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Abstract

There are two common types of adult patient with a
short bowel, those with jejunum in continuity with a
functioning colon and those with a jejunostomy. Both
groups have potential problems of undernutrition, but
this is a greater problem in those without a colon, as
they do not derive energy from anaerobic bacterial
fermentation of carbohydrate to short chain fatty acids
in the colon. Patients with a jejunostomy have major
problems of dehydration, sodium and magnesium
depletion all due to a large volume of stomal output.
Both types of patient have lost at least 60 cm of
terminal ileum and so will become deficient of vitamin
B12. Both groups have a high prevalence of gallstones
(45%) resulting from periods of biliary stasis. Patients
with a retained colon have a 25% chance of developing
calcium oxalate renal stones and they may have
problems with D (-) lactic acidosis. The survival of
patients with a short bowel, even if they need long-
term parenteral nutrition, is good.
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INTRODUCTION
A patient has a short bowel when there is an insufficient length
of functioning gut to allow adequate absorption, so macronutrient
and/or water and electrolyte supplements are needed to maintain
health and/or growth. If untreated or without compensatory
mechanisms undernutrition and/or dehydration result[1]. This
is likely to be the case if less than 200 cm small bowel remains.
The problems experienced by patients with a short bowel
depend upon the type and length of remaining small bowel and
the presence or absence of a functioning colon. Patients
traditionally described as having the short bowel syndrome
were those with a retained colon who had intractable diarrhoea
with malabsorption of fat, vitamin, and other nutrients so leading
to undernutrition, with continuing weight loss and anaemia[2].
The normal adult human small intestinal length varies from about
275-850 cm as measured from the duodeno-jejunal flexure at
autopsy or surgery and tends to be shorter in women[3-6].
Congenital cases of a short bowel have been reported and are
usually associated with malrotation of the gut[7]. Patients who
start with a small intestinal length at or below the lower end of
the normal range may develop the problems associated with
having a short bowel after relatively little small intestine has
been removed[8]. It is important to refer to the remaining length
of small intestine rather than to the amount resected.

REMAINING BOWEL
Ileum or jejunum
Ileal mucosa, in contrast to the jejunal mucosa, has “tight”
intercellular junctions and thus can concentrate its contents.
However, jejunal mucosa has “leaky” intercellular junctions
and so the osmolality of the luminal contents is similar to that
of plasma. Gastrointestinal transit is naturally slower in the
ileum than jejunum so allowing more time for absorption[9,10].
The terminal ileum has the specific functions of absorbing
vitamin B12

[11,12] and bile salts. Any ileum remaining, after a small
bowel resection, can structurally and functionally adapt so
increasing absorption[13-16], while remaining jejunum can only
functionally adapt if some ileum or colon also remains[16-19].
Thus the outcome is more favourable after a jejunal than an
ileal resection.

Ileocaecal valve
Preservation of the ileocaecal valve has traditionally been
thought to slow transit and prevent the reflux of colonic contents
into the small bowel. However, resection of the ileocaecal valve
in adults does not affect these functions[9,20].

Colon
Conservation of the colon is advantageous as it absorbs water,
sodium[21-25], magnesium[25,26], calcium[27], short and medium chain
fatty acids[28-30], slows gastro-intestinal transit[31] and stimulates
small intestinal hyperplasia[32]. Patients with a preserved colon
after a small bowel resection may survive without parenteral
support with a very short[33,34] or even no remaining jejunum[35].

TYPES AND CAUSES OF A SHORT BOWEL
There are three types of patient with a short bowel. Patients in
whom the ileum, often with the ileocaecal valve has been
removed leaving a jejuno-colic anastomosis (jejunum-colon);
patients in whom some jejunum, the ileum and colon have been
removed, so they have an end jejunostomy and patients who
have had a predominantly jejunal resection, and have more
than 10 cm of terminal ileum and the colon remaining (jejuno-
ileal)[25,36,37]. Jejuno-ileal anastomosis patients are not common
and as their management is broadly similar to those with a
jejuno-colic anastomosis, they are not specifically discussed.
Patients with a jejunostomy can be classified as net “absorbers”
or net “secretors”. The net “absorbers” absorb more water and
sodium from their diet than they take orally (usual stomal output
about 2 kg/24), thus they can be managed with oral sodium and
water supplements and parenteral fluids are not needed. They
usually have more than 100 cm residual jejunum. The net
“secretors” usually have less than 100 cm residual jejunum and
lose more water and sodium from their stoma than they take by
mouth (usual stomal output may be 4-8 kg/24). The jejunostomy
output from a net “secretor” increases markedly in the daytime
in response to food and is minimal at night[38] (Figure 1). The
three most common reasons for patients having less than 200 cm
of small bowel are superior mesenteric artery thrombosis, Crohn’s
disease and irradiation damage[25,36,37,39] (Table 1). A short bowel
more commonly arises in women (67%) thao men[25], this may be
because women start with a shorter length of small intestine than men.
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Figure 1  Oral intake (kg) and stomal output measured every 2 hours in a
patient who has 30 cm of residual jejunum. There is a marked net “secre-
tory” output in response to food and drink (38).

Table 1   Reasons for a short bowel (less than 200 cm small bowel) (25)

Jejunum-colon Jejunostomy

Total (sex)     38 (26F)* 46 (31F)
Age     46 (7-70) 42 (16-68)
Median jejunal length (cm)     90 (0-190) 115 (20-190)
Diagnosis
Crohn’s disease     16 33
Ischaemia     6 2
Irradiation     5 3
Ulcerative colitis     - 5
Volvulus     5 -
Adhesions     4 1
Diverticular disease     1 1
Desmoid tumour     1 1

*:7 had an ileocaecal valve and 31 a jejuno-colic anastomosis.

PHYSIOLOGICAL CHANGES
The problems that arise after a major intestinal resection reflect
both normal and altered physiology. Most experimental work
in animals involves a predominantly jejunal resection (jejuno-
ileal anastomosis), which is not the common situation in man.

