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Fasting and postprandial ileal function in adapted
ileostomates and normal subjects
S D LADAS, P E T ISAACS, G M MURPHY, AND G E SLADEN

From the Gastroenterology Unit, Guy's Hospital, London

SUMMARY The output of 11 established ileostomies was compared with ileal flow measured by
intestinal perfusion in five normal volunteers when fasting and during the ileal passage of test
meals containing different proportions of medium chain triglyceride and long chain triglyceride.
Oroileal transit of the meal was the same in the two groups, but ileostomy output was less than
ileal flow of normal persons both fasting (16-3±10-9 vs 62-4±24-7 ml/h, p<0001) and after the
longchain triglyceride rich meal (35.4±27.0 vs 96-1±20-2 ml/h, p<0001). After ingestion of the
medium chain triglyceride rich meal, ileal flow failed to increase in normal subjects but in
ileostomates the changes in flow after medium chain triglyceride and long chain triglyceride rich
meals were not significantly different. The fasting ileostomy effluent composition differed from
that of normal fasting ileal content in having a higher concentration of potassium (8-0±2-9 vs

4-7±0-6 mmolIl, p<004) and a higher osmolality (353±63 vs 287±5 mosm/kg, p<0 05). Sodium
concentration tended to be lower in ileostomy effluent, but in contrast to previous reports,
ileostomy effluent was of consistently alkaline pH (7.2±0.3). These concentrations were not
significantly altered by either type of meal. The long chain triglyceride rich meal increased the
ileal flow of bile acids in both normal subjects and ileostomates, whereas the medium chain
triglyceride rich meal increased bile acid flow in ileostomates but not in normal subjects, possibly
reflecting a different amount of the bile acids in the ileum of the ileostomate. In the adapted
ileostomate, the low volume and high potassium concentration of fasting effluent suggest that
sodium and water absorption are continuously stimulated by chronic salt depletion.

After the creation of an ileostomy, a process of
adaptation occurs, whereby the loss of water in the
ileostomy effluent becomes less than the 1-52.0 l/d1
entering the colon in the intact subject. Volumes
of the ileostomy effluent are variable in the imme-
diate post-operative period2 3 but in the ileostomy,
established for at least 10 days, the volume is
0406ld2 3
The physiological mechanisms underlying ileo-

stomy adaptation are not known. Possibly increased
absorption of salt and water is a response to a state
of chronic salt depletion which is common in
ileostomates.±6 Such a response would be hormon-
ally mediated and although plasma aldosterone
concentrations are reputedly normal6 7 other salt
retaining steroids such as 18-hydroxycorticosterone8
could be playing a role. In addition, an increase in
the transit time of the small intestinal contents could
Address for correspondence: Dr G E Sladen, Department of Gastroenterology,
Guy's Hospital, St. Thomas' Street, London, SE1 9RT.
Received for publication 21 November 1985.

reduce ileal flow by increasing the mucosal contact
time and absorption of water and salt.

Current ideas of ileostomy function are based
mainly on pooled 24 hour collections of the ileo-
stomy effluent which may obscure differences in
postprandial ileal flow caused by changes in intest-
inal motility, and absorption, although the more
continuously acting response to chronic salt deple-
tion9 1( would still be evident. Furthermore, there
are problems of analysis of pooled ileostomy
effluent which may continue to ferment in the bag or
container, generating short chain fatty acids or other
bacterial metabolites giving potentially inaccurate
estimates of such parameters as pH and osmolality.
We have, therefore, made a direct comparison of
freshly sampled ileostomy output and flow in the
intact ileum under fasting conditions and in response
to the stimulus of two liquid meals, which we have
shown to produce marked differences in ileal flow,
gall bladder contraction and bile acid input into the
colon. 11
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Methods

SUBJECTS
Five healthy normal subjects (age range 22-54
years, four men and one woman) and 11 ileosto-
mates (age range 18-65 years, five men and six
women), who had a colectomy for ulcerative colitis
2-12 years previously were studied. All were taking
a normal diet and were not on any medication. The
ileostomates had not had any ileum resected or any
other abdominal surgery.

All subjects gave their consent after an oral and
written explanation of the study which was approved
by the Ethical Committee of Guy's Hospital and the
Ileostomy Association of Great Britain.

