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A B S T R A C T

Background

Conventionally used soybean oil-based lipid emulsion (S-LE) have high polyunsaturated fatty acid (PUFA) content and phytosterols that
may contribute to adverse eMects in preterm infants. The newer lipid emulsions (LE) from diMerent lipid sources are currently available
for use in preterm infants.

Objectives

To compare the safety and eMicacy of all LE for parenteral nutrition (PN) in preterm infants (less than 37 weeks' gestation) including preterm
infants with surgical conditions or parenteral nutrition-associated liver disease (PNALD)/cholestasis using direct comparisons and pair-
wise meta-analyses.

Search methods

We used the standard search strategy of Cochrane Neonatal to search the Cochrane Central Register of Controlled Trials (CENTRAL 2018,
Issue 5), MEDLINE (1946 to 18 June 2018), Embase (1974 to 18 July 2018), CINAHL (1982 to 18 June 2018), MIDRIS (1971 to 31 May 2018),
conference proceedings, trial registries (ClinicalTrials.gov and WHO's Trials Registry and Platform), and reference lists of retrieved articles.

Selection criteria

Randomised or quasi-randomised controlled studies in preterm infants with or without surgical conditions or PNALD within the first six
months of life.

Data collection and analysis

Data collection and analysis conformed to the methods of Cochrane Neonatal. We used the GRADE approach to assess the quality of
evidence for important outcomes in addition to reporting statistical significance of results.

Main results

We included 29 studies (n = 2037) in this review. LE were classified in three broad groups: 1. all fish oil-containing LE including pure fish oil-
LE (F-LE) and multisource LE (e.g. medium-chain triglycerides (MCT)-olive-fish-soybean oil-LE (MOFS-LE), MCT-fish-soybean oil-LE (MFS-
LE) and olive-fish-soybean oil-LE (OFS-LE); 2. conventional S-LE; 3. alternative-LE (e.g. MCT-soybean oil-LE (MS-LE), olive-soybean oil-LE
and borage oil-based LE).

We considered the following broad comparisons: fish oil LE versus non-fish oil LE; fish oil LE versus another fish oil LE; alternative-LE versus
S-LE; alternative-LE versus another alternative-LE in preterm infants less than 37 weeks' gestation, preterm infants with surgical conditions
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and preterm infants with PNALD/cholestasis. Separate subgroup comparisons of each LE preparation were included within these broader
groups.

Most studies in preterm infants used PN for mean duration of four weeks or less and for longer duration in infants with cholestasis or
surgical conditions.

We defined the primary outcome of PNALD/cholestasis as conjugated bilirubin (Cbil) 2 mg/dL or greater and resolution of PNALD/
cholestasis as Cbil less than 2 mg/dL. There was heterogeneity in definitions used by the included studies with Cbil cut-oMs ranging from
17.1 μmol/L (1 mg/dL) up to 50 μmol/L (about 3 mg/dL).

In preterm infants, meta-analysis found no evidence of a diMerence in the incidence of PNALD/cholestasis (Cbil cut-oM: 2 mg/dl) between
fish oil-LEs and all non-fish oil LEs (typical risk ratio (RR) 0.61, 95% confidence interval (CI) 0.24 to 1.56; typical risk diMerence (RD) –0.03,
95% CI –0.08 to 0.02; 4 studies; n = 328; low-quality evidence).

We also considered an outcome allowing for any definition of PNALD (diMerent Cbil cutoMs). In the meta-analysis for PNALD/cholestasis,
using any definition and restricted to low or unclear risk of bias studies, there was no evidence of a diMerence between fish oil LE and all
non-fish oil LE for incidence of cholestasis (typical RR 0.80, 95% CI 0.53 to 1.21; typical RD –0.02, 95% CI –0.05 to 0.02; 10 studies; n = 1024;
low-quality evidence). There was no evidence of diMerence in subgroup meta-analyses of individual LE types in any comparison.

In preterm infants with surgical conditions or cholestasis, there was only one small study each reporting no evidence of a diMerence in
incidence or resolution of cholestasis respectively with use of a pure F-LE versus S-LE (using a Cbil cut-oM of 2 mg/dL).

In preterm infants with PNALD/cholestasis (using any definition), the meta-analysis showed significantly less cholestasis with the use of
fish oil-LE compared to S-LE (typical RR 0.54, 95% CI 0.32 to 0.91; typical RD –0.39, 95% CI –0.65 to –0.12; number needed to treat for an
additional beneficial outcome (NNTB) 3, 95% CI 2 to 9; 2 studies; n = 40; very low-quality evidence). However, this outcome had a very
low number of participants from two small studies with methodological diMerences, one of which was terminated early, increasing the
uncertainty about eMect estimates.

There were no diMerences between LE types in pair-wise meta-analyses for growth in preterm infants. There was paucity of studies in
preterm infants with surgical conditions or cholestasis to perform meta-analyses for growth and most other outcomes.

In the secondary outcomes for preterm infants, there was no diMerence between fish-oil LE and non-fish oil LE in meta-analysis for
severe retinopathy of prematurity (ROP) (stage 3 or greater, or requiring surgery: typical RR 0.80, 95% CI 0.55 to 1.16; typical RD –
0.03, 95% CI –0.07 to 0.02; 7 studies; n = 731; very low-quality evidence). There were no diMerences in the LE types in pair-wise meta-
analyses for death, bronchopulmonary dysplasia (BPD), ventilation duration, patent ductus arteriosus, sepsis, necrotising enterocolitis,
intraventricular haemorrhage, periventricular leukomalacia, jaundice, hyperglycaemia, hypertriglyceridaemia, intrahepatocellular lipid
content and conjugated bilirubin levels in any comparison.

In surgical infants, one study (n = 19) reported no diMerences in death, sepsis rates, Cbil and neurodevelopmental outcomes with pure F-
LE versus S-LE.

In infants with cholestasis, there were no evidence of diMerences in death or sepsis in meta-analyses between fish oil-LE and S-LE; (2 studies;
n = 40; very low-quality evidence).

Authors' conclusions

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, BPD and other neonatal outcomes.

In preterm infants with surgical conditions or cholestasis, there is currently insuMicient evidence from randomised studies to determine
with any certainty if fish oil LEs oMer advantage in prevention or resolution of cholestasis or in any other clinical outcome.

Further research, with larger well-designed trials, is warranted to evaluate the ideal composition of LE in preterm infants and the role of
fish oil-containing and other LEs in the prevention and resolution of PNALD, ROP and other clinical outcomes.

P L A I N   L A N G U A G E   S U M M A R Y

Systematic review of lipid emulsions for intravenous nutrition in preterm infants.

Review question: which lipid (fat) emulsions (LE) have the best outcomes in preterm infants with and without liver disease and surgical
conditions?

Background: preterm infants who need nutrition (feeding) through intravenous (into a vein; called parenteral nutrition) lines have been
conventionally given pure soybean oil-based fat emulsions. However, high polyunsaturated fatty acid (PUFA) content and phytosterols in
pure soybean oil-based emulsions may be harmful and contribute to parenteral nutrition-associated liver disease (PNALD). The newer lipid
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emulsions (LE) from alternative lipid sources, including fish oil, may potentially improve clinical outcomes in preterm infants by decreasing
PUFA content and providing lipid source-specific benefits.

Study characteristics: we searched the medical literature and identified 29 studies (including 2037 preterm infants). The evidence is up
to date as of 18 June 2018.

Key findings: in the population of preterm infants, without liver disease or surgical conditions, no particular LE was better than another
for growth, liver disease, death, retinopathy (eye disease), infection and chronic lung disease.

While there was very low quality and limited evidence to suggest that fish oil-based LE may improve liver disease-related outcomes in
infants with pre-existing liver disease, this evidence was based on a limited number of infants from two small studies, one of which was
terminated early, and no certain conclusions can be drawn.

Conclusions: based on this review, no particular LE is better than another for intravenous nutrition in preterm infants. There currently
exists insuMicient evidence from well-designed studies about the benefit of fish oil-LE for improving liver disease-related outcomes in
infants with pre-existing liver disease or surgical conditions. Further research is required to establish the role of fish oil-LE for liver disease
outcomes in preterm infants and the ideal composition of LE for preterm infants.

Lipid emulsions for parenterally fed preterm infants (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
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S U M M A R Y   O F   F I N D I N G S

 

Summary of findings for the main comparison.   Fish oil lipid emulsion (LE) compared to non-fish oil LE for parenterally fed preterm infants

Fish oil LE compared to non-fish oil LE for parenterally fed preterm infants

Patient or population: parenterally fed preterm infants
Setting: neonatal intensive care unit
Intervention: fish oil LE
Comparison: non-fish oil LE

Anticipated absolute effects* (95%
CI)

Outcomes

Risk with non-
fish oil LE

Risk with fish oil
LE

Relative effect
(95% CI)

No of partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Comments

Growth rate

– MOFS-LE vs S-LE

The mean rate
of weight gain
was 0 g/kg/day

MD 0.71 g/kg/day
higher
(0.17 lower to 1.6
higher)

— 347
(5 studies)

⊕⊕⊝⊝

Lowa,b,c

Data from studies could not be includ-
ed, e.g. data as z scores.

Study population (conjugated biliru-
bin ≥ 2 mg/dL)

PNALD/cholestasis (conju-
gated bilirubin ≥ 2 mg/dL)

– all fish oil LE vs non-fish oil
LE

(combined subgroups)

44 per 1000 27 per 1000

(11 to 69)

RR 0.61

(0.24 to 1.56)

328

(4 studies)

⊕⊕⊝⊝

Lowb,c

Unit of analysis error was avoided by
combining all arms of multiarm study.

Study population (assumed baseline
risk of 10%)

PNALD/cholestasis (any def-
inition: low and unclear risk

of bias studies)

– all fish oil LE vs non-fish oil
LE

100 per 1000 80 per 1000
(53 to 121)

RR 0.80

(0.53 to 1.21)

1024

(10 studies)

⊕⊕⊝⊝

Lowb,c

Primary analysis restricted to studies
at low or unclear risk of bias. Unit of
analysis error was avoided by combin-
ing all arms of multiarm study.

Study population (assumed baseline
risk of 10%)

PNALD/cholestasis

(any definition): combined
subgroups (all studies)

– all fish oil LE vs non-fish oil
LE

100 per 1000 63 per 1000
(43 to 91)

RR 0.63
(0.43 to 0.91)

1154

(11 studies)

⊕⊝⊝⊝

Very lowb,d,e

Unit of analysis error was avoided by
combining all arms of the multiarm
study.
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5

Study populationDeath before discharge

– MOFS-LE vs S-LE 79 per 1000 98 per 1000
(64 to 150)

RR 1.24
(0.81 to 1.90)

855
(9 studies)

⊕⊕⊝⊝

Lowb,c

The result is presented for only MOFS-
LE vs S-LE which was the subgroup
with maximum studies in this out-
come.

Study populationROP ≥ stage 3 or requiring
surgery

– all fish oil LE vs non-fish oil
LE

108 per 1000 86 per 1000
(59 to 125)

RR 0.80
(0.55 to 1.16)

731
(7 studies)

⊕⊝⊝⊝

Very lowb,c,d

—

Study populationCLD (oxygen requirement
at 36 weeks' postmenstrual
age)

– MOFS-LE vs S-LE

235 per 1000 235 per 1000
(176 to 314)

RR 1
(0.75 to 1.34)

581
(6 studies)

⊕⊕⊝⊝

Lowb,c

The result is presented for only MOFS-
LE vs S-LE which was the subgroup
with maximum studies in this out-
come.

Study populationCulture-positive sepsis

– fish oil LE vs non-fish oil LE 223 per 1000 258 per 1000
(202 to 329)

RR 1.16
(0.91 to 1.48)

774
(7 studies)

⊕⊕⊝⊝

Lowb,c

Some studies reported combined cul-
ture positive and clinical sepsis. Oth-
ers provided data on any sepsis.

Conjugated bilirubin levels

– MOFS-LE vs S-LE

The mean con-
jugated biliru-
bin levels was 0
µmol/L

MD 0.48 µmol/L
lower
(1.16 lower to 0.19
higher)

— 673
(8 studies)

⊕⊕⊝⊝

Lowc,f

The measurement and reporting of
conjugated bilirubin varied from 7
days to 6 weeks between studies.

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).

CI: confidence interval; CLD: chronic lung disease; LE: lipid emulsion; MD: mean difference; MOFS-LE: medium-chain triglycerides (MCT)-olive-fish-soybean oil-lipid emul-
sion; PNALD: parenteral nutrition-associated liver disease; ROP: retinopathy of prematurity; RR: risk ratio; S-LE: soybean oil-based lipid emulsion.

GRADE Working Group Grades of Evidence
High quality: we are very confident that the true effect lies close to that of the estimate of the effect
Moderate quality: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is sub-
stantially different
Low quality: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect
Very low quality: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect

aStudy reporting bias: some studies that did not find a diMerence between the groups did not provide data. We were unable to include data from some studies due to the format
in which data were presented.
bDowngraded by one level as optimal information size not reached.
cDowngraded by one level as the CI crossed the null eMect and the limit of appreciable harm or benefit (0.75 or 1.25); or crossed limit of clinically appreciable harm or benefit
in a continuous outcome (author consensus).
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6

dDowngraded by one level as one study that contributed significant weight in the outcome was assigned high risk of bias for incomplete reporting.
eDowngraded by one level for moderate heterogeneity and diMerent direction of the eMect estimates.
fNumber of studies had provided data in median and ranges or interquartile ranges. Therefore, imputation was used in a significant number of studies. In addition, diMerence in
time of measurement may cause variation in the true eMect size for conjugated bilirubin in two arms. The evidence was downgraded by one level for these two reasons.
 
 

Summary of findings 2.   Fish oil lipid emulsion (LE) compared to another fish oil LE for parenterally fed preterm infants

Fish oil LE compared to another fish oil LE for parenterally fed preterm infants

Patient or population: parenterally fed preterm infants
Settings: neonatal intensive care unit
Intervention: fish oil LE (MOFS-LE)
Comparison: another fish oil LE (MFS-LE)

Illustrative comparative risks* (95% CI)

Assumed risk Corresponding risk

Outcomes

Other fish oil
LE

Fish oil LE

Relative effect
(95% CI)

No of partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Comments

Growth rate

– MOFS-LE vs MFS-LE

— The mean rate of weight gain in the in-
tervention groups was
4 g/kg/day higher
(2.03 lower to 10.03 higher)

— 55
(1 study)

⊕⊕⊝⊝

Lowa,b

—

Study populationPNALD/cholestasis

(conjugated bilirubin ≥ 2 mg/
dL)

– MOFS-LE vs MFS-LE

37 per 1000 36 per 1000
(2 to 543)

RR 0.96 
(0.06 to 14.65)

55
(1 study)

⊕⊕⊝⊝

Lowa,b

—

Study populationDeath before discharge

– MOFS-LE vs MFS-LE 67 per 1000 67 per 1000
(10 to 443)

RR 1 
(0.15 to 6.64)

60
(1 study)

⊕⊕⊝⊝

Lowa,b

—

Study populationCLD (oxygen requirement at 36
weeks' postmenstrual age)

– MOFS-LE vs MFS-LE
185 per 1000 215 per 1000

(74 to 620)

RR 1.16 
(0.4 to 3.35)

55
(1 study)

⊕⊕⊝⊝

Lowa,b

—
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Study populationAny sepsis (clinical or culture
positive (or both))

– MOFS-LE vs MFS-LE
148 per 1000 250 per 1000

(83 to 757)

RR 1.69 
(0.56 to 5.11)

55
(1 study)

⊕⊕⊝⊝

Lowa,b

—

Conjugated bilirubin levels

– MOFS-LE vs MFS-LE

— The mean conjugated bilirubin levels
in the intervention group was
1.4 µmol/L lower
(6.4 lower to 3.6 higher)

— 55
(1 study)

⊕⊕⊝⊝

Lowa,b

—

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).

CI: confidence interval; CLD: chronic lung disease; LE: lipid emulsion; MFS-LE: medium-chain triglyceride-fish-soybean lipid emulsion; MOFS-LE: medium-chain triglyc-
erides (MCT)-olive-fish-soybean oil-lipid emulsion; PNALD: parenteral nutrition-associated liver disease; RR: risk ratio.

GRADE Working Group Grades of Evidence
High quality: further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: we are very uncertain about the estimate.

aDowngraded by one level as optimal information size not reached.
bDowngraded by one level as the CI crossed the null eMect and the limit of appreciable harm or benefit (0.75 or 1.25); or crossed limit of clinically appreciable harm or benefit
in a continuous outcome (author consensus).
 
 

Summary of findings 3.   Alternative lipid emulsion (LE) versus soybean oil-based LE (S-LE) for parenterally fed preterm infants

Alternative-LE vsS-LE for parenterally fed preterm infants

Patient or population: parenterally fed preterm infants
Settings: neonatal intensive care unit
Intervention: alternative-LE
Comparison: S-LE

Illustrative comparative risks* (95% CI)

Assumed risk Corresponding risk

Outcomes

Control Alternative-LE vsS-LE

Relative effect
(95% CI)

No of participants
(studies)

Quality of the evi-
dence
(GRADE)

Growth rate — The mean rate of weight gain in the interven-
tion group was

— 60
(1 study)

⊕⊕⊝⊝

Lowa,b
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– MS-LE vs S-LE 2.67 g/kg/day lower
(8.2 lower to 2.86 higher)

Growth rate

– OS-LE vs S-LE

— The mean rate of weight gain in the interven-
tion group was
0.42 g/kg/day lower
(5.15 lower to 4.3 higher)

— 123
(2 studies)

⊕⊕⊝⊝

Lowa,b

Study population (assumed risk 10%)PNALD/cholestasis

(any definition)

– OS-LE vs S-LE

100 per 1000 100 per 1000
(26 to 386)

RR 1.0 
(0.26 to 3.86)

261
(4 studies)

⊕⊕⊝⊝

Lowa,b

Study population (assumed risk 10%)PNALD/cholestasis

(conjugated bilirubin ≥ 2
mg/dL)

– OS-LE vs S-LE

100 per 1000 100 per 1000
(15 to 68)

RR 1.0
(0.15 to 6.82)

159
(2 studies)

⊕⊕⊝⊝

Lowa,b

Study populationDeath before discharge

– OS-LE vs S-LE 27 per 1000 27 per 1000
(6 to 129)

RR 1.0 
(0.21 to 4.82)

224
(3 studies)

⊕⊕⊝⊝

Lowa,b

Death before discharge

– MS-LE vs S-LE

See comment See comment Not estimable 60
(1 study)

No events in either
group

Study populationAny ROP

– OS-LE vs S-LE 292 per 1000 286 per 1000
(195 to 417)

RR 0.98 
(0.67 to 1.43)

142
(3 studies)

⊕⊝⊝⊝

Very lowa,b,c

Study populationAny BPD

– OS-LE vs S-LE

(sensitivity analysis)

150 per 1000 151 per 1000
(85 to 268)

RR 1.01 
(0.57 to 1.79)

197
(3 studies)

⊕⊕⊝⊝

Lowa,b

Study populationCulture-positive sepsis

– OS-LE vs S-LE 110 per 1000 134 per 1000
(59 to 305)

RR 1.22 
(0.54 to 2.78)

164
(2 studies)

⊕⊕⊝⊝

Lowa,b
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Conjugated bilirubin levels

– OS-LE vs S-LE

— The mean conjugated bilirubin levels in the in-
tervention groups was
0.24 µmol/L lower
(1.03 lower to 0.55 higher)

— 310
(5 studies)

⊕⊕⊝⊝

Lowa,b

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).

BPD: bronchopulmonary dysplasia; CI: confidence interval; LE: lipid emulsion; MS-LE: medium-chain triglyceride-soybean oil-based lipid emulsion; OS-LE: olive oil-soy-
bean oil-based lipid emulsion; PNALD: parenteral nutrition-associated liver disease; ROP: retinopathy of prematurity; RR: risk ratio; S-LE: soybean oil-based lipid emulsion.

GRADE Working Group Grades of Evidence
High quality: further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: we are very uncertain about the estimate.

aDowngraded by one level as optimal information size not reached.
bDowngraded by one level as the CI crossed the null eMect and the limit of appreciable harm or benefit (0.75 or 1.25); or crossed limit of clinically appreciable harm or benefit
in a continuous outcome (author consensus).
cDowngraded by one level as one study was at high risk of material bias.
 
 

Summary of findings 4.   Alternative lipid emulsion (LE) compared to another alternative-LE for parenterally fed preterm infants

Alternative-LE compared to another alternative-LE for parenterally fed preterm infants

Patient or population: parenterally fed preterm infants
Settings: neonatal intensive care unit
Intervention: alternative-LE
Comparison: another alternative-LE

Illustrative comparative risks* (95% CI)

Assumed risk Corresponding risk

Outcomes

Other alterna-
tive-LE

Alternative-LE

Relative effect
(95% CI)

No of participants
(studies)

Quality of the evi-
dence
(GRADE)

Growth rate

– MS-LE vs OS-LE

— The mean rate of weight gain in the inter-
vention groups was
1.33 g/kg/day lower
(7.36 lower to 4.7 higher)

— 59
(1 study)

⊕⊕⊝⊝

Lowa,b
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1
0

Study populationPNALD/cholestasis

(conjugated bilirubin ≥ 2 mg/dL)

– MS-LE vs OS-LE

0 per 1000 0 per 1000
(0 to 0)

RR 2.9 
(0.12 to 68.5)

59
(1 study)

⊕⊕⊝⊝

Lowa,b

Death before discharge

– MS-LE vs OS-LE

See comment See comment Not estimable 60
(1 study)

No events in either
group

Study populationCLD (oxygen requirement at 36
weeks' postmenstrual age)

– MS-LE vs OS-LE
172 per 1000 133 per 1000

(40 to 448)

RR 0.77 
(0.23 to 2.6)

59
(1 study)

⊕⊕⊝⊝

Lowa,b

Study populationAny sepsis (clinical or culture
positive (or both))

– MS-LE vs OS-LE
138 per 1000 266 per 1000

(90 to 790)

RR 1.93 
(0.65 to 5.73)

59
(1 study)

⊕⊕⊝⊝

Lowa,b

Conjugated bilirubin levels

– MS-LE vs OS-LE

— The mean conjugated bilirubin levels in
the intervention groups was
2.91 µmol/L lower
(6.87 lower to 1.05 higher)

— 59
(1 study)

⊕⊕⊝⊝

Lowa,b

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).

CI: confidence interval; CLD: chronic lung disease; LE: lipid emulsion; MS-LE: medium-chain triglyceride-soybean oil-lipid-based emulsion; OS-LE: olive oil-soybean oil-
based lipid emulsion; PNALD: parenteral nutrition-associated liver disease; RR: risk ratio.

GRADE Working Group Grades of Evidence
High quality: further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: we are very uncertain about the estimate.

aDowngraded by one level as optimal information size not reached.
bDowngraded by one level as the CI crossed the null eMect and the limit of appreciable harm or benefit (0.75 or 1.25); or crossed limit of clinically appreciable harm or benefit
in a continuous outcome (author consensus).
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1

Summary of findings 5.   Fish oil lipid emulsion (LE) compared to non-fish oil LE in parenterally fed preterm infants with surgical conditions

Fish oil LE compared to non-fish oil LE in preterm infants with surgical conditions for parenterally fed preterm infants

Patient or population: parenterally fed preterm infants with surgical conditions
Settings: NICU
Intervention: fish oil LE (pure F-LE)
Comparison: non-fish oil LE (S-LE)

Illustrative comparative risks* (95% CI)

Assumed risk Corresponding risk

Outcomes

Non-fish oil LE
in preterm in-
fants with sur-
gical condi-
tions

Fish oil LE

Relative effect
(95% CI)

No of partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Comments

Study populationPNALD/cholestasis

(conjugated bilirubin ≥ 2
mg/dL)

– pure F-LE vs S-LE

100 per 1000 111 per 1000
(8 to 1000)

RR 1.11 
(0.08 to 15.28)

19
(1 study)

⊕⊝⊝⊝

Very lowa,b,c,d

—

Death before discharge

– pure F-LE vs S-LE

See comment See comment Not estimable 19
(1 study)

— No events in either
group

Study populationCulture-positive sepsis

– pure F-LE vs S-LE About 400 per
1000

444 per 1000
(156 to 1000)

RR 1.11
(0.39 to 3.19)

19
(1 study)

⊕⊝⊝⊝

Very lowa,b,c,d

—

Conjugated bilirubin levels

– pure F-LE vs S-LE

— The mean conjugated bilirubin levels
in the intervention group was
0 µmol/L higher
(11.3 lower to 11.3 higher)

— 19
(1 study)

⊕⊝⊝⊝

Very lowa,b,c,d

—

Neurodevelopmental out-
comes (6 months)

– pure F-LE vs S-LE

— Study reported no significant differ-
ence in non-parametric statistics

— 11

(1 study)

— Grade of evidence
was likely to be
very low.
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Parametric statis-
tics not available.

Neurodevelopmental out-
comes (24 months)

– pure F-LE vs S-LE

— Study reported no significant differ-
ence in non-parametric statistics

— 10
(1 study)

— Grade of evidence
was likely to be
very low.

Parametric statis-
tics not available

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).

CI: confidence interval; F-LE: fish oil lipid emulsion; LE: lipid emulsion; PNALD: parenteral nutrition-associated liver disease; RR: risk ratio; S-LE: soybean oil-based lipid
emulsion.

GRADE Working Group Grades of Evidence
High quality: further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: we are very uncertain about the estimate.

aDowngraded by one level as optimal information size not reached.
bDowngraded by one level as the CI crossed the null eMect and the limit of appreciable harm or benefit (0.75 or 1.25); or crossed limit of clinically appreciable harm or benefit
in a continuous outcome (author consensus).
cThe evidence could be potentially further downgraded by one level for this outcome as it was a single small study. This downgrading would not apply if this was a large
randomised study.
dDowngraded by one level due to potential risk of bias due to early termination of study and due to use of 10% Intralipid.
 
 

Summary of findings 6.   Fish oil lipid emulsion (LE) compared to non-fish oil LE for parenterally fed preterm infants with cholestasis

Fish oil LE compared to non-fish oil LE for parenterally fed preterm infants with cholestasis

Patient or population: parenterally fed preterm infants with cholestasis
Setting: NICU
Intervention: fish oil LE
Comparison: non-fish oil LE

Anticipated absolute effects* (95% CI)Outcomes

Risk with non-fish oil
LE

Risk with fish oil LE

Relative effect
(95% CI)

No of partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Comments
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Study population

0 per 1000 (baseline
rate)

0 per 1000

Resolution of PNALD/ cholesta-
sis

(conjugated bilirubin < 2 mg/
dL)

Pure F-LE vs Intralipid
Follow-up: mean 2–4 months

50 per 1000 (if 5% of in-
fants with cholestasis
improve with non-fish
LE)

280 per 1000 improved
with fish oil emulsion
(17 to 1000)

RR 5.6
(0.34 to 93.35)

16
(1 study)

⊕⊝⊝⊝

Very lowa,b,c,e

Fish oil LE likely re-
duced resolution of
PNALD/ cholestasis.
This used 10% In-
tralipid.

Study populationPNALD/ cholestasis

(any definition)

MOFS-LE vs S-LE

Pure F-LE vs S-LE

Follow-up: mean 2–4 months

800 per 1000 continued
to have cholestasis

(80% rate in non-fish oil
LE)

432 per 1000

had cholestasis
(256 to 728)

RR 0.54
(0.32 to 0.91)

40
(2 studies)

⊕⊝⊝⊝

Very lowb,c,d

Fish oil LE may have
reduced PNALD/
cholestasis – MOFS-
LE vs S-LE.

1 trial was stopped
after interim analy-
sis. 1 trial used 10%
Intralipid.

Growth rate

Pure F-LE vs S-LE

The mean weight gain

0 g/week

MD 45 g/week higher
(15.00 higher to 75.00
higher)

— 16
(1 study)

⊕⊝⊝⊝

Very lowb,c,e

—

Head growth velocity

Pure F-LE vs S-LE

The mean head growth
velocity

was 0 cm/week

MD 0.16 cm/week high-
er
(0.01 lower to 0.33 high-
er)

— 16
(1 study)

⊕⊝⊝⊝

Very low,a,b,c,e

—

Study populationDeath before discharge

– MOFS-LE vs S-LE

– Pure F-LE vs IL

150 per 1000 36 per 1000
(4 to 280)

RR 0.24
(0.03 to 1.87)

40
(2 studies)

⊕⊝⊝⊝

Very lowa,b,c

—

Study populationAny sepsis

– MOFS-LE vs S-LE

– Pure F-LE vs IL

300 per 1000 363 per 1000
(150 to 876)

RR 1.21
(0.5 to 2.92)

40
(2 studies)

⊕⊝⊝⊝

Very lowa,b,c

—

Conjugated bilirubin levels

– MOFS-LE vs S-LE

The mean conjugated
bilirubin levels was 0
μmol/L

MD 47 µmol/L lower
(71.65 lower to 22.35
lower)

— 24
(1 study)

⊕⊕⊝⊝

Lowb,e

Authors excluded 1
infant with sepsis-re-
lated increase in con-
jugated bilirubin in
their analysis.
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*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).

CI: confidence interval; F-LE: fish oil lipid emulsion; LE: lipid emulsion; MOFS-LE: medium-chain triglycerides (MCT)-olive-fish-soybean oil-lipid emulsion; PNALD: parenter-
al nutrition-associated liver disease; RR: risk ratio; S-LE: soybean oil-based lipid emulsion.

GRADE Working Group Grades of Evidence
High quality: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate quality: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is sub-
stantially different.
Low quality: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low quality: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

aDowngraded by one level as the eMect size confidence intervals include null eMect and RR of 0.75 or 1.25 (or limit of appreciable benefit or harm for continuous outcomes).
bDowngraded by one level as the optimal information size is not reached.
cTrial stopped prior to full completion. Evidence was downgraded by one level where this trial contributed > 20% or was the only contributor to evidence.
dDowngraded by one level as the two studies in this outcome used diMerent cut-oMs for conjugated bilirubin.
eThe evidence would be further downgraded by one level for this outcome as it was a single small study. This downgrading would not apply if this was a large randomised study.
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B A C K G R O U N D

Description of the condition

Preterm infants frequently require total or partial parenteral
nutrition (PN) to provide all or part of their caloric requirements to
ensure adequate growth. In theory, preterm infants would follow
the same growth curves postnatally as those for a normal foetus
of the same gestational age (AAP 1985). In reality, this proves
challenging, as preterm infants are compromised by their critical
illness and immaturity of many of their organs. The growth of nearly
all preterm infants in neonatal intensive care lags far behind foetal
growth curves in the third trimester (Ehrenkranz 2000). Critically
ill preterm infants do not receive suMicient protein and energy
to achieve adequate growth (Hay 2008). Lipid emulsions (LEs)
have been a vital component of PN in preterm infants since their
introduction in the 1960s. Lipids are an attractive energy source
because of their high-density energy and their supply of essential
fatty acids necessary for central nervous system development
(Vlaardingerbroek 2012). In addition, lipids are needed to prevent
essential fatty acid (EFA) deficiency in preterm infants (Lee 1993).

Description of the intervention

LEs serve as a source of high-density energy and EFAs (i.e.
linoleic acid (ω-6 fatty acid) and alpha-linolenic acid (ω-3 fatty
acid)). These are precursors for eicosanoids, active in numerous
physiological mechanisms such as platelet function, immune
response, inflammation, and early visual and neural development
(Driscoll 2008; Koletzko 2001; Lapillonne 2013; SanGiovanni 2000).

Pure soybean oil-based lipid emulsions (S-LEs; e.g. Intralipid, Ivelip,
Liposyn III) have been the standard LEs used in neonatal intensive
care units (NICUs) worldwide for the last few decades (de Meijer
2009). However, there is evidence to suggest that S-LEs may
have harmful eMects due to excessive polyunsaturated fatty acid
(PUFA) and linoleic acid content (Sala-Vila 2007). Newer LEs aim to
decrease the excessive ω-6 fatty acid content by using lipids from
sources other than soybean oil.

Medium-chain triglyceride (MCT)-based lipid emulsions (coconut
oil-derived) decrease the ω-6 content by adding MCT to LEs; for
example, Lipovenoes MCT and 20% Lipofundin MCT/long-chain
triglyceride (LCT) are a 1:1 mix of MCT and LCT (Vanek 2012).
Structured LEs (e.g. Structolipid) are a modification of MCT-LCT-
based lipid emulsions and are formed by re-esterification of
medium- and long-chain fatty acids (Waitzberg 2006). Olive oil-
based lipid emulsions which are rich in the monounsaturated fatty
acid, oleic acid (18:1; ω-9), have been available since the 1990s. For
example, ClinOleic is an olive oil-based lipid emulsion with a 4:1
ratio of olive oil to soybean oil, and one-third of the PUFA content
compared with S-LE (e.g. 20% Intralipid). Fish oil-containing lipid
emulsions (e.g. Omegaven), which are rich in ω-3 fatty acids and
have a low ratio of ω-6 to ω-3, have also been developed (Wanten
2007).

More recently, LEs derived from multiple sources have become
available for clinical use. SMOFlipid is one such LE; it is a 30:30:25:15
mix of MCT, soybean oil, olive oil and fish oil (Sala-Vila 2007).
Lipidem, also known as Lipiplus in some countries, is a 5:4:1 mix of
MCT, soybean oil and fish oil.

However, there is a concern that the lipid profile of the breast milk
is significantly diMerent compared to lipid constituents (including

arachidonic acid, docosahexaenoic acid and eicosapentanoic acid)
in the available LEs for preterm infants including SMOFlipid
(Scholtens 2009; Appendix 1).

How the intervention might work

Currently available LE formulations diMer in the source of lipid,
fatty acid profile, antioxidant levels and presence of additional
components (Wanten 2007).

S-LEs have excessive amounts of PUFA (up to 60%) and linoleic acid
(50%) (Sala-Vila 2007), which exceeds the daily preterm linoleic acid
requirement of 0.25 g/kg/day and adds to oxidative stress (Koletzko
2005; Pitkanen 1991). This may aggravate adverse outcomes,
including chronic lung disease (Schock 2001), and retinopathy of
prematurity (ROP; Mylonas 1999).

Conventional S-LEs contribute to parenteral nutrition-associated
liver disease (PNALD) in preterm infants (de Meijer 2009);
phytosterols, present in soybean oil, may have harmful eMects on
liver function (de Meijer 2009). However, one randomised study
found no association of phytosterols with liver dysfunction (Savini
2013). High amounts of linoleic acid and alpha-linolenic acid in

S-LEs may lead to substrate inhibition of Δ6desaturase (Göbel
2003), resulting in decreased formation of arachidonic acid and
docosahexaenoic acid, which are crucial for visual and cognitive
development in preterm infants (Heird 2005; Lehner 2006). S-
LEs also lead to an increase in proinflammatory prostaglandins
and leukotrienes (Wanten 2007), which may increase the risk of
sepsis (Palmblad 1991), and may adversely aMect phagocytic and
lymphocytic functions (Gogos 1995).

MCT (coconut oil-derived) and LCT (soybean oil-derived)-based
lipid emulsions (MS-LEs) may have advantages due to reduced ω-6
content and the rapid metabolism of MCTs. Early data suggested
good tolerance in preterm infants with increased eicosapentaenoic
acid levels and an equivalent EFA profile compared with S-LEs
(Lehner 2006). However, in vitro studies have raised concerns that
MCTs may cause leukocyte activation, impair immune function
and decrease killing of Candida albicans (Waitzberg 2006; Wanten
2007). MCT oil LEs have also been associated with impaired lung
function and aggravation of tissue inflammation in adults with
acute respiratory distress syndrome (Lekka 2004); they may also
be ketogenic, which limits their utility in people with acidosis
(Waitzberg 2006).

Structured LEs have an even distribution of medium-chain fatty
acids in the lipid droplets, aimed at reducing the immunological
adverse eMects of MS-LEs. There is limited evidence to suggest that
structured emulsions are well tolerated in people who are critically
ill; however, unlike MS-LEs, they may not aMect phagocyte function
(Wanten 2007).

Borage oil-soybean oil-based lipid emulsions (BS-LEs) substitute
the soybean content partially with borage oil, which is the highest

source of gamma-linolenic acid (18:3; ω-6). The enzyme Δ6-
desaturase is essential in the conversion from linoleic acid to
gamma-linolenic acid and is considered the rate-limiting step in the
metabolism from linoleic acid to arachidonic acid. Borage oil-based
lipid emulsions were developed to potentially circumvent this
enzymatic step. PFE 4501 (Pharmacia, Sweden) is a combination
of borage oil (15%) and soybean oil (85%) with increased amounts

Lipid emulsions for parenterally fed preterm infants (Review)
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of carnitine to prevent carnitine deficiency in preterm infants
(Magnusson 1997).

Olive oil-soybean oil-based lipid emulsions (OS-LEs) have
generated interest due to the immune-neutral nature of oleic
acid (Reimund 2004), decreased PUFA content, higher alpha-
tocopherol content (Sala-Vila 2007), and reduced peroxidability
of low-density lipoproteins, with an overall reduction in oxidative
stress (Goulet 1999; Krohn 2006). OS-LE (ClinOleic) has a fatty acid
composition similar to that of breast milk, and results in higher
alpha-tocopherol levels in preterm infants when compared with
S-LE (Intralipid; Göbel 2003). Studies have reported decreased
immunological disturbance, with less inhibition of T-cell activation,
less eMect on interleukin-2 production and decreased alteration in
neutrophil responses with OS-LE compared with S-LE (Buenestado
2006; Gawecka 2008a; Granato 2000). Olecanthol, a minor
component in olive oil, inhibits the cyclo-oxygenase pathway but
not the 5-lipoxygenase pathway, displaying "ibuprofen-like" anti-
inflammatory activity (Beauchamp 2005). OS-LE may decrease the
incidence of hyperglycaemia when compared with S-LE (Intralipid)
(Van Kempen 2006). Randomised controlled trials (RCT) of critically
ill neonates and preterm infants less than 32 weeks' gestation have
shown OS-LE to be as equally well-tolerated as conventional S-LE
(Gawecka 2008a).

Fish oil-containing lipid emulsions (F-LEs) have increased ω-3
PUFAs, resulting in inhibition of the cyclo-oxygenase pathway
and preferential use of the lipoxygenase pathway, which in
turn decreases proinflammatory prostaglandins (Fürst 2000).
Eicosapentaenoic acid (C20:5; ω-3), present in fish oil, activates
the peroxisome proliferator-activated receptors, alpha and gamma,
which in turn antagonise the nuclear factor-κB signalling pathway,
leading to reduced production of inflammatory mediators (Fürst
2000). Studies in adults have indicated that in sepsis, F-LE
decreases the length of hospital stay, readmission rate, rate of
mechanical ventilation, and improves survival (Wanten 2007). In
observational studies, a pure F-LE (Omegaven) decreased and
reversed PNALD in infants, resulting in decreased mortality and
lower levels of triglycerides (TG), conjugated bilirubin and liver
enzymes compared with S-LE (20% Intralipid) (de Meijer 2009;
Puder 2009). However, in one randomised study, there was
no diMerence between the SMOFlipid and MS-LE between the
incidence of cholestasis in infants of 34 weeks' gestation and
above, who underwent surgery for major gastrointestinal (GI)
abnormalities (Pereira-da-Silva 2017).

Evidence from one systematic review of preterm infants given F-
LEs suggested that docosahexaenoic acid and eicosapentaenoic
acid decreased significantly in red blood cell membranes, and
arachidonic acid significantly increased (Zhao 2015).

Multisource lipid emulsions (MCT-fish-soybean oil-based lipid
emulsions (MFS-LEs) and MCT-olive-fish-soybean oil-based lipid
emulsions (MOFS-LEs) derive the advantages of lipids from multiple
sources, including MCTs (rapidly metabolised lipids), soybean oil
(essential fatty acid source), olive oil (fewer immune eMects) and
fish oil (anti-inflammatory eMects). There is evidence of reduced
hospital stay, better plasma elimination of TGs, better alpha-
tocopherol levels, and good tolerance profile with a MOFS-LE
(SMOFlipid) in adults (Grimm 2005; Wanten 2007). F-LE (ClinOleic
and Omegaven in a 1:1 combination) decreased cholestasis
and the incidence of ROP requiring laser therapy in preterm
infants (Pawlik 2011; Pawlik 2014). One prospective observational

cohort study in preterm infants reported decreased incidence of
bronchopulmonary dysplasia (BPD) with SMOFlipid (Skouroliakou
2012). Meta-analyses have shown decreases in the incidence of
cholestasis and severe ROP with F-LEs in preterm infants (Kotiya
2016; Vayalthrikkovil 2017).

The abbreviation scheme used for alternative-LEs is described in
Appendix 2.

Why it is important to do this review

The introduction of life-saving PN was a landmark in neonatal care,
but it appears that the conventionally used S-LEs are far from
ideal. Conventional S-LEs, despite their widespread use, may have
harmful eMects in infants due to their high PUFA content which may
contribute to adverse outcomes including mortality, PNALD, ROP,
BPD and sepsis.

We aimed to synthesise evidence from randomised studies
comparing diMerent LE regarding various clinical outcomes in
preterm infants with or without liver disease or surgical conditions.

Other systematic reviews about LEs for preterm infants include
Vlaardingerbroek 2012, Park 2015, and Vayalthrikkovil 2017.

A previous version of this review, comparing newer LE to
conventional S-LE, was published in 2015 (Kapoor 2015). This
review will replace the 2015 review and extend the scope to
evaluate all available comparisons against each other in a pair-wise
manner.

O B J E C T I V E S

To compare the safety and eMicacy of all LE for parenteral nutrition
(PN) in preterm infants using direct comparisons and pair-wise
meta-analyses.

To determine the eMectiveness and safety of diMerent LEs in
relation to gestational age (less than 30 weeks' gestation; 30 weeks'
gestation or more), birth weight (1000 g or less; more than 1000 g)

To determine safety and eMicacy of diMerent LEs in preterm infants
with clinical condition (infants undergoing surgery, infants with
established cholestasis).

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included RCTs. Quasi-randomised trials and cluster-randomised
trials were also eligible for inclusion. We excluded cross-over RCTs.

Types of participants

We considered three populations in the current review including:

• Preterm infants (less than 37 weeks' gestation) who received
intravenous LE as part of total parenteral nutrition (TPN) or
partial parenteral nutrition (PPN) within the first week of life and
for a minimum of five days;

• Preterm infants (less than 37 weeks' gestation) with surgical
conditions who received intravenous LE as part of TPN or PPN
within the first six months of life;

Lipid emulsions for parenterally fed preterm infants (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

16



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

• Preterm infants (less than 37 weeks' gestation) with PNALD/
cholestasis who received intravenous LE as part of TPN or PPN
within the first six months of life.

There was no restriction on comorbidities including surgery in
preterm infants with PNALD.

Types of interventions

We included studies comparing various LEs, including newer LEs
(lipids derived from olive oil, fish oil and MCT; structured lipids and
multisource LEs) and conventional pure S-LE in preterm infants.

Eligible lipid emulsions

S-LEs: LEs with 100% lipids derived solely from soybean oil.

• Intralipid.

• Ivelip.

• Liposyn III.

F-LEs: all fish oil-containing LEs.

• MOFS-LEs (e.g. SMOFlipid).

• MFS-LEs (e.g. Lipidem).

• Pure fish oil (pure F-LE; e.g. Omegaven).

Alternative-LEs: all alternative-LEs with partial or complete
substitution of soybean oil from other sources, but not containing
fish oil (decreased linoleic acid content).

• OS-LEs (e.g. ClinOleic).

• MS-LEs (e.g. Lipovenoes MCT).

• BS-LEs (e.g. PFE 4501).

• Structured lipids (structured MCT-soybean oil; e.g. Structolipid).

See Appendix 2 for a list of abbreviations for eligible LEs.
Constituents of the LEs have been outlined in Appendix 1.

We considered the following comparisons in each of the three
predefined populations (i.e. preterm infants, preterm infants with
surgical conditions and preterm infants with PNALD/cholestasis.

• F-LE versus non-fish oil LE.

• F-LE versus another F-LE.

• Alternative LE versus S-LE.

• Alternative LE versus another alternative LE.

Details of all possible comparisons are noted in Appendix 3.

Types of outcome measures

Primary outcomes

• Physical growth:
◦ days to regain birth weight;

◦ growth rate (g/kg/day) during study period and hospital stay
(Fenton 2017).

• Parenteral nutrition-associated liver disease (PNALD), defined
as conjugated bilirubin 2 mg/dL or greater (or 34.2
µmol/L or greater) with or without raised liver enzymes
(alanine aminotransferase (ALT) greater than 45 IU/L, alkaline
phosphatase greater than 420 IU/L) in the absence of other

causes (Christensen 2007; Hojsak 2016; Robinson 2008), in
preterm infants without PNALD at study entry.

• PNALD/cholestasis (any definition)*

• Resolution of PNALD, defined as conjugated bilirubin less than 2
mg/dL (34.2 µmol/L), in preterm infants with established PNALD
(Lam 2014).

Secondary outcomes

• Death before discharge or neonatal death (within the first 28
days of life).

• Retinopathy of prematurity (ROP):
◦ any ROP reported by study authors;

◦ ROP stage 3 or greater, or observed by direct or
indirect ophthalmoscope, as defined by the International
Classification of ROP (ICROP) (ICROP 2005) or ROP requiring
surgery.*

• Bronchopulmonary dysplasia (BPD) or chronic lung disease
(CLD):
◦ any BPD reported with or without definition by the study

authors;*

◦ oxygen therapy or any form of respiratory support at 36
weeks' postmenstrual age.

• Duration of ventilation (total days).

• Duration of supplemental oxygen (total days).

• Duration of hospital stay (days).

• Need for home oxygen therapy.

• Sepsis:
◦ proven sepsis (blood culture positive);

◦ any sepsis (reported with or without definition).*

• Necrotising enterocolitis (NEC) stage 2 or greater on Bell's
staging system (Bell 1978).

• Intraventricular haemorrhage (IVH; grade III to IV) on cranial
ultrasound, according to the Papile classification (Papile 1978).

• Periventricular leukomalacia (PVL); based on ultrasound or
magnetic resonance imaging (MRI) (de Vries 1992).

• Patent ductus arteriosus (PDA):
◦ any PDA reported by study authors.

◦ significant PDA diagnosed clinically or by echocardiography,
requiring treatment either conservatively by fluid restriction,
diuretics, indomethacin or ibuprofen, or surgery.

• Air leaks (pneumothorax, pneumomediastinum, pulmonary
interstitial emphysema), reported individually or as a composite
outcome.

• Pulmonary haemorrhage needing alterations in respiratory care
or causing haemodynamic instability.

• Significant jaundice: requiring treatment with phototherapy or
exchange transfusion, or both.

• Duration of phototherapy (days).

• Thrombocytopenia (platelet count less than 50,000/μL).

• Hypertriglyceridaemia defined by serum TGs levels greater than
200 mg/dL (2.25 mmol/L; Putet 2000).

• Hyperglycaemia (blood sugar level greater than 8.3 mmol/L (150
mg/dL); Sinclair 2011) or hypoglycaemia (blood sugar level less
than 2.6 mmol/L (46 mg/dL)).

• Essential fatty acid (EFA) deficiency defined by triene/tetraene
ratio greater than 0.05 (Cober 2010; Gura 2005).

• Head growth:
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◦ head circumference below third percentile at discharge;

◦ head growth velocity (cm/week).

• Length (cm/week).

• Body composition: measured at corrected term gestation
by magnetic resonance spectroscopy and MRI (Ahmad 2010;
Roggero 2007; Uthaya 2016):
◦ intrahepatocellular lipid content (IHCL) (intrahepatic

lipid:water ratio) values;

◦ non-adipose tissue mass.

• Neurodevelopmental outcome (assessed by a standardised and
validated assessment tool or a child developmental specialist)
at any age reported (outcome data grouped at 12, 18 and 24
months if available).

• Conjugated bilirubin levels*

Outcomes marked with asterisk (*) were added aWer the protocol
stage.

Search methods for identification of studies

We used the criteria and standard searching methods of Cochrane
and Cochrane Neonatal (Higgins 2017). We searched for errata or
retractions from included studies published in full-text on PubMed
(www.ncbi.nlm.nih.gov/pubmed).

Electronic searches

We conducted a comprehensive search including: Cochrane Central
Register of Controlled Trials (CENTRAL 2018, Issue 5); MEDLINE via
Ovid (1946 to 18 June 2018); Embase via Ovid (1974 to 18 June
2018); CINAHL (1982 to 18 June 2018) and MIDIRS (1971 to May
31 2018) (see Appendix 4 for the full search strategies for each
database). We applied no language restrictions.

We searched clinical trials registries for ongoing or recently
completed trials on 19 June 2018 (ClinicalTrials.gov, and the World
Health Organization's International Trials Registry and Platform).

Searching other resources

We reviewed the reference lists of all identified studies for relevant
articles not identified in the primary search.

Data collection and analysis

We used the standard methods of Cochrane Neonatal for data
collection and analysis. We specifically designed data extraction
forms for this review, tested the forms on two studies, further
refined them and then used the forms to collect and collate
data. For each included study, we recorded details regarding
the method of randomisation, allocation concealment, blinding,
intervention, stratification and whether the study was single-centre
or multicentre. We extracted data regarding participants, PN and
reported outcomes.

We recorded the selection process in suMicient detail to complete a
PRISMA flow diagram (Moher 2009), and Characteristics of included
studies; Characteristics of excluded studies; and Characteristics of
studies awaiting classification tables.

Selection of studies

Dr William McGuire, Cochrane Neonatal Nutrition Editor,
prescreened the deduplicated search at the title and abstract

stage. Two review authors (VK, MM) independently reviewed these
decisions and the full-text articles to identify studies eligible for
inclusion in the review. We assessed the methodology of the studies
with regard to blinding of randomisation, allocation concealment,
intervention and outcome measurements, and completeness of
follow-up.

Data extraction and management

Two review authors (VK, MM) independently extracted data for each
study on data extraction forms. One review author (VK) entered
data into Review Manager 5 (Review Manager 2014) and the other
review author (MM) cross-checked the printout against his own
data extraction forms. At each stage, we resolved any diMerences in
opinion by discussion or by consulting a third assessor (RS).

Assessment of risk of bias in included studies

Two review authors (VK, MM) independently assessed the risk of
bias (low, high or unclear) of all included trials using the Cochrane
'Risk of bias' tool for the following domains (Higgins 2017).

• Sequence generation (selection bias).

• Allocation concealment (selection bias).

• Blinding of participants and personnel (performance bias).

• Blinding of outcome assessment (detection bias).

• Incomplete outcome data (attrition bias).

• Selective reporting (reporting bias).

• Any other bias.

We resolved any disagreements by discussion or by consulting a
third assessor (RS). We performed sensitivity analyses exploring the
impact of the level of bias through undertaking sensitivity analyses
as predefined in the review protocol (Kapoor 2018). We presented
the results from low and unclear risk of bias studies as the primary
result as per Cochrane recommendations if significantly diMerent
from results including studies with any level of bias.

See Appendix 5 for a more detailed description of risk of bias for
each domain.

Measures of treatment e9ect

We followed the recommendations of Cochrane Neonatal, and used
a fixed-eMect model for meta-analysis. We estimated the treatment
eMects for categorical outcomes using the typical risk ratio (RR) and
typical risk diMerence (RD) with 95% confidence intervals (CIs). We
estimated the number needed to treat for an additional beneficial
outcome (NNTB) and number needed to treat for an additional
harmful outcome (NNTH) if the RD was statistically significant. For
continuous outcomes, we used the mean diMerence (MD) with 95%
CIs to describe the data.

Unit of analysis issues

The unit of analysis was the participating infant in individually
randomised trials and neonatal unit for cluster randomised trials.
We ensured that there were no unit of analysis issues with
double counting of treatment arms when studies with multiple
intervention arms were used in the meta-analyses. To avoid a unit
of analysis error, we combined all arms of multiarm studies to
create a single pair-wise comparison for the outcome of PNALD and
its subgroup analyses as suggested in the Cochrane Handbook for
Systematic Reviews of Interventions (Higgins 2017). We had planned
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to adjust the sample size of the cluster randomised trials using
the methods described in the Cochrane Handbook for Systematic
Reviews of Interventions (Higgins 2017); however, found no eligible
cluster randomised trials.

Dealing with missing data

We contacted the authors of the included studies or the journal
editors if we required clarifications or additional information. The
publication authors were sent open-ended requests as well as a
partially completed data extraction forms (with data extracted from
their study) if required. In the case of missing data, we described
the number of participants with missing data in the Results section
and in the Characteristics of included studies table.

Assessment of heterogeneity

We estimated treatment eMects in individual trials and examined
heterogeneity between trials by inspecting forest plots and
quantifying the impact of heterogeneity by using the I2 statistic,
a measure that describes the proportion of variation in point
estimates that is due to variability across studies rather than
sampling error (Higgins 2017). We interpreted the I2 value as
follows.

• Less than 25%: no heterogeneity.

• 25% to 49%: low heterogeneity.

• 50% to 74%: moderate heterogeneity.

• 75% to 100%: high heterogeneity.

In outcomes with statistical heterogeneity, we explored possible
causes (e.g. diMerences in study quality, participants, intervention
regimens or outcome assessments) by performing post hoc
subgroup analyses.

Assessment of reporting biases

We used funnel plots to detect reporting bias for studies comparing
F-LE versus non-fish oil LE (outcomes 1.5 and 1.6) and for the
subgroup comparison of MOFS-LE versus S-LE for the outcome of
PNALD/cholestasis using any definition. We could not use funnel
plots to assess publication bias for most subgroup comparisons
(Sterne 2017), as none of the subgroup comparisons between
specific LEs had more than 10 studies. We identified and evaluated
multiple reports of three studies (multiple publication bias) by
comparing the reported baseline characteristics (Table 1), and
the author details. We contacted the respective journals and the
corresponding author of one study for further clarifications about
the duplicate data (Wang 2016).

Data synthesis

We performed meta-analyses using Review Manager 5 (Review
Manager 2014), Cochrane's soWware for preparing and maintaining
systematic reviews. For estimates of typical RR and typical RD, we
used the Mantel-Haenszel method. We carried out and reported all
primary meta-analyses using the fixed-eMect model, according to
the recommendations of Cochrane Neonatal.

Details of calculations and imputations

We replaced any standard error of the mean by the corresponding
standard deviation (SD). If the data were described in medians
and interquartile ranges, we substituted medians for means and
imputed the corresponding SDs by dividing interquartile ranges by

1.35 for a studies in the meta-analysis where feasible. We did not
impute the mean and SD if there was only one study in that outcome
and meta-analysis was not feasible. If the data were described in
medians and ranges, we used the formulae proposed by Hozo and
colleagues to impute the SD (Hozo 2005). We pooled the means
and SDs of weekly observations in a group of study participants
using the formulae for pooling means and variances (McNaught
1997). For combining means and SDs of multiple groups, we used
the formulae described for pooling means and SDs in the Cochrane
Handbook for Systematic Reviews of Interventions (Deeks 2017;
Furukawa 2006). If the values were only depicted in graphs, we
used soWware-assisted extraction of the data values from the graph
(using GetData Graph Digitizer Version 2.26).

Where we could not perform meta-analyses, we presented
qualitative inferences as systematically as possible and explained
why we could not perform meta-analyses. We presented the results
for important outcomes in the 'Summary of findings' tables.

Quality of evidence

We used the GRADE approach, as outlined in the GRADE Handbook
to assess the quality of evidence for the following (clinically
relevant) outcomes if reported in a comparison (Schünemann
2013).

• Physical growth rate (g/kg/day) during study period and
hospital stay.

• PNALD (conjugated bilirubin 2 mg/dL or greater (34.2 µmol/L or
greater)) with or without raised liver enzymes in the absence of
other causes.

• Death before discharge.

• ROP (stage 3 or greater, or requiring surgery).

• Chronic lung disease (oxygen requirement at 36 weeks'
postmenstrual age).

• Culture-positive sepsis.

• Conjugated bilirubin levels (µmol/L) (Added post hoc)

• Head growth velocity (cm/week).

• Neurodevelopmental outcome (neurodevelopmental outcome
assessed by a standardised and validated assessment tool or a
child developmental specialist) at any age reported (outcome
data grouped at 12, 18 and 24 months if available).

Two review authors (VK, MM) independently assessed the quality
of the evidence for each of the outcomes above. We considered
evidence from RCTs as high quality, but downgraded our
assessments of the evidence by one level for serious (or two levels
for very serious) limitations based upon the following: design (risk
of bias), consistency across studies, directness of the evidence,
precision of estimates and presence of publication bias. We used
the GRADEpro Guideline Development Tool to create a 'Summary
of findings' table to report the quality of the evidence (GRADEpro
GDT).

We used the following grades of evidence to qualify the eMect
estimates in the 'Summary of findings' tables.

• High quality: we are very confident that the true eMect lies close
to that of the estimate of the eMect.

• Moderate quality: we are moderately confident in the eMect
estimate; the true eMect is likely to be close to the estimate of the
eMect, but there is a possibility that it is substantially diMerent.
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• Low quality: our confidence in the eMect estimate is limited; the
true eMect may be substantially diMerent from the estimate of
the eMect.

• Very low quality: we have very little confidence in the eMect
estimate; the true eMect is likely to be substantially diMerent
from the estimate of eMect.

For the 'summary of findings' tables, we focused on results from
the major subgroup comparisons (e.g. MOFS-LE versus S-LE, OS-
LE versus S-LE). For the primary outcome of PNALD/cholestasis in
comparison we have provided the comparison between all F-LE and
non-F-LE (by combining all the subgroups) to explore the eMect of
all F-LE compared to all non-F-LE.

Subgroup analysis and investigation of heterogeneity

We explored high statistical heterogeneity in the outcomes by
visually inspecting the forest plots and by removing the outlying
studies in the sensitivity analysis (Deeks 2017). Where statistical
heterogeneity was significant, we interpreted the results of the
meta-analyses accordingly; and we downgraded the quality of
evidence in the 'Summary of findings' tables, according to the
GRADE recommendations.

We planned to perform the following subgroup analyses; they were
not feasible because stratified/subgroup data were unavailable.

• Gestational age (less than 28 weeks, 28 to 32 weeks, greater than
32 weeks).

• Sex.

• Birth weight (less than 2500 g, less than 1500 g, 1000 g)

• Severity of illness.

• Lipid dosing.

• Continuous versus intermittent LE infusion.

Sensitivity analysis

We performed sensitivity analyses if there was unexplained
moderate to high heterogeneity or a study with high risk of bias
was included in the meta-analysis of an outcome where the other
studies had low or unclear risk of bias.

We presented results of the sensitivity analyses only if these were
significantly diMerent from the primary results.

R E S U L T S

Description of studies

We included 29 studies (n = 2037) in the review with 26 studies (n
= 1890) contributing data to the meta-analyses (Characteristics of
included studies table).

Results of the search

The search yielded 1673 articles from medical literature databases
and 88 clinical trial registry reports. There remained 1164 records
aWer removal of duplicates. We reported the study selection
process in the PRISMA flow diagram (Figure 1).
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Figure 1.   PRISMA flow diagram.

 
Included studies

The search identified 29 studies (n = 2037). The studies are
described in specific subgroups based on the LE being compared
under the six broad comparisons that we were able to perform in
the review. The first four comparisons were in the population of
preterm infants. Comparisons five and six were in preterm infants
with surgical conditions and preterm infants with cholestasis
respectively.

Fish oil LE versus non-fish oil LE in preterm infants (Comparison
1)

MOFS-LE versus S-LE

Eleven studies compared MOFS-LE versus S-LE (Beken 2014;
D'Ascenzo 2014; Rayyan 2012; Repa 2018; Savini 2013; Skouroliakou
2010; Skouroliakou 2016; Techasatid 2017; Tomsits 2010; Uthaya
2016; Vlaardingerbroek 2014).

Beken 2014 was a single-centre RCT at the NICU at Dr Sami Ulus
Maternity and Children Research Centre in Ankara, Turkey.
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• Population: preterm infants less than 1500 g and less than 32
weeks' gestation were eligible. Exclusion criteria were major
congenital abnormalities, congenital infections and inborn
errors of metabolism.

• Objective: to compare the eMect of 20% SMOFlipid (MOFS-LE;
30% MCT, 25% olive oil, 15% fish oil, 30% soybean oil) versus 20%
Intralipid (S-LE) on the development of ROP in very low birth
weight infants.

• Interventions: infants were randomised to receive either MOFS-
LE (n = 40) or S-LE (n = 40) starting at 0.5 g/kg/day in infants
weighing less than 1000 g and 1 g/kg/day for infants weighing
more than 1000 g, infused over 24 hours. Lipids were increased
by 0.5 g/kg/day to 1 g/kg/day, to a maximum of 3 g/kg/day.
Infants received dextrose and amino acids 1 g/kg/day starting
on day one of life. Both groups received enteral feeds of breast
milk or docosahexaenoic acid (DHA) enriched formula (Prematil-
LCP, Milupa, GmbH, Friedrichsdorf, Germany). Thirty-two infants
in the MOFS-LE group and 30 infants in the S-LE group received
their own mothers' breast milk. The intravenous lipid infusion
as a component of TPN was progressively replaced with enteral
intake so as to maintain 3 g/kg/day of lipid intake. Oxygen
saturation was targeted at 90% to 95%.

• Outcomes: primary outcomes were the development of ROP
and the need for laser photocoagulation. Secondary outcomes
included cholestasis, nosocomial infections, NEC, IVH and CLD.
The initial ROP examinations were performed at corrected age of
31 weeks in infants born at 27 weeks' gestation or less and fourth
to fiWh week in infants born at 28 weeks' gestation or greater.
The authors reported that "all fundus examinations were
performed by the same paediatric ophthalmologist who was
blinded to the group assignment." The follow-up examinations
were performed once every two weeks in infants with low-risk
prethreshold disease and at least once a week for infants with
high-risk prethreshold disease.

D'Ascenzo 2014 was a single-centre, four-arm RCT on preterm
newborn infants in the NICU at the Salesi Children's Hospital, Italy
between January 2008 and December 2012.

• Population: preterm infants (birth weight 500 g to 1249 g)
were randomised in 1:1:1:1 ratio to receive either SMOFlipid or
Intralipid at rate of either 3.5 g/kg/day or 2.5 g/kg/day in four
groups. Exclusion criteria were severe malformations, inborn
errors of metabolism and severe congenital sepsis.

• Objective: to compare the plasma fatty acids and lipid tolerance
in preterm infants receiving diMerent doses of MOFS-LE versus
pure S-LE.

• Interventions: infants (n = 80) were randomised to receive PN
with SMOFlipid (30% MCT, 30% soybean oil, 25% olive oil, 15%
fish oil) or Intralipid (100% soybean oil) at two levels of fat intake:
2.5 g/kg/day or 3.5 g/kg/day in 1:1:1:1 ratio. All infants were
started on PN within the first hour of life. Lipids were infused
at 1.0 g/kg/day, 1.5 g/kg/day, 2.0 g/kg/day and 2.5 g/kg/day
from birth to postnatal day four and then kept at 2.5 g/kg/
day until day seven in the 2.5 g/kg fat groups. The lipids were
increased to a maximum of 3.5 g/kg/day in the 3.5 g/kg fat
groups. The enteral feeds were allowed at a rate of 8 mL/kg/
day from day one to day four, and 16 mL/kg/day from day five
to day eight. The lipids were decreased by 1 g/kg/day if the TG
were between 250 mg/dL and 350 mg/dL (2.82 mmol/L and 3.38
mmol/L) and decreased by 2 g/kg/day if the TG were between

350 mg/dL and 450 mg/dL (3.95 mmol/L and 4.5 mmol/L). If TG
levels were greater than 450 mg/dL (4.5 mmol/L) then the lipids
were stopped for 24 hours and restarted at half dose. All infants
had routine biochemistry, TG levels, blood urea and creatinine
on days three, five and seven, or more frequently as necessary.

• Outcomes: the primary outcomes were plasma phospholipid
and DHA measured on postnatal day seven, and other plasma
lipid components measured at day seven and day 14. Clinical
outcomes including death, growth, BPD, ROP (stage 3 and 4),
IVH, sepsis, NEC and cholestasis were also reported.

Rayyan 2012 was a single-centre RCT at the Department of
Neonatology, University Hospitals, Leuven, Belgium between
November 2004 and February 2006.

• Population: preterm infants less than 34 weeks' gestation
with weight between 500 g and 2000 g and expected to
receive PN for seven or more days. Exclusion criteria were
severe congenital malformations, congenital heart failure, organ
damage including anuria, liver disease, haemolytic disease,
thrombocytopenia, oxygen saturation (SaO2) less than 80% for

over two hours, severe acidosis, use of catecholamines, hypoxic-
ischaemic encephalopathy and multiorgan failure.

• Objective: to compare the safety and tolerability of 20%
SMOFlipid (MOFS-LE; 30% MCT, 30% soybean oil, 25% olive oil,
15% fish oil) versus 20% Intralipid (S-LE) with regard to TG levels,
haematological and clinical parameters, adverse events, growth
and fatty acid profile.

• Interventions: 20% SMOFlipid (n = 26) versus 20% Intralipid (n
= 27). LEs were given for at least seven days either peripherally
or centrally. Enteral intake was allowed at less than 30% of the
total lipid intake on days one to three, less than 50% on days four
to seven and less than 70% on days eight to 14. The daily target
dosage of fat started at 1.0 g/kg/day on days one to three and
was increased to 2 g/kg/day on day four, 3 g/kg/day on day five
and 3.5 g/kg/day from day six onwards. Other components of
PN were given as standardised solutions at the discretion of the
clinician.

• Outcomes: the primary safety parameter was change in TG
levels from baseline by day eight. The primary eMicacy outcome
was change in weight at day eight from baseline and change
in body length from birth to the last observation. Secondary
outcomes were blood counts and biochemical parameters.
Clinical assessments (heart rate, temperature, blood pressure,
weight, oxygen therapy) were performed daily from the prestudy
visit until study termination, either on day 15 or following
the last infusion of study treatment (post-treatment). The
authors reported on death, growth rate, duration of ventilation,
hypertriglyceridaemia, composite outcomes of infections
and infestations (including conjunctivitis, chorioamnionitis,
sepsis), hepatobiliary adverse eMects (including conjugated
and unconjugated bilirubinaemia), and metabolic and
nutrition disorders (including acid–base abnormalities and
hyperglycaemia).

Repa 2018 was single-centre, double-blind RCT in extremely low
birth weight (ELBW) infants performed in level four NICU of the
University Children's Hospital Vienna (Medical University of Vienna,
Vienna, Austria).

• Population: inclusion criteria were ELBW infants less than 1000
g admitted before 24 hours. Exclusion criteria were infants
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with cholestasis (conjugated bilirubin greater than 1.5 mg/
dL (25 mol/L)) before intervention, and higher-order multiple
infants with conditions associated with cholestasis independent
of PN (i.e. infection with cytomegalovirus, HIV, hepatitis B or
C, rhesus-mediated haemolysis, cystic fibrosis, inborn errors
of metabolism or primary liver diseases) were not eligible or
excluded post-randomisation.

• Objective: to examine whether a mixed LE reduces the incidence
of parenteral nutrition-associated cholestasis (PNAC) in ELBW
(less than 1000 g) infants.