Gastro-intestinal motility
Gastric emptying and small bowel transit of liquid is fast in
patients with a jejunostomy and normal in patients with a
retained colon, probably due to circulating plasma levels of
peptide YY being low and high respectively[40] (Figure 2). Peptide
YY is an enteric hormone produced by the L cells in the terminal
ileum and colon upon exposure to luminal nutrients, it slows
gastric emptying and gastrointestinal transit[41].

Figure 2  Median peptide YY levels with interquartile range for 6 jejunum-
colon patients, 7 jejunostomy patients and 12 normal subjects after a pan-
cake and orange juice meal (40). GLP-2 levels mirror this pattern (65,69).

Gastrointestinal secretions
Salivary secretion is reduced in patients with a jejunostomy[42].
Gastric acid secretion is increased in dogs with denervated gastric
pouches. In man some cases of long-term survival in patients
with a short bowel has been attributed to their previous gastric
surgery[43-45]. High circulating gastrin levels are observed[40,46,47]

and may be due to less small bowel being available to
catabolizegastrin[48,49]. Gastric acid hypersecretion could increase
the incidence of peptic ulceration[50]; impair nutrient absorption
by causing bile salt precipitation[51]; reduced pancreatic enzyme
function and increased jejunal motility. However although there
may be an increase in gastric acid secretion in the first 2 wk after
a small bowel resection[52], there is no good evidence for gastric
acid hypersecretion in man in the long-term, especially in those
with a jejunostomy[53]. Pancreatic function is reduced by
undernutrition[54] and if there is no oral intake[55], but not after a
small bowel resection leaving the colon[56].

Absorptive functions
The ileum absorbs vitamin B12 and bile salts. If more than 60 cm
of terminal ileum is resected vitamin B12 deficiency is likely to
occur[11,12,57]. Fat is absorbed over a longer length of the intestine
than carbohydrate or protein and this distance increases as
oral intake rises[58]. When more than 100 cm terminal ileum has
been resected the increased hepatic synthesis of bile salts is
not enough to keep up with the stool or stomal losses and a
degree of fat malabsorption results[59].

Adaptation
Intestinal adaptation is the process that attempts to restore the
total gut absorption of macronutrients, macrominerals and
water, to that of before the intestinal resection[60]. This may
occur by the patient eating more food than normal (hyperphagia)[61].
The remaining bowel may increase its absorptive area
(structural adaptation) and/or gastrointestinal transit may slow
(functional adaptation). After a jejunal resection in animals the
ileal remnant undergoes structural changes, which include
elongation of villi, deepening of the crypts and an increase in
the number of enterocytes along a given length of villus. This
structural adaptation may relate to circulating plasma levels of
glucagon-like peptide-2 (GLP-2). GLP-2 is an enterocyte specific
peptide growth hormone produced by the L cells in the terminal
ileum and colon and it causes small and large bowel villus and
crypt growth[62].

        Jejunum-colon In patients with a jejuno-colic anastomosis,
no structural adaptation has been demonstrated[17,63,64] even
though high GLP-2 levels are observed[65]. Functional adaptation
with slowing of gastric emptying and small bowel transit may
occur[31] and may be due to high circulating peptide YY levels[40].
In these patients there is a small reduction in faecal weight in
the 3 months following the small bowel resection[16]. There is
increased jejunal absorption of macronutrients (e.g. glucose), water,
sodium and calcium with time[15,18,19,66], and an increased chance of
the patient being able to stop parenteral nutrition[25,36,37,67]. The
intestinal calcium absorption may continue to increase for more
than two years after a resection[66].

      Jejunostomy Although adaptation occurs in the months
after the creation of an ileostomy, there is no evidence for any
structural[53] or functional[25,68,] adaptation at any time in patients
with a jejunostomy. This may be because patients with a
jejunostomy have low circulating plasma levels of GLP-2 and
peptide YY[40,69,70].

PRESENTATION AND CLINICAL ASSESSMENT
Jejunum-colon patients often appear well after their resection
except for diarrhoea/steatorrhoea, but in the following months
may lose weight and become severely undernourished. Patients
with a jejunostomy have problems of dehydration immediately
after surgery due to large stomal water and sodium losses. This
jejunal output is greatest after food and drink have been consumed.
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The clinical assessment of a patient with a short bowel includes
a measurement of residual small bowel length and an assessment
of water, sodium, magnesium and nutritional status. The state
of hydration and magnesium balance is of immediate importance
to those with a jejunostomy.

Assessment of residual small intestine
From knowledge of residual bowel length predictions about
the long-term need for fluid/nutrition can be made (Table 2).

Table 2   Guide to bowel length and long-term fluid/nutritional support
needed by patients with a short bowel (5,37,38,74)

Jejunal length (cm)          Jejunum-colon           Jejunostomy

0-50 PN PN+PS
51-100 ON PN+PS*
101-150 None ON+OGS
151-200 None OGS

*:at 85-100 cm may need PS only
PN:Parenteral nutrition
PS:Parenteral saline (+/-magnesium)
ON:Oral (or enteral) nutritinon
OGS:Oral (or enteral) glucose/saline solution

Anatomical length The remaining small bowel length can be
measured at surgery (10-30 cm segments are measured along
the anti-mesenteric border with great care being taken not to
over-stretch the bowel). If not measured at surgery, an
opisometer, a device used for measuring distances on maps
can be used to trace the long axis of the small bowel on a small
bowel meal radiograph. This technique is relatively accurate if
the total small intestinal length is less than 200 cm and if the
entire small bowel is shown on one film[36,71].
Functional length  Citrulline is a non-essential amino acid
synthesised from glutamine and all the citrulline in the systemic
circulation is derived from the enterocytes. Post absorptive
plasma levels of citrulline relate to the length of remaining
functional small bowel[72].

