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Ileal dysfunction in Crohn's disease assessed by the
postprandial serum bile acid response*
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SUMMARY We assessed ileal functional integrity in 20 consecutive patients with Crohn's disease
by sequential measurement of the postprandial serum bile acid concentration. In all 14 patients
with active Crohn's disease involving the terminal ileum, the mean (+ SEM) peak response in the
cholylglycine (0-4+ 0-04 umol/l, n =14) as well as in the total serum bile acid concentration
(2.0 +0 4 ,umol/l, n= 10) was similar to that seen in a group of children who had undergone ileal
resection. A significantly greater increase in the cholylglycine (1I 8 + 0 18 1umol/l, n = 16, P <0 01)
and in the total serum bile acid concentration (9-8 +2-4 Mmol/l, n= l1, p < 0.025) was noted in
normal children. In five of the six remaining patients (three with Crohn's disease shown not to
involve the ileum and two of three with asymptomatic, treated Crohn's ileitis) and in seven patients
with ulcerative colitis, the meal stimulated responses were normal. These preliminary results
suggest that measurement of the serum bile concentration after a meal stimulus may provide a

valuable index of ileal inflammation in patients with Crohn's disease.

Crohn's disease in children frequently involves the
terminal ileum, the site of bile acid active transport.2
Several studies have suggested that ileal inflam-
mation may interfere with the enterohepatic circu-
lation of bile acids.38 Our aim in this study was to
assess ileal function in patients with Crohn's disease
by measuring the meal stimulated response of the
serum bile acid concentration. The advent of reliable
radioimmunoassays for bile acids in serum allows
investigation of bile acid pathophysiology in intes-
tinal disease, as the small changes in concentration
that occur in the postprandial state can be precisely
measured.9 -12

Methods

SUBJECTS
Twenty consecutive patients with Crohn's disease
were studied. Ten patients (nine children with an age
range of 9 to 17 years and one adult, aged 34 years)
had newly diagnosed, untreated Crohn's disease.
Radiographic abnormalities involved the terminal
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ileum in seven patients and were limited to the upper
small bowel in three patients. In this group disease
activity was assessed by the National Cooperative
Study Crohn's Disease Activity Index, in which a
value greater than 150 indicates active disease.t3 The
mean score in these patients was 2431 + 19-3
(x+ SEM) at the time of the study; however, this
index may possibly underestimate disease activity in
some children in whom severe growth failure may be
the only manifestation of Crohn's disease.
Ten patients with previously diagnosed Crohn's

disease (nine children with an age range of 10 to 18
years, and one adult, aged 32 years) under standard
medical thereapy for longer than six months were
also studied. All patients in this group had abnorma-
lities of the terminal ileum on radiography and none
had undergone intestinal resection. Seven of these
patients were studied during a period of continuing
disease; three patients were completely
asymptomatic.
Comparison groups included 16 healthy subjects

(age range of 2 to 16 years); six patients with variable
lengths of ileal resection for non-inflammatory bowel
disease (age range 2 to 19 years), and seven patients
with ulcerative colitis (age range 2 to 15 years). Five
of the patients with colitis had symptoms with
cramps and diarrhoea at the time of the study, and
two of these patients had changes of 'backwash'
ileitis on contrast radiographs.
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Informed consent was obtained from the parents
and subjects before taking part in the study. The
protocol was approved by the Institutional Review
Board of the Children's Hospital Medical Center and
the Scientific Advisory Committee of the General
Clinical Research Center.

EXPERIMENTAL DESIGN
All subjects were admitted to the Clinical Research
Center after an overnight fast of 12 hours. An in-
dwelling butterfly needle (19-23 gauge) was left in
situ after a single forearm venepuncture to allow for
repeated sampling; 0-5 ml of blood were obtained 30
minutes before, immediately before (zero time), and
at 30 minute intervals for three hours after a standard-
ised liquid meal. The needle was kept patent by
intermittent irrigation with a dilute solution of hepa-
rinised saline (10 units heparin/ml).
The liquid test meal was adjusted to contain one

calorie per ml by the addition of corn oil and
dextrose to a commercial dietary supplement
(Meritene, Doyle Pharmaceutical Co., Minneapolis,
MN); the caloric distribution was approximately
40% fat, 40% carbohydrate, and 20% protein. This
mixture was administered in a volume of 10 ml per
kilogram of body weight; the entire volume (not to
exceed 360 ml) was ingested in a five minute period.
Additional food or water during the test period was
prohibited.

