
Invited Review

Short Bowel Syndrome: Clinical Guidelines for Nutrition
Management

Laura E. Matarese, MS, RD, LDN, FADA, CNSD*; Stephen J. O’Keefe, MD, MSc, FRCP†;
Hossam M. Kandil, MD, PhD†; Geoffrey Bond, MD*; Guilherme Costa, MD*; and
Kareem Abu-Elmagd, MD, PhD, FACS*
*Intestinal Rehabilitation and Transplant Center, Thomas E. Starzl Transplantation Institute, and the †Department
of Gastroenterology, The University of Pittsburgh Medical Center, Pittsburgh, Pennsylvania

ABSTRACT: Intestinal failure is a condition in which
inadequate digestion or absorption of fluid, electrolytes,
and nutrients leads to dehydration or malnutrition. The
most common cause of intestinal failure is short bowel
syndrome (SBS) defined as �200 cm of functional small
intestine. SBS may result from congenital abnormalities
or from surgical resection. For the past 3 decades, patients
with severe SBS were managed with home parenteral
nutrition (HPN). With the emergence of new therapies,
the clinician now has multiple options to treat these
patients. These include intestinal rehabilitation regimens
whereby patients are treated with specialized oral diets,
soluble fiber, oral rehydration solutions (ORS), and tro-
phic factors to enhance absorption. There are also a
variety of surgical techniques available to preserve intes-
tinal length. Small bowel and multivisceral transplanta-
tion has evolved during the last decade to be a valid
therapeutic option for those patients who cannot be reha-
bilitated or who fail HPN. These are interrelated services
designed to offer the patient the best therapeutic options
to meet their individual needs. This article reviews the
principles associated with the nutrition management of
this very complex and diverse group of patients.

The normal small bowel length in adults ranges
from 300 to 800 cm.1 Loss of two-thirds or more of
the small bowel is defined as short bowel syndrome
(SBS).2 SBS may result from congenital disorders
(eg, intestinal atresia), surgical resection, or bypass
of the intestine. In the United States, according to a

1995 epidemiologic report, there have been at least
20,000 adult patients with SBS receiving home
parenteral nutrition (HPN) at an average annual
cost of $150,000 per patient.3 Although the number
is small relative to other disease states, the level of
care required by these patients is significant. In
addition to the financial burden, long-term paren-
teral nutrition (PN) has been associated with
numerous metabolic and septic complications4,5 and
diminished quality of life.6 Nutrition is an integral
component of the care of these very complex and
heterogeneous patients and forms the foundation of
treatment. Therapy options have expanded to
include not only HPN but also intestinal rehabilita-
tion programs designed to enhance absorption of the
remnant bowel, surgical intestinal rehabilitation to
prevent SBS, and intestinal transplantation when
the bowel cannot be rehabilitated and the patient
fails HPN. These are interrelated services designed
to offer the patient the best therapeutic options to
meet their individual needs. This article will review
the principles associated with the nutrition manage-
ment of this very complex and diverse group of
patients.

Physiologic Consequences of Intestinal
Resection

The primary physiologic consequence of SBS is
malabsorption, resulting in fluid and electrolyte
abnormalities and malnutrition. The severity of the
malabsorption is determined by the extent and loca-
tion of the resection, the presence or absence of the
colon, the health of the remaining mucosa, and the
ability of the remaining bowel to compensate,
referred to as intestinal adaptation.7 Fortunately,
the small bowel has a large functional reserve capac-
ity, and resections of �50% are generally well toler-
ated without requiring any significant intervention.
Patients who have had a resection of 50%–70% will
experience a transient malabsorption, which may
require dietary modification, oral nutrition supple-
mentation, and medications to enhance absorption
and prolong transit time. When the extent of the
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resection exceeds 75%, the patient will most likely
develop significant malabsorption and require long-
term PN or intestinal transplantation.

