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To patients and their brave families facing the 

challenges of intestinal failure 

 

“Do a little bit of good where you are.  It 

is those little bits of good put together 

that overwhelm the world.” 

Desmond Tutu 
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ABSTRACT 

Background: Intestinal Failure (IF) is a multifactorial chronic disease 

requiring long-term parenteral nutrition (PN) to maintain daily energy and 

fluid balance, and to provide nutrients required for expected growth in 

children. Recent decades have improved the prognosis of children with IF. 

Modern multidisciplinary care and changes in PN regimes, new surgical 

technics, and improving medical care enable living with home PN for years, 

saving the intestinal transplantation for most severely affected patients. At the 

same time, the quality of life and the future health and developmental 

consequences of the pediatric IF emerge as important factors.  

Aims: Early life events and the necessary treatment may have effects on long 

term outcome of the pediatric IF patients. In this thesis cognitive and motor 

development, the risk factors for essential fatty acid deficiency  and the risk 

factors for PN associated steatosis during infancy were investigated. 

Methods: Essential fatty acid deficiency (EFAD) among 49 IF patients 

between 0 to 18 years old was investigated. For this retrospective study fatty 

acid fractions were analyzed and examined against preceding nutrition, the 

type of parenteral lipid emulsion and patient characteristics. A prospective 

cross-sectional study evaluated cognitive and motor development of 30 

children with IF using validated tests: Wechsler Preschool and Primary Scale 

of Intelligence, 3rd edition, Wechsler Intelligence Scale for Children, 4th 

edition, and Movement Assessment Battery for Children, 2nd edition. To study 

early steatosis in infants with short bowel syndrome (SBS) a retrospective 

study comprising 31 patients was conducted. Patients had liver biopsy taken 

at the median age of 5 (IQR 3-8) months. Biopsy results were compared to PN 

composition and patient characteristics. 

Results: Altogether 8 patients out of 49 were deemed at risk of developing 

EFAD with Triene: tetraene ratio (TTR) ≥0.1, including three patients with 

biochemical EFAD (TTR≥ 0.2). The patients with supplemental PN (P = 

0.0016), current PN with low lipid content (P = 0.0003), younger age 

(P=0.0291) and shorter small bowel (P =0.0013) were at increased EFAD risk.  

Median Intelligence quotient (IQ) among 26 IF patients in the study at the 

median age of 7.5 years was 78 (IQR 65–91). Ten patients had an IQ under 70 

(-2 SD).  Significant motor impairment was detected in 10, and milder 

difficulties in 8 out of 28 patients. Poor cognitive outcome was associated with 

shorter remaining small bowel (P=0.005), number of laparotomies (P=0.007)  

and general anesthesia (P=0.010), and length of inpatient status (P=0.047), 

while weaker motor outcome was associated with prematurity (P= 0.029), 

lower birth weight (P=0.024), and lower IQ scores (P=0.020).  Steatosis was 
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found in 8 out of 31 diagnostic biopsies taken. Early steatosis associated with 

higher parenteral glucose (P=0.04), amino acids (P=0.03), and energy 

(P=0.01) content at the age of three months compared to study patients 

without early steatosis. Increased serum bile acid (P=0.02), alanine 

aminotransferase (P=0.0002) and aspartate aminotransferase (P=0.001) 

levels associated with early steatosis. 

Conclusions: Children with IF are at risk of EFAD while undergoing 

intestinal rehabilitation from parenteral to enteral nutrition, especially if lipid 

infusions are terminated while PN support is still required. Children with 

neonatal IF commonly have unfavorable cognitive and motor outcome at early 

school age. Neurological follow up visit for neurodevelopmental evaluation is 

recommended for all children with clinically significant IF. Early liver steatosis 

in infants with SBS associated with high parenteral glucose, amino acid, and 

energy content. Adhering to current pediatric guidelines when administering 

parenteral nutrition to infants with IF, and monitoring transaminase and bile 

acid levels for avoidance and early suspicion of liver steatosis is recommended. 
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TIIVISTELMÄ 

Tausta: Suolen vajaatoiminta on monitekijäinen krooninen sairaus. 

Yleisimpiä taustasyitä lapsipotilailla ovat keskosen nekrotisoiva suolitulehdus 

ja suoliston kehityshäiriöt. Potilas on riippuvainen suonensisäisestä 

ravitsemuksesta ja nesteytyksestä, sillä sairaasta suolesta ei imeydy riittävästi 

ravintoa ja nestettä päivittäisen energian tarpeen täyttämiseen ja kasvun 

ylläpitämiseen. Moniammatillinen hoitotiimi ja muutokset suonensisäisen 

ravitsemuksen toteutuksessa ovat viimeisten vuosien aikana merkittävästi 

parantaneet tämän vaikean sairauden ennustetta. Samanaikaisesti potilaiden 

elämänlaadun sekä hoidon ja sairauden pitkäaikaisvaikutusten merkitys on 

korostunut. 

Tavoitteet: Sairastuminen elämän ensimmäisten kuukausien aikana yhdessä 

vaadittavien hoitotoimenpiteiden kanssa voi johtaa pitkäaikaisiin 

terveyshaittoihin suolen vajaatoimintaa sairastavilla potilailla. Tässä 

väitöskirjassa tarkasteltiin potilaiden kognitiivista ja motorista kehitystä, 

välttämättömien rasvahappojen saantia sekä suonensisäiseen ravitsemukseen 

liittyvää maksan rasvoittumista. 

Metodit: Välttämättömien rasvahappojen puutosta tutkittiin 49 potilaan 

aineistossa. Potilaat olivat iältään 0–18-vuotiaita, ja edustivat suolen 

vajaatoimintapotilaita eri vaiheissa kuntoutusprosessia. Takautuvassa 

tutkimuksessa välttämättömien rasvahappojen osuuksia verrattiin edeltävään 

suonensisäiseen ravitsemukseen ja potilaan taustatietoihin. Neurologista 

kehitystä tutkittiin etenevässä tutkimuksessa, johon osallistui 30 potilasta. 

Tutkimuspotilaat suorittivat validoidut neurokognitiivista sekä motorista 

valmiutta mittaavat testit: Wechsler Preschool and Primary Scale of 

Intelligence, Wechsler Intelligence Scale for Children ja Movement 

Assessment Battery for Children. Varhaista maksan rasvoittumista tutkittiin 

31 potilaan takautuvassa tutkimuksessa. Potilailta oli otettu maksan koepala 5 

kuukauden iässä (mediaani). Koepalojen vastauksia verrattiin potilaan 

taustatietoihin ja edeltävään suonensisäiseen ravitsemukseen. 

Tulokset: Välttämättömien rasvahappojen puutoksen riski (trieeni:tetraeeni 

suhde ≥0.1) todettiin 8 potilaalla ja varsinainen puutos (trieeni:tetraeeni 

suhde ≥0.2) 3 potilaalla 49 joukosta. Riskiä lisäsi osittainen (P = 0.0016) ja 

vähärasvainen (P = 0.0003) suonensisäinen ravitsemus, nuori ikä (P=0.0291) 

ja lyhyt jäljellä oleva ohutsuolen pituus (P =0.0013). Suolen vajaatoimintaa 

sairastavien tutkimuspotilaiden älykkyysosamäärän (ÄO) mediaani oli 78 ja 

heistä 10/31 se oli alle -2 SD tasolla (ÄO alle 70) . Vaikea motorinen 

kehityshäiriö todettiin 10/28 tutkitulla potilaalla, ja lievempiä motorisen 

kehityksen poikkeavuuksia vielä 8 potilaalla. Heikko kognitiivinen 

suoriutuminen yhdistyi lyhyempään ohutsuolen pituuteen (P=0.005), 

suurempaan määrään vatsan alueen leikkauksia (P=0.007) ja 
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anestesiatoimenpiteitä (P=0.010), sekä pidempään sairaalahoitojaksoon 

syntymän jälkeen (P=0.047). Liikunnallisen kehityksen haasteet yhdistyivät 

puolestaan keskosuuteen (P= 0.029) ja pieneen syntymäpainoon (P=0.024) 

sekä matalampaan ÄO tasoon (P=0.020).  Varhainen maksan rasvoittuminen 

maksan koepalassa todettiin 8 /31 tutkitulla potilaalla. Verrattuna muihin 

potilaisiin rasvamaksapotilailla oli ollut suurempi annos glukoosia (P=0.04) 

ja aminohappoja (P=0.03) sekä energiaa (P=0.01) suonensisäisessä 

ravitsemuksessa 3 kuukauden iässä; sekä laboratoriotesteissä korkeammat 

sappihappo- (P=0.02), sekä transaminaasien ALAT (P=0.0002) ja ASAT 

(P=0.001) pitoisuudet. 

Johtopäätökset: Suolen vajaatoimintaa sairastavat lapsipotilaat ovat 

riskissä välttämättömien rasvahappojen puutokselle suonesisäisen 

ravitsemuksen määrän vähentyessä ja suolen kuntoutuksen edetessä, 

erityisesti jos rasvainfuusiot lopetetaan suonensisäisen ravitsemustuen 

tarpeen vielä jatkuessa. Suolen vajaatoimintaan varhaislapsuudessa 

sairastuneilla todetaan usein kognitiivisen ja motorisen kehityksen pulmia 

myöhemmin lapsuus- ja nuoruusiässä. Neurologisen kehityksen seuranta on 

suositeltavaa kaikille merkittävää suolen vajaatoimintaa sairastaville lapsille. 

Varhainen maksan rasvoittuminen yhdistyi tässä tutkimuksessa 

suonensisäisen ravitsemuksen korkeaan glukoosi-, aminohappo ja 

energiapitoisuuteen. Noudattamalla kansainvälisiä pediatrisia 

hoitosuosituksia suonensisäisen ravitsemuksen annostelussa voidaan 

ehkäistä maksan rasvoittumista. Nouseva transaminaasitaso voi olla 

viitteellinen maksan varhaiselle rasvoittumiselle. 
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1 INTRODUCTION 

Pediatric intestinal failure (IF) is a common nominator for a spectrum of 

diseases ranging from congenital defects of the bowel requiring extensive 

surgical resection to inborn errors in gut motility and mucosal function. 

Children with IF are unable to maintain normal fluid and/or nutritional 

balance and adequate growth by peroral or enteral feeding and therefore need 

long-term parenteral nutrition (PN) (Duggan & Jaksic, 2017). Short bowel 

syndrome (SBS), caused mainly by extensive surgical resection of small bowel, 

is the predominant cause of IF in children. Leading causes behind SBS are 

necrotizing enterocolitis (NEC), gastroschisis, small bowel atresia and 

volvulus (Squires et al., 2012).  IF is a rare disease, but prematurity increases 

the risk of SBS. With varied definitions and study populations the estimates of 

the IF incidence range between 0.02%- 0.1%, with higher incidence of SBS 

reported among low birth weight premature babies (Cole et al., 2008; 

Koglmeier et al., 2008; Salvia et al., 2008; Wales et al., 2004). 

Treatment and hence, prognosis, of IF and SBS have greatly improved over 

the last two decades. Multidisciplinary teams, changes on PN regimes, 

improved surgical techniques and emerging medical treatment with 

teduglutide have enabled living with PN for long-term, and even rehabilitating 

to enteral nutrition after several years (Avitzur et al., 2015; Goulet et al., 2021; 

Merras-Salmio & Pakarinen, 2015). Still, pediatric IF continues to be a severe 

disease and affected children are at risk for secondary complications arising 

from the baseline disease and its necessary treatments. With improved 

neonatal care also children with critical disease often survive early treatment 

period, increasing the risk for later complications. Patients are often very ill  

during the first months of life, and during this time inadequate nutrition, 

repeated  operations and general anesthesia, infections, and prolonged 

hospitalization may interfere neurological development  and even cause 

permanent damage to developing brain (Beers et al., 2000; Hickey et al., 

2018).  Also, intestinal failure associated liver disease (IFALD) continues to 

cause morbidity among children with IF. Causes of IFALD are multifactorial, 

including sepsis, PN and its components, high omega 6 to omega 3 ratio, 

harmful phytosterol from PN and altered bowel anatomy and microbiota 

composition. Besides lipid changes promoting enteral, and especially peroral, 

nutrition, cycling of PN and preventing sepsis by meticulous care of central 

vein catheter (CVC) prevent both cholestasis and development of IFALD 

(Khalaf & Sokol, 2020; Lee et al., 2020). 

To alleviate cholestasis and to prevent IFALD parenteral soybean oil (SO) 

with high omega-6 fatty acid and harmful plant sterol content have been 
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replaced by compound solutions containing olive oil (OO), medium chain 

triglycerides (MCT) and fish oil (FO) besides SO. At times FO is used alone as 

a rescue therapy during severe PN associated cholestasis. Limiting parenteral 

lipid provision has also been used to prevent cholestasis during long term PN 

(Lapillonne et al., 2018; Puder et al., 2009; Rollins et al., 2013). While proven 

efficient, these practices may compromise essential fatty acid supply and 

increase the amount of glucose and amino acid supply used to attain desired 

growth pattern.   

This thesis had following aims: First, to study the EFAD among the children 

with intestinal failure, both during PN and rehabilitation to enteral nutrition. 

Second, we investigated the neurocognitive and motor outcome in children 

with pediatric IF. Thirdly, in the last sub-study, we analyzed nutritional and 

clinical risk factors associated with liver steatosis in infants with SBS. 
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2 REVIEW OF THE LITERATURE 

2.1 DEFINITION OF INTESTINAL FAILURE AND SHORT 
BOWEL SYNDROME IN CHILDREN 

IF refers to a condition, where patients gut function cannot maintain adequate 

fluid and energy balance to sustain life and expected growth in children, and 

thus PN is essential for life (Goulet et al., 2004; Pironi et al., 2015). In 

intestinal insufficiency patient can compensate the loss of functioning gut by 

increasing enteral intake alone (Jeppesen, 2014; Pironi et al., 2015). SBS is the 

most common cause of IF in children. It is caused by extensive surgical 

resection of small bowel following congenital or acquired condition with or 

without colonic involvement. The definition of both IF and SBS vary between 

studies (Goulet & Ruemmele, 2006). In most pediatric studies small bowel 

length less than  25% or 50% of the age expected and/or PN dependency for at 

least 60 days are commonly employed criteria to identify IF and/or SBS 

patients. In some studies, a shorter duration of PN is used (Fullerton et al., 

2017; Wales et al., 2004). The American Society for parenteral and enteral 

nutrition recently published criteria for pediatric IF, where dependency on PN 

support lasts minimum for 60 days within 74-day interval following loss of 

functional gut mass. For SBS this statement does not give specific length 

criteria for small bowel, but rather emphasize the post-resection function, of 

which PN dependency is a good surrogate marker. The term ultra-short bowel 

syndrome is used when there is less than 10% of the age-expected small bowel 

remaining (Modi et al., 2022).  

2.2 ETIOLOGY OF INTESTINAL FAILURE 

IF is a common nominator for multiple different diagnoses, all leading to PN 

dependency due to inadequate gut function. Most common diagnoses are 

listed in Table 1 together with their prevalence among pediatric IF patients in 

published cohort studies and Helsinki IF center records. Conditions leading to 

IF can be divided in to following categories according to mechanisms behind 

the disease: SBS,  motility disorders, congenital enteropathies, and the 

combination of the preceding (Goulet & Ruemmele, 2006). The prevalence of 

underlying diagnoses depends greatly on the study patient cohort. In NICU 

setting NEC is by far the most common diagnosis, accounting for 96% of all IF 

cases, whereas in tertiary centers with intestinal transplantation programs 

rarer diagnoses leading to irreversible IF or prolonged home PN such as long 

segment Hirschsprung, other dysmotility syndromes and congenital 

enteropathies are more common (Cole et al., 2008; Gutierrez et al., 2011; 

Mazariegos et al., 2009). 
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Table 1a. Common diseases and conditions leading to intestinal failure and their prevalence among 
reported pediatric intestinal failure cohorts. 

Study  Squires et al. 
2012 

Gattini et al. 2021 Helsinki IF registry 

No. of patients 272  443 103  

Center Multi Single Single 

Study period 2000-2005 2010-2015 2005-2022 

SBS 97% 85% 82% 

Dysmotility, all 

CIPO 

Other 

 7% 9% 

6% 

3% 

Congenital enteropathy, 
all 

MVID 

Tufting enteropathy 

Other 

Autoimmune enteropathy or 
immune dysregulation 

3% 8% 9% 

1% 

1% 

4% 

3% 

 

Table 1b. Short Bowel Syndrome cohorts reporting underlying diagnoses 

Study  Gutierrez et al. 
2011 

Squires et al. 
2012 

Helsinki IF 
register 

Mutanen et al. 
2022* 

No. of patients >200  264 84  208  

Center Single Multi Single Multi 

Study period Not given 2000-2005 2005-2022 2010-2019 

NEC 35% 27% 47% 49% 

Gastroschisis 18% 16% 9% 7% 

Intestinal atresia 25% 10% 10% 13% 

Volvulus 14% 9% 12% 12% 

Hirschsprung’s 
disease (long-
segment) 

2% 4% 9% 7% 

Gastroschisis and 
atresia, other 
multiple diagnoses 

 29% 13% 7% 

Other single 
diagnoses 

 5%  7% 

* Unpublished multicenter study from Nordic countries, some patients overlap with Helsinki IF 
registry. 
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Figure 1. To better understand the pathological mechanisms behind intestinal failure the Figure 1 

shortly revises the main bowel function affected in anatomical order (Martti Färkkilä, 2018; 

Tappenden, 2014a). 

 

Stomach

•Regulates secretion of hydrogen chloride and severel hormones and enzymes 
including gastrin, pepsinogen, gastric lipase, intrinsic factor and 
somatostatin. 

•Hydrogen chloride secretion increases after small bowel resection.

Duodenum

•Large amount of fluid is secreted from stomach, pancreas, bile ducts and 
saliva glands to small bowel.

•Normal motor function of the bowel enhances digestion and absorbtion of 
nutritients and maintains healthy bacterial flora. Disruption of motility can 
lead to bacterial overgrowth and  bovel dilatation

•Absorbtion of iron and folate is mainly from duodenum and proximal 
jejunum.

Jejunum

•Majority of macro- and micronutrients absorbtion takes place in jejunum.
•Lactose absorbtion is mainly in the jejunum and proximal ileum.
•Jejunostomy increases the daily  fluid losses and increases water demand.
•Jejunum cannot fully compensate for the loss of ileum in case of extensive 
ileal resection.

Ileum

•Absortion of water, macro- and miconutrients continues, in the case of 
jejunal resection absorbtion takes place in ileum. 

•Active absorbtion of bile acids and vitamin B 12 takes place only in ileum.
•Ileal resection leads to B 12 deficiency and disturbs bile acid uptake. Bile 
acids enable fatty acid absobrtion,  and ileal resection may therefor disturb 
the absorbtion of long chain fatty acids and fat soluble vitamins

•Up to 80% of the fluid volume ingested and excreted by the gut is absorbed 
by the end of the ileum.

Colon

•Absorbtion of water and electrolytes continues, normally only 100 to 200 ml 
or 2% of total volume ml of water are lost in stool.

•Carbohydrates can be absorbed throuh small chain fatty acid formation, 
which is carried out by colonic bacterial flora. This capacity enhances after 
bowel resection.
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2.2.1 SHORT BOWEL SYNDROME 

 

SBS is by far the most common etiological factor for IF in pediatric population.  

Table 2 shows the classification of SBS according to anatomy of the remaining 

bowel. 

Table 2. Classification of Short Bowel Syndrome according to anatomy (Mutanen & Wales, 

2018; Tappenden, 2014a) 

Type Bowel defect/ 

resection 

Anastomosis Features 

1 Mid small bowel-

resection 

Small bowel 

anastomosis: 

Jejuno-jenunal, 

Jenuno-ileal 

Intact ileocecal valve (ICV), good 

prognosis for enteral adaptation 

Transient gastric hypersecretion 

can occur 

2 Resection 

including both 

small bowel and 

(part of) the 

proximal colon 

Entero-colonic 

anastomosis 

Jejuno-colonic 

Ileo-colonic 

Most common type, no ICV, 

prognosis depends on the amount 

of remaining bowel 

Diarrhea due to impaired 

enterohepatic circulation of bile 

salts 

Deficiency of vitamin B12 and 

EFAs 

3 Small bowel 

resection with 

jejunostomy 

No continuity No ICV, High enteral fluid and salt 

output 

Deficiency of vitamin B12, 

magnesium and EFAs 

 

The severity of symptoms and the functional capacity after bowel resection 

are dependable both on the length and the remaining bowel  anatomy. In the 

healthy gut, nutrient absorption capacity decreases from top to bottom and 

most is absorbed in the jejunum, although absorption of some nutrients is site-

specific as shown in Figure 1. However, ileum holds greater capacity of 

adaptation after resection, and therefor even extensive jejunal resection is 

often better tolerated than more distal ileal resections (Olieman & Kastelijn, 

2020; Tappenden, 2014a). Ileum slows the transit time of the bowel and has 

greater capacity of fluid and electrolyte absorption; thus, even a small amount 

of remaining ileum is beneficial in SBS. “Ileal break” is primary inhibitory 

response, in which nutrients in the ileal lumen slow the movement of proximal 

bowel and gastric emptying. This effect is enhanced with intact ICV, which 
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further slows the transit of nutrients to colon. Typical symptoms of SBS are 

watery malabsorptive diarrhea leading to intolerance of enteral feeds. If not 

promptly treated SBS leads to dehydration, electrolyte imbalances, weight loss 

and poor growth. If PN and intravenous fluids are not available, the condition 

may be fatal, and even with modern treatment SBS children are susceptible to 

complications (Chandra & Kesavan, 2018). 

The clinical course of SBS can be divided to three stages. First is the acute 

phase that follows the bowel resection. The fluid output is high and gastric 

hypersecretion may occur. Electrolyte imbalance is common, and treatment is 

aimed towards stabilization. Usually after a period of some days to weeks the 

recovery phase follows. This can last from several months to years and is 

characterized by gradually increasing enteral absorption while PN support 

continues. Third stage refers to maintenance phase, where intestinal 

adaptation is either successful (when PN may be weaned off entirely), or 

otherwise stable (with long term PN support in addition to enteral nutrition) 

(Amin et al., 2013). Depending on the severity of the SBS patients can remain 

at any stage for varied time (Cole & Kocoshis, 2013).  

Intestinal adaptation process starts after small bowel resection with both 

structural and functional changes taking place (Olieman & Kastelijn, 2020; 

Tappenden, 2014a). Structural changes seen in pediatric NEC patients after 

resection include increased villus height and deeper crypt depth, with 

measured villus height correlating positively with the extent of the resection 

(McDuffie et al., 2011). Besides, animal models demonstrate improved 

angiogenesis and increased enterocyte proliferation after bowel resection 

(Amin et al., 2013; Martin et al., 2009). Small bowel dilatation and elongation 

are part of the adaptive process, although excessive dilatation may also affect 

long term prognosis negatively (Hukkinen et al., 2017; Ives et al., 2016; 

Tappenden, 2014b). Functional changes observed after bowel resection 

include the enhanced absorption of fluid and nutrients and slower small bowel 

transit time, particularly in patients with remaining colon and ileum. Animal 

studies have detected increased expression of proteins in the enterocytes 

responsible for nutrient, fluid and electrolyte transport and exchange after 

bowel resection.  Decreased motility after resection may be hormonally 

mediated, as patients with remaining colon express increased levels of peptide 

YY, a hormone that inhibits gastric emptying and intestinal transit time 

(Nightingale et al., 1996; Tappenden, 2014b). Lately, the influence of gut 

microbiome on enteral adaptation has been recognized as possibly important 

mediating factor (Channabasappa et al., 2020).  

Subtypes of pediatric SBS 

Several underlying diagnoses can lead to short bowel syndrome, the most 

common being NEC, intestinal atresia, gastroschisis, malrotation leading to 

volvulus and long-segment Hirschsprung’s disease as shown in Table 1. 
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NEC is an inflammatory disease of the bowel occurring mostly in preterm 

babies. In term neonates this condition is rare and usually related to 

underlying conditions such as cardiovascular diseases, bowel malformations 

or compromised intestinal blood supply during pre- and perinatal period. The 

inflammation in NEC is believed to be consequence of the interaction of 

immature bowel and the developing bacterial colonization, although other 

mechanisms such as hypoxemia may also lead to similar symptoms (Bazacliu 

& Neu, 2019; Duchon et al., 2021). Severe NEC leading to necrosis and 

extensive bowel resection accounts for up to 30% of the SBS diagnoses and the 

amount is rising as more extremely preterm and low birth weight babies 

survive due to improved neonatal care practices (Mutanen & Wales, 2018). 

The proportion of surgically treated NEC patients developing IF varies 

between studies. In a retrospective study conducted in Helsinki University 

Children´s Hospital between 2001 and 2014 out of 142 NEC patients 59% were 

on PN at 1 month and 26% at the 3 months post-surgery (Karila et al., 2018). 

In reports from other centers the incidence of IF among NEC patients has been 

between 15% to 26%, rising to 42% when all patients on PN support 42 days 

after developing NEC are accounted for. Also medically treated NEC can lead 

to IF, although much less commonly (Elfvin et al., 2015; Murthy et al., 2014). 

Gastroschisis is a defect of the anterior abdominal wall which allows viscera 
to extrude from abdominal cavity. It occurs in 3 to 5 new-born babies per 10 
000 live births (Amin et al., 2013; Kilby, 2006). Increased prevalence has been 
reported in many western countries (Amin et al., 2013; Skarsgard, 2016). 
Although majority of the cases (80-90%) are uncomplicated, complex 
gastroschisis with concurrent bowel pathology such as atresia, volvulus, or 
perforation can lead to SBS and IF. In a series of 82 gastroschisis patients 19 
(23%)  had such complications, and one third of them were on PN during 
discharge from the hospital (Emil et al., 2012). Patients with gastroschisis 
often have problems with dysmotility, which prolongs the dependency on PN 
(Skarsgard, 2016). 

Intestinal atresia is diagnosed in 1 out of approximately 5000 newborns 
(Burjonrappa et al., 2011). While most bowel atresias are uncomplicated and 
can be treated with simple resection and anastomosis, children with apple-
peel atresia with missing dorsal mesenterial artery and those with multiple 
atresias or atresia combined with gastroschisis present an increased risk for 

SBS (Amin et al., 2013; Burjonrappa et al., 2011). Most cases of intestinal 
atresia are thought to arise from prenatal vascular accidents and sometimes 
also from other occult intestinal events such as volvulus in utero. Genetics are 
associated especially with multiple atresias (Fernandez et al., 2014; 
Notarangelo, 2014; Trobs & Tannapfel, 2009). 

In classic intestinal malrotation the mesenteric base of unfixed bowel is 
unusually narrow, which predisposes to mid-gut volvulus (MGV). In MGV the 
superior mesenteric artery and vein twist and become obstructed, causing 
bowel ischemia and ultimately shock and death if left untreated (Langer, 
2017). Surgery with resection of necrotic bowel can lead to varied degrees of 
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SBS. While other congenital bowel deformations leading to SBS present during 
neonatal period, MGV can also present at later age (Sala et al., 2010).   

Besides MGV, trauma and Crohn’s disease can cause SBS at later pediatric 

age, although both are rare in developed countries (Mutanen & Wales, 2018). 

