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ABSTRACT

Intestinal failure is a serious complication of conditions
such as inflammatory bowel disease, mesenteric isch-
emia, and radiation enteritis—and of extensive bowel
resection performed because of these diseases. Imbalanc-
es of fluids and electrolytes and poor nutritional status
manifest as chronic diarrhea or increased ostomy output.
Prompt referral to a center specializing in intestinal reha-
bilitation is key to achieving nutritional homeostasis and,
in some cases, can help the patient return to oral food
intake. We review the intestinal sequelae of bowel resec-
tion and provide an update on intestinal rehabilitation
with dietary modification, drug therapy, and parenteral
nutrition. We also review current experience with intes-
tinal transplant, a potentially lifesaving option in select
patients when intestinal rehabilitation fails or parenteral
nutrition causes severe complications.

KEY POINTS

Some patients with intestinal failure require lifelong
parenteral nutrition, which increases the risk of complica-
tions such as infection and liver disease. For these pa-
tients, intestinal transplant has emerged as a therapeutic
option toward the goal of restoring nutritional autonomy.

The complexities of intestinal failure require collaboration
of multiple specialists—gastroenterologists, surgeons,
dietitians, nurses, psychiatrists or psychologists, pharma-
cists, and social workers. This multidisciplinary team is
essential to intestinal rehabilitation.

Dietary modification is the single most effective means of

weaning patients safely from parenteral nutrition.
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gut to maintain nutritional homeostasis,! is
a complication of vascular thrombosis, inflam-
matory bowel disease, radiation enteritis, ob-
struction, and other conditions, and of remov-
ing segments of the small and large intestines
in response to these diseases.” Imbalances of
fluids and electrolytes, dehydration, malab-
sorption, vitamin and mineral deficiencies,
chronic diarrhea, and increased ostomy output
contribute to a decline in the quality of life
and in the survival rate in these patients.*’

Referral to an intestinal rehabilitation pro-
gram that combines gastroenterology, nutri-
tion, pharmacy, nursing, and social work can
improve nutritional status and quality of life.*
Whenever possible, the goal of rehabilitation
is nutritional autonomy, helping the patient
make the transition to an independent oral
diet.* In selected patients in whom rehabilita-
tion is not effective, intestinal transplant may
be an option.

In this article, we review the intestinal
adaptations that follow surgical resection and
provide an update on intestinal rehabilitation
techniques such as dietary modification, drug
therapy, and parenteral nutrition. We also re-
view experience with intestinal transplant in
patients with intestinal failure.

I INTESTINAL FAILURE

Intestinal failure results from reduction in
enterocyte cell mass, obstruction, dysmotil-
ity, surgical resection, congenital defects, or
disease-associated loss of absorption with sub-
optimal nutritional autonomy.’> Patients often
suffer from extensive nutrient, electrolyte, and
fluid abnormalities proportional to the rem-
nant length and part of the intestine removed.’
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TABLE 1

INTESTINAL FAILURE

Causes of short-bowel syndrome
or intestinal failure

Crohn disease
Ulcerative colitis

Radiation enteritis
Mesenteric ischemia

Other

33.3%
21.1%
17.5%
12.3%
15.8%

Data from Parekh NR, Steiger E, Seidner DL. Determination of residual bowel length via surgical,
radiological or historical data in patients with short bowel syndrome and intestinal failure (abstract).

Which segments
of intestine that
are resected
can predict
postoperative
nutritional
deficiencies
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Gastroenterology 2006; 130:a605.

Epidemiologic studies have demonstrated
that short-bowel syndrome is the most com-
mon cause of intestinal failure in adults and
children.®” Short-bowel syndrome is defined
as a small-bowel length less than 200 cm,
most commonly from extensive resections for
inflammatory bowel disease.® In children, the
syndrome is also defined by a residual small-
bowel length of less than 25% expected for
gestational age.”

Table 1 lists the frequencies of the under-
lying disorders leading to intestinal failure or
short-bowel syndrome in one series.®

I INTESTINAL ADAPTATION

The gastrointestinal tract is the only organ
for nutrient, fluid, and electrolyte absorp-
tion.” Every day, 8 to 9 L of fluids and se-
cretions reach the small intestine, compris-
ing about 2 to 3 L of oral fluids, 1 L of saliva,
2 L of gastric juices, 1 L of bile, and 2 L of
pancreatic juices.” Approximately 7 to 8 L are
reabsorbed by the small intestine and 1 to 2 L
by the colon.’