Hydration (water and sodium status)
Water and sodium deficiency (most common in jejunostomy
patients) may result in hypotension and pre-renal failure. Daily
body weight and accurate fluid balance (including stomal output)
are the most important measurements. The serum creatinine,
potassium and magnesium, and urinary sodium may be measured
every 1-2 d initially, then once or twice a week and if long-term at
home every 2-3 mo. Water and sodium deficiencies are detected
by an abrupt fall in body weight, postural systolic hypotension
(1.33 kPa), low urine volume and, if severe, by a rising serum creatinine
and urea. The most helpful early measure of sodium depletion is the
sodium concentration in a random urine sample. A concentration of
0-5 mmol·L-1 suggests sodium depletion. The aims are to maintain
hydration/body mass and a daily urine volume of at least 801
ml with a sodium concentration greater than 20 mmol·L-1.

Magnesium
Magnesium depletion is common especially in patients with a
high stomal output. A serum value of less than 0.6 mmol·L-1 may
give rise to symptoms.

Nutritional status
A patient may be assessed as undernourished if the body mass
index is less than 18.5 kg·m-2, if there is a recent weight loss of
more than 10% or if the mid-arm muscle circumference is less
than 19 cm in a woman or 22 cm in a man[73]. The degree of
malabsorption and thus oral enteral nutrition requirements can
be predicted from knowledge of the residual length of small
bowel (Table 2). In terms of energy absorption parenteral
nutrition is needed if a patient absorbs less than one-third of
the oral energy intake[38,74]; though in people with high energy
needs parenteral nutrition may be needed at a higher percentage
energy absorption.

CLINICAL PROBLEMS AND TREATMENT
Salt and water depletion
Jejunum-colon The colon has a large capacity to absorb sodium
and water; thus patients with a short bowel and a preserved
colon are rarely in negative water and sodium balance and
rarely need water or sodium supplements[23-25]. Although the
colon secretes potassium, a low serum potassium level rarely
occurs[25]. If sodium depleted, a glucose-saline drink can be
sipped during the day as for patients with a jejunostomy. There
is an exchange mechanism of chloride for bicarbonate in the
colon; thus if much sodium chloride is consumed, bicarbonate
may be lost in the stools, giving rise to a metabolic acidosis.

Jejunostomy Patients with a jejunostomy have a large volume
of stomal output, which is greater after eating or drinking. Each
litre of jejunostomy fluid contains about 100 mmol·L-1 of sodium[38].
This high volume output is mainly due to a loss of the normal
daily secretions (0.5 L saliva, 2.0 L gastric juice and 1.5 L
pancreatico-biliary) produced in responseto food and drink.
Each day about 6 litres of chyme pass the duodeno-jejunal
flexure, but by 100 cm distal to the duodeno-jejunal flexure the
chyme volume is about the same as that of the oral intake[75,76].
If a jejunostomy is at a small bowel length of less than this more
emerges from the stoma than is taken in by mouth (“secretors”).
Even in the fasting state there is an obligatory loss of intestinal
secretions produced with the migrating myoelectric complex
(MMC)[77]. The effluent from a jejunostomy or ileostomy
contains relatively little potassium (about 15 mmol·L-1)[23,24,38].
Potassium balance is not often a problem and net loss through
the stoma occurs only when less than 50 cm jejunum remains[38].
A low serum potassium level is most commonly due to sodium
depletion with secondary hyperaldosteronism and thus greater
than normal urinary losses of potassium[23]. Hypokalaemia can
also be due to hypomagnesaemia, which causes dysfunction
of potassium transport systems and increases renal potassium
excretion; this hypokalaemia is resistant to potassium treatment
but responds to magnesium replacement[78,79]

Management of a high output stoma (jejunostomy/ileostomy)
or enterocutaneous fistula
It is helpful both in predicting outcome and in choosing the
type of nutritional support if the length of bowel above the
stoma/fistula is known. Contrast studies (small bowel meal,
fistulogram or stoma enema) may help with this. An examination
of the output (colour/consistency/24 hr volume) gives an
indication of the internal origin of the fistula.

Exclude other causes of a high output
A stoma may produce a high output if there is intra-abdominal
sepsis, enteritis (e.g. clostridium or salmonella), partial/
intermittent bowel obstruction, recurrent disease in the
remaining bowel (e.g. Crohn’s disease or irradiation) or sudden
stopping of drugs (steroids or opiates).

Treatment of a high output jejunostomy
The concentration of sodium in the output remains constant
(about 100 mmol·L-1) whatever treatment is given. While there
is a small stomal loss when fasting, the greatest increase in
stomal output is after food or drink (Figure 2)[38]. Even in patients
with a jejunostomy and receiving parenteral nutrition, the stomal
output should be reduced, as this may reduce the amount or
frequency of parenteral fluid required and the social problems
of managing a high output stoma. If there is marked sodium
and water depletion and severe thirst, it is often necessary to
establish equilibrium by giving intravenous normal saline (2-4 L·d-1)
keeping the patient ‘nil by mouth’, which will also demonstrate
that the output is driven by their oral intake. Over 2-3 d intravenous
fluids are gradually withdrawn while food and restricted oral fluids
are reintroduced. Great care must be taken not to administer too
much fluid, which will readily cause oedema (partly due to the high
circulating aldosterone levels[23,24,80,81]. To correct hypokalaemia in
patients with a high output stoma, sodium/water depletion
must be corrected and the serum magnesium brought into the
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normal range. It is uncommon for potassium supplements to be
needed.

Restrict oral fluids Jejunal mucosa is ‘leaky’ and rapid sodium
fluxes occur across it. If water or any solution with a sodium
concentration of less than 90 mmol/l is drunk there is a net
efflux of sodium from the plasma into the bowel lumen[82], until
a luminal sodium concentration of about 100 mmol/l is reached.
In a patient with a jejunostomy this fluid is then lost in the
stomal output. It is a common mistake for patients to be
encouraged to drink oral hypotonic solutions to quench their
thirst, but this causes large stomal sodium losses[80,82-85].
Treatment for the high output from a jejunostomy, ileostomy or
high fistula begins with the patient restricting the total amount
of oral hypotonic fluid (water, tea, coffee, fruit juices, alcohol
or dilute salt solutions) to less than 500 mL·d-1. To make up the
rest of the fluid requirement the patient is encouraged to drink
a glucose-saline replacement solution. Many patients at home
with marginally high stoma outputs (1.0-1.5 L) will be helped by
a combination of oral fluid restriction (less than 1.0 L·d-1) and
the addition of salt to their diet. Often patients are advised to
take liquids and solids at different times (no liquid for half an
hour before and after food) however there is no published
evidence that this reduces stomal output or increases macro or
micronutrient absorption[86].