Aside from the length of bowel resected, the
specific area of the surgical intervention influences
absorption. Absorption of nutrients occurs through-
out the small bowel, with the majority occurring in
the first 150 cm.8 Loss of the duodenum and termi-
nal ileum will impair absorption more than loss of
the jejunum. This is largely due to the specific
absorptive and motility functions performed in these
segments of bowel. Vitamin B12-intrinsic factor is
absorbed in the distal 100 cm of the ileum.9 There-
fore, patients with terminal ileal resections �60 cm
will generally require vitamin B12 replacement.
Absorption of bile salts occurs by specific receptors
in the distal 100 cm of ileum, which are transported
back to the liver through the portal vein and
secreted again by the liver.10 When �100 cm of
terminal ileum is resected, unabsorbed bile salts are
replaced by hepatic synthesis. Unfortunately, when
the unabsorbed bile salts come in contact with the
colonic mucosa, a secretory or cholerrheic diarrhea
results. If �100 cm of the terminal ileum is removed,
the bile salt pool cannot be maintained, because
intestinal losses exceed the synthetic capacity of the
liver. Steatorrhea tends to be severe, and secretory
diarrhea can occur as a result of unabsorbed long-
chain fatty acids coming into contact with the
colon.10

The role of the ileocecal valve in enhancing
absorption is not clear. The ileocecal valve is
believed to be important in slowing transit by con-
trolling the contents of the ileum into the cecum and
preventing reflux of colonic contents into the small
bowel.11 This would allow increased contact time of
luminal nutrients with the mucosal surface. It is
also believed that the presence of the ileocecal valve
decreases the risk of bacterial overgrowth in the
small bowel by limiting reflux of the colonic con-
tents. However, no changes in transit time or reflux
have been observed in patients who have had ileo-
cecal valve excision.12,13

Preservation of the colon is important for absorp-
tion of water, electrolytes, and fatty acids. It also
plays a role in prolonging intestinal transit and
stimulating intestinal adaptation. The ability of the
patient to remain autonomous from HPN or IV
fluids is not only dependent on the length of small
bowel but also the presence or absence of the colon.
Patients with �40–60 cm jejuno-ileum anasto-
mosed to a portion of the colon or those with �100–
140 cm small bowel and no colon will most likely
require permanent long-term PN.14–16 Those indi-
viduals with at least 150 cm ending in a stoma or
60–90 cm anastomosed to a portion or all of the
colon can often be weaned from PN. The ability to
wean patients is not only dependent on absolute
bowel length but also enterocyte function.

Intestinal Adaptation
After surgical resection, the remaining bowel

begins to increase absorptive function. The exact
mechanism of mucosal adaptation in humans has
not been fully elucidated. There is some evidence
that the intestine hypertrophies and lengthens
slightly with an increase in diameter and villus
height.17–20 However, a recent study by Ziegler et
al21 did not find evidence that adaptation involved
hyperplasia of either the small bowel or colonic
mucosa. Rather, an up-regulation of the peptide
transporter PepT1 in the colon of patients with SBS
was observed, suggesting that the colon can increase
the luminal transport of di- and tripeptides derived
from the diet or other sources. The exact time frame
of the adaptation process is not known but generally
thought to begin after surgery and continue for
approximately 2 years.22–25 This adaptive mucosal
hyperplasia of the remnant bowel occurs only if
nutrients are present in the intestinal lumen.25

Luminal nutrients are the most potent stimulus to
intestinal adaptation. Therefore, our practice is to
transition patients to a complex diet as soon as
possible.

Clinically, the patient with SBS progresses
through several phases during the adaptation pro-
cess. In the first phase (1–3 months), diarrhea is
severe and absorption is limited. During this period,
the patient requires full nutrient and fluid support
with PN. The second phase of the adaptation process
may last for a few months to 1 year. During this
time, absorption improves and it may be necessary
to begin reducing PN. Maximal adaptation is gener-
ally achieved by the second year. It is during this
last phase that PN is reduced to several nights per
week, or totally eliminated.

Evidence-Based Diet Modification for SBS
The exact dietary prescription should be based on

the gastrointestinal (GI) anatomy of the patient.
There are a limited number of studies that have
evaluated the optimal composition of the diet for
patients with SBS. Ovesen et al26 compared the
effect of a low-fat (30% kcal), high-complex-carbohy-
drate (55% kcal) diet with 2 high-fat (60% kcal),
low-carbohydrate (25% kcal) diets in 5 stable
patients with end jejunostomies (remnant bowel
length range 35–125 cm beyond the ligament of
Treitz). The 2 high-fat diets differed in their ratio of
polyunsaturated/saturated fat (1:4 and 1:1). Neither
the amount of fat nor the type of fat had any
consistent influence on the volume of jejunostomy
output or losses of sodium or potassium. However,
the high-fat diet increased the loss of calcium, mag-
nesium, copper, and zinc.