Subjects were admitted to hospital for the two to
three days of the study. On each day the subjects
had fasted from midnight. On the first day the
normal subjects and two of the ileostomates
swallowed a weighted radio-opaque multilumen
tube which was then allowed to pass down the
intestine whilst they took normal meals. The pro-
gress of the tube was checked at intervals by
fluoroscopy until the mercury bag was seen in the
caecum. The aspiration point was located 15 cm
cephalad to the bag and thereby positioned in the
terminal ileum at the beginning of the perfusion on
the second day. Fluoroscopy was repeated after the
first perfusion and before and after the second
perfusion to ensure that the bag had not moved. In
the two ileostomates the aspiration port was situated
at 240 and 275 cm from the incisors. Through the
second lumen which opened at 25 cm proximal to
the ileal aspiration site, a plasma like solution
(Na 135, K 5, Cl 105, HCO3 35 mmol/l, osmolality
280 mosm/kg) containing "_C-polyethylene glycol
(PEG) 10 ,uCi/l and PEG (4000d) 2 g/l was perfused
at 0-3 m/min with a peristaltic pump (model 1203A,
Harvard Instruments, South Natick, Ma, USA).
The distal ileal lumen was continuously aspirated by

a syringe pump (Perfusor Mk IV, Braun AG, Mel-
sungen) set at 0*3 ml/min, discarding the samples
from the first hour of the perfusion and thereafter
collecting the aspirates in half hour aliquots. The
position of the tube was confirmed fluoroscopically
at the end of the study.
The ileostomates were not intubated but 30

minute collections of the ileostomy effluent were
made over the five hour study period during which
all subjects lay semisupine.
The perfusion of normal subjects was allowed to

equilibrate for 60 minutes. All subjects then under-
went a 60 minute collection period before ingesting
one of two liquid semi-elemental meals randomly
selected. The meals were a standard Lundh-type test
meal prepared by the dietitians and a commercially

available medium chain triglyceride rich meal (Trio-
osorbon, BDH Ltd, Poole, UK). Both meals had a
volume of 300 ml and contained 150 mg phenol red
as a non-absorbable marker and had an energy value
of 1-7 MJ (400 kcal), derived from fat (36%)
carbohydrate (48%) and protein (16%) but the fat
was 80% medium-chain triglyceride (medium chain
triglyceride) and 20% long chain triglyceride (long
chain triglyceride) in one meal and 30:70 medium
chain triglyceride:long chain triglyceride in the
other. Thirty minute collections of ileostomy
effluent or ileal aspirate were obtained for five hours
after ingestion of the meal.
When the experiment was completed the subject

ate and drank normally until midnight and on the
next morning the study was repeated in an identical
way except that the other meal of the pair was given.
None of the subjects experienced any nausea or
abdominal pain after either meal.
The oroileal transit time of the head of the meal

was taken as the interval between the ingestion of
the meal and the appearance in the ileal aspirate or
ileostomy effluent of phenol red discolouration,
which was readily visible in this alkaline environ-
ment. This parameter was used because the curves
of phenol red concentration showed a very long
disappearance phase, which was not amenable to
mean transit time analysis. Phenol red appearance is
thus only a measurement of the oroileal transit of
the initial bolus of the liquid meal.
On completion of each 30 minute collection

immediate measurements of pH and of osmolality
(freezing point depression, Osmette, Precision
Instruments Inc, Boston, USA) were made on the
fresh uncentrifuged specimen to avoid changes due
to bacterial fermentation. Very viscous ileostomy
effluent samples were mixed with an equal volume
of water. Duplicate 100 R1 aliquots of the ileal
aspirates were retained for scintillation counting and
all samples were then stored at -20°C for sub-
sequent measurement of the concentrations of Na
and K by flame photometry, of phenol red'2 and of
total 3 alpha-hydroxy bile acids."l The ileal aspirates
were counted in 10 ml NE 260 scintillation cocktail
(Nuclear Enterprises, Sighthill, Edinburgh) on a
liquid scintillation counter (Rack-Beta 1214, LKB-
Wallac, Finland). A colour quench correction curve
was made using a series of ileal samples to which
were added a fixed amount of "4C-PEG and increas-
ing amounts of phenol red within the range observed
in the samples. This method gave a coefficient of
variation of 2% for repeated observations on the
same sample and 4% for multiple samples from the
same specimen. The ileal flow rate (Fl) was cal-
culated as follows: Fi=Fi,(PEGin) (PEGOut) ',
where Fin is the infusion rate (0-3 ml/min), PEGi,
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and PEGOUt are the activities (in distintegrations per
minute) for 14C in the infusate and ileal aspirate.
This formula assumes that there is complete mixing
of the infusate with the ileal contents and that the
small volume of the infusate is completely absorbed
by the terminal ileum. The assumptions underlying
these calculations are discussed by Levitt and
Bond. 14

