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Abstract

Short bowel syndrome (SBS) is the most common cause of intestinal failure in infants. In neonates
and young infants, necrotizing enterocolitis, gastroschisis, intestinal atresia and intestinal
malrotation/volvulus are the leading causes of SBS. Following an acute post-surgical phase, the
residual gastrointestinal tract adapts with reorganization of the crypt-villus histoarchitecture and
functional changes in nutrient absorption and motility. A cohesive, multidisciplinary approach can
allow most neonates with SBS to transition to full enteral feeds and achieve normal growth and
development. In this article, we review the clinical features, management, complications, and
prognostic factors in SBS.
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Definitions: Intestinal Failure and Short Bowel Syndrome

Intestinal failure is defined as a significant reduction in the functional gut mass below a
critical threshold necessary to maintain growth, hydration and/or electrolyte balance (27,
29). Intestinal failure can occur due to surgical resection of bowel, congenital anomalies, or
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functional/motility disorders. In neonatal intensive care units (NICUs), the most common
cause of intestinal failure is the surgical short bowel syndrome (SBS), which is defined as a
need for prolonged parenteral nutrition following bowel resection, usually for more than 3
months (78).

Epidemiology of SBS in Neonates and Young Infants

Surgical SBS was recorded in 0.7% (89/12316) of very low birth weight (VLBW) infants
born during the period 2002-2005 at the National Institute of Child Health and Development
(NICHD) neonatal research network centers (12). The frequency of SBS increased in an
inverse relationship with birth weight; the incidence of SBS in infants weighing 401-1000
grams was 1.1% (61/5657), nearly twice that in infants with a birth weight of 1001-1500
grams (28/6659; 0.4%) (12). In Canada, data from a large tertiary NICU show an overall
incidence of SBS as 22.1 per 1000 admissions, and 24.5 per 100,000 live births (79). The
incidence was higher in infants born at less than 37 weeks gestation (353.7 per 100,000 live
births) than in full-term infants (3.5/100,000 live births). The SBS case fatality rate was
37.5% (79). Similarly, in a study from 7 tertiary neonatal units in Italy, intestinal failure was
seen in 0.1% (26/30,353) of all live births and 0.5% (26/5088) among those admitted to the
NICU (56).

Attempts to estimate the incidence and prevalence of SBS have been constrained by the
rarity of the condition, variation in nomenclature, difficulty in providing a clear definition of
the study population at tertiary institutions because of complex referral patterns, and paucity
of follow-up data (78, 79). Population-based studies are sparse. Although the need for home
parenteral nutrition has been used as a surrogate for SBS in some studies, this approach has
important limitations; some patients may require parenteral nutrition due to a diagnosis other
than SBS, such as malignancy, whereas some infants with SBS who may have been weaned
off parenteral nutrition prior to discharge from the hospital may not be included.

Etiology of SBS in Neonates and Young Infants

Necrotizing enterocolitis (NEC) is the most common cause of SBS (35%) in neonates,
followed by intestinal atresia (25%), gastroschisis (18%), malrotation with volvulus (14%),
followed by less common conditions such as Hirschsprung's disease with proximal
extension of aganglionosis into the small bowel (2%) (Fig. 1) (29). In another study, infants
with SBS who eventually required intestinal transplantation had the following primary
diagnoses: gastroschisis (25%), intestinal volvulus (24%), NEC (12%), intestinal pseudo-
obstruction (10%), jejunoileal atresia (9%), Hirschsprung's disease (7%), and other
conditions (13%) (43). In VLBW infants, NEC remains the predominant cause of SBS. In
the NICHD cohort, 96% of cases of SBS were due to NEC. Congenital defects
(gastroschisis, intestinal atresia) accounted for 2% and volvulus for the remaining 2% (12).

Duro et al.(20) enrolled 473 patients with a diagnosis of NEC. Among the 129 patients who
required surgery, 54 (42%) developed SBS, which was significantly more common than in
the control group (6/265; 2%; odds ratio (OR) 31.1, 95% confidence interval (Cl), 12.9 -
75.1, p < 0.001). Multivariate analysis showed that SBS was associated with variables
characteristic of severe NEC: birth weight <750 grams (OR = 9.09, p <0.001), antibiotic use
(OR =16.61, p=0.022), ventilator use on day of diagnosis (OR = 6.16, p = 0.009);
exposure to enteral feeding before the diagnosis of NEC (OR=4.05, p = 0.048); and
percentage of small bowel resected (OR = 1.85 per 10 percentage point greater resection, p
=0.031).