Although carbohydrates, lipids, and pro-
teins are absorbed through the entire small
intestine and colon, site-specific digestion
and absorption of different nutrients occur in
different parts of the gastrointestinal tract.!®
Also, certain nutrients may need site-specific
receptors or transporters for their absorption,
for example:

e [ron in the duodenum and proximal jeju-
num!

® Lactose in the brush border membrane of
the jejunum and proximal ileum, where
most of the enzyme lactase is present

VOLUME 83 ¢ NUMBER 11

® Vitamin B,, and bile salts in the distal il-
eum.

Hence, resection of a specific part of the
intestine may predict deficiencies the patient
may encounter after surgery.

The diarrhea that occurs in short-bowel
syndrome may be due partly to loss of neuro-
humoral mediators that govern gastrointesti-
nal transit time, most importantly cholecysto-
kinin, peptide YY, and glucagon-like peptide
1.'" After contact with lipid- or protein-rich
nutrients, cholecystokinin is released from the
proximal small intestine, which decreases the
gastric emptying to maximize nutrient diges-
tion.!? Additionally, release of peptide YY and
glucagon-like peptide 1 from the ileal L cells
decreases gastric and intestinal motility. These
mediators prolong gastrointestinal transit, in-
crease nutrient processing time, and enhance
absorption.!?

After massive intestinal resection, the
remnant bowel undergoes physiologic and
functional adaptation to maintain nutritional
homeostasis."” Enterocytes express membrane-
bound transporters and undergo accelerated
cell division to enhance the absorptive sur-
face area.’” Intestinal hypertrophy, which
includes an increase in villous diameter and
crypt height, continues for 2 years or more af-
ter intestinal resection, leading to greater ab-
sorptive surface area.'* It is estimated that vil-
lous height may increase by as much as 80%,
illustrating a dynamic process in response to
intestinal stress.”

Luminal nutrients are essential to the stim-
ulation of enterocyte cells through paracrine
mechanisms as well as through the up-regu-
lation of colonic peptide transporter PepT1."
Furthermore, gut motility is initially decreased
in order to increase the concentration of local
luminal growth factors.'

Other factors that may affect intestinal ad-
aptation are the length of the residual colon
and small intestine, enteral growth, and en-
terotropic factors.'® And especially in patients
with short-bowel syndrome, complications
such as malabsorption secondary to pancreatic
insufficiency or rapid transit, excessive gastric
acid secretion, bile acid wasting due to termi-
nal ileum resection, and bacterial overgrowth
in the small intestine result in worsened nutri-
tional status and poor quality of life.!
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Key factors that affect the degree
of nutritional deficiencies
The degree of nutritional deficiencies and flu-
id and electrolyte imbalances depends on the
length and location of resection and whether
the colon is still continuous with the small in-
testine.!” Normal small-bowel length in adults
is highly variable and can be up to 600 cm.
Malnutrition after surgical resection usually
occurs when more than three-fourths of in-
testinal tissue is removed.!” However, because
of intestinal adaptation, patients with 50% of
remnant small bowel may be able to achieve
nutritional autonomy.'® Furthermore, because
absorption of nutrients occurs primarily in the
first 150 cm of the small intestine, resections
of this anatomic region have the highest prob-
ability of resulting in malnutrition.!®

After extensive intestinal resection, ab-
sorption of water and electrolytes is better and
intestinal transit time is longer if the colon
is still continuous with the rest of the gastro-
intestinal system.!” Approximately 100 cm
of remnant intestinal tissue without colonic
continuity or 60 cm with colonic continuity is
needed to ensure the possibility of nutritional
autonomy and independence from parenteral
nutrition.”” Severe malnutrition and fluid and
electrolyte imbalances can be prevented by
appropriate and timely multidisciplinary care
and early referral for intestinal rehabilitation.

I INTESTINAL REHABILITATION
AND NUTRITIONAL AUTONOMY

The aim of intestinal rehabilitation is to im-
prove quality of life by reversing malnutrition
and promoting nutritional autonomy, ie, in-
dependence from parenteral nutrition (Table
2).%° The complex nature of intestinal failure
necessitates collaboration of multiple special-
ists—gastroenterologists, surgeons, dietitians,
nurses, psychiatrists or psychologists, pharma-
cists, and social workers.?

