
 

CADTH RAPID RESPONSE REPORT: 
SUMMARY WITH CRITICAL APPRAISAL 

Lipid Formulations for 
Patients Requiring Parenteral 
Nutrition: A Review of Clinical 
Effectiveness, Cost-
Effectiveness, and Guidelines 
– An Update

Service Line: Rapid Response Service 

Version: 1.0 

Publication Date: August 02, 2019 

Report Length: 60 Pages 
 



 

 
SUMMARY WITH CRITICAL APPRAISAL Lipid Formulations for Patients requiring Parenteral Nutrition 2 

 
  

Authors: Khai Tran, Robyn Butcher 

Cite As: Lipid Formulations for Patients Requiring Parenteral Nutrition: A Review of Clinical effectiveness, Cost Effectiveness, and Guidelines – An Update. 

Ottawa: CADTH; 2019 Aug. (CADTH rapid response report: summary with critical appraisal). 

ISSN: 1922-8147 (online) 

Disclaimer: The information in this document is intended to help Canadian health care decision-makers, health care professionals, health systems leaders, 

and policy-makers make well-informed decisions and thereby improve the quality of health care services. While patients and others may access this document, 

the document is made available for informational purposes only and no representations or warranties are made with respect to its fitness for any particular 

purpose. The information in this document should not be used as a substitute for professional medical advice or as a substitute for the application of clinical 

judgment in respect of the care of a particular patient or other professional judgment in any decision-making process. The Canadian Agency for Drugs and 

Technologies in Health (CADTH) does not endorse any information, drugs, therapies, treatments, products, processes, or services. 

While care has been taken to ensure that the information prepared by CADTH in this document is accurate, complete, and up-to-date as at the applicable date 

the material was first published by CADTH, CADTH does not make any guarantees to that effect. CADTH does not guarantee and is not responsible for the 

quality, currency, propriety, accuracy, or reasonableness of any statements, information, or conclusions contained in any third-party materials used in preparing 

this document. The views and opinions of third parties published in this document do not necessarily state or reflect those of CADTH. 

CADTH is not responsible for any errors, omissions, injury, loss, or damage arising from or relating to the use (or misuse) of any information, statements, or 

conclusions contained in or implied by the contents of this document or any of the source materials. 

This document may contain links to third-party websites. CADTH does not have control over the content of such sites. Use of third-party sites is governed by 

the third-party website owners’ own terms and conditions set out for such sites. CADTH does not make any guarantee with respect to any information 

contained on such third-party sites and CADTH is not responsible for any injury, loss, or damage suffered as a result of using such third-party sites. CADTH 

has no responsibility for the collection, use, and disclosure of personal information by third-party sites. 

Subject to the aforementioned limitations, the views expressed herein are those of CADTH and do not necessarily represent the views of Canada’s federal, 

provincial, or territorial governments or any third party supplier of information. 

This document is prepared and intended for use in the context of the Canadian health care system. The use of this document outside of Canada is done so at 

the user’s own risk. 

This disclaimer and any questions or matters of any nature arising from or relating to the content or use (or misuse) of this document will be governed by and 

interpreted in accordance with the laws of the Province of Ontario and the laws of Canada applicable therein, and all proceedings shall be subject to the 

exclusive jurisdiction of the courts of the Province of Ontario, Canada. 

The copyright and other intellectual property rights in this document are owned by CADTH and its licensors. These rights are protected by the Canadian 

Copyright Act and other national and international laws and agreements. Users are permitted to make copies of this document for non-commercial purposes 

only, provided it is not modified when reproduced and appropriate credit is given to CADTH and its licensors. 

About CADTH: CADTH is an independent, not-for-profit organization responsible for providing Canada’s health care decision-makers with objective evidence 

to help make informed decisions about the optimal use of drugs, medical devices, diagnostics, and procedures in our health care system. 

Funding: CADTH receives funding from Canada’s federal, provincial, and territorial governments, with the exception of Quebec. 

Questions or requests for information about this report can be directed to Requests@CADTH.ca 



 

 
SUMMARY WITH CRITICAL APPRAISAL Lipid Formulations for Patients requiring Parenteral Nutrition 3 

Abbreviations 

AEs Adverse events 

AGREE Appraisal of Guidelines for Research & Evaluation 

ALT Alanine amino transferase 

AMSTAR Assessing the Methodological Quality of Systematic Reviews 

ARDS Acute respiratory distress syndrome 

AST Aspartate amino transferase  

BPD Bronchopulmonary dysplasia 

CI Confidence interval 

DHA Docosahexaenoic acid 

ED Emergency department 

EN Enteral nutrition 

EPA Eicosapentaenoic acid 

ESPEN European Society for Parenteral and Enteral Nutrition 

FO Fish oil 

GGT Gamma-glutamyl transferase 

GI Gastrointestinal 

GRADE Grading of Recommendations Assessment, Development, and 

Evaluation 

HTA Health technology assessment 

ICER Incremental cost-effectiveness ratio 

ICU Intensive care unit 

ITT Intention-to-treat 

IU International unit 

IVH Intraventricular hemorrhage 

JBI Joanna Briggs Institute 

LCT Long chain triglyceride 

LE Lipid emulsion 

LTB4 Leukotriene B4 

LTB5 Leukotriene B5 

MA Meta-analysis 

MCFA Medium chain fatty acid 

MCT Medium chain triglyceride 

MD Mean difference 

NEC Necrotizing enterocolitis 

NR Not reported 

OO Olive oil 

PFE 4501 Gamma-linolenic acid-enriched fat emulsion 

PN Parenteral nutrition 

PNAC Parenteral nutrition-associated cholestasis 

PNALD Parenteral nutrition-associated liver disease 

PRISMA Preferred Reporting Items for Systematic Reviews and Meta-

Analyses  

PUFAs Polyunsaturated fatty acids 

QALYs Quality-adjusted life-years 

RCT Randomized controlled trial 

ROP Retinopathy of prematurity 

RR Risk ratio 

SF Safflower oil 
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SIGN The Scottish Intercollegiate Guidelines Network 

SIRS Systematic inflammatory response syndrome 

SMD Standardized mean difference 

SO Soybean oil 

SR Systematic review 

TNF Tumor necrosis factor 

TPN Total parenteral nutrition 
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Context and Policy Issues 

Parenteral nutrition (PN) is provided through intravenous administration to patients 

who are unable to meet their nutritional needs either through oral intake or enteral 

nutrition (EN) due to pathological or surgical conditions.1-3 Decades of research have 

resulted in the development of relatively safe PN formulations containing amino acids, 

glucose, lipids (as emulsions), electrolytes, vitamins and trace elements.4 PN may be 

used for short or long periods of time depending on the morbidity and its severity.5 

However, prolonged use of PN may be associated with increased risk of long-term 

adverse events including hypertriglyceridemia, infections, metabolic bone disease, 

and PN-associated liver disease (PNALD).5,6 

The source of oil present in lipid emulsions is believed to play an important role in the 

development of long-term complications.6 Soybean oil (SO) is not only an excellent 

source of non-protein energy, but also rich in essential fatty acids such as linoleic acid 

(18:2 n-6) and alpha-linolenic acid (18:3 n-3) and non-essential oleic acid (18:1 n-9).7 

The letters “n” and “ω” for omega are used interchangeably. These fatty acids are 

precursors of longer chain fatty acids, arachidonic acid (AA; 20:4 n-6), 

eicosapentaenoic acid (EPA; 20:5 n-3), and eicosatrienoic acid (Mead acid, 20:3 n-9), 

respectively.8 AA and Mead acid have more proinflammatory properties than EPA.6 

Prolonged use of SO emulsions in PN has been associated with hypertriglyceridemia, 

proinflammatory profile, and PNALD.5,6 As a result, different lipid formulations have 

been developed. 

For instance, olive oil (OO) has been added to reduce the amount of SO in lipid 

emulsions for PN.9 OO is the main source of lipid in the Mediterranean diet, consisting 

of monounsaturated fatty acids such as oleic acid (18:1 n-9), phenolic compounds, 

and squalene.10 Diets enriched with OO have been linked to health benefits such as 

prevention of cancer, heart disease, and aging through its antioxidant properties.10 

Compared with pure SO emulsion in PN, a mixture of 80% OO/20% SO has been 

shown to have some clinical benefits, despite the concern about the increase in Mead 

acid levels in OO enriched lipid emulsions.6  

Another lipid has been used to reduce the level SO component in lipid emulsions for 

PN was medium chain triglycerides (MCT), containing fatty acids of 6 to 12 carbon 

atoms.11 Unlike long chain triglycerides (LCT) with fatty acid chains ranging from 14 to 

21 carbon atoms, MCT are more water soluble and readily oxidized in the 

mitochondria for the production of energy.11 A mixture of 50% MCT/50% LCT has 

been developed and considered to be safe and tolerable in patients requiring PN.12 

However, the beneficial effects of MCT/LCT compared with other lipid emulsions for 

PN remains unclear.6 

Fish oil (FO) has lately been considered as an ideal choice of lipid to partially or 

completely replace SO.6 FO has a high content of n-3 polyunsaturated fatty acids 

(20% to 40%), particularly EPA and docosahexaenoic acid (DHA; 22:6 n-3),13 which 

have been shown to reduce inflammation by competing with AA for eicosanoid 

synthesis, producing the 3-series of prostaglandins and thromboxanes and the 5-

series of leukotrienes.6 Mixed-oil containing FO for use in PN such as 

SO/MCT/OO/FO (30%/30%/25%/15%) or MCT/SO/FO (50%/40%/10%) has been 

recently developed and is available for PN use.6 From small-scale clinical trials, fish 

oil enriched PN appears to have some clinical benefits compared with non-fish oil 

enriched PN.4,14         
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In a recent CADTH report,15 published in 2017, entitled “Lipid Formulations for 

Patients Requiring Parenteral Nutrition: A Review of Clinical and Cost-Effectiveness 

and Guidelines”, low quality evidence found no difference in comparative clinical 

effectiveness among lipid emulsions examined in preterm infants. There was some 

evidence that fish oil enriched PN had some clinical benefits in non-surgical and 

surgical adult patients in intensive care unit (ICU). Economic evaluations from low-

quality studies showed that FO emulsion was more cost-effective than SO-based 

emulsions. None of the identified guidelines could make strong recommendations 

regarding the type of lipid emulsions for PN due to insufficient evidence. 

The aim of this report is to update the clinical effectiveness, cost-effectiveness, and 

evidence-based guidelines on the use of lipid formulations for patients requiring PN. 

Research Question 

1. What is the clinical effectiveness of lipid formulations in adult and pediatric 

patients requiring total parenteral nutrition? 

2. What is the cost-effectiveness of lipid formulations in adult and pediatric patients 

requiring total parenteral nutrition? 

3. What are the evidence-based guidelines associated with the use of lipid 

formulations in adult and pediatric patients requiring total parenteral nutrition? 

Key Findings 

This review included seven systematic reviews, eight randomized controlled trials, two 

economic studies, and two guidelines.  

Evidence of low to very low quality was insufficient to determine the comparative 

clinical effectiveness of different types of lipid formulations for parenteral nutrition in 

preterm, term, or late preterm infants (with or without surgical conditions or parenteral 

nutrition-associated liver disease/cholestasis).  

In hospitalized adult patients, patients with fish oil enriched parenteral nutrition had 

significantly reduced infection rate and length of hospital stay, and in improved liver 

function and inflammatory status in comparison to patients with non-fish oil enriched 

parenteral nutrition, despite no difference in mortality. In adult patients requiring long-

term parenteral nutrition, there were no significant differences between different lipid 

emulsions including those containing fish oil with respect to liver function, 

inflammatory status and other biochemical outcomes.  

Economic evaluations from the Chinese hospital perspective suggested that fish oil 

enriched parenteral nutrition was more cost-effective than non-fish oil enriched 

parenteral nutrition, and structured triglyceride-based parenteral nutrition was 

associated with cost benefit compared to medium chain triglyceride/long chain 

triglyceride parenteral nutrition in critically ill intensive care unit patients.  

The European Society for Parenteral and Enteral Nutrition guideline on clinical 

nutrition in liver disease recommends that fish oil enriched parenteral nutrition can be 

used in infants and children with parenteral nutrition-associated cholestasis, and lipid 

emulsions with a reduced ratio of n-6 over n-3 fatty acids can be used in adult 

patients with suspected parenteral nutrition-associated liver disease/cholestasis. 

Another European Society for Parenteral and Enteral Nutrition guideline on clinical 
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nutrition in the intensive care unit recommends that fish oil enriched parenteral 

nutrition (fish oil dose 0.1 to 0.2 g/kg/day) can be given to intensive care unit patients 

requiring parenteral nutrition. The recommendations in both guidelines were made 

based on low quality evidence, but with strong consensus. 

Larger well-designed trials are needed to determine the optimal lipid composition, and 

whether the addition of fish oil lipid emulsions has any advantage over other 

formulations for clinical and biochemical outcomes in infants requiring parenteral 

nutrition. Findings may not be generalizable to the Canadian context, and given their 

limitations they should be interpreted with caution.  

Methods 

Literature Search Methods 

A limited literature search was conducted by an information specialist on key 

resources including Ovid Medline, the Cochrane Library, the University of York Centre 

for Reviews and Dissemination (CRD) databases, the websites of Canadian and 

major international health technology agencies, as well as a focused Internet search. 

The search strategy was comprised of both controlled vocabulary, such as the 

National Library of Medicine’s MeSH (Medical Subject Headings), and keywords. The 

main search concepts were lipids and parenteral nutrition. Search filters were applied 

to limit retrieval to health technology assessments, systematic reviews, meta-

analyses, or network meta-analyses, randomized controlled trials, controlled clinical 

trials, or any other type of clinical trial, economic studies and guidelines. Where 

possible, retrieval was limited to the human population. The search was also limited to 

English language documents published between January 1, 2016 and July 5, 2019. 

Selection Criteria and Methods 

One reviewer screened citations and selected studies. In the first level of screening, 

titles and abstracts were reviewed and potentially relevant articles were retrieved and 

assessed for inclusion. The final selection of full-text articles was based on the 

inclusion criteria presented in Table 1. 

Table 1: Selection Criteria 

Population Adult and pediatric patients (including neonates) requiring parenteral nutrition in any setting (e.g., acute 
care/hospital, home, outpatients, clinics) 

Intervention Lipids for parenteral nutrition (e.g., but not limited to, n-3 lipids, n-3 lipid containing mixtures, n-3/n-6 lipid 
containing mixtures) 

Comparator Q1-2: Lipid formulations compared to each other 

Q3: No comparator 

Outcomes Q1: Clinical effectiveness (e.g., clinical benefits, improved patient outcomes) and safety (e.g., harms 
associated with use) 

Q2: Cost-effectiveness 

Q3: Guidelines 

Study Designs Health technology assessments (HTAs), systematic reviews (SRs), meta-analyses (MAs), randomized 
controlled trials (RCTs), and evidence-based guidelines 
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Exclusion Criteria 

Studies were excluded if they did not meet the selection criteria in Table 1 and if they 

were published prior to 2016. Systematic reviews (SR), in which included studies 

completely overlapped with those included in another SR published later, were 

excluded. Primary studies were excluded if they had been included in the identified 

SRs. Guidelines with unclear methodology or that were not clearly evidence-based 

were excluded. Studies were excluded if they had been included in the previous 

CADTH report.15 

Critical Appraisal of Individual Studies 

The AMSTAR-2 checklist was used to assess the quality of SRs.16 The critical 

appraisal checklists of the Joanna Briggs Institute were used to assess the quality of 

the included randomized controlled trials (RCTs)17 and economic studies.18 The 

quality of the evidence-based guidelines was assessed using the Appraisal of 

Guidelines for Research and Development (AGREE) II instrument.19 Summary scores 

were not calculated for the included studies; rather, a review of the strengths and 

limitations were described narratively. 

Summary of Evidence 

Quantity of Research Available 
A total of 131 citations were identified in the literature search. Following screening of 

titles and abstracts, 99 citations were excluded and 32 potentially relevant reports 

from the electronic search were retrieved for full-text review. Four potentially relevant 

publications were retrieved from the grey literature search. Of the 36 potentially 

relevant articles, 17 publications were excluded for various reasons, while 19 

publications including seven SRs, eight RCTs, two economic studies, and two 

guidelines met the inclusion criteria and were included in this report. Appendix 1 

presents the PRISMA flowchart20 of the study selection. 

Summary of Study Characteristics 

The characteristics of the included SRs,21-27 (Table 2) RCTs,28-35 (Table 3) economic 

studies36,37 (Table 4) and guidelines38,39 (Table 5) are presented in Appendix 2. 

Clinical Studies 

Study Design  

Two SRs21,22 were identified for pediatric populations (infants), and five SRs23-27 for 

adult populations. All identified SRs searched for RCTs using multiple databases with 

search dates from inception to 201821,22 for pediatric populations, and from inception 

to 2018,23 2017,25 2016,24 2015,26 or from 2000 to 201727 for adult populations.      

Of the eight additionally included RCTs, four28-31 were for pediatric populations, and 

four32-35 for adult populations. Five were double-blinded parallel RCTs,28,30,33-35 one 

was a single-blinded (patients and parents) parallel RCT,29 one was an open-labelled 

parallel RCT,31 and one did not report on blinding.32 All RCTs28-35 were conducted at a 

single centre. 

Quality Appraisal Tools 

The authors of the SRs assessed the quality of the included RCTs using the 

Cochrane Risk of Bias tool21-23,25-27 or Jadad scale.24 Two SRs21,22 used the Grading 



 

 
SUMMARY WITH CRITICAL APPRAISAL Lipid Formulations for Patients requiring Parenteral Nutrition 9 

of Recommendations Assessment, Development, and Evaluation (GRADE) 

framework to evaluate the quality of the body of evidence for each outcome on the 

basis of the following considerations: risk of bias, inconsistency, indirectness, 

imprecision, publication bias, magnitude of effect, and dose-response gradient. 

Country of Origin and Publication Year 

The SRs for pediatric populations were conducted by authors from UK21,22 and were 

published in 2019. For adult populations, the SRs were conducted by authors from 

Italy,23 China24,25,27 and UK,26 and were published in 201923 and 2018.24-27 

The included RCTs were conducted by authors from Taiwan,28 China,29,32 Turkey,30,31 

Germany,33 South Africa34 and Poland,35 and were published in 201928-30,32 and 

2018.31,33-35 

Patient Population 

For pediatric populations, one SR21 included term (defined as gestational age of 37 

weeks or more) and late preterm (defined as between gestational age of 34 weeks 

gestation and 36 weeks and six days) infants, while the other SR22 included preterm 

infants (gestational age less than 37 weeks). Three included RCTs28,30,31 included 

preterm infants (defined as less than 32 weeks’ gestation or less than 1,500 g), and 

one RCT29 included infants after gastrointestinal (GI) surgery with mean age of 4.8 

days. There were three types of infant populations included in the SRs,21,22 including 

those requiring intravenous lipid emulsions for PN, and those with surgical conditions 

or with established PN-associated liver disease or cholestasis, who received lipid 

emulsions as part of PN. 

