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ABSTRACT

Short bowel syndrome (SBS) is the leading cause of intestinal failure (IF) in children. The
preferred treatment for IF is parenteral nutrition (PN) which may be required until adulthood.
The aim of this position paper is to review the available evidence on managing SBS and to provide
practical guidance to clinicians dealing with this condition. All members of the Nutrition
Committee of the European Society for Paediatric Gastroenterology Hepatology and Nutrition
(ESPGHAN) contributed to this position paper. Some renowned experts in the field joined the
team to guide with their expertise.

A systematic literature search was performed from 2005 to May 2021 using PubMed, MEDLINE
and Cochrane Database of Systematic Reviews. In the absence of evidence, recommendations
reflect the expert opinion of the authors. Literature on SBS mainly consists of retrospective single-
centre experience, thus most of the current papers and recommendations are based on expert
opinion. All recommendations were voted on by the expert panel and reached > 90% agreement.
This second part of the position paper is dedicated to the long-term management of children with
SBS-IF. The paper mainly focuses on how to achieve intestinal rehabilitation, treatment of

complications and on possible surgical and medical management to increase intestinal absorption.
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What is Known

e Short bowel syndrome (SBS) is the leading cause of intestinal failure in childhood

e First line treatment is parenteral nutrition (PN)

e Complications of SBS may be related to PN support or the underlying disease and may
occur even after PN weaning.

What is New

e The use of citrulline and PN dependency index (PNDI) may help to tailor PN weaning in
children naturally, pharmacologically or surgically improving their intestinal absorption
capacity.

e Minimising or preventing SBS complications from the onset has a key role in helping
physiological intestinal adaptation, optimal growth and weaning from PN at earliest
opportunity.

o A multidisciplinary follow-up including intestinal rehabilitation teams is crucial to prevent

those complications.
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ABBREVIATIONS: short bowel syndrome: SBS; basal metabolic rate: BMR; home parenteral
nutrition: HPN; SBS intestinal failure: SBS-IF; resting energy expenditure: REE; PN dependency
index: PNDI; non-protein-energy intake: NPEI; small intestinal bacterial overgrowth: SIBO;
intestinal failure associated liver disease: IFALD; catheter related blood-stream infections:
CRBSI; body mass index: BMI; dual X-Ray absorptiometry: DXA,; central venous catheter: CVC;
ileo-caecal valve: ICV; intestinal failure rehabilitation: IFR, necrotizing enterocolitis: NEC,
enteral tube feeding: ETF, feeding difficulties: FD, small intestine: S, gastroesophageal reflux
disease: GERD, oral rehydration solution: ORS, D-lactic acidosis: D-LA, peri-anastomotic
ulceration PAU, metabolic bone disease, MBD, autologous gastro-intestinal reconstruction:
AGIR, longitudinal intestinal lengthening and tailoring: LILT, serial transverse enteroplasty:
STEP, Teduglutide: TED, European Medicines Agency: EMA, intestinal transplantation: ITx,

liver transplantation: LTX,
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1. AIMOF TREATMENT

1.1 OPTIMAL GROWTH
Nutritional requirements and intestinal absorption
The assessment of nutritional requirements in children with short bowel syndrome (SBS) is
difficult. Limited available evidences suggests that stable children on home parenteral nutrition
(HPN) have similar energy needs to healthy control children matched for sex, age and weight®.
As there are no specific data reported on energy needs in children with SBS, and recording resting
energy expenditure (REE) from indirect calorimetry is not always feasible, the usual clinical
practice is to use REE predictive equations. The most commonly used equation to calculate REE
is the Schofield equation 1985 @), proposed in the most recent World Health Organization report
from 2004 @, or the Henry equation. ® recommended by the latest European Food Safety
Authority 2013 ® (supplementary material).
When considering nutritional needs, it is also important to consider that children with IF recovering
from malnutrition require extra calories for catch-up growth. One pragmatic way is to calculate
energy needs based on the 50" percentile of weight for length for age, rather than the actual weight.
This can be established by plotting the length of the child on the centile chart, assessing the age
corresponding the 50" centile for this length and aim for the 50™" centile for weight of this age as
the basis for calculating energy needs®. Alternatively, the requirements calculated from current
weight could be multiplied by a correction factor of 1.5-2.1 to meet the additional needs © 7
(Figure 1).
However, to really understand energy requirements, the calculated REE should be adjusted by
intestinal absorption rate. The intestinal absorption rate can be indirectly calculated from the

assessment of energy losses, but this requires specific expertise as well as precisely recording and
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analysing all dietary intake and output over several days® 9. Stool balance analysis has been
implemented in some research settings to estimate intestinal absorption rate. By precisely
calculating the amount of ingested and excreted calories and macronutrients (lipid, carbohydrate
and nitrogen) over a three-day period providing a measurement of the intestinal absorption rate in
terms of total energy, macronutrients and electrolytes is achieved® 19,

If such analyses are not available, intestinal absorption may be indirectly measured by the PN
dependency index (PNDI)®V. PNDI is the ratio between non-protein-energy intake (NPEI),
provided by PN for achieving normal or catch-up body weight gain, and REE® 10 12) estimated
with one of the previously cited equations (PNDI = NPEI/REE) (figure 1).

Another biochemical marker reflecting intestinal absorption is serum citrulline®3 _ Citrulline is
a non-essential amino acid produced by small intestinal enterocytes . As described in a recent
meta-analysis, although plasma citrulline levels is helpful, it is not possible to establish effective
cut off levels for intestinal sufficiency*¥). Nevertheless, recent studies have demonstrated that
longitudinal changes in citrulline level during the adaptation process are correlated with PNDI and
with response to hormonal treatment with glucagon like peptide-2 (GLP-2) analogue in SBS
children%16.17),

Figure 1: Nutritional needs and supply for SBS children.

3Activity Factors as recommended by the latest European Food Safety Authority 2013 ©. Age in
years, weight in kg, height in metres. "Depending on energy losses and monitoring, a correction
factor of 1.5-2 could be applied to achieve a positive energy balance® ”. BMR: basal metabolic

rate, NPEI: non-protein energy intake, REE: resting energy expenditure.
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RECOMMENDATIONS

e Energy requirements can be estimated with prediction equations (Henry or
Schofield).

e Parenteral nutrition support must be tailored and adapted according to nutritional
status in order to achieve adequate height and weight gain.

e Parenteral nutrition dependency index (PNDI) can be used as simple tool in clinical
practice to estimate changes in PN needs during the adaptation process.

e Plasma citrulline may be used as a biomarker to longitudinally monitor changes in
intestinal absorptive capacity associated with physiological or pharmacological
intestinal adaptation.

PRACTICE POINTS

e It is recommended to include requirements for catch-up growth when calculating
nutritional needs (energy needs of 50" percentile of weight for length for age or
multiplied by correction factor 1.5-2.1).

e Plasma citrulline could be measured every 6-12 months during the adaptation process
or when on GLP-2 treatment.

Nutritional Status

Although the care of children with SBS-IF has improved significantly in recent years, about 50%
of the children have short stature for age, and one-third of them have low bone mineral density @€,
Children with chronic mucosal inflammation might be at greatest risk of growth failure 8. This
was confirmed for patients with inflammation linked to primary necrotizing enterocolitis (NEC)
diagnosis or to catheter related blood-stream infections (CRBSI) @9, Other possible causes of

failure to thrive in SBS patients are sodium deficiency from high stool output®?, chronic dysbiosis
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causing small intestinal bacterial overgrowth (SIBO)®?Y, chronic metabolic acidosis (e.g. D-
Lactate)®?, intestinal failure associated liver disease (IFALD)®@®. Figure 2.
Nutritional status should be monitored in order to adapt nutritional support to the patient’s need.
Standard parameters for paediatric malnutrition in clinical practice ®® include body weight and
length and length gain velocity and body mass index (BMI). Above two years, height curves should
always be weighted according to genetic height target calculated from parents’ height (target
height = median of parents’ height + 6.5 cm for boys and - 6.5 cm for girls). These parameters also
need to be related to maturational parameters (Tanner stage and bone age), even after PN weaning,
since there is a high risk of short stature due to poor prepuberal and pubertal linear growth®®),
Additional anthropometric measures which may help assess correct nutritional status include
triceps and subscapular skinfolds and mid upper arm circumference. However, use of standardized
equipment and technique should be adopted to minimize variation.
Despite normal anthropometry, body composition may be abnormal in SBS children @9, In infants
with IF requiring PN after intestinal surgery, poor body weight gain was associated with poor fat
mass gain, while fat free mass was adequate®”. However, studies in older children have reported
increased adiposity and reduced lean body mass SBS resulting in an apparently correct BMI in
children with a higher fat mass®® 2329 Dual X-Ray Absorptiometry (DXA), routinely used in
SBS children since they are at risk of low mineral bone density (see below), may be an adequate
method to assess body composition®39 however other routine methods avoiding X-ray radiation
may be considered.
RECOMMENDATIONS

e Monitoring nutritional status should include regular anthropometry such as weight

and length/height gain velocity and head circumference (< 2 years old).
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e Genetic target height and maturational status (bone age, Tanner stage) should be

used as a reference for achieving optimal growth

e More precise methods of assessing body composition, mid upper arm circumference,

skinfolds and DXA (to assess bone mineral density, as well as fat mass and fat free
mass) may be used to monitor and tailor nutrition support.

PRACTICE POINTS

e Anthropometric measurement and nutritional status should be assessed at least twice

a year in children with SBS even after PN weaning.

1.2 INTESTINAL REHABILITATION

Home PN administration is, the cornerstone of management, promoting quality of life (QoL)
for the child and the family with a structured multidisciplinary follow-up after discharge helping
to minimize hospital readmissions®.

A systematic review and meta-analysis of 15 studies demonstrated that the implementation of
an intestinal rehabilitation programme has a significant impact on reduction of septicaemic
episodes and survival of children with IF discharged on HPN®?. Those results were later
reproduced by large Canadian retrospective cohort study ©2). Based on those results, all children
on HPN should be followed-up by a specialized multidisciplinary team to ensure that parents are
well trained before discharge, and that once home appropriate PN prescriptions, clinical
assessment and laboratory tests are undertaken®* 3% with an associated improvement in survival
6,37 The overall prognosis of SBS-IF is now expected to be good with survival rate exceeding

9098,

10
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Essential members of an IF rehabilitation programme include a paediatric gastroenterologist
with training in nutrition, paediatric surgeons, specialised nurses, dietitians and PN pharmacists®.
The paediatric gastroenterologist will focus on nutritional assessment and PN prescription,
avoidance and treatment of possible complications (see section 2), eventual referral for surgery if
needed, and to consider specific treatment to increase intestinal absorption®” 4. The specialist
nurses are responsible for training parents/carers to administer PN and are important for
communication with the family. They offer advice when problems occur with the catheter or the
skin around the exit site, the infusion pump or stoma complications. The dietician should promote
an oral diet in order to avoid oral aversion (see below) unless contraindicated (e.g. unsafe swallow),
but should also be aware of the possibility of hyperphagia “* %2 (especially in adolescents) which
may increase PN complications (Figure 2); the diet may need to be adapted, according to digestive
tolerance.

Ideally, the central venous catheter (CVC) should be managed by a specialist central venous access
team (composed of a critical care pediatric specialist and/or surgeon and/or interventional
radiologist with expertise in CVC management). CVC placement should be under radiological
control particularly in patients with end stage vascular access“®.

Living with SBS can negatively impact quality of life, for example the patients require regular
follow-up with hospital visits for various clinical treatments that interfere with daily life®4,
Parents' personal lives are inevitably impacted by the need to deal with venous access, nutritional
devices and life-threatening complications such as septicaemic episodes, fluid and electrolyte
imbalance®® 46), Patients and caregivers may be affected by depression as an emotional response
to the diagnosis, followed by anxiety and fear of the unknown, may lose their jobs, their

independence and social life ¢"%®, The affected child may be aware of limitations, such as fewer

11
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opportunities to enjoy the same life as their peers®® 2. For all the above reasons the role of the
psychologist is crucial Y,

Depending on the different organization of social care system in each country, social workers may
be needed to support setting up HPN and to obtain financial support if not automatically available.
A further important support network available in most European countries is a patients and parents
association. It may be possible to contact a support group via a European Reference Networks

(ERN) such as ERNICA (https://ern-ernica.eu/network/patient-representatives/).

When patients live in isolated settings video contact can be a valuable tool to monitor health status
and antibiotic therapy®? 59, to detect symptoms of depression®®, provide emotional support, and
to provide instruction as a strategy to reduce complications ©).
RECOMENDATIONS:
e Children with SBS discharged on HPN should be monitored by a designated multi-
disciplinary intestinal failure rehabilitation (IFR) unit.
e Minimal requirements for IFR are a paediatric gastroenterologist trained in clinical
nutrition, a surgeon, specialized nurse, dietitian and PN pharmacist
e To avoid end-stage vascular access a specialized central venous access team is
recommended.
e Other professionals, such as psychologists, social workers and speech therapists may
also be needed in certain circumstances.
PRACTICE POINTS:
e Periodic follow-up should include assessment of patients and family Health related
Quality of Life to identify symptoms of psychological distress at the earliest

opportunity.

12
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e Telemedicine may be a valuable option to reduce visit frequency and monitor patients
in isolated settings.

1.3 PARENTERAL NUTRITION WEANING
PN weaning is normally defined as the gradual reduction of PN calories needed by the child whilst
maintaining optimal growth velocity.
Several retrospective cohort studies have attempted to define the factors predicting PN weaning in
children with SBS-IF; results from the latest 20 years are summarised in table 1©5®, Total
weaning from HPN in SBS is achieved in around 50-60% of cases discharge home on PN.
Residual small intestinal (SI) length as well as presence/absence of the ileo-caecal valve (ICV)
seem to be universally recognized prognostic factors affecting enteral autonomy achievement.
Various cut-offs of residual bowel length ranging from 15-50 cm or 30-50% of residual SI have
been proposed to predict PN weaning ©& 576970 ‘Two retrospective studies on ultrashort bowel
syndrome also reported a rate of enteral autonomy of 25 to 50% which was reached during the first
4 years of follow up in children with < 20 cm residual S1®% .7 |n addition the presence of the
ICV was questioned as a positive predictive factor by a recent paediatric SBS-IF meta-analysis(?.
Having NEC as primary diagnosis of NEC seems to be a positive predictors for enteral
autonomy(’®, whereas having gastroschisis is a negative due to secondary dysmotility(?. As
outlined in table 1, other factors predicting weaning may be: length of residual colon, serum
citrulline, enteral tolerance 6 month after resection and multidisciplinary follow-up. A recent study
proposed that PNDI together with longitudinal measurement of citrulline may help predicting PN
weaning™Y. Total bilirubin, SI diameter and the need for a lengthening surgical procedure may

have a negative impact due to the link with IFALD development(®® 67,

13
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Improvement in intestinal absorption rate for children with SBS after weaning from PN support
seems to be limited. Thus, SBS patients weaned off PN are at risk of energy or micronutrient
deficiency especially during periods of rapid growth such as puberty(® 7. Long time follow-up
by an expert IFR team is essential in order to avoid faltering growth or pubertal delay which could
particularly affect weaned patients approaching adolescence (figure 2).

RECOMENDATIONS

e PN weaning should only be considered if the child with SBS is showing appropriate
growth.

e Early PN weaning (< 2 years) should be proposed and attempted by IFR caring
physicians for infants with more than 20 cm (or > 10%) of residual SI and presence
of ICV.

e PN weaning in appropriate settings (IFR unit) may be attempted where SI < 20 cm
(or < 10%) and presence of ICV (approx. 50%o success rate); in case of success a tight
follow-up after weaning is mandatory.