Although most patients with intestinal
failure initially require parenteral nutrition to
maintain nutritional homeostasis, progressive
adaptation of the remnant intestine enables a
transition to enteral nutrition.?! Stimulation
of the remnant intestine by enteral feeding
reduces the complications of parenteral nutri-
tion and encourages intestinal adaptation.?!
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TABLE 2
Goals of intestinal rehabilitation

Improve function of the remaining bowel
and enhance absorptive capacity

Reverse malnutrition and enable patients
to attain goal weights and energy levels

Reduce or eliminate need for parenteral nutrition

Improve quality of life and allow patients to regain
what they consider a more normal lifestyle

Provide referrals for reconstructive or transplant
surgery when needed

Outpatient participation in an intestinal
rehabilitation program can facilitate wean-
ing from parenteral nutrition. Patients are
monitored and supported during dietary mod-
ification, pharmacologic interventions, and
reconstructive surgeries.”! A study of 61 pa-
tients with short-bowel syndrome undergoing
a 3-week program of intestinal rehabilitation
(recombinant human growth hormone, gluta-
mine, enteral nutrition, and parenteral nutri-
tion) reported an overall survival rate of 95%
with an 85% success rate in weaning from par-
enteral nutrition during a mean follow-up of
50 (+ 24) months.”? Permanent dependence
on parenteral nutrition despite rehabilitation
was predicted by length of the small bowel less
than 100 cm and by the absence of terminal
ileum and colon.”

Permanent intestinal failure, defined by
the inability to wean from parenteral nutri-
tion and restore nutrition autonomy, may re-
quire early referral for evaluation for intestinal
and multivisceral transplant. Early referral im-
proves survival rates, possibly because of fewer
complications from parenteral nutrition.*

Il DIETARY MODIFICATION

Dietary modification is the single most effec-
tive means of weaning patients safely from
parenteral nutrition (Table 3).>?* Small,
frequent feedings help reduce symptoms as-
sociated with rapid intestinal transit and in-
crease the activity of luminal growth factors.”
Likewise, limits on intake of simple sugars,
stimulants such as caffeine or insoluble fiber,
and hypo- or hypertonic fluids decrease intes-
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Colonic
continuity
improves
absorption

of water and
electrolytes
and maintains
transit time
after extensive
intestinal
resection
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TABLE 3
Elements of

Diet education

INTESTINAL FAILURE

an intestinal rehabilitation program

Dietary modifications

With colon: 50%-60% complex carbohydrates, 20%—-30% protein,
and 20%—-30% fat

Without colon: 40%-50% complex carbohydrates, 20-30% protein,
and fat as tolerated

Soluble fiber

Oral rehydration solution

Specialized nutrients (eg, vitamins, minerals, modular proteins,
medium-chain triglycerides, probiotics)

Pharmacologic agents

Antidiarrheals

Histamine 2 receptor blockers

Proton pump inhibitors

Somatostatin analogue

Alpha 2-adrenergic receptor antagonist

Bile acid therapy

Pancreatic enzymes

Antimicrobials
Enteral nutrition

Growth factors

Growth hormone
Glucagon-like peptide 2 analogues

Surgical treatments

Reconstructive surgery
Reversed-segment procedures

Stricturoplasty

Bowel-lengthening procedures: Bianchi procedure,
serial transverse enteroplasty

Intestinal transplant
Isolated small-bowel transplant
Combined liver and small-bowel transplant
Multivisceral transplant and modified multivisceral transplant
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tinal losses and the risk of dehydration.”> Low
sugar loads also aim to reduce the occurrence
of p-lactic acidosis and bacterial overgrowth
in the small intestine.” Patients who cannot
maintain positive fluid balance may require
standardized oral rehydration (Table 4) to
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improve absorption by way of the sodium-glu-
cose coupled transporters at the brush border
membrane, or they may require intravenous
fluid supplementation.?

Colonic continuity

Other dietary recommendations depend on
colonic continuity. In 1994, Nordgaard et al*
compared the effects of high-carbohydrate
and high-fat diets in eight patients with co-
lonic continuity and six patients with jeju-
nostomies. The authors noted that a high-
carbohydrate diet (60% carbohydrate, 20%
fat) reduced fecal loss of energy and increased
energy absorption in patients with colonic
continuity. However, patients with an end-
jejunostomy experienced equal fecal losses
of carbohydrates and fat proportional to the
amount consumed. The authors concluded
that the presence of colonic bacteria promot-
ed carbohydrate salvage, ie, the fermentation
of malabsorbed carbohydrates to easily ab-
sorbed short-chain fatty acids.?®

The colon can salvage as much as 1,000
kcal/day in patients with less than 200 cm
of small bowel, and the presence of at least
50% of colon in continuity has been shown
to reduce parenteral nutrition requirements by
half in patients with less than 100 cm of small
bowel.?” As a result, a diet high in complex
carbohydrates and soluble fiber supplements is
recommended in cases of preserved colon to
promote adaptation and nutritional autono-
my.2?

