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Cholestyramine and medium-chain triglyceride
in prolonged management of patients subjected
to ileal resection or bypass
C. Noel Williams, m.r.cs., l.r.cp., f.r.c.p.[c], and Robert C. Dickson, m.d., f.r.c.p., f.r.c.p. [c], f.a.c.p.,
Halifax, N.S.

Summary: The pathophysiology of cholerrheic enteropathy is
described and a series of patients reviewed. Of 11 patients with
chronic disabling diarrhea and steatorrhea after ileal resection
or bypass, two had recurrent ileitis, three had lactose intolerance
and six of those operated on five years or more previously had
vitamin B12 deficiency. Cholestyramine was given alone or with
medium-chain triglyceride (MCT) or Portagen (MCT and lactose).
The maximal response occurred when cholestyramine was
given with Portagen. significantly reduced stool frequency and
weight in all patients and stool fat in five. Restudy of five patients
four to 11 months later showed the same pattern of response:
cholestyramine with 70% MCT abolished symptoms in four
patients (ileectomy) and 100% MCT alone greatly improved the
condition of the fifth (extensive small bowel resection).

Resume: La colestyramine et les triglycerides £ chafne
moyenne, adjuvants du traitement chronique de malades
ayant subi une resection ileale ou un pontage de I'iieum

L'article rappelle la physiopathologie de I'enteropathie
d'origine cholereique et passe en revue une serie de malades.
Sur 11 malades presentant une diarrhee chronique invalidante
et une steatorrhee consecutive a une resection ileale ou a un

pontage, deux souffraient d'ileite recidivante, trois d'intolerance
au lactose et les six qui avaient ete operes cinq ans auparavant
avaient une deficience en vitamine B12- On a administre la
colestyramine, soit seule, soit associee a un triglyceride a chafne
moyenne (TCM), soit au Portagen (TCM plus lactose). La
reaction maximale a ete obtenue avec I'association de
colestyramine et de Portagen: elle a permis de reduire
notablement la frequence et le poids des selles de tous les
malades et de reduire les lipides des feces chez cinq malades.
Un examen de controle chez cinq malades, dans un delai variant
de quatre a 11 mois, a mis en lumiere des resultats similaires:
la colestyramine avec 70% de TCM a supprime les symptomes
chez quatre malades (ileectomie) et le TCM seul (100%) a permis
d'ameliorer considerablement le cinquieme malade (resection
ileale etendue).
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A specific syndrome develops after ileal resection or

bypass in man.13 This consists of watery, sometimes
explosive diarrhea, accompanied in many cases by stea¬
torrhea and its sequelae deficiencies of the fat-soluble
vitamins and of vitamin B12. This occurs because active
sites for absorption of bile acids4'5 and vitamin B12 have
been removed.6 When bile acids are no longer absorbed
in the terminal ileum increased amounts pass into the
colon;7 there they interfere with sodium and water re¬

absorption, resulting in salt loss and watery diarrhea.8
Cholestyramine binds the bile acids in the upper small
bowel thereby preventing watery diarrhea;2 however it
may reduce the concentration of conjugated bile acid in
the upper small bowel below the critical micellar con¬

centration (CMC), causing or aggravating steatorrhea.
We attempted to minimize this problem by substitut-

ing Portagen* for part of the dietary fat. However the
lactose component precipitated symptoms of lactose
intolerance in some patients; thereafter pure medium-
chain triglyceride (MCT) was used. During restudy of
five of these patients four to 11 months later we increased
the MCT to 70% ofthe daily dietary fat intake to further
reduce steatorrhea.

Patients
Four male and seven female patients aged 14 to 60 years
were studied over a one-year period in the metabolic
ward of the Victoria General Hosptial. Diagnoses and
operative procedures and their complications are listed
in Table I. Diarrhea and steatorrhea developed after ileal
resection in 10 patients and after bypass in one (GD).
The length of ileum resected was less than 65 cm. in
nine cases; trauma necessitated removal of all ofthe small
intestine except the proximal 90 cm. of jejunum in one

(HC). Operation was undertaken for relief of Crohn's
disease in eight patients, two of whom had active ileitis
when the studies began; when ileitis recurred in one