2.2.2 MOTILITY DISORDERS 

 

The spectrum of congenital enteral motility disorders varies from mild to 

severe. Only the most severe forms of pediatric intestinal pseudo-obstruction 

(PIPO) lead to IF, because of chronic loss or reduction of propulsive function 

and the ensuing intolerance to enteral feeding.   

European Society for Pediatric Gastroenterology, Hepatology, and 

Nutrition (ESPGHAN) expert working group defines PIPO as “chronic 

inability of the gastrointestinal tract to propel its contents mimicking 

mechanical obstruction, in the absence of any lesion occluding the gut” 

(Thapar et al. 2018).  It is a rare diagnosis with estimated incidence of 1 in 

40 000 live births, but actual incidence may even be lower than that (Thapar 

et al., 2018; Vargas et al., 1988). ESPGHAN working group recommends, that 

before diagnosis symptoms have lasted 2 months from birth or 6 months at 

later age, and at least two of the following conditions are met: 1) small 

intestinal neuromuscular dysregulation in diagnostic work up, 2) Chronically 

dilated bowel loops, 3) known genetic or metabolic changes associated with 

PIPO , 4) dependency on specialized enteral or parenteral nutrition (Thapar et 

al., 2018). PIPO symptoms usually start soon after birth, with 80% of the cases 

presenting before the age of 1 year. The symptoms include bilious vomiting, 

abdominal distension, and constipation. Comorbidities of urinary track are 

common, including megacystis and urinary retention. Malrotation is 

associated to approximately 20 to 30% of PIPO cases (Mousa et al., 2002; 

Thapar et al., 2018). Although most PIPO cases are sporadic, some familial 

and syndromic etiologic variants have been described (Faure et al., 1999; 

Mousa et al., 2002; Thapar et al., 2018). 

Of the various PIPO diagnoses long-segment Hirschsprung’s disease (HD) 

with jejuno-ileal involvement  constitutes a specific disease entity. Long-

segment HD may also lead to SBS, when the defunct part of the bowel is 

removed or bypassed by a proximal stoma.  Long-term PN dependency in long 

segment HD caused SBS is more common, and prognosis worse compared to 

simple SBS (Gfroerer & Rolle, 2015; Pakarinen et al., 2013) HD is a result of 

congenital disorder of caudal migration of neural crest cells leading to 

aganglionosis of varied length in the affected bowel. Most patients with 

Hirschsprung’s disease have rectosigmoid disease, but in some patients 

aganglionotic part can extend to small bowel causing total colonic HD with 

jejuno-ileal component (Kawaguchi et al., 2021; Pakarinen et al., 2013; 

Ruttenstock & Puri, 2009). HD incidence is about 1 in 5000 live births, with 
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extensive intestinal aganglionosis being the rarer form, accounting 3-5% of all 

HD patients (Wang & Camilleri, 2019). The early symptoms of extended 

intestinal aganglionosis are bilious vomiting, abdominal distension, and 

absence of meconium passage in new-born children. Before the advent of 

modern TPN and intestinal transplantation programs the prognosis of long-

segment aganglionosis was poor, as it results in irreversible IF (Kimura et al., 

2009; Ruttenstock & Puri, 2009). There are several genetic factors associated 

with HD, with mutations in RET proto-oncogene being most prevalent 

followed by Down syndrome (trisomy 21), Mowat-Wilson syndrome 

(ZFHX1B) and Waardenburg-Shah syndrome (EDNRB, SOX10) (Wang & 

Camilleri, 2019). Congenital intestinal hypoganglionosis has clinical 

symptoms comparable to HD, although extensive disease may be more 

common. Rectal (suction) biopsies show ganglion cells, and multiple full 

thickness biopsies are necessary for accurate diagnosis (Scharli & Sossai, 1998; 

Sreedher et al., 2019). 

2.2.3 MUCOSAL ENTEROPATHIES 

 

Mucosal enteropathies leading to IF in childhood consist mostly of congenital 

etiologies like rare genetic disorders of intestinal differentiation or 

immunoregulation. Acquired enteropathies are uncommon in childhood, but 

diseases like graft versus host- or Crohn’s disease can also affect children. 

Immunoregulatory diseases like autoimmune enteropathy and genetic 

immunodysregulation syndromes can often be treated with 

immunomodulators or stem cell transplantation, and the necessity of PN may 

be transitory (Russo, 2020). On the contrary, congenital enteropathies often 

cause early-onset intractable diarrhea and irreversible IF. The most common, 

microvillus inclusion disease (MVID) and Tufting enteropathy are both 

autosomal recessive enteropathies. In most affected patients profuse secretory 

diarrhea starts soon after birth, leading to significant dehydration and 

electrolyte imbalance. Total PN and intravenous fluid and electrolytes are 

necessary for maintenance, as patients are prone to voluminous losses. 

Currently, intestinal transplantation is the only curative treatment available 

for these diseases (Das & Sivagnanam, 2020; van Hoeve et al., 2016). 

Mutations in MYO5B and STX3 genes are associated with MVID, with 

differing geno- and phenotypes (Leng et al., 2020; Russo, 2020). Intestinal 

biopsies show hypoplastic villi, and electron microscopy reveals diagnostic 

cytoplasmic microvillus inclusions and atrophic microvillus brush border 

(Leng et al., 2020). Tufting enteropathy is caused by mutations in EPCAM and 

SPINT2 genes. Diagnosis can be made in histology specimens, where villous 

atrophy, hyperplasia of crypts and packed enterocytes forming epithelial tufts 

can be seen (Das & Sivagnanam, 2020). Besides these several other rare 

enteropathies have been identified causing IF with varying disease course, 

including Tricho-hepato-enteric syndrome and selective malabsorption such 
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as DGAT1-deficiency. Many congenital enteropathies remain unclassified, 

with unknown etiology (Diamanti et al., 2021). 

2.3 INCIDENCE AND PREVALENCE OF INTESTINAL 
FAILURE 

It is difficult to estimate the incidence of the IF and SBS, as systematic regional 

records with comparative background population data have not been 

published. The condition is rare and etiology of pediatric IF varies between 

study cohorts (Wales et al., 2004). Also, there are differences across individual 

centers regarding survival of the extremely preterm and very low birth weight 

(VLBW) neonates and children with complex congenital defects and other 

severe diseases affecting intestinal absorption. IF incidence is therefore 

affected by the economic and health care resources available (Cole et al., 

2008). A nationwide study conducted between 2009 and 2010 reported 

incidence of prolonged PN (≥28 days) at 0.05% (46/ 100 000 live births) for 

all neonates and 2% for those born before the GA of 37 weeks in Finland 

(Kurvinen et al., 2012). Our center in Helsinki University New Children’s 

Hospital acts as a tertiary unit serving whole Finland. Most Finnish children 

with chronic IF have attended our clinic during their course of disease. Based 

on Helsinki IF registry, the number of pediatric IF patients born during 2009-

2021 managed in Helsinki was 84. During this time average of 54 000 children 

have been born per year, yielding rough approximation incidence of 0.01% in 

Finnish pediatric population (www.stat.fi). This incidence likely reflects the 

number of severe long-term PN dependent IF patients ultimately in risk of 

needing intestinal transplant for survival. 

There are two studies estimating the incidence of SBS in North America. A 

single-center cohort from Toronto was collected between 1997 and 1999. The 

number of children receiving PN for minimum 42 days after surgical bowel 

resection or having less than 25% of remaining small bowel in this cohort was 

40, out of whom 37 were born prematurely. The population-based incidence 

was 0.025% when all live births were accounted, but remarkably higher, 

0.35%, for premature babies born before the age of 37 weeks (Wales et al., 

2004). In a multicenter cohort from United States, collected between 2002 

and 2005 and comprising of  12136 very low birth weight (VLBW) neonates 

weighing under 1500 grams, the incidence of surgical short bowel syndrome 

was 0.7%, with increasing incidence (1.1%) in babies with birth weight less 

than  1000 grams (Cole et al., 2008).   

In Europe, an Italian multicenter cohort born between 2003 and 2004 had 

26 neonates with IF. The diagnostic criteria for IF in this study was total PN 

for 4 weeks or partial PN minimum 3 months, and surgical SBS was diagnosed 

if remaining small bowel was less than 25% and PN lasted at least 42 days post-

surgery. Centers included were tertiary hospitals, with ability to treat high risk 

pregnancies and critically ill neonates. The size of birth cohort was 30 535 live 

http://www.stat.fi/
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births, giving an incidence of 0.1% in this selected cohort, with incidence of 

0.5% in children admitted to NICU (Salvia et al., 2008). A regional study from 

United Kingdom, commenced during 2001 and 2002, found a cohort of 93 

patients receiving PN for more than 28 days giving an incidence of 0.16% for 

the first year of life (Koglmeier et al., 2008).  

Beyond NICU setting, recent studies of children and adolescents on home 

PN give insight to prevalence of chronic IF. Nationwide study in United 

Kingdom, executed on September 2019, found 389 home-PN patients under 

the age of 18 giving overall point prevalence of 30 per million children in UK. 

Number of pediatric home-PN patients had doubled since 2012 (Wiskin et al., 

2021). Similar results are demonstrated in French national study, with 385 

pediatric home-PN patients and prevalence of 24 per million recorded during 

2019, and an increase of 43.7% over six-year study period (Goulet et al., 2021). 

Yet more data comes from Portugal, where national survey on home PN 

identified 51 patients under the age of eighteen on December 2018, indicating 

a prevalence of 27 per million (Antunes et al., 2020). These are in accordance 

with 2022 results from Finland, with 41 home PN children in the population 

of little over one million children and adolescents under eighteen years 

(Helsinki IF register, www.stat.fi). 

In summary, the prevalence of home-PN patients, and likely also all 

pediatric IF patients in developed countries, is rising due to improved care and 

facilities. Incidence of IF is difficult to estimate exactly and is substantially 

higher in preterm low birth weight babies in NICU setting. 

2.4 TREATMENT OF INTESTINAL FAILURE 

2.4.1 THE ROLE OF MULTIDISCIPLINARY IF REHABILATATION 

TEAMS 

 

Multidisciplinary team approach in the treatment of pediatric IF patients was 

first described in the beginning of this century, preceded by specialized 

nutrition teams as early as late 1980´s (Koehler et al., 2000; Smallman et al., 

1987). Since then, several IF centers have promoted  multidisciplinary 

intestinal rehabilitation programs (IRP) with encouraging results (Belza & 

Wales, 2017). The protocols described vary between centers, but all depend on 

the collaboration of dedicated pediatric gastroenterologists, surgeons, 

nutritionists, pharmacists, and specialized nurses (Javid et al., 2010; Koehler 

et al., 2000; Modi et al., 2008). Helsinki University Children’s Hospital has 

followed multidisciplinary IRP since 2009. In this program key elements are 

using hepatoprotective PN regimes together with early initiation of enteral 

rehabilitation, strict infection control of central vein catheter (CVC) care 

including antimicrobial locks, selective use of autologous intestinal 

http://www.stat.fi/
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reconstruction (AIR) surgery and continued education for parents and staff. 

After establishing IRP, both the catheter-related infections (CRI) and time on 

PN have reduced more than 30% (Merras-Salmio & Pakarinen, 2015). A 

systematic review from 2013 including results from 13 IRP programs reported 

22% overall increase in patient survival and curtailed septic episodes from 0.5 

to 0.3 per month. Benefits of IRP programs included  also good patient care 

coordination and timely evaluation for surgery and transplant (Stanger et al., 

2013). IF is a rare disease, and IRP programs should be centralized to hospitals 

with adequate patient volume to sustain expertise in the care of IF patients. 

IRP programs can offer patient and families up-to-date medical care with 

continual patient-staff relationship, producing also psychosocial benefits 

(Belza & Wales, 2017).  

2.4.2 ENTERAL REHABILITATION 

 

Peroral or enteral feeding is an important part of IF care, as it supports 

psychosocial development and offers several benefits on intestinal adaptation 

after bowel resection, even if reaching full enteral autonomy is not a realistic 

goal due to underlying pathology. In fact, attaining adequate growth with 

enteral autonomy is the primary aim of IF care (Cole & Kocoshis, 2013; Wessel 

et al., 2017).  

 

 

Figure 2. illustrates the stepwise strategy of advancing peroral or enteral feeding in different 

phases after bowel resection (Cole & Kocoshis, 2013; Goulet et al., 2013). 

•Initiation of cautious trophic enteral or peroral 
feeding as soon as postoperative situation permits

•Aim of early feeding is the promotion of enteral 
adaptation and beneficial intestinal microbiota

Acute

•Establishment of  nutrition program balancing PN 
and peroral/ enteral feeding

•Aim is in adequate growth and stabililizing situation

•Promoting peroral feeding is advisable

Intermediate

•Weaning of PN

•Aim is to further support adequate growth with 
skilled nutritional interventions and monitoring of 
micronutritients

Late



 

27 

Early initiation of enteral feeds improves the chance of rehabilitation, as 

both adaptive structural and functional changes are enhanced by enteral 

nutrition. Nutrients in the gut lumen advance mucosal hyperplasia and 

promote secretion of trophic gastrointestinal hormones and pancreatobiliary 

fluids (Neelis et al., 2016). Early enteral feeding is also associated with 

decreased hospitalization and earlier enteral autonomy (Channabasappa et al., 

2020).  In the acute phase the volumes are at first minimal and advanced 

according to tolerance. The volume of feeds is increased over time if no adverse 

effects such as sudden increases in stomal output appear. The route can be 

either peroral or tube feeding (Amin et al., 2013; Goulet et al., 2013). As 

situation stabilizes, the intermediate phase begins. The parenteral nutrition is 

continued concurrently with advancing peroral or enteral feeding. Whenever 

possible, promoting peroral feeding can minimize the risk of later eating 

disorders, which are prevalent among SBS patients (Christian et al., 2021; 

Goulet et al., 2013). At the late phase gradual weaning off PN ensues. During 

the late period risk of micronutrient deficiencies is noteworthy, especially in 

patients lacking ileum. Therefor monitoring levels of vitamin B12, trace 

elements, essential fatty acids and fat-soluble vitamins is important, and their 

substitution parenterally or enterally should be offered to those with 

deficiencies (Goulet et al., 2013). Besides, oral rehydration fluids can be part 

of enteral rehabilitation program, especially in adaptive and late phase 

(Massironi et al., 2020).   

Peroral eating skills should be encouraged and utilized as soon as possible 

in rehabilitation process. However, during the acute or early period this is not 

always possible due to various causes including prematurity, acute illness, and 

mechanical ventilation. In these patients nasogastric tube or gastrostomy 

enables enteral feeds. There is some controversy on whether continuous 

enteral feeding has benefits over the more physiological bolus feeding in the 

early phases of the rehabilitation (Channabasappa et al., 2020; Cole & 

Kocoshis, 2013; Goulet et al., 2013). Oral feeding increases secretions from 

salivary glands and gastrointestinal tract and is both more physiological, 

better tolerated in older patients and may reduce the risk of IFALD (Goulet et 

al., 2013).   

Continuous feeding enables maximal enteral absorption with trophic 

nutrients constantly stimulating carrier protein expression in enterocytes. 

Slower infusion time also reduces the risk of osmotic diarrhea and may be 

better tolerated, hence maximizing the enteral feeds (Olieman et al., 2010). 

However, continuous feeding disrupts intestinal motor activity and motility, 

as normal fasting periods are lacking. This may lead to inadequate bacterial 

clearance, increasing the risk of small intestinal bacterial overgrowth (SIBO). 

Continuous enteral feeding maybe beneficial in early phase, but as it has 

effects on satiety, may promote infant feeding disorders, is time consuming 

and may lead to exceeding enteral tolerance, oral or if not feasible, enteral 

bolus feeding should be initiated after acute phase (Goulet et al., 2013; Mezoff 

et al., 2019).  
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Tube feeding can also be employed at later stages of rehabilitation to 

support oral feeding, but it should be executed in careful manner in 

accordance with each patients’ individual tolerance.  

Human breast milk is the recommended choice of enteral nutrition for 

neonates after bowel resection. It contains several trophic factors, including 

immunoglobulins, nucleotides, glutamine, epidermal growth factor and 

growth hormone, which promote intestinal adaptation, healthy bacterial 

colonization and the developing immune system (Channabasappa et al., 2020; 

Olieman et al., 2010). If breast milk is not available, age-appropriate polymeric 

milk can be initiated, and if not tolerated switched into oligomeric formulas. 

Polymeric formulas hold greater potential for intestinal adaptation and may 

slower transit time when compared to hydrolysate formulas (Goulet et al., 

2013; Olieman et al., 2010). However, hydrolysate and amino acid-based 

formulas are used in many centers with reportedly favorable outcomes after 

extensive SB resections (Channabasappa et al., 2020; Serrano & Schmidt-

Sommerfeld, 2002).  

After ileal resection hepatobiliary circuit of bile acids is disrupted, and the 

amount of bile acid may not be adequate to break down large amount of long 

chain fatty acids (LCFA) to absorbable micelles. This often results in fat 

malabsorption. Medium chain triglycerides (MCT) are absorbed directly by 

enterocytes. Formulas with mixture of LCFA and MCT oils increase the enteral 

tolerance and energy absorption while simultaneously supplying EFAs (Cole 

& Kocoshis, 2013; Goulet et al., 2013). 

Solid foods can be commenced at the age of 4 to 6 months, ideally with 

supervision of the nutritionist. The choice of foods is guided by individual 

anatomy and tolerance. Children with colon can benefit from dietary soluble 

fibers added to diet, but fiber is not recommended for children without ICV 

and colon (Goulet et al., 2013). Large amounts of carbohydrates in simple 

sugar form may cause osmotic diarrhea (Channabasappa et al., 2020; 

Massironi et al., 2020; Serrano & Schmidt-Sommerfeld, 2002). 

2.4.3 MEDICATION 

 

Medications used in IF patients can be  roughly divided to hormonal, 

antisecretory, pro-motility and anti-inflammatory/ anti-microbial drugs, 

while ursodeoxycholic acid may be used for cholestatic neonates (Amin et al., 

2013; Bechtold et al., 2014; Duggan & Jaksic, 2017). 

Teduglutide, a recombinant analog for glucagon-like peptide 2 (GPL-2), 

enhances the adaptive processes in the SBS and thereby reduces the 

dependency of PN. GLP-2, intestinal mediator secreted by L cells in ileum and 

colon, is involved in the absorption of nutrients. Increased plasma 

concentrations of GLP-2 after bowel resection correlate with enhanced 
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intestinal adaptation in animal models. Teduglutide has been shown to 

increase villus height, intestinal circulation, digestion and absorption 

(Brubaker, 2018; Tappenden et al., 2013). Teduglutide is injected once daily at 

the dose of 0.05 mg per kilogram, and it is approved for children above one 

year old. Phase three multicenter pediatric safety and efficacy study with 59 

patients, out whom 9 were control patients, reported 54.2% and 69.2% and 

11.1% success rate in reducing PN support by 20% in the patients receiving 

0.025 mg and 0.05 mg of teduglutide and control group, respectively. The 

study period was 24 weeks (Kocoshis et al., 2020). The effect of teduglutide on 

curtailing PN support continues over time; a single center study with 17 

pediatric patients on supportive PN (average 33 kcal/kg daily) reported 12 

patients reaching enteral autonomy within 12 months on teduglutide (Ramos 

Boluda et al., 2020). Not all patients benefit from teduglutide alike. Patients 

with jejunostomy and ileostomy and those with highest demand for parenteral 

fluids seemed to benefit most in an adult study with 85 SBS patients. However, 

also several patients with colon on continuity were able to reduce nights on PN 

and total PN volume, although the effect was moderate when compared to 

patients with no colon continuity (Jeppesen et al., 2018). A pooled pediatric 

safety study with 89 patients reported teduglutide related adverse effects in 

39.3% of the patients. Most frequent were abdominal pain (5.6%), vomiting 

(5.6%) and reactions of the injection site (14.6%). Besides, 3 severe teduglutide 

associated adverse events were reported; one ileus, a case of d-lactic acidosis 

and one gastrointestinal obstruction due to severe constipation. Also, one 

cecal polyp was discovered after the treatment, but no malignant changes in 

control endoscopies were detected (Hill et al., 2021). Limitations of 

teduglutide use are the high cost and potential unknown adverse effects of 

prolonged use. However, safety profile seems comforting. Possible future 

studies are expected to shed light on cost-effectiveness of the medication, thus 

influencing the future patient choices (Gattini et al., 2021; Hill et al., 2021; 

Kocoshis et al., 2020).  

Besides teduglutide, new GLP analogs, apraglutide (GLP-2 agonist) and 

liraglutide (GLP-1 agonist) are emerging but are not in clinical use in pediatric 

patients at the time of this thesis (Gattini et al., 2021).  

Octreotide is an analogue of somatostatin. It is administered 

subcutaneously twice daily. Octreotide is used as antisecretory agent to control 

diarrhea in SBS. It suppresses several gastrointestinal hormones, prolongs 

intestinal transit time, and inhibits absorption of macronutrients (Rosen, 

1992). Conversely, it may also increase motility in severe motility disorders by 

increasing phase three contractions in migrating motor complex (Heikenen et 

al., 2002). Adverse effects include hypo- and hyperglycemia, pancreatitis, and 

formation of gallstones in prolonged use. Fat malabsorption can also outweigh 

the possible benefits in diarrheal control. Octreotide is not routinely employed 

in pediatric SBS but may be considered in selected patients under surveillance 

(Heikenen et al., 2002; Rosen, 1992). 
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Prokinetic medication 

Dysmotility is frequent after massive bowel resection in SBS, and prokinetic 

medication may aid in advancing enteral feeds. Children with dysmotility 

syndromes may also benefit from medications (Mangalat & Teckman, 2018; 

Thapar et al., 2018). Cisapride, serotonin 4 agonist, is a prokinetic 

serotoninergic drug with the ability to promote intestinal motility from distal 

esophagus to colon. It improves gastric emptying, stimulates small bowel 

contractions, and reduces total intestinal transit time. However, the use of 

cisapride is restricted due to cardiac events, as benzamide structure in the drug 

can block potassium channels, leading to prolongation of QT interval and 

subsequent arrythmias and even sudden death (Dicken et al., 2011). A 

retrospective cohort study evaluated 29 pediatric IF patients with SBS or 

dysmotility etiology, who were started on cisapride after failing other 

prokinetics. The patients increased their enteral intake from mean 23.1% to 

90.9% of total daily kilocalories in six-month study period, while 75% of the 

patients attained enteral autonomy. One patient in this study developed 

prolonged QT interval, and cisapride was discontinued.  The cisapride dose in 

this study was started at 0.2 to 0.3 mg/kg/d and advanced up 1 mg/kg/d with 

electrocardiogram performed at baseline, 3 to 5 days after start and after every 

dose increase. Cisapride was stopped if corrected QT interval exceeded 450 

ms. Authors conclude, that cisapride may be utilized under strict surveillance 

when other prokinetic agents fail (Martinez et al., 2021).  

Prucalopride is a selective serotonin agonist that is used in the treatment 

of constipation. Recent systematic review article indicates positive effect on 

motility in pediatric patients with pseudo-obstruction (Mutalib et al., 2021). 

The effect of prucalopride on patients with dysmotile SBS has not been 

established (Martinez et al., 2021). 

Some antibiotics also enhance enteral motility. Erythromycin is prokinetic 

in low doses from 10 to 20 mg/kg divided in to three daily doses. It increases 

gastric motility by inhibiting gastrin hormone and promotes phase three 

motor migrating complex in intestine. Some studies, but not all, have 

demonstrated a positive effect on advancing enteral feeding and preventing 

parenteral nutrition associated cholestasis in preterm babies (Chicella et al., 

2005; Dicken et al., 2011; Gokmen et al., 2012; Lauriti et al., 2014). A 

multicenter double-blind study with 62 gastroschisis patients observed no 

advantage over duration of PN or reaching full enteral feeding in erythromycin 

group (Curry et al., 2004). Patients with pseudo-obstruction may benefit from 

erythromycin, but studies on other forms IF, SBS and erythromycin are 

lacking (Dicken et al., 2011; Thapar et al., 2018).  Adverse effects include 

ototoxicity, hepatoxicity and gastrointestinal complaints. Erythromycin has 

been associated to increased incidence of hypertrophic pyloric stenosis in 

neonates. Also, rare cases of cardiotoxicity in neonates have been reported 

when higher doses used for infection control were applied (Chicella et al., 

2005).  
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Amoxicillin clavulanate acid is another prokinetic antibiotic used in IF 

patients with dysmotility. The exact mechanism behind the prokinetic effect is 

not known but may be mediated through the release of intraluminal motilin 

and interaction with the myenteric plexus (Dicken et al., 2011). The drug may 

be also used to control SIBO, although consideration of aggravating dysbiosis 

should be taken when antibiotics are used frequently or long-term (Talathi et 

al., 2021).  

Other prokinetic agents such as dopamine antagonists domperidone and 

metoclopramide have also been employed in treating IF-related dysmotility. 

Their use is limited by minor efficacy and notable side effects including 

extrapyramidal symptoms induced by metoclopramide and possible QT 

prolonging effect of domperidone (Chicella et al., 2005; Dicken et al., 2011; 

Martinez et al., 2021).  

Anti-secretory medications and diarrheal control 

Bowel resection is often complicated with a hypersecretion phase. Also, 

anatomical variation in the SBS can lead to secretory diarrhea by several 

mechanisms (Bechtold et al., 2014; Duggan & Jaksic, 2017). 

Proton pump inhibitors and histamine-2 blockers are used to control 

increased acidic secretions after bowel resection (Amin et al., 2013; Bechtold 

et al., 2014). However, curtailing acidity in gastric fluid can aggravate 

dysbiosis and SIBO, and increase infectious problems, and thus therapy 

should be discontinued after post-operative period when gastric output 

normalizes (Wessel et al., 2017).  

Loperamide, antidiarrheal medicine, has effects on intestinal opioid 

receptors, depressing intestinal muscle activity and slowing transit time. It can 

also curtail gastric and biliopancreatic secretions and increase anal sphincter 

tone. Loperamide is absorbed through enterohepatic circulation, thus 

reducing the effect on patients with jejunostomy or extensive ileal resections. 

In this case, increasing the dose may be beneficial. Slowing intestinal transit 

can lead to nausea on high doses, but other side effects are rare (Bechtold et 

al., 2014).  

Soluble fibers such as pectin or guar gum can reduce diarrhea in patients 
with remaining colon. Soluble fibers slow intestinal transit time and are 
fermented to short chain fatty acid, which colonocytes can use for energy. 
Butyrate appears to be to be most important of these, as it enhances colonocyte 
proliferation and water and sodium absorption, thereby promoting intestinal 
adaptation in SBS (Kocoshis, 2010).  

Cholestyramine can assist in diarrheal control of IF patients with moderate 
ileal resection and remaining colon by binding unabsorbed bile acid, which 
could induce secretory diarrhea. However, in patients with extensive ileal 
resection use of cholestyramine can provoke fat malabsorption and 
deficiencies of fat-soluble vitamins as bile salt pool is limited due to disrupted 
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enterohepatic circulation in the absence of absorptive surface area (Bechtold 
et al., 2014).  