The optimal ratio of fat to carbohydrate was
further evaluated in a small study of 8 patients with
SBS.27 The GI anatomy of the patients varied con-
siderably. Length of small bowel ranged from 30 cm
to approximately half of the small bowel, and 3 of
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the 8 patients had remnant colon. The patients
consumed, in random order for a 5-day period, either
a high-fat (60% kcal), low-carbohydrate (20% kcal)
diet or a high-carbohydrate (60% kcal) low-fat (20%
kcal) diet. Both diets were lactose-free and low in
fiber. Fluid intake was kept constant. There was no
significant difference in stool or ostomy output;
calorie absorption; zinc, calcium, or magnesium bal-
ance; urinary volume; or electrolyte excretion. The
authors concluded that dietary restriction is not
necessary for these patients.

The potential absorptive impact of the colon was
acknowledged when Nordgaard28 and colleagues
compared the effects of modified diet in 16 patients
with SBS. Ten of the patients had the colon in
continuity and 6 patients had an end jejunostomy.
Patients were randomized to receive either a high-
carbohydrate, low-fat diet (60%:20% kcal) or a low
carbohydrate, high-fat diet (20%:60% kcal) for 4
days. The protein content was held constant at 20%
in each of the diets. Each patient acted as his or her
own control and was crossed over from one diet to
the other. Mineral output was not evaluated. For
those patients with a retained colon, the high-car-
bohydrate, low-fat diet significantly reduced the
fecal loss of calories compared with the high-fat,
low-carbohydrate diet (p � .0005). Stool volume was
not significantly different on either diet (p � .05).
Fecal fat excretion was largely dependent on dietary
intake and explained the differences in the fecal loss
of energy, whereas the carbohydrate was nearly all
absorbed and not influenced by intake. The authors
suggested that nonabsorbed carbohydrate calories
reaching the colon were fermented by colonic bacte-
ria to short-chain fatty acids, absorbed, and then
used for energy. For the patients with a jejunos-
tomy, the changes in the diet made no difference in
the percent of calories absorbed. However, the high-
carbohydrate diet had a tendency to increase the
stomal effluent by �700 mL per day compared with
outputs on the high-fat diet. Although this was not
statistically significant, a difference of 700 mL per
day would most likely make a significant impact on
the quality of life of a patient. Closer examination of
the data reveals 3 of the 6 patients with jejunosto-
mies experienced a reduction in effluent volume
while they were receiving the low-carbohydrate,
high-fat diet, whereas no differences were seen in
the other 3 patients. The average daily stomal efflu-
ent of the patients with the jejunostomies was
approximately 1.8 L per day more than the stool
output of the patients with a colon in continuity.
Thus, although altering the ratio of carbohydrate to
fat did not seem to significantly influence caloric
absorption in patients with jejunostomies, it
appears that diet manipulation may be of value in
the management of fluid and electrolyte losses,
which is often the primary concern of such patients.

The largest clinical experience in attempting to
optimize the diet was reported by Byrne and col-
leagues.29 This was a prospective, randomized, pla-

cebo-controlled trial of 41 PN-dependent patients
with SBS designed to evaluate the effects of recom-
binant growth hormone (rGH), glutamine (GLN),
and diet on reducing PN requirements. Modified diet
was used as a control in the study. Because most of
the patients (n � 36) had a portion of the colon in
circuit, 30% of the calories were supplied as fat, 50%
as complex carbohydrate, and 20% as protein. The
patients were supplied with 6–8 small meals and
1.5 L of oral rehydration solution (ORS). Although
the intent of the study was to evaluate the effects of
rGH, it was noted that the control group with
optimized diet and GLN had a significant reduction
in PN requirements over their baseline PN needs.
The greatest reduction was seen in the group of
patients who received the combined therapy of rGH,
GLN, and modified diet.