(CG) studies were repeated. GD had been admitted to

*Mead Johnson Canada, Belleville, Ontario. This preparation contains
38% medium-chain triglyceride, 16% protein and 44% carbohydrate,
halfofwhich is lactose.
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hospital several times because of hypokalemia (serum
potassium <3 mEq./l.) requiring intravenous replace¬
ment therapy. HM had had an ileal bladder constructed
in consequence of a congenital meningomyelocele and
hydrocephalus; she was paraplegic and was being treated
for epilepsy with diphenylhydantoin sodium (Dilantin).
Severe constipation, relieved by maternal digital evacu¬

ation, had been a lifelong problem until a segment of
gangrenous ileum caused intestinal obstruction and neces-
sitated ileal resection, after which troublesome diarrhea
developed. MC and CF had renal stones removed some
time after ileectomy but the composition of the stones
is not known.

Methods
The following investigations were carried out in all pa¬
tients. Roentgenographic studies included upper gastro¬
intestinal series with follow-through and barium enema.
Peroral small bowel biopsy was performed at the level of
the ligament of Treitz and interpreted according to the
criteria established by Rubin and Dobbins.9 Lactose
tolerance was tested.10 The patients were examined for
neurological deficits secondary to vitamin Bi2 deficiency.
Hematologic and biochemical parameters likely to be
affected by malabsorption were determined including
prothrombin time and serum and urinary D-xylose
values,11 and the Schilling test12 was performed before
and after the administration of intrinsic factor. In six
cases (serum iron saturation <20%) bone-marrow aspi-
rates were examined to determine iron stores. For three

days one stool per day was examined for ova and para-
sites and cultured for pathogenic bacteria. The fat con¬
tent of 72-hour stool collections was determined by the
method of Vogel and Zieve.13 Experiments in our la¬
boratories in which we added MCT oil directly to stools
showed that 93 to 100% of the MCT is recoverable by
this method.
The criteria for active ileitis were abdominal pain and

tenderness, fever, leukocytosis, raised erythrocyte sedi¬
mentation rate, both white and red blood cells in the
stool and roentgenographic evidence of ileal mucosal
involvement.

During three three-day periods the number of stools
and their weight and fat content were recorded. Period 1
(control): The patients were given a 2000 calorie diet
containing 50 g. of long-chain triglyceride (LCT) daily.
Period 2: Cholestyramine, 4 g. t.i.d. was added. Period 3:
Portagen, 23 g. was given in place of 20 g. of fat and
cholestyramine was continued. One patient (MC) was
studied further to elucidate the cause of his continuing
steatorrhea.

During restudy of five patients four to 11 months later
the proportion of MCT (mainly MCT oil, Mead John¬
son) was increased to substitute for 70% of dietary fat,
which is all LCT, to provide a palatable diet that would
reduce the cholestyramine-induced steatorrhea. A search
was made for recurrence of ileitis in patients with Crohn's
disease, for sequelae (including renal stones) of the sec¬

ondary syndrome and for side-effects of cholestyramine.
Findings were analyzed by Friedman's two-way analysis
of variance by ranks,14 to avoid having to assume normal

Table I
Complications of ileal resection or bypass

Patient Diarrhea
Age Sex Diagnosis and operative procedures* and

Recur¬
rent

Folate
or vita-

DP

HM

SA

HC

MD

MC

SH

(yr) steatorrhea ileitis min-B12

Lactose Renal
intol- calculi

erance
defic¬
iency

51

14

18

32

60

37

55

F

M

Hysterectomy; adhesions; partial
colectomy (7cm.)and ileectomy (50cm.)

Meningomyelocele; ileal bladder con¬

structed; adhesions; ileectomy/
Regional ileitis; partial colectomy
and ileectomy '

Post-trauma intestinal resection
(only 90 cm.jejunum remaining)

Regional ileitis; partial colectomy
(25 cm.) and ileectomy (50 cm.)

Regional ileitis; ileectomy X 2
(total, 54 cm.); nephrolithotomy)

Regional enteritis; partial colectomy,
(7 cm.) and ileectomy (64 cm.)

Regional enteritis; ileectomy X 3
(total, 57 cm.); cystolithotomy
Regional ileitis; ileectomy' at age 13

Regional ileitis; ileo-transverse
colostomy
Regional enteritis; partial colectomy
(15 cm.) and ileectomy (60 cm.)