For adult populations eligible to receive PN, one SR23 included hospitalized patients 

including those in intensive care unit (ICU), two SRs24,27 included postoperative 

patients with GI cancer, one SR25 included patients with sepsis, and one SR26 

included patients requiring home PN. Among RCTs, adult populations included 

patients with acute paraquat poisoning,32 patients requiring long-term home PN,33 

patients diagnosed with systematic inflammatory response syndrome (SIRS) or 

sepsis and/or acute respiratory distress syndrome (ARDS),34 and patients with 

chronic respiratory failure.35 Three SRs23,25,27 did not report the age of participants, 

one SR24 reported participants’ age ranging from 18 to 75 years, and one SR26 

included participants with mean age of 47.6 years. Mean age of participants in the 

RCTs32-35 ranged from 32.6 years to 56.9 years. 

Interventions and Comparators 

For pediatric and adult populations, six SRs21-25,27 and all identified RCTs28-35 studied 

the effectiveness of fish oil enriched PN versus non-fish oil enriched PN. The fish oil 

enriched PN formulations were mixtures of SO/MTC/OO/ FO, SO/MTC/FO, SO/FO, 

MCT/FO, MTC/ LCT/FO, SO/OO/FO, and standard total PN/FO. The non-fish oil 

enriched PN formulations were pure SO, pure LCT, pure OO, SO/MCT, standard total 

PN, SO/OO, omega-6 lipid infusion, MCT/LCT, and SO/MCT/LCT. One SR22 in 

pediatric populations also compared fish oil enriched PN versus another fish oil 

enriched PN, alternative PN (i.e., non-fish oil PN excluding pure SO PN) versus pure 

SO PN, and alternative PN versus other alternative PN. One SR26 in adult populations 

exclusively compared alternative PN (SO/MCT/OO/FO, SO/OO, SO/MCT) versus 

pure SO for adult patients receiving home PN. The ratio of lipid emulsions in PN 

formulations and administration dosages varied among studies.  
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Treatment duration of pediatric populations varied among RCTs in the SRs.21,22 The 

SR21 assessing term and late preterm infants included studies having infants who 

received intravenous lipid emulsions as part of PN at any time in the first six months 

after birth for any duration. The SR22 of preterm infants considered preterm infants 

who received intravenous lipid emulsions as part of PN within the first week of life and 

for a minimum of five days, and preterm infants with surgical conditions or with 

established PNALD/cholestasis who received PN within the first six months of life 

(treatment duration varied among studies). Treatment duration among RCTs28-31 of 

pediatric populations varied from 7 days to 28 days.  

In the SRs of adult populations, treatment duration of cited RCTs was 5 to 7 days,24,27 

5 to 21 days,25 and 4 weeks to 3 months.26 One SR23 did not report treatment 

duration. The included RCTs had treatment durations of 6 days,34 10 days,32 8 

weeks33 and 12 months.35 

Outcomes 

The outcomes evaluated in the SRs21-27 and RCTs28-35 can be classified into two main 

groups: clinical outcomes and biochemical outcomes.  

For pediatric populations, the clinical outcomes assessed in the SRs21,22 and RCTs28-

31 were: growth rate, PNALD/cholestasis (conjugated bilirubin ≥ 2 mg/dL), 

PNALD/cholestasis (any definition), death before discharge, any retinopathy of 

prematurity, retinopathy of prematurity or requiring surgery, any bronchopulmonary 

dysplasia, chronic lung disease (oxygen requirement at 36 weeks’ postmenstrual 

age), culture positive sepsis, any sepsis, chronic lung disease (oxygen requirement at 

36 weeks’ postmenstrual age), necrotizing enterocolitis, any patent ductus arteriosus, 

duration of ventilation (days), duration of supplemental oxygen (days), duration of 

hospital stay, intraventricular hemorrhage, periventricular leukomalacia, significant 

jaundice requiring treatment, head growth velocity, and neurodevelopmental 

outcomes. The biochemical outcomes were: results of laboratory tests for liver 

function (e.g., conjugated bilirubin levels, liver enzymes), antioxidant status (direct 

and indirect tests), immune function (e.g., cytokines, immunoglobulin, interleukin), 

inflammatory status (e.g., leukotrienes, tumor necrosis factor-alpha, C-reactive 

protein) and blood lipid profile.  

For the adult populations, the clinical outcomes assessed in the SRs23-27 and RCTs32-

35 were: infection rate, overall 90-day mortality, length of hospital stay, sepsis, and 

mechanical ventilation days. The biochemical outcomes were similar to those listed 

for pediatric populations. One RCT33 reported quality of life as a patient-reported 

outcome. 

Data Analysis and Synthesis 

The authors of all SRs21-27 quantitatively synthesized data from included studies using 

a meta-analysis approach. Treatment effects for dichotomous outcomes were 

estimated using risk ratios (RR) with 95% confidence intervals (CI). For continuous 

outcomes, mean differences (MD) with 95% CIs were used to describe the pooled 

data. 

Two identified RCTs28,33 analyzed data using the intention-to-treat (ITT) approach, 

while six29-32,34,35 did not. Sample size calculations were conducted in four 

RCTs,28,31,33,34 and not in the others.29,30,32,35 All identified RCTs used appropriate 

statistical analysis for the comparisons between groups. 
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Funding 

Three SRs21,22,24 received public funding, two SRs23,27 were financially supported by 

pharmaceutical companies, one SR25 declared that no funding was received, and one 

SR26 did not report the source of funding. 

Of the identified RCTs, two28,29 received public funding, one33 received industrial 

funding, one32 declared that no funding was received, and four30,31,34,35 did not report 

the source of funding. 

Economic studies 

Study design 

Two economic evaluations were included: one cost-effectiveness study36 and one 

cost-minimization study.37 Both economic evaluations were conducted with China-

specific clinical and cost data for adult patients admitted in Chinese ICU requiring PN.  

The cost-effectiveness study36 used a pharmacoeconomic discrete event simulation 

model, in which ICU patients were assigned to either fish oil enriched PN or non-fish 

enriched PN (i.e., SO/MCT/OO/FO versus SO/MCT/LCT or OO/SO). The events in 

the economic models were admission to the ICU, transfer from ICU to hospital ward, 

new nosocomial infection, discharge from hospital, and death. 

The cost-minimization study37 used a deterministic model, in which ICU patients were 

assigned to two types of lipid emulsions (i.e., structured TG [STG]-based emulsion 

versus MCT/LCT emulsion). The events were admission to the ICU, transfer to the 

general ward, and hospital discharge.  

Effectiveness 

The cost-effectiveness study36 updated a previous meta-analysis to obtain clinical 

effectiveness data such as hospital length of stay and infection rate to be input into 

the model. The primary outcome was incremental cost-effectiveness ratio (ICER) 

expressed as difference in total hospitalization costs per difference in day of hospital 

stay. The cost-minimization study37 conducted its own meta-analysis to obtain the 

treatment effects including body weight, duration of PN therapy, and length of stay in 

the ICU and hospital ward. The primary outcome was difference in overall 

hospitalization costs. Discount rate was not applicable in both studies as the time 

horizon was hospital stay of ICU patients. 

Costs  

In both studies,36,37 costs incorporated into the model were only direct costs such as 

medication costs, including costs of PN, and cost of stay in the ICU and general ward. 

All costs were reported in Chinese yuan renminbi (¥).  

Population 

The population in both studies was ICU adult patients, whose age was not specified. 

Sensitivity analysis 

Both studies36,37 performed one-way deterministic sensitivity analysis and probabilistic 

sensitivity analysis. In addition, the cost-minimization study used a two-way threshold 

analysis to evaluate the relationship between maximum duration of PN therapy and 

the reduction in overall costs as a function of the reduction of hospital length of stay. 
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Funding 

Both studies36,37 were financially supported by pharmaceutical companies. 

Guidelines 

Country of Origin 

Two guidelines from the European Society for Parenteral and Enteral Nutrition 

(ESPEN)38,39 were identified. The authors of these guidelines were from several 

countries in Europe. 

Objectives 

One guideline38 was on clinical nutrition in liver disease, and its objectives were to 

provide recommendations regarding nutritional and metabolic management of 

patients with liver disease, including acute liver disease, severe alcoholic 

steatohepatitis, non-alcoholic fatty liver disease, liver cirrhosis, liver surgery and 

transplantation. The other guideline39 was on clinical nutrition in the ICU, and its 

objectives were to provide recommendations with respect to the nutritional therapy for 

critically ill patients in the ICU. 

Target Users of the Guidelines 

The intended users of both guidelines38,39 were health care providers involved in the 

care of patients with liver disease38 or patients in the ICU.39 

Methods Used to Formulate Recommendations 

Both guidelines38,39 used systematic methods to search for evidence, and the levels of 

evidence were assessed using the Scottish Intercollegiate Guidelines Network (SIGN) 

grading system. The levels of evidence range from high (i.e., 1++: High quality MAs, 

SRs of RCTs, or RCTs with a very low risk of bias) to low (i.e., 4: Expert opinion). The 

recommendations were graded according the levels of evidence.  The definition of 

levels of evidence and the definition of grades of recommendations can be found in 

Table 5. Expert consensus was reached based on review of literature using the 

standard operating procedures for ESPEN guideline by members of ESPEN guideline 

projects and members of the ESPEN council. 

Summary of Critical Appraisal 

The quality assessments of the identified SRs,21-27 (Table 6) RCTs,28-35 (Table 7) 

economic studies36,37 (Table 8) and guidelines38,39 (Table 9) are presented in 

Appendix 3. 

All SRs21-27 provided appropriate research questions, explanations for selection of the 

study designs for the inclusion, literature search strategies, techniques for assessing 

the risk of bias in individual studies, and explanations for (and discussions of) any 

heterogeneity observed in the results of the meta-analysis. Three SRs21-23 had a priori 

published protocols and accounted for risk of bias when interpreting the results, while 

the other four24-27 did not. All SRs, except one,26 clearly reported that study selection 

and data extraction were performed in duplicate, and reported potential sources of 

conflict of interest, including funding. Lists of excluded studies were provided in two 

SRs, 21,22 but not in the other five.23-27 All SRs, except one,24 described the included 

studies in adequate detail. None of the SRs reported the sources of funding for the 

included studies. All of the SRs21-25,27 that performed meta-analysis used appropriate 

methods for statistical combination of the results, but did not assess the potential 
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impact of risk of bias in individual studies on the results of the meta-analysis. 

Investigation of publication bias was performed by two SRs23,25 and was not 

applicable for the others due to small number of studies.21,22,24,26,27  

All RCTs, except one,31 clearly reported the method of randomization. However, only 

three RCTs28,30,35 clearly described the method of allocation concealment. All RCTs, 

except one,34 clearly reported that both treatment groups had similar baseline 

characteristics. Five RCTs28,30,33-35 were double-blinded, one RCT29 was single-

blinded, one RCT32 was unclear about blinding, and one RCT31 was open-labeled. Of 

the eight RCTs, only one33 reported that the outcome assessors were blinded to 

treatment assignment. Follow-up was completed for all patients in one RCT,30 but not 

in the others.28,29,31-35 Loss to follow-up ranged from 3%28 to 92%29. Intention-to-treat 

analysis was performed in three RCTs,28,33,34 but not in the other five.29-32,35 In all 

RCTs,28-35 treatment groups were treated identically other than the intervention of 

interest, outcomes for both treatment groups were measured in the same way using 

reliable methods, appropriate statistical analyses were used, and trial designs (i.e., 

parallel RCT) were appropriate. 

Both economic studies36,37 provided appropriate research questions and 

comprehensive descriptions of alternatives, identified all important and relevant costs 

and outcomes for each alternative, used established clinical effectiveness data, and 

conducted incremental analysis of both costs and consequences including sensitivity 

analyses. It was unclear if both studies36,37 accurately measured and credibly valued 

costs and outcomes, and had study results that included all issues of concern to 

users. It was also unclear if the results were generalizable to the Canadian setting.  

The two identified ESPEN guidelines38,39 were explicit in terms of scope and purpose 

(i.e., objectives, health questions and population) and clarity of presentation (i.e., 

specific and unambiguous recommendations, different options for management of the 

condition or health issue, and easy to find key recommendations). In terms of 

stakeholder involvement, the guidelines clearly defined target users and the 

development groups included individuals form all relevant professional groups. 

However, it was unclear if the views and preferences of the target populations were 

sought. For rigour of development, the guidelines were explicit in terms of systematic 

methods to search for the evidence, criteria for selecting the evidence, strengths and 

limitations of the body of evidence, methods of formulating the recommendations, and 

the link between the recommendations and the supporting evidence. However, it was 

unclear if the guidelines had been externally reviewed by experts prior to publication, 

or if there was a procedure for updating the guidelines. For applicability, the 

facilitators and barriers to the guidelines’ applications were unclear, and no advice 

and/or tools on how the recommendations can be put into practice were apparent. 

However, cost was considered in the recommendations, and monitoring and/or 

auditing criteria were presented in the guidelines. For editorial independence, it was 

unclear if the funding body (i.e., some European industrial firms) influenced the 

content of the guidelines. The competing interests of guideline development group 

members were reported in both guidelines. 

Summary of Findings 

The main findings and conclusions of the SRs21-27 (Table 10), additional RCTs28-35 

(Table 11), economic studies36,37 (Table 12) and guidelines38,39 (Table 13) are 

presented in Appendix 4. 
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Clinical Effectiveness of Lipid Formulations in Adult and Pediatric Patients 
Requiring Total Parenteral Nutrition 

Pediatric populations 

Term (defined as gestational age ≥ 37 weeks) and late preterm (defined as between 

34 weeks to 36 weeks and six days of gestation) infants 

One SR21 included six RCTs with data available for two broad comparisons: 1) Fish 

oil enriched PN versus non-fish oil enriched PN in infants with surgical conditions; and 

2) Fish oil enriched PN versus non-fish oil enriched PN in infants with 

PNALD/cholestasis. Evidence was rated by the authors as being low- to very low-

quality. 

1) Fish oil enriched PN versus non-fish oil enriched PN in infants with surgical 

conditions (4 RCTS, n = 142) 

Clinical outcomes:  

 There was no statistically significant difference between groups regarding 

PNALD/cholestasis, sepsis, necrotizing enterocolitis, duration of ventilation, 

length of hospital stay, death before discharge, or neurodevelopmental 

outcome.  

 For duration of supplemental oxygen, two cited RCTs reported no 

statistically significant difference between groups, while one RCT found 

statistically significant effect in favour of fish oil enriched PN (i.e., shorter 

duration).  

Biochemical outcomes: 

 There was no statistically significant difference between groups regarding 

liver enzyme levels (gamma-glutamyltransferase [GGT], alanine 

aminotransferase [ALT] and alkaline phosphatase [ALP]) serum triglyceride 

levels, or hypertriglyceridemia. 

 For conjugated bilirubin levels, one cited RCT found a statistically 

significant effect in favour of fish oil enriched PN (i.e., lower), while the 

other cited RCT found no statistically significant difference between 

groups.  

2) Fish oil enriched PN versus non-fish oil enriched PN in infants with 

PNALD/cholestasis (2 RCTs; n = 40) 

Clinical outcomes: 

 There was no statistically significant difference between groups regarding 

resolution of PNALD/cholestasis (defined as conjugated bilirubin ≥ 2 

mg/dL), time to resolution of PNALD, head growth velocity, sepsis, or death 

before discharge. 

 For PNALD/cholestasis (any definition), a meta-analysis of two cited RCTs 

found a statistically significant effect in favour of fish oil enriched PN (i.e., 

lower). 

 For growth rate, one cited RCT found statistically significant effect in favour 

of fish oil enriched PN (i.e., higher).  
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Biochemical outcomes: 

 There was no statistically significant differences between groups regarding 

serum triglyceride levels, hypertriglyceridemia, hyper glycemia, or liver 

enzyme levels (ALT, ALP). 

 One cited RCT found a statistically significant effect in favour of non-fish oil 

enriched PN (i.e., higher in the fish oil enriched PN) for GGT levels, and a 

statistically significant effect in favour of the fish oil enriched PN for ALT.  

 For conjugated bilirubin levels, one cited RCT found a statistically 

significant effect in favour of fish oil enriched PN (i.e., lower).  

 

Preterm infants (less than 37 weeks’ gestation) 

One SR22 with 29 RCTs (n = 2,037) and three additional identified RCTs28,30,31 

contributed data for six broad comparisons: 1) Fish oil enriched PN versus non-fish oil 

enriched PN; 2) Fish oil enriched PN versus another fish oil enriched PN; 3) 

Alternative PN (i.e., non-fish oil PN excluding pure SO PN) versus pure SO PN; 4) 

Alternative PN (i.e., non-fish oil PN excluding pure SO PN) versus other alternative 

PN; 5) Fish oil enriched PN versus non-fish oil enriched PN in preterm infants with 

surgical conditions; and 6) Fish oil enriched PN versus non-fish oil enriched PN in 

preterm infants with established PNALD/cholestasis. Evidence from the SR22 was 

graded as low- to very low-quality. 

1) Fish oil enriched PN versus non-fish oil enriched PN (17 RCTs [n = 1,522] cited 

from the SR22 and three additionally included RCTs [n = 224]28,30,31)  

Clinical outcomes: 

 Results from the SR22 showed no statistically significant difference 

between groups regarding growth rate, PNALD/cholestasis (defined as 

conjugated bilirubin ≥ 2 mg/dL), PNALD/cholestasis (any definition; low and 

unclear risk of bias studies), death before discharge, retinopathy of 

prematurity (≥ stage 3 or requiring surgery), chronic lung disease, sepsis, 

duration of ventilation, length of hospital stay, necrotizing enterocolitis, 

intraventricular hemorrhage (grade III to IV), or any ductus arteriosus. 

 One identified RCT,28 comparing SO/MCT/OO/FO versus TPN containing 

SO, found no statistically significant difference between groups in sepsis, 

PNAC, necrotizing enterocolitis, retinopathy of prematurity, intraventricular 

hemorrhage, weight gain, death, or length of hospital stay. However, there 

was a statistically significant effect in favour of fish oil enriched PN in 

bronchopulmonary dysplasia, duration of ventilation, and duration of 

oxygen use. 

 One included RCT,30 comparing SO/MCT/OO/FO versus OO, found no 

statistically significant difference between groups in bronchopulmonary 

dysplasia. 