• Intervention: ELBW infants less than 1000 g were randomised
to receive either 20% SMOFlipid (n = 110) or 20% Intralipid (n
= 113). Participants who received full PN from birth using S-
LE (1 g/kg/day) were switched to study lipids aWer enrolment.
Lipids were dosed up to 3 g/kg/day at the discretion of
the attending physicians and reduced in relation to enteral
nutrition (increased up to 20 mL/kg/day). Serum TGs were
measured at least weekly. Lipids were halted for 24 hours
if TG levels were more than 400 mg/dL (4.5 mmol/L) or
downtitrated if TG were more than 250 mg/dL (2.8 mmol/
L). PN was stopped at 140 mL/kg/day to 160 mL/kg/day of
enteral feeds. Data on study lipids, nutrition and growth were
recorded. Therapy adherence was calculated as the percentage
study lipids that were correctly provided (i.e. greater than 80%
was considered highly adherent). Ursodeoxycholic acid was
administered to infants who developed cholestasis. Parenteral
fish oil (Omegaven; Fresenius Kabi, Bad Homburg vor der Höhe,
Germany) was permitted as rescue therapy (1 g/kg/day) if
conjugated bilirubin was greater than 6 mg/dL (100 mol/L).
Infants were followed until their 44th week of postmenstrual
age (PMA), discharge or transfer to another hospital. All infants
received probiotics and lactoferrin. Enteral feeds were provided
every three hours. For growth analysis (anthropometry with z-
score diMerence from birth to discharge), only survivors were
analysed to avoid distortion of measurements by perimortal
oedema.

• Outcomes: primary outcome: PNAC (conjugated bilirubin
greater than 1.5 mg/dL (25 mol/L) at two consecutive
measurements). Peak levels of liver enzymes during
hospitalisation were recorded. Blood sampling was performed
weekly as long as PN was required and then every seven to
14 days. Secondary outcomes: neonatal morbidities (death,
duration of hospitalisation, ROP (any, and highest stage
requiring treatment (severe ROP)), culture-confirmed sepsis,
IVH III/IV, cystic periventricular leukomalacia, NEC IIa or
greater, focal intestinal perforation, abdominal surgery, days on
mechanical ventilation, CLD, PDA requiring treatment, number
of ibuprofen cycles or requiring surgical ligation, pulmonary
hypertension, inhaled nitric oxide/sildenafil treatment.

Savini 2013 was a single-centre, five-arm RCT conducted at the
NICU of "G. Salesi" Children's Hospital, Ancona, Italy, with 20%
SMOFlipid and 20% Intralipid in two out of five intervention arms.

• Population: preterm infants weighing 500 g to 1249 g, who
received PN from the first hour of life were included. Infants with
severe malformations, metabolic disease and severe congenital
sepsis were excluded.

• Objective: to compare the eMect of diMerent LEs on plasma
phytosterol concentrations (and the possible association with
PNALD).

• Interventions: there were five intervention arms; 150 preterm
infants were randomly assigned to receive one of the following
five lipid formulations: Intralipid (S-LE; n = 30), Lipofundin (50%
MCT, 50% soybean oil; n = 30), Lipidem (50% MCT, 40% soybean
oil, 10% fish oil; n = 30), ClinOleic (80% olive oil, 20% soybean oil;
n = 30) or SMOFlipid (30% MCT, 30% soybean oil, 25% olive oil,
15% fish oil; n = 30).

• Outcomes: primary outcomes were plasma phytosterol
concentrations at birth (cord), on day seven (on full TPN) and on
day 14 (on 50% enteral calories). Secondary outcomes included
clinical data such as death, growth rate, time to regain birth
weight, BPD, sepsis, NEC, PNALD and PDA.

Skouroliakou 2010 was a single-centre RCT at the NICU of 'IASO'
Maternity Hospital in Athens, Greece.

• Population: preterm infants less than 32 weeks' gestation and
birth weight less than 1500 g requiring admission to NICU
within 12 hours of birth with estimated greater than 80% energy
intake from PN in the first eight days of life and requiring
PN for at least seven days were included. Exclusion criteria
were inherited metabolic disorders, congenital malformations,
transfusion of blood/fresh frozen plasma greater than 15 mL/kg
and participation in another study.

• Objective: to compare the eMect of a parenteral fat emulsion rich
in ω-3 fatty acids on the antioxidant markers of preterm infants,
when compared with a standard fat emulsion.

• Interventions: 20% SMOFlipid (MOFS-LE; 30% MCT, 30% soybean
oil, 25% olive oil, 15% fish oil; n = 14) versus 20% Intralipid
(n = 18). Four diMerent TPN protocols were created based
on gestational age, weight and clinical condition. Lipids were
started on day one or two of life (based on gestational age) with
a maximum of 3 g/kg/day in both groups. Enteral feeds were
allowed at 20% or less of total energy intake and started as soon
as feasible.

• Outcomes: primary outcomes were oxidation potential (vitamin
A, vitamin E and total antioxidant potential). Secondary
outcomes were growth parameters, blood count, clinical
condition, duration of ventilation, duration of phototherapy,
hyperglycaemia, sepsis and length of stay (parameters were
recorded on day zero, day 14 and at discharge).

Skouroliakou 2016 was a single-centre RCT in preterm neonates
admitted to the NICU of "IASO" Maternity Hospital Thessaloniki,
Greece, during the period of September 2012 to September 2013.

• Population: inclusion criteria: infant with gestational age 26 to
32 weeks, anticipated need for PN of greater than 60% of total
energy requirements for at least 15 days and parental consent
for participation to the study.

• Objective: to test the hypothesis that administration of MCT/ω-3
PUFA-enriched IVFE in preterm neonates is associated with a
cytokine and fatty acid (FA) profile consistent with attenuated
inflammatory response.

• Intervention: the preterm neonates were randomly assigned
into the intervention group that received SMOFlipid (Fresenius
Kabi HELLAS; MCTs 30%, lipids from soybean oil 30%, olive
oil 25%, fish oil 15%), and α-tocopherol (200 mg/L), whereas
the control group received a conventional soybean oil-based
20% Intralipid (Fresenius Kabi HELLAS), which contained α-
tocopherol 38 mg/L IVFE.
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• Outcomes: the primary outcome was the profile of
proinflammatory cytokines tumour necrosis factor (TNF)-α,
interleukin (IL)-6 and IL-8, and the secondary outcomes were
plasma α-tocopherol and FA profiles. Clinical outcomes reported
were death, RDS requiring treatment, BPD, clinical and culture-
confirmed sepsis, liver enzymes and cholestasis.

Techasatid 2017 was a double-blind RCT performed between
December 2013 and December 2015 at the NICU of Thammasat
Hospital and Nopparat Rajathanee Hospital, both in Bangkok.

• Population: the infants with gestational age less than 30 weeks
and birth weight less than 1250 g who required PN for at least
seven days were eligible for the study. Exclusion criteria were
evidence of congenital infection, perinatal asphyxia, congenital
anomalies, IVH grade greater than 2, thrombocytopenia, shock
or circulation failure, and renal or hepatic disorder.

• Objective: to compare the eMects of a multicomponent lipid
emulsion composed of 30% soybean oil, 30% MCTs, 25% olive oil
and 15% fish oil (study group) or to a pure soybean oil (control
group) on the incidence of neonatal cholestasis, neonatal
growth, neonatal morbidity and the biochemical assessment of
liver enzymes.

• Interventions: the study group (n = 22) received MOFS-LE
(SMOFlipid 20%) and the control group (n = 22) received S-LE
(Intralipid 20%). Lipids were first administered at 1 g/kg/day
within 24 hours aWer birth for both groups; lipid dosage was
increased by an increment of 0.5 g/kg/day until the maximal
dose of 3.5 g/kg/day was reached. The other macronutrients
and micronutrients were provided using the same products
and protocol in both groups. Parenteral lipid and amino
acid administration were temporarily stopped when either
plasma TG concentrations exceeded 250 mg/dL or when urea
concentrations exceeded 35 mg/dL. Minimal enteral feeding was
initiated on the day of birth, and intake was advanced with 20
mL/kg/day of breast milk or preterm formula. PN was stopped
when the oral feeding reached 120 mL/kg/day.

• Primary outcome: incidence of cholestasis, defined as a
conjugated bilirubin level of greater than 2 mg/dL on two
consecutive measurements and the assessment of biochemical
signs of hepatic dysfunction. Secondary outcomes: clinical
outcomes included death, duration of hospital stay, respiratory
distress syndrome (RDS), duration of respiratory support,
BPD, NEC, late-onset sepsis, haemodynamically significant
PDA diagnosed by echocardiography as needing treatment
by medication or surgery, IVH and ROP; growth parameters
assessed using in hospital growth rates, the gain in head
circumference and height from birth until discharge.

Tomsits 2010 was a single-centre RCT at the Department of
Pediatrics, Semmelweis University, Budapest, Hungary.

• Population: 60 preterm infants less than 34 weeks' gestation,
aged three to seven days, who were expected to receive TPN
for at least seven days were randomised in this study. Exclusion
criteria were not mentioned.

• Objective: to evaluate the safety, tolerability, and eMicacy of a
MOFS-LE (20% SMOFlipid) compared with S-LE (20% Intralipid).

• Interventions: 20% MOFS-LE (n = 30) versus 20% S-LE (n = 30).
The LE was started at 0.5 g/kg/day on day one and was increased
by increments of 0.5 g/kg/day daily up to a maximum of 2 g/kg/
day on days four to 14. Additional oral/enteral intake comprising

less than 20% at baseline, less than 30% on days one to three,
and less than 50% on days four to 14 of the total energy intake
was permitted if appropriate. Other components of PN were
given at the discretion of the investigator.

• Outcomes: were evaluated on days zero, eight and 15. The
primary eMicacy outcome was change in weight from days one
to eight. Secondary eMicacy variables included red blood cell
fatty acid profile, duration of mechanical ventilation and oxygen
therapy. Serum TG levels were used as a primary safety outcome.
Secondary safety variables were vital signs, haematological
variables, coagulation profile and liver enzymes. The authors
also reported on sepsis in two groups.

Uthaya 2016 NEON (Nutritional Evaluation and Optimisation in
Neonates) was a 2 × 2 factorial, double-blind, multicentre RCT
in four National Health Service neonatal units in London and
southeast England.

• Population: preterm infants born at less than 31 weeks'
gestation were eligible for inclusion. Exclusion: infants with
life-threatening abnormalities and those who could not be
administered trial PN within 24 hours of birth were ineligible.

• Objective: to compare the eMects of high (immediate
recommended daily intake (Imm-RDI)) and low (incremental
introduction of amino acids (Inc-AAs)) parenteral amino acid
delivery within 24 hours of birth on body composition and
the eMect of a multicomponent lipid emulsion containing 30%
soybean oil, 30% MCTs, 25% olive oil, and 15% fish oil (SMOF)
with that of S-LE on intrahepatocellular lipid (IHCL) content.

• Interventions: 20% SMOFlipid (Fresenius Kabi) and Imm-RDI of
amino acids. The comparators were 20% Intralipid (Fresenius
Kabi) and Inc-AA. The eligible infants were randomly assigned
to one of four groups (Inc-AA/S-LE; n = 42, Inc-AA/SMOF; n =
42, Imm-RDI/S-LE; n = 41, and Imm-RDI/SMOF; n = 43). The
study incorporated minimisation with a random element and
stratification by gestational age (23 to 26 completed weeks or 27
to 31 completed weeks), birth weight (less than 500 g, 500 g to
1000 g or greater than 1000 g), and centre.

• Outcomes: primary outcomes were non-adipose mass for the
amino acid intervention and IHCL for the lipid intervention
using whole body MRI and hepatic magnetic resonance
spectroscopy. Secondary outcomes were total adiposity,
adipose tissue depots, insulin sensitivity (quantitative insulin
sensitivity check index), total and regional brain volumes,
weight, head circumference and length. The study also
reported liver function tests, conjugated hyperbilirubinaemia,
hypoglycaemia, hyperglycaemia, hypertriglyceridaemia, sepsis,
NEC and mortality.

Vlaardingerbroek 2014 was a single-centre RCT at the NICU of the
Division of Neonatology, Sophia Children's Hospital, Rotterdam,
the Netherlands. Study enrolment occurred between December
2008 and January 2012. This study looked at the eMect of diMerent
LE and included data from a larger trial which was reported
as a three-arm study (see Vlaardingerbroek 2014 for reference
details of Vlaardingerbroek 2013). In the previous study report,
the infants were randomised into three intervention arms (i.e.
standard amino acids, early lipids plus standard amino acids or
early lipids plus high-dose amino acids). Within the two early lipid
intervention arms of the 2013 study, the infants were randomly
assigned to receive two diMerent lipid types. The eMect of receiving
two diMerent lipid types is reported in Vlaardingerbroek 2014.
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• Population: inborn VLBW infants (birth weight less than 1500 g)
with a central venous catheter for clinical purposes were eligible
for the study. Exclusion criteria were congenital anomalies;
chromosome defects; metabolic diseases; and endocrine, renal
or hepatic disorders.

• Objective: to evaluate the safety and eMicacy of a
multicomponent LE containing 30% soybean oil, 30% MCT, 25%
olive oil and 15% fish oil compared with a conventional pure S-
LE in VLBW infants.

• Interventions: the study group (n = 49) received MOFS-LE (20%
SMOFlipid) and the control group (n = 49) received S-LE (20%
Intralipid). Minimal enteral feeding was initiated on day one
and local feeding protocols were followed. The parenteral lipid
intake was decreased by 25% to 50% if TG concentrations were
between 265 mg/dL and 442 mg/dL (3 mmol/L and 5 mmol/
L) and temporarily stopped if plasma TGs were more than 442
mg/dL (5 mmol/L). Parenteral amino acids were decreased by
25% to 50% if the plasma urea was more than 10 mmol/L (28
mg/dL) and stopped temporarily if the urea was more than 14
mmol/L (39 mg/dL). According to the local protocol, repeated
blood glucose concentrations greater than 10 mmol/L (180 mg/
dL) were treated with continuous intravenous insulin (starting
dose 0.1 U/kg/hour) if reducing the glucose infusion rate to a
minimal intake of 4 mg/kg/minute was not eMective in lowering
the blood sugar. Minimal enteral feeding was initiated on the day
of birth and aWer day three of life the nutritional regimen was leW
to the discretion of the attending physician.

• Outcomes: primary outcomes included fatty acid concentration
in plasma TGs and phospholipids. Safety was evaluated
by measuring haematological and biochemical parameters,
phytosterol concentrations and clinical outcomes. Clinical
outcomes included survival, duration of hospital stay,
symptomatic PDA, RDS, BPD, NEC, late-onset sepsis, IVH, PVL
and ROP. Cholestasis was defined as conjugated bilirubin
concentration greater than 20% of the total bilirubin
concentration.

MOFS-LE versus MS-LE

Two studies compared MOFS-LE versus MS-LE (Hsiao 2018; Savini
2013).

Hsiao 2018 was a single-centre RCT at Changhua Christian
Children's Hospital Neonatal intensive care unit, Changhua,
Taiwan.

• Population: preterm infants with very low birth weight
requiring ventilator support within 24 hours aWer birth were
randomised to the intervention group receiving MOFS-LE or
control group receiving MS-LE (Lipovenoes). Both emulsions
were manufactured by Fresenius Kabi, Bad Homburg vor der
Höhe, Germany. The exclusion criteria were lethal congenital
abnormalities or chromosomal disorders; congenital cyanotic
heart disease; gastrointestinal surgery, such as intestinal
perforation, malrotation, volvulus and atresia; confirmed or
family history of hereditary metabolic disorder and clinical
sepsis at admission.

• Objective: the primary outcome was comparing the immune
eMects of two diMerent LEs, assessed during the first 24
hours and day eight, including IL-1b and IL-6 in serum and
bronchoalveolar lavage fluid (BALF).

• Interventions: the intervention group received SMOF lipid
and the control group received MS-LE (Lipovenoes MCT 20%
containing 50% soybean oil and 50% MCT).

• Outcomes: the primary outcome was the levels of IL-1b and IL-6
in the serum and BALF at 24 hours and day eight. The study also
reported mortality, length of hospital stay, ventilator-use days,
oxygen-dependent days, weight gain rate, liver function, PNAC,
BPD and ROP, NEC, IVH and late sepsis.

Savini 2013 was a single-centre, five-arm RCT at the NICU, "G.
Salesi" Children's Hospital, Ancona, Italy. This study contributed to
multiple comparisons and was described above.

MOFS-LE versus OS-LE

Three studies compared MOFS-LE versus OS-LE (Deshpande 2014;
Najm 2017; Savini 2013).

Deshpande 2014: a single-centre double-blind RCT in a regional
tertiary NICU of King Edward Memorial Hospital for Women, Perth,
Australia.

• Population: preterm neonates aged less than seven days
old (less than 30 weeks' gestation) who were admitted
to the NICU and required greater than 75% of energy
requirements from PN. Exclusion criteria were blood culture-
confirmed sepsis, thrombocytopenia (platelet count less than
150 cells/μL), unconjugated hyperbilirubinaemia (requiring
exchange transfusion), metabolic disorders including lactic or
uncompensated acidosis (or both), lack of parenteral consent,
administration of intravenous lipid infusion before the study,
postnatal age more than seven days and bleeding disorder.

• Objective: to compare the eMicacy (increased omega-3 long-
chain polyunsaturated fatty acid (LC-PUFA)) and safety of the
fish-oil containing LE (SMOFlipid, Fresenius Kabi) with olive oil-
based lipid solution (ClinOleic, Baxter) in preterm neonates with
gestation less than 30 weeks.

• Intervention: 20% ClinOleic (n = 17) versus 20% SMOFlipid (n =
17) were given in a dosing schedule of: day one at 1 g/kg/day;
day two at 2 g/kg/day; day three at 3 g/kg/day; and days four to
seven at 3/g/kg/day. The duration of study was seven days, aWer
which all of the participants received ClinOleic lipid emulsion,
which was the standard of practice in the nursery. Intravenous
lipids were continued as long as PN support was determined
necessary by the attending neonatologist. The emulsions were
dispensed in coded and amber-coloured syringes and infusion
lines suitable for infusion pumps and infused intravenously
through a central or peripheral line.

• Outcomes: primary outcomes were levels of PUFA in red cell
membrane and lipid peroxidation status measured by plasma
F2-isoprostane levels. Secondary outcomes were weight, head
circumference, and length at birth at study entry, exit, and at
discharge; enteral versus PN proportion; number of episodes of
blood culture-conformed sepsis; IVH; duration of hospital stay;
mechanical ventilation; PN support; mortality and vitamin E
levels.

Najm 2017: was a single-centre blinded RCT in infants with
gestational age less than 28 weeks admitted to the NICU at
Sahlgrenska University Hospital in Gothenburg, Sweden.
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• Population: 90 infants born at gestational age less than 28
weeks were included. Exclusion criteria were major congenital
malformations.

• Objective: to determine and compare serum PUFA (DHA,
eicosapentaenoic acid (EPA) and arachidonic acid) profiles, ROP,
BPD, NEC, PDA, sepsis and growth in extremely preterm infants
receiving PN with an olive oil-based lipid solution (ClinOleic,
Baxter) or a solution containing 15% fish oil with ω-3 PUFAs
(SMOFlipid, Fresenius Kabi).

• Interventions: PN was initiated as soon as possible aWer birth
with a standard solution containing Vaminolac and 10% glucose
(total protein content 2 g/100 mL) aiming at 80 mL/kg/day
to 90 mL/kg/day of the resulting solution during the first 24
hours. Lipid solution (ClinOleic or SMOFLipid) was normally
started at six to 12 hours aWer birth at a rate of 1 g/kg/
day with daily increases up to 2 g/kg/day. Enteral nutrition
used either maternal or donor breast milk with individualised
fortification based on results from breast milk analysis using
a commercial bovine milk fortifier. Daily intakes of fatty acids
including arachidonic acid, EPA and DHA were prospectively
recorded from birth during the first two weeks of life. The
parenteral lipids were administered at a rate of 2 g/kg/day to 3
g/kg/day.

• Outcomes: primary outcome was ROP. ROP was classified as no
ROP or ROP stage 1, 2, 3 or 3+. Other outcomes included: serum
LCPUFA (DHA, EPA and arachidonic acid profiles), BPD, NEC,
PDA, sepsis and growth between birth and 36 weeks. Conjugated
bilirubin blood level of greater than 50 μmol/L for at least two
weeks at any time during the follow-up, unrelated to sepsis was
considered significant.

Savini 2013 was a single-centre, five-arm RCT at the NICU, "G.
Salesi" Children's Hospital, Ancona, Italy. This study contributed
to multiple comparisons and was described under the 'MOFS-LE
versus S-LE' comparison.

MFS-LE versus S-LE

Only one eligible study compared MFS-LE versus S-LE. Savini 2013
was a single-centre, five-arm RCT at the NICU, "G. Salesi" Children's
Hospital, Ancona, Italy, with MFS-LE (Lipidem) and S-LE (20%
Intralipid) in two out of the five intervention arms. Meta-analysis
could not be performed for this comparison as no other eligible
studies were identified. Details of this study are described under the
'MOFS-LE versus S-LE' comparison.

MFS-LE versus MS-LE

Three studies compared MFS-LE versus MS-LE (Biagetti 2016;
D'Ascenzo 2011; Savini 2013).

Biagetti 2016 was a single-centre pilot study at the NICU of "G.
Salesi" Children's Hospital, Ancona, Italy, between January 2007
and June 2012.

• Population: neonates with a birth weight of 500 g to 1249 g, who
routinely received PN from the first hour of life and were not
participating in other trials were enrolled. Exclusion criteria were
severe malformations, inborn errors of metabolism and severe
sepsis and infants without an intravenous access suitable for
blood sampling on day seven.

• Objective: to ascertain if the use of intravenous F-LE has an eMect
on lipogenesis in preterm infants.

• Interventions: newborn infants were randomly assigned in a 1:1
ratio to receive an LE consisting of a physical mixture of 50%
MCT, 40% soybean oil and 10% fish oil, MSF (Lipidem; B Braun,
Milan, Italy) or a standard product containing 50:50 MCT:SO, MS
(Lipofundin MCT; B Braun).

• Outcomes: included plasma phospholipid palmitate
biosynthesis (for de novo lipogenesis), lipids and free
cholesterol on day seven.

D'Ascenzo 2011 was a single-centre pilot study at the NICU of "G.
Salesi" Children's Hospital, Ancona, Italy, between September 2007
and May 2008.

• Population: 500 g to 1249 g infants, who routinely received PN
from the first hour of life were consecutively enrolled. Exclusion
criteria were severe malformations, inborn errors of metabolism
and severe sepsis.

• Objective: to compare plasma lipids in preterm infants given an
MFS-LE containing 10% fish oil, 50% MCTs and 40% soybean oil
compared with MS-LE containing MCT and soybean oil in a ratio
of 1:1.

• Interventions: 48 infants less than 1250 g were randomly
assigned to MFS-LE (10:50:40) (n = 24) or MS-LE (50:50) (n = 24).
The LE was started at 0.5 g/kg/day, increased by increments of
0.5 g/kg/day to reach 2.5 g/kg/day with 8 mL/kg/day EBM or
formula from days one to four, and then 16 mL/kg/day from days
five to eight. Oral feeding was gradually increased from day nine
to reach full oral feeds by day 18, when the TPN was completely
tapered.

• Outcomes: plasma and RBC FA composition was evaluated on
days seven and 14. Daily weight, weekly head circumference and
length were measured with z scores calculated using the Italian
reference data.

Savini 2013 was a single-centre, five-arm RCT at the NICU, "G.
Salesi" Children's Hospital, Ancona, Italy, with MFS-LE (Lipidem)
and MS-LE in two out of the five intervention arms and was
described under the 'MOFS-LE versus S-LE' comparison.

OFS-LE versus OS-LE

Only one study compared OFS-LE versus OS-LE (Pawlik 2014).

Pawlik 2014 was a single-centre RCT in Krakow, Poland from 1
August 2010 to 31 May 2012.

• Population: preterm neonates less than 32 weeks' gestation
and less than 1250 g. Exclusion criteria were major congenital
malformations, inborn errors of metabolism and congenital
infection.

• Objective: to compare the eMicacy of a F-LE with olive oil-based
lipid solution (ClinOleic, Baxter) in preterm infants less than 32
weeks' gestation for the outcomes of ROP and cholestasis.

• Intervention: the infants were randomly assigned to an
experimental group that received an intravenous emulsion
proportioned to contain a 50% soybean and olive oil (20%
ClinOleic, Baxter SA, Norfolk, UK) (n = 60) and 50% fish oil
(10% Omegaven, Fresenius Kabi, Bad Homburg vor der Höhe,
Germany) and a control group (n = 70) that was given a 20%
soybean and olive oil emulsion (20% ClinOleic, Baxter SA). Lipids
were increased at a rate of 0.5 g/kg/day for less than 1000 g
and 1 g of lipids/kg/day for greater than 1000 g birth weight.
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The maximal daily dose of lipids was 3.5 g/kg/day. Infants in
both groups increased enteral feeds at a rate of 20 mL/kg/day of
breast milk or formula.

• Outcomes: the primary outcome was an assessment of ROP
severity and whether laser photocoagulation was required to
save vision. A secondary outcome was cholestasis.

Pure F-LE versus S-LE

No studies compared pure F-LE versus S-LE in the population of
preterm infants.

Fish oil LE versus another fish oil LE in preterm infants
(Comparison 2)

MOFS-LE versus MFS-LE

Only one study in preterm infants was eligible for this subgroup
(Savini 2013). The two out of five arms of this study compared
MOFS-LE versus MFS-LE. Details of the study are described under
the MOFS-LE versus S-LE comparison.

Alternative-LE versus S-LE in preterm infants (Comparison 3)

OS-LE versus S-LE

Eight studies compared OS-LE versus S-LE (Demirel 2011;
Deshpande 2009; Gawecka 2008b; Göbel 2003; Köksal 2011;
Roggero 2010; Savini 2013; Wang 2016).

Demirel 2011 was a single-centre study at the NICU, Zekai Tahir
Burak Maternity Teaching Hospital, Turkey.

• Population: preterm infants 32 weeks' gestation or less and
receiving 40% or greater parenteral calories at 14th day of life
were included in the study.

• Objective: to compare S-LE (Intralipid) and OS-LE (ClinOleic) in
terms of plasma lipids and acyl carnitine profile.

• Interventions: OS-LE (ClinOleic, n = 20) versus S-LE (Intralipid, n
= 20). TPN protocol: LEs were started on the second day of life at
a rate of 1 g/kg/day and increased by 1 g/kg/day up to 3 g/kg/
day and given over 24 hours. Enteral feeding was started on the
second day.

• Outcomes: plasma lipid concentrations and acyl carnitine
profile were compared between groups. Other outcomes
were weight on day 14, RDS, ROP and sepsis. Data
values were not provided for NEC and BPD. Liver function
tests (alanine aminotransferase, aspartate aminotransferase,
gamma-glutamyl transferase) were reported.

Deshpande 2009 was a single-centre study at the Department of
Neonatal Paediatrics at KEM Hospital in Perth, Western Australia.

• Population: preterm infants less than 28 weeks' gestation
who were less than seven days old at recruitment, with PN
accounting for greater than 75% of energy intake. Exclusion
criteria were major congenital malformations, inborn errors of
metabolism, transfusion before baseline bloods could be taken
and exchange transfusion for hyperbilirubinaemia and LE given
before enrolment. Withdrawal criteria were enteral nutrition
exceeding 25% at any time.

• Objective: to compare the antioxidant status and LC-PUFA status
of infants receiving OS-LE versus S-LE and to evaluate the eMect
of the two diMerent LEs on clinical outcomes.

• Interventions: OS-LE (ClinOleic, n = 24) versus S-LE (20%
Intralipid, n = 21). The amino acids were added on day one and
lipids were added on day two with increments of 0.5 g/kg/day, 1
g/kg/day, 2 g/kg/day and 3 g/kg/day every day for the first four
consecutive days.

• Outcomes: the primary outcomes of the study were plasma
F2-isoprostane levels as indicators of lipid peroxidation, levels
of LC-PUFA in plasma and in RBC membrane. The secondary
outcomes were liver and renal function tests, blood culture-
confirmed sepsis, blood cell counts and anthropometry at the
study entry and exit.

Gawecka 2008b was a single-centre RCT at the NICU,
Medical Academy Neonatology Department, Warsaw, Poland.
The data from this study appeared to be reported in two
diMerent publications – data on immunological properties and
clinical outcomes were published in the Journal of Pediatric
Gastroenterology and Nutrition (Gawecka 2008a), while data on TG,
cholesterol, bilirubin and cholestasis appear in the polish journal
Medycyna Wieku Rozwojowego (Gawecka 2008c). The baseline
characteristics were identical for the participants in both published
reports; we extracted data from both sources (Table 1).

• Population: preterm infants less than 32 weeks' gestation with a
birth weight less than 1500 g, admitted to the NICU on day one
and requiring PN were eligible for inclusion. Exclusion criteria
were severe malformations, metabolic disease, congenital
culture-confirmed sepsis and enteral calories less than 25% of
total calories.

• Objective: to compare immune eMects and clinical outcomes of
OS-LE versus S-LE.

• Interventions: OS-LE (20% ClinOleic; n = 18) versus S-LE (20%
Ivelip; n = 20). PN was started on day one with amino acids.
The LE were started within 72 hours of life at 1 g/kg/day and
increased to a maximum dose of 3 g/kg/day to 3.5 g/kg/day.
Lipids were infused continuously over 24 hours.

• Outcomes: primary outcomes were TNF-α, IL-6 and IL-10
synthesis in unstimulated and anti-CD3-induced peripheral
blood mononuclear cells of parenterally fed preterm infants.
Secondary outcomes were incidence of BPD, ROP, NEC, IVH and
nosocomial infections.

Göbel 2003 was a multicentre RCT at two NICUs in Klinikum Rechts
der Isar, Klinikum Schwabing, Munich, Germany.

• Population: inclusion criteria were 28 weeks to under 37 weeks'
gestation preterm infants, admitted to the NICU within 24
hours aWer birth with TPN requirement expected to be 80% or
greater of total energy intake. Exclusion criteria were severe
malformations, hyperlipidaemia, metabolic disease, bacterial
infection before study inclusion, enteral nutrition greater than
20 mL/kg/day and blood transfusion more than 15 mL/kg before
baseline blood sampling.

• Objective: to evaluate a new parenteral OS-LE (ratio 4:1), with
less PUFA and more α-tocopherol than the standard S-LE in
preterm infants.

• Interventions: OS-LE (ClinOleic, n = 24) versus S-LE (20%
Intralipid, n = 21). LE was started within 72 hours of birth as
a 24-hour infusion at 0.5 g/kg/day, 1.0 g/kg/day and 2.0 g/kg/
day on the first three consecutive study days and 2 g/kg/day for
next four days. Other cointerventions were the same in the two
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groups. No vitamin E was given and minimal enteral nutrition
was allowed. The infants were excluded if the enteral calories
increased to more than 20% at any time.

• Outcomes: primary eMicacy outcome variables were plasma
fatty acids, α-tocopherol and urinary malondialdehyde.
Safety outcomes included TG, cholesterol, phospholipids,
hyperbilirubinaemia and apnoea. The study reported no
serious adverse events in either group. EMicacy outcomes were
evaluated (per protocol) in infants on day of birth and day eight.

Köksal 2011 was a single-centre study at the NICU, Division of
Neonatology, Görükle, Bursa, Turkey.

• Population: preterm infants 34 weeks' gestation or less,
admitted to the NICU within 24 hours aWer birth with TPN
requirement expected to be 80% or greater of the total
energy intake were eligible for study inclusion. Exclusion
criteria were severe malformations, hyperlipidaemia, metabolic
disease, enteral nutrition greater than 20 mL/kg/day and blood
transfusion greater than 15 mL/kg/day.

• Objective: to compare OS-LE versus S-LE in terms of the eMects
on oxidative stress and safety of use in terms of biochemical
indices.

• Intervention: OS-LE (ClinOleic, n = 32) versus S-LE (20%
Intralipid, n = 32). LE was started within 72 hours aWer the
baseline blood samples were obtained. LE was infused at 1 g/
kg/day, 2 g/kg/day and 3 g/kg/day on the first three days and
3 g/kg/day over the next four days in both groups. AWer seven
days of LE, infusion was stopped and blood samples were taken
six hours later. Cointerventions related to PN were the same in
both groups. Glucose, 6% amino acid solution, trace elements
and water-soluble vitamins except vitamin E were given to both
groups.

• Outcomes: the primary outcome was total antioxidant capacity
at day seven. Secondary outcomes were neonatal morbidity
and biochemical indices aWer LE administration. Biochemical
indices were compared at day seven; however, neonatal
morbidities were reported until discharge (including ROP, BPD,
etc.). The study reported results for continuous variables as
mean ± data values. We contacted the study authors who
confirmed that the values presented in the study report were
mean ± standard error. The authors also provided unpublished
data on other clinical outcomes including growth rate, days to
regain birth weight, IVH and PVL.

Roggero 2010 was a three-arm single-centre study at the Università
degli Studi di Milano. This study did not contribute to any outcome
in the current review.

• Population: 36 consecutive preterm infants (gestational age 28
to 33 weeks) were enrolled in the study.

• Objective: to study the eMects of three diMerent LEs: S-LE, OS-LE
and MS-LE on plasma F2-isoprostanes (F2-Ip) and total radical-
trapping antioxidant potential (TRAP).

• Interventions: infants were randomised to receive one of:
Intralipid (LCT 20%; n = 12); or ClinOleic OS-LE ( n =12) or
Lipofundin (MCT-LCT mix; n = 12).

• Outcomes: F2-Ip and TRAP at baseline, on day seven of PN, and
on day seven aWer stopping PN.

Savini 2013 was a single-centre, five-arm RCT done at the NICU of
"G. Salesi" Children's Hospital, Ancona, Italy, with OS-LE (ClinOleic)
and S-LE (Intralipid) in two out of the five intervention arms.
Details of the study are described under the 'MOFS-LE versus S-LE'
comparison.

Wang 2016 was a double-blind RCT at the NICU of Xin Hua Hospital
and Shanghai Children's Medical Center in Shanghai, China. This
study was published in Journal of Parenteral and Enteral Nutrition
(JPEN). We also identified another report by Wang and colleagues
published in Clinical Nutrition in 2016 with some duplication of
data in the two reports. At the time of submission of this review we
were awaiting clarification from the editorial teams of respective
journals.

• Population: preterm infants with birth weight less than 2000
g, admission within 72 hours aWer birth and administration
of PN for 14 days or more. Two infants from the OS-LE
arm and one infant from the S-LE arm were excluded from
analysis as they did not complete 14 days of PN. The exclusion
criteria were administration of PN before screening, calorie
intake from enteral nutrition greater than 10%, obstructive
jaundice, suspected biliary atresia, neonatal hepatitis, liver or
kidney markers increased to twice normal values, congenital
abnormalities, major chromosomal diseases, cytomegalovirus
infection, viral hepatitis and suspected immunodeficiency.

• Objective: to compare the eMect of parenteral OS-LE on liver
chemistry and bile acid composition in preterm infants.

• Interventions: infants were randomised to receive either S-LE
(Intralipid; n = 51) or OS-LE (ClinOleic; n = 52) for 14 days. The two
LE looked identical and were started at 1 g/kg/day and increased
by 0.5 g/kg/day to 1 g/kg/day up to 3 g/kg/day. Amino acids were
started at 1.5 g/kg/day to 2.0 g/kg/day and increased up to 3.5
g/kg/day to 4.0 g/kg/day. PN was decreased as enteral intake
increased and withheld if enteral calorie intake was greater
than 80% of total intake. 'All-in-one' solutions were infused
continuously over 24 hours with all other cointerventions being
identical. Preterm formula was used for enteral nutrition for all
infants as feasible.

• Outcomes: the primary end point was liver chemistry. The
secondary end point was plasma bile acid composition. Serum
conjugated bilirubin was reported to be higher aWer seven days
in the S-LE group. The study reported on mortality, weight gain,
days to regain birth weight, duration of ventilation, BPD, NEC
and culture-positive sepsis. Clinical outcomes including ROP,
IVH and PVL were not reported in this trial.

MS-LE versus S-LE

Three studies compared MS-LE versus S-LE (Lehner 2006; Rubin
1994; Savini 2013).

Lehner 2006 was a single-centre RCT at the Division of Neonatology,
University of Pécs, Hungary.

• Population: 25 to 37 weeks' gestation preterm infants with birth
weight less than 3000 g were eligible for inclusion.

• Objective: to compare the eMects of a MCT-LCT emulsion (MS-LE)
and LCT emulsion (S-LE) on the fatty acid composition of plasma
phospholipids and TG.

• Interventions: MS-LE (20% Lipofundin, n = 6) compared with S-
LE (20% Lipofundin N, n = 6). Details of the TPN protocol were
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not available. Cointerventions with 10% glucose, amino acids,
electrolytes (sodium chloride, potassium chloride, calcium
gluconate), trace elements (Pedel, Pharmacia, Budapest,
Hungary) and water-soluble vitamins (Soluvit, Baxter, Deerfield,
IL) were identical in both groups.

• Outcomes: intended outcomes were plasma fatty acid profile,
plasma cholesterol level, hypertriglyceridaemia and weight on
day eight. Some other clinical and biochemical parameters were
recorded but not reported.

Rubin 1994 was a single-centre RCT at the Beilinson Medical Center,
Petach-Tiqva, Israel and the results from the study were published
in the Journal of Pediatrics. Results from this study regarding
the fatty acid profiles appeared to have been published in the
Journal of Pediatric Gastroenterology and Nutrition the following
year (Rubin 1995). The baseline characteristics were identical for
the participants in both the published reports (Table 1).

• Population: 59 preterm infants under 35 weeks' gestation who
received TPN for at least six days were included.

• Objective: to study the eMects of three diMerent LEs, BS-LE, S-
LE or MS-LE, on the lipid status and bilirubin levels in preterm
infants.

• Interventions: infants were randomised to receive one of: PFE
4501 (20% LCT, 15% borage oil, L-carnitine; n = 16); Intralipid (LCT
20%; n = 18); or Lipofundin (MCT-LCT mix; n = 15). LE was started
on day one at 0.5 g/kg/day, increased to 1.5 g/kg/day on day
two to a maximum of 2.5 g/kg/day on day three, and continued
to the end of the study period. Cointerventions with amino acid
solution (Vamin) and electrolytes were identical in both groups.

• Outcomes considered included weight gain, clinical variables,
acid–base balance, blood counts, glucose levels and TG.

Savini 2013 was a single-centre, five-arm RCT which was described
under the 'MOFS-LE versus S-LE' comparison.

Roggero 2010 was a single-centre study at Università degli Studi di
Milano, Italy with two out of three arms receiving MS-LE and S-LE.
This study did not contribute to any outcome and was described
under the 'OS-LE versus S-LE' comparison.

BS-LE versus S-LE

One study compared BS-LE versus S-LE (Rubin 1994).

Rubin 1994 was a single-centre study at Beilinson Medical Center,
Petach-Tiqva, Israel. BS-LE was one of the three intervention arms
in this study. Details of this study have been described under the
comparison of 'MS-LE versus S-LE'.

Structured LE versus S-LE

We found no studies comparing structured LE versus S-LE.

Alternative-LE versus other alternative-LE in preterm infants
(Comparison 4)

BS-LE versus MS-LE

One study compared BS-LE versus MS-LE which was described in
the MS-LE versus S-LE subgroup (Rubin 1994).

OS-LE versus MS-LE

Two studies compared OS-LE versus MS-LE (Savini 2013; Roggero
2010).

Two of the five arms of the study by Savini 2013 compared OS-LE
versus MS-LE. This five-arm RCT was described under the 'MOFS-LE
versus S-LE' comparison.

Roggero 2010 was a single-centre study at the Università degli Studi
di Milano, Italy with three arms including two arms comparing OS-
LE versus MS-LE. This study did not contribute data to any outcome
and was described under the OS-LE versus S-LE comparison.

Fish oil LE versus non-fish oil LE in preterm infants with surgical
conditions (Comparison 5)

In the population of preterm infants with the surgical conditions we
found only one eligible study (Nehra 2014) (n=19) which compared
a pure fish oil LE (Omegaven) to S-LE (Intralipid).

We found no studies comparing a fish oil LE versus another fish
oil LE, alternative LE versus S-LE or alternative LE versus another
alternative LE in infants with surgical conditions.

Pure F-LE versus S-LE

One study compared pure F-LE versus S-LE (Nehra 2014).

Nehra 2014 was a single-centre double-blind RCT. Authors reported
that the study was terminated early due to low incidence of
cholestasis among enrolled patients.

• Population: neonates and infants (less than three months' age)
with baseline conjugated bilirubin less than 1.0 mg/dL and
a gastrointestinal disease requiring surgical intervention who
were expected to be PN dependent for 21 days or greater were
eligible.

• Objective: to assess the safety and eMicacy of a pureF-LE in
reducing the incidence of cholestasis in neonates compared
with the traditional S-LE.

• Interventions: infants with persistently elevated conjugated
bilirubin (greater than 2 mg/dL for two or more continuous
weeks) were considered treatment failures and were crossed
over to the other study arm.

• Outcomes: primary outcome was to determine whether the
incidence of cholestasis, defined as a serum conjugated bilirubin
greater than 2 mg/dL for two or more consecutive weeks diMered
between the S-LE and pure F-LE groups. Secondary outcomes
included safety and tolerability of the two LEs, Bayley Scales
of Infant Development (BSID-III) scores at six and 24 months'
corrected age.

Fish oil LE versus non-fish oil LE in preterm infants with PNALD/
cholestasis (Comparison 6)

This comparison included those studies which compared the fish
oil-containing LE with non-fish oil LEs in preterm infants who
had developed cholestasis within the first six months of life. The
studies in this comparison also included infants who had developed
cholestasis or PNALD due to surgical conditions. There were two
studies that compared a fish oil-LE versus a non-fish oil LE in infants
with cholestasis. The two studies were in the following subgroups:

• MOFS-LE versus S-LE: one study (n = 24) compared MOFS-LE
(SMOFlipid) to S-LE (10% Intralipid) (Diamond 2017).

• Pure F-LE versus S-LE: one study (n = 16) compared Omegaven
(a pure fish oil-LE) to S-LE (10% Intralipid) (Lam 2014).
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We found no studies in infants with PNALD/cholestasis that
compared a fish oil-LE versus another fish oil-LE, alternative-LE
versus S-LE or alternative-LE versus another alternative-LE.

MOFS-LE versus S-LE

Diamond 2017 was a multicentre parallel-group blinded
randomised study conducted at multiple sites including the
Hospital for Sick Children, Toronto, ON, Canada; McMaster
Children's Hospital, Hamilton, ON, Canada; Alberta Children's
Hospital, Calgary, AB, Canada; Stollery Children's Hospital,
Edmonton, AB, Canada; and CHU Sainte-Justine, Montreal, QC,
Canada. Of the 26 infants randomised, 17 were from the Hospital
for Sick Children, five from the Calgary subsite, three from the
Hamilton subsite and one from the Edmonton subsite.

• Population: primary inclusion criteria were an infant (aged less
than 24 months) with short bowel syndrome or intestinal failure
who received substantial PN support (greater than 40% total
calories) and was demonstrating early hepatic dysfunction (Cbil:
17 µmol/L to 50 µmol/L (1 mg/dL to 3 mg/dL)) in the absence
of sepsis. Though the age of inclusion was less than 24 months,
all the included infants were in preterm or borderline preterm
range with the outer range of the ages being less than six months
and, therefore, this study satisfied the population criteria for the
review.

• Objective: to explore whether SMOFlipid, a composite LE, would
reduce the risk of PNALD progression in children receiving PN
who were exhibiting early hepatic dysfunction.

• Interventions: 26 infants were randomised to MOFS-LE (30%
MCT, 25% olive oil, 15% fish oil, 30% soybean oil; n = 13) or 20%
Intralipid (S-LE; n = 13). Participants received trial lipid for up
to 12 weeks. Infants also ended the trial if they achieved full
enteral tolerance (autonomy from PN) prior to this time point or
if they developed progressive liver disease defined by a serum
conjugated bilirubin (Cbil) exceeding 100 µmol/L for more than
14 days. The investigators also had a provision of replacement of
the study participants who discontinued the PN prior to second
week of the study due to achievement of full enteral tolerance.
Lipid dosing was according to a nomogram which adjusted the
amount of the lipids proportional to the enteral intake. All types
of enteral formulas were allowed except the enteral fish oil
solution.

• Outcomes: the primary outcome was the last value of the Cbil
the week the child received the last dose of the trial lipid (i.e. at
12 weeks, at full enteral tolerance or on the development of the
progressive liver disease). Other liver markers in the blood were
also measured. Weight, length and head circumference were
assessed at baseline, week 6 and post-trial. A complete blood
count was done at weeks 0, 4 and 8, and post-trial. International
normalised ratio, C-reactive protein, immunological markers
(interleukins 1, 6, 8, 10 and 12; tumour necrosis factor-α),
nephelometry, serum cholesterol and serum TGs were assessed
at baseline, week 6 and post-trial. Red blood cell phospholipid
composition was assessed at baseline, week 6 and post-trial.

Pure F-LE versus S-LE

Lam 2014 was a single-centre study conducted at the Departments
of Paediatrics, Paediatric Surgery and Pharmacy at the Prince of
Wales Hospital, Sha Tin, Hong Kong. The authors reported that the
parents were becoming unwilling to consent for the study and the
study was terminated prematurely in view of the interim results.

• Population: infants who developed PNAC and fulfilled the
inclusion criteria: Cbil 34 μmol/L (2 mg/dL) or greater, expected
to continue requiring PN for more than two weeks and
had informed parental consent. Exclusions included major
congenital malformations, multiorgan failure, and a known
secondary cause of cholestatic jaundice. This study fulfilled the
review inclusion criteria as the upper range of the age of the
infants in both groups was 37 weeks or less.

• Objective: to evaluate whether pure F-LE could halt or reverse
the progression of PNALD compared with soybean oil-based
parenteral lipid preparation (S-LP) and to assess the eMects of
pure F-LE on liver function and physical growth.

• Interventions: eligible infants were randomly assigned to receive
either pure F-LE (10% Omegaven; Fresenius Kabi AG, Bad
Homburg vor der Höhe, Germany; n = 9) or S-LE (10% Intralipid;
Fresenius Kabi AG, Uppsala, Sweden; n = 7). Infants randomised
to the pure F-LE arm received F-LE starting at 0.5 g/kg/day and
gradually advanced to the maximum of 1.5 g/kg/day at 0.5 g/
kg/day increments every two days. Infants receiving S-LE had
the quantity of parenteral lipid decreased to 1.5 g/kg/day as
a reduction has been shown to be beneficial to infants with
PNALD.

• Outcomes: primary outcome was reversal of PNALD, defined
as Cbil level less than 34 μmol/L within four months aWer
commencement of lipid treatment. The secondary outcomes
were rate of change of weekly liver function tests, infant growth
parameters (head circumference and bodyweight), blood lipid
profile and number of episodes of late-onset infection

Excluded studies

Four randomised studies were excluded as the participants
included term infants (Angsten 2002; Ariyawangso 2014; Lima 1988;
Webb 2008). One study compared aggressive PN with conventional
nutrition (as per the TPN protocols in the 1990s), which was the
main objective of the study, besides comparing the LE in the two
groups (Wilson 1997). See the Characteristics of excluded studies
table for details.

Risk of bias in included studies

The review authors (VK, MM) assessed the quality of included
studies using the criteria of Cochrane Neonatal. Assessment of bias
was predominantly based on allocation concealment, blinding of
intervention, blinding of outcome assessment and completeness of
follow-up. Details of assessment are provided in 'Risk of bias' tables
(see Characteristics of included studies table).

Allocation

All included studies were described as randomised. However,
14 studies adequately described the method of the random
sequence generation (Demirel 2011; Deshpande 2009; Deshpande
2014; Diamond 2017; Köksal 2011; Lam 2014; Nehra 2014; Pawlik
2014; Rayyan 2012; Repa 2018; Skouroliakou 2010; Skouroliakou
2016; Uthaya 2016; Vlaardingerbroek 2014). Two studies were at
a low risk for selection bias based on the description of random
sequence generation in previous study reports by the same authors
(D'Ascenzo 2014; Savini 2013). By consensus between review
authors (VK, MM), three studies were assigned low risk of bias (Najm
2017; Techasatid 2017; Wang 2016). Ten studies were at unclear risk
of bias (Beken 2014; Biagetti 2016; D'Ascenzo 2011; Gawecka 2008b;
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Göbel 2003; Hsiao 2018; Roggero 2010; Rubin 1994; Lehner 2006;
Tomsits 2010).

Twenty-two studies were assigned low risk of bias for allocation
concealment including eleven studies that described allocation
concealment with the involvement of pharmacy or a member
of TPN team (Deshpande 2009; Deshpande 2014; Diamond 2017;
Gawecka 2008b; Hsiao 2018; Köksal 2011; Lam 2014; Nehra 2014;
Rayyan 2012; Skouroliakou 2010; Skouroliakou 2016), six studies
that described use of sealed envelopes (Biagetti 2016; D'Ascenzo
2011; D'Ascenzo 2014; Techasatid 2017; Vlaardingerbroek 2014;
Wang 2016) and two studies that described use of sealed envelopes
with the involvement of pharmacy (Beken 2014; Savini 2013).
Two studies that were assigned low risk of bias reported use
of online allocation (Najm 2017) or central voice recognition
system (Uthaya 2016). One study (Repa 2018) was assigned low
risk of bias for allocation concealment based on the available
information from study report by consensus between authors
(VK,MM). Seven studies provided insuMicient information regarding
allocation concealment and were assigned unclear risk of bias
(Demirel 2011; Göbel 2003; Lehner 2006; Pawlik 2014; Roggero 2010;
Rubin 1994; Tomsits 2010).

Blinding

Eighteen studies were assigned low risk of bias for performance
and detection bias including twelve studies that described the
intervention and control LE being identical (D'Ascenzo 2014;
Deshpande 2009; Deshpande 2014; Hsiao 2018; Lam 2014; Nehra
2014; Rayyan 2012; Repa 2018 Savini 2013; Skouroliakou 2010;
Skouroliakou 2016; Wang 2016), one that reported preparation of
trial formulations by a licensed facility and dispensed by pharmacy
staM (Uthaya 2016) and five by author consensus based on the study
details (Biagetti 2016; Diamond 2017; Gawecka 2008b; Köksal 2011;
Techasatid 2017). Seven studies were described as blinded but
were assigned unclear risk of bias for performance and detection
bias as no judgement was possible in absence of details on blinding
in the study reports (D'Ascenzo 2011; Göbel 2003; Lehner 2006;
Roggero 2010; Rubin 1994; Tomsits 2010; Vlaardingerbroek 2014).
Three studies were assigned unclear risk of performance bias but
low risk for detection bias by author consensus, including two
(Beken 2014; Pawlik 2014) that were described to be blinded for
the ophthalmologist and one study (Najm 2017) that was described
to be blinded only for the ophthalmologist and data analyst. One
study was assigned high risk of bias as it was not described as a
blinded study (Demirel 2011).

Incomplete outcome data

Five studies were assigned high risk of bias for significant
incomplete outcome data or unbalanced exclusions (Biagetti
2016; Lehner 2006; Pawlik 2014; Rubin 1994; Skouroliakou
2010). Rubin 1994 excluded infants who later developed sepsis,
hyperbilirubinaemia or thrombocytopenia and performed per
protocol analysis (10 infants, amounting to 16% of the study
sample). One study reported high mortality rate in both
intervention (fish oil-LE; 20/87 (22.9%)) and control groups (OS-
LE; 18/88 (20.4%) (Pawlik 2014). There were seven participant
withdrawals, all in the fish oil-LE arm. Data were not reported for

deaths or withdrawals. This study was considered at high risk of
bias for cholestasis and other outcomes.

The other studies reported outcomes for most infants with smaller
numbers of withdrawals, for which the reasons were provided,
proportions were not very high or intention-to-treat analysis was
performed, and were, therefore, assessed to be at low risk or
unclear risk of attrition bias. We contacted corresponding authors
of eight studies by email for further information/clarification; four
authors provided further information and one author provided
further information including unpublished data which were
included in the meta-analyses (Köksal 2011). We contacted the
authors of some published abstracts for clarification regarding
publication resulting from their studies and to procure unpublished
data. We also contacted some authors for clarification regarding the
data in published study reports (Diamond 2017; Köksal 2011).

Selective reporting

In the absence of pre-specified study protocols the risk of bias was
unclear for most studies (Biagetti 2016; D'Ascenzo 2011; D'Ascenzo
2014; Demirel 2011; Deshpande 2009; Gawecka 2008b; Göbel
2003; Hsiao 2018; Köksal 2011; Lehner 2006; Pawlik 2014; Rayyan
2012; Roggero 2010; Rubin 1994; Savini 2013; Skouroliakou 2010;
Skouroliakou 2016; Techasatid 2017; Tomsits 2010). The data values
for some outcomes in the studies were not available (mentioned as
"not significantly diMerent") or presented as composite outcomes
and, therefore, could not be included in the meta-analyses.
Data values were not available for NEC and BPD/CLD in one
study (Demirel 2011), sepsis in one study (Deshpande 2009),
IVH in one study (Gawecka 2008b), and hyperglycaemia in one
study (Rubin 1994). Two studies reported sepsis as a composite
outcome ("infections and infestations") (Rayyan 2012; Tomsits
2010). One study reported composite outcomes of "hepatobiliary
disorder" (included jaundice and cholestasis) and "metabolic and
nutrition disorders" (including hyperglycaemia) (Rayyan 2012).
Some short duration studies focusing on biochemical aspects did
not provide data values on growth rate. All reported outcomes are
listed in Table 2.

Other potential sources of bias

Köksal 2011 reported high rates of ventilation duration and BPD
in the S-LE intervention arm which was a cause of unexplained
heterogeneity in these outcomes (unclear risk of bias). The study
did not provide data on the level of sickness of the infants in the
two groups (e.g. Köksal 2011), which may be a source of prognostic
imbalance. We identified a duplicate report of study by Wang and
colleagues (Wang 2016b) with some data irregularities and at the
time of submission of this review we were awaiting advice from the
editorial teams of the respective journals (unclear risk of bias). Two
studies were terminated prematurely and were assigned unclear
risk of bias as the reasons for termination included limitations due
to the study setting (Lam 2014; Nehra 2014).

Demirel 2011 was at high risk of bias as only the infants who were
receiving 40% calories by parenteral route by the 14th day of life
were included in the study; this was likely to have introduced bias
and issues with randomisation.

The risk of bias in included studies is summarised in Figure 2.
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Figure 2.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Figure 2.   (Continued)

 

E9ects of interventions

See: Summary of findings for the main comparison Fish oil lipid
emulsion (LE) compared to non-fish oil LE for parenterally fed
preterm infants; Summary of findings 2 Fish oil lipid emulsion (LE)
compared to another fish oil LE for parenterally fed preterm infants;
Summary of findings 3 Alternative lipid emulsion (LE) versus
soybean oil-based LE (S-LE) for parenterally fed preterm infants;
Summary of findings 4 Alternative lipid emulsion (LE) compared
to another alternative-LE for parenterally fed preterm infants;
Summary of findings 5 Fish oil lipid emulsion (LE) compared to
non-fish oil LE in parenterally fed preterm infants with surgical
conditions; Summary of findings 6 Fish oil lipid emulsion (LE)
compared to non-fish oil LE for parenterally fed preterm infants
with cholestasis

We included 29 eligible RCTs (n = 2037) with 26 studies (n = 1890)
contributing data to the meta-analyses for the outcomes of interest
in this review (Characteristics of included studies table). The
authors agreed regarding inclusion and exclusion of the studies,
quality assessment and data extraction. We could not perform the
planned subgroup analyses based on birth weight and sex due to
lack of stratified data.

Fish oil LE versus non-fish oil LE in preterm infants
(Comparison 1)

All studies comparing F-LE versus non-fish oil LE in preterm infants
without underlying surgical conditions or PNALD were considered
in this comparison. Studies in preterm infants with surgical
conditions were considered in Comparison 5. Studies in preterm
infants with pre-existing PNALD/cholestasis were considered in
Comparison 6.

Seventeen studies compared F-LE versus non-fish oil LE (n =
1522) (Beken 2014; Biagetti 2016; D'Ascenzo 2011; D'Ascenzo 2014;
Deshpande 2014; Hsiao 2018; Najm 2017; Pawlik 2014; Rayyan 2012;
Repa 2018; Savini 2013; Skouroliakou 2010; Skouroliakou 2016;
Techasatid 2017; Tomsits 2010; Uthaya 2016; Vlaardingerbroek
2014). One study had five intervention arms and contributed

to multiple subgroup comparisons (Savini 2013). The following
subgroup comparisons were included:

• MOFS-LE versus S-LE: 11 studies (n = 973) (Beken 2014;
D'Ascenzo 2014; Rayyan 2012; Repa 2018; Savini 2013;
Skouroliakou 2010; Skouroliakou 2016; Techasatid 2017;
Tomsits 2010; Uthaya 2016; Vlaardingerbroek 2014).

• MOFS-LE versus MS-LE: two studies (n = 120) (Hsiao 2018; Savini
2013).

• MOFS-LE versus OS-LE: three studies (n = 184) (Deshpande 2014;
Najm 2017; Savini 2013).

• MFS-LE versus S-LE: one study (n = 60) (Savini 2013).

• MFS-LE versus MS-LE: three studies (n = 160) (Biagetti 2016;
D'Ascenzo 2011; Savini 2013).

• MFS-LE versus OS-LE: one study (n = 60) (Savini 2013).

• OFS-LE versus OS-LE: one study (n = 175) (Pawlik 2014).

A summary of the risk estimates and the grading of the evidence are
provided in Summary of findings for the main comparison.

Primary outcomes

Days to regain birth weight (outcome 1.1)

Three studies (n = 326) reported data in a format that could
be used for the meta-analysis (D'Ascenzo 2011; Savini 2013;
Vlaardingerbroek 2014) (outcome 1.1; Analysis 1.1). One was a five-
arm study contributing to multiple comparisons (Savini 2013).

Three studies compared MOFS-LE versus S-LE, with D'Ascenzo 2014
showing statistically significant eMect in favour of non-fish oil LE
(MD 2.9 days, 95% CI 0.55 to 5.25). There was no statistically
significant diMerence between groups in the meta-analysis (MD 1.12
days, 95% CI –0.17 to 2.41; n = 234). There was low heterogeneity
(I2 = 43%).

One study compared MOFS-LE versus MS-LE, with no statistically
significant diMerence between groups (MD 0.00 days, 95% CI –2.58
to 2.58; n = 58; Savini 2013).
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One study compared MOFS-LE versus OS-LE, with no statistically
significant diMerence between groups (MD –2.00 days, 95% CI –5.76
to 1.76; n = 57; Savini 2013).

One study compared MFS-LE versus S-LE, with no statistically
significant diMerence between groups (MD –1.00 days, 95% CI –3.60
to 1.60; n = 57; Savini 2013).

One study compared MFS-LE versus MS-LE, with no statistically
significant diMerence between groups (MD –2.00 days, 95% CI –4.60
to 0.60; n = 57; Savini 2013).

One study compared MFS-LE versus OS-LE, with statistically
significant eMect in favour of fish oil LE (MD –4.00 days, 95% CI –7.78
to –0.22; n = 56; Savini 2013).

Growth rate (outcome 1.2)

Five studies (n = 347) provided data in a format that could be used
for the meta-analysis of rate of weight gain (g/kg/day) (Analysis 1.2).
One was a five-arm study contributing to multiple comparisons
(Savini 2013). There was significant variation in the presentation of
growth data and the duration for which the data were presented,
making this a clinically heterogeneous outcome.

Vlaardingerbroek 2014 reported weight gain (g/kg/day) as mean
with SDs. Rayyan 2012 reported weight gain as mean with SDs
until day eight. D'Ascenzo 2014 provided growth rates only aWer
the birth weight had been regained. Savini 2013 provided weekly
mean growth rates with SDs for the first three weeks which were
pooled by 'lipid type' to give the mean growth rate and SD over
three weeks. Tomsits 2010 presented the percentage change in
mean with SDs of weight at day eight and at the end of the study
(14 days). Skouroliakou 2010 only reported mean with SDs of initial
weight and weight on day 14. Other studies reported z scores at
baseline and at the study end from diMerent normative data, which,
combined with the fact that we did not have correlation coeMicients
for the participants, and unclear specific information regarding the
denominators, meant that we were unable to reliably impute the
growth rates (D'Ascenzo 2011; Najm 2017; Repa 2018).

Five studies compared MOFS-LE versus S-LE with Vlaardingerbroek
2014 showing statistically significant eMect in favour of non-fish oil
LE (MD 3.10 g/kg/day, 95% CI 0.6 to 5.60). There was no statistically
significant diMerence between groups in the meta-analysis (MD 0.71
g/kg/day, 95% CI –0.17 to 1.60; n = 347; low-quality evidence). There
was low heterogeneity (I2 = 30%).

One study compared MOFS-LE versus MS-LE, with no statistically
significant diMerence between groups (MD –0.33 g/kg/day, 95% CI
–6.53 to 5.87; n = 58; Savini 2013).

One study compared MOFS-LE versus OS-LE, with no statistically
significant diMerence between groups (MD –1.66 g/kg/day, 95% CI
–7.91 to 4.59; n = 57; Savini 2013).

One study compared MFS-LE versus S-LE, with no statistically
significant diMerence between groups (MD –1.67 g/kg/day, 95% CI
–7.01 to 3.67; n = 57; Savini 2013).

One study compared MFS-LE versus MS-LE, with no statistically
significant diMerence between groups (MD 1.00 g/kg/day, 95% CI –
4.80 to 6.80; n = 57; Savini 2013).

One study compared MFS-LE versus OS-LE, with no statistically
significant diMerence between groups (MD –0.33 g/kg/day, 95% CI
–6.18 to 5.52; n = 56; Savini 2013).

PNALD/cholestasis (conjugated bilirubin 2 mg/dL or greater) (outcome
1.3)

Three studies defined cholestasis as conjugated bilirubin greater
than 2 mg/dL on two consecutive occasions (D'Ascenzo 2014;
Hsiao 2018; Techasatid 2017) (Analysis 1.3). Savini 2013 defined
cholestasis as conjugated bilirubin greater than 2 mg/dL (34.2
μmol/L) at the age of six weeks. Other studies used diMerent
definitions for cholestasis.

Three studies compared MOFS-LE versus S-LE, with no statistically
significant diMerence in any individual study (D'Ascenzo 2014;
Savini 2013; Techasatid 2017). There was no statistically significant
diMerence between groups in the meta-analysis (typical RR 0.56,
95% CI 0.16 to 1.99; typical RD –0.03, 95% CI –0.10 to 0.03; n = 182).
There was no heterogeneity for RR (I2 = 0%) and low heterogeneity
for RD (I2 = 25%).

Two studies compared MOFS-LE versus MS-LE (Hsiao 2018; Savini
2013). There were no statistically significant diMerences reported
by any individual study. There was no statistically significant
diMerence between groups in the meta-analysis (typical RR 0.61,
95% CI 0.15 to 2.41; typical RD –0.03, 95% CI –0.12 to 0.06; n = 118).
There was no heterogeneity for RR or RD (I2 = 0%).

One study compared MOFS-LE versus OS-LE, with no statistically
significant diMerence between groups (RR 3.10, 95% CI 0.13 to 73.12;
RD 0.04, 95% CI –0.06 to 0.13).

One study compared MFS-LE versus S-LE, with no statistically
significant diMerence between groups (RR 3.32, 95% CI 0.14 to 78.25;
RD 0.04, 95% CI –0.06 to 0.13; n = 57; Savini 2013).

One study compared MFS-LE versus MS-LE, with no statistically
significant diMerence between groups (RR 1.11, 95% CI 0.07 to 16.91;
RD 0.00, 95% CI –0.09 to 0.10; n = 57; Savini 2013).

One study compared MFS-LE versus OS-LE, with no statistically
significant diMerence between groups (RR 3.21, 95% CI 0.14 to 75.68;
RD 0.04, 95% CI –0.06 to 0.13; n = 56; Savini 2013).

PNALD/cholestasis (conjugated bilirubin 2 mg/dL or greater):
combined subgroups (outcome 1.4)

In the combined meta-analysis for all the subgroups together and
adjusting for the unit of analysis error for multiarm study there was
no diMerence between the F-LE and non-fish oil LE (typical RR 0.61,
95% CI 0.24 to 1.56; typical RD –0.03, 95% CI –0.08 to 0.02; 4 studies;
n = 328; low-quality evidence; Figure 3; Analysis 1.4). There was no
heterogeneity for RR or RD (I2 = 0%).
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Figure 3.   Forest plot of comparison: 1 Fish oil lipid emulsion (LE) versus non-fish oil LE, outcome: 1.4 Parenteral
nutrition-associated liver disease (PNALD)/cholestasis (conjugated bilirubin ≥ 2 mg/dL): combined subgroups.

 
PNALD/cholestasis (any definition) (outcome 1.5)

Eleven studies reported data in a format that could be used for the
meta-analysis (Beken 2014; D'Ascenzo 2011; Hsiao 2018; Najm 2017;
Pawlik 2014; Repa 2018; Savini 2013; Skouroliakou 2016; Techasatid
2017; Uthaya 2016; Vlaardingerbroek 2014) (Analysis 1.5). One was a
five-arm study contributing to multiple comparisons (Savini 2013).

Three studies defined cholestasis as conjugated bilirubin greater
than 2 mg/dL on two consecutive occasions (D'Ascenzo 2014;
Hsiao 2018; Techasatid 2017). Savini 2013 defined cholestasis as
conjugated bilirubin greater than 2 mg/dL (34.2 μmol/L) at the
age of six weeks which was similar in cut-oM to many other
included studies but was heterogeneous in timing of the outcome
evaluation. One study defined cholestasis as conjugated bilirubin
greater than 50 μmol/L for at least two weeks any time during
follow-up and not related to sepsis (Najm 2017). One study
defined cholestasis as two readings of conjugated bilirubin greater
than 1.5 mg/dL (Repa 2018). Two studies defined cholestasis as
conjugated bilirubin greater than 1 mg/dL if total bilirubin was
less than 5 mg/dL and greater than 20% conjugated fraction if
total bilirubin was greater than 5 mg/dL (Beken 2014; Pawlik
2014). One study provided data about study participants with
conjugated bilirubin greater than 40 μmol/L (Uthaya 2016). One
study provided definition of bilirubin as greater than 20% of total
bilirubin (Vlaardingerbroek 2014). Another study did not provide
the definition used (Skouroliakou 2016).

Eight studies compared MOFS-LE versus S-LE, with no statistically
significant diMerence in any individual study. There was no
statistically significant diMerence between groups in the meta-
analysis (typical RR 0.76, 95% CI 0.49 to 1.19; typical RD –0.02, 95%
CI –0.06 to 0.02; n = 800). There was no heterogeneity for RR or RD
(I2 = 0%).

Two studies compared MOFS-LE versus MS-LE, with neither of the
studies individually reporting statistically significant diMerence in
PNALD (Hsiao 2018; Savini 2013). One of these studies included
a population of preterm infants who required ventilation aWer
birth (Hsiao 2018). However, as this study did not cause any
heterogeneity and the results were not an outlier visually, we used
the study results in the meta-analysis. There was no statistically

significant diMerence between groups in the meta-analysis (typical
RR 0.61, 95% CI 0.15 to 2.41; typical RD –0.03, 95% CI –0.12 to 0.06; 2
studies; n = 118). There was no heterogeneity for RR or RD (I2 = 0%).

Among the studies comparing MOFS-LE versus OS-LE, Deshpande
2009 did not report data and mentioned no diMerence between
groups. Neither of the other two studies that provided data for
this outcome reported any statistically significant diMerences (Najm
2017; Savini 2013). There was no statistically significant diMerence
between groups in the meta-analysis (typical RR 2.05, 95% CI 0.48 to
8.72; typical RD 0.04, 95% CI –0.04 to 0.12; 2 studies; n = 135). There
was no heterogeneity for RR or RD (I2 = 0%).

One study compared MFS-LE versus S-LE, with no statistically
significant diMerence between groups (typical RR 3.32, 95% CI 0.14
to 78.25; typical RD 0.04, 95% CI –0.06 to 0.13; n = 57; Savini 2013).

One study compared MFS-LE versus MS-LE, with no statistically
significant diMerence between groups (typical RR 1.11, 95% CI 0.07
to 16.91; typical RD 0.00, 95% CI –0.09 to 0.10; n = 57; Savini 2013).