Besides NEC, gastroschisis is now emerging as a common cause of pediatric SBS leading to
intestinal transplantation (43, 67). The incidence of gastroschisis is increasing and has been
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estimated in recent studies to be as high as 5 per 10,000 live births (9, 77). In gastroschisis,
the fetal bowel eviscerates through a narrow abdominal wall defect and in the absence of a
covering membrane, is exposed to the amniotic fluid. Patients with gastroschisis can develop
SBS due to associated jejunoileal atresia, malrotation and consequent midgut volvulus, and
occasionally, due to refractory intestinal failure (43).

Intestinal atresia, seen in approximately 1 in 5000 newborns, is another important cause of
SBS in the NICU (29). Although most patients with jejunoileal atresia have an isolated
atretic segment that can be treated by a simple resection and end-to-end anastomosis, some
infants with severe disruption develop SBS. When a major blood vessel such as the superior
mesenteric artery is occluded in utero, large parts of bowel can become atretic. In about 10%
of all cases of intestinal atresia, these disrupted bowel loops lack a dorsal mesentery and can
assume a spiral configuration resembling an ‘apple peel’ (72). In a series of 15 infants (23),
apple-peel intestinal atresia was associated with increased post-operative morbidity and
mortality. Two of these 15 infants had SBS at 24 months. Infants with multiple intestinal
atresias (‘sausage-string’ type defect) are also at risk of SBS (57, 58).

SBS can occur in infants with Hirschsprung's disease, particularly in those at the severe end
of the spectrum with proximal extension of aganglionosis into the small intestine (41). Some
infants with Hirschsprung's disease can develop intestinal failure and SBS after severe
enterocolitis and associated tissue necrosis (22).

Clinical Presentation of Infants With SBS

The clinical course of SBS patients can be described in three clinical stages:

Stage | (acute phase)

After recovery from post-operative ileus, most patients go into an acute phase starting at
about 1 week after surgery and lasting for up to 3 weeks (24, 62). This phase is characterized
by large fluid and electrolyte losses in ostomy effluent/stool, requiring intravenous fluids
and parenteral nutrition. Medical management is aimed at maintenance of the fluid and
electrolyte balance. Depending on the extent of intestinal resection, the acute phase is
generally associated with gastric hypersecretion. Treatment with H2 blockers or proton
pump inhibitors may become necessary during this stage.

Stage Il (recovery phase) starts after a few weeks and continues for several months (24,
62). This phase is characterized by gradual improvement in diarrhea and ostomy output. The
dependence on parenteral nutrition is related to the degree of initial intestinal loss, condition
of the remaining bowel at the time of the surgery, and compensatory histoarchitectural
changes in the residual gut mucosa. Clinical management during this stage involves cautious
initiation of enteral nutrition and gradual weaning of parenteral nutrition.

Stage |11 (maintenance phase) indicates successful intestinal adaptation (24, 62). In this
stage, enteral nutrition is tolerated and parenteral nutrition can be discontinued. Oral
feedings can often be started at this stage. The time required to reach this stage is variable
depending upon the infant's clinical course and complications.

The term ‘intestinal adaptation’ is used in the clinical setting to indicate recovery of
intestinal function after intestinal resection (70). Intestinal adaptation starts as early as 48
hours after surgery and may continue for up to 18 months. This contrasts with another
frequently-used term, ‘intestinal rehabilitation,” which is used to describe the
compensatory changes in the mucosal histoarchitecture and function in the residual bowel,
which can increase the absorptive surface area and restore the capacity of the remaining
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intestine to absorb fluid, electrolytes and nutrients in adequate amounts to meet the growth
and maintenance requirements of the body. Typical rehabilitative changes in the mucosa
include axial lengthening of the villi, deepening of the crypts, increased enterocyte
proliferation, which increases enterocyte counts per villus, and enhanced enterocyte function
with increased nutrient uptake (64).

