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Summary 

· Intestinal failure associated liver disease is defined as a persistent (more than 6 weeks)  elevation of liver function tests ( alkaline phosphatase and gamma glutamyl transferase) 1.5 times above the normal reference range in a patient receiving parenteral nutrition (PN). 

· IFALD can be categorised into 3 types: early (Type 1), established (Type 2) and late (type 3).

· 50% of children and 30% adults have evidence of  early (Type 1) IFALD after 6-12 weeks of parenteral nutrition (PN)

· The clinical presentation of IFALD in children is most commonly as jaundice (Type 2 IFALD) 
· Jaundice (conjugated bilirubin greater than 50 micromol/L) persisting more than 7-14 days in the absence of  a specific cause such as sepsis, is a manifestation of significant liver disease and requires urgent referral to a nutrition support team with access to hepatology advice (i.e. to a centre with specialised paediatric gastroenterology services or in future a sector 3 intestinal failure centre)
· Diagnosis of IFALD should prompt multi-professional review of the enteral and parenteral feeding regimens,  together with investigations for infection, co-morbidity and alternative causes of liver disease, and also focus efforts to achieve early discharge from hospital

· Protein energy malnutrition, which normally defines severe liver disease, is masked by PN, frequently leading to an underestimation of the severity of IFALD.   Type 2 IFALD can progress to type 3 in a matter of weeks and thereafter decompensation may be very rapid, accounting for the high  mortality rate of patients awaiting liver and bowel transplants 
· Patients who show the features of established (Type 2) IFALD should be referred to a centre with specialised paediatric gastroenterology services with staff who support Home PN and access to specialised surgical capacity (to be designated in future as sector 3 Intestinal Failure Centre).
In the present era of organ shortages, small bowel transplantation which is currently provided in one of four national centres (2 paediatric and 2 adult in future to be designated sector 4 intestinal failure centres), may not be achievable in some smaller children.  This is important in children with high risk factors for rapid progression of IFALD and, therefore, identifying and discussing management with a regional  intestinal failure centre with a specialised surgical capability (sector 3 or 4) at an early stage when deterioration may be avoided by access to specialised treatment, is a more rational way of managing IFALD in young children.   

Introduction

Until the late 1960’s chronic intestinal failure was incompatible with life. The dramatic improvement in life expectancy which came with the introduction of intravenous feeding solutions (also known as parenteral nutrition (PN) coincided with the recognition of new metabolic complications associated with this intervention.  Liver disease was quickly identified as one of the most significant problems and is now considered a major indication for intestinal transplantation1,2.   

Literature review

This review was conducted by electronic database searches (PubMed) using the following key words: parenteral nutrition, liver disease, hepatic disease, child, intestinal failure and catheter infections, to identify studies.  Reviews by experts in the field were checked for additional studies.  The latest electronic search was carried out on 15th February 2009.  Fifty-seven publications  in which intestinal failure associated liver disease (IFALD) was the focus, or in which pathophysiology of IFALD was described, were included in this review.  Relevant studies in adult patients have been included where there is an absence of randomised controlled studies relating to IFALD in children.  Reference is also made to the recently published  “A Strategic Framework for Intestinal Failure and Home Parenteral Nutrition Services for Adults in England” 2, which describes 4 levels of provision for intestinal failure services which are called sector I, II, III, IV (see figure 1), and 3 degrees of severity and complexity of intestinal failure.  
Definitions and prevalence

Intestinal failure associated liver disease varies greatly in severity and for the purpose of this review we propose three categories: type 1 (early), type 2 (established) and type 3 (late) based on the consensus statements from the working group convened at the Xth International symposium for small bowel transplantation in 2007 describing “Collaborative strategies to reduce mortality and morbidity in patients with chronic intestinal failure including those who are referred for small bowel transplantation3.  