Drink oral glucose-saline solution Patients with stomal losses
of less than 1200 mL·d-1 can usually maintain sodium balance
by adding extra salt to the limit of palatability at the table and
when cooking. When stoma losses are in the range 1200 - 2000 mL,
or sometimes more, it is possible for a patient to maintain sodium
balance by taking a glucose-saline solution or salt capsules[84].
In hot weather, due to water and sodium loss in sweat, patients
with a stoma are more likely to have problems of dehydration.
As the sodium content of jejunostomy (or ileostomy) effluent
is relatively constant at about 90 mmol·L-1 and as there is coupled
absorption of sodium and glucose in the jejunum[87-89]; patients
are advised to sip a glucose-saline solution with a sodium
concentration of at least 90 mmol·L-1 throughout the day. The
World Health Organization (WHO) cholera solution has a
sodium concentration of 90 mmol·L-1[90] and is commonly used
(without the potassium chloride) (Table 3). The concentration
of sodium in this solution is much higher than many commercial
preparations used to treat infective or traveller’s diarrhoeas.
There is no evidence that the sodium bicarbonate adds to the
effectiveness of this solution[89] and it may be more palatable if
the sodium bicarbonate is replaced by sodium citrate. If the
sodium concentration is increased further (e.g. to 136 mmol·L-1)
absorption of sodium and water is improved[91]. However even
though taste perception is different in patients who are salt
and water depleted, they may find a more concentrated salt
solution too salty to drink. The patient should be encouraged
to sip a total of one litre or more of one of these solutions in
small quantities at intervals throughout the day. As compliance
is often a major problem, patients need to understand the need
for the solution. To improve palatability the solution may be
chilled or flavoured with fruit juice.

Table 3   The modified WHO cholera rehydration solution

  Sodium chloride 60 mmol (3.5 gm)
  Sodium bicarbonate (or citrate) 30 mmol (2.5 gm) (2.9 gm)
  Glucose 110 mmol (20 gm)
  Tap water one litre
Alternative rehydration solution
  Sodium chloride 120 mmol (7 gm)
  Glucose 44 mmol (8 gm)
  Tap water one litre

      A glucose-polymer (55 gm Maxijul) may be substituted for
glucose to increase the energy intake by a mean of 648.8kJ·d-1

(115 kcal/day)[84]. A rice powder based oral rehydration solution
can further increase the amount of energy absorbed, and if
there is a functioning terminal ileum one study has shown that

the sodium concentration in this solution can be reduced to 60
mmol·L-1[92]. The glucose-polymer/rice based solution can be
especially useful in diabetic patients as it causes less extreme
changes in blood glucose than glucose based solutions. Sodium
chloride capsules (500 mg each) are effective when taken in
large amounts (14/24 h), but can cause some patients to feel sick
and even vomit[84]. If an enteral feed is given, sodium chloride
needs to be added to make the total sodium concentration of the
feed 100 mmol·L-1 while keeping the osmolality near to 300 mmol·L-1.
Drug therapy If restricting oral fluids and giving a glucose-
saline solution to drink are not adequate, drugs may be needed.
As the intestinal output, especially in net “secretors” rises
after meals, it is important to give the drugs before food. Drugs
used to reduce jejunostomy output actto reduce either intestinal
motility or secretions. If any tablets/capsules emerge unchanged
in stool/stomal output, they can be crushed, opened and/or
mixed with water or put on food.

Antimotility (antidiarrhoeal) drugs Loperamide and codeine
phosphate reduce intestinal motility and thus decrease water
and sodium output from an ileostomy by about 20%-30%[93-95].
Loperamide is preferred to opiate drugs (e.g. codeine phosphate)
as it is not sedative, addictive and does not cause fat
malabsorption[94,96].  However loperamide does reduce
postprandial pancreaticobiliary secretion of trypsin and bilirubin
in patients with a short bowel and preserved colon[97]. They are
usually taken half an hour before food. Oral loperamide 4 mg
taken four times a day was more effective in reducing the weight
and sodium content of ileostomy fluid than codeine phosphate
60 mg taken four times a day (94) but the effect of both together
may be greater[98].  Loperamide circulates through the
enterohepatic circulation, which is severely disrupted in patients
with a short bowel and small bowel transit may be very rapid.
Thus high doses of loperamide (e.g. 12-24 mg at a time) may be
needed, as following a vagotomy and pyloroplasty[99]. These
drugs are effective in most patients with a jejunostomy[38,100]

particularly net “absorbers”.

Antisecretory drugs Food and drink are diluted by digestive
juices, thus the volume of stomal effluent can be reduced in
‘secretors’ by drugs that reduce the secretions from the
stomach, liver and pancreas. Drugs that reduce gastric acid
secretion (e.g. the H2 antagonists or proton pump inhibitors or
the somatostatin analogue octreotide) are most commonly used.
There is one report of a patient with a jejunostomy for Crohn’s
disease having gastric irradiation to successfully reduce their
stomal output[101].