 One included RCT,31 comparing SO/MCT/OO/FO versus SO/OO, found no 

statistically significant difference between groups in mortality, 

bronchopulmonary dysplasia, retinopathy of prematurity, days of 

mechanical ventilation, and length of hospital stay. However, there was a 

statistically significant effect in favour of SO/MCT/OO/FO in comparison to 

SO/OO for cholestasis. 
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Biochemical outcomes: 

 Results from the SR22 showed no statistically significant difference 

between groups regarding hypertriglyceridemia, hyperglycemia, 

hypoglycemia, or conjugated bilirubin levels. 

 One included RCT,28 comparing SO/MCT/OO/FO versus TPN containing 

SO, found that on day 8, fish oil enriched PN was associated with 

significantly lower inflammatory markers such as serum interleukin-1beta, 

serum interleukin-6, and bronchoalveolar lavage fluid interleukin-1beta. 

 One included RCT,30 comparing SO/MCT/OO/FO versus OO, found no 

statistically significant difference between groups at day 7 and day 14 for 

interleukin-6, interleukin-10, interleukin-1beta and TNF-alpha levels. There 

was also no statistically significant difference between groups at day 14 for 

total antioxidant status. 

 One included RCT,31 comparing SO/MCT/OO/FO versus SO/OO, found no 

statistically significant difference between groups at day 0, day 7, and day 

28 for cell blood count, blood urea nitrogen, creatinine, cholesterol, 

triglycerides, total and direct bilirubin, GGT, and ALT. There was also no 

statistically significant difference between groups on day 28 for antioxidant 

status determined by the levels of catalase, glutathione peroxidase, and 

thiobarbituric acid reactive substances. 

2) Fish oil enriched PN versus another fish oil enriched PN (one RCT [n = 55] cited 

in the SR22) 

Clinical outcomes: 

 The cited RCT, comparing SO/MCT/OO/FO versus SO/MCT/FO, found no 

statistically significant difference between groups regarding growth rate, 

PNALD/cholestasis (defined as conjugated bilirubin ≥ 2 mg/dL), death 

before discharge, chronic lung disease, sepsis, necrotizing enterocolitis, or 

any ductus arteriosus. 

Biochemical outcomes: 

 There was no statistically significant difference between groups in 

conjugated bilirubin levels. 

3) Alternative PN (SO/MCT, SO/OO) versus pure SO (10 RCTs [n = 536] cited in 

the SR22) 

Clinical outcomes: 

 There was no statistically significant difference between groups regarding 

growth rate, PNALD/cholestasis (defined as conjugated bilirubin ≥ 2 

mg/dL), PNALD/cholestasis (any definition), retinopathy of prematurity, 

bronchopulmonary dysplasia, chronic lung disease, sepsis, duration of 

ventilation, length of hospital stay, necrotizing enterocolitis (≥ stage 2), 

intraventricular hemorrhage (grade III to IV), any ductus arteriosus, or 

significant jaundice requiring treatment. 

Biochemical outcomes: 

 There was no statistically significant difference between groups regarding 

hypertriglyceridemia, hyperglycemia, or conjugated bilirubin levels. 

4) Alternative PN (SO/MCT) versus other alternative PN (SO/OO) (1 RCT [n = 59] 

cited in the SR22) 
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Clinical outcomes: 

 There was no statistically significant difference between groups regarding 

growth rate, PNALD/cholestasis (defined as conjugated bilirubin ≥ 2 

mg/dL), death before discharge, chronic lung disease, sepsis, necrotizing 

enterocolitis (≥ stage 2), or any patent ductus arteriosus. 

Biochemical outcomes: 

 There was no statistically significant difference between groups for 

conjugated bilirubin levels. 

5) Fish oil enriched PN (pure FO) versus non-fish oil enriched PN (pure SO) 

preterm infants with surgical conditions (1 RCT [n = 19] cited in the SR22) 

Clinical outcomes: 

 There was no statistically significant difference between groups regarding 

PNALD/cholestasis (defined as conjugated bilirubin ≥ 2 mg/dL), death 

before discharge, or culture positive sepsis. 

Biochemical outcomes: 

 There was no statistically significant difference between groups regarding 

hypertriglyceridemia or conjugated bilirubin levels. 

6) Fish oil enriched PN (pure FO, SO/MCT/OO/FO) versus non-fish oil enriched PN 

(pure SO) preterm infants with established PNALD/cholestasis (2 RCTs [n = 40] 

cited in the SR22) 

Clinical outcomes: 

 There was no statistically significant difference between groups regarding 

PNALD/cholestasis (defined as conjugated bilirubin ≥ 2 mg/dL), 

PNALD/cholestasis (any definition), death before discharge, or any sepsis. 

 One cited RCT (n = 16), comparing FO versus SO, found a statistically 

significant effect in favour of pure fish oil PN for growth rate. 

Biochemical outcomes: 

 One cited RCT (n = 24), comparing SO/MCT/OO/FO versus SO, found a 

statistically significant effect in favour of pure FO PN for conjugated 

bilirubin levels. 

 

Infants after GI surgery 

One identified RCT29 compared SO/MCT/OO/FO (n = 22) versus MCT/LCT (n = 24) in 

infants (mean age of 4.8 days) after GI surgery. 

Clinical outcomes: 

 There was no statistically significant difference between groups regarding 

postoperative weight gain or sepsis. 

Biochemical outcomes: 

 There was no statistically significant difference between groups regarding 

liver function (ALT, AST and direct bilirubin), nutritional indices (pre-

albumin levels and levels of retinol binding protein), or inflammatory status 

(interleukin-6 and TNF-alpha) at end of week 1, 2, 3, and 4. 
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Adult populations 

Hospitalized patients 

One SR23 included 49 RCTs comparing fish oil enriched PN versus non-fish oil 

enriched PN in hospitalized adult patients including ICU patients and surgical patients 

with any condition. 

Clinical outcomes:  

 There was a statistically significant effect in favour of fish oil enriched PN 

regarding infection rate, length of hospital stay, and sepsis. 

 There was no statistically significant difference between groups for 30-day 

mortality rate. 

Biochemical outcomes: 

 There was a statistically significant effect in favour of fish oil enriched PN 

regarding liver function characterized by liver enzyme markers (AST, ALT, 

and GGT), antioxidant (alpha-tocopherol), and inflammatory status (TNF-

alpha, leukotriene B5). 

 There was no statistically significant difference between groups regarding 

bilirubin and triglyceride levels. 

Two SRs (one24 with 7 RCTs and one27 with 16 RCTs) compared fish oil enriched PN 

versus non-fish oil enriched PN in postoperative adult patients with GI cancer. 

Clinical outcomes: 

 Both SRs24,27 found statistically significant effects in favour of fish oil 

enriched PN for infection rate. 

 One SR24 found a statistically significant effect in favour of fish oil enriched 

PN for length of hospital stay. 

Biochemical outcomes: 

 In both SRs,24,27 there were statistically significant effects in favour of fish 

oil enriched PN for immune function as indicated by greater levels of CD4+ 

(helper T cells) and CD4+/CD8+ ratio. One SR27 also found that fish oil 

enriched PN was associated with increased levels of immunoglobulin (Ig) 

A, IgM and IgG, and with decreased levels of interleukin-6. 

 One SR27 found a statistically significant effect in favour of fish oil enriched 

PN for inflammatory status characterized by decreased levels of TNF-alpha 

and C-reactive protein. 

One SR25 (16 RCTs) and one identified RCT34 compared fish oil enriched PN versus 

non-fish oil enriched PN in adult patients with sepsis or sepsis-induced ARDS. 

Clinical outcomes: 

 The SR25 and the identified RCT34 found no statistically significant 

difference between groups in mortality including total mortality, mortality in 

studies with similar baseline, and mortality in studies with sepsis-induced 

ARDS. 

 The identified RCT34 found no statistically significant difference between 

groups regarding mechanical ventilation, and length of ICU stay. 

One identified RCT32 compared fish oil enriched PN (MCT/LCT/FO; n = 113) versus 

non-fish oil enriched PN (MCT/LCT; n = 110) in adult patients with acute paraquat 

poisoning. 
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Clinical outcomes: 

 There was a statistically significant effect in favour of fish oil enriched PN 

for 90-day mortality. 

Biochemical outcomes: 

 There was a statistically significant effect in favour of fish oil enriched PN 

for inflammatory status (lower TNF-alpha and C-reactive protein levels) 

 There was no statistically significant difference between groups for total 

lymphocyte count or prealbumin levels. 

 

Adult patients requiring long-term home PN 

One SR26 (3 RCTs) compared alternative PN (SO/MCT, SO/OO, SO/MCT/OO/FO) 

versus pure SO in adult patients requiring long-term home PN. Only biochemical 

outcomes were reported. 

Biochemical outcomes: 

 There was no statistically significant difference between groups regarding 

liver function (ALT, AST), or inflammatory status (interleukin-6, soluble TNF 

receptor II, C-reactive protein). 

 There was a statistically significant increase in alpha-tocopherol levels in 

SO/MCT/OO/FO (i.e., favourable) when compared with SO. 

Adverse events: 

 There was no statistically significant difference between groups in adverse 

events (not specified). 

Two included RCTs33,35 compared fish oil enriched PN (MCT/LCT/FO, 

SO/MCT/OO/FO) versus non-fish oil enriched PN (MCT/LCT, OO/LCT, LCT) in adult 

patients requiring long-term home PN. Only biochemical outcomes, adverse events 

and patient-reported outcomes were available. 

Biochemical outcomes: 

 Both RCTs33,35 found no statistically significant difference between groups 

for liver function. 

 One RCT33 found no statistically significant difference between groups 

regarding nutritional status, inflammatory status, or other biochemical 

parameters for bone metabolism, coagulation and hematology. In the 

intervention group, n-3 fatty acids increased while n-6 fatty acids 

decreased. In the control group, n-3 and n-6 fatty acids remained 

unchanged in serum, platelet and red blood cell phospholipids.  

Adverse events: 

 There was no statistically significant difference between groups for 

diarrhea, nausea, vomiting, constipation, muscle spasm, headache, 

somnolence, fatigue, chills, medical device complications, or device related 

sepsis. None of the adverse events (AEs) were considered to be related to 

the nutritional regimen. 

Patient-reported outcomes: 

 There was no statistically significant difference between groups for scores 

of EORCT-QLQ-C30, measuring quality of life. 
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Cost-effectiveness of Lipid Formulations in Adult and Pediatric Patients 
Requiring Total Parenteral Nutrition 

The cost-effectiveness study36 compared fish oil enriched PN (SO/MCT/OO/FO) 

versus non-fish oil enriched PN (SO/MCT/LCT or SO/OO) in adult Chinese ICU 

patients, and found that fish oil enriched PN was considered as “dominant” compared 

to non-fish oil enriched PN (i.e.,  it cost less and was more effective in reducing length 

of hospital stay). Daily ICU costs and length of ICU stay were the most influential 

parameters in one-way sensitivity analysis. Probabilistic sensitivity analysis showed 

that fish oil enriched PN was less costly than non-fish oil enriched PN in 93% of the 

simulations. 

The cost-minimization study37 compared STG-based PN versus mixed MCT/LCT PN 

in critically ill adult Chinese patients, and showed that STG-based PN was associated 

with cost benefit (-675 ¥), as it reduced length of hospital and ICU stay. One-way 

sensitivity analysis found that length of hospital and ICU stay was the most influential 

parameter. Two-way threshold analysis revealed an inverse relationship between 

duration of PN administration and length of hospital stay (i.e., the longer the maximum 

duration of PN administration, the larger the reduction in length of stay required to 

realize a cost benefit of STG PN). The mean reduction in total costs was -769 ¥; 95% 

CI -829 to -709, as estimated by probabilistic sensitivity analysis. 

Evidence-based Guidelines Associated with the Use of Lipid Formulations in 
Adult and Pediatric Patients Requiring Total Parenteral Nutrition 

For infants and children with PNAC, the ESPEN guideline38 recommends that lipid 

emulsions enriched with omega-3 fatty acids be used (weak recommendation based 

on low quality evidence). For adult patients with suspected PNALD, the guideline38 

recommends that lipid emulsions with a reduced n6/n3 fatty acids ratio be used (weak 

recommendation based on low quality evidence). For ICU patients, ESPEN 

guideline39 recommends that fish oil enriched PN (fish oil dose 0.1 to 0.2 g/kg/day) be 

given (weak recommendation based on low quality evidence). 

Limitations 

The quality of the evidence in the two SRs21,22 studying pediatric populations ranged 

from very low to low for most outcomes. Most cited studies were small in sample size 

and from single centres. There was substantial clinical heterogeneity among studies 

regarding the composition of lipid emulsions, dosages and regimens, patient clinical 

conditions, and definitions of certain clinical and biochemical outcomes. All identified 

SRs21-27 made broad comparisons between fish oil enriched PN versus non-fish oil 

enriched PN without looking at specific lipid emulsions. One SR23 even combined all 

hospitalized adult patients, including ICU and surgical patients, in meta-analysis. 

Except for PN conducted at home, the treatment duration within the included studied 

was short, and the long-term effects of PN were unclear. The findings of two SRs24,27 

on postoperative patients with GI cancer might have limited applicability to the 

Canadian context as most of the included RCTs were conducted in China.   

Limitations of the identified RCTs included relatively small sample sizes (i.e., ranging 

from 42 to 223 patients), short durations (except one trial35 on home PN), incomplete 

follow-up in seven28,29,31-35 of eight RCTs, and lack of ITT analysis in five29-32,35 of 

eight RCTs that may affect the estimates of the effects.  
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A major limitation of the two included economic studies36,37 was that their findings had 

limited applicability to the Canadian context, as their setting was Chinese ICUs and 

hospitals. The economic analysis in both studies was restricted to the hospital 

perspective using only direct costs (i.e., costs to stay in the hospitals and costs of PN 

treatment). Treatment costs for other clinical outcomes and costs of laboratory tests 

were not considered. The primary outcome of the cost-effectiveness study36 was 

ICER with benefits expressed as difference in days in hospital stay, but not as quality-

adjusted life-years (QALYs). The cost-minimization study37 had a substantial limitation 

in that the consequences of two treatments (e.g., length of hospital stay in this case) 

were not equivalent as by definition of a cost-minimization analysis, and the difference 

between treatments were not reduced to the comparison of costs of the PN only. 

Instead, the study37 included both costs of PN acquisition and costs of hospital stay. 

All identified recommendations by the ESPEN guidelines for PN use in pediatric and 

adult patients with liver disease, as well as for PN use in ICU patients, were graded 0 

(based on non-analytic studies, expert opinion, or extrapolated evidence from studies 

rated 2++ or 2+ [details in footnote of Table 5).    

Conclusions and Implications for Decision or Policy Making 

This review included seven SRs,21-27 eight RCTs,28-35 two economic studies,36,37 and 

two guidelines.38,39 There was substantial heterogeneity regarding the type of lipid 

emulsions that were compared with each other in the cited studies of included SRs 

and included RCTs. The fish oil enriched PN formulations were mixtures of 

SO/MTC/OO/ FO, SO/MTC/FO, SO/FO, MCT/FO, MTC/ LCT/FO, SO/OO/FO, and 

standard total PN/FO, while the non-fish oil enriched PN formulations were pure SO, 

pure LCT, pure OO, SO/MCT, standard total PN, SO/OO, omega-6 lipid infusion, 

MCT/LCT, and SO/MCT/LCT. The included SRs21-25,27 used meta-analysis to 

compare fish oil enriched PN formulations with non-fish oil enriched PN formulations. 

Together with other sources of clinical heterogeneity, it is not possible to determine 

whether a specific lipid emulsion has greatest clinical effectiveness. 

Evidence of very low to low quality was insufficient to definitively determine the 

comparative clinical effectiveness of different types of lipid formulations for PN in 

preterm, term, or late preterm infants (with or without surgical conditions or 

PNALD/cholestasis).21,22,28-31 In many cases, there were no significant differences in 

clinical or biochemical outcomes between groups of patients who received different 

lipid formulations including fish oil enriched PN. Larger well-designed trials are 

needed to determine the optimal lipid composition, and whether the addition of fish oil 

lipid emulsions has any advantage over other formulations for clinical and biochemical 

outcomes in infants requiring PN. 

In hospitalized adult patients,23-25,27 including ICU patients and surgical patients with 

any condition, evidence suggested that fish oil enriched PN may have advantages 

over non-fish oil enriched PN in reducing infection rates and length of hospital stay, 

and in improving liver function and inflammatory status, despite no difference in 

mortality. In adult patients requiring long-term PN,26,33,35 no particular lipid emulsion 

with or without fish oil was found to be more effective with respect to improving liver 

function, inflammatory status and other biochemical outcomes. Given the 

aforementioned limitations in the methodology of the included studies, interpretation 

and generalizability of the findings to the Canadian context should be undertaken with 

caution.  
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Economic evaluations from the Chinese hospital perspective suggested that fish oil 

enriched PN was more cost-effective than non-fish oil enriched PN,36 and STG-based 

PN was associated with cost benefit compared to MCT/LCT PN in critically ill ICU 

patients.37 These economic studies had significant limitations in methodology and the 

findings cannot be generalized to the Canadian context.  

The included ESPEN guideline38 recommends that fish oil enriched PN can be used 

in infants and children with PNAC, and lipid emulsions with a reduced n6/n3 fatty 

acids ratio can be used in adult patients with suspected PNALD. The other ESPEN 

guideline39 also recommends that fish oil enriched PN (fish oil dose 0.1 to 0.2 

g/kg/day) can be given to ICU patients requiring PN. These recommendations were 

made based on weak evidence, but with strong consensus. 