     Type 1, early, IFALD occurs in around 50% of  infants on PN for 4-12 weeks ,4-7.  Type 1 IFALD is defined as a persistent elevation of liver enzymes alkaline phosphatase and -glutamyl transferase x 1.5 above upper limit reference range which persist for  ≥ 6 weeks (N.B the -glutamyl transferase may be low because of the lack of enteropathetic recirculation of bile).  Other causes of elevated alkaline phosphatise such as metabolic bone disease should be evaluated The total bilirubin will be less than 50 mmol/L (conjugated fraction 50% or more), and hepatic ultrasound will show an echogenic appearance.  If a liver biopsy is performed, up to 50% of portal tracts will show fibrotic changes and in older children up to 25% will also have obvious steatosis.  Although this condition is usually reversible8, Type 1 IFALD has the potential to progress to Type 2 (established) IFALD and even Type 3 (late) IFALD.   Active management (see below) may prevent this in many cases.  
    Type 2, established,  IFALD is defined as alkaline phophatase and -glutamyl transferase greater than 1.5 times above normal range as in early IFALD , but at the same time the total bilirubin will be 50-100 micromol/L (conjugated fraction 50% or more) or even greater.  Other liver enzymes such as aspartate transferase and alanine transferase are usually abnormal.  An abdominal ultrasound will usually show markedly echogenic liver parenchyma associated with enlarged spleen, +/- biliary sludge.  Gall stones are rare in infants, but occur in school age children and teenagers.  A liver biopsy will show fibrosis affecting more than 50% of portal tracts, and, in more than 25% of older patients will have significant steatosis.  However, even this degree of parenchymal liver damage is potentially reversible if enteral nutrition can be established and/or increased, PN reduced and exacerbating factors such as prolonged hospitalization and central venous catheter sepsis are remedied. 

    Type 3, late, IFALD is usually irreversible unless dependency on PN is rapidly resolved.  The life-threatening nature of end-stage liver disease which is manifested by clinical signs such as palmar erythema, telengiectasia, spider naevi, hepato-splenomegaly, ascites and varices means that referral  for consideration of liver or liver and bowel transplantation is urgent.  A liver biopsy is often not  possible because of thrombocytopaenia and coagulopathy, but if it is performed, severe fibrosis is usual.  The incidence of late IFALD in the United Kingdom is uncertain, but about 25 children per year are assessed with end-stage IFALD at Birmingham Children’s Hospital (supra-regional referral unit for small bowel transplantation), and there may be more who are not referred.  Such patients should already have been discussed with a hepatologist, because at this late stage there are fewer opportunities to improve the clinical course and prognosis, without resorting to a transplant 9,10.    In the present era of shortages of suitable donors for young children, small bowel transplantation may not be achievable in some of  the smaller children with Type 3 IFALD.   The importance of identifying the problem and discussing management care with a large intestinal failure centre with a specialised surgical capability at an earlier stage cannot be over emphasised.  Furthermore, it has been shown many times over the years that children managed in specialist centres with a nutrition support team (corresponding to sector 3 and 4 intestinal failure centres in the recently published  “A Strategic Framework for Intestinal Failure and Home Parenteral Nutrition Services for Adults in England” 2 – see also Fig1), have reduced mortality and even established IFALD can be reversed by timely review of sources of sepsis, constituents of parenteral nutrition and discharge on home PN 11-14.
Clinical course of IFALD

IFALD may become clinically apparent in infants after a septic event that precipitates jaundice, and can occur within days or months of commencing PN.   Analysis of the pattern of IFALD in 70 newborns after surgery revealed an insidious rise in total bilirubin (conjugated fraction 50% or more) until the onset of sepsis which heralded a rise to concentrations of 100-150mmol/L.   After recovery from sepsis the bilirubin concentration  fell, but remained above baseline.  If there were recurrent septic epsisodes (>3)  the jaundice generally persisted, regardless of the resolution of infection especially if enteral feeding could not be increased5.   Features of portal hypertension including hepato-splenomegaly are generally more evident than the degree of histological fibrosis might suggest.  It is important to recognize the adverse significance of gastro-intestinal bleeding even in the absence of oesophageal varices, as this is often an ominous sign of raised portal pressure affecting collaterals in atypical sites generated by previous intestinal surgery.  Children sometimes remain deceptively well despite being deeply jaundiced, as the parenteral nutrient supply masks the malabsorption and cachexia that commonly accompanies life threatening liver disease.   Progression to cirrhosis is relatively uncommon9, but can occur after as short a period as 5 months on parenteral nutrition.  Once hepatic decompensation begins (Type 3 IFALD), as indicated by deterioration in coagulation times, falling plasma albumin, ascites and hypoglycemia when the PN is interrupted,  it progresses rapidly and accounts for the extremely high mortality rate of patients with end stage liver disease awaiting transplantation3,9. 