The data on the role of diet modification for those
patients without a colon are limited, and recommen-
dations are often based on individual clinical expe-
riences. It has been suggested that patients without
a colon do not benefit from dietary modification and
should be allowed to consume a diet ad libitum.30

Others have suggested that because the proportion
of fat absorbed in these patients is relatively con-
stant,27,31 an increase in oral intake could result in
potentially greater energy absorption.8 In treating
more than 400 patients with SBS over the past
decade, Byrne and colleagues32 maintain that some
of the patients without a colon still benefit from
dietary intervention, as evidenced by decreased
stool output and a positive enteral balance. Our own
experience supports the use of modified diet in these
patients to help control output and fluid losses.

Designing the Actual Diet Prescription
The goal of dietary management in patients with

SBS is to diminish the symptoms associated with
severe malabsorption while optimizing nutrient
absorption so that reliance on specialized nonvoli-
tional nutrition support can be minimized or elimi-
nated. Complex oral nutrients should be provided as
soon as possible in order to provide a stimulus to
enhance intestinal adaptation. Enteral feeding by
tube is generally not necessary unless the patient is
unable to consume food by mouth. General dietary
principles include providing small frequent meals
consisting of complex foods according to GI anatomy
(Table 1) in order to minimize GI symptoms.33

Simple sugars (eg, disaccharides) should be avoided
due to their tendency to increase the hyperosmotic
load to the gut, which results in increased transit
time and diarrhea. Increased stool or ostomy output
should be controlled with the use of antidiarrheal
and antisecretory agents (Table 2). As a group,
patients with SBS are very heterogeneous and vary
in terms of GI anatomy and health of remaining
mucosa. Therefore, the diet prescription should be
individualized for each patient in order to best meet
the needs of the unique patient.
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Energy
Energy absorption is variable in this patient

population and largely dependent on length and
health of remaining bowel. Depending on the extent
of the resection and the degree of malabsorption, the
patients may become hyperphagic and consume
more than would be expected to be required to
maintain nutrition autonomy.34,35 These practices
should be encouraged and the patient instructed on
the best way to consume this additional food without
increasing output, generally by consuming 5–6
small meals daily. Oral intake can also be supple-
mented with the use of slow, continuous, nocturnal
enteral tube feeding.

Carbohydrate
The type of carbohydrate prescribed is essential

in reducing abdominal cramping, flatulence, and
ostomy output. The intake of concentrated simple
sugars (eg, sucrose and fructose), especially in the
form of fruit juices, should be minimized, as they
produce a high osmotic load and tend to exacerbate
the underlying osmotic diarrhea.8,36 Complex carbo-
hydrates such as those found in bread, pasta, pota-
toes, cereal, and rice are generally well tolerated and
should comprise 50%–60% of energy intake. Those
patients with a colon in circuit will derive added
benefit from the fermentation of unabsorbed carbo-
hydrates by colonic flora. Because the proximal

Table 1
Diet for SBS according to GI anatomy33

Colon present Colon absent

Carbohydrate 50%–60% of energy intake 40%–50% of energy intake
Complex carbohydrates Complex carbohydrates
Limit simple sugar Restrict simple sugar

Fat 20%–30% of energy intake 30%–40% of energy intake
Ensure adequate intake of essential fatty acids Ensure adequate intake of essential fatty acids
MCT/LCT LCT

Protein 20% of energy intake 20% of energy intake
High biological value High biological value

Fiber Soluble fiber for net secretors Soluble fiber for net secretors
Oxalate Restrict No restriction necessary
Fluids ORS or hypotonic as needed ORS generally required

LCT, long-chain triglyceride; MCT, medium-chain triglyceride; ORS, oral rehydration solution; SBS, short bowel syndrome.

Table 2
Medications used to control output in short bowel syndrome

Antidiarrheal medications
Loperamide HCl (2–4 mg)* 1–2 capsules/tablets PO 4 times per day (30–60 min AC and HS);

increase as needed up to 8 capsules/tablets PO 4 times per day.
Diphenoxylate HCl (2.5–5 mg) and

atropine sulfate (0.025 mg)*
1–2 tablets PO 4 times per day (30–60 min AC and HS); increase as needed

up to 8 tables PO 4 times per day.
Codeine (15 mg–60 mg)* 30–60 mg PO 4 times per day (30–60 min AC and HS) and increase as

needed.
Tincture of opium (0.3–1.0 mL) 6–20 drops PO 4 times per day (30–60 min AC and HS) and increase by

5–10 drops per dose up to 6 times per day as needed.
Histamine H-2 blockers

Famotidine 20–40 mg PO or IV 2 times per day.
Ranitidine 150–300 mg PO 2 times per day or 300 mg PO once daily or 50 mg IV

every 6–8 h.
Cimetidine 400 mg PO or IV 4 times per day.