Another aim of a high-carbohydrate, low-
fat diet is to prevent calcium oxalate-related
nephrolithiasis and choleretic diarrhea.?

In summary, patients with short-bowel
syndrome with or without colonic continuity
need different dietary regimens to attain nu-
tritional autonomy.

Il DRUG THERAPY

In addition to diet therapy, most patients with
intestinal failure require pharmacologic thera-
py.?® High stool or stoma effluent is most com-
monly treated with an antidiarrheal to increase
transit time; diphenoxylate-atropine, loper-
amide, codeine sulfate, paregoric, and opium
tincture are commonly prescribed (Table 5).7
In severe high-output states, a somatostatin
analogue (eg, octreotide) may be added.”’
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Postoperative increases in gastric secre-
tion may be countered by histamine 2 receptor
antagonists and proton pump inhibitors, but
long-term use of these drugs may lead to nutri-
tional deficiencies and bacterial overgrowth in
the small intestine.” Bile acid sequestrants (in
cases of distal ileal resection) and pancreatic
enzymes target fat malabsorption, resultant cas-
es of choleretic diarrhea, deficiency of essential
fatty acids, kidney stones, and deficiency of fat-
soluble vitamins.”? Probiotics and antibiotics
can also be given for prevention and treatment
of small-intestinal bacterial overgrowth.”

When traditional dietary modification and
medical therapy fail to achieve nutritional
homeostasis, another option to consider is a
glucagon-like peptide-2 analogue to enhance
intestinal adaptation.”® Produced in the native
distal ileum and colon, glucagon-like peptide
2 moderates the rate of gastric emptying and
small-bowel transit and enhances epithelial
cell proliferation, thereby promoting intestinal
adaptation.’® Further, a randomized controlled
trial of 83 patients reported efficacy of these
agents in reducing parenteral nutrition require-
ments in patients with intestinal failure.’!

Hence, in patients with intestinal failure
who have increased stoma effluent, drug ther-
apy may play an important role in maintain-
ing fluid and nutritional homeostasis.

I THE ROLE OF PARENTERAL NUTRITION
IN INTESTINAL FAILURE

Despite the best efforts of an intestinal reha-
bilitation program, not all patients gain nutri-
tional autonomy.*? Physiologic, psychological,
social, and economic factors may contribute
to dependence on parenteral nutrition.* Cur-
rently, more than 40,000 US patients depend
on it for survival .’

The need for short-term or long-term par-
enteral nutrition is determined by the patient’s
medical needs.” Patients requiring short-term
parenteral nutrition (2-6 weeks) include those
whose bowel function has not returned to nor-
mal postoperatively, and those who were se-
verely malnourished preoperatively.’* Patients
needing it long-term (from months to years to
lifelong) are those with gastrointestinal dys-
motility and short-bowel syndrome due to ex-
tensive bowel resections.”
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TABLE 4
Recipes for oral rehydration solutions

Gatorade
2 cups Gatorade + 2 cups water + 1/2 teaspoon salt

Sugar and salt water
4 cups water + 3/4 teaspoon salt + 2 tablespoons sugar
+ 1 tablespoon Crystal Light

TABLE 5
Commonly prescribed antidiarrheal drugs
Maximum
Medication Starting dosage? daily dose
Loperamide
Tablets 2 mg four timesaday 16 mg
Liquid 10 mL four times aday 80 mL
Diphenoxylate-atropine
Tablets 2.5 mg four times aday 20 mg
Liquid 5 mL four timesaday 40 mL
Codeine
Tablets 15 mg four times aday 240 mg
Elixir (+ sorbitol) 5 mL four times a day 80 mL
Paregoric 5 mL four timesaday 150 mL

Opium tincture 0.5 mL four times aday 6 mL

330 minutes before meals and at bedtime.

Complications of parenteral nutrition
Catheter-related bloodstream infection is the
most common complication and cause of hos-
pitalization. Infection can be localized to the
exit site or tunnel or can be systemic (eg, line
sepsis).*” Staphylococcus aureus and coagulase-
negative staphylococci are most often impli-
cated in catheter infection.”® When possible,
catheter salvage is desirable, but the central
venous catheter must be removed in cases of
tunnel infection, port abscess, septic shock,
paired blood cultures positive for fungi or
highly virulent bacteria, endocarditis, septic
thrombosis, and other conditions.?>3¢

Liver disease is a serious complication of
long-term parenteral nutrition and may oc-
cur in up to 55% of patients on therapy for
more than 2 years; it carries a mortality rate

of 15%.7"
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TABLE 6

US Centers for Medicare and Medicaid Services
indications for intestinal transplant