In SBS, the clinical presentation and outcome depend on the length and health of the
remaining bowel, age of the patient, gastrointestinal region(s) that were resected and are
now missing, presence of ileo-cecal valve, and other co-morbidities (66, 78). The length of
the remaining intestine is arguably the most important determinant of clinical outcome in
SBS. Age is another important factor, and the potential for intestinal growth is much better
in infants than in adults. Intestinal length increases from 142 + 22 cm at 19-27 weeks of
gestation to 217 + 24 cm at 27-35 weeks, and to 304+44 cm at term (range 176-305 cm) (68,
71). Small bowel growth peaks at 25-35 weeks' gestation and doubles in length during the
last 15 weeks of pregnancy. After birth, the intestine continues to grow at a rapid rate until
the crown-heel length reaches 60 cm, and then at a slightly slower pace until mature
intestinal length of 600-700 cm is reached about when the somatic height approaches
100-140 cm (39).

Studies show that in the absence of surgical bowel lengthening and tapering procedures, an
infant with about 35 cm of residual small bowel has a 50% probability of being weaned
from parenteral nutrition (1). In other series, the likelihood of developing SBS following
bowel resection was greater when the residual intestinal length was less than 25% of the
predicted length for a given gestational age (79). In another study, Wilmore et al.(84)
reported that an infant with SBS was more likely to survive if the small intestinal length was
at least 15 cm in the presence of an intact ileo-cecal valve, or 40 cm in the absence of the
ileo-cecal valve. Consistent with these observations, Spencer et al.(66) noted that a bowel
length of less than 10% of expected was associated with increased mortality (relative risk
5.74) (66). In this series, 88% (52/59) of all infants retaining 210% of their expected normal
small intestinal length survived, compared to only 21% (4/19) of those with <10% of
expected length. With a given intestinal length, outcomes may also vary depending on the
quality of the remaining bowel, region of the gastrointestinal tract, and the gestational age of
the patient. There are reports of some infants who were weaned successfully from parenteral
nutrition with as little as 10 cm residual intestinal length (1). Generally, premature infants
have a greater capacity for intestinal growth and adaptation as compared to full term
newborns (1).

In a given patient, the clinical features of SBS can be usually predicted based on the
gastrointestinal region(s) that were lost to surgical resection (Fig. 2) (66, 78). Jejunal
resection is usually tolerated relatively well because the ileal mucosa can adapt to
compensate for the lost absorptive surface area. The loss of jejunum can affect intestinal
motility in the post- surgical period, and has also been associated with increased gastric
emptying. Decreased production of cholecystokinin, secretin, vasoactive intestinal peptide,
and serotonin in these patients can lead to gastrin hyper-secretion, causing increased basal
and peak acid output.

Compared to patients with jejunal resection, ileal resection is more often associated with
symptoms as the capacity of jejunum to compensate for the lost ileum is limited (6). lleal
resection is frequently associated with impaired absorption of fluid and electrolytes, bile
acids, and vitamin B1o. Decreased bile acid re-absorption can result in a reduced bile acid
pool, leading to impaired micelle formation, fat malabsorption, and steatorrhea. In these
patients, removal of the ileo-cecal valve is another negative predictor of clinical outcome.
The ileo-cecal valve is presumed to play an important role in the regulation of gut bacterial
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flora by preventing retrograde migration and overgrowth of colonic bacteria, which thrive in
areas of intestinal dilatation and impaired motility. Colonic bacteria can de-conjugate
unabsorbed bile acids, which, in turn, can stimulate the gut epithelium and cause secretory
diarrhea.

Colonic resection can increase the risk of fluid and electrolyte depletion and dehydration.
Colonic resection can also increase gastric emptying and reduce intestinal transit time due to
decreased secretion of peptide YY (PYY), glucagon-like peptide I (GLP-I), and neurotensin,
which are important negative regulators of gut motility (51). Overall, preservation of colon
is associated with better outcomes in case of SBS patients.

Several studies have shown that plasma levels of citrulline, a non-structural amino acid
synthesized in the intestinal mucosa, is a useful marker for estimating the total functional
intestinal mass (13, 15). Serum citrulline concentrations correlate with the length of the
remaining small intestinal bowel in patients with SBS (13) and also with the ability of the
patient to be weaned from parenteral nutrition. Rhoads et al.(53) showed that serum
citrulline levels show a linear correlation with percent enteral calories and bowel length. A
serum citrulline level =19 pmoles/L was associated with enteral tolerance and was predictive
of weaning from parenteral nutrition. In another study, Fitzgibbons et al.(25) showed that
patients with plasma citrulline levels <12 umoles/L could not be weaned off parenteral
nutrition.