PRACTICE POINTS

e When attempting to wean from PN regular follow-up should be intensified to identify
signs of nutrient malabsorption.

2. PREVENTION AND TREATMENT OF SBS-IF COMPLICATIONS (irrespective of
enteral autonomy):

In this section we will address potential complications which are correlated with SBS such as oral
aversion, gastroesophageal reflux, hight output stoma losses, intestinal dysmotility, intestinal
mechanical obstruction, SIBO, D-lactic acidosis, ulcerative anastomosis, renal disease, metabolic

bone disease and micronutrient deficiencies.

14
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Other complications that occur in IF, irrespective of the underlying aetiology, such as CVC related
complications and IFALD have already been extensively addressed in other ESPGHAN position
papers and guidelines"™ 7, It is important to state that recent advances in managing home-PN
with the use of Taurolodine locks 7™, using less aggressive enteral tube feeding ® and the use
of intravenous mixed lipid emulsions® have lowered the incidence of IFALD in experienced
centres®D,

2.1 Oral Aversion
Children affected by SBS often need PN and enteral feeding tubes for long periods in early life.
As a consequence, there may be a delay and dysfunction of the physiological oral feeding processes
and approach to food, both in terms of timing and pleasure®?. Furthermore early Enteral Tube
Feeding (ETF) as well as early prolonged periods of Nil per os have been thought to contribute to
delayed acquisition of feeding skills in children with SBS-IF ©38) Late introduction of solid
foods, related to long term hospitalization, could then affect the acquisition of optimal feeding
skills®&-88)_ For these reasons, the introduction of small volumes of oral liquids as early as possible
after surgery and prompt weaning onto solid food, when allowed according to the patient’s
condition (and age in infants), is recommended, and could help avoid oral aversion and other
feeding problems.
Children in a pediatric IF study, aged 1-to-14 years, showed high scores for oral sensitivity,
suggesting that some children with IF have oral sensory processing problems®. In particular, food
aversion, which can be defined as a voluntary refusal of liquids or solids related to previous
unpleasant experiences, can be observed in up to a quarter of patients with SBS-I1F®9,
ETF remains an important technique in the management of SBS infants. The use of ETF is driven

by the necessity of improving enteral tolerance while decreasing PN dependency. The first attempt

15



SMIAGZMUMIPXZOBBAeOATOAEIDPIHSALLIAIPOOAEIEAHIOII/AOAU

MY TXOMADYOINXYOHISABZIy10+eyNIOITWNOIZTARY HJ3SHNAYg Ag ubdl/woo mm| speuinoly/:dny wouy papeojumoq

202/1€/50 uo

o)
c

of a comparison between two IF centres with different feeding practice (ETF vs oral feeding)
showed a significantly reduced rate of feeding difficulties in the center preferring oral feeding®®.
Additionally, children with SBS receiving most of their nutrition via ETF do not experience normal
hunger-satiety patterns®, which may impact on intestinal motility®Y. Oral feeding as opposed to
ETF enhances acquisition of feeding skills, maintains self-regulation of hunger and satiety and
enjoyment associated with eating, thus helps prevent feeding difficulties®® %V,
The family should be involved to promote home healthy eating practices including:
- allowing the child to make their own food choices and encouraging dietary self-regulation
-socialization through regular family meals
-healthy home food
-association of healthy eating with pleasure®?,
In conclusion, the balance between the use of oral and/or ETF should take into account the clinical
tolerance and acceptance of different feeding techniques as well as patient’s clinical history.
However, further studies are needed to better understand the clinical outcomes related to different
feeding approaches and nutrition support in SBS children.

2.2 Gastro-oesophageal reflux
Impaired motor activity of the upper-Gl tract is frequent in SBS-IF children. It is multi-factorial:
e.g. altered intestinal anatomy related to the locality and extent of intestinal resection, the effect
of the underlying cause of SBS on the neuro-myenteric system (intestinal atresia, sequalae of NEC,
gastroschisis). Consequently, clinical symptoms should be interpreted very rigorously before any
specific investigation procedure.
In the 2018 ESPGHAN-ESPEN guidelines on PN fluid chapter ©®® the benefit of H2 blocker

treatment in reducing gastric acid hypersecretion was addressed and all the available evidence

16
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described. In 2020 the FDA and EMA banned the most widely used tested H2 blockers
ranitidine®, because of possible carcinogenic effect. Even though less powerful®> %), at present
proton pump inhibitors (PPI) seem to be the safest choice.
A retrospective study on endoscopic finding in patients with IF showed that 20 of 56 patients
enrolled needed gastric acid suppression treatment for esophago-gastro-duodenal findings®”.
However, there is no evidence to support routine use of endoscopy in the absence of symptoms of
severe/refractory GERD. A comprehensive review on GERD and foregut dysmotility in children
with IF, even if not SBS specific, was recently published addressing aetiology and possible
therapeutic options®®),

2.3 Intestinal motility disorders
Children with SBS are at risk of dysmotility which may result from abnormal development of the
neuro-myenteric system ©%, e.g. intestinal atresia, or as a consequence of ischemic injury to the
enteric nervous system and smooth muscle, such as in NEC, gastroschisis(’?, intestinal atresia or
midgut volvulus. Dysmotility may manifest as poor peristalsis, gastroparesis or rapid intestinal
transit 19, Dysmotility in SBS children is a very common complication affecting > 50% of cases
with clinical presentation varying from food intolerance with abdominal distension and vomiting
to severe constipation®% 102),
There are no clinical trials on the use of metoclopramide or domperidone in children with SBS,
although a large retrospective cohort observation seemed to reveal that nearly 60% of children
increases EN tolerance with these medications®®?. The only prokinetic clinical trials are a double
blinded placebo controlled study on Erythromycin in post-operative gastroschisis patients, which
failed to demonstrate any effect on feeding tolerance®®® and an open label pilot clinical trial on

cisapride which demonstrated improved enteral tolerance in 7 of the 10 SBS children enrolled%%.
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However, the use of cisapride has been restricted or forbidden on some countries because of the
risk of QT prolongation leading to potentially life-threatening cardiac arrythmia. Antidiarrheal
agents and cholestyramine have never been tested in clinical trials in children with SBS. However,
in clinical practice under tight surveillance from an IFR unit, they may be considered to reduce
stool output%),
Surgical reconstructive techniques may be used to treat motility disorders in SBS children are
discussed in the appropriate section (see below)0% 102)

2.4 Intestinal mechanical obstruction
As highlighted in the first report of the pediatric IF consortium 25% of surgical interventions
occurring with IF are small bowel resections®®), A recent systematic review highlighted that
adhesive obstruction can occur in 1% to 12% of children following primary abdominal surgery@°?).
When intestinal obstruction was suspected clinically and on abdominal X-Ray the majority of
patients needed additional surgery to resolve the problem®, In a retrospective review of 98
charts of SBS children 5 patients were diagnosed with postoperative small intestinal anastomotic
strictures on a small bowel radiological follow-through and successfully managed with a
fluoroscopy guided balloon dilation®). Caution is needed in fragile small bowel due to short
anastomosis delay or important perianastomotic inflammation, in order to avoid post-endoscopy
complications.

2.5 High stoma output and risk of dehydration
An intestinal stoma plays a pivotal role in IF resection ‘%9 and can represent a difficult challenge

in cases of high volume output.
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In children with a high-output stoma intestinal fluid absorption may be impaired, and consequently
electrolyte disturbances from sodium depletion and acute or chronic dehydration are frequent
complications 19,

Physiologically the jejunum tries to make the food bolus have the same osmolality as plasma by
secreting sodium (Na) or fluid depending on whether the solution is hypo- or hyperosmolar ¢V,
In normal conditions, sodium and water are reabsorbed by the distal bowel. When the distal colon
IS not in continuity, there may be loss of sodium and fluids which, if not correctly replenished, can
result in dehydration, hyponatremia and reduced natriuresis reflecting sodium depletion. It is
important to emphasise the need for adequate sodium intake and the maintenance of a sodium
replete state to optimise growth, even promoting salty food or feeds in SBS-1F®,

In order to avoid sodium and/or water depletion, ingested liquids should be iso-osmolar to the
plasma, especially in the early stages after stoma surgery, when adaptation mechanisms have not
yet developed™®. Patients with a stoma should be trained to minimize consumption of hypotonic
solutions, such as water, tea, coffee or hypertonic solutions such as soft drinks and most
commercial sip feeds®™. The recommendation is to satisfy most fluid requirement through
controlled osmolarity solutions of about 300 mmol/L. It is then suggested to use a saline solution
containing glucose, such as oral renydration solutions (ORS) used for diarrhea, however increasing
the recommended concentration until the desired osmolarity is reached. This increase in
concentration will allow a higher sodium concentration to favor sodium replenishment and
increase natriuresis. As already mentioned in the first part a valid method to monitor sodium intake
is the measurement of sodium on spot urine samples®'?; this should be maintained > 20 mmol/|

and exceed urinary potassium (NaU/KU >1) in all SBS children if diuretics are not used. There is
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no evidence on how frequently of natriuresis should be monitored in SBS children either on PN
support or after PN weaning.

2.6 Dysbiosis and small intestinal bacterial overgrowth
Recent studies have pointed out some important differences between the intestinal microbiome in
parenterally fed SBS-IF patients versus healthy children such as decrease in richness with a shift
from Firmicutes to Proteobacteria and overabundance of Lactobacillus 13118, Gastrointestinal
factors (underlying disease, anatomy, feeding tubes, motility), nutritional factors (type and mode
of delivery) and pharmacological treatments (antibiotics, antiacid and drugs affecting motility) are
all implicated in microbiome modulation in SBS 19, Patients receiving cyclic PN seem to have a
relatively normal intestinal bacterial species ratio ‘9. Microbiota alteration may promote
inflammation and development of SIBO“?Y and also be implicated in CRBSI and IFALD
development@3 122 although it is not known whether the altered microbiome is a primary or
secondary problem.
The prevalence of SIBO in children with SBS was estimated at around 70% in two retrospective
studies® 123, however the two papers widely differed in design and the diagnostic tools used to
confirm clinical suspicion. To date there are no studies available to validate diagnostic tools for
SIBO in children with SBS.
Recent intestinal microbiome studies have demonstrated that the wide use of antibiotics, especially
prophylactic use, may unfavorably alter microbiota composition'?*). Studies in SBS-IF patients
have shown a decreased microbial diversity by using the relevant Shanon index of diversity as well
as the emergence of highly resistant bacteria'!?* 125, Thus, prophylactic use should be avoided and
antibiotics used only for strong clinical suspicion of SIBO, even if evidence-based treatment

protocols are currently lacking.
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Regarding the use of probiotics, two small RCT failed to demonstrate any effect of Lactobacillus
rhamnosus on intestinal permeability and microbiota modulation in children with SBS (126 127),
2.7 Colonic hypermetabolism and D-lactic acidosis
Clinical manifestations such as abdominal distension, bloating and nausea - due to colonic
microbiological hypermetabolism, may impair daily life and should be monitored. They may be
the consequences of intestinal malabsorption leading to a high amount of undigested carbohydrates
(CHO) reaching the colon. This condition may be exacerbated by hyperphagia or aggressive tube-
feeding. One rare complication of colonic hypermetabolism, which is clearly different from SIBO,
is D-lactic acidosis (D—LA) 2 12-130) Thjs s due to Lactobacilli and other bacteria, including
Clostridium perfringens and Streptococcus bovis, which, when present, ferment unabsorbed CHO
to D-lactic acid, not metabolized by D-lactate dehydrogenase®®. D-LA, that may also lead to D-
lactate encephalopathy, is a rare neurologic syndrome that occurs in individuals with SBS or
following jejuno-ileal bypass surgery?8 13 Neurologic symptoms include altered mental status
with slurred speech and ataxia. Onset of neurologic symptoms is accompanied by metabolic
acidosis and elevation of D-lactate plasma concentration. L-lactate concentration, which is
reflected by serum lactate concentration is normal. Thiamine deficiency should be excluded®3?),
The mechanism for the neurological symptoms is unknown. They have been attributed to D-
lactate, but it is unclear if this is the cause or whether other factors are responsible®?,
Diagnosis of D-LA is suspected from clinical symptoms and may be confirmed by assessing
plasma, urinary or stool D-lactic acid®* 2, In the already cited ERNICA survey Twenty-one of
24 intestinal rehabilitation centres (87.5%) checked for D-LA®4),
Treatments described in case reports have included watchful waiting (with spontaneous

resolution), oral metronidazole, neomycin, vancomycin, (for 10-14 days) and avoidance of
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“refined” CHO, while probiotics, prebiotics and synbiotics have been used but without clear

efficacy35-137),

Figure 2: SBS complications according to PN dependency

2.8 Peri-anastomotic ulcerations (PAU)
Peri-anastomotic ulceration (PAU), described a long time ago, is a rare potential life-threatening
complication that may occur after intestinal resection®®®. The diagnosis is often delayed after a
long-lasting history of refractory anaemia®®. The pathogenesis remains unknown and there are
no established therapies49. It is most commonly described in children4%:142_The main symptom
is bleeding, leading to iron-deficiency anemia, which can be life threatening. A survey reported a
series of eleven patients (7 boys) with PAU after intestinal resection in infancy, focusing on
predictive factors, medical and surgical treatment options, and long-term outcomes4?. Capsule
endoscopy may be very useful for the diagnosis of PAU®*®. No predictive factor (including the
primary disease, the length of the remnant bowel, and the loss of the ileocaecal valve) could be
identified. Numerous treatment options, including antibiotics, probiotics (Saccharomyces
boulardii) and anti-inflammatory drugs, proved to be ineffective to induce prolonged remission.
Even after surgical resection, relapses were observed in 5/7 children. The mechanism leading to
PAU remains unknown. Another series reported 14 cases revealed by severe anaemia, diarrhea,
abdominal pain and growth failure in average 11.5 years after surgeryY. Ulcerations were most
often multiple (n=11), located on the upper part of ileocolonic anastomoses (n=12) and difficult to
treat. No granulomas were seen but lymphoid follicules were frequent. In addition, either ASCA
or ANCA were positive in 4/9 tested patients and 8/11 genotyped patients exhibited a NOD2

mutation (P<0.0002 when compared to French healthy controls). Contrary to previous reports with
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limited follow-up, no medical or surgical treatment prevented recurrences. More recently, Fusaro
et al reported 8 out of 114 children with SBS with PAU®*4). Underlying causes of SBS were: 5
NEC, 2 gastroschisis and 1 multiple intestinal atresias. The mean age at PAU diagnosis was 6.5
years with a delay before diagnosis of 35 months). All but 2 patients had PAU persistency after
medical treatment. Endoscopic treatment (2 argon plasma coagulation; 1 platelet-rich fibrin
instillation; 2 endoscopic hydrostatic dilations) was effective in 3 out of 5 children. Surgery was
required in 3 patients. Since relapses may occur several years after discontinuation of PN, long-
term follow-up is needed.