Proton-pump inhibitors
Omeprazole 40 mg PO 2 times per day.
Lansoprazole 30 mg PO every day to 2 times per day; 30 mg IV once daily for up to 7

days.
Protonix 40 mg IV or PO every day to 2 times per day.

Somatostatin analogue
Octreotide Start with 100 �g 3 times per day (subcutaneously or in PN); long-acting form

available.

PO, by mouth; AC, before meals; HS, at bedtime; HCI, hydrochloric acid.
*Available as pill or liquid.
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jejunum is rarely resected in SBS, many patients
tolerate lactose in the diet so it is unnecessary to
restrict these food choices. Foods containing lactose
improve the palatability of the diet and are impor-
tant sources of protein, calcium, and vitamin D.37

Marteau et al37 compared a lactose-free diet to a diet
containing 20 g/day of lactose in 14 patients with
SBS. There was no difference in lactose absorption,
breath hydrogen, or subjective symptoms of flatu-
lence, and diarrhea was similar regardless of which
diet was consumed. These data confirmed the find-
ings of an earlier study in 17 patients with SBS
where it was also reported that lactose absorption
was enhanced when provided in yogurt rather than
milk.38

Protein
Many patients with SBS are malnourished and

may benefit from increased levels of protein, gener-
ally comprising 20% of the calories of the diet. The
best type of protein to supply also has not been
clearly defined. McIntyre and colleagues31 compared
energy, nitrogen, and fat absorption in 7 patients
with end-jejunostomies (remnant small intestine
range of 60–150 cm) fed either a peptide-based
formula or an isocaloric and isonitrogenous poly-
meric formula. There were no differences in energy,
nitrogen, fat, carbohydrate, electrolyte, mineral, or
fluid absorption. These data were confirmed in
another small, uncontrolled study by Levy et al.39

However, in a study of 6 patients with 90–150 cm of
residual jejunum and end-jejunostomy, nitrogen
absorption was improved with the use of a peptide-
based diet.40 Energy, carbohydrate, fat, electrolyte,
mineral, and fluid absorption were unaffected. In
each of these studies, the sample size was small, the
study populations were heterogeneous, and the var-
ious peptide constituents and concentrations varied
significantly. Due to the complex nature of dietary
protein foodstuffs, they are generally well tolerated
by patients with SBS. Use of whole-protein foods
also improves the palatability of the diet. Protein of
high-biologic value from eggs, chicken, turkey, fish,
beef, and pork are encouraged. In some instances
when fat needs to be restricted, the protein should
be selected from leaner cuts of meat and prepared by
a method that does not contribute to the overall fat
content.

GLN has been shown to prevent mucosal atrophy
and deterioration in gut permeability in patients
receiving PN.41 However, no benefit was observed in
fluid or sodium absorption when GLN was added to
ORS given to patients with SBS.42 In a randomized,
controlled, crossover study, the role of oral GLN and
diet was evaluated in 8 patients with SBS.43 There
were no differences in small bowel morphology,
transit time, D-xylose absorption, or stool output.
However, this particular study may be limited by
the differences in the diet during the active and
placebo treatment. In the recent study by Byrne and

colleagues,29 patients receiving 30 g of oral GLN in
addition to diet were able to reduce PN require-
ments. Maximum benefit was achieved with the
combined therapy of diet, GLN, and growth hor-
mone.