STATISTICAL ANALYSIS AND CALCULATIONS

To compare the effect of each meal on the ileal flow,
variability in the intestinal transit has been elimin-
ated and the results were grouped so that the first
half hour sample which contained the meal marker
(phenol red) was regarded as the first postprandial
sample (PI). The ileal flow rate as well as the ileal
output of Na, K and bile acids were calculated over
a two hour period and the results expressed per
hour. The results in the text and figures are

expressed as mean ± 1 SD. Analysis of variance was
used to compare the serial changes in the two groups
studied (normals and ileostomates)t5 and a paired t
test to compare the fasting and postprandial results
within each group. Results which were not normally
distributed were examined by Wilcoxon's signed
rank test.

Results

The head of the medium chain triglyceride and the
long chain triglyceride rich meals appeared at the
ileostomy at an interval after ingestion similar to
that observed at the ileum of normal subjects. (See
Table 1). Both fasting and postprandial flow rates
from ileostomies were less than the ileal flow rates
observed in normal subjects (F3.28=11-7, p<0-001

and F3.28=9*51, p<0.001 respectively, Table 1).
There was a significant increase in ileal flow
(p<001, Fig. la) in normal subjects and in ileos-
tomy flow after the long chain triglyceride rich meal
(p<003, Fig. lb). The effects of long chain tri-
glyceride and medium chain triglyceride rich meals
on the average increase in ileal flow were different
in the normal subjects, the long chain triglyceride
rich meal inducing a significantly greater increase in
ileal flow than that induced by the medium chain
triglyceride rich meal (40.9±19 vs 1-8±8-7 ml/l
respectively, t=3-08, v=4, p<0-02) but the effect of
the two meals on ileostomy output was the same

(19-1±26-4 vs 14-2±28-1 ml/h respectively. t=1-28,
v= 10, p=0 1). Perfusion studies were carried out on
only two ileostomates. They both took a long chain
triglyceride rich meal and refused a second study.
The volume of effluent and ileal flow estimated by
ileal perfusion (Table 2) show a close correlation
(r=0.81, p<0-001).
The concentrations of sodium in ileostomy

effluent were more variable than those of ileal
aspirates but the means were not significantly
different. Potassium concentration (Fig. 2), how-
ever, was significantly higher in ileostomy both
fasting and postprandially than in the corresponding
ileal aspirate.
Because of the differences in volume flow the

total ileal output of sodium (Table 1) was greater in
the normal subjects than in ileostomates both in the
fasting state (p<0O001) and postprandially
(p<0-001). The higher potassium concentration and
lower flow in ileostomates, however, resulted in no

significant difference between the postprandial
potassium outputs of the two groups (p=0O1).

Table 1 Transit ofmeals to ileum and ilealflow rates of water electrolytes and bile acids in ileostomates compared with
normal subjects

11eal Flow Na outflow K outflow Ba outflow
Transit (mllh) (mmolh) (mmollh) (mmollh)
the meal
(mins) Fast Postprandial Fast Postprandial Fast Postprandial Fast Postprandial

MCT 84 6±35.8 12-3±8-5 26-6±25-2 1-09±0-61 3-28±3-34 0 09±0 07 0-23±0i19 0-05±0-06 0.11±0-11*
Ileostomy
(n=11) LCT 73-6±39-7 16-3±10-9 35-4±27-0 1-46+1*18 4-45±3 69 0-09±0-08 0-33±0-24 0-02±0-01 0.12±0.12*

MCT 78-0±14-7 49-6±6-3 51-4±11-5 5-48±1-57 6-74±1-38 0-23±0-09 0-34±0-09 0-09±008 009±0-02
Normal

subjects
(n=5) LCT 66-0+12-0 62-4±24-7 96 1±20 2 8 17±3 32 13 16±3 16 0 28+0 11 0-52±0 13 0 06+0 03 0*44±0 69*

Significance F3,28=04 F3,28=21 7 F328=9-51 F3,28=24-8 F328=10,3 F3,28=87 F3,28=2 3
(analysis of p=0.7 p<O-001 p<O-001 p<O-001 p<O-001 p<O-001 p<O-1
variance)

*p<0-05 (paired t-test, fasting compared with postprandial)
MCT=medium chain triglyceride
LCT=long chain triglyceride
BA=bile acid
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Both fasting and postprandial ileal osmolalities
(Fig. 3) were significantly higher in the ileostomates
compared with the normal subjects after either the
long chain triglyceride and medium chain tri-
glyceride rich meals (p<O.05 to p<0001).
The pH of the ileostomy effluent was no different

(p<O*1) from that observed in the normal ileum either
fasting or postprandially after either type of meal.