Risk Factors for the onset of IFALD 

There is no single cause of IFALD, but the obvious differences in presentation and speed of progression between infants and adults strongly suggest that immaturity of the liver plays a major role.  Poor intra-uterine growth may also be a risk factor as identified in an autopsy series of new born infants15.  The observation that early (within 4 weeks of birth) intravenous  catheter infections are associated with IFALD also points to the immature liver being vulnerable to the effects of systemic inflammatory response syndrome16.   Children who remain hospitalized because of social disadvantages or the absence of a local home PN service also seem to have a greater incidence of IFALD and adverse outcome12,13,17.  In addition there are probably a host of susceptibility genes yet to be discovered which interact with environmental triggers such as sepsis.  Risk factors are summarized in Table 1.

Management: 

The management of IFALD requires a multi-professional approach (see Figure 2) and should begin in the antenatal period with measures to reduce premature birth rates and identify congenital anomalies.   It continues through to the coordinated monitoring of the infant by surgeons, paediatricians, nurses specializing in nutrition, dieticians and pharmacists18.  Many infants with short bowel syndrome can be weaned from TPN eventually, but assessment and advice from a paediatric dietician, working with a nutrition support team, is essential since progress in intestinal adaptation may be slow and often requires specialised enteral feeds and feeding systems3,12,30,48,57.  Indeed enteral feeding appears to protect against IFALD30,50,51.The involvement of nutrition support teams is important not only in enabling children with chronic intestinal failure to be discharged on home PN, but also because the early recognition and treatment of IFALD is thereby enabled11,18,19.  As stated in the document describing future development of services for adults with intestinal failure2, managed clinical networks consisting of 4 key sectors (I Good practice in hospital PN;    II  Regional Home PN and intestinal failure centre; III Home PN and intestinal failure centre with specialised surgical capability; IV Severe intestinal failure unit with capability for intestinal transplantation – see Fig 1) are probably the best means of ensuring that the benefits of a nutrition support team can be applied to patients in a variety settings from the intensive care unit, to paediatric surgical wards and to the home environment.  Patients who show the features of established (Type 2) IFALD should be referred to a tertiary gastroenterology unit (in future designated Sector III) with a Home PN service and access to specialised surgical services.  These teams are in the best position to enable early discharge of the relatively small numbers of patients who need home PN even if they have signs of Type 2 IFALD, because they can be closely monitored to ensure further deterioration does not occur.  The establishment of managed clinical networks and use of shared care protocols are essential in the follow up of home PN patients.   
Criteria for referral to tertiary gastroenterology unit

The criteria for consultation/referral to a tertiary gastroenterology unit providing sector III intestinal failure services include: children with massive small bowel resection; all children with congenital enteropathies; all children requiring parenteral nutrition for more than 28 days; hyperbilirubinaemia >50micromol/L (conjugated fraction 50% or more), children with vascular access problems; children in whom diagnostic/prognostic uncertainty exists14.   Children with pseudo-obstruction should also be referred as soon as the condition is recognised.
Although prevention of IFALD should be the primary goal, this is not always possible in practice. As there are few good quality randomised trials and only a limited number of cohort and observational studies available20, the preventative and therapeutic interventions for IFALD described in this document are mainly derived from expert opinion and are listed in table 2.     

Patients with chronic intestinal failure should be discharged home as soon as feasible even if they already have established IFALD as discharge home has been shown to reduce the incidence of septic episodes, which have a close link with IFALD in children 11,12,16.  Infections should be treated promptly and patients and their families advised on how to minimize the risk of catheter infections.  Treatment with ursodeoxycholic acid21 and metronidazole22, for some patients with inflammatory lesions (e.g. short bowel syndrome secondary to Crohn’s disease23) have been shown to be helpful in a number of small studies.  Bacterial overgrowth leads directly to mucosal inflammation and indirectly to increase intestinal losses of bile by deconjugation of bilirubin, all of which seems to be a factor in prolonging dependancy on PN 24.    