Antimicrobial medication 

Besides the antibiotics used for promotility purposes, antimicrobial 

medication can also be targeted to treat suspected SIBO. The antibiotics 

commonly used for this purpose include metronidazole, ciprofloxacin, 

rifaximin and gentamicin (Walker & Cole, 2019). Single antibiotic course of 7 

to 10 days may be more appropriate than cycling antibiotics for longer periods, 

even though cycling is historically often recommended (Bechtold et al., 2014; 

Duggan & Jaksic, 2017; Kocoshis, 2010). Studies indicate that antibiotic use 

can aggravate dysbiosis and impair intestinal adaptation, therefore indicating 

caution instead liberal use in IF patients (Josyabhatla & Imseis, 2021). 

Anti-inflammatory medication 

Glucocorticosteroid therapy may diminish inflammation and feeding 

intolerance in a subset of SBS patients. In a recent study 15 pediatric patients 

with biopsy proven inflammation received oral corticosteroids. The initial 

treatment was with prednisolone 1 mg/kg daily, which was then tapered down 

and replaced with budesonide, 3 to 9 mg daily dose for maintenance. Out of 15 

patients 11 were able to reduce PN calories, and out of 7 patients with 

eosinophilic inflammation 6 weaned of PN during corticosteroid treatment. 

The treatment period in this study was median 7.5 months, two patients 

relapsed after cessation of the therapy, and were restarted on corticosteroids. 

Linear growth was impaired on 4 patients in this study group (Wang et al. 

2021). Glucocorticoids can also be used in the treatment of anastomotic 

ulcerations in SBS patients, but long-term data on efficacy is scarce (Charbit-

Henrion et al., 2014; Fusaro et al., 2018). 

Other anti-inflammatory medications including anti-TNF-inhibitors and 
5-ASA (5 aminosalisylic acid) have also been used in controlling inflammation 
and anastomotic ulcerations in IF patients, and their role can strengthen in 
future when the treatment of SBS and IF shift increasingly into chronic 
problems as overall survival improves also among the most severely ill patients 
(Charbit-Henrion et al., 2014; Cohran, 2021; Fusaro et al., 2018). 

Ursodeoxycholic acid 

Ursodeoxycholic acid is a natural bile acid, which displaces endogenous toxic 
bile acids, thus potentially alleviating liver injury (Amin et al., 2013; 
Arslanoglu et al., 2008). It has shown efficacy in the treatment of parenteral 
nutrition associated cholestasis in neonates and is well tolerated (De Marco et 
al., 2006). Neonates with IF and risk of IFALD or with elevated transaminases 
may benefit from ursodeoxycholic acid (Mezoff et al., 2019). 
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2.4.4 SURGERY 

 

Consideration for future rehabilitation of SBS patients should start from the 

moment of diagnosis. Early identification of NEC, volvulus and congenital 

malformations with prompt treatment and timely surgical approach with 

possible second look operation after 24 hours can help to minimize the loss of 

bowel length in the operation. Salvaging ileum and ICV whenever possible 

benefits the later enteral rehabilitation, as does establishing colon continuity 

by ostomy closures or re-feeding a distal stoma (Billiauws et al., 2018; Coletta 

& Morabito, 2019; Duggan & Jaksic, 2017).  

Autologous intestinal lengthening surgery 

Autologous intestinal lengthening procedures can promote rehabilitation and 

enteral nutrition in patients with small bowel dilatation, which is a frequent 

complication in SBS.  Techniques commonly employed are longitudinal 

intestinal lengthening and tapering, called Bianchi operation, and more 

recently introduced serial transverse enteroplasty (STEP). In the Bianchi 

operation dilated bowel is resected lengthwise into two halves, which are then 

closed and tailored together to double the primary bowel length.  This 

technique requires experienced surgeon and early complications are relatively 

common (Coletta & Morabito, 2019; Hollwarth, 2017). In STEP a GIA stabler 

is used to produce a zigzag pattern, enabling individual lengthening. STEP is 

technically less challenging with less immediate severe complications than the 

Bianchi operation and can be repeated. Adverse effects include disrupting 

muscle fiber pattern, which may lead to impaired peristalsis, and a high risk 

of intestinal bleeding up to 26% after operation. High infection risk after 

operation is also reported (Boscarelli et al., 2021; Coletta & Morabito, 2019; 

Hollwarth, 2017). Meta-analysis of 86 pediatric STEP patients demonstrated 

improved enteral tolerance in 86% of the patients, with 34% mean increase in 

enteral tolerance (Fernandes et al., 2016). Long-term complications are 

frequent after both lengthening operations, including re-dilatation, SIBO and 

adhesive bowel obstruction (Hollwarth, 2017). A newer technique of 

lengthening called spiral lengthening and tapering has been introduced, in 

which resections are made in 40-to-60-degree angles to bowel in a spiral 

fashion. The reported results are still relatively sparse, although comparable 

to STEP in published cases (Coletta & Morabito, 2019).  

Surgery in dysmotility syndromes 

Also children with IF due to severe dysmotility syndromes often require 

individual surgical approach. Gastrostomy with or without jejunostomy can be 

used to decompress bowel and enable enteral feeding. Such venting stomas 

have been shown to improve patient quality of life. Similarly, ileostomy in ill-

functioning part of the bowel can improve dysmotility symptoms, increase 

enteral intake, and decrease SIBO. Small bowel resections are not generally 
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advisable in PIPO, as they may impair over-all health and interfere possible 

future intestinal transplant prognosis (Thapar et al., 2018).  

Intestinal transplant surgery 

To improve prognosis, patients with irreversible IF should be evaluated in the 

early phase of the disease in specialized centers with intestinal transplant (ITx)  

programs. However, advancing to intestinal transplantation should only be 

considered in patients who have an increased risk of death on home PN (Kahn 

et al., 2019; Pironi & Sasdelli, 2021). The Intestinal Rehabilitation and 

Transplant Association published a revised consensus statement for intestinal 

transplant listing criteria in 2019. For pediatric IF patients these include 

advanced progressive IFALD,  extensive thrombosis of upper body central 

veins (3 out of 4 or occlusion of brachiocephalic vein), severe morbidity with 

at least two ICU admissions due to cardiorespiratory failure, sepsis, or other 

severe complication of IF and failure of first transplant (Kaufman et al., 2020). 

Pre-emptive intestinal transplantation in pediatric patients is limited to 

children with severely impaired quality of life and poor prognosis on home PN, 

for example children with MVID (Goulet et al., 2004; Pironi & Sasdelli, 2021). 

The overall pediatric ITx patient survival reported is 51%, with 5-year patients’ 

survival at 58%. Survival rates have improved over time, with highly 

specialized centers attaining results comparable with survival on long term 

home PN (Celik et al., 2018; Venick et al., 2020). 

2.4.5 ENDOSCOPY IN PATIENTS WITH INTESTINAL FAILURE 

 

Role of endoscopy in the follow-up and diagnostic guidance is emerging, as 

availability for pediatric patients improves. Two studies evaluatiang 

endoscopy results in pediatric IF patients detected pathologic findings in 

approximately 70% of the patients. While diagnostic endoscopies were more 

likely to detect pathology,  findings were frequent in scheduled follow-up 

endoscopies also. The most frequent endoscopic findings were severe gastritis, 

esophagitis, gastric and duodenal ulcers, erythematous colitis and duodenitis. 

Endoscopy led to treatment modification in most of these patients (Busch & 

Sturm, 2018; Ching et al., 2008).  A study with 105 pediatric IF patients 

detected eosinophilia in 39% of the endoscopy samples. Eosinophilia 

associated with hematochezia. Children on solid foods had more eosinophilia 

in the esophagus and less in the colon, whereas those on elemental diet had 

opposite results. Relevancy of this finding remains unclear with possible 

multifactorial etiology  (Stamm et al., 2016). These studies indicate that 

endoscopy is useful tool both in screening protocols and in diagnostic process. 

It can also be used in therapeutic interventions, such as treating anastomotic 

ulcers (Fusaro et al., 2018).  
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2.4.6 CENTRAL VENOUS ACCESS 

 

Central venous line is one the most important aspects of the treatment regime 

with IF patients, as patients are dependable on intravenous fluids and 

nutrition for livelihood and wellbeing. However, it brings along increased risk 

for complications including sepsis and thromboembolic events. Therefor 

meticulous care must be taken to ensure adequate handling of CVC, including 

education of staff and patients’ caretakers. Ideally, centers treating IF have 

multidisciplinary teams including educated nurses, anesthesiologist and 

hematologist addressing continued education and complications arising with 

CVC (Duesing et al., 2016; Kolacek et al., 2018; Wendel et al., 2021). 

Choice of catheter and venous access site 

Three different types of catheters are available for patients with dependency 

on long-term parenteral solutions: tunneled cuffed central venous catheter 

(CVC), peripherally inserted central catheter (PICC) and implanted central 

venous port (Kolacek et al., 2018; Wendel et al., 2021). Tunneled CVC is 

usually the recommended choice as it has greater longevity compared to PICC, 

whereas infection rates vary between studies with no evident benefit for either 

catheter type (Christensen et al., 2016; Kolacek et al., 2018; LaRusso et al., 

2019; Toure et al., 2015). Venous ports have lower infection risk but are not 

practical with frequent infusions (Baskin et al., 2019; Wendel et al., 2021). 

Single lumen catheter with a diameter adequate for patients’ size placed in 

upper body veins should be chosen to avoid venous obstruction, thrombosis 

and to reduce infections (Baskin et al., 2019; O'Grady et al., 2011; Parienti et 

al., 2015). 

Hygiene and handling 

Only caregivers educated on CVC handling and specialized nursing staff 

should be allowed to manage the  CVC (Wendel et al., 2021). Caregivers ought 

to be educated at hospital thoroughly before taking on the responsibility of 

home PN (Drews et al., 2017). Check list and care-bundles are useful in further 

decreasing infection risk (Duesing et al., 2016; O'Grady et al., 2011). 

Chlorhexidine gluconate dressings can be used to further limit pathogen 

growth on CVC site (Chesshyre et al., 2015; Duesing et al., 2016). The 

application of antimicrobial catheter solution locks has shown efficacy in 

prevention of infections. Ethanol and taurolidine locks are used for pediatric 

IF patients (Chesshyre et al., 2015; Duesing et al., 2016; Rahhal et al., 2018; 

van den Bosch et al., 2021). 

Common complications of central venous catheters 

Line breakage is a relatively frequent complication in pediatric patients; 

however, broken CVC can be prepared in most cases without losing the 

existing line and, at worst case, also the current venous access (McNiven et al., 
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2016; Zens et al., 2019). IF patients are at increased risk for septicemia, and 

any child with CVC and fever should be promptly examined and blood cultures 

obtained (Chesshyre et al., 2015; Duesing et al., 2016). Thromboembolic 

complications are feared in in children with long term PN dependency, as 

thrombotic blockade of the line is a well-known risk factor for loss of venous 

access. In the long run, half of the pediatric patients with long term CVC 

develop thrombosis which may be frequently asymptomatic (Baskin et al., 

2009; Duesing et al., 2016; Wendel et al., 2021). Initially, blocked CVC can be 

salvaged with fibrinolysis. Children with thrombosis related to catheter are 

treated with individialized anticoagulation (Wendel et al., 2021). Children who 

have extensive thrombosis in most of the main upper body veins or suffer 

repeated life-threatening infections should be referred to centers with 

intestinal transplant program for evaluation (Kahn et al., 2019; Kaufman et 

al., 2020).  

2.5 PARENTERAL NUTRITION 

History of PN goes back 60 years to 1960`s, when first reports of successful 

PN infusions for humans were made (Goulet et al., 2018). In 1968 surgeons 

Stanley Dudrick and Douglas Wilmore successfully treated a neonatal short 

bowel syndrome patient with near total PN for 22 months, for the first time in 

medical history (Dudrick, 2003; Wilmore & Dudrick, 1968). Before the advent 

of PN the prognosis for short bowel syndrome was poor, with no hope for 

patients with irreversible intestinal failure (Goulet et al., 2018; Mangalat & 

Teckman, 2018). After first reports of successful treatment with PN, IF 

prognosis slowly improved. However, PN still carried high morbidity and 

mortality due to sepsis, IFALD and metabolic bone disease (Goulet et al., 

2018). First reports of  specialized nutrition IF teams are from late 1980´s,  

followed by multidisciplinary IF teams in past two decades, a modality slowly 

revolutionizing treatment and prognosis of IF to such extend, that intestinal 

transplant is becoming a rare event of the future even for children with 

irreversible IF (Belza & Wales, 2017; Goulet et al., 2018; Smallman et al., 1987; 

Stanger et al., 2013). 

2.5.1 PRINCIPLES OF MODERN PARENTERAL NUTRITION 

ADMINISTRATION 

 

Children with IF, both during the acute and chronic phase of the disease, 

should be clinically evaluated regularly. Anthropometrics including height, 

weight, upper arm circumference and growth rate can be applied to estimate 

adequacy of PN energy and macronutrient provision, and  the signs of 

dehydration or edema guide in evaluating fluid balance (Puntis et al., 2018). 

Neonates and children with IF are at risk of compromised growth even when 
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nutrition is adequately monitored, as both undernutrition and inflammatory 

complications can hinder growth velocity (Morton et al., 2017; Raphael et al., 

2015). The goal of nutritional treatment is linear growth in height and weight 

with gains of lean mass without excess accumulation of fat (Raphael et al., 

2015). 

Laboratory testing is part of the evaluation and follow-up of PN regime. 

Table 3 shows the laboratory follow up, indication and suggested frequency as 

modified from the ESPGHAN guidelines of PN admiration (Puntis et al., 

2018). 

Each IF patient should have an individual nutrition plan based on expected 

daily energy requirement and growth, enteral tolerance, measured losses and 

clinical condition, and it should be closely followed up, ideally by a 

multidisciplinary team (Corkins et al., 2013; Puntis et al., 2018). 

Constructing the PN plan and ordering PN for patients should be 

standardized and monitored by professionals educated on specific needs and 

possible complications of pediatric IF patients to ensure maximum safety. 

Electronic order templates for PN are recommended (Ayers et al., 2014; 

Corkins et al., 2013; Puntis et al., 2018; Seres et al., 2006). Protocols for 

applying nutritional therapy may improve patient outcomes (Skillman, 2011; 

Zamberlan et al., 2011).  

PN infusions must be given at controlled flow speed as high flow speed may 

lead to hypertriglyceridemia, hyperglycemia, electrolyte imbalances with 

excess fluid and, at worst case, heart failure. ESPGHAN guidelines also 

recommend using inline filters and protecting PN solutions from light when 

administered to neonates, to prevent formations of harmful oxidants (Chessex 

et al., 2017; Jack et al., 2012; Puntis et al., 2018). 

PN is generally started as a continuous 24-hour infusion, with 
macronutrient and energy content raised to target level within some days, 
while simultaneously following tolerance by monitoring glucose, triglycerides, 
nitrogen and fluid and electrolyte balance (Puntis et al., 2018; Slicker & 
Vermilyea, 2009).  After the child has recovered from the early disease phase 
and reached a stable stage, preferably with some enteral tolerance, the cycling 
of PN can begin. In long-term PN cycling has obvious benefits on quality of 
life, as daytime is free from infusions. Besides, cycling seems hepato-protective 
(Btaiche & Khalidi, 2002; Lacaille et al., 2015; Nghiem-Rao et al., 2013; Puntis 
et al., 2018; Slicker & Vermilyea, 2009). Initially the breaks from PN are short, 
and the time between infusions is slowly raised especially in neonates and 
children with minimal enteral tolerance (Suryadevara et al., 2012). 
Hypoglycemia is possible during the infusion break, whereas abrupt start of 
infusion may lead to hyperglycemia. The risk for these adverse effects can be 
minimized by gradual initation and finishing of PN flow speed (Bendorf et al., 
1996; Krzywda et al., 1993; Stout & Cober, 2010). Independence from PN 
should be the aim of the PN plan. When a child is clinically stable, and it 
becomes evident that long-term PN is required cyclical PN aiming to infusions 
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of 12 to 14 hours per day is. After the child can tolerate approximately 50% of 
the required energy enterally, nights of PN may ensue (Hill, 2019). 

Table 3. Laboratory follow-up during parenteral nutrition 

 

Laboratory value Clinical relevancy Frequency in  

acute phase            stable phase           home PN 

Blood gasses, 
Glucose 

Sodium 

Potassium 

Chloride 

Calcium 

Fluid -and electrolyte 
balance  

Adequate 
compensation for 
losses 

Glucose control 

Every 1 to 2 
days 

Every 1 to 2 
weeks 

Every 1 to 3 
months 

Complete blood 
count 

Malnutrition Minimum 1 
time/week 

Every 1 to 2 
weeks 

Every 1 to 3 
months 

Prealbumin 

Albumin 

Urea, Creatinine 

Protein metabolism Minimum 1 
time/week 

Every 1 to 2 
weeks 

Every 1 to 3 
months 

Triglycerides 

Cholesterol 

Lipid tolerance 

Fat malabsorption 

As required As required Every 6 to 12 
months 

AST, ALT, GGTP 

Bilirubin 

Alkaline 
phosphatase 

Monitoring for 
cholestasis and 
markers of IFALD 

As required Minimum 1 
time/week 

Every 1 to 3 
months 

INR  As required Minimum 1 
time/week 

Every 1 to 3 
months 

Magnesium  

Zinc 

Deficiency, adequate 
supplementation 

As required As required Every 1 to 3 
months 

Phosphorus Deficiency 

Refeeding syndrome 

Minimum 1 
time/week 

Minimum 1 
time/week 

Every 1 to 3 
months 

CRP Inflammation As required As required As required 

Fe, Ferritin Iron deficiency As required As required Every 6 to 12 
months 

PTH, 25OHD3 

Vitamin B12 

Risk of metabolic 
bone disease, 
supplementation 

As required As required Every 6 to 12 
months 

Selenium 

Copper 

Deficiency, adequate 
supplementation 

Minimum 1 
time/week 

As required Every 6 to 12 
months 

Electrolytes in urine Measuring 
losses, adequate 
supplementation 

As required As required Every 1 to 3 
months 



 

39 

2.5.2 ENERGY PROVISION 

 

PN demand is calculated initially estimating the individual energy 

requirement, which include basal metabolic rate (BMR), diet induced 

thermogenesis, physical activity, and growth. If there is preceding 

malnutrition, correction of growth failure should also be allowed for. In 

clinical setting the exact basal energy requirement is usually not available. For 

children BMR is often replaced with resting energy expenditure (REE), as 

these are comparable. REE can be estimatedusing the Schofield equation, 

which is an age and gender-specific equation based on weight and height or 

for weight alone (Butte, 2008; Joosten et al., 2018; Schofield, 1985). BMR 

means energy expended at resting state to maintain essential body functions 

at cellular level. Diet induced thermogenesis consists of approximately 10% of 

daily energy requirement in healthy child, and refers to energy used for 

ingesting, digesting, absorbing and further processing food (Butte, 2008). 

This requirement is small in children who are on total PN. Energy demands 

for physical activity vary most between individuals. For estimates of the total 

daily energy needs, the following REE coefficients may be applied: sleeping 

1.0*REE, lying awake 1.2*REE, sitting 1.4*REE, and activity from light to 

vigorous between 1.5 to 2.0*REE (Butte, 2008; Joosten et al., 2018). The 

amount of energy required for growth is age dependent. A newborn child has 

growth energy demand of about 175 kcal per day or 35% of total daily energy 

need. This decreases to 60 kcal/ day at the age 4 to 6 months and 20 kcal/day 

from there on until puberty and growth spurt, when demands increase up to 

30 kcal/day (Butte, 2008; Joosten et al., 2018)  

Estimated energy requirements in hospitalized children depend on the 

stage of the disease and route of administration, as PN reduces the energy 

needed for food ingestion and digestion and children on PN often have low 

physical activity level. ESPGHAN has given recommendation of energy and 

macronutrient provisions for pediatric patients on PN. These are shown in 

Table 4 (Joosten et al., 2018; Koletzko, 2008; Lapillonne et al., 2018). 

In the early acute phase of  the disease, such as after major trauma, surgery 

or severe sepsis,  a catabolic state appears. In this state body uses endogenous 

energy and cannot utilize energy provided by aggressive parenteral or enteral 

nutrition. Such overfeeding in acute illness may indeed lead to adverse 

outcomes and increased morbidity (Fivez et al., 2016; Joosten et al., 2018; 

Mehta et al., 2017). After early acute period, however, the energy demands 

raise to a higher level for recovery period. During this phase, a correction for 

lean body mass lost during the acute phase should be allowed. The exact time 

these reconstructive changes take is unknown but is estimated to be between 

3 to 7 days. During transition from the acute to the subacute stage, IF patients 

should be monitored for signs of both excess and underfeeding (Moltu et al., 

2021). Energy exceeding nutritional demands can lead to hyperglycemia, 



 

40 

hypertriglyceridemia, excess fat cumulation and increased carbon dioxide 

production (Mehta et al., 2017).  

Table 4. Recommended energy and macronutrient provision during parenteral nutrition. 

Age, 

years 

Energy (Kcal)/d 

 

 

Acute/Recovery/ Stable 

Carbohydrate g/kg/d* 

 

 

Acute/Recovery 

/Stable 

Amino Acids 

g/kg/d 

 

Lipids 

g/kg/d 

 

Preterm 45-55/90-120/- 5.8–11.5/11.5-14.4/- 

(Range 5.8-17.3) 

1.5-2.5 (postnatal) 

/2.5-3.5  

3- 4 ** 

0 to 1 45-50/75-85/60-65 2.9-5.8/8.6-14/5.8-8.6 

 

Term newborn  

3.6-7.2/7.2-14.4  

(Range 2.5-17.3) 

1.5-3.0  

(0-2 months) 

1.5-2.5  

(2 months->) 

2-4** 

1 to 7 40-45/65-75/55-60 2.2-3.6/4.3-8.6/2.8-5.8 1.5-2.5  

(1-3 years) 

1.0-2.0 

(4 years->) 

2-3** 

7 to 12 30-40/55-65/40-55 1.4-2.2/4.3-5.8/2.2-4.3 1.0-2.0 

 

2-3** 

12 to 18 20-30/30-55/25-40 0.7-1.4/2.9-4.3/1.4-2.9 1.0-2.0 

 

2-3** 

* Modified from recommendations based on weight 

** Lover maximum dose is indicated for children with cholestasis or high risk of IFALD 
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In the large Pepanic Trial including 1440  intensive care patients those started 

on PN after  one week from ICU admission had less infections and a shorter 

period of both mechanical ventilation and intensive unit stay, when compared 

to patients who had been randomly assigned to start PN earlier (Fivez et al., 

2016). However, also undernutrition is harmful, and sufficient glucose 

provision is mandatory during the acute period.  Monitoring for signs of 

malnutrition is essential especially during prolonged hospitalization (Mehta et 

al., 2017). In Pepanic trial hypoglycemia was more prevalent in late PN group, 

although it was not associated with long-term adverse effects (Fivez et al., 

2016). 

Preterm babies with NEC consist of a growing subgroup of pediatric IF 

patients. Prematurity enhances early nutritional demands, as early 

malnutrition can have long lasting adverse effects on neurocognition and 

prolong rehabilitation from various neonatal diseases and lead to 

compromised growth (Darmaun et al., 2018; Ehrenkranz et al., 2006; Pfister 

& Ramel, 2014). Still, excess weight gain out of proportion for height has also 

been associated with adverse neurological outcome in preterm babies with 

linear growth restriction (Meyers et al., 2019).  Also, rapid catch-up growth 

during neonatal period may lead to untoward metabolic programming and 

later risk of obesity (Barker, 2004; Belfort et al., 2013; Darmaun et al., 2018). 

Immediate post-natal days can be compared to an acute phase of illness, with 

lower energy demands as shown in Table 4. After initial weight loss after birth, 

aiming for weight gain appropriate for present body weight means 17 to 20 

grams/kg/day (Joosten et al., 2018) 

2.5.3 LIPIDS AND ESSENTIAL FATTY ACIDS 

 

Lipids are an essential source of energy for growing children and neonates. 

Lipids provide essential fatty acids (EFA) required for normal development 

and growth, form building blocks for cell membranes and neural structures, 

and comprise the majority of body’s energy stores in adipose tissue. Fatty acids 

can also affect gene expression and regulation (Mena, 2008). Linoleic acid 

(LA) and α-linolenic acid (ALA) are called essential fatty acids, as they cannot 

be synthetized in human metabolism and thus must be acquired from dietary 

sources. LA is a precursor for arachidonic acid (AA), which is found 

abundantly in vascular endothelium, whereas ALA is synthetized to 

docosahexaenoic acid (DHA), found in the retina and brain cortex, and 

eicosapentaenoic acid (EPA). AA, DHA, and EPA are components in 

eicosanoids, that act as growth factors and inflammatory mediators. Omega-6 

eicosanoids are considered proinflammatory, whereas omega-3-line 

eicosanoids are thought to be anti-inflammatory (Gramlich et al., 2019; Mena, 

2008). Adequate DHA and AA supply is necessary for early neurological 

development and should be provided to neonates through diet. Neonatal 
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biosynthesis of DHA and AA from LA and ALA is limited (Brenna, 2016; 

Hadley et al., 2016; Koletzko et al., 2015).  

Also, the absorption of fat-soluble vitamins A, D, E and K may be 

compromised in IF. These vitamins are mostly absorbed like lipids requiring 

bile acid micelles, although research has identified specific transport proteins 

involved in Vitamin A,D, E and K absorption (Reboul & Borel, 2011). Fat-

soluble vitamins must be provided with PN to ensure adequate uptake 

(Domellof et al., 2018). 

Intravenous lipids are given in emulsions to enable safe administration. 

These emulsions contain one or more lipid sources emulsified by phospholipid 

from egg yolk, sterile water, glycerol to maintain isotonicity and sodium 

hydroxide to keep PH at 6 to 9. Glycerol also supplies extra energy (Anez-

Bustillos et al., 2018). Picture 3 revises the commercially available lipid 

sources and their content, modified from Gura and Crowley (Gura & Crowley, 

2018). 

Intravenous lipid emulsions provide both energy and EFAs. In total PN 

recommendation for lipid energy is between 25% to 50% percent of total non-

protein energy or 15% to 30% of total energy, but no more than 4 g/kg in 

neonates and 3 g/kg in older children. Lipid infusion should start within first 

days after birth if enteral nutrition is not feasible. The minimum amount of LA 

provision required is 0.25 g/kg in preterm babies and 0.1 g/kg in term babies 

and older children. In preterm neonates composite mixture containing FO 

should be provided to minimize the risk of DHA deficit (Lapillonne et al., 2010; 

Lapillonne et al., 2018; Wanten & Calder, 2007). It should be noted that these 

recommended maximum lipid doses may be much too high for children with 

IF, especially during early neonatal period (Gura & Crowley, 2018). 

Lipoprotein lipase is an enzyme responsible for hydrolyzing triglycerides 

freed from chylomicrons provided by intravenous lipid emulsions or enteral 

diet. This enzyme activity is lower during catabolic states, and can be affected 

by prematurity, malnutrition, metabolic acidosis, and hypoalbuminemia. 

These conditions may be related to lower tolerance of lipids and call for more 

diligent monitoring (Gura & Crowley, 2018). 