SBS is associated with increased morbidity and mortality. Infants with SBS are at risk of
sepsis, prolonged hospitalization, growth delay, and motor developmental delay (8). Infants
with SBS have a 3-fold increase in mortality than in controls, who had the same underlying
condition but no SBS (37.5% [15/40] vs. 13/3% [18/135]). Infant with SBS have disease-
specific mortality rates that are 5 times higher than those without SBS - 20.2 vs. 3.8 per 100
person-years (78, 79). SBS-related mortality tends to be highest in the early postoperative
period and then decreases until 200-350 days post-surgery, when a second peak in mortality
is associated with the onset of end-stage liver disease (80).

Complications of SBS

Gastric acid hyper-secretion is seen in approximately 50% of all patients with SBS (31,
83). Proximal intestinal resection may be more likely to increase acid output than distal
resection. Increased gastric output in SBS can predispose to acid-peptic injury, exacerbate
fluid and electrolyte losses, and impairs intraluminal digestion and cause malabsorption by
causing inactivation of pancreatic exocrine enzymes, precipitation of bile salts (and
ineffective micelle formation), and by causing physical damage to the small bowel mucosa.

In SBS, increased circulating gastrin levels are widely believed to be the primary reason for
acid hyper-secretion. In one study, arterial levels of gastrin were higher than in mesenteric
veins draining the distal small bowel, indicating that intestine is a site for gastrin metabolism
and that increased gastrin concentrations in patients with SBS may be due to disruption of
this process. Another possibility is the loss of an inhibitor that is normally produced in the
intestine and blocks gastrin action; secretin, gastrointestinal inhibitory polypeptide,
cholecystokinin, and somatostatin have been proposed as candidates (31).

Bacterial Overgrowth is seen in up to 60% of all patients with SBS (29). Expansion of the
bacterial flora can result in de-conjugation of bile acids, competition for metabolites,
consumption of enteral nutrients and vitamins, accumulation of toxic metabolites such as D-
lactate, and bacterial translocation producing blood stream infections (38). Clinical signs of
bacterial overgrowth include abdominal pain, anorexia, vomiting, diarrhea, cramps, and
metabolic acidosis from accumulation of D-lactic acid.

Clin Perinatol. Author manuscript; available in PMC 2014 March 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Amin et al.

Page 6

D-lactic acidosis is a classic complication of bacterial overgrowth (5, 29). Intestinal bacteria
produce both L-lactate and D-lactate, of which only L-lactate is metabolized. D-lactate can
accumulate to toxic levels, sometimes causing neurological problems ranging from
disorientation to coma. D-lactic acidosis is characterized by increased anion gap acidosis
with normal L-lactate levels. Strategies to prevent D-lactic acidosis include the
administration of antibiotics to control bacterial overgrowth and reducing carbohydrate
intake in patients with partial enteral nutrition.

Trandocation of enteric bacteria to the blood stream is an important complication of SBS
with bacterial overgrowth. In animal models, aerobic bacteria translocate more readily than
anaerobic bacteria (38, 60). Treatment of bacterial overgrowth is empiric; broad spectrum
antibiotics effective against enteric bacteria are administered for 7-14 days, followed by
‘rest’” for 14-21 days, and then the cycle is repeated. Because many patients with SBS are
dependent on parenteral nutrition and have central lines that can provide a nidus for
infection, bacterial translocation in these patients increases the risk of central line-associated
blood stream infections. The frequency of catheter-related infections in children with SBS
has been estimated as 11-26 infections per 1000 catheter days (34, 48). Catheter-associated
sepsis may require the removal of the line and with repeated infections, eventually lead to
the loss of central venous access sites, accelerated liver failure, and increased mortality.
Clinical signs of central line infections include fever, irritability and ileus. Catheter-related
infections can be minimized by the use of strict aseptic techniques during insertion,
maintenance of sterile occlusive dressings, close surveillance for signs of infection, and the
use of antibiotic-impregnated catheters and antibiotic and/or ethanol locks. In a recent study,
Jones et al.(34) reported successful use of 70% (v/v) ethanol locks in 23 patients with SBS.
Ethanol locks were well-tolerated with no reported adverse effects. Infection rates decreased
from 9.9 per 1000 catheter days in historical controls to 2.2 per 1000 catheter days during
the period when ethanol locks were used.