Fat
Fat is important in the diet as it supplies energy,

essential fatty acids, and fat-soluble vitamins. When
the colon is absent or out of circuit, fat absorption
from the diet is relatively constant over a broad
range.27 Allowing a higher percentage of calories in
the diet derived from fat for patients without a colon
will improve the palatability of the diet and poten-
tially increase the number of calories absorbed.
However, in our clinical experience, excessive
intakes of fat (�40% of total calories) are generally
not well tolerated and will result in increased out-
put. When the colon is in continuity, fat restriction
of approximately 20%–30% of total calories will help
to improve absorption and minimize output.8,33 For
both groups of patients, with and without a colon,
emphasis should be placed on consuming fats that
are rich in essential fatty acids in order to prevent
essential fatty acid deficiency.44 Medium-chain tri-
glycerides (MCT) do not require digestion by pancre-
atic enzymes for their absorption and are often used
as part of the therapeutic plan for SBS without clear
evidence to support their use. In a randomized,
controlled, crossover trial of 19 SBS patients (10
with colon, 9 without colon), patients received long-
chain triglycerides (LCT) and MCT plus LCT.45 The
diet enriched with MCT resulted in improved energy
and fat absorption in the patients with a colon.
However those patients without a colon only experi-
enced a slight increase in fat absorption but no
improvement in overall energy absorption due to a
decrease in carbohydrate and protein absorption.
Therefore, supplementation with MCT may be of
some benefit in providing additional calories to those
SBS patients with a colon. However, this does not
supply essential fatty acids.

Fiber
Fiber has been classified in various ways but most

often is referred to as soluble and insoluble. Insolu-
ble fiber (eg, wheat bran) causes bulking of the stool
and decreases transit time through the gut. Soluble
fiber (eg, pectin, guar gum) slows gastric emptying
and overall transit time. Patients are encouraged to
include fiber from food sources such as oatmeal, oat
bran, barley, and legumes as tolerated. When output
is high, fiber supplements that increase viscosity are
sometimes used to gelatinize the stool or ostomy
effluent. When the colon is in circuit, undigested
fermentable fiber is metabolized into SCFAs, pri-
marily butyrate, propionate, and acetate. Propi-
onate and acetate are thought to be metabolized in
colonic epithelial cells or peripheral tissue. Butyrate
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may regulate colon cell proliferation and serve as an
energy source for colonocytes.46 This can be a sub-
stantial source of calories for the patient with SBS.
The patient with an intact colon may absorb up to
525–1170 kcal daily from the metabolism of dietary
fiber.23 However, colonic bacteria also metabolize
fiber into hydrogen and methane, which results in
flatulence in some patients. In our clinical experi-
ence, the tolerance of supplemental viscous fibers is
variable in these patients and should be individual-
ized.

Fluid
Oral fluid intake should exceed stool or stoma

output in order to prevent dehydration. Patients
with small bowel enterostomies or a limited length
of colon are at an increased risk of dehydration
because they secrete more sodium and fluid than
they consume by mouth.47 These patients may
require ORS, which take advantage of active
cotransport of sodium and glucose molecules at the
intestinal brush border to maintain hydration.48–51

Cotransport across the luminal membrane is facili-
tated by the protein sodium glucose cotransporter 1
(SGLT1). Once in the enterocyte, the transport of
glucose into the blood is facilitated by glucose trans-
porter type 2 (GLUT2) in the basolateral membrane.
The Na� K� ATPase provides the gradient that
drives the process. This mechanism remains intact,
even in patients with severe diarrhea.52 For optimal
absorption, the composition of the rehydration solu-
tion is critical. The amount of fluid absorbed
depends on 3 factors: the concentration of sodium,
the concentration of glucose, and the osmolality of
the luminal fluid. For individuals with a normal
amount of bowel, maximal water uptake occurs with
a sodium concentration from 40 to 90 mmol/L, a
glucose concentration from 110 to 140 mmol/L
(2.0–2.5 g/100 mL) and an osmolality of about
290 mOsm/L, the osmolality of body fluids. In
patients with SBS, the optimal sodium concentra-
tion is 90–120 mmol/L.53–55 When the glucose con-
centration is increased beyond 200 mOsm/L, the
osmolality of the solution is increased, which may
result in a net loss of water. Patients with at least
one-half of the colon in circuit often have adequate
sodium absorption, and ORSs may not be necessary.