Overloading the capacity of lipoprotein lipases by rapid infusion of 

intravenous lipids can lead to fat overload syndrome. The symptoms include 

headache, fever, jaundice, enlarged liver and spleen, respiratory distress and 

hemorrhage and coagulopathy. Treatment is immediate cessation of 

intravenous lipid and supportive care (Hojsak & Kolacek, 2014; Lapillonne et 

al., 2018). To avoid intolerance maximum infusion rate suggested for infants 

is limited to 0.13 to 0.17 g/kg/h and for older children 0.08 to 0.13 g/kg/h 

(Koletzko, 2008). Triglyceride level can be applied to estimate tolerance, 

upper limit for infants and older children are 3.0 mmol and 4.5 mmol 

consecutively (Lapillonne et al., 2018).  
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Four types of lipids are currently available either as a sole component or as 

part of mixed emulsions. SO has been in use for long time, it has high LA and 

ALA content, but no downstream metabolites AA, DHA, and EPA.  Alfa-

tocopherol content is low compared to others available lipid sources and 

phytosterol count high. High doses of SO with high omega-6 content may 

promote inflammation and together with phytosterols may also aggravate 

cholestasis. In modern PN it is preferably used in composite mixture to 

provide EFAs (Gura & Crowley, 2018). 

 

 

 

Figure 3. The commercial lipid infusions and the provision of essential fatty acids, vitamin E and 

phytosterols. 

 

OO is rich in omega-9 and contains around 10% of LA and 1% ALA. It has 

slight anti-inflammatory effect due to monounsaturated fat and good 

tolerance to oxidative stress. It may also improve glucose tolerance in preterm 

neonates when compared to SO alone. Due to low EFA content OO is used as 

part of composite mixtures (Gura & Crowley, 2018; Sala-Vila et al., 2007). 

FO has been successfully used to alleviate cholestasis. It contains high 

amount of alfa-tocopherol and anti-inflammatory omega-3 fatty acids, and 

• SO 30%, MCT 30%, OO 25%, FO 15%

• LA 21.4%, ALA 2.5%, AA 0.15-0.6%, DHA 2%, 
EPA 3%

• E-vit 163-225 mg/l, Phytosterols 207 mg/l

Smoflipid® 

20%

• SO20%, OO 80%

• LA 18.5%, ALA 2%, AA 0%, DHA 0%, EPA 0%

• E-vit 32 mg/l, Phytosterols 274±2.6 mg/l

Clinoleic® 

20%

• FO 100%

• LA 4.1%, ALA 1.8%, AA 1-4%, DHA 12.1%, EPA 
19.2%

• E-vit 150-296 mg/l, Phytosterols 3.66 mg/l

Omegaven® 

10%

• SO 100%

• LA 50%, ALA 9%, AA 0%, DHA 0%, EPA 0%

• E-vit 38 mg/l, Phytosterols 439±5.7 mg/l

Intralipid®

20%
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only small amount of phytosterols. As it is low in LA, it is preferably used as 

part of mixed emulsions. Commercially available monotherapy  FO emulsion 

contains 10% lipid, and thus has lower energy yield compared to pure SO or 

mixed emulsion containing 20% lipids. FO 10% emulsionlaso has a higher 

phospholipid content, which may elevate triglycerides. FO monotherapy has 

been successfully employed as rescue therapy for severe cholestasis, although 

it is not recommended for long term use as only source of lipid energy in 

Europe (Gura & Crowley, 2018; Lapillonne et al., 2018). 

MCT oils are provided from coconut and palm oil. They are a neutral source 

of energy but contain no EFAs and are hence used in mixed emulsions. MCT 

oil does not have proinflammatory properties and is easily utilized for energy. 

However, MCT may be toxic to central nervous system in high quantities (Gura 

& Crowley, 2018; Rogawski, 2016). 

As can be seen in Figure 3, there are differences between commercial 

emulsions not only in the provision of different lipid sources but also EFAs, 

vitamin E and phytosterols. These deserve attention considering effects they 

may exert on liver. Low phytosterol content with adequate supply of vitamin 

E is thought to be beneficial due to anti-inflammatory effect (Gura & Crowley, 

2018). Vitamin E, especially in alfa-tocopherol form found in OO and FO, acts 

as antioxidant in cell membranes and may thus be hepatoprotective (Burrin et 

al., 2014). Too high vitamin E provision may possibly interfere with vitamin K 

functions, as well as limit absorption of vitamins A and D (Goncalves et al., 

2015). 

To prevent cholestasis and IFALD, minimizing phytosterol provision 

and/or reducing total intravenous lipid dose to maximum 2 grams per day is 

recommended. In case of cholestasis still lower doses of phytosterol containing 

lipids are indicated. Plant-based lipid emulsion provision of 1 g/kg/day is 

sufficient in preventing EFAD while still alleviating cholestasis in several 

studies. Use of FO as part of component mixtures is recommended for children 

at risk of IFALD, and it may be used as monotherapy for short term in cases of 

severe cholestasis. (Gura & Crowley, 2018; Lapillonne et al., 2018).  The role 

of phytosterols and different EFA component in IFALD is discussed in more 

detail in chapter 2.6. 

2.5.4 CARBOHYDRATES 

 

Carbohydrates form the majority of energy provision in a normal western diet. 

Carbohydrates are broken down to glucose for cells’ energy metabolism. Brain 

cells, renal medulla and erythrocytes are dependent on glucose provision, as 

they cannot utilize other forms of energy. During pregnancy healthy mothers´ 

placenta provides constant glucose provision averaging 7 g/kg/day. After birth 

and during childhood and adolescence, glucose metabolism and thus, 
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carbohydrate requirement, is affected by age, previous nutritional state, 

growth velocity, physical activity and in case of hospitalized patients, the 

underlying diseases, and the disease phase (Mesotten et al., 2018). 

In intravenous solutions glucose is provided as dextrose, a monohydrate D-

glucose. The concentration of glucose largely defines the osmolality of 

solutions, thus infusing higher concentrations of dextrose demands a central 

line. Dextrose provided in intravenous solutions is oxidized for energy and 

stored as glycogen in liver and muscles. Any excess dextrose is converted to fat 

trough lipogenesis (Guenst & Nelson, 1994; Mesotten et al., 2018; Roach, 

2002). 

The amount and infusion rate of intravenous dextrose is guided by 

individual tolerance and requirement. Amount of other macronutrients and 

energy, both in PN and in enteral feeds, should be factored into PN 

calculations. ESPGHAN guidelines given in table 4 cater for different ages and 

clinical situations. Both hypo- and hyperglycemia may be harmful and 

tolerance for chosen dextrose therapy should be monitored especially in 

neonates and critically ill children. Bedside blood glucose monitoring is easy 

and accessible for most patients and can be used in early phases of 

hospitalization or critical illness to guide glucose provision. In long term PN 

dextrose is important source of energy, and adequate weight gain and growth 

besides blood glucose determine glucose requirements (Mesotten et al., 2018). 

The definition suggested for hypoglycemia varies between authors; 

suggested values varying from as low as 2.2 to 3.3 mmol/ liter in newborns, 

whereas for older children higher cut-of value at 2.8 to 3.3 mmol/ liter are used 

(Faustino & Bogue, 2010; Mesotten et al., 2018; Tin, 2014). Hypoglycemia 

causes acute symptoms including irritability, lethargy, hypotonia, tremor, and 

especially in neonates apneic spells and hypothermia. Severe prolonged 

hypoglycemia can lead to convulsions, coma and death if not treated in 

promptly (Tin et al., 2012). Neonates born preterm with low birth weight, or 

those severely ill, are at risk of hypoglycemia (Zhou et al., 2015). In a study 

including 42 Pediatric ICU patients with minimum one blood glucose 

measurement under 2.8 mmol/ l and 126 non-hypoglycemic controls, 

hypoglycemia was associated with higher mortality (OR 3.53) and morbidity, 

including mechanical ventilation (OR 3.3) and vasopressor use (OR 2.6). 

However, it remained uncertain whether the association was causal or simply 

a marker of deteriorating  clinical situation (Faustino & Bogue, 2010).  

While responding acute severe and especially prolonged hypoglycemia is 

important, possible long term neurological adverse effects of a passing 

neonatal hypoglycemia are debated upon (Mesotten et al., 2018; Ognibene et 

al., 2011; Tin et al., 2012). One study reported that in 47 preterm babies with 

hypoglycemia (≤2.5 mmol/l) on minimum 3 days compared with non-

hypoglycemic controls there were no differences in measured IQ levels at the 

age of 15 years (Tin et al., 2012). In  another  study comprising 160 patients, 
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who had experienced hypoglycemia during pediatric ICU treatment trial 

comparing conservative treatment with tight glucose control, there was no 

long-term adverse effects in neurological development, disability or mortality 

between patients and controls except for a slight advantage for patients with 

hypoglycemia and tight glucose control for improved cognitive flexibility 

(P=0.04) (Mesotten et al., 2012). 

Hyperglycemia is defined as blood glucose above 8 mmol/liter phase 

(Mesotten et al., 2018). It has been associated with increased morbidity and 

mortality in both neonatal and pediatric ICU patients (Mesotten et al., 2018; 

Ognibene et al., 2011; Ramel et al., 2013; van der Lugt et al., 2010). In an 

intensive care setting ESPGHAN guidelines recommend insulin infusion if 

blood glucose is repeatedly above 10 mmol/liter despite accommodating 

dextrose infusion rate (Mesotten et al., 2018). Tight blood glucose control 

decreases infection rate, while it may promote hypoglycemia especially among 

younger children (Srinivasan & Agus, 2014; Vlasselaers et al., 2009). Excess 

glucose provision is harmful also when hyperglycemia is not present or 

measured as it can promote lipogenesis, leading to hepatic steatosis, increase 

in very low-density lipoproteins and fat tissue accumulation. It may also 

elevate carbon dioxide production and increase minute ventilation (Mesotten 

et al., 2018; Rodriguez et al., 1985; Talpers et al., 1992; Tulikoura & Huikuri, 

1982). As discussed earlier in Energy chapter (2.5.2), early critical or post-

operative phase of the disease is characterized by catabolic state where 

exogenous energy requirements are minimal. During this period lower glucose 

infusion rates reduce incidence of hyperglycemia (de Betue et al., 2012; 

Verbruggen et al., 2011). Hyperglycemia was harmful also in the recent large 

Pepanic trial, with early glucose infusion having a dose-dependent effect on 

decreasing new infections (Vanhorebeek et al., 2017). ESPGHAN PN 

guidelines recommend lowering glucose provision in early acute phase of the 

disease. During rehabilitation insulin resistance seen in early phase of critical 

illness reduces, allowing for increased glucose and energy provision (Table 4) 

(Mesotten et al., 2018). 

2.5.5 AMINO ACIDS 

 

Proteins form major structures in cells and function as hormones, enzymes, 

and transport carriers in the body. Proteins are constructed from amino acids, 

that are linked to each other with peptide bonds in chains with varied length 

from two to thousands of amino acids. Protein synthesis and degradation is in 

constant turnover, and amino acids are necessary to maintain positive 

nitrogen balance in children to allow for tissue growth (Pencharz P., 2008). 

Amino acids are divided to essential, semi-essential and nonessential, labeled 

in Figure 4 (van Goudoever et al., 2018). Essential amino acids must be 

provided in parenteral solution or enteral diet and cannot be synthetized in 
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the body, whereas semi-essential and non-essential amino acids can be 

constructed from precursors or other amino acids. However, the production 

of semi-essential amino acids is limited (van Goudoever et al., 2018). 

Amino acid requirement is lower in patients receiving PN, as non is lost in 

enteral digestion. Current modern pediatric amino acid solutions deliver 

amino acids that give a plasma concentration resembling healthy breast-fed 

infants or normally growing child’s plasma concentration. Adequate energy 

provision to utilize 1 gram of amino acids is approximated at 30 to 40 kcal 

(Pencharz P., 2008; van Goudoever et al., 2018). 

 

 

Figure 4. Essential, semi-essential and non-essential amino acids 

 

ESPGHAN recommendation for total amino acid provision during PN in 

different age groups was based on studies measuring positive nitrogen balance 

(shown in Table 4). In preterm children it is recommended to start amino acid 

supply immediately after birth to achieve positive nitrogen balance (van den 

Akker et al., 2006; van Goudoever et al., 2018). 

Unlike preterm babies, critically ill full-term babies and older children may 

benefit from withholding parenteral amino acids for up to one week after 

major surgery or in the early phase of the disease. Pepanic Trial, with 1440 

pediatric ICU patients, detected that increasing doses of amino acids were 

associated with higher risk of new infections (10% increase resulted in hazard 

ratio of 1.043-1.134, p≤ 0.029) and prolonged mechanical ventilation and ICU 

stay (HR for early weaning and discharge were 0.950–0.975 days 3–7, 

p≤0.045 and 0.943–0.972 days 1–7, p≤0.030, respectively). Other 

macronutrients did not have negative effect on patient-outcome (Vanhorebeek 

et al., 2017). 
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2.5.6 VITAMINS, MINERALS, TRACE ELEMENTS AND CHOICE OF 

PARENTERAL SOLUTION 

 

PN can be provided via standard commercial formulas prepared to meet 

average nutritional demands in the designated age group, or as individualized 

PN solutions from components. Standard formulas are recommended when 

availbale to promote patients’ safety and efficient use of resources while 

maintaining appropriate nutritional standards (Riskin et al., 2018). Standard 

solutions are easily available and are associated with better nutrient intake and 

weight gain than individualized solutions (Simmer et al., 2013). They also 

decrease the possibility of errors in both manufacturing and ordering solutions 

and are cost-effective (Kochevar et al., 2007; Riskin et al., 2018). Individual 

PN solutions are recommended for situations when nutritional requirements 

cannot be met with standard solutions (Riskin et al., 2018). 

Essential vitamins and trace elements should be added to PN solutions, 

with lipid-soluble vitamins added to mixtures with lipid to promote stability. 

Vitamin status should be monitored by laboratory tests in long term PN. If 

D25-OH serum concentrations are less than 50 nmol/l additional 

supplementation should be provided, as low bone density is common among 

IF patients (Bronsky et al., 2018; Domellof et al., 2018). Iron is preferably 

given orally, when tolerated but also parenteral administration is possible 

when required. Laboratory values to ensure adequate iron stores should be 

followed regularly in long-term PN (Domellof et al., 2018). Zinc deficiency is 

common in children with long-term PN, and patients with high fluid output 

are at highest risk (Domellof et al., 2018). Guidelines on adequate 

supplementation must be followed especially on long-term PN and with 

neonates to avoid deficiencies (Bronsky et al., 2018; Domellof et al., 2018). 

2.5.7 HOME PARENTERAL NUTRITION 

 

Home PN improves quality of life, decreases central catheter related infections 

and is cost-effective for patients with long-term PN (Hill, 2019; Hill et al., 

2018). Incidence of Home PN is raising together with improved prognosis of 

IF, and it may be offered for any clinically stable patient expected to require 

more than three months of parenteral support when adequate resources are 

available (Beath et al., 2011; Hill et al., 2018).  

Before hospital discharge at least one parent should be carefully trained by 

specialist nurse to manage home infusions. If this is not possible, assisting 

nurses may be employed to handle night infusions at home. Local social 

services may be required to assist families. Follow-up of home PN patients 

should be overseen by specialized IF care teams to improve prognosis, 

however, close co-operation with local healthcare providers increases 
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practicality to families (Hill, 2019; Hill et al., 2018; Pironi et al., 2012). The 

care should adhere to latest guidelines, and the main aim remains enteral 

rehabilitation and minimizing PN while maintaining growth and development. 

Portable pumps should be employed, and ideally infusions should be limited 

to 10 to 12 hours, when possible, with possible fluid compensations 

incorporated with nutrition (Hill, 2019; Hill et al., 2018). 

Follow up frequency depends on clinical condition and the age of the child. 

Initially, visit should occur every one to three months, or even more 

frequently, if necessary, but minimum of four visit per year is recommended 

even in stable phase. ESPGHAN guidelines recommend laboratory follow-up 

schedule given in Table 3. Besides laboratory follow-up annual 

ultrasonography of abdomen and chest x-ray is indicated, complemented with 

bone densitometry and body composition measurements at regular intervals 

(Hill et al., 2018). 

While there are obvious benefits in home PN, the process and care are 

nevertheless stressful for families. Parental depression is common, as are 

psychosocial problems in parenting and daily life. Mental support should be 

readily available for home PN families (Halsey et al., 2020; van Oers et al., 

2019). 

French pediatric home PN program recently reported their nationwide six-

year outcome between 2014 and 2019. The number of patients rose from 268 

to 385 patients. The main diagnosis behind IF were SBS, congenital 

enteropathies and CIPO. Age of hospital discharge decreased during study 

period from 11.7 to 8.3 months. The cohort outcome at the end of the study 

period was following: 74.2% weaned off PN, 15.8% transferred to adult home 

PN program, 8.1% died and 1.9% had intestinal or combined liver-intestinal 

transplant. Deaths were mostly due to immunodeficiency or cancer diagnosis. 

Cholestasis rate was between 4.1 and 5.9%, and central catheter related 

infection rate decreased from 1.04 to 0.61 per 1000 catheter days, while 

simultaneously use of taurolidine locks increased from 29.4% to 63% (Goulet 

et al., 2021). 

2.6 COMPLICATIONS OF INTESTINAL FAILURE AND 
PARENTERAL NUTRITION 

2.6.1 INTESTINAL FAILURE ASSOCIATED LIVER DISEASE 

 

IFALD is a multifactorial disease, that affects both children and adults who 
require long-term PN. Manifestation includes cholestasis, liver inflammation, 
steatosis and fibrosis and gallstone disease (Lee et al., 2020). Cholestasis and 
inflammation tend to be more prevalent among young infants, while steatosis 
is more frequently encountered in adults and older children. Fibrosis is often 
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present already in early phase of the disease (Mutanen et al., 2021; Pironi & 
Sasdelli, 2019). Before the advent of modern multidisciplinary IF care 
including new lipid emulsions IFALD was the strongest predictor for mortality 
among pediatric SBS patients (Spencer et al., 2005). Still, IFALD continues to 
cause relevant morbidity among IF patients. In a study evaluating 79 patients 
referred for intestinal transplant, 95% had abnormal liver biopsies with 60% 
having advanced fibrosis (Ganousse-Mazeron et al., 2015). Review article 
including 253 IF patients from the beginning of the century estimated the 
incidence of IFALD at 49.8% (Lauriti et al. 2014). Further studies with total of 
530 pediatric IF patients reported incidence between 20% to 22% (Abi Nader 
et al., 2016; Pichler et al., 2012). 

Diagnostic criteria for IFALD is not uniformly established. While diagnosis 
often set upon clinical picture of cholestasis in patient with IF and long-term 
PN, fibrosis, steatosis and inflammation may present in the abscense of 
cholestasis. Whereas active disease correlates with gamma-GT, citrulline and 
liver stiffens, chronic histopathology does not (Lacaille et al., 2015; Mutanen 
et al., 2021). Before setting the diagnosis other causes of liver disease must be 
excluded (Lee et al., 2020). 

Disease course 

The disease course of IFALD is not entirely understood, while several 

mechanisms are likely to influence liver pathology. First, patients with IF are 

prone to intestinal inflammation which may lead to enhanced permeability 

and violating mucosal barrier function of the small bowel. This process is 

further complicated with possible dysmotility, bacterial overgrowth and 

dysbiosis, and pathological dilatation of the bowel. Increased absorption of 

molecules like lipopolysaccharides and bacterial translocation from gut lumen 

may exhibit macrophage activation and subsequent activation hepatic 

immunity (Khalaf & Sokol, 2020; Lee et al., 2020). Secondly, sepsis and 

bacteremia, common among IF patients, may cause a release of 

proinflammatory cytokines which reduce the activity of bile acid transporters, 

leading to cholestasis (El Kasmi et al., 2013). Thirdly, the well-recognized 

factors behind IFALD are plant-based lipid emulsions, specifically SO, which 

has high quantities of pro-inflammatory omega-6 fatty acids and phytosterols 

(Khalaf & Sokol, 2020; Lee et al., 2020). Phytosterols are found in significant 

amounts in all plant oils, particularly in SO (Figure 3). Their role in the 

development of IFALD has been recently demonstrated (El Kasmi et al., 2013; 

Mutanen et al., 2018; Mutanen, Nissinen, et al., 2014). Phytosterols are 

normally absorbed only in small quantities from enteral diet and are excreted 

to bile via sterolin (sterol transporter). However, parenteral infusion of 

phytosterols can aggravate cholestasis in the presence of inflammation and 

macrophage activation. In particular, stigmasterol (a plant sterol) curtails 

Farnesoid X-receptor activity, leading to downregulation of canalicular bile 

acid and bilirubin transporter and subsequent cholestasis (Khalaf & Sokol, 

2020; Mutanen et al., 2018). 
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Also, ileal FGF19, that is normally secreted into portal circulation in 

response of absorbed bile acids, is reduced in patients with IF and IFALD. The 

absence of this negative feedback regulation may aggravate synthesis and liver 

retention of toxic bile acids and thus lead to increased hepatotoxicity 

(Mutanen, Lohi, et al., 2015). 

The inflammatory insults in IF patients generate multiple proinflammatory 

mediators including cytokines including IL1-ß and TNF-α, chemokines and 

reactive oxygen species. IL1-ß also can suppress Farnesoid X-receptor and 

thus downregulate bile acid transporters whereas  Liver X-receptors are 

suppressed by activated macrophages, interrupting plant sterol clearance. 

Accumulated phytosterols can further interfere in Farnesoid X receptor 

signaling and independently activate macrophages which in turn promote 

fibrosis. Inflammation and cholestasis comprise the first active phase of 

IFALD, followed by fibrosis and steatosis. These changes predispose the liver 

to inflammation and cholestasis, which is first active phase of IFALD (Khalaf 

& Sokol, 2020; Lee et al., 2020). While early cholestasis is often reversible 

upon advancement of enteral nutrition, it can lead to cirrhosis and liver failure. 

However, prognosis of following chronic phase of fibrosis and steatosis 

remains unclear and may continue and progress years after clearance of the 

cholestasis and even cessation of PN (Belza et al., 2017; Mercer et al., 2013; 

Mutanen et al., 2021; Spencer et al., 2005). 

Histopathology 

At early phase of the disease liver histology is characterized by cholestasis, 

both cellular and canalicular, biliary obstruction with bile plugs, portal 

inflammation, steatosis, and portal fibrosis together. Liver macrophages are 

prominent.  Chronic histological findings include fibrosis and steatosis (Cohen 

& Olsen, 1981; Mutanen et al., 2016; Zambrano et al., 2004). Mutanen et al. 

analyzed liver biopsies of 77 pediatric IF patients. Diagnostic biopsies (median 

age 1.7 years) showed active IFALD in 48% and chronic IFALD in 21% of the 

patients. Changes in patients with active IFALD were cholestasis (76%) and 

portal inflammation (70%), both pathologies simultaneously were diagnosed 

in 70% of patients. Fibrosis and steatosis were present in active phase biopsies 

in 81% and 32%, consecutively. Chronic IFALD was characterized by fibrosis 

(100%) and steatosis (88%). The follow-up biopsies were obtained for 48 

patients at median age of 3.9 years. Active IFALD was detected in 25%, with 

6% of them having new diagnosis. Chronic IFALD was diagnosed in 29%. 

Active IFALD pathology had normalized in 39% and chronic  pathology in 60% 

of patients, mostly after cessation of PN (Mutanen et al., 2021). 

Risk factors 

The risk factors for IFALD can be classified as patient- and treatment related. 

Patient related factors include prematurity, age, and disease related factors 

including cause of and severity of IF. On the other hand, PN composition, 

especially lipid solution and mode of PN administration, surgical 
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interventions and medical treatment are related to treatment of IF (Lacaille et 

al., 2015). 

In a cohort of 279 IF patients IFALD was associated with both longer 

treatment and hospitalization, prematurity, surgical diagnosis, and younger 

age (Pichler et al., 2012). Sepsis may aggravate cholestasis especially in 

neonates. A study with 156 surgical infants detected odds ratio of 3.2 for serum 

bilirubin >100 µmol/L for those with sepsis (Beath et al., 1996; Diamond et 

al., 2011). Prematurity may predispose the liver for harmful effects of PN and 

sepsis, as immature liver has reduced bile salt pool and reduced capacity to 

clear toxic bile salts (Lacaille et al., 2015). In a study of  77  pediatric IF patients 

conducted in Helsinki University Children’s Hospital shorter bowel length was 

associated with both chronic and active histological IFALD and prolonged PN 

with chronic IFALD (Mutanen et al., 2021). 

PN may promote IFALD process in several ways. Excess parenteral energy 

provision, especially in form of dextrose or lipids leads to hepatic steatosis 

(Lacaille et al., 2015; Tulikoura & Huikuri, 1982). High provision of amino 

acids to neonates has also been suspected as promoting cholestasis, but there 

is no definitive evidence to prove this (Clark et al., 2007; Lacaille et al., 2015). 

However, greatest interest in treating and preventing IFALD has been in 

modification of intravenous lipid solutions. Plant oils: SO and safflower oil, 

are high in pro-inflammatory omega-6 fatty acids and phytosterols and low in 

α-tocopherol and have been linked to development of IFALD. Lowering SO 

intake or switching to alternative lipid sources has been proven beneficial in 

several studies, as is discussed in greater detail underneath (Diamond et al., 

2011; Khalaf & Sokol, 2020; Lee et al., 2020; Rollins et al., 2013). 

Treatment 

As there is no definitive cure for IFALD, treatment is aimed towards 

prevention and reducing hepatotoxic events and substances. Advancing 

enteral nutrition is one of the most important aims in treating and preventing 

IFALD, as it promotes enteral adaptation, bile flow and gut motility and 

subsequently curtails the risk of dysbiosis (Javid et al., 2005; Khalaf & Sokol, 

2020; Sharman-Koendjbiharie et al., 2003). Although there is no direct 

evidence on teduglutide or surgical  lengthening procedures alleviating 

IFALD, enhancement of oral tolerance in any way possible is likely to benefit 

disease course (Khalaf & Sokol, 2020). 

Good CVC care to avoid central line associated infections is recommended, 

although evidence in preventing IFALD is lacking (Khalaf & Sokol, 2020; Lee 

et al., 2020). 

PN cycling is recommended when patients can tolerate breaks from PN, as 

it is associated with lower risk of cholestasis (Jensen et al., 2009). 

Reducing provision of intravenous lipids and particularly SO to 1 g/kg/day 

instead of conventional dose of 3 g/kg/d has alleviated cholestasis and IFALD 
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in several studies, but also contradicting results have been demonstrated 

(Diamond et al., 2011; Lee et al., 2020; Nehra et al., 2013; Rollins et al., 2013). 

Also, reduced SO doses may lead to EFAD and impaired growth, and are 

therefore not recommended as sole lipid source (Baker et al., 2018; Khalaf & 

Sokol, 2020; Rollins et al., 2013). 

FO and mixed lipid emulsions with anti-inflammatory fatty acids, higher 

α-tocopherol, and lover phytosterol content have replaced the use of SO as sole 

lipid component in PN in pediatric patients (Lee et al., 2020). Efficacy of FO 

therapy in alleviating IFALD was first demonstrated in a study comparing 42 

and 49 infants receiving FO at 1 g/kg and SO at higher dose of 2-3 g/kg daily, 

respectively. FO group had lower mortality (3 vs 12) and cleared cholestasis six 

times faster than group receiving SO (Puder et al., 2009). This result was later 

contradicted in smaller study with 16 pediatric IFALD patients comparing FO 

(n=8) and SO (n=8)  at similar reduced dose of 1 g/kg/d each, demonstrating 

equal success in clearing cholestasis in both lipid mixtures (Gonzalez-

Hernandez et al., 2017). However, as subsequent studies on FO have proved 

its efficacy in cholestasis treatment while maintaining adequate growth it has 

been approved in United States for reversal of IFALD in children. (Calkins et 

al., 2014; Gura et al., 2008; Khalaf & Sokol, 2020; Le et al., 2011; Ong et al., 

2019). 