In summary, this review confirms and extends previous results of a recently published 

CADTH report:15 evidence regarding the comparative effectiveness of different lipid 

emulsion formulations for PN, including fish oil-containing lipid emulsions, was limited 

in preterm, term and later preterm infants. It also confirmed the potential beneficial 

effects of fish oil enriched PN over non-fish oil enriched PN in hospitalized adult 

patients including ICU patients and surgical patients. In line with the previous report, 

the findings of one economic evaluation of low quality identified in this review 

suggested that fish oil enriched PN was considered as “dominant” over non-fish oil 

enriched PN in critically ill adult Chinese patients. This review identified two new 

guidelines from the ESPEN, with recommendations targeted to patients with liver 

disease and to those in the ICU.    
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Appendix 1: Selection of Included Studies 
 
 
 
 

  

131 citations identified from electronic 
literature search and screened 

99 citations excluded 

32 potentially relevant articles retrieved 
for scrutiny (full text, if available) 

4 potentially relevant 
report retrieved from 
other sources (grey 

literature, hand search) 

36 potentially relevant reports 

17 reports excluded: 

 Overlapped systematic reviews (n = 2) 

 Systematic review with no comparator 
(n =1) 

 Studies of irrelevant intervention (n = 
5) 

 Studies cited in identified systematic 
reviews (n = 9) 

 

19 reports included: 7 systematic 
reviews, 8 randomized controlled 
trials, 2 economic studies, and 2 

guidelines  
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Appendix 2: Characteristics of Included Studies 

Table 2: Characteristics of Included Systematic Reviews  

First Author, 
Publication 
Year, Country, 
Funding 

Objectives, Types and 
Numbers of Primary Studies 
Included, Quality Assessment 
Tool, Databases and Search 
Date 

Patient Characteristics Types of Comparisons, 
Treatment Setting, 
Dose, Duration of 
Treatment 

Outcomes 

Pediatric Populations 

Kapoor et al., 
201921 

UK 

Funding: Public 

Objectives: To compare the efficacy 
and safety of all lipid emulsions for 
PN in term and late preterm infants 

Total 9 RCTs (n = 273) 

Quality assessment tool: Cochrane 
collaboration risk of bias 

Quality of evidence: GRADE 

Databases: MEDLINE, EMBASE, 
CENTRAL, CINAHL, MIDIRS, 
ClinicalTrials.gov, WHO’s 
International Trials Registry and 
Platform, and the ISRCTN Registry  

Search date: Since inception to 
June, 2018 

Term (gestational age 37 weeks’ 
or more) and late preterm infants 
(between 34 weeks’ gestation and 
36 weeks’ and six days’ gestation) 
 
Conditions:  

 Infants requiring intravenous 
LE for PN  

 Infants with surgical conditions 
and requiring intravenous LE 
for PN  

 Infants with established 
PNALD/cholestasis and 
requiring intravenous LE for 
PN 

Comparisons: 

 Fish oil enriched PN 
versus Non-fish oil 
enriched PN in term and 
late preterm infants with 
surgical conditions 

 Fish oil enriched PN 
versus Non-fish oil 
enriched PN in term and 
late preterm infants with 
established 
PNALD/cholestasis 

Setting: Hospital 

Dosage: Varied 

Treatment duration: Varied 

Clinical: 

 PNALD/cholestasis 
(conjugated bilirubin ≥ 2 
mg/dL) 

 PNALD/cholestasis (any 
definition) 

 Resolution of 
PNALD/cholestasis 
(conjugated bilirubin ≤ 2 
mg/dL) 

 Growth rate (g/week) 

 Culture-positive sepsis 

 Death before discharge 

 Neurodevelopmental 
outcome (6 and 24 months) 

 Any sepsis (clinical or 
culture positive or both) 

 
Biochemical (laboratory tests): 

 Conjugated bilirubin levels 

 ALP levels 

 Hypertriglyceridemia 

 Rate of change of 
conjugated bilirubin 

Kapoor et al., 
201922 

UK 

Objectives: To compare the efficacy 
and safety of all lipid emulsions for 
PN in preterm infants 

Preterm infants (less than 37 
weeks’ gestation) 
Conditions:  

Comparisons: Clinical:  

 Growth rate 
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First Author, 
Publication 
Year, Country, 
Funding 

Objectives, Types and 
Numbers of Primary Studies 
Included, Quality Assessment 
Tool, Databases and Search 
Date 

Patient Characteristics Types of Comparisons, 
Treatment Setting, 
Dose, Duration of 
Treatment 

Outcomes 

Funding: Public Total 29 RCTs (n = 2,037) 

Quality assessment tool: Cochrane 
collaboration risk of bias 

Quality of evidence: GRADE 

Databases: MEDLINE, EMBASE, 
CENTRAL, CINAHL, MIDIRS, 
ClinicalTrials.gov, WHO’s 
International Trials Registry and 
Platform, and the ISRCTN Registry  

Search date: Since inception to 
June, 2018 

 Infants requiring intravenous 
LE for PN  

 Infants with surgical conditions 
and requiring intravenous LE 
for PN  

 Infants with established 
PNALD/cholestasis and 
requiring intravenous LE for 
PN 

 Fish oil enriched PN 
versus non-fish oil 
enriched PN 

 Fish oil enriched PN 
versus another fish oil 
enriched PN 

 Alternative PN versus 
SO enriched PN 

 Alternative PN versus 
other alternative PN 

 Fish oil enriched PN 
versus non-fish oil 
enriched PN in preterm 
infants with surgical 
conditions 

 Fish oil enriched PN 
versus non-fish oil 
enriched PN in preterm 
infants with established 
PNALD/cholestasis 

Setting: Hospital 

Dosage: Varied 

Treatment duration: Varied 

 PNALD/cholestasis 
(conjugated bilirubin ≥ 2 
mg/dL) 

 PNALD/cholestasis (any 
definition) 

 Death before discharge 

 Any retinopathy of 
prematurity 

 Retinopathy of prematurity 
stage 3 or greater or 
requiring surgery 

 Any bronchopulmonary 
dysplasia 

 Chronic lung disease 
(oxygen requirement at 36 
weeks’ postmenstrual age) 

 Culture positive sepsis 

 Chronic lung disease 
(oxygen requirement at 36 
weeks’ postmenstrual age) 

 Any sepsis 

 Necrotizing enterocolitis 
stage 2 or greater 

 Any patent ductus 
arteriosus 

 Duration of ventilation 
(days) 

 Duration of supplemental 
oxygen (days) 

 Duration of hospital stay 

 Intraventricular hemorrhage 
(grade III or IV) 

 Periventricular leukomalacia 

 Significant jaundice 
requiring treatment 

 Head growth velocity 

 Neurodevelopmental 
outcome (6 and 24 months) 
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First Author, 
Publication 
Year, Country, 
Funding 

Objectives, Types and 
Numbers of Primary Studies 
Included, Quality Assessment 
Tool, Databases and Search 
Date 

Patient Characteristics Types of Comparisons, 
Treatment Setting, 
Dose, Duration of 
Treatment 

Outcomes 

 
Biochemical (laboratory tests):  

 Conjugated bilirubin 

 Hypertriglyceridemia 

 Hyperglycemia  

Adult Populations 

Pradelli et al., 
201923 

Italy 

Funding: 
Pharmaceutical 

Objectives: To investigate ω-3 fatty 
acid enriched parenteral nutrition 
(PN) versus standard (non-ω-3 fatty 
acid enriched) PN in adult 
hospitalized patients (ICU and 
surgical) 

Total 49 RCTs (n = 3,641) 

Quality assessment tool: Cochrane 
collaboration risk of bias 

Quality of evidence: None 

Databases: MEDLINE, EMBASE, 
and CENTRAL 

Search date: Since inception to 
September 28, 2018 

Adult hospitalized patients, 
including patients in ICU (at least 
48 hours in ICU), who were 
eligible to receive PN covering at 
least 70% of total energy 
provision. 

Age: NR 

Sex: NR 

Medical conditions: Varied 

Interventions: Fish oil 
enriched PN 
(SO/MTC/OO/FO, 
SO/MTC/FO, SO/MTC/FO 
(plus glutamine), SO/FO, 
standard TPN/FO, 
SO/OO/FO) 

Comparators: Non-fish oil 
enriched PN (SO, SO/MTC, 
standard TPN, SO/OO)  

Setting: Hospital 

Dosage: NR 

Treatment duration: NR 
 

Clinical:  

 Infection rate (any reported 
nosocomial infections) 

 30-day mortality rate 

 Length of hospital stay 

 Sepsis 
 
Biochemical (laboratory tests): 

 Liver enzymes 

 Antioxidant 

 Inflammatory status  

Bai et al., 201824 

China 

Funding: Public 

Objectives: To assess the effects of 
PN supplementation with ω-3 fatty 
acids on immune function and 
clinical outcomes in postoperative 
GI cancer patients 

Total 7 RCTs (n = 457) 

Quality assessment tool: Jadad 

Quality of evidence: None 

Databases: MEDLINE, EMBASE, 
and Scopus  

Search date: Since inception to April 
2016   

Adult patients with GI cancer 
underwent operation 

Age: ranged from 18 to 75 years 

Sex: NR 

Interventions: Fish oil 
enriched PN (ω-3 and ω-6 
fatty acids, SO/FO, 
MCT/LCT/FO) 

Comparators: Non-fish oil 
enriched PN (ω-6 fatty acid, 
SO, MCT/LCT) 

Setting: Hospital 

Dosage: Varied 

Treatment duration: 5 to 7 
days 

Clinical:  

 Infection rate 

 Length of hospital stay 
 
Biochemical (laboratory tests) 

 Immune function 
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First Author, 
Publication 
Year, Country, 
Funding 

Objectives, Types and 
Numbers of Primary Studies 
Included, Quality Assessment 
Tool, Databases and Search 
Date 

Patient Characteristics Types of Comparisons, 
Treatment Setting, 
Dose, Duration of 
Treatment 

Outcomes 

Chen et al., 
201825 

China 

Funding: None 

Objectives: To assess the effects of 
ω-3 fatty acids on reducing mortality 
rate caused by sepsis and sepsis-
induced acute respiratory distress 
syndrome (ARDS) in hospitalized 
adult patients 

Total 25 RCTs; 9 RCTs used EN 
and 16 RCTs used PN (n = 338) 

Quality assessment tool: Cochrane 
collaboration risk of bias 

Quality of evidence: None 

Databases: MEDLINE, EMBASE, 
CENTRAL, and the Chinese 
Biomedical Literature Database 

Search date: Since inception to 
March 2017 

Adult patients with sepsis required 
EN or PN 

Age: NR 

Sex: NR 

Sepsis = “a proven or suspected 
infection that induced at least two of 
the four markers of systemic 
inflammatory response syndrome 
(SIRS), namely temperature more than 
38oC or less than 36oC, heart rate 
more than 90 beats/min, white blood 
cell count more than 12 or less than 4 
x 109/L, or respiratory rate more than 
20 times/min or PaCO2 less than 4.2 
kPa.”25 p.3 

Interventions: Fish oil 
enriched PN (SO/FO, 
MCFA/SO/FO, SO/FO, 
MTC/FO) 

Comparators: Non-fish oil 
enriched PN (SO/MCT/LCT, 
SO, MCT, ω-6 lipid infusion, 
OO, TPN, LCT/MCT, control 
supplement) 

Setting: Hospital 

Dosage: Varied 

Treatment duration: 5 to 21 
days 

Clinical: 

 Total mortality 

 Mortality in studies with 
sepsis-induced ARDS 

Jones et al., 
201826 

UK 

Funding: NR 

Objectives: To assess the effects of 
different lipid emulsions in adults 
dependent on home PN 

Total 3 RCTs (n = 110) 

Quality assessment tool: Cochrane 
collaboration risk of bias 

Quality of evidence: None 

Databases: MEDLINE, EMBASE, 
CINAHL 

Search date: Since inception to 
December 2015 

 

Adult patients depending on home 
PN 

Mean age: 47.6 years 

Sex: 55.6% male 

 

Interventions: Alternative PN 
(SO/MCT/OO/FO, SO/OO, 
structured SO/MCT) 

Comparators: SO 

Setting: Homecare 

Dosage: NR 

Treatment duration: 4 weeks 
to 3 months 

 

Biochemical (laboratory tests): 

 Liver function 

 Fatty acid profile 

 Inflammatory status 

 Antioxidant status 
 
Adverse events 

Zhao et al., 
201827 

China 

Objectives: To assess the effects of 
ω-3 polyunsaturated fatty acids on 
inflammatory and immune function 

Postoperative adult patients with 
GI cancer 

Age: NR 

Interventions: Fish oil 
enriched PN (MCT/LCT/FO) 

Clinical:  

 Infection rate 
 
Biochemical (laboratory tests): 
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First Author, 
Publication 
Year, Country, 
Funding 

Objectives, Types and 
Numbers of Primary Studies 
Included, Quality Assessment 
Tool, Databases and Search 
Date 

Patient Characteristics Types of Comparisons, 
Treatment Setting, 
Dose, Duration of 
Treatment 

Outcomes 

Funding: 
Pharmaceutical 

in postoperative patients with GI 
malignancy 

Total 16 RCTs (n = 1,008) 

Quality assessment tool: Cochrane 
collaboration risk of bias 

Quality of evidence: None 

Databases: PubMed, Cochrane 
Library, EMBASE, Web of Science, 
and the Chinese Biomedicine 
Database 

Search date: From January 2000 to 
June 2017 

Sex: NR 

  

Comparators: Non-fish oil 
enriched PN (MCT/LCT, 
LCT) 

Setting: Hospital 

Dosage: Varied 

Treatment duration: 5 to 7 
days 

 Immune function 

 Inflammatory status 

EN = enteral nutrition; GRADE = Grading of Recommendations Assessment, Development, and Evaluation; FO = fish oil emulsion; GI = gastrointestinal; ICU = intensive 

care unit; LCT = long chain triglyceride; LE = lipid emulsion; MCFA = medium chain fatty acid; MCT = medium chain triglyceride; NR = not reported; OO = olive oil 

emulsion; PFE 4501 = gamma-linolenic acid-enriched fat emulsion; PN = parenteral nutrition; PNALD = parenteral nutrition-associated liver disease; RCT = randomized 

controlled trial; SF = safflower oil emulsion; SO = soybean oil emulsion; TPN = total parenteral nutrition.   
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Table 3: Characteristics of Included Primary Studies  

First Author, 
Publication Year, 
Country, Funding 

Study Design and 
Analysis 

Patient 
Characteristics 

Interventions Comparators Outcomes 

Pediatric Populations 

Hsiao et al., 201928 

Taiwan 

Funding: Hospital 

Double-blinded, 
parallel RCT 

Single-centre 

ITT analysis: Yes  

Sample size 
calculation: Yes 

Statistical analysis: 
Appropriate 

 

Preterm infants (< 1,500 
g; less than 32 weeks’ 
gestation) 

Mean gestational age: 
28.4 weeks 

Sex: 48.5% male 

Other characteristics: 
Balanced between groups 

 

Fish oil enriched PN 
(SO/MCT/OO/FO) (n = 
30) 

Dosage: 1 g/kg/day on 
day 1; 2 g/kg/day on day 
2; 3 g/kg/day on day 3 to 
day 7 

Treatment duration: 7 
days 
 

Non-fish oil enriched 
PN (TPN containing 
SO) (n = 30) 

Dosage: 1 g/kg/day on 
day 1; 2 g/kg/day on 
day 2; 3 g/kg/day on 
day 3 to day 7 

Treatment duration: 7 
days 

Clinical: 

 Mortality 

 Length of hospital 
stay 

 Ventilator use days 

 Oxygen dependent 
days 

 Weight gain rate 

 PNAC 

 BPD 

 ROP 

 NEC 

 IVH 

 Late sepsis 
 
Biochemical (laboratory 
tests): 

 Liver function 

 Immune function 

Jiang et al., 201929 

China 

Funding: Public 

Single-blinded 
(patients and 
parents), parallel RCT 

Single-centre 

ITT analysis: No  

Sample size 
calculation: No 

Statistical analysis: 
Appropriate 

 

Infants after GI surgery 

Mean age: 4.8 days 

Sex: 46.3% male 

Other characteristics: 
Balanced between groups 

Fish oil enriched PN 
(SO/MCT/OO/FO) (n = 
74 for 2 weeks; n = 22 
for 4 weeks after GI 
surgery) 

Dosage: 1 g/kg/day, 
gradually increased to 3 
g/kg/day 

Treatment duration: 4 
weeks 
 

Non-fish oil enriched 
PN (MCT/LCT) (n = 86 
for 2 weeks; n = 24 for 
4 weeks after GI 
surgery) 

Dosage: 1 g/kg/day, 
gradually increased to 
3 g/kg/day 

Treatment duration: 4 
weeks 
 

Clinical 

 Postoperative weight 
gain 

 Sepsis 
 
Biochemical (laboratory 
tests): 

 Liver function 

 Inflammatory status 

 Nutritional status 
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First Author, 
Publication Year, 
Country, Funding 

Study Design and 
Analysis 

Patient 
Characteristics 

Interventions Comparators Outcomes 

Ozkan et al., 201930 

Turkey 

Funding: NR 

Double-blinded, 
parallel RCT 

Single-centre 

ITT analysis: No  

Sample size 
calculation: No 

Statistical analysis: 
Appropriate 

Preterm infants (less than 
32 weeks’ gestation) 

Mean gestational age: 28 
weeks 

Sex: NR 

Other characteristics: 
Most were balanced 
between groups 

Fish oil enriched PN 
(SO/MCT/OO/FO) (n = 
42) 

Dosage: 1 g/kg/day, 
gradually increased to 3 
g/kg/day 

Treatment duration: 2 
weeks 

Non-fish oil enriched 
PN (OO based) (n = 
47) 

Dosage: 1 g/kg/day, 
gradually increased to 
3 g/kg/day 

Treatment duration: 2 
weeks 

 Antioxidant status 

 Inflammatory status 

 BPD 

Yildizdas et al., 201831 

Turkey 

Funding: NR 

Open-label, parallel 
RCT 

Single-centre 

ITT analysis: No  

Sample size 
calculation: Yes 

Statistical analysis: 
Appropriate 

Preterm infants (≤ 32 
weeks’ gestation or ≤ 
1,500 g) 

Mean gestational age: 29 
weeks 

Sex: 57.7% male 

Other characteristics: 
Balanced between groups 

Fish oil enriched PN 
(SO/MCT/OO/FO) (n = 
38) 

Dosage: 1, 2, 3 g/kg/day 
in the first 3 days; then 
3.5 g/kg/day  

Treatment duration: 28 
days   
 
 

Non-fish oil enriched 
PN (SO/OO) (n = 37) 

Dosage: 1, 2, 3 
g/kg/day in the first 3 
days; then 3.5 g/kg/day  

Treatment duration: 28 
days   
 
 

Clinical 

 Cholestasis 

 Mortality 

 BPD 

 ROP 

 Days of mechanical 
ventilation 

 Length of hospital 
stay 

 
Biochemical (laboratory 
tests): 

 Antioxidant status 

 Other biochemical 
parameters 

Adult Populations 

Meng et al., 201932 

China 

Funding: None 

Parallel RCT 

Single-centre 

ITT analysis: No  

Sample size 
calculation: No 

Statistical analysis: 
Appropriate 
 

Adult patients with acute 
paraquat poisoning 

Mean age: 32.6 years 

Sex: 51.7% male 

Other characteristics: 
Balanced between groups 

Fish oil enriched PN 
(MCT/LCT/FO) (n = 113) 

Dosage: 0.4 g/kg 
MCT/LCT and 0.2 g/kg 
FO 

Treatment duration: 10 
days 
 

Non-fish oil enriched 
PN (MCT/LCT) (n = 
110) 