ANALYSIS
The blood samples were allowed to clot and the
serum was separated after centrifugation. The
samples were stored at -20°C until analysed. The
concentration of cholylglycine in serum of all
patients was measured by radioimmunoassay
(Abbott Laboratories, North Chicago, IL),'4 and
results expressed in micromoles per litre. Sensitivity,
defined as the minimum concentration of cholyl-
glycine detectable with 95% confidence from the zero
dose, was determined to be 0 2 imol/l. Total non-
sulphated serum bile acid concentration was deter-
mined, when adequate serum remained, by a modifi-
cation of the 3-alpha-dydroxysteroid dehydrogenase
method (Nyegaard and Co., Oslo, Norway), and
results expressed in micromoles per litre. "5 16

STATISTICAL METHODS
The data were expressed as mean values plus or
minus the standard error of the mean. The fasting
baseline for each subject was determined by averag-
ing the values obtained at the -30 and 0 time points.
The peak concentration (maximum rise above base-
line) achieved by each individual at any time point
was ascertained, a mean peak concentration for each
group was calculated, and differences between

groups were determined using analysis of variance. 7
The areas under the meal response curves were calcu-
lated with the aid of a computer programme. The
mean peak times and areas under the curves were
compared using Duncan's multiple range test. 18

Results

The meal response curve for patients with newly
diagnosed, untreated ileal Crohn's disease is com-
pared with the profile obtained in normal children
(Fig. 1). The mean peak rise above the fasting base-
line for the seven patients with radiological ileal in-
volvement was 0-4+0±05 pmol/l for cholylglycine
(Fig. 2); the increase in total serum bile acid con-
centration was 2 1+0-5 pmol/l in the five patients
studied (Fig. 3). These responses were similar to
those seen in patients with ileal resection who had a
mean peak rise in cholylglycine concentration of
0-3+0-09 Mmol/l and a rise in the total serum bile
acid concentration of 2 2 +0-8 imol/l.
A significantly (p <0-01) greater response occurred

in 16 normal subjects, with a mean peak postprandial
cholylglycine rise of 1-8 + 0-18 Mmol/l (Fig. 2). In a
similar fashion, the mean total serum bile acid con-
centration rose postprandially by 9 8 + 2 4 imol/l in

LLi) 1.50
.,
ix

E 1.25
E

1-

z 1.00
0

-J
>- 0.75-J
0
I
u

E 0.50
:D

180
TIME (min)

Fig. 1 Response of the serum cholylglycine concentration to
the standard meal stimulus (mean rise above baseline) in
normal (A) children (n= 16) and in patients with newly
diagnosed, untreated Crohn's disease involving the terminal
ileum (, n = 7). The bars represent the mean + SEM at
each time interval.
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Fig. 2 Serum cholylglycine concentrations (mmol/l) after
the standard meal stimulus in the individual patients in each
group; expressed as the maximum rise above thefasting
baseltfle achieved during the three hour test period. A normal
terminal ileum.
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.Fig. 3 Total serum bile acid concentrations (mmolIl) after
the standard meal stimulus in the individual patients in each
group; expressed as the maximum rise above the fasting
baseline achieved during the three hour test period. normal
terminal ileum.

11 of these subjects (P<0-025) (Fig. 3). In children
with ulcerative colitis, the rise in cholylglycine of
22 ±+06 ,mol/l was not significantly different from
controls. In patients with newly diagnosed Crohn's
disease in whom there was no radiological evidence
of terminal ileal involvement the postprandial re-
sponse was also similar to controls.