There are numerous commercially available ORS
(Table 3).56 However, they vary considerably in
terms of electrolyte and glucose composition and
osmolality. Both hypo- and hyperosmolar solutions
should be avoided. Solutions with lower sodium
concentration can lead to increased sodium losses.
Therefore patients with SBS should be cautioned
against consumption of large amounts of plain
water. Consumption of high-glucose-containing flu-
ids without sodium may also cause an efflux of fluid
and sodium across a gradient into the lumen of the
bowel, thus contributing to dehydration and electro-
lyte abnormalities.54,57 Ta
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Oxalates
One of the potential long-term complications of

fat malabsorption is the development of oxalate
nephropathy that occurs in approximately 25% of
patients with �200 cm of small bowel who have a
colon in continuity.23 Normally, oxalate in the diet is
bound to calcium and very little oxalate ion is free to
be absorbed in the colon. Patients with SBS who
have a retained colon are at increased risk of oxalate
nephropathy because unabsorbed fatty acids bind to
calcium in the lumen of the bowel, leaving oxalate
ion free to be absorbed. Once absorbed, oxalate is
excreted by the kidney, causing oxalate stones. A
low-oxalate diet reduces oxalate absorption and thus
urinary excretion. Additional oral calcium can also
be provided to bind the oxalate along with a low-fat
diet to prevent absorption.

Vitamin and Mineral Supplementation
Micronutrient supplementation will be necessary

particularly as patients are weaned from PN. Vita-
min and mineral deficiencies are common in these
patients, and they often present with clinical signs
of nutrient deficiencies.58,59 Many supplements will
be incompletely absorbed in patients with SBS, and
doses exceeding the dietary reference intakes (DRI)
are often required to maintain normal serum levels.
Although the patients are at risk of multiple vitamin
and mineral deficiencies, in our experience, supple-
mentation of certain nutrients is almost uniformly
required. Patients with significant resections of the
ileum will require routine vitamin B12 injections.9

Patients with SBS resulting from resections for
Crohn’s disease are often taking corticosteroids for
prolonged periods of time. This, combined with
chronic malabsorption, often leads to osteopenia and
osteomalacia. Thus, supplementation with calcium
and vitamin D will be important. With increased
stoma or stool losses, there are increased losses of
magnesium. Magnesium is a divalent cation that is
poorly absorbed in the intestine, and certain forms
of magnesium act as a cathartic, thus making the
situation worse. Supplementation with magnesium
lactate or gluconate is preferred because they do not
increase output as much as other forms such as
magnesium oxide. In addition, magnesium lactate is
calcium sparing and thus may be of benefit in these
patients. Zinc supplementation is also important.60

Deficiency of zinc has been associated with diarrhea.
Increased diarrhea results in more zinc losses, so a
vicious cycle is created.61 If the length of bowel is
particularly short and transit time rapid, the
patient may benefit from vitamins and minerals in
chewable or liquid form.

Trophic Factors
Although a reduction in PN can be achieved with

the use of dietary modification, fiber, ORS, and
standard medications, some patients may benefit

from the use of growth factors. Interest has centered
around the use of several growth factors, including
growth hormone (rGH), glucagon-like peptide 2
(GLP-2), keratinocyte growth factor (KGF), epider-
mal growth factor (EGF), and insulin like growth
factor 1 (IGF-1). Each of these is in various stages of
research and development, but rGH and GLP-2 are
the only growth factors tested in humans with SBS.
Both of these have shown efficacy in improving
nutrient absorption.29,62–68 In December 2003, the
US Food and Drug Administration approved the use
of rGH for the treatment of SBS according to the
completion of a phase III randomized, double-blind,
placebo-controlled clinical trial29 and expert testi-
mony. More detailed reviews of this subject have
been published elsewhere69,70 and in this issue.71

Education, Monitoring and Weaning
A strong educational component is imperative in

order to optimize clinical outcomes. Patients must
be taught not only what to eat but how to eat. In
translating the nutrition prescription into diet, the
therapeutic plan should be tailored to fit the life-
style, preferences, and needs of the individual
patient. This will help to ensure compliance and
positive results. Although all attempts are made to
base the diet and overall therapeutic plan on the GI
anatomy of the patient, it should be noted that there
is a great deal of inter- and intrapatient variability.
Therefore, individual goals for nutrient and fluid
intake should be set and adjusted as the patient’s
needs change.

The importance of monitoring these patients
while trying to transition them to oral nutrition
cannot be over emphasized. As the bowel adapts and
begins to absorb more, adjustments will have to be
made in the PN solution, both in terms of volume
and composition. Monitoring is important before the
weaning process is begun in order to determine the
best time to begin.