2.9 Renal disease

PN induced renal disease remains debated. An old study involved 13 children aged of 9 +
4.9 years who had been receiving total parenteral nutrition for 7.9 + 4.1 years'*, It reported a
decreased glomerular filtration rate (GFR) of 65.5 + 11.9 ml/min per 1.73 m2; range 49.5 to 83.7).
Creatinine clearance was 69.1 = 10.9 ml/min per 1.73 m2 without tubular damage (normal beta 2-
microglobulinuria) nor nephrocalcinosis in all subjects. No relationship was seen between the true
GFR and diagnosis, number of episodes of infections, or antibiotics used. The duration of PN was
inversely correlated with the true GFR (r = -0.66, p < .01)(!4%. More recent observations did not
confirm such impaired renal function!46-149 However, cyclical PN may predispose to disturbed
renal function by significantly changing the water-electrolyte homeostasis over each 24 hours
period with intravascular volume depletion if there are also high intestinal fluid losses,
hemodynamic instability episodes as well as repeated episodes of dehydration with hypercalcemia
that might predispose to nephrocalcinosis or even renal failure!'4®). The Toronto team reported a
high incidence of nephrocalcinosis and/or increased echogenicity on US)!“®). However, these

abnormalities had no impact on eGFR or renal tubular function. A recent study concluded that
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despite the high prevalence of hypercalciuria, nephrocalcinosis was not common4?, Many of
these complications are avoidable with, for example maintenance of adequate hydration, regular
surveillance of renal function and personalized adjustments of PN managed by a multidisciplinary
nutrition support team47- 149, Base line and long-term monitoring of various aspects of renal
function would be essential to characterize the effects of prolonged PN on kidney function. Follow-
up into adulthood of long-term cohorts is required to evaluate the impact on different aspects of
kidney functions later in life.
2.10 Metabolic bone disease (MBD)
As already mentioned in the nutritional monitoring chapter, children with IF and HPN are at higher
risk of low bone mineral density®® 2% 13% 15D Since 2010 multiple studies have reported on bone
status in IF. All studies agreed on a high risk of metabolic bone disease (MBD) for patients with
IF on PN that persists after PN weaning -7 158 This risk seems to be mostly related to calcium
levels %159 and to growth failure '® % which is more prevalent in other forms of IF rather than
in SBS (7 Length of remnant bowel, higher PN dependency and longer duration of PN do not
seem to impact on MBD development (% 59 DXA monitoring for SBS-IF children should be
promoted especially in presence of serum calcium, phosphorus or parathormone alterations. SBS-
IF children should be encouraged to have regular physical exercise and therapeutic options should
be discussed with pediatric endocrinologists.
2.11 Micronutrient deficiencies

Parenteral vitamins and micronutrients requirements are extensively addressed in the specific
chapters of ESPGHAN — ESPEN PN guidelines!!>® 1>, while monitoring can be found in the home
PN chapter!®”. However, in the setting of SBS-IF, there is a difference in prevalence of

micronutrient deficiency depending on the degree of PN dependency and patients can suffer from
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deficiency even after PN weaning (1®1716¥ A retrospective cohort analysis focusing on only SBS

children found Vitamin D and Zinc to be the most prevalent deficiencies during and after weaning

PN In view if this evidence, vitamins trace elements should be regularly monitored both during

and after PN weaning. Parenteral, enteral or even sublingual supplements should be given when

deficiency occurs and tailored according to residual intestinal anatomy and the absorption site and

mechanism'®1%7). In children with terminal ileum resection, fat soluble vitamins and Vitamin B12

status should be monitored on a regular basis.

Figure 3: Specific absorption sites for vitamins and trace elements.

RECCOMENDATIONS

If oral feeding is not possible, early oral stimulation and early follow-up by speech
therapist/feeding unit should be provided.

Despite lack of robust evidence, antacid treatment (preferentially with PPI) should be
considered for SBS children with symptoms of gastric hypersecretion or
gastroesophageal reflux disease.

There is insufficient evidence and little indications to promote the use of prokinetics
drugs in motility disorders associated with SBS. A trial with those drugs may be
restricted to children with important clinical GE reflux complains or large gastric
output volumes only under tight clinical evaluation.

There are no publications to date on use of antidiarrheal treatment in SBS children.
Based on panel’s expert opinion natriuresis should be monitored at least yearly for
children with SBS on PN and even after PN weaning. This monitoring may be
increased for children with small bowel stoma.

A policy of antimicrobial stewardship should be promoted for children with SBS:
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broad spectrum antibiotic prophylaxis should be avoided because of the high risk of
bacteria selection and emergence of highly resistant bacteria.

Clinical assessment is the only tool for SIBO diagnosis since no other validated
methodology is available.

D-Lactic acidosis clinical suspicion may be confirmed by plasma, urinary or stool D-
Lactic levels.

Peri-anastomotic ulceration should be screened for in children with SBS suffering
from unexplained anaemia during PN supplementation or after PN weaning.
Regular clinical and biochemical follow-up is mandatory for SBS children with peri-
anastomotic ulceration diagnosis since there is high rate of recurrence.

Regular screening of renal function and annual abdominal ultrasound for
nephrolithiasis screening is recommended for SBS children.

Laboratory testing of serum 25-OH vitamin D, calcium, phosphorus, alkaline
phosphatase, parathormone and urinary calcium should be undertaken every 6-12
months.

If calcium, phosphorus and vitamin D levels are abnormal, a screening for metabolic
bone disease with DXA should be considered even after PN weaning.

Micronutrient levels should be tested regularly during PN (at least twice a year). This
practice should be continued after PN weaning and should be tailored according to
residual small bowel anatomy (e.g. Vitamin B12 if terminal ileum resection SBS type
1 and 2).

Micronutrient supplementation should be individualised according to micronutrient

blood levels.
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PRACTICE POINTS

e Family or social eating should be implemented for SBS children to prevent/improve
oral aversion.

e A small intestinal follow-through (or other investigations if available/appropriate)
radiological study should be performed for all PN dependent SBS children with
obstructive symptoms and/or recurrent SIBO to evaluate intestinal structuring
and/or dilation.

e The possibility of SIBO or D-Lactic acidosis should be considered in SBS children
with neurological symptoms associated with abdominal pain and worsening of
diarrhoea.

e Gastrointestinal endoscopy aiming to reach the surgical anastomosis is the first choice
for anastomotic ulcer diagnosis. When anastomosis is not reachable by conventional
endoscopy, enteroscopy or small intestine video capsule should be considered.

3 TREATMENT FOR ENHANCING INTESTINAL ABSORPTION

3.1 NON-TRANSPLANT SURGERY

Autologous gastro-intestinal reconstruction (AGIR) includes all those techniques that aim to
increase intestinal absorption by remodelling dilated dysfunctional bowel, by increasing small
bowel length, and by altering small bowel transit. By enhancing enteral absorption in patients
affected by the SBS-IF %8, these techniques have the added benefit of reducing PN dependency
and its potential complications

Longitudinal intestinal lengthening and tailoring (LILT) was first introduced by Bianchi in

1980169, The procedure remodels the dilated small intestine by longitudinal division along the
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mesenteric and antimesenteric borders to create two vascularised hemi-loops that are anastomosed
isoperistaltically to the distal bowel for complete bowel continuity.

Serial transverse enteroplasty (STEP) was proposed by Kim and colleagues in 2003 @7 when a
STEP Registry was also set up to aid long term evaluation of outcomes. The procedure involves
multiple alternating lateral transections of the dilated bowel leading to a longer zig-zag intestinal
channel of reduced diameter.

Common to both LILT and STEP is a minimal requirement of bowel dilation of approximately 4
cm®@4). This correlates with evidence that a wider small bowel is associated with dysfunctional
peristalsis with stasis and SIBO leading to local intestinal inflammation, septicaemia and
IFALD(® with a potentially negative impact on PN weaning’?. On the other hand, in the long
term intestinal lengthening procedures have been shown to be effective in managing the problems
associated with the bowel dilatation as a consequences of SIBO and IFALD @72, thereby
enhancing enteral absorption and weaning from PN. Some authors consider that a minimal length
of 20 cm of dilated small bowel is necessary for conversion to total enteral nutrition following
lengthening techniques®”®, in particular for LILT.

A retrospective study of 53 LILT procedures with a median follow-up of more than 6 years by a
single centre in Germany between 1988 and 2007, reported a 77% survival rate with 79% weaning
from PN, however long term growth follow-up information was lacking @74,

Results from a retrospective multicentre registry for 97 STEP procedures from 50 centres in 13
countries, reported a 94% survival rate with 50% of patients weaning off PN,

Shah et al. compared the LILT and STEP. Based on retrospective data from 17 procedures (9
LILT, 6 STEP and 1 LILT+STEP) @7 there was no mortality and 56 %, 14% and 100% of PN

weaning following LILT, STEP and LILT + STEP respectively. A recent retrospective systematic
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review of 324 primary LILT and 377 primary STEP from 40 publications, attempted to compare
the outcomes of the two procedures. There was a comparable PN weaning percentage of 52%
versus 45%, and a mortality rate of 26% versus 7% for LILT and STEP®?, It is relevant to state
that the higher death rate in the LILT patients related to end-stage liver failure during the first 6
months of life largely from IFALD development and not from the LILT procedure. Otherwise,
the most prevalent surgical related complications were infection not otherwise specified (4%), re-
dilation (4%), and gastrointestinal bleeding (3%).
A comparison of early (< 375 days) and late (> 375 days) complications was made in a multicentre
retrospective study on 14 children, but did not discuss differences in PN weaning or mortality!’®),
A retrospective study compared SBS children who underwent tapering surgery (16) versus SBS
children who did not (44) ™. The results showed that the absence of the ileocecal valve was a
risk factor, whereas a primary diagnosis of NEC was a protective factor against requiring tapering
surgery. PN weaning rates were comparable at 75% in the tapering group and 86% for the non-
tapering group.
More recently an innovative technique called Spiral Intestinal Lengthening and Tailoring
(SILT)™ has been introduced. To date there have been 7 reported cases in the literature, with 2
weaned off PN(68 181.182) " The number of SILT cases is low with a short follow-up, such that it is
not possible to offer clear indications for this technique. However, it is possible to suggest that
SILT could be of potential benefit when LILT and STEP are not appropriate.

Single or multiple Reversed (Antiperistaltic) Segment/s can have a possible role in
reducing transit time and increasing nutrient availability for absorption'8 184 Although not a

new concept, the idea did not receive much attention or use. However reversed segment/s could
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be of benefit together with or following lengthening procedures, in tilting the balance in favour of
increased absorption and weaning from PN (185, 186),
RECOMMENDATIONS:

e Autologous gastro-intestinal reconstruction (AGIR), should be considered for
children with SBS who are dependent on PN and when there is a small bowel dilation
of >4 cm.

e Evidence on the timing of surgery is lacking, and decisions are best made by a
multidisciplinary team on a case-by-case basis.

PRACTICAL POINTS:

e Longitudinal intestinal lengthening and tailoring (LILT) and serial transverse
enteroplasty (STEP) seem to have comparable outcomes, thus the choice should be
made by the multidisciplinary team based on the anatomical situation and the
surgeon’s experience.

3.2 TREATMENT TO INCREASE INTESTINAL ABSORPTION

Perhaps the most exciting recent advance in treatment of SBS-IF is the development of a glucagon-
like peptide-2 (GLP-2) synthetic analogue, Teduglutide (TED)“®") approved by the European
Medicines Agency (EMA) for use in children. The treatment is helpful for the most seriously
affected children with SBS-IF with long-term PN dependency for many months or years without
demonstrating any evidence of intestinal adaptation and decreased PN dependency— even when
stable and free of complications for > six months. Previously these patients would have expected
to remain on life-long PN or undergo intestinal transplant.

Teduglutide acts on the intestine to promote intestinal mucosal hypertrophy, inhibits gastric

motility and acid secretion, improves intestinal blood flow, increase the intestinal barrier function
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and enhances nutrient and fluid absorption®®”). Evidence for safety and efficacy of TED in children
with SBS-IF (excluding those on other growth hormones, with malignancy or immunodeficiency,
biologic therapy in last 6 months or recent change in immunosuppressive treatment), has been
shown in two phase 111 studies” 49 a longer term ‘follow — on’ study™®® and a report on ‘real life’
use®). The aim of treatment is to enable the child to tolerate > one night or extra night per week
off PN, i.e. equivalent to a 20% reduction in PN. In the 24 week study 18 of 26, 69% patients
treated with 0.05mg/kg teduglutide, the recommended dose, reduced PN >20% compared to 1 of
9 (11%) of the standard of care group, p=0.0036". The treatment was effective in some children
with any of the major diagnoses that led to SBS-IF and in some children fully dependent on PN as
well as in some children partially dependent. Most common adverse events were gastrointestinal
(vomiting, diarrhoea, abdominal pain, stoma complication) and those associated with inter-current
childhood infections (pyrexia, cough, headache) with similar incidence in standard of care cases
and injection site reactions®”.

Teduglutide was also well tolerated in 89 children treated for a median(range) of 51.7(5.0-94.7)
weeks. The safety profile was aligned with previous experience in adults and children®), When
used outside a trial the outcome appeared even better with 12/17 patients achieving parenteral
independence, irrespective of diagnosis: 3 patients after 3 months of treatment, 4 patients at 6
months, and 5 after 12 months®®).

Teduglutide is currently approved in Europe for children > 12 months of age with weight > 10kg.
The current recommendation by specialist IF rehabilitation paediatricians is to reserve GLP-2
treatment for use in children managed by a specialist multidisciplinary IFR team who have
plateaued in their intestinal adaptation, defined as inability to reduce PN by >10% even when

stable for >3 months*8). Children with initial loss of vascular access or progressive liver disease
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that might otherwise evolve to meet the criteria or who are already on the waiting list for intestinal
transplantation should be considered a priority for a trial of teduglutide treatment in order to try to
avoid the intestinal transplant (although some might still need a liver transplant).

Prior to commencing TED treatment an upper intestinal radiological contrast study is needed to
exclude intestinal obstruction or significant intestinal dilatation and if detected surgical treatment
should be considered prior to commencing treatment®®. The infant/child should also have a
negative fecal occult blood (FOB) and if > 10 years of age a colonoscopy to investigate for
intestinal polyps. It would be usual practice for an IF center to have already done both upper and
lower intestinal endoscopy in a child who was failing to wean from PN to exclude any mucosal
disease that might be contributing to IF.

Teduglutide should only be prescribed for a child who would be expected to tolerate an increasing
enteral nutrition. If the child normally eats s/he will need to be offered regular meals and snacks
once on treatment. Nutrition advice from a specialist dietitian/other professional is important to
ensure the best possible strategies are used to encourage a good dietary intake.

Teduglutide is administered by a daily, morning, sub-cutaneous injection. Parents/careers need to
be taught to administer the injection. On commencing treatment regular weekly assessment is
required for about 4 weeks to ensure PN is reduced in a timely fashion and complications such as
fluid overload are avoided. Assessment frequency can then be reduced to fortnightly, 3weekly and
eventually monthly®” 49, A discernible improvement in absorption can become apparent within
two weeks of commencing treatment and PN volume (keeping the same formulation) should be
reduced accordingly (usually in 10% increments)®?.

Close monitoring of progress with regular attempts at reducing PN support (ideally in 10%

increments) and trialing a night off PN at the earliest opportunity is needed. The current evidence
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is that some children can take as long as 12 months to wean off PN after starting teduglutide
treatment(189),

In some patients in teduglutide studies, treatment was stopped after 12 weeks. In some patients
who had weaned off PN it needed to be restarted within < four weeks of stopping treatment®“?,
whilst others did not need to do so. However, longer term outcome after stopping was not obtained.
There is currently an economic debate as to whether the cost of teduglutide is greater than the costs
of PN and management of complications®®®. However, if a child fully weans from PN the benefit
to the child from losing their central venous catheter and freedom from highly technical treatment
with a near normal life expectancy would be expected to outweigh the cost. However, it is highly
likely that alternative GLP-2 analogues, such as Glepaglutide®® and Apraglutide®? will also be
available for children in the coming months and years that might alter the economic debate.