?Measurements of intestine are of partly fixed specimens received at Pathology Department.
/Approximately 60 cm. of ileum removed or bypassed; exact length not known.
/Studied twice, before and during recurrence of ileitis.
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distribution for the observations on each patient.
Results
Three patients had recurrent ileitis and one of these, as
well as another two, had lactose intolerance.

Six patients had folate or vitamin B12 deficiency with
at least two of three abnormalities in the peripheral
blood smear (Table II); five had reduced absorption of
vitamin B12, not corrected by the addition of intrinsic
factor. (Serum B12 levels were subnormal in three and
at the lower limit of the normal range in two.) The sixth
(HM), who was being treated with diphenylhydantoin
sodium, had low-normal absorption of vitamin B12 (but
normal serum levels) and low serum folate values.

Signs of subacute combined degeneration of the spinal
cord were detected in HC, GD and SH, but neither the
impaired position and vibration sense nor the pyramidal
tract involvement had given rise to complaints. These
patients had the lowest serum levels of vitamin B12 in the
study and had undergone surgery at least five years pre¬
viously. Four of the seven patients at risk (ileal resection
more than five years previously) had had Schilling tests in
the year before study, receiving 1000 mg. vitamin B12
intramuscularly as the 'flushing' dose.

In six patients low serum iron values combined with
relatively high total iron-binding capacity had resulted
in <20% saturation although there was no evidence of
iron deficiency in peripheral blood smears; in four how¬
ever the stainable iron in the marrow was greatly reduced
or absent. Three had active ileitis, one had an active
duodenal ulcer and one was a woman still having regular
menses; no possible source of blood loss was found in
the sixth, a male.
The D-xylose test revealed low five-hour urinary

excretion in four patients. All had reduced urine volume
but in three the serum D-xylose value indicated normal
absorption. Serum D-xylose was not determined in the
fourth (GD), who excreted 90 ml. of urine in the five-
hour test period.
No ova or parasites were seen in the stools. Biopsy

specimens of small bowel mucosa were histologically
normal. Prothrombin time and levels of serum calcium,
phosphorus, magnesium, electrolytes, iron, cholesterol
and albumin, and plasma carotene were normal in all
patients during the initial study and were not significantly
changed in the five restudied after four to 11 months of
cholestyramine therapy.

Findings in parameters likely to be affected by ileal malabsorption
( Underlined figures are values obtained at follow-up after 4-11 months)

* HC did not take medication regularly. His serum calcium value later fell to 6 mg/100 ml. on two occasions, at which time he required emergency treatment
cf the hypocalccmia.
t See footnote to Table 1.

t At least two of the following: gross variation in erythrocyte size, oval macrocytes, and hyperseqmented polymorphonuclear leukocytes.

§ n.d., not detectable
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First study (Table III)
Diarrhea and steatorrhea only: In these seven patients,
including HC who had had > 100 cm. of ileum removed,
the addition of cholestyramine to the diet reduced or
abolished the diarrhea; stools became formed or semi-
formed, abdominal cramps and tenesmus ceased and
the average number and weight of stools decreased.
Stool fat content increased in four patients and remained
constant in three. Substitution of Portagen for part of
the dietary fat further reduced the number of stools
(P<0.001) and their weight (P = 0.0036) and reduced
(not significantly) fat content in all but MC. MC was
studied further. During three days on a diet containing
46 g. Portagen per day and no cholestyramine he passed
seven stools totalling 1475 g. and containing 54.1 g. fat;
and while receiving 12 g. cholestyramine along with 46 g.
Portagen per day for three days he passed seven stools
totalling 1526 g. and containing 42.0 g. fat. We could
find no cause for the greater excretion of stool fat when
Portagen was given; lactose tolerance was normal.

Active ileitis (two patients): When cholestyramine was

given the stool frequency decreased and stool fat in¬
creased in both; stool weight increased in one and de¬
creased in the other. When both Portagen and choles¬
tyramine were given stool weight fell while frequency
remained the same; fat content decreased in one but in¬
creased in the one (AP) who also had lactose intolerance.

Lactose intolerance (three patients): AP (who had
active ileitis), GD and SH demonstrated lactose intoler¬
ance during testing. When cholestyramine was added to
their basic diet the number and weight of stools decreased
in all three and the fat content increased in two and de¬
creased in one (GD); when the lactose-containing Porta¬
gen was substituted the mean steatorrhea increased two-
fold but mean stool weight and frequency were not sig¬
nificantly altered. Further study of GD while on a strict
lactose-free diet showed reduction in stool frequency,
weight and fat after cholestyramine alone, similar to the
results in the seven patients without active ileitis or
lactose intolerance. After addition of Portagen all three

parameters increased, reflecting the lactose content of
this preparation.