One study compared MFS-LE versus OS-LE, with no statistically
significant diMerence between groups (typical RR 3.21, 95% CI 0.14
to 75.68; typical RD 0.04, 95% CI –0.06 to 0.13; n = 56; Savini 2013).

One study compared OFS-LE versus OS-LE, with a statistically
significant eMect in favour of F-LE (typical RR 0.17, 95% CI 0.05 to
0.56; typical RD –0.24, 95% CI –0.36 to –0.12; n = 130; Pawlik 2014).

Further analysis was done for the outcome of PNALD/cholestasis by
combining all the subgroups together (see outcome 1.6 below).

PNALD/cholestasis (any definition): combined subgroups (all studies)
and sensitivity analysis (outcome 1.6)

In the combined meta-analysis for all the subgroups together and
adjusting for the unit of analysis error (by combining arms of
multiarm trial) there was statistically significant eMect in favour
of F-LE compared to the non-fish oil LE (typical RR 0.63, 95% CI
0.43 to 0.91; typical RD –0.04, 95% CI –0.08 to –0.01; 11 studies;
n = 1154; Analysis 1.6; very low-quality evidence). There was no
heterogeneity for RR (I2 = 9%) and moderate heterogeneity for RD
(54%).
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We performed a sensitivity analysis in the outcome of PNALD by
separately analysing the studies with low and unclear risk of bias
and the study with high risk of bias (Pawlik 2014). The study's result
from the high risk of bias study was visually an outlier on the forest
plot. There was heterogeneity between the eMect estimate from low
and unclear risk of bias studies compared to the high risk of bias
study, with high heterogeneity of 83% for RR and 91.6% for RD.

Study level diMerences including the variation in definitions of
cholestasis, specific methodological aspects including timing of
PNALD detection and diMerences in intervention (percentage of
each lipid type) may also have contributed to high heterogeneity.

Another important reason to conduct sensitivity analysis was
moderate to high heterogeneity in this outcome.

The pooled estimate from the meta-analysis of studies with low and
unclear risk of bias showed no statistically significant diMerence
between the F-LE and non-fish oil LE for PNALD/cholestasis (using
any definition) (typical RR 0.80, 95% CI 0.53 to 1.21; typical RD –0.02,
95% CI –0.05 to 0.02; 10 studies; n = 1024; low-quality evidence;
analysis done with adjustment for unit of analysis). There was no
heterogeneity for RR or RD among the studies with low and unclear
risk of bias (I2 = 0%). We presented the pooled eMect estimates from
the low and unclear risk of bias studies as the primary analysis
because it is likely to be a less biased estimate of eMect, with higher
grade of evidence (Figure 4).

 

Figure 4.   Forest plot of comparison: 1 Fish oil lipid emulsion (LE) versus non-fish oil LE, outcome: 1.6 Parenteral
nutrition-associated liver disease (PNALD)/cholestasis (any definition): analysis stratified by low and unclear risk of
bias studies versus high risk of bias studies (risk ratios).

 
We also explored reporting bias for this outcome using a funnel
plot, which did not detect any reporting bias for studies comparing

F-LE versus non-fish oil LE (Figure 5), or for the subgroup restricted
to MOFS-LE versus S-LE (not shown).
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Figure 5.   Funnel plot of comparison: 1 Fish oil lipid emulsion (LE) versus non-fish oil LE, outcome: 1.5 Parenteral
nutrition-associated liver disease (PNALD)/cholestasis (any definition).

 
Secondary outcome measures

Death before discharge (outcome 1.7)

Thirteen studies reported data in a format that could be used for
the meta-analysis (Beken 2014; D'Ascenzo 2014; Deshpande 2014;
Hsiao 2018; Najm 2017; Pawlik 2014; Rayyan 2012; Repa 2018;
Savini 2013; Skouroliakou 2016; Techasatid 2017; Uthaya 2016;
Vlaardingerbroek 2014) (Analysis 1.7). One was a five-arm study
contributing to multiple comparisons (Savini 2013). No single study
showed a statistically significant diMerence in the groups for death
before discharge.

In the studies comparing MOFS-LE versus S-LE, there were nine
studies with no statistically significant diMerence in any individual
study (Beken 2014; D'Ascenzo 2014; Rayyan 2012; Repa 2018;
Savini 2013; Skouroliakou 2016; Techasatid 2017; Uthaya 2016;
Vlaardingerbroek 2014). There was no statistically significant
diMerence between groups in the meta-analysis (typical RR 1.24,
95% CI 0.81 to 1.90; typical RD 0.02, 95% CI –0.02 to 0.06; n = 855;
low-quality evidence). There was no heterogeneity for RR and RD
(I2 = 0%).

In the studies comparing MOFS-LE versus MS-LE, there were
two studies with no statistically significant diMerence in any
individual study (Hsiao 2018; Savini 2013). There was no statistically
significant diMerence between groups in the meta-analysis (typical

RR 1.40, 95% CI 0.28 to 6.89; typical RD 0.02, 95% CI –0.06 to 0.09; n
= 120). There was low heterogeneity for RR or RD (I2 = 30.2%).

In the studies comparing MOFS-LE versus OS-LE, there were three
studies with no statistically significant diMerence in any individual
study (Deshpande 2014; Najm 2017; Savini 2013). There was no
statistically significant diMerence between groups in the meta-
analysis (typical RR 1.19,, 95% CI 0.48 to 2.93; typical RD 0.02, 95%
CI –0.07 to 0.10; n = 184). There was no heterogeneity for RR or RD
(I2 = 0%).

One study compared MFS-LE versus S-LE, with no statistically
significant diMerence between groups (RR 5.00, 95% CI 0.25 to 99.95;
RD 0.07, 95% CI –0.04 to 0.17; n = 60; Savini 2013).

One study compared MFS-LE versus MS-LE, with no statistically
significant diMerence between groups (RR 5.00, 95% CI 0.25 to 99.95;
RD 0.07, 95% CI –0.04 to 0.17; n = 60; Savini 2013).

One study compared MFS-LE versus OS-LE, with no statistically
significant diMerence between groups (RR 5.00, 95% CI 0.25 to 99.95;
RD 0.07, 95% CI –0.04 to 0.17; n = 60; Savini 2013).

One study compared OFS-LE versus OS-LE, with no statistically
significant diMerence between groups (RR 1.12, 95% CI 0.64 to 1.97;
RD 0.03, 95% CI –0.10 to 0.15; n = 175; Pawlik 2014).
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Any retinopathy of prematurity (outcome 1.8)

Eight studies (n = 791) reported data in a format that could be used
for the meta-analysis (Analysis 1.8).

In the studies comparing MOFS versus S-LE, there were five studies
(n = 523) (Beken 2014; D'Ascenzo 2014; Repa 2018; Techasatid
2017; Vlaardingerbroek 2014). One single-centre study reported
significantly lower rates in ROP stage 1 to 2 in the MOFS-LE group
compared with the S-LE group (1/40 with MOFS-LE versus 12/40
with S-LE; P = 0.001; RR 0.08, 95% CI 0.01 to 0.61; RD –0.27, 95%
CI –0.43 to –0.12; NNTB 4, 95% CI 2 to 8); however, there was
no diMerence in ROP stage 3 and above (Beken 2014). There was
no statistically significant diMerence between groups in the meta-
analysis (typical RR 0.92, 95% CI 0.72 to 1.17; typical RD –0.02, 95%
CI –0.09 to 0.04). There was high heterogeneity for RR (I2 = 68%) and
RD (67%).

One study compared MOFS-LE versus MS-LE, with no statistically
significant diMerence between groups (RR 0.86, 95% CI 0.33 to 2.25;
RD –0.03, 95% CI –0.24 to 0.17; n = 60; Hsiao 2018).

One study compared MOFS-LE versus OS-LE, with no statistically
significant diMerence between groups (RR 1.06, 95% CI 0.84 to 1.35;
RD 0.05, 95% CI –0.14 to 0.23; n = 78; Najm 2017).

One study compared OFS-LE versus OS-LE, with no statistically
significant diMerence between groups (RR 0.85, 95% CI 0.53 to 1.38;
RD –0.05, 95% CI –0.22 to 0.11; n = 130; Pawlik 2014).

In the meta-analysis of all subgroups together, there was no
statistically significant diMerence between the F-LE and non-fish oil
LE groups in the meta-analysis (typical RR 0.93, 95% CI 0.79 to 1.11;
typical RD –0.02, 95% CI –0.08 to 0.03; 8 studies; n = 791). There
was no heterogeneity for RR and RD among the subgroups (I2 = 0%),
though there was low heterogeneity for the whole group for RR (I2
= 42%) and RD (46%).

The sensitivity analysis by stratifying for risk of bias did not change
the results significantly (not presented).

Retinopathy of prematurity stage 3 or greater or requiring surgery
(outcome 1.9)

Seven studies (n = 731) reported data in a format that could be
used for the meta-analysis (Beken 2014; D'Ascenzo 2014; Najm
2017; Pawlik 2014; Repa 2018; Techasatid 2017; Vlaardingerbroek
2014). Most studies appeared to be using the ICROP classification;
however, this was only explicitly mentioned in Beken 2014;
D'Ascenzo 2014; and Vlaardingerbroek 2014.

In the studies comparing MOFS-LE versus S-LE, there were five
studies with no statistically significant diMerence reported in
any individual study (Beken 2014; D'Ascenzo 2014; Repa 2018;
Techasatid 2017; Vlaardingerbroek 2014) (outcome 1.8; Analysis
1.9). There was no statistically significant diMerence between
groups in the meta-analysis (typical RR 0.82, 95% CI 0.40 to 1.68;
typical RD –0.01, 95% CI –0.05 to 0.03; n = 523). There was no
heterogeneity for RR or RD (I2 = 0%).

One study compared MOFS-LE versus OS-LE, with no statistically
significant diMerence between groups (RR 1.25, 95% CI 0.72 to 2.18;
RD 0.09, 95% CI –0.13 to 0.30; n = 78; Najm 2017).

One study compared OFS-LE versus OS-LE, with statistically
significant eMect in favour of F-LE (RR 0.48, 95% CI 0.24 to 0.96; RD
–0.16, 95% CI –0.31 to –0.02; n = 130; Pawlik 2014).

In the meta-analysis of all subgroups together, there was no
statistically significant diMerence between the F-LE and non-fish
oil LE groups in the meta-analysis (typical RR 0.80, 95% CI 0.55
to 1.16; typical RD –0.03, 95% CI –0.07 to 0.02; 7 studies; n = 731;
very low-quality evidence). There was moderate heterogeneity for
RR (I2 = 55.5%) and RD (61.3%). Heterogeneity was explored in the
sensitivity analysis below (outcome 1.10).

Retinopathy of prematurity stage 3 or greater or requiring surgery
(sensitivity analysis; outcome 1.10)

As noted above, there was moderate heterogeneity in the outcome
of ROP stage 3 or greater or requiring surgery (I2 = 55.5% for RR;
61.3% for RD). We performed a sensitivity analysis in the outcome of
ROP stage 3 or greater or requiring surgery by separately analysing
the studies with low and unclear risk of bias and the study with
high risk of bias (Pawlik 2014). There was no statistically significant
diMerence between all the subgroups together in meta-analysis in
sensitivity analysis by pooling eMect estimates from the low and
unclear risk of bias studies (by removing the study by Pawlik 2014)
(typical RR 1.02, 95% CI 0.65 to 1.60; typical RD 0.00, 95% CI –0.04
to 0.05; low-quality evidence; 6 studies; n = 601; Analysis 1.10).
There was no heterogeneity for RR and RD (I2 = 0%). There were
no statistically significant diMerences in the subgroup comparisons
individually (i.e. MOFS-LE versus S-LE and MOFS-LE versus OS-LE;
Analysis 1.10).

We presented the eMect estimate from meta-analysis of all studies
as the primary result for severe ROP (outcome 1.8), because the
results were not significantly diMerent in the sensitivity analysis.
Pawlik 2014 was considered at lesser risk of material bias for ROP
(compared to the outcome of cholestasis) (Summary of findings for
the main comparison).

Any bronchopulmonary dysplasia (outcome 1.11)

Eleven studies reported data in a format that could be used for
the meta-analysis (Beken 2014; D'Ascenzo 2014; Deshpande 2009;
Hsiao 2018; Najm 2017; Pawlik 2014; Repa 2018; Savini 2013;
Skouroliakou 2016; Techasatid 2017; Vlaardingerbroek 2014). One
of these was a five-arm study contributing to multiple comparisons
(Savini 2013). Most of the studies described oxygen requirement at
36 weeks as the definition of BPD and one study did not specify the
definition (Deshpande 2014).

Beken 2014 defined CLD as oxygen dependency beyond 36 weeks'
corrected age with diuretic or steroid use. Two studies used a cut-
oM of 36 weeks' (Najm 2017; Techasatid 2017). Hsiao 2018 defined
mild, moderate and severe CLD. Three studies defined BPD using
the definition provided by Walsh 2004 (D'Ascenzo 2014; Savini 2013;
Vlaardingerbroek 2014).

In the studies comparing MOFS-LE versus S-LE, there were seven
studies with no statistically significant diMerence in any individual
study (Beken 2014; D'Ascenzo 2014; Repa 2018; Savini 2013;
Skouroliakou 2016; Techasatid 2017; Vlaardingerbroek 2014). There
was no statistically significant diMerence between groups in the
meta-analysis (typical RR 0.93, 95% CI 0.71 to 1.22; typical RD –
0.02, 95% CI –0.08 to 0.05; n = 632; Analysis 1.11). There was no
heterogeneity for RR (I2 = 10%) or RD (22%).
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In the studies comparing MOFS-LE versus MS-LE, there were two
studies (n = 118) with Hsiao 2018 showing statistically significant
eMect in favour of fish oil LE (RR 0.36, 95% CI 0.13 to 1.01;
typical RD –0.23, 95% CI –0.44 to –0.02; n = 60). Hsiao 2018
also had diMerences in the baseline population relevant to this
outcome as only those preterm infants who required ventilation
were considered eligible for the study. Savini 2013 reported data
with no statistically significant diMerence between groups (typical
RR 1.61, 95% CI 0.51 to 5.10; typical RD 0.08, 95% CI –0.11 to
0.28; n = 58). The results of the two studies were clinically, visually
(forest plot) and statistically heterogeneous with diMerences in
population; therefore, we presented the results separately (MOFS-
LE versus MS-LE (1) Hsiao 2018; MOFS-LE versus MS-LE (2) Savini
2013).

In the studies comparing MOFS-LE versus OS-LE, there were three
studies with no statistically significant diMerence in any individual
study (Deshpande 2014; Najm 2017; Savini 2013). There was no
statistically significant diMerence between groups in the meta-
analysis (typical RR 1.17, 95% CI 0.82 to 1.67; typical RD 0.06, 95%
CI –0.08 to 0.20; n = 169). There was no heterogeneity for RR and RD
(I2 = 0%).

One study compared MFS-LE versus S-LE, with no statistically
significant diMerence between groups (RR 1.39, 95% CI 0.42 to 4.65;
RD 0.05, 95% CI –0.14 to 0.24; n = 57; Savini 2013).

One study compared MFS-LE versus MS-LE, with no statistically
significant diMerence between groups (RR 1.39, 95% CI 0.42 to 4.65;
RD 0.05, 95% CI –0.14 to 0.24; n = 57; Savini 2013).

One study compared MFS-LE versus OS-LE, with no statistically
significant diMerence between groups (RR 1.07, 95% CI 0.35 to 3.30;
RD 0.01, 95% CI –0.19 to 0.21; n = 56; Savini 2013).

One study compared OFS-LE versus OS-LE, with no statistically
significant diMerence between groups (RR 0.86, 95% CI 0.47 to 1.56;
RD –0.04, 95% CI –0.19 to 0.11; n = 130; Pawlik 2014).

We did not combine all subgroups for this outcome due to the
heterogeneous study population (Hsiao 2018), and due to the
presence of the multiarm study.

Chronic lung disease (oxygen requirement at 36 weeks' postmenstrual
age) (outcome 1.12)

Nine studies reported data in a format that could be used for
the meta-analysis (Analysis 1.12; Beken 2014; D'Ascenzo 2014;
Hsiao 2018; Najm 2017; Pawlik 2014; Repa 2018; Savini 2013;
Techasatid 2017; Vlaardingerbroek 2014). One was a five-arm study
contributing to multiple comparisons (Savini 2013).

In the studies comparing MOFS-LE versus S-LE, there were six
studies (n = 581) with no statistically significant diMerence in any
individual study. There was no statistically significant diMerence
between groups in the meta-analysis (typical RR 1.00, 95% CI 0.75
to 1.34; typical RD –0.00, 95% CI –0.07 to 0.07; n = 581; low-quality
evidence). There was no heterogeneity for RR or RD (I2 = 0%).

In the studies comparing MOFS-LE versus MS-LE, there were two
studies (n = 118) with no individual study showing statistically
significant diMerence between groups (Hsiao 2018; Savini 2013).
Hsiao 2018 reported improvement with MOFS-LE with the upper CI
for RD bordering on statistical significance (RR 0.33, 95% CI 0.10 to

1.11; typical RD –0.2, 95% CI –0.4 to –0.00; n = 60). The study by
Hsiao 2018 had diMerences in the baseline population as only those
preterm infants who required ventilation were considered eligible
for the study.

Savini 2013 reported data with no statistically significant diMerence
between groups (typical RR 1.61, 95% CI 0.51 to 5.10; typical RD
0.08, 95% CI –0.11 to 0.28; n = 58). The results of the two studies
were clinically, visually (forest plot) and statistically heterogeneous
with diMerences in population; therefore, we presented the results
separately (Hsiao 2018; Savini 2013).

In the studies comparing MOFS-LE versus OS-LE, there were two
studies with no statistically significant diMerence in any individual
study (Najm 2017; Savini 2013). There was no statistically significant
diMerence between groups in the meta-analysis (typical RR 1.18,
95% CI 0.78 to 1.81; typical RD 0.06, 95% CI –0.09 to 0.22; n = 135).
There was no heterogeneity for RR and RD (I2 = 0%).

One study compared MFS-LE versus S-LE, with no statistically
significant diMerence between groups (RR 1.39, 95% CI 0.42 to 4.65;
RD 0.05, 95% CI –0.14 to 0.24; n = 57; Savini 2013).

One study compared MFS-LE versus MS-LE, with no statistically
significant diMerence between groups (RR 1.39, 95% CI 0.42 to 4.65;
RD 0.05, 95% CI –0.14 to 0.24; n = 57; Savini 2013).

One study compared MFS-LE versus OS-LE, with no statistically
significant diMerence between groups (RR 1.07, 95% CI 0.35 to 3.30;
RD 0.01, 95% CI –0.19 to 0.21; n = 56; Savini 2013).

One study compared OFS-LE versus OS-LE, with no statistically
significant diMerence between groups (RR 0.86, 95% CI 0.47 to 1.56;
RD –0.04, 95% CI –0.19 to 0.11; n = 130; Pawlik 2014).

We did not combine all subgroups for this outcome due to the
heterogeneous study population (Hsiao 2018), and due to the
presence of the multiarm study.

Duration of ventilation (days) (outcome 1.13)

Six studies reported data for in a format that could be used for the
meta-analysis.

Five studies compared MOFS-LE versus S-LE (Beken 2014; Repa
2018; Skouroliakou 2010; Techasatid 2017; Vlaardingerbroek 2014),
with Techasatid 2017 showing statistically significant eMect in
favour of non-fish oil LE (MD 12.00 days, 95% CI 0.39 to 23.61). There
was no statistically significant diMerence between groups in the
meta-analysis (MD 0.08 days, 95% CI –1.56 to 1.73; n = 475; Analysis
1.13). There was low heterogeneity (I2 = 48%).

One study compared MOFS-LE versus MS-LE, with statistically
significant eMect in favour of fish oil LE (MD –7.40 days, 95%
CI –10.26 to –4.54; n = 60; Hsiao 2018). This study also had
some diMerences in the baseline population as only those preterm
infants who required ventilation were considered eligible for the
study. This diMerence in the population can account for the higher
duration of ventilation in the control group of the study.

There were only two subgroups for this outcome. When considering
the subgroups together, there was high heterogeneity (I2 = 82%;
not shown in figure) and even higher heterogeneity for all studies
in the whole group considered together (I2 = 94.9%). Because of
the presence of only two subgroups with high heterogeneity and
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large eMect size in a single small study with baseline population
diMerences (Hsiao 2018), we did not meta-analyse both subgroups
together and presented their results individually.

Duration of supplemental oxygen (days) (outcome 1.14)

Three studies (n = 200) reported data in a format that could be used
for the meta-analysis.

In the studies comparing MOFS-LE versus S-LE, there were two
studies with no statistically significant diMerence in any individual
study (Beken 2014; Tomsits 2010). There was no statistically
significant diMerence between groups in the meta-analysis (MD 0.47
days, 95% CI –2.01 to 2.95; n = 140; Analysis 1.14). There was no
heterogeneity (I2 = 0%).

One study compared MOFS-LE versus MS-LE, with statistically
significant eMect in favour of fish oil LE (MD –13.80 days, 95% CI
–21.18 to –6.42; n = 60; Hsiao 2018). This study also had some
diMerences in the baseline population as only those preterm infants
who required ventilation were considered eligible for the study.

There were only two subgroups for this comparison. When
considering both the subgroups together there was high
heterogeneity (I2 = 85%) and even higher heterogeneity for all
studies in the group considered together (I2 = 92.2%).

Because there were two subgroups with high heterogeneity and
large eMect size in a single small study which had baseline
population diMerences (Hsiao 2018), we decided not to meta-
analyse the subgroups together and presented their results
individually.

Duration of hospital stay (days) (outcome 1.15)

Eight studies (n = 812) reported duration of hospital stay (Beken
2014; Hsiao 2018; Pawlik 2014; Repa 2018; Skouroliakou 2010;
Techasatid 2017; Uthaya 2016; Vlaardingerbroek 2014).

Six studies compared MOFS-LE versus S-LE, with no statistically
significant diMerence in any individual study (Beken 2014;
Repa 2018; Skouroliakou 2010; Techasatid 2017; Uthaya 2016;
Vlaardingerbroek 2014). There was no statistically significant
diMerence between groups in the meta-analysis (MD –0.09 days,
95% CI –3.35 to 3.16; n = 622; Analysis 1.15). There was no
heterogeneity for RR or RD (I2 = 0%).

One study compared MOFS-LE versus MS-LE, with no statistically
significant diMerence between groups (MD –3.35 days, 95% CI –
17.13 to 10.43; n = 60; Hsiao 2018).

One study compared OFS-LE versus OS-LE, with no statistically
significant diMerence between groups (MD –1.80 days, 95% CI –9.72
to 6.12; n = 130; Pawlik 2014).

Considering all subgroups together, there was no statistically
significant diMerence between the fish oil LE and non-fish oil LE in
the meta-analysis (MD –0.48 days, 95% CI –3.42 to 2.46; 8 studies; n
= 812). There was no heterogeneity among the subgroups (I2 = 0%).
The sensitivity analysis comparing evidence from studies with low
and unclear risk of bias only versus all studies did not change the
results significantly.

Culture-positive sepsis (outcome 1.16)

Seven studies (n = 774) reported data on culture-positive sepsis
(Analysis 1.16; Beken 2014; Najm 2017; Pawlik 2014; Repa 2018;
Skouroliakou 2016; Techasatid 2017; Uthaya 2016). One study
reported sepsis as the cause of death in some infants (Najm 2017).
These data were not used in the meta-analysis as it was not clear
whether the infants who died of other causes had sepsis during the
study period. However, in sensitivity analysis (not shown) including
or excluding the data of participants who died in this study did not
change the results of the meta-analysis.

Five studies compared MOFS-LE versus S-LE, with no statistically
significant diMerence in any individual study (Beken 2014; Repa
2018; Skouroliakou 2016; Techasatid 2017; Uthaya 2016). There was
no statistically significant diMerence between groups in the meta-
analysis (typical RR 1.02, 95% CI 0.74 to 1.40; typical RD 0.00, 95%
CI –0.06 to 0.07; n = 566). There was no heterogeneity for RR or RD
(I2 = 0%).

One study compared MOFS-LE versus OS-LE, with no statistically
significant diMerence between groups (RR 1.56, 95% CI 0.86 to 2.83;
RD 0.17, 95% CI –0.05 to 0.38; n = 78; Najm 2017).

One study compared OFS-LE versus OS-LE, with no statistically
significant diMerence between groups (RR 1.35, 95% CI 0.81 to 2.24;
RD 0.10, 95% CI –0.07 to 0.26; n = 130; Pawlik 2014).

In the meta-analysis of all subgroups, there was no statistically
significant diMerence between groups (RR 1.16, 95% CI 0.91 to
1.48; RD 0.04, 95% CI –0.02 to 0.09; 7 studies; n = 774; low-quality
evidence). There was no heterogeneity among the subgroups for RR
(I2 = 0%) and low heterogeneity for RD (I2 = 29.2%).

The sensitivity analysis comparing evidence from studies with low
and unclear risk of bias only versus all studies did not change the
results significantly.

Any sepsis (clinical or culture positive, or both) (outcome 1.17)

Twelve studies reported data in a format that could be used
for the meta-analysis (Analysis 1.17). One was a five-arm study
contributing to multiple comparisons (Savini 2013).

Three studies used the criteria described by Stoll 2002, including
Vlaardingerbroek 2014 which reported late-onset septicaemia
during the first 28 days, and two other studies reporting neonatal
sepsis as positive blood culture or clinical syndrome with systemic
signs and symptoms of infection and abnormalities of laboratory
findings (D'Ascenzo 2014; Savini 2013). Skouroliakou 2016 provided
a definition for clinical sepsis. Two studies reported on infections
and infestations as a combined outcome and therefore the data
could not be used in the meta-analysis (Rayyan 2012; Tomsits
2010). Two studies described sepsis as late-onset sepsis (Hsiao
2018; Techasatid 2017). Seven studies reported data on culture-
positive sepsis (Beken 2014; Najm 2017; Pawlik 2014; Repa 2018;
Skouroliakou 2016; Techasatid 2017; Uthaya 2016). One study
reported separately sepsis in the cause of death of some infants
(Najm 2017). These data were not used in the meta-analysis as it
was not clear whether infants who died of other causes had sepsis
(although unlikely). However, in sensitivity analysis (not shown)
including or excluding the data of participants who died in this
study did not change the results of the meta-analysis.
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Nine studies compared MOFS-LE versus S-LE, with no statistically
significant diMerence between groups in any individual study
(Beken 2014; D'Ascenzo 2014; Repa 2018; Savini 2013; Skouroliakou
2010; Skouroliakou 2016; Techasatid 2017; Uthaya 2016;
Vlaardingerbroek 2014). There was no statistically significant
diMerence between groups in the meta-analysis (typical RR 0.99,
95% CI 0.78 to 1.26; typical RD –0.00, 95% CI –0.06 to 0.05; n = 832).
There was no heterogeneity for RR or RD (I2 = 0%).

Two studies compared MOFS-LE versus MS-LE, with no statistically
significant diMerence in any individual study (Hsiao 2018; Savini
2013). There was no statistically significant diMerence between
groups in the meta-analysis (typical RR 0.80, 95% CI 0.39 to 1.67;
typical RD –0.04, 95% CI –0.18 to 0.10; n = 118). There was no
heterogeneity for RR or RD (I2 = 0%).

Two studies compared MOFS-LE versus OS-LE, with no statistically
significant diMerence in any individual study (Najm 2017; Savini
2013). There was no statistically significant diMerence between
groups in the meta-analysis (typical RR 1.62, 95% CI 0.96 to 2.75;
typical RD 0.14, 95% CI –0.01 to 0.29; n = 135). There was no
heterogeneity for RR or RD (I2 = 0%).

One study compared MFS-LE versus S-LE, with no statistically
significant diMerence between groups (RR 1.11, 95% CI 0.31 to 4.02;
RD 0.01, 95% CI –0.17 to 0.20; n = 57; Savini 2013).

One study compared MFS-LE versus MS-LE, with no statistically
significant diMerence between groups (RR 0.56, 95% CI 0.19 to 1.64;
RD –0.12, 95% CI –0.33 to 0.09; n = 57; Savini 2013).

One study compared MFS-LE versus OS-LE, with no statistically
significant diMerence between groups (RR 1.07, 95% CI 0.30 to 3.87;
RD 0.01, 95% CI –0.17 to 0.19; n = 56; Savini 2013).

One study compared OFS-LE versus OS-LE, with no statistically
significant diMerence between groups (RR 1.35, 95% CI 0.81 to 2.24;
RD 0.10, 95% CI –0.07 to 0.26; n = 130; Pawlik 2014).

There was no statistically significant diMerence between groups
when all the subgroups were combined and combining all arms
of Savini 2013 to account for unit of analysis error (analysis not
shown).

Necrotising enterocolitis (stage 2 or greater) (outcome 1.18)

Ten studies reported data in a format that could be used for the
meta-analysis (Analysis 1.18; Beken 2014; D'Ascenzo 2014; Hsiao
2018; Najm 2017; Pawlik 2014; Repa 2018; Savini 2013; Techasatid
2017; Uthaya 2016; Vlaardingerbroek 2014). One was a five-arm
study contributing to multiple comparisons (Savini 2013).

Most studies appeared to use the Bell's classification; however,
six studies explicitly stated and reported NEC Bell's stage 2 or 3
(D'Ascenzo 2014; Najm 2017; Repa 2018; Savini 2013; Techasatid
2017; Vlaardingerbroek 2014). Beken 2014 reported NEC stage 2 or
greater (exact classification not mentioned). Two studies included
in the meta-analysis did not report stage of NEC and excluding
them did not make any significant diMerence to results (Hsiao 2018;
Uthaya 2016). One study also reported separately NEC in the cause
of death of some infants (Najm 2017). These data were not used in
the meta-analysis as it was not clear whether infants who died of
other causes had NEC previously. However in a sensitivity analysis

(not shown) including or excluding the data of participants who
died in this study did not change the results of the meta-analysis.

Seven studies compared MOFS-LE versus S-LE, with no statistically
significant diMerence in any individual study. There was no
statistically significant diMerence between groups in the meta-
analysis (typical RR 1.32, 95% CI 0.81 to 2.13; typical RD 0.02, 95%
CI –0.02 to 0.06; n = 749). There was no heterogeneity for RR or RD
(I2 = 0%).

Two studies compared MOFS-LE versus MS-LE, with no statistically
significant diMerence in any individual study (Hsiao 2018; Savini
2013). There was no statistically significant diMerence between
groups in the meta-analysis (typical RR 0.45, 95% CI 0.07 to 2.91;
typical RD –0.03, 95% CI –0.10 to 0.04; n = 118). There was no
heterogeneity for RR or RD (I2 = 0%).

Two studies compared MOFS-LE versus OS-LE, with no statistically
significant diMerence in any individual study (Najm 2017; Savini
2013). There was no statistically significant diMerence between
groups in the meta-analysis (typical RR 2.37, 95% CI 0.47 to 11.99;
typical RD 0.04, 95% CI –0.03 to 0.11; n = 135). There was no
heterogeneity for RR or RD (I2 = 0%).

One study compared MFS-LE versus S-LE, with no statistically
significant diMerence between groups (RR: not estimable, RD 0.00,
95% CI –0.07 to 0.07; n = 57; Savini 2013).

One study compared MFS-LE versus MS-LE, with no statistically
significant diMerence between groups (RR 0.22, 95% CI 0.01 to 4.42;
RD –0.07, 95% –0.17 to 0.04; n = 57; Savini 2013).

One study compared MFS-LE versus OS-LE, with no statistically
significant diMerence between groups (RR 0.36, 95% CI 0.02 to 8.41;
RD –0.03, 95% CI –0.13 to 0.06; n = 56; Savini 2013).

One study compared OFS-LE versus OS-LE, with no statistically
significant diMerence between groups (RR 0.78, 95% CI 0.23 to 2.63;
RD –0.02, 95% CI –0.11 to 0.07; n = 130; Pawlik 2014).

There was no statistically significant diMerence between groups
when all the subgroups were combined and combining all arms
of Savini 2013 to account for unit of analysis error (analysis not
shown). The sensitivity analysis comparing evidence with low and
unclear risk of bias only versus all studies did not change the results
significantly.

Intraventricular haemorrhage (grade III to IV) (outcome 1.19)

Eight studies reported IVH grade III to IV with seven studies
reporting data for grade III-IV intraventricular haemorrhage
(Analysis 1.19). One study reported IVH grade II to IV and therefore
was not included in this outcome (Pawlik 2014).

Five studies compared MOFS-LE versus S-LE, with no statistically
significant diMerence in any individual study (Beken 2014;
D'Ascenzo 2014; Repa 2018; Vlaardingerbroek 2014; Techasatid
2017). There was no statistically significant diMerence between
groups in the meta-analysis (typical RR 1.19, 95% CI 0.71 to 1.99;
typical RD 0.02, 95% CI –0.03 to 0.07; n = 523). There was no
heterogeneity for RR or RD (I2 = 0%).

One study compared MOFS-LE versus OS-LE, with no statistically
significant diMerence between groups (RR 0.20, 95% CI 0.01 to 3.88;
RD –0.12, 95% CI –0.29 to 0.06; n = 34; Deshpande 2014).
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One study compared MOFS-LE versus MS-LE, with no statistically
significant diMerence between groups (RR 0.50, 95% CI 0.05 to 5.22;
RD –0.03, 95% CI –0.14 to 0.08; n = 60; Hsiao 2018).

Combining all subgroups together, there was no statistically
significant diMerence between fish oil LE and non-fish oil LE (typical
RR 1.05, 95% CI 0.65 to 1.72; typical RD 0.00, 95% CI –0.04 to 0.05;
7 studies; n = 617). There was no heterogeneity for RR (I2 = 0%) or
RD (20%).

Periventricular leukomalacia (outcome 1.20)

Three studies compared MOFS-LE versus S-LE for PVL (Analysis
1.20). Vlaardingerbroek 2014 mentioned the use of classification
described by de Vries 1992, and D'Ascenzo 2014 mentioned the
use of "international classification" and Repa 2018 oMered no
definition.

There were no statistically significant diMerence in any individual
study. There was no statistically significant diMerence between
groups in the meta-analysis (typical RR 0.77, 95% CI 0.18 to 3.36;
typical RD 0.00, 95% CI –0.03 to 0.02; n = 399). There was no
heterogeneity for RR or RD (I2 = 0%).

Any patent ductus arteriosus (outcome 1.21)

Eight studies reported data in a format that could be used
for the meta-analysis (Analysis 1.21). One was a five-arm study
contributing to multiple comparisons (Savini 2013).

Three studies reported on significant PDA requiring treatment
(Pawlik 2014; Repa 2018; Vlaardingerbroek 2014). Two studies
reported the number of infants with PDA in each of the intervention
arms but did not report how many of these infants required
treatment (D'Ascenzo 2014; Savini 2013).

Five studies compared MOFS-LE versus S-LE, with no statistically
significant diMerence in any individual study (D'Ascenzo 2014; Repa
2018; Savini 2013; Techasatid 2017; Vlaardingerbroek 2014). There
was no statistically significant diMerence between groups in the
meta-analysis (typical RR 0.91, 95% CI 0.77 to 1.09; typical RD –0.05,
95% CI –0.13 to 0.04; n = 501). There was no heterogeneity for RR or
RD (I2 = 0%).

One study compared MOFS-LE versus MS-LE, with no statistically
significant diMerence between groups (typical RR 0.82, 95% CI 0.49
to 1.36; typical RD –0.10, 95% –0.36 to 0.15; n = 58; Savini 2013).

Three studies compared MOFS-LE versus OS-LE, with no
statistically significant diMerence in any individual study
(Deshpande 2014; Najm 2017; Savini 2013). There was no
statistically significant diMerence between groups in the meta-
analysis (typical RR 0.84, 95% CI 0.66 to 1.09; typical RD –0.10, 95%
CI –0.24 to 0.05; n = 169). There was no heterogeneity for RR or RD
(I2 = 0%).

One study compared MFS-LE versus S-LE, with no statistically
significant diMerence between groups (RR 0.96, 95% CI 0.57 to 1.64;
RD –0.02, 95% CI –0.28 to 0.24; n = 57; Savini 2013).

One study compared MFS-LE versus MS-LE, with no statistically
significant diMerence between groups (RR 0.85, 95% CI 0.51 to 1.40;
RD –0.09, 95% CI –0.34 to 0.17; n = 57; Savini 2013).

One study compared MFS-LE versus OS-LE, with no statistically
significant diMerence between groups (RR 0.93, 95% CI 0.55 to 1.58;
RD –0.04, 95% CI –0.30 to 0.23; n = 56; Savini 2013).

One study compared OFS-LE versus OS-LE, with no statistically
significant diMerence between groups (RR 1.01, 95% CI 0.62 to 1.66;
RD 0.00, 95% CI –0.16 to 0.17; n = 130; Pawlik 2014).

There was no statistically significant diMerence between groups
when all the subgroups were combined (adjusting for Savini 2013
for unit of analysis error) (analysis not shown). The sensitivity
analysis comparing evidence from studies with low and unclear
risk of bias only versus all studies did not change the results
significantly.

Significant patent ductus arteriosus requiring treatment (outcome
1.22)

Six studies (n = 605) reported data in a format that could be used
for the meta-analysis (Analysis 1.22; Deshpande 2009; Najm 2017;
Pawlik 2014; Repa 2018; Techasatid 2017; Vlaardingerbroek 2014).

Three studies compared MOFS-LE versus S-LE, with no statistically
significant diMerence in any individual study (Repa 2018; Techasatid
2017; Vlaardingerbroek 2014). There was no statistically significant
diMerence between groups in the meta-analysis (typical RR 0.89,
95% CI 0.73 to 1.08; typical RD –0.06, 95% CI –0.16 to 0.04; n = 363).
There was no heterogeneity for RR (I2 = 0%) or RD (1%).

Two studies compared MOFS-LE versus OS-LE, with no statistically
significant diMerence in any individual study (Deshpande 2009;
Najm 2017). There was no statistically significant diMerence
between groups in the meta-analysis (typical RR 0.82, 95% CI 0.62
to 1.09; typical RD –0.12, 95% CI –0.29 to 0.05; n = 112). There was
no heterogeneity for RR or RD (I2 = 0%).

One study compared OFS-LE versus OS-LE, with no statistically
significant diMerence between groups (RR 1.01, 95% CI 0.62 to 1.66;
RD 0.00, 95% CI –0.16 to 0.17; n = 130; Pawlik 2014).

In the meta-analysis of all subgroups, there was no statistically
significant diMerence between the fish oil LE and non-fish oil LE for
the outcome of significant PDA (typical RR 0.89, 95% CI 0.76 to 1.04;
typical RD –0.06, 95% CI –0.14 to 0.02; 6 studies; n = 605). There was
no heterogeneity among the subgroups (I2 = 0%).

The sensitivity analysis comparing evidence from studies with low
and unclear risk of bias only versus all studies did not change the
results significantly.

Duration of phototherapy (days) (outcome 1.23)

One study compared MOFS-LE versus S-LE, with no statistically
significant diMerence between groups (MD 0.00 days, 95% CI –2.57
to 2.57; n = 32; Analysis 1.23; Skouroliakou 2010).

Hypertriglyceridaemia (outcome 1.24)

The review protocol described hypertriglyceridaemia as TG levels
greater than 200 mg/dL (2.25 mmol/L) (Kapoor 2018). However, due
to the diMerential definitions used, we considered all cut-oMs for the
meta-analysis. Five studies (n = 697) reported data in a format that
could be used for the meta-analysis (Analysis 1.24).

Two studies defined hypertriglyceridaemia as greater than 250
mg/dL (2.82 mmol/L; D'Ascenzo 2014; Vlaardingerbroek 2014).
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Two studies only reported the mean TG levels (Rayyan 2012;
Tomsits 2010). Two studies reported the percentage of infants with
hypertriglyceridaemia (D'Ascenzo 2014; Vlaardingerbroek 2014).
One study reported TGs greater than 2.5 mmol/L (Uthaya 2016). No
study reported any significant diMerence in hypertriglyceridaemia
between the two groups.

Four studies compared MOFS-LE versus S-LE, with no statistically
significant diMerence in any individual study (D'Ascenzo 2014;
Repa 2018; Uthaya 2016; Vlaardingerbroek 2014). There was no
statistically significant diMerence between groups in the meta-
analysis (typical RR 1.03, 95% CI 0.81 to 1.30; typical RD 0.01, 95%
CI –0.07 to 0.09; n = 567). There was no heterogeneity for RR or RD
(I2 = 0%).

One study compared OFS-LE versus OS-LE, with no statistically
significant diMerence between groups (RR 0.70, 95% CI 0.17 to 2.81;
RD –0.02, 95% CI –0.10 to 0.06; n = 130; Pawlik 2014).

In the meta-analysis of all subgroups, there was no statistically
significant diMerence between groups (typical RR 1.01, 95% CI 0.80
to 1.28; typical RD 0.00, 95% CI –0.06 to 0.07; 5 studies; n = 697).
There was no heterogeneity among the subgroups (I2 = 0%).

The sensitivity analysis comparing evidence with low and unclear
risk of bias only versus all studies did not change the results
significantly.

Hyperglycaemia (outcome 1.25)

The review protocol described hyperglycaemia as blood sugar level
greater than 8.3 mmol/L (150 mg/dL; Sinclair 2011) (Kapoor 2018).
However, due to the diMerent definitions used, we considered
all cut-oMs for the meta-analysis. Three studies contributed data
in the subgroup MOFS-LE versus S-LE, though this outcome was
mentioned in four study reports (Analysis 1.25). Beken 2014 did
not mention the cut-oM for hyperglycaemia and Skouroliakou 2010
described the cut-oM as 200 mg/dL (11.1 mmol/L). Rayyan 2012
presented data as a composite outcome with other metabolic
problems and therefore could not be included in the meta-analysis.
One study reported infants with high glucose above 15 mmol/L
(Uthaya 2016).

There were no statistically significant diMerences in any individual
study. There was no statistically significant diMerence between
groups in the meta-analysis (typical RR 1.40, 95% CI 0.77 to 2.53;
typical RD 0.04, 95% CI –0.03 to 0.12; 3 studies; n = 280). There was
no heterogeneity among the studies for RR (I2 = 0%) and moderate
heterogeneity for RD (54%) in the subgroup.

Hypoglycaemia (outcome 1.26)

The review protocol described hypoglycaemia as blood sugar level
less than 2.6 mmol/L (Kapoor 2018). We considered all cut-oMs for
the meta-analysis. Two studies reported hypoglycaemia (Analysis
1.26). Uthaya 2016 reported on infants with glucose levels less than
2.6 mmol/L; however, Beken 2014 did not provide the definition
or timing of the hypoglycaemia episodes. Both studies compared
MOFS-LE versus S-LE, with no statistically significant diMerence
between groups in the meta-analysis (typical RR 1.14, 95% CI 0.77
to 1.69; typical RD 0.03, 95% CI –0.07 to 0.14; n = 248; Analysis
1.26). There was moderate heterogeneity for RR (I2 = 54%) and high
heterogeneity for RD (83%).

Head growth velocity (outcome 1.27)

In the subgroup MOFS-LE versus S-LE, two studies (n = 140)
reported data on |head growth velocity with no statistically
significant diMerence in any individual study (Techasatid 2017;
Vlaardingerbroek 2014). Three other studies mentioned no
diMerences in the groups (Deshpande 2009; Deshpande 2014;
Skouroliakou 2010), and another study provided z scores that
could not be used in meta-analysis (D'Ascenzo 2011). There was
no statistically significant diMerence between groups in the meta-
analysis (MD 0.00 cm/week, 95% CI –0.08 to 0.08; Analysis 1.27).
There was no heterogeneity (I2 = 0%).

Length (cm/week) (outcome 1.28)

Several studies reported no group diMerences in length velocity
between groups (Savini 2013; Skouroliakou 2010; Tomsits 2010);
however, most studies provide no data or provided data in a format
that was not suitable for meta-analysis (e.g. diMerences in length
at the end of study, z scores (D'Ascenzo 2011) or leg length velocity
(Vlaardingerbroek 2014)).

One study compared MOFS-LE versus S-LE in terms of length
velocity (with no statistically significant diMerence between groups
(MD 0.10 cm/week, 95% CI –0.02 to 0.22; n = 44; Techasatid 2017;
Analysis 1.28).

Body composition: intrahepatocellular lipid content (outcome 1.29)

One study compared MOFS-LE versus S-LE and reported data on
IHCL content with no statistically significant diMerence between
groups (MD 0.03, 95% CI –0.17 to 0.23; n = 132; Uthaya 2016; Analysis
1.29).

Body composition: non-adipose tissue mass (outcome 1.30)

One study compared MOFS-LE versus S-LE, with no statistically
significant diMerence between groups (MD 24.2, 95% CI –133.14 to
181.54; n = 133; Uthaya 2016; Analysis 1.30).

Conjugated bilirubin levels (outcome 1.31)

Ten studies reported data in a format that could be used for
meta-analysis. One was a five-arm study contributing to multiple
comparisons (Savini 2013). The studies reported the conjugated
bilirubin values at diMerent time points.

Eight studies compared MOFS-LE versus S-LE, with no statistically
significant diMerence in any individual study (Beken 2014;
D'Ascenzo 2014; Rayyan 2012; Repa 2018; Savini 2013; Skouroliakou
2016; Techasatid 2017; Vlaardingerbroek 2014). There was no
statistically significant diMerence between groups in the meta-
analysis (MD –0.48 µmol/L, 95% CI –1.16 to 0.19; n = 673; low-quality
evidence). There was low heterogeneity (I2 = 36%).

One study compared MOFS-LE versus MS-LE, with no statistically
significant diMerence between groups (MD 0.35 µmol/L, 95% CI –
3.65 to 4.35; n = 58; Savini 2013).

Two studies compared MOFS-LE versus OS-LE, with no statistically
significant diMerence in any individual study (Deshpande 2014;
Savini 2013). There was no statistically significant diMerence
between groups in the meta-analysis (MD –1.68 µmol/L, 95% CI –
4.07 to 0.71; n = 91). There was no heterogeneity (I2 = 0%).
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One study compared MFS-LE versus S-LE, with no statistically
significant diMerence between groups (MD 0.72 µmol/L, 95% CI –
3.86 to 5.30; n = 57; Savini 2013).

Two studies compared MFS-LE versus MS-LE, with no statistically
significant diMerence in any individual study (D'Ascenzo 2011;
Savini 2013). There was no statistically significant diMerence
between groups in the meta-analysis (MD 2.15 µmol/L, 95% CI –0.67
to 4.98; n = 105). There was no heterogeneity (I2 = 0%).

One study compared MFS-LE versus OS-LE, with no statistically
significant diMerence between groups (MD –1.16 µmol/L, 95% CI –
6.13 to 3.81; n = 56; Savini 2013).

In a meta-analysis of all fish oil LE versus non-fish oil LE, there
was no statistically significant diMerence in the levels of conjugated
bilirubin levels in the two groups (MD –0.42 µmol/L, 95% CI –1.06 to
0.22; 10 studies; n = 841; low-quality evidence; Figure 6).

 

Figure 6.   Forest plot of comparison: 1 Fish oil lipid emulsion (LE) versus non-fish oil LE, outcome: 1.31 Conjugated
bilirubin levels (µmol/L): all subgroups combined.

 
Fish oil LE versus another fish oil LE in preterm infants
(Comparison 2)

One study compared a fish oil LE to another fish oil LE (MOFS-LE
versus MFS-LE) in the population of preterm infants (Savini 2013).
This was a five-arm study contributing to multiple comparisons and
all the data refer to the MOFS-LE and MFS-LE arms of this study.

Primary outcomes

Days to regain birth weight (outcome 2.1)

There was no statistically significant diMerence between MOFS-LE
and MFS-LE for days to regain birth weight (MD 2.00 days, 95% CI –
0.64 to 4.64; n = 55; Analysis 2.1).

Growth rate (outcome 2.2)

There was no statistically significant diMerence between MOFS-LE
and MFS-LE for rate of weight gain (MD 4.00 g/kg/day, 95% CI –2.03
to 10.03; n = 55; low-quality evidence; Analysis 2.2).

PNALD/cholestasis (conjugated bilirubin 2 mg/dL or greater) (outcome
2.3)

There was no statistically significant diMerence between MOFS-LE
and MFS-LE for cholestasis (RR 0.96, 95% CI 0.06 to 14.65; RD 0.00,
95% CI –0.10 to 0.10; n = 55; low-quality evidence; Analysis 2.3).

PNALD/cholestasis (any definition) (outcome 2.4)

There was no statistically significant diMerence between MOFS-LE
and MFS-LE for cholestasis (RR 0.96, 95% CI 0.06 to 14.65; RD 0.00,
95% CI –0.10 to 0.10; n = 55; Analysis 2.4).

Secondary outcomes

Death before discharge (outcome 2.5)

There was no statistically significant diMerence between MOFS-LE
and MFS-LE for death before discharge (RR 1.00, 95% CI 0.15 to 6.64;
RD 0.00, 95% CI –0.13 to 0.13; n = 60; low-quality evidence; Analysis
2.5).

Chronic lung disease (oxygen requirement at 36 weeks' postmenstrual
age) (outcome 2.6)

There was no statistically significant diMerence between MOFS-LE
and MFS-LE for CLD, which was defined in the study as physiological
need for oxygen at 36 weeks' postmenstrual age (RR 1.16, 95%
CI 0.40 to 3.35; RD 0.03, 95% CI –0.18 to 0.24; n = 55; low-quality
evidence; Analysis 2.6).

Any sepsis (clinical or culture positive, or both) (outcome 2.7)

There was no statistically significant diMerence between MOFS-LE
and MFS-LE for any sepsis (RR 1.69, 95% CI 0.56 to 5.11; RD 0.10, 95%
CI –0.11 to 0.31; n = 55; low-quality evidence; Analysis 2.7).

Lipid emulsions for parenterally fed preterm infants (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

44



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Necrotising enterocolitis stage 2 or greater (outcome 2.8)

There was no statistically significant diMerence between MOFS-LE
and MFS-LE for NEC stage 2 or more (RR 2.90, 95% CI 0.12 to 68.15;
RD 0.04, 95% CI –0.06 to 0.13; n = 55; low-quality evidence; Analysis
2.8).

Any patent ductus arteriosus (outcome 2.9)

There was no statistically significant diMerence between MOFS-LE
and MFS-LE for any PDA (typical RR 0.96, 95% CI 0.55 to 1.69; typical
RD –0.02, 95% CI –0.28 to 0.25; n = 55; low-quality evidence; Analysis
2.9).

Conjugated bilirubin levels (µmol/L) (outcome 2.10)

There was no statistically significant diMerence between MOFS-LE
and MFS-LE for mean conjugated bilirubin levels (MD –1.40 µmol/L,
95% CI –6.40 to 3.60; n = 55; low-quality evidence; Analysis 2.10).

Alternative-LE versus S-LE in preterm infants (Comparison 3)

Ten studies (n = 536) compared an alternative-LE versus S-LE. There
were three subgroups: MS-LE, OS-LE or BS-LE to S-LE in pair-wise
comparisons:

• MS-LE versus S-LE: four studies (n = 132) (Lehner 2006; Roggero
2010; Rubin 1994; Savini 2013). Three studies did not report data
usable for any of the outcomes (Lehner 2006; Roggero 2010;
Rubin 1994);

• OS-LE versus S-LE: eight studies (n = 430) (Demirel 2011;
Deshpande 2009; Gawecka 2008b; Göbel 2003; Köksal 2011;
Roggero 2010; Savini 2013; Wang 2016);

• BS-LE versus S-LE: one study (n = 34) (Rubin 1994). This study did
not report data on any of the outcomes of the review

Primary outcomes

Days to regain birth weight (outcome 3.1)

Three studies reported data in a format that could be used for the
meta-analysis (Analysis 3.1; Köksal 2011; Savini 2013; Wang 2016).
One was a five-arm study contributing to multiple comparisons
(Savini 2013).

One study compared MS-LE versus S-LE, with no statistically
significant diMerence between groups (MD 3.00 days, 95% CI –0.73
to 6.73; n = 59; Savini 2013).

Three studies compared OS-LE versus S-LE, with no statistically
significant diMerence in any individual study (Köksal 2011; Savini
2013; Wang 2016). There was no statistically significant diMerence
between OS-LE and S-LE in the meta-analysis (MD –0.19 days, 95%
CI –2.00 to 1.62; n = 223). There was low heterogeneity (I2 = 46%).

Growth rate (outcome 3.2)

Two studies reported data in a format that could be used for the
meta-analysis (Analysis 3.2; Savini 2013, unpublished data from
Köksal 2011). One was a five-arm study contributing to multiple
comparisons (Savini 2013).

Savini 2013 provided weekly mean growth rates with SDs for the
first three weeks which was pooled by 'lipid type' to give the mean
growth rate over three weeks. Demirel 2011 reported mean with SD
of the initial weight and the weight on day 14; however, the data on
growth rate (g/kg/day) were not available. Wang 2016 provided the

mean growth rate in g/day and mean birth weight; however, the SD
of the growth rate in g/kg/day could not be imputed due to lack of
data on covariance.

One study compared MS-LE versus S-LE, with no statistically
significant diMerence between groups (MD –2.67 g/kg/day, 95% CI
–8.20 to 2.86; n = 60; low-quality evidence; Savini 2013).

In the studies comparing OS-LE versus S-LE, two studies provided
data usable in the meta-analysis, with no statistically significant
diMerence in any individual study. There was no statistically
significant diMerence between the OS-LE and S-LE in the meta-
analysis (MD –0.42 g/kg/day, 95% CI –5.15 to 4.30; n = 123; low-
quality evidence). There was no heterogeneity (I2 = 0%).

PNALD/cholestasis (conjugated bilirubin 2 mg/dL or greater) (outcome
3.3)

Two studies used definition of cholestasis as conjugated bilirubin 2
mg/dL or greater and reported data in a format that could be used
for the meta-analysis (Analysis 3.3; Savini 2013; Wang 2016).

Two studies compared OS-LE versus S-LE, with no statistically
significant diMerence between groups in the meta-analysis (typical
RR 1.00, 95% CI 0.15 to 6.82; typical RD 0.00, 95% CI –0.05 to 0.05; n
= 159; low-quality evidence; Savini 2013; Wang 2016). There was no
heterogeneity for RR or RD (I2 = 0%).

One study compared MS-LE versus S-LE, with no statistically
significant diMerence between groups (RR 3.00, 95% CI 0.13 to 70.83;
RD 0.03, 95% CI –0.05 to 0.12; n = 60; Savini 2013).

PNALD/cholestasis (conjugated bilirubin 2 mg/dL or greater):
combined subgroups (outcome 3.4)

Considering both studies together in meta-analysis and adjusting
for the multiarm study (Savini 2013), there was no diMerence
between alternative-LE and S-LE (typical RR 1.14, 95% CI 0.22 to
5.84; typical RD 0.01, 95% CI –0.04 to 0.06; Analysis 3.4; Savini 2013;
Wang 2016). There was no heterogeneity for RR or RD (I2 = 0%).

PNALD/cholestasis (any definition) (outcome 3.5)

Four studies reported data in a format that could be used for
the meta-analysis (Analysis 3.5; Gawecka 2008b; Köksal 2011;
Savini 2013; Wang 2016). One was a five-arm study contributing to
multiple comparisons (Savini 2013).

One study defined cholestasis as conjugated bilirubin greater than
2 mg/dL (34.2 mmol/L) at the age of six weeks (Savini 2013). One
study defined cholestasis as conjugated bilirubin fraction greater
than 20% of the total bilirubin aWer 14 days of life (Köksal 2011:
unpublished data provided by the authors). Two studies did not
provide a definition for cholestasis (Gawecka 2008b; Wang 2016).
One study only provided mean values for liver functions tests and
conjugated bilirubin (Deshpande 2009).

Four studies compared OS-LE versus S-LE, with no statistically
significant diMerence in any individual study. There was no
statistically significant diMerence between groups in the meta-
analysis (typical RR 1.00, 95% CI 0.26 to 3.86; typical RD 0.00, 95%
CI –0.05 to 0.05; n = 261; low-quality evidence; Analysis 3.5). There
was no heterogeneity for RR or RD (I2 = 0%).
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One study compared MS-LE versus S-LE, with no statistically
significant diMerence between groups (RR 3.00, 95% CI 0.13 to 70.83;
RD 0.03, 95% CI –0.05 to 0.12; n = 60; Savini 2013).

PNALD/cholestasis (any definition): combined subgroups (outcome
3.6)

Considering all studies together in meta-analysis adjusting for the
multiarm study (Savini 2013), there was no diMerence between

alternative-LE and S-LE (typical RR 1.08, 95% CI 0.31 to 3.72; typical
RD 0.00, 95% CI –0.04 to 0.05; Analysis 3.6; Gawecka 2008b; Köksal
2011; Savini 2013; Wang 2016). There was no heterogeneity for RR
or RD (I2 = 0%) (Figure 7).

 

Figure 7.   Forest plot of comparison: 3 Alternative lipid emulsion (LE) versus S-LE, outcome: 3.6 Parenteral
nutrition-associated liver disease (PNALD)/cholestasis (any definition): all subgroups combined.

 
Secondary outcomes

Death before discharge (outcome 3.7)

Three studies reported data in a format that could be used for the
meta-analysis (Analysis 3.7; Köksal 2011; Savini 2013; Wang 2016).
One was a five-arm study contributing to multiple comparisons
(Savini 2013).

One study reported two deaths in each of the OS-LE and S-LE
groups; however, these data could not be used as the authors did
not provide the number of infants originally randomised to the two
groups (Gawecka 2008b).

Three studies compared OS-LE versus S-LE, with no statistically
significant diMerence in any individual study. There was no
statistically significant diMerence between groups in the meta-
analysis (typical RR 1.00, 95% CI 0.21 to 4.82; typical RD 0.00, 95%
CI –0.05 to 0.05; n = 224; low-quality evidence; Analysis 3.7). There
was no heterogeneity for RR or RD (I2 = 0%).

One study compared MS-LE versus S-LE, with no statistically
significant diMerence between groups (RR not estimable; RD 0.00,
95% CI –0.06 to 0.06; n = 60; Savini 2013).

Any retinopathy of prematurity (outcome 3.8)

Three studies (n = 142) all comparing OS-LE versus S-LE
reported data for ROP (Analysis 3.8). Two studies used the ICROP

classification (Gawecka 2008b; Köksal 2011), and one study did
not provide the definition used (Demirel 2011). No study reported
statistically significant diMerences between groups.

There was no statistically significant diMerence between groups in
the meta-analysis (typical RR 0.98, 95% CI 0.67 to 1.43; typical RD –
0.01, 95% CI –0.12 to 0.10; n = 142; very low-quality evidence). There
was no heterogeneity for RR or RD (I2 = 0%).

Any bronchopulmonary dysplasia (outcome 3.9)

Four studies reported data in a format that could be used for the
meta-analysis (Analysis 3.9). One was a five-arm study contributing
to multiple comparisons (Savini 2013). Two studies defined BPD as
oxygen requirement at 36 weeks (Köksal 2011; Savini 2013). One
study provided a reference about BPD on the basis of 36 weeks but
did not define specific criteria used in their study (Gawecka 2008b).
One study did not provide definition of BPD (Wang 2016).

Four studies compared OS-LE versus S-LE, with Köksal 2011
showing statistically significant eMect in favour of OS-LE (typical
RR 0.45, 95% CI 0.24 to 0.83; typical RD –0.34, 95% CI –0.57 to –
0.11). There was a trend towards statistically significant diMerence
between groups in the meta-analysis (typical RR 0.69, 95% CI 0.46
to 1.04; typical RD –0.08, 95% CI –0.17 to 0.00; 4 studies; n = 261).
There was low heterogeneity for RR (I2 = 32%) and RD (76%).
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For the subgroup of OS-LE versus S-LE, we also performed a
sensitivity analysis by removing Köksal 2011 because it was a
small study and its results were significantly diMerent from other
studies in the group. Three studies compared OS-LE versus S-LE
(sensitivity analysis), there were three studies with no statistically
significant diMerence in any individual study. There was no clinical
or statistically significant diMerence between groups in the meta-
analysis aWer removing Köksal 2011 (typical RR 1.01, 95% CI 0.57
to 1.79; typical RD 0.00, 95% CI –0.09 to 0.09; n = 197; low-quality
evidence). There was no heterogeneity among the studies in the
sensitivity analysis (I2 = 0%).

One study compared MS-LE versus S-LE, with no statistically
significant diMerence between groups (RR 1.00, 95% CI 0.28 to 3.63;
RD 0.00, 95% CI –0.17 to 0.17; n = 60; Savini 2013).

Chronic lung disease (oxygen requirement at 36 weeks' postmenstrual
age) (outcome 3.10)

Two studies (n = 123) reported data in a format that could be used
for the meta-analysis (Analysis 3.10; Köksal 2011; Savini 2013). One
was a five-arm study contributing to multiple comparisons (Savini
2013).

Two studies compared OS-LE versus S-LE, there were two studies
with Köksal 2011 showing statistically significant eMect in favour
of OS-LE (typical RR 0.45, 95% CI 0.24 to 0.83; typical RD –0.34,
95% CI –0.57 to –0.11). There was borderline statistically significant
diMerence between groups in the meta-analysis (typical RR 0.59,
95% CI 0.34 to 1.01; typical RD –0.16, 95% CI –0.31 to –0.01; 2
studies; n = 123). There was high heterogeneity for RR (I2 = 57%) and
RD (86%). The baseline rate of BPD was very diMerent in the two
studies. It can also be argued that these two studies should not be
combined in meta-analyses.

One study compared MS-LE versus S-LE, with no statistically
significant diMerence between groups (RR 1.00, 95% CI 0.28 to 3.63;
RD 0.00, 95% CI –0.17 to 0.17; n = 60; Savini 2013).

Duration of ventilation (days) (outcome 3.11)

Three studies (n = 202) provided data for duration of ventilation
(Analysis 3.11; Gawecka 2008b; Köksal 2011; Wang 2016). Köksal
2011 reported a statistically significant diMerence between groups,
with longer duration of ventilation in the S-LE group (mean ± SD:
34.6 ± 29.9 days) compared with the OS-LE group (mean ± SD:
12.4 ± 26.6 days). Gawecka 2008b found no statistically significant
diMerence between the two groups, with the direction of eMect
opposite to that seen in Köksal 2011. The largest study in this
comparison did not report any significant diMerence in the median
ventilation duration in the two groups (we imputed means and SDs
from medians and interquartile ranges; Wang 2016).

The meta-analysis showed no statistically significant eMect with
either OS-LE or S-LE (MD –0.20 days, 95% CI –1.67 to 1.26; 3 studies;
n = 202). There was high heterogeneity (I2 = 80%).

Duration of supplemental oxygen (days) (outcome 3.12)

Two studies reported data for duration of supplemental oxygen
with no statistically significant diMerence in any individual study
(Analysis 3.12; Gawecka 2008b; Köksal 2011 (unpublished data)).
There was no statistically significant diMerence between groups in
the meta-analysis (MD –0.76 days, 95% CI –16.99 to 15.47; n = 102).
There was moderate heterogeneity (I2 = 52%).

Duration of hospital stay (outcome 3.13)

One study reported on duration of hospital stay (Wang 2016b).
Unpublished data from another study was provided by the study
author in a personal communication for data request (Köksal 2011).
Both studies compared OS-LE versus S-LE, with no diMerence in the
individual studies or between the two groups in the meta-analysis
(MD 0.33 days, 95% CI –7.44 to 8.10; Analysis 3.13).

Need for home oxygen therapy (outcome 3.14)

In the subgroup OS-LE versus S-LE, only unpublished data for need
for home oxygen therapy provided by the authors of one study
(n = 64) were available (Köksal 2011). There was no statistically
significant diMerence between groups (RR not estimable; RD 0.00,
95% CI –0.06 to 0.06; Analysis 3.14).

Any sepsis (clinical or culture positive (or both)) (outcome 3.15)

Five studies reported data on sepsis and nosocomial infections
(Analysis 3.15; Demirel 2011; Gawecka 2008b; Köksal 2011; Savini
2013; Wang 2016). Köksal 2011 used the criteria described by
Gitto 2001 and categorised sepsis as high probable, probable
and possible sepsis. Demirel 2011 described the outcome of
sepsis on the basis of clinical and laboratory parameters. Savini
2013 used criteria described by Stoll 2002, reporting neonatal
sepsis as positive blood culture or as clinical syndrome with
systemic signs and symptoms of infection and abnormalities in
laboratory investigations. Wang 2016 defined sepsis as positive
blood or cerebrospinal culture in the presence of compatible
clinical signs. One study provided data on nosocomial infections
(Gawecka 2008b). One was a five-arm study contributing to
multiple comparisons (Savini 2013).

Five studies compared OS-LE versus S-LE, with no statistically
significant diMerence in any individual study. There was no
statistically significant diMerence between groups in the meta-
analysis (typical RR 0.87, 95% CI 0.56 to 1.36; typical RD –0.03, 95%
CI –0.12 to 0.06; n = 301). There was no heterogeneity for RR or RD
(I2 = 0%).

One study compared MS-LE versus S-LE, with no statistically
significant diMerence between groups (RR 2.00, 95% CI 0.67 to 5.94;
RD 0.13, 95% CI –0.07 to 0.33; n = 60; Savini 2013).

Culture-positive sepsis (outcome 3.16)

Two studies compared OS-LE versus S-LE, with no statistically
significant diMerence in any either study (Analysis 3.16; Köksal
2011; Wang 2016). There was no statistically significant diMerence
between groups in the meta-analysis (typical RR 1.22, 95% CI 0.54
to 2.78; typical RD 0.02, 95% CI –0.08 to 0.12; n = 164; low-quality
evidence). There was no heterogeneity for RR or RD (I2 = 0%).

Necrotising enterocolitis (stage 2 or greater) (outcome 3.17)

Four studies mentioned NEC with one study defining the condition
as NEC Bell's stage 2 or 3 (Savini 2013), while two studies used
the Bell's classification but did not specify the stage of NEC and
therefore data from these studies could not be used in the meta-
analysis (Gawecka 2008b; Köksal 2011). One study reported no
diMerence between groups but did not provide data (Demirel 2011).
One study did not provide the definition used and did not report the
stage of NEC, therefore the data from this study could not be used
in meta-analyses (Wang 2016). None of the studies reported any
statistically significant diMerences in NEC rates between groups.
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Only the five-arm study by Savini 2013 (total enrolled n = 150;
infants in relevant comparison arms, n = 89) reported data in a
format that could be used for the analysis (Analysis 3.17).

One study compared MS-LE versus S-LE, with no statistically
significant diMerence between groups (RR 5.00, 95% CI 0.25 to 99.95;
RD 0.07, 95% CI –0.04 to 0.17; n = 60; Savini 2013).

One study compared OS-LE versus S-LE, with no statistically
significant diMerence between groups (RR 3.10, 95% CI 0.13 to 73.14;
RD 0.03, 95% CI –0.06 to 0.12; n = 59; Savini 2013).

Intraventricular haemorrhage (grade III to IV) (outcome 3.18)

Two studies comparing OS-LE to S-LE reported data for IVH grade
III to IV (Demirel 2011; Köksal 2011 (unpublished data)). Köksal
2011 reported using the Papile classification. Demirel 2011 did not
provide information on the classification used. One study reported
no diMerence between groups (grades not mentioned), however
provided no data in the study report (Gawecka 2008b). Deshpande
2009 reported that one infant who died in the OS-LE group had IVH
grade IV, however data on IVH in the two groups were not available.
There were no statistically significant diMerences between the OS-
LE and S-LE groups in the individual studies or in the meta-analysis
(typical RR 0.50, 95% CI 0.10 to 2.61; typical RD –0.04, 95% CI –0.13 to
0.05; n = 104; Analysis 3.18). There was no statistical heterogeneity
for RR or RD (I2 = 0%).