Intestinal failure-associated liver disease develops in 40-60% infants who require long-
term parenteral nutrition for intestinal failure. The clinical spectrum includes hepatic
steatosis, cholestasis, cholelithiasis and hepatic fibrosis (35, 36). Liver disease may progress
to biliary cirrhosis and portal hypertension in a minority of patients. The pathogenesis of
liver disease in SBS is multi-factorial; in infants, the risk is increased with prematurity, low
birth weight, duration of parenteral nutrition, recurrent sepsis, and multiple laparotomies. In
patients with no enteral feeding, decreased gut hormone secretion can cause biliary stasis
and development of biliary sludge and gallstones, which can further impair hepatic
dysfunction. Deficiency of taurine, cysteine, and choline may also contribute to liver
toxicity. Finally, conventional parenteral lipid solutions containing sunflower oil may also
contribute to liver toxicity in these patients.

In SBS, liver disease usually presents with increasing jaundice, scleral icterus, hepato-
splenomegaly, elevated serum transaminases, and eventually, portal hypertension.
Monitoring of liver function tests is essential in the management of IFALD. Doppler
evaluation of hepatic and portal veins may be useful for assessment of portal hypertension.
Liver biopsy is a gold standard to assess the extent of liver damage. Duro et al.(19) recently
reported a non-invasive C13 methionine breath test to differentiate cirrhotic vs. non- cirrhotic
patients.

Management of SBS

Management of short bowel syndrome requires a multi-disciplinary approach that includes
neonatologists, gastroenterologists, surgeons, nutritionists, pharmacists, nurses, and social
workers. A cohesive, integrated multidisciplinary approach has been shown to increase
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survival rates in children with short bowel syndrome (46). The aims of clinical management
in SBS are to (a) provide sufficient nutrition to facilitate growth, (b) minimize fluid,
nutritional, and electrolyte losses, and (¢) maximize intestinal adaptation.

Parenteral Nutrition is used in infants with SBS to provide adequate caloric intake,
macronutrients, and micronutrients to optimize growth and development. Parenteral
nutrition should provide appropriate caloric intake to promote growth but avoid excessive
weight gain without linear growth. Careful attention should be paid to protein intake to
prevent catabolism, and some patients may need up to 3.5 g/kg/day (82). Some authors have
advocated restricting carbohydrates in the immediate peri-operative period as many patients
with SBS are unable to optimally utilize these calories during this period of stress (38). To
ensure optimal total caloric intake, fats comprise a critical part of parenteral nutrition.
However, there is increasing concern that the cumulative amount of lipid in parenteral
nutrition in patients with SBS is an independent risk factor for the development of
cholestasis (63).

Current lipid formulations are based on soybean lipids, olive-oil lipids, or fish oil lipids.
Patients on long-term parenteral nutrition are at increased risk of cholestasis, fatty liver, and
hepatic fibrosis. Limiting soy lipid-based formulations to less than 0.5 g/kg/d has been
shown to delay or even prevent cholestasis (63). About 50% of the fatty acids present in soy-
based formulations are the omega-6 polyunsaturated fatty acids such as linoleic acid, which
is a cause of concern because linoleic acid may have immunosuppressive and pro-
inflammatory effects (55). Soy lipid formulations have also been linked to impaired glucose
homeostasis, where gluconeogenesis was increased but the normal reduction in
glycogenolysis was inhibited (75).

Fish oil-based formulations such as ‘Omegaven’, which are rich in -3 fatty acids, have
shown promise for reversing parenteral nutrition-associated cholestasis. This formulation is
currently available in Europe and is an investigational drug in the United States. The
efficacy and safety of fish oil lipid was evaluated in 19 infants who developed cholestasis
while on soy lipid-based formula (28). These patients were started fish oil lipid-based
formula and the soy lipid-based formula was discontinued. Compared with a historical
cohort, infants on fish oil lipids showed reversal of cholestasis at 9.4 weeks, compared to
44.1 weeks in a historical cohort taking soy lipids and also had lower mortality.
Administration of fish oil lipids was not associated with fatty acid deficiency,
hypertriglyceridemia, infection, growth delay, or coagulopathy (28). Similar findings were
reported in other studies (11, 16, 52).