There are increasing numbers of reports of the harmful effects of lipids especially those derived from a single fat source such as soya oil25.   In patients with established IFALD, who cannot tolerate an interruption to intravenous nutrition, combined medium chain and long chain lipid emulsions should be considered.  Such preparations appear to enhance the incorporation of essential fatty acids and long chain polyunsaturated fatty acids into circulating liposomes compared with an emulsion containing only long chain triglyceride26.   Furthermore, the observation that jaundice could be reversed within 9 weeks by changing the lipid emulsion from soy base to a fish-oil-based emulsion in a group of 18 infants suggests that an anti-inflammatory effect of fish oil may have a role in treatment of IFALD27.   Data from a study of adult patients28  suggest that the addition of alpha-tocopherol to prevent peroxidation in lipid emulsions may protect against hepatic injury. 

Although the range of available lipid emulsions has increased, most have been evaluated in different settings with varying degrees of rigour (see table 3).  Only one randomized controlled study has been published so far31.   A survey of the prescribing practices for lipid emulsions (personal communication henry.gowen@bch.nhs.uk) in December 2008 showed that the most commonly used lipid is soya oil based one (“Intralipid”), but many centres use alternatives such as SMOF  in children with  liver dysfunction.  There is no consensus on lipid use in jaundiced children and a randomised controlled study is needed to evaluate the different products and regimens. 
Some authorities have recommended a reduction or temporary cessation of intravenous lipid in patients with abnormal liver function tests (i.e. mild IFALD)26,29,30,31.  How long to withhold fat emulsions is a matter of clinical judgement which will be influenced by the severity of IFALD, but most patients outside the neonatal period can tolerate 2-4 weeks of rest from lipid infusions, and this may be prolonged if essential fatty acids are supplied enterally.  Controversially, withholding lipid emulsion from newborns has been advocated26, but the potential benefits and long term impact on growth and development have not been assessed; this is an area of research which would require a randomized controlled trial.   In any circumstance where intravenous lipids are withheld, even if only for a few days, it is important to monitor the patient’s nutritional status closely for excessive weight loss.   In older patients, temporary poor weight gain may be acceptable if this then results in an improvement in liver function and the patient is relatively well nourished prior to reducing exposure to PN.   
Effective shielding of PN bags from light and their prompt use after addition of multi-vitamins (MVIP or Solivito/Vitlipid) may also be relevant in the prevention of peroxidation of PN prior to infusion32.   Taurine appears to be protective against IFALD in infants, especially those with a history of necrotising enterocolitis33.  In addition, studies in adults suggest that choline supplementation may be protective against IFALD.  A case controlled study demonstrated that choline levels were significantly lower in children dependant on PN and that choline concentrations continued to decline over time34.  Also, choline showed a negative correlation with the liver enzyme aspartate transferase34.     These observations may be explained by the fact that the hepatic transulphuration pathway is bypassed by PN solutions which are delivered via the systemic circulation rather than the intestine and portal vein1.   The effect of bypassing the transulphuration pathway is that hepatic metabolites of methionine such as cysteine may be undetectable and choline significantly reduced.  Accordingly, methionine levels in peripheral blood are increased in patients receiving PN, and, as well as a direct toxic effects, the relative deficiencies of taurine, serine and glutathione may increase the effect of endotoxin and so lead on to IFALD1.    