Anti-inflammatory effect of FO was illustrated in a study of 32 pediatric IF 

patients with elevated liver indexes suggestive for IFALD. The patients 

exhibited both reduction in liver values and inflammatory markers including 

CRP, TNF-α and white blood cell count when SO:OO mixture (1:1) at 1.3 g/kg/ 

d was switched to FO at 1 g/kg/d (Zhang et al., 2018). 

Also mixed lipid emulsions with FO (Figure 3) have been used successfully 

to treat cholestasis.  In a study of 17 pediatric IF patients receiving either 

Smoflipid® (n=8) or SO (n=9) at doses of 2 g/d and 3.5 g/d, respectively, the 

Smoflipid group was more likely to clear cholestasis (5/8 compared to 2/9) 

(Muhammed et al., 2012). In another study comparing infants on SO (n=13) 

and Smoflipid® (n=11) at similar doses (starting at 2.5 g/kg/d at full TPN), 

patients on Smoflipid® had decreased risk of IFALD and lower bilirubin levels 

throughout the study (Diamond et al. 2016). Another study comparing 

Smoflipid® (n=34) with Clinoleic® (n=33) in preterm babies in similar dose of 

3.5 g/kg/d showed lower incidence of cholestasis (0 vs 18.6%) in Smoflipid® 

group, which also regained its birth weight earlier (Yildizdas et al., 2019).  

Most IF centers routinely use lipid modification to treat and prevent 

IFALD, even though good quality studies on long term effect are scarce. Use of 

mixed lipid sources may allow higher doses of lipids to be used and provides 

more varied EFA sources (Lee et al. 2020). ESPGHAN guidelines limit the use 

of sole FO to rescue therapy of IFALD, while use of FO as part of component 

mixtures and reduction of total lipid dose is recommended for children at risk 

of IFALD (Lapillonne et al., 2018). 
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2.6.2 STEATOSIS 

 

Steatosis as part of IFALD sequalae is mostly considered as chronic disease, 

more often encountered in older children and adults (Khalaf et al. 2020). 

However, biopsies in younger children reveal steatosis frequently as part of 

active IFALD (Mercer et al., 2013; Mutanen et al., 2021). While etiology of 

steatosis in IFALD, especially in early phase, is poorly understood, several 

possible mechanisms may contribute to this. There are only few studies 

reporting steatosis in histopathologic samples taken from pediatric IF patients 

as summarized in Table 5. 

Steatosis is well characterized in adult IF patients, with prevalence 

exceeding 50% in studies on home PN patients. Both macro-and micro 

vesicular steatosis can be present simultaneously in IFALD. Microvesicular 

steatosis is presents as small droplets of lipid accumulation in cytoplasm as a 

sign of ongoing active lipid turnover and metabolic imbalance. Macrovesicular 

steatosis, also frequently seen in non-alcoholic fatty liver disease, is considered 

as more stable form of steatosis. In adults steatosis associated with IFALD is 

deemed distinctively different from metabolic obesity related non-alcoholic 

fatty liver disease (Buchman et al., 2017; Cavicchi et al., 2000; Naini & 

Lassman, 2012). 

Hyperglycemia and excess energy leading to insulin resistance are 

acknowledged risk factors for non-alcoholic fatty liver disease (Mazzolini et al 

2020). Also excess parenteral energy and dextrose in high concentration leads 

to hyperglycemia, which in turn inhibits fatty acid oxidation. Hepatic steatosis 

ensues in prolonged exposure, as has been shown both in animal models and 

in humans (Burke et al., 1979; Li et al., 1988; Tulikoura & Huikuri, 1982). 

These alterations may complement IFALD process, although direct evidence 

on pediatric IF patients is scarce (Lacaille et al., 2015). In a small cohort study 

with 24 neonates treated in neonatal intensive care unit, biochemical 

cholestasis was associated with higher parenteral energy and glucose, enteral 

starvation, and gastrointestinal surgery. Although this may reflect disease 

severity, it may also point to a harmful effect of excess parenteral energy from 

carbohydrates (Koseesirikul et al., 2012). In critically ill adult patients PN-

associated steatosis is frequent and is associated with high dextrose content in 

PN (Aronsohn & Jensen, 2011). 

Hormonal factors may relate to steatosis and IFALD process. A study 

comprising 38 young IF patients aged between 0 to 27 years detected five to 

six times higher levels of fibroblast growth factor 21 (FGF21) in patients with 

steatosis compared to healthy controls and patients without steatosis. In this 

study steatosis was diagnosed in 60% of patients on PN and 50% on patients 

weaned of PN, and it related to PN duration and remaining small bowel length 

(Mutanen, Heikkila, et al., 2014). FGF21 is secreted mainly by liver and 

regulates glucose and lipid metabolism. Interestingly, increased levels of 

FGF21 have also been detected in metabolic syndrome and non-alcoholic 
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steatohepatitis. Although  exogenous FGF21 has beneficial effects on 

metabolism, increased levels in patients may relate to pathological resistance 

to FGF21 in disease state. It has been proposed thus that high FGF21 levels 

may act as a biomarker for steatosis in IF patients (Fisher & Maratos-Flier, 

2016; Mutanen, Heikkila, et al., 2014). As mentioned earlier, FGF19 secreted 

from ileum may be reduced in IF patients. FGF19 induces glycogen and protein 

synthesis in liver and improves glucose tolerance, and thus decreased levels 

may lead to glucose intolerance and accumulation of fat (Madnawat et al., 

2020; Mutanen, Lohi, et al., 2015).  

Also, alterations in microbiota have been associated with steatosis. In non-

alcoholic fatty liver disease abundance of lactobacilli and a relation of steatosis 

rate with intestinal bacterial dysbiosis and increased permeability have been 

reported (Miele et al., 2009; Raman et al., 2013). In a study of 23 IF patients 

and 58 heathy controls highly prevalent intestinal proteobacteria were related 

to prolonged parenteral nutrition and inflammation both in liver and 

intestine, whereas lactobacilli associated with advanced liver steatosis and 

fibrosis in patients rehabilitated to enteral nutrition (Korpela et al., 2017). The 

proposed models behind microbial effects are 1) lipopolysaccharides produced 

by gram negative bacteria, which complement liver damage in IFALD by 

promoting inflammation during PN, and 2) lactobacilli which may alter bile 

acid deconjugation and signaling leading to lipid metabolism changes and 

thereafter to steatosis at late phase of enteral rehabilitation (Keitel & 

Haussinger, 2012; Korpela et al., 2017; Raetz & Whitfield, 2002). 

Table 5 shows studies that report hepatic steatosis in biopsies among 

pediatric IF patients. Two studies on neonates reported similar incidence 

(approximately 30%) of steatosis during early infancy, whereas cohorts 

including older children showed higher portions with steatosis. Zembrano et 

al. presented results of 24 biopsies from neonates on TPN, who had died while 

in ICU. While duration of PN was a significant risk factor for fibrosis and 

cholestasis in this study, no risk factors for steatosis were analyzed. Overall 

neonates small for gestational age and those with bronchopulmonary 

dysplasia were at risk for moderate-to-severe hepatic histopathology 

(Zambrano et al., 2004). Naini et al. compared cohort of infants with IF  with 

IF patients above 1 year old. Steatosis was more frequent in older patients but 

was present in 26% of biopsies also before the age of 6 months. Authors state 

that infants were more susceptible to liver injury and progressed faster to 

higher stage fibrosis than older children (Naini & Lassman, 2012). Mercer et 

al. described 6 children with known IFALD, of whom 3/6  had steatosis before 

the age of  one year and altogether 4/6 during the follow-up. All four children 

with steatosis had fibrosis in the last follow-up biopsy taken (Mercer et al., 

2013). In the last study from Helsinki University Children’s Hospital IF cohort, 

steatosis was present in 28/77 (36%) of diagnostic biopsies and in 32% of 

biopsies with active IFALD. In this study children who had steatosis or fibrosis 

in their diagnostic biopsy were more likely to progress to chronic IFALD 

(Mutanen et al., 2021).  
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Table 5. Studies investigating infantile hepatic steatosis among intestinal failure patients. 

*not available 

       Overall, even in the era of skilled PN component construction and liver 

disease surveillance, IFALD continues to cause morbidity. Long-term 

consequences of chronic IFALD are not known, and hence early recognition 

and preventive measures are important while treating patients with IF 

(Lacaille et al., 2015; Mutanen et al., 2021). 

Study Patients  

n/ age 

PN Biopsies Histology Comments 

Zembrano et 
al. 2004 

24 neonates 24/24 Postmortem 
biopsies 

Steatosis 29% 

Cholestasis 79% 

Inflammation 83% 

Fibrosis 71% 

Cirrhosis 13% 

Steatosis mainly 
mild, no risk 
factors were 
analyzed 

Naini et 
al.2012 

53 /0-6 
months 

 

 

 

36 /≥1 year 

n/a* 15 explant 
biopsies 

38 needle 
biopsies 

Steatosis 26% 

Cholestasis91% 

Inflammation 84% 

Fibrosis 94% 

 

Steatosis 58% 

Cholestasis 67% 

Inflammation 100% 

Fibrosis 97% 

 

*All had history 
of TPN 

Mercer et al. 
2013 

6 /2 months- 
2.5 years 

6/6→ 

3/6 

Core 
Needle and 
open 
biopsies 

Steatosis 67%* 

Cholestasis 100%* 

Inflammation 67%* 

Fibrosis 100%* 

2-4 
biopsies/child, at 
least one had 
pathology 

Mutanen et 
al. 2021 

78/ Median 
1.7 years 
(0.5–7.6) 

48/77 Core needle 
biopsies 

Steatosis 36% 

Cholestasis 36% 

Inflammation 34% 

Fibrosis 64% 

Follow up 
biopsies taken 
for 48 patients  
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2.6.3 ESSENTIAL FATTY ACID DEFICIENCY 

 

Children and neonates with IF are at risk for EFAD due to underlying disease 

and associated anatomical changes, and possibly also due to restrictive lipid 

policy. As discussed above in Lipid chapter (2.5.3), EFAs are important 

molecules required for normal growth and development and take part in 

several processes in immune system, hormone synthesis and metabolism 

(Gura & Crowley, 2018). Symptoms associated with mild EFAD include 

generalized dermatologic lesions including xerosis, scaling and erythema, with 

more severe deficiency leading to poor wound healing, alopecia and skin 

thickening, poor growth, and liver steatosis. In laboratory tests signs of 

hemolysis and thrombocytopenia can be seen (Lee & Yan, 2012). Animal 

models have also shown changes in kidney function and depressed fertility 

including delayed puberty (Cox et al., 1982; Gura & Crowley, 2018; MacDonald 

et al., 1984). EFAD may also impair neurological development and function. 

As mentioned earlier DHA and AA must be provided through nutrition to 

neonates with limited FA synthesis, as they are essential for normal 

neurological development (Brenna, 2016; Hadley et al., 2016; Koletzko et al., 

2015). 

In absence of EFAs Mead acid levels increase while the level of AA 

decreases. This has been used in clinical work to determine adequacy of EFAs 

by calculating Trien: tetraene ratio (TTR) (mead acid, 20:3 n-9, divided by AA, 

20:4 n-6) (Holman, 1960). TTR above 0.2 is considered abnormal, with ratio 

above 0.4 indicating clinically symptomatic EFAD (Lagerstedt et al., 2001). 

However, reference values for healthy Finnish populations are between 0.01 

and 0.04, clearly lower than cut off values for clinical EFAD (Nikkari S, 2004). 

Bile acids in gut lumen emulsify lipids containing long chain fatty acids into 

smaller absorbable chylomicrons. In healthy gut absorption of chylomicrons 

happens mostly in jejunum, but in the short bowel syndrome ileal adaptive 

capacity can at least partly compensate for the loss of jejunum. Bile acids are 

mainly absorbed in the distal ileum, and therefor ileal resection can lead to 

loss of bile salt pool and thereafter to fat malabsorption and EFAD, if not 

adequately compensated trough parenteral or increased enteral provision. 

Besides SBS, malabsorptive mucosal enteropathies and severe dysmotility 

syndromes may lead to EFAD (Gura & Crowley, 2018). Preterm neonates have 

increased EFAD risk due to minimal stores and impaired synthesis (Baack et 

al., 2015; Martin et al., 2011). In IF patients intravenous lipid provision is 

routinely restricted to alleviate cholestasis and avoid IFALD. Especially SO 

provision with possible proinflammatory potential is often minimized, and 

replaced with composite mixtures of intravenous lipids, as described earlier. 

FO may be used alone as rescue therapy in severe cholestasis. These changes 

have raised questions of adequate EFA supply and possibility of EFAD (Gura 

& Crowley, 2018).  
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Table 6. Studies reporting essential fatty acid deficiency among pediatric intestinal failure patients. 

Study/ Year Patients/ no/ 

age  

Lipid 

formula 

Lipid dose 

and study 

period 

g/kg/d 

Trien: 

tetraene 

Comments 

Baker et al 

2018 

Single center 

49 IF / 2 

months 

1)SO-R 

2)SO-S 

1) 0.9-1.34 

2) 2.06–

3.31 

1)0.036 

(IQR 0.026-

0.055) 

2)0.021 

(IQR 0.019-

0.025) 

Lower total fatty acid 

count in SO-R 

Rollins et al. 

2013 

Single center 

17 IF 

patients/ 

Infants 

1) SO-R    

2) SO-S 

1.0  3.0                        0.016 ± 

0.004 

0.012 ± 0.00

2 

Mean time on lipid 

infusion was 5 weeks 

before 50% enteral 

tolerance 

Cober et al. 

2012 

Single center 

13 IF/ 0-8 

months 

SO 0.3 0.069 

(0.017-

0.136) 

8/13 patients had T:T 

over 0.05, no clinical 

EFAD symptoms 

Lam et al 

2016. 

Single center 

9 IF patients/ 

16 to 96 

months 

SO 0.4-0.8 Median 

0.026, max 

0.02-0.15 

2 patients had values 

above 0.05 (0.13, 

0.15) 

Le et al. 2011 

Single center 

79 SBS&IF/ 

2-6 months 

FO 1.0 0.028 

(0.019–

0.042)  

EPA, DHA↑↑, 

LA, ALA, ARA↓↓ 

Nandivada ei 

al. 2016 

Single center 

30 IF 

patients/ 2-9 

months at 

start 

FO 1.0 Median 0.01 

(IQR 0.01-

0.02) 

Median follow-up 4.6 

years 

Gura et al. 

2008 

Single center 

17 IF 

patients/  2-5 

months 

FO 1.0 0.05 (0.016-

0.28)  

1 patient with 

established EFAD T:T 

≥0.02 

Ong et al. 

2019 

Single center 

17 IF/ 2-9 

months 

SO → FO 1.5→1.0 0.02±0.01, 

no change 

for 6 months 

follow-up 

EPA, DHA↑↑ 

LA, ALA, ARA↓↓ 
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Meijer et al. 

2010 

9 IF 

patients/1 -37 

months 

FO 1.0 0.016-0.076 4 patients had T:T ≥ 

0.05 

Riedy et al. 

2016 Patient 

case 

1 SBS/ 8 

months 

FO, dose 

was 

increased 

1.0→1.5 0.075→ 

0.005 

Malnourished patient, 

whose growth velocity 

and EFA status was 

corrected  

Carey et al. 

2018 

Case series 

2 SBS, 1 

other IF/ 6-13 

months 

All started 

with 

Smoflipid on 

varying 

doses and 2 

were 

switched to 

FO, one had 

dose↑ 

Smoflipid 

0.5-2.0 → 

FO 1.0-1.5, 

Smoflipid 

3.0 

0.206-

0.464→ 

0.017-0.075 

No clinical EFAD 

symptoms 

Lezo et al. 

2020 

Single center 

38 Home PN/ 

10 months-18 

years 

1)Clinoleic® 

(15) 

2)Smoflipid® 

(23) 

1.0 (IQR 

0.5-1.7) 

1.3 (IQR 

0.5.-2.5) 

1) 0.02 (IQR 

0.02) 

2) 0.01 (IQR 

0.01) 

1) 4 patients T:T ≥ 

0.05 

2) 1 patient T:T ≥ 0.05 

Huff et al. 

2021 

Single center 

28 IF/ 0-56 

months 

Smoflipid® 0.8-3.0 Not given 

for all 

normal 

values 

15 patients 

had T:T ≥ 

0.05 (range, 

0.05–0.151 

No clinical EFAD 

symptoms 

Goulet et al. 

2010 

Single center 

Home PN 

28/8-74 

months 

1)Smoflipid® 

(15) 

2) SO (13) 

1.4 (±0.5) 

for 28 days 

1) 

0.07(±0.09) 

→ 0.08 

(±0.07) 

2) 

0.13(±0.17) 

→ 

0.12(±0.21) 

EPA, DHA, O3:06 ↑↑, 

Bil↓ in Smoflipid group 

Memon et al. 

2019 

Patient case 

1 IF patient/ 1 

month 

SO → 

Smoflipid 

(with dose 

increased) 

1.0→1.0 → 

2.0 →3.0 

0.075→0.30

6→0.069→ 

0.037 

Dose increase 

corrected biochemical 

EFAD 
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Reported studies on EFA status among pediatric IF patients during modern 

PN treatment era are reviewed in Table 6. SO is rarely used as sole lipid source 

in modern PN treatment, as was the case a decade ago. Two studies with 66 

patients investigating SO daily doses between 1 to 3 grams/kg did not detect 

EFAD, but lower doses led to slower growth especially in preterm babies while 

not entirely preventing IFALD (Baker et al., 2018; Rollins et al., 2013). Two 

other studies with 21 patients reported TTR above 0.05 in 10 out 21 patients 

when SO dose was decreased under 1 g/kg/d. These studies did not detect 

compromised growth and reported alleviated cholestasis. Patients were older 

than in the first studies, which may explain differences in growth parameters 

(Cober et al., 2012; Lam et al., 2016). Goulet et al reported 10 home PN 

patients with median elevated TTR, which did not improve during 28-day 

study period on 1.4 g/kg/d of SO. However, as previous nutrition was not 

recorded the possible underlying factors for this sub-clinical EFAD, other than 

long-term IF, are unknown (Goulet et al., 2010). 

Using FO to alleviate cholestasis and prevent IFALD is modern practice, 

although providing FO alone for long-term is not recommended in Europe 

(Lapillonne et al., 2018). However, studies on sole FO have seemingly 

reassuring safety profile. In 3 studies with total of 113 IF patients under the 

age of one year who received FO at dose of 1 g/kg/d, only 1 patient had 

established EFAD with TTR≥0.2. Decreased triglyceride and bilirubin levels 

were detected with no concerns for delayed growth. DHA and EPA levels were 

elevated, and LA and AA curtailed during FO treatment  (Gura et al., 2008; Le 

et al., 2011; Ong et al., 2019). While one study did detect elevated TTR≥0.05 

in 4/9 patients with FO dose of 1 g/kg/d another long-term follow-up study 

with 30 pediatric IF patients and median follow up of 4.6 years did not detect 

elevated TTR in any of the patients with same FO dose, indicating that EFAD 

may be a rare incidence in older and long-term pediatric population (de Meijer 

et al., 2010; Nandivada et al., 2017). However, in malnourished patient doses 

above the 1 g/kg day may be required to correct growth and avoid EFAD (Gura 

& Crowley, 2018; Riedy et al., 2017). Higher concentration of DHA, AA and 

EPA may contribute to avoiding EFAD when using FO (Anez-Bustillos et al., 

2018). 

In addition to sole FO, composite lipid mixtures have been introduced to 

reduce SO provision. Clinoleic® (picture 3), is a mixture of SO and OO in 1:4 

ratio, and provides 60% less LA compared to SO, and no AA, DHA, or EPA, 

raising concern over EFAD risk. Studies conducted on adult IF patients 

receiving Clinoleic®  have not detected EFAD (Gramlich et al., 2019). On the 

contrary, a single study reporting 15 pediatric patients, did identify 4 patients 

with TTR TTR≥0.05 when median daily lipid dose was 1 g/kg (Lezo et al., 

2020). 
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Smoflipid® (Figure 3), contain a mixture of SO, MCT, OO and FO. It 

delivers approximately same amount of LA and ALA as Clinoleic®, but also 

small amounts of AA, DHA, and EPA. Two studies consisting of 51 pediatric 

patients receiving Smoflipid® daily in doses between 0.5 to 3.0 g/kg found 16 

patients with TTR≥0.05 (Huff et al., 2021; Lezo et al., 2020). A higher 

composite lipid mixture dosing may be required compared to pure SO or FO, 

due to lower LA and DHA and EPA content, respectively (Carey et al., 2019; 

Memon et al., 2019). 

Whether subclinical EFAD with TTR≥0.05 has clinical significance 

remains unclear. None of the patients in pediatric studies showed obvious 

symptoms for EFAD. On the other hand, neurocognitive problems are 

common in this patient group, and are very like multifactorial. Especially 

preterm neonates and malnourished patients are likely to benefit of close 

monitoring of EFA status, as are those with prolonged low-fat or fat-free 

parenteral nutrition (Gramlich et al., 2019).  

2.6.4 OTHER MICRONUTRIENT DEFICIENCIES 

 

Children with IF are at risk for micronutrient deficiencies both during PN and 

weaning off PN. Most encountered are deficiencies in fat-soluble vitamins, 

iron, iodine, and zinc. 

A study with 19 pediatric home PN patients and 50 healthy controls 

detected insufficient iodine and iron provisions in home PN patients, with 

subsequently low median urine output of iodine and increased risk for anemia. 

Initiation of PN at early age and the duration of PN were associated with 

anemia (Thomassen et al., 2020). Iodine deficiency has also been detected in 

other studies with pediatric IF patients, with one study identifying more than 

half of 27 study patients as deficient while one-third of them had subsequent 

hypothyroidism (Cicalese et al., 2009; Ikomi et al., 2018; Johnsen et al., 2017). 

Another study following 52 home PN patients found deficient levels of vitamin 

A (90%), zinc (87%) and iron (76%) during parenteral nutrition. After weaning 

off PN levels of vitamins A (94%), E (61%), and D (59%) remained deficient 

(Neelis et al., 2018). Similar high risk of deficiencies after full enteral 

rehabilitation was shown in a study with 30 pediatric IF patients, out of whom 

77% had at least one deficiency after cessation of PN, the most frequent being 

vitamin D, zinc, and iron, where low levels were detected at 86%, 67% and 37% 

of patients, respectively. In this study regular peroral supplementation and 

ileocecal valve associated with adequate vitamin levels (Yang et al., 2011).  Yet 

another large study with 172 pediatric patients determined high rate of iron 

deficiency (61%) and anemia (43%) during PN weaning, while after cessation 

of PN there were low levels of vitamins D and A in one-third of the patients 

and zinc in 22% (Ubesie et al., 2013). 
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2.6.5 SEPSIS 

 

Pediatric IF patients have increased risk of septicemia due to central vein 

catheters and  compromised intestinal function. A large meta-analysis with 

combined data of 9318 pediatric IF patients reported the overall incidence of 

catheter related blood stream infections as 3.3 per 1000 catheter days. The 

rate of septic infections associated with higher mortality and IFALD (Pierret 

et al., 2019).  

Fever in patients with CVC should cause alarm of possible sepsis. A large 

study including 278 emergency care admissions of pediatric IF patients 

detected positive blood microbial cultures in  nearly half of the patients. Most 

common pathogens diagnosed were klebsiella, Escherie coli and coagulase 

negative staphylococci. Candida was detected in 10% of the patients 

(Eisenberg et al., 2018). 

Certain proteobacteria in gut microbiota has been associated with both 

IFALD and bacteremia in children with IF.  Proteobacteria can produce 

hepatotoxic lipopolysaccharides, which are proinflammatory and may 

aggravate septic complications via increased cytokine production (Wang et al., 

2017). In a cohort of 10 children with SBS and 5 healthy controls blood stream 

infections associated with SIBO and elevated calprotectin. In this study most 

common pathogens were Klebsiella pneumoniae, Enterococcus faecalis and 

coagulase negative staphylococci. As enteral rehabilitation advanced, serum 

inflammatory markers (TNF-α, IL-1 β, IL-6 and IL-8) showed reduced activity 

(Cole et al., 2010).   

Risk of septic episodes can be reduced with active advancing of enteral 

rehabilitation and meticulous care of CVC. The use of antimicrobial locks 

reduces infection rates. A meta-analysis of 34 studies and 1485 patients (both 

children and adults) reported 51% decrease in infection rate in patients with 

taurolidine locks when compared to controls. Subgroup analysis for pediatric 

patients gave similar results of efficacy (Vernon-Roberts et al., 2022). In 

Helsinki University Children’s Hospital catheter related infection rate 

decreased from 1.4 to 0.6 per 1000 catheter days after protocol driven CVC 

care and use of taurolidine locks were initiated (Merras-Salmio et al., 2018). 

2.6.6 ALTERED INTESTINAL MICROBIOME 

 

Symptoms that have been associated with SIBO include diarrhea, intestinal 

dysmotility, bloating and stomach pain.  There is no firm consensus upon the 

diagnostic criteria of SIBO. Possible diagnostic tools include microbial 

cultures from jejunal aspirates and breath test, but as the former is invasive 

and latter unreliable in SBS, diagnosis in IF patients is often based on clinical 

history and symptoms. An increasing understanding of intestinal microbiota 
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has led to proposed redefinition of SIBO as malabsorption caused by changes 

in gut microbiome. While the definition dysbiosis in IF is not established, it 

may be related to discrepancy among major bacterial phyla (Piper et al., 2017). 

Altered intestinal microbiota has been demonstrated in patients with IF. In 

comparison to healthy controls lower levels of bacterial load and diversity are 

detected in IF patients, especially with SBS. PN dependency correlates 

negatively with microbial diversity. Microbiota in SBS patients demonstrates 

abundance of proteobacteria including enterobacteria, and lactobacilli. 

Dysbiosis correlates negatively with clinical outcomes including PN 

dependency, growth, mucosal inflammation, and development of IFALD 

(Engelstad et al., 2018; Josyabhatla & Imseis, 2021; Korpela et al., 2017; Neelis 

et al., 2022; Piper et al., 2017).  

Treatment of SIBO or severe dysbiosis aims towards reducing pathogenic 

bacteria and enriching the more favorable microbiota. While a course of 

antibiotics is often employed, the long-term effects on microbial diversity may 

be unfavorable despite immediate relief of symptoms. Use of antibiotics may 

even predispose to infectious complications and fostering antibiotic resistant 

bacteria. Individual diet modification to reduce carbohydrates may be 

beneficial, but attention should be paid to ensure adequate caloric intake if 

diet restrictions are employed. There is increased interest in possibility of 

improving microbial richness and commensal bacteria through pre- and 

probiotics  and fecal microbial transplant. However, more studies are needed 

concerning safety and efficacy on this field (Belza et al., 2020; Josyabhatla & 

Imseis, 2021; Piper, 2018; Thanert et al., 2021). 