Restudyfour to 11 months later (Table IV)
Portagen was omitted from the diet of the patient (SH)
with lactose intolerance and the percentage of MCT was
increased for all five. The administration of 70% MCT
without cholestyramine caused an overall tendency to
increased stool weight and fat content and decreased
frequency; the addition of cholestyramine reduced stool
frequency in three patients, and stool weight and fat
content in four. Cholestyramine without MCT decreased
stool frequency in three, and both stool weight and fat
in two. In the four patients who had had <100 cm. of
ileum removed stool frequency, weight and fat content
were markedly less (P<0.027) during treatment with 70%

TABIJE IV

Stool data during restudy of five patlenta

CG now had active ileitis.

TABLE III

Stool analyses during the first studies

Period 1: 2000-calorie diet containing 50 g. of fat (LCT) daily.
Period 2: Same diet, with addition of 4 g. cholestyramine t.i.d.
Period 3: Same as in period 2, with 23 g. Portagen substituted for 20 g. fat. (Portagen contains 22% lactose.)

*At this time HM did not have steatorrhea (<6 g. stool fat per day).
*HC ingested 100 g. fat daily ouring this 3-day period.
*With the method used, P values of the same significance are obtained when including or excluding data for HC (the only patient who had

had > 100 cm. of ileum removed).
AP had both active ileitis and lactose intolerance; therefore, values are lisi;ed for both groups for determination of both averages.
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MCT plus cholestyramine than when only LCT was

given. One patient (HM) became severely constipated
when given 12 g. ofcholestyramine daily.
CG now had active ileitis. Cholestyramine with normal

intake of dietary fat decreased stool frequency but in¬
creased stool weight and fat content. When Portagen
and cholestyramine were given the values of all three
parameters were halved.
We investigated the gastric acid output ofHC who had

undergone extensive small bowel resection. Basal acid
output was 4.4 mEq./hr., rising to 29.73 mEq./hr. (high
normal) after maximal histamine stimulation (0.04 mg./
kg. body weight). He was treated with sodium bicarbo¬
nate and propantheline bromide (Pro-Banthine) to de¬
termine whether his level of gastric secretion was con-

tributing to the steatorrhea. This resulted in a tendency
to reduced stool frequency and weight but had no effect
on fat content. Finally, when 100% MCT alone was

substituted for dietary fat, stool frequency decreased to
one daily, weight to 668 g. and fat content to 35.1 g.

Follow-up
When discharged from hospital after the first study each
patient was told to adjust the dose of cholestyramine
until stools were as normal as possible. The daily dose
varied from 4 g. (HM) to 12 g.; one patient (DG) took
36 g. daily in an unsuccessful attempt to control an epi¬
sode of diarrhea associated with an intercurrent illness.
Since completion of the study ileitis has recurred in three
more patients with Crohn's-disease, necessitating further
ileal resection in one (SH), but there have been no further
persistent changes in biochemical parameters. Several
patients have found themselves without a supply of
cholestyramine: the profuse diarrhea returns immedi¬
ately but remits within two days when cholestyramine is
restarted.

Discussion
Increased fecal excretion of bile acids7' 15 necessitates
increased hepatic synthesis of primary bile acids from
cholesterol.16 The CMC of conjugated bile acids, esti¬
mated to be 1 to 2 mM,17 is the minimum necessary to
handle normal dietary fat intake. As long as the increased
bile-acid synthesis keeps pace with increased bile-acid ex¬

cretion this intraluminal concentration is maintained,
resulting in compensated ileal disorder; there is diarrhea
but steatorrhea is minimal or absent. If however the liver
cannot synthesize enough bile acid to maintain the total
bile-acid pool and keep the jejunal concentration above
the CMC the ileal disorder is uncompensated and both
steatorrhea18' 19 and profuse watery diarrhea occur.

Successful interruption of the enterohepatic circulation
with the sequestrant cholestyramine abolishes the diar¬
rhea but may cause steatorrhea or increase that already
present by reducing the jejunal intraluminal concentra¬
tion of conjugated bile acids below the CMC.