The bile acid concentrations in the fasting ileo-
stomy effluent were not significantly higher than in
the normal ileal aspirate but rose significantly at one
hour after both the long chain triglyceride rich meal
(1.6±1-2 to 3-2±2-2 mmol/l, t=2-33, v=10, p<0-05)
and the medium chain triglyceride rich meal
(2-5±2-1 to 5-7±4-8 mmol/l, t=2-72, v=10,
p<0-02). After the long chain triglyceride and

t=6*71 v=4
p<O-01

t=0-42 v=4
p> 0*05
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Fig. 1 Fasting (F) and postprandial (PP) flow rate (mean+SD) in normalperfused ileum (A) and ofileostomy
effluent (B) after ingestion ofLCT- and MCT-rich meals.

Table 2 llealflow in two ileostomates measured both byflow of ejecta and by distal ilealperfusion (ml)

Subject 1 Subject 2
Ejecta Perfusion Ejecta Perfusion

Hours after meal volume (240cm from incisors) volume (275cm from incisors)

-1-0-0 2-0 6-8 6-0 12-4
0-05 3-0 12-0 7-0 34-8*

0-5-1-0 52-0 76-0* 70-0* 60-0
1-(}1-5 56-0* 64-6 10-0 48-8
1-5-2-0 34-0 47-4 40-0 40-6
2-0}2-5 20-0 13-2 18-0 11*8
2-3-0 15-0 11*4 6-0 12-0
3-N-5 10-0 8-8 4-0 14-4
3-5 -0 5-0 5-0 20-0 16-2

*Indicates the first appearance of phenol red.
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Fig. 2 Potassium concentration (mean+SD) in ileostomy
effluent and ileal lumen fasting (F) and in consecutive half
hour periods (P1 to P4) after the appearance ofphenol red
in the ileal aspirate or ileostomy effluent. There were
significant differences between the two groups both after the
LCT (F: p<0-04, PI: p<0-04, P2: p<0 03, P3: p<0-02, P4:
p<0-03) and the MCTmeals (F: p<0-01, PI: p<0-03, P2:
p<O*O5, P3: p<0-05, P4: p<0.02).
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I*---- MCT INormcil (n=5)

A-p- -4 --

v - -- --

| |I I I I I
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Fig. 3 Osmolality of ileal lumen and ileostomy effluent
(mean±SD) as in Figure 2.

Ladas, Isaacs, Murphy, and Sladen

medium chain triglyceride rich meals in normal
subjects, ileal bile acid concentrations were un-
changed (1.2±0-6 to 6-7±11*7 mmol/l, t=0-93,
v=4, p=0-2 and (1-6±1-3 to 0-5±0-3 mmol/l,
t=0-95, v=4, p=0.2 respectively).
The ileal bile acid output (Table 1) was signifi-

cantly increased in the postprandial period compared
with the fasting period only following ingestion of
the long chain triglyceride rich meal. In contrast
with this in the ileostomates, the mean postprandial
bile acid output was increased slightly above the
fasting output by both types of meal stimulus
(p<O0O5).
Discussion

Although it is generally thought that the total daily
flow through the ileum is more than the amount
discharged by a chronically established ileostomy,16
the present study is the first to compare freshly
passed ileostomy effluent with normal flow under
fasting conditions and in response to liquid test
meals.