1. Failure of parenteral nutrition

Impending liver failure (total bilirubin 3-6 mg/dL, progressive throm-
bocytopenia, progressive splenomegaly) or overt liver failure (portal
hypertension, hepatosplenomegaly, hepatic fibrosis, cirrhosis) because
of liver injury from parenteral nutrition

Central venous catheter-related thrombosis of two central veins

Frequent central line sepsis: 2 episodes/year of systemic sepsis second-
ary to line infections requiring hospitalization; a single episode of line-
related fungemia; septic shock or acute respiratory distress syndrome

Frequent episodes of severe dehydration despite intravenous fluid
in addition to parenteral nutrition

2. High risk of death attributable to underlying disease
Desmoid tumors associated with familial adenomatous polyposis

Congenital mucosal disorders (eg, microvillus atrophy, intestinal
epithelial dysplasia)

Ultra-short-bowel syndrome (gastrostomy, duodenostomy, residual
small bowel < 10 cm in infants and < 20 cm in adults)

3. Intestinal failure with high morbidity or low acceptance
of parenteral nutrition

Intestinal failure with high morbidity (frequent hospitalization,
narcotic dependency) or inability to function (eg, pseudo-obstruction,
high-output stoma)

Patient’s unwillingness to accept long-term parenteral nutrition
(eg, young patients)

Adapted from information in reference 50.

Risk factors include younger age and use of
excessive carbohydrate and fat compositions,
mainly soybean-oil-based lipid emulsions.?”
However, fish-oil-based lipid emulsions have
recently shown promise in preventing and re-
versing parenteral nutrition-associated liver
failure and cholestasis, especially in a pediatric
population.*®

Catheter thrombosis may occur in up to
30% of patients on long-term parenteral nutri-
tion.” However, this risk is reduced with ap-
propriate positioning of the catheter tip in the
mid or lower superior vena cava.’” Treatment
of thrombosis of the central access includes ei-
ther anticoagulation or thrombolysis.*?
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Hence, appropriate and timely follow-up
of patients on parenteral nutrition is essential
in reducing associated complications. Moni-
toring weight, fluid status, serum glucose, and
patency of central access are critical to ensure
that the patient maintains nutritional status
effectively.* To prevent complications, a spe-
cialized nutritional support team should mon-
itor the patient’s parenteral nutrition both in
the hospital and at home.

I RECONSTRUCTIVE SURGERY

Patients with intestinal failure due to short-
bowel syndrome should be considered for re-
constructive surgery during different phases
of the adaptation process. Options include
reversed-segment procedures, stricturoplasty,
bowel-lengthening procedures (eg, the Bi-
anchi procedure), and serial transverse en-
teroplasty.**? If reconstructive surgery is in-
effective, referral to an intestinal transplant
program should be considered.

I INTESTINAL AND MULTIVISCERAL
TRANSPLANT

For patients who develop permanent intesti-
nal failure and require lifelong parenteral nu-
trition, and for patients who experience sig-
nificant complications of parenteral nutrition,
such as infections and liver disease,” intesti-
nal transplant has emerged as a way to restore
clinical nutritional autonomy.* In one study,
the 1-year survival rate after intestinal trans-
plant was approximately 90%.*

There are currently three transplant proce-
dures: isolated intestine transplant, combined
liver-intestine transplant, and multivisceral
transplant with or without a liver, depending
on the presence of parenteral nutrition-associ-
ated liver disease.** Close postoperative care
is required to help the patient transition from
parenteral to enteral nutrition.* An intestinal
rehabilitation team is equipped to provide this
level of postoperative care.®

Intestinal and multivisceral transplant
gained momentum in the early 1960s in preclin-
ical and clinical studies.**? Since that time, the
field has experienced remarkable advances due
to standardization of surgical techniques, novel
immunosuppressive therapies and induction
protocols, and improved postoperative care.*
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With the advent of tacrolimus in 1989, the rates
of allograft rejection improved significantly, and
the field of transplant emerged as a potentially
lifesaving therapy for patients with permanent
intestinal failure.*

Since 1990, more than 2,300 intestinal
transplant procedures have been performed for
various etiologies of intestinal failure, with short-
bowel syndrome being the most common.*

The indications for intestinal transplant

Medicaid services are detailed in Table 6.°° De-
spite ongoing challenges of graft rejection and
maintenance immunosuppression, posttrans-
plant quality-of-life questionnaires have indi-
cated a significant improvement in functional
status and a decrease in depressive symptoms.’!
As such, it is evident that intestinal and mul-
tivisceral transplant offers substantial promise
in restoring a patient’s quality of life and nutri-
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