It is recommended that glucose intake should usually supply 60-75% of non protein calories and that the maximal infusion rate should not exceed 1.2g/kg per hour (20mg/kg per minute) even during cyclical PN which is well tolerated from 3 months of age30.  It is also important to monitor manganese levels which  may rise sharply causing neuro-toxicity in IFALD because manganese is excreted via the biliary system6,30.
Surgical treatment should also be considered carefully; elective cholecystectomy is practiced in some countries for patients who are clearly going to remain on PN for many years35.  The decision to embark on further abdominal surgery in a child or adult with evolving liver failure (IFALD type 3) is always a difficult one, but intestinal plication and/or tapering and lengthening operations for well selected patients who do not have advanced liver disease with short bowel syndrome, can produce improvements in intestinal function, and resolution of IFALD through the increase in enteral nutrient absorption and reduced need for PN 18,35-38.  These types of surgery are currently being reviewed by the National Institute of Clinical Excellence and guidelines may be available soon, but in the meantime participation in a national or international registry of cases is recommended39.  The option of isolated liver transplant is available for patients (almost always young children aged less than 2 years with short bowel syndrome) with a good prognosis for future intestinal autonomy, but in whom liver failure has supervened40.  The rehabilitation of these patients is even more protracted than after small bowel transplantation, so it is essential that they are managed in an experienced unit 18 (currently paediatric gastroenterology tertiary centres equivalent sector 3 or 4 intestinal failure centre2).
Clinical and research priorities in IFALD

1.  Randomised control studies would be valuable in the following areas:

· selective decontamination of the intestinal tract with metronidazole and other antibiotics
· antimicrobial prophylaxis against feeding catheter infections “line locks”
· choline supplemented PN

· alpha-tocopherol enriched lipid emulsion 

· multi-source lipid emulsions (e.g. SMOF)

· low dose versus standard dose lipid infusion 

· delayed introduction of lipid emulsion in patients at high risk of IFALD

· prophylactic treatment with ursodeoxycholic acid

2.  Collaborative research with colleagues working with newborns and infants at high risk of developing IFALD especially

· Neonatology

· Neonatal intestinal surgery 

· Social care agencies (e.g. facilitating discharge on home PN)
3. Improvements in monitoring 

It is of great concern that a laboratory test to determine essential fatty acids is not routinely available, given what is known about the key role played by them in the developing brain and immune system,41-44.  It is highly desirable to establish routine testing for essential fatty acids and their derivatives in the context of evaluating new PN lipid solutions and also during clinical emergencies such as IFALD and sepsis when the requirement for EFAs may fluctuate.   Additionally the role of phytosterols in the genesis of IFALD has been described and monitoring for these markers would be useful45. 
Conclusions
Considerable advances have been made in our  understanding of the genesis of IFALD which is  largely related to prematurity and sepsis and lack of expert nutritional care.   New therapies, which target inflammatory mediators, and take into account the metabolism of methionine,  choline, taurine, glutathione, bile salts, and optimise the insulin and glucagon axis by modifying lipid and carbohydrate intake, can be expected to reduce the severity and frequency of  IFALD in future. 

However, the current gap in high quality evidence in the management of IFALD20 will not be rectified until sufficiently powered randomised controlled trials are performed.  Regional intestinal failure units (level 3 or 4) working in managed clinical networks and collaborating with other national organisations such as British Association of Parenteral and Enteral Nutrtion (BAPEN) and Medicines for Children Research Network (MCRN)  are the most obvious way means of facilitating this aim2,3,19.    We support the recently published criteria14 for referral to regional specialist units for intestinal failure and the establishment of regional/tertiary intestinal failure units.  Such a strategy is likely to improve survival by reducing late presentations of IFALD, increasing participation in multi-centre studies and allowing early consideration of potential surgical treatments including non-transplant procedures to hasten intestinal autonomy in patients with short bowel syndrome, as well as small bowel transplantation in occasional patients with permanent intestinal failure (eg microvillous inclusion disease).    
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Figure 1   Intestinal failure network structure adapted2 from proposal in  “A Strategic Framework for Intestinal Failure and Home Parenteral Nutrition (HPN) Services for Adults in England”   
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Figure  2   Algorithm for medical treatment options for  IFALD* 
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* originally published in modified form in 2008 57.
Table 1        Summary of risk factors for developing IFALD - case series only, 
                   no randomized controlled studies *.
	Risk factor
	Clinical example 
	reference

	Age
	Prematurity, small for gestational age
	5, 6, 15, 46,  

	Co-morbidity
	Loss of mucosal integrity,
Bronchopulmonary dysplasia,

Ischaemia
	24, 
15,
47,

	Short bowel syndrome
	Lack of ileo-caecal valve,   and/or   <25cm of residual bowel
	4, 48  