In the fasting state, we found the normal ileal flow
to be about 60 ml/h. Although the presence of an
intestinal tube will delay gastric emptying and speed
intestinal transit,17 the effects of intestinal intuba-
tion on fasting ileal flow are not known. Although it
would have been desirable to carry out perfusion
studies on all the ileostomates, we were able to do
this on only two such subjects and found that the
calculated flow rates were closely correlated to those
obtained by collection of effluent.
The ionic composition of the ileostomy effluent

differs from that of normal ileal fluid in having
significantly greater concentration of potassium.
Increased ileal fluid potassium concentration is seen
in response to circulating mineralocorticoids18 and
although the ileostomates studied were apparently
healthy, a state of chronic sodium depletion exists in
many. of these individuals6 7 9 and increased
circulating salt retaining mineralocorticoids may be
responsible for the reduction of luminal flow by
increased ileal sodium absorption. This stimulation
of electrogenic sodium absorption increases trans-
mucosal potential difference, which therebv
enhances plasma to lumen diffusion of potassium.'9
Despite presumably maximal ileal conservation of
sodium, the well adapted fasting ileostomate must
still lose sodium at the rate of 1 mmol/h when fasting
and about 3 or 4 mmol/h in the postprandial period.
This would lead to an obligatory loss of 24 mmol of
sodium per day from an ileostomy even whilst
fasting absolutely and at least double this amount if
three meals were to be consumed within a 24 hour
period.
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Fasting and postprandial ilealfunction in adapted ileostomates and normal subjects 911

Although the concentration of sodium in the
ileostomy effluent was not significantly different
from that in normal ileal fluid, the osmolality was
consistently higher in ileostomy effluent, probabl y
because of the presence of a greater bacterial flora
in the established ileostomy which would generate
metabolites such as short chain fatty acids. Although
the osmolality of ileostomy effluent was higher than
that of normal ileal fluid, the pH was, however, very
similar. Because the osmolality and pH measure-
ments were made immediately on freshly collected
specimens from short collection periods an artifici-
ally low pH due to prolonged bacterial fermentation
was obviated. Indeed, 24 hour pooled collections of
ileostomy effluent have a relatively low pH.21
The transit time of the head of the liquid meal was

similar in ileostomates and normal subjects although
transit of solid meals might have been a more
discriminatory test. Evidence has been produced
that nutrients especially fat in the ileum may inhibit
jejunal motility22 and delay small bowel transit,23
but whether this occurs with both medium chain
triglyceride and long chain triglyceride rich meals
cannot be stated without measurement of mean
transit time accurately by an alternative method. It
is difficult, however, to apply to ileostomates the
best methodology used in measuring intact small
bowel transit. Breath hydrogen profiles after meals
would not be comparable because in normal sub-
jects they indicate mouth to caecum transit time
while in ileostomates a rise in breath hydrogen
would indicate contact of the substrate with the ileal
flora.
Although in these studies the transit of the long

chain triglyceride rich meals and medium chain
triglyceride rich meals were similar, there were
differences in ileal flow and bile acid output. The
medium chain triglyceride rich meal did not increase
ileal flow rate in normal subjects, whereas the long
chain triglyceride rich meal did. In the ileostomates,
changes in ileal flow after meals were more variable
and there was no difference in the effect of medium
chain triglyceride and long chain triglyceride rich
meals. Similar effects on bile acid output were
observed. Long chain triglyceride and medium chain
triglyceride rich meals increased bile acid output in
ileostomy effluent whereas only the long chain
triglyceride rich meal increased bile acid flow from
ileum to colon in normal subjects. It has been
observed by others that the ileal excretion of bile
acids correlates well with ileal flow in normal
subjects and ileostomates and that bile acid feeding
increases ileostomy flow.24 The different effects of
the meals in the ileostomates compared with the
normal subjects in the present study are intriguing.
We have shown, in normal subjects, that medium

chain triglyceride rich meals do not stimulate bile
acid flow into the jejunum whereas long chain
triglyceride rich meals do.10 This has not been
studied in ileostomates but if it may be assumed that
the gall bladder of the ileostomate responds in the
normal way, then our observation that medium
chain triglyceride rich meals increase ileostomy bile
acid output suggests that in comparison with normal
subjects, in the fasting ileostomate a greater propor-
tion of the bile acid pool resides in the ileal lumen.

Although gross adaptations of small bowel func-
tion in the ileostomate have long been
recognised,24 25 further examination of gut function
of ileostomates under fasting conditions and in
response to different meal stimuli may help differ-
entiate the mechanisms underlying these adaptive
responses.

A preliminary report of this study was presented at
the BSG meeting of April 1984 (Gut, 1984; 25:
A547. The study was supported by a Wellcome
Trust Foundation Fellowship held by Dr Ladas and
we would like to express our appreciation to our
volunteers and the co-operation of the Ileostomy
Association of Great Britain, to Miss Cathy Weeks
for typing the manuscript and to Mr Younus
Qureshi BSc for invaluable technical assistance.
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