Dosage: 0.6 g/kg 
MCT/LCT  

Treatment duration: 10 
days 

Clinical: 

 Overall 90-mortality 
 
Biochemical (laboratory 
tests): 

 Inflammatory status 

 Nutritional status 
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First Author, 
Publication Year, 
Country, Funding 

Study Design and 
Analysis 

Patient 
Characteristics 

Interventions Comparators Outcomes 

Bohnert et al., 201833 

Germany 

Funding: 
Pharmaceutical  

Double-blinded, 
parallel RCT 

Single-centre 

ITT analysis: Yes  

Sample size 
calculation: Yes 

Statistical analysis: 
Appropriate   

Adult patients requiring 
long-term home PN 

Mean age: 56.9 years 

Sex: 61.9% male 

Other characteristics: 
Balanced between groups 

Fish oil enriched PN 
(MCT/LCT/FO) (n = 21) 

Dosage: 25 to 35 
kcal/kg/day; 4 to 6 night 
per week 

Treatment duration: 8 
weeks  

 

Non-fish oil enriched 
PN (MCT/LCT) (n = 
21) 

Dosage: 25 to 35 
kcal/kg/day; 4 to 6 
night per week 

Treatment duration: 8 
weeks  
 

Patient: 

 Quality of life 
 
Biochemical (laboratory 
tests): 

 Nutritional status 
(BMI) 

 Fatty acid profile 

 Inflammatory status 

 Other parameters 
(liver function, bone 
metabolism, renal 
function, metabolic 
activity, lipid 
metabolism, 
coagulation and 
hematology) 

Donoghue et al., 
201834 

South Africa 

Funding: NR 

Double-blinded, 
parallel RCT 

Single-centre 

ITT analysis: No  

Sample size 
calculation: Yes 

Statistical analysis: 
Appropriate   

Adult patients diagnosed 
with SIRS or sepsis 
and/or ARDS 

Mean age: 58.3 years 

Sex: 61% male 

Other characteristics: NR 

Fish oil enriched PN 
(SO/MCT/OO/FO) (n = 
39) 

Dosage: 25 to 30 
kcal/kg/day and protein 
1.2 to 2 g/kg/day 

Treatment duration: 6 
days   

Non-fish oil enriched 
PN (SO) (n = 36) 

Dosage: 25 to 30 
kcal/kg/day and protein 
1.2 to 2 g/kg/day 

Treatment duration: 6 
days   

Clinical: 

 Mechanical 
ventilation days 

 Length of hospital 
stay 

 Sequential organ 
failure assessment 

 Mortality 
 
Biochemical (laboratory 
tests): 

 Nutritional intake 

 Lipid profile 

 Inflammatory status 

 Liver function 
 
 

Klek et al., 201835 

Poland 

Funding: NR 

Double-blinded, 
parallel RCT 

Single-centre 

ITT analysis: No  

Adult chronic intestinal 
failure patients 

Mean age: 53.9 years 

Sex: 43% male 

Fish oil enriched PN 
(SO/MCT/OO/FO) (n = 
22) 

Dosage: 0.6 to 0.8 
g/kg/day  

Non-fish oil enriched 
PN (MCT/LCT, n= 22; 
OO/LCT, n= 22; LCT, n 
= 22) 

Biochemical (laboratory 
tests) 

 Liver function 
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First Author, 
Publication Year, 
Country, Funding 

Study Design and 
Analysis 

Patient 
Characteristics 

Interventions Comparators Outcomes 

Sample size 
calculation: No 

Statistical analysis: 
Appropriate 

Other characteristics: 
Balanced between groups 

Treatment duration: 12 
months   
 

Dosage: 0.6 to 0.8 
g/kg/day  

Treatment duration: 12 
months   
 

ARDS = acute respiratory distress syndrome; BPD = bronchopulmonary dysplasia; FO = fish oil emulsion; GI = gastrointestinal; ITT = intention-to-treat; IVH = 

intraventricular hemorrhage; LCT = long chain triglyceride; MCT = medium chain triglyceride; NEC = necrotizing enterocolitis; NR = not reported; OO = olive oil emulsion;  

PN = parenteral nutrition; PNAC = parenteral nutrition-associated cholestasis; RCT = randomized controlled trial; ROP = retinopathy of prematurity; SIRS = systematic 

inflammatory response syndrome; SO = soybean oil emulsion.  

 
Table 4: Characteristics of Included Economic Studies  

Study, Year, 
Country, Funding 

Study design Perspective, Time 
Horizon, Dollar, 
Discounting 

Population, 
Inclusion criteria 

Interventions Costs included 

Feng et al., 201736 

China 

Funding: 
Pharmaceutical 

Cost-effectiveness 

Primary outcome: 
ICER 

Discrete event 
simulation model, in 
which ICU patients 
were assigned to two 
types lipid emulsions 
for PN (i.e., 
SO/MCT/OO/FO 
versus SO/MCT/LCT 
or OO/SO)  

Events: transfers from 
ICU to ward, new 
nosocomial infection, 
discharge from 
hospital, and death 

Perspective: Hospital 

Time horizon: Hospital 
stay of ICU patients 

Currency: Chinese yuan 
renminbi (¥), conversion 
to $US with exchange rate 
US $0.147 for 10 July 
2017 

Discount rate: Not 
applicable 

Setting: Chinese ICU 

 

ICU adult patients (age 
not specified) 

Fish oil enriched PN 
(SO/MCT/OO/FO) 
versus non-fish oil 
enriched PN 
(SO/MCT/LCT or 
OO/SO) 

Only direct costs 

 Cost of PN 

 Cost of ICU stay 

 Cost of general ward 
stay 

 Cost of new 
nosocomial infection 
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Study, Year, 
Country, Funding 

Study design Perspective, Time 
Horizon, Dollar, 
Discounting 

Population, 
Inclusion criteria 

Interventions Costs included 

10,000 simulated 
patients progressed 
through the simulation 

Treatment effects: 
Hospital length of 
stay, infection rate 

Sensitivity analysis: 1-
way, and probabilistic 

Wu et al., 201737 

China 

Funding: 
Pharmaceutical 

Cost-minimization 

Primary outcome: 
Overall hospitalization 
costs 

Deterministic 
simulation model, in 
which ICU patients 
were assigned to two 
types lipid emulsions 
for PN (i.e., STG-
based emulsions 
versus mixed 
MCT/LCT emulsions) 

Events: Admission to 
the ICU, transfer to 
the general ward, and 
hospital discharge 

Treatment effects: 
Body weight, duration 
of PN therapy, and 
length of stay in the 
ICU and hospital ward 

Sensitivity analysis: 1-
way, two-way, and 
probabilistic 

Perspective: Hospital 

Time horizon: Hospital 
stay of ICU patients 

Currency: Chinese yuan 
renminbi (¥) 

Discount rate: Not 
applicable 

Setting: Chinese ICU 
 

ICU adult patients (age 
not specified) 

STG-based emulsions 
versus mixed 
MCT/LCT emulsions 

 Medication costs 

 Cost of stay in the 
ICU and general 
ward 

ED = emergency department; FO = fish oil emulsion; ICER = incremental cost-effectiveness ratio; ICU = intensive care unit; LCT = long chain triglyceride; MTC = medium 

chain triglyceride; OO = olive oil emulsion; PN = parenteral nutrition; QALYs = quality-adjusted life-years; SO = soybean oil emulsion; STG = structured triglyceride 

(containing randomly mixed triglyceride molecules with both medium-chain and long-chain fatty acids bound to the same glycerol backbone).   



  

 
SUMMARY WITH CRITICAL APPRAISAL Lipid Formulations for Patients requiring Parenteral Nutrition 36 

 
 
Table 5: Characteristics of Included Guidelines 

First Author, 
Society/Group 
Name, 
Publication 
Year, Country, 
Funding 

Intended Users/ 
Target Population 

Intervention and 
Practice 
Considered 

Major Outcomes 
Considered 

Evidence 
Collection, 
Selection and 
Synthesis 

Recommendations 
Development and 
Evaluation 

Guideline 
Validation 

Adult Populations 

ESPEN, Plauth et 
al., 201938 

Europe 

Funding: 
European 
industrial firms 

Intended users: Health 
care providers involved 
in the care of patients 
with liver disease 

Target population: 
Adult patients with liver 
disease 

Nutritional and 
metabolic 
management of 
patients with liver 
disease, including 
acute liver disease, 
severe alcoholic 
steatohepatitis, non-
alcoholic fatty liver 
disease, liver 
cirrhosis, liver 
surgery and 
transplantation   

All outcomes 
(clinical, non-
clinical, quality of 
life, health 
economic) related 
to the research 
questions 

Systematic 
methods used to 
search for evidence 
from RCTs for the 
period August 01, 
20111 through 
November 22, 2016 

Level of evidence: 
SIGN grading 
systema (highest to 
lowest): 1++, 1+, 1-, 
2++, 2+, 2-, 3, 4 

Grades of 
recommendationb 
(strongest to 
weakest): A, B, 0, 
or GPP 

 

Expert consensus 
based on review of 
literature using the 
standard operating 
procedures for 
ESPEN guidelines 
and consensus 
papers 

Guideline 
validation not 
reported 

ESPEN, Singer et 
al., 201939 

Europe 

Funding: 
European 
industrial firms 

Intended users: Health 
care providers involved 
in the care of patients 
in the ICU 

Target population: 
Adult patients in ICU 

Nutritional therapy 
for critically ill 
patients in ICU 

All outcomes 
(clinical, non-
clinical, quality of 
life, health 
economic) related 
to the research 
questions 

Systematic 
methods used to 
search for evidence 
for the period 
August 01, 20111 
through November 
22, 2016 

Level of evidence: 
SIGN grading 
system (highest to 

Expert consensus 
based on review of 
literature using the 
standard operating 
procedures for 
ESPEN guidelines 
and consensus 
papers 

Guideline 
validation not 
reported 
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First Author, 
Society/Group 
Name, 
Publication 
Year, Country, 
Funding 

Intended Users/ 
Target Population 

Intervention and 
Practice 
Considered 

Major Outcomes 
Considered 

Evidence 
Collection, 
Selection and 
Synthesis 

Recommendations 
Development and 
Evaluation 

Guideline 
Validation 

lowest): 1++, 1+, 1-, 
2++, 2+, 2-, 3, 4a 

Grades of 
recommendation 
(strongest to 
weakest): A, B, 0, 
or GPPb were 
decided according 
to the level of 
evidence using the 
methods described 
in GRADE 

EN = enteral nutrition; ESPEN = European Society for Parenteral and Enteral Nutrition; GRADE = Grades of Recommendations, Assessment, Development, and 

Evaluation; GPP = good practice points/expert consensus; ICU = intensive care unit; PN = parenteral nutrition; RCT = randomized controlled trial; SIGN = the Scottish 

Intercollegiate Guidelines Network.  

a Levels of evidence 

1++ High quality meta-analyses, systematic reviews of RCTs, or RCTs with a very low risk of bias 

1+ Well-conducted meta-analyses, systematic reviews, or RCTs with a low risk of bias 

1- Meta-analyses, systematic reviews, or RCTs with a high risk of bias 

2++ High quality systematic reviews of case control or cohort or studies. High quality case control or cohort studies with a very low risk of confounding or bias and a 
high probability that the relationship is causal 

2+ Well-conducted case control or cohort studies with a low risk of confounding or bias and a moderate probability that the relationship is causal 

2- Case control or cohort studies with a high risk of confounding or bias and a significant risk that the relationship is not causal 

3 Non-analytic studies, e.g. case reports, case series 

4 Expert opinion 

 

b Grades of recommendations 

A At least one meta-analysis, systematic review, or RCT rated as 1++, and directly applicable to the target population; or A body of evidence consisting 
principally of studies rated as 1+, directly applicable to the target population, and demonstrating overall consistency of results 

B A body of evidence including studies rated as 2++, directly applicable to the target population; or A body of evidence including studies rated as 2+, directly 
applicable to the target population and demonstrating overall consistency of results; or and demonstrating overall consistency of results; or Extrapolated 
evidence from studies rated as 1++ or 1+ 

0 Evidence level 3 or 4; or Extrapolated evidence from studies rated as 2++ or 2+ 

GPP Good practice points/expert consensus: Recommended best practice based on the clinical experience of the guideline development group 
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Appendix 3: Quality Assessment of Included Studies 
Table 6: Quality Assessment of Systematic Reviews 

AMSTAR 2 Checklist16 Kapoor et 
al., 201921 

Kapoor et 
al., 201922 

Pradelli et 
al., 201923 

Bai et al., 
201824 

Chen et 
al., 201825 

Jones et 
al., 201826 

Zhao et 
al., 201827 

1. Did the research questions and inclusion criteria for the 
review include the components of PICO? 

Yes Yes Yes Yes Yes Yes Yes 

2. Did the report of the review contain an explicit 
statement that the review methods were established prior 
to the conduct of the review and did the report justify any 
significant deviations from the protocol? 

Yes Yes Yes No No No No 

3. Did the review authors explain their selection of the 
study designs for inclusion in the review? 

Yes Yes Yes Yes Yes Yes Yes 

4. Did the review authors use a comprehensive literature 
search strategy? 

Yes Yes Yes Yes Yes Yes Yes 

5. Did the review authors perform study selection in 
duplicate? 

Yes Yes Yes Yes Yes Unclear Yes 

6. Did the review authors perform data extraction in 
duplicate? 

Yes Yes Yes Yes Yes Unclear Yes 

7. Did the review authors provide a list of excluded 
studies and justify the exclusions? 

Yes Yes No No No No No 

8. Did the review authors describe the included studies in 
adequate detail? 

Yes Yes Yes No Yes Yes Yes 

9. Did the review authors use a satisfactory technique for 
assessing the risk of bias (RoB) in individual studies that 
were included in the review? 

Yes Yes Yes Yes Yes Yes Yes 

10. Did the review authors report on the sources of 
funding for the studies included in the review? 

No No No No No No No 

11. If meta-analysis was performed did the review 
authors use appropriate methods for statistical 
combination of results? 

Yes Yes Yes Yes Yes NA Yes 

12. If meta-analysis was performed, did the review 
authors assess the potential impact of RoB in individual 
studies on the results of the meta-analysis or other 
evidence synthesis? 

No No No No No NA No 
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AMSTAR 2 Checklist16 Kapoor et 
al., 201921 

Kapoor et 
al., 201922 

Pradelli et 
al., 201923 

Bai et al., 
201824 

Chen et 
al., 201825 

Jones et 
al., 201826 

Zhao et 
al., 201827 

13. Did the review authors account for RoB in individual 
studies when interpreting/ discussing the results of the 
review? 

Yes Yes Yes No No No No 

14. Did the review authors provide a satisfactory 
explanation for, and discussion of, any heterogeneity 
observed in the results of the review? 

Yes Yes Yes Yes Yes Yes Yes 

15. If they performed quantitative synthesis did the review 
authors carry out an adequate investigation of publication 
bias (small study bias) and discuss its likely impact on the 
results of the review? 

NA NA Yes NA Yes NA Yes 

16. Did the review authors report any potential sources of 
conflict of interest, including any funding they received for 
conducting the review? 

Yes Yes Yes Yes Yes No Yes 

AMSTAR = Assessing the Methodological Quality of Systematic Reviews; PICO = population, intervention, comparator, and outcome; NA = not applicable; RoB = risk of 

bias. 

 
Table 7: Quality Assessment of Randomized Controlled Trials 

JBI Critical 
Appraisal 
Checklist for 
RCT17 

Hsiao et al., 
201928 

Jiang et al., 
201929 

Meng et al., 
201932 

Ozkan et al., 
201930 

Bohnert et al., 
201833 

Donoghue et al., 
201834 

Klek et al., 
201835 

Yildizdas et al., 
201831 

1. Was true 
randomization 
used for 
assignment of 
participants to 
treatment 
groups? 

Yes Yes Yes Yes Yes Yes Yes Unclear 

2. Was 
allocation to 
treatment 
groups 
concealed? 

Yes Unclear Unclear Yes Unclear Unclear Yes Unclear 
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JBI Critical 
Appraisal 
Checklist for 
RCT17 

Hsiao et al., 
201928 

Jiang et al., 
201929 

Meng et al., 
201932 

Ozkan et al., 
201930 

Bohnert et al., 
201833 

Donoghue et al., 
201834 

Klek et al., 
201835 

Yildizdas et al., 
201831 

3. Were 
treatment 
groups similar 
at the 
baseline? 

Yes Yes Yes Yes Yes Unclear Yes Yes 

4. Were 
participants 
blind to 
treatment 
assignment? 

Yes Yes Unclear Yes Yes Yes Yes No 

5. Were those 
delivering 
treatment blind 
to treatment 
assignment? 

Yes No Unclear Yes Yes Yes Yes No 

6. Were 
outcomes 
assessors 
blind to 
treatment 
assignment? 

Unclear Unclear Unclear Unclear Yes Unclear Unclear No 

7. Were 
treatment 
groups treated 
identically 
other than the 
intervention of 
interest? 

Yes Yes Yes Yes Yes Yes Yes Yes 

8. Was follow 
up complete 
and if not, 
were 
differences 
between 
groups in 
terms of their 
follow up 

No 
1 died in the 
intervention 

group; 2 died 
in the control 

group 
(reasons 
specified) 

No 
Risk of 

attrition bias 

No 
4 lost to 

follow-up in 
the 

intervention 
group; 24 in 
the control 

group 

Yes 
 

No 
6 lost to follow-

up in the 
intervention 

group; 3 in the 
control group 

(reasons 
specified) 

No 
4 excluded in the 

intervention group; 
3 in the control 
group (reasons 

specified) 

No 
Reasons 

lost to 
follow-up 

not 
specified 

No 
4 lost to follow-up 
in the intervention 

group; 4 in the 
control group 

(reasons 
specified) 
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JBI Critical 
Appraisal 
Checklist for 
RCT17 

Hsiao et al., 
201928 

Jiang et al., 
201929 

Meng et al., 
201932 

Ozkan et al., 
201930 

Bohnert et al., 
201833 

Donoghue et al., 
201834 

Klek et al., 
201835 

Yildizdas et al., 
201831 

adequately 
described and 
analyzed? 

(reasons 
specified) 

9. Were 
participants 
analyzed in the 
groups to 
which they 
were 
randomized? 

Yes No No No Yes Yes No No 

10. Were 
outcomes 
measured in 
the same way 
for treatment 
groups? 

Yes Yes Yes Yes Yes Yes Yes Yes 

11. Were 
outcomes 
measured in a 
reliable way? 

Yes Yes Yes Yes Yes Yes Yes Yes 

12. Was 
appropriate 
statistical 
analysis used? 

Yes Yes Yes Yes Yes Yes Yes Yes 

13. Was the 
trial design 
appropriate, 
and any 
deviations from 
the standard 
RCT design 
(individual 
randomization, 
parallel 
groups) 
accounted for 
in the conduct 

Yes Yes Yes Yes Yes Yes Yes Yes 
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JBI Critical 
Appraisal 
Checklist for 
RCT17 

Hsiao et al., 
201928 

Jiang et al., 
201929 

Meng et al., 
201932 

Ozkan et al., 
201930 

Bohnert et al., 
201833 

Donoghue et al., 
201834 

Klek et al., 
201835 

Yildizdas et al., 
201831 

and analysis of 
the trial? 