In summary TED treatment can benefit children with SBS-IF of any etiology in whom intestinal
adaptation has ceased for >3 months and who can tolerate enteral nutrition.

There are still some aspects of care that need to be established. These include:

The age and time post intestinal resection at which teduglutide treatment is most effective

- How long to continue treatment if a child is failing to respond and is otherwise well

- Whether it is possible to reduce teduglutide and even stop treatment in some SBS children
once weaned off PN

- How to reduce treatment, for example would it be better to reduce the dose to alternate
days or reduce the amount of each dose.

- Early post-operative use has not been trialed to date. For example, TED might benefit a

child within 3 months of the initial major small intestinal resection or an intestinal

lengthening procedure/ autologous reconstructive surgery
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RECOMENDATIONS
e Teduglutide at a dose of 0.05 mg/kg/day should be considered in metabolically stable
children with SBS-IF in whom intestinal adaptation has plateaued even after
appropriate investigation and treatment by a specialist pediatric multidisciplinary IF
rehabilitation team
e Current recommendation does not allow the use of teduglutide below 12 months of
age and 10 kg.
e Teduglutide is not an alternative to good multidisciplinary medical care.
e Children with loss of initial vascular access and/or evolving liver disease should be
prioritized in Teduglutide use.
PRACTICE POINTS
e Regular weekly monitoring including weight, urine output, blood urea and
electrolytes is needed for at least four weeks after starting teduglutide and a week
after any reduction in PN volume infused
e Regular meals and snacks (or if not tolerated, enteral tube feeds) need to be offered
when weaning a child from PN with teduglutide
e Teamwork between the child, parents/careers and the multidisciplinary IF team
professionals is essential to maximize the response to treatment.
e More experience and an international consensus are needed for progressing the
indications and timing of TED treatment
3.3 INTESTINAL TRANSPLANT
Home PN is the first line of treatment in SBS-IF as it provides the best chance of long-term

survival. If PN fails intestinal transplant needs to be considered.
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Successful intestinal transplantation (ITx) was first reported in the late 1980’s and proposed for
the treatment of patients affected by irreversible intestinal failure®®®. In 2001 the American
Society of Transplantation defined irreversible liver disease, exhaustion of central venous access
sites, and recurrence of life-threatening situations (recurrent sepsis or dehydration) as indications
to consider 1Tx for patients with IF19%. Despite important surgical and medical advances in
transplant techniques, reported long term patients’ and grafts’ survival rates remains around 50%
at 5 years for children®), In particular long-term survival seemed to be significantly lower for
patients affected by ultra-SBS(Y.

From 2004 the European Society for Clinical Nutrition and Metabolism (ESPEN) promoted a
prospective multicentre registry of patients on long term PN for IF®%®), |ong term results revealed
that PN related liver disease was the only factor significantly affecting mortality of paediatric
candidates for ITx °). Those results were confirmed by a 3 year prospective follow-up study on
potential paediatric candidates for ITx in Japan®®. Serum bilirubin levels > 100 pmol/I seemed
to negatively impact on post ITx survival®®®, It is an important observation that a quarter of
patients referred to an IF multidisciplinary team for ITx work up for irreversible IFALD,
eventually reversed their cholestasis with appropriate nutritional management®@°),

Loss of central vein access may stand as possible indication of pre-emptive ITx in SBS children
since it could lead to “nutritional failure”®®V, even if alternative central vein management are
possible in very experienced centres%2),

The number of CVC related septicaemic episodes does not seem to impact on survival rate of
patients on home PN in the ESPEN prospective registry@®7).

Two team from the United Kingdom and United States reported their experience in isolated liver

transplantation (LTx) in children with SBS collecting a total of 43 LTx in 39 patients with an
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overall survival rate of 64% at 5 years with 76% post-transplant PN weaning in the survivors@®
204)  All candidates for LTx in those centres had a residual Sl length ranging from 25 to 200 cm
and an enteral intake of over 50% of caloric requirement prior to transplantation.

3.4 OTHER CARE OPTIONS

In a small minority of patients either long-term PN treatment or small intestinal transplant may not
be the best option. For example, in children with other major organ failure in addition to SBS-IF
continuing invasive treatment may prolong suffering without improving quality of life 14. The aims
and objectives of treatment may need to be reconsidered taking into account the child’s best
interests. In these specific cases invasive treatment such as continuing PN or proceeding to
intestinal transplant may raise medical and ethical dilemmas for which comprehensive discussion
with parents, patients and involved specialists are needed. If a home PN and ITX are not in the
child’s best interests it is important to involve a symptom care/palliative care team and if necessary,
make an ‘end of life’ care plan®%,

RECOMENDATION

e Combined liver-intestinal transplant for children with SBS-IF should be considered
as life-saving option only in cases of irreversible intestinal failure associated liver
disease (IFALD).

e SBS children with > 2 central venous line thromboses should be referred to a
multidisciplinary team which includes an intestinal transplantation unit for a case-
by-case discussion of a possible pre-emptive ITx.

e In cases of irreversible IFALD in SBS children with high potential for PN weaning,

isolated liver transplant could be considered.
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e In exceptional patients with additional major organ failure aims and objectives of
treatment may need to be different to other SBS-IF patients to act in the child’s best
interest.

PRACTICE POINTS

e SBS children on long-term PN with signs of liver disease (serum bilirubin >50-100
pmol/l - 3-6mg/dl AND/OR Platelets< 100,000), in absence of infection and on > 1
blood sample at least 2 weeks apart should be evaluated by multidisciplinary team
involving ITx specialists.

e In a small minority of severely impaired children with additional organ failure an
ethical discussion should be held and an appropriate care plan made.

4 RESEARCH GAPS AND FUTURE PERSPETIVES
The concept of individualised care for children with SBS-IF has been made clear throughout the
whole manuscript. In order to achieve this important goal future research should address:

e Individual energy and micronutrients requirements according to different remnant small
bowel anatomy and the individual child’s absorptive capacity

e Longitudinal body composition assessment to define the appropriate needs to achieve the
best growth trajectory

e Long term follow-up after PN weaning to identify early predictors of poor growth and
pubertal retardation.

As outlined from the discussion in this position paper:
1. How to prevent long term PN complication in order to avoid failure of PN treatment and

the need for life-saving ITx?
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2. How to increase intestinal absorption of the remnant small bowel in order to gain intestinal
sufficiency?

3. Do we have a safer option to propose instead of ITx for definitive nutritional failure?
We previously reported the great progress made in the latest century in addressing the first
question. Recent discovery of farnesoid X receptor (FXR) as a possible target mediating altered
bile secretion in SBS patients®® has opened a new field of research for IFALD prevention.
Unfortunately studies on FXR agonists for SBS syndrome are limited to a preclinical phase and
showing conflicting results(?7: 208),
Teduglutide is probably the biggest revolution in the world of SBS so far. The main issue with
this GLP-2 analogue is that it has very short half-life. For this reason, researchers have focused
their interest on new GLP-2 long acting GLP-2 analogues®®": 12, Results of phase Il trial in adult
SBS have been published for both molecules®:2%9), Phase II1 trials are ongoing and registered on
clinicaltrials.gov but not yet recruiting paediatric patients.
From the more surgical point of view, we reviewed non transplant and transplant option available,
however they are not always effective and safe. The most promising new frontier and opportunity
for research in this field seems to be represented by the intestine’s own capacity for regeneration

and the creation of a tissue-engineered small intestine from stem cells?),

38



SMIAGZMUMIPXZOBBAeOATOAEIDPIHSALLIAIPOOAEIEAHIOII/AOAU

MY TXOMADYOINXYOHISABZIy10+eyNIOITWNOIZTARY HJ3SHNAYg Ag ubdl/woo mm| speuinoly/:dny wouy papeojumoq

202/1€/50 uo

o)
c

REFERENCE

Béghin L, Michaud L, Hankard R, et al. Total energy expenditure and physical activity in
children treated with home parenteral nutrition. Pediatr Res 2003; 53:684—690.
https://doi.org/10.1203/01.PDR.0000057208.05549.3B

Schofield W. Predicting basal metabolic rate, new standards and review of previous work.
Human nutrition Clinical nutrition 1985; 39 Suppl 1:5-41.

Report of a Joint FAO/WHO/UNU Expert Consultation. Human energy requirements. Rome;
2004.

Henry CJK. Basal metabolic rate studies in humans: measurement and development of new
equations. Public Health Nutr 2005; 8:1133-1152. https://doi.org/10.1079/phn2005801

EFSA Panel on Dietetic Products Nutrition and Allergies NDA. Scientific Opinion on nutrient
requirements and dietary intakes of infants and young children in the European Union. EFSA
Journal 2013; 11:1-103.

Abi Nader E, Lambe C, Talbotec C, et al. A New Concept to Achieve Optimal Weight Gain in
Malnourished Infants on Total Parenteral Nutrition. JPEN J Parenter Enteral Nutr 2018; 42:78—
86. https://doi.org/10.1002/jpen.1014

Koletzko B, Goulet O, Hunt J, et al. 1. Guidelines on Paediatric Parenteral Nutrition of the
European Society of Paediatric Gastroenterology, Hepatology and Nutrition (ESPGHAN) and
the European Society for Clinical Nutrition and Metabolism (ESPEN), Supported by the
European Society of Paedia. Journal of pediatric gastroenterology and nutrition 2005; 41 Suppl

2. https://doi.org/10.1097/01.MPG.0000181841.07090.F4

39



SMIAGZMUMIPXZOBBAeOATOAEIDPIHSALLIAIPOOAEIEAHIOII/AOAU

MY TXOMADYOINXYOHISABZIy10+eyNIOITWNOIZTARY HJ3SHNAYg Ag ubdl/woo mm| speuinoly/:dny wouy papeojumoq

202/1€/50 uo

o)
c

10.

11.

12.

13.

14.

15.

Norsa L, Lambe C, Abi Abboud S, et al. The colon as an energy salvage organ for children with
short bowel syndrome. Am J Clin Nutr 2019; 109:1112-1118.
https://doi.org/10.1093/ajcn/nqy367

Ordonez F, Barbot-Trystram L, Lacaille F, et al. Intestinal absorption rate in children after small
intestinal transplantation. Am J Clin Nutr 2013; 97:743-749.
https://doi.org/10.3945/ajcn.112.050799

Norsa L, Lambe C, Abi Abboud S, et al. The colon as an energy salvage organ for children with
short bowel syndrome. The American journal of clinical nutrition 2019; 109:1112-1118.
https://doi.org/10.1093/AJCN/NQY 367

Proli F, Faragalli A, Talbotec C, et al. Variation of plasma citrulline as a predictive factor for
weaning off long-term parenteral nutrition in children with neonatal short bowel syndrome. Clin
Nutr 2021; 40:4941-4947. https://doi.org/10.1016/j.clnu.2021.07.017

Abi Nader E, Lambe C, Talbotec C, et al. Metabolic bone disease in children with intestinal
failure is not associated with the level of parenteral nutrition dependency. Clin Nutr 2021;
40:1974-1982. https://doi.org/10.1016/j.cInu.2020.09.014

Bailly-Botuha C, Colomb V, Thioulouse E, et al. Plasma citrulline concentration reflects
enterocyte mass in children with short bowel syndrome. Pediatr Res 2009; 65:559-563.
https://doi.org/10.1203/PDR.0b013e31819986da

Fragkos KC, Forbes A. Citrulline as a marker of intestinal function and absorption in clinical
settings: A systematic review and meta-analysis. United European Gastroenterol J 2018; 6:181—
191. https://doi.org/10.1177/2050640617737632

Windmueller HG, Spaeth AE. Source and fate of circulating citrulline. Am J Physiol 1981,

241:E473-480. https://doi.org/10.1152/ajpend0.1981.241.6.E473

40



SMIAGZMUMIPXZOBBAeOATOAEIDPIHSALLIAIPOOAEIEAHIOII/AOAU

MY TXOMADYOINXYOHISABZIy10+eyNIOITWNOIZTARY HJ3SHNAYg Ag ubdl/woo mm| speuinoly/:dny wouy papeojumoq

202/1€/50 uo

o)
c

16.

17.

18.

19.

20.

21.

22,

Ramos Boluda E, Redecillas Ferreiro S, Manrique Moral O, et al. Experience With Teduglutide
in Pediatric Short Bowel Syndrome: First Real-life Data. J Pediatr Gastroenterol Nutr 2020;
71:734-739. https://doi.org/10.1097/MPG.0000000000002899

Kocoshis SA, Merritt RJ, Hill S, et al. Safety and Efficacy of Teduglutide in Pediatric Patients
With Intestinal Failure due to Short Bowel Syndrome: A 24-Week, Phase 11l Study. JPEN J
Parenter Enteral Nutr 2020; 44:621-631. https://doi.org/10.1002/jpen.1690

Pichler J, Chomtho S, Fewtrell M, et al. Growth and bone health in pediatric intestinal failure
patients receiving long-term parenteral nutrition. American Journal of Clinical Nutrition 2013;
97:1260-1269. https://doi.org/10.3945/AJCN.112.057935

Raphael B, Mitchell P, Finkton D, et al. Necrotizing Enterocolitis and Central Line Associated
Blood Stream Infection Are Predictors of Growth Outcomes in Infants with Short Bowel
Syndrome. The Journal of pediatrics 2015; 167:35-40.e1.
https://doi.org/10.1016/J.JPEDS.2015.02.053

Goulet O, Abi Nader E, Pigneur B, et al. Short Bowel Syndrome as the Leading Cause of
Intestinal Failure in Early Life: Some Insights into the Management. Pediatr Gastroenterol
Hepatol Nutr 2019; 22:303-329. https://doi.org/10.5223/pghn.2019.22.4.303

McGrath KH, Pitt J, Bines JE. Small intestinal bacterial overgrowth in children with intestinal
failure on home parenteral nutrition. JGH Open 2019; 3:394-399.
https://doi.org/10.1002/jgh3.12174

Mayeur C, Gratadoux J-J, Bridonneau C, et al. Faecal D/L lactate ratio is a metabolic signature
of microbiota imbalance in patients with short bowel syndrome. PLoS One 2013; 8:e54335.

https://doi.org/10.1371/journal.pone.0054335

41



SMIAGZMUMIPXZOBBAeOATOAEIDPIHSALLIAIPOOAEIEAHIOII/AOAU

MY TXOMADYOINXYOHISABZIy10+eyNIOITWNOIZTARY HJ3SHNAYg Ag ubdl/woo mm| speuinoly/:dny wouy papeojumoq

£c0¢/T€E/S0 uo

o
c

23.

24,

25.

26.

27.

28.

29.

30.