D-lactic acidosis is a rare complication seen in patients with SBS. It is 

caused by unabsorbed carbohydrates fermented by bacteria in the colon 

leading into accumulation of organic acids. Acidic environment further favors 

bacteria producing D-lactate. High concentrations of D-lactate are 

subsequently absorbed, causing variable sequalae of neurological symptoms 

including slurred speech, ataxia, and encephalopathy. Treatment consists of 

initial intravenous fluid resuscitation to correct acidemia, followed by a course 

of antibiotics to control gut dysbiosis. Long-term management includes 

reduction of simple carbohydrates in diet and maintaining adequate fluid 

status. Surgical correction of dilated small bowel may be considered when 

indicated (Berman & Merritt, 2018; Kowlgi & Chhabra, 2015). 

2.6.7 METABOLIC BONE DISEASE 

 

Metabolic bone disease in patients with IF may occur, with several risk factors 

related to disease course and treatment. These include intestinal 

inflammation, low physical activity, possible toxicity of PN components, and 

nutritional factors including reduced absorption of vitamin D, calcium, 
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phosphorus, and magnesium. A systematic review article with 640 pediatric 

IF patients yielded estimated prevalence of 28.8% for metabolic bone disease 

among pediatric IF patients. While correlation of bone mass density was 

related to growth and PN dependency on some cohorts, not all showed similar 

results.  Of underlying etiologies congenital enteropathy and dysmotility 

diagnoses associated with lower bone mass density (Gatti et al., 2022). In a 

study conducted in Helsinki University Children´s Hospital including 41 

pediatric IF patients, duration of previous PN, calcium intake, and time 

relapsed after cessation of PN correlated with lower bone mass density. 

Overall, vitamin D deficiency and secondary hypoparathyroidism were 

detected in 44% and 41% patients respectively. Lumbar spine bone mass 

density score was ≤-1.0 in 70% of the patients (Mutanen et al., 2013). Similar 

results for low bone mass density, vitamin D deficiency and 

hypoparathyroidism has been demonstrated in other studies, with 11% to 29% 

bone fracture rate (Demehri et al., 2015; Khan, Fisher, et al., 2015). 

2.6.8 KIDNEY DISEASE 

 

Renal impairment may develop in patients with IF due to episodes of 

dehydration and electrolyte imbalance, acidosis, hyperoxaluria and fat 

malabsorption  (Kosar et al., 2016; Ylinen et al., 2018). Two recent studies 

highlight renal function among pediatric IF patients. A study from Helsinki 

University Children’s Hospital with 70 patients discovered 20 patients (29%), 

who had decreased glomerular filtration rates and elevated cystatin C levels at 

median age of 5 years and PN duration of 3.2 years. These changes correlated 

with PN duration and the length of remaining small bowel (Ylinen et al., 2018). 

Another study with 56 patients assessing renal ultrasound findings detected 

either increased echogenicity or nephrocalcinosis in 24 (43%) of the patients 

at the median age of 48 months. These findings associated with both total PN 

duration and dependency as calculated from daily PN provision, and with 

remnant colon but not small bowel length. Authors state that as exact etiology 

of renal impairment of IF patients is not clear, patients with long term PN 

should be evaluated with ultrasound for possible renal changes (Kosar et al., 

2016). 

2.7 PROGNOSIS OF INTESTINAL FAILURE AND SHORT 
BOWEL SYNDROME 

2.7.1 SURVIVAL 
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Survival of IF patients is dependable of available resources. Reported present 

day outcomes show survival rates exceeding 90%  for pediatric IF patients in 

highly specialized centers with multidisciplinary hepatoprotective treatment 

protocols. Besides improved care underlying diagnosis impacts prognosis, 

with motility disorders, congenital enteropathies and ultra-short bowel 

syndrome leading to irreversible IF and thus, to poorer long-term outcome 

(Das & Sivagnanam, 2020; Fullerton et al., 2017; Gfroerer & Rolle, 2015; 

Oliveira et al., 2016). 

Several studies show increased survival within two last decades, and 

improved prognosis in patients who survive initial treatment and neonatal 

period. A  multicenter study with 272 neonates with IF and median 25.7 

months follow-up period from 2005 to 2007 detected overall cumulative 

survival rate of 73%, with multiorgan failure and sepsis as most frequent 

causes of death in  this infant population (Squires et al., 2012). Another single 

center study compared survival of historical cohorts from 1990 to 2009 in 5-

year intervals. Altogether 171 pediatric IF patients were included. Survival rate 

increased from 70.6% to 93.3% between first and last cohort. Multidisciplinary 

team, presence of more than 10% of predicted small bowel and weaning of PN 

were positive prognostic factors (Hess et al., 2011). Another large single center 

study conducted between 2002 and 2014 reported outcome of 313 pediatric IF 

patients with overall survival rate of 94.3%. Most common causes of death 

included sepsis (n=7), cardiac arrets at home (n=4) and end stage liver disease 

(n=4) (Fullerton et al., 2016). 

For older pediatric patients the overall prognosis is good. A nationwide 

study from France conducted between 2000 and 2013 including 217 pediatric 

IF patients on home PN reported 90% survival, with most common causes of 

death relating to immunodeficiencies (Abi Nader et al., 2016) A cohort study 

with 70 adolescent patients aged 10 to 19 years with neonatal onset SBS 

showed even better prognosis for patients, highlighting the favorable 

prognosis of pediatric SBS patients after early years. There was no mortality 

in this cohort. Enteral autonomy was achieved by 53 (76%) of the patients, 

while 4 (6%) had intestinal transplant. The disease burden was, as expected, 

higher in adolescents remaining on PN (Han et al., 2020). 

In the Helsinki University Children´s Hospital survival rates reported for 

100 patients were 88% before the year 2009, and 96% for 2009 to 2017, the 

causes of death were IFALD for 3 patients in the era before 2009, and 4 severe 

septicemias, 2 before and 2 after the 2009 when multidisciplinary treatment 

protocol was established (Merras-Salmio et al., 2018; Merras-Salmio & 

Pakarinen, 2015). More recent multicenter cohort from Nordic countries 

including our own center reported 96% overall survival, with shorter bowel 

length, ostomy and associated IFALD as negative predictors for death 

(Mutanen et al., 2022). 
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The rates of transplant free survival vary between studies from 57% to 93%. 

Number of intestinal transplants in pediatric patients is declining due to 

improved prognosis (Fullerton et al., 2017).  

2.7.2 WEANING OF PARENTERAL NUTRITION 

 

Attaining enteral autonomy is the single most important prognostic factor for 

patients with IF, as most complications arise from PN and central line. 

Prognosis for attaining enteral autonomy depends on the remaining bowel 

length, particularly small bowel, although also large bowel has adaptive 

potential. Younger children have more remaining growth potential, thus 

improving prognosis. Overall premature babies have best long-term adaptive 

capacity, therefor chances of weaning after NEC and bowel resection are good. 

Overall rates for attaining enteral autonomy vary between centers, and more 

contemporary reports show improved prognosis (Belza et al., 2019; Fullerton 

et al., 2017; Khan, Squires, et al., 2015; Mutanen & Wales, 2018; Sparks et al., 

2016) Besides bowel length, pathological dilatation of small bowel has been 

associated with prolonged PN dependency (Hukkinen et al., 2017; Ives et al., 

2016). 

A single center study with 120 SBS patients referred to the center between 

2006 and 2013 demonstrated 70% chance of attaining enteral autonomy. 

Children with longer remaining small bowel and colon, and intact ICV were 

more likely to wean off PN. In this study patients  who had more than 50% of 

both small and large bowel had 83.3% chance of weaning off PN, and also 

those with less than 50% of small bowel but more than 50% of large bowel still 

had over 50% chance of attaining enteral autonomy, whereas only 8.3% of 

patients with less than 50% of small and large bowel weaned off PN (Belza et 

al., 2019). Reports from other pediatric IF centers show comparable results. A 

single center study from 2002 to 2014 with 313 pediatric IF patients reported 

enteral autonomy rate of 56% during median 4.6 years follow up period. 

Positive predictors for enteral autonomy were longer remaining small bowel, 

higher median citrulline, lower gestational age and NEC diagnosis, whereas 

motility disorders had negative predictive value (Fullerton et al., 2016).  A 

contemporary multicenter cohort from Nordic countries with 208 patients 

detected 76% incidence for enteral autonomy after median 4.4 years follow-

up. The risk factors for PN dependency were shorter remnant small bowel and 

presence of ostomy (Mutanen et al., 2022) . 

While greatest adaptive potential is within first year of surgery, studies 

show continuing adaptive process and attaining enteral autonomy is possible 

even years after the diagnosis. Especially in younger children the amount of 

energy needed for growth curtails with age, further increasing chances of 

autonomy (Fullerton et al., 2017; Mutanen & Wales, 2018; Squires et al., 

2012). Recently, teduglutide has showed promise in enhancing bowel 
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adaptation and promoting enteral autonomy (Kocoshis et al., 2020; Ramos 

Boluda et al., 2020). 

2.7.3 GROWTH 

 

Long-term growth of children and adolescents with IF may be compromised 

due to underlying disease, disease complications and impaired absorption of 

nutrients (Fullerton et al., 2017). There are only few studies reporting growth 

parameters for children in long-term PN or after enteral adaptation. These 

studies indicate growth in in the normal range, although patients with history 

of IF seem to have shorter stature and lighter body weight than average.  

A large nationwide study from France reported normal growth for 217 

pediatric home PN patients. Height for age scores were between median -0.1 

and –0.5 SD for both patients on PN and those who weaned of within 6 

months, with respective SD weight scores between -0.71 and -0.41 (Abi Nader 

et al., 2016). Another cross-sectional study of 40 adults and children with 

history of infantile SBS detected that 53% of the children and 78% of the adults 

were below their estimated target height, with median height score -0.9 SD 

and -1.0 SD, respectively (Olieman, Penning, Spoel, et al., 2012).  

However, also poorer growth is reported.  In a study cohort with 45 

pediatric home PN patients with mean age of 8 (range 5-17 ) years mean height 

was at -1.8 ±1.5 SD and weight-for-height at 0.7±1.3 SD. In this study children 

with small intestine inflammation had significantly lower height compared to 

those without inflammation regardless of underlying diagnosis (Pichler et al., 

2013). Another study reported 19 pediatric long-term PN patients with 2.9-

year follow-up. Here low weight and height (under -2 SD) were associated with 

IFALD, whereas history of sepsis was associated with low weight (Choi et al., 

2016). 

A recent study with 110 pediatric IF patients above 8 years old observed 

pubertal development and  growth.  A median height for age in this study was 

-1.2 SD, with weight at -0.7 SD. Height Z score less than -2 SD was determined 

in 20% of the patients. Delayed puberty was not detected, on the contrary, 

patients entered puberty earlier than established norms (Culbreath et al., 

2022). 

2.7.4 MOTOR AND COGNITIVE DEVELOPMENT 

 

Children with IF and SBS are at risk of neurodevelopmental problems due to 

underlying disease and adverse effects of treatment including PN, surgical 

procedures and sepsis. Low birth weight and prematurity (which are common 

among children with IF) predispose to NEC which is an established risk factor 
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for compromised cognitive development (Sorrell et al., 2017; Vlug et al., 2022). 

A recent review and meta-analysis investigated cognitive outcomes among 

children with IF and those with high risk of developing IF. The review included 

five studies (including the study forming a part of this thesis, and four other 

illustrated in Table 7 beside an earlier cohort from late 80’s). A pooled analysis 

of the 124 pediatric IF patients detected a median IQ of 86.1 (95% CI 79.7-

92.5). Three studies (with 71 pediatric IF patients) estimated the incidence of 

severe mental disability at median 28.6% of patients (95% CI 12.5-52.9). When 

also children at high risk of developing IF were accounted for, risk factors 

associated with lower IQ or developmental quotient were the duration of 

hospital stay number of surgical procedures and younger gestational age (Vlug 

et al., 2022). 

Another systematic review and meta-analysis including 47 studies with 

2312 patients having congenital gastrointestinal malformation detected 

overall weaker neurocognitive development in affected patients compared to 

healthy peers. Negative prognostic factors included longer hospitalization and 

greater number of surgical procedures. Among all patients those who 

developed SBS had significantly worse neurodevelopmental outcome 

compared to patients with malformations without ensuing SBS (Roorda et al., 

2021). 

The Table 7 demonstrates in detail 4 studies investigating neurocognitive 

outcomes of pediatric IF patients during modern treatment era. Chesley et al. 

reported a cohort of 17 pediatric IF patients who were mainly tested at young 

age, of whom  3 (20%) were reported to have severe neurocognitive disability 

with mental development index under 70 points, while 6 (40%) had scores 

falling between -1 and -2 SD (Chesley et al., 2016). So et al. followed up a cohort 

of 31 patients with repeated testing at early childhood. They reported 20 to 29 

% of children scoring under -2 SD in cognitive tests at the age of 26 to 32 

months, a percent doubling from the early test at the age of 12 to 15 months, 

while almost half of the cohort scored under -2 SD in gross motor skills at both 

testing points. Authors state, that while early difficulties associate with 

prematurity later problems associate to IF-related factors (So, Patterson, Gold, 

et al., 2019). Motor developmental results from the study by Sorrel et al. 

indicated similar poor gross motor skill scores as the Chesley et al. study 

(Sorrell et al., 2017). Gold et al. studied children at early school age. They 

diagnosed a covert neuro-developmental condition in 46% of the patients, 

including learning disability (29%), intellectual disability (11% ) and both 

attention deficit hyperkinetic disorder and learning disability together (7%), 

while overall median IQ was 88, within -1 SD from average. In their study 

having siblings at home had a positive effect on the neurocognitive outcome 

(Gold et al., 2020). Overall, 3 of the 4 described studies reported prolonged 

hospitalization and younger GA at birth as poor prognostic factors for later 

neurodevelopmental problems. However, the study by Gold et al. which 

included schoolage children did not detect GA as underlying risk factor, as did 
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not the meta-analysis with congenital intestinal malformation. It is possible 

that at younger age prematurity related problems are highlighted, but long-

term cognitive problems relate to other underlying factors.  

Table 7 Studies investigating established intestinal failure and/or short bowel syndrome and 

cognitive or motor outcomes in chronological order. 

Study Patients, 

Age 

GA/ Weeks Birth 

Weight/ 

grams 

PN duration/ 

weeks (SD) 

Measured 

outcome 

Associated 

risk factors 

Chesley 

et al. 

2017 

15/ 

Median 

17 

months 

(range 

12-57) 

Median 

35+3 

(range 

26+6-41+4) 

 Median 17 

months (range 

12- 68) 

Bayley Scales of 

Infant Development 

II (16) and WPSSI 

(1) 

Mental 

developmental 

index 82 

Psychomotor 

developmental 

index 77 

Cognitive: 

Duration of 

hospitalization, 

Younger GA  

Number of 

surgeries 

Sorrell et 

al. 2017 

13/  

 

6 months 

 

 

 

12 

months 

Mean 28 

(SD±4) 

Mean 

1032 

(SD±783) 

Mean 27.8 

(±20) 

Bayley Scales of 

Infant Development 

III (mean ±SD) 

Cognitive 73.1±12.8 

Motor 62±11.8 

Language 

77.2±13.8 

Cognitive 74.3±15.9 

Motor 66.5±12.9 

Language 

75.35±13.5 

Cognitive: 

Duration of 

hospitalization, 

Younger GA  

 

Motor: 

Duration of 

hospitalization 
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So et al. 

2019 

31 

 

 

 

 

12-15 

months 

 

 

 

 

26-32 

months 

Median 34 

(IQR 30-36) 

Median 

2120 g 

(IQR 

1240-

2520) 

Median 8 

months (IQR 5-

24) 

Mullen Scales of 

Early Learning, 

Vineland-II Adaptive 

Behavior  

Scales - Caregiver 

Report 

Gross motor 

75±17.1 

Fine motor 97±17.3 

Visual reception 

92±14.7 

Language 89±14.7 

Early learning 

93±17.8 

Gross motor  

77±17.9 

Fine motor 80±17.4 

Visual reception 

82±19.4 

Language 87±17.0 

Early learning 

81±19 

Cognitive: 

NEC diagnosis 

Younger GA 

Cholestasis 

 

 

Motor: 

Duration of 

hospitalization 

PN duration 

and 

dependency 

Cholestasis 

Length of 

remaining 

small bowel 

Gold et al. 

2020 

28 

 

6.4 years 

(range 

4.9-8.2) 

Median 

35.5 (IQR 

31-38) 

2200 

(IQR 1.6-

3.0) 

N/A 

1st year median 

12 months 

(IQR 4-12) 

 

WPSSI- IV / WISC- 

IV * 

median/ range  

IQ 89 ( 53-123) 

Cognitive: 

2 or more 

septic 

episodes 

within first 

year of life 

* Wechsler Preschool and Primary Scale of Intelligence (WPPSI-IV) and Wechsler Intelligence 

Scale for Children (WISC-IV) 

As shown in Table 7, poor gross motor skills are common among patients 

with IF. Children with IF demonstrate lower physical activity than healthy 

peers also at later childhood. In a study with 30 pediatric IF patients (43% PN 

dependent) at median age of 7 years half of the patients scored below average 

in motor proficiency tests, with low scores associating with younger GA, longer 

duration of hospitalization, number of septic episodes, current TPN and 
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shorter height. Self-reported barriers to physical activity were CVC and ostomy 

(So, Patterson, Evans, et al., 2019). Another study by same authors with 21 

pediatric IF patients at median age of 8.3 years demonstrated restricted 

physical function and heightened fatigue compared to healthy peers (So et al., 

2021).  

2.7.5 QUALITY OF LIFE 

 

Children with IF report restricted physical and social functioning compared to 

healthy peers, whereas most estimated their emotional wellbeing as 

comparable to healthy reference population in studies investigating health 

related quality of life (Hukkinen et al., 2018). 

In a study with 37 pediatric IF patients at median age of 9 years conducted 

in Helsinki University Children’s Hospital patients and families filled 

PedsQL4.0, a validated questionnaire on health-related quality of life, and  

parental worry and stress were measured by Questionnaire on Resources and 

Stress for families with chronically ill or handicapped members. School-aged 

patients reported lower physical functioning compared to healthy peers, 

whereas parents reported also lower psychosocial and emotional wellbeing. 

For younger children parents reported lower scores for physical functioning, 

psychosocial health, and school functioning. The stress level varied between 

families, and was diminished after attaining enteral autonomy whereas 

frequent abdominal pain associated to weaker physical and school functioning 

(Mutanen, Kosola, et al., 2015). 

Sanchez et al. reported results from a general PedsQL survey among 

families of 23 pediatric IF patients with median age 2.4 years. Children of all 

ages from 0 to 6 years scored low on physical wellbeing. Also, psychosocial 

health summary was under average in all age groups and score curtailed with 

advancing age. Parents reported poorer family relationships, and also, that IF 

symptoms interfered with their ability to nurture their child (Sanchez et al., 

2013).  

Another recent study with 91 pediatric IF patients and families using the 

PedsQL4.0 questionnaire reported lower total health related quality of life for 

all IF patients compared to healthy population. When scores were compared 

to chronically ill reference population, total score was lower in school aged 

children, who had clearly lower school functioning and psychosocial 

functioning scores. In toddlers scores were comparable and in infants higher 

in psychosocial functioning when compared to the chronically ill reference 

population. Like previous studies, also here parents reported lower scores than 

patients themselves (Neam et al., 2020). These results are similar to those 

published in an earlier cohort of 31 children with history of SBS at mean age 

of 11 years, which reports lower total and especially lower school functioning 
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in PedsQL compared to healthy controls. Like in previous reports also physical 

functioning and psychosocial health scores were lower, and again, parents 

reported lower scores than children (Olieman, Penning, Poley, et al., 2012). 

Physical symptoms including stomach pain, frequent stooling and loose 

stools were common complaints decreasing physical wellbeing. Ostomy 

decreased patients perception of own health among teen-aged children. 

Restricted social life was reported in most studies, and complaints increased 

with advancing age to adolescence. PN dependent patients reported fecal 

incontinence and PN-associated restrictions as biggest social limitations 

(Emedo et al., 2010; Gottrand et al., 2005; Mutanen, Kosola, et al., 2015; 

Olieman, Penning, Poley, et al., 2012; Sanchez et al., 2013).  

School functioning scores vary between studies, with more recent studies 

reporting poorer scores. This is in line with improved survival and published 

reports on neurocognitive problems. As more sicker and premature children 

survive early years, later cognitive problems together with possible ongoing 

PN bring new challenges to school and health care systems (Hukkinen et al., 

2018; Neam et al., 2020; Olieman, Penning, Poley, et al., 2012). 
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3 AIMS OF THE PRESENT STUDY 

Pediatric IF has gone through an evolution from life threatening disease to a 

chronic illness, as patients survive early events of the disease. The disease and 

partly the surgical, medical, and nutritional care it requires, have long lasting 

consequences on later health and wellbeing of the patient, bringing challenges 

to patients, their families and professionals treating the patients. The objective 

in this study was to investigate the effects of intestinal failure and its early 

treatment on the following aspects: essential fatty acid deficiency, neurological 

development, and hepatic steatosis related to intestinal failure associated liver 

disease. The aims for these sub studies presented in this thesis are following: 

 

I) To investigate essential fatty acid status in pediatric IF patients 

during parenteral nutrition and after attaining enteral autonomy to 

uncover prevalence and underlying risk factors for fatty acid 

deficiency. 

 

II) To assess neurological development and analyze risk factors for 

adverse neurological outcomes among pediatric IF patients aged 

between 3 to 16 years. 

 

III) To uncover nutritional and clinical risk factors associated with 

early liver steatosis in young infants with short bowel syndrome. 
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4 MATERIALS AND METHODS 

4.1 PATIENTS (STUDIES I-III) 

Pediatric IF patients attending Helsinki university Children Hospital are 

included into an IF patient registry. For studies I-III all patients fulfilling sub 

study criteria (see below) were identified from this registry. For study I 

patients with  serum fatty acid fractions (S-FA-Fr%) samples taken between 

May 2012 and December 2015 were included. For study II all  IF patients who 

were  3 to 16 years during the study period of August 2017 and April 2018 were 

invited to attend.  For study III patients born between January 2010 and 

February 2020, who had a diagnostic liver biopsy taken between the age of 3 

to 15 months were included. Patient selection for studies is outlined in Figure 

5 and detailed inclusion and exclusion criteria together with study design is 

reviewed in Table 8. 

 

Figure 5. Patient selection to Studies I-III, detailed study criteria is given in Table 8. 

 

Study I

67 patients aged 0 to 
18  fullfilling study I 

criteria were 
indentified

49 patients had S-FA-
Fr%  measured

All 49 patients 
were included 

Study II

53 IF patients 
fullfilling study II 

criteria were 
indentified

After exclusion 
criteria 40 eligible 

patients

were invated to 
participate

32 agreed to 
participate

30 attended the study 
protocol

Study III

45 SBS patients were 
identified in IF 

register

31 patients with 
diagnostic liver 
biopsies during 

infancy

31 patients were 
included and 24 had 

follow-up biopsy
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Table 8. Study design I-III 

Study no. and main 

aims 

Patients Inclusion and 

exclusion criteria 

Study type and time  Data 

collection 

Study I 

 

To analyze EFAD and 

risk factors among 

pediatric IF patients 

49 Inclusion: Pediatric IF 

patients with ≤50% 

remnant small bowel/ 

≥3 months PN 

dependency and       

S-FA-Fr%  sample 

taken 

Exclusion:  Samples 

taken after intestinal 

transplantation (5) and 

missing PN information 

(1) 

Retrospective single-

center 

May 2012-Dec 2015 

Detailed PN 

history and 

nutrient data 

including PN 

lipid content 

129 S-FA-Fr% 

samples  

Study II 

 

To evaluate cognitive 

and motor outcome and 

to detect risk factors for 

adverse development 

among children with IF 

 

30 Inclusion: Age 3 to 16 

years,  History of PN 

duration ≥60 days, for 

SBS patients ≤50% 

remnant small bowel 

and consent to 

participate 

Exclusion: Genetic 

syndromes or 

congenital 

malformation of central 

nervous systems 

development, grade III-

IV  ICH 

Hydrocephalus, 

current  hospitalization  

Prospective cross-

sectional single center 

Aug 2017-April 2018 

Patient history 

including 

baseline data, 

operations 

under general 

anesthesia 

and sepsis 

Validated 

neurocognitive 

and motor 

assessment 

Internet-based 

questionnaire 

Study III 

 

To investigate early 

histopathological 

steatosis and its 

association to PN 

 

31 Inclusion: 

SBS patients with 

≤50% remnant small 

bowel and history of 

PN duration ≥60 days, 

and diagnostic liver 

biopsy taken at the 

age of 3 to 15 months 

Exclusion:  Patients 

with primary 

dysmotility and 

enteropathies without 

SBS 

Retrospective single-

center 

Jan 2010-Feb 2021 

Patient 

characteristics 

and detailed 

PN content 

Liver biopsy 

samples 

Laboratory 

markers 

including  liver 

transaminases 

and bilirubin 

levels 
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4.2  DEFINITIONS 

Essential fatty acid deficiency 

Mead acid (20:3 n-9) production is elevated in absence of EFAs. Triene-to-

tetraene Ratio (TTR) is calculated as Mead acid divided by arachidonic acid 

(AA 20:4 n-6). TTR  is used to diagnose EFAD. In study I ratio ≥0.2 was 

considered diagnostic for EFAD, whereas increased risk was suspected of 

values ≥0.1 (Lagerstedt et al., 2001). TTR reference value for Finnish 

population is between 0.01 and 0.04 (Nikkari S, 2004). 

Schofield Equation 

Schofield equation can be employed to estimate resting energy expenditure 

(REE) (Schofield, 1985). Different equations are given based on gender, age, 

weight and height or gender, age and weight alone. For study I equations 

shown in Figure 6. were used. 

Figure 6. Schofield equation 

Intestinal rehabilitation program 

Standardized intestinal rehabilitation program was initiated 2009 in Helsinki 

University Children’s Hospital. The main aspects include strictly aseptic CVC 

care with antimicrobial locks and continued education of staff and parents, 

balanced PN delivered from manufactured multicompartment bags and use of 

fish-oil together with mixed lipid emulsions for children with cholestasis or 

Energy 

requirement 

0–3  years  

Boys: 0.167 x weight (kg) + 1517.4 x height (m) – 617.6 

 
Girls: 16.25 x weight (kg) + 1023.2 x height (m) – 413.5 
 

 

3–10 years 

Boys: 19.6 x weight (kg) + 130.3 x height (m) +  414.9 

 
Girls: 16.97 x weight(kg) + 161.8 x height (m) + 371.2 

     

 

10–18 years 

Boys: 16.25 x weight (kg) + 137.2 x height (m) + 515.5 

 Girls: 8.365 x weight (kg) + 465 x height (m) + 200 
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high risk of IFALD. Lipid restriction to 1 g/kg/d parenterally is employed in 

severe cholestasis. PN cycling is initiated as soon as patients clinical condition 

permits. Breast milk is preferred for early enteral feeding, and oral feeding is 

encouraged from early age. Hydrolyzed whey-based formula with MCT oil is 

provided if breast milk is not available. The following lipid emulsions are used 

in our clinic: Omegaven®; (FO 100%, Fresenius Kabi, Germany), Smoflipid®; 

(SO, 30%: MCT 30%: OO 25%: FO15%, Fresenius Kabi, Sweden)  and 

Clinoleic®; (OO 80%: SO 20%, Baxter Inc., Belgium).  