H2 antagonists/proton pump inhibitors Cimetidine (400 mg orally
or intravenously four times a day)[102,103], ranitidine (300 mg
orally twice daily)[38] and omeprazole (40 mg orally once a day
or intravenously twice a day)[104,105] reduce jejunostomy output
particularly in net secretors and generally in those with an
output exceeding 2 litres daily. Omeprazole is readily absorbed
in the duodenum and upper small bowel, but if less than 50 cm
jejunum remains it may need to be given intravenously. The
effect of these drugs is as good as octreotide (50 ìg
subcutaneously twice daily) in terms of the reduction in stomal
volume[38,104]. They do not change the absorption of energy,
carbohydrate, lipid, nitrogen and divalent cations[102-105] and do
not reduce jejunostomy output enough to prevent the need for
parenteral fluid and electrolyte replacement.

Somatostatin/octreotide Somatostatin/octreotide reduce
salivary, gastric and pancreatico-biliary secretions, slow small
bowel transit and may delay gastric emptying. Somatostatin
has a serum half-life of 3 min so is given by continuous infusion
and does reduce stomal output[106]. Octreotide has a serum half-
life of 90 minutes so is given as regular (two or three time’s
daily) subcutaneous injections before food. Several studies
in adults have shown octreotide to reduce ileostomy
diarrhoea and large volume jejunostomy outputs [100,107-114].
The greatest reductions in intestinal output have occurred in net



“secretors”, and many patients have been able to reduce the
volume of parenteral supplements needed[110,114]. All studies have
shown a reduction in sodium output, which parallels that of the
intestinal output[100,107-114]. Magnesium balance has not been
changed by octreotide[107,112]. Octreotide does not significantly
change total energy[110,113,114] or nitrogen absorption[107,109,112-114].
Fat absorption may be unchanged[112-114] or reduced[107] as might
be predicted from a reduction in pancreaticobiliary secretion. The
effect of octreotide is maintained in the long-term[107,109,110,112,114].
Somatostatin and octreotide both reduce the output from a high fistula
and appear to accelerate the rate of spontaneous closure[115,116].

Steroids/fludrocortisone/desmopressin Mineralocorticoids (e.g.
2 mg oral fludrocortisone or 2 mg intravenous d-aldosterone)[117-119]

or high dose hydrocortisone[120] can occasionally reduce the
stomal output in patients with a retained ileum. Desmopressin
(an analogue of antidiuretic hormone) has no effect upon ileal
fluid or electrolyte loss in man[121]. Some patients cannot be
maintained with any oral regimens (usually if jejunal length is
less than 100 cm) and need regular parenteral saline
supplements. Most such patients also need oral or parenteral
nutritional supplements, but a few need only one or two litres
of parenteral (or subcutaneous) saline daily, often with added
magnesium sulphate (4-12 mmol).

Magnesium depletion
Magnesium deficiency occurs partly because its main
absorptive sites have been removed (distal small bowel and
colon)[122]. However the degree of malabsorption of magnesium
does not correlate with the residual length of jejunum[42,123].
Fatty acids derived either from digestion of dietary fat or from
bacterial fermentation of malabsorbed carbohydrate, combine
with magnesium, calcium and zinc so preventing absorption
and increasing faecal or stomal losses[124]. Another reason
particularly in patients with a jejunostomy is that salt and water
depletion causes secondary hyperaldosteronism, which
increases renal magnesium excretion[125,126].
     The clinical syndrome of magnesium deficiency in man
includes fatigue, depression, jerky and weak muscles, ataxia,
athetoid movements, cardiac arrhythmia’s and, if severe,
convulsions[127-130]. The occurrence of carpopedal spasm,
positive Chvostek and Trousseau’s signs generally occur if
there is a concomitant hypocalcaemia[128,129,131]. Low serum
magnesium levels are more common in patients with a
jejunostomy (70%) than patients with a retained colon (40%)
[25]. Hypomagnesaemia can perpetuate itself as it reduces both
the secretion and function of parathormone[132].  Thus
parathormone cannot promote magnesium absorption in the
ascending limb of the loop of Henle or activate renal 1 alpha-
hydroxylase, which catalyses the formation of 1,25 hydroxy-
vitamin D. The failure to make 1,25 hydroxy-vitamin D results in
reduced intestinal magnesium and calcium absorption[133].

Treatment of hypomagnesaemia
Dehydration and sodium depletion, which will cause secondary
hyperaldosteronism (which leads to renal magnesium loss),
must first be treated. A diet relatively low in fat reduces stool/
stomal magnesium losses especially in patients with a retained
colon[124,134]. Various magnesium salts have been given as a
treatment orally: magnesium sulphate, chloride, hydroxide,
acetate, carbonate, gluconate, lactate, citrate, aspartate,
pyroglutamate, oxide (magnesia) and diglycinate. Most
magnesium salts are poorly absorbed and may worsen diarrhoea/
stomal output. Magnesium acetate has been shown to cause
less diarrhoea than magnesium gluconate[135]. Magnesium oxide
is commonly given and contains more elemental magnesium than
the other salts, is insoluble in water and alcohol but soluble in
dilute acid. In the stomach it is converted to magnesium chloride.
It is given as gelatine capsules of 4 mmol magnesium oxide (160
mg of MgO) to a total of 12-24 mmol·d-1. Magnesium oxide is
usually given at night when intestinal transit is assumed to be
slowest and hence there is more time for absorption. Magnesium
diglycinate (chelate) is absorbed as well as magnesium

oxide as an intact dipeptide in the proximal jejunum and it results
in the passage of fewer stools, after an ileal resection, than
magnesium oxide[136].
     As hypomagnesaemia will have caused both a failure of
parathormone release and a resistance to its action, 1-alpha
hydroxy-cholecalciferol cannot be made in the kidney in
adequate amounts. Thus if oral magnesium supplements do
not bring the magnesium level into the normal range, oral 1-
alpha hydroxy-cholecalciferol in a gradually increasing dose
(every 2-4 wk) of 1-9 µg·d-1 will improve magnesium balance in
patients, at least in those with a retained colon[137,138]. This action is
by increasing both intestinal and renal magnesium absorption[138].
Occasionally magnesium is given as an intravenous or
subcutaneous infusion.