Periventricular leukomalacia (outcome 3.19)

One study compared OS-LE versus S-LE, with no statistically
significant diMerence between groups (RR 0.33, 95% CI 0.01 to 7.89;
RD –0.03, 95% CI –0.11 to 0.05; n = 64; Analysis 3.19; unpublished
data provided by Köksal 2011).

Any patent ductus arteriosus (outcome 3.20)

One study reported data in a format that could be used for the
meta-analysis (Analysis 3.20). Savini 2013 was a five-arm study
contributing to multiple comparisons.

One study compared OS-LE versus S-LE, with no statistically
significant diMerence between groups (RR 1.03, 95% CI 0.63 to 1.71;
RD 0.02, 95% CI –0.24 to 0.27; n = 59; Savini 2013).

One study compared MS-LE versus S-LE, with no statistically
significant diMerence between groups (RR 1.13, 95% CI 0.70 to 1.82;
RD 0.07, 95% CI –0.19 to 0.32; n = 60; Savini 2013).

Air leaks (outcome 3.21)

One study compared OS-LE versus S-LE, with no statistically
significant diMerence between groups for air leaks (RR 0.50, 95% CI
0.05 to 5.24; RD –0.03, 95% CI –0.13 to 0.07; n = 64; Analysis 3.21;
Köksal 2011 (unpublished data)).

Significant jaundice requiring treatment (outcome 3.22)

Two studies reported data for significant jaundice requiring
treatment (Göbel 2003; Köksal 2011 (unpublished data)). There
were no statistically significant diMerences between the OS-LE and
S-LE groups in the individual studies or in the meta-analysis (typical
RR 1.04, 95% CI 0.52 to 2.07; typical RD 0.01, 95% CI –0.15 to 0.16; n
= 109; Analysis 3.22). There was no statistical heterogeneity for RR
or RD (I2 = 0%).

Duration of phototherapy (days) (outcome 3.23)

One study compared OS-LE versus S-LE, with no statistically
significant diMerence between groups (MD –0.10 days, 95% CI –1.08
to 0.88; n = 38; Analysis 3.23; Gawecka 2008b).

Hypertriglyceridaemia (outcome 3.24)

Four studies reported data in a format that could be used for
the meta-analysis. Demirel 2011 and Gawecka 2008b used the
definition of TG greater than 200 mg/dL (2.25 mmol/L) and Köksal
2011 did not provide any definition. One study mentioned that
there was no diMerence between groups but did not report any
numbers (Göbel 2003).

Three studies compared OS-LE versus S-LE, with no statistically
significant diMerence in any individual study (Demirel 2011;
Gawecka 2008b; Köksal 2011). There was no statistically significant
diMerence between groups in the meta-analysis (typical RR 0.67,
95% CI 0.12 to 3.73; typical RD –0.01, 95% CI –0.08 to 0.06; n = 142;
Analysis 3.24). There was no heterogeneity for RR or RD (I2 = 0%).

One study compared MS-LE versus S-LE, with no
hypertriglyceridaemia in either the groups (RR not estimable; RD
0.00, 95% CI –0.27 to 0.27; n = 12; Lehner 2006).

Hyperglycaemia (mmol/L) (outcome 3.25)

One study provided data for hyperglycaemia. There was no
statistically significant diMerence between the OS-LE and S-LE
groups (RR 1.00, 95% CI 0.22 to 4.59; RD 0.00, 95% CI –0.14 to 0.14;
n = 64; Analysis 3.25; Köksal 2011 (unpublished data)).

Head growth velocity (cm/week) (outcome 3.26)

One study reported on head growth velocity, with no diMerence
between groups (MD –0.08 cm/week, 95% CI –0.17 to 0.01; n = 100;
Analysis 3.26; Wang 2016b).

Conjugated bilirubin levels (outcome 3.27)

Four studies reported data in a format that could be used for
the meta-analysis (Analysis 3.27; Deshpande 2009; Göbel 2003;
Savini 2013; Wang 2016b). Another study reported data on total
and unconjugated bilirubin with data presented as mean and
standard errors (author communication) from which the data on
the conjugated bilirubin were imputed (Köksal 2011). The studies
reported the conjugated bilirubin values at diMerent time points.
One was a five-arm study contributing to multiple comparisons
(Savini 2013).

One study compared MS-LE versus S-LE, with no statistically
significant diMerence between groups (MD –1.03 μmol/L, 95% CI –
4.49 to 2.43; n = 60; Savini 2013).

In the studies comparing OS-LE versus S-LE, there were five studies
with no statistically significant diMerence in any individual study
(Deshpande 2009; Göbel 2003; Köksal 2011; Savini 2013; Wang
2016b). There was no statistically significant diMerence between
groups in the meta-analysis (MD –0.24 μmol/L, 95% CI –1.03 to 0.55;
n = 310; low-quality evidence). There was no heterogeneity (I2 = 3%).

Alternative-LE versus other alternative-LE in preterm infants
(Comparison 4)

The studies under this broad comparison compared:
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• MS-LE versus OS-LE: two studies (n = 84) were in this comparison
and only Savini 2013 reported data that could be used for
predefined outcomes (Roggero 2010; Savini 2013).

• BS-LE versus MS-LE: two arms (n = 31) in a multiarm study
were in this comparison. The study did not report data for the
outcomes of interest in our review (Rubin 1994).

Primary outcomes

Days to regain birth weight (outcome 4.1)

One study compared MS-LE versus OS-LE, with no statistically
significant diMerence between groups (MD –2.00 days, 95% CI –5.73
to 1.73; n = 59; Analysis 4.1; Savini 2013).

Growth rate (outcome 4.2)

One study compared MS-LE versus OS-LE, with no statistically
significant diMerence between groups (MD –1.33 g/kg/day, 95% CI –
7.36 to 4.70; n = 59; Analysis 4.2; Savini 2013; low-quality evidence).

PNALD/cholestasis (conjugated bilirubin 2 mg/dL or greater) (outcome
4.3)

One study compared MS-LE versus OS-LE, with no statistically
significant diMerence between groups (RR 2.90, 95% CI 0.12 to 68.50;
RD 0.03, 95% CI –0.06 to 0.12; n = 59; Analysis 4.3; Savini 2013; low-
quality evidence).

PNALD/cholestasis (any definition) (outcome 4.4)

One study compared MS-LE versus OS-LE, with no statistically
significant diMerence between groups (RR 2.90, 95% CI 0.12 to 68.50;
RD 0.03, 95% CI –0.06 to 0.12; n = 59; Analysis 4.4; Savini 2013).

Secondary outcomes

Death before discharge (outcome 4.5)

One study compared MS-LE versus OS-LE, with no statistically
significant diMerence between groups (RR not estimable; RD 0.00,
95% CI –0.06 to 0.06; n = 60; Analysis 4.5; Savini 2013).

Chronic lung disease (oxygen requirement at 36 weeks' postmenstrual
age) (outcome 4.6)

One study compared MS-LE versus OS-LE, with no statistically
significant diMerence between groups (RR 0.77, 95% CI 0.23 to 2.60;
RD –0.04, 95% CI –0.22 to 0.14; n = 59; Analysis 4.6; Savini 2013; low-
quality evidence).

Any sepsis (clinical or culture positive (or both)) (outcome 4.7)

One study compared MS-LE versus OS-LE, with no statistically
significant diMerence between groups (RR 1.93, 95% CI 0.65 to 5.73;
RD 0.13, 95% CI –0.07 to 0.33; n = 59; Analysis 4.7; Savini 2013; low-
quality evidence).

Necrotising enterocolitis (stage 2 or greater) (outcome 4.8)

One study compared MS-LE versus OS-LE, with no statistically
significant diMerence between groups (RR 1.93, 95% CI 0.19 to 20.18;
RD 0.03, 95% CI –0.08 to 0.14; n = 59; Analysis 4.8; Savini 2013).

Any patent ductus arteriosus (outcome 4.9)

One study compared MS-LE versus OS-LE, with no statistically
significant diMerence between groups (RR 1.10, 95% CI 0.68 to 1.75;
RD 0.05, 95% CI –0.20 to 0.30; n = 59; Analysis 4.9; Savini 2013).

Conjugated bilirubin levels (outcome 4.10)

One study compared MS-LE versus OS-LE, with no statistically
significant diMerence between groups (MD –2.91 µmol/L, 95% CI –
6.87 to 1.05; n = 59; Analysis 4.10; Savini 2013; low-quality evidence).

Fish oil LE versus non-fish oil LE in preterm infants with
surgical conditions (Comparison 5)

One study (n = 19) compared pure F-LE (Omegaven) to S-LE
(Intralipid) (Nehra 2014) in infants with surgical conditions.

Primary outcomes

The study described growth parameters in terms of Z scores
of weight-for-age, length-for-age and head circumference-for-age
(Nehra 2014). The study described a downward trend in the weight-
for-age scores in the S-LE group compared to the pure F-LE group;
however, there were no statistically significant diMerences noted.

PNALD/cholestasis (conjugated bilirubin 2 mg/dL or greater) (outcome
5.1)

One study compared pure F-LE versus S-LE, with no statistically
significant diMerence between groups (RR 1.11, 95% CI 0.08 to 15.28;
RD 0.01, 95% CI –0.27 to 0.29; n = 19; Analysis 5.1; Nehra 2014; very
low-quality evidence). The study defined cholestasis as conjugated
bilirubin greater than 2 mg/dL for two or more consecutive weeks.

Secondary outcomes

Death before discharge (outcome 5.2)

One study compared pure F-LE versus S-LE, with no statistically
significant diMerence between groups (RR: not estimable; RD 0.00,
95% CI –0.18 to 0.18; n = 19; Analysis 5.2; Nehra 2014).

Culture-positive sepsis (outcome 5.3)

One study compared pure F-LE versus S-LE, with no statistically
significant diMerence between groups (RR 1.11, 95% CI 0.39 to 3.19;
RD 0.04, 95% CI –0.40 to 0.49; n = 19; Analysis 5.3; Nehra 2014; very
low-quality evidence).

Hypertriglyceridemia (outcome 5.4)

One study compared pure F-LE versus S-LE using a definition
of serum TG greater than 300 mg/dL. This study reported no
participants with hypertriglyceridaemia in either group. There
was no statistically significant diMerence between groups (RR: not
estimable; RD 0.0, 95% CI –0.18 to 0.18; n = 19; Analysis 5.4; Nehra
2014).

Conjugated bilirubin levels (outcome 5.5)

One study compared pure F-LE versus S-LE, with no statistically
significant diMerence between groups (MD 0.00 µmol/L, 95% CI –
11.30 to 11.30; n = 14; Analysis 5.5; Nehra 2014; very low-quality
evidence).

Neurodevelopmental outcome (at six and 24 months)

One study compared pure F-LE versus S-LE and reported data
on the neurodevelopmental outcomes using the BSID, with no
statistically significant diMerence between groups (Nehra 2014).
The authors provided medians and interquartile ranges for
cognitive, language and motor scores. The reported P values using
non-parametric tests were not significant. We did not impute the
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mean and SD due to this being the only study in the outcome and
given the non-parametric distribution.

We found no studies in preterm infants with surgical conditions
that compared a fish oil-LE versus another fish oil-LE, alternative-
LE versus S-LE or alternative-LE versus another alternative-LE.

Fish oil LE versus non-fish oil LE in preterm infants with
established PNALD/cholestasis (Comparison 6)

This comparison included those studies which compared the fish
oil-containing LE with non-fish oil LEs in preterm infants who had
developed cholestasis within the first six months of life. The studies
in this comparison also included the infants who had developed
cholestasis or PNALD due to surgical conditions.

The studies identified were in the following subgroups:

• MOFS-LE versus S-LE: one study (n = 24) compared MOFS-LE
(SMOFlipid) to S-LE (10% Intralipid) (Diamond 2017).

• Pure F-LE versus S-LE: one study (n = 16) compared Omegaven
(a pure fish oil-LE) to S-LE (10% Intralipid) (Lam 2014).

Primary outcomes

Growth rate (outcome 6.1)

One study compared pure F-LE versus S-LE, with statistically
significant eMect in favour of pure F-LE (MD 45.0 g/week, 95% CI 15.0
to 75.0; n = 16; Analysis 6.1; Lam 2014; very low-quality evidence).
Lam 2014 used a 10% Intralipid preparation which is no longer
recommended. No study reported weight gain in grams/kg/week.

Resolution of PNALD/cholestasis (conjugated bilirubin less than 2 mg/
dL) (outcome 6.2)

One study defined reversal of cholestasis as conjugated bilirubin
less than 2 mg/dL (Lam 2014). This study found that the cholestasis
had resolved in most of the infants by the trial end point of four
months. However, most infants in this study in the S-LE group
improved aWer they were on full enteral intake. This study also
described infants with resolution of cholestasis while on trial PN.
There was no statistically significant diMerence between 10% pure
F-LE and 10% S-LE (RR 5.60, 95% CI 0.34 to 93.95; typical RD 0.33,
95% CI –0.01 to 0.67; n = 16; Analysis 6.2; very low-quality evidence).

PNALD/cholestasis (any definition) (outcome 6.3)

Two studies (n = 40) reported data on cholestasis (Diamond 2017;
Lam 2014). Both studies reported on infants with cholestasis at
the end of PN or study end, though the primary outcomes in the
studies were diMerent. One of the studies included infants with early
hepatic dysfunction (conjugated bilirubin 17 µmol/L to 50 µmol/
L) on two consecutive readings over seven days (Diamond 2017).
This study evaluated progression of PNALD and provided data for
infants whose conjugated bilirubin level was greater than 50 µmol/L
at the study primary end point (Cbil in the week the infant received
the last dose of PN, i.e. at 12 weeks, at full enteral tolerance, or on
development of progressive liver disease).

The second study included infants with cholestasis defined as
conjugated bilirubin 2 mg/dL (Lam 2014). The primary outcome
for this study was the reversal of PNALD defined as conjugated
bilirubin level less than 34 µmol/L (2 mg/dL) within four months
of the commencement of lipid treatment. However Lam 2014 also
described the proportion of infants with/without cholestasis while

receiving trial PN which was considered for the meta-analysis, so
that the infants in both groups were in temporal proximity to the
end of their trial PN for the outcome for cholestasis.

The number of participants in this outcome did not reach the
optimal information size.

One study compared MOFS-LE versus S-LE, with statistically
significantly lesser cholestasis (conjugated bilirubin greater than 50
µmol/L) in the MOFS-LE group (typical RR 0.39, 95% CI 0.14 to 1.10;
typical RD –0.42, 95% CI –0.78 to –0.06; n = 24; Analysis 6.3; Diamond
2017).

One study compared pure F-LE versus S-LE, with no statistically
significant diMerence between groups (RR 0.69, 95% CI 0.43 to
1.13; RD –0.33, 95% CI –0.67 to 0.01; n = 16; Lam 2014). Lam
2014 also reported that in the study period, three out of nine
participants improved in the pure F-LE arm compared to none of
the seven participants in the S-LE arm while infants were receiving
the LE. Although this result was not statistically significant, the
authors described the rate of increase in the conjugated bilirubin
values which was statistically significantly higher in the S-LE group.
However, in Lam 2014, all surviving participants in both arms
improved by four months which was the primary outcome of the
study.

In the meta-analysis of both subgroups, there was statistically
significant eMect in favour of F-LE compared to S-LE (typical RR 0.54,
95% CI 0.32 to 0.91; typical RD –0.39, 95% CI –0.65 to –0.12; 2 studies;
n = 40; very low-quality evidence). There was no heterogeneity
for RR (0%) and low heterogeneity for RD (24%). There was no
heterogeneity in the test for subgroup diMerences (I2 = 0%).

Secondary outcomes

Death before discharge (outcome 6.4)

Two studies (n = 40) reported data with no study individually
reporting any significant diMerence between the two groups
(Analysis 6.4). However, all the deaths in both studies were
complicated or due to progressive liver disease. The number of
participants in this outcome did not reach the optimal information
size.

One study compared MOFS-LE versus S-LE, with no statistically
significant diMerence between groups (RR 0.39, 95% CI 0.02 to 8.69;
RD –0.08, 95% CI –0.27 to 0.12; n = 24; Diamond 2017).

One study compared pure F-LE versus S-LE, with no statistically
significant diMerence between groups (RR 0.16, 95% CI 0.01 to 2.88;
RD –0.29, 95% CI –0.63 to 0.06; n = 16; Lam 2014).

In the meta-analysis of all subgroups (two studies), there was no
statistically significant diMerence between groups (typical RR 0.24,
95% CI 0.03 to 1.87; typical RD –0.16, 95% CI –0.36 to 0.04; n =
40; very low-quality evidence). There was no heterogeneity among
all studies for RR (I2 = 0%) or RD (15%) and no heterogeneity for
subgroup diMerences for RR (I2 = 0%) or RD (4.2%).

Any sepsis (outcome 6.5)

Two studies (n = 40) reported data in a format that could be used
for the meta-analysis and specific definitions for sepsis were not
provided in the study reports (Analysis 6.5).
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One study compared MOFS-LE versus S-LE, with no statistically
significant diMerence between groups (RR 1.48, 95% CI 0.52 to 4.18;
RD 0.15, 95% CI –0.24 to 0.53; n = 24; Diamond 2017).

One study compared pure F-LE versus S-LE, with no statistically
significant diMerence between groups (RR 0.78, 95% CI 0.14 to 4.23;
RD –0.06, 95% CI –0.49 to 0.37; n = 16; Lam 2014).

In the meta-analysis of all subgroups, there was no statistically
significant diMerence between groups (typical RR 1.21, 95% CI 0.50
to 2.92; typical RD 0.06, 95% CI –0.23 to 0.35; n = 40; very low-quality
evidence). There was no heterogeneity among the subgroups (I2 =
0%).

Hyperglycaemia (outcome 6.6)

One study compared MOFS-LE versus S-LE but provided no
definition of hyperglycaemia (Diamond 2017). There was no
statistically significant diMerence between groups (RR 1.48, 95% CI
0.52 to 4.18; RD 0.15, 95% CI –0.24 to 0.53; n = 24; Analysis 6.6).

Head growth velocity (outcome 6.7)

One study compared pure F-LE versus S-LE, with no statistically
significant diMerence between groups (MD 0.16 cm/week, 95% CI
–0.01 to 0.33; n = 16; Analysis 6.7; Lam 2014; very low-quality
evidence).

Conjugated bilirubin levels (outcome 6.8)

One study compared MOFS-LE versus S-LE, with statistically
significant eMect in favour of MOFS-LE with lower conjugated
bilirubin values excluding an outlier in the data who had significant
increase in the level of conjugated bilirubin with sepsis (MD –
47.00 µmol/L, 95% CI –71.65, –22.35; n = 24; Analysis 6.8; Diamond
2017). The authors reported data in mean, 95% CI (as confirmed
from the author) for the distribution excluding the outlier. There
was no statistically significant diMerence between groups when
the outlier was included in the analysis. Authors also performed
analysis by including the conjugated bilirubin value for the outlying
participant when the participant had improved and this analysis
showed a statistically significant diMerence between groups (low-
quality evidence).

In their study report, the authors defined cholestasis as increased
conjugated bilirubin levels unrelated to sepsis. Therefore, we
presented the data without the outlier and also described the
analytical aspects reported by the study.

One of the studies described no diMerence in infants with
hyperlipidaemia in MOFS-LE versus S-LE (Diamond 2017). No
definition was provided.

We found no studies in preterm infants with PNALD/cholestasis that
compared a fish oil-LE versus another fish oil-LE, alternative-LE
versus S-LE or alternative-LE versus another alternative-LE.

D I S C U S S I O N

The review included 29 studies (total number enrolled 2037
infants). Some studies focusing on biochemical outcomes only
contributed to the qualitative synthesis (Biagetti 2016; Roggero
2010; Rubin 1994).

The included studies were conducted in 19 diMerent countries:
three studies in Turkey; two studies each in Hungary, Poland,

Greece and Australia; five studies in Italy, and one each in Austria,
Sweden, the USA, the UK, Canada, Israel, Germany, Belgium, China,
Taiwan, Hong Kong, Thailand and the Netherlands.

The type of LE compared in the studies was reflective of the
evolution of LEs with the MCT-LCT emulsions in the earlier studies,
olive-soybean combinations in the later studies and multisource
LEs containing fish oil in the more recent years.

In the current review the LE have been classified in three broad
categories:

• fish oil LE including pure fish oil and multisource LE with fish oil
as a constituent: MCT-olive-fish-soybean oil-LE (MOFS-LE), MCT-
fish-soybean oil-LE (MFS-LE) and olive-fish-soybean oil-LE (OFS-
LE);

• conventional pure soybean oil-LE (S-LE);

• alternative-LE including MCT-soybean oil-LE (MS-LE), olive-
soybean oil-LE (OS-LE), borage oil-LE and structured lipids-
based LE.

Summary of main results

In the included studies, the type of participants belonged to three
predefined population groups as per the review protocol (Kapoor
2018):

• preterm infants less than 37 weeks' gestation (26 studies; n =
1978);

• preterm infants less than 37 weeks' with surgical conditions (1
study; n =19);

• preterm infants less than 37 weeks' gestation with PNALD (2
studies; n = 40).

There was no restriction on comorbidities including surgery in
preterm infants with PNALD. We considered all possible pair-wise
comparisons including studies comparing any LE with another LE
in preterm infants.

We performed the following six main comparisons with subgroup
comparisons based on the included studies.

• Fish oil LE versus non-fish oil LE in preterm (7 subgroups; 17
studies; n = 1522): MOFS-LE versus S-LE (11 studies; n = 973);
MOFS-LE versus OS-LE (3 studies; n = 184); MOFS-LE versus MS-
LE (2 studies; n = 120); MFS-LE versus S-LE (1 study; n = 60); MFS-
LE versus MS-LE (3 studies; n = 160); MFS-LE versus OS-LE (1
study; n = 60); OFS-LE versus OS-LE (1 study; n = 175).

• Fish oil LE versus another fish oil LE in preterm infants (1
subgroup; 1 study; n = 60): MOFS-LE versus MFS-LE (1 study; n =
60).

• Alternative-LE versus S-LE in preterm infants (3 subgroups; 10
studies; n = 536): OS-LE versus S-LE (8 studies; n = 430); MS-LE
versus S-LE (4 studies; n = 132); BS-LE versus S-LE (1 study; n =
34).

• Alternative-LE versus another alternative-LE in preterm infants
(2 subgroups; 3 studies; n = 115): OS-LE versus MS-LE (2 studies;
n = 84); borage oil-LE versus MS-LE (1 study; n = 31).

• Fish oil LE versus non-fish oil LE in preterm infants with surgical
conditions (1 subgroup; 1 study; n = 19): Pure F-LE versus S-LE
(1 study; n = 19)
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• Fish oil LE versus non-fish oil LE in preterm infants with PNALD/
cholestasis (2 subgroups; 2 studies; n = 40): MOFS-LE versus S-LE
(1 study; n = 24); Pure F-LE versus S-LE (1 study; n = 16)

The number of subgroups in each comparison depended on the
availability of studies. The multiarm studies were represented in
more than one comparison.

In infants with cholestasis or surgical conditions there were only
a few eligible studies, all of them comparing fish oil-containing LE
versus S-LE. Most studies in preterm infants used PN for a mean
duration of less than four weeks and for longer duration in preterm
infants with surgical conditions or cholestasis.

We performed meta-analyses by pooling the individual studies
by subgroups, under a comparison. For the selected important
outcomes (e.g. PNALD, severe ROP), we also pooled all the
subgroups to compare all fish oil LE versus non-fish oil LE. This
was done to evaluate any potential benefit of the fish oil in LE
in specific clinical outcomes (e.g. PNALD or ROP). While pooling
the subgroups, we avoided unit of analysis errors by combining
relevant arms of a multiarm study as applicable (Savini 2013).

Meta-analysis could not be performed for MOFS-LE versus MFS-
LE, MS-LE versus OS-LE or BS-LE versus S-LE due to a paucity of
studies or reported data. There were no eligible studies comparing
structured LE (e.g. Structolipid).

Excessive PUFA content exposes preterm infants to the eMects of
oxidation (Sala-Vila 2007), and may contribute to adverse outcomes
including PNALD, ROP and BPD. Reports and the literature suggests
that fish oil may be beneficial in preterm infants due to decreased
PUFA content, increased EPA and DHA, and the eMect on the nuclear
receptors. One systematic review showed improvement in DHA
status with fish oil supplementation and its safety in preterm
infants (Zhao 2015).

Potential beneficial eMects of fish oil LE on PNALD have been
evaluated previously in systematic reviews with conflicting results.
One systematic review using observational and randomised studies
found no evidence of eMect of fish oil-containing LEs in preventing
PNALD (odds ratio 0.56, 95% CI 0.28 to 1.10; P = 0.09) (Park 2015).
However, more recently, one systematic review and meta-analysis
in newborn infants including randomised studies showed that
fish oil LEs were associated with significantly lower incidence of
cholestasis compared with S-LE (RR: 0.31, 95% CI 0.15 to 0.68; 4
studies; n = 386; Vayalthrikkovil 2017).

In the outcome of PNALD/cholestasis, diMerent definitions were
used by the included studies ranging from conjugated bilirubin cut-

oMs of 17.1 μmol/L (1 mg/dL; Pawlik 2014) to greater than 50 μmol/L
(about 3 mg/dL; Najm 2017), which can aMect reported cholestasis
rates. Some studies used a composite definition for cholestasis (e.g.
conjugated bilirubin greater than 1 mg/dL or greater than 20% of
total bilirubin if the total bilirubin was greater than 5 mg/dL). In
preterm infants, using predefined cut-oM for PNALD/cholestasis of
conjugated bilirubin 2 mg/dL or greater as per our review protocol
(Kapoor 2018), meta-analysis showed no diMerence between the
fish oil LE and non-fish oil LE (typical RR 0.61, 95% CI 0.24 to 1.56;
typical RD –0.03, 95% CI –0.08 to 0.02; 4 studies; n = 328; low-quality
evidence). There was no heterogeneity among the studies (I2 = 0%)
(Figure 3).

We also considered an outcome for PNALD/cholestasis using any
definition to evaluate pooled eMect of fish oil in LE irrespective
of conjugated bilirubin cut-oMs. In meta-analysis of fish oil LE
versus all non-fish oil LE in preterm infants, using any cholestasis
definition, there was evidence of less cholestasis in the fish oil LE
group (typical RR 0.63, 95% CI 0.43 to 0.91; typical RD –0.04, 95%
CI –0.08 to –0.01; 11 studies; n = 1154; Analysis 1.6; very low-quality
evidence). However, this was likely to be a biased estimate as 28.4%
weight was contributed by a single study with high risk of bias
(Pawlik 2014), which showed large eMect estimate of fish oil LE in
reducing cholestasis (3/60 with fish oil LE versus 20/70 with non-fish
oil LE; RR 0.17, 95% CI 0.05 to 0.56; RD –0.24, 95% CI –0.36 to –0.12).
This study comparing OFS-LE (Omegaven and OS-LE-ClinOleic 1:1
mix) versus OS-LE (ClinOleic) reported a high mortality rate in both
groups (20/87 (22.9%) with fish oil LE versus 18/88 (20.4%) with
non-fish oil LE). There were seven participant withdrawals, all in
the fish oil arm (P = 0.007). Data were not reported for deaths or
withdrawals. Pawlik 2014 appeared to be visually an outlier in the
forest plot (Analysis 1.5).

When the meta-analysis for PNALD/cholestasis (any definition) in
preterm infants was restricted to low and unclear risk of bias studies
(sensitivity analysis), there was no evidence of significant benefit of
fish oil LE with decrease in observed eMect size (typical RR 0.80, 95%
CI 0.53 to 1.21; typical RD –0.02, 95% CI –0.05 to 0.02; 10 studies;
n = 1024; low-quality evidence). The summary estimates from the
low risk of bias studies and the unclear risk of bias studies, when
analysed separately, also did not show evidence of a significant
eMect of fish oil LE. The large eMect size of the single study with
high risk of bias was visually an outlier in the forest plot with
moderate between-study heterogeneity for RD (I2 = 54%) and high
heterogeneity for the 'risk of bias subgroups' diMerences (RR: I2
=83%; RD: I2 =91.6%) (Figure 4; Figure 8; Pawlik 2014). Therefore, we
reported the primary results from the low and unclear risk of bias
studies to provide eMect estimate with higher grade of evidence.
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Figure 8.   Forest plot of comparison: 1 Fish oil lipid emulsion (LE) versus non-fish oil LE, outcome: 1.6 Parenteral
nutrition-associated liver disease (PNALD)/cholestasis (any definition): analysis stratified by low and unclear risk of
bias studies versus high risk of bias studies (risk di9erences).

 
In preterm infants, there was no evidence of diMerence in PNALD/
cholestasis (any definition) in subgroup meta-analyses of individual
LE types in any comparison.

High levels of phytosterols have been thought to contribute to
liver failure by aMecting the nuclear Farsenoid X receptor (Hojsak
2016). However, one multiarm randomised study showed no
association of abnormal liver function with the use of LE with
diMerent phytosterol content (Savini 2013). The study by Savini
and associates had the lowest incidence of cholestasis in non-
fish oil LE groups (1/89 or 1.1%; Figure 8) and had a low NEC
rate (0/30 in S-LE group) which besides other factors may have
contributed to low cholestasis in this study. In addition, the timing
of cholestasis detection may aMect cholestasis incidence as there
can be time dependent resolution of cholestasis once infants are
on full enteral nutrition (Lam 2014). The mean duration of PN in
Savini 2013 was approximately three weeks. Unlike most other
studies that had no time restriction on cholestasis detection, this
study looked at cholestasis and liver functions at six weeks, using
a conjugated bilirubin cut-oM of greater than 2mg/dL, which may
have contributed to the low cholestasis incidence and the lack
of association of liver functions with the cumulative phytosterol
intake at day 14 of life (Savini 2013).

In preterm infants with surgical conditions, one study (Nehra 2014)
compared pure F-LE (Omegaven) versus S-LE (Intralipid), with no

diMerence in incidence of cholestasis between groups (RR 1.11, 95%
CI 0.08 to 15.28; RD 0.01, 95% CI –0.27 to 0.29; n = 19; very low-
quality evidence).

We also evaluated reversal of PNALD/cholestasis (defined in our
review protocol as conjugated bilirubin less than 2 mg/dL) in
preterm infants with cholestasis (Kapoor 2018). One previous
systematic review and meta-analysis in newborn infants using
randomised and non-randomised studies showed that fish oil LE
were more likely to reverse cholestasis compared to S-LE (RR 6.14,
95% CI 2.27 to 16.6) (Park 2015). In the current review, in preterm
infants with established PNALD/cholestasis, one study (n = 16)
showed no evidence of a diMerence in resolution of cholestasis
(conjugated bilirubin less than 2 mg/dL) with a pure fish oil LE
versus a 10% S-LE.

However, in infants with PNALD/cholestasis, meta-analysis showed
significantly less cholestasis (using any Cbil cutoM) with use of fish
oil-LE versus S-LE (typical RR 0.54, 95% CI 0.32 to 0.91; typical RD
–0.39, 95% CI –0.65 to –0.12; NNTB 3, 95% CI 2 to 9; 2 studies; n =
40; very low-quality evidence). One of the studies in this outcome
was stopped aWer the interim analysis and used 10% LE which is
currently not recommended (Lam 2014). There was heterogeneity
in the study methodology, definitions and the outcome cut-oMs in
the two studies for this outcome. Therefore, though it is possible
that in the population of preterm infants with PNALD there is a
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potential benefit of fish oil LE, very low number of participants from
two small studies with early termination of one study, combined
with methodological heterogeneity of two studies, increased the
uncertainty about the eMect estimates. Further research with larger
randomised studies is needed to definitively address this aspect.

The primary outcome of weight gain was reported heterogeneously
across the studies ranging from z scores at diMerent time points,
change in z scores, gram/week, grams/kilogram/day and only
subjective mention in some studies. Concerns have been raised
about possible impact of decreased arachidonic acid levels in
multisource LE and pure fish oil LE on growth outcomes (Biagetti
2016). In the current review, we found no diMerence in growth
between any of the LE types in pair-wise meta-analyses in the
population of preterm infants. There was paucity of studies in
preterm infants with surgical conditions or cholestasis with one
small study reporting better growth in infants with PNALD using
pure fish oil LE compared to a 10% soybean LE (MD 45 g/week more,
95% CI 15 to 75; n = 16; very low-quality evidence; Lam 2014).

For the secondary outcomes of the review, we explored the eMect
of fish oil LE on severe ROP. The rates of severe ROP in the current
review varied in studies from 0% in D'Ascenzo 2014 (0/39 SMOFlipid
versus 0/41 Intralipid) to 44% in Najm 2017 (18/41 in SMOFlipid
arm). Only one study in preterm infants showed any benefit of fish
oil LE (Pawlik 2014). This study with 31% incidence of severe ROP
in OS-LE (ClinOleic; control arm) reported a significant decrease in
the requirement of laser therapy for ROP in the fish oil arm (OFS-LE)
(RR 0.48, 95% CI 0.24 to 0.96; n = 130).

One systematic review and meta-analysis which included the
Pawlik 2014 study (4 studies; n = 386) showed that there
was significant improvement in ROP with fish oil-containing LE
(Vayalthrikkovil 2017). The current meta-analysis pooled evidence
from an additional three RCTs showing no evidence of a significant
benefit of fish oil LE for severe ROP in preterm infants (typical RR
0.80, 95% CI 0.55 to 1.16; typical RD –0.03, 95% CI –0.07 to 0.02;
7 studies; n = 731; very low-quality evidence). One of the studies
in this outcome was at high risk of bias (Pawlik 2014). There was
moderate heterogeneity among the subgroups which was explored
by undertaking sensitivity analysis (I2 = 55.5% for RR; 61.3% for RD).

The meta-analysis for severe ROP (sensitivity analysis) exploring
moderate heterogeneity and restricting analysis to low/unclear risk
of bias studies, showed no benefit of fish oil LE with eMect size
approaching one (typical RR 1.02, 95% CI 0.65 to 1.60; typical RD
0.00, 95% CI –0.04 to 0.05; 6 studies; n = 601; low-quality evidence),
with no heterogeneity (I2 reduced to = 0%). We presented the
estimates from all studies as the primary result for severe ROP as
the eMect estimates were not significantly diMerent in the sensitivity
analysis and the Pawlik 2014 study was at lower risk of material bias
for ROP compared to the outcome of cholestasis.

There were no diMerences in any of the comparison groups in the
secondary outcomes of death, BPD, PDA, culture-positive sepsis,
IVH, PVL, jaundice, hyperglycaemia, hypertriglyceridaemia and
conjugated bilirubin levels in preterm infants without PNALD or
surgical conditions (low- to very low-quality evidence). Only one
study evaluated intrahepatic lipid content reporting no significant
diMerences between the MOFS-LE and S-LE (Uthaya 2016).

There were no diMerences in any subgroup meta-analyses for
ventilation and oxygen duration in preterm infants. One small

study comparing MOFS-LE versus MS-LE reported significantly large
diMerences in the ventilation duration and oxygen duration in the
two groups (Hsiao 2018). This study used a population of preterm
infants who required ventilation as an entry criteria. The ventilation
durations reported by this study were significantly lower in the
SMOFlipid group (mean ± SD: 9.2 ± 3.5 days with SMOFlipid versus
16.6 ± 7.2 days with MS-LE). This study's population, PN duration
(greater than four weeks) and results for ventilation were a clinical
and statistical outlier with I2 = 94.9% for subgroup diMerences.
Hence we did not meta-analyse the subgroups together for this
outcome.

For preterm infants with surgical conditions, one study showed
(Nehra 2014; n = 19) no significant diMerences in secondary
outcomes of death, sepsis rates, conjugated bilirubin levels and
neurodevelopmental outcomes in comparison between a pure fish
oil LE and S-LE.

In preterm infants with PNALD, there were no evidence of
significant diMerences in death or sepsis rates in meta-analyses
between fish oil LE and S-LE (2 studies; n = 40; low-quality
evidence). One study in preterm infants with PNALD reported
significantly lower conjugated bilirubin levels in the MOFS-LE group
compared with S-LE (MD –47.00 µmol/L, 95% CI –71.65 to –22.35; n
= 24; low-quality evidence) (Diamond 2017).

Overall completeness and applicability of evidence

This is a comprehensive review of all available LEs in preterm
infants using randomised studies. The evidence presented in this
review was limited by a paucity of large randomised studies
reporting on clinically important outcomes. Study data did not
allow for subgroup analysis based on gender or gestational age cut-
oMs.

Quality of the evidence

The quality of evidence in this review ranged from low to
very low for most of the outcomes (GRADE Working Group
recommendations; Schünemann 2013). This was primarily due to
the optimal information size not being achieved, with wide CIs
for most of the outcomes (Appendix 6). There was no evidence of
publication bias for the outcome of PNALD. We could not evaluate
publication bias in most other outcomes due to the paucity of
studies.

Potential biases in the review process

For some outcomes (e.g. growth rate), we used imputed values
for means and SD to be able to use the available data in
the meta-analyses. Investigation of heterogeneity and sensitivity
analyses where there are very few studies are unreliable. Another
potential source of bias may be the termination of studies prior
to trial completion. Importantly, in preterm infants with surgical
conditions or cholestasis, two out three studies that contributed
data to the outcomes were terminated for various reasons prior to
the study completion.

Agreements and disagreements with other studies or
reviews

In one previous systematic review using observational and
randomised studies the use of fish oil-containing lipid emulsions
was shown to be more likely to reverse PNAC (odds ratio 6.14, 95%
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CI 2.27 to 16.6; P < 0.01), but the use of fish oil-containing lipid
emulsions had no significant eMect on the development of PNAC
compared with soybean-based or olive oil-based lipid emulsions
(odds ratio 0.56, 95% CI 0.28 to 1.10; P = 0.09; Park 2015).

One later systematic review and meta-analysis in newborn infants
showed that fish oil LEs were associated with significantly lower
incidence of cholestasis compared with S-LE (RR 0.50, 95% CI 0.27
to 0.92; P = 0.03; 5 studies; n = 427; Kotiya 2016). However, one of the
included studies compared amino acid 3.5 g/kg/day infusion versus
amino acid 2.5 g/kg/day infusion and did not report on diMerent
lipids in the two groups.

More recently, one systematic review and meta-analysis in newborn
infants including randomised studies showed that fish oil LE
were associated with significantly lower incidence of cholestasis
compared with soybean-based lipid emulsions (with or without
olive oil) (RR 0.31, 95% CI 0.15 to 0.68; 4 studies; n = 386;
Vayalthrikkovil 2017).

The current Cochrane review significantly expands on the current
evidence including 11 randomised studies (n = 1154) for the
outcome of PNALD and is more exhaustive in its scope looking at all
outcomes besides PNALD. Our review suggests that currently there
is insuMicient evidence from the good-quality randomised studies
that fish oil LEs prevent or reduce the incidence of cholestasis in
preterm infants.

The current review expands significantly on the previous version of
this review, which only compared diMerent lipid emulsions to S-LE
(Kapoor 2015).

A U T H O R S '   C O N C L U S I O N S

Implications for practice

In the current review, we found that, in preterm infants
without underlying parenteral nutrition-associated liver disease
(PNALD) or surgical conditions, there is insuMicient evidence
that any particular lipid emulsion (LE) with or without fish oil
including any alternative-LE with olive-soybean or medium-chain
triglycerides (MCT)-soybean combination or any multisource LE
oMers advantage over another LE type for prevention of PNALD/

cholestasis. No LE was superior to another for growth, mortality,
retinopathy of prematurity (ROP), bronchopulmonary dysplasia
(BPD), metabolic disturbances, or any other important clinical
outcome.

In preterm infants with cholestasis or surgical conditions, there
is currently insuMicient evidence from randomised studies to
determine with any certainty that fish oil LEs decrease or improve
cholestasis or other outcomes. Further research, with larger well-
designed trials, is warranted to evaluate the ideal composition of LE
in preterm infants and the role of fish oil containing and other LEs
in prevention and resolution of PNALD/cholestasis.

Implications for research

At this stage it is not known what is the ideal proportion of
lipid constituents from diMerent sources that would maximise the
improvement of outcomes in preterm infants.

Also, it is currently not clear whether the beneficial eMects of fish oil
LE may be more obvious in a setting of high control cholestasis risk,
using higher fish oil concentrations in LE and when evaluated with
lower conjugated bilirubin thresholds (e.g. 1 mg/dL for cholestasis
in Pawlik 2014). The large eMect estimates reported in the study
by Pawlik and colleagues have not been replicated in the later LE
trials, though there were diMerences in methodology, definitions
and dose of fish oil used.

The current status of evidence from randomised studies in preterm
populations with established PNALD is very limited. Further
research is required to evaluate whether there is a dose-dependent
eMect of fish oil on cholestasis and ROP.

Further research with larger well-designed trials is essential to
clarify some of these aspects.
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Participants Inclusion criteria: < 1500 g and < 32 weeks' gestation

Exclusion criteria: major congenital abnormalities, congenital infections and metabolic errors

Interventions 80 infants were randomly assigned.

Group 1 (n = 40): MOFS-LE; 20% SMOFlipid

Group 2 (n = 40): S-LE; 20% Intralipid

TPN was started with intravenous glucose and amino acid solution 1 g/kg on first day of life. The LEs
were administered from day 1 as a continuous infusion for 24 hour/day. Initial lipid daily dose 0.5 g/kg/
day if birth weight < 1000 g and 1 g/kg/day if birth weight > 1000 g. Lipids were increased by 0.5–1.0 g/
kg every 24 hours to a maximum of 3 g/kg/day. Infants in both arms also received trace elements, water
and lipid-soluble vitamins as a standard part of the TPN protocol. Both groups were started on enteral
feeds with DHA-enriched preterm formula or breast milk.

Outcomes Primary outcome: ROP

Secondary outcomes: cholestasis, nosocomial infections, NEC, CLD and mortality

Laboratory data including complete blood count, TG levels, and liver and kidney function tests were
recorded.

Notes Funding: none revealed.

DHA levels were not recorded in the 2 groups.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "Randomly assigned to one of the two groups by balanced blocks using
sealed envelopes. Stratification was not included in the block design."

Comment: method of random sequence generation not described.

Allocation concealment
(selection bias)

Low risk Quote: "Randomly assigned to one of the two groups by balanced blocks us-
ing sealed envelopes. Group assignment was made by the investigator (last au-
thor) who was not involved in the care of the infants." "A member of the TPN
team who was blinded and not involved in the care of infants followed orders
from the sealed envelope prepared by the investigators."

Comment: review authors decided by consensus that the risk was low.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Quote: "Nurses and doctors responsible for the infants were also blinded to
the group assignment."

Comment: how the blinding was achieved was not described, therefore the
risk was unclear.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "All fundus examinations were performed by the same pediatric oph-
thalmologist who was blinded to the group assignment."

Comment: probably done (decision by consensus between review author (VK
and MM)).

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comment: follow-up complete
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Selective reporting (re-
porting bias)

Low risk Comment: trial registered with ClinicalTrials.gov under identifier:
NCT01875510 and there appeared to be no deviation from the protocol. Study
started on 1 January 2013; however, protocol was registered on 31 May 2013.
Review authors decided by consensus that the risk was probably low for selec-
tive reporting.

Other bias Low risk Comment: none identified

Beken 2014  (Continued)

 
 

Methods Design: 2-arm, parallel group, pilot RCT

Setting: single-centre NICU of "G. Salesi" Children's Hospital, Ancona, Italy

Study enrolment: January 2007 to June2012

I. Allocation concealment: yes

II. Blinding of intervention: yes

III. Blinding of outcome measurement(s): yes

IV. Complete follow-up: no

Participants Population: neonates with a birth weight of 500–1249 g, who routinely received PN from the first hour
of life and not participating to other trials, were enrolled. At birth, the caring neonatologist randomised
the study infants by a simple randomisation method (sealed envelope system).

Exclusion criteria: severe malformations, inborn errors of metabolism and severe sepsis. In addition, in-
fants without a catheter suitable for blood sampling on day of life 7 were excluded because of the im-
possibility of blood drawing.

Interventions Interventions: newborn infants were randomly assigned in a 1:1 ratio.

Group 1 (n = 26): MFS-LE: LE consisting of a physical mixture of 50% MCT, 40% soybean oil, and 10% fish
oil, MSF (Lipidem; B Braun, Milan, Italy)

Group 2 (n = 26): MS-LE; standard product containing 50:50 MCT:SO, MS (Lipofundin MCT; B. Braun)

PN was an all-in-one mixture for the study groups and the PN bags containing the study LE were of the
same size and identical appearance. PN with glucose, amino acids and lipids was started at about 1
hour after birth, according to the NICU protocol. LE were infused at dose of 1 g/kg/day, 1.5 g/kg/day, 2
g/kg/day, 2.5 g/kg/day and 3 g/kg/day from postnatal day 0 to day 5, and were then kept constant from
day 5 to day 7. Fat intake on postnatal day 7 was 2.5–3.0 g/kg/day. Minimal enteral feeding with human
milk was provided from days 0–7, the maximum amount supplied being 8 mL/kg/day from day 1 to day
4, and 16 mL/kg/day from day 5 to day 7.

Outcomes Primary outcomes: plasma PL palmitate biosynthesis (for de novo lipogenesis) and FC biosynthesis (for
cholesterol synthesis) on day 7.

Secondary outcomes: PL, FC and CE and TG plasma concentrations, measured from 0.4 mL EDTA-blood
collected on day 7. Lipogenesis of stearate and oleate in plasma PL, TG and CE and lipogenesis of
palmitate in plasma TG and CE were measured on day 7. CE biosynthesis was also measured on day 7.

Notes  

Risk of bias
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Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: at birth, the caring neonatologist randomised the study infants by a
simple randomisation method (sealed envelope system)."

Comment: the random element was not described.

Allocation concealment
(selection bias)

Low risk Quote: "At birth, the caring neonatologist randomised the study infants by a
simple randomisation method (sealed envelope system)."

Comment: probably done.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "Both the caregivers involved with data collection and the laboratory
personnel were blinded to group assignment."

Comment: probably done.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "Both the caregivers involved with data collection and the laboratory
personnel were blinded to group assignment."

Probably done (by author consensus).

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Quote: "5 out of 20 in Lipidem arm and 4 out of 20 in Lipofundin arm were ex-
cluded from analysis because of difficult blood sampling."

Comment: this amounts to close to 20% of participants in both arms.

Selective reporting (re-
porting bias)

Unclear risk Quote: "Since this trial started in 2007, trial registration was not required."

Comment: selective reporting could not be assessed as we did not have access
to the protocol.

Other bias Low risk None detected

Biagetti 2016  (Continued)

 
 

Methods Design: pilot study

Setting: single-centre NICU of "G. Salesi" Children's Hospital, Ancona, Italy

Study enrolment: September 2007 to May 2008

7-day study primarily looking at the plasma lipids in preterm infants given a new LE containing 10% fish
oil, 50% MCTs.

Study enrolment: 1 January 2013 to 31 July 2013

I. Allocation concealment: yes

II. Blinding of intervention: could not determine

III. Blinding of outcome measurement(s): could not determine

IV. Complete follow-up: yes (as per the study design)

Participants Preterm infants bodyweight 500–1249 g, who routinely receive PN from the first hour of life. Exclusion
criteria were severe malformations, inborn errors of metabolism and severe sepsis.

Interventions 48 infants < 1250 g were randomly assigned
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Group 1 (n = 24): MFS-LE (10:50:40)

Group 2 (n = 24): MS-LE (50:50)

LE started at 0.5 g/kg/day, increased by increments of 0.5 g/kg/day to reach 2.5 g/kg/day with 8 mL/
kg/day EBM or formula for days 1–4, and then 16 mL/kg/day for days 5–8. Oral feeding was gradually in-
creased from day 9 to reach full oral feeds by day 18, when the TPN was completely tapered.

Outcomes Plasma and RBC FA composition was evaluated on days 7 and 14. Daily weight and weekly head cir-
cumference, length were measured with z scores calculated using the Italian reference data.

The z scores could not be used to give gram/kg/day for the study as: we had no access to the normative
growth charts for Italian children; even with using the growth charts we would not get the correct dec-
imal value by back conversion; we did not have the data on covariance for conversion of growth para-
meters to rate of growth.

Notes No other clinical outcomes reported.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "random assignment was performed by sealed envelope system in the
first minutes of life."

Comment: random component not adequately described.

Allocation concealment
(selection bias)

Low risk Quote: "random assignment was performed by sealed envelope system in the
first minutes of life."

Comment: though the envelopes were not described as opaque, guided by the
previous studies of the research group, we did not increase the risk.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Comment: not mentioned. Though blinding was not mentioned, the outcomes
(blood parameters, growth parameters) were objective outcomes and may not
have been significantly impacted.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Comment: not mentioned. Though blinding was not mentioned, the outcomes
(blood parameters, growth parameters) were objective outcomes and may not
have been significantly impacted.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comment: adequate reporting of the outcome data.

Selective reporting (re-
porting bias)

Unclear risk Quote: trial protocol not available.

Comment: we could not estimate the risk.

Other bias Low risk Comment: none detected.

D'Ascenzo 2011  (Continued)

 
 

Methods Setting: NICU of Salesi Children's Hospital, Rome, Italy

Study enrolment: January 2008 to December 2012
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I. Allocation concealment: yes

II. Blinding of intervention: yes

III. Blinding of outcome measurement(s): yes

IV. Complete follow-up: yes

Participants Inclusion criteria: preterm infants, birth weight 500–1249 g

Exclusion criteria: severe congenital malformations or no consent

Interventions 80 preterm infants were randomised in 1:1:1:1 ratio to receive either SMOFlipid or Intralipid at rate of
either 3.5 g/kg/day or 2.5 g/kg/day in 4 groups:

Group 1 (n = 21): MOFS-LE 2.5: MOFS-LE (30% soybean oil, 30% MCT, 25% olive oil, 15% fish oil),
SMOFlipid Fresenius Kabi.

Group 2 (n = 18): MOFS-LE 3.5: MOFS-LE (30% soybean oil, 30% MCT, 25% olive oil, 15% fish oil),
SMOFlipid Fresenius Kabi.

Group 3 (n = 22): S-LE 2.5: S-LE (100% soybean oil), Intralipid Fresenius Kabi.

Group 4 (n = 19): S-LE 3.5: S-LE (100% soybean oil), Intralipid Fresenius Kabi.

Outcomes Primary outcome: plasma PL and DHA (mol%) on postnatal day 7.

Secondary outcomes: on postnatal day 7 and 14, levels of plasma FAs and plasma lipid concentration,
TG levels, FC and CEs.

Other outcomes reported: death and clinical outcomes.

Notes Funding source: none revealed.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "At birth, the caring neonatologist randomised the study infants by a
simple randomisation method (sealed envelope system)."

Comment: probably done as the previous reports involving the same team
has mentioned it in their previous report: "Randomization was obtained with
sealed envelopes using a random permuted blocks within strata protocol" (de-
cision by consensus between the review authors).

Allocation concealment
(selection bias)

Low risk Quote: "sealed envelope system."

Comment: low risk of bias.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "The PN bags containing the study lipid emulsion were of the same size
and of identical appearance. Both the caregivers involved with data collection
and the laboratory personnel were blind to group assignment."

Comment: probably done.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "The PN bags containing the study lipid emulsion were of the same size
and of identical appearance. Both the caregivers involved with data collection
and the laboratory personnel were blind to group assignment."

Comment: probably done.

D'Ascenzo 2014  (Continued)
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Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comment: follow-up was complete.

Selective reporting (re-
porting bias)

Unclear risk Quote: "The trial was conducted between January 2008 and December 2012 so
we had not registered it in a public trials registry as it is now required for trials
that started after July 2008."

Comment: study protocol was not available so we could not ascertain any de-
viation from the protocol.

Other bias Low risk Comment: none identified.

D'Ascenzo 2014  (Continued)

 
 

Methods Design: prospective RCT

Setting: single-centre NICU of Zekai Tahir Burak Maternity Teaching Hospital in Turkey

Study enrolment: January 2010 to October 2010

I. Allocation concealment: could not determine

II. Blinding of intervention: no

III. Blinding of outcome measurement(s): no

IV. Complete follow-up: yes (however, deaths were excluded)

Participants Inclusion criteria: VLBW preterm infants ≤ 32 weeks' gestation and receiving ≥ 40% parenteral calories
at 14th day of life.

Exclusion criteria: metabolic disorders, congenital anomalies, severe unconjugated hyperbilirubi-
naemia, using medications in competition with bilirubin, birth asphyxia and death within 14 days of
life.

Interventions Group 1 (n = 20): OS-LE; ClinOleic

Group 2 (n = 20): S-LE; Intralipid

TPN protocol: LE was started on day 2 of life at 1 g/kg/day and increased daily by 1g/kg/day to 3 g/kg/
day (24-hour infusion).

Amino acids were given as Primene 10% besides glucose, electrolytes and vitamins.

Enteral feeding started on day 2, lipids started on day 2.

Outcomes Main outcome measures: plasma lipid concentrations and acyl carnitine profile

Other outcomes: gestational age, birth weight, sex, APGAR scores, day 14 weight, RDS, ROP and sepsis.
No data provided for NEC and BPD

Liver function tests (ALT, AST, GGT), lipid profile and carnitine levels were recorded.

Notes Authors postulated that higher levels of hexanoyl carnitine reflecting defective mitochondrial trans-
port of hexanoyl may lead to immunosuppression which may be the cause of higher sepsis risk in the
Intralipid group (hexanoyl carnitine levels 0.38 ± 0.12 μM in Group 1 and 2.18 ± 2.10 μM in group 2 (P =
0.005).
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Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Using computer-generated randomisation sequence."

Comment: probably done.

Allocation concealment
(selection bias)

Unclear risk Comment: the details of allocation concealment have not been mentioned.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Comment: not a blinded study.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk Comment: not a blinded study.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comment: outcomes were reported for all included participants.

Selective reporting (re-
porting bias)

Unclear risk Comment: study protocol was not available so we could not ascertain any de-
viation from the protocol. Also, data were not provided for outcomes of NEC
and BPD which were reported as "statistically insignificant between the group-
s" (data for these outcomes could not be used in meta-analyses).

Other bias High risk Quote: "The major limitation of our study was based on the randomisation
method based on per protocol. We analyzed the patients that fulfil the inclu-
sion criteria at the 14th day of life." "Only patients who were receiving 40%
of calories parenterally at Day 14 were included in the study. Those who died
were also excluded from the study. This methodology can introduce problems
with randomisation design and serious bias."

Comment: possibly high risk.

Demirel 2011  (Continued)

 
 

Methods Design: double-blind RCT

Setting: Department of Neonatal Paediatrics at KEM Hospital in Perth, Western Australia.

Study enrolment: November 2006 to August 2007

I. Allocation concealment: yes

II. Blinding of intervention: yes

III. Blinding of outcome measurement(s): yes

IV. Complete follow-up: yes

Participants Inclusion criteria: preterm infants < 28 weeks' gestation aged < 7 days at recruitment with PN account-
ing for > 75% of energy intake.
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Exclusion criteria: major congenital malformations, inborn errors of metabolism, transfusion before
baseline bloods could be taken, exchange transfusion for hyperbilirubinaemia or LE given before enrol-
ment.

Withdrawal: enteral nutrition > 25% at any time.

Interventions 50 infants were randomised; the detailed results were available for 45 infants (24 infants in ClinOleic
group; 21 in Intralipid group)

Group 1 (n = 25): OS-LE; ClinOleic

Group 2 (n = 25): S-LE; Intralipid

TPN protocol: the amino acids were added on day 1 and lipids added on day 2 in increments of 0.5
g/kg/day, 1 g/kg/day, 2 g/kg/day, 3 g/kg/day every day for 4 consecutive days. LE was in coded am-
ber-coloured syringes. The lipid infusion was given for 20 hours/day. Bloods was taken 2 hours after
stopping the lipid infusion.

Outcomes Primary outcomes: plasma F2-isoprostane levels as indicators of lipid peroxidation; levels of LC-PUFAs
in plasma and RBC membrane.

Secondary outcomes: safety outcomes: liver and renal function tests, blood culture positive sepsis,
blood cell counts; total enteral nutrition and PN; anthropometry

Notes Funding: study partly funded by research grant from Baxter Healthcare Australia and this funding was
used for cost of laboratory assays and fat emulsions. Baxter Healthcare had no involvement in study
design, data analysis or manuscript preparation.

1 death on day 3 due to IVH in the olive oil group and shown in study diagram. 2 more deaths occurred
due to respiratory failure during the study period, however, information regarding which group these
participants belonged to was not available.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "The coordinating pharmacist who was not directly involved in the
management of patients performed block randomisation using a comput-
er-generated code."

Comment: probably done.

Allocation concealment
(selection bias)

Low risk Quote: "The coordinating pharmacist who was not directly involved in the
management of patients performed block randomisation using computer-gen-
erated code." "lipid emulsions were dispensed in coded and amber-coloured
(light protected) syringes."

Comment: probably done.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "The lipid emulsions were dispensed in coded and amber-coloured
(light protected) syringes."

Comment: blinding of participants and personnel was acceptable in this study.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "The data were analyzed without breaking the code to ensure masking
of statistical analysers."

Comment: probably done.

Deshpande 2009  (Continued)
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Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Quote: "One participant in the OL group died on day 2 (grade IV IVH) but was
included in the analysis on intention to treat basis; however, there was no
blood sample on day 6 for the patient."

Comment: 2 more deaths occurred due to respiratory failure during the study
period, however, information regarding which group these participants be-
longed to was not available. There was 1 participant in the ClinOleic group and
4 participants in the Intralipid group who were withdrawn from the study due
to enteral energy intake > 25%. Their data were not available. Probably low
risk.

Selective reporting (re-
porting bias)

Unclear risk Comment: protocol for the study was not available to us so we could not as-
certain any deviation from the protocol. The data on outcomes of sepsis and
weight were not available (could not be used in meta-analysis).

Other bias Low risk Comment: no other biases identified.

Deshpande 2009  (Continued)

 
 

Methods Design: single-centre double-blind RCT

Setting: regional tertiary NICU of King Edward Memorial Hospital for Women, Perth, Australia

Study enrolment: January 2010 to June 2011

I. Allocation concealment: yes

II. Blinding of intervention: yes

III. Blinding of outcome measurement(s): yes

IV. Complete follow-up: yes

Participants Inclusion criteria: preterm neonates, < 30 weeks' gestation admitted to NICU requiring PN providing
> 75% of energy expenditure requirements for 7 days and postnatal age < 7 days. Exclusion criteria:

blood culture-positive sepsis; thrombocytopenia (platelet count < 150 × 109 cells/L); unconjugated hy-
perbilirubinaemia (requiring exchange transfusion); metabolic disorders including lactic or uncom-
pensated acidosis (or both); no parenteral consent; administration of intravenous lipid infusion before
study; postnatal age > 7 days; bleeding disorder.

Interventions 34 infants were randomised, 30 initially and then 2 more in each arm

Group 1 (n = 17): OS-LE; 20% ClinOleic

Group 2 (n = 17): MOFS-LE; 20% SMOFlipid

TPN protocol: dose protocol was day 1, 1 g/kg; day 2, 2 g/kg; day 3, 3 g/kg and days 4 to 7, 3 g/kg. Du-
ration of study was 7 days, after which all of the participants received ClinOleic LE, which was the stan-
dard of practice in the nursery. Intravenous lipids were continued as long as PN support was deemed
necessary by the attending neonatologist. The emulsions were dispensed in amber-coloured coded
syringes and amber-coloured infusion lines suitable for infusion pumps and infused intravenously
through a central or peripheral line.

Outcomes Primary outcomes: levels of LC-PUFA (mean and SD) in red cell membrane and lipid peroxidation status
measured by plasma F2-isoprostane levels (mean and SD) as picomole per litre. Secondary outcomes:
weight, head circumference and length at birth at study entry, exit and at discharge; enteral vs PN pro-
portion; number of episodes of blood culture-positive sepsis; IVH; duration of hospital stay, mechanical
ventilation and PN support; mortality and vitamin E levels.

Deshpande 2014 
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Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "The coordinating pharmacist who was not directly involved in patient
care randomised neonates (by using a computer-generated randomisation
list)."

Allocation concealment
(selection bias)

Low risk Quote: "Pharmacist prepared coded ready-to-use syringes of either OO (20%
ClinOleic Baxter, S.A. Belgium) or FO [fish oil] (20% SMOFlipid Fresenius Kabi,
Pymble, Australia) lipid emulsion. Given this strategy and the identical appear-
ance of the coded, ready-to-use identical syringes, the researcher and other
team members were blinded to the allocation status and the content of sy-
ringes."

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "similar appearance of lipid emulsions with code broken after analy-
sis;" "amber colored coded syringes."

Comment: done

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "The data were analyzed without breaking the code to ensure masking
of statistical analysers" and "similar appearance of lipid emulsions with code
broken after analysis" " amber colored coded syringes."

Comment: done

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Outcomes described for the whole group and ITT analysis performed.

Selective reporting (re-
porting bias)

Low risk Quote: "Clinical trial registration number: ACTRN 12609001017213"

Comment: not identified.

Other bias Unclear risk 55 participants could not be approached on weekends due to resource limita-
tions in the study.

Funding: partial funding from Fresenius Kabi and Baxter Health Care for 2 sim-
ilar studies. Though author mentions that both the companies had no influ-
ence on any aspect of the study.

Deshpande 2014  (Continued)

 
 

Methods Design: multicentre blinded RCT

Setting: NICUs at multiple sites including Hospital for Sick Children, Toronto, ON, Canada; McMaster
Children's Hospital, Hamilton, ON, Canada; Alberta Children's Hospital, Calgary; Stollery Children's
Hospital, Edmonton, AB, Canada; and CHU Sainte-Justine, Montreal, QC, Canada.

Study enrolment: January 2009 to September 2011

I. Allocation concealment: yes

II. Blinding of intervention: yes

III. Blinding of outcome measurement(s): yes

Diamond 2017 
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IV. Complete follow-up: yes

Participants Population: 26 preterm infants with hepatic dysfunction due to surgical conditions

Inclusion criteria: infants aged < 24 months with short bowel syndrome or intestinal failure who re-
ceived substantial PN support (> 40% total calories) and was demonstrating early hepatic dysfunc-
tion (Cbil: 17–50 µmol/L (1–3 mg/dL)) in the absence of sepsis. Although the age of inclusion was < 24
months, all the included infants were in preterm or borderline preterm range with the outer range of
the ages being < 6 months and therefore met the current review's inclusion criteria.

Age, mean (range): 6.5 (4.3 to 8.7) weeks in SMOFlipid group; 5.3 (3.5 to 7.2) weeks in Intralipid group

Gestational age, mean (range): 34.5 (32.4 to 36.7) weeks in SMOFlipid group; 35.2 (33.2 to 37.1) weeks in
Intralipid group

Exclusion criteria: sepsis or haemodynamic instability of any cause; coagulopathy (platelets ≤ 150 000
cells/μL, or INR ≥ 1.4); hypersensitivity to fish-, egg- or soybean protein or to any of the active sub-
stances or excipients; current enrolment in another clinical trial involving a surgical or pharmacological
intervention; serum Cbil > 50 μmol/L; hyperlipidaemia; treatment with intravenous N-acetylcysteine or
oral ursodeoxycholic acid; renal insufficiency; disorders of fluid balance; unstable medical conditions.

Interventions 26 infants randomised; results available for 24 infants (11 infants in SMOFLipid group; 13 in Intralipid
group)

MPFS-LE vs S-LE

Group 1 (n = 11): MOFS-LE; SMOFlipid

Group 2 (n = 13): S-LE; Intralipid

TPN protocol: participants received trial lipid for up to 12 weeks. Participants also ended the trial if
they achieved full enteral tolerance (autonomy from PN) prior to this time point or if they developed
progressive liver disease defined by a serum Cbil > 100 µmol/L for > 14 days. Lipid dosing was according
to a nomogram which adjusted the amount of the lipids proportional to the enteral intake. All type of
enteral formulas were allowed except the enteral fish oil solution.

Outcomes Primary outcome: last value of the Cbil the week the infant received the last dose of the trial lipid (i.e. at
12 weeks, at full enteral tolerance or on the development of the progressive liver disease).

Secondary outcomes: liver markers other than Cbil in the blood, weight, length and head circumfer-
ence were assessed at baseline, week 6 and post-trial. A full blood count at weeks 0, 4 and 8 and post-
trial. INR, C-reactive protein, immunological markers (IL-1, IL-6, IL-8, IL-10 and IL-12; tumour necrosis
factor-α), nephelometry, serum cholesterol and serum TGs assessed at baseline, week 6 and post-trial.
RBC PL composition assessed at baseline, week 6 and post-trial.

Notes The investigators also had a provision of replacement of the study participants who discontinued PN
prior to second week of study due to achievement of full enteral tolerance.

Mean duration on trial was 8 weeks and did not differ according to treatment (P = 0.99).

Infants who received SMOFlipid were more likely to have a decrease in serum Cbil to 0 µmol/L than
those in the Intralipid group over the entire observation period (hazard ratio 10.6, 95% CI 1.3 to 86.9; P
= 0.006).

At the time the primary end point was achieved, 3 (27%) infants in the SMOFlipid group had a serum
Cbil exceeding 50 μmol/L, while 9 (69%) infants in the Intralipid group had Cbil above this level (P =
0.04).

The authors did not provide a specific definition for some adverse outcomes, e.g. sepsis. Beginning and
end weights were described and growth rates could not be imputed due to lack of data on covariance.

Risk of bias

Diamond 2017  (Continued)
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Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "The randomisation sequence was developed by the research support
pharmacy using a random number table prior to enrolment of the first patient.
The sequence was developed in blocks of variable size without investigator in-
put or knowledge."

Comment: done

Allocation concealment
(selection bias)

Low risk Quote: "Allocation concealment was achieved by the randomisation sequence
only being known to the research support pharmacy at the Hospital for Sick
Children. The group assignment was relayed to the dispensing pharmacist at
the patient's institution only after enrolment had occurred."

Comment: done

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "All participants, treating clinicians, and investigators were blinded to
the treatment assignment. Only the research support pharmacist at the Hospi-
tal for Sick Children and the dispensing pharmacist at the patient's institution
were aware of the group assignment."

Comment: possibly done (by author consensus (VK, MM)).

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "All participants, treating clinicians, and investigators were blinded to
the treatment assignment. Only the research support pharmacist at the Hospi-
tal for Sick Children and the dispensing pharmacist at the patient's institution
were aware of the group assignment."

Comment: possibly done

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Quote: "complete outcomes reported."

Comment: done

Selective reporting (re-
porting bias)

Low risk Quote: "This trial was registered at clinicaltrials.gov as NCT00793195."

Comment: no significant concerns as per the outcome reporting.

Other bias Unclear risk Quote: "The investigators also had a provision of replacement of the study par-
ticipants who discontinued the PN prior to second week of the study due to
achievement of full enteral tolerance.

Comment: The study investigators performed an per protocol analysis as two
patients in the SMOFlipid arm were not analyzed as they reached PN within 14
days. However as this is < 20% of the data it may not make a significant differ-
ence. For this reason we have assigned unclear risk of bias.

Diamond 2017  (Continued)

 
 

Methods Setting: single-centre NICU of Medical Academy Neonatology Department in Warsaw, Poland

Study enrolment: March 2004 to September 2005

I. Allocation concealment: yes

II. Blinding of intervention: yes

III. Blinding of outcome measurement(s): yes

Gawecka 2008b 
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IV. Complete follow-up: yes

Participants Inclusion criteria: preterm infants < 32 weeks' gestation with birth weight < 1500 g, admitted to NICU on
day 1 and requiring PN

Exclusion criteria: severe malformations, metabolic disease, congenital infection with positive blood
culture, enteral calories > 25%

Interventions Initially 44 infants at the enrolment stage

Group 1 (n = 18): OS-LE; 20% ClinOleic

Group 2 (n = 20): S-LE; 20% Ivelip

PN protocol: PN started on day 1 with amino acids. LE started within 72 hours of life from 1 g/kg/day
and was increased to the maximal dose of 3–3.5 g/kg/day. Lipids were infused continuously over 24
hours. Blood sampling was done at baseline and after 14 days of lipid infusion. Follow-up: all infants
were followed up to discharge.