JBI = Joanna Briggs Institute; RCT = randomized controlled trial. 

 
Table 8: Quality Assessment of Economic Studies 

JBI Checklist for Economic Evaluations18 Feng et al., 
201736 

Wu et al., 
201737 

1. Is there a well-defined question? Yes Yes 

2. Is there comprehensive description of alternatives? Yes Yes 

3. Are all important and relevant costs and outcomes for each alternative identified? Yes Yes 

4. Has clinical effectiveness been established? Yes Yes 

5. Are costs and outcomes measured accurately? Unclear Unclear 

6. Are costs and outcomes valued credibly? Unclear Unclear 

7. Are costs and outcomes adjusted for differential timing? (Discount rate) NA NA 

8. Is there an incremental analysis of costs and consequences? Yes Yes 

9. Were sensitivity analyses conducted to investigate uncertainty in estimates of cost or consequences? Yes Yes 

10. Do study results include all issues of concern to users? Unclear Unclear 

11. Are the results generalizable to the setting of interest in the review? Unclear Unclear 

JBI = Joanna Briggs Institute; NA = not applicable.  
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Table 9: Quality Assessment of Guidelines 

AGREE II checklist19 ESPEN, Plauth 
et al., 201938  

ESPEN, Singer 
et al., 201939 

Scope and purpose   

1. Objectives and target patient population were explicit Yes Yes 

2. The health question covered by the guidelines is specifically described Yes Yes 

3. The population to whom the guidelines is meant to apply is specifically described Yes Yes 

Stakeholder involvement   

4. The guideline development group includes individuals from all relevant professional groups Yes Yes 

5. The views and preferences of the target population have been sought Unclear Unclear 

6. The target users of the guideline are clearly defined Yes Yes 

Rigour of development   

7. Systematic methods were used to search for evidence Yes Yes 

8. The criteria for selecting the evidence are clearly described Yes Yes 

9. The strengths and limitations of the body of evidence are clearly described Yes Yes 

10. The methods of formulating the recommendations are clearly described Yes Yes 

11. The health benefits, side effects, and risks have been considered in formulating the recommendations Yes Yes 

12. There is an explicit link between the recommendations and the supporting evidence Yes Yes 

13. The guideline has been externally reviewed by experts prior to its publication Unclear Unclear 

14. A procedure for updating the guideline is provided Unclear Unclear 

Clarity of presentation   

15. The recommendations are specific and unambiguous Yes Yes 

16. The different options for management of the condition or health issue are clearly presented Yes Yes 

17. Key recommendations are easily identified Yes Yes 

Applicability   

18. The guideline describes facilitators and barriers to its application Unclear Unclear 

19. The guidelines provides advice and/or tools on how the recommendations can be put into practice Unclear Unclear 

20. The potential resource (cost) implications of applying the recommendations have been considered Yes Yes 

21. The guideline presents monitoring and/or auditing criteria Yes Yes 
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AGREE II checklist19 ESPEN, Plauth 
et al., 201938  

ESPEN, Singer 
et al., 201939 

Editorial independence   

22. The views of the funding body have not influenced the content of the guideline Unclear Unclear 

23. Competing interests of guideline development group members have been recorded and addressed Yes Yes 

ESPEN = European Society for Parenteral and Enteral Nutrition. 
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Appendix 4: Main Study Findings and Author’s Conclusions 
Table 10: Summary of Findings of Systematic Reviews 

Main Study Findings Author’s Conclusions 

Infant populations 

Kapoor et al., 201921 

Comparison 1: Fish oil enriched PN versus Non-fish oil enriched PN in term 
and late preterm infants with surgical conditions (4 RCTs; n = 142) 

Clinical outcomes 

PNALD/cholestasis (defined as conjugated bilirubin ≥ 2 mg/dL): 1 RCT (FO vs. 
SO); n = 19 
One infant in each arm had cholestasis 
RR (95% CI) = 1.11 (0.08 to 15.28); very low-quality evidence 

PNALD/cholestasis (any definition): 2 RCTs (FO vs. SO, and SO/MCT/OO/FO vs. 
MCT/SO); n = 68 
There was no statistically significant difference between groups in meta-analysis 
RR (95% CI) = 1.20 (0.38 to 3.76); I2 = 0%; low-quality evidence 

Culture-positive sepsis: 2 RCTs (FO vs. SO, and SO/MCT/FO vs. SO); n = 51 
There was no statistically significant difference between groups in meta-analysis 
RR (95% CI) = 1.05 (0.47 to 2.34); I2 = 0%; very low-quality evidence 

Any sepsis (clinical or culture positive, or both): 3 RCTs (FO vs. SO, SO/MCT/FO 
vs. SO, and SO/MCT/OO/FO vs. SO); n = 93 
There was no statistically significant difference between groups in meta-analysis 
RR (95% CI) = 1.04 (0.53 to 2.02); I2 = 0%  

Necrotizing enterocolitis (any stage): 1 RCT (SO/MCT/OO/FO vs. SO); n = 42 
Three episodes of necrotizing enterocolitis reported in each group 
RR (95% CI) = 1.00 (0.23 to 4.40) 

Duration of ventilation (days): 1 RCT (SO/MCT/FO vs. SO); n = 32 
There was no statistically significant difference between groups 
MD (95% CI) = 2.10 (-0.95 to 5.15) 

Duration of supplemental oxygen (days): 3 RCTs (SO/MCT/OO/FO vs. SO [2 
RCTS], and SO/MCT/OO/FO vs. MCT/SO); n = 200 
Two RCTs (n = 140) reported no statistically significant difference between groups. 
MD (95% CI) = 0.47 (-2.01 to 2.29) 
One RCT (n = 60) found a statistically significant effect in favour of fish oil PN.  
MD (95% CI) = -13.80 (-21.18 to -6.42)  

Length of hospital stay (days): 1 RCT (SO/MCT/FO vs. SO); n = 32 
There was no statistically significant difference between groups 
MD (95% CI) = 5.10 (-9.59 to 19.79) 

Death before discharge: 3 RCTs (FO vs. SO, SO/MCT/OO/FO vs. MCT/SO, and 
SO/MCT/FO vs. SO); n = 100 
No events in either group  

Neurodevelopmental outcomes (at 6 months and 24 months): 1 RCT (FO vs. SO); 
n = 10 
There was no statistically significant difference between groups. Only half of the 
infants had neurodevelopmental follow-up due to early termination of PN 
intervention. 

“Based on the current review, 
there is insufficient data from 
randomized studies to determine 
with any certainty, the potential 
benefit of any LE including fish oil 
LEs over another LE, for 
prevention or resolution of 
PNALD/cholestasis or any other 
outcomes in the term and late 
preterm infants with underlying 
surgical conditions or cholestasis. 
There were no studies in infants 
without surgical conditions or 
cholestasis.”21 p. 2  
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Main Study Findings Author’s Conclusions 

Biomedical outcomes 

Hypertriglyceridemia: 2 RCTs (FO vs. SO, and SO/MCT/OO/FO vs. MCT/SO); n = 
69 
One RCT (n = 19) reported no infants with hypertriglyceridemia 
One RCT (n = 49) reported  no statistically significant difference between groups; 
RR (95% CI) = 0.25 (0.06 to 1.01) 

Conjugated bilirubin levels: 2 RCTs (FO vs. SO, and SO/MCT/OO/FO vs. SO); n = 
38 
Due to high heterogeneity, no meta-analysis was performed 
One RCT (n = 24) reported data with a statistically significant effect in favour of fish 
oil enriched PN; MD (95% CI) = -33.52 µmol/L (-50.60 to -16.44) 
One RCT (n = 14) reported data with no statistically significant difference between 
groups; MD (95% CI) = 0.00 µmol/L (-11.30 to 11.30) 

Gamma-glutamyltransferase levels: 2 RCTs (FO vs. SO, and SO/MCT/OO/FO vs. 
SO); n = 38 
There was no statistically significant difference between groups in meta-analysis 
MD (95% CI) = 24.85 IU/L (-63.21 to 112.91); I2 = 33.2% 

Alanine aminotransferase levels: 2 RCTs (FO vs. SO, and SO/MCT/OO/FO vs. 
SO); n = 38 
There was no statistically significant difference between groups in meta-analysis 
MD (95% CI) = -4.07 IU/L (-14.93 to 6.79); I2 = 0% 

Alkaline phosphatase levels: 2 RCTs (FO vs. SO, and SO/MCT/OO/FO vs. SO); n 
= 38 
There was no statistically significant difference between groups in meta-analysis 
MD (95% CI) = -56.91 IU/L (-114.70 to 0.87); I2 = 0%; low-quality evidence 

Triglyceride levels: 2 RCTs (FO vs. SO, and SO/MCT/OO/FO vs. SO); n = 38 
There was no statistically significant difference between groups in meta-analysis 
MD (95% CI) = -0.03 mmol/L (-0.44 to 0.38); I2 = 0% 
 
Comparison 2: Fish oil enriched PN versus Non-fish oil enriched PN in term 
and late preterm infants with PNALD/cholestasis (2 RCTs; n = 40) 

Clinical outcomes 

Resolution of PNALD/cholestasis (conjugated bilirubin ≤ 2 mg/dL): 1 RCT (FO vs. 
SO); n = 16 
There was no statistically significant difference between groups 
RR (95% CI) = 5.60 (0.34 to 93.95); very low-quality evidence 

PNALD/cholestasis (any definition): 2 RCTs (FO vs. SO, and SO/MCT/OO/FO vs. 
SO); n = 40 
There was a statistically significant effect in favour of fish oil enriched PN in meta-
analysis 
RR (95% CI) = 0.54 (0.32 to 0.91); I2 = 24% 

Time to resolution of PNALD: 1 RCT (FO vs. SO); n = 16 
There was no statistically significant difference between groups  
MD (95% CI) = -27 days (-70.91 to 16.91) 

Growth rate: 1 RCT (FO vs. SO); n = 16 
There was statistically significant effect in favour of fish oil enriched PN 
MD (95% CI) = 45.00 g/week (15.00 to 75.00); very low-quality evidence  

Head growth velocity; 1 RCT (FO vs. SO); n = 16 
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Main Study Findings Author’s Conclusions 

There was no statistically significant difference between groups  
MD (95% CI) = 0.16 cm/week (-0.01 to 0.33) 

Any sepsis (clinical or culture positive, or both): 2 RCTs (FO vs. SO, and 
SO/MCT/OO/FO vs. SO); n = 40 
There was no statistically significant difference between groups in meta-analysis 
RR (95% CI) = 1.21 (0.50 to 2.92); I2 = 0%; very low-quality evidence 

Death before discharge: 2 RCTs (SO/MCT/OO/FO vs. SO, and FO vs. SO); n = 40 
There was no statistically significant difference between groups in meta-analysis 
RR (95% CI) = 0.24 (0.03 to 1.87); I2 = 0%; very low-quality evidence 

Biochemical outcomes 

Hypertriglyceridemia: 1 RCT (SO/MCT/OO/FO vs. SO); n = 24 
There was no statistically significant difference between groups  
RR (95% CI) = 0.79 (0.30 to 2.09); very low-quality evidence 

Hyperglycemia: 1 RCT (SO/MCT/OO/FO vs. SO); n = 24 
There was no statistically significant difference between groups  
RR (95% CI) = 1.48 (0.52 to 4.18) 

Conjugated bilirubin levels: 1 RCT (SO/MCT/OO/FO vs. SO); n = 24 
Excluding outliers, there was statistically significant effect in favour of fish oil 
enriched PN 
MD (95% CI) = -47.00 µmol/L (-71.65 to -22.35); low-quality evidence  

Gamma-glutamyltransferase levels: 1 RCT (SO/MCT/OO/FO vs. SO); n = 24 
There was statistically significant effect in favour of non-fish oil enriched PN 
MD (95% CI) = 115.00 IU/L (12.86 to 217.14) 

Alanine aminotransferase levels: 1 RCT (SO/MCT/OO/FO vs. SO); n = 24 
There was no statistically significant difference between groups  
MD (95% CI) = -36.00 IU/L (-155.41 to 83.41) 

Alkaline phosphatase levels: 1 RCT (SO/MCT/OO/FO vs. SO); n = 24 
There was no statistically significant difference between groups  
MD (95% CI) = -119.00 IU/L (-240.01 to 2.01) 

Triglyceride levels: 1 RCT (FO vs. SO); n = 16 
There was no statistically significant difference between groups  
MD (95% CI) = -0.40 mmol/L (-0.85 to 0.05) 
 

Kapoor et al., 201922 

Comparison 1: Fish oil enriched PN versus non-fish oil enriched PN in 
preterm infants (17 RCTs, n = 1,522) 
 
Clinical outcomes 

Growth rate: 5 RCTs (SO/MCT/OO/FO vs. SO); n = 347 
There was no statistically significant difference between groups in meta-analysis 
MD (95% CI) = 0.71 g/kg/day (-0.17 to 1.60); I2 = 30%; low-quality evidence 

PNALD/cholestasis (defined as conjugated bilirubin ≥ 2 mg/dL): 4 RCTs (all fish oil 
enriched PN vs. non-fish oil enriched PN); n = 328 
There was no statistically significant difference between groups in meta-analysis 
RR (95% CI) = 0.61 (0.24 to 1.56); I2 = 0%; low-quality evidence 

“In the current review, we did not 
find any particular LE with or 
without fish oil to be better than 
another LE in preterm infants for 
prevention of PNALD/cholestasis, 
growth, mortality, ROP, BDP, and 
other neonatal outcomes. 
In preterm infants with surgical 
conditions or cholestasis, there is 
currently insufficient evidence 
from randomized studies to 
determined with any certainty if 
fish oil Les offer advantage in 
prevention or resolution of 
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PNALD/cholestasis (any definition; all studies): 11 RCTs (all fish oil enriched PN 
vs. non-fish oil enriched PN); n = 1,154 
There was statistically significant effect in favour of fish oil enriched PN in meta-
analysis 
RR (95% CI) = 0.63 (0.43 to 0.91); I2 = 9%; very low-quality evidence 

PNALD/cholestasis (any definition; low and unclear risk of bias studies): 10 RCTs 
(all fish oil enriched PN vs. non-fish oil enriched PN); n = 1,024 
There was no statistically significant difference between groups in meta-analysis 
RR (95% CI) = 0.80 (0.53 to 1.21); I2 = 0%; low-quality evidence 

Death before discharge: 9 RCTs (SO/MCT/OO/FO vs. SO); n = 855 
There was no statistically significant difference between groups in meta-analysis 
RR (95% CI) = 1.24 (0.81 to 1.90); I2 = 0%; low-quality evidence 

Retinopathy of prematurity (≥ stage 3 or requiring surgery): 7 RCTs (all fish oil 
enriched PN vs. non-fish oil enriched PN); n = 731 
There was no statistically significant difference between groups in meta-analysis 
RR (95% CI) = 0.80 (0.55 to 1.16); I2 = 55.5%; very low-quality evidence 

Chronic lung disease (oxygen requirement at 36 weeks’ postmenstrual age): 6 
RCTs (SO/MCT/OO/FO vs. SO); n = 581 
There was no statistically significant difference between groups in meta-analysis 
RR (95% CI) = 1.00 (0.75 to 1.34); I2 = 0%; low-quality evidence 

Culture-positive sepsis: 7 RCTs (all fish oil enriched PN vs. non-fish oil enriched 
PN); n = 774 
There was no statistically significant difference between groups in meta-analysis 
RR (95% CI) = 1.16 (0.91 to 1.48); I2 = 0%; low-quality evidence 

Any sepsis (clinical or culture positive, or both): 9 RCTs (SO/MCT/OO/FO vs. SO); 
n = 832 
There was no statistically significant difference between groups in meta-analysis 
RR (95% CI) = 0.99 (0.78 to 1.26); I2 = 0% 

Duration of ventilation (days): 5 RCTs (SO/MCT/OO/FO vs. SO); n = 475 
There was no statistically significant difference between groups in meta-analysis 
MD (95% CI) = 0.08 days (-1.56 to 1.73); I2 = 48%  

Length of hospital stay (days): 6 RCTs (SO/MCT/OO/FO vs. SO); n = 622 
There was no statistically significant difference between groups in meta-analysis 
MD (95% CI) = -0.09 days (-3.35 to 3.16); I2 = 0% 

Necrotizing enterocolitis (any stage): 7 RCTs (SO/MCT/OO/FO vs. SO); n = 749 
There was no statistically significant difference between groups in meta-analysis 
RR (95% CI) = 1.32 (0.81 to 2.13); I2 = 0% 

Intraventricular hemorrhage (grade III to IV): 7 RCTs (all fish oil enriched PN vs. 
non-fish oil enriched PN); n = 617 
There was no statistically significant difference between groups in meta-analysis 
RR (95% CI) = 1.05 (0.65 to 1.72); I2 = 0% 

Any patent ductus arteriosus: 5 RCTs (SO/MCT/OO/FO vs. SO); n = 501 
There was no statistically significant difference between groups in meta-analysis 
RR (95% CI) = 0.91 (0.77 to 1.09); I2 = 0% 

Biochemical outcomes: 

Hypertriglyceridemia: 5 RCTs (all fish oil enriched PN vs. non-fish oil enriched PN); 
n = 697 

cholestasis or in any other clinical 
outcome.”22 p. 2 
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There was no statistically significant difference between groups  
RR (95% CI) = 1.01 (0.80 to 1.28); I2 = 0% 

Hyperglycemia: 3 RCTs (SO/MCT/OO/FO vs. SO); n = 280 
There was no statistically significant difference between groups in meta-analysis 
RR (95% CI) = 1.40 (0.77 to 2.53); I2 = 0% 

Hypoglycemia: 2 RCTS ((SO/MCT/OO/FO vs. SO); n = 248 
There was no statistically significant difference between groups in meta-analysis 
RR (95% CI) = 1.14 (0.77 to 1.69); I2 = 54% 

Conjugated bilirubin levels: 10 RCTs (all fish oil enriched PN vs. non-fish oil 
enriched PN); n = 841 
There was no statistically significant difference between groups  
MD (95% CI) = -0.42 µmol/L (1.06 to 0.22); I2 = 34%; low-quality evidence 
 