Olive oil-based parenteral nutrition formulas have also been shown to be safe and well-
tolerated in infants (26). Compared to soy-lipid formulations, olive oil-based lipids contain
lower levels of linoleic acid, thereby avoiding some of the adverse effects associated with
n-6 PUFASs (55). Furthermore, olive oil formulations do not appear to have the same effects
on glucose metabolism that soy lipid formulations do (75). Olive oil-based formulations can
also decrease total cholesterol and low-density lipoproteins, with no significant differences
in liver functions or adverse events (26).

Patients with SBS need careful monitoring for electrolyte balance. Infants with ileostomy or
poor colonic function can lose considerable amounts of sodium in stool. In the absence of
adequate sodium replacement, compensatory hyper-aldosteronism may ensue (61) and result
in increased urinary potassium losses. Generally, parenteral sodium replacement is
considered adequate if urinary sodium levels are more than 30 mEg/L (38).

Clin Perinatol. Author manuscript; available in PMC 2014 March 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Amin et al.

Page 8

Trace element depletion is not unusual in patients with SBS on parenteral nutrition. Zinc is
of particular importance in infants with extensive intestinal resection, as substantial amounts
of zinc could be lost in ileostomy fluid (as high as 17 mg/L ileostomy fluid). Infants with
SBS who are dependent on parenteral nutrition often require 300-500 pg/kg/day of zinc
(82).

Enteral Nutrition

There is little agreement in the literature regarding the timing of initiation or the rate of
advancement of enteral feedings in SBS. Most clinicians prefer to start enteral feedings as
soon as possible, hoping to promote intestinal adaptation, achieve full enteral feeds sooner,
and prevent parenteral nutrition-associated adverse events (29, 38). In SBS, continuous
administration of enteral nutrition is the preferred method because of lower risk of osmotic
diarrhea and overall better tolerance than bolus feeds (76).

The optimal formula of enteral feeds has not yet been established. Most clinicians prefer
human milk or a semi-elemental or amino acid-based formula containing medium-chained
and long-chained triglycerides (38, 54). In experimental models, formulations containing
complex proteins, disaccharides, and long-chain triglycerides increased intestinal adaptation,
but concerns remain about increased gut permeability to complex proteins and the risk of
sensitization. Human breast milk is associated with a shorter duration of parenteral nutrition
when compared to cow's milk or protein hydrolysates (1). The difference between
hydrolyzed protein and non-hydrolyzed protein has been evaluated in infants receiving some
enteral and parenteral nutrition, and no difference was noted in energy intake, intestinal
permeability, or nitrogen balance (40).

The rate of advancement of enteral feedings should be individualized with careful
monitoring of stool/stoma output, vomiting, and abdominal distention. Generally, stool/
stoma output should be limited to 40-50 mL/kg/d, although higher outputs may be
permissible if hydration, acid-base status, and electrolyte balance can be maintained (82).
We typically increase enteral feedings to volumes where the stool output is at maximally-
tolerated levels, and then as the bowel adapts, increase the volume and/or concentration of
feeds (54).

Pharmacological Interventions in SBS

Acid suppressing agents

Patients with SBS frequently develop hyper-gastrinemia, which leads to increased gastric
acid secretion. Hj-receptor blockers and proton pump inhibitors are often used to suppress
gastric acid secretion, especially for first six months after surgery.

Prokinetic agents

Intestinal dysmotility is an important cause of morbidity in patients with SBS (17).
Symptoms of intestinal dysmotility include abdominal distention, vomiting, feeding
intolerance, and inability to progress enteral feeds. Bacterial overgrowth, lactic acidosis,
bacterial translocation, and systemic infection are complications of intestinal dysmotility and
distension. Various pharmacologic agents have been used to treat intestinal dysmotility:

Erythromycin increases gut motility by activating motilin receptors. In physiological
studies, prokinetic effects of erythromycin are observed at doses as low as 10 to 20 mg/kg/
day. However, in a systematic review examining 10 randomized controlled studies, both
high and low dose erythromycin failed to show improvement in feeding intolerance in
preterm infants (49). In a recent review (50), erythromycin use was associated with shorter
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time to full feeds, decreased duration of parenteral nutrition, and decreased incidence of
cholestasis.