Outcomes Primary outcome: tumour necrosis factor-α, IL-6 and IL-10 synthesis in unstimulated and anti-CD3-in-
duced peripheral blood mononuclear cells of parenterally fed preterm infants. Secondary outcomes:
incidence of BPD, ROP, NEC, IVH and nosocomial infections

Notes Study showed no difference in the inflammatory cytokines or clinical parameters between groups.
Low-density lipoprotein cholesterol was significantly higher in OS-LE group.

No funding source reported.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "The randomisation was done by a hospital pharmacist."

Comment: details of random sequence generation not reported.

Allocation concealment
(selection bias)

Low risk Quote: "Investigators, parents, and nursing staM were unaware of the treat-
ment allocation," "The randomisation was done by a hospital pharmacist."

Comments: probably done

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "randomised with double-blind method;" "randomisation code was
broken after the data analysis was performed." "The parenteral lipid emulsion
was prepared by the pharmacist;" "fat emulsion was administered in a syringe
with 'lipids'." (from the article in Polish).

Comment: probably done

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "randomisation code was broken after the data analysis was per-
formed."

Comment: probably done

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comment: of the 44 recruited infants, 38 (87%) completed the study, 18 in OS-
LE group and 20 in S-LE group. 2 deaths occurred in each group due to pul-
monary complications. 2 more infants were excluded but the group allocation
was not mentioned. ITT analysis was not performed. Authors' consensus was
that material risk of bias was probably low.

Gawecka 2008b  (Continued)
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Selective reporting (re-
porting bias)

Unclear risk Comment: the protocol for the study was not available so we could not ascer-
tain any deviation from the protocol. The study report did not provide data on
IVH (mentioned as not significantly different between groups).

Other bias Low risk None identified

Gawecka 2008b  (Continued)

 
 

Methods Design: double-blind RCT

Setting: 2 NICUs in Munich

Randomisation was stratified for study centre and birth weight (< 1250 g and > 1250 g).

I. Allocation concealment: could not determine

II. Blinding of intervention: could not determine

III. Blinding of outcome measurement(s): could not determine

IV. Complete follow-up: no

Safety analysis performed on the ITT population (42 treated infants including dropouts), efficacy analy-
sis performed on the per-protocol population (33 infants treated for 7 days).

Participants Inclusion criteria: preterm infants with gestation range of 28 weeks to < 37 weeks with admission to
NICU within 24 hours of birth and PN providing ≥ 80% calories during the study.

Exclusion criteria: severe malformations, inborn error of metabolism, jaundice before randomisation,
hyperlipidaemia, bacterial infection, and transfusion of packed RBCs or fresh frozen plasma (or both) of
more than 15 mL/kg (cumulative volume) before baseline blood sampling.

Interventions Randomised 45 infants within 72 hours of life

Group 1 (n = 24): OS-LE; 20% ClinOleic

Group 2 (n = 21): S-LE; 20% Intralipid

LE started within 72 hours of birth, given as 24-hour infusions at doses of 0.5 g/kg/day, 1.0 g/kg/day
and 2.0 g/kg/day on the first 3 consecutive study days and 2 g/kg/day for the next 4 days. The remain-
der of the TPN cointerventions were the same in the 2 groups. Vitamin E was not given, minimal enteral
nutrition was provided and infants were excluded if the enteral calories exceeded 20% at any time.

Outcomes Outcomes included levels of TGs, cholesterol and PLs. Clinical outcomes included hyperbilirubinaemia,
bradycardia, apnoea and gastro-oesophageal reflux. The study reported no serious adverse events in
either group.

Efficacy outcomes were evaluated in per protocol infants on days 0 and 8, which included proportions
of plasma PL FAs, alpha-tocopherol levels and urine malondialdehyde excretion.

Notes Supported by Baxter Healthcare

Some of authors were affiliated with Baxter research and development centre.

Risk of bias

Bias Authors' judgement Support for judgement

Göbel 2003 
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Random sequence genera-
tion (selection bias)

Unclear risk Comment: method of random sequence generation not described.

Allocation concealment
(selection bias)

Unclear risk Comment: details of allocation concealment not provided.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Quote: "After the study was completed and the database locked, the blind
code was opened."

Comment: authors did not mention how blinding was achieved.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Quote: "After the study was completed and the database locked, the blind
code was opened."

Comment: authors did not mention how blinding was achieved.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comment: initially 45 infants randomised; 3 infants did not fit inclusion crite-
ria and 9 were excluded as enteral intake exceeded 20%. ITT analysis was done
for safety outcomes (including the excluded infants) for initially randomised
infants. For this review, the only outcome of interest was hyperbilirubinaemia,
which was a safety variable. Taking all these factors into account, the study
was graded at low risk of bias.

Selective reporting (re-
porting bias)

Unclear risk Comment: the protocol for the study was not available so we could not ascer-
tain any deviation from the protocol.

Other bias Low risk Comment: none identified

Göbel 2003  (Continued)

 
 

Methods Design: double-blind RCT

Setting: single-centre NICU in Changhua, Taiwan

Study enrolment: 1 March 2012 to 28 February 2014

I. Allocation concealment: yes

II. Blinding of intervention: yes

III. Blinding of outcome measurement(s): yes

IV. Complete follow-up: yes (outcomes mentioned till discharge including length of stay)

Participants VLBW infants who were ventilated, recruited within 24 hours of birth

Interventions Group 1: MOFS-LE; SMOF

Group 2: MS-LE; Lipovenoes

Both emulsions by Fresenius-Kabi, Bad Homburg vor der Höhe, Germany

Outcomes Primary outcome: IL-1b and IL-6 in serum and BALF. Secondary outcomes: mortality, length of hospi-
tal stay, ventilator use days, oxygen-dependent days, weight gain rate, liver function, PNAC, BPD, ROP,
NEC, IVH and late sepsis

Hsiao 2018 
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Notes Dramatic differences in BPD between groups compared to any other study in the cohort. This could be
due to baseline incidence of BPD was high with all ventilated children and study reported complete fol-
low-up of infants to discharge.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "Simple randomisation was done by a hospital pharmacist opening a
sealed opaque envelope containing cards."

Comment: study authors did not describe method of random sequence gener-
ation.

Allocation concealment
(selection bias)

Low risk Quote: "pharmacist prepared lipid emulsion syringes (without labels describ-
ing their contents) and which were identical in appearance and color."

Comment: acceptable

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "lipid emulsion syringes (without labels describing their contents) and
which were identical in appearance and colour," "The physicians and nurses
did not know to which group the patients had been allocated."

Comment: acceptable blinding as per the description

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "lipid emulsion syringes (without labels describing their contents) and
which were identical in appearance and colour," "The physicians and nurses
did not know to which group the patients had been allocated."

Comment: acceptable blinding of outcome assessment for the healthcare
providers

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comment: low risk of attrition with near complete outcome data

Selective reporting (re-
porting bias)

Unclear risk Quote: "Study was retrospectively registered at Current Controlled Trials:
ISRCTN11427103 after the study had finished."

Comment: we could not find any deviation from the protocol due to retrospec-
tive registration.

Other bias Low risk Comment: none

Hsiao 2018  (Continued)

 
 

Methods Design: single-centre blinded RCT

Setting: NICU of Division of Neonatology, Görükle, Bursa, Turkey

Study enrolment: September 2005 to December 2009

I. Allocation concealment: yes

II. Blinding of intervention: yes

III. Blinding of outcome measurement(s): yes

Köksal 2011 
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IV. Complete follow-up: yes

Participants Inclusion criteria: ≤ 34 weeks' gestation, admission to NICU within 24 hours after birth and TPN require-
ment expected to be ≥ 80% of the total energy intake during the study.

Exclusion criteria: severe malformations, hyperlipidaemia, metabolic disease, enteral nutrition > 20
mL/kg/day and transfusion > 15 mL/kg/day

Interventions Group 1 (n = 32): OS-LE; 20% ClinOleic

Group 2 (n = 32): S-LE; 20% Intralipid

LE was started within 72 hours after the baseline blood sample was obtained. LE was infused at 1 g/kg/
day, 2 g/kg/day and 3 g/kg/day on first 3 days and 3 g/kg/day over the next 4 days in both groups. After
7 days of LE, infusion was stopped and blood samples taken after 6 hours. Study end point was day 7
for total antioxidant capacity (primary outcome). The secondary clinical outcomes have been reported
until discharge.

Outcomes Primary outcome: total anti-oxidant capacity in both LEs at day 7 (not significantly different between
groups)

Secondary outcomes: neonatal morbidity and the biochemical indices after LE administration. Bio-
chemical indices were also compared at day 7. The neonatal morbidities have been reported to dis-
charge (including ROP, BPD, IVH, NEC, RDS and sepsis).

Notes No source of funding stated.

No growth outcomes provided in the study report; however, these were provided by the study authors
on request.

Unpublished data provided by the authors.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Block randomisation was performed using a computer-generated
code."

Comment: probably done

Allocation concealment
(selection bias)

Low risk Quote: "The coded emulsion was prepared and labelled by the blinded clinical
pharmacist."

Comment: probably done

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "Parents, trial physicians and clinical staM were blinded to the lipid
content of the TPN." "The coded emulsion was prepared and labelled by the
blinded clinical pharmacist."

Comment: probably done (by author consensus (VK, MM))

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "Parents, trial physicians and clinical staM were blinded to the lipid
content of the TPN." "The coded emulsion was prepared and labelled by the
blinded clinical pharmacist."

Comment: probably done

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comment: outcomes were reported for all participants.

Köksal 2011  (Continued)
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Selective reporting (re-
porting bias)

Unclear risk Comment: protocol for study was not available so we could not ascertain any
deviation from the protocol.

Other bias Unclear risk Comment: study contributed to high heterogeneity in the outcomes of ven-
tilation duration and duration of oxygen therapy (SD data confirmed by au-
thors). The level of sickness of patients has not been described between the
two groups.

Köksal 2011  (Continued)

 
 

Methods Design: single-centre study

Setting: Departments of Paediatrics, Paediatric Surgery and Pharmacy at the Prince of Wales Hospital,
Sha Tin, Hong Kong

Study enrolment: September 2005 to December 2009

I. Allocation concealment: yes

II. Blinding of intervention: yes

III. Blinding of outcome measurement(s): yes

IV. Complete follow-up: yes

Participants Infants who developed the PNAC and fulfilled the inclusion criteria: Cbil ≥ 34 μmol/L (2 mg/dL), expect-
ed to continue requiring PN for > 2 weeks and informed parental consent.

Exclusion criteria: major congenital or lethal chromosomal abnormalities; multiorgan failure or im-
minent death; and cholestatic jaundice secondary to other known causes, e.g. congenital or acquired
TORCH (acronym for a group of diseases that cause congenital conditions; Toxoplasmosis, Other (such
as syphilis, varicella, mumps, parvovirus and HIV), Rubella, Cytomegalovirus, Herpes simplex), syphilis,
hepatitis B or C infection, biliary atresia, or other intra- or extrahepatic diseases obstructing bile flow.

Interventions Group 1 (n = 9): pure F-LE; 10% Omegaven; Fresenius Kabi AG, Bad Homburg vor der Höhe, Germany

Group 2 (n = 7): S-LE; 10% Intralipid; Fresenius Kabi AG, Uppsala, Sweden

Outcomes Primary outcome: reversal of PNAC, defined as Cbil level < 34 μmol/L within 4 months after commence-
ment of lipid treatment.

Secondary outcomes: rate of change of weekly liver function tests, infant growth parameters (head cir-
cumference and bodyweight), blood lipid profile and number of episodes of late-onset infection

Notes Pharmacists not involved in the care of the infants prepared the lipids and the clinical and research
teams were unaware of the randomisation during the study period.

2 deaths in the S-LE group with both infants dying of hepatic and multiorgan failure secondary to septi-
caemia.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Pharmacists not involved in the care of the infants prepared the lipids
and the clinical and research teams were unaware of the randomisation during
the study period."

Lam 2014 
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From appendix: "Randomisation was performed by the computer minimising
three predetermined clinical parameters with equal weighting that could po-
tentially influence the outcome measures."

Comment: done with details in appendix.

Allocation concealment
(selection bias)

Low risk Quote: "Pharmacists not involved in the care of the infants prepared the lipids
and the clinical and research teams were unaware of the randomisation during
the study period."

Comment: done with details in appendix.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "Pharmacists not involved in the care of the infants prepared the lipids
and the clinical and research teams were unaware of the randomisation during
the study period."

From appendix: "For infants randomised to the soy-based parenteral lipid
preparation (SLP) arm, the preparation used was not only identical to FOLP in
appearance, but also volume prescribed and delivered."

Comment: probably done with details in appendix.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "Pharmacists not involved in the care of the infants prepared the lipids
and the clinical and research teams were unaware of the randomisation during
the study period."

Comment: probably done with details in appendix.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comment: low risk

Selective reporting (re-
porting bias)

Low risk Quote: "Chinese Clinical Trial Registry: ChiCTR-TRC-09000718." On the registry
trial number was ChiCTR-TRC-08000717 at Chinese Trial Registry Number.

Comment: low risk

Other bias Unclear risk Quote: "parents became unwilling for randomisation"; "in view of the interim
results, we decided to terminate the study"

Comment: unclear risk as the trial was stopped mid-way due to limitations as
described in the study.

Lam 2014  (Continued)

 
 

Methods Design: single-centre RCT

Setting: Division of Neonatology at the University of Pécs, Hungary

I. Allocation concealment: could not determine

II. Blinding of intervention: could not determine

III. Blinding of outcome measurement(s): could not determine

IV. Complete follow-up: no

Participants Inclusion criteria: 25 to 37 week preterm infants bodyweight < 3 kg with requirement of LE within 48
hours with expected enteral calorie intake < 20%

Lehner 2006 
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Exclusion criteria: known metabolic diseases

Interventions 15 infants enrolled, 3 withdrawals (all from the MS-LE group) leaving 6 infants in each group.

Group 1 (n = 6): S-LE; 20% Lipofundin N

Group 2 (n = 6): MS-LE emulsion; 20% Lipofundin MCT

Cointerventions with 10% glucose, amino acids, electrolytes (sodium chloride, potassium chloride, cal-
cium gluconate), trace elements (Pedel; Pharmacia, Budapest, Hungary) and water-soluble vitamins
(Soluvit; Baxter) were the same in both groups.

Outcomes Intended outcomes: plasma FA profile, plasma cholesterol level and hypertriglyceridaemia. Howev-
er the study reported some clinical outcomes, i.e. weight on day 8. The study reported faster regain of
birth weight in the MS-LE group, but no data were available.

Notes No episodes of hypertriglyceridaemia in either group. Outcomes are reported for 8 days.

Funding: B Braun and Deutsche Forschungsgemeinschaft and Child Health Foundation (Munich, Ger-
many)

The study was primarily a biochemical study with some clinical outcomes reported.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "randomised double blind trial."

Comment: method of random sequence generation not mentioned. Initial-
ly there were 9 infants in the MS-LE group and 6 infants in the S-LE group. 1
infant was reported to have the wrong randomisation. Details regarding the
wrong randomisation were not provided.

Allocation concealment
(selection bias)

Unclear risk Comment: method of allocation concealment not mentioned.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Quote: "randomised double blind trial."

Comment: no details provided regarding how blinding was achieved.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Mentioned "randomised double blind trial."

Comment: no details provided regarding how blinding was achieved. Study
did not report whether there was blinding of the outcomes.

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Comment: initially 15 infants were randomised with 3 infants excluded (all
from the MS-LE group; unbalanced exclusions; 33% in 1 group), giving 6 in-
fants in each arm. Reasons for exclusion were provided (wrong randomisation,
breaching of the study conditions and contraindication to the feeding proto-
col: 1 infant each).

Selective reporting (re-
porting bias)

Unclear risk Comment: the protocol for the study was not available to us so we could not
ascertain any deviation from the protocol.

Other bias Unclear risk Comment: none identified

Lehner 2006  (Continued)
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Methods Design: single-centre blinded RCT in infants < 28 weeks' gestation

Setting: NICU of Sahlgrenska University Hospital in Gothenburg, Sweden

Study enrolment: 4 April 2013 to 22 September 2015

I. Allocation concealment: yes

II. Blinding of intervention: no

III. Blinding of outcome measurement(s): yes (for data analysts and screening ophthalmologists)

IV. Complete follow-up: yes

Participants Inclusion criteria: 90 infants < 28 weeks' gestation admitted to NICU

Exclusion criteria: major congenital malformations

Interventions Group 1 (n = 41): MOFS-LE; 20% SMOFlipid

Group 2 (n = 37): OS-LE; 20% ClinOleic

PN was initiated as soon as possible after birth with a standard solution containing Vaminolac and 10%
glucose (total protein content 2 g/100 mL) aiming at 80–90 mL/kg/day of the resulting solution during
the first 24 hours. Lipid solution (ClinOleic or SMOFLipid) was normally started 6–12 hours after birth
at a rate of 1 g/kg/day with daily increases up to 2 g/kg/day. Enteral nutrition used either maternal or
donor breast milk with individualised fortification based on results from breast milk analysis using a
commercial bovine milk fortifier. Daily intakes of FAs arachidonic acid, EPA and DHA (mg/kg/day) were
prospectively registered from birth during the first 2 weeks of life. The parenteral lipid dosing strategy
was to deliver 2 to 3 g/kg bodyweight every 24 hours. The FA compositions of SMOFlipid and ClinOleic
were analysed by gas chromatography

Outcomes Primary outcome: ROP classified as no ROP or ROP stage 1, 2, 3, or 3+.

Other outcomes: serum LC-PUFA (DHA, EPA and arachidonic acid) profiles, ROP, BPD, NEC, PDA, sepsis
and growth between birth and 36 weeks.

Cbil blood level of > 50 μmol/L for ≥ 2 weeks at any time during the follow-up, unrelated to sepsis was
consider significant. Data presented for 78 infants. 12 infants died. The cause of death (and thereby
partial outcomes) were presented for the deceased infants in the supplementary table.

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Randomization was in blocks of 20 infants, adjusting for gestational
age."

Comment: low risk (by author consensus (VK, MM))

Allocation concealment
(selection bias)

Low risk Quote: "The treating nurse/doctor received the randomisation online."

Comment: possibly done.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Quote: "The type of lipid emulsion given was not blinded." However, blinding
was done for the analysts and the screening ophthalmologists.

Comment: the LE were not blinded, which could potentially introduce possibil-
ity of performance bias. However, most of the outcomes were objective based
on study methodology for blood sampling at predefined time points. The re-

Najm 2017 
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view authors (by consensus; MM, VK) considered that the risk of performance
bias affecting the study was unclear.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "Type of lipid emulsion was blinded for data analysis and the screening
ophthalmologists."

Comment: blinding was reported for ROP. We did not consider that there
would be risk of material bias for most objective outcomes including cholesta-
sis, sepsis, etc.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comment: data were only presented for 78 infants who survived the study pe-
riod with the gestation. Cause and the day of death of deceased infants (6 in
each arm) was presented in the supplementary table from which addition-
al data were extracted but not used for primary meta-analysis. A sensitivity
analysis was performed including and excluding the data of sepsis and NEC
from the reported causes of death which did not change the results of these
outcomes. The deceased infants would have died prior to the ROP screening
(primary outcome) could be done.

Selective reporting (re-
porting bias)

Unclear risk Quote: "The study was approved by the Regional Ethical Board, Gothenburg
(Dnr 303-11) (Clinical trial NCT02760472)."

Comments: the protocol was published on the ClinicalTrials.gov website after
the trial had stopped recruiting according to the information from the Clinical-
Trials.gov website. The first record on the ClinicalTrials.gov was on 30 March
2016 whereas the trial stopped on 22 September 2015 as per the authors. The
fact that the protocol was published on clinicaltrials.gov after the study com-
pleted makes assessment for the selective reporting difficult.

Other bias Low risk None detected.

Najm 2017  (Continued)

 
 

Methods Design: double-blind RCT

Setting: Boston Children's Hospital, Boston, USA

Study enrolment: July 2007 to June 2009

I. Allocation concealment: yes

II. Blinding of intervention: yes

III. Blinding of outcome measurement(s): yes

IV. Complete follow-up: 2/10 in S-LE and 3/9 F-LE (33%) lost to follow-up

All analyses were performed on an ITT basis

Participants Inclusion criteria: neonates and infants (< 3 months' age) with baseline conjugated bilirubin < 1.0 mg/
dL and a gastrointestinal disease requiring surgical intervention who were expected to be PN depen-
dent for ≥ 21 days

Exclusion criteria: INR > 1.5 (> 2 if ≤ 1 week of age) or TG level > 400 mg/dL and those with a haemolytic
disorder, liver disease or shock requiring vasopressor support, extracorporeal membrane oxygenation,
nitric oxide treatment or a combination of these. Infants who had undergone an intestinal lengthening
procedure were not eligible.

Interventions Group 1 (n = 10): S-LE; Intralipid

Nehra 2014 
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Group 2 (n = 9): Pure F-LE; Omegaven

Outcomes Primary outcome: incidence of cholestasis, defined as a serum conjugated bilirubin > 2 mg/dL for ≥ 2
consecutive weeks

Secondary outcomes: neurodevelopmental outcome assessed by BSID-III (series of motor, cognitive
and language scales) at 6 and 24 months' corrected age

Notes Financial disclosures: supported by the March of Dimes, the Food and Drug Administration Orphan
Drugs Division (grant 1 R01FD003436), Children's Hospital Boston Surgical Foundation and The Vascu-
lar Biology Program (Boston, MA). C.D. was supported in part by K24HD058795.

Trial registered at ClinicalTrials.gov (NCT 00512629).

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Following informed consent, patients were randomly assigned by a
computer-generated list of random numbers to the control (SIFE) or experi-
mental (FIFE) group in a 1:1 ratio."

Comment: done

Allocation concealment
(selection bias)

Low risk Quote: "Patients, parents, physicians, dieticians, and nurses were blinded to
the treatment allocation for the duration of the study. Members of the depart-
ment of pharmacy were aware of the randomisation and identically packaged
the IFEs."

Comment: probably done

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "Patients, parents, physicians, dieticians, and nurses were blinded to
the treatment allocation for the duration of the study. Members of the depart-
ment of pharmacy were aware of the randomisation and identically packaged
the IFEs."

Comment: probably done

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "Patients, parents, physicians, dieticians, and nurses were blinded to
the treatment allocation for the duration of the study. Members of the depart-
ment of pharmacy were aware of the randomisation and identically packaged
the IFEs."

Comment: probably done

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comment: clinical outcomes were reported for most infants. Secondary out-
come: neurodevelopment outcome had 26% loss to follow-up.

By consensus the review authors considered that the overall risk was low.

Selective reporting (re-
porting bias)

Low risk Quote: "This trial is registered at clinicaltrials.gov (NCT 00512629)."

Comment: protocol was registered at the time of trial initiation and trial was
reported in line with the published protocol.

Other bias Unclear risk Trial stopped early.

Nehra 2014  (Continued)
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Methods Setting: single-centre in Krakow, Poland

Study enrolment: 1 August 2010 to 31 May 2012

I. Allocation concealment: could not determine

II. Blinding of intervention: could not determine

III. Blinding of outcome measurement(s): yes (for ROP)

IV. Complete follow-up: no; details of infants who died (about 20% in both groups) not available.

Participants Preterm infants < 32 weeks' gestation and < 1250 g bodyweight

Interventions Group 1 (n = 60): OFS-LE; 20% ClinOleic IV (50% volume of soybean and olive oil; Baxter SA, Norfolk, UK)
+ 10% Omegaven (50% volume of fish oil; Fresenius Kabi, Bad Hamburg, Germany)

Group 2 (n = 70): OS-LE; 20% ClinOleic (20% soybean and olive oil emulsion; Baxter SA, Norfolk, UK;
control group)

Outcomes Primary outcome: ROP

Secondary outcome: cholestasis. The study also reported BPD, NEC, death and sepsis.

Notes The study had high mortality in both the groups (close to 20% in both the groups). The data on infants
who died were not available.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Participants were allocated to groups using a computer-based ran-
dom number generator."

Comment: random component described

Allocation concealment
(selection bias)

Unclear risk Comment: "Participants were allocated to groups using a computer-based
random number generator."

Comment: no description of how allocation concealment was performed.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Quote: "Physicians and nurses caring for the infants were blind to the type of
lipid emulsion."

Comment: no description of how blinding was performed.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "Retinal examinations were performed by a single ophthalmologist
who was blinded."

Comment: probably done (by author consensus(VK, MM))

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Quote: "Of the 38 patients who died, 36 deaths occurred before the first
screening and eye examination;" "Moreover, 7 infants excluded on the 2nd,
4th, 7th, or 10th day because of withdrawal of parental consent differed sig-
nificantly with respect to the total intravenous intake of the fish-oil lipid emul-
sion. Therefore, we decided not to include them in our analysis."

Comment: there was statistically significant differential participant consent
withdrawals (0/88 (0%) from ClinOleic group vs 7/87 (about 10%) withdrawals
from OFS-LE group (P = 0.007). The withdrawals were excluded from analysis.

Pawlik 2014 
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There was a high proportion of deaths (greater than 20%) where the outcome
data were not provided for any outcome (ROP examination was not applica-
ble in 36 infants). Though the deaths were balanced across groups, both the
rate and actual numbers of infants with cholestasis were low, i.e. 3/60 (5%) in
OFS-LE group compared to ClinOleic group. The impact of missing data can
vary depending on the rate (differential rates) of cholestasis in missing data in
the two groups. The data for 2 deceased infants who had eye examinations for
ROP were not included.

Overall, the review authors considered that there may be higher risk of materi-
al bias for cholestasis compared to ROP.

Selective reporting (re-
porting bias)

Unclear risk Quote: "The protocol was approved by the ethics committee."

Comment: the protocol was not available.

Other bias Low risk None detected

Pawlik 2014  (Continued)

 
 

Methods Design: double-blind RCT

Setting: single-centre at Department of Neonatology, University Hospitals, Leuven, Belgium

Enrolment period: November 2004 to February 2006.

I. Allocation concealment: yes

II. Blinding of intervention: yes

III. Blinding of outcome measurement(s): yes

IV. Complete follow-up: yes

Study duration: 15 days or until last intravenous infusion. Main study period was until day 7 of treat-
ment; all infants were followed up until discharge.

For statistical analysis, the last value was carried forward. Adverse events were reported until 6 days af-
ter the end of last infusion.

Participants Inclusion criteria: < 34 weeks' gestation preterm infants with bodyweight 500–2000 g, who received PN
for ≥ 7 days.

Exclusion criteria: extremely preterm infants, severe congenital malformations, heart failure, organ
damage, anuria, haemolytic disease, thrombocytopenia, oxygen saturations < 80% for > 2 hours, severe
acidosis, use of catecholamines, hypoxic-ischaemic encephalopathy and multiorgan failure.

Interventions Group 1 (n = 26): MOFS-LE; 20% SMOFlipid

Group 2 (n = 27): S-LE; 20% Intralipid

LE were given for ≥ 7 days and up to 14 days, peripherally or centrally. Enteral intake was allowed as
per protocol, i.e. < 30% of the total lipid intake on days 1–3, < 50% on days 4–7 and < 70% on days 8–
14 of the total energy intake. Daily target dosage of fat started at 1.0 g/kg/day on days 1–3 and was in-
creased to 2 g/kg/day on day 4, 3 g/kg/day on day 5, and 3.5 g/kg/day from day 6 onwards. Other com-
ponents of PN were given as standardised solutions at the discretion of the investigator.

Outcomes Primary safety outcome: TG levels

Primary efficacy outcome: change in bodyweight at day 8 from baseline

Rayyan 2012 
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Secondary outcomes: blood counts and biochemical parameters

Clinical assessments (heart rate, temperature, blood pressure, bodyweight, oxygen therapy) were per-
formed daily from day 0 (prestudy visit) to study termination, either on day 15 or following the last infu-
sion of study treatment (post-treatment).

Notes Financial disclosure: supported by the Fund for Scientific Research, Flanders (Belgium) J a Fundamen-
tal Clinical Investigatorship (1 800209 N) and a research grant (1506409 N).

Sponsored by Fresenius Kabi, Bad Homburg vor der Höhe, Germany. Authors: Hugo Devlieger and
Frank Jochum received speaking honoraria and consulting fees from Fresenius Kabi. The publication of
the supplement in which this article appeared was sponsored by Nestlé Nutrition Institute.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "using the software RANCODE," "The randomisation was stratified by
weight- 500 to 1000, 1000 to 1500, 1501 to 2000 g."

Comment: probably done

Allocation concealment
(selection bias)

Low risk Quote: "Randomization list was prepared prior to the study and lipid emulsion
dispensed by pharmacy."
Comment: probably done

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "Double blind controlled," "… the study and control infusions were of
the same size and identical appearance," "Infusions were prepared in the hos-
pital pharmacy identified only by the patient number on the outside of pack-
aging."

Comment: probably done.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Comment: probably done. The review authors agreed that the risk was low.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comment: protocol violations/preterm discontinuation occurred only in 3 par-
ticipants in the SMOFlipid group and in 4 participants in the Intralipid group
(balanced in both groups). The trial profile and participant flow was well de-
scribed. All outcome data are provided.

Selective reporting (re-
porting bias)

Unclear risk Comment: the protocol for the study was not available so we could not ascer-
tain any deviation from the protocol. Data could not be used for sepsis (it was
reported as a combined outcome of infection and infestations).

Other bias Low risk Comment: none identified.

Rayyan 2012  (Continued)

 
 

Methods Design: prospective, double-blind RCT in ELBW infants

Setting: level IV NICU of University Children's Hospital Vienna, Medical University of Vienna, Vienna,
Austria

Study enrolment: July 2012 to July 2015. Last follow-up October 2015

I. Allocation concealment: yes

Repa 2018 
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II. Blinding of intervention: yes

III. Blinding of outcome measurement(s): yes

IV. Complete follow-up: yes

Both ITT and per-protocol analyses were performed.

Participants Inclusion criteria: ELBW < 1000 g admitted before 24 hours

Exclusion criteria: cholestasis (Cbil > 1.5 mg/dL (25 mol/L)) before intervention, and higher-order mul-
tiples infants with conditions associated with cholestasis independent of PN (i.e. infection with cy-
tomegalovirus, HIV, hepatitis B or C, rhesus-mediated haemolysis, cystic fibrosis, inborn errors of me-
tabolism or primary liver diseases) were not eligible or excluded post-randomisation.

Interventions Group 1 (n = 110): MOFS-LE; 20% SMOFlipid

Group 2 (n = 113): S-LE; 20% Intralipid

Participants received full PN from birth using S-LE (1 g/kg/day) were switched to study lipids after en-
rolment. Lipids were dosed up to 3 g/kg/day at the discretion of the attending physicians and reduced
in relation to enteral nutrition (increased up to 20 mL/kg/day). Serum TG were measured at least week-
ly. Lipids were halted for 24 hours at TG levels > 400 mg/dL (4.5 mmol/ L) or downtitrated > 250 mg/dL
(2.8 mmol/L). PN was stopped at 140–160 mL/kg/day of enteral feeds.

Therapy adherence was calculated as the percentage study lipids were correctly provided; > 80% was
considered highly adherent. Urodeoxycholic acid was administered to infants who developed cholesta-
sis.

Parenteral fish oil (Omegaven; Fresenius Kabi, Bad Homburg vor der Höhe, Germany) was permitted
as rescue therapy (1 g/ kg/day) if Cbil was > 6 mg/dL (100 mol/L). Infants were followed until their 44th
week' postmenstrual age, discharge or transfer to another hospital. All infants received probiotics and
lactoferrin. Enteral feeds were provided every 3 hours; the median volume of a single feed per kg in the
first week of life was calculated. For growth analysis (anthropometry with z score difference from birth
to discharge), only survivors were analysed to avoid distortion of measurements by perimortal oede-
ma.

Outcomes Primary outcome: PNAC (Cbil > 1.5 mg/dL (25 mol/L) at 2 consecutive measurements). Peak levels
of liver enzymes (ALT, AST,GGT, ALP during hospitalisation were identified. Blood sampling was per-
formed weekly as long as PN was required and then every 7 to 14 days.

Secondary outcomes: neonatal morbidities (death, duration of hospitalisation, ROP (any), and highest
stage requiring treatment (severe ROP), culture-confirmed sepsis, IVH III/IV, cystic PLVL, NEC ≥ IIa, fo-
cal intestinal perforation, abdominal surgery, days on mechanical ventilation, CLD, PDA requiring treat-
ment, number of ibuprofen cycles or requiring surgical ligation, pulmonary hypertension, iNO/silde-
nafil treatment.

Notes PNAC incidence of only 15.9% in the current trial, attributable to an accelerated weaning from PN com-
pared with the planning phase (10 days). This shorter time on PN was an important study limitation
and possibly related to the implementation of probiotics at the NICU before the start of the trial in 2010
and their preventive effect against NEC.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "… Participants were randomised using permuted blocks (ratio 1:1,
block size of 4) and stratified according to sex and birth weight (< 750 vs ≥ 750
g) using a software, prepared by an independent statistician."

Comment: done.

Repa 2018  (Continued)
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Allocation concealment
(selection bias)

Low risk Quote: "… an independent statistician, who kept the randomisation sequence
concealed until the end of the study

Comment: probably done, with author consensus

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "… Participants, healthcare providers, data collectors, and outcome
adjudicators were blinded. A blinding team uninvolved in clinical decisions es-
tablished the blinding code and masked the glass containers using opaque la-
bels designated "Lipid A" or "Lipid B." Labels were resistant to detachment, in
particular by 70% alcohol used during aseptic preparation. Neonatal nurses
who prepared the study lipids for PN were part of the blinding team. Discarded
containers were controlled for blinding integrity."

Comment: well described

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "… Participants, healthcare providers, data collectors, and outcome
adjudicators were blinded."

Comment: well described in the study report

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Clinical outcomes were reported for all infants.

Selective reporting (re-
porting bias)

Low risk The study protocol was available: NCT1585935: the review of the protocol indi-
cated that the authors had not published the details of the secondary outcome
measures of amplitude integrated amplitude integrated electroencephalogra-
phy and visual evoked potentials at this stage.

The review authors (VK, MM) were in consensus that risk of bias for selective
reporting is low, as these secondary study outcomes were not a part of the cur-
rent review's outcomes.

Other bias Low risk Not identified

Repa 2018  (Continued)

 
 

Methods Design: single-centre study with 3 arms

Setting: Università degli Studi di Milano, Italy

I. Allocation concealment: could not determine

II. Blinding of intervention: could not determine

III. Blinding of outcome measurement(s): could not determine

IV. Complete follow-up: yes

Participants 36 consecutive preterm infants, gestational age 28–33 weeks

Interventions Group 1 (n = 12): S-LE

Group 2 (n = 12): OS-LE

Group 3 (n = 12): MS-LE

Outcomes Isoprostane and TRAP level evaluated at day 87

Roggero 2010 
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Notes This study did not contribute data to any outcome in the current review.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "All preterm infants were randomised into three groups matched for
birth weight and gestational age, to receive one of the following different par-
enteral lipid emulsions."

Random element not described. Matching aspects not elaborated.

Comment: could not determine.

Allocation concealment
(selection bias)

Unclear risk Quote: "in a double-blind study performed according to good clinical practice
guidelines"

Comment: could not determine

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Quote: "the bags containing the PN solution were prepared by the hospital
pharmacy using an automatic compounding system (Siframix, SIFRA, Verona,.
Italy)."

Comment: possibly low risk although the authors did not mention how blind-
ing was achieved.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Quote: "the bags containing the PN solution were prepared by the hospital
pharmacy using an automatic compounding system (Siframix, SIFRA, Verona,
Italy)."

Comment: possibly low risk although the authors did not mention how blind-
ing was achieved.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comment: no concerns

Selective reporting (re-
porting bias)

Unclear risk Comment: protocol not available; could not determine

Other bias Low risk Comment: none

Roggero 2010  (Continued)

 
 

Methods Design: double-blind RCT

Setting: Beilinson Medical Center, Petach-Tiqva, Israel

Enrolment period: not mentioned.

I. Allocation concealment: could not determine

II. Blinding of intervention: could not determine

III. Blinding of outcome measurement(s): could not determine

IV. Complete follow-up: no

Rubin 1994 
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Participants Preterm infants < 35 weeks' gestation who received TPN for ≥ 6 days. 59 infants enrolled, 10 with-
drawals

Interventions Group 1 (n = 16): 20% PFE 4501 (soybean + borage oil in 8.5:1.5 ratio to increase GLA + added carnitine);

Group 2 (n = 18): S-LE; 20% Intralipid

Group 3 (n = 15): MS-LE; 20% Lipofundin MCT (LCT from soybean: MCT from coconut in 1:1 weight ratio)

LE: day 1: 0.5 g/kg/day, day 2: 1.5 g/kg/day to a maximum of 2.5 g/kg/day on day 3, and this dose was
maintained until the end of the study period. Cointerventions with amino acid solution (Vamin) and
electrolytes were similar in the 2 groups.

Outcomes Weight gain, clinical variables, acid–base, blood counts, glucose levels (remained normal) mentioned
for all the groups. AST decreased significantly in groups 2 and 3 from baseline, however the values were
only provided for TG levels. The FA profile was reported in detail from the same study in Rubin 1995.

Notes TG levels (mean ± SD) were reported but authors did not report the proportion of infants with hyper-
triglyceridaemia. Therefore, we were unable to include data in the quantitative synthesis for the clinical
outcomes.

Short study of 6 days. Authors demonstrated the safety of LE in jaundiced infants as the bilirubin levels
fell in both groups despite the rise in free FAs as reported in Rubin 1995.

Results regarding FA profile from this study were published in 1995 (Rubin 1995).

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "The infant were randomly assigned to …"

Comment: no information on random sequence generation provided.

Allocation concealment
(selection bias)

Unclear risk Comment: no information on allocation concealment provided.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Quote: "randomly assigned in a double blind manner."

Comment: blinding not described.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Quote: "randomly assigned in a double blind manner."

Comment: blinding not described.

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Comment: 10 withdrawals in the study equivalent to 16% of the study sample.
Withdrawals were for varying reasons including sepsis (5), hyperbilirubinaemia
(1) and thrombocytopenia (2). It is not reported which intervention arm these
infants belonged to. Data from these infants is not available.

Selective reporting (re-
porting bias)

Unclear risk Comment: the protocol for the study was not available so we could not ascer-
tain any deviation from the protocol.

Other bias Low risk Comment: none identified.

Rubin 1994  (Continued)
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Methods Design: double-blind single-centre 5-arm RCT

Setting: NICU of "G. Salesi" Children's Hospital, Ancona, Italy

Study enrolment period: January 2007 to October 2011

I. Allocation concealment: yes

II. Blinding of intervention: yes

III. Blinding of outcome measurement(s): yes

IV. Complete follow-up: yes

Study duration: primary study criteria including phytosterol to day 21, but clinical outcomes were re-
ported beyond that period (e.g. liver enzymes and cholestasis at 6 weeks).

Follow-up: all study participants appeared to have been followed until discharge.

Participants Inclusion criteria: preterm infants bodyweight 500–1249 g who received PN from 1st hour of life

Exclusion criteria: severe malformations, metabolic disease and severe congenital sepsis

Interventions 150 consecutive admitted preterm infants were randomly assigned to receive five different LE

Group 1 (n = 30): S-LE: Intralipid (100% S-LE)

Group 2 (n = 30): MS-LE: Lipofundin (MCT 50%/soybean LCT 50%)

Group 3 (n = 30): MFS-LE: Lipidem (MCT 50%/soybean 40%/fish oil 10%)

Group 4 (n = 30): OS-LE: ClinOleic (olive oil 80%/soybean oil 20%)

Group 5 (n = 30): MOFS-LE: SMOFlipid (MCT 30%/soybean oil 30%/olive oil 25%/fish oil 15%)

Outcomes Primary outcome: plasma phytosterol concentrations (campesterol and β-sitosterol levels) day 0
(cord), day 7 (full TPN), day 14 (50% enteral calories)

Secondary outcomes: clinical outcomes including mortality, growth outcomes, BPD, NEC, PDA, sepsis
and cholestasis

Notes No funding source mentioned.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "randomly assigned in a 1:1:1:1:1 ratio to 1 of the 5 LEs studied follow-
ing a simple randomisation procedure."

Comment: how random sequence was generated is not mentioned.

Quote: "pharmacy received the enveloped randomisation list with the patient
codes and provided the allocated interventions."

Comment: probably done.

Previous reports involving the same team mentioned: "Randomization was
obtained with sealed envelopes using a random permuted blocks within strata
protocol."

Allocation concealment
(selection bias)

Low risk Quote: "The pharmacy received the enveloped randomisation list with the pa-
tient codes and provided the allocated interventions. (sealed envelope sys-

Savini 2013 
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tem);" "They were identified only by the patient number according to the ran-
domisation schedule."

Comment: probably done

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "5 different LEs prepared in the hospital pharmacy were of the same
size and identical appearance."

Comment: probably done

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "5 different LEs prepared in the hospital pharmacy were of the same
size and identical in appearance;" "The clinicians, the patient's parents, and
the individuals who assessed the study endpoints were blinded to the LEs."

Comment: probably done

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comment: outcome data complete, attrition well explained and less than 10%.

Selective reporting (re-
porting bias)

Unclear risk Comment: the protocol for the study was not available so we could not ascer-
tain any deviation from the protocol.

Other bias Low risk Comment: none identified

Savini 2013  (Continued)

 
 

Methods Design: RCT in preterm infants

Setting: single-centre NICU of 'IASO' Maternity Hospital in Athens, Greece

Study enrolment: Nov 2008 to April 2009

I. Allocation concealment: yes

II. Blinding of intervention: yes

III. Blinding of outcome measurement(s): yes

IV. Complete follow-up: no

Participants 38 infants enrolled

Inclusion criteria: preterm infants < 32 weeks' gestation with birth weight < 1500 g requiring admission
to NICU within 12 hours of birth and expected to receive > 80% of the energy intake by parenteral route
in the first 8 days of life and requiring PN for at least 7 days.

Exclusion criteria: inherited metabolic disorders, congenital malformations, transfusion of blood/fresh
frozen plasma > 15 mL/kg and participation in another study

Interventions Group 1 (n = 19): MOFS-LE; SMOFlipid

Group 2 (n = 19): S-LE; Intralipid

4 different TPN protocols were created based on gestational age, weight and clinical condition. Lipids
were started on day 1 or 2 of life (based on gestational age) with a maximum of 3 g/kg/day in both the
groups. Enteral feeds were allowed at ≤ 20% of total energy intake and started as soon as feasible. Oral
feeds were started after at least 14 days of PN for all infants in the study group.

Outcomes Primary outcome: oxidation potential (vitamins A and E, and total anti-oxidant potential)

Skouroliakou 2010 
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Hypothesis: a reduction in oxidative stress in the SMOFlipid group?

Secondary outcomes: growth parameters, blood count, clinical condition and length of stay (parame-
ters noted on day 0, day 14 and at discharge).

Notes SMOFlipid was supplied by Fresenius Kabi.

Vitamin A and E levels were not affected by the intervention, however TAP level was increased in the
SMOFlipid group, indicating possible reduction in the oxidant stress.

Authors mentioned: "none of the children in each group had any side effects related to parenteral nu-
trition or sepsis."

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Computer generated randomisation."

Comment: probably done.

Allocation concealment
(selection bias)

Low risk Quote: "the pharmacist, who was responsible for the placement of each infant
in a group (intervention vs control) …"

Comment: statistician and pharmacist not involved in the trial. Probably done.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "PN were in identical bags."

Comment: probably done

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "PN were in identical bags;" " All medical personnel and participants
were blinded to treatment assignment during the whole course of the study."

Comment: probably done

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Comment: out of 38 randomised infants there were 6 exclusions (16%) with 5
from the SMOFlipid group (n = 2 transfusion > 15 mL/kg, n = 1 PN < 7 days, n =
1 transfer to another centre) and 1 from the 20% Intralipid group (PN < 7 days)
(unbalanced exclusions)

Selective reporting (re-
porting bias)

Unclear risk Comment: protocol for the study was not available so we could not ascertain
any deviation from the protocol.

Other bias Low risk None identified.

Skouroliakou 2010  (Continued)

 
 

Methods Design: single-centre RCT in preterm neonates

Setting: NICU of "IASO" Maternity Hospital Thessaloniki, Greece

Study enrolment: September 2012 to September 2013

Participants Inclusion criteria: infants with 26–32 weeks' gestational age, anticipated need for PN > 60% of total en-
ergy requirements for ≥ 15 days, parental consent for participation to the study

Interventions 51 infants enrolled

Skouroliakou 2016 
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Group 1 (n = 26): MOFS-LE; 20% SMOFlipid (Fresenius Kabi HELLAS; contained MCTs (30%), lipids from
soybean oil (30%), olive oil (25%), fish oil (15%) and α-tocopherol (200 mg/L))

Group 2 (n = 25): S-LE; 20% Intralipid (Fresenius Kabi HELLAS; conventional soybean oil-based 20% In-
tralipid that contained α-tocopherol 38 mg/L)

Infant followed up 30 days of life or until the PN-derived energy decreased to < 40% of total daily ener-
gy requirements.

Outcomes Primary outcome: tumour necrosis factor-α, IL-6 and IL-8

Secondary outcomes: plasma α-tocopherol and FA profiles

Clinical outcomes: death, RDS requiring treatment, BPD, clinical and culture-confirmed sepsis, liver en-
zymes and cholestasis

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Simple randomisation was based on a computer-generated randomi-
sation list."

Comment: done

Allocation concealment
(selection bias)

Low risk Quote: "The list was given to the pharmacist, who prepared the different PN
formulations in identical bags and assigned neonates in 1 of 2 groups. The
pharmacist was not involved in neonates' care."

Comment: done

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "All medical personnel and participants were blinded to treatment as-
signment during the whole study period."

Comment: probably done

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "All medical personnel and participants were blinded to treatment as-
signment during the whole study period."

Comment: probably done

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Quote: "Of the 60 recruited neonates, 51 completed the study. Nine neonates
(4 and 5 from the IG [intervention group] and CG [control group], respectively)
were excluded after randomisation."

Comment: this is similar to a per-protocol study flow and analysis rather than
ITT with concerns regarding incomplete outcome data from both arms. How-
ever as the exclusions were equally distributed in both arms, we assigned 'un-
clear risk' of bias (by author consensus).

Selective reporting (re-
porting bias)

Unclear risk Quote: "The trial has not been included in a Clinical Trials database because
the relevant database in Greece is reserved for phase III trials for novel treat-
ments."

Comment: selective reporting could not be ascertained as we did not have ac-
cess to the trial protocol.

Other bias Low risk None detected

Skouroliakou 2016  (Continued)
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Methods Design: double-blind RCT

Setting: NICU of Thammasat Hospital and Nopparat Rajathanee Hospital, both in Bangkok.

Study enrolment: December 2013 and December 2015

I. Allocation concealment: yes

II. Blinding of intervention: yes

III. Blinding of outcome measurement(s): yes

IV. Complete follow-up: yes

Participants 44 infants enrolled

Inclusion criteria: < 30 weeks' gestational age and birth weight < 1250 g who required PN for ≥ 7 days

Exclusion criteria: evidence of congenital infection, perinatal asphyxia, congenital anomalies, IVH
grade > 2, thrombocytopenia, shock or circulation failure, and renal or hepatic disorders.

Interventions Group 1 (n = 22): MOFS-LE; 20% SMOFlipid

Group 2 (n = 22): S-LE; 20% Intralipid

Lipids were first administered at 1 g/kg/day within 24 hours after birth for both groups; lipid dosage
was increased by an increment of 0.5 g/kg/day until the maximal dose of 3.5 g/kg/day was reached.
The other macronutrients and micronutrients were provided using the same products and protocol
in both groups. Parenteral lipid and amino acid administration were temporarily stopped when either
plasma TG concentrations exceeded 250 mg/dL or when urea concentrations exceeded 35 mg/dL re-
spectively.

Outcomes Primary outcomes: incidence of cholestasis, defined as a conjugated bilirubin level > 2 mg/dL on 2 con-
secutive measurements and biochemical signs of hepatic dysfunction including ALT, AST, ALP and GGT

Secondary outcomes: clinical outcomes death; BPD defined as the need for supplementary oxygen
or any form of respiratory support at 36 weeks' postmenstrual age; duration of ventilator support
(days); NEC stage > 1 on Bell's staging system; ROP as defined by the International Classification of
ROP; haemodynamically significant PDA diagnosed by echocardiography as needing treatment by
medication or surgery; sepsis defined as a positive blood culture; IVH, all grades, and severe IVH (grade
3 and 4) of Papile classification; duration of hospital stay (days) and growth parameters assessed using
in-hospital growth rates, the gain in head circumference and height from birth until discharge.

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Enrolled infants were randomly assigned to a multi component emul-
sion (study group) or to a pure soybean oil (control group) within 48 hours af-
ter birth. Blocks of four stratified randomisations by treatment centres were
used."

Comment: how random element was generated was not described clearly, but
given statements in the study report it was probably done (by author consen-
sus (VK, MM)).

Allocation concealment
(selection bias)

Low risk Quote: "The allocations were kept in sequentially numbered, opaque, sealed
envelopes."

Techasatid 2017 
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Comment: done

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "The investigators and the patient care teams were blinded to the
treatment allocation and remained throughout the study and the analysis."

Comment: possibly done (author consensus (VK, MM)).

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "The investigators and the patient care teams were blinded to the
treatment allocation and remained throughout the study and the analysis."

Comment: possibly done.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Clinical outcomes reported for most infants.

Selective reporting (re-
porting bias)

Unclear risk Quote: "trial was registered in Clinical Trials.gov (Clinical Trials.gov Identifier:
NCT02663453)."

Comments: trial registration was done, with first submission on 11 January
2016 which is well past the trial completion.

Comments: selective reporting risk could not be assessed. We do not know if
the protocol was published elsewhere.

Other bias Low risk Not identified

Techasatid 2017  (Continued)

 
 

Methods Design: single-centre RCT

Setting: Department of Paediatrics at Semmelweis University, Budapest, Hungary

Study enrolment: April 2004 to January 2006

I. Allocation concealment: could not determine

II. Blinding of intervention: could not determine

III. Blinding of outcome measurement(s): could not determine

IV. Complete follow-up: yes

Both ITT and per-protocol analysis were performed: both with the last observation carried forward.

Stratified study with the following strata: 1000 to 1499 g, 1500 to 1999 g and 2000 to 2500 g

Participants Inclusion criteria: preterm infants < 34 weeks' gestation aged 3 to 7 days expected to receive TPN for ≥ 7
days

Exclusion criteria: none mentioned

Interventions 60 infants

Group 1 (n = 30): MOFS-LE; 20% SMOF

Group 2 (n = 30): S-LE; 20% Intralipid

LE was started at 0.5 g/kg/day on day 1 and was increased by increments of 0.5 g/kg/day daily up to a
maximum of 2 g/kg/day on days 4 to 14. Additional oral/enteral intake comprising < 20% at baseline, <

Tomsits 2010 
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30% on days 1 to 3, and < 50% on days 4 to 14 of the total energy intake was permitted if appropriate.
Other components of PN were given at the discretion of the investigator.

Outcomes Outcomes were evaluated on day 0, 8 and 15

Primary efficacy outcome: change in weight from day 1 to day 8

Secondary efficacy outcomes: mechanical ventilation/oxygen therapy and RBC FA profile

Primary safety outcome: serum TG

Secondary safety outcomes: vital signs, haematology, coagulation profile and liver enzymes

Study also reported growth rate and sepsis.

Notes No funding source mentioned.

57 adverse events: all mild, some outcomes grouped into composite groups, sepsis was reported as in-
fections and infestations.

Decreased GGT in the SMOFlipid group (and increased GGT in the Intralipid group, P < 0.05).

The SMOFlipid group had lower GGT, and higher ω-3, RBC, EPA levels and α-tocopherol levels.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "… randomised to receive PN …"

Comment: method of random sequence generation not mentioned.

Allocation concealment
(selection bias)

Unclear risk Comment: details not provided

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Quote: "were randomised to receive in a double blind manner …"

Comment: details of how blinding was achieved were not mentioned.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Quote: "were randomised to receive in a double blind manner …"

Comment: details of blinding were not mentioned.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 9 infants (15% participants; 4 in the study group) terminated the study early
and were included in the ITT analysis with last observation carried forward.
Out of 9, in 7 "oral feeding reached exclusion criteria" and in 2 consent was
withdrawn. Missing participants were balanced in numbers across groups;
however, it was not mentioned to which group the 2 infants where consent
was withdrawn belonged. As the data is provided for the ITT set (all partici-
pants), the review authors agreed to give a low risk rating.

Selective reporting (re-
porting bias)

Unclear risk The study protocol was not available. Some adverse effects were grouped (in-
fections and infestations) and could not be used in the meta-analysis for sep-
sis. Ventilation and oxygen duration appeared to be a combined outcome. In
the absence of the study protocol, we have assigned the risk category as 'un-
known.'

Other bias Low risk None identified.

Tomsits 2010  (Continued)
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Methods Design: NEON (Nutritional Evaluation and Optimisation in Neonates), a 2 × 2 factorial, double-blind,
multicentre RCT

Setting: 4 National Health Service NICUs in London and southeast England

I. Allocation concealment: yes

II. Blinding of intervention: yes

III. Blinding of outcome measurement(s): yes

IV. Complete follow-up: yes

Participants Inclusion: preterm infants < 31 weeks' gestation

Exclusion: life-threatening abnormalities and those for whom study authors were unable to administer
trial PN within 24 hours of birth. When possible, the trial was discussed with parents antenatally, and
written informed consent was sought within 24 hours of birth

Interventions The infants were randomised to one of four groups:

Group 1: Inc-AA/S-LE (20% Intralipid); n = 42;

Group 2: Inc-AA/SMOF (20% SMOFLipid); n = 42;

Group 3: Imm-RDI/S-LE (20% Intralipid); n = 41;

Group 4: Imm-RDI/SMOF; (20% SMOFLipid) n = 43;

Inc-AA infants received 1.7 g/kg amino acids on day 1, 2.1 g/kg on day 2, and a maximum of 2.7 g/kg/d
from day 3; Imm-RDI infants received 3.6 g/kg/d amino acids from day 1. PN within 24 hours of birth to
trial PN ceased when an infant had received and tolerated 150 mL milk/kg/d21 for at least 24 hours.

Outcomes Primary outcomes: non-adipose mass for the amino acid intervention and intrahepatocellular lipid
for the lipid intervention using MRI and MR spectroscopy. Study evaluated prespecified safety mea-
sures (serum lipids, cholesterol, creatinine, urea, bilirubin, liver function tests, blood glucose, and base
deficit) from routine clinical tests.

Notes Well-designed trial with collaboration from various trial units in London and overseen by the Imperial
College London Clinical Trials Unit.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "incorporated minimization with a random element."

The trial was managed by the Imperial College London Clinical Trials Unit. This
may also add to validity of the trial procedures.

Comment: done

Allocation concealment
(selection bias)

Low risk Quote: "use of an interactive voice recognition telephone system to 1 of 4
groups (Inc-AA/SO, Inc-AA/SMOF, Imm-RDI/SO, and Imm-RDI/SMOF) and incor-
porated minimization with a random element and stratification by gestational
age (23 to 26 or 27 to 31 completed weeks), birth weight (< 500, 500 to 1000, or
> 1000 g), and centre."

Comment: done

Uthaya 2016 
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Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "Trial formulations were investigational medicinal products prepared
by a licensed facility (Bath ASU). Other PN components were identical across
randomized groups." "Hospital pharmacy staM dispensed trial PN between
0900 and 1700; attending clinicians were blinded to trial allocation."

Comment: done

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Comment: "Image analysis with the use of Slice-O-Matic (version 4.2; Tomovi-
sion) was undertaken independently by the Vardis Group and was blinded to
participant identity and group allocation."

Quote: review authors agreed that the risk was low.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Quote: The primary and most other clinical outcomes are available for most
participants. The authors also provided detailed information about outcomes
for all participants and for those infants completing magnetic resonance as-
sessment.

Comment: done

Selective reporting (re-
porting bias)

Low risk Quote: "ISRCTN29665319; EudraCT 2009-016731-34"

Comment: no concerns regarding reporting bias.

Other bias Low risk Comment: none.

Uthaya 2016  (Continued)

 
 

Methods Design: prospective single-centre RCT in VLBW preterm infants

Setting: NICU of Erasmus MC-Sophia Children's Hospital, Rotterdam, The Netherlands

Study enrolment: December 2008 to January 2012.

I. Allocation concealment: yes

II. Blinding of intervention: could not determine

III. Blinding of outcome measurement(s): could not determine

IV. Complete follow-up: yes (per protocol only)

Participants Inclusion criteria: VLBW infants (birth weight < 1500 g) with central venous catheter for clinical purpos-
es

Exclusion criteria: congenital anomalies; chromosome defects; metabolic diseases; and endocrine, re-
nal or hepatic disorders.

Interventions 98 preterm infants

Group 1 (n = 49): MOFS-LE; 20% SMOFlipid (Fresenius Kabi, Germany)

Group 2 (n = 49): S-LE; Intralipid 20% (Fresenius Kabi, Germany)

1 withdrawal from each arm (leaving 48 infants in each arm).

Outcomes Primary outcomes: FA concentration in plasma TG and PLs.

Vlaardingerbroek 2014 
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Secondary outcomes: haematological biochemical parameters; phytosterol concentrations; and clini-
cal outcomes including survival, duration of hospital stay, symptomatic PDA, RDS, BPD, NEC, late-onset
sepsis, IVH, PVL, ROP and cholestasis. Growth outcomes were reported as a part of efficacy parameters.

Notes Funding source: none disclosed.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "computer generated block randomisation list with variable block sizes
generated by a statistician."

Allocation concealment
(selection bias)

Low risk Quote: "sealed opaque randomisation envelope that was stratified by weight
(< 1000 g and 1000 to 1499 g) and sex. The envelopes were made by a research
pharmacist who was not involved in clinical care."

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Quote: "randomisation to the lipid group remained double-blinded through-
out the study and the analyses;" "double-blind randomised controlled trial."

Comment: details of how blinding was achieved not described.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Quote: "randomisation to the lipid group remained double-blinded through-
out the study and the analyses;" "double-blind randomised controlled trial."

Comment: details of how blinding was achieved not described.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comment: clinical outcomes were reported for most infants.

Selective reporting (re-
porting bias)

Low risk Comment: study protocol was available at www.trialregister.nl.com, registra-
tion no. NTR1445.

Other bias Low risk Comment: none identified.

Vlaardingerbroek 2014  (Continued)

 
 

Methods Design: double-blind RCT

Setting: NICU of Xin Hua Hospital and Shanghai Children's Medical Center in Shanghai, China

Study enrolment from February 2012 to July 2013

I. Allocation concealment: yes

II. Blinding of intervention: yes

III. Blinding of outcome measurement(s): yes

IV. Complete follow-up: yes (per protocol only)

Participants 118 preterm infants (< 37 weeks); 103 infants (12 refused consent and 3 died in < 72 hours before ran-
domisation) randomised

Interventions Group 1 (n = 51): S-LE; Intralipid

Group 2 (n = 52): OS-LE; ClinOleic

Wang 2016 
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Outcomes Primary end point: liver chemistry

Secondary end point: plasma bile acid composition. Serum conjugated bilirubin was reported to be
higher after 7 days in the S-LE group. The study reported on weight gain, days to regain birth weight,
duration of ventilation, BPD, NEC and culture-positive sepsis. There were 3 deaths before randomisa-
tion and 3 deaths during the study (2 in OS-LE group and 1 in S-LE group). ROP, IVH and PVL were not
reported.

Notes Funding disclosure: supported in part by grants from the National Natural Science Foundation of Chi-
na (No. 81100631) and Shanghai Key Laboratory of Pediatric Gastroenterology and Nutrition (No.
11DZ2260500).

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "cards were created with a unique randomisation code."

Comment: though the authors did not mention how the unique randomisation
code was generated, the review authors agreed that the risk was low; it was
probably done.

Allocation concealment
(selection bias)

Low risk Quote: "… unique randomisation code and placed in sequentially numbered
opaque envelopes."

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "Investigators, parents, and all the physicians and nurses involved in
patient care were blinded to the group assignment," "The 2 solutions looked
identical to the clinicians."

Comment: blinding strategy was not clearly described (by current consensus
between review authors).

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "Investigators, parents, and all the physicians and nurses involved in
patient care were blinded to the group assignment," "The 2 solutions looked
identical to the clinicians."

Comment: blinding strategy was not clearly described (by current consensus
between review authors).

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comment: clinical outcomes were reported for most infants. 2 infants in the
OS-LE arm and 2 infant in the S-LE arm were excluded from analysis as they
had < 14 days of PN. ITT analysis was done.

Selective reporting (re-
porting bias)

Low risk Comment: the study protocol was available: NCT01786759.

Other bias Unclear risk Comment: another publication with duplicate data with data irregularities was
published in Clinical Nutrition by the same author. At the time of writing this
review, the clarifications regarding the duplicate publication and data irregu-
larity were still awaited. We have included those data which were consistently
reported across the 2 study reports.

Wang 2016  (Continued)

ALP: alkaline phosphatase; ALT: alanine aminotransferase; AST: aspartate transaminase; BALF: bronchoalveolar lavage fluid; BPD:
bronchopulmonary dysplasia; BSID-III: Bayley Scales of Infant and Toddler Development, 3rd edition; Cbil: conjugated bilirubin; CE:
cholesterol ester; CI: confidence interval; CLD: chronic lung disease; DHA: docosahexaenoic acid; EBM: expressed breast milk; EDTA:
ethylenediaminetetraacetic acid; ELBW: extremely low birthweight; EPA: eicosapentaenoic acid; F-LE: fish oil-containing lipid emulsion;
FA: fatty acid; FC: free cholesterol; GGT: gamma-glutamyltransferase; IL: interleukin; iNO: inhaled nitric oxide; INR: international normalised
ratio; ITT: intention to treat; IVH: intraventricular haemorrhage; LC-PUFA: long-chain polyunsaturated fatty acid; LE: lipid emulsion;
n: number of participants; MCT: medium-chain triglyceride; MFS: medium-chain triglyceride-fish-soybean oil lipid emulsion; MFS-LE:
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medium-chain triglyceride-fish-soybean oil lipid emulsion; MOFS-LE: medium-chain triglyceride-olive-fish-soybean oil lipid emulsion; MS-
LE: medium-chain triglyceride-soybean oil lipid emulsion; NEC: necrotising enterocolitis; NICU: neonatal intensive care unit; PDA: patent
ductus arteriosus; PL: phospholipid; PN: parenteral nutrition; PNAC: parenteral nutrition-associated cholestasis; RBC: red blood cell; RCT:
randomised controlled trial; RDS: respiratory distress syndrome; ROP: retinopathy of prematurity; S-LE: soybean oil-based lipid emulsions;
SD: standard deviation; TAP: tocopherol-associated protein; TG: triglyceride; TPN: total parenteral nutrition; TRAP: total radical-trapping
antioxidant potential; VLBW: very low birthweight.
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Angsten 2002 Included term infants. Population included 36- to 41-week newborn infants ≤ 4 days of age needing
surgery and expected to require total PN for ≥ 5 days.

Ariyawangso 2014 Included newborn infants requiring surgery and term infants. Infants were randomised to receive
SMOFlipid 20% (experimental group, n = 21) or Intralipid 20% (control group, n = 21).

Lima 1988 Included term infants up to 38 weeks' gestation.

Magnusson 1997 Included newborn infants requiring surgery and term infants.

Webb 2008 Included term infants with mean gestation of infants 37.0 (SD 3.6) weeks and 36.7 (SD 3.0) weeks in
the 2 arms of the study.

Wilson 1997 Compare "aggressive parenteral nutrition" in preterm infants vs "conventional parenteral nutri-
tion." The "aggressive nutrition group" received a higher rate of lipids, proteins, dextrose and 33%
of participants in this group received insulin besides getting medium chain and long chain triglyc-
eride-based LE (Lipofundin). The conventional nutrition group received a lesser percentage of dex-
trose, lesser rate of lipids (S-LE) and no insulin. The duration of LE was a median of 20 days (in-
terquartile range 12 to 28 days) in the aggressive nutrition (MS-LE) group vs a median of 6 days (in-
terquartile range 2–15 days) in the conventional nutrition (S-LE group). This study, done in 1997, re-
ported advantages of the aggressive PN regimen vs conventional PN.

MS-LE: medium-chain triglyceride-soybean oil lipid emulsion; n: number of participants; PN: parenteral nutrition; S-LE: soybean oil-based
lipid emulsions; SD: standard deviation.
 

Characteristics of studies awaiting assessment [ordered by study ID]

 

Methods Double-blind RCT of MCT/ω-3-PUFA-enriched LEs compared to S-LEs for preterm infants receiving
PN. 127 infants in the intervention group; 122 infants in the control group.

Participants Preterm infants 23 to 36 weeks

Interventions Intervention LEs included MCTs/ω-3-PUFAs-enriched (MCTs/ ω-3-LE) and soybean-based, on the in-
cidence of TPNAC and lipid profile of preterm infants (as per abstract).

Outcomes Cholestasis was observed in 6.4% infants (3.9% in the intervention group and 9% in the control
group).

Notes Only preliminary data were presented in conference proceedings. We contacted the author to re-
quest the full publication.

Karagiozoglou-Lampoudi 2012 
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Methods Double-blind RCT of an MCT/LCT/FO containing 20% LE with a MCT/LCT emulsion (20%) for PN in
preterm infants. 34 infants were estimated for enrolment.

Participants Preterm infants 500 to 1500 g

Interventions Lipofundin MCT/LCT 20% vs Lipidem 20%

Outcomes Safety parameters as per the study protocol: bilirubin, ALT, PTT, platelet count on study days 1 and
6

Notes Study was completed in February 2008, but no published data available. Authors have been con-
tacted.

NCT00497289 

 
 

Methods RCT conducted in a NICU in Egypt. 40 preterm infants. 20 preterm infants received PN containing
20% MOFS-LE (SMOFlipid). 20 preterm infants with sepsis received the usual PN containing S-LE
(20% Intralipid) at daily increasing doses guided by serum triglycerides.

Participants Preterm infants

Interventions SMOFlipid vs 20% Intralipid

Outcomes Soluble intercellular adhesion molecule-1 (sICAM-1) and leukocyte integrin levels

Secondary outcomes: length of hospital stay and mechanical ventilation

Notes Only preliminary data presented in conference proceedings.

NCT03275090 

 
 

Methods Randomised study which appears to have 3 intervention arms.

Participants Preterm infants < 37 weeks' gestation

Interventions 156 infants randomised to either OS-LE or MS-LE or S-LE.

Outcomes Fatty acid profile, anthropometry and several clinical parameters

Notes Published in Clinical Nutrition and appeared to have 2 out of 3 arms common with an earlier report
of a randomised study (Wang 2016) in Journal of Parenteral and Enteral Nutrition, which was includ-
ed in the previous version of this review. Several baseline participant characteristics were common
between the 2 reports and there were some data irregularities which were brought to the notice
of the editors of the journals. At the time of writing this review, we are awaiting clarifications and
some changes expected to the study reports as per the editors of the 2 journals. We included the
data from the earlier report of the study published in Journal of Parenteral and Enteral Nutrition for
the consistently reported data between the 2 study reports (Wang 2016).