Comparison 2: Fish oil enriched PN versus another fish oil enriched PN in 
preterm infants (1 RCT; n = 55) 
 
Clinical outcomes 

Growth rate: 1 RCT (SO/MCT/OO/FO vs. SO/MCT/FO); n = 55 
There was no statistically significant difference between groups  
MD (95% CI) = 4 g/kg/day (-2.03 to 10.03); low-quality evidence 

PNALD/cholestasis (defined as conjugated bilirubin ≥ 2 mg/dL): 1 RCT 
(SO/MCT/OO/FO vs. SO/MCT/FO); n = 55 
There was no statistically significant difference between groups  
RR (95% CI) = 0.96 (0.006 to 14.65); low-quality evidence 

Death before discharge: 1 RCT (SO/MCT/OO/FO vs. SO/MCT/FO); n = 55 
There was no statistically significant difference between groups in meta-analysis 
RR (95% CI) = 1.00 (0.15 to 6.64); low-quality evidence 

Chronic lung disease (oxygen requirement at 36 weeks’ postmenstrual age): 1 
RCT (SO/MCT/OO/FO vs. SO/MCT/FO); n = 55 
There was no statistically significant difference between groups  
RR (95% CI) = 1.16 (0.40 to 3.35); low-quality evidence  

Any sepsis (clinical or culture positive, or both): 1 RCT (SO/MCT/OO/FO vs. 
SO/MCT/FO); n = 55 
There was no statistically significant difference between groups  
RR (95% CI) = 1.69 (0.56 to 5.11); low-quality evidence 

Necrotizing enterocolitis (any stage): 1 RCT (SO/MCT/OO/FO vs. SO/MCT/FO); n 
= 55 
There was no statistically significant difference between groups  
RR (95% CI) = 2.90 (0.12 to 68.15); low-quality evidence 

Any patent ductus arteriosus: 1 RCT (SO/MCT/OO/FO vs. SO/MCT/FO); n = 55 
There was no statistically significant difference between groups  
RR (95% CI) = 0.96 (0.55 to 1.69); low-quality evidence 

Biochemical outcomes 

Conjugated bilirubin levels: 1 RCT (SO/MCT/OO/FO vs. SO/MCT/FO); n = 55 
There was no statistically significant difference between groups  
MD (95% CI) = -1.40 µmol/L (-6.40 to 3.60); low-quality evidence 
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Comparison 3: Alternative PN (SO/MCT, SO/OO) versus pure SO PN in 
preterm infants (10 RCTs; n = 536) 
 
Clinical outcomes: 

Growth rate:  

 1 RCT (SO/MCT vs. SO); n = 60. There was no statistically significant 
difference between groups. MD (95% CI) = -2.67 g/kg/day (-8.20 to 2.86); 
low-quality evidence 

 2 RCTs (SO/OO vs. SO); n = 123. There was no statistically significant 
difference between groups in meta-analysis. MD (95% CI) = -0.42 
g/kg/day (-5.15 to 4.30); I2 = 0%; low-quality evidence 

PNALD/cholestasis (defined as conjugated bilirubin ≥ 2 mg/dL): 

 1 RCT (SO/MCT vs. SO); n = 60. There was no statistically significant 
difference between groups. RR (95% CI) = 3.00 (0.13 to 70.83); low-
quality evidence 

 2 RCTs (SO/OO vs. SO); n = 159. There was no statistically significant 
difference between groups in meta-analysis. RR (95% CI) = 1.00 (0.15 to 
6.82); I2 = 0%; low-quality evidence 

PNALD/cholestasis (any definition):  

 4 RCTs (SO/OO vs. SO); n = 261. There was no statistically significant 
difference between groups in meta-analysis. RR (95% CI) = 1.00 (0.26 to 
3.86); I2 = 0%; low-quality evidence 

Any retinopathy of prematurity: 

 3 RCTs (SO/OO vs. SO); n = 142. There was no statistically significant 
difference between groups in meta-analysis. RR (95% CI) = 0.89 (0.67 to 
1.43); I2 = 0%; low-quality evidence 

Any bronchopulmonary dysplasia: 

 3 RCTs (SO/OO vs. SO); n = 197. There was no statistically significant 
difference between groups in meta-analysis. RR (95% CI) = 1.01 (0.57 to 
1.79); I2 = 0%; low-quality evidence 

 1 RCT (SO/MCT vs. SO); n = 60. There was no statistically significant 
difference between groups. RR (95% CI) = 1.00 (0.28 to 3.63) 

Chronic lung disease (oxygen requirement at 36 weeks’ postmenstrual age): 

 1 RCT (SO/MCT vs. SO); n = 60. There was no statistically significant 
difference between groups. RR (95% CI) = 1.00 (0.28 to 3.63) 

 2 RCTs (SO/OO vs. SO); n = 123. There was no statistically significant 
difference between groups in meta-analysis. RR (95% CI) = 0.59 (0.34 to 
1.01); I2 = 57% 

Duration of ventilation (days): 

 3 RCTs (SO/OO vs. SO); n = 202. There was no statistically significant 
difference between groups in meta-analysis. MD (95% CI) = -0.20 days (-
1.67 to 15.47); I2 = 80% 

Length of hospital stay (days): 

 2 RCTs (SO/OO vs. SO); n = 164. There was no statistically significant 
difference between groups in meta-analysis. MD (95% CI) = -0.33 days (-
7.44 to 8.10); I2 = 0% 

Any sepsis (clinical or culture positive, or both): 
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 5 RCTs (SO/OO vs. SO); n = 301. There was no statistically significant 
difference between groups in meta-analysis. RR (95% CI) = 0.87 (0.56 to 
1.36); I2 = 0% 

Necrotizing enterocolitis (≥ stage 2): 

 1 RCT (SO/MCT vs. SO); n = 60. There was no statistically significant 
difference between groups. RR (95% CI) = 5.00 (0.25 to 99.95) 

 1 RCT (SO/OO vs. SO); n = 59. There was no statistically significant 
difference between groups. RR (95% CI) = 3.10 (0.13 to 73.14) 

Intraventricular hemorrhage (grade III to IV): 

 2 RCTs (SO/OO vs. SO); n = 104. There was no statistically significant 
difference between groups in meta-analysis. RR (95% CI) = 0.50 (0.10 to 
2.61); I2 = 0% 

Any patent ductus arteriosus: 

 1 RCT (SO/MCT vs. SO); n = 60. There was no statistically significant 
difference between groups. RR (95% CI) = 1.13 (0.70 to 1.82) 

 1 RCT (SO/OO vs. SO); n = 59. There was no statistically significant 
difference between groups. RR (95% CI) = 1.03 (0.63 to 1.71) 

Significant jaundice requiring treatment: 

 2 RCTs (SO/OO vs. SO); n = 109. There was no statistically significant 
difference between groups in meta-analysis. RR (95% CI) = 1.04 (0.52 to 
2.07); I2 = 0% 

Biochemical outcomes: 

Hypertriglyceridemia: 

 3 RCTs (SO/OO vs. SO); n = 142. There was no statistically significant 
difference between groups in meta-analysis. RR (95% CI) = 0.67 (0.12 to 
3.73); I2 = 0% 

Hyperglycemia: 

 1 RCT (SO/OO vs. SO); n = 64. There was no statistically significant 
difference between groups. RR (95% CI) = 1.00 (0.22 to 4.59) 

Conjugated bilirubin levels: 

 5 RCTs (SO/OO vs. SO); n = 310. There was no statistically significant 
difference between groups in meta-analysis. MD (95% CI) = -0.24 µmol/L 
(-1.03 to 0.55); I2 = 0%; low-quality evidence 

 
Comparison 4: Alternative PN (SO/MCT) versus other alternative PN (SO/OO) 
in preterm infants (1 RCT; n = 59) 
 

There was no statistically significant difference between groups for: 

 Growth rate: MD (95% CI) = -1.33 g/kg/day (-7.36 to 4.70); low-quality 
evidence 

 PNALD/cholestasis (defined as conjugated bilirubin ≥ 2 mg/dL): RR (95% 
CI) = 2.90 (0.12 to 68.50); low-quality evidence 

 Death before discharge: RR not estimable 

 Chronic lung disease (oxygen requirement at 36 weeks’ postmenstrual 
age): RR (95% CI) = 0.77 (0.23 to 2.60); low-quality evidence 

 Any sepsis (clinical or culture positive, or both): RR (95% CI) = 1.93 (0.65 
to 5.73); low-quality evidence 

 Necrotizing enterocolitis (≥ stage 2): RR (95% CI) = 1.93 (0.19 to 20.18) 

 Any patent ductus arteriosus: RR (95% CI) = 1.10 (0.68 to 1.75) 
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 Conjugated bilirubin levels: MD (95% CI) = -2.91 µmol/L (-6.87 to 1.05); 
low-quality evidence 

 
Comparison 5: Fish oil enriched PN (FO) versus non-fish oil enriched PN (SO 
in preterm infants with surgical conditions (1 RCT; n = 19) 

 
There was no statistically significant difference between groups for: 

 PNALD/cholestasis (defined as conjugated bilirubin ≥ 2 mg/dL): RR (95% 
CI) = 1.11 (0.08 to 15.28); very low-quality evidence 

 Death before discharge: RR not estimable 

 Culture positive sepsis: RR (95% CI) = 1.11 (0.39 to 3.19); very low-
quality evidence 

 Hypertriglyceridemia: RR not estimable 

 Conjugated bilirubin levels: MD (95% CI) = 0.00 µmol/L (-11.30 to 11.30); 
very low-quality evidence 

 

Comparison 6: Fish oil enriched PN (FO, and SO/MCT/OO/FO) versus non-
fish oil enriched PN (SO) in preterm infants with established 
PNALD/cholestasis (2 RCTs; n = 40) 
 
Clinical outcomes: 

Growth rate:  

 1 RCT (FO vs. SO); n = 16: There was a statistically significant effect in 
favour of pure fish oil PN. MD (95% CI) = 45.0 g/week (15.0 to 75.0); very 
low-quality evidence 

Resolution of PNALD/cholestasis (conjugated bilirubin < 2 mg/dL): 

 1 RCT (FO vs. SO); n = 16: There was no statistically significant 
difference between groups. RR (95% CI) = 5.60 (0.34 to 93.95); very low-
quality evidence 

PNALD/cholestasis (any definition): 

 1 RCT (SO/MCT/OO/FO vs. SO); n = 24: There was no statistically 
significant difference between groups. RR (95% CI) = 0.39 (0.14 to 1.10) 

 1 RCT (FO vs. SO); n = 16: There was no statistically significant 
difference between groups. RR (95% CI) = 0.69 (0.43 to 1.13) 

Death before discharge: 

 2 RCTs (SO/MCT/OO/FO, and FO vs. SO); n = 40. There was no 
statistically significant difference between groups. RR (95% CI) = 0.24 
(0.03 to 1.87); I2 = 0%; very low-quality evidence 

Any sepsis: 

 2 RCTs (SO/MCT/OO/FO, and FO vs. SO); n = 40. There was no 
statistically significant difference between groups. RR (95% CI) = 1.21 
(0.50 to 2.92); I2 = 0%; very low-quality evidence 

Biochemical outcomes: 

Conjugated bilirubin levels: 

 1 RCT (SO/MCT/OO/FO vs. SO); n = 24: There was a statistically 
significant effect in favour of fish oil enriched PN after excluding an outlier. 
MD (95% CI) = -47.00 µmol/L (-71.65 to -22.35); low-quality evidence 

Adult populations 

Pradelli et al., 201923 
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Fish oil enriched PN versus non-fish oil enriched PN in hospitalized adult 
patients 
 
Clinical outcomes: 

 Infection rate: 24 RCTs (7 ICU, 17 non-ICU); n = 2,154. There was a 
statistically significant effect in favour of fish oil enriched PN. RR (95% CI) 
= 0.60 (0.79 to 0.72); I2 = 0% 

 30-day mortality rate: 20 RCTs (9 ICU, 11 non-ICU) ; n = 1,839. There 
was no statistically significant difference between groups. RR (95% CI) = 
0.84 (0.65 to 1.07); I2 = 0% 

 Length of hospital stay: 26 studies (10 ICU, 16 non-ICU); n = 2,182. There 
was a statistically significant effect in favour of fish oil enriched PN. MD 
(95% CI) = -2.14 days (-2.93 to -1.36); I2 = 51% 

 Sepsis: 9 RCTs (2 ICU, 7 non-ICU); n = 1,141. There was a statistically 
significant effect in favour of fish oil enriched PN. RR (95% CI) = 0.44 
(0.28 to 0.70); I2 = 0% 

Biochemical outcomes: 

 There was a statistically significant effect in favour of fish oil enriched PN 
for liver function characterized by enzyme markers 
AST (13 RCTs; n = 934) : MD (95% CI) = -8.35 U/L (-14.22 to -2.48) 
ALT (15 RCTs; n = 1,157): MD (95% CI) = -12.68 U/L (-18.96 to -6.39) 
GGT (8 RCTs; n = 695): MD (95% CI) = -8.74 U/L (-16.24 to -1.23) 

 There was no statistically significant difference between groups in bilirubin 
and triglyceride levels 

 There was a statistically significant effect in favour of fish oil enriched PN 
for antioxidant  
Alpha-tocopherol (4 RCTs; n= 146): MD (95% CI) = 13.75 µmol/L (10.22 
to 17.29) 

 There was a statistically significant effect in favour of fish oil enriched PN 
for inflammatory markers  
TNF-alpha (15 RCTs; n = 836): MD (95% CI) = -0.71 pg/mL (-1.24 to -
0.18) 
LTB5 (5 RCTs; n = 379): SMD (95% CI) = 2.12 (0.27 to 3.96) 
 

“Omega-3 fatty acid enriched PN 
is beneficial, reducing risk of 
infection and sepsis by 40% and 
56%, respectively, and length of 
both ICU and hospital stay by 
about 2 days. Provision of 
omega-3-enriched lipid emulsions 
should be preferred over 
standard lipid emulsions in 
patients with an indication for 
PN.”23 p. 1 

Bai et al., 201824 

Fish oil enriched PN versus non-fish oil enriched PN in postoperative adult 
patients with GI cancer 
 
Clinical outcomes: 

 Infection rate: 5 RCTs; n = 373. There was a statistically significant effect 
in favour of fish oil enriched PN. OR (95% CI) = 0.36 (0.18 to 0.74); I2 = 

0% 

 Length of hospital stay: 5 RCTs; n = 385. There was a statistically 

significant effect in favour of fish oil enriched PN. MD (95% CI) = -2.29 
days (-3.64 to -0.93); I2 = 0% 

 
Biochemical outcomes: 

 There was a statistically significant effect in favour of fish oil enriched PN 
for immune function by increasing levels of CD4+ (helper T cells) and 
CD4+/CD8+ ratio 

“The results of this study suggest 
that parenteral ω-3 fatty acid 
supplementation is beneficial for 
gastrointestinal cancer patients, 
and is accompanied by improved 
postoperative immune function 
and satisfactory clinical 
outcomes.”24 p. 121 

Chen et al., 201825 
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Fish oil enriched PN versus non-fish oil enriched PN in adult patients with 
sepsis or sepsis-induced ARDS 
 
Clinical outcomes: 

 Total mortality: 16 RCTs; n = 1,289. There was no statistically significant 
difference between groups. OR (95% CI) = 0.85 (0.66 to 1.09); I2 = 44% 

 Mortality in studies with similar baseline: 13 RCTs; n = 1,068. There was 
no statistically significant difference between groups. OR (95% CI) = 0.87 
(0.66 to 1.15); I2 = 53% 

 Mortality in studies with sepsis-induced ARDS: 4 RCTs; n = 500. There 
was no statistically significant difference between groups. OR (95% CI) = 
1.16 (0.77 to 1.76); I2 = 82% 

 

The results showed that fish oil enriched PN did not have any beneficial effect in 
reducing mortality in adult patients with sepsis or sepsis-induced ARDS. 

 

Jones et al., 201826 

Alternative PN versus pure SO PN in adult patients depending on home PN (3 
RCTs) 
 
Biochemical outcomes: 

 Liver function (ALT, AST): There was no statistically significant difference 
between groups. 

 Inflammatory markers (Interleukin-6, soluble TNF receptor II, C-reactive 
protein): There was no statistically significant difference between groups. 

 Antioxidant (alpha-tocopherol):  
Significantly increased in SO/MCT/OO/FO versus SO 
No significant difference between SO/OO and SO 
 

Adverse events: There was no statistically significant difference between groups. 

“There may be benefits in using 
alternative IVLEs rather than pure 
SO in adults on home PN, but 
there are currently too few RCTs 
to reach a firm conclusion.”26 p. 

