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Overview of short bowel syndrome and intestinal transplantation
Desora Duro, M.D., M.S.*, DanEL Kamin, M.D

SUMMARY

Short bowel syndromeisat once asurgical, medical, and adisorder, with potential for life-threatening complicationsaswell as
eventual independencefromartificial nutrition. Navigatingthroughthediagnosticand therapeuticdecisionsisideal ly accomplished
by amultidisciplinary team comprised of nutrition, pharmacy, social work, medicine, and surgery. Early identification of patients
at risk for long-term PN-dependency isthefirst step towardsavoiding severe complications. Close monitoring of nutritional status,
steady and early introduction of enteral nutrition, and aggressive prevention, diagnosis and treatment of infections such asline
sepsis, and bacterial overgrowth cansignificantly improveprognosis. Intestinal transplantationisanemerging treatment that may
be considered when intestinal failure is irreversible and children are suffering from serious complications related to TPN
administration.
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Actualizacion sobre sindrome de intestino corto y transplante intestinal

RESUMEN

El sindromedeintestino corto esunaentidad médico-quirurgico, con potencial riesgo paraponer enpeligrolavidadelosnifios,
y que en su manegjo incluye nutricion artificial. El estudio diagnéstico y terapéutico se logra idealmente con un equipo
multidisciplinario compuesto de nutricionista, quimico, trabajadora social, médico y cirujano. Uno de los primeros pasos, es la
identificaci 6n anticipadade pacientesariesgo de presentar complicaciones severas por el uso prolongado de nutricion parenteral.
Su prondstico se mejoracon laestrecha supervision del estado nutricional, por laintroduccién tempranadelanutricion enteral y
laprevencion atiempo en el diagndstico y tratamiento de infecciones bien delalineaarterial, o por sobrecrecimiento bacteriano.
El transplante intestinal emerge como parte del tratamiento que puede ser considerado cuando lafallaintestinal esirreversibley
en los nifios que presentan complicaciones serias relacionadas con la administracion de nutricion parenteral .

Palabras clave: Sindrome de intestino corto; Transplante intestinal; Nifios.

The small bowel is completely formed by 20 weeks of
gestation. Most of its growth occurs in the 3rd trimester
gestation and increases to approximately 250 cm with a
diameter of 1.5 cm after 35 weeks of gestationt. An adult
smdl intestine is 600 to 800 cm in length and 4 cm in
diameter. The mucosal surface area increases with age;
an average infant’s intestine is about 950 cn¥ compared
with an adult intestine of 7500 cn?. Norma intestinal
growth and development are uniquely important for
understanding the pathophysiology of pediatric Short Bowel
Syndrome (SBYS). For instance, the age of the child at the
timeof intestinal resectionmay crucialy impact thepotentia

for remaining bowel to adapt?. The classic prognostic
factors in SBS include the length and site of resection,
underlying intestind disease, status of other digestive
organs, and adaptive capability of remaining intestine®.

The nutritional management begins in the early
postoperativeperiod. Thegoa sshould betowardsimproving
overdl quality of life by maintaining normal nutritional
status and preventing complications associated with SBS.

Thisarticlediscusshbriefly anoverviewin SBSpresenting
the definition, etiology, pathophysiology, complications
andtheoverall management including someconsiderations
for surgica approach and intestinal transplantation.
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Table 1
Etiology of short bowel syndrome

Prenatal

Neonatal

Postnatal

Atresia (unique or multiple)

Apple peel syndrome

Midgut volvulus (malrotation)

Segmental volvulus (with omphalomesenteric
duct or intra-abdominal bands)

Abdominal wall defects

Gastroschisis > Omphalocele

Extensive Hirschsprung’s disease

Midgut volvulus (midgut or segmental)

Necrotizing enterocolitis
Arterial thrombosis
Venous thrombosis

Midgut volvulus (malrotation, bands, or
tumor)

Complicated intussusception

Arterial thrombosis

Inflammatory bowel disease

Postrauma resection

Extensive angioma

From Goulet O et al.®

DEFINITION OF SHORT BOWEL SYNDROME
AND ITS ETIOLOGY

Thereisnospecificanatomica definition. By convention,
animal studiesoften use80% resection or greater todefine
SBS. In the pediatric population the definition most used
and accepted isbased on function. SBSisamalabsorptive
state occurring asaresult of lossof asignificant portion of
theintestine for acquired or congenital diseases|eading to
dependence on parentera nutrition for 1-3 months.