Undernutrition - protein-energy malnutrition
Undernutrition only becomes apparent slowly and should be
prevented from occurring by predicting its likelihood and from
knowledge of the residual length of bowel remaining (Table 4).
All patients who can be maintained on an oral diet need to
consume more energy than normal subjects because 50% or
more of the energy from the diet may be malabsorbed. Patients
can achieve this by eating more high-energy food, having oral
sip-feeds, or high energy enteral feeds given at night through
a nasogastric or gastrostomy tube. There are rarely any
problems inserting a percutaneous endoscopic gastrostomy
(PEG) into patients with Crohn’s disease providing that there is
no distal obstruction[136]. Once weight is regained, a nocturnal
feed can be reduced or stopped and sip-feeds during the day
may be adequate. Only if these measures fail and the patient
continues to lose weight, or fails to regain lost weight, is parenteral
nutrition given. Parenteral nutrition may only be needed for a
few weeks or months before oral supplements are adequate.
     In the long-term parenteral nutrition is needed if a patient
absorbs less than one-third of the oral energy intake[38,74], if
there are high-energy requirements and absorption is 30-60%
or if increasing the oral/enteral nutrient intake causes a socially
unacceptably large volume of stomal output or diarrhoea. In
addition to consuming a high energy diet the dietary advice
given to the two types of patient is different.

Table 4   Summary of the problems of a short bowel

  Jejunum-colon Jejunostomy

Presentation   gradual, diarrhoea acute fluid
  and undernutrition losses

Water, sodium and   uncommon in the common
magnesium depletion   long-term
Nutrient malabsorption   Common* very common
D(-)lactic acidosis   occasionally none
 Renal stones   25% none
(calcium oxalate)
Gallstones (pigment)   45% 45%
Adaptation   functional adaptation no evidence
Social problems   diarrhoea high stomal output

  dehydration
  dependency on
  treatment

*:bacterial fermentation of carbohydrate salvages some energy, but D (-)
lactic acidosis can occur if the diet is high in mono and oligosaccharides.

Jejunum-colon Unabsorbed long chain fatty acids in the colon
reduce the transit time[139] and reduce water and sodium
absorption[140] somaking diarrhoea worse. In addition they are
toxic to bacteria so reduce carbohydrate fermentation[141]. They
bind to calcium and magnesium increasing stool losses, and
they increase oxalate absorption so predisposing to the
formation of renal stones (see below). Theoretically, a low fat
diet is ideal for patients after a small bowel resection[142], however
in practice it is hard to implement. Fat yields twice as much
energy as a comparable weight of carbohydrate or protein and
makes food palatable. A high carbohydrate/low fat diet involves
eating a large volume of food. A low fat diet may increase calcium,
magnesium and zinc absorption[124] but makes essential fatty acid
deficiency more likely[143]. Sunflower oil may be rubbed onto the
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skin to ensure adequate amounts of essential fatty acids enter
the body[144]. If a diet is high in monosaccharides D (-) lactic
acidosis may occur (see below). Medium chain triglycerides are
an alternative source of energy and are absorbed from the small
and large bowel[145-148]. In order to increase the energy absorption,
reduce the risk of renal stones and D (-) lactic acidosis, patients
with a retained colon need a large totalenergy intake with a diet
high in carbohydrate (polysaccharides)[29], but not increased in
fat (long chain triglycerides) and low in oxalate.

Jejunostomy Patients with a jejunostomy absorb a constant
proportion of the nitrogen, energy and fat from their diet[29,134,149].
Increasing fat in the diet, increases energy density, keeps the
diet osmolality low, increases palatability and provides essential
fatty acids[143]. It does raise fat excretion but does not usually
increase stomal output, nor make the output offensive[29,134,149].
Two studies have shown fatty acids to increase the stomal
output of divalent cations[124,150] and two others found no such
effect [134,149]. There is no advantage in giving a diet of small
molecules (e.g. an elemental diet), which causes a feed to be
hyper-osmolar[149] and usually contains little sodium, so stomal
losses of water and sodium from the stoma increase. A peptide
diet has a relatively high osmolality and thus can increase stomal
output[151]. Little advantage comes from taking a diet of water-
soluble medium chain triglycerides in place of normal fat[148].
The addition of glutamine (15 gm) to a litre of rehydration
solution in patients with jejunostomy resulted in no additional
benefit in terms of water or sodium absorption[152]. The fibre
content of the diet plays only a minor role in determining jejunal
output[93]. As the stomal sodium losses are about 100 mmol·L-1

any diet will need added sodium chloride. These patients need
a diet of high energy (carbohydrate or lipid) in which the
osmola l i ty  i s  kep t  low by  us ing  l a rge  molecu les
(polysaccharides, protein and triglycerides)[149,150] and to which
sodium chloride is added to give the meal/liquid feed a total
sodium concentration of 90-120 mmol·L-1 and an osmolality of
about 300 mmol·L-1.
Conjugated bile acid treatment  As fat malabsorption in both
types of patient with a short bowel may partly be due to bile acid
depletion, bile salts have been tried as a treatment.
Cholylsarcosine, a synthetic bile acid resistant to bacterial
deconjugation and dehydroxylation and which does not itself
cause colonic secretion so does not cause diarrhoea. When 4
grams are taken three times a day, there is a variable improvement
in fat and calcium absorption in patients with and without a
retained functioning colon; however it may cause nausea[153-154].

Other vitamin and mineral deficiencies
Both groups of patient have had more than 60 cm of their terminal
ileum removed, and need long-term hydroxycobalamin
injections[11,12,57]. Patients receiving parenteral nutrition are
commonly selenium deficient[155-157] and need larger amounts of
selenium than are required in the diet of normal subjects[157] this
suggests a loss of selenium from the gastrointestinal secretions.
In patients with a jejunostomy there is a reduction in selenium
absorption, which relates to the length of remaining jejunum[158].
The kidney can conserve selenium but this may not be adequate
and selenium deficiency is common. This causes weak muscles
and a dilated cardiomyopathy[159]. Zinc deficiency is not common
unless stool volumes are large[160]. There may be impairment of
absorption of the fat-soluble vitamins A D E K and essential
fatty acids. Essential fatty acid deficiency can be treated by
rubbing sunflower oil into the skin[144].

