, high gastrin values could be responsible.
Somatostatin slows gastric emptying and
small bowel transit and reduces salivary,
gastric, and pancreaticobiliary secretions.38 Its
analogue octreotide has been used to reduce
the stomal output from a jejunostomy.39
Somatostatin concentrations, at all times, were
normal in both groups of patients, so there is
not a somatostatin deficiency contributing to
the high jejunostomy output.
Gall stones are common in patients with a
short bowel with and without a colon.' In this
study no hormonal changes likely to predispose to gall stones were observed; for example
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and a,s we have shown previously it is at this
time 1 that the gastric emptying rate of liquid
returnIS to normal.3 Thus we suggest that peptide YY is responsible for this slowing of subsequent gastric emptying. Serum concentrations
of peptide YY, similar to those we have
measuLred in patients with a colon, slowed
gastrimc emptying in normal subjects.'8 It has
been suggested that peptide YY is the major
horm(Dne responsible for the 'ileal brake'"9 and
now vYe suggest that it is also responsible for
the 'c olonic brake'. In addition to quickening
the ra te of gastric emptying, low peptide YY
values in patients without a colon, may
increa se jejunostomy output by causing more
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Figure 5: Graph for normal subjects 0, patients with * and without A a colon for
cholecystokinin. Median and interquartile ranges shown. *p<O0OS.

high pancreatic polypeptide, neurotensin or
somatostatin values, or low cholecystokinin
values.
Cholecystokinin may be important in causing satiety40-42 and the high concentrations
observed in both groups of patient may have
contributed to four of the 13 short bowel
patients (three with a colon) experiencing difficulty in finishing the meal. This did not occur
in any of the 12 normal subjects.
Pronounced ileal adaptation after a jejunal
resection occurs in animals. In patients with a
retained colon the evidence for structural4344
and functional45 jejunal adaptation is scarce.
Adaptation in patients with a jejunostomy may
not occur.46 Enteroglucagon is trophic to the
small bowel.47-50 In this study, neither fasting
nor postprandial concentrations of enteroglucagon were raised in either group of patients.
If jejunal hyperplasia occurs in patients with a
retained colon it is unlikely to be due to
enteroglucagon. It is interesting that, although
produced by the same cells, peptide YY and
enteroglucagon values do not mirror each
other.9 10 The low neurotensin concentrations
observed could reduce jejunal adaptation.5'
In summary, in short bowel patients with
and without a colon, high serum gastrin concentrations may cause gastric acid hypersecretion and high cholecystokinin values may
account for satiety. Low neurotensin values, in
both patient groups, may predispose to a rapid
gastrointestinal transit of liquid. Low peptide
YY values in short bowel patients without a
colon may be partly responsible for the high
volume of jejunostomy output. High peptide
YY values in those with a retained colon may
slow gastric emptying and so contribute to the
'colonic brake'.
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