Raphael BP, Mitchell PD, Gura KM, et al. Growth in Infants and Children With Intestinal
Failure-associated Liver Disease Treated With Intravenous Fish Oil. J Pediatr Gastroenterol
Nutr 2020; 70:261-268. https://doi.org/10.1097/MPG.0000000000002551

Mehta NM, Corkins MR, Lyman B, et al. Defining Pediatric Malnutrition. Journal of Parenteral
and Enteral Nutrition 2013; 37:460-481. https://doi.org/10.1177/0148607113479972

Culbreath K, Keefe G, Staffa SJ, et al. Puberty and growth in patients with pediatric intestinal
failure. J Pediatr Surg 2022; 57:1045-1049. https://doi.org/10.1016/j.jpedsurg.2022.01.057
Yanchis D, Belza C, Harrison D, et al. Normal anthropometry does not equal normal body
composition in pediatric intestinal failure. JPEN J Parenter Enteral Nutr 2022; 46:207-214.
https://doi.org/10.1002/jpen.2265

Vlug LE, Nagelkerke SCJ, Jonkers-Schuitema CF, et al. The Role of a Nutrition Support Team
in the Management of Intestinal Failure Patients. Nutrients 2020; 12:E172.
https://doi.org/10.3390/nu12010172

Pichler J, Chomtho S, Fewtrell M, et al. Body composition in paediatric intestinal failure patients
receiving long-term parenteral nutrition. Arch Dis Child 2014; 99:147-153.
https://doi.org/10.1136/archdischild-2012-303516

Kvammen JA, Thomassen RA, Kjeserud CN, et al. Bone mineral density and vitamin D in
paediatric intestinal failure patients receiving home parenteral nutrition. Clin Nutr ESPEN 2020;
39:234-241. https://doi.org/10.1016/j.clnesp.2020.06.006

So S, Patterson C, Betts Z, et al. Muscle Strength, Agility, and Body Composition in Children
With Intestinal Failure on Parenteral Nutrition. J Pediatr Gastroenterol Nutr 2022; 75:438-443.

https://doi.org/10.1097/MPG.0000000000003553

42



Adu-Gyamfi KO, Pant C, Deshpande A, et al. Readmissions related to short bowel syndrome: a

study from a national database. J Investig Med 2019; 67:1092—-1094. https://doi.org/10.1136/jim-

SMIAGZMUMIPXZOBBAeOATOAEIDPIHSALLIAIPOOAEIEAHIOII/AOAU

MY TXOMADYOINXYOHISABZIy10+eyNIOITWNOIZTARY HJ3SHNAYg Ag ubdl/woo mm| speuinoly/:dny wouy papeojumoq

202/1€/50 uo

o)
c

32.

33.

34.

35.

36.

37.

2019-001063

Stanger JD, Oliveira C, Blackmore C, et al. The impact of multi-disciplinary intestinal
rehabilitation programs on the outcome of pediatric patients with intestinal failure: a systematic
review and meta-analysis. J Pediatr Surg 2013; 48:983-992.
https://doi.org/10.1016/j.jpedsurg.2013.02.070

Oliveira C, de Silva NT, Stanojevic S, et al. Change of Outcomes in Pediatric Intestinal Failure:
Use of Time-Series Analysis to Assess the Evolution of an Intestinal Rehabilitation Program. J
Am Coll Surg 2016; 222:1180-1188.e3. https://doi.org/10.1016/j.jamcollsurg.2016.03.007
Barclay AR, Beattie LM, Weaver LT, et al. Systematic review: medical and nutritional
interventions for the management of intestinal failure and its resultant complications in children.
Aliment Pharmacol Ther 2011; 33:175-184. https://doi.org/10.1111/j.1365-2036.2010.04514.x
Smith A, Feuling MB, Larson-Nath C, et al. Laboratory Monitoring of Children on Home
Parenteral Nutrition: A Prospective Study. JPEN J Parenter Enteral Nutr 2018; 42:148-155.
https://doi.org/10.1177/0148607116673184

Diamanti A, Conforti A, Panetta F, et al. Long-term outcome of home parenteral nutrition in
patients with ultra-short bowel syndrome. J Pediatr Gastroenterol Nutr 2014; 58:438-442.
https://doi.org/10.1097/MPG.0000000000000242

Wiskin AE, Russell R, Barclay AR, et al. Prevalence of home parenteral nutrition in children.

Clin Nutr ESPEN 2021; 42:138-141. https://doi.org/10.1016/j.clnesp.2020.12.029

43



SMIAGZMUMIPXZOBBAeOATOAEIDPIHSALLIAIPOOAEIEAHIOII/AOAU

MY TXOMADYOINXYOHISABZIy10+eyNIOITWNOIZTARY HJ3SHNAYg Ag ubdl/woo mm| speuinoly/:dny wouy papeojumoq

202/1€/50 uo

o)
c

38.

39.

40.

41.

42.

43.

44,

45.

Javid PJ, Wendel D, Horslen SP. Organization and outcomes of multidisciplinary intestinal
failure teams. Semin Pediatr Surg 2018; 27:218-222.
https://doi.org/10.1053/j.sempedsurg.2018.07.005

Park CJ, Shaughnessy MP, Zhang L, et al. National Survey of Pediatric Intestinal Rehabilitation
Programs in the United States. JPEN J Parenter Enteral Nutr 2021; 45:1249-1258.
https://doi.org/10.1002/jpen.1997

Carter BA, Cohran VC, Cole CR, et al. Outcomes from a 12-Week, Open-Label, Multicenter
Clinical Trial of Teduglutide in Pediatric Short Bowel Syndrome. J Pediatr 2017; 181:102-
111.e5. https://doi.org/10.1016/j.jpeds.2016.10.027

Crenn P, Morin MC, Joly F, et al. Net digestive absorption and adaptive hyperphagia in adult
short bowel patients. Gut 2004; 53:1279-1286. https://doi.org/10.1136/gut.2003.030601

Bétry C, Lauverjat M, Mouillot T, et al. Hyperphagia in short bowel patients: Fat-free mass is a
strong predictor. Nutrition 2019; 62:146-151. https://doi.org/10.1016/j.nut.2018.12.013
Sieverding L, Michel J, Urla C, et al. Spectrum of Interventional Procedures During Hybrid
Central Line Placement in Pediatric Intestinal Rehabilitation Patients With End-Stage Vascular
Access. Front Nutr 2022; 9:863063. https://doi.org/10.3389/fnut.2022.863063

Huisman-de Waal G, Schoonhoven L, Jansen J, et al. The impact of home parenteral nutrition on
daily life-a review. Clin Nutr 2007; 26:275-288. https://doi.org/10.1016/j.cInu.2006.10.002
Neam VC, Faino A, O’Hara M, et al. Prospective evaluation of the family’s health-related
quality of life in pediatric intestinal failure. JPEN J Parenter Enteral Nutr 2021.

https://doi.org/10.1002/jpen.2212

44



SMIAGZMUMIPXZOBBAeOATOAEIDPIHSALLIAIPOOAEIEAHIOII/AOAU

MY TXOMADYOINXYOHISABZIy10+eyNIOITWNOIZTARY HJ3SHNAYg Ag ubdl/woo mm| speuinoly/:dny wouy papeojumoq

202/1€/50 uo

o)
c

46.

47.

48.

49.

50.

51.

52.

Sowerbutts AM, Panter C, Dickie G, et al. Short bowel syndrome and the impact on patients and
their families: a qualitative study. J Hum Nutr Diet 2020; 33:767-774.
https://doi.org/10.1111/jhn.12803

Halsey M, Hodgson K, Russell R, et al. Emotional Wellbeing in Parents of Children on Home
Parenteral Nutrition. J Pediatr Gastroenterol Nutr 2020; 71:557-562.
https://doi.org/10.1097/MPG.0000000000002771

van Oers HA, Haverman L, Olieman JF, et al. Health-related quality of life, anxiety, depression
and distress of mothers and fathers of children on Home parenteral nutrition. Clin Nutr 2019;
38:1905-1912. https://doi.org/10.1016/j.cInu.2018.06.981

Gottrand F, Staszewski P, Colomb V, et al. Satisfaction in different life domains in children
receiving home parenteral nutrition and their families. J Pediatr 2005; 146:793-797.
https://doi.org/10.1016/j.jpeds.2005.01.034

Emedo M-J, Godfrey El, Hill SM. A qualitative study of the quality of life of children receiving
intravenous nutrition at home. J Pediatr Gastroenterol Nutr 2010; 50:431-440.
https://doi.org/10.1097/MPG.0b013e3181afd541

Belza C, Patterson C, Ghent E, et al. “Line care governs our entire world”: Understanding the
experience of caregivers of children with intestinal failure receiving long-term parenteral
nutrition. JPEN J Parenter Enteral Nutr 2022. https://doi.org/10.1002/jpen.2337

Tan SJ, Ingram PR, Rothnie AJ, et al. Successful outpatient parenteral antibiotic therapy delivery
via telemedicine. J Antimicrob Chemother 2017; 72:2898-2901.

https://doi.org/10.1093/jac/dkx203

45



SMIAGZMUMIPXZOBBAeOATOAEIDPIHSALLIAIPOOAEIEAHIOII/AOAU

MY TXOMADYOINXYOHISABZIy10+eyNIOITWNOIZTARY HJ3SHNAYg Ag ubdl/woo mm| speuinoly/:dny wouy papeojumoq

202/1€/50 uo

o)
c

53.

54.

55.

56.

57.

58.

59.

60.

Raphael BP, Schumann C, Garrity-Gentille S, et al. Virtual Telemedicine Visits in Pediatric
Home Parenteral Nutrition Patients: A Quality Improvement Initiative. Telemed J E Health
2019; 25:60-65. https://doi.org/10.1089/tmj.2017.0298

Adams N, Hamilton N, Nelson E-L, et al. Using Telemedicine to Identify Depressive
Symptomatology Rating Scale in a Home Parenteral Nutrition Population. J Technol Behav Sci
2017; 2:129-139. https://doi.org/10.1007/s41347-017-0025-3

Nelson E-L, Yadrich DM, Thompson N, et al. Telemedicine Support Groups for Home
Parenteral Nutrition Users. Nutr Clin Pract 2017; 32:789-798.
https://doi.org/10.1177/0884533617735527

Andorsky DJ, Lund DP, Lillenei CW, et al. Nutritional and other postoperative management of
neonates with short bowel syndrome correlates with clinical outcomes. J Pediatr 2001; 139:27—
33. https://doi.org/10.1067/mpd.2001.114481

Goulet O, Baglin-Gobet S, Talbotec C, et al. Outcome and long-term growth after extensive
small bowel resection in the neonatal period: a survey of 87 children. Eur J Pediatr Surg 2005;
15:95-101. https://doi.org/10.1055/s-2004-821214

Spencer AU, Neaga A, West B, et al. Pediatric short bowel syndrome: redefining predictors of
success. Ann Surg 2005; 242:403-409; discussion 409-412.
https://doi.org/10.1097/01.51a.0000179647.24046.03

Diamond IR, Struijs M-C, de Silva NT, et al. Does the colon play a role in intestinal adaptation
in infants with short bowel syndrome? A multiple variable analysis. J Pediatr Surg 2010;
45:975-979. https://doi.org/10.1016/j.jpedsurg.2010.02.028

Infantino BJ, Mercer DF, Hobson BD, et al. Successful rehabilitation in pediatric ultrashort small

bowel syndrome. J Pediatr 2013; 163:1361-1366. https://doi.org/10.1016/j.jpeds.2013.05.062

46



SMIAGZMUMIPXZOBBAeOATOAEIDPIHSALLIAIPOOAEIEAHIOII/AOAU

MY TXOMADYOINXYOHISABZIy10+eyNIOITWNOIZTARY HJ3SHNAYg Ag ubdl/woo mm| speuinoly/:dny wouy papeojumoq

202/1€/50 uo

o)
c

61.

62.

63.

64.

65.

66.

67.

Fallon EM, Mitchell PD, Nehra D, et al. Neonates with short bowel syndrome: an optimistic
future for parenteral nutrition independence. JAMA Surg 2014; 149:663-670.
https://doi.org/10.1001/jamasurg.2013.4332

Ives GC, Demehri FR, Sanchez R, et al. Small Bowel Diameter in Short Bowel Syndrome as a
Predictive Factor for Achieving Enteral Autonomy. J Pediatr 2016; 178:275-277.el.

https://doi.org/10.1016/j.jpeds.2016.08.007

Demehri FR, Stephens L, Herrman E, et al. Enteral autonomy in pediatric short bowel syndrome:

predictive factors one year after diagnosis. J Pediatr Surg 2015; 50:131-135.
https://doi.org/10.1016/j.jpedsurg.2014.10.011

Petit L-M, Girard D, Ganousse-Mazeron S, et al. Weaning Off Prognosis Factors of Home
Parenteral Nutrition for Children With Primary Digestive Disease. J Pediatr Gastroenterol Nutr
2016; 62:462-468. https://doi.org/10.1097/MPG.0000000000000980

Sparks EA, Khan FA, Fisher JG, et al. Necrotizing enterocolitis is associated with earlier
achievement of enteral autonomy in children with short bowel syndrome. J Pediatr Surg 2016;
51:92-95. https://doi.org/10.1016/j.jpedsurg.2015.10.023

Capriati T, Giorgio D, Fusaro F, et al. Pediatric Short Bowel Syndrome: Predicting Four-Year
Outcome after Massive Neonatal Resection. Eur J Pediatr Surg 2018; 28:455-463.
https://doi.org/10.1055/s-0037-1604113

Belza C, Fitzgerald K, de Silva N, et al. Early Predictors of Enteral Autonomy in Pediatric
Intestinal Failure Resulting From Short Bowel Syndrome: Development of a Disease Severity
Scoring Tool. JPEN J Parenter Enteral Nutr 2019; 43:961-969.

https://doi.org/10.1002/jpen.1691

a7



SMIAGZMUMIPXZOBBAeOATOAEIDPIHSALLIAIPOOAEIEAHIOII/AOAU

MY TXOMADYOINXYOHISABZIy10+eyNIOITWNOIZTARY HJ3SHNAYg Ag ubdl/woo mm| speuinoly/:dny wouy papeojumoq

202/1€/50 uo

o)
c

68.

69.

70.

71.

72.

73.

74.

Enman MA, Wilkinson LT, Meloni KB, et al. Key Determinants for Achieving Enteral
Autonomy and Reduced Parenteral Nutrition Exposure in Pediatric Intestinal Failure. JPEN J
Parenter Enteral Nutr 2020; 44:1263-1270. https://doi.org/10.1002/jpen.1754

Quirds-Tejeira RE, Ament ME, Reyen L, et al. Long-term parenteral nutritional support and
intestinal adaptation in children with short bowel syndrome: a 25-year experience. J Pediatr
2004; 145:157-163. https://doi.org/10.1016/j.jpeds.2004.02.030

Vinit N, Talbotec C, De Tristan M-A, et al. Predicting Factors of Protracted Intestinal Failure in
Children with Gastroschisis. J Pediatr 2021:50022-3476(21)01069-6.
https://doi.org/10.1016/j.jpeds.2021.11.004

Norsa L, Artru S, Lambe C, et al. Long term outcomes of intestinal rehabilitation in children
with neonatal very short bowel syndrome: Parenteral nutrition or intestinal transplantation. Clin
Nutr 2019; 38:926-933. https://doi.org/10.1016/j.clnu.2018.02.004

Pierret ACS, Wilkinson JT, Zilbauer M, et al. Clinical outcomes in pediatric intestinal failure: a
meta-analysis and meta-regression. Am J Clin Nutr 2019; 110:430-436.
https://doi.org/10.1093/ajcn/ngz110

Miyasaka EA, Brown PI, Kadoura S, et al. The adolescent child with short bowel syndrome: new
onset of failure to thrive and need for increased nutritional supplementation. J Pediatr Surg
2010; 45:1280-1286. https://doi.org/10.1016/j.jpedsurg.2010.02.100

Pakarinen MP, Kurvinen A, Gylling H, et al. Cholesterol metabolism in pediatric short bowel
syndrome after weaning off parenteral nutrition. Dig Liver Dis 2010; 42:554-5509.

https://doi.org/10.1016/j.d1d.2010.01.003

48



SMIAGZMUMIPXZOBBAeOATOAEIDPIHSALLIAIPOOAEIEAHIOII/AOAU

MY TXOMADYOINXYOHISABZIy10+eyNIOITWNOIZTARY HJ3SHNAYg Ag ubdl/woo mm| speuinoly/:dny wouy papeojumoq

202/1€/50 uo

o)
c

75.