Metoclopramide, a dopamine receptor antagonist with moderate serotonergic activity, can
improve lower esophageal sphincter tone, improve gastric emptying, and facilitate antro-
pyloro-duodenal contractions. Adverse effects of metoclopramide include extra-pyramidal
reactions in up to 30% patients. In 2009, FDA added labeling changes including limiting
metoclopramide use to less than 12 weeks. Data on use of metoclopramide in SBS patients
is limited (17). When used, metoclopramide is given enterally at a dose of 0.1 mg/kg 3-4
times a day for 2 to 3 weeks.

Anti-diarrheal agentsare used to reduce gut motility in selected patients with high
ostomies:

Opoid agents decrease peristalsis, increase absorption of fluid and electrolytes, increase tone
in the large intestine and increase anal sphincter tone. In pediatric SBS, loperamide,
diphenoxylate/atropine and opium alkaloid codeine have been tried, although no data are
available to compare these agents in children. Loperamide may be superior to codeine in
reducing electrolyte losses and is the preferred agent to treat diarrhea in these patients (17).

Absorbent agents, such as pectin and guar gum agents act by absorbing fluids and
compounds and binding potential intestinal toxins from the gut. These agents can reduce the
intestinal transit time and reduce diarrhea (18). Caution should be used in patients with
significant dysmaotility as it may lead to bacterial overgrowth and lactic acidosis (17).

Ursodeoxycholic acid (UDCA)

UDCA is a hydrophilic derivative of chenodeoxycholic acid, which acts by displacement of
endogenous, more hydrophobic, toxic bile acids. UDCA can arrest rising alkaline
phosphatase and also lower serum bilirubin levels in patients with SBS and cholestasis (14).
UDCA is usually initiated orally at a dose of 20 mg/kg/day divided in 2 doses and is given
for a period of 4 to 6 weeks.

Cholestyramine

In patients with SBS, particularly those with loss of ileum, there is disruption of
enterohepatic circulation of bile acids (65). Unabsorbed bile acids reach colon and cause
irritation leading to secretory diarrhea. Cholestyramine is beneficial in treatment of bile
acid-induced secretory diarrhea (17).

Pharmacological approaches to enhance intestinal adaptation

Various pharmacologic agents have been studied to accelerate intestinal adaptation in animal
models and humans. Epidermal growth factor (EGF), growth hormone, glucagon like
peptide-2 ( GLP2), keratinocyte growth factor, and insulin like growth factor 1 (IGF-1) have
been studied in animal models. Growth hormone and GLP2 have been studied in humans
(38). GH in combination with glucagon has shown some improvement in intestinal function
in adults but has not been evaluated in pediatric SBS. A GLP-2 analog (teduglutide) has
been shown to reduce the need for parenteral nutrition by more than 20% in double blind
randomized human trials (33).

Surgical Management of SBS

Surgical interventions in SBS include bowel conservation at the time of initial presentation,
bowel lengthening operations and intestinal transplantation.
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Bowel conservation

The goal of the initial surgical procedure is to limit bowel loss and excise only the
obviously-compromised bowel. Any bowel of marginal viability is kept in situ. A “second-
look” procedure in 24 hours can be used to assess the viability of the remaining bowel (29).
During this period, a temporary “silo” can be used to prevent abdominal compartment
syndrome, and closure can be performed once intestinal edema has resolved.

Longitudinal intestinal lengthening and tailoring (LILT) procedure

The LILT procedure was first described by Bianchi in 1980 (3). This procedure involves
splitting the intestine into two longitudinal halves, and then anastomosing the halves in
series with the rest of the intestine. This procedure doubles the length of the bowel and at the
same time, improves transit time and peristalsis by decreasing the diameter of the dilated
bowel. All mucosa is preserved. However, there is no increase in the absorptive surface area.
A modification of LILT was described in 1998 (10), where the intestine was divided in the
middle of the dilated segment, staples were placed obliquely, then longitudinally, and then
obliquely again to the opposite edge of the intestine. This procedure resulted in two
intestinal segments that remained connected to the proximal and distal ends of the intestine.
The free ends were then anastomosed. Only 1 anastomosis was needed, as opposed to 3 in
the original LILT procedure (10).