285 

Zhao et al., 201827 

Fish oil enriched PN versus non-fish oil enriched PN in postoperative adult 
patients with GI cancer 
 
Clinical outcomes: 

 Infection rate: 8 RCTs; n = 585. There was statistically significant effect in 
favour of fish oil enriched PN. OR (95% CI) = 0.36 (0.20 to 0.66); I2 = 0% 

 
Biochemical outcomes: 

 Immune function: 
CD3+ cell counts (%): 9 RCTs; n = 534. There was a statistically 
significant effect in favour of fish oil enriched PN. MD (95% CI) = 4.48 
(3.34 to 5.62); I2 = 0% 
CD4+ cell counts (%): 12 RCTs; n = 688. There was a statistically 
significant effect in favour of fish oil enriched PN. MD (95% CI) = 5.55 
(4.75 to 6.34); I2 = 0% 

CD8+ cell counts (%): 11 RCTs; n = 644. There was no statistically 
significant difference between groups. MD (95% CI) = 0.02 (-0.39 to 0.43); 
I2 = 40% 
CD4+: CD8+ cell ratio: 13 RCTs; n = 756. There was a statistically 
significant effect in favour of fish oil enriched PN. MD (95% CI) = 0.28 
(0.13 to 0.44); I2 = 0% 

“This meta-analysis confirmed 
that early intervention with 
omega-3 fatty acid emulsion in 
gastrointestinal cancer can not 
only improve the postoperative 
indicators of immune function, 
reduce inflammatory reaction, 
and improve postoperative 
curative effect but also improve 
the immune suppression induced 
by conventional PN or tumor. 
Therefore, postoperative patients 
with gastrointestinal cancer 
should add omega-3 unsaturated 
fatty acids in their PN formula. 
Further high-quality RCTs are 
needed to verify its efficacy.”27 p. 
1 
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Immunoglobulin A (g/L): 6 RCTs; n = 285. There was a statistically 
significant effect in favour of fish oil enriched PN. MD (95% CI) = 0.31 
(0.25 to 0.37); I2 = 0% 
Immunoglobulin M (g/L): 6 RCTs; n = 285. There was a statistically 
significant effect in favour of fish oil enriched PN. MD (95% CI) = 0.12 
(0.06 to 0.18); I2 = 50% 
Immunoglobulin G (g/L): 5 RCTs; n = 245. There was a statistically 
significant effect in favour of fish oil enriched PN. MD (95% CI) = 1.19 
(0.80 to 1.58); I2 = 0% 

Interleulin-6 (ng/L): 9 RCTs; n = 484. There was a statistically significant 
effect in favour of fish oil enriched PN. MD (95% CI) = -3.09 (-3.91 to -
2.27); I2 = 45% 

 Inflammatory status: 
TNF-alpha (ng/L): 8 RCTs; n = 409. There was a statistically significant 
effect in favour of fish oil enriched PN. MD (95% CI) = -1.65 (-2.05 to -
1.25); I2 = 28% 
C-reactive protein (mg/L): 7 RCTs; n = 407. There was a statistically 
significant effect in favour of fish oil enriched PN. MD (95% CI) = -4.28 (-
5.26 to -3.30); I2 = 37% 

ALT = alanine amino transferase; ARDS = acute respiratory distress syndrome; AST = aspartate amino transferase ;  CI = confidence interval; FO = 

fish oil emulsion; GGT = gamma-glutamyl transferase; GI = gastrointestinal; ICU = intensive care unit; IU = international unit; LE = lipid emulsion; 

LTB4 = leukotriene B4; LTB5 = leukotriene B5; MCT = medium chain triglyceride; MD = mean difference; OO = olive oil emulsion; PN = parenteral 

nutrition; PNALD = parenteral nutrition-associated liver disease; RCT = randomized controlled trial; RR = risk ratio; SMD = standardized mean 

difference; SO = soybean oil emulsion; TNF = tumor necrosis factor.  
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Infant populations 

Hsiao et al., 201928 

Fish oil enriched PN (SO/MCT/OO/FO; n = 30) versus non-fish oil enriched PN (TPN 
containing SO; n = 30) in preterm infants 
 
Clinical outcomes: 

 There was no statistically significant difference between groups in sepsis, PNAC, 
necrotizing enterocolitis, retinopathy of prematurity, intraventricular hemorrhage, 
weight gain, death, and length of hospital stay. 

 There was a statistically significant effect in favour of fish oil enriched PN in 
bronchopulmonary dysplasia (P = 0.04), duration of ventilation (P = 0.03), and 
duration of oxygen use (P = 0.04). 

 
Biochemical outcomes: 

 Inflammatory status: On day 8, fish oil enriched PN was associated with significantly 
lower in serum interleukin-1β (P = 0.01), serum interleukin-6 (P = 0.02), and 
bronchoalveolar lavage fluid interleukin-1β (P = 0.03) 

“In very premature infants, 
early administration of fish oil 
containing LE significantly 
decrease interleukin-1β and 
interleukin-6 in the serum and 
bronchoalveolar lavage fluid 
and was associated with 
shorter duration of ventilator 
support and less 
bronchopulmonary 
dysplasia.”28 p. 1045   

Jiang et al., 201929 

Fish oil enriched PN (SO/MCT/OO/FO; n = 22) versus non-fish oil enriched PN 
(MCT/LCT; n = 24) in infants after GI surgery 
 
Clinical outcomes: 

 Postoperative weight gain: There was no statistically significant difference between 
groups at end of week 1, 2, 3 and 4. 

 Sepsis: There was no statistically significant difference between groups at end of 
week 2 and 4. 

 
Biochemical outcomes: 

 Liver function: There was no statistically significant difference between groups at end 
of week 1, 2, 3 and 4 for ALT, AST, and DB 

 Nutritional indices: There was no statistically significant difference between groups at 
end of week 1, 2, 3 and 4 for pre-albumin levels and levels of retinol-binding protein. 

 Inflammatory status: There was no statistically significant difference between groups 
at end of week 1, 2, 3 and 4 for interleukin-6 and TNF-alpha levels. 

“The mixture and balanced 
emulsion of SMOF-lipid was 
well-tolerated in infants who 
have undergone 
gastrointestinal surgery, and 
liver-protective properties 
were demonstrated following 
long-term venous nutrition, 
especially > 4 weeks.”29 p. 
347 

Ozkan et al., 201930 

Fish oil enriched PN (SO/MCT/OO/FO; n = 42) versus non-fish oil enriched PN (OO 
based; n = 47) in preterm infants 
 
Clinical outcomes: 

 Bronchopulmonary dysplasia: There was no statistically significant difference 
between groups (14.1% vs. 31.2%; P >0.05)  

 
Biochemical outcomes: 

 Inflammatory status: There was no statistically significant difference between groups 
at day 7 and day 14 for interleukin-6, interleukin-10, interleukin-1 beta and TNF-alpha 
levels. 

 Antioxidant status: Total antioxidant status measured using colorimetric approach 
was higher in the fish oil enriched PN group at all time, including day 0. There was no 

“To our knowledge, this is the 
first study to suggest that 
SMOFlipid might decrease 
oxidative damage and 
oxidative-stress-associated 
morbidity compared with olive 
oil-based emulsion in preterm 
infants”30 p. 388 
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statistically significant difference between groups at day 14 for total antioxidant status 
measured using colorimetric approach. 

Yildizdas et al., 201831 

Fish oil enriched PN (SO/MCT/OO/FO; n = 38) versus non-fish oil enriched PN (SO/OO; 
n = 37) in preterm infants 
 
Clinical outcomes: 

 Cholestasis: There was statistically significant effect in favour of fish oil enriched PN 
(0.0% vs. 18.2%; P = 0.011) 

 Mortality: There was no statistically significant difference between groups (8.8% vs. 
6.1%; P = 0.999) 

 Bronchopulmonary dysplasia: There was no statistically significant difference 
between groups (32.2% vs. 25.8%; P = 0.780) 

 Retinopathy of prematurity (all stage): There was no statistically significant difference 
between groups (71.4% vs. 58.1%; P = 0.582) 

 Days of mechanical ventilation: There was no statistically significant difference 
between groups (P = 0.399) 

 Length of hospital stay: There was no statistically significant difference between 
groups (P = 0.792) 

 
Biochemical outcomes: 

 Biochemical values: There was no statistically significant difference between groups 
at day 0, day 7, and day 28 for cell blood count, blood urea nitrogen, creatinine, 
cholesterol, triglycerides, total and direct bilirubin, GGT, and ALT (P > 0.05) 

 Antioxidant status: There was no statistically significant difference between groups 
on day 28 for catalase, glutathione peroxidase, and thiobarbituric acid reactive 
substances levels 

“FMOS and OO/SO lipid 
emulsions have similar effects 
on lipid peroxidation on 28th 
day of life and on morbidities 
in short term period except for 
cholestasis.”31 p. 2 

Adult populations 

Meng et al., 201932 

Fish oil enriched PN (MCT/LCT/FO; n = 113) versus non-fish oil enriched PN (MCT/LCT; 
n = 110) in adult patients with acute paraquat poisoning 
 
Clinical outcomes: 

 Overall 90-day mortality: There was a statistically significant effect in favour of fish oil 
enriched PN (HR 0.52; 95% CI 0.33 to 0.82; P = 0.005) 

 
Biochemical outcomes: 

 Inflammatory status: TNF alpha level was significantly lowered in the fish oil enriched 
PN group at day 4 and day 7 (P < 0.001) 

 C-reactive protein: There was statistically significant effect in favour of fish oil 
enriched PN group (lower) at day 7 and day 10 (P < 0.05) 

 There was no statistically significant difference between groups at day 4, day 7, and 
day 10 for total lymphocyte count and prealbumin levels 

“In patients with acute 
paraquat poisoning, MCT/LCT 
with ω-3 fish-oil emulsion PN 
plus combination treatment 
advantageously attenuated 
the inflammatory response, 
modified the nutritional status, 
and was associated with 
significantly improved 90-day 
survival versus treatment 
without ω-3 fish oil.”32 p. 601 

Bohnert et al., 201833 

Fish oil enriched PN (MCT/LCT/FO; n = 21) versus non-fish oil enriched PN (MCT/LCT; n 
= 21) in adult patients requiring long-term home PN 
 
Biochemical outcomes: 

 Nutritional status: There was no statistically significant difference between groups 
after 8 weeks for BMI and gain in body weight (P = 0.99) 

“The HPN regimen prepared 
with MCT/LCT/FO-derived n-3 
PUFAs was at least as 
efficient in maintaining or 
even improving nutritional 
status during HPN as the 
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 Fatty acid profile: In the intervention group, n-3 fatty acids increased while n-6 fatty 
acids decreased. In the control group, n-3 and n-6 fatty acids remained unchanged in 
serum, platelet and red blood cell phospholipids. 

 Inflammatory status: There was no statistically significant difference between groups 
after 8 weeks for interleukin-10, intrleukin-6, TNF alpha, and C-reactive protein (P > 

0.05) 

 Biochemical parameters: There was no statistically significant difference between 
groups for liver function, bone metabolism, coagulation and hematology.  

 
Adverse events: There was no statistically significant difference between groups for diarrhea, 

nausea, vomiting, constipation, muscle spasm, headache, somnolence, fatigue, chills, medical 
device complications, device related sepsis. None of the AEs were related to the nutritional 
regimen.  
 
Patient outcomes: 

 Quality of life: There was no statistically significant difference between groups for 
scores of EORTC-QLQ-C30 

control MCT/LCT regimen. 
Administration of n-3 PUFAs 
for 8 weeks altered the fatty 
acid pattern of serum, platelet 
and red blood cell 
phospholipids. Both regimens 
were safe and well 
tolerated.”33 p. 1 

Donoghue et al., 201834 

Fish oil enriched PN (SO/MCT/OO/FO; n = 39) versus non-fish oil enriched PN (SO; n = 
36) in adult patients diagnosed with SIRS or sepsis and/or ARDS 
 
Clinical outcomes: 

 Mechanical ventilation: There was no statistically significant difference between 
groups (1.24 ± 0.83 days vs. 0.88 ± 1.63 days; P = 0.385) 

 Length of ICU stay: There was no statistically significant difference between groups 
(9.5 ± 7.09 days vs. 10.7 ± 7.6 days; P = 0.490) 

 Mortality: There was no statistically significant difference between groups (P = 0.240) 
 
Biochemical outcomes: 

 Nutritional intakes: There was no statistically significant difference between groups 
throughout the study period (6 days) for total energy, protein, fat, carbohydrates and 
glutamine intakes. 

 Plasma phospholipid fatty acid profile: In the fish oil enriched PN group, EPA and 
DHA significantly increased (P < 0.001) and n-6:n-3 PUFA ratio significantly 
decreased (P < 0.001) 

 Biochemical parameters: There was no statistically significant difference between 
groups for white cell count, blood glucose, triglycerides, liver enzymes (AST, ALT) 
and total bilirubin. 

 Inflammatory status: There was no statistically significant difference between groups 
for plasma C-reactive protein and cytokines concentrations. 

 Sequential organ failure assessment (SOFA): There was a medium negative 
correlation between day 3 EPA intake and day 3 SOFA score (r = -0.405; P = 0.018) 

“PN containing a four-oil LE 
increased plasma EPA and 
DHA, decreased n-6:n-3 
PUFA ratio, and was safe and 
well tolerated. The negative 
relationship between day 3 
EPA and SOFA score seems 
promising, but EPA intake 
and effects may be diluted by 
enteral nutrition which was 
started in more than half of 
patients on day 4. There was 
no significant difference in 
terms of other biochemical 
measurements, SOFA score, 
length of ICU stay and 
mortality.”34 p. 1-2 

Klek et al., 201835 

Fish oil enriched PN (SO/MCT/OO/FO [n = 22]) versus non-fish oil enriched PN 
(MCT/LCT [n = 22]; OO/LCT [n = 22]; LCT [n = 22]) in adult patients with chronic 
intestinal failure 
 
Biochemical outcomes: 

 Liver function: There was no statistically significant difference between groups for 
any liver function marker tested after 6 months and 12 months of PN treatment (P > 
0.05).  

“All four intravenous LEs 
tested may be safe even 
during long-term parenteral 
nutrition.”35 p. 45 
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AE = adverse events; ALT = alanine amino transferase; ARDS = acute respiratory distress syndrome; AST = aspartate amino transferase; DB = 
direct bilirubin; DHA = docosahexaenoic acid; EPA = eicosapentaenoic acid; FO = fish oil emulsion; GGT = gamma-glutamyl transferase; GI = 
gastrointestinal surgery; HPN = home PN; ICU = intensive care unit; LE = lipid emulsion; LCT = long-chain triglyceride; MCT = medium chain 
triglyceride; OO = olive oil emulsion; PN = parenteral nutrition; PNAC = PN-associated cholestasis; PUFAs = polyunsaturated fatty acids; SIRS = 
systematic inflammatory response syndrome; SO = soybean oil emulsion; TNF = tumor necrosis factor; TPN = total PN.  

 
Table 12: Summary of Findings of Economic Studies 

Main Study Findings Author’s Conclusions 

Feng et al., 201936 

Fish oil enriched PN (SO/MCT/OO/FO) versus non-fish oil enriched PN (SO/MCT/LCT or 
SO/OO) in adult Chinese ICU patients 
 
Treatment effects, difference (SD) 

 Length of hospital and ICU stay: -1.87 (1.38) days 

 Infections per 10,000 patients: -2109 (4080) 
 

Costs, difference (SD) ¥ 

 Total costs: -7,594 (7,005) 
 

Cost-effectiveness (ICER, ¥/day of hospital stay) 

 Fish oil enriched PN was considered as “dominant” compared to non-fish oil enriched 
PN, as it cost less and was more effective in reducing length of hospital stay. 

 

One-way deterministic sensitivity analysis 

 Daily ICU costs and length of ICU stay were the most influential parameters 
 

Probabilistic sensitivity analysis 

 Fish oil enriched PN was less costly than non-fish oil enriched PN in 93% of the 
simulation 

“PN enriched with an omega-3 
fatty-acid-containing lipid 
emulsion vs. standard PN may 
be effective in reducing length 
of hospital and ICU stay and 
infectious complications in 
Chinese ICU patients, and also 
decreases overall treatment 
costs. This results in a 
favourable cost-effectiveness 
ratio. Thus, PN enriched with an 
omega-3 fatty-acid-containing 
lipid emulsion can be seen as a 
win-win situation for patients, 
hospital administration, and 
health insurance companies.”36 
p. 547  

Wu et al., 201737 

STG-based emulsions versus mixed MCT/LCT emulsions in critically ill adult Chinese 
patients 
 

Treatment effects, difference  

 Length of hospital and ICU stay: -1.45 days 
 

Costs, difference (SD) ¥ 

 PN acquisition costs: 2,002 

 Costs of hospital stay: -2,676 

 Total costs: -675 
 

One-way deterministic sensitivity analysis 

 Length of hospital and ICU stay was the most influential parameter  
 

Two-way threshold analysis 

 The longer the maximum duration of PN administration, the larger the reduction of 
length of stay is required to realize a cost benefit of STG PN. In other words, there 
was an inverse relationship between duration of PN administration associated with a 
cost saving and the reduction in length of hospital stay. 

 

Probabilistic sensitivity analysis 

 Mean estimated reduction in total costs was -769 ¥; 95% CI -829 to -709.  

“STGs are associated with 
improvements in metabolic 
function and reduced length of 
hospitalization in surgical and 
critically ill patients compared 
with mixed MCT/LCT 
emulsions. Cost analysis using 
data from Chinese hospitals 
showed a corresponding cost 
benefit.”37 p. 1021  
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FO = fish oil emulsion; ICER = incremental cost effectiveness ratio; ICU = intensive care unit; LCT = long chain triglyceride; MCT = medium chain 

triglyceride; OO = olive oil emulsion; PN = parenteral nutrition; SO = soybean oil emulsion; STG = structured triglyceride. 

Table 13: Summary of Findings of Included Guidelines 

Recommendations  

ESPEN, Plauth et al., 201938 

ESPEN guideline on clinical nutrition in liver disease 

 
“In case of PNAC in infants and children, lipid emulsions enriched with omega-3-fatty acids can be used.”38 p. 510 

Grade of recommendation 0 
Level of evidence: 3 or 4, or Extrapolated from studies rated as 2++ or 2+   
 Strong consensus (100% agreement) 
 

“In adults with suspected PNALD, lipid emulsions with a reduced n6/n3 ratio can be used.”38 p. 510 
Grade of recommendation 0  
Level of evidence: 3 or 4, or Extrapolated from studies rated as 2++ or 2+ 
Strong consensus (92% agreement) 

ESPEN, Singer et al., 201939 

ESPEN guideline on clinical nutrition in the intensive care unit 

 
“Parenteral lipid emulsions enriched with EPA + DHA (fish oil dose 0.1-0.2 g/kg/d) can be provided in patients receiving PN.”39 p. 64 

Grade of recommendation 0 
Level of evidence: 3 or 4, or Extrapolated from studies rated as 2++ or 2+ 
Strong consensus (100% agreement) 

DHA = docosahexaenoic acid; EPA = eicosapentaenoic acid; ESPEN = European Society for Parenteral and Enteral Nutrition; PN = parenteral 
nutrition; PNAC = PN-associated cholestasis; PNALD = PN-associated liver disease. 

 
Levels of evidence 

1++ High quality meta-analyses, systematic reviews of RCTs, or RCTs with a very low risk of bias 

1+ Well-conducted meta-analyses, systematic reviews, or RCTs with a low risk of bias 

1- Meta-analyses, systematic reviews, or RCTs with a high risk of bias 

2++ High quality systematic reviews of case control or cohort or studies. High quality case control or cohort studies with a very low risk of 
confounding or bias and a high probability that the relationship is causal 

2+ Well-conducted case control or cohort studies with a low risk of confounding or bias and a moderate probability that the relationship is 

causal 

2- Case control or cohort studies with a high risk of confounding or bias and a significant risk that the relationship is not causal 

3 Non-analytic studies, e.g. case reports, case series 

4 Expert opinion 

 

Grades of recommendations 

A At least one meta-analysis, systematic review, or RCT rated as 1++, and directly applicable to the target population; or A body of 
evidence consisting principally of studies rated as 1+, directly applicable to the target population, and demonstrating overall consistency 
of results 

B A body of evidence including studies rated as 2++, directly applicable to the target population; or A body of evidence including studies 
rated as 2+, directly applicable to the target population and demonstrating overall consistency of results; or and demonstrating overall 
consistency of results; or Extrapolated evidence from studies rated as 1++ or 1+ 

0 Evidence level 3 or 4; or Extrapolated evidence from studies rated as 2++ or 2+ 

GPP Good practice points/expert consensus: Recommended best practice based on the clinical experience of the guideline development group 

 