76.

77.

78.

79.

80.

81.

Kolacek S, Puntis JWL, Hojsak I, et al. ESPGHAN/ESPEN/ESPR/CSPEN guidelines on
pediatric parenteral nutrition: Venous access. Clin Nutr 2018; 37:2379-2391.
https://doi.org/10.1016/j.cInu.2018.06.952

Lacaille F, Gupte G, Colomb V, et al. Intestinal failure-associated liver disease: a position paper
of the ESPGHAN Working Group of Intestinal Failure and Intestinal Transplantation. J Pediatr
Gastroenterol Nutr 2015; 60:272—-283. https://doi.org/10.1097/MPG.0000000000000586

Lambe C, Poisson C, Talbotec C, et al. Strategies to Reduce Catheter-Related Bloodstream
Infections in Pediatric Patients Receiving Home Parenteral Nutrition: The Efficacy of
Taurolidine-Citrate Prophylactic-Locking. JPEN J Parenter Enteral Nutr 2018; 42:1017-1025.
https://doi.org/10.1002/jpen.1043

Sun Y, Wan G, Liang L. Taurolidine lock solution for catheter-related bloodstream infections in
pediatric patients: A meta-analysis. PLoS One 2020; 15:e0231110.
https://doi.org/10.1371/journal.pone.0231110

Hukkinen M, Mutanen A, Pakarinen MP. Small bowel dilation in children with short bowel
syndrome is associated with mucosal damage, bowel-derived bloodstream infections, and hepatic
injury. Surgery 2017; 162:670-679. https://doi.org/10.1016/j.surg.2017.04.018

Goulet OJ, Cai W, Seo J-M. Lipid Emulsion Use in Pediatric Patients Requiring Long-Term
Parenteral Nutrition. JPEN J Parenter Enteral Nutr 2020; 44 Suppl 1:S55-S67.
https://doi.org/10.1002/jpen.1762

Goulet O, Breton A, Coste M-E, et al. Pediatric Home Parenteral Nutrition in France: A six years

national survey. Clin Nutr 2021; 40:5278-5287. https://doi.org/10.1016/j.clnu.2021.08.002

49



SMIAGZMUMIPXZOBBAeOATOAEIDPIHSALLIAIPOOAEIEAHIOII/AOAU

MY TXOMADYOINXYOHISABZIy10+eyNIOITWNOIZTARY HJ3SHNAYg Ag ubdl/woo mm| speuinoly/:dny wouy papeojumoq

202/1€/50 uo

o)
c

82.

83.

84.

85.

86.

87.

88.

89.

Olieman JF, Penning C, ljsselstijn H, et al. Enteral nutrition in children with short-bowel
syndrome: current evidence and recommendations for the clinician. J Am Diet Assoc 2010;
110:420-426. https://doi.org/10.1016/j.jada.2009.12.001

Boctor DL, Jutteau WH, Fenton TR, et al. The prevalence of feeding difficulties and potential
risk factors in pediatric intestinal failure: Time to consider promoting oral feeds? Clin Nutr 2021;
40:5399-5406. https://doi.org/10.1016/j.cInu.2021.08.018

Wessel JJ, Kocoshis SA. Nutritional management of infants with short bowel syndrome. Semin
Perinatol 2007; 31:104-111. https://doi.org/10.1053/j.semperi.2007.02.009

Hopkins J, Cermak SA, Merritt RJ. Oral Feeding Difficulties in Children With Short Bowel
Syndrome: A Narrative Review. Nutr Clin Pract 2018; 33:99-106.
https://doi.org/10.1177/0884533617707493

Hopkins J, Cermak SA, Merritt RJ. Oral Feeding Difficulties in Children With Short Bowel
Syndrome: A Narrative Review. Nutr Clin Pract 2018; 33:99-106.
https://doi.org/10.1177/0884533617707493

Northstone K, Emmett P, Nethersole F, et al. The effect of age of introduction to lumpy solids on
foods eaten and reported feeding difficulties at 6 and 15 months. J Hum Nutr Diet 2001; 14:43—
54. https://doi.org/10.1046/}.1365-277x.2001.00264.x

Coulthard H, Harris G, Emmett P. Delayed introduction of lumpy foods to children during the
complementary feeding period affects child’s food acceptance and feeding at 7 years of age.
Matern Child Nutr 2009; 5:75-85. https://doi.org/10.1111/j.1740-8709.2008.00153.x

Chiatto F, Coletta R, Aversano A, et al. Messy Play Therapy in the Treatment of Food Aversion
in a Patient With Intestinal Failure: Our Experience. JPEN J Parenter Enteral Nutr 2019;

43:412-418. https://doi.org/10.1002/jpen. 1433

50



SMIAGZMUMIPXZOBBAeOATOAEIDPIHSALLIAIPOOAEIEAHIOII/AOAU

MY TXOMADYOINXYOHISABZIy10+eyNIOITWNOIZTARY HJ3SHNAYg Ag ubdl/woo mm| speuinoly/:dny wouy papeojumoq

202/1€/50 uo

o)
c

90.

91.

92.

93.

94.

95.

96.

97.

Mason SJ, Harris G, Blissett J. Tube feeding in infancy: implications for the development of
normal eating and drinking skills. Dysphagia 2005; 20:46—-61. https://doi.org/10.1007/s00455-
004-0025-2

Goulet O, Olieman J, Ksiazyk J, et al. Neonatal short bowel syndrome as a model of intestinal
failure: physiological background for enteral feeding. Clin Nutr 2013; 32:162—171.
https://doi.org/10.1016/j.clnu.2012.09.007

Haines J, Haycraft E, Lytle L, et al. Nurturing Children’s Healthy Eating: Position statement.
Appetite 2019; 137:124-133. https://doi.org/10.1016/j.appet.2019.02.007

Jochum F, Moltu SJ, Senterre T, et al. ESPGHAN/ESPEN/ESPR/CSPEN guidelines on pediatric
parenteral nutrition: Fluid and electrolytes. Clin Nutr 2018; 37:2344-2353.
https://doi.org/10.1016/j.cInu.2018.06.948

Holloway RH, Kuljian B, Eshelman F, et al. Effects of ranitidine and of cimetidine on
pentagastrin-stimulated gastric acid secretion. Clin Pharmacol Ther 1984; 35:203-207.
https://doi.org/10.1038/clpt.1984.27

Nightingale JM, Walker ER, Farthing MJ, et al. Effect of omeprazole on intestinal output in the
short bowel syndrome. Aliment Pharmacol Ther 1991; 5:405-412.
https://doi.org/10.1111/j.1365-2036.1991.tb00044.x

Jeppesen PB, Staun M, Tjellesen L, et al. Effect of intravenous ranitidine and omeprazole on
intestinal absorption of water, sodium, and macronutrients in patients with intestinal resection.
Gut 1998; 43:763-769. https://doi.org/10.1136/gut.43.6.763

Busch A, Sturm E. Screening Endoscopy Contributes to Relevant Modifications of Therapeutic
Regimen in Children With Intestinal Failure. J Pediatr Gastroenterol Nutr 2018; 67:478-482.

https://doi.org/10.1097/MPG.0000000000002022

51



SMIAGZMUMIPXZOBBAeOATOAEIDPIHSALLIAIPOOAEIEAHIOII/AOAU

MY TXOMADYOINXYOHISABZIy10+eyNIOITWNOIZTARY HJ3SHNAYg Ag ubdl/woo mm| speuinoly/:dny wouy papeojumoq

202/1€/50 uo

o)
c

98.

99.

100.

101.

102.

103.

104.

105.

Rybak A, Sethuraman A, Nikaki K, et al. Gastroesophageal Reflux Disease and Foregut
Dysmotility in Children with Intestinal Failure. Nutrients 2020; 12:E3536.
https://doi.org/10.3390/nu12113536

Khen-Dunlop N, Sarnacki S, Victor A, et al. Prenatal intestinal obstruction affects the myenteric
plexus and causes functional bowel impairment in fetal rat experimental model of intestinal
atresia. PL0oS One 2013; 8:62292. https://doi.org/10.1371/journal.pone.0062292

Dicken BJ, Sergi C, Rescorla FJ, et al. Medical management of motility disorders in patients
with intestinal failure: a focus on necrotizing enterocolitis, gastroschisis, and intestinal atresia. J
Pediatr Surg 2011; 46:1618-1630. https://doi.org/10.1016/j.jpedsurg.2011.04.002

Anon. Motility disorders in children with intestinal failure: a national tertiary referral center
experience - PubMed. https://pubmed.ncbi.nlm.nih.gov/36114865/. Accessed November 3, 2022
Martinez A, Belza C, Betts Z, et al. Cisapride Use in Pediatric Patients With Intestinal Failure
and Its Impact on Progression of Enteral Nutrition. J Pediatr Gastroenterol Nutr 2021; 72:43—
48. https://doi.org/10.1097/MPG.0000000000002868

Curry JI, Lander AD, Stringer MD, et al. A multicenter, randomized, double-blind, placebo-
controlled trial of the prokinetic agent erythromycin in the postoperative recovery of infants with
gastroschisis. J Pediatr Surg 2004; 39:565-569. https://doi.org/10.1016/j.jpedsurg.2003.12.020
Raphael BP, Nurko S, Jiang H, et al. Cisapride improves enteral tolerance in pediatric short-
bowel syndrome with dysmotility. J Pediatr Gastroenterol Nutr 2011; 52:590-594.
https://doi.org/10.1097/MPG.0b013e3181fe2d7a

Kumpf VJ. Pharmacologic management of diarrhea in patients with short bowel syndrome.

JPEN J Parenter Enteral Nutr 2014; 38:38S-44S. https://doi.org/10.1177/0148607113520618

52



SMIAGZMUMIPXZOBBAeOATOAEIDPIHSALLIAIPOOAEIEAHIOII/AOAU

MY TXOMADYOINXYOHISABZIy10+eyNIOITWNOIZTARY HJ3SHNAYg Ag ubdl/woo mm| speuinoly/:dny wouy papeojumoq

202/1€/50 uo

o)
c

106. Squires RH, Duggan C, Teitelbaum DH, et al. Natural history of pediatric intestinal failure:
initial report from the Pediatric Intestinal Failure Consortium. J Pediatr 2012; 161:723-728.e2.
https://doi.org/10.1016/j.jpeds.2012.03.062

107. Nguyen ATM, Holland AJA. Paediatric adhesive bowel obstruction: a systematic review.
Pediatr Surg Int 2021; 37:755-763. https://doi.org/10.1007/s00383-021-04867-5

108. Belza C, Fitzgerald K, Amaral J, et al. Use of balloon dilatation for management of postoperative
intestinal strictures in children with short bowel syndrome. J Pediatr Surg 2017; 52:760—-763.
https://doi.org/10.1016/j.jpedsurg.2017.01.040

109. Smazal AL, Massieu LA, Gollins L, et al. Small Proportion of Low-Birth-Weight Infants With
Ostomy and Intestinal Failure Due to Short-Bowel Syndrome Achieve Enteral Autonomy Prior
to Reanastomosis. JPEN J Parenter Enteral Nutr 2021; 45:331-338.
https://doi.org/10.1002/jpen.1847

110. Goulet O, Abi Nader E, Pigneur B, et al. Short Bowel Syndrome as the Leading Cause of
Intestinal Failure in Early Life: Some Insights into the Management. Pediatr Gastroenterol
Hepatol Nutr 2019; 22:303-329. https://doi.org/10.5223/pghn.2019.22.4.303

111. Spiller RC, Jones BJ, Silk DB. Jejunal water and electrolyte absorption from two proprietary
enteral feeds in man: importance of sodium content. Gut 1987; 28:681-687.
https://doi.org/10.1136/gut.28.6.681

112. Abi Nader E, Lambe C, Talbotec C, et al. Outcome of home parenteral nutrition in 251 children
over a 14-y period: report of a single center. Am J Clin Nutr 2016; 103:1327-1336.

https://doi.org/10.3945/ajcn.115.121756

53



SMIAGZMUMIPXZOBBAeOATOAEIDPIHSALLIAIPOOAEIEAHIOII/AOAU

MY TXOMADYOINXYOHISABZIy10+eyNIOITWNOIZTARY HJ3SHNAYg Ag ubdl/woo mm| speuinoly/:dny wouy papeojumoq

202/1€/50 uo

o)
c

113.

114.

115.

116.

117.

118.

119.

Wang P, Wang Y, Lu L, et al. Alterations in intestinal microbiota relate to intestinal failure-
associated liver disease and central line infections. J Pediatr Surg 2017; 52:1318-1326.
https://doi.org/10.1016/j.jpedsurg.2017.04.020

Korpela K, Mutanen A, Salonen A, et al. Intestinal Microbiota Signatures Associated With
Histological Liver Steatosis in Pediatric-Onset Intestinal Failure. JPEN J Parenter Enteral Nutr
2017; 41:238-248. https://doi.org/10.1177/0148607115584388

Piper HG, Fan D, Coughlin LA, et al. Severe Gut Microbiota Dysbiosis Is Associated With Poor
Growth in Patients With Short Bowel Syndrome. JPEN J Parenter Enteral Nutr 2017; 41:1202—
1212. https://doi.org/10.1177/0148607116658762

Piper HG, Coughlin LA, Nguyen V, et al. A comparison of small bowel and fecal microbiota in
children with short bowel syndrome. J Pediatr Surg 2020; 55:878-882.
https://doi.org/10.1016/j.jpedsurg.2020.01.032

Davidovics ZH, Carter BA, Luna RA, et al. The Fecal Microbiome in Pediatric Patients With
Short Bowel Syndrome. JPEN J Parenter Enteral Nutr 2016; 40:1106-1113.
https://doi.org/10.1177/0148607115591216

Engstrand Lilja H, Wefer H, Nystrom N, et al. Intestinal dysbiosis in children with short bowel
syndrome is associated with impaired outcome. Microbiome 2015; 3:18.
https://doi.org/10.1186/s40168-015-0084-7

Neelis E, de Koning B, Rings E, et al. The Gut Microbiome in Patients with Intestinal Failure:
Current Evidence and Implications for Clinical Practice. JPEN J Parenter Enteral Nutr 2019;

43:194-205. https://doi.org/10.1002/jpen.1423

54



SMIAGZMUMIPXZOBBAeOATOAEIDPIHSALLIAIPOOAEIEAHIOII/AOAU

MY TXOMADYOINXYOHISABZIy10+eyNIOITWNOIZTARY HJ3SHNAYg Ag ubdl/woo mm| speuinoly/:dny wouy papeojumoq

202/1€/50 uo

o)
c

120. Furtado E de C, Marchini JS, Fonseca CK da, et al. Cyclic parenteral nutrition does not change
the intestinal microbiota in patients with short bowel syndrome. Acta Cir Bras 2013; 28 Suppl
1:26-32. https://doi.org/10.1590/s0102-86502013001300006

121. Kaufman SS, Loseke CA, Lupo JV, et al. Influence of bacterial overgrowth and intestinal
inflammation on duration of parenteral nutrition in children with short bowel syndrome. J
Pediatr 1997; 131:356-361. https://doi.org/10.1016/s0022-3476(97)80058-3

122. Jiang L, Wang Y, Xiao Y, et al. Role of the Gut Microbiota in Parenteral Nutrition-Associated
Liver Disease: From Current Knowledge to Future Opportunities. J Nutr 2022; 152:377—-385.
https://doi.org/10.1093/jn/nxab380

123. Gutierrez IM, Kang KH, Calvert CE, et al. Risk factors for small bowel bacterial overgrowth and
diagnostic yield of duodenal aspirates in children with intestinal failure: a retrospective review. J
Pediatr Surg 2012; 47:1150-1154. https://doi.org/10.1016/j.jpedsurg.2012.03.019

124. Phyo LY, Singkhamanan K, Laochareonsuk W, et al. Fecal microbiome alterations in pediatric
patients with short bowel syndrome receiving a rotating cycle of gastrointestinal prophylactic
antibiotics. Pediatr Surg Int 2021; 37:1371-1381. https://doi.org/10.1007/s00383-021-04948-5

125. Thénert R, Théanert A, Ou J, et al. Antibiotic-driven intestinal dysbiosis in pediatric short bowel
syndrome is associated with persistently altered microbiome functions and gut-derived
bloodstream infections. Gut Microbes 2021; 13:1940792.
https://doi.org/10.1080/19490976.2021.1940792

126. Piper HG, Coughlin LA, Hussain S, et al. The Impact of Lactobacillus Probiotics on the Gut
Microbiota in Children With Short Bowel Syndrome. J Surg Res 2020; 251:112-118.

https://doi.org/10.1016/j.jss.2020.01.024

55



SMIAGZMUMIPXZOBBAeOATOAEIDPIHSALLIAIPOOAEIEAHIOII/AOAU

MY TXOMADYOINXYOHISABZIy10+eyNIOITWNOIZTARY HJ3SHNAYg Ag ubdl/woo mm| speuinoly/:dny wouy papeojumoq

202/1€/50 uo

o)
c

127.