Diarrhoea (Jejunum-colon patients)
The oral intake determines the amount of stool passed.
Diarrhoea, which may severely restrict a patient’s life style, can
be reduced by limiting food intake, but this may increase the
problems of undernutrition. Rarely a patient needs parenteral
nutrition to allow them to eat less and so reduce the diarrhoea.

      Diarrhoea may be treated with loperamide 2-8 mg given half
an hour before food in the same way as for patients with a
jejunostomy and occasionally codeine phosphate is also added
(30-60 mg half an hour before food). If less than 100 cm terminal
ileum has been resected bile salt malabsorption may contribute
to the diarrhoea and may be helped by cholestyramine, which
has the additional advantage of reducing oxalate absorption,
but may be detrimental by reducing fat absorption and by
further reducing the bile salt pool[58]. Although a gastric anti-
secretory drug may reduce diarrhoea shortly after surgery, they
are not usually effective in the long-term.

Confusion
In addition to the many common general medical causes of
confusion (e.g. hypoxia, hepatic, renal or cardiac failure, sepsis,
hypoglycaemia, alcohol or other drugs) other specific causes should
be sought in a patient with a short bowel. Hypomagnesaemia may
cause mild confusion when the serum magnesium level is very
low (less than 0.2 mmol·L-1). Thiamine deficiency can cause a
Wernicke/Korsikoff psychosis, which responds rapidly to large
regular doses of thiamine. Two other specific causes in patients
with a short bowel are D (-) lactic acidosis and hyperammonaemia.
D (-) lactic acidosis is only seen in patients with a short bowel
and a preserved colon. Lactic acid produced and utilized by
mammalian cells is the L (+) isomer but colonic bacteria produce
both the L (+) and the D (-) isomers. In rare circumstances the
colonic flora may rapidly degrade a surplus of easily fermentable
carbohydrate (mono and oligosaccharides and rapidly
digestible starch[161] to D (-) lactate. A reduction in colonic gram-
negative anaerobes and a predominance of gram-positive
anaerobes, especially Lactobacillus, Eubacterium, and
Bifidobacterium has been found[162]. D (-) lactate is absorbed
and cannot be easily metabosised. It causes ataxia, blurred
vision, ophthalmoplegia and nystagmus, slurred speech,
aggressiveness, inappropriate behaviour, and stupor, which
may progress to coma[163]. It is suspected when a patient is
found to have a metabolic acidosis with a large anion gap, and
confirmed by increased concentrations of D (-) lactate in blood
and urine. The diet is changed so that simplecarbohydrates
(mono and oligosaccharides)[164] are restricted and more slowly
digestible polysaccharides (starch) encouraged and thiamine may
be given. Broad-spectrum antibiotics (neomycin or vancomycin)
can be given to reduce the bacterial production of lactate. Medium
chain triglycerides may be omitted[165]. If very severe the patient
may need to fast and be given parenteral nutrition.
      Confusion may occur in both types of patients with a short
bowel due to hyperammonaemia, this results because ammonia
cannot be detoxified. The small amount of intestine remaining
cannot manufacture adequate citrulline to detoxify ammonia in
the urea cycle. The increase in blood ammonia is a problem if
there is concomitant renal impairment, as the excess ammonia
cannot be excreted. By giving arginine (an intermediary in the
urea cycle) the hyperammonaemia can be corrected[166,167].

Drug absorption
Omeprazole can be absorbed in the duodenum/ upper jejunum
and only if less than 50 cm jejunum remains are problems likely
to occur. Many drugs will be incompletely absorbed by patients
with a short bowel and may be needed in much higher amounts
than usual (e.g. thyroxine, warfarin[168], and digoxin[169]) or may
need to be given intravenously. As the enterohepatic circulation,
round which loperamide circulates, is disrupted, higher doses
than usual may need to be given.

Gallstones
Gallstones are common (45%) in both types of patient and are more
common in men[25]. It was originally thought that gallstones in this
circumstance were due to deposition of cholesterol because of a
depleted bile-salt pool. However, the gallstones tend to contain
calcium bilirubinate and these probably result from gallbladder stasis
with the consequent formation of biliary sludge. These stones may
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appear calcified on an abdominal radiograph[170]. Calcium
bilirubinate crystals, within biliary sludge, are more commonly
found in men than women[171]. The reasons for the formation of
biliary sludge include, abdominal surgery, ileal resection, Crohn’s
disease, rapid weight loss, drug therapy (e.g. octreotide) and
altered gastrointestinal transit and flora. Disturbed cholesterol
or bilirubin metabolism, and changes in nucleation may also be
important[172]. There are many therapies proposed to prevent the
formation of gallstones. Cholecystokinin (CCK) injections have
been successful[173]. Periodic pulsed infusions of amino acids
or small amounts of enteral feed stimulate endogenous CCK
release, cause gallbladder contraction and thus prevent
gallbladder stasis[174]. Non-steroidal anti-inflammatory drugs
may prevent gallstones by decreasing the mucin glycoprotein
involved in nucleation[175], or by a prokinetic effect (via
leukotrienes) on the gallbladder[176]. Ursodeoxycholic acid
(UDCA) causes bile to become richer in glycine or taurine
conjugates of UDCA and this results in a marked reduction in
cholesterol crystallisation. This may be due to a reduction in
some crystallisation promoting factors (e.g. aminopeptidase N,
haptoglobin and some immunoglobulins)[177,178]. Reducing the
amount of the more lithogenic secondary bile acids could be
achieved by either increasing intestinal transit (e.g. cisapride[179])
or by inhibiting bowel bacteria (e.g. metronidazole)[180]). Some
units advocate prophylactic cholecystectomy whenever a large
intestinal resection is performed[181].