LILT procedure can be technically challenging; complications include fistula formation,
anastomotic stenosis, and anastomotic leakage (30, 69). A high incidence of sepsis,
progressive intestinal failure, and surgical complications has also been reported (7). In a
review of 20 patients (4), 6-year survival rates were 45%. Survivors had residual bowel
length greater than 40 cm and no liver disease, whereas the non-survivors had shorter bowel
lengths and significant cholestasis. The Bianchi procedure is not recommended is neonates,
those with liver disease, or intestine length less than 50 cm (7).

Serial Transverse Enteroplasty (STEP)

The STEP procedure was first described in 2003 (37). This procedure involves application
of surgical staples in a trans-mesenteric transverse fashion, which creates a longer and
narrower intestinal lumen (45). The STEP procedure has several advantages over the
Bianchi procedure in being less technically challenging, resulting in a uniform lumen, and in
the ability to be repeated if re-dilatation of the bowel occurs (21, 47).

Outcomes from the STEP procedure have been encouraging. In a series of 38 patients (45),
the average increase in intestinal length was 69% and enteral caloric intake was noted to
increase from 31% to 67% in median 1 year period. Complications included staple line leak
and intra-operative aspiration, bowel obstruction, hypertension, hematoma, abscess, and
pleural effusions. Three patients died and another 3 received transplantation beyond 30 days
post-operatively (45). Similar results have been reported elsewhere (32, 81). In a group of 14
children who underwent the STEP procedure in Toronto, Canada, the total increase in
intestinal length was 49% (81). Parenteral nutrition calories decreased from 71% to 36%
within 1 month and to 12% after 1 year. Compared to patients who underwent LILT, the
STEP procedure allowed faster weaning off parenteral nutrition and lower need for later
transplants. No difference was found in early complications, growth rates, or survival rates
(69).

Intestinal Transplantation

Transplantation is a treatment of last resort, indicated mainly in patients with irreversible
hepatic and intestinal failure (44, 73, 74). With improved parenteral nutrition and
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consequent prevention of liver disease, the need for transplants has decreased (29). Types of
transplantation include isolated intestine, isolated liver, combined liver and intestine, and
multi-visceral. Current indications for intestinal transplantation, combined intestine/liver
transplantation or multi-visceral transplantation for patients with irreversible intestinal
failure are: (a) impending liver failure as manifested by jaundice, elevated liver injury tests,
clinical findings (splenomegaly, varices, coagulopathy), history of stomal bleeding, or
hepatic cirrhosis on biopsy; (b) loss of major venous access defined as more than two
thromboses in the great vessels (subclavian, jugular and femoral veins); (c) frequent central
line-related sepsis consisting of more than two episodes of systemic sepsis per year, or one
episode of line-related fungemia; (d) recurrent episodes of severe dehydration despite
intravenous fluid management (42). Complications of transplantation include acute
rejection, infection, graft-versus-host disease, and post-transplant lympho-proliferative
disease. Factors contributing to poor outcomes include multiple pre-transplant surgeries,
end-stage liver disease, inferior vena cava thrombosis, and hospitalization versus home care
(59). One-year patient and intestine graft survival is 89% and 79% for intestine only
recipients and 72% and 69% for liver-intestine recipients, respectively. By 10 years, patient
and intestine graft survival falls to 46% and 29% for intestine only recipients, and 42% and
39% for liver-intestine, respectively (44). More recently, living donor intestinal
transplantation and CLDILT combined living donor intestine/liver transplant have been
done successfully in pediatric patients with intestinal and liver failure, and have a major
advantage of virtual elimination of waiting time (2, 73).

Conclusion

SBS is the most common cause of intestinal failure in infants. Advancements in parenteral
nutrition, strategies to prevent infections, surgical technique, and intestinal transplantation
have greatly increased survival in patients with short bowel syndrome. With a cohesive and
integrated management plan and a multidisciplinary approach, most neonates with short
bowel syndrome can be transitioned to enteral feeding and to achieve normal growth and
development.
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Figure 1.
Causes of short bowel syndrome in neonates and young infants.
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Lastric emptying

Figure 2.
Clinical features of short bowel syndrome can be predicted based on the gastrointestinal
region(s) that were lost to surgical resection and resulting physiological changes.
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