Wang 2016b 

ALT: alanine aminotransferase; LCT: long-chain triglyceride; LE: lipid emulsion; MCT: medium-chain triglyceride; MOFS-LE: medium-chain
triglyceride-olive-fish-soybean oil lipid emulsion; MS-LE: medium-chain triglyceride-soybean oil lipid emulsion; NICU: neonatal intensive
care unit; OS-LE: olive oil-soybean oil-based lipid emulsion; PN: parenteral nutrition; PTT: prothrombin time; PUFA: polyunsaturated fatty
acid; RCT: randomised controlled trial; S-LE: soybean oil-based lipid emulsion; TPNAC: total parenteral nutrition-associated cholestasis.
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D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Fish oil lipid emulsion (LE) versus non-fish oil LE (see Appendix 3)

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Days to regain birth
weight

3   Mean Difference (IV, Fixed, 95% CI) Subtotals only

1.1 MOFS-LE vs S-LE 3 234 Mean Difference (IV, Fixed, 95% CI) 1.12 [-0.17, 2.41]

1.2 MOFS-LE vs OS-LE 1 57 Mean Difference (IV, Fixed, 95% CI) -2.0 [-5.76, 1.76]

1.3 MOFS-LE vs MS-LE 1 58 Mean Difference (IV, Fixed, 95% CI) 0.0 [-2.58, 2.58]

1.4 MFS-LE vs S-LE 1 57 Mean Difference (IV, Fixed, 95% CI) -1.0 [-3.60, 1.60]

1.5 MFS-LE vs MS-LE 1 57 Mean Difference (IV, Fixed, 95% CI) -2.0 [-4.60, 0.60]

1.6 MFS-LE vs OS-LE 1 56 Mean Difference (IV, Fixed, 95% CI) -4.0 [-7.78, -0.22]

2 Growth rate (g/kg/day) 5   Mean Difference (IV, Fixed, 95% CI) Subtotals only

2.1 MOFS-LE vs S-LE 5 347 Mean Difference (IV, Fixed, 95% CI) 0.71 [-0.17, 1.60]

2.2 MOFS-LE vs MS-LE 1 58 Mean Difference (IV, Fixed, 95% CI) -0.33 [-6.53, 5.87]

2.3 MOFS-LE vs OS-LE 1 57 Mean Difference (IV, Fixed, 95% CI) -1.66 [-7.91, 4.59]

2.4 MFS-LE vs S-LE 1 57 Mean Difference (IV, Fixed, 95% CI) -1.67 [-7.01, 3.67]

2.5 MFS-LE vs MS-LE 1 57 Mean Difference (IV, Fixed, 95% CI) 1.0 [-4.80, 6.80]

2.6 MFS-LE vs OS-LE 1 56 Mean Difference (IV, Fixed, 95% CI) -0.33 [-6.18, 5.52]

3 Parenteral nutrition-as-
sociated liver disease
(PNALD)/cholestasis (conju-
gated bilirubin ≥ 2 mg/dL)

4   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

3.1 MOFS-LE vs S-LE 3 182 Risk Ratio (M-H, Fixed, 95% CI) 0.56 [0.16, 1.99]

3.2 MOFS-LE vs MS-LE 2 118 Risk Ratio (M-H, Fixed, 95% CI) 0.61 [0.15, 2.41]

3.3 MOFS-LE vs OS-LE 1 57 Risk Ratio (M-H, Fixed, 95% CI) 3.10 [0.13, 73.12]

3.4 MFS-LE vs S-LE 1 57 Risk Ratio (M-H, Fixed, 95% CI) 3.32 [0.14, 78.25]

3.5 MFS-LE vs MS-LE 1 57 Risk Ratio (M-H, Fixed, 95% CI) 1.11 [0.07, 16.91]

3.6 MFS-LE vs OS-LE 1 56 Risk Ratio (M-H, Fixed, 95% CI) 3.21 [0.14, 75.68]

4 PNALD/cholestasis (conju-
gated bilirubin ≥ 2 mg/dL):
combined subgroups

4 328 Risk Ratio (M-H, Fixed, 95% CI) 0.61 [0.24, 1.56]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

5 PNALD/cholestasis (any
definition)

11   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

5.1 MOFS-LE vs S-LE 8 800 Risk Ratio (M-H, Fixed, 95% CI) 0.76 [0.49, 1.19]

5.2 MOFS-LE vs MS-LE 2 118 Risk Ratio (M-H, Fixed, 95% CI) 0.61 [0.15, 2.41]

5.3 MOFS-LE vs OS-LE 2 135 Risk Ratio (M-H, Fixed, 95% CI) 2.05 [0.48, 8.72]

5.4 MFS-LE vs S-LE 1 57 Risk Ratio (M-H, Fixed, 95% CI) 3.32 [0.14, 78.25]

5.5 MFS-LE vs MS-LE 1 57 Risk Ratio (M-H, Fixed, 95% CI) 1.11 [0.07, 16.91]

5.6 MFS-LE vs OS-LE 1 56 Risk Ratio (M-H, Fixed, 95% CI) 3.21 [0.14, 75.68]

5.7 OFS-LE vs OS-LE 1 130 Risk Ratio (M-H, Fixed, 95% CI) 0.18 [0.05, 0.56]

6 PNALD/cholestasis (any
definition): combined sub-
groups (all studies) and sen-
sitivity analysis

11 1154 Risk Ratio (M-H, Fixed, 95% CI) 0.63 [0.43, 0.91]

6.1 Low or unclear risk of
bias studies

10 1024 Risk Ratio (M-H, Fixed, 95% CI) 0.80 [0.53, 1.21]

6.2 High risk of bias studies 1 130 Risk Ratio (M-H, Fixed, 95% CI) 0.18 [0.05, 0.56]

7 Death before discharge 13   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

7.1 MOFS-LE vs S-LE 9 855 Risk Ratio (M-H, Fixed, 95% CI) 1.24 [0.81, 1.90]

7.2 MOFS-LE vs MS-LE 2 120 Risk Ratio (M-H, Fixed, 95% CI) 1.4 [0.28, 6.89]

7.3 MOFS-LE vs OS-LE 3 184 Risk Ratio (M-H, Fixed, 95% CI) 1.19 [0.48, 2.93]

7.4 MFS-LE vs S-LE 1 60 Risk Ratio (M-H, Fixed, 95% CI) 5.0 [0.25, 99.95]

7.5 MFS-LE vs MS-LE 1 60 Risk Ratio (M-H, Fixed, 95% CI) 5.0 [0.25, 99.95]

7.6 MFS-LE vs OS-LE 1 60 Risk Ratio (M-H, Fixed, 95% CI) 5.0 [0.25, 99.95]

7.7 OFS-LE vs OS-LE 1 175 Risk Ratio (M-H, Fixed, 95% CI) 1.12 [0.64, 1.97]

8 Any ROP 8 791 Risk Ratio (M-H, Fixed, 95% CI) 0.93 [0.79, 1.11]

8.1 MOFS vs S-LE 5 523 Risk Ratio (M-H, Fixed, 95% CI) 0.92 [0.72, 1.17]

8.2 MOFS-LE vs MS-LE 1 60 Risk Ratio (M-H, Fixed, 95% CI) 0.86 [0.33, 2.25]

8.3 MOFS-LE vs OS-LE 1 78 Risk Ratio (M-H, Fixed, 95% CI) 1.06 [0.84, 1.35]

8.4 OFS-LE vs OS-LE 1 130 Risk Ratio (M-H, Fixed, 95% CI) 0.85 [0.53, 1.38]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

9 Retinopathy of prematu-
rity (ROP) (≥ stage 3) or re-
quiring surgery

7 731 Risk Ratio (M-H, Fixed, 95% CI) 0.80 [0.55, 1.16]

9.1 MOFS-LE vs S-LE 5 523 Risk Ratio (M-H, Fixed, 95% CI) 0.82 [0.40, 1.68]

9.2 MOFS-LE vs OS-LE 1 78 Risk Ratio (M-H, Fixed, 95% CI) 1.25 [0.72, 2.18]

9.3 OFS-LE vs OS-LE 1 130 Risk Ratio (M-H, Fixed, 95% CI) 0.48 [0.24, 0.96]

10 ROP (≥ stage 3) or re-
quiring surgery (sensitivity
analysis)

6 601 Risk Ratio (M-H, Fixed, 95% CI) 1.02 [0.65, 1.60]

10.1 MOFS-LE vs S-LE 5 523 Risk Ratio (M-H, Fixed, 95% CI) 0.82 [0.40, 1.68]

10.2 MOFS-LE vs OS-LE 1 78 Risk Ratio (M-H, Fixed, 95% CI) 1.25 [0.72, 2.18]

11 Any bronchopulmonary
dysplasia (BPD)

11   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

11.1 MOFS-LE vs S-LE 7 632 Risk Ratio (M-H, Fixed, 95% CI) 0.93 [0.71, 1.22]

11.2 MOFS-LE vs MS-LE (1) 1 60 Risk Ratio (M-H, Fixed, 95% CI) 0.36 [0.13, 1.01]

11.3 MOFS-LE vs MS-LE (2) 1 58 Risk Ratio (M-H, Fixed, 95% CI) 1.61 [0.51, 5.10]

11.4 MOFS-LE vs OS-LE 3 169 Risk Ratio (M-H, Fixed, 95% CI) 1.17 [0.82, 1.67]

11.5 MFS-LE vs S-LE 1 57 Risk Ratio (M-H, Fixed, 95% CI) 1.39 [0.42, 4.65]

11.6 MFS-LE vs MS-LE 1 57 Risk Ratio (M-H, Fixed, 95% CI) 1.39 [0.42, 4.65]

11.7 MFS-LE vs OS-LE 1 56 Risk Ratio (M-H, Fixed, 95% CI) 1.07 [0.35, 3.30]

11.8 OFS-LE vs OS-LE 1 130 Risk Ratio (M-H, Fixed, 95% CI) 0.86 [0.47, 1.56]

12 Chronic lung disease
(oxygen requirement at 36
weeks)

9   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

12.1 MOFS-LE vs S-LE 6 581 Risk Ratio (M-H, Fixed, 95% CI) 1.00 [0.75, 1.34]

12.2 MOFS-LE vs MS-LE (1) 1 60 Risk Ratio (M-H, Fixed, 95% CI) 0.33 [0.10, 1.11]

12.3 MOFS-LE vs MS-LE (2) 1 58 Risk Ratio (M-H, Fixed, 95% CI) 1.61 [0.51, 5.10]

12.4 MOFS-LE vs OS-LE 2 135 Risk Ratio (M-H, Fixed, 95% CI) 1.18 [0.78, 1.81]

12.5 MFS-LE vs S-LE 1 57 Risk Ratio (M-H, Fixed, 95% CI) 1.39 [0.42, 4.65]

12.6 MFS-LE vs MS-LE 1 57 Risk Ratio (M-H, Fixed, 95% CI) 1.39 [0.42, 4.65]

12.7 MFS-LE vs OS-LE 1 56 Risk Ratio (M-H, Fixed, 95% CI) 1.07 [0.35, 3.30]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

12.8 OFS-LE vs OS-LE 1 130 Risk Ratio (M-H, Fixed, 95% CI) 0.86 [0.47, 1.56]

13 Duration of ventilation
(days)

6   Mean Difference (IV, Fixed, 95% CI) Subtotals only

13.1 MOFS-LE vs S-LE 5 475 Mean Difference (IV, Fixed, 95% CI) 0.08 [-1.56, 1.73]

13.2 MOFS-LE vs MS-LE 1 60 Mean Difference (IV, Fixed, 95% CI) -7.40 [-10.26, -4.54]

14 Duration of supplemen-
tal oxygen (days)

3   Mean Difference (IV, Fixed, 95% CI) Subtotals only

14.1 MOFS-LE vs S-LE 2 140 Mean Difference (IV, Fixed, 95% CI) 0.47 [-2.01, 2.95]

14.2 MOFS-LE vs MS-LE 1 60 Mean Difference (IV, Fixed, 95% CI) -13.80 [-21.18, -6.42]

15 Duration of hospital stay
(days)

8 812 Mean Difference (IV, Fixed, 95% CI) -0.48 [-3.42, 2.46]

15.1 MOFS-LE vs S-LE 6 622 Mean Difference (IV, Fixed, 95% CI) -0.09 [-3.35, 3.16]

15.2 MOFS-LE vs MS-LE 1 60 Mean Difference (IV, Fixed, 95% CI) -3.35 [-17.13, 10.43]

15.3 OFS-LE vs OS-LE 1 130 Mean Difference (IV, Fixed, 95% CI) -1.80 [-9.72, 6.12]

16 Culture-positive sepsis 7 774 Risk Ratio (M-H, Fixed, 95% CI) 1.16 [0.91, 1.48]

16.1 MOFS-LE vs S-LE 5 566 Risk Ratio (M-H, Fixed, 95% CI) 1.02 [0.74, 1.40]

16.2 MOFS-LE vs OS-LE 1 78 Risk Ratio (M-H, Fixed, 95% CI) 1.56 [0.86, 2.83]

16.3 OFS-LE vs OS-LE 1 130 Risk Ratio (M-H, Fixed, 95% CI) 1.35 [0.81, 2.24]

17 Any sepsis (clinical or
culture positive (or both))

12   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

17.1 MOFS-LE vs S-LE 9 832 Risk Ratio (M-H, Fixed, 95% CI) 0.99 [0.78, 1.26]

17.2 MOFS-LE vs MS-LE 2 118 Risk Ratio (M-H, Fixed, 95% CI) 0.80 [0.39, 1.67]

17.3 MOFS-LE vs OS-LE 2 135 Risk Ratio (M-H, Fixed, 95% CI) 1.62 [0.96, 2.75]

17.4 MFS-LE vs S-LE 1 57 Risk Ratio (M-H, Fixed, 95% CI) 1.11 [0.31, 4.02]

17.5 MFS-LE vs MS-LE 1 57 Risk Ratio (M-H, Fixed, 95% CI) 0.56 [0.19, 1.64]

17.6 MFS-LE vs OS-LE 1 56 Risk Ratio (M-H, Fixed, 95% CI) 1.07 [0.30, 3.87]

17.7 OFS-LE vs OS-LE 1 130 Risk Ratio (M-H, Fixed, 95% CI) 1.35 [0.81, 2.24]

18 Necrotising enterocolitis
(≥ stage 2)

10   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

18.1 MOFS-LE vs S-LE 7 749 Risk Ratio (M-H, Fixed, 95% CI) 1.32 [0.81, 2.13]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

18.2 MOFS-LE vs MS-LE 2 118 Risk Ratio (M-H, Fixed, 95% CI) 0.45 [0.07, 2.91]

18.3 MOFS-LE vs OS-LE 2 135 Risk Ratio (M-H, Fixed, 95% CI) 2.37 [0.47, 11.99]

18.4 MFS-LE vs S-LE 1 57 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

18.5 MFS-LE vs MS-LE 1 57 Risk Ratio (M-H, Fixed, 95% CI) 0.22 [0.01, 4.42]

18.6 MFS-LE vs OS-LE 1 56 Risk Ratio (M-H, Fixed, 95% CI) 0.36 [0.02, 8.41]

18.7 OFS-LE vs OS-LE 1 130 Risk Ratio (M-H, Fixed, 95% CI) 0.78 [0.23, 2.63]

19 Intraventricular haemor-
rhage (grade III-IV)

7 617 Risk Ratio (M-H, Fixed, 95% CI) 1.05 [0.65, 1.72]

19.1 MOFS-LE vs S-LE 5 523 Risk Ratio (M-H, Fixed, 95% CI) 1.19 [0.71, 1.99]

19.2 MOFS-LE vs OS-LE 1 34 Risk Ratio (M-H, Fixed, 95% CI) 0.2 [0.01, 3.88]

19.3 MOFS-LE vs MS-LE 1 60 Risk Ratio (M-H, Fixed, 95% CI) 0.5 [0.05, 5.22]

20 Periventricular leukoma-
lacia

3 399 Risk Ratio (M-H, Fixed, 95% CI) 0.77 [0.18, 3.36]

20.1 MOFS-LE vs S-LE 3 399 Risk Ratio (M-H, Fixed, 95% CI) 0.77 [0.18, 3.36]

21 Any patent ductus arte-
riosus

8   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

21.1 MOFS-LE vs S-LE 5 501 Risk Ratio (M-H, Fixed, 95% CI) 0.91 [0.77, 1.09]

21.2 MOFS-LE vs MS-LE 1 58 Risk Ratio (M-H, Fixed, 95% CI) 0.82 [0.49, 1.36]

21.3 MOFS-LE vs OS-LE 3 169 Risk Ratio (M-H, Fixed, 95% CI) 0.84 [0.66, 1.09]

21.4 MFS-LE vs S-LE 1 57 Risk Ratio (M-H, Fixed, 95% CI) 0.96 [0.57, 1.64]

21.5 MFS-LE vs MS-LE 1 57 Risk Ratio (M-H, Fixed, 95% CI) 0.85 [0.51, 1.40]

21.6 MFS-LE vs OS-LE 1 56 Risk Ratio (M-H, Fixed, 95% CI) 0.93 [0.55, 1.58]

21.7 OFS-LE vs OS-LE 1 130 Risk Ratio (M-H, Fixed, 95% CI) 1.01 [0.62, 1.66]

22 Significant patent ductus
arteriosus requiring treat-
ment

6 605 Risk Ratio (M-H, Fixed, 95% CI) 0.89 [0.76, 1.04]

22.1 MOFS-LE vs S-LE 3 363 Risk Ratio (M-H, Fixed, 95% CI) 0.89 [0.73, 1.08]

22.2 MOFS-LE vs OS-LE 2 112 Risk Ratio (M-H, Fixed, 95% CI) 0.82 [0.62, 1.09]

22.3 OFS-LE vs OS-LE 1 130 Risk Ratio (M-H, Fixed, 95% CI) 1.01 [0.62, 1.66]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

23 Duration of photothera-
py (days)

1 32 Mean Difference (IV, Fixed, 95% CI) 0.0 [-2.57, 2.57]

23.1 MOFS-LE vs S-LE 1 32 Mean Difference (IV, Fixed, 95% CI) 0.0 [-2.57, 2.57]

24 Hypertriglyceridaemia 5 697 Risk Ratio (M-H, Fixed, 95% CI) 1.01 [0.80, 1.28]

24.1 MOFS-LE vs S-LE 4 567 Risk Ratio (M-H, Fixed, 95% CI) 1.03 [0.81, 1.30]

24.2 OFS-LE vs OS-LE 1 130 Risk Ratio (M-H, Fixed, 95% CI) 0.7 [0.17, 2.81]

25 Hyperglycaemia 3 280 Risk Ratio (M-H, Fixed, 95% CI) 1.40 [0.77, 2.53]

25.1 MOFS-LE vs S-LE 3 280 Risk Ratio (M-H, Fixed, 95% CI) 1.40 [0.77, 2.53]

26 Hypoglycaemia 2 248 Risk Ratio (M-H, Fixed, 95% CI) 1.14 [0.77, 1.69]

26.1 MOFS-LE vs S-LE 2 248 Risk Ratio (M-H, Fixed, 95% CI) 1.14 [0.77, 1.69]

27 Head growth velocity
(cm/week)

2   Mean Difference (IV, Fixed, 95% CI) Subtotals only

27.1 MOFS-LE vs S-LE 2 140 Mean Difference (IV, Fixed, 95% CI) 0.0 [-0.08, 0.08]

28 Length velocity (cm/
week)

1 44 Mean Difference (IV, Fixed, 95% CI) 0.10 [-0.02, 0.22]

28.1 MOFS-LE vs S-LE 1 44 Mean Difference (IV, Fixed, 95% CI) 0.10 [-0.02, 0.22]

29 Intrahepatocellular lipid 1 132 Mean Difference (IV, Fixed, 95% CI) 0.03 [-0.17, 0.23]

29.1 MOFS-LE vs S-LE 1 132 Mean Difference (IV, Fixed, 95% CI) 0.03 [-0.17, 0.23]

30 Non-adipose tissue mass 1 133 Mean Difference (IV, Fixed, 95% CI) 24.20 [-133.14,
181.54]

31 Conjugated bilirubin lev-
els (µmol/L)

10   Mean Difference (IV, Fixed, 95% CI) Subtotals only

31.1 MOFS-LE vs S-LE 8 673 Mean Difference (IV, Fixed, 95% CI) -0.48 [-1.16, 0.19]

31.2 MOFS-LE vs MS-LE 1 58 Mean Difference (IV, Fixed, 95% CI) 0.35 [-3.65, 4.35]

31.3 MOFS-LE vs OS-LE 2 91 Mean Difference (IV, Fixed, 95% CI) -1.68 [-4.07, 0.71]

31.4 MFS-LE vs S-LE 1 57 Mean Difference (IV, Fixed, 95% CI) 0.72 [-3.86, 5.30]

31.5 MFS-LE vs MS-LE 2 105 Mean Difference (IV, Fixed, 95% CI) 2.15 [-0.67, 4.98]

31.6 MFS-LE vs OS-LE 1 56 Mean Difference (IV, Fixed, 95% CI) -1.16 [-6.13, 3.81]
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Analysis 1.1.   Comparison 1 Fish oil lipid emulsion (LE) versus non-
fish oil LE (see Appendix 3), Outcome 1 Days to regain birth weight.

Study or subgroup Fish oil LE Non-fish oil LE Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.1.1 MOFS-LE vs S-LE  

D'Ascenzo 2014 39 13.4 (5.6) 41 10.5 (5.1) 30.11% 2.9[0.55,5.25]

Savini 2013 28 12 (5) 30 11 (5) 25.09% 1[-1.58,3.58]

Vlaardingerbroek 2014 48 8 (5.2) 48 8 (4.4) 44.8% 0[-1.93,1.93]

Subtotal *** 115   119   100% 1.12[-0.17,2.41]

Heterogeneity: Tau2=0; Chi2=3.51, df=2(P=0.17); I2=43%  

Test for overall effect: Z=1.71(P=0.09)  

   

1.1.2 MOFS-LE vs OS-LE  

Savini 2013 28 12 (5) 29 14 (9) 100% -2[-5.76,1.76]

Subtotal *** 28   29   100% -2[-5.76,1.76]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.04(P=0.3)  

   

1.1.3 MOFS-LE vs MS-LE  

Savini 2013 28 12 (5) 30 12 (5) 100% 0[-2.58,2.58]

Subtotal *** 28   30   100% 0[-2.58,2.58]

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

1.1.4 MFS-LE vs S-LE  

Savini 2013 27 10 (5) 30 11 (5) 100% -1[-3.6,1.6]

Subtotal *** 27   30   100% -1[-3.6,1.6]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.75(P=0.45)  

   

1.1.5 MFS-LE vs MS-LE  

Savini 2013 27 10 (5) 30 12 (5) 100% -2[-4.6,0.6]

Subtotal *** 27   30   100% -2[-4.6,0.6]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.51(P=0.13)  

   

1.1.6 MFS-LE vs OS-LE  

Savini 2013 27 10 (5) 29 14 (9) 100% -4[-7.78,-0.22]

Subtotal *** 27   29   100% -4[-7.78,-0.22]

Heterogeneity: Not applicable  

Test for overall effect: Z=2.07(P=0.04)  

Test for subgroup differences: Chi2=11.03, df=1 (P=0.05), I2=54.67%  

Favours [Fish oil LE] 105-10 -5 0 Favours [Non-fish oil LE]

 
 

Analysis 1.2.   Comparison 1 Fish oil lipid emulsion (LE) versus non-
fish oil LE (see Appendix 3), Outcome 2 Growth rate (g/kg/day).

Study or subgroup Fish oil LE Non-fish oil LE Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.2.1 MOFS-LE vs S-LE  

D'Ascenzo 2014 39 17.1 (2.6) 41 16.6 (2) 75.23% 0.5[-0.52,1.52]

Favours [Non-fish oil LE] 2010-20 -10 0 Favours [Fish oil LE]
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Study or subgroup Fish oil LE Non-fish oil LE Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Rayyan 2012 26 13 (25.5) 27 15.7 (11.1) 0.69% -2.7[-13.36,7.96]

Savini 2013 28 2.7 (12.3) 30 5.7 (10) 2.35% -3[-8.77,2.77]

Tomsits 2010 30 5.9 (6.1) 30 5.4 (5.4) 9.23% 0.43[-2.48,3.34]

Vlaardingerbroek 2014 48 27.6 (6.5) 48 24.5 (6) 12.5% 3.1[0.6,5.6]

Subtotal *** 171   176   100% 0.71[-0.17,1.6]

Heterogeneity: Tau2=0; Chi2=5.68, df=4(P=0.22); I2=29.64%  

Test for overall effect: Z=1.58(P=0.11)  

   

1.2.2 MOFS-LE vs MS-LE  

Savini 2013 28 2.7 (12.3) 30 3 (11.8) 100% -0.33[-6.53,5.87]

Subtotal *** 28   30   100% -0.33[-6.53,5.87]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.1(P=0.92)  

   

1.2.3 MOFS-LE vs OS-LE  

Savini 2013 28 2.7 (12.3) 29 4.3 (11.8) 100% -1.66[-7.91,4.59]

Subtotal *** 28   29   100% -1.66[-7.91,4.59]

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=0.52(P=0.6)  

   

1.2.4 MFS-LE vs S-LE  

Savini 2013 27 4 (10.5) 30 5.7 (10) 100% -1.67[-7.01,3.67]

Subtotal *** 27   30   100% -1.67[-7.01,3.67]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.61(P=0.54)  

   

1.2.5 MFS-LE vs MS-LE  

Savini 2013 27 4 (10.5) 30 3 (11.8) 100% 1[-4.8,6.8]

Subtotal *** 27   30   100% 1[-4.8,6.8]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.34(P=0.74)  

   

1.2.6 MFS-LE vs OS-LE  

Savini 2013 27 4 (10.5) 29 4.3 (11.8) 100% -0.33[-6.18,5.52]

Subtotal *** 27   29   100% -0.33[-6.18,5.52]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.11(P=0.91)  

Test for subgroup differences: Chi2=1.46, df=1 (P=0.92), I2=0%  

Favours [Non-fish oil LE] 2010-20 -10 0 Favours [Fish oil LE]

 
 

Analysis 1.3.   Comparison 1 Fish oil lipid emulsion (LE) versus non-fish oil LE (see Appendix 3), Outcome
3 Parenteral nutrition-associated liver disease (PNALD)/cholestasis (conjugated bilirubin ≥ 2 mg/dL).

Study or subgroup Fish oil LE Non-fish oil LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.3.1 MOFS-LE vs S-LE  

D'Ascenzo 2014 1/39 4/41 61.1% 0.26[0.03,2.25]

Savini 2013 1/28 0/30 7.57% 3.21[0.14,75.61]

Techasatid 2017 1/22 2/22 31.33% 0.5[0.05,5.12]

Favours [Fish oil LE] 5000.002 100.1 1 Favours [Non-fish oil LE]
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Study or subgroup Fish oil LE Non-fish oil LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Subtotal (95% CI) 89 93 100% 0.56[0.16,1.99]

Total events: 3 (Fish oil LE), 6 (Non-fish oil LE)  

Heterogeneity: Tau2=0; Chi2=1.66, df=2(P=0.44); I2=0%  

Test for overall effect: Z=0.9(P=0.37)  

   

1.3.2 MOFS-LE vs MS-LE  

Hsiao 2018 2/30 4/30 80.56% 0.5[0.1,2.53]

Savini 2013 1/28 1/30 19.44% 1.07[0.07,16.32]

Subtotal (95% CI) 58 60 100% 0.61[0.15,2.41]

Total events: 3 (Fish oil LE), 5 (Non-fish oil LE)  

Heterogeneity: Tau2=0; Chi2=0.22, df=1(P=0.64); I2=0%  

Test for overall effect: Z=0.7(P=0.48)  

   

1.3.3 MOFS-LE vs OS-LE  

Savini 2013 1/28 0/29 100% 3.1[0.13,73.12]

Subtotal (95% CI) 28 29 100% 3.1[0.13,73.12]

Total events: 1 (Fish oil LE), 0 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.7(P=0.48)  

   

1.3.4 MFS-LE vs S-LE  

Savini 2013 1/27 0/30 100% 3.32[0.14,78.25]

Subtotal (95% CI) 27 30 100% 3.32[0.14,78.25]

Total events: 1 (Fish oil LE), 0 (Non-fish oil LE)  

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=0.74(P=0.46)  

   

1.3.5 MFS-LE vs MS-LE  

Savini 2013 1/27 1/30 100% 1.11[0.07,16.91]

Subtotal (95% CI) 27 30 100% 1.11[0.07,16.91]

Total events: 1 (Fish oil LE), 1 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.08(P=0.94)  

   

1.3.6 MFS-LE vs OS-LE  

Savini 2013 1/27 0/29 100% 3.21[0.14,75.68]

Subtotal (95% CI) 27 29 100% 3.21[0.14,75.68]

Total events: 1 (Fish oil LE), 0 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.72(P=0.47)  

Test for subgroup differences: Chi2=2.72, df=1 (P=0.74), I2=0%  

Favours [Fish oil LE] 5000.002 100.1 1 Favours [Non-fish oil LE]

 
 

Analysis 1.4.   Comparison 1 Fish oil lipid emulsion (LE) versus non-fish oil LE (see Appendix
3), Outcome 4 PNALD/cholestasis (conjugated bilirubin ≥ 2 mg/dL): combined subgroups.

Study or subgroup Fish oil LE Non-fish oil LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

D'Ascenzo 2014 1/39 4/41 36.57% 0.26[0.03,2.25]

Favours fish oil LE 5000.002 100.1 1 Favours non-fish oil LE
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Study or subgroup Fish oil LE Non-fish oil LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Hsiao 2018 2/30 4/30 37.51% 0.5[0.1,2.53]

Savini 2013 2/55 1/89 7.16% 3.24[0.3,34.86]

Techasatid 2017 1/22 2/22 18.75% 0.5[0.05,5.12]

   

Total (95% CI) 146 182 100% 0.61[0.24,1.56]

Total events: 6 (Fish oil LE), 11 (Non-fish oil LE)  

Heterogeneity: Tau2=0; Chi2=2.57, df=3(P=0.46); I2=0%  

Test for overall effect: Z=1.04(P=0.3)  

Favours fish oil LE 5000.002 100.1 1 Favours non-fish oil LE

 
 

Analysis 1.5.   Comparison 1 Fish oil lipid emulsion (LE) versus non-fish
oil LE (see Appendix 3), Outcome 5 PNALD/cholestasis (any definition).

Study or subgroup Fish oil LE Non-fish oil LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.5.1 MOFS-LE vs S-LE  

Beken 2014 2/40 2/40 4.98% 1[0.15,6.76]

D'Ascenzo 2014 1/39 4/41 9.7% 0.26[0.03,2.25]

Repa 2018 11/110 18/113 44.19% 0.63[0.31,1.27]

Savini 2013 1/28 0/30 1.2% 3.21[0.14,75.61]

Skouroliakou 2016 4/25 3/26 7.32% 1.39[0.34,5.58]

Techasatid 2017 1/22 2/22 4.98% 0.5[0.05,5.12]

Uthaya 2016 8/85 9/83 22.66% 0.87[0.35,2.14]

Vlaardingerbroek 2014 2/48 2/48 4.98% 1[0.15,6.81]

Subtotal (95% CI) 397 403 100% 0.76[0.49,1.19]

Total events: 30 (Fish oil LE), 40 (Non-fish oil LE)  

Heterogeneity: Tau2=0; Chi2=3.1, df=7(P=0.88); I2=0%  

Test for overall effect: Z=1.18(P=0.24)  

   

1.5.2 MOFS-LE vs MS-LE  

Hsiao 2018 2/30 4/30 80.56% 0.5[0.1,2.53]

Savini 2013 1/28 1/30 19.44% 1.07[0.07,16.32]

Subtotal (95% CI) 58 60 100% 0.61[0.15,2.41]

Total events: 3 (Fish oil LE), 5 (Non-fish oil LE)  

Heterogeneity: Tau2=0; Chi2=0.22, df=1(P=0.64); I2=0%  

Test for overall effect: Z=0.7(P=0.48)  

   

1.5.3 MOFS-LE vs OS-LE  

Najm 2017 4/41 2/37 81.05% 1.8[0.35,9.29]

Savini 2013 1/28 0/29 18.95% 3.1[0.13,73.12]

Subtotal (95% CI) 69 66 100% 2.05[0.48,8.72]

Total events: 5 (Fish oil LE), 2 (Non-fish oil LE)  

Heterogeneity: Tau2=0; Chi2=0.09, df=1(P=0.76); I2=0%  

Test for overall effect: Z=0.97(P=0.33)  

   

1.5.4 MFS-LE vs S-LE  

Savini 2013 1/27 0/30 100% 3.32[0.14,78.25]

Subtotal (95% CI) 27 30 100% 3.32[0.14,78.25]

Total events: 1 (Fish oil LE), 0 (Non-fish oil LE)  

Favours fish oil LE 10000.001 100.1 1 Favours non-fish oil LE
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Study or subgroup Fish oil LE Non-fish oil LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=0.74(P=0.46)  

   

1.5.5 MFS-LE vs MS-LE  

Savini 2013 1/27 1/30 100% 1.11[0.07,16.91]

Subtotal (95% CI) 27 30 100% 1.11[0.07,16.91]

Total events: 1 (Fish oil LE), 1 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.08(P=0.94)  

   

1.5.6 MFS-LE vs OS-LE  

Savini 2013 1/27 0/29 100% 3.21[0.14,75.68]

Subtotal (95% CI) 27 29 100% 3.21[0.14,75.68]

Total events: 1 (Fish oil LE), 0 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.72(P=0.47)  

   

1.5.7 OFS-LE vs OS-LE  

Pawlik 2014 3/60 20/70 100% 0.18[0.05,0.56]

Subtotal (95% CI) 60 70 100% 0.18[0.05,0.56]

Total events: 3 (Fish oil LE), 20 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.94(P=0)  

Test for subgroup differences: Chi2=9.67, df=1 (P=0.14), I2=37.95%  

Favours fish oil LE 10000.001 100.1 1 Favours non-fish oil LE

 
 

Analysis 1.6.   Comparison 1 Fish oil lipid emulsion (LE) versus non-fish oil LE (see Appendix 3), Outcome
6 PNALD/cholestasis (any definition): combined subgroups (all studies) and sensitivity analysis.

Study or subgroup Fish oil LE Non-fish oil LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.6.1 Low or unclear risk of bias studies  

Beken 2014 2/40 2/40 3.08% 1[0.15,6.76]

D'Ascenzo 2014 1/39 4/41 6% 0.26[0.03,2.25]

Hsiao 2018 2/30 4/30 6.15% 0.5[0.1,2.53]

Najm 2017 4/41 2/37 3.23% 1.8[0.35,9.29]

Repa 2018 11/110 18/113 27.31% 0.63[0.31,1.27]

Savini 2013 2/55 1/89 1.17% 3.24[0.3,34.86]

Skouroliakou 2016 4/25 3/26 4.52% 1.39[0.34,5.58]

Techasatid 2017 1/22 2/22 3.08% 0.5[0.05,5.12]

Uthaya 2016 8/85 9/83 14% 0.87[0.35,2.14]

Vlaardingerbroek 2014 2/48 2/48 3.08% 1[0.15,6.81]

Subtotal (95% CI) 495 529 71.61% 0.8[0.53,1.21]

Total events: 37 (Fish oil LE), 47 (Non-fish oil LE)  

Heterogeneity: Tau2=0; Chi2=4.98, df=9(P=0.84); I2=0%  

Test for overall effect: Z=1.05(P=0.29)  

   

1.6.2 High risk of bias studies  

Pawlik 2014 3/60 20/70 28.39% 0.18[0.05,0.56]

Favours fish oil LE 500.02 100.1 1 Favours non-fish oil LE
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Study or subgroup Fish oil LE Non-fish oil LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Subtotal (95% CI) 60 70 28.39% 0.18[0.05,0.56]

Total events: 3 (Fish oil LE), 20 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.94(P=0)  

   

Total (95% CI) 555 599 100% 0.63[0.43,0.91]

Total events: 40 (Fish oil LE), 67 (Non-fish oil LE)  

Heterogeneity: Tau2=0; Chi2=11.01, df=10(P=0.36); I2=9.17%  

Test for overall effect: Z=2.45(P=0.01)  

Test for subgroup differences: Chi2=5.87, df=1 (P=0.02), I2=82.96%  

Favours fish oil LE 500.02 100.1 1 Favours non-fish oil LE

 
 

Analysis 1.7.   Comparison 1 Fish oil lipid emulsion (LE) versus non-
fish oil LE (see Appendix 3), Outcome 7 Death before discharge.

Study or subgroup Fish oil LE Non-fish oil LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.7.1 MOFS-LE vs S-LE  

Beken 2014 4/40 3/40 8.73% 1.33[0.32,5.58]

D'Ascenzo 2014 4/39 3/41 8.52% 1.4[0.34,5.87]

Rayyan 2012 1/26 2/27 5.71% 0.52[0.05,5.39]

Repa 2018 8/110 8/113 22.98% 1.03[0.4,2.64]

Savini 2013 2/30 0/30 1.46% 5[0.25,99.95]

Skouroliakou 2016 0/25 0/26   Not estimable

Techasatid 2017 4/22 4/22 11.64% 1[0.29,3.5]

Uthaya 2016 10/85 6/83 17.67% 1.63[0.62,4.28]

Vlaardingerbroek 2014 9/48 8/48 23.29% 1.13[0.47,2.67]

Subtotal (95% CI) 425 430 100% 1.24[0.81,1.9]

Total events: 42 (Fish oil LE), 34 (Non-fish oil LE)  

Heterogeneity: Tau2=0; Chi2=2.02, df=7(P=0.96); I2=0%  

Test for overall effect: Z=1(P=0.32)  

   

1.7.2 MOFS-LE vs MS-LE  

Hsiao 2018 1/30 2/30 80% 0.5[0.05,5.22]

Savini 2013 2/30 0/30 20% 5[0.25,99.95]

Subtotal (95% CI) 60 60 100% 1.4[0.28,6.89]

Total events: 3 (Fish oil LE), 2 (Non-fish oil LE)  

Heterogeneity: Tau2=0; Chi2=1.43, df=1(P=0.23); I2=30.24%  

Test for overall effect: Z=0.41(P=0.68)  

   

1.7.3 MOFS-LE vs OS-LE  

Deshpande 2014 1/17 1/17 12.88% 1[0.07,14.72]

Najm 2017 6/47 6/43 80.69% 0.91[0.32,2.62]

Savini 2013 2/30 0/30 6.44% 5[0.25,99.95]

Subtotal (95% CI) 94 90 100% 1.19[0.48,2.93]

Total events: 9 (Fish oil LE), 7 (Non-fish oil LE)  

Heterogeneity: Tau2=0; Chi2=1.14, df=2(P=0.57); I2=0%  

Test for overall effect: Z=0.38(P=0.71)  

   

Favours [Fish oil LE] 1000.01 100.1 1 Favours [Non-fish oil LE]
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Study or subgroup Fish oil LE Non-fish oil LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.7.4 MFS-LE vs S-LE  

Savini 2013 2/30 0/30 100% 5[0.25,99.95]

Subtotal (95% CI) 30 30 100% 5[0.25,99.95]

Total events: 2 (Fish oil LE), 0 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.05(P=0.29)  

   

1.7.5 MFS-LE vs MS-LE  

Savini 2013 2/30 0/30 100% 5[0.25,99.95]

Subtotal (95% CI) 30 30 100% 5[0.25,99.95]

Total events: 2 (Fish oil LE), 0 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.05(P=0.29)  

   

1.7.6 MFS-LE vs OS-LE  

Savini 2013 2/30 0/30 100% 5[0.25,99.95]

Subtotal (95% CI) 30 30 100% 5[0.25,99.95]

Total events: 2 (Fish oil LE), 0 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.05(P=0.29)  

   

1.7.7 OFS-LE vs OS-LE  

Pawlik 2014 20/87 18/88 100% 1.12[0.64,1.97]

Subtotal (95% CI) 87 88 100% 1.12[0.64,1.97]

Total events: 20 (Fish oil LE), 18 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.41(P=0.68)  

Test for subgroup differences: Chi2=2.64, df=1 (P=0.85), I2=0%  

Favours [Fish oil LE] 1000.01 100.1 1 Favours [Non-fish oil LE]

 
 

Analysis 1.8.   Comparison 1 Fish oil lipid emulsion (LE) versus non-fish oil LE (see Appendix 3), Outcome 8 Any ROP.

Study or subgroup Fish oil LE Non-fish oil LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.8.1 MOFS vs S-LE  

Beken 2014 2/40 13/40 9.48% 0.15[0.04,0.64]

D'Ascenzo 2014 0/39 0/41   Not estimable

Repa 2018 60/110 56/113 40.27% 1.1[0.86,1.42]

Techasatid 2017 7/22 6/22 4.37% 1.17[0.47,2.92]

Vlaardingerbroek 2014 0/48 2/48 1.82% 0.2[0.01,4.06]

Subtotal (95% CI) 259 264 55.94% 0.92[0.72,1.17]

Total events: 69 (Fish oil LE), 77 (Non-fish oil LE)  

Heterogeneity: Tau2=0; Chi2=9.32, df=3(P=0.03); I2=67.82%  

Test for overall effect: Z=0.71(P=0.48)  

   

1.8.2 MOFS-LE vs MS-LE  

Hsiao 2018 6/30 7/30 5.1% 0.86[0.33,2.25]

Subtotal (95% CI) 30 30 5.1% 0.86[0.33,2.25]

Total events: 6 (Fish oil LE), 7 (Non-fish oil LE)  

Favours [Fish oil LE] 1000.01 100.1 1 Favours [Non-fish oil LE]
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Study or subgroup Fish oil LE Non-fish oil LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Heterogeneity: Not applicable  

Test for overall effect: Z=0.31(P=0.75)  

   

1.8.3 MOFS-LE vs OS-LE  

Najm 2017 33/41 28/37 21.46% 1.06[0.84,1.35]

Subtotal (95% CI) 41 37 21.46% 1.06[0.84,1.35]

Total events: 33 (Fish oil LE), 28 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.51(P=0.61)  

   

1.8.4 OFS-LE vs OS-LE  

Pawlik 2014 19/60 26/70 17.49% 0.85[0.53,1.38]

Subtotal (95% CI) 60 70 17.49% 0.85[0.53,1.38]

Total events: 19 (Fish oil LE), 26 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.65(P=0.52)  

   

Total (95% CI) 390 401 100% 0.93[0.79,1.11]

Total events: 127 (Fish oil LE), 138 (Non-fish oil LE)  

Heterogeneity: Tau2=0; Chi2=10.37, df=6(P=0.11); I2=42.13%  

Test for overall effect: Z=0.78(P=0.43)  

Test for subgroup differences: Chi2=1.14, df=1 (P=0.77), I2=0%  

Favours [Fish oil LE] 1000.01 100.1 1 Favours [Non-fish oil LE]

 
 

Analysis 1.9.   Comparison 1 Fish oil lipid emulsion (LE) versus non-fish oil LE (see
Appendix 3), Outcome 9 Retinopathy of prematurity (ROP) (≥ stage 3) or requiring surgery.

Study or subgroup Fish oil LE Non-fish oil LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.9.1 MOFS-LE vs S-LE  

Beken 2014 1/40 1/40 2.03% 1[0.06,15.44]

D'Ascenzo 2014 0/39 0/41   Not estimable

Repa 2018 9/110 10/113 19.99% 0.92[0.39,2.19]

Techasatid 2017 2/22 2/22 4.05% 1[0.15,6.48]

Vlaardingerbroek 2014 0/48 2/48 5.07% 0.2[0.01,4.06]

Subtotal (95% CI) 259 264 31.14% 0.82[0.4,1.68]

Total events: 12 (Fish oil LE), 15 (Non-fish oil LE)  

Heterogeneity: Tau2=0; Chi2=0.98, df=3(P=0.81); I2=0%  

Test for overall effect: Z=0.54(P=0.59)  

   

1.9.2 MOFS-LE vs OS-LE  

Najm 2017 18/41 13/37 27.7% 1.25[0.72,2.18]

Subtotal (95% CI) 41 37 27.7% 1.25[0.72,2.18]

Total events: 18 (Fish oil LE), 13 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.78(P=0.43)  

   

1.9.3 OFS-LE vs OS-LE  

Pawlik 2014 9/60 22/70 41.16% 0.48[0.24,0.96]
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Study or subgroup Fish oil LE Non-fish oil LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Subtotal (95% CI) 60 70 41.16% 0.48[0.24,0.96]

Total events: 9 (Fish oil LE), 22 (Non-fish oil LE)  

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=2.09(P=0.04)  

   

Total (95% CI) 360 371 100% 0.8[0.55,1.16]

Total events: 39 (Fish oil LE), 50 (Non-fish oil LE)  

Heterogeneity: Tau2=0; Chi2=5.59, df=5(P=0.35); I2=10.53%  

Test for overall effect: Z=1.19(P=0.23)  

Test for subgroup differences: Chi2=4.49, df=1 (P=0.11), I2=55.47%  

Favours [Fish oil LE] 1000.01 100.1 1 Favours [Non-fish oil LE]

 
 

Analysis 1.10.   Comparison 1 Fish oil lipid emulsion (LE) versus non-fish oil LE (see
Appendix 3), Outcome 10 ROP (≥ stage 3) or requiring surgery (sensitivity analysis).

Study or subgroup Fish oil LE Non-fish oil LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.10.1 MOFS-LE vs S-LE  

Beken 2014 1/40 1/40 3.44% 1[0.06,15.44]

D'Ascenzo 2014 0/39 0/41   Not estimable

Repa 2018 9/110 10/113 33.98% 0.92[0.39,2.19]

Techasatid 2017 2/22 2/22 6.89% 1[0.15,6.48]

Vlaardingerbroek 2014 0/48 2/48 8.61% 0.2[0.01,4.06]

Subtotal (95% CI) 259 264 52.93% 0.82[0.4,1.68]

Total events: 12 (Fish oil LE), 15 (Non-fish oil LE)  

Heterogeneity: Tau2=0; Chi2=0.98, df=3(P=0.81); I2=0%  

Test for overall effect: Z=0.54(P=0.59)  

   

1.10.2 MOFS-LE vs OS-LE  

Najm 2017 18/41 13/37 47.07% 1.25[0.72,2.18]

Subtotal (95% CI) 41 37 47.07% 1.25[0.72,2.18]

Total events: 18 (Fish oil LE), 13 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.78(P=0.43)  

   

Total (95% CI) 300 301 100% 1.02[0.65,1.6]

Total events: 30 (Fish oil LE), 28 (Non-fish oil LE)  

Heterogeneity: Tau2=0; Chi2=1.68, df=4(P=0.79); I2=0%  

Test for overall effect: Z=0.1(P=0.92)  

Test for subgroup differences: Chi2=0.82, df=1 (P=0.37), I2=0%  

Favours [Fish oil LE] 1000.01 100.1 1 Favours [Non-fish oil LE]
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Analysis 1.11.   Comparison 1 Fish oil lipid emulsion (LE) versus non-fish oil
LE (see Appendix 3), Outcome 11 Any bronchopulmonary dysplasia (BPD).

Study or subgroup Fish oil LE Non-fish oil LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.11.1 MOFS-LE vs S-LE  

Beken 2014 12/40 14/40 17.45% 0.86[0.45,1.62]

D'Ascenzo 2014 10/39 5/41 6.08% 2.1[0.79,5.6]

Repa 2018 19/110 21/113 25.83% 0.93[0.53,1.63]

Savini 2013 6/28 4/30 4.81% 1.61[0.51,5.1]

Skouroliakou 2016 6/25 12/26 14.67% 0.52[0.23,1.17]

Techasatid 2017 10/22 9/22 11.22% 1.11[0.56,2.19]

Vlaardingerbroek 2014 11/48 16/48 19.95% 0.69[0.36,1.32]

Subtotal (95% CI) 312 320 100% 0.93[0.71,1.22]

Total events: 74 (Fish oil LE), 81 (Non-fish oil LE)  

Heterogeneity: Tau2=0; Chi2=6.64, df=6(P=0.36); I2=9.65%  

Test for overall effect: Z=0.5(P=0.61)  

   

1.11.2 MOFS-LE vs MS-LE (1)  

Hsiao 2018 4/30 11/30 100% 0.36[0.13,1.01]

Subtotal (95% CI) 30 30 100% 0.36[0.13,1.01]

Total events: 4 (Fish oil LE), 11 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.93(P=0.05)  

   

1.11.3 MOFS-LE vs MS-LE (2)  

Savini 2013 6/28 4/30 100% 1.61[0.51,5.1]

Subtotal (95% CI) 28 30 100% 1.61[0.51,5.1]

Total events: 6 (Fish oil LE), 4 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.8(P=0.42)  

   

1.11.4 MOFS-LE vs OS-LE  

Deshpande 2014 9/17 8/17 25.99% 1.13[0.57,2.21]

Najm 2017 22/41 17/37 58.06% 1.17[0.74,1.83]

Savini 2013 6/28 5/29 15.96% 1.24[0.43,3.61]

Subtotal (95% CI) 86 83 100% 1.17[0.82,1.67]

Total events: 37 (Fish oil LE), 30 (Non-fish oil LE)  

Heterogeneity: Tau2=0; Chi2=0.03, df=2(P=0.99); I2=0%  

Test for overall effect: Z=0.85(P=0.39)  

   

1.11.5 MFS-LE vs S-LE  

Savini 2013 5/27 4/30 100% 1.39[0.42,4.65]

Subtotal (95% CI) 27 30 100% 1.39[0.42,4.65]

Total events: 5 (Fish oil LE), 4 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.53(P=0.59)  

   

1.11.6 MFS-LE vs MS-LE  

Savini 2013 5/27 4/30 100% 1.39[0.42,4.65]

Subtotal (95% CI) 27 30 100% 1.39[0.42,4.65]

Total events: 5 (Fish oil LE), 4 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.53(P=0.59)  

Favours [Fish oil LE] 1000.01 100.1 1 Favours [Non-fish oil LE]
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Study or subgroup Fish oil LE Non-fish oil LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

   

1.11.7 MFS-LE vs OS-LE  

Savini 2013 5/27 5/29 100% 1.07[0.35,3.3]

Subtotal (95% CI) 27 29 100% 1.07[0.35,3.3]

Total events: 5 (Fish oil LE), 5 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.12(P=0.9)  

   

1.11.8 OFS-LE vs OS-LE  

Pawlik 2014 14/60 19/70 100% 0.86[0.47,1.56]

Subtotal (95% CI) 60 70 100% 0.86[0.47,1.56]

Total events: 14 (Fish oil LE), 19 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.5(P=0.62)  

Test for subgroup differences: Chi2=6.18, df=1 (P=0.52), I2=0%  

Favours [Fish oil LE] 1000.01 100.1 1 Favours [Non-fish oil LE]

 
 

Analysis 1.12.   Comparison 1 Fish oil lipid emulsion (LE) versus non-fish oil LE (see
Appendix 3), Outcome 12 Chronic lung disease (oxygen requirement at 36 weeks).

Study or subgroup Fish oil LE Non-fish oil LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.12.1 MOFS-LE vs S-LE  

Beken 2014 12/40 14/40 20.45% 0.86[0.45,1.62]

D'Ascenzo 2014 10/39 5/41 7.12% 2.1[0.79,5.6]

Repa 2018 19/110 21/113 30.26% 0.93[0.53,1.63]

Savini 2013 6/28 4/30 5.64% 1.61[0.51,5.1]

Techasatid 2017 10/22 9/22 13.15% 1.11[0.56,2.19]

Vlaardingerbroek 2014 11/48 16/48 23.37% 0.69[0.36,1.32]

Subtotal (95% CI) 287 294 100% 1[0.75,1.34]

Total events: 68 (Fish oil LE), 69 (Non-fish oil LE)  

Heterogeneity: Tau2=0; Chi2=4.5, df=5(P=0.48); I2=0%  

Test for overall effect: Z=0.03(P=0.98)  

   

1.12.2 MOFS-LE vs MS-LE (1)  

Hsiao 2018 3/30 9/30 100% 0.33[0.1,1.11]

Subtotal (95% CI) 30 30 100% 0.33[0.1,1.11]

Total events: 3 (Fish oil LE), 9 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.79(P=0.07)  

   

1.12.3 MOFS-LE vs MS-LE (2)  

Savini 2013 6/28 4/30 100% 1.61[0.51,5.1]

Subtotal (95% CI) 28 30 100% 1.61[0.51,5.1]

Total events: 6 (Fish oil LE), 4 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.8(P=0.42)  

   

1.12.4 MOFS-LE vs OS-LE  

Favours [Fish oil LE] 1000.01 100.1 1 Favours [Non-fish oil LE]
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Study or subgroup Fish oil LE Non-fish oil LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Najm 2017 22/41 17/37 78.44% 1.17[0.74,1.83]

Savini 2013 6/28 5/29 21.56% 1.24[0.43,3.61]

Subtotal (95% CI) 69 66 100% 1.18[0.78,1.81]

Total events: 28 (Fish oil LE), 22 (Non-fish oil LE)  

Heterogeneity: Tau2=0; Chi2=0.01, df=1(P=0.91); I2=0%  

Test for overall effect: Z=0.78(P=0.43)  

   

1.12.5 MFS-LE vs S-LE  

Savini 2013 5/27 4/30 100% 1.39[0.42,4.65]

Subtotal (95% CI) 27 30 100% 1.39[0.42,4.65]

Total events: 5 (Fish oil LE), 4 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.53(P=0.59)  

   

1.12.6 MFS-LE vs MS-LE  

Savini 2013 5/27 4/30 100% 1.39[0.42,4.65]

Subtotal (95% CI) 27 30 100% 1.39[0.42,4.65]

Total events: 5 (Fish oil LE), 4 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.53(P=0.59)  

   

1.12.7 MFS-LE vs OS-LE  

Savini 2013 5/27 5/29 100% 1.07[0.35,3.3]

Subtotal (95% CI) 27 29 100% 1.07[0.35,3.3]

Total events: 5 (Fish oil LE), 5 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.12(P=0.9)  

   

1.12.8 OFS-LE vs OS-LE  

Pawlik 2014 14/60 19/70 100% 0.86[0.47,1.56]

Subtotal (95% CI) 60 70 100% 0.86[0.47,1.56]

Total events: 14 (Fish oil LE), 19 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.5(P=0.62)  

Test for subgroup differences: Chi2=5.21, df=1 (P=0.63), I2=0%  

Favours [Fish oil LE] 1000.01 100.1 1 Favours [Non-fish oil LE]

 
 

Analysis 1.13.   Comparison 1 Fish oil lipid emulsion (LE) versus non-
fish oil LE (see Appendix 3), Outcome 13 Duration of ventilation (days).

Study or subgroup Fish oil LE Non-fish oil LE Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.13.1 MOFS-LE vs S-LE  

Beken 2014 40 9 (22.5) 40 10 (14.3) 3.96% -1[-9.25,7.25]

Repa 2018 110 6 (7.4) 113 6 (7.4) 71.52% 0[-1.94,1.94]

Skouroliakou 2010 14 12.2 (8.2) 18 9.1 (6.2) 10.17% 3.09[-2.06,8.24]

Techasatid 2017 22 20.9 (23.4) 22 8.9 (15) 2% 12[0.39,23.61]

Vlaardingerbroek 2014 48 8.6 (10.7) 48 12.1 (12.6) 12.34% -3.5[-8.18,1.18]

Subtotal *** 234   241   100% 0.08[-1.56,1.73]

Favours [Fish oil LE] 2010-20 -10 0 Favours [Non-fish oil LE]
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Study or subgroup Fish oil LE Non-fish oil LE Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Heterogeneity: Tau2=0; Chi2=7.68, df=4(P=0.1); I2=47.93%  

Test for overall effect: Z=0.1(P=0.92)  

   

1.13.2 MOFS-LE vs MS-LE  

Hsiao 2018 30 9.2 (3.5) 30 16.6 (7.2) 100% -7.4[-10.26,-4.54]

Subtotal *** 30   30   100% -7.4[-10.26,-4.54]

Heterogeneity: Not applicable  

Test for overall effect: Z=5.06(P<0.0001)  

Test for subgroup differences: Chi2=19.72, df=1 (P<0.0001), I2=94.93%  

Favours [Fish oil LE] 2010-20 -10 0 Favours [Non-fish oil LE]

 
 

Analysis 1.14.   Comparison 1 Fish oil lipid emulsion (LE) versus non-fish oil
LE (see Appendix 3), Outcome 14 Duration of supplemental oxygen (days).

Study or subgroup Fish oil LE Non-fish oil LE Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.14.1 MOFS-LE vs S-LE  

Beken 2014 40 11.5 (45) 40 12 (13.3) 2.91% -0.5[-15.04,14.04]

Tomsits 2010 30 4.6 (5.4) 30 4.1 (4.5) 97.09% 0.5[-2.02,3.02]

Subtotal *** 70   70   100% 0.47[-2.01,2.95]

Heterogeneity: Tau2=0; Chi2=0.02, df=1(P=0.89); I2=0%  

Test for overall effect: Z=0.37(P=0.71)  

   

1.14.2 MOFS-LE vs MS-LE  

Hsiao 2018 30 35.6 (13.5) 30 49.4 (15.6) 100% -13.8[-21.18,-6.42]

Subtotal *** 30   30   100% -13.8[-21.18,-6.42]

Heterogeneity: Not applicable  

Test for overall effect: Z=3.66(P=0)  

Test for subgroup differences: Chi2=12.9, df=1 (P=0), I2=92.25%  

Favours [Fish oil LE] 4020-40 -20 0 Favours [Non-fish oil LE]

 
 

Analysis 1.15.   Comparison 1 Fish oil lipid emulsion (LE) versus non-
fish oil LE (see Appendix 3), Outcome 15 Duration of hospital stay (days).

Study or subgroup Fish oil LE Non-fish oil LE Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.15.1 MOFS-LE vs S-LE  

Beken 2014 40 34 (11) 40 34 (8) 48.71% 0[-4.22,4.22]

Repa 2018 110 81 (34.1) 113 79 (25.2) 13.94% 2[-5.88,9.88]

Skouroliakou 2010 14 54 (24.8) 18 58.9 (21.6) 3.23% -4.94[-21.31,11.43]

Techasatid 2017 22 80.6 (32.8) 22 69.7 (20.8) 3.29% 10.9[-5.33,27.13]

Uthaya 2016 71 63.9 (36.3) 76 66.3 (34.5) 6.59% -2.31[-13.77,9.15]

Vlaardingerbroek 2014 48 87.1 (26.5) 48 93.9 (33.6) 5.9% -6.8[-18.91,5.31]

Subtotal *** 305   317   81.65% -0.09[-3.35,3.16]

Heterogeneity: Tau2=0; Chi2=3.69, df=5(P=0.59); I2=0%  

Test for overall effect: Z=0.06(P=0.96)  

   

Favours [Fish oil LE] 10050-100 -50 0 Favours [Non-fish oil LE]
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Study or subgroup Fish oil LE Non-fish oil LE Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.15.2 MOFS-LE vs MS-LE  

Hsiao 2018 30 72.6 (29.7) 30 76 (24.6) 4.56% -3.35[-17.13,10.43]

Subtotal *** 30   30   4.56% -3.35[-17.13,10.43]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.48(P=0.63)  

   

1.15.3 OFS-LE vs OS-LE  

Pawlik 2014 60 63.1 (22.5) 70 64.9 (23.5) 13.8% -1.8[-9.72,6.12]

Subtotal *** 60   70   13.8% -1.8[-9.72,6.12]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.45(P=0.66)  

   

Total *** 395   417   100% -0.48[-3.42,2.46]

Heterogeneity: Tau2=0; Chi2=4.02, df=7(P=0.78); I2=0%  

Test for overall effect: Z=0.32(P=0.75)  

Test for subgroup differences: Chi2=0.33, df=1 (P=0.85), I2=0%  

Favours [Fish oil LE] 10050-100 -50 0 Favours [Non-fish oil LE]

 
 

Analysis 1.16.   Comparison 1 Fish oil lipid emulsion (LE) versus non-
fish oil LE (see Appendix 3), Outcome 16 Culture-positive sepsis.

Study or subgroup Fish oil LE Non-fish oil LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.16.1 MOFS-LE vs S-LE  

Beken 2014 2/40 3/40 3.49% 0.67[0.12,3.78]

Repa 2018 24/110 26/113 29.83% 0.95[0.58,1.55]

Skouroliakou 2016 4/25 3/26 3.42% 1.39[0.34,5.58]

Techasatid 2017 1/22 1/22 1.16% 1[0.07,15]

Uthaya 2016 27/85 24/83 28.25% 1.1[0.69,1.74]

Subtotal (95% CI) 282 284 66.15% 1.02[0.74,1.4]

Total events: 58 (Fish oil LE), 57 (Non-fish oil LE)  

Heterogeneity: Tau2=0; Chi2=0.6, df=4(P=0.96); I2=0%  

Test for overall effect: Z=0.13(P=0.9)  

   

1.16.2 MOFS-LE vs OS-LE  

Najm 2017 19/41 11/37 13.45% 1.56[0.86,2.83]

Subtotal (95% CI) 41 37 13.45% 1.56[0.86,2.83]

Total events: 19 (Fish oil LE), 11 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.46(P=0.14)  

   

1.16.3 OFS-LE vs OS-LE  

Pawlik 2014 22/60 19/70 20.4% 1.35[0.81,2.24]

Subtotal (95% CI) 60 70 20.4% 1.35[0.81,2.24]

Total events: 22 (Fish oil LE), 19 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.16(P=0.25)  

   

Total (95% CI) 383 391 100% 1.16[0.91,1.48]

Favours [Fish oil LE] 200.05 50.2 1 Favours [Non-fish oil LE]
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Study or subgroup Fish oil LE Non-fish oil LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Total events: 99 (Fish oil LE), 87 (Non-fish oil LE)  

Heterogeneity: Tau2=0; Chi2=2.47, df=6(P=0.87); I2=0%  

Test for overall effect: Z=1.19(P=0.23)  

Test for subgroup differences: Chi2=1.9, df=1 (P=0.39), I2=0%  

Favours [Fish oil LE] 200.05 50.2 1 Favours [Non-fish oil LE]

 
 

Analysis 1.17.   Comparison 1 Fish oil lipid emulsion (LE) versus non-fish oil LE
(see Appendix 3), Outcome 17 Any sepsis (clinical or culture positive (or both)).

Study or subgroup Fish oil LE Non-fish oil LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.17.1 MOFS-LE vs S-LE  

Beken 2014 2/40 3/40 3.14% 0.67[0.12,3.78]

D'Ascenzo 2014 10/39 8/41 8.18% 1.31[0.58,2.98]

Repa 2018 24/110 26/113 26.89% 0.95[0.58,1.55]

Savini 2013 7/28 4/30 4.05% 1.88[0.61,5.72]

Skouroliakou 2010 0/14 0/18   Not estimable

Skouroliakou 2016 10/25 10/26 10.28% 1.04[0.53,2.06]

Techasatid 2017 1/22 1/22 1.05% 1[0.07,15]

Uthaya 2016 27/85 24/83 25.46% 1.1[0.69,1.74]

Vlaardingerbroek 2014 13/48 20/48 20.96% 0.65[0.37,1.15]

Subtotal (95% CI) 411 421 100% 0.99[0.78,1.26]

Total events: 94 (Fish oil LE), 96 (Non-fish oil LE)  

Heterogeneity: Tau2=0; Chi2=4.24, df=7(P=0.75); I2=0%  

Test for overall effect: Z=0.06(P=0.95)  

   

1.17.2 MOFS-LE vs MS-LE  

Hsiao 2018 3/30 5/30 39.3% 0.6[0.16,2.29]

Savini 2013 7/28 8/30 60.7% 0.94[0.39,2.25]

Subtotal (95% CI) 58 60 100% 0.8[0.39,1.67]

Total events: 10 (Fish oil LE), 13 (Non-fish oil LE)  

Heterogeneity: Tau2=0; Chi2=0.3, df=1(P=0.58); I2=0%  

Test for overall effect: Z=0.58(P=0.56)  

   

1.17.3 MOFS-LE vs OS-LE  

Najm 2017 19/41 11/37 74.64% 1.56[0.86,2.83]

Savini 2013 7/28 4/29 25.36% 1.81[0.6,5.52]

Subtotal (95% CI) 69 66 100% 1.62[0.96,2.75]

Total events: 26 (Fish oil LE), 15 (Non-fish oil LE)  

Heterogeneity: Tau2=0; Chi2=0.06, df=1(P=0.81); I2=0%  

Test for overall effect: Z=1.8(P=0.07)  

   

1.17.4 MFS-LE vs S-LE  

Savini 2013 4/27 4/30 100% 1.11[0.31,4.02]

Subtotal (95% CI) 27 30 100% 1.11[0.31,4.02]

Total events: 4 (Fish oil LE), 4 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.16(P=0.87)  
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Study or subgroup Fish oil LE Non-fish oil LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.17.5 MFS-LE vs MS-LE  

Savini 2013 4/27 8/30 100% 0.56[0.19,1.64]

Subtotal (95% CI) 27 30 100% 0.56[0.19,1.64]

Total events: 4 (Fish oil LE), 8 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.06(P=0.29)  

   

1.17.6 MFS-LE vs OS-LE  

Savini 2013 4/27 4/29 100% 1.07[0.3,3.87]

Subtotal (95% CI) 27 29 100% 1.07[0.3,3.87]

Total events: 4 (Fish oil LE), 4 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.11(P=0.91)  

   

1.17.7 OFS-LE vs OS-LE  

Pawlik 2014 22/60 19/70 100% 1.35[0.81,2.24]

Subtotal (95% CI) 60 70 100% 1.35[0.81,2.24]

Total events: 22 (Fish oil LE), 19 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.16(P=0.25)  

Test for subgroup differences: Chi2=5.57, df=1 (P=0.47), I2=0%  

Favours [Fish oil LE] 1000.01 100.1 1 Favours [Non-fish oil LE]

 
 

Analysis 1.18.   Comparison 1 Fish oil lipid emulsion (LE) versus non-fish
oil LE (see Appendix 3), Outcome 18 Necrotising enterocolitis (≥ stage 2).

Study or subgroup Fish oil LE Non-fish oil LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.18.1 MOFS-LE vs S-LE  

Beken 2014 9/40 9/40 34.73% 1[0.44,2.26]

D'Ascenzo 2014 2/39 0/41 1.88% 5.25[0.26,106.01]

Repa 2018 8/110 8/113 30.46% 1.03[0.4,2.64]

Savini 2013 1/28 0/30 1.87% 3.21[0.14,75.61]

Techasatid 2017 2/22 2/22 7.72% 1[0.15,6.48]

Uthaya 2016 8/85 4/83 15.62% 1.95[0.61,6.24]

Vlaardingerbroek 2014 3/48 2/48 7.72% 1.5[0.26,8.58]

Subtotal (95% CI) 372 377 100% 1.32[0.81,2.13]

Total events: 33 (Fish oil LE), 25 (Non-fish oil LE)  

Heterogeneity: Tau2=0; Chi2=2.37, df=6(P=0.88); I2=0%  

Test for overall effect: Z=1.12(P=0.26)  

   

1.18.2 MOFS-LE vs MS-LE  

Hsiao 2018 0/30 1/30 43.72% 0.33[0.01,7.87]

Savini 2013 1/28 2/30 56.28% 0.54[0.05,5.59]

Subtotal (95% CI) 58 60 100% 0.45[0.07,2.91]

Total events: 1 (Fish oil LE), 3 (Non-fish oil LE)  

Heterogeneity: Tau2=0; Chi2=0.06, df=1(P=0.81); I2=0%  

Test for overall effect: Z=0.84(P=0.4)  
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Study or subgroup Fish oil LE Non-fish oil LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.18.3 MOFS-LE vs OS-LE  

Najm 2017 4/41 1/37 51.69% 3.61[0.42,30.86]

Savini 2013 1/28 1/29 48.31% 1.04[0.07,15.77]

Subtotal (95% CI) 69 66 100% 2.37[0.47,11.99]

Total events: 5 (Fish oil LE), 2 (Non-fish oil LE)  

Heterogeneity: Tau2=0; Chi2=0.5, df=1(P=0.48); I2=0%  

Test for overall effect: Z=1.04(P=0.3)  

   

1.18.4 MFS-LE vs S-LE  

Savini 2013 0/27 0/30   Not estimable

Subtotal (95% CI) 27 30 Not estimable

Total events: 0 (Fish oil LE), 0 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

1.18.5 MFS-LE vs MS-LE  

Savini 2013 0/27 2/30 100% 0.22[0.01,4.42]

Subtotal (95% CI) 27 30 100% 0.22[0.01,4.42]

Total events: 0 (Fish oil LE), 2 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.99(P=0.32)  

   

1.18.6 MFS-LE vs OS-LE  

Savini 2013 0/27 1/29 100% 0.36[0.02,8.41]

Subtotal (95% CI) 27 29 100% 0.36[0.02,8.41]

Total events: 0 (Fish oil LE), 1 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.64(P=0.52)  

   

1.18.7 OFS-LE vs OS-LE  

Pawlik 2014 4/60 6/70 100% 0.78[0.23,2.63]

Subtotal (95% CI) 60 70 100% 0.78[0.23,2.63]

Total events: 4 (Fish oil LE), 6 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.4(P=0.69)  

Test for subgroup differences: Chi2=4.13, df=1 (P=0.53), I2=0%  

Favours [Fish oil LE] 1000.01 100.1 1 Favours [Non-fish oil LE]

 
 

Analysis 1.19.   Comparison 1 Fish oil lipid emulsion (LE) versus non-fish oil
LE (see Appendix 3), Outcome 19 Intraventricular haemorrhage (grade III-IV).