	Dysmotility (defined as abnormal peristalis resulting in restricted oral intake)
	short bowel syndrome secondary to gastroschisis
	50

	Venous catheter infections
	>3 episodes

more than 3 episodes per year
	5, 50,
16

	Early central venous  catheter infection
	within 1 month
	16 

	Nutrient excess especially lipid 
	>3.5 g/kg/day

excess peroxidation of lipid
	30,

27,28,32

	Lack of staff trained in nutritional care
	Infection rate reduced from 50% to 8% with Nutrition Support Team 
	11,12,13 



	Adverse social circumstances
	Delays discharge on home PN, associated with increase in IFALD 
	17

	Lack of enteral stimulation
	Biliary sludge
	34


* table originally published in modified form in 2008 57.
Table 2      Prevention & management of  IFALD  -  summary of treatment  

                   recommendations based on expert opinion*
	a) PATIENT RELATED  

	Modality
	Comment

	Stimulate entero-biliary axis

a) Commence enteral feeding to maximum tolerated    

b)   Supply choleretic agent e.g. 

             ursodeoxycholic acid

c)   Cholecystokinin

d)   Choline supplemented PN
	a) numerous cohort and case studies demonstrate benefits of enteral feeding on reduction in cholestasis 30, 50,51.

b) ursodeoxycholic acid has minimal adverse effects and has been shown to improve liver function tests in neonates 21. 

c) not been shown to be useful in neonates 52 (NB pancreatitis), but reversed cholestasis in an adult case report. 

d)  in an RCT in adults was beneficial – reports from further studies are awaited 1.  

	Reduce impact of intestinal bacterial overgrowth

a) metronidazole

b) avoid probiotics
	a) Retrospective studies showing a link between inflammation and overgrowth, several studies (none RCT) showing improvements in liver function in metronidazole treated group 22-24.   

b) Caution advised in the use of probiotics for children with central venous catheters  because of risk of disseminated infection by probiotic 53.  

	Reduce intestinal stasis

a) identify and treat strictures

b) consider tapering/plication for dilated dysmotile bowel
	a) reduces bacterial overgrowth and permits advances in enteral feeding 18,40.

b) improves motility and reduces bacterial overgrowth 37.

	Reduce impact of systemic sepsis

a)  antibiotic line locks

b)  nutritional support team (NST) to review sterile procedures for changing line

c)  remove chronically infected line 
	a) common practice in dialysis units but only marginal benefit in PN patients in one RCT – bigger studies needed 54. 

b) the role of NST in reducing sepsis rates is  well described 11,12,13,24. 

	Improve absorptive function of intestinal tract

a) tapering and lengthening surgery

b)  re-establish continuity of intestine by taking down stomas
	a) several cohort studies with variable outcomes, delaying surgery until 12 months of age and focusing on optimising PN delivery seems to be an advantage 37,38. 

b) early reconnection or at least avoiding delay may be an advantage 18.

	Isolated liver transplant (iLTx)

Reserved for short bowel syndrome
	iLTx has 60-80 % one year survival in patients with short bowel who are progressing with weaning from PN before the onset of liver failure;  avoid in patients with long term need for PN especially if tolerance of enteral feed is poor (less than 50%) as IFALD recurs  36,40,50.    

            

	b)  PARENTERAL NUTRITION RELATED

	Modality
	Comment

	a) commence cyclical PN as soon as possible ie from 3 months of age

b) limit glucose intake to no more than 75% non protein calories 

c) use pediatric amino acid solutions which provide additional taurine

d) ensure manganese content is optimized by regular monitoring of trace element concentrations  

e) avoid more than 3.5g/day lipid in infants 

f) consider using a mixture of medium and  

      long chain triglyceride as lipid source

g)  consider using lipid emulsion enriched with    olive oil

h)  consider using lipid emulsion enriched 

     with  alpha-tocopherol 

      i)   consider using lipid emulsion enriched with 

           fish oils


	a) cyclic PN is essential in avoiding a state of permanent hyperinsulinism caused by continuous infusion of glucose 30.
b) in infants glucose infusion should be no more than 1.2g/kg/hour (20mg/kg per minute) 30.  
c)    Refs 31, 33
d)    managanese is neuro-toxic and concentra-tions often rise in cholestasis (route of manganese excretion is via biliary system)  6, 30,.