4.3 METHODS 

Data Collection 

For Studies I-III patients’ charts were reviewed for relevant clinical data 

including patient characteristics and intestinal anatomy. For studies I and III 

detailed PN information was recorded, including provision of macronutrients 

and different lipid emulsions, which were calculated as per kilogram per day 

from average intake of the preceding one week. For Study I dates just prior to 

S-FA-Fr% measurements were chosen for nutrient data collection, whereas for 

study III data was collected for all the ages of approximately 1, 3 and 6 months 

and just prior to biopsy date.  For study II information on previous surgeries, 

anesthesia and hospitalization were collected, and for studies II and III also 

blood culture and sepsis history. Growth was assessed for studies I and III and 

is given in accordance with the Finnish National Growth Charts. The height is 

given as Z scores and weight as percentiles for the height.  

Serum fatty acid fraction analysis (Study I) 

S-FA-Fr% were collected for all IF patients every six to twelve months as part 

of routine follow-up. During the study I period the S-FA-Fr% were analyzed in 

Tampere University Hospital Laboratory. After collection test samples were 

stored at -70°C until further analysis. Samples were subsequently prepared by 

liquid-liquid extraction of lipids from serum samples, lipids were saponified 

and thereafter fatty acids were esterified. Samples were then analyzed in gas 

chromatography by  flame ionization detection, where FA methyl esters were 

separated, and percentage composition given from saturated C14:0 to 

unsaturated C22:6 fatty acid for 14 long- chain FAs. The reference values used 

in study I are based on Finnish population cohort of 104 adults and 80 infants 

(aged 6 to 18 months) (Nikkari S, 2004) 

Neurocognitive and motor tests (Study II) 

Cognitive and motor competence were assessed by validated tests with 

established normal population reference scores. Psychological tests were 

performed with guidance of one from two study psychologists in 2 hours with 

a break in between two sessions and motor testing  was conducted by certified 

pediatric physiotherapist. All were blinded to the patients’ medical history. 

Wechsler Preschool and Primary Scale of Intelligence (WPPSI-III) was used 
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for patients between three to six years old and Wechsler Intelligence Scale for 

Children (WISC-IV) for patients from seven to sixteen years old. Testing 

covered Verbal Comprehension Index (VCI), Perceptual Reasoning Index 

(PRI) and Intelligence Quotient (IQ) (Wechsler, 2009, 2010). Test scores are 

given as follows: 

 

• Extremely low ≤ 69 (SD ≤ -2.01)  

• Borderline 70–79 (SD -2.00 to -1.34) 

• Low average 80–89 (SD -1.33 to -0.68) 

• Average 90–110 (SD -0.67 to 0.67) 

• High average 111–120 (0.68 to 1.33)  

• Very high 121–130 (1.88 to 2.0) 

• Extremely high ≥ 131 (SD ≥ 2.01) 

 

Movement Assessment Battery for Children, version 2 (Movement ABC-2 

test) was employed to assess motor development (Henderson SE, 2007). 

Domains testing manual dexterity, aiming, and catching, and balance were 

included. Test score distribution is labeled underneath: 

• Significant moving difficulty  ≤ 56 (≤ 5th percentile)  

• Risk of having moving difficulty 57–67 (6th–16th percentile)  

• Normal  Scores ≥ 67 (≥ 16th percentile)  

 

An internet-internet based questionnaire about socioeconomical status 

was also sent to all families . Survey included questions of siblings and parents 

learning difficulties and an open question about parental worry over child’s 

general development.  

Results from neuropsychological tests were compared to background 

population, as described in WPPSI-III and WISC-IV Finnish editions. If  a 

child failed in completing the tests (but the test was initiated), recent clinical 

assessment by neurologist or neuropsychologist was used for evaluation. 

Liver Biopsies (Study III) 

Diagnostic core needle biopsies are obtained as part of routine follow-up 

schedule in our clinic. Radiologist takes biopsies with ultrasound guidance 

under general anesthesia with simultaneous follow-up endoscopy or 

alternatively surgeon may take biopsy during laparotomy. Follow-up biopsies 

are obtained from children with risk of IFALD progression. All biopsies in 

Study III were assessed by two pediatric pathologists. Histology grading used 

in Study III has been explained in the Figure 7. 
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Liver Biochemistry 

At the time of the liver biopsy blood samples were obtained and analyzed for 

alanine aminotransferase (ALT), aminotransferase (AST), gamma-glutamyl 

transferase (GGT), conjugated bilirubin and bile acids in the Helsinki 

University Hospital laboratory. 

 

 

Figure 7. Liver biopsy grading 

 

Data analysis 

 

Statistical Methods 

GraphPad Prism version 7.0 was used for statistical analysis in studies I and 

II, and version 8.0 for study III. Comparisons between three groups were 

made using one-way ANOVA for parametric and Kruskall-Wallis test for non-

parametric data, and comparisons between two groups by unpaired t-test for 

normally distributed data and by Mann-Whitney test for unevenly distributed 

data in study I. In study II all between-group comparisons were made by 

Mann-Whitney test, and in study III with Mann-Whitney test and Fischer’s 

exact test. Correlations were calculated by Pearson correlation coefficient for 

normally distributed data and by Spearman coefficient for non-normally 

distributed data. Normality tests used were D’Agostino and Pearson tests. For 

study II IBM SPSS version 22.0 was employed to calculate multiple linear 

regression and for study III GraphPad Prism 8.0  was used for simple logistic 

regression.  All data is given as medians with IQR unless otherwise stated, and 

Fibrosis (Metavir) 

1 portal fibrosis

2 portal fibrosis with few septa 

3 bridging fibrosis 

4 cirrhosis

Inflammation

0 absent, 

1 minimal, 

2 mild,

3 moderate and

4 extensive

Cholestasis

0 absent

1 minimal

2 marked 

3 prominent  

Steatosis grade based on affected 
hepatocytes

0  0%

1 <25%, , 

2 25%-50%

3 >50%
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P value of ≤0.05 is deemed statistically significant. Odds ratios are given with 

95% confidence intervals. 

Study subgroups 

For study I three subgroups were formed according to PN dependency: full 

enteral nutrition, Supplemental PN and Predominantly PN.  Patients with PN 

energy <65% of REE were in the Supplemental group and patients with PN 

energy > 75% of REE were in the Predominant group. No patient had energy 

intake between 65% to 75 % of REE in this study. If patient had several S-FA -

Fr% measurements, the latest available was chosen for Full enteral group and 

for the Predominant group the measurement taken at the time of highest PN 

energy provision was chosen. One patient could be included in more than one 

group if enteral rehabilitation advanced during study time. For study I each 

patient had median of 2 (IQR 2–3) measurements analyzed. Group analyses 

were performed between patients at risk of EFAD and those deemed at low 

risk for EFAD. 

For study II patients were divided into two groups to detect risk factors for 

adverse cognitive outcome: Children with an IQ ≥ 66 or who were estimated 

to have normal or mildly impaired cognitive capacity and children with an IQ 

< 66 or who had been assessed as having serious neurocognitive impairment. 

The IQ < 66 correlates with high risk of intellectual disability and was there 

for chosen for cut off (Kamphaus, 2018). Another group analysis was 

performed between children with normal (Movement ABC-2 tests percentiles 

≥ 16th percentile) and abnormal motor development (Movement ABC-2 tests 

percentiles between 0.1 and 16). 

For study III patients with steatosis in the first diagnostic biopsy were 

compared to patients without steatosis to assess risk factors for early hepatic 

steatosis. To further assess nutritional risk factors for steatosis during infancy, 

all children with steatosis in any biopsy (whether diagnostic or follow-up 

biopsy) taken before the age of 15 months were compared to those with no 

signs of early steatosis. 

 

Ethical aspects 

Study I was approved by Helsinki University Hospital Ethical Committee (no. 

20/13/03/03/2010). For study II parents and all children over 6 years signed  

a written informed consent prior to participating in the study. Children who 

spoke Finnish as a second language were evaluated for their linguistic skills. 

Study was approved by the ethical committee of Helsinki University Hospital 

(Study number 1881/ 2017). Study III was approved Helsinki University 

Hospital Ethical Committee with permission number §73/2020. All studies 

follow the guidelines of the Declaration of Helsinki. 
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5 RESULTS 

5.1 PATIENT CHARACTERISTICS 

Patient characteristics  for studies I-III are shown in Table 9. For study  I and 

II SBS was the most common underlying IF diagnosis, whereas Study III only 

included SBS patients.  

For  Study I, 18 out of 67 patients meeting inclusion criteria were  excluded 

as they did not have S-FA-Fr% tested. These patients were older (P = 0.0174) 

and more often on full enteral nutrition (P = 0.0001) as compared with those 

included. Their patient characteristics were otherwise similar with patients 

attending the study.  

For study II, of the 40 invited patients 32 consented to join but 30 were 

evaluated for neurocognitive capacity and 28 participated in motor tests. 

Patients not attending were more often girls compared to those attending, but 

otherwise the groups were comparable (P =0.025).  

For Study III 14/45 patients were identified from the registry who did not 

have a diagnostic biopsy taken between the age of 2 to 15 months. Their 

characteristics were comparable with study patients. 

 Supplemental PN group six patients had lipid-free PN with only dextrose, 

amino acids and vitamins provided parenterally.   
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Table 9. Patient characteristics (Studies I-III). All results are given as medians with IQR. 

 No. 
patient
s/ male 

Age 
years 

GA 
weeks 

BW  
grams 

Percentage 

of age-

adjusted 

small bowel 

length 

Diagnoses 

Study I 
All patients 

49 /28 3.1 (0.9-
7.6) 

35 
(29-39) 

2165 
(1010-
3460) 

25 (17-34) SBS 76% 
Dysmot 
16%   
Other 8% 

Full enteral 33 / 19 5.2 (2.7-
14.2) 

31  
(25-35) 

1500 (540-
4680) 

26 (20-36) SBS 88% 
Dysmot 
12%   
Other 0% 

Supplemental 
PN  

14/8 2.0 (1.0-
5.7) 

35  
(29-38) 

2033 (960-
3615) 

16 (10-25) SBS 71%  
Dysmot 7%  
Other 21% 

Predominantly 
PN 

20/11 0.5 (0.3-
2.7) 

34  
(28-39) 

1800 (725-
3410) 

21 (16-26) SBS 70% 
Dysmot 
20%   
Other 10% 

Study II 
All patients 

30/24 7.5 (5.2-
10.4) 

35  
(28-38) 

2238 
(1014-
3288) 

30 (21-72) SBS 77% 
Dysmot 
17%   
Other 6% 

Patients with 
normal 
cognition or 
mild disability 

22/18 6.0 (3.8-
8.3) 

36  
(27-38) 

2480 
(1088-
3378) 

43 (25-100) SBS 68% 
Dysmot 
23%   
Other 9% 

Patients with 
severe 
cognitive 
disability 

8/6 10.4 (6.0-
13.2) 

30 
(28-38) 

1225 (823-
3076 

20 (12-25) SBS 100% 
Dysmot 0% 
Other 0% 

Study III 
All patients 

31/15 0.4 (0.25-
0.7) 

30 (25-35) 1400 (833-
2180) 

29 (19-36) SBS 100% 

Patients 
without 
steatosis 

23/11 0.4 (0.25-
0.7) 

31 (25-35) 1480 (835-
2350) 

22 (18-36) SBS 100% 

Patients with 
steatosis 

8/4 0.4 (0.3-
0.75) 

28 (24-31) 1130 (655-
1840) 

32 (23-38) SBS 100% 

 
*Age adjusted small bowel length is estimated by norms given by Struijs et al.(Struijs et al., 

2009). 
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5.2 ESSENTIAL FATTY ACID FRACTIONS AND RISK OF 
EFAD AMONG PEDIATRIC IF PATIENTS (STUDY I) 

Younger the patient greater the PN dependency. Thus, patients in the 

Predominantly PN group were youngest (P = 0.0001), whereas patients in Full 

enteral group were more likely to have a shorter PN history. Patients with 

current PN, either Predominant PN (P = 0.0109 ) or Supplemental PN (P = 

0.0235) had shorter remnant small bowel than patients on full enteral 

nutrition (Table 9.) The height SD and weight percentiles were  median (IQR) 

1.1 (-2.1-0.0) SD/ -4 (-10-1) % in Full enteral group, -1.2 (-2.7-(-0.1) SD/ 2 (-

10-5) % in Supplemental PN group and -2.0 (-3.2-(-1.1)/-1 (-10-3)%  in 

Predominantly PN group. Table 10 shows details of PN history and other 

nutritional information. Lipid emulsions provided for predominant PN group 

were following: Clinoleic® and Omegaven® together to eight patients, 

Clinoleic® to six, Smoflipid® and Omegaven® together  to three, and 

Smoflipid® or Omegaven® alone to one each. In the Supplemental PN group 

six patients received Clinoleic® and  two received Smoflipid®. Besides, in the 

Supplemental PN group six patients had lipid-free PN with only dextrose, 

amino acids and vitamins provided parenterally. 

The most important result of this study was the elevated median TTR in 

the Supplemental PN group. In the Supplemental PN group we found TTR 

values above reference ( ≥0.05) in two thirds of the patients that was more 

common than in two other groups (P=0.0016). Two patients in this group 

had EFAD (defined as TTR≥0.2). The elevated TTR seemed to associate with 

elevated Mead acid levels which was also high compared to other groups (P = 

0.0103), whereas no difference was seen in AA fractions.  (Table 10). While 

an elevated TTR was rare in the Predominantly PN group, still 6/20 children 

demonstrated mildly elevated ratios. Three of them had restricted lipid 

provision under 1 g/kg/d and the rest three had high dependency of PN with 

lipid provision of 1.1-1.3 g/kg/d and limited enteral nutrition.  

In line with low SO and high FO provision, the Predominantly PN group 

had significantly lower fractions of omega-6 fatty acids ALA (P < 0.0001)  and 

LA (P < 0.0001) and significantly higher fraction of total omega-3 FAs (P < 

0.0001) compared to other groups and to population reference values. As 

expected, patients with FO in their PN had high omega-3 FA fractions (Table 

10). On the contrary, 4/14 patients in the Supplemental PN group had low 

DHA%. Also patients with full enteral nutrition had increased risk of low 

DHA%,  with 13/33 (39%) showing low fractions.  
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Table 10. Parenteral nutrition details and fatty acid fractions in study I sub-groups. All results are 

given as medians with IQR. 

Nutrition and EFA 

fractions 
Full enteral 

(n=33) 
Supplemental PN 

(n=14) 
Predominantly PN 

(n=20) 
P. 

Duration of PN, 

months 
8.5 (4.4-14) 18 (11–28) 5.5 (3.8–21)  

PN energy, x REE*  0.3 (0.2–0.4) 1.5 (1.2–1.7)  

PN lipids, 

grams/kg/day 
 0.1 (0.0–0.4) 0.9 (0.7–1.2)  

FO, grams/kg/day ) 

[n]# 
 0.0 (0.0–0.0) [2] 0.3 (0.2–0.6) [15]  

OO, grams/kg/day 

[n]# 
 0.1 (0.0–0.2) [9] 0.3 (0.2–0.5) [18]  

SO grams/kg/day [n]#  0.0 (0.0–0.1) [9] 0.1 (0.1–0.2) [18]  

LA 18:2 n-6 

(20-32) § 
26.6 (23.8-28.0) 20.0 (18.3 -22.6) 14.0 (11.6-16.1) <0.0001 

ALA 18:3 n-6  

(0.5-1.3) § 
1.03 (0.84-1.26) 0.73 (0.59 -0.89) 0.52 (0.42-0.77) <0.0001 

AA 20:4 n-6 

(1.8-7.2) § 
5.76 (5.09-6.32) 5.22 (4.56 -5.61) 4.39 (3.53-5.35) 0.0842 

EPA 20:5 n-3 

(0.2-1.4) § 
1.05 (0.82-1.29) 1.22 (0.86 -1.58) 6.37 (3.62-8.26) <0.0001 

DPA 22:5 n-3 

(0.3-0.9) § 
0.65 (0.55-0.80) 0.73 (0.52 -0.81) 1.23 (0.98-1.42) <0.0001 

DHA 22:6 n-3 

(0.5-3.8) § 
1.73 (1.34-2.06) 1.93 (1.16- 3.26) 5.37 (4.07-5.91) <0.0001 

TTR  

(<0.04) § 
0.03 (0.02-0.04) 0.06 (0.03-0.09) 0.04 (0.03-0.04) 0.0002 

* REE calculated by the Schofield equations , # [n] number of patients receiving lipids, §Reference values for 

Finnish children 

We did not detect any correlation between ileum length or presence of ICV 

with TTR in full enteral group. LA% and ALA% were highest  in patients on 

full enteral nutrition (Table 10). Figure 8 shows differences between median 

LA%, DHA% and TTR in study groups. 
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Figure 8. Comparison of DHA%, LA% and TTR between study groups. All results are given as 
medians with IQR. 
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Altogether, 19 (38%) of the patients had TTR above the normal reference 

value ( ≥0.05). We detected 5 patients with TTR≥0.1 and 3 with TTR≥0.2. 

These 8 patients were evaluated and compared with patients who did not 

have any abnormal TTR measurement. All patients at risk of EFAD were on 

PN with restricted lipid provision, with 5 patients receiving Clinoleic® (SO 

20%:OO 80%) and 3 lipid-free PN. Diagnoses in the high-risk group included 

SBS (n=6), Mitchell-Riley syndrome (n=1) and an extensive lymphatic 

malformation of the intestine (n=1). In comparison to the low-risk group, 

these 8 patients were younger at 0.8 years (0.7–8.2) vs. 5.3 years (3.5–10.8) 

(P=0.0291), had shorter remnant small bowel 13 (9–16) % vs. 26 (20–43) % 

(P =0.0013) and were all on PN (8/8, 100% vs. 8/30,27%; P = 0.0003) and 

received limited PN lipid and energy provisions: 0.2 (0.0–0.5) g/kg/d vs. 0.8 

(0.6–0.9) g/kg/d, P = 0.0012; and  0.6 (0.4–0.8) *REE vs. 1.2 (1.1–1.7) *REE 

(P = 0.0025), respectively. 

 

5.3 NEUROCOGNITIVE  OUTCOMES  AMONG 
PEDIATRIC IF  PATIENTS  (STUDY II) 

Finnish was a second language for six children (20%) participating in the 

study. Of them four spoke Finnish with either a parent or in day care or at 

school and three of these four performed psychological tests successfully. Age-

appropriate psychological tests were successfully completed by 26 patients. 

Figure 9 demonstrates the distribution of total IQ scores among study 

patients. The median IQ, VCI and PRI scores were 78 (IQR 65–91), 74 (IQR 

60–92) and 79 (IQR 67–91), respectively. As Figure 9 shows, the overall 

cognitive outcome is impaired among IF patients, with 10 (35%) of patients 

having scores under 70 ( -2 SD). 
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Figure 9. Distribution of intelligence quotient scores among pediatric IF patients. 

We compared patients with severe cognitive disability with other patients 

to detect risk factors for adverse outcomes. The results are shown in Table 11. 

Factors associated with lower IQ were shorter remnant small bowel, greater 

number of laparotomies and general anesthesia and a longer inpatients 

status after birth. GA (P=0.339) or BW (P=0.555) were not significantly 

different between groups, even if a tendency towards lighter BW was noted. 

Associations of cognitive outcome were assessed in multiple linear regression 

model (R2 =0.577, P< 0.001), where IQ increased 0.9 points for each 

additional 100 grams in birth weight (95%CI 0.4–1.4, P=0.001) and 

decreased 0.25 points for each extra month on PN (95%CI 0.12–0.38, P< 

0.001) and 1.47 points for every laparotomy (95%CI 0.036–2.9, P=0.045). 

 

Initiation of PN after first year of life was associated with normal cognitive 

outcome as six children (20%) who developed IF after 12 months age had 

normal median IQ of 96 (86–105).  Dysmotility syndrome was as a cause of IF 

for 80% of these children.  

Among SBS patients, IQ scores were similar for  NEC patients (74, IQR 60–

92) and other surgical etiologies (70, IQR 55–94, P=0.276), whereas current 

PN was associated with lower IQ (65, IQR 55–77)  when compared to children 

with enteral autonomy (86, IQR 68-100, P=0.0223). 

Parents of 23 children (77%) returned internet-based survey covering 

socioeconomical factors. Neither parents’ income nor educational level or 

learning difficulties of first-degree relatives related  with detected 

neurocognitive impairment.  

35%
21% 15%

27%

-69 70-79 80-89 90-109 110-119 120-129 130-

Intelligence quotient

Normal population IF patients
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Table 11.  Study II Patient characteristics and cognitive outcome 

Characteristics All study patients 

(n=30) 

Patients with normal 

cognition or mild 

disability (n=22) 

 Patients with 

severe cognitive 

disability (n=8) 

P. 

Etiology for SBS, 

NEC/other , n#
 

11 / 12  8 / 7 3 / 5 0.667 

GA ≤ 28 weeks, n (%) 8 (27%) 6 (27%) 2 (25%) >0.999 

BW ≤1500 g, n (%) 13 (43%) 8 (36%) 5 (63%) 0.242 

Duration of PN, 

months* (IQR) 

13 (5-37) 11 (4-24) 43 (8-131) 0.069 

Percentage of age-

adjusted small 

intestinal length* 

30 (21-72) 43 (25-100) 20 (12-25) 0.005 

General anesthesia, n* 

(IQR) 

9 (8-14) 8 (7-11) 14 (12-16) 0.010 

Laparotomies, n* 4 (2-5) 3 (2-5) 6 (4-11) 0.007 

Hospital stay after 

birth, months*  

4.8 (1.2-10) 3.8 (0.0-9.3) 9.5 (5.0-13) 0.047 

Blood culture positive 

septicemia, n*  

1 (1-2) 1 (0-2) 2 (1-3) 0.315 

* Results are given as medians with IQ, # Result given only for children with SBS 

5.4 MOTOR OUTCOME AMONG CHILDREN WITH IF 
(STUDY II) 

Movement ABC-2 test was attended by 28 patients. The median percentiles 

were 9 (IQR 2–34) for total,  13 (IQR 4–28) for manual dexterity, 37 (IQR 13–

50) for aiming and catching, and 16 (IQR 5–50) for balance.  Test scores 

percentile above 16 are considered normal. Ten patients had significant 

moving difficulty, eight patients were at risk of impaired motor development 

and ten patients had normal motor development. Altogether five children had 

both significant motor and neurocognitive impairment. Risk factors for 

adverse motor outcome were prematurity, lower birth weight, and lower IQ 
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scores as shown in Table 12. Number of anesthesia or laparotomies did not 

have significant effect on motor outcome. 

 

Table 12. Characteristics among study II patients. with normal and abnormal motor scores. Results 
are given as medians with IQR. 

Characteristics  Normal motor score 

(n=10)  

Abnormal motor score (n=18)  p-value  

GA at birth, weeks  38 (24-36) 30 (34-39) 0.029 

BW, grams  3024 (2103-3400) 1225 (743-2745) 0.024 

BW ≤1500 g, n (%) 2 (20%) 12 (67%) 0.046 

Duration of hospitalization 

after birth, months  

1.8 (0-10) 5.5 (3.4-13) 0.072 

Blood culture positive 

septicemia, n  

1 (0-2) 2 (1-3) 0.052 

IQ score  88 (75-103) 74 (55-87) 0.020 

Duration of PN, months  10 (4-15) 15 (6.4-40) 0.171 

Percentage of age-

adjusted small intestinal 

length 

35 (22-100) 27 (5-44) 0.259 

5.5 HEPATIC STEATOSIS IN IF PATIENTS DURING 
INFANCY (STUDY III)  

Steatosis was detected in 8 (26%) out of the 31 studied early diagnostic liver 

biopsies, at median age of 5 months. The patient characteristics were 

comparable for patients with and without steatosis, even though children with 

steatosis tended to have lighter birthweight and younger gestational age than 

those without steatosis (Table 9). The comparison of growth, PN details and 

number  of septicemias is shown in Table 13. The only remarkable finding was 

the faster weight gain rate (from birth to biopsy) in the steatosis group (Figure 

9). 

Histopathology findings of the diagnostic biopsies are shown in Table 14.  

Inflammation, cholestasis, and fibrosis were common both in patients with 

and without steatosis in diagnostic biopsy. 
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Hepatic steatosis and parenteral nutrition 

Patients with steatosis in their diagnostic biopsy had higher parenteral 

provisions of glucose, amino acids, and energy at three months of age (Table 

15).  At biopsy time (median age of 5 months) patients with steatosis continued 

to have higher energy delivery via PN  compared to non-steatosis group; 83 

(66-95) kcal/kg/day vs 63 (53-77) kcal/kg/d (P=0.04). We did not detect 

significant differences in macronutrient or energy provision at the age one 

month, although trend towards higher lipid provision was seen as infants with 

steatosis received 2.1 (1.5-2.5) grams/kg/day compared to 1.4 (1.2-2.1) 

grams/kg/day in the non-steatosis group (P=0.07). Although median 

parenteral FO provision seemed higher and SO lower in the non-steatosis 

group in all PN data points before diagnostic biopsy, these differences were 

not statistically significant.  

All patients who had steatosis in any liver biopsy before the age of 15 

months including both the first diagnostic biopsy and any follow-up biopsies 

were analyzed. Altogether 12 patients were thus identified. To identify risk 

factors, odds ratios (OR) were calculated for the occurrence of 

histopathological steatosis at the age of 3 months: 1) parenteral glucose 

delivery ≥ 14 g/kg/d had OR 5.6, (95% CI 1.1–35.6; P = 0.048), 2) amino acid 

delivery ≥ 2.5 g/kg/d had OR 14.0 (95% Cl 2.4-123.2; P =0.007) and 3) energy 

≥75 kcal/kg/d had OR 13.8 (95% CI 2.4–120.6 P = 0.007). 
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Table 13. Characteristics among study III patients. 

Patient characteristics Steatosis in 

diagnostic biopsy 

(N=8) 

No steatosis in 

diagnostic biopsy 

(N=23) 

P.  

Age at the time of diagnostic biopsy, 

months* 

5 (4-9) 5 (3-8) 0.71 

PN at the time of diagnostic biopsy, n 

(%) 

6 (75%) 17 (74%) >0.99 

Presence of ileocecal valve, yes 3 (38%) 11 (48%) 0.70 

No. of sepsis* 1 (0-2) 0 (0-2) 0.53 

Weight percentile at the time of 

diagnostic biopsy * 

-1 (-9- +14) % -6 (-11 - (-1)) % 0.41 

Average weight gain from birth to 

biopsy grams/day* 

22.1 (21.0-26.6) 18.5 (12.9-21.0) 0.04 

Age at the time of diagnostic biopsy, 

months* 

5 (4-9) 5 (3-8) 0.71 

Age at the time of follow-up biopsy, 

months* 

36 (20-46) 25 (14-64) 0.17 

PN at the time of follow-up biopsy n 

(%) 

2 (40%) 7 (38%) >0.99 

Total PN duration, months* 12 (8-39) 18 (8-29) 0.99 

* Results are given as medians with IQR 
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Figure 10. Comparison of daily weight gain rate in study III patients with or without steatosis in 
diagnostic biopsy. 
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Follow-up biopsies 

Follow-up biopsies were taken from 24/31 study patients. In steatosis group 

5/8 patients had follow up biopsy versus 19/23  in non-steatosis group. Results 

are shown in Table 14. Cholestasis was not detected in any of the patients, and 

incidence of inflammation and steatosis had reduced in the follow-up biopsies.  