128.

129.

130.

131.

132.

133.

134.

Sentongo TA, Cohran V, Korff S, et al. Intestinal permeability and effects of Lactobacillus
rhamnosus therapy in children with short bowel syndrome. J Pediatr Gastroenterol Nutr 2008;
46:41-47. https://doi.org/10.1097/01.mpg.0000304452.92175.f5

Bianchetti DGAM, Amelio GS, Lava SAG, et al. D-lactic acidosis in humans: systematic
literature review. Pediatr Nephrol 2018; 33:673-681. https://doi.org/10.1007/s00467-017-3844-8
Petersen C. D-lactic acidosis. Nutr Clin Pract 2005; 20:634—645.
https://doi.org/10.1177/0115426505020006634

Dahlqvist G, Guillen-Anaya MA, Vincent MF, et al. D-lactic acidosis: an unusual cause of
encephalopathy in a patient with short bowel syndrome. Acta Clin Belg 2013; 68:229-231.
https://doi.org/10.2143/ACB.3217

Kaneko T, Bando Y, Kurihara H, et al. Fecal microflora in a patient with short-bowel syndrome
and identification of dominant lactobacilli. J Clin Microbiol 1997; 35:3181-3185.
https://doi.org/10.1128/jcm.35.12.3181-3185.1997

Kadakia SC. D-lactic acidosis in a patient with jejunoileal bypass. J Clin Gastroenterol 1995;
20:154-156. https://doi.org/10.1097/00004836-199503000-00019

Anon. From the Centers for Disease Control and Prevention. Lactic acidosis traced to thiamine
deficiency related to nationwide shortage of multivitamins for total parenteral nutrition--United
States, 1997. JAMA 1997; 278:109, 111.

Verlato G, Hill S, Jonkers C, et al. Results of an International Survey on Feeding Management in
Infants with Short Bowel Syndrome-Associated Intestinal Failure (SBS-1F). J Pediatr

Gastroenterol Nutr 2021. https://doi.org/10.1097/MPG.0000000000003269

56



SMIAGZMUMIPXZOBBAeOATOAEIDPIHSALLIAIPOOAEIEAHIOII/AOAU

MY TXOMADYOINXYOHISABZIy10+eyNIOITWNOIZTARY HJ3SHNAYg Ag ubdl/woo mm| speuinoly/:dny wouy papeojumoq

202/1€/50 uo

o)
c

135.

136.

137.

138.

139.

140.

141.

142.

Takahashi K, Terashima H, Kohno K, et al. A stand-alone synbiotic treatment for the prevention
of D-lactic acidosis in short bowel syndrome. Int Surg 2013; 98:110-113.
https://doi.org/10.9738/CC169

Uchida K, Takahashi T, Inoue M, et al. Immunonutritional effects during synbiotics therapy in
pediatric patients with short bowel syndrome. Pediatr Surg Int 2007; 23:243-248.
https://doi.org/10.1007/s00383-006-1866-6

Mookiah S, Sieo CC, Ramasamy K, et al. Effects of dietary prebiotics, probiotic and synbiotics
on performance, caecal bacterial populations and caecal fermentation concentrations of broiler
chickens. J Sci Food Agric 2014; 94:341-348. https://doi.org/10.1002/jsfa.6365

Chari ST, Keate RF. lleocolonic anastomotic ulcers: a case series and review of the literature.
Am J Gastroenterol 2000; 95:1239-1243. https://doi.org/10.1111/j.1572-0241.2000.02016.x
Rowland SP, Sugarman ID, Puntis JWL. Perianastomotic ulceration: an important but
underrecognised condition. J Pediatr Gastroenterol Nutr 2015; 60:e25-26.
https://doi.org/10.1097/MPG.0000000000000645

Madre C, Masi¢ M, Prlenda-Touilleux D, et al. A European Survey on Digestive Perianastomotic
Ulcerations, a Rare Crohn-like Disorder Occurring in Children and Young Adults. J Pediatr
Gastroenterol Nutr 2021; 73:333-337. https://doi.org/10.1097/MPG.0000000000003200
Charbit-Henrion F, Chardot C, Ruemmele F, et al. Anastomotic ulcerations after intestinal
resection in infancy. J Pediatr Gastroenterol Nutr 2014; 59:531-536.
https://doi.org/10.1097/MPG.0000000000000472

Frémond M-L, Viala J, Tréton X, et al. Digestive perianastomotic ulcerations and Crohn’s

disease. J Crohns Colitis 2014; 8:1624-1631. https://doi.org/10.1016/j.crohns.2014.06.011

57



SMIAGZMUMIPXZOBBAeOATOAEIDPIHSALLIAIPOOAEIEAHIOII/AOAU

MY TXOMADYOINXYOHISABZIy10+eyNIOITWNOIZTARY HJ3SHNAYg Ag ubdl/woo mm| speuinoly/:dny wouy papeojumoq

£c0¢/T€E/S0 uo

o
c

143.

144,

145.

146.

147.

148.

149.

150.

Bass LM, Zimont J, Prozialeck J, et al. Intestinal Anastomotic Ulcers in Children With Short
Bowel Syndrome and Anemia Detected by Capsule Endoscopy. J Pediatr Gastroenterol Nutr
2015; 61:215-219. https://doi.org/10.1097/MPG.0000000000000778

Fusaro F, Tambucci R, Romeo E, et al. Anastomotic ulcers in short bowel syndrome: New
suggestions from a multidisciplinary approach. J Pediatr Surg 2018; 53:483-488.
https://doi.org/10.1016/j.jpedsurg.2017.05.030

Moukarzel AA, Ament ME, Buchman A, et al. Renal function of children receiving long-term
parenteral nutrition. J Pediatr 1991; 119:864-868. https://doi.org/10.1016/s0022-
3476(05)83034-3

Colomb V, Charbit M, Goulet O, et al. Renal function in young patients on long-term cyclic
parenteral nutrition. Transplant Proc 1996; 28:2785.

Guz Mark A, Levi S, Davidovits M, et al. Children with Intestinal Failure Maintain Their Renal
Function on Long-Term Parenteral Nutrition. Nutrients 2021; 13:3647.
https://doi.org/10.3390/nu13103647

Roberts AJ, Belza C, Wales PW, et al. Nephrocalcinosis and Renal Dysfunction in Pediatric
Intestinal Failure. J Pediatr Gastroenterol Nutr 2020; 71:789-793.
https://doi.org/10.1097/MPG.0000000000002873

Messova A, Dziubak R, Koglmeier J. Renal Function in Children on Long Term Home
Parenteral Nutrition. Front Pediatr 2019; 7:137. https://doi.org/10.3389/fped.2019.00137
Poinsot P, Geoffroy P, Braillon P, et al. Longitudinal Bone Mineralization Assessment in
Children Treated With Long-Term Parenteral Nutrition for Severe Intestinal Failure. JPEN J

Parenter Enteral Nutr 2018; 42:613-622. https://doi.org/10.1177/0148607117701399

58



SMIAGZMUMIPXZOBBAeOATOAEIDPIHSALLIAIPOOAEIEAHIOII/AOAU

MY TXOMADYOINXYOHISABZIy10+eyNIOITWNOIZTARY HJ3SHNAYg Ag ubdl/woo mm| speuinoly/:dny wouy papeojumoq

202/1€/50 uo

o)
c

151.

152.

153.

154.

155.

156.

157.

Pichler J, Chomtho S, Fewtrell M, et al. Growth and bone health in pediatric intestinal failure
patients receiving long-term parenteral nutrition. Am J Clin Nutr 2013; 97:1260-1269.
https://doi.org/10.3945/ajcn.112.057935

Ubesie AC, Heubi JE, Kocoshis SA, et al. Vitamin D deficiency and low bone mineral density in
pediatric and young adult intestinal failure. J Pediatr Gastroenterol Nutr 2013; 57:372-376.
https://doi.org/10.1097/MPG.0b013e31829¢10eb

Neelis E, Rijnen N, Sluimer J, et al. Bone health of children with intestinal failure measured by
dual energy X-ray absorptiometry and digital X-ray radiogrammetry. Clin Nutr 2018; 37:687—
694. https://doi.org/10.1016/j.cInu.2017.02.014

Mutanen A, Mékitie O, Pakarinen MP. Risk of metabolic bone disease is increased both during
and after weaning off parenteral nutrition in pediatric intestinal failure. Horm Res Paediatr 2013;
79:227-235. https://doi.org/10.1159/000350616

Khan FA, Fisher JG, Bairdain S, et al. Metabolic bone disease in pediatric intestinal failure
patients: prevalence and risk factors. J Pediatr Surg 2015; 50:136-139.
https://doi.org/10.1016/j.jpedsurg.2014.10.010

Appleman SS, Kalkwarf HJ, Dwivedi A, et al. Bone deficits in parenteral nutrition-dependent
infants and children with intestinal failure are attenuated when accounting for slower growth. J
Pediatr Gastroenterol Nutr 2013; 57:124-130. https://doi.org/10.1097/MPG.0b013e318291fec5
Diamanti A, Bizzarri C, Bizzarri C, et al. How does long-term parenteral nutrition impact the
bone mineral status of children with intestinal failure? J Bone Miner Metab 2010; 28:351-358.

https://doi.org/10.1007/500774-009-0140-0

59



SMIAGZMUMIPXZOBBAeOATOAEIDPIHSALLIAIPOOAEIEAHIOII/AOAU

MY TXOMADYOINXYOHISABZIy10+eyNIOITWNOIZTARY HJ3SHNAYg Ag ubdl/woo mm| speuinoly/:dny wouy papeojumoq

202/1€/50 uo

o)
c

158.

159.

160.

161.

162.

163.

164.

Bronsky J, Campoy C, Braegger C, et al. ESPGHAN/ESPEN/ESPR/CSPEN guidelines on
pediatric parenteral nutrition: Vitamins. Clin Nutr 2018; 37:2366-2378.
https://doi.org/10.1016/j.cInu.2018.06.951

Domellof M, Szitanyi P, Simchowitz V, et al. ESPGHAN/ESPEN/ESPR/CSPEN guidelines on
pediatric parenteral nutrition: Iron and trace minerals. Clin Nutr 2018; 37:2354—2359.
https://doi.org/10.1016/j.clnu.2018.06.949

Hill S, Ksiazyk J, Prell C, et al. ESPGHAN/ESPEN/ESPR/CSPEN guidelines on pediatric
parenteral nutrition: Home parenteral nutrition. Clin Nutr 2018; 37:2401-2408.
https://doi.org/10.1016/j.cInu.2018.06.954

Yang CJ, Duro D, Zurakowski D, et al. High prevalence of multiple micronutrient deficiencies in
children with intestinal failure: a longitudinal study. J Pediatr 2011; 159:39-44.e1.
https://doi.org/10.1016/j.jpeds.2010.12.049

Ubesie AC, Kocoshis SA, Mezoff AG, et al. Multiple micronutrient deficiencies among patients
with intestinal failure during and after transition to enteral nutrition. J Pediatr 2013; 163:1692—
1696. https://doi.org/10.1016/j.jpeds.2013.07.015

Wu J, Tang Q, Feng Y, et al. Nutrition assessment in children with short bowel syndrome
weaned off parenteral nutrition: a long-term follow-up study. J Pediatr Surg 2007; 42:1372—
1376. https://doi.org/10.1016/j.jpedsurg.2007.03.036

Feng H, Zhang T, Yan W, et al. Micronutrient deficiencies in pediatric short bowel syndrome: a
10-year review from an intestinal rehabilitation center in China. Pediatr Surg Int 2020; 36:1481—

1487. https://doi.org/10.1007/s00383-020-04764-3

60



SMIAGZMUMIPXZOBBAeOATOAEIDPIHSALLIAIPOOAEIEAHIOII/AOAU

MY TXOMADYOINXYOHISABZIy10+eyNIOITWNOIZTARY HJ3SHNAYg Ag ubdl/woo mm| speuinoly/:dny wouy papeojumoq

202/1€/50 uo

o)
c

165.

166.

167.

168.

169.

170.

171.

172.

173.

Kotilea K, Quennery S, Decroés V, et al. Successful sublingual cobalamin treatment in a child
with short-bowel syndrome. J Pediatr Pharmacol Ther 2014; 19:60-63.
https://doi.org/10.5863/1551-6776-19.1.60

Norsa L, Zazzeron L, Cuomo M, et al. Night Blindness in Cystic Fibrosis: The Key Role of
Vitamin A in the Digestive System. Nutrients 2019; 11:E1876.
https://doi.org/10.3390/nu11081876

Chandra J, Chaudhury S, Narayan S, et al. Short bowel syndrome: unusual cause of vitamin
[correction of vitmain] K deficiency. Indian Pediatr 2001; 38:665—667.

Coletta R, Morabito A, lyer K. Nontransplant Surgery for Intestinal Failure. Gastroenterol Clin
North Am 2019; 48:565-574. https://doi.org/10.1016/j.gtc.2019.08.009

Bianchi A. Intestinal loop lengthening--a technique for increasing small intestinal length. J
Pediatr Surg 1980; 15:145-151. https://doi.org/10.1016/s0022-3468(80)80005-4

Kim HB, Lee PW, Garza J, et al. Serial transverse enteroplasty for short bowel syndrome: a case
report. J Pediatr Surg 2003; 38:881-885. https://doi.org/10.1016/s0022-3468(03)00115-5
Hukkinen M, Kivisaari R, Merras-Salmio L, et al. Small Bowel Dilatation Predicts Prolonged
Parenteral Nutrition and Decreased Survival in Pediatric Short Bowel Syndrome. Ann Surg 2017;
266:369-375. https://doi.org/10.1097/SLA.0000000000001893

Oliveira C, de Silva N, Wales PW. Five-year outcomes after serial transverse enteroplasty in
children with short bowel syndrome. J Pediatr Surg 2012; 47:931-937.
https://doi.org/10.1016/j.jpedsurg.2012.01.049

Frongia G, Kessler M, Weih S, et al. Comparison of LILT and STEP procedures in children with
short bowel syndrome -- a systematic review of the literature. J Pediatr Surg 2013; 48:1794—

1805. https://doi.org/10.1016/j.jpedsurg.2013.05.018

61



SMIAGZMUMIPXZOBBAeOATOAEIDPIHSALLIAIPOOAEIEAHIOII/AOAU

MY TXOMADYOINXYOHISABZIy10+eyNIOITWNOIZTARY HJ3SHNAYg Ag ubdl/woo mm| speuinoly/:dny wouy papeojumoq

202/1€/50 uo

o)
c

174.