Renal stones
Patients with a retained colon have a 25% chance of developing
symptomatic calcium oxalate renal stones[25]. Oxalate is a
metabolic end product that cannot be metabolised in man.
Under normal circumstances, most urinary oxalate derives from
the metabolism of amino acids (mainly glycine) and of ascorbic
acid. Less than 10% is derived from dietary oxalate[182]. However
after an ileal resection there is increased colonic absorption of
dietary oxalate especially by the distal colon[183].
      There are many factors contributing to calcium oxalate renal
stone formation[184].

Fat malabsorption Increasing the dietary intake of lipid results
in increasing enteric hyperoxaluria[185]. Fat malabsorption leads
to calcium soap formation and calcium malabsorption and to
oxalate being unbound and thus easily absorbable. Colonic
oxalate absorption is increased by low dietary calcium,
hyperparathyroidism, and vitamin D administration, all of which
reduce calcium concentrations in the colon and thus the extent
to which oxalate is bound to calcium in the gut lumen.

Increased colonic permeability Unabsorbed bile acids increase
colonic permeability to oxalate. Chenodeoxycholate, infused into
the colon, increased oxalate absorption five-fold[186].
Cholestyramine taken orally decreased oxalate absorption[187,188].

Reduced bacterial breakdown of oxalate An anaerobic bacteria
(Oxalobacter formigenes) within the colon degrades oxalate to carbon
dioxide and formate[189]. A reduction in its amount could contribute
to increased oxalate absorption. It is cultured less frequently from
the stools of patients with Crohn’s disease or steatorrhoea[190]. Its
growth is inhibited by low bile acid concentrations as occur in
patients with a short bowel and retained colon[191].

Vitamin deficiency Pyridoxine deficiency may increase the
metabolic formation of oxalate and/or the ileal absorption[192,193].
Thiamine deficiency may increase oxalate production. In contrast
ascorbic acid deficiency decreases oxalate absorption[194].

Hypocitraturia Citrate prevents nucleation, the first step in stone
formation. Hypocitraturia is common in patients with malabsorption
or jejunoileal bypass[195-197]. Citrate excretion and urine pH are reduced
by systemic acidosis, including that caused by gastrointestinal

bicarbonate wastage, and by hypomagnesaemia. Hypocitraturia
in patients with malabsorption can be corrected by oral citrate
supplementation and magnesium injections[196].

Type of oxalate ingested Sodium oxalate as found in tea is more
readily absorbed that calcium oxalate in most foods.

     To prevent calcium oxalate renal stone formation, patients
should avoid dehydration and take a diet low in oxalate. A low
oxalate diet means avoiding foods such as spinach, rhubarb,
beetroot, nuts, chocolate, tea, wheat bran, and strawberries[184].
Fat restriction is theoretically good but may not be desirable for
nutritional reasons. Substitution of medium chain triglycerides may
be effective in reducing oxalate absorption[198]. Restriction of dietary
oxalate and fat intake reduce urinary oxalate excretion[188,199-201].
Dietary calcium must not be restricted but must be increased.
Calcium salts reduce absorption of dietary oxalate in patients
with ileal resection or jejunoileal bypass[202-209]. Calcium-
containing organic marine hydrocolloid decreases oxalate
absorption without increasing calcium absorption[206]. Binding
bile salts with cholestyramine has variable effects. It binds oxalate
in vitro[210] and some studies showed it to decrease urinary
oxalate excretion[187,210], however, other studies have shown no
benefit[195,202] or even increased urinary oxalate excretion[211].
      Aluminium salts can bind oxalate in vitro[205]. There was a
halving of urinary oxalate excretion after oral aluminium hydroxide
had been given to 4 patients with enteric hyperoxaluria[212], but
no such reduction was observed in another study[211].

Social problems
Most long-term patients with a short bowel have a body mass
index within the normal range and most are at full time work or
looking after the home and family unaided[25]. Both groups may
have diarrhoea and in those with a colon the diarrhoea is
malodorous and bulky due to steatorrhoea.
    The effluent from a small-bowel stoma, unlike from a
colostomy, is not offensive but sometimes is a large volume (e.
g. 3 or more litres/24 h). The bag then has to be emptied
frequently and, if it becomes overfull, the adhesive flange may
separate from the skin with embarrassing leakage of fluid, and
with the likelihood of skin soreness. A patient with no remaining
jejunum and a preserved colon can survive without parenteral
nutrition but their quality of life is poor[35].

New and future treatments
New treatments aim to increase the absorptive function of the
remaining gut. As plasma levels of GLP-2, which causes villus
growth, and peptide YY, which slows upper gastrointestinal
transit, are low in patients with a jejunostomy, treatments to
correct these are being tried. GLP-2 gave a small increase in nutrient
absorption[213]. Peptide YY agonists are available but have not yet
been tried[214]. Other treatments that may increase structural
adaptation include epidermal growth factor[215,216], colostrums and
aminoguanidine[217]). Studies using growth hormone, glutamine
and fibre have been disappointing[218,219]. Attempts are being made
to replace colonic mucosa with small intestinal mucosa to increase
absorption[220]. Other areas of importance are in the prevention of
gallstones after an intestinal resection and randomised placebo
controlled trials using prophylactic antibiotics, ursodeoxycholic
acid and cholecystokinin are awaited. An oral nutrient solution
containing 100 mmol/litre sodium and having an osmolality of
300 mmol·L-1 has yet to be commercially manufactured as an ideal
nutrient solution to give to patients with a jejunostomy or high
output ileostomy.
Small bowel transplantation is becoming a more successful operation,
however few patients are suitable for this (no venous access or
parenteral nutrition induced severe liver disease) and even when
tacrolimus is used for immunosuppression only 40%-47% of
patients will be alive 3 years later and 29%-38% will have a functioning
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graft[221,222]. 78% of those who survive with the transplant are
able to stop parenteral nutrition. These figures contrast to those
for patients on home parenteral nutrition for non-neoplastic
reasons who can expect to have a relatively good quality of life
good and a survival rate of 70% at 3 years[223,224].
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