Cholestyramine is a nonabsorbable quaternary ammo¬

nium anion exchange resin with a strong affinity for bile
acids.20 When administered as the chloride salt it ex-

changes the chloride for bile-acid anions (e.g. glycocho-
late, taurocholate) and binds the bile acids irreversibly
in the upper small bowel thereby preventing the deleteri-
ous colonic action of the bile acids. Hofmann and Poley3
stated that the diarrhea which develops after ileal resec¬

tion responds well to cholestyramine provided<100 cm.

has been resected and <20 g. fat is being excreted daily in

the feces. This was not the case in all of our patients: the
cholestyramine-induced response was identical in HC
(only 90 cm. of jejunum remaining), in nine patients who
had had < 100 cm. of terminal ileum removed and in CF
who had active ileitis and was excreting >20 g. fat per
day. Furthermore CF and the other two patients with
active ileitis and steatorrhea (< 100 cm. ileum removed)
had decreased stool frequency but increased fat (stool
weight was increased in two but decreased in AP) while
taking cholestyramine only, and unchanged frequency
and significantly decreased stool weight when MCT was

added (fat was decreased in two but increased in AP).
MCT is a synthetic oil usually made by fractionating

coconut oil.21 The carbon chain of its fatty acid com-

prises mainly caprylic acid (eight atoms) and capric acid
(10 atoms). MCT has unique properties: it requires
neither emulsification before splitting by pancreatic
lipase nor micelle formation before absorption because
it has greater water solubility than LCT, the usual fat in
food. LCT however, whose fatty-acid carbon chain com-

prises 14 to 20 atoms, requires emulsification, pancreatic
lipase activity and micelle formation before absorption.
Whereas LCT is resynthesized and transported as chylo-
microns in lymph, MCT is absorbed directly into the
portal blood stream; even when the concentration of
conjugated bile acids is below the CMC (e.g. after ileal
resection or bypass18), MCT is absorbed effectively,
caloric intake is maintained and steatorrhea is reduced.

Portagen (which contains MCT and lactose) precipi¬
tated lactose intolerance in three of our patients. When
they were fed a lactose-free diet cholestyramine dramati-
cally reduced the diarrhea and steatorrhea a response
similar to that in the seven patients without lactose in¬
tolerance or recurrent ileitis (Table III). The cholestyra-
mine-Portagen combination did not produce such a

clear-cut response in the patients with active ileitis; in
fact this failure alerted us subsequently to the possibility
of lactose intolerance or active ileitis. One subject (MC)
who did not have lactose intolerance excreted more fat
when Portagen was substituted for part ofthe dietary fat,
a result perhaps of competition between MCT and LCT
for absorption when MCT is added to the diet.22
The substitution of lactose-free MCT for part of the

dietary fat provided a palatable diet which, when admin¬
istered with cholestyramine, reduced stool frequency,
weight and fat content. In most cases the watery feces
were replaced by one or two semiformed or formed stools
per day. One patient no longer requires periodic admis¬
sion to hospital for treatment of very severe diarrhea
accompanied by hypokalemia. Another, whose diarrhea
was disabling, had spent her postileectomy years con¬

fined to home or in the local psychiatric hospital; this
situation was abolished by cholestyramine therapy and
she no longer requires tranquillizers.

Renal stones containing calcium oxalate may develop
in patients who have undergone ileal resection when the
proportion of glycine-conjugated bile acids is increased,19
with subsequent glyoxalate formation and increased
urinary excretion of oxalate. Renal stones of unknown
composition had been removed from two patients in the
study. Cholesterol gall stones are reported to be more

common in patients who have undergone ileal resec¬

tion;23 no patient in this study had symptoms indicating
this disorder and no gall stones were visible on plain
roentgenograms. Cholecystography was not performed.
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When these patients were first seen some had neuro-
logic and hematologic evidence of vitamin B12 defici-
ency and there was a high incidence of incipient iron
deficiency. One patient had low serum folate values,
probably a result of anticonvulsant therapy.24 All these
deficiencies responded to standard replacement therapy.
Management with cholestyramine, the judicious use of
MCT, exclusion of lactose from the diet and vigorous re-
placement therapy with hematinics abolished the diar-
rhea and related symptoms. The residual steatorrhea is
acceptable and general health is greatly improved.
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ment of Preventive Medicine, Dalhousie University, for statisti-
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this manuscript.
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