Theincidence and prevalence of SBS are estimated to
be 3 per million and 4 per million, respectively*. These
numbers reflect almost exclusively those individuas
requiring parenteral nutrition and are based on numbersin
studies done in Europe. Short Bowel Syndrome is the
predominant cause of intestina failure in children and is
related to congenital causessuch asatresias, gastroschisis
or acquired conditions including volvulus, and necrotizing
enterocolitis>® (Table 1).

PATHOPHYSIOLOGY

The pathophysiology of SBS depends on the extent of
the resection and the location of residua small bowel or
colon. Thereis no anatomical distinction that demarcates
jgunum from ileum. The proxima 2/5 of smal bowd is
usudly accepted as jgiunum and the distal 3/5 as ileum.
Most carbohydrates, fats, proteins, vitamins, mineralsand
trace elements are absorbed within the first 2/3 of the
small bowel. Most iron is absorbed in the duodenum and
folatein the proxima jgunum. Vitamin B12 and bile sdts
areonly absorbedinthedistd ileum. Water and el ectrolytes
are absorbed through the entire small bowel and colon.

Theileum isthe most common intestinal segment to be
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resected. Intestinal transit may berapid dueto alossof the
iled and colonic” break making diarrhea a common
complication. Withlossof termind ileum, cholereticdiarrhea
maly occur due to bile salt malabsorption. However, even
with extensiveileal resections, calorie and fluid absorption
may be adequate sincethesefunctionsoccur largely inthe
jgunum.

Although uncommon, jguna resections carry the best
prognosis. The ileal brake maintains norma intestina
trangit so that diarrheais less common.

The loss of the ilea ceca valve (ICV) may have
consequences. The ICV functions as a mgjor barrier to
reflux of colonic materia from the colon into the small
intestine, and assists in regulating the exit of fluid and
nutrients from the ileum into the colon. Very common
complicationscan occur withlossof ICV such asbacterial
overgrowth and difficulty of weaning from parentera
nutrition®.

COMPLICATIONS AND OVERALL
MANAGEMENT

The most important SBS complications relate to the
need to administer central venous parenteral nutrition®.
Liver diseasemay develop, andischaracterized by steatosis,
cholestasis and even cirrhosis. Central venous catheter
complications may occur, such as catheter breakage,
central venous thrombosis, and catheter-related bacterial
or fungal sepsis. Other common complications depend on
the length, nature, and surgical anatomy of the remaining
small bowel. Malabosrptive diarrhea, fluid and el ectrolyte
abnormalities, micronutrient deficiencies, gastric hyper-
secretion, anastomotic ulcers and bacterial overgrowth®
all can occur in children with SBS. These children require
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careful ongoing monitoring and trestment evenin alight of
normal somatic growth and or limited resected segment of
bowel'°.

M edical management ought tofocuson nutrition, which
includesmonitoringtheprovisionof calories, micronutrients,
fluid, and el ectrolytes. Usually patients require parenteral
nutrition for a period of time. Most can be successfully
trangitioned to full enteral nutrition**. Thegold standard for
successisgrowth oncecompletely off parenteral nutrition,
aswel| asthe maintenance of normal vitamin nutritureand
liver function®2.

Many times children with SBS require medications to
hel p overcome some of the complications associated with
SBS. Gastric acid hypersecretion canimpair absorption of
nutrients and precipitate diarrhea; acid blockade with
proton pumpinhibitorscan beuseful inthisregard. Multiple
mechanisms motivate the use of loperamide, fiber,
octreotide, and cholestyraminefor thecontrol of voluminous
and watery stool or ostomy output. In patients with
prolonged exposureto parenteral nutrition, ursodeoxycholic
acid may hastenimprovement inthecholestasis. Bacterial
overgrowth often necessitates the use of rotating courses
of enteral antibiotics. Thesupplementation of vitaminsand
mineras, especidly thefat solublevitaminsA, D, Eand K,
isfundamenta for the preservation of nutritiona statusin
children with SBS.