There is a lack of published guidelines regarding
the optimal methods of weaning patients from PN.
Before weaning from PN to an enteral diet, it is
necessary to ensure that the hydration and nutrition
needs of the patient can be met. This is an evolving
process and continues throughout the weaning pro-
cedures. It is also important to establish realistic
goals with the patient. The patient needs to be
aware that weaning may not result in complete
autonomy from PN but a reduction in the frequency.
Weaning from PN can be accomplished by reducing
the total volume or by slowly reducing the frequency
of the infusion. Most patients would prefer to have a
night of not receiving PN. Thus, during this process,
PN can be eliminated 1or 2 nights per week and
gradually advanced until they are no longer receiv-
ing the infusion. It is best to space out the infusions
and avoid giving the patients back-to-back nights
off. As the PN is reduced, electrolytes and micronu-
trients may have to be replaced enterally. Vitamins
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and minerals should be supplemented on non-PN
days. It will be necessary to monitor micronutrient
and electrolyte status once patients are completely
weaned from receiving PN.

Surgical Reconstruction as a Component of
Intestinal Rehabilitation

There are some patients who will fail attempts at
intestinal rehabilitation with diet, and adjunctive
medication and surgical options for preventing
dehydration and malnutrition will have to be con-
sidered. During the initial surgical resection, it is
important to preserve as much of the existing intes-
tine as possible using surgical techniques such as
stricturoplasty for strictures, serosal patches for
strictures and perforations, and intestinal tapering
and lengthening procedures for dilated segments of
bowel.72,73 Surgical intestinal rehabilitation or
autologous GI reconstruction is used to restore
intestinal continuity by reanastomosing isolated
loops of bowel to provide more absorptive surface,
lengthen, taper, or relieve obstructions. In some
instances, it may be necessary to slow transit by
using a reversed segment. Only a small number of
patients will be candidates for these reconstructive
procedures, but with appropriate patient selection,
it may provide autonomy from PN.

When Intestinal Rehabilitation Cannot Be
Achieved

Patients who fail intestinal rehabilitation efforts
can also be supported with long-term PN. This has
been considered a standard life-saving therapy for
more than 3 decades. However, considering the cost,
risks, and long-term outcomes of HPN,74 small
bowel transplantation with or without other viscera
should be considered. Between April 1985 and May
2003, a total of 923 patients received 989 intestinal
transplants at 61 centers worldwide.75 Of these, 76%
(n � 747) were transplanted in the United States,
with 33% (n � 247) being performed at the Univer-
sity of Pittsburgh Medical Center. As of May 31,
2003, a total of 484 intestinal recipients were alive
worldwide, with an overall survival rate of 52%.75

With the improvements in surgical technique and
antirejection therapy, survival has been improving
over the last decade. The 1-year patient and graft
survival rates for those who were transplanted after
February of 1998 were 77% and 65% for isolated
intestine, 60% and 59% for combined liver-small
bowel, and 66% and 61% for multivisceral graphs,
respectively. The University of Pittsburgh’s experi-
ence over the last decade has been published as a
single-center experience.76 Between May 1990 and
February 2000, a total of 165 transplants were given
to 155 consecutive recipients. The survival rate for
the total population was 75% at 1 year and 54% at 5
years, with achievement of full nutrition autonomy
in 90% of the survivors. With the recent implemen-

tation of pretreatment/induction therapy, particu-
larly with rATG or Campath 1H,77 1- and 3-year
patient survival was 91% and 81%, with a graft
survival rate of 85% and 70%, respectively (unpub-
lished data). The 1- and 3-year survival for all HPN
patients is 87%–96% and 70%–90%, respectively.3,78

For those patients with GI disorders, the survival
rates for HPN ranged from 65%–80%.79

Conclusion
The management of patients with SBS is complex

and requires a comprehensive, multidisciplinary
approach and attention to detail. Although the data
on the nutrition management of the patient with
SBS are limited, it is apparent from clinical practice
that careful and meticulous nutrition intervention
can facilitate weaning from PN. The use of specific
nutrients or nonnutritive components of foods may
benefit some patients. Long term, the use of appro-
priate oral diets, coupled with adequate patient
education and monitoring, will improve the chances
for nutrition autonomy. When nutrition autonomy
cannot be achieved through efforts in a rehabilita-
tion program and the patient fails HPN, small bowel
transplantation should be considered. The ultimate
goal is to improve the nutrition status of these
patients through the safest, most efficacious method
that will improve the quality of their lives.
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