175.

176.

177.

178.

179.

180.

Reinshagen K, Kabs C, Wirth H, et al. Long-term outcome in patients with short bowel
syndrome after longitudinal intestinal lengthening and tailoring. J Pediatr Gastroenterol Nutr
2008; 47:573-578. https://doi.org/10.1097/mpg.0b013e31816232e3

Jones BA, Hull MA, Potanos KM, et al. Report of 111 consecutive patients enrolled in the
International Serial Transverse Enteroplasty (STEP) Data Registry: a retrospective observational
study. J Am Coll Surg 2013; 216:438-446. https://doi.org/10.1016/j.jamcollsurg.2012.12.018
Shah AA, Petrosyan M, Franklin AL, et al. Autologous intestinal reconstruction: a single
institution study of the serial transverse enteroplasty (STEP) and the longitudinal intestinal
lengthening and tailoring (LILT). Pediatr Surg Int 2019; 35:649-655.
https://doi.org/10.1007/s00383-019-04468-3

Nagelkerke SCJ, Poelgeest MY van, Wessel LM, et al. Bowel Lengthening Procedures in
Children with Short Bowel Syndrome: A Systematic Review. Eur J Pediatr Surg 2021.
https://doi.org/10.1055/s-0041-1725187

Wood SJ, Khalil B, Fusaro F, et al. Early structured surgical management plan for neonates with
short bowel syndrome may improve outcomes. World J Surg 2013; 37:1714-1717.
https://doi.org/10.1007/s00268-013-2011-z

Hukkinen M, Kivisaari R, Koivusalo A, et al. Risk factors and outcomes of tapering surgery for
small intestinal dilatation in pediatric short bowel syndrome. J Pediatr Surg 2017; 52:1121—
1127. https://doi.org/10.1016/j.jpedsurg.2017.01.052

Cserni T, Varga G, Erces D, et al. Spiral intestinal lengthening and tailoring - first in vivo study.

J Pediatr Surg 2013; 48:1907-1913. https://doi.org/10.1016/j.jpedsurg.2013.01.048

62



SMIAGZMUMIPXZOBBAeOATOAEIDPIHSALLIAIPOOAEIEAHIOII/AOAU

MY TXOMADYOINXYOHISABZIy10+eyNIOITWNOIZTARY HJ3SHNAYg Ag ubdl/woo mm| speuinoly/:dny wouy papeojumoq

202/1€/50 uo

o)
c

181. Alberti D, Boroni G, Giannotti G, et al. “Spiral intestinal lenghtening and tailoring (SILT)” for a
child with severely short bowel. Pediatr Surg Int 2014; 30:1169-1172.
https://doi.org/10.1007/s00383-014-3583-x

182. Cserni T, Biszku B, Guthy I, et al. The first clinical application of the spiral intestinal
lengthening and tailoring (silt) in extreme short bowel syndrome. J Gastrointest Surg 2014;
18:1852-1857. https://doi.org/10.1007/s11605-014-2577-2

183. Thompson JS. Surgical approach to the short-bowel syndrome: procedures to slow intestinal
transit. Eur J Pediatr Surg 1999; 9:263-266. https://doi.org/10.1055/s-2008-1072260

184. Glick PL, de Lorimier AA, Adzick NS, et al. Colon interposition: an adjuvant operation for
short-gut syndrome. J Pediatr Surg 1984; 19:719-725. https://doi.org/10.1016/s0022-
3468(84)80358-9

185. Bianchi A. From the cradle to enteral autonomy: the role of autologous gastrointestinal
reconstruction. Gastroenterology 2006; 130:5138-146.
https://doi.org/10.1053/j.gastro.2005.09.070

186. Thompson JS. Reversed Intestinal Segment Revisited. Transplant Proc 2016; 48:453-456.
https://doi.org/10.1016/j.transproceed.2015.09.072

187. Jeppesen PB, Sanguinetti EL, Buchman A, et al. Teduglutide (ALX-0600), a dipeptidyl
peptidase 1V resistant glucagon-like peptide 2 analogue, improves intestinal function in short
bowel syndrome patients. Gut 2005; 54:1224-1231. https://doi.org/10.1136/gut.2004.061440

188. Hill S, Carter BA, Cohran V, et al. Safety Findings in Pediatric Patients During Long-Term
Treatment With Teduglutide for Short-Bowel Syndrome-Associated Intestinal Failure: Pooled
Analysis of 4 Clinical Studies. JPEN J Parenter Enteral Nutr 2021; 45:1456-1465.

https://doi.org/10.1002/jpen.2061

63



SMIAGZMUMIPXZOBBAeOATOAEIDPIHSALLIAIPOOAEIEAHIOII/AOAU

MY TXOMADYOINXYOHISABZIy10+eyNIOITWNOIZTARY HJ3SHNAYg Ag ubdl/woo mm| speuinoly/:dny wouy papeojumoq

202/1€/50 uo

o)
c

189.

190.

191.

192.

193.

194.

195.

Hill S. Use of GLP-2 May Herald a New Era of Improved Outcome of Short Bowel Syndrome-
associated Intestinal Failure. J Pediatr Gastroenterol Nutr 2020; 71:697—698.
https://doi.org/10.1097/MPG.0000000000002924

Jones BC, O’Sullivan B, Amin SP, et al. Patient-level costing analysis of paediatric short bowel
syndrome care in a specialist tertiary centre. Pediatr Surg Int 2022; 38:533-539.
https://doi.org/10.1007/s00383-022-05074-6

Naimi RM, Hvistendahl M, Enevoldsen LH, et al. Glepaglutide, a novel long-acting glucagon-
like peptide-2 analogue, for patients with short bowel syndrome: a randomised phase 2 trial.
Lancet Gastroenterol Hepatol 2019; 4:354-363. https://doi.org/10.1016/S2468-1253(19)30077-9
Slim GM, Lansing M, Wizzard P, et al. Novel Long-Acting GLP-2 Analogue, FE 203799
(Apraglutide), Enhances Adaptation and Linear Intestinal Growth in a Neonatal Piglet Model of
Short Bowel Syndrome with Total Resection of the lleum. JPEN J Parenter Enteral Nutr 2019;
43:891-898. https://doi.org/10.1002/jpen.1500

Goulet O, Révillon Y, Jan D, et al. Small-bowel transplantation in children. Transplant Proc
1990; 22:2499-2500.

Kaufman SS, Atkinson JB, Bianchi A, et al. Indications for pediatric intestinal transplantation: a
position paper of the American Society of Transplantation. Pediatr Transplant 2001; 5:80-87.
https://doi.org/10.1034/j.1399-3046.2001.005002080.x

Raghu VK, Beaumont JL, Everly MJ, et al. Pediatric intestinal transplantation: Analysis of the
intestinal transplant registry. Pediatr Transplant 2019; 23:e13580.

https://doi.org/10.1111/petr.13580

64



SMIAGZMUMIPXZOBBAeOATOAEIDPIHSALLIAIPOOAEIEAHIOII/AOAU

MY TXOMADYOINXYOHISABZIy10+eyNIOITWNOIZTARY HJ3SHNAYg Ag ubdl/woo mm| speuinoly/:dny wouy papeojumoq

202/1€/50 uo

o)
c

196.

197.

198.

199.

200.

201.

202.

203.

Pironi L, Hébuterne X, Van Gossum A, et al. Candidates for intestinal transplantation: a
multicenter survey in Europe. Am J Gastroenterol 2006; 101:1633-1643; quiz 1679.
https://doi.org/10.1111/j.1572-0241.2006.00710.x

Pironi L, Joly F, Forbes A, et al. Long-term follow-up of patients on home parenteral nutrition in
Europe: implications for intestinal transplantation. Gut 2011; 60:17-25.
https://doi.org/10.1136/gut.2010.223255

Ueno T, Wada M, Hoshino K, et al. Three-Year Prospective Follow-up of Potential Pediatric
Candidate for Intestinal Transplantation. Transplant Proc 2018; 50:2779-2782.
https://doi.org/10.1016/j.transproceed.2018.03.067

Gupte GL, Beath SV, Protheroe S, et al. Improved outcome of referrals for intestinal
transplantation in the UK. Arch Dis Child 2007; 92:147-152.
https://doi.org/10.1136/adc.2005.090068

Ganousse-Mazeron S, Lacaille F, Colomb-Jung V, et al. Assessment and outcome of children
with intestinal failure referred for intestinal transplantation. Clin Nutr 2015; 34:428-435.
https://doi.org/10.1016/j.clnu.2014.04.015

D’Antiga L, Goulet O. Intestinal failure in children: the European view. J Pediatr Gastroenterol
Nutr 2013; 56:118-126. https://doi.org/10.1097/MPG.0b013e318268a9%3

Rodrigues AF, van Mourik IDM, Sharif K, et al. Management of end-stage central venous access
in children referred for possible small bowel transplantation. J Pediatr Gastroenterol Nutr 2006;
42:427-433. https://doi.org/10.1097/01.mpg.0000215311.71040.89

Botha JF, Grant WJ, Torres C, et al. Isolated liver transplantation in infants with end-stage liver
disease due to short bowel syndrome. Liver Transpl 2006; 12:1062—-1066.

https://doi.org/10.1002/1t.20763

65



SMIAGZMUMIPXZOBBAeOATOAEIDPIHSALLIAIPOOAEIEAHIOII/AOAU

MY TXOMADYOINXYOHISABZIy10+eyNIOITWNOIZTARY HJ3SHNAYg Ag ubdl/woo mm| speuinoly/:dny wouy papeojumoq

202/1€/50 uo

o)
c

204.

205.

206.

207.

208.

209.

210.

Taha AMI, Sharif K, Johnson T, et al. Long-term outcomes of isolated liver transplantation for
short bowel syndrome and intestinal failure-associated liver disease. J Pediatr Gastroenterol
Nutr 2012; 54:547-551. https://doi.org/10.1097/MPG.0b013e31823f42e7

Ribeiro-Mourdo F, Bertaud S, Brierley J, et al. Use of home parenteral nutrition in severely
neurologically impaired children. Arch Dis Child 2022; 107:365-370.
https://doi.org/10.1136/archdischild-2021-321850

Pereira-Fantini PM, Lapthorne S, Joyce SA, et al. Altered FXR signalling is associated with bile
acid dysmetabolism in short bowel syndrome-associated liver disease. J Hepatol 2014; 61:1115—
1125. https://doi.org/10.1016/j.jhep.2014.06.025

Pereira-Fantini PM, Lapthorne S, Gahan CGM, et al. Farnesoid X Receptor Agonist Treatment
Alters Bile Acid Metabolism but Exacerbates Liver Damage in a Piglet Model of Short-

Bowel Syndrome. Cell Mol Gastroenterol Hepatol 2017; 4:65-74.
https://doi.org/10.1016/j.jcmgh.2017.02.008

Cao Y, Xiao Y, Zhou K, et al. FXR agonist GW4064 improves liver and intestinal pathology and
alters bile acid metabolism in rats undergoing small intestinal resection. Am J Physiol
Gastrointest Liver Physiol 2019; 317:G108-G115. https://doi.org/10.1152/ajpgi.00356.2017
Eliasson J, Hvistendahl MK, Freund N, et al. Apraglutide, a novel glucagon-like peptide 2
analog, improves fluid absorption in patients with short bowel syndrome intestinal failure:
findings from a placebo-controlled, randomized phase 2 trial. JPEN J Parenter Enteral Nutr
2021. https://doi.org/10.1002/jpen.2223

Kovler ML, Hackam DJ. Generating an Artificial Intestine for the Treatment of Short Bowel
Syndrome. Gastroenterol Clin North Am 2019; 48:585-605.

https://doi.org/10.1016/j.gtc.2019.08.011

66



SMIAGZMUMIPXZOBBAeOATOAEIDPIHSALLIAIPOOAEIEAHIOII/AOAU

MV TXOMADYOINXOHISABZIYT0A+eyNIOITWNOTZTARMHA3SINAUG Ag uBdl/woo mm) sfeulnol//:dny wouj papeojumod

€202/T€/S0 uo

Table 1: Factors affecting parenteral nutrition (PN) weaning.

c A £
= & A gl < _g |82
= = = c|l = 2| ¥| O & = & L
2 5 <| P | S| 2| 25| 2oy 25 gl &
Study e = 0l 80 88l &l =x/523 a3 <z
Andorsky DJ, 30 67% +
2001
Goulet O, 2005 87 88.5% +
Spencer AU, 2005 | 80 63.8% +
Daimond IR, 2010 | 106 66% +
Infantino BJ, 2013 | 28 (<20 48% + |+
cm SB)
Fallon EM, 2014 63 (<100 | 63% + + =
cm SB)
Demehri FR, 2015 | 171 64.3% + |+ + |+
(<50% SB)
Ives GC, 2016 42 (<30% | 55% -
SB)
Petit LM, 2016 98 58% + |+
Sparks EA, 2016 109 41.3% + |+ + +
Capriati T, 2018 47 47% +
Belza C, 2019 139 68% + |+ |+ +
Enman MA, 2020 | 158 89% + |+ |+ +

67




SMIAGZIUMIPXZOBBAeATIAEIDVIHSALLIAIPOOAEIEAHIOINI/AOAU

MVTXOMADYOINXZOHISABZIYTN+eyNIOITWNOTZTARY HAaGINAUg Ag ubdl/woa mm| sfeuinoly/:dny wouy papeojumoq

€202¢/T€/S0 uo

catch-up growth
Energy Expenditure

Resting Energy
Expenditure

Total Energy
requirements

Caloulate as per body

weght 8MR with

camection Lactor ()

BrAR,

Cakculate wth
SchofieddHenry
formulss

[ ] stersge Erergy

- Phiyscal activay

- Diet-induced thermopgeness
. Basal metaboke rate

Multigly BMR for
level of activity [a)

Figure 1

Clinical nutrition composition
Parenteral Nutrition Dependency Index

NPEI/REE
ratio

Very High

(>3120%)

Parenteral

% Ammount of Enteral Enargy loss
due 10 vanable % of abserption,
1o be replaced via parentersl
nutrition

68



Figure 2

Downloaded from http://journals.lww.com/jpgn by BhDMf5ePHKav1zEoum1tQfN4a+kJLhEZgbsIHo4XMiOhCywCX1AW
nYQp/IIQrHD3i3D00dRYi7TvSFI4Cf3VC1yOabggQZXdtwnfKZBYtws= on 05/31/2023

69



Figure 3

{Duodenum '
N\
"

erminal
ileum

w
-
@

w

2
g
g

ns

vi

E
:

t.l)_ls.tal:,

m.m L E= i
«58
moo
°8%§

Vitamin B12
Bile acids

Downloaded from http://journals.lww.com/jpgn by BhDMf5ePHKav1zEoum1tQfN4a+kJLhEZgbsIHo4XMiOhCywCX1AW
nYQp/IIQrHD3i3D00dRYi7TvSFI4Cf3VC1yOabggQZXdtwnfKZBYtws= on 05/31/2023

70