SURGICAL CONSIDERATIONS

Often surgery is the most appropriate therapy to
achieve full enteral nutrition. The most common is the
placement of feeding devicedirectly into thegastrointestinal
(GlI) tract. Typically thisisagastrostomy tube, but gastro-
jguna or jgunostomy tubes aso play arole for patients
withabnormal gastricand/or duodena matility. Theprimary
purpose of such tubes is the continuous administration of
entera nutrition. Continuous, steady administration of
enteral nutrition is more likely to be tolerated than oral
bolus feeding in children with SBS'.

Often children with SBShave smal intestinal ostomies
evenwhilecolonmay asobepresent but ‘ notin continuity’,
i.e. chyme does not pass through a given segment of
intestine. As soon as it is surgically and medically appro-
priate, such segments should be utilized by ‘taking down’
ostomiesand alowingintestina contentsto havemaximum
contact timewith small and large intestine. This givesthe
Gl tract the best chance to absorb nutrients, fluid, and
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electrolytes.

Intestinal lengthening procedures take advantage of
the bowel dilation that often occurs in the foreshortened
remaining smal intestine. LILT, or longitudina intestinal
lengthening and tailoring, was described in 19804, and has
now been employed widely. This procedure divides
symmetricdly dilated segments of smal bowe in haf
longitudindly, preserving blood flow by separating the
leaves of mesentery with either limb. The lumen is re-
created by forming two narrower channels, which arethen
re-approximated one to the other in series, effectively
doubling the length of the intestina lumen. Results have
been favorable?®.

The serial transverse enteroplasty (STEP) procedure
wasmorerecently described'®, and hasnow beenperformed
widely and was used recently to treated some specific
complications!’. It has the advantage of being simpler,
requires no enterotomies, preserves natural intestina
vasculature, and can be applied to asymmetrically dilated
segments of bowel. The procedure entails applying a
surgical stapler at right angles to the bowel successively,
alternating sides, so as to create a ‘zig-zag' longer and
narrower channel. A recently created STEP Registry*®
reported that enteral tolerance increased by 116% in 38
patients, and nearly half had been weaned off TPN after
amedian follow-up of 12.6 months.

INTESTINAL TRANSPLANTATION

Intestinal transplantation is indicated when intestina
failureis considered permanent, and the administration of
TPNisresultinginlife-threatening complications. Thishas
been operationally defined as:

1. Significant liver injury with abnorma hepatic enzymes.

2. Multiple centra line infections.

3. Thrombosis of at least two central veins.

4. Frequent severe episodes of dehydration?'®.

Themost commonintestinal transplantscan be catego-
rized as follows:

1. Isolated intestine- transplantation of the small intestine
with or without the large intestine;

2. Enbloc liver intestine- the duodenum, pancress, liver,
and small intestineareincluded ‘in one piece’ so asnot
to disrupt the biliary tract;

3. Multiviscera- removal and replacement of the native
foregut and midgut. Graft choice usualy depends on
the size of the recipient, the presence or absence of
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significant liver disease, and if there is significant
pathology extending beyond the small intestine (e.g.
pseudoobstruction affecting stomach and small bowel).
Since its entry into the clinical use in the 1980s?°
outcomesafter intestinal transplantation havedramaticaly
improved. The average one year survival after intestinal
transplantis80%?2!, and at somecentersthisvalueexceeds
90%. Chronic parenteral nutrition is costly and burden-
some??, while average 5 year survival may be as low as
60% 21, Transplantation till carries significant morbidity
and mortdity, patients remain on life long immune
suppression, and 5 year survival rates (on average 50%)
are sub-optimal*®. Nevertheless, current indications have
been questioned®?122, in anticipation of continued
improvementsin patient and graft surviva. Thus, indications
may evolve over the coming yearstoinclude childrenwith
permanent intestinal failure but without necessarily
suffering from severe, life-threatening complications.
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