In the 10 patients with Crohn's disease treated for
longer than six months (Fig. 2), the mean increase in
cholylglycine concentration (04+0±06 pmol/l) was
also significantly (P<0 01) different from normal.
However, in two of three asymptomatic patients in
this group, a normal postprandial rise occurred. The
mean peak response of the total serum bile acid
concentration in seven treated patients was 22 +0 5
umol/l (P<0-025); the maximum increases in two
asymptomatic subjects from this group were not
significantly different from the patients with active
disease.
When all 14 patients with active Crohn's disease

involving the terminal ileum are considered together,
the maximum rise above baseline in cholylglycine
concentration was 0 4+0004 ,mol/l (P<0 01); total
serum bile acid concentration rose 20+0±4 ymol/l
(P<0 025) in the 10 patients studied. There was no
overlap in the mean values obtained in patients with
active treated or untreated ileal disease and normal
controls. There was no overlap seen in the mean
response of patients with symptomatic colitis, includ-
ing two patients with 'backwash' ileitis, or of patients
with active Crohn's disease.

Examination of the meal response curves from the
patients with active ileal Crohn's disease, from
patients with active colitis, and from normal subjects
revealed no significant differences in the mean time to
the peak in the serum cholylglycine concentration
(1-69+0-25 2 08+014 and 168+0 21 hours re-
spectively). The integrated area under the meal re-
sponse curve was similar in the colitis and normal
groups (5 4 + 1 4 and 3 9 + 0 7 ,mol/l/h respectively,
P not significant) but significantly less in the Crohn's
disease patients (1-3 +0 26 ,umol/l/h, P<0 01).

Discussion

This study shows that ileal inflammation in Crohn's
disease may interfere with the expected postprandial
rise in the serum bile acid concentration. In all
patients with active ileal disease, both the mean peak
increase in the serum cholylglycine concentration
and the integrated area under the meal response
curve were significantly different from that seen in
controls and similar to results obtained in patients
with ileal resection. The findings are apparently spe-
cific for ileal dysfunction, as a normal rise in serum

bile acid levels occurred in patients with Crohn's
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disease limited to the proximal small bowel and in
patients with symptomatic colitis. Three patients
with previously defined ileal involvement were stud-
ied during a period of clinical remission; a normal
rise in serum cholylglycine concentration occurred in
two of these patients.

Previous investigators have demonstrated an in-
terruption of the enterohepatic circulation of bile
acids in patients with Crohn's disease and have taken
advantage of this altered physiology to assess ileal
functional integrity. Daily faecal bile acid excretion
has been variable in several studies and the degree of
bile acid malabsorption has correlated with faecal
volume.4 However, measurement of faecal bile acid
concentration alone may not detect significant ileal
disease, as the amount lost in the stool will vary

depending on the bile acid pool size.19 This concept
is in agreement with the data of Weber et al., who
found that, among six children with ileocolic Crohn's
disease, only one excreted an excessive quantity of
bile acid in stool.20

Several studies have found rapid faecal excretion
of '4C-labelled cholic acid given either intravenously
or orally to patients with Crohn's disease. Faecal
14C-labelled bile acid output was excessive in 13
unoperated patients with Crohn's disease studied by
Pedersen et al.21. Two of six subjects with inactive
disease had faecal losses of the labelled compound
comparable with normal subjects. Using a similar
technique, Van Blankenstein et al. found bile acid mal-
absorption in 15 of 18 patients with ileal Crohn's
disease.5
The bile acid breath test (cholylglycine-1-14C) has

also been used to detect altered bile acid metabolism
in patients with Crohn's disease.8 22 In patients with
either bile acid malabsorption due to ileal disease or

with bacterial contamination of the small bowel,
rapid excretion of 14CO2 in breath follows bacterial
deconjugation of the labelled compound. Precise dif-
ferentiation of these conditions requires measure-

ment of 14C excretion in expired air and in faeces.
Thaysen and Pedersen reported a postive breath test
in only 14 of 34 patients with terminal ileitis, while 31
patients had an increased faecal excretion of 14C.
They concluded that the sensitivity of the combined
assays in detecting ileopathy was superior to any
other conventional tool including the Schilling test,
faecal fat analysis, and radiographs.8
Van Trappen and associates studied bile acid com-