Study or subgroup Fish oil LE Non-fish oil LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.19.1 MOFS-LE vs S-LE  

Beken 2014 6/40 7/40 24.8% 0.86[0.32,2.33]

D'Ascenzo 2014 4/39 6/41 20.72% 0.7[0.21,2.3]

Repa 2018 12/110 9/113 31.45% 1.37[0.6,3.12]

Techasatid 2017 2/22 1/22 3.54% 2[0.2,20.49]

Vlaardingerbroek 2014 4/48 1/48 3.54% 4[0.46,34.49]

Favours [Fish oil LE] 1000.01 100.1 1 Favours [Non-fish oil LE]
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Study or subgroup Fish oil LE Non-fish oil LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Subtotal (95% CI) 259 264 84.06% 1.19[0.71,1.99]

Total events: 28 (Fish oil LE), 24 (Non-fish oil LE)  

Heterogeneity: Tau2=0; Chi2=2.7, df=4(P=0.61); I2=0%  

Test for overall effect: Z=0.66(P=0.51)  

   

1.19.2 MOFS-LE vs OS-LE  

Deshpande 2014 0/17 2/17 8.86% 0.2[0.01,3.88]

Subtotal (95% CI) 17 17 8.86% 0.2[0.01,3.88]

Total events: 0 (Fish oil LE), 2 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.06(P=0.29)  

   

1.19.3 MOFS-LE vs MS-LE  

Hsiao 2018 1/30 2/30 7.08% 0.5[0.05,5.22]

Subtotal (95% CI) 30 30 7.08% 0.5[0.05,5.22]

Total events: 1 (Fish oil LE), 2 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.58(P=0.56)  

   

Total (95% CI) 306 311 100% 1.05[0.65,1.72]

Total events: 29 (Fish oil LE), 28 (Non-fish oil LE)  

Heterogeneity: Tau2=0; Chi2=4.37, df=6(P=0.63); I2=0%  

Test for overall effect: Z=0.21(P=0.83)  

Test for subgroup differences: Chi2=1.79, df=1 (P=0.41), I2=0%  

Favours [Fish oil LE] 1000.01 100.1 1 Favours [Non-fish oil LE]

 
 

Analysis 1.20.   Comparison 1 Fish oil lipid emulsion (LE) versus non-
fish oil LE (see Appendix 3), Outcome 20 Periventricular leukomalacia.

Study or subgroup Fish oil LE Non-fish oil LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.20.1 MOFS-LE vs S-LE  

D'Ascenzo 2014 0/39 0/41   Not estimable

Repa 2018 3/110 4/113 100% 0.77[0.18,3.36]

Vlaardingerbroek 2014 0/48 0/48   Not estimable

Subtotal (95% CI) 197 202 100% 0.77[0.18,3.36]

Total events: 3 (Fish oil LE), 4 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.35(P=0.73)  

   

Total (95% CI) 197 202 100% 0.77[0.18,3.36]

Total events: 3 (Fish oil LE), 4 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.35(P=0.73)  

Favours [Fish oil LE] 1000.01 100.1 1 Favours [Non-fish oil LE]
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Analysis 1.21.   Comparison 1 Fish oil lipid emulsion (LE) versus non-
fish oil LE (see Appendix 3), Outcome 21 Any patent ductus arteriosus.

Study or subgroup Fish oil LE Non-fish oil LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.21.1 MOFS-LE vs S-LE  

D'Ascenzo 2014 19/39 19/41 13.92% 1.05[0.66,1.67]

Repa 2018 56/110 68/113 50.4% 0.85[0.67,1.07]

Savini 2013 13/28 15/30 10.88% 0.93[0.54,1.59]

Techasatid 2017 13/22 10/22 7.51% 1.3[0.73,2.31]

Vlaardingerbroek 2014 19/48 23/48 17.28% 0.83[0.52,1.31]

Subtotal (95% CI) 247 254 100% 0.91[0.77,1.09]

Total events: 120 (Fish oil LE), 135 (Non-fish oil LE)  

Heterogeneity: Tau2=0; Chi2=2.4, df=4(P=0.66); I2=0%  

Test for overall effect: Z=1.02(P=0.31)  

   

1.21.2 MOFS-LE vs MS-LE  

Savini 2013 13/28 17/30 100% 0.82[0.49,1.36]

Subtotal (95% CI) 28 30 100% 0.82[0.49,1.36]

Total events: 13 (Fish oil LE), 17 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.77(P=0.44)  

   

1.21.3 MOFS-LE vs OS-LE  

Deshpande 2014 8/17 8/17 15.03% 1[0.49,2.04]

Najm 2017 25/41 29/37 57.28% 0.78[0.58,1.05]

Savini 2013 13/28 15/29 27.69% 0.9[0.53,1.53]

Subtotal (95% CI) 86 83 100% 0.84[0.66,1.09]

Total events: 46 (Fish oil LE), 52 (Non-fish oil LE)  

Heterogeneity: Tau2=0; Chi2=0.56, df=2(P=0.76); I2=0%  

Test for overall effect: Z=1.32(P=0.19)  

   

1.21.4 MFS-LE vs S-LE  

Savini 2013 13/27 15/30 100% 0.96[0.57,1.64]

Subtotal (95% CI) 27 30 100% 0.96[0.57,1.64]

Total events: 13 (Fish oil LE), 15 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.14(P=0.89)  

   

1.21.5 MFS-LE vs MS-LE  

Savini 2013 13/27 17/30 100% 0.85[0.51,1.4]

Subtotal (95% CI) 27 30 100% 0.85[0.51,1.4]

Total events: 13 (Fish oil LE), 17 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.64(P=0.52)  

   

1.21.6 MFS-LE vs OS-LE  

Savini 2013 13/27 15/29 100% 0.93[0.55,1.58]

Subtotal (95% CI) 27 29 100% 0.93[0.55,1.58]

Total events: 13 (Fish oil LE), 15 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.27(P=0.79)  

   

1.21.7 OFS-LE vs OS-LE  

Favours [Fish oil LE] 1000.01 100.1 1 Favours [Non-fish oil LE]
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Study or subgroup Fish oil LE Non-fish oil LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Pawlik 2014 20/60 23/70 100% 1.01[0.62,1.66]

Subtotal (95% CI) 60 70 100% 1.01[0.62,1.66]

Total events: 20 (Fish oil LE), 23 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.06(P=0.95)  

Test for subgroup differences: Chi2=0.77, df=1 (P=0.99), I2=0%  

Favours [Fish oil LE] 1000.01 100.1 1 Favours [Non-fish oil LE]

 
 

Analysis 1.22.   Comparison 1 Fish oil lipid emulsion (LE) versus non-fish oil LE (see
Appendix 3), Outcome 22 Significant patent ductus arteriosus requiring treatment.

Study or subgroup Fish oil LE Non-fish oil LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.22.1 MOFS-LE vs S-LE  

Repa 2018 56/110 68/113 41.98% 0.85[0.67,1.07]

Techasatid 2017 13/22 10/22 6.26% 1.3[0.73,2.31]

Vlaardingerbroek 2014 19/48 23/48 14.39% 0.83[0.52,1.31]

Subtotal (95% CI) 180 183 62.63% 0.89[0.73,1.08]

Total events: 88 (Fish oil LE), 101 (Non-fish oil LE)  

Heterogeneity: Tau2=0; Chi2=1.95, df=2(P=0.38); I2=0%  

Test for overall effect: Z=1.19(P=0.23)  

   

1.22.2 MOFS-LE vs OS-LE  

Deshpande 2014 8/17 8/17 5.01% 1[0.49,2.04]

Najm 2017 25/41 29/37 19.08% 0.78[0.58,1.05]

Subtotal (95% CI) 58 54 24.08% 0.82[0.62,1.09]

Total events: 33 (Fish oil LE), 37 (Non-fish oil LE)  

Heterogeneity: Tau2=0; Chi2=0.43, df=1(P=0.51); I2=0%  

Test for overall effect: Z=1.35(P=0.18)  

   

1.22.3 OFS-LE vs OS-LE  

Pawlik 2014 20/60 23/70 13.29% 1.01[0.62,1.66]

Subtotal (95% CI) 60 70 13.29% 1.01[0.62,1.66]

Total events: 20 (Fish oil LE), 23 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.06(P=0.95)  

   

Total (95% CI) 298 307 100% 0.89[0.76,1.04]

Total events: 141 (Fish oil LE), 161 (Non-fish oil LE)  

Heterogeneity: Tau2=0; Chi2=3.1, df=5(P=0.68); I2=0%  

Test for overall effect: Z=1.48(P=0.14)  

Test for subgroup differences: Chi2=0.54, df=1 (P=0.76), I2=0%  

Favours [Fish oil LE] 1000.01 100.1 1 Favours [Non-fish oil LE]
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Analysis 1.23.   Comparison 1 Fish oil lipid emulsion (LE) versus non-
fish oil LE (see Appendix 3), Outcome 23 Duration of phototherapy (days).

Study or subgroup Fish oil LE Non-fish oil LE Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.23.1 MOFS-LE vs S-LE  

Skouroliakou 2010 14 6.4 (4.1) 18 6.4 (3.1) 100% 0[-2.57,2.57]

Subtotal *** 14   18   100% 0[-2.57,2.57]

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

Total *** 14   18   100% 0[-2.57,2.57]

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

Favours [Fish oil LE] 105-10 -5 0 Favours [Non-fish oil LE]

 
 

Analysis 1.24.   Comparison 1 Fish oil lipid emulsion (LE) versus non-
fish oil LE (see Appendix 3), Outcome 24 Hypertriglyceridaemia.

Study or subgroup Fish oil LE Non-fish oil LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.24.1 MOFS-LE vs S-LE  

D'Ascenzo 2014 10/39 5/41 5.11% 2.1[0.79,5.6]

Repa 2018 39/110 38/113 39.33% 1.05[0.73,1.51]

Uthaya 2016 25/85 29/83 30.78% 0.84[0.54,1.31]

Vlaardingerbroek 2014 19/48 19/48 19.93% 1[0.61,1.64]

Subtotal (95% CI) 282 285 95.16% 1.03[0.81,1.3]

Total events: 93 (Fish oil LE), 91 (Non-fish oil LE)  

Heterogeneity: Tau2=0; Chi2=2.87, df=3(P=0.41); I2=0%  

Test for overall effect: Z=0.25(P=0.8)  

   

1.24.2 OFS-LE vs OS-LE  

Pawlik 2014 3/60 5/70 4.84% 0.7[0.17,2.81]

Subtotal (95% CI) 60 70 4.84% 0.7[0.17,2.81]

Total events: 3 (Fish oil LE), 5 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.5(P=0.61)  

   

Total (95% CI) 342 355 100% 1.01[0.8,1.28]

Total events: 96 (Fish oil LE), 96 (Non-fish oil LE)  

Heterogeneity: Tau2=0; Chi2=3.13, df=4(P=0.54); I2=0%  

Test for overall effect: Z=0.12(P=0.9)  

Test for subgroup differences: Chi2=0.29, df=1 (P=0.59), I2=0%  

Favours [Fish oil LE] 1000.01 100.1 1 Favours [Non-fish oil LE]
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Analysis 1.25.   Comparison 1 Fish oil lipid emulsion (LE) versus
non-fish oil LE (see Appendix 3), Outcome 25 Hyperglycaemia.

Study or subgroup Fish oil LE Non-fish oil LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.25.1 MOFS-LE vs S-LE  

Beken 2014 1/40 3/40 18.89% 0.33[0.04,3.07]

Skouroliakou 2010 3/14 2/18 11.02% 1.93[0.37,10.01]

Uthaya 2016 18/85 11/83 70.09% 1.6[0.8,3.17]

Subtotal (95% CI) 139 141 100% 1.4[0.77,2.53]

Total events: 22 (Fish oil LE), 16 (Non-fish oil LE)  

Heterogeneity: Tau2=0; Chi2=1.9, df=2(P=0.39); I2=0%  

Test for overall effect: Z=1.1(P=0.27)  

   

Total (95% CI) 139 141 100% 1.4[0.77,2.53]

Total events: 22 (Fish oil LE), 16 (Non-fish oil LE)  

Heterogeneity: Tau2=0; Chi2=1.9, df=2(P=0.39); I2=0%  

Test for overall effect: Z=1.1(P=0.27)  

Favours [Fish oil LE] 1000.01 100.1 1 Favours [Non-fish oil LE]

 
 

Analysis 1.26.   Comparison 1 Fish oil lipid emulsion (LE) versus
non-fish oil LE (see Appendix 3), Outcome 26 Hypoglycaemia.

Study or subgroup Fish oil LE Non-fish oil LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.26.1 MOFS-LE vs S-LE  

Beken 2014 0/40 3/40 11.36% 0.14[0.01,2.68]

Uthaya 2016 35/85 27/83 88.64% 1.27[0.85,1.89]

Subtotal (95% CI) 125 123 100% 1.14[0.77,1.69]

Total events: 35 (Fish oil LE), 30 (Non-fish oil LE)  

Heterogeneity: Tau2=0; Chi2=2.2, df=1(P=0.14); I2=54.45%  

Test for overall effect: Z=0.65(P=0.52)  

   

Total (95% CI) 125 123 100% 1.14[0.77,1.69]

Total events: 35 (Fish oil LE), 30 (Non-fish oil LE)  

Heterogeneity: Tau2=0; Chi2=2.2, df=1(P=0.14); I2=54.45%  

Test for overall effect: Z=0.65(P=0.52)  

Favours [Fish oil LE] 1000.01 100.1 1 Favours [Non-fish oil LE]

 
 

Analysis 1.27.   Comparison 1 Fish oil lipid emulsion (LE) versus non-
fish oil LE (see Appendix 3), Outcome 27 Head growth velocity (cm/week).

Study or subgroup Fish oil LE Non-fish oil LE Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.27.1 MOFS-LE vs S-LE  

Techasatid 2017 22 0.7 (0.2) 22 0.7 (0.2) 44.6% 0[-0.12,0.12]

Vlaardingerbroek 2014 48 0.6 (0.3) 48 0.6 (0.3) 55.4% 0[-0.11,0.11]

Subtotal *** 70   70   100% 0[-0.08,0.08]

Heterogeneity: Tau2=0; Chi2=0, df=1(P=1); I2=0%  

Favours [Non-fish oil LE] 10.5-1 -0.5 0 Favours [Fish oil LE]
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Study or subgroup Fish oil LE Non-fish oil LE Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Test for overall effect: Not applicable  

Favours [Non-fish oil LE] 10.5-1 -0.5 0 Favours [Fish oil LE]

 
 

Analysis 1.28.   Comparison 1 Fish oil lipid emulsion (LE) versus non-
fish oil LE (see Appendix 3), Outcome 28 Length velocity (cm/week).

Study or subgroup Fish oil LE Non-fish oil LE Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.28.1 MOFS-LE vs S-LE  

Techasatid 2017 22 0.9 (0.2) 22 0.8 (0.2) 100% 0.1[-0.02,0.22]

Subtotal *** 22   22   100% 0.1[-0.02,0.22]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.66(P=0.1)  

   

Total *** 22   22   100% 0.1[-0.02,0.22]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.66(P=0.1)  

Favours [Non-fish oil LE] 0.50.25-0.5 -0.25 0 Favours [Fish oil LE]

 
 

Analysis 1.29.   Comparison 1 Fish oil lipid emulsion (LE) versus non-
fish oil LE (see Appendix 3), Outcome 29 Intrahepatocellular lipid.

Study or subgroup Fish oil LE Non-fish oil LE Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.29.1 MOFS-LE vs S-LE  

Uthaya 2016 64 0.6 (0.6) 68 0.6 (0.5) 100% 0.03[-0.17,0.23]

Subtotal *** 64   68   100% 0.03[-0.17,0.23]

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=0.3(P=0.77)  

   

Total *** 64   68   100% 0.03[-0.17,0.23]

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=0.3(P=0.77)  

Favours [Fish oil LE] 0.50.25-0.5 -0.25 0 Favours [Non-fish oil LE]

 
 

Analysis 1.30.   Comparison 1 Fish oil lipid emulsion (LE) versus non-
fish oil LE (see Appendix 3), Outcome 30 Non-adipose tissue mass.

Study or subgroup Fish oil LE Non-fish oil LE Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Uthaya 2016 65 2421.2
(464.5)

68 2397 (461) 100% 24.2[-133.14,181.54]

   

Total *** 65   68   100% 24.2[-133.14,181.54]

Heterogeneity: Not applicable  

Favours [Non-fish oil LE] 200100-200 -100 0 Favours [Fish oil LE]
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Study or subgroup Fish oil LE Non-fish oil LE Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Test for overall effect: Z=0.3(P=0.76)  

Favours [Non-fish oil LE] 200100-200 -100 0 Favours [Fish oil LE]

 
 

Analysis 1.31.   Comparison 1 Fish oil lipid emulsion (LE) versus non-fish
oil LE (see Appendix 3), Outcome 31 Conjugated bilirubin levels (µmol/L).

Study or subgroup Fish oil LE Non-fish oil LE Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.31.1 MOFS-LE vs S-LE  

Beken 2014 40 6.8 (4.7) 40 6.8 (5.1) 9.81% 0[-2.16,2.16]

D'Ascenzo 2014 39 5.6 (3.8) 41 10.8 (9.6) 4.57% -5.22[-8.38,-2.06]

Rayyan 2012 19 10.3 (5.8) 22 12.8 (7.2) 2.88% -2.57[-6.55,1.41]

Repa 2018 110 0 (2.7) 113 0 (4.8) 43.78% 0[-1.02,1.02]

Savini 2013 28 7.7 (8.6) 30 8.4 (6.8) 2.85% -0.68[-4.68,3.32]

Skouroliakou 2016 25 10.3 (6) 26 10.3 (4.7) 5.18% 0[-2.97,2.97]

Techasatid 2017 22 10.4 (6.7) 22 10.8 (6.1) 3.2% -0.34[-4.12,3.44]

Vlaardingerbroek 2014 48 2.4 (3) 48 2.9 (3.4) 27.73% -0.5[-1.78,0.78]

Subtotal *** 331   342   100% -0.48[-1.16,0.19]

Heterogeneity: Tau2=0; Chi2=10.87, df=7(P=0.14); I2=35.59%  

Test for overall effect: Z=1.4(P=0.16)  

   

1.31.2 MOFS-LE vs MS-LE  

Savini 2013 28 7.7 (8.6) 30 7.4 (6.8) 100% 0.35[-3.65,4.35]

Subtotal *** 28   30   100% 0.35[-3.65,4.35]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.17(P=0.86)  

   

1.31.3 MOFS-LE vs OS-LE  

Deshpande 2014 17 5.5 (3) 17 6.9 (5.1) 71.1% -1.32[-4.15,1.51]

Savini 2013 28 7.7 (8.6) 29 10.3 (8.6) 28.9% -2.56[-7,1.88]

Subtotal *** 45   46   100% -1.68[-4.07,0.71]

Heterogeneity: Tau2=0; Chi2=0.21, df=1(P=0.64); I2=0%  

Test for overall effect: Z=1.38(P=0.17)  

   

1.31.4 MFS-LE vs S-LE  

Savini 2013 27 9.1 (10.3) 30 8.4 (6.8) 100% 0.72[-3.86,5.3]

Subtotal *** 27   30   100% 0.72[-3.86,5.3]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.31(P=0.76)  

   

1.31.5 MFS-LE vs MS-LE  

D'Ascenzo 2011 24 8.6 (8.4) 24 6.2 (3.3) 61.9% 2.4[-1.19,5.99]

Savini 2013 27 9.1 (10.3) 30 7.4 (6.8) 38.1% 1.75[-2.83,6.33]

Subtotal *** 51   54   100% 2.15[-0.67,4.98]

Heterogeneity: Tau2=0; Chi2=0.05, df=1(P=0.83); I2=0%  

Test for overall effect: Z=1.49(P=0.14)  

   

1.31.6 MFS-LE vs OS-LE  

Savini 2013 27 9.1 (10.3) 29 10.3 (8.6) 100% -1.16[-6.13,3.81]

Favours [Fish oil LE] 52.5-5 -2.5 0 Favours [Non-fish oil LE]
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Study or subgroup Fish oil LE Non-fish oil LE Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Subtotal *** 27   29   100% -1.16[-6.13,3.81]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.46(P=0.65)  

Test for subgroup differences: Chi2=4.75, df=1 (P=0.45), I2=0%  

Favours [Fish oil LE] 52.5-5 -2.5 0 Favours [Non-fish oil LE]

 
 

Comparison 2.   Fish oil lipid emulsion (LE) vs another fish oil LE (see Appendix 3)

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Days to regain birth weight 1 55 Mean Difference (IV, Fixed, 95%
CI)

2.0 [-0.64, 4.64]

1.1 MOFS-LE vs MFS-LE 1 55 Mean Difference (IV, Fixed, 95%
CI)

2.0 [-0.64, 4.64]

2 Growth rate (g/kg/day) 1 55 Mean Difference (IV, Fixed, 95%
CI)

4.0 [-2.03, 10.03]

2.1 MOFS-LE vs MFS-LE 1 55 Mean Difference (IV, Fixed, 95%
CI)

4.0 [-2.03, 10.03]

3 Parenteral nutrition-associated
liver disease (PNALD)/cholestasis
(conjugated bilirubin ≥ 2 mg/dL)

1 55 Risk Ratio (M-H, Fixed, 95% CI) 0.96 [0.06, 14.65]

3.1 MOFS-LE vs MFS-LE 1 55 Risk Ratio (M-H, Fixed, 95% CI) 0.96 [0.06, 14.65]

4 PNALD/cholestasis (any defini-
tion)

1 55 Risk Ratio (M-H, Fixed, 95% CI) 0.96 [0.06, 14.65]

4.1 MOFS-LE vs MFS-LE 1 55 Risk Ratio (M-H, Fixed, 95% CI) 0.96 [0.06, 14.65]

5 Death before discharge 1 60 Risk Ratio (M-H, Fixed, 95% CI) 1.0 [0.15, 6.64]

5.1 MOFS-LE vs MFS-LE 1 60 Risk Ratio (M-H, Fixed, 95% CI) 1.0 [0.15, 6.64]

6 Chronic lung disease (oxygen
requirement at 36 weeks)

1 55 Risk Ratio (M-H, Fixed, 95% CI) 1.16 [0.40, 3.35]

6.1 MOFS-LE vs MFS-LE 1 55 Risk Ratio (M-H, Fixed, 95% CI) 1.16 [0.40, 3.35]

7 Any sepsis (clinical or culture
positive (or both))

1 55 Risk Ratio (M-H, Fixed, 95% CI) 1.69 [0.56, 5.11]

7.1 MOFS-LE vs MFS-LE 1 55 Risk Ratio (M-H, Fixed, 95% CI) 1.69 [0.56, 5.11]

8 Necrotising enterocolitis (≥
stage 2)

1 55 Risk Ratio (M-H, Fixed, 95% CI) 2.90 [0.12, 68.15]

8.1 MOFS-LE vs MFS-LE 1 55 Risk Ratio (M-H, Fixed, 95% CI) 2.90 [0.12, 68.15]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

9 Any patent ductus arteriosus 1 55 Risk Ratio (M-H, Fixed, 95% CI) 0.96 [0.55, 1.69]

9.1 MOFS-LE vs MFS-LE 1 55 Risk Ratio (M-H, Fixed, 95% CI) 0.96 [0.55, 1.69]

10 Conjugated bilirubin levels
(µmol/L)

1   Mean Difference (IV, Fixed, 95%
CI)

Subtotals only

10.1 MOFS-LE vs MFS-LE 1 55 Mean Difference (IV, Fixed, 95%
CI)

-1.40 [-6.40, 3.60]

 
 

Analysis 2.1.   Comparison 2 Fish oil lipid emulsion (LE) vs another
fish oil LE (see Appendix 3), Outcome 1 Days to regain birth weight.

Study or subgroup MOFS-LE MFS-LE Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

2.1.1 MOFS-LE vs MFS-LE  

Savini 2013 28 12 (5) 27 10 (5) 100% 2[-0.64,4.64]

Subtotal *** 28   27   100% 2[-0.64,4.64]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.48(P=0.14)  

   

Total *** 28   27   100% 2[-0.64,4.64]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.48(P=0.14)  

Favours [MOFS-LE] 105-10 -5 0 Favours [MFS-LE]

 
 

Analysis 2.2.   Comparison 2 Fish oil lipid emulsion (LE) vs another
fish oil LE (see Appendix 3), Outcome 2 Growth rate (g/kg/day).

Study or subgroup MOFS-LE MFS-LE Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

2.2.1 MOFS-LE vs MFS-LE  

Savini 2013 28 8 (12.3) 27 4 (10.5) 100% 4[-2.03,10.03]

Subtotal *** 28   27   100% 4[-2.03,10.03]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.3(P=0.19)  

   

Total *** 28   27   100% 4[-2.03,10.03]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.3(P=0.19)  

Favours [MFS-LE] 105-10 -5 0 Favours [MOFS-LE]
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Analysis 2.3.   Comparison 2 Fish oil lipid emulsion (LE) vs another fish oil LE (see Appendix 3), Outcome
3 Parenteral nutrition-associated liver disease (PNALD)/cholestasis (conjugated bilirubin ≥ 2 mg/dL).

Study or subgroup MOFS-LE MFS-LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

2.3.1 MOFS-LE vs MFS-LE  

Savini 2013 1/28 1/27 100% 0.96[0.06,14.65]

Subtotal (95% CI) 28 27 100% 0.96[0.06,14.65]

Total events: 1 (MOFS-LE), 1 (MFS-LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.03(P=0.98)  

   

Total (95% CI) 28 27 100% 0.96[0.06,14.65]

Total events: 1 (MOFS-LE), 1 (MFS-LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.03(P=0.98)  

Favours [MOFS-LE] 10000.001 100.1 1 Favours [MFS-LE]

 
 

Analysis 2.4.   Comparison 2 Fish oil lipid emulsion (LE) vs another fish
oil LE (see Appendix 3), Outcome 4 PNALD/cholestasis (any definition).

Study or subgroup MOFS-LE MFS-LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

2.4.1 MOFS-LE vs MFS-LE  

Savini 2013 1/28 1/27 100% 0.96[0.06,14.65]

Subtotal (95% CI) 28 27 100% 0.96[0.06,14.65]

Total events: 1 (MOFS-LE), 1 (MFS-LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.03(P=0.98)  

   

Total (95% CI) 28 27 100% 0.96[0.06,14.65]

Total events: 1 (MOFS-LE), 1 (MFS-LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.03(P=0.98)  

Favours [MOFS-LE] 10000.001 100.1 1 Favours [MFS-LE]

 
 

Analysis 2.5.   Comparison 2 Fish oil lipid emulsion (LE) vs another
fish oil LE (see Appendix 3), Outcome 5 Death before discharge.

Study or subgroup MOFS-LE MFS-LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

2.5.1 MOFS-LE vs MFS-LE  

Savini 2013 2/30 2/30 100% 1[0.15,6.64]

Subtotal (95% CI) 30 30 100% 1[0.15,6.64]

Total events: 2 (MOFS-LE), 2 (MFS-LE)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

Total (95% CI) 30 30 100% 1[0.15,6.64]

Favours [MOFS-LE] 1000.01 100.1 1 Favours [MFS-LE]

Lipid emulsions for parenterally fed preterm infants (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

138



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Study or subgroup MOFS-LE MFS-LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Total events: 2 (MOFS-LE), 2 (MFS-LE)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

Favours [MOFS-LE] 1000.01 100.1 1 Favours [MFS-LE]

 
 

Analysis 2.6.   Comparison 2 Fish oil lipid emulsion (LE) vs another fish oil LE (see
Appendix 3), Outcome 6 Chronic lung disease (oxygen requirement at 36 weeks).

Study or subgroup MOFS-LE MFS-LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

2.6.1 MOFS-LE vs MFS-LE  

Savini 2013 6/28 5/27 100% 1.16[0.4,3.35]

Subtotal (95% CI) 28 27 100% 1.16[0.4,3.35]

Total events: 6 (MOFS-LE), 5 (MFS-LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.27(P=0.79)  

   

Total (95% CI) 28 27 100% 1.16[0.4,3.35]

Total events: 6 (MOFS-LE), 5 (MFS-LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.27(P=0.79)  

Favours [MOFS-LE] 200.05 50.2 1 Favours [MFS-LE]

 
 

Analysis 2.7.   Comparison 2 Fish oil lipid emulsion (LE) vs another fish oil LE
(see Appendix 3), Outcome 7 Any sepsis (clinical or culture positive (or both)).

Study or subgroup MOFS-LE MFS-LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

2.7.1 MOFS-LE vs MFS-LE  

Savini 2013 7/28 4/27 100% 1.69[0.56,5.11]

Subtotal (95% CI) 28 27 100% 1.69[0.56,5.11]

Total events: 7 (MOFS-LE), 4 (MFS-LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.92(P=0.36)  

   

Total (95% CI) 28 27 100% 1.69[0.56,5.11]

Total events: 7 (MOFS-LE), 4 (MFS-LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.92(P=0.36)  

Favours [MOFS-LE] 100.1 50.2 20.5 1 Favours [MFS-LE]
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Analysis 2.8.   Comparison 2 Fish oil lipid emulsion (LE) vs another fish
oil LE (see Appendix 3), Outcome 8 Necrotising enterocolitis (≥ stage 2).

Study or subgroup MOFS-LE MFS-LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

2.8.1 MOFS-LE vs MFS-LE  

Savini 2013 1/28 0/27 100% 2.9[0.12,68.15]

Subtotal (95% CI) 28 27 100% 2.9[0.12,68.15]

Total events: 1 (MOFS-LE), 0 (MFS-LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.66(P=0.51)  

   

Total (95% CI) 28 27 100% 2.9[0.12,68.15]

Total events: 1 (MOFS-LE), 0 (MFS-LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.66(P=0.51)  

Favours [MOFS-LE] 10000.001 100.1 1 Favours [MFS-LE]

 
 

Analysis 2.9.   Comparison 2 Fish oil lipid emulsion (LE) vs another
fish oil LE (see Appendix 3), Outcome 9 Any patent ductus arteriosus.

Study or subgroup MOFS-LE MFS-LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

2.9.1 MOFS-LE vs MFS-LE  

Savini 2013 13/28 13/27 100% 0.96[0.55,1.69]

Subtotal (95% CI) 28 27 100% 0.96[0.55,1.69]

Total events: 13 (MOFS-LE), 13 (MFS-LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.13(P=0.9)  

   

Total (95% CI) 28 27 100% 0.96[0.55,1.69]

Total events: 13 (MOFS-LE), 13 (MFS-LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.13(P=0.9)  

Favours [MOFS-LE] 100.1 50.2 20.5 1 Favours [MFS-LE]

 
 

Analysis 2.10.   Comparison 2 Fish oil lipid emulsion (LE) vs another fish
oil LE (see Appendix 3), Outcome 10 Conjugated bilirubin levels (µmol/L).

Study or subgroup MOFS-LE MFS-LE Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

2.10.1 MOFS-LE vs MFS-LE  

Savini 2013 28 7.7 (8.6) 27 9.1 (10.3) 100% -1.4[-6.4,3.6]

Subtotal *** 28   27   100% -1.4[-6.4,3.6]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.55(P=0.58)  

Favours [MOFS-LE] 105-10 -5 0 Favours [MFS-LE]
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Comparison 3.   Alternative lipid emulsion (LE) versus soybean oil-based lipid emulsion (S-LE) (see Appendix 3)

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Days to regain birth weight 3   Mean Difference (IV, Fixed, 95% CI) Subtotals only

1.1 MS-LE vs S-LE 1 59 Mean Difference (IV, Fixed, 95% CI) 3.0 [-0.73, 6.73]

1.2 OS-LE vs S-LE 3 223 Mean Difference (IV, Fixed, 95% CI) -0.19 [-2.00, 1.62]

2 Growth rate (g/kg/day) 2   Mean Difference (IV, Fixed, 95% CI) Subtotals only

2.1 MS-LE vs S-LE 1 60 Mean Difference (IV, Fixed, 95% CI) -2.67 [-8.20, 2.86]

2.2 OS-LE vs S-LE 2 123 Mean Difference (IV, Fixed, 95% CI) -0.42 [-5.15, 4.30]

3 Parenteral nutrition-asso-
ciated liver disease (PNALD)/
cholestasis (conjugated
bilirubin ≥ 2 mg/dL)

2   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

3.1 OS-LE vs S-LE 2 159 Risk Ratio (M-H, Fixed, 95% CI) 1.0 [0.15, 6.82]

3.2 MS-LE vs S-LE 1 60 Risk Ratio (M-H, Fixed, 95% CI) 3.0 [0.13, 70.83]

4 PNALD/cholestasis (conju-
gated bilirubin ≥ 2 mg/dL):
Combined subgroups

2 189 Risk Ratio (M-H, Fixed, 95% CI) 1.14 [0.22, 5.84]

5 PNALD/cholestasis (any de-
finition)

4   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

5.1 OS-LE vs S-LE 4 261 Risk Ratio (M-H, Fixed, 95% CI) 1.0 [0.26, 3.86]

5.2 MS-LE vs S-LE 1 60 Risk Ratio (M-H, Fixed, 95% CI) 3.0 [0.13, 70.83]

6 PNALD/cholestasis (any
definition): Combined sub-
groups

4 291 Risk Ratio (M-H, Fixed, 95% CI) 1.08 [0.31, 3.72]

6.1 OS-LE vs S-LE 4 291 Risk Ratio (M-H, Fixed, 95% CI) 1.08 [0.31, 3.72]

7 Death before discharge 3   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

7.1 OS-LE vs S-LE 3 224 Risk Ratio (M-H, Fixed, 95% CI) 1.0 [0.21, 4.82]

7.2 MS-LE vs S-LE 1 60 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

8 Any retinopathy of prema-
turity

3   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

8.1 OS-LE vs S-LE 3 142 Risk Ratio (M-H, Fixed, 95% CI) 0.98 [0.67, 1.43]

9 Any bronchopulmonary
dysplasia

4   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

9.1 OS-LE vs S-LE 4 261 Risk Ratio (M-H, Fixed, 95% CI) 0.69 [0.46, 1.04]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

9.2 OS-LE vs S-LE (sensitivity
analysis)

3 197 Risk Ratio (M-H, Fixed, 95% CI) 1.01 [0.57, 1.79]

9.3 MS-LE vs S-LE 1 60 Risk Ratio (M-H, Fixed, 95% CI) 1.0 [0.28, 3.63]

10 Chronic lung disease
(oxygen requirement at 36
weeks)

2   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

10.1 OS-LE vs S-LE 2 123 Risk Ratio (M-H, Fixed, 95% CI) 0.59 [0.34, 1.01]

10.2 MS-LE vs S-LE 1 60 Risk Ratio (M-H, Fixed, 95% CI) 1.0 [0.28, 3.63]

11 Duration of ventilation
(days)

3   Mean Difference (IV, Fixed, 95% CI) Subtotals only

11.1 OS-LE vs S-LE 3 202 Mean Difference (IV, Fixed, 95% CI) -0.20 [-1.67, 1.26]

12 Duration of supplemental
oxygen (days)

2   Mean Difference (IV, Fixed, 95% CI) Subtotals only

12.1 OS-LE vs S-LE 2 102 Mean Difference (IV, Fixed, 95% CI) -0.76 [-16.99, 15.47]

13 Duration of hospital stay
(days)

2 164 Mean Difference (IV, Fixed, 95% CI) 0.33 [-7.44, 8.10]

13.1 OS-LE vs S-LE 2 164 Mean Difference (IV, Fixed, 95% CI) 0.33 [-7.44, 8.10]

14 Need for home oxygen
therapy

1   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

14.1 OS-LE vs S-LE 1 64 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

15 Any sepsis (clinical or cul-
ture positive (or both))

5   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

15.1 MS-LE vs S-LE 1 60 Risk Ratio (M-H, Fixed, 95% CI) 2.0 [0.67, 5.94]

15.2 OS-LE vs S-LE 5 301 Risk Ratio (M-H, Fixed, 95% CI) 0.87 [0.56, 1.36]

16 Culture-positive sepsis 2   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

16.1 OS-LE vs S-LE 2 164 Risk Ratio (M-H, Fixed, 95% CI) 1.22 [0.54, 2.78]

17 Necrotising enterocolitis
(≥ stage 2)

1   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

17.1 MS-LE vs S-LE 1 60 Risk Ratio (M-H, Fixed, 95% CI) 5.0 [0.25, 99.95]

17.2 OS-LE vs S-LE 1 59 Risk Ratio (M-H, Fixed, 95% CI) 3.1 [0.13, 73.14]

18 Intraventricular haemor-
rhage (grade III-IV)

2 104 Risk Ratio (M-H, Fixed, 95% CI) 0.5 [0.10, 2.61]

18.1 OS-LE vs S-LE 2 104 Risk Ratio (M-H, Fixed, 95% CI) 0.5 [0.10, 2.61]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

19 Periventricular leukomala-
cia

1 64 Risk Ratio (M-H, Fixed, 95% CI) 0.33 [0.01, 7.89]

19.1 OS-LE vs S-LE 1 64 Risk Ratio (M-H, Fixed, 95% CI) 0.33 [0.01, 7.89]

20 Any patent ductus arterio-
sus

1   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

20.1 OS-LE vs S-LE 1 59 Risk Ratio (M-H, Fixed, 95% CI) 1.03 [0.63, 1.71]

20.2 MS-LE vs S-LE 1 60 Risk Ratio (M-H, Fixed, 95% CI) 1.13 [0.70, 1.82]

21 Air leaks 1 64 Risk Ratio (M-H, Fixed, 95% CI) 0.5 [0.05, 5.24]

21.1 OS-LE vs S-LE 1 64 Risk Ratio (M-H, Fixed, 95% CI) 0.5 [0.05, 5.24]

22 Significant jaundice re-
quiring treatment

2   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

22.1 OS-LE vs S-LE 2 109 Risk Ratio (M-H, Fixed, 95% CI) 1.04 [0.52, 2.07]

23 Duration of phototherapy
(days)

1   Mean Difference (IV, Fixed, 95% CI) Subtotals only

23.1 OS-LE vs S-LE 1 38 Mean Difference (IV, Fixed, 95% CI) -0.10 [-1.08, 0.88]

24 Hypertriglyceridaemia 4   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

24.1 OS-LE vs S-LE 3 142 Risk Ratio (M-H, Fixed, 95% CI) 0.67 [0.12, 3.73]

24.2 MS-LE vs S-LE 1 12 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

25 Hyperglycaemia 1 64 Risk Ratio (M-H, Fixed, 95% CI) 1.0 [0.22, 4.59]

25.1 OS-LE vs S-LE 1 64 Risk Ratio (M-H, Fixed, 95% CI) 1.0 [0.22, 4.59]

26 Head growth velocity (cm/
week)

1 100 Mean Difference (IV, Fixed, 95% CI) -0.08 [-0.17, 0.01]

26.1 OS-LE vs S-LE 1 100 Mean Difference (IV, Fixed, 95% CI) -0.08 [-0.17, 0.01]

27 Conjugated bilirubin lev-
els (µmol/L)

5   Mean Difference (IV, Fixed, 95% CI) Subtotals only

27.1 MS-LE vs S-LE 1 60 Mean Difference (IV, Fixed, 95% CI) -1.03 [-4.49, 2.43]

27.2 OS-LE vs S-LE 5 310 Mean Difference (IV, Fixed, 95% CI) -0.24 [-1.03, 0.55]
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Analysis 3.1.   Comparison 3 Alternative lipid emulsion (LE) versus soybean oil-
based lipid emulsion (S-LE) (see Appendix 3), Outcome 1 Days to regain birth weight.

Study or subgroup Alternative LE S-LE Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

3.1.1 MS-LE vs S-LE  

Savini 2013 29 14 (9) 30 11 (5) 100% 3[-0.73,6.73]

Subtotal *** 29   30   100% 3[-0.73,6.73]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.58(P=0.12)  

   

3.1.2 OS-LE vs S-LE  

Köksal 2011 32 10.2 (15.9) 32 11.4 (18.1) 4.71% -1.2[-9.54,7.14]

Savini 2013 29 14 (9) 30 11 (5) 23.51% 3[-0.73,6.73]

Wang 2016 50 11.1 (5.7) 50 12.3 (5.2) 71.78% -1.17[-3.31,0.97]

Subtotal *** 111   112   100% -0.19[-2,1.62]

Heterogeneity: Tau2=0; Chi2=3.67, df=2(P=0.16); I2=45.52%  

Test for overall effect: Z=0.21(P=0.84)  

Test for subgroup differences: Chi2=2.27, df=1 (P=0.13), I2=56.01%  

Favours [Alternative LE] 105-10 -5 0 Favours [S-LE]

 
 

Analysis 3.2.   Comparison 3 Alternative lipid emulsion (LE) versus soybean oil-
based lipid emulsion (S-LE) (see Appendix 3), Outcome 2 Growth rate (g/kg/day).

Study or subgroup Alternative LE S-LE Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

3.2.1 MS-LE vs S-LE  

Savini 2013 30 3 (11.8) 30 5.7 (10) 100% -2.67[-8.2,2.86]

Subtotal *** 30   30   100% -2.67[-8.2,2.86]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.95(P=0.34)  

   

3.2.2 OS-LE vs S-LE  

Köksal 2011 32 19.7 (18.7) 32 17.8 (17.6) 28.31% 1.9[-6.98,10.78]

Savini 2013 29 4.3 (11.8) 30 5.7 (10) 71.69% -1.34[-6.92,4.24]

Subtotal *** 61   62   100% -0.42[-5.15,4.3]

Heterogeneity: Tau2=0; Chi2=0.37, df=1(P=0.54); I2=0%  

Test for overall effect: Z=0.18(P=0.86)  

Test for subgroup differences: Chi2=0.37, df=1 (P=0.54), I2=0%  

Favours [S- LE] 105-10 -5 0 Favours [Alternative-LE]

 
 

Analysis 3.3.   Comparison 3 Alternative lipid emulsion (LE) versus soybean oil-
based lipid emulsion (S-LE) (see Appendix 3), Outcome 3 Parenteral nutrition-
associated liver disease (PNALD)/cholestasis (conjugated bilirubin ≥ 2 mg/dL).

Study or subgroup Alternative LE S-LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

3.3.1 OS-LE vs S-LE  

Savini 2013 0/29 0/30   Not estimable

Favours [Alternative LE] 10000.001 100.1 1 Favours [S-LE]
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Study or subgroup Alternative LE S-LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Wang 2016 2/50 2/50 100% 1[0.15,6.82]

Subtotal (95% CI) 79 80 100% 1[0.15,6.82]

Total events: 2 (Alternative LE), 2 (S-LE)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

3.3.2 MS-LE vs S-LE  

Savini 2013 1/30 0/30 100% 3[0.13,70.83]

Subtotal (95% CI) 30 30 100% 3[0.13,70.83]

Total events: 1 (Alternative LE), 0 (S-LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.68(P=0.5)  

Test for subgroup differences: Chi2=0.34, df=1 (P=0.56), I2=0%  

Favours [Alternative LE] 10000.001 100.1 1 Favours [S-LE]

 
 

Analysis 3.4.   Comparison 3 Alternative lipid emulsion (LE) versus soybean oil-based lipid emulsion (S-
LE) (see Appendix 3), Outcome 4 PNALD/cholestasis (conjugated bilirubin ≥ 2 mg/dL): Combined subgroups.

Study or subgroup Alternative LE S-LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Savini 2013 1/59 0/30 24.79% 1.55[0.07,36.94]

Wang 2016 2/50 2/50 75.21% 1[0.15,6.82]

   

Total (95% CI) 109 80 100% 1.14[0.22,5.84]

Total events: 3 (Alternative LE), 2 (S-LE)  

Heterogeneity: Tau2=0; Chi2=0.05, df=1(P=0.82); I2=0%  

Test for overall effect: Z=0.15(P=0.88)  

Favours [Alternative LE] 10000.001 100.1 1 Favours [S-LE]

 
 

Analysis 3.5.   Comparison 3 Alternative lipid emulsion (LE) versus soybean oil-based
lipid emulsion (S-LE) (see Appendix 3), Outcome 5 PNALD/cholestasis (any definition).

Study or subgroup Alternative LE S-LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

3.5.1 OS-LE vs S-LE  

Gawecka 2008b 0/18 0/20   Not estimable

Köksal 2011 2/32 2/32 50% 1[0.15,6.67]

Savini 2013 0/29 0/30   Not estimable

Wang 2016 2/50 2/50 50% 1[0.15,6.82]

Subtotal (95% CI) 129 132 100% 1[0.26,3.86]

Total events: 4 (Alternative LE), 4 (S-LE)  

Heterogeneity: Tau2=0; Chi2=0, df=1(P=1); I2=0%  

Test for overall effect: Not applicable  

   

3.5.2 MS-LE vs S-LE  

Savini 2013 1/30 0/30 100% 3[0.13,70.83]

Subtotal (95% CI) 30 30 100% 3[0.13,70.83]

Favours [Alternative LE] 10000.001 100.1 1 Favours [S-LE]
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Study or subgroup Alternative LE S-LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Total events: 1 (Alternative LE), 0 (S-LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.68(P=0.5)  

Test for subgroup differences: Chi2=0.39, df=1 (P=0.53), I2=0%  

Favours [Alternative LE] 10000.001 100.1 1 Favours [S-LE]

 
 

Analysis 3.6.   Comparison 3 Alternative lipid emulsion (LE) versus soybean oil-based lipid emulsion
(S-LE) (see Appendix 3), Outcome 6 PNALD/cholestasis (any definition): Combined subgroups.

Study or subgroup Alternative LE S-LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

3.6.1 OS-LE vs S-LE  

Gawecka 2008b 0/18 0/20   Not estimable

Köksal 2011 2/32 2/32 42.92% 1[0.15,6.67]

Savini 2013 1/59 0/30 14.15% 1.55[0.07,36.94]

Wang 2016 2/50 2/50 42.92% 1[0.15,6.82]

Subtotal (95% CI) 159 132 100% 1.08[0.31,3.72]

Total events: 5 (Alternative LE), 4 (S-LE)  

Heterogeneity: Tau2=0; Chi2=0.06, df=2(P=0.97); I2=0%  

Test for overall effect: Z=0.12(P=0.91)  

   

Total (95% CI) 159 132 100% 1.08[0.31,3.72]

Total events: 5 (Alternative LE), 4 (S-LE)  

Heterogeneity: Tau2=0; Chi2=0.06, df=2(P=0.97); I2=0%  

Test for overall effect: Z=0.12(P=0.91)  

Favours alternative LE 10000.001 100.1 1 Favours S-LE

 
 

Analysis 3.7.   Comparison 3 Alternative lipid emulsion (LE) versus soybean oil-
based lipid emulsion (S-LE) (see Appendix 3), Outcome 7 Death before discharge.

Study or subgroup Alternative LE S-LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

3.7.1 OS-LE vs S-LE  

Köksal 2011 1/32 2/32 66.67% 0.5[0.05,5.24]

Savini 2013 0/30 0/30   Not estimable

Wang 2016 2/50 1/50 33.33% 2[0.19,21.36]

Subtotal (95% CI) 112 112 100% 1[0.21,4.82]

Total events: 3 (Alternative LE), 3 (S-LE)  

Heterogeneity: Tau2=0; Chi2=0.66, df=1(P=0.42); I2=0%  

Test for overall effect: Not applicable  

   

3.7.2 MS-LE vs S-LE  

Savini 2013 0/30 0/30   Not estimable

Subtotal (95% CI) 30 30 Not estimable

Total events: 0 (Alternative LE), 0 (S-LE)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

Favours [Alternative LE] 2000.005 100.1 1 Favours [S-LE]
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Study or subgroup Alternative LE S-LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Test for subgroup differences: Not applicable  

Favours [Alternative LE] 2000.005 100.1 1 Favours [S-LE]

 
 

Analysis 3.8.   Comparison 3 Alternative lipid emulsion (LE) versus soybean oil-based
lipid emulsion (S-LE) (see Appendix 3), Outcome 8 Any retinopathy of prematurity.

Study or subgroup Alternative LE S-LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

3.8.1 OS-LE vs S-LE  

Demirel 2011 0/20 0/20   Not estimable

Gawecka 2008b 14/18 16/20 75.2% 0.97[0.7,1.35]

Köksal 2011 5/32 5/32 24.8% 1[0.32,3.12]

Subtotal (95% CI) 70 72 100% 0.98[0.67,1.43]

Total events: 19 (Alternative LE), 21 (S-LE)  

Heterogeneity: Tau2=0; Chi2=0, df=1(P=0.96); I2=0%  

Test for overall effect: Z=0.11(P=0.91)  

Favours [Alternative LE] 1000.01 100.1 1 Favours [S-LE]

 
 

Analysis 3.9.   Comparison 3 Alternative lipid emulsion (LE) versus soybean oil-based
lipid emulsion (S-LE) (see Appendix 3), Outcome 9 Any bronchopulmonary dysplasia.

Study or subgroup Alternative LE S-LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

3.9.1 OS-LE vs S-LE  

Gawecka 2008b 9/18 10/20 27.14% 1[0.53,1.89]

Köksal 2011 9/32 20/32 57.3% 0.45[0.24,0.83]

Savini 2013 5/29 4/30 11.27% 1.29[0.38,4.34]

Wang 2016 0/50 1/50 4.3% 0.33[0.01,7.99]

Subtotal (95% CI) 129 132 100% 0.69[0.46,1.04]

Total events: 23 (Alternative LE), 35 (S-LE)  

Heterogeneity: Tau2=0; Chi2=4.39, df=3(P=0.22); I2=31.7%  

Test for overall effect: Z=1.78(P=0.08)  

   

3.9.2 OS-LE vs S-LE (sensitivity analysis)  

Gawecka 2008b 9/18 10/20 63.56% 1[0.53,1.89]

Savini 2013 5/29 4/30 26.38% 1.29[0.38,4.34]

Wang 2016 0/50 1/50 10.06% 0.33[0.01,7.99]

Subtotal (95% CI) 97 100 100% 1.01[0.57,1.79]

Total events: 14 (Alternative LE), 15 (S-LE)  

Heterogeneity: Tau2=0; Chi2=0.63, df=2(P=0.73); I2=0%  

Test for overall effect: Z=0.03(P=0.97)  

   

3.9.3 MS-LE vs S-LE  

Savini 2013 4/30 4/30 100% 1[0.28,3.63]

Subtotal (95% CI) 30 30 100% 1[0.28,3.63]

Total events: 4 (Alternative LE), 4 (S-LE)  

Heterogeneity: Not applicable  

Favours [Alternative LE] 100.1 50.2 20.5 1 Favours [S-LE]
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Study or subgroup Alternative LE S-LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Test for overall effect: Not applicable  

Test for subgroup differences: Chi2=1.26, df=1 (P=0.53), I2=0%  

Favours [Alternative LE] 100.1 50.2 20.5 1 Favours [S-LE]

 
 

Analysis 3.10.   Comparison 3 Alternative lipid emulsion (LE) versus soybean oil-based lipid emulsion
(S-LE) (see Appendix 3), Outcome 10 Chronic lung disease (oxygen requirement at 36 weeks).

Study or subgroup Alternative LE S-LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

3.10.1 OS-LE vs S-LE  

Köksal 2011 9/32 20/32 83.57% 0.45[0.24,0.83]

Savini 2013 5/29 4/30 16.43% 1.29[0.38,4.34]

Subtotal (95% CI) 61 62 100% 0.59[0.34,1.01]

Total events: 14 (Alternative LE), 24 (S-LE)  

Heterogeneity: Tau2=0; Chi2=2.35, df=1(P=0.13); I2=57.48%  

Test for overall effect: Z=1.93(P=0.05)  

   

3.10.2 MS-LE vs S-LE  

Savini 2013 4/30 4/30 100% 1[0.28,3.63]

Subtotal (95% CI) 30 30 100% 1[0.28,3.63]

Total events: 4 (Alternative LE), 4 (S-LE)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

Test for subgroup differences: Chi2=0.55, df=1 (P=0.46), I2=0%  

Favours [Alternative LE] 100.1 50.2 20.5 1 Favours [S-LE]

 
 

Analysis 3.11.   Comparison 3 Alternative lipid emulsion (LE) versus soybean oil-based
lipid emulsion (S-LE) (see Appendix 3), Outcome 11 Duration of ventilation (days).

Study or subgroup Alternative LE S-LE Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

3.11.1 OS-LE vs S-LE  

Gawecka 2008b 18 33.6 (25.8) 20 28.3 (25.5) 0.8% 5.3[-11.04,21.64]

Köksal 2011 32 12.4 (26.6) 32 34.6 (30) 1.11% -22.2[-36.09,-8.31]

Wang 2016 50 0 (3) 50 0 (4.4) 98.08% 0[-1.48,1.48]

Subtotal *** 100   102   100% -0.2[-1.67,1.26]

Heterogeneity: Tau2=0; Chi2=10.15, df=2(P=0.01); I2=80.29%  

Test for overall effect: Z=0.27(P=0.78)  

Favours [Alternative LE] 2010-20 -10 0 Favours [S-LE]
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Analysis 3.12.   Comparison 3 Alternative lipid emulsion (LE) versus soybean oil-based lipid
emulsion (S-LE) (see Appendix 3), Outcome 12 Duration of supplemental oxygen (days).

Study or subgroup Alternative LE S-LE Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

3.12.1 OS-LE vs S-LE  

Gawecka 2008b 18 47.3 (31.8) 20 39.3 (31.3) 65.22% 8[-12.1,28.1]

Köksal 2011 32 26.6 (52.1) 32 43.8 (60) 34.78% -17.2[-44.72,10.32]

Subtotal *** 50   52   100% -0.76[-16.99,15.47]

Heterogeneity: Tau2=0; Chi2=2.1, df=1(P=0.15); I2=52.39%  

Test for overall effect: Z=0.09(P=0.93)  

Favours [Alternative LE] 5025-50 -25 0 Favours [S-LE]

 
 

Analysis 3.13.   Comparison 3 Alternative lipid emulsion (LE) versus soybean oil-based
lipid emulsion (S-LE) (see Appendix 3), Outcome 13 Duration of hospital stay (days).

Study or subgroup OS-LE S-LE Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

3.13.1 OS-LE vs S-LE  

Köksal 2011 32 46.6 (70.2) 32 57.8 (82.6) 4.28% -11.2[-48.76,26.36]

Wang 2016 50 41.7 (22.7) 50 40.8 (17.6) 95.72% 0.85[-7.09,8.79]

Subtotal *** 82   82   100% 0.33[-7.44,8.1]

Heterogeneity: Tau2=0; Chi2=0.38, df=1(P=0.54); I2=0%  

Test for overall effect: Z=0.08(P=0.93)  

   

Total *** 82   82   100% 0.33[-7.44,8.1]

Heterogeneity: Tau2=0; Chi2=0.38, df=1(P=0.54); I2=0%  

Test for overall effect: Z=0.08(P=0.93)  

Favours [OS-LE] 10050-100 -50 0 Favours [S-LE]

 
 

Analysis 3.14.   Comparison 3 Alternative lipid emulsion (LE) versus soybean oil-based
lipid emulsion (S-LE) (see Appendix 3), Outcome 14 Need for home oxygen therapy.

Study or subgroup Alternative LE S-LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

3.14.1 OS-LE vs S-LE  

Köksal 2011 0/32 0/32   Not estimable

Subtotal (95% CI) 32 32 Not estimable

Total events: 0 (Alternative LE), 0 (S-LE)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

Favours [Alternative LE] 1000.01 100.1 1 Favours [S-LE]
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Analysis 3.15.   Comparison 3 Alternative lipid emulsion (LE) versus soybean oil-based lipid
emulsion (S-LE) (see Appendix 3), Outcome 15 Any sepsis (clinical or culture positive (or both)).

Study or subgroup Alternative LE S-LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

3.15.1 MS-LE vs S-LE  

Savini 2013 8/30 4/30 100% 2[0.67,5.94]

Subtotal (95% CI) 30 30 100% 2[0.67,5.94]

Total events: 8 (Alternative LE), 4 (S-LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.25(P=0.21)  

   

3.15.2 OS-LE vs S-LE  

Demirel 2011 4/20 7/20 21.53% 0.57[0.2,1.65]

Gawecka 2008b 4/18 8/20 23.31% 0.56[0.2,1.54]

Köksal 2011 8/32 7/32 21.53% 1.14[0.47,2.78]

Savini 2013 4/29 4/30 12.09% 1.03[0.29,3.75]

Wang 2016 8/50 7/50 21.53% 1.14[0.45,2.91]

Subtotal (95% CI) 149 152 100% 0.87[0.56,1.36]

Total events: 28 (Alternative LE), 33 (S-LE)  

Heterogeneity: Tau2=0; Chi2=2.11, df=4(P=0.72); I2=0%  

Test for overall effect: Z=0.61(P=0.54)  

Test for subgroup differences: Chi2=1.92, df=1 (P=0.17), I2=48%  

Favours [Alternative LE] 50.2 20.5 1 Favours [S-LE]

 
 

Analysis 3.16.   Comparison 3 Alternative lipid emulsion (LE) versus soybean oil-
based lipid emulsion (S-LE) (see Appendix 3), Outcome 16 Culture-positive sepsis.

Study or subgroup Alternative LE S-LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

3.16.1 OS-LE vs S-LE  

Köksal 2011 3/32 2/32 22.22% 1.5[0.27,8.38]

Wang 2016 8/50 7/50 77.78% 1.14[0.45,2.91]

Subtotal (95% CI) 82 82 100% 1.22[0.54,2.78]

Total events: 11 (Alternative LE), 9 (S-LE)  

Heterogeneity: Tau2=0; Chi2=0.07, df=1(P=0.79); I2=0%  

Test for overall effect: Z=0.48(P=0.63)  

Favours [Alternative LE] 200.05 50.2 1 Favours [S-LE]

 
 

Analysis 3.17.   Comparison 3 Alternative lipid emulsion (LE) versus soybean oil-based
lipid emulsion (S-LE) (see Appendix 3), Outcome 17 Necrotising enterocolitis (≥ stage 2).

Study or subgroup Alternative LE S-LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

3.17.1 MS-LE vs S-LE  

Savini 2013 2/30 0/30 100% 5[0.25,99.95]

Subtotal (95% CI) 30 30 100% 5[0.25,99.95]

Total events: 2 (Alternative LE), 0 (S-LE)  

Heterogeneity: Not applicable  

Favours [Alternative LE] 10000.001 100.1 1 Favours [S-LE]
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Study or subgroup Alternative LE S-LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Test for overall effect: Z=1.05(P=0.29)  

   

3.17.2 OS-LE vs S-LE  

Savini 2013 1/29 0/30 100% 3.1[0.13,73.14]

Subtotal (95% CI) 29 30 100% 3.1[0.13,73.14]

Total events: 1 (Alternative LE), 0 (S-LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.7(P=0.48)  

Test for subgroup differences: Chi2=0.05, df=1 (P=0.83), I2=0%  

Favours [Alternative LE] 10000.001 100.1 1 Favours [S-LE]

 
 

Analysis 3.18.   Comparison 3 Alternative lipid emulsion (LE) versus soybean oil-based lipid
emulsion (S-LE) (see Appendix 3), Outcome 18 Intraventricular haemorrhage (grade III-IV).

Study or subgroup Alternative LE S-LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

3.18.1 OS-LE vs S-LE  

Demirel 2011 1/20 2/20 50% 0.5[0.05,5.08]

Köksal 2011 1/32 2/32 50% 0.5[0.05,5.24]

Subtotal (95% CI) 52 52 100% 0.5[0.1,2.61]

Total events: 2 (Alternative LE), 4 (S-LE)  

Heterogeneity: Tau2=0; Chi2=0, df=1(P=1); I2=0%  

Test for overall effect: Z=0.82(P=0.41)  

   

Total (95% CI) 52 52 100% 0.5[0.1,2.61]

Total events: 2 (Alternative LE), 4 (S-LE)  

Heterogeneity: Tau2=0; Chi2=0, df=1(P=1); I2=0%  

Test for overall effect: Z=0.82(P=0.41)  

Favours [Alternative LE] 500.02 100.1 1 Favours [S-LE]

 
 

Analysis 3.19.   Comparison 3 Alternative lipid emulsion (LE) versus soybean oil-based
lipid emulsion (S-LE) (see Appendix 3), Outcome 19 Periventricular leukomalacia.

Study or subgroup Alternative LE S-LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

3.19.1 OS-LE vs S-LE  

Köksal 2011 0/32 1/32 100% 0.33[0.01,7.89]

Subtotal (95% CI) 32 32 100% 0.33[0.01,7.89]

Total events: 0 (Alternative LE), 1 (S-LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.68(P=0.5)  

   

Total (95% CI) 32 32 100% 0.33[0.01,7.89]

Total events: 0 (Alternative LE), 1 (S-LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.68(P=0.5)  

Favours [Alternative LE] 5000.002 100.1 1 Favours [S-LE]
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Analysis 3.20.   Comparison 3 Alternative lipid emulsion (LE) versus soybean oil-
based lipid emulsion (S-LE) (see Appendix 3), Outcome 20 Any patent ductus arteriosus.

Study or subgroup Alternative LE S-LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

3.20.1 OS-LE vs S-LE  

Savini 2013 15/29 15/30 100% 1.03[0.63,1.71]

Subtotal (95% CI) 29 30 100% 1.03[0.63,1.71]

Total events: 15 (Alternative LE), 15 (S-LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.13(P=0.89)  

   

3.20.2 MS-LE vs S-LE  

Savini 2013 17/30 15/30 100% 1.13[0.7,1.82]

Subtotal (95% CI) 30 30 100% 1.13[0.7,1.82]

Total events: 17 (Alternative LE), 15 (S-LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.52(P=0.61)  

Test for subgroup differences: Chi2=0.07, df=1 (P=0.8), I2=0%  

Favours [Alternative LE] 20.5 1.50.7 1 Favours [S-LE]

 
 

Analysis 3.21.   Comparison 3 Alternative lipid emulsion (LE) versus soybean
oil-based lipid emulsion (S-LE) (see Appendix 3), Outcome 21 Air leaks.

Study or subgroup Alternative LE S-LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

3.21.1 OS-LE vs S-LE  

Köksal 2011 1/32 2/32 100% 0.5[0.05,5.24]

Subtotal (95% CI) 32 32 100% 0.5[0.05,5.24]

Total events: 1 (Alternative LE), 2 (S-LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.58(P=0.56)  

   

Total (95% CI) 32 32 100% 0.5[0.05,5.24]

Total events: 1 (Alternative LE), 2 (S-LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.58(P=0.56)  

Favours [Alternative LE] 2000.005 100.1 1 Favours [S-LE]

 
 

Analysis 3.22.   Comparison 3 Alternative lipid emulsion (LE) versus soybean oil-based lipid
emulsion (S-LE) (see Appendix 3), Outcome 22 Significant jaundice requiring treatment.

Study or subgroup Alternative LE S-LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

3.22.1 OS-LE vs S-LE  

Göbel 2003 5/24 3/21 26.23% 1.46[0.4,5.38]

Köksal 2011 8/32 9/32 73.77% 0.89[0.39,2.01]

Favours [Alternative LE] 50.2 20.5 1 Favours [S-LE]
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Study or subgroup Alternative LE S-LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Subtotal (95% CI) 56 53 100% 1.04[0.52,2.07]

Total events: 13 (Alternative LE), 12 (S-LE)  

Heterogeneity: Tau2=0; Chi2=0.4, df=1(P=0.53); I2=0%  

Test for overall effect: Z=0.11(P=0.92)  

Favours [Alternative LE] 50.2 20.5 1 Favours [S-LE]

 
 

Analysis 3.23.   Comparison 3 Alternative lipid emulsion (LE) versus soybean oil-based
lipid emulsion (S-LE) (see Appendix 3), Outcome 23 Duration of phototherapy (days).

Study or subgroup Alternative LE S-LE Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

3.23.1 OS-LE vs S-LE  

Gawecka 2008b 18 3.2 (1.3) 20 3.3 (1.8) 100% -0.1[-1.08,0.88]

Subtotal *** 18   20   100% -0.1[-1.08,0.88]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.2(P=0.84)  

Favours [Alternative LE] 21-2 -1 0 Favours [S-LE]

 
 

Analysis 3.24.   Comparison 3 Alternative lipid emulsion (LE) versus soybean oil-
based lipid emulsion (S-LE) (see Appendix 3), Outcome 24 Hypertriglyceridaemia.

Study or subgroup Alternative LE S-LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

3.24.1 OS-LE vs S-LE  

Demirel 2011 0/20 0/20   Not estimable

Gawecka 2008b 0/18 0/20   Not estimable

Köksal 2011 2/32 3/32 100% 0.67[0.12,3.73]

Subtotal (95% CI) 70 72 100% 0.67[0.12,3.73]

Total events: 2 (Alternative LE), 3 (S-LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.46(P=0.64)  

   

3.24.2 MS-LE vs S-LE  

Lehner 2006 0/6 0/6   Not estimable

Subtotal (95% CI) 6 6 Not estimable

Total events: 0 (Alternative LE), 0 (S-LE)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

Test for subgroup differences: Not applicable  

Favours [Alternative LE] 200.05 50.2 1 Favours [S-LE]
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Analysis 3.25.   Comparison 3 Alternative lipid emulsion (LE) versus soybean oil-
based lipid emulsion (S-LE) (see Appendix 3), Outcome 25 Hyperglycaemia.

Study or subgroup Alternative LE S-LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

3.25.1 OS-LE vs S-LE  

Köksal 2011 3/32 3/32 100% 1[0.22,4.59]

Subtotal (95% CI) 32 32 100% 1[0.22,4.59]

Total events: 3 (Alternative LE), 3 (S-LE)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

Total (95% CI) 32 32 100% 1[0.22,4.59]

Total events: 3 (Alternative LE), 3 (S-LE)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

Favours [Alternative LE] 2000.005 100.1 1 Favours [S-LE]

 
 

Analysis 3.26.   Comparison 3 Alternative lipid emulsion (LE) versus soybean oil-based
lipid emulsion (S-LE) (see Appendix 3), Outcome 26 Head growth velocity (cm/week).

Study or subgroup Alternative-LE S-LE Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

3.26.1 OS-LE vs S-LE  

Wang 2016 50 0.4 (0.2) 50 0.5 (0.2) 100% -0.08[-0.17,0.01]

Subtotal *** 50   50   100% -0.08[-0.17,0.01]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.7(P=0.09)  

   

Total *** 50   50   100% -0.08[-0.17,0.01]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.7(P=0.09)  

Favours [S-LE] 10.5-1 -0.5 0 Favours [Alternative LE]

 
 

Analysis 3.27.   Comparison 3 Alternative lipid emulsion (LE) versus soybean oil-based
lipid emulsion (S-LE) (see Appendix 3), Outcome 27 Conjugated bilirubin levels (µmol/L).