Fibrosis was rare in non-steatosis group, but 3/5 patients in steatosis group 

had fibrosis with Metavir grade ≥ 2(p=0.0785).  Altogether four patients had 

steatosis in follow-up biopsies: two patients with long-term PN dependency 

and two prematurely born infants, who had attained enteral autonomy early 

at the age of four and seven months.  

       Only one patient with early steatosis had steatosis in the follow-up biopsy, 

whereas three patients developed steatosis  after the diagnostic biopsy. 

Hepatic steatosis and liver laboratory parameters 

Figure 11 shows the differences in liver indexes at the time of the diagnostic 

biopsy (Median age 5  (IQR 3-8) months) when compared between patients 

with steatosis and without steatosis. Median numeric values are following  

ALT 127 (57-167) vs. 36 (22-42) U/l, AST 139 (82-192) vs 41 (35-56) U/l, GGT 

95 (55-144) vs 40 (27-88) U/l ,conjugated bilirubin 46 (2-76) vs 7 (2-17) 

mol/l and bile acids 47 (16-97) vs. 7 (3-24) mol/l, GGT 95 (55-144) vs 40 

(27-88) U/l.  
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Table 14. Study III liver biopsy data 

 Patients with steatosis in 
diagnostic biopsy (N=8) 

Patients without steatosis 
in diagnostic biopsy (N=23) 

Steatosis 
Grade 
1 
2 

8 (100%) 
 
6 
2 

0 (0%) 
 
0 
0 

Portal inflammation 6 (75%) 10 (43%) 

Fibrosis 
Metavir stage,  
≥2 

7 (88%) 
 
5 

15 (65%) 
 
9 

Cholestasis 
Grade≥2 

5 (63%) 
5 

16 (70%) 
6 

Normal diagnostic biopsy 0 (0%) 7 (30%) 

 Follow up biopsy (n=5) Follow up biopsy (n=19) 

Steatosis  
Grade 
1 
2 

1 (20%) 
 
1 
0 

3 (16%) 
 
1 
2 

Portal inflammation 1 (20%) 3 (16%) 

Fibrosis  
Metavir stage ≥2 

3 (60%) 
      3 

3 (16%) 
      3 

Cholestasis 0 (0%) 0 (0%) 

Normal follow up biopsy 2 (40%) 12 (63%) 
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Table 15. Comparison of parenteral nutrition energy and macronutrient provision among study III 
patients 

 

Variable Patients with steatosis 

in diagnostic biopsy 

(N=8) 

Patients without steatosis in diagnostic 

biopsy (N=23) 

Age 3 months 3 months P. 

Lipids  

g/kg/d 

1.5  (0.6- 2.9) 1.2  (0.8- 1.4) 0.41 

Amino Acids g/kg/d 2.9  (2.5-3.4) 2.2  (1.6-2.7) 0.03 

Glucose g/kg/d 15.1 (12.4-17.2) 12.3  (8.7-14.4) 0.04 

Soybean Oil 

g/kg/d 

0.41 (0.08-0.53) 0.20 (0.16-0.28) 0.35 

Fish Oil 

g/kg/d 

0.28 (0.05-0.45) 0.39 (0.0-0.52) 0.48 

Energy kcal/kg/d 87  (80-98) 73  (54-79) 0.01 

Ongoing PN (n, %) 8 (100%) 19 (83%) 0.32 
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Figure 11.  Comparison of liver laboratory parameters in study III patients with or without steatosis 
in diagnostic biopsy. 
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6 DISCUSSION 

Pediatric intestinal failure is a multifactorial chronic disease ranging from 

surgical NEC patients with PN support at early neonatal age to incurable 

motility disorders and enteropathies. With improving treatment more patients 

survive early events and may live on PN even for decades. Chronic nature of 

the disease has brought long-term consequences of IF to spotlight. Early 

events and treatment may have far reaching effects on the welfare of IF 

patients. This thesis investigates EFAD and steatosis among pediatric IF 

patients as well as cognitive and motor development after infancy. EFAD risk 

was highest for young children on low-fat supplemental PN. Steatosis 

associated with high parenteral glucose, amino acid, and energy provision. 

Adverse cognitive and motor outcome were common among children with IF. 

6.1 ESSENTIAL FATTY ACID FRACTIONS AND RISK OF 
EFAD AMONG PEDIATRIC IF PATIENTS (STUDY I) 

Study I detected highest risk of EFAD for patients who received supplemental 

PN, indicating that absorption of long chain fatty acids remains hampered 

during intestinal rehabilitation process even when enteral feeding increases. 

Young age and short remnant small bowel increased EFAD risk. The 

composition and amount of PN lipid are important during rehabilitation, as 

higher TTR were detected only for patients with fat-free PN or those with low 

doses of Clinoleic® (SO 20%, OO 80%). 

Cutoff values employed to detect EFAD vary from 0.02 to 0.2 between 

previous studies. While higher 0.2 cut-off value is traditionally employed,  

many authors prefer to use lower values closer to established reference values 

(Maqbool et al., 2008; Nandivada et al., 2017; Siguel, 1998). In this study TTR 

cutoff value of 0.1 was chosen to distinguish patients at serious risk for EFAD, 

as compared to patients with mild elevation in TTR levels that may be expected 

due to restrictive lipid policy. Although these are unwished-for,  they are  

unlikely to cause severe clinical symptoms (de Meijer et al., 2010; Goulet et al., 

2010). 

Here EFAD risk associated with low PN lipid provision. All patients with 

TTR above 0.1 had less than 0.8 g/kg/d of lipids (and were using mixed lipid 

emulsion; SO 20%, OO 80%) in their PN.  Previously reported EFAD risk is 

low in patients with minimum 1 g/ kg/day provision of SO or FO, but demand 

for mixed lipid emulsions may be higher, as especially Clinoleic® (SO 20%, 

OO 80%) contains only moderate amount of EFAs  (LA 18%, ALA 2.5%) as 

olive oil is high in monounsaturated omega-9 fatty acids (Baker et al., 2018; 
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Lezo et al., 2020; Nandivada et al., 2017; Rollins et al., 2013). Patients with 

severe intestinal failure and growth failure may need higher doses as shown in 

published case studies (Gura & Crowley, 2018; Riedy et al., 2017). In this study 

lipid provision above 1 g /kg/ day associated with mildly elevated TTR in 

patients with high PN dependency and low weight percentiles, but no EFAD 

was detected. Supplemental PN with low lipid provision associating with 

EFAD risk has also been detected in previous studies (Cober et al., 2012; Gura 

et al., 2008; Lam et al., 2016). 

Children in Predominantly PN group had low LA%, but majority still had 

TTR values near or at normal level. They still had adequate AA% and DHA% 

which are down-stream metabolites of LA and ALA. Children in the 

Predominantly PN group were younger, and often had breast milk as the 

source of enteral energy. They also were likely to have FO as part of their PN 

lipid regimen. Breast milk contains both AA and DHA, and FO provides DHA 

and EPA, and small amounts of AA. It may be that this provision of down-

stream metabolites of LA and ALA aids in preventing EFAD (Das, 2006). 

Indeed, previous studies suggest that FO may protect from EFAD despite low 

LA (4.1%) content (Le et al., 2011; Nandivada et al., 2017). In this study FO did 

not correlate with TTR, but as expected, parenteral FO resulted in higher 

amounts of omega-3 fatty acids; DHA, EPA and DPA. 

Here, children who had rehabilitated to full enteral nutrition had median 

EFA levels comparable to healthy population, but DHA levels were on the 

lower side (Nikkari S, 2004).  DHA together with AA is essential for normal 

neurodevelopment, and EFAD may interfere with normal growth and 

development (Brenna, 2016; Hadley et al., 2016; Koletzko et al., 2015). In this 

study children with elevated TTR were shorter compared to those with 

normative TTR. Normal growth is important to achieving developmental 

milestones. As children with IF have additional risk factors for adverse 

cognitive and motor functioning and slow growth, adequate EFA supply is 

important to support optimal neurodevelopment. However, previous studies 

have not associated moderate lipid restriction with early adverse neurological 

development, although cognitive problems are common among IF patients in 

general (Blackmer et al., 2015; Ong et al., 2018; Roorda et al., 2021; So, 

Patterson, Gold, et al., 2019). 

The restrictive lipid policy is part of the multidisciplinary IF team care 

program established in Helsinki University Children’s Hospital in 2009 

(Merras-Salmio & Pakarinen, 2015). Since then, there has been no IFALD-

related mortality among our patients. However, this dissertation resulted in 

policy adjustment, and PN lipids are now continued until PN cessation, and 

children with risk of EFAD receive mixed lipid sources containing both SO and 

FO, with special attention given to younger children with short remnant small 

bowel or severe malabsorption. 
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6.2 NEUROCOGNITIVE  OUTCOMES AMONG  
PEDIATRIC IF  PATIENTS  (STUDY II) 

Study II demonstrates that adverse cognitive and motor outcomes are 
common among neonatal IF patients, with SBS patients carrying the highest 
risk. In this study 35% of patients had IQ scores under -2 SD when compared 
to general population with patients’ median IQ score at 78. Risk factors 
associated with severe cognitive deficit were short remnant small bowel, larger 
number of laparotomies and general anesthesia and prolonged hospitalization 
after birth. These results are similar to those in recently published studies 
(Chesley et al., 2016; Gold et al., 2020; So, Patterson, Gold, et al., 2019). A 
meta-analysis (including study II) with 124 IF patients showed pooled IQ 
results at 86.1 and severe mental disability occurrence was estimated at 28% 
(Vlug et al., 2022). Variance in results is to be expected due to heterogenic 
patient populations and age. There are indications that cognitive problems 
may become more severe as child grows older (Gold et al., 2020; So, Patterson, 
Gold, et al., 2019). While recent studies demonstrate that cognitive 
development is frequently compromised, earlier studies from the beginning of 
the century show more favorable cognitive profile with only minor complaints. 
With evolving IF care also severely ill children with IF survive earlier years, 
which may explain the  difference in study outcomes (Beers et al., 2000; 
Hukkinen et al., 2018).  

Adverse neurological outcomes after neonatal surgery have been shown to 

occur in previous studies and they are well-known long-term complication of 

NEC (Hickey et al., 2018; Schulzke et al., 2007). A meta-analysis with 11 

studies included Schulzke et al. reported OR 1.82 for adverse neurological 

outcomes in patients with NEC vs. non-NEC. Those with surgically treated 

NEC had OR 1.99 for adverse outcomes compared to medically treated NEC. 

Any major surgery during neonatal period for other indications besides those 

leading to SBS may also hamper cognitive development (Stolwijk et al., 2017; 

Trivedi et al., 2015) A longitudinal follow-up study after a major neonatal 

surgery within first ninety days of life demontstrated developmental delays at 

the age of one- and three years  (Dwyer et al., 2016; Walker et al., 2012). A 

study evaluating neonates after surgery demonstrated white matter 

abnormalities that indicate hypoxic insult in 58% of term- and 75% of preterm 

babies post-surgery (Trivedi et al., 2015).  

Surgery may be necessary to treat the early systemic pathology that could 

also have effect on the CNS development. On the other hand, surgery provokes 

inflammatory responses that may also be harmful to the developing brain 

during neonatal period. Indeed, in the present study children with late onset 

IF had IQ scores comparative with normal population. Besides surgery IF 

carries other risks for adverse cognitive development, as were shown in recent 

meta-analysis where patients with congenital gastrointestinal malformation 

were evaluated.  Of all patients in the study, those who developed SBS had 
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significantly worse neurological outcomes compared to  patients without SBS 

(Roorda et al., 2021).  

While the role of major surgery during early neonatal period as risk factor 

for adverse neurological outcome is well-established, the effect of general 

anesthesia alone remains controversial since the detected risk relating to 

multiple anesthesia may be due to surgery and underlying pathology (O'Leary 

et al., 2019; Wang et al., 2014). Here patients with severe cognitive deficit had 

greater numbers of both anesthesia and surgeries compared to those with less 

impairment. 

Here regression analysis associated low birth weight with lower IQ score. 

Low birth weight and poor post-natal growth have adverse impact on cognitive 

development (Nyman et al., 2017; Pfister & Ramel, 2014). Prolonged PN has 

been identified as risk factor for white matter injuries among premature 

neonates (Barnett et al., 2018). Both inadequate nutrition and systemic 

inflammation may have a negative effect on cognitive development (Pfister & 

Ramel, 2014). Children with severe IF require long-term PN, have increased 

risk of systemic infections and inflammation and may also develop nutritional 

deficiencies (Cole et al., 2010; Pierret et al., 2019; Ubesie et al., 2013). In this 

study PN dependent children had lower IQ scores compared to those who had 

rehabilitated to full enteral nutrition. Although low birth weight associated 

with lower IQ here, half of the patients with severe neurological impairment 

were born after 36 weeks GA, and only two before 28 gestational weeks, 

indicating that prematurity was not the main cause for their adverse outcome. 

Even if preterm children generally have lower than average scores in cognitive 

tests,  in Finnish PIPARI study extremely preterm children had superior 

cognitive results compared to IF patients in study II (Bhutta et al., 2002; Doyle 

et al., 2014; Nyman et al., 2017). 

Prolonged hospitalization also associated with adverse cognitive outcome 

here. While it may act as a surrogate marker for more severe disease and the 

need for prolonged PN, normal child-parent bonding is also disturbed in the 

hospital environment, possible at least partly explaining the association 

(Flacking et al., 2012; Parsons et al., 2010). Preterm babies cared in neonatal 

intensive care units show better cognitive outcome with high maternal 

involvement during early treatment, highlighting the importance of the 

parental presence (Cheong et al., 2020). 

6.3 MOTOR OUTCOME AMONG PEDIATRIC IF 
PATIENTS (STUDY II) 

Poor motor performance was frequently detected in study II patients, with ten 

(36%) having significant moving difficulty and additional eight (29%) being at 
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risk of impaired motor development. These results are comparable with study 

by So et al., where half of the study cohort of IF patients attained low gross 

motor scores  at early school age and cohort of younger patients had low 

median motor gross scores (So, Patterson, Evans, et al., 2019). 

In the study II risk for adverse motor development was  associated with 

prematurity and low birth weight. Impaired motor development has been 

demonstrated in studies evaluating  cohorts of preterm neonates (Synnes et 

al., 2015; Zwicker et al., 2013).  

Previous studies have also detected motor developmental delay after major 

surgery in neonates. It is debated whether this early delay is reversible, as 

results from different studies are controversial (Ballantyne et al., 2016; Dwyer 

et al., 2016; Morriss et al., 2014). Here Movement ABC percentiles were 

comparable across age-groups, and no improvement of scores was detected in 

older versus younger patients.   

In this study the number of laparotomies did not relate to adverse motor 

development. However, in a previous study with a younger patient cohort of 

33 children laparotomy frequency was risk factor for poor motor functions 

besides prematurity and low birth weight (So, Patterson, Gold, et al., 2019) 

Studies with younger cohorts also report longer hospital stay as risk factor for 

adverse motor outcome (Chesley et al., 2016; So, Patterson, Gold, et al., 2019).  

Here, children with poor motor outcome were median 8 years old, 

approximately 2 years older than children with normal motor outcome 

(median age 6.1). While hospitalizion and recovery from surgeries may 

hamper early motor development, this study could not detect improved 

outcome in older vs younger patients. 

While low birth weight premature babies had routine neurological follow-

up program in Helsinki University Children´s Hospital prior to this study,  at 

the present all children with moderate or severe neonatal intestinal failure 

referred to neurologist and physiotherapist before school-age. 

6.4 HEPATIC STEATOSIS IN IF PATIENTS DURING 
INFANCY (STUDY III) 

Study III detected steatosis in 8 out 31 (26%) SBS patients in diagnostic liver 

biopsy at median age of 5 months, and the incidence increased to 12 out of 31 

(39%) by the age of 14 months. These results are in line with other published 

studies, reporting incidence between 26 to 58% for steatosis in biopsies 

obtained during the first year of life of IF patients (Naini & Lassman, 2012; 

Zambrano et al., 2004). Although IFALD in neonates typically presents as 

cholestasis and inflammation, these findings indicate that steatosis is 

frequently present at the early phase of the disease. Here steatosis in 



 

102 

diagnostic biopsies related to high provision of parenteral glucose, amino acids 

and total PN energy at the age of three months and was accompanied by 

elevated levels of transaminases and bile acids in laboratory tests. 

The study patients with steatosis had higher PN glucose provision at the 

age of three months compared to patients without steatosis. Carbohydrate 

demand is affected by the patient´s disease stage, age, physical activity and 

underlying nutritional status. Excess glucose provision is harmful, but 

underfeeding might also hinder recovery. Hyperglycemia leads to 

hyperinsulinism, which inhibits fatty acid oxidation and may subsequently 

lead to steatosis (Burke et al., 1979; Mesotten et al., 2018; Tulikoura & Huikuri, 

1982). In this study patients whose parenteral glucose provision exceeded 14 

g/kg/ day, upper limit for EPSGHAN PN recommendation for recovery period,  

had OR 5.6 for steatosis when compared to patients with lower glucose 

provision.  

High parenteral amino acid provision also related to hepatic steatosis in 

this study. The patients receiving above 2.5 g/kg/d of parenteral amino acids 

at the age of three months were 14 times more likely to have steatosis than 

those with lower delivery.  This may reflect high over-all PN energy provision 

in patients with steatosis, but the role of amino acids especially during critical 

illness remains uncertain.  High parenteral amino acid content was 

independently associated with adverse outcomes during critical illness in 

recent Pepanic Trial. The possible mechanisms for the adverse effect include 

the capacity of amino acids to suppress autophagy, important factor in innate 

immune response. Also, excess amino acids may overload metabolic capacity 

in acute ill patients, thus increasing the workload of liver and kidneys 

(Vanhorebeek et al., 2017). ESPGAN recommends limiting amino acid intake 

to 2.5 g/kg/d after the age of two months (van Goudoever et al., 2018). 

Achieving adequate nutrition without overfeeding is challenging when a 

child is critically ill, like neonatal SBS patients are after major surgery 

(Aronsohn & Jensen, 2011; Joosten et al., 2018; van Puffelen et al., 2018; 

Vanhorebeek et al., 2017). In study III higher parenteral energy provision 

associated with steatosis. This may also reflect more severe SBS and lower 

enteral nutrition intake, both risk factors for IFALD. However, children with 

steatosis had more rapid weight gain rate compared to those without steatosis, 

indicating higher overall energy provision. The present study is unable to 

differentiate whether steatosis relates to high overall PN energy or excess 

glucose or amino acid provision. Previous studies associate both high energy 

diet and eucaloric diet high in glucose with steatosis. Here PN energy provision 

above 75 kcal/kg/day was associated with a risk of steatosis, although this is 

within current ESPGHAN recommendations (Joosten et al., 2018; Tulikoura 

& Huikuri, 1982). 

Neither PN lipid solution type nor amount related to steatosis here. 

Children in this study had routine restriction of lipid provision as part of the 

IF rehabilitation protocol, thus differences between groups would have been 
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unlikely to occur. However, lipid solution may prevent hyperglycemia and 

ensuing hepatic steatosis, as demonstrated in previous studies (Nussbaum & 

Fischer, 1991; Tulikoura & Huikuri, 1982). Providing intravenous lipid energy 

also decreasis the amount of glucose required for adequate growth and energy, 

thus possibly preventing harms of high glucose load. 

At present, liver biopsy is the most precise method of diagnosing hepatic 

steatosis, although magnetic resonance techniques are emerging (Castera et 

al., 2019). Biomarkers such as FGF21 may also aid in diagnosing steatosis in 

patients with IF, but the retrospective study design did not allow for 

investigating FGF21 or other new biomarkers (Madnawat et al., 2020; 

Mutanen, Heikkila, et al., 2014). In this study patients with steatosis had 

elevated levels of serum transaminases and bile acids, as has also been 

demonstrated in earlier studies (Aronsohn & Jensen, 2011; Tulikoura & 

Huikuri, 1982). Increased levels of bile acids are also seen in non-alcoholic 

fatty liver disease together with decreased Farnesoid X receptor activation and 

reduction of FGF19 secretion (Sciarrillo et al., 2021). Whether this increase in 

bile acid synthesis together with altered intestinal microbiota seen in SBS 

patients contributes to hepatic steatosis in IF patients require more 

investigation (Korpela et al., 2017; Mutanen, Heikkila, et al., 2014; Mutanen 

et al., 2018). 

Finally, in follow up biopsies significant liver fibrosis tended to be frequent 

in those patients who had early steatosis in diagnostic biopsy.  As the study 

patient number was relatively small, this connection remains uncertain, but a 

previous study by Mutanen et al.  also indicated a possible connection between 

early steatosis and later fibrosis (Mutanen et al., 2021). 

 

6.5 STRENGTHS AND LIMITATIONS 

Pediatric IF is a rare disease, and therefore the number of patients is limited 

in all studies included in this thesis. This brings challenges in detecting of 

definitive risk factors, and analysis show associations, but no proof of causality 

can be established. However, when compared to other published studies of 

pediatric IF cohorts these studies are comparable in size. Here, patient data is 

generally well documented and available for study patients. Helsinki 

University Children´s Hospital has an IF treatment protocol employed by the 

multidisciplinary team, affirming that all patients receive equal and 

standardized care. Also, as diagnostic evaluation and follow up is managed in 

the same institution there are virtually no dropouts and the follow up data is 

consistent. Most importantly, all studies brought new information and have 

already impacted on both clinical care and follow up routines for patients 

treated in Helsinki University Children`s hospital IF clinic. 

Specific limitations and strengths are listed underneath. 
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Studies I and III were retrospective, and therefore detailed information of 

enteral nutrition was not available, while also some PN data points had 

variation in timing or were missing.  

In study I PN lipid emulsions where individualized and varied over time 

and the rehabilitation process, making comparing different lipid emulsions 

difficult. Besides, S-FA-Fr test method gives proportion of EFAs instead of 

absolute concentrations, which may affect results especially during PN. 

However, Study I included a relatively large number of patients in various 

stages of enteral rehabilitation, which enabled evaluation of the EFA status 

and detection of risk factors for EFAD. Also, as fatty acids were routinely taken 

as part of the follow up protocol, nearly the whole spectrum of IF is 

represented in the study. Nevertheless, patients having attained full enteral 

feeding for a long period of time may still be underrepresented here. 

In study II a quarter of the eligible patients chose not to attend the 

prospective clinical study. The socioeconomical factors could not be assessed 

in the non-attending group, which had more girls compared to the attending 

group while other patients characteristics were similar. Also, non-native 

Finnish speakers who were suspected to have inadequate linguistic skills were 

excluded from the VCI and IQ score analyses, which reduced the number of 

patients in the analyses. 

In study III collection of the cumulative PN data would have yielded more 

accurate information of macronutrients and energy provision, but this was not 

possible to gather for all patients due to retrospective study design. Instead, 

singular data points were used to illustrate PN provision. This gives a fairly 

reliable information of macronutrient intake over time but is not equal to 

prospective cumulative collection. Also, all early pre- and post-natal factors 

possibly predisposing to steatosis were not reported for the study cohort and 

thus could not be analyzed. These include maternal obesity, gestational 

diabetes, and steroid treatment. As all patients in the clinics IF program have 

routine diagnostic biopsy obtained after 3 months on PN, this study is not 

biased towards more severe IF patients. 

6.6 FUTURE CONCEPTS 

Pediatric IF results from different underlying diagnoses, and the severity of 

the disease ranges from a relatively short period of PN during neonatal period 

to permanent lifelong IF. Modern treatment strategies and multidisciplinary 

team care improve survival and decrease morbidity. However, there is  a 

growing population of IF patients, both on long-term PN and those who 

survived early events and rehabilitated to full enteral nutrition. There is little 

knowledge on the chronic problems these patients may face in the future. Early 

events of the disease can have long term consequences. 
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Pediatric IF patients tend to be shorter than their healthy peers, and 

nutritional deficiencies are common. Also, possible underlying intestinal 

inflammation may hamper growth. Abnormal TTR were frequently seen in 

study I and were related to shorter height. As adequate growth is important 

also for cognitive and motor development, future assessment of various risk 

factors affecting growth should be attended to, both during PN and during 

various stages of enteral rehabilitation. Long-term consequences of abnormal 

EFA levels remains unresolved, as cognitive problems at older age are 

common among IF patients, and studies attending neurological development 

during and after lipid restriction do not yet reach to school-age. 

To date, there are only few studies assessing neurocognitive development 

among IF patients and even less of those researching every-day difficulties in 

school and at home.  More long-term studies are needed to distinguish IF 

prognosis up to adulthood. Of interest would also be detecting modifiable risk 

factors for adverse development. For example, prolonged hospitalization was 

associated with adverse cognitive outcome: thus, promoting early home PN 

programs may be beneficial. Timely diagnosis and distinguishing patients at 

risk of adverse neurological and motor outcome would ensure adequate 

support from young age.  

IFALD continues to cause morbidity among IF patients. While early 

cholestasis is usually reversible with modern treatment strategies, long-term 

consequences of chronic inactive IFALD are not well understood. Study III 

indicated that steatosis in early phase of the IFALD relates to nutritional 

factors, and the risk of steatosis may be decreased with adherence to current 

PN guidelines, but more research to distinguish risk factors in a larger patient 

population may affirm other underlying risk factors such as prematurity. 

Overall research on long-term liver health of IF patients will shed light to 

natural course of the disease during modern treatment era. 

The challenge of studies among IF patients is the rarity of the disease. 

Multicenter studies enable research with a larger patients population, 

especially with emerging new medications and treatment strategies. With 

chronic course of the disease, quality of life and long-term health 

consequences are of great importance in future studies. 
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7 CONCLUSIONS   

Studies in this thesis aimed to discover modifiable nutritional risk factors for 

IF patients and to study neurocognitive and motor development among these 

patients. These studies addressed EFA status, and  cognitive and motor 

proficiency among pediatric IF patients, and early steatosis as part of IFALD 

process in children with SBS. 

 

The conclusions of the study are the following: 

 

1) Transition period from PN to enteral nutrition carries the highest risk 

for EFAD. Lipid infusions should be continued until the cessation of 

all PN to ensure adequate supply of EFA and surveillance of EFA 

status is indicated during the rehabilitation. 

 

2) PN dependent children had low LA%,  but adequate AA% and DHA%, 

indicating that provision of these downstream metabolites of EFAs 

may inhibit deficiency. FO as part of PN regime provides DHA and AA 

and thus may aid in preventing EFAD. 

 

3) Patients with neonatal onset IF, particularly SBS, have a significant 

risk for adverse cognitive and motor development. Systematic 

neurological follow-up is recommended, as timely intervention may 

alleviate problems associated with impaired neurodevelopment. 

 

4) Adverse cognitive outcome associated with short remnant small 

bowel, larger number of laparotomies and general anesthesia, and 

prolonged hospitalization after birth, whereas adverse motor outcome 

associated with prematurity and low birth weight. 

 

5) High parenteral provision of glucose, amino acids and overall energy 

related to biopsy-proven steatosis in young infants with SBS, whereas 

steatosis was not associated with lipid provision or specific parenteral 

lipid emulsion. In accordance with study results adherence to current 

guidelines to balance macronutrients in PN and to avoid excess weight 

gain is recommended. 
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