 e)    Refs 29,31,45. 

f)   the addition of medium chain triglyceride seems to enhance the incorporation of essential fatty acids and long-chain polyunsaturated fatty acids into circulating lipids 21. 

g)  2 groups of nine infants studied for 60 days in RCT; olive oil enriched PN showed evidence of reduced peroxidation effects on red cell membranes31. 

h)   in a short term RCT in intensive care setting patients receiving the alpha-tocopherol enriched emulsion had a smaller rise in plasma liver enzymes 28. 

i)   a study comparing a cohort of 18 infants given fish oil with an historic control group given soya oil as the source of intravenous lipid showed more rapid clearance of jaundice and improved survival in the fish oil group – this observation deserves evaluation in a RCT 27. 




* table originally published in modified form in 2008 57.
Table 3   Range of available lipid emulsions,  and some reported benefits
	Source of lipid 
	Licensed examples
	Reported benefits
	reference

	100% soya oil
	intralipid 10%  *

intralipid 20%  *

intralipid 30% *

(Fresenius Kabi)
	Is widely used in paediatric parenteral nutrition and represents a good source of calories and essential fatty acids
	30

	50% mix of olive and soya oils
	ClinOleic 20% * 


	prevention of lipid peroxidation


	31

	50% mix of medium chain triglyceride (MCT) & soya oil (long chain triglyceride)
	Lipofundin 10%

Lipofundin 20%

NuTRIflex Lipid peri

NuTRIflex Lipid plus 
NuTRIflex Lipid special 

(Braun)
	Triglycerides cleared more rapidly and addition of MCT seems to

enhance the incorporation of essential fatty acids and long-chain polyunsaturated fatty acids into circulating liposomes 
	21, 26

	50% medium chain triglyceride, 40% Soya oil 

10% omega-3 
	Lipidem (Braun)
	Not studied in children.  In vitro study of solutions showed that this emulsion retained antioxidant properties for longer
	55

	refined fish oil*
	Omegaven 

(Fresenius Kabi)
	Resolution of IFALD, needs confirmation in RCT. 
	25, 27

	Soya oil 30%

MCT 30%

Olive oil 25%

Fish oil 15%
	SMOFlipid

(Fresenius Kabi)
	Lower increase in liver enzymes compared with 100% Soya oil emulsion 
	28

	Coconut oil

palm kernel oil

Soya oil
	StructroKabiven*

Structrolipid 20%

(Fresenius Kabi)


	Not studied in children. In healthy volunteers, triglycerides in the structured lipid infusion were cleared more rapidly 
	56


* also contains egg phosholipids
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Sepsis ?





JAUNDICE





Abnormal Liver function tests;  1.5 times above upper limit of normal





Consider :


Chronic infection


Co-existing disease 


e.g. lymphoma


PORTAL HYPERTENSION





Progressive liver disease?





PRURITIS





Screen for co-existing


Liver/biliary disease


Sepsis		


Drug toxicity





Refer to


Hepatologist





Consider need for small bowel transplantation with or without liver transplant





Inform the


Nutrition Support Team


Introduce or advance enteral feeds 


Review PN prescription re:


calories 


lipid exposure


hours “on-line” 


taurine & amino acid source


Re-evaluate:


feed tolerance


intestinal motility


Add in ursodeoxycholic acid, consider short course of oral metronidazole


Evaluate need for Home PN, commence training and define support package to deliver care at home








SPLENOMEGALY    or GASTROINTESTINAL BLEEDING





Sector II


HPN & IF Centre (regional)





Sector II 


HPN & IF Centre


(Regional)





Sector III


HPN & IF Centre and co-location with specialised surgical capability





Sector IV


Severe intestinal failure unit including capability for intestinal transplantation





Sector I


Good practice in


Hospital TPN
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