Study or subgroup Alternative LE S-LE Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

3.27.1 MS-LE vs S-LE  

Savini 2013 30 7.4 (6.8) 30 8.4 (6.8) 100% -1.03[-4.49,2.43]

Subtotal *** 30   30   100% -1.03[-4.49,2.43]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.58(P=0.56)  

   

3.27.2 OS-LE vs S-LE  

Deshpande 2009 24 2.7 (1.5) 21 3.4 (1.6) 75.34% -0.7[-1.61,0.21]

Göbel 2003 22 2.1 (4.8) 20 1.1 (4.5) 7.97% 1.06[-1.74,3.86]

Köksal 2011 32 15.4 (46.8) 32 13.7 (57.1) 0.1% 1.71[-23.87,27.29]

Favours [Alternative LE] 52.5-5 -2.5 0 Favours [S-LE]
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Study or subgroup Alternative LE S-LE Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Savini 2013 29 10.3 (8.6) 30 8.4 (6.8) 3.98% 1.88[-2.08,5.84]

Wang 2016 50 12.5 (6.2) 50 11.5 (5.1) 12.61% 1[-1.23,3.23]

Subtotal *** 157   153   100% -0.24[-1.03,0.55]

Heterogeneity: Tau2=0; Chi2=4.13, df=4(P=0.39); I2=3.08%  

Test for overall effect: Z=0.6(P=0.55)  

Test for subgroup differences: Chi2=0.19, df=1 (P=0.66), I2=0%  

Favours [Alternative LE] 52.5-5 -2.5 0 Favours [S-LE]

 
 

Comparison 4.   Alternative lipid emulsion (LE) vs another alternative-LE (see Appendix 3)

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Days to regain birth weight 1 59 Mean Difference (IV, Fixed, 95% CI) -2.0 [-5.73, 1.73]

1.1 MS-LE vs OS-LE 1 59 Mean Difference (IV, Fixed, 95% CI) -2.0 [-5.73, 1.73]

2 Growth rate (g/kg/day) 1 59 Mean Difference (IV, Fixed, 95% CI) -1.33 [-7.36, 4.70]

2.1 MS-LE vs OS-LE 1 59 Mean Difference (IV, Fixed, 95% CI) -1.33 [-7.36, 4.70]

3 Parenteral nutrition-asso-
ciated liver disease (PNALD)/
cholestasis (conjugated biliru-
bin ≥ 2 mg/dL)

1 59 Risk Ratio (M-H, Fixed, 95% CI) 2.90 [0.12, 68.50]

3.1 MS-LE vs OS-LE 1 59 Risk Ratio (M-H, Fixed, 95% CI) 2.90 [0.12, 68.50]

4 PNALD/cholestasis (any defi-
nition)

1 59 Risk Ratio (M-H, Fixed, 95% CI) 2.90 [0.12, 68.50]

4.1 MS-LE vs OS-LE 1 59 Risk Ratio (M-H, Fixed, 95% CI) 2.90 [0.12, 68.50]

5 Death before discharge 1 60 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

5.1 MS-LE vs OS-LE 1 60 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

6 Chronic lung disease (oxygen
requirement at 36 weeks)

1 59 Risk Ratio (M-H, Fixed, 95% CI) 0.77 [0.23, 2.60]

6.1 MS-LE vs OS-LE 1 59 Risk Ratio (M-H, Fixed, 95% CI) 0.77 [0.23, 2.60]

7 Any sepsis (clinical or culture
positive (or both))

1 59 Risk Ratio (M-H, Fixed, 95% CI) 1.93 [0.65, 5.73]

7.1 MS-LE vs OS-LE 1 59 Risk Ratio (M-H, Fixed, 95% CI) 1.93 [0.65, 5.73]

8 Necrotising enterocolitis (≥
stage 2)

1 59 Risk Ratio (M-H, Fixed, 95% CI) 1.93 [0.19, 20.18]

8.1 MS-LE vs OS-LE 1 59 Risk Ratio (M-H, Fixed, 95% CI) 1.93 [0.19, 20.18]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

9 Any patent ductus arteriosus 1 59 Risk Ratio (M-H, Fixed, 95% CI) 1.10 [0.68, 1.75]

9.1 MS-LE vs OS-LE 1 59 Risk Ratio (M-H, Fixed, 95% CI) 1.10 [0.68, 1.75]

10 Conjugated bilirubin levels
(µmol/L)

1   Mean Difference (IV, Fixed, 95% CI) Subtotals only

10.1 MS-LE vs OS-LE 1 59 Mean Difference (IV, Fixed, 95% CI) -2.91 [-6.87, 1.05]

 
 

Analysis 4.1.   Comparison 4 Alternative lipid emulsion (LE) vs another
alternative-LE (see Appendix 3), Outcome 1 Days to regain birth weight.

Study or subgroup MS-LE OS-LE Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

4.1.1 MS-LE vs OS-LE  

Savini 2013 30 12 (5) 29 14 (9) 100% -2[-5.73,1.73]

Subtotal *** 30   29   100% -2[-5.73,1.73]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.05(P=0.29)  

   

Total *** 30   29   100% -2[-5.73,1.73]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.05(P=0.29)  

Favours [MS-LE] 105-10 -5 0 Favours [OS-LE]

 
 

Analysis 4.2.   Comparison 4 Alternative lipid emulsion (LE) vs another
alternative-LE (see Appendix 3), Outcome 2 Growth rate (g/kg/day).

Study or subgroup MS-LE OS-LE Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

4.2.1 MS-LE vs OS-LE  

Savini 2013 30 3 (11.8) 29 4.3 (11.8) 100% -1.33[-7.36,4.7]

Subtotal *** 30   29   100% -1.33[-7.36,4.7]

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=0.43(P=0.67)  

   

Total *** 30   29   100% -1.33[-7.36,4.7]

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=0.43(P=0.67)  

Favours [OS-LE] 2010-20 -10 0 Favours [MS-LE]
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Analysis 4.3.   Comparison 4 Alternative lipid emulsion (LE) vs another alternative-LE (see Appendix 3),
Outcome 3 Parenteral nutrition-associated liver disease (PNALD)/cholestasis (conjugated bilirubin ≥ 2 mg/dL).

Study or subgroup MS-LE OS-LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

4.3.1 MS-LE vs OS-LE  

Savini 2013 1/30 0/29 100% 2.9[0.12,68.5]

Subtotal (95% CI) 30 29 100% 2.9[0.12,68.5]

Total events: 1 (MS-LE), 0 (OS-LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.66(P=0.51)  

   

Total (95% CI) 30 29 100% 2.9[0.12,68.5]

Total events: 1 (MS-LE), 0 (OS-LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.66(P=0.51)  

Favours [MS-LE] 10000.001 100.1 1 Favours [OS-LE]

 
 

Analysis 4.4.   Comparison 4 Alternative lipid emulsion (LE) vs another
alternative-LE (see Appendix 3), Outcome 4 PNALD/cholestasis (any definition).

Study or subgroup MS-LE OS-LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

4.4.1 MS-LE vs OS-LE  

Savini 2013 1/30 0/29 100% 2.9[0.12,68.5]

Subtotal (95% CI) 30 29 100% 2.9[0.12,68.5]

Total events: 1 (MS-LE), 0 (OS-LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.66(P=0.51)  

   

Total (95% CI) 30 29 100% 2.9[0.12,68.5]

Total events: 1 (MS-LE), 0 (OS-LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.66(P=0.51)  

Favours [MS-LE] 10000.001 100.1 1 Favours [OS-LE]

 
 

Analysis 4.5.   Comparison 4 Alternative lipid emulsion (LE) vs another
alternative-LE (see Appendix 3), Outcome 5 Death before discharge.

Study or subgroup MS-LE OS-LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

4.5.1 MS-LE vs OS-LE  

Savini 2013 0/30 0/30   Not estimable

Subtotal (95% CI) 30 30 Not estimable

Total events: 0 (MS-LE), 0 (OS-LE)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

Total (95% CI) 30 30 Not estimable

Favours [MS-LE] 1000.01 100.1 1 Favours [OS-LE]
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Study or subgroup MS-LE OS-LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Total events: 0 (MS-LE), 0 (OS-LE)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

Favours [MS-LE] 1000.01 100.1 1 Favours [OS-LE]

 
 

Analysis 4.6.   Comparison 4 Alternative lipid emulsion (LE) vs another alternative-
LE (see Appendix 3), Outcome 6 Chronic lung disease (oxygen requirement at 36 weeks).

Study or subgroup MS-LE OS-LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

4.6.1 MS-LE vs OS-LE  

Savini 2013 4/30 5/29 100% 0.77[0.23,2.6]

Subtotal (95% CI) 30 29 100% 0.77[0.23,2.6]

Total events: 4 (MS-LE), 5 (OS-LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.42(P=0.68)  

   

Total (95% CI) 30 29 100% 0.77[0.23,2.6]

Total events: 4 (MS-LE), 5 (OS-LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.42(P=0.68)  

Favours [MS-LE] 500.02 100.1 1 Favours [OS-LE]

 
 

Analysis 4.7.   Comparison 4 Alternative lipid emulsion (LE) vs another alternative-
LE (see Appendix 3), Outcome 7 Any sepsis (clinical or culture positive (or both)).

Study or subgroup MS-LE OS-LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

4.7.1 MS-LE vs OS-LE  

Savini 2013 8/30 4/29 100% 1.93[0.65,5.73]

Subtotal (95% CI) 30 29 100% 1.93[0.65,5.73]

Total events: 8 (MS-LE), 4 (OS-LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.19(P=0.23)  

   

Total (95% CI) 30 29 100% 1.93[0.65,5.73]

Total events: 8 (MS-LE), 4 (OS-LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.19(P=0.23)  

Favours [MS-LE] 200.05 50.2 1 Favours [OS-LE]
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Analysis 4.8.   Comparison 4 Alternative lipid emulsion (LE) vs another
alternative-LE (see Appendix 3), Outcome 8 Necrotising enterocolitis (≥ stage 2).

Study or subgroup MS-LE OS-LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

4.8.1 MS-LE vs OS-LE  

Savini 2013 2/30 1/29 100% 1.93[0.19,20.18]

Subtotal (95% CI) 30 29 100% 1.93[0.19,20.18]

Total events: 2 (MS-LE), 1 (OS-LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.55(P=0.58)  

   

Total (95% CI) 30 29 100% 1.93[0.19,20.18]

Total events: 2 (MS-LE), 1 (OS-LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.55(P=0.58)  

Favours [MS-LE] 10000.001 100.1 1 Favours [OS-LE]

 
 

Analysis 4.9.   Comparison 4 Alternative lipid emulsion (LE) vs another
alternative-LE (see Appendix 3), Outcome 9 Any patent ductus arteriosus.

Study or subgroup MS-LE OS-LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

4.9.1 MS-LE vs OS-LE  

Savini 2013 17/30 15/29 100% 1.1[0.68,1.75]

Subtotal (95% CI) 30 29 100% 1.1[0.68,1.75]

Total events: 17 (MS-LE), 15 (OS-LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.38(P=0.7)  

   

Total (95% CI) 30 29 100% 1.1[0.68,1.75]

Total events: 17 (MS-LE), 15 (OS-LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.38(P=0.7)  

Favours [MS-LE] 20.5 1.50.7 1 Favours [OS-LE]

 
 

Analysis 4.10.   Comparison 4 Alternative lipid emulsion (LE) vs another
alternative-LE (see Appendix 3), Outcome 10 Conjugated bilirubin levels (µmol/L).

Study or subgroup MS-LE OS-LE Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

4.10.1 MS-LE vs OS-LE  

Savini 2013 30 7.4 (6.8) 29 10.3 (8.6) 100% -2.91[-6.87,1.05]

Subtotal *** 30   29   100% -2.91[-6.87,1.05]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.44(P=0.15)  

Favours [MS-LE] 105-10 -5 0 Favours [OS-LE]
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Comparison 5.   Fish oil lipid emulsion (LE) vs non-fish oil LE in preterm infants with surgical conditions (see
Appendix 3)

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Parenteral nutrition-asso-
ciated liver disease (PNALD)/
cholestasis (conjugated bilirubin
≥ 2 mg/dL)

1 19 Risk Ratio (M-H, Fixed, 95% CI) 1.11 [0.08, 15.28]

1.1 Pure F-LE vs S-LE 1 19 Risk Ratio (M-H, Fixed, 95% CI) 1.11 [0.08, 15.28]

2 Death before discharge 1 19 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

2.1 Pure F-LE vs S-LE 1 19 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

3 Culture-positive sepsis 1 19 Risk Ratio (M-H, Fixed, 95% CI) 1.11 [0.39, 3.19]

3.1 Pure F-LE vs S-LE 1 19 Risk Ratio (M-H, Fixed, 95% CI) 1.11 [0.39, 3.19]

4 Hypertriglyceridemia 1 19 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

4.1 Pure F-LE vs S-LE 1 19 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

5 Conjugated bilirubin levels
(µmol/L)

1 14 Mean Difference (IV, Fixed, 95%
CI)

0.0 [-11.30, 11.30]

5.1 Pure F-LE vs S-LE 1 14 Mean Difference (IV, Fixed, 95%
CI)

0.0 [-11.30, 11.30]

 
 

Analysis 5.1.   Comparison 5 Fish oil lipid emulsion (LE) vs non-fish oil LE in preterm
infants with surgical conditions (see Appendix 3), Outcome 1 Parenteral nutrition-

associated liver disease (PNALD)/cholestasis (conjugated bilirubin ≥ 2 mg/dL).

Study or subgroup Fish oil LE Non-fish oil LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

5.1.1 Pure F-LE vs S-LE  

Nehra 2014 1/9 1/10 100% 1.11[0.08,15.28]

Subtotal (95% CI) 9 10 100% 1.11[0.08,15.28]

Total events: 1 (Fish oil LE), 1 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.08(P=0.94)  

   

Total (95% CI) 9 10 100% 1.11[0.08,15.28]

Total events: 1 (Fish oil LE), 1 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.08(P=0.94)  

Favours [Fish oil LE] 10000.001 100.1 1 Favours [Non-fish oil LE]
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Analysis 5.2.   Comparison 5 Fish oil lipid emulsion (LE) vs non-fish oil LE in preterm
infants with surgical conditions (see Appendix 3), Outcome 2 Death before discharge.

Study or subgroup Fish oil LE Non-fish oil LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

5.2.1 Pure F-LE vs S-LE  

Nehra 2014 0/9 0/10   Not estimable

Subtotal (95% CI) 9 10 Not estimable

Total events: 0 (Fish oil LE), 0 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

Total (95% CI) 9 10 Not estimable

Total events: 0 (Fish oil LE), 0 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

Favours [Fish oil LE] 1000.01 100.1 1 Favours [Non-fish oil LE]

 
 

Analysis 5.3.   Comparison 5 Fish oil lipid emulsion (LE) vs non-fish oil LE in preterm
infants with surgical conditions (see Appendix 3), Outcome 3 Culture-positive sepsis.

Study or subgroup Fish oil LE Non-fish oil LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

5.3.1 Pure F-LE vs S-LE  

Nehra 2014 4/9 4/10 100% 1.11[0.39,3.19]

Subtotal (95% CI) 9 10 100% 1.11[0.39,3.19]

Total events: 4 (Fish oil LE), 4 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.2(P=0.84)  

   

Total (95% CI) 9 10 100% 1.11[0.39,3.19]

Total events: 4 (Fish oil LE), 4 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.2(P=0.84)  

Favours [Fish oil LE] 1000.01 100.1 1 Favours [Non-fish oil LE]

 
 

Analysis 5.4.   Comparison 5 Fish oil lipid emulsion (LE) vs non-fish oil LE in preterm
infants with surgical conditions (see Appendix 3), Outcome 4 Hypertriglyceridemia.

Study or subgroup Fish oil LE Non-fish oil LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

5.4.1 Pure F-LE vs S-LE  

Nehra 2014 0/9 0/10   Not estimable

Subtotal (95% CI) 9 10 Not estimable

Total events: 0 (Fish oil LE), 0 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

Total (95% CI) 9 10 Not estimable

Favours [Fish oil LE] 1000.01 100.1 1 Favours [Non-fish oil LE]
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Study or subgroup Fish oil LE Non-fish oil LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Total events: 0 (Fish oil LE), 0 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

Favours [Fish oil LE] 1000.01 100.1 1 Favours [Non-fish oil LE]

 
 

Analysis 5.5.   Comparison 5 Fish oil lipid emulsion (LE) vs non-fish oil LE in preterm infants
with surgical conditions (see Appendix 3), Outcome 5 Conjugated bilirubin levels (µmol/L).

Study or subgroup Fish oil LE Non-fish oil LE Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

5.5.1 Pure F-LE vs S-LE  

Nehra 2014 7 5.1 (11.4) 7 5.1 (10.1) 100% 0[-11.3,11.3]

Subtotal *** 7   7   100% 0[-11.3,11.3]

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

Total *** 7   7   100% 0[-11.3,11.3]

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

Favours [Fish oil LE] 10050-100 -50 0 Favours [Non-fish oil LE]

 
 

Comparison 6.   Fish oil lipid emulsion (LE) vs non-fish oil LE in preterm infants with cholestasis (see Appendix 3)

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Growth rate (g/week) 1 16 Mean Difference (IV, Fixed, 95% CI) 45.0 [15.00, 75.00]

1.1 Pure F-LE vs S-LE 1 16 Mean Difference (IV, Fixed, 95% CI) 45.0 [15.00, 75.00]

2 Resolution of parenteral
nutrition-associated liver dis-
ease (PNALD)/cholestasis
(conjugated bilirubin < 2 mg/
dL)

1 16 Risk Ratio (M-H, Fixed, 95% CI) 5.6 [0.34, 93.35]

2.1 Pure F-LE vs IL 1 16 Risk Ratio (M-H, Fixed, 95% CI) 5.6 [0.34, 93.35]

3 PNALD/cholestasis (any de-
finition)

2 40 Risk Ratio (M-H, Fixed, 95% CI) 0.54 [0.32, 0.91]

3.1 MOFS-LE vs S-LE 1 24 Risk Ratio (M-H, Fixed, 95% CI) 0.39 [0.14, 1.10]

3.2 Pure F-LE vs S-LE 1 16 Risk Ratio (M-H, Fixed, 95% CI) 0.69 [0.43, 1.13]

4 Death before discharge 2 40 Risk Ratio (M-H, Fixed, 95% CI) 0.24 [0.03, 1.87]

4.1 MOFS-LE vs S-LE 1 24 Risk Ratio (M-H, Fixed, 95% CI) 0.39 [0.02, 8.69]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

4.2 Pure F-LE vs S-LE 1 16 Risk Ratio (M-H, Fixed, 95% CI) 0.16 [0.01, 2.88]

5 Any sepsis 2 40 Risk Ratio (M-H, Fixed, 95% CI) 1.21 [0.50, 2.92]

5.1 MOFS-LE vs S-LE 1 24 Risk Ratio (M-H, Fixed, 95% CI) 1.48 [0.52, 4.18]

5.2 Pure F-LE vs S-LE 1 16 Risk Ratio (M-H, Fixed, 95% CI) 0.78 [0.14, 4.23]

6 Hyperglycaemia 1 24 Risk Ratio (M-H, Fixed, 95% CI) 1.48 [0.52, 4.18]

7 Head growth velocity (cm/
week)

1 16 Mean Difference (IV, Fixed, 95% CI) 0.16 [-0.01, 0.33]

7.1 Pure F-LE vs S-LE 1 16 Mean Difference (IV, Fixed, 95% CI) 0.16 [-0.01, 0.33]

8 Conjugated bilirubin levels
(µmol/L)

1 24 Mean Difference (IV, Fixed, 95% CI) -47.0 [-71.65, -22.35]

8.1 MOFS-LE vs S-LE 1 24 Mean Difference (IV, Fixed, 95% CI) -47.0 [-71.65, -22.35]

 
 

Analysis 6.1.   Comparison 6 Fish oil lipid emulsion (LE) vs non-fish oil LE in preterm
infants with cholestasis (see Appendix 3), Outcome 1 Growth rate (g/week).

Study or subgroup FIsh oil LE Non-fish oil LE Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

6.1.1 Pure F-LE vs S-LE  

Lam 2014 9 128 (32.5) 7 83 (28.6) 100% 45[15,75]

Subtotal *** 9   7   100% 45[15,75]

Heterogeneity: Not applicable  

Test for overall effect: Z=2.94(P=0)  

   

Total *** 9   7   100% 45[15,75]

Heterogeneity: Not applicable  

Test for overall effect: Z=2.94(P=0)  

Favours [Non-fish oil LE] 200100-200 -100 0 Favours [Fish oil LE]

 
 

Analysis 6.2.   Comparison 6 Fish oil lipid emulsion (LE) vs non-fish oil LE in preterm
infants with cholestasis (see Appendix 3), Outcome 2 Resolution of parenteral nutrition-

associated liver disease (PNALD)/cholestasis (conjugated bilirubin < 2 mg/dL).

Study or subgroup FIsh oil LE Non-fish oil LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

6.2.1 Pure F-LE vs IL  

Lam 2014 3/9 0/7 100% 5.6[0.34,93.35]

Subtotal (95% CI) 9 7 100% 5.6[0.34,93.35]

Total events: 3 (FIsh oil LE), 0 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Favours [Non-Fish oil LE] 2000.005 100.1 1 Favours [Fish oil LE]
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Study or subgroup FIsh oil LE Non-fish oil LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Test for overall effect: Z=1.2(P=0.23)  

   

Total (95% CI) 9 7 100% 5.6[0.34,93.35]

Total events: 3 (FIsh oil LE), 0 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.2(P=0.23)  

Favours [Non-Fish oil LE] 2000.005 100.1 1 Favours [Fish oil LE]

 
 

Analysis 6.3.   Comparison 6 Fish oil lipid emulsion (LE) vs non-fish oil LE in preterm
infants with cholestasis (see Appendix 3), Outcome 3 PNALD/cholestasis (any definition).

Study or subgroup FIsh oil LE Non-fish oil LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

6.3.1 MOFS-LE vs S-LE  

Diamond 2017 3/11 9/13 49.75% 0.39[0.14,1.1]

Subtotal (95% CI) 11 13 49.75% 0.39[0.14,1.1]

Total events: 3 (FIsh oil LE), 9 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.77(P=0.08)  

   

6.3.2 Pure F-LE vs S-LE  

Lam 2014 6/9 7/7 50.25% 0.69[0.43,1.13]

Subtotal (95% CI) 9 7 50.25% 0.69[0.43,1.13]

Total events: 6 (FIsh oil LE), 7 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.47(P=0.14)  

   

Total (95% CI) 20 20 100% 0.54[0.32,0.91]

Total events: 9 (FIsh oil LE), 16 (Non-fish oil LE)  

Heterogeneity: Tau2=0; Chi2=1.32, df=1(P=0.25); I2=24.18%  

Test for overall effect: Z=2.31(P=0.02)  

Test for subgroup differences: Chi2=0.94, df=1 (P=0.33), I2=0%  

Favours [Fish oil LE] 1000.01 100.1 1 Favours [Non-Fish oil LE]

 
 

Analysis 6.4.   Comparison 6 Fish oil lipid emulsion (LE) vs non-fish oil LE in preterm
infants with cholestasis (see Appendix 3), Outcome 4 Death before discharge.

Study or subgroup FIsh oil LE Non-fish oil LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

6.4.1 MOFS-LE vs S-LE  

Diamond 2017 0/11 1/13 33.26% 0.39[0.02,8.69]

Subtotal (95% CI) 11 13 33.26% 0.39[0.02,8.69]

Total events: 0 (FIsh oil LE), 1 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.6(P=0.55)  

   

6.4.2 Pure F-LE vs S-LE  

Favours [Fish oil LE] 1000.01 100.1 1 Favours [Non-fish oil LE]
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Study or subgroup FIsh oil LE Non-fish oil LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Lam 2014 0/9 2/7 66.74% 0.16[0.01,2.88]

Subtotal (95% CI) 9 7 66.74% 0.16[0.01,2.88]

Total events: 0 (FIsh oil LE), 2 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.24(P=0.21)  

   

Total (95% CI) 20 20 100% 0.24[0.03,1.87]

Total events: 0 (FIsh oil LE), 3 (Non-fish oil LE)  

Heterogeneity: Tau2=0; Chi2=0.17, df=1(P=0.68); I2=0%  

Test for overall effect: Z=1.37(P=0.17)  

Test for subgroup differences: Chi2=0.17, df=1 (P=0.68), I2=0%  

Favours [Fish oil LE] 1000.01 100.1 1 Favours [Non-fish oil LE]

 
 

Analysis 6.5.   Comparison 6 Fish oil lipid emulsion (LE) vs non-fish oil LE in
preterm infants with cholestasis (see Appendix 3), Outcome 5 Any sepsis.

Study or subgroup FIsh oil LE Non-fish oil LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

6.5.1 MOFS-LE vs S-LE  

Diamond 2017 5/11 4/13 61.97% 1.48[0.52,4.18]

Subtotal (95% CI) 11 13 61.97% 1.48[0.52,4.18]

Total events: 5 (FIsh oil LE), 4 (Non-fish oil LE)  

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=0.73(P=0.46)  

   

6.5.2 Pure F-LE vs S-LE  

Lam 2014 2/9 2/7 38.03% 0.78[0.14,4.23]

Subtotal (95% CI) 9 7 38.03% 0.78[0.14,4.23]

Total events: 2 (FIsh oil LE), 2 (Non-fish oil LE)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.29(P=0.77)  

   

Total (95% CI) 20 20 100% 1.21[0.5,2.92]

Total events: 7 (FIsh oil LE), 6 (Non-fish oil LE)  

Heterogeneity: Tau2=0; Chi2=0.4, df=1(P=0.53); I2=0%  

Test for overall effect: Z=0.43(P=0.67)  

Test for subgroup differences: Chi2=0.4, df=1 (P=0.53), I2=0%  

Favours [Fish oil LE] 1000.01 100.1 1 Favours [Non-fish oil LE]

 
 

Analysis 6.6.   Comparison 6 Fish oil lipid emulsion (LE) vs non-fish oil LE in
preterm infants with cholestasis (see Appendix 3), Outcome 6 Hyperglycaemia.

Study or subgroup FIsh oil LE Non-fish oil LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Diamond 2017 5/11 4/13 100% 1.48[0.52,4.18]

   

Total (95% CI) 11 13 100% 1.48[0.52,4.18]

Favours fish oil LE 1000.01 100.1 1 Favours non-fish oil LE
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Study or subgroup FIsh oil LE Non-fish oil LE Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Total events: 5 (FIsh oil LE), 4 (Non-fish oil LE)  

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=0.73(P=0.46)  

Favours fish oil LE 1000.01 100.1 1 Favours non-fish oil LE

 
 

Analysis 6.7.   Comparison 6 Fish oil lipid emulsion (LE) vs non-fish oil LE in preterm
infants with cholestasis (see Appendix 3), Outcome 7 Head growth velocity (cm/week).

Study or subgroup FIsh oil LE Non-fish oil LE Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

6.7.1 Pure F-LE vs S-LE  

Lam 2014 9 0.5 (0.2) 7 0.3 (0.2) 100% 0.16[-0.01,0.33]

Subtotal *** 9   7   100% 0.16[-0.01,0.33]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.81(P=0.07)  

   

Total *** 9   7   100% 0.16[-0.01,0.33]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.81(P=0.07)  

Favours non-fish oil LE 0.50.25-0.5 -0.25 0 Favours fish oil LE

 
 

Analysis 6.8.   Comparison 6 Fish oil lipid emulsion (LE) vs non-fish oil LE in preterm
infants with cholestasis (see Appendix 3), Outcome 8 Conjugated bilirubin levels (µmol/L).

Study or subgroup FIsh oil LE Non-fish oil LE Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

6.8.1 MOFS-LE vs S-LE  

Diamond 2017 11 22 (26.8) 13 69 (34.8) 100% -47[-71.65,-22.35]

Subtotal *** 11   13   100% -47[-71.65,-22.35]

Heterogeneity: Not applicable  

Test for overall effect: Z=3.74(P=0)  

   

Total *** 11   13   100% -47[-71.65,-22.35]

Heterogeneity: Not applicable  

Test for overall effect: Z=3.74(P=0)  

Favours fish oil LE 10050-100 -50 0 Favours non-fish oil LE
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A D D I T I O N A L   T A B L E S

Intervention: alternative lipid emulsion Control: conventional pure soybean oil-based lipid emulsionStudy

Lipid emul-

siona

n Boys Gestation

(weeks)b

Birth weight

(g)b

Lipid emulsion n Boys Gestation

(weeks)b

Birth

weight (g)b

Beken 2014 SMOFlipid 40 24 30 (28–31)c 1092 (224) 20% Intralipid 40 22 30 (27–31)c 1160 (251)

Biagetti 2016 MFS-LE 26 NA 28.7 (2) 1010 (127) MS-LE 26 NA 28.8 (2.28) 1020 (179)

D'Ascenzo 2011 MFS-LE 24 NA 28.8 (2.28) 1017 (203) MS-LE 24 NA 27.8 (1.42) 1009 (211)

D'Ascenzo 2014 SMOFlipid 39 24 27.5 (3.4) 898.5 (309.4) 20% Intralipid 41 23 28.1 (3.1) 941 (299)

Demirel 2011 ClinOleic 20 9 30.3 (2.5) 1300.2 (480) 20% Intralipid 20 12 29.2 (3.5) 1252.5 (458)

Deshpande
2009

ClinOleic 24 14 26.1 (1.3) 848.2 (184.2) 20% Intralipid 21 10 25.9 (1.2) 801.2 (210.9)

Deshpande
2014

SMOFlipid 17 7 26.73 (1.62) 935.58 (163.34) ClinOleic 17 7 26.45 (1.92) 906.76
(313.42)

Diamond 2017 SMOFlipid 11 6 34.5 (3.18) 2390 (666.7) 20% Intralipid 13 7 35.2 (2.88) 2550 (629.6)

Gawecka
2008b

ClinOleic 18 9 27 (1) 936 (218) 20% Intralipid 20 9 27 (2) 924 (221)

Göbel 2003 ClinOleic 24 18 31.4 (2.4) 1577 (378) 20% Intralipid 21 11 32 (1.8) 1694 (475)

Hsiao 2018 SMOFlipid 30 14 28.5 (2.9) 1004 (265) Lipovenoes 30 15 28.3 (2.9) 962 (194)

Köksal 2011 ClinOleic 32 14 30.2 (1.3) 1520 (420) 20% Intralipid 32 16 30.4 (1.6) 1460 (280)

Lam 2014 10%
Omegaven

9 6 29 (4.44) 1410 (1403.7) 10% Intralipid 7 4 29 (8.14) 1240
(970.37)

Lehner 2006 20% Lipo-
fundin
(MCT)

6 6 31.4 (1.6) 1573.3(169.8) 20% Lipo-
fundin N

6 3 33.2 (1.0) 1781.7
(290.3)

Najm 2017 SMOFlipid 41 24 25.5 (1.3) 799 (225) ClinOleic 37 19 25.6 (1.6) 799 (225)

Table 1.   Baseline characteristics of included studies 
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Nehra 2014 10%
Omegaven

9 6 36 (0.74) 2450 (129.62) 20% Intralipid 10 4 34.5 (1.48) 2250 (444.4)

Pawlik 2014 OFS-LE 60 27 28 (25-31)c 930 (580-1250)c ClinOleic 70 28 28 (24-31)c 940

(650-1250)c

Rayyan 2012 SMOFlipid 26 8 29.9 (1.9) 1335.6 (408.8) 20% Intralipid 27 16 30.4 (1.8) 1364.1
(339.7)

Repa 2018 SMOFlipid 110 64 25.87 (1.88) 788 (180) 20% Intralipid 113 73 26.285 (2.22) 760 (202.96)

Rubin 1994 20% Lipo-
fundin
(MCT)

15 11 31.6 (2.3) 1570 (400)

Rubin 1994 PFE 4501 16 9 30.5 (2.7) 1390 (500)

20% Intralipid 18 11 31.4 (2.1) 1420 (400)

Roggero 2010 ClinOleic 12 5 30.6 (1.7) 1338 (209)

Roggero 2010 20% Lipo-
fundin
(MCT)

12 6 30.7 (1.9) 1305 (332)

20% Intralipid 12 7 30.8 (2.3) 1247 (239)

Savini 2013 Lipofundin
(MCT)

30 14 27.7 (1.8) 937 (222)

Savini 2013 Lipidem
(MFS)

27 14 28.3 (2.3) 935 (202)

Savini 2013 ClinOleic 29 13 27.7 (2.4) 905 (160)

Savini 2013 SMOFlipid 28 12 27.6 (2) 898 (199)

20% Intralipid 30 13 28.3 (2.1) 955 (202)

Skouroliakou
2010

SMOFlipid 14 NA 28.21 (2.9) 1140 (260) 20% Intralipid 18 NA 30.3 (1.5) 1210 (170)

Skouroliakou
2016

SMOFlipid 25 15 29.2 (1.6) 1331 (290) 20% Intralipid 26 14 29.1 (1.3) 1271 (199)

Techasatid
2017

SMOFlipid 22 8 27.6 (2.2) 947 (208) 20% Intralipid 22 8 28.4 (1.2) 1,060 (119)

Table 1.   Baseline characteristics of included studies  (Continued)
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Tomsits 2010 SMOFlipid 30 NA 31.7 (1.90) 1661.7 (418) 20% Intralipid 30 NA 31.9 (1.8) 1676.7
(411.5)

Uthaya 2016 SMOFlipid 85 48 27.6 (2.24) 1055.1 (313.8) 20% Intralipid 83 49 27.9 (1.99) 1034.9
(283.9)

Vlaardinger-
broek 2014

SMOFlipid 48 23 27.1 (2.3) 855 (226) 20% Intralipid 48 18 27.2 (1.9) 888 (204)

Wang 2016 ClinOleic 50 26 32.20 (1.7) 1486.6 (253.8) 20% Intralipid 50 31 30.8 (4.9) 1469.8
(250.5)

Table 1.   Baseline characteristics of included studies  (Continued)

aSee Appendix 1 for details of the constituents of lipid emulsions.
bGestation and birth weight are presented as mean (standard deviation).
cMedian (range).
MCT: medium-chain triglyceride; MFS-LE: medium-chain triglyceride-fish-soybean lipid emulsion; MS-LE: medium-chain triglyceride-soybean oil-based lipid emulsion; OFS-LE:
olive-fish-soybean oil-lipid emulsion; n: number of participants; NA: not available.
Rubin 1994 and Roggero 2010 had three intervention arms each and Savini 2013 had five intervention arms; total enrolled infants were more than the total number of infants
for which the baseline characteristics and results were available due to withdrawals).
 
 

Study n Death

be-
fore

D/C

Growth

rate

(g/
kg/
day)

IH-
CL

Days

to

re-
gain

bw

BPD Vent

dur

(days)

O2

(days)

Sep-
sis

NEC IVH

3–4

HB PTx

(d)

HG HTG PNALD

or

resol.

PDA ROP Cbil Neu-
ro-

dev

Beken 2014 80 Y — — — Y Y Y Y Y Y — — Y — Y — Y Y —

Biagetti 2016 52 — — — — — — — — — — — — — — — — — — —

D'Ascenzo 2011 47 — NU — — — — — — — — — — — — — — — Y —

D'Ascenzo 2014 80 Y Y — Y Y — — Y Y Y — — — NU Y Y Y Y —

Demirel 2011 40 — NU — — NU — — Y NU Y — — — Y — — NU — —

Deshpande 2009 45 — NU — — — — — NU — NU — — — — — — — Y —

Table 2.   Outcome measures reported in studies comparing alternative-LE versus pure soybean oil-based LE 
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Deshpande 2014 34 Y NU — — Y — — NU — Y — — — — NU Y — Y —

Diamond 2017 24   NU — — — — — Y Y — — — Y Y Y — — Y —

Gawecka 2008b 38 — — — — Y Y Y Y Y* NU — Y — — Y — NU Y —

Göbel 2003 45 — — — — — — — — — — Y — — — — — — Y —

Hsiao 2018 60 Y Y — — Y Y Y Y Y Y — — — — Y   Y NU —

Köksal 2011 64 Y Y — Y Y Y Y Y Y* Y Y — Y Y Y — NU Y —

Lam 2014 16 Y Y — — — — — — — — — — — — Y — — Y —

Lehner 2006 12 — NU — — — — — — — — — — — Y — — — — —

Najm 2017 78 Y NU — — Y — — Y Y — — — — — Y Y Y — —

Nehra 2014 19 Y NU — — — — — Y — — — — — — Y — — Y Y

Pawlik 2014 130 Y NU — — Y — — Y Y Y* — — — — Y Y Y — —

Rayyan 2012 53 Y Y — — — NU — NU* — — NU — NU NU NU — — Y —

Repa 2018 223 Y Y — — Y Y — Y Y Y — — — Y Y Y Y Y —

Roggero 2010 36 — — — — — — — — — — — — — — — — — — —

Rubin 1994 59 — NU — — — — — — — — — — NU — — — — — —

Savini 2013 150 Y Y — Y Y — — Y Y — — — — — Y Y Y Y —

Skouroliakou 2010 32 — NU — — — Y — Y — — — Y Y — — — — — —

Skouroliakou 2016 51 Y — — — Y — — Y — — — — — — Y — — Y —

Techasatid 2017 44 Y NU — — Y Y — Y Y Y — — — — Y Y Y Y —

Tomsits 2010 60 — Y — — — Y* Y* NU* — — — — NU NU — — — — —

Uthaya 2016 168 Y NU Y — — — — Y Y — — — — — Y — — — —

Table 2.   Outcome measures reported in studies comparing alternative-LE versus pure soybean oil-based LE  (Continued)
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Vlaardingerbroek 2014 96 Y Y — Y Y Y — Y Y Y — — — Y Y Y Y Y —

Wang 2016 100 Y NU — Y Y Y — Y NU — — — — — Y — — Y —

Table 2.   Outcome measures reported in studies comparing alternative-LE versus pure soybean oil-based LE  (Continued)

—: outcome not reported; BPD: bronchopulmonary dysplasia; bw: birth weight; Cbil: conjugated bilirubin; d: days; D/C: discharge; HB: hyperbilirubinaemia; HG: hyperglycaemia;
HTG: hypertriglyceridaemia; IHCL: intrahepatocellular lipid content; IVH: intraventricular haemorrhage stage III/IV; LE: lipid emulsion; n: total enrolled infants in the study; NEC:
necrotising enterocolitis > stage 2; Neurodev: neurodevelopmental outcome; NU: data provided in a format not usable in meta-analysis or reported as "no diMerence between
groups"; O2: duration of supplemental oxygen; PNALD: parenteral nutrition-associated liver disease; PTx: phototherapy; ROP: retinopathy of prematurity; Vent dur: ventilation

duration; Y: data reported and used in the meta-analysis.
* Indicates composite outcome or combined stages reported.
Not all outcomes could be presented due to space constraints.
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Appendix 1. Constituents of lipid emulsions used in the studies included in the review.

Constituents 20% In-
tralipid
(Fre-
senius
Kabi)

Lipoven
(Fre-
senius
Kabi)

Liposyn
III (Hos-
pira)

PFE
4501
Pharma-
cia Swe-
den*

Lipo-
fundin-MCT/
LCT
20% (B
Braun)

Struc-
tolipid
20%
(Fre-
senius
Kabi)

Lipove-
noes-MCT

(Fre-
senius
Kabi)

ClinOle-
ic 20%

(Baxter)

Omegaven

(Fre-
senius
Kabi)

Lipo-
dem

(B
Braun)

20%
SMOFlipid

(Fre-
senius
Kabi)

Oil source (%)

Soybean oil 100 100 100 85 50 64 50 20 — 40 30

Coconut (MCT) oil — — — — 50 36 50 — — 50 30

Olive oil — — — — — — — 80 — — 25

Fish oil — — — — — — — — 100 10 15

Borage oil — — — 15 — — — — — — —

Composition of major fatty acids: % by weight of total fatty acids

MCTs

Caproic acid (6:0) — — — — 0.5 0.1 0.2 — — — Trace

Caprylic acid (8:0) — — — — 29 26 30 — — 30 17

Capric acid (10:0) — — — — 20 10 17 — — 19 12

Lauric acid (12:0) — — — — 1 0.2 0.2 — — — 0.2

Long-chain triacylglycerols

Myristic acid (14:0) 0.2 — Trace — — — Trace 0.2 5 0.5 1

Palmitic acid (16:0) 10.8 12 11 11.2 7 7 7 12 12 6 9

Palmitoleic acid (16:1 ω-7) — — Trace — — — 0.2 1.5 9 0.6 2

Stearic acid (18:0) 4.2 5 4 4.1 2 3 3 2 4 2 3
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Oleic acid (18:1 ω-9) 24 24 23 — 11 14 13 62 15 8 29

ω-6/ω-3 ratio 7:1 7:1 7:1 — 7:1 7:1 7:1 9:1 1:8 2.7:1 2.5:1

ω-6 long-chain triacylglycerols

Linoleic acid (18:2 ω-6) 53 53 53 50.8 29 35 27 19 4.4 24 19

Arachidonic acid (20:4 ω-6) 0.1 — — — 0.2 — — 0.5 2 — 0.5

ω-3 long-chain triacylglycerols

α-linolenic acid (18:3 ω-3) 7 8 8.3 5.9 4 5 4 2 1.8 3 2

EPA (20:5 ω-3) — — — — — — — — 19 3 3

DHA (22:6 ω-3) — — — — — — — 0.5 12 2 2

α-tocopherol (mg/L) 38 — — — 85 ± 20 6.9 — 32 150–296 190 200

Other constituents

Phytosterols (mg/L)* 439.1 ±
5.7

— — — 278.14 ±
5.09

— — 274.4 ±
2.6

0 — 207

γ-linolenic acid (GLA; 18:3 ω-6) — — — 3.2 — — — — — — —

L-Carnitine — — — 0.4 — — — — — — —

  (Continued)
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Data collated from multiple sources including Vanek 2012; Vlaardingerbroek 2012; Wanten 2007; Xu 2012 and other references in the review.

DHA: docosahexaenoic acid; EPA: eicosapentaenoic acid; MCT: medium-chain triacylglycerol, NP: not provided.

Lipoven is also known as Lipovenoes; Lipidem is also known as Lipoplus.

*Pharmacia group merged with Pfizer in 2002. No recent trials with PFE 4501 were identified and the current status of manufacturing could
not be confirmed at the time of this review.

Appendix 2. Abbreviations for lipid emulsions

Pure soybean oil-based lipid emulsions (S-LE): lipid emulsions with 100% lipids derived solely from soybean oil

• Intralipid

• Ivelip

• Liposyn III

Fish oil-containing lipid emulsions (F-LE): all fish oil-containing lipid emulsions (MOFS-LE, MFS-LE, and pure F-LE)

• MOFS-LE (MCT-olive-fish-soybean oil), e.g. SMOFlipid

• MFS-LE (MCT-fish-soybean oil), e.g. Lipidem

• Pure F-LE (pure fish oil), e.g. Omegaven

We will also consider any other combination LE that contain fish oil if available at the time of the review.

Alternative lipid emulsions: all alternative lipid emulsions with partial or complete substitution of soybean oil from other sources (but
not containing fish oil).

• OS-LE (olive-soybean oil), e.g. ClinOleic

• MS-LE (MCT-soybean oil), e.g. Lipovenoes MCT

• BS-LE (borage-soybean oil), e.g. PFE 4501

• Structured lipids (structured MCT-soybean oil), e.g. Structolipid

We have used the term 'Alternative-LE' to represent all newer lipid emulsions that decrease the soybean oil content by using lipids from
other sources except fish oil. For physiological reasons, any LE including any multisource/combination LE was considered under the group
of 'Fish oil-containing' LE (or also referred to as 'Fish oil LE') if it contained fish oil as a lipid source.

Specific lipid components have been denoted by the following letters: soybean oil by 'S'; MCT (from coconut oil) by 'M'; fish oil by 'F';
olive oil by 'O'; borage oil by 'B'. The abbreviations for the 'alternative lipid emulsion' end in the letter 'S' (if containing soybean oil) for
consistency in nomenclature and to indicate the common theme of substitution of soybean oil by lipids from other sources (e.g. olive-
soybean is abbreviated as 'OS-LE'; MCT-soybean as 'MS-LE'; MCT-olive-fish-soybean as 'MOFS-LE'). Further, except the letter 'S' (which is
always the last letter in the lipid emulsion abbreviations), the sequence of letters denoting the other lipid components are in the decreasing
order of lipid percentage (as found in commonly available preparations), e.g. in MFS-LE (e.g. Lipidem), the percentage of MCT > percentage
of fish oil; and in MOFS-LE (e.g. SMOFlipid) the percentage of MCT (30%) > percentage of olive oil (25%) > percentage of fish oil (15%).

Appendix 3. Comparisons of lipid emulsions

We considered newer lipid emulsions with partial or complete substitution of soybean oil by lipids from other sources in the intervention
groups.

We considered the following four broad /comparisons with their respective subgroup comparisons.

1. Fish oil-containing lipid emulsion versus all non-fish oil lipid emulsion

• MOFS-LE (MCT-olive-fish-soybean oil) versus S-LE

• MFS-LE (MCT-fish-soybean oil) versus S-LE

• Pure F-LE (pure fish oil) versus S-LE

• MOFS-LE, e.g. SMOFlipid versus OS-LE, e.g. ClinOleic

• MOFS-LE, e.g. SMOFlipid versus MS-LE, e.g. Lipovenoes MCT

• MOFS-LE, e.g. SMOFlipid versus BS-LE, e.g. PFE 4501

• MOFS-LE, e.g. SMOFlipid versus Structured LE, e.g. Structolipid

• MFS-LE, e.g. Lipidem versus OS-LE, e.g. ClinOleic

• MFS-LE, e.g. Lipidem versus MS-LE, e.g. Lipovenoes MCT

Lipid emulsions for parenterally fed preterm infants (Review)
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• MFS-LE, e.g. Lipidem versus BS-LE, e.g. PFE 4501

• MFS-LE, e.g. Lipidem versus structured LE, e.g. Structolipid

• Pure F-LE, e.g. Omegaven versus BS-LE, e.g. PFE 4501

• Pure F-LE, e.g. Omegaven versus structured LE, e.g. Structolipid

• Pure F-LE, e.g. Omegaven versus MS-LE, e.g. Lipovenoes MCT

• Pure F-LE, e.g. Omegaven versus OS-LE, e.g. ClinOleic

We also considered any other combination LE containing fish oil in this comparison if available at the time of the review.

2. Fish oil LE versus another fish oil-containing lipid emulsion

• MOFS-LE, e.g. SMOFlipid versus Pure F-LE, e.g. Omegaven

• MFS-LE, e.g. Lipidem versus Pure F-LE, e.g. Omegaven

• MOFS-LE, e.g. SMOFlipid versus MFS-LE, e.g. Lipidem

3. Alternative lipid emulsion versus pure soybean oil-based lipid emulsion (S-LE)

• OS-LE (olive-soybean oil) versus S-LE

• MS-LE (MCT-soybean oil) versus S-LE

• BS-LE (borage-soybean oil) versus S-LE

• Structured lipids (structured MCT-soybean oil) versus S-LE

4. Alternative lipid emulsion versus another alternative lipid emulsion

• OS-LE, e.g. ClinOleic versus MS-LE, e.g. Lipovenoes MCT

• OS-LE, e.g. ClinOleic versus BS-LE, e.g. PFE 4501

• OS-LE, e.g. ClinOleic versus structured LE, e.g. Structolipid

• MS-LE, e.g. Lipovenoes MCT versus BS-LE, e.g. PFE 4501

• MS-LE, e.g. Lipovenoes MCT versus structured LE, e.g. Structolipid

• BS-LE, e.g. PFE 4501 versus structured LE, e.g. Structolipid

The four broad comparisons were considered in each of the three predefined populations i.e. preterm infants less than 37 weeks', preterm
infants with surgical conditions and preterm infants with pre-existing cholestasis.

Appendix 4. Search strategies

MEDLINE

Database: Ovid MEDLINE(R) Epub Ahead of Print, In-Process & Other Non-Indexed Citations, Ovid MEDLINE(R) Daily and Ovid MEDLINE(R)
<1946 to Present>
Search Strategy:
--------------------------------------------------------------------------------
1 exp Parenteral Nutrition/
2 infusions, intravenous/
3 Fat Emulsions, Intravenous/
4 (parenteral$ adj2 (fed or feed$ or nutrition$)).ti,ab.
5 (TPN or PPN or PN).mp.
6 (intravenous adj2 (infus$ or emulsion$)).ti,ab.
7 ("i.v." adj2 (infus$ or emulsion$)).ti,ab.
8 1 or 2 or 3 or 4 or 5 or 6 or 7
9 exp Lipids/
10 (coconut$ or borage$ or fish$ or olive$ or soy$ or soybean$).mp.
11 ((alternative or conventional or multisource) adj LE).mp.
12 (alternative-LE or conventional-LE or multisource-LE).mp.
13 structured MCT$.mp.
14 (arachidon$ or BS-LE or clinoleic$ or DHA or docosahexaenoic acid$ or eicosapentaenoic acid$ or EPA or F-LE).mp.
15 (intralipid$ or ivelip$).mp.
16 (LCT$ or linolenic$ or linoleic$ or lipidem$ or lipoplus$ or liposyn$ or lipovenoes$ or lipofundin$).mp.
17 (MCT-fish or MCT-olive or MCT-soy or MFS-LE or MOFS$ or MOFSLE$ or MCT$ or MS-LE or MUFS$ monounsaturated).mp.
18 (omega-6$ or omega-3$ or omegaven$ or OS-LE).mp.
19 (PFE 4501$ or PFE4501$ or polyunsaturated$ or PUFA$).mp.
20 (S-LE or SMOF$ or structolipid$ or triacylgl$ or triglyc$).mp.
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21 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20
22 8 and 21
23 exp Infant, Newborn/
24 Premature Birth/
25 (neonat$ or neo nat$).ti,ab.
26 (newborn$ or new born$ or newly born$).ti,ab.
27 (preterm or preterms or pre term or pre terms).ti,ab.
28 (preemie$ or premie or premies).ti,ab.
29 (prematur$ adj3 (birth$ or born or deliver$)).ti,ab.
30 (low adj3 (birthweight$ or birth weight$)).ti,ab.
31 (lbw or vlbw or elbw).ti,ab.
32 infan$.ti,ab.
33 (baby or babies).ti,ab.
34 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33
35 22 and 34
36 randomised controlled trial.pt.
37 controlled clinical trial.pt.
38 randomised.ab.
39 placebo.ab.
40 drug therapy.fs.
41 randomly.ab.
42 trial.ab.
43 groups.ab.
44 36 or 37 or 38 or 39 or 40 or 41 or 42 or 43
45 exp animals/ not humans.sh.
46 44 not 45
47 35 and 46

Embase

Database: Embase <1974 to 2018 June 15>
Search Strategy:
--------------------------------------------------------------------------------
1 exp Parenteral Nutrition/
2 Intravenous Drug Administration/
3 exp Lipid Emulsion/
4 (parenteral$ adj2 (fed or feed$ or nutrition$)).ti,ab.
5 (TPN or PPN or PN).mp.
6 (intravenous adj2 (infus$ or emulsion$)).ti,ab.
7 ("i.v." adj2 (infus$ or emulsion$)).ti,ab.
8 1 or 2 or 3 or 4 or 5 or 6 or 7
9 exp Lipid/
10 (coconut$ or borage$ or fish$ or olive$ or soy$ or soybean$).mp.
11 ((alternative or conventional or multisource) adj LE).mp.
12 (alternative-LE or conventional-LE or multisource-LE).mp.
13 structured MCT$.mp.
14 (arachidon$ or BS-LE or clinoleic$ or DHA or docosahexaenoic acid$ or eicosapentaenoic acid$ or EPA or F-LE).mp.
15 (intralipid$ or ivelip$).mp.
16 (LCT$ or linolenic$ or linoleic$ or lipidem$ or lipoplus$ or liposyn$ or lipovenoes$ or lipofundin$).mp.
17 (MCT-fish or MCT-olive or MCT-soy or MFS-LE or MOFS$ or MOFSLE$ or MCT$ or MS-LE or MUFS$ monounsaturated).mp.
18 (omega-6$ or omega-3$ or omegaven$ or OS-LE).mp.
19 (PFE 4501$ or PFE4501$ or polyunsaturated$ or PUFA$).mp.
20 (S-LE or SMOF$ or structolipid$ or triacylgl$ or triglyc$).mp.
21 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20
22 8 and 21
23 newborn/
24 prematurity/
25 (neonat$ or neo nat$).ti,ab.
26 (newborn$ or new born$ or newly born$).ti,ab.
27 (preterm or preterms or pre term or pre terms).ti,ab.
28 (preemie$ or premie or premies).ti,ab.
29 (prematur$ adj3 (birth$ or born or deliver$)).ti,ab.
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30 (low adj3 (birthweight$ or birth weight$)).ti,ab.
31 (lbw or vlbw or elbw).ti,ab.
32 infan$.ti,ab.
33 (baby or babies).ti,ab.
34 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33
35 22 and 34
36 (random* or factorial* or placebo* or assign* or allocat* or crossover*).tw.
37 (cross adj over*).tw.
38 (trial* and (control* or comparative)).tw.
39 ((blind* or mask*) and (single or double or triple or treble)).tw.
40 (treatment adj arm*).tw.
41 (control* adj group*).tw.
42 (phase adj (III or three)).tw.
43 (versus or vs).tw.
44 rct.tw.
45 Crossover Procedure/
46 Double Blind Procedure/
47 Single Blind Procedure/
48 Randomization/
49 Placebo/
50 exp Clinical Trial/
51 Parallel Design/
52 Latin Square Design/
53 36 or 37 or 38 or 39 or 40 or 41 or 42 or 43 or 44 or 45 or 46 or 47 or 48 or 49 or 50 or 51 or 52
54 exp animal/ or exp nonhuman/ or exp animal experiment/ or exp animal model/
55 exp human/
56 54 not 55
57 53 not 56
58 35 and 57

CINAHL

Search Terms
S1 (MH "Parenteral Nutrition+")
S2 (MH "Infusions, Intravenous")
S3 (MH "Fat Emulsions, Intravenous")
S4 TX parenteral* N2 (fed or feed* or nutrition*)
S5 TX TPN or PPN or PN
S6 TX intravenous N2 (infus* or emulsion*)
S7 TX "i.v." N2 (infus* or emulsion*)
S8 S1 OR S2 OR S3 OR S4 OR S5 OR S6 OR S7
S9 (MH "Lipids+")
S10 TX coconut* or borage* or fish* or olive* or soy* or soybean*
S11 TX ( (alternative or conventional or multisource) N1 LE ) OR TX ( alternative-LE or conventional-LE or multisource-LE )
S12 TX structured MCT* OR TX ( arachidon* or BS-LE or clinoleic* or DHA or docosahexaenoic acid* or eicosapentaenoic acid* or EPA or
F-LE ) OR TX ( intralipid* or ivelip* )
S13 TX ( (LCT* or linolenic* or linoleic* or lipidem* or lipoplus* or liposyn* or lipovenoes* or lipofundin*) ) OR TX ( MCT-fish or MCT-olive or
MCT-soy or MFS-LE or MOFS* or MOFSLE* or MCT* or MS-LE or MUFS* monounsaturated )
S14 TX ( omega-6* or omega-3* or omegaven* or OS-LE ) OR TX ( PFE 4501* or PFE4501* or polyunsaturated* or PUFA* ) OR TX ( S-LE or
SMOF* or structolipid* or triacylgl* or triglyc* )
S15 S9 OR S10 OR S11 OR S12 OR S13 OR S14
S16 S8 AND S15
S17 (MH "Infant, Newborn+")
S18 TX ( neonat* or neo nat* ) OR TX ( (newborn* or new born* or newly born*) ) OR TX ( (preterm or preterms or pre term or pre terms) )
OR TX ( (preemie$ or premie or premies) ) OR TX ( (prematur* NEAR/3 (birth* or born or deliver*)) ) OR TX ( (low NEAR/3 (birthweight* or
birth weight*)) ) OR TX ( (lbw or vlbw or elbw) ) OR TX infan* OR TX ( (baby or babies) )
S19 S17 OR S18
S20 S16 AND S19
S21 S16 AND S19
S22 (MH "Randomized Controlled Trials")
S23 (MH "Clinical Trials+") OR (MH "Preventive Trials") OR (MH "Community Trials") OR (MH "Intervention Trials")
S24 S22 OR S23
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S25 S21 AND S24

CENTRAL

Description:
#1 MeSH descriptor: [Parenteral Nutrition] explode all trees
#2 MeSH descriptor: [Infusions, Intravenous] explode all trees
#3 MeSH descriptor: [Fat Emulsions, Intravenous] explode all trees
#4 parenteral* near/2 (fed or feed* or nutrition*):ti,ab,kw (Word variations have been searched)
#5 TPN or PPN or PN:ti,ab,kw (Word variations have been searched)
#6 intravenous near/2 (infus* or emulsion*):ti,ab,kw (Word variations have been searched)
#7 "i.v." near/2 (infus* or emulsion*):ti,ab,kw (Word variations have been searched)
#8 #1 or #2 or #3 or #4 or #5 or #6 or #7
#9 MeSH descriptor: [Lipids] explode all trees
#10 coconut* or borage* or fish* or olive* or soy* or soybean*:ti,ab,kw (Word variations have been searched)
#11 (alternative or conventional or multisource) near/1 LE:ti,ab,kw or alternative-LE or conventional-LE or multisource-LE:ti,ab,kw (Word
variations have been searched)
#12 structured MCT*:ti,ab,kw or arachidon* or BS-LE or clinoleic* or DHA or "docosahexaenoic acid*" or "eicosapentaenoic acid*" or EPA
or F-LE:ti,ab,kw (Word variations have been searched)
#13 intralipid* or ivelip*:ti,ab,kw or LCT* or linolenic* or linoleic* or lipidem* or lipoplus* or liposyn* or lipovenoes* or lipofundin*:ti,ab,kw
or MCT-fish or MCT-olive or MCT-soy or MFS-LE or MOFS* or MOFSLE* or MCT* or MS-LE or "MUFS* monounsaturated":ti,ab,kw (Word
variations have been searched)
#14 omega-6* or omega-3* or omegaven* or OS-LE:ti,ab,kw or PFE 4501* or PFE4501* or polyunsaturated* or PUFA*:ti,ab,kw or S-LE or
SMOF* or structolipid* or triacylgl* or triglyc*:ti,ab,kw (Word variations have been searched)
#15 #9 or #10 or #11 or #12 or #13 or #14
#16 #8 and #15
#17 MeSH descriptor: [Infant, Newborn] explode all trees
#18 MeSH descriptor: [Premature Birth] explode all trees
#19 neonat*:ti,ab,kw (Word variations have been searched)
#20 neo-nat*:ti,ab,kw (Word variations have been searched)
#21 newborn or new born* or newly born*:ti,ab,kw (Word variations have been searched)
#22 preterm or preterms or (pre term) or (pre terms):ti,ab,kw (Word variations have been searched)
#23 preemie* or premie or premies:ti,ab,kw (Word variations have been searched)
#24 prematur* near/3 (birth* or born or deliver*):ti,ab,kw (Word variations have been searched)
#25 low near/3 (birthweight* or birth weight*):ti,ab,kw (Word variations have been searched)
#26 lbw or vlbw or elbw:ti,ab,kw (Word variations have been searched)
#27 infan* or baby or babies:ti,ab,kw (Word variations have been searched)
#28 #17 or #18 or #19 or #20 or #21 or #22 or #23 or #24 or #25 or #26 or #27
#29 #16 and #28

Maternity & Infant Care (MIDIRS)

Database: Maternity & Infant Care Database (MIDIRS) <1971 to May 2018>

Search Strategy:

--------------------------------------------------------------------------------

1 (parenteral$ adj2 (fed or feed$ or nutrition$)).ti,ab.

2 (TPN or PPN or PN).mp.

3 (intravenous adj2 (infus$ or emulsion$)).ti,ab.

4 ("i.v." adj2 (infus$ or emulsion$)).ti,ab.

5 1 or 2 or 3 or 4

6 lipid$.mp.

7 (coconut$ or borage$ or fish$ or olive$ or soy$ or soybean$).mp.

8 ((alternative or conventional or multisource) adj LE).mp.

9 (alternative-LE or conventional-LE or multisource-LE).mp.
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10 structured MCT$.mp.

11 (arachidon$ or BS-LE or clinoleic$ or DHA or docosahexaenoic acid$ or eicosapentaenoic acid$ or EPA or F-LE).mp.

12 (intralipid$ or ivelip$).mp.

13 (LCT$ or linolenic$ or linoleic$ or lipidem$ or lipoplus$ or liposyn$ or lipovenoes$ or lipofundin$).mp.

14 (MCT-fish or MCT-olive or MCT-soy or MFS-LE or MOFS$ or MOFSLE$ or MCT$ or MS-LE or MUFS$ monounsaturated).mp.

15 (omega-6$ or omega-3$ or omegaven$ or OS-LE).mp.

16 (PFE 4501$ or PFE4501$ or polyunsaturated$ or PUFA$).mp.

17 (S-LE or SMOF$ or structolipid$ or triacylgl$ or triglyc$).mp.

18 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17

19 5 and 18

20 (neonat$ or neo nat$).ti,ab.

21 (newborn$ or new born$ or newly born$).ti,ab.

22 (preterm or preterms or pre term or pre terms).ti,ab.

23 (preemie$ or premie or premies).ti,ab.

24 (prematur$ adj3 (birth$ or born or deliver$)).ti,ab.

25 (low adj3 (birthweight$ or birth weight$)).ti,ab.

26 (lbw or vlbw or elbw).ti,ab.

27 infan$.ti,ab.

28 (baby or babies).ti,ab.

29 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28

30 19 and 29

31 limit 30 to randomised controlled trial

32 limit 31 to yr="1980 -Current"

Trials Registers

www.clinicaltrials.gov
Search date 19th June 2018
49 Studies found for: lipids | parenteral nutrition | Child

WHO ICTRP
search date 19th June 2018
40 records for 39 trials found for: parenteral nutrition AND lipids

Appendix 5. Risk of bias tool

We used the standard methods of Cochrane and Cochrane Neonatal to assess the methodological quality of the trials. For each trial, we
sought information regarding the method of randomisation, blinding and reporting of all outcomes of all the infants enrolled in the trial.
We assessed each criterion as being at a low, high or unclear risk of bias. Two review authors (VK, MM) separately assessed each study. We
resolved any disagreements by discussion. We added this information to the Characteristics of included studies table. We evaluated the
following issues and entered the findings into the 'Risk of bias' table.

1. Sequence generation (checking for possible selection bias). Was the allocation sequence adequately generated?

For each included study, we categorised the method used to generate the allocation sequence as:

• low risk (any truly random process, e.g. random number table; computer random number generator);
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• high risk (any non-random process, e.g. odd or even date of birth; hospital or clinic record number) or

• unclear risk.

2. Allocation concealment (checking for possible selection bias). Was allocation adequately concealed?

For each included study, we categorised the method used to conceal the allocation sequence as:

• low risk (e.g. telephone or central randomisation; consecutively numbered sealed opaque envelopes);

• high risk (open random allocation; unsealed or non-opaque envelopes, alternation; date of birth) or

• unclear risk

3. Blinding of participants and personnel (checking for possible performance bias). Was knowledge of the allocated intervention
adequately prevented during the study?

For each included study, we categorised the methods used to blind study participants and personnel from knowledge of which intervention
a participant received. Blinding was assessed separately for diMerent outcomes or class of outcomes. We categorised the methods as:

• low risk, high risk or unclear risk for participants; and

• low risk, high risk or unclear risk for personnel.

4. Blinding of outcome assessment (checking for possible detection bias). Was knowledge of the allocated intervention
adequately prevented at the time of outcome assessment?

For each included study, we categorised the methods used to blind outcome assessment. Blinding was assessed separately for diMerent
outcomes or class of outcomes. We categorised the methods as:

• low risk for outcome assessors;

• high risk for outcome assessors or

• unclear risk for outcome assessors.

5. Incomplete outcome data (checking for possible attrition bias through withdrawals, dropouts, protocol deviations). Were
incomplete outcome data adequately addressed?

For each included study and for each outcome, we described the completeness of data including attrition and exclusions from the analysis.
We noted whether attrition and exclusions were reported, the numbers included in the analysis at each stage (compared with the total
randomised participants), reasons for attrition or exclusion where reported, and whether missing data were balanced across groups or
were related to outcomes. Where suMicient information was reported or supplied by the trial authors, we reincluded missing data in the
analyses. We categorised the methods as:

• low risk (< 20% missing data);

• high risk (≥ 20% missing data); or

• unclear risk.

6. Selective reporting bias. Are reports of the study free of suggestion of selective outcome reporting?

For each included study, we described how we investigated the possibility of selective outcome reporting bias and what we found. For
studies in which study protocols were published in advance, we compared prespecified outcomes versus outcomes eventually reported in
the published results. If the study protocol was not published in advance, we contacted study authors to gain access to the study protocol.
We assessed the methods as:

• low risk (where it was clear that all the study's prespecified outcomes and all expected outcomes of interest to the review were reported);

• high risk (where not all the study's prespecified outcomes were reported; one or more reported primary outcomes were not prespecified
outcomes of interest and were reported incompletely and so could not be used; study failed to include results of a key outcome that
would have been expected to have been reported); or

• unclear risk.

7. Other sources of bias. Was the study apparently free of other problems that could put it at a high risk of bias?

For each included study, we described any important concerns we had about other possible sources of bias (e.g. whether there was a
potential source of bias related to the specific study design or whether the trial was stopped early due to some data-dependent process).
We assessed whether each study was free of other problems that could put it at risk of bias as:

• low risk;

• high risk or

• unclear risk.
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If needed, we explored the impact of the level of bias through undertaking sensitivity analyses.

Appendix 6. Details of GRADE 'Quality of Evidence' decisions in the review and in the 'Summary of findings' tables

Assessment of risk of bias in a study (refer to the 'Risk of bias' tool in Appendix 5)

 

No risk of bias No critical limitation in any criteria*

Moderate risk of bias Critical limitation in 1 criteria or some limitations in > 1 criteria

High risk of bias Critical limitation in > 1 criteria

 

 
*Criteria for assessing risk of bias in a study: lack of allocation concealment, lack of blinding, loss to follow-up or intention-to-treat analysis
not performed, selective outcome reporting or other limitations.

Decision matrix to downgrade for 'quality of studies' in an outcome

 

Decision to downgrade Risk of bias across studies for an outcome

Do not downgrade Most information was from studies at low risk of bias

Downgrade 1 level Most information was from studies at moderate risk of bias

Downgrade 2 levels Most information was from studies at high risk of bias

 

 
The evidence was also downgraded for an outcome if there was significant contribution from a study or studies at high risk of bias in one
or more key domains, that was suMicient to aMect the interpretation of results.

Decision matrix to downgrade for 'imprecision' in an outcome

 

Decision matrix

for imprecision

CIs did not cross null ef-
fect

CIs crossed null effect

but not 0.75 or 1.25

CIs crossed null effect

AND crossed 0.75 or 1.25

OIS adequate Do not downgrade Do not downgrade Downgrade 1 level

OIS inadequate Downgrade 1 level Downgrade 1 level Downgrade 2 levels

 

 
Adequate optimal information size (OIS; empirical) for this review:

• for categorical variables: "300 or more total events in both groups;"

• for continuous variables: "minimum sample size of 400 participants" as a general approximation.

CI: confidence interval.

Decision matrix to downgrade for 'inconsistency' in an outcome

 

Lipid emulsions for parenterally fed preterm infants (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

182



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Decision matrix

for inconsistency

Heterogeneity I2> 40% (40% to 74%) Unexplained high het-
erogeneity

with I2> 75%and very low
P value

Same direction of effect estimates in
the studies

May not downgrade 1 level if most of the studies have similar
point estimates and overlapping CI AND all point estimates
are pointing in the same direction.

Downgrade 1 level

Different