position and pool size in a group of 13 unoperated
patients with Crohn's disease.7 The ratio of glycine
to taurine conjugates was greater in these patients
than in normal subjects, reflecting excess bile acid
loss. The bile acid pool size was significantly de-
creased and, of all laboratory parameters, this
change correlated best with disease activity as as-

sessed by the National Cooperative Crohn's Disease
Study Activity Index.13 Extent of disease as defined
radiographically did not correlate with the activity
score. Unfortunately, in this study there was con-
siderable and unexplained overlap in pool size be-
tween patients with Crohn's disease and ulcerative
colitis.

Alterations in the enterohepatic circulation of bile
acids may be characterised from a number of van-
tage points; the numerous methods vary in their
sensitivity, specificity, and ease of clinical appli-
cation. Previous work has suggested that involve-
men.t of receptor sites for the active reabsorption of
bile acids may occur in ileitis before more commonly
regarded abnormalities are detectable. We chose to
measure serum bile acid concentrations in Crohn's
disease; our hypothesis being that, in the presence of
ileal injury, less bile acid would enter peripheral
blood in the postprandial state, and that this abnor-
mality could be quantified and differentiated from
the meal response in normal subjects.
The cholylglycine assay is particularly suited for

use as a test of ileal function, as this compound relies
predominantly on ileal active transport for reabsorp-
tion.23 Less polar bile acid species can be absorbed
throughout the small intestine by passive transport
mechanisms. This phenomenon might obscure subtle
changes in the enterohepatic circulation when the
total serum bile acid concentration is measured. In
our study, total serum bile acid levels, as determined
by the enzymatic assay, did afford satisfactory, but
less striking, discrimination between the Crohn's
disease group and normal subjects. In view of the
possibility of false negative results and the cumber-
some nature of the methodology, this assay seems
less suited for clinical application.
We studied all patients after a 12 hour fast to

ensure a best response after meal stimulated gall-
bladder contraction. The time required to reach a
peak in the serum cholylglycine concentration is
similar in all patient groups and suggests comparable
intraluminal events such as gallbladder emptying and
transit to the terminal ileum. The maximum rise in
serum bile acid concentration is sufficient to dis-
tinguish all patients with active ileal Crohn's disease
from normal subjects. The integrated area under the
meal curve has been used by several investigators to
compare the response of various patient groups,9 12

but in our study was not more sensitive than the
easily derived peak concentration in detecting ileal
dysfunction. It is possible that discrimination may be
further enhanced by studying patients over a 24 hour
period or after the third meal of the day to follow
depletion of the bile acid pool, as might occur with
each successive meal in patients with ileal dysfunc-
tion.9 Deconjugation of bile acids from bacterial
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overgrowth of the small intestine could also decrease
the postprandial serum bile acid response; additional
study of this problem is warranted in Crohn's
disease.

Samuelson and associates have recently suggested
that liver dysfunction in some patients with Crohn's
disease could lead to raised fasting and postprandial
serum bile acid levels and thereby invalidate the use
of this measurement as a test of ileal inflammation.24
However, their group of patients is not comparable
with our study population in that they had all pre-
viously undergone distal ileal resection. In addition,
there is no attempt to correlate the meal response
with Crohn's disease activity. It is possible that in the
presence of mild liver dysfunction an accurate assess-
ment of ileal integrity may still be obtained through
observation of the rise above the fasting baseline
instead of the absolute serum bile acid concentration.

In conclusion, our preliminary observations sup-
port the concept of an altered enterohepatic circu-
lation of bile acids in Crohn's disease as has been
suggested by previous studies.25 The defect in bile
acid absorption is apparently specific for ileal in-
volvement and active disease. Analysis of the post-
prandial serum bile acid response may be useful in
evaluating insidious systemic and gastrointestinal
complaints which may be seen in childhood ileitis.
Additional studies are needed to judge the clinical
usefulness of this determination in the diagnosis and
serial assessment of patients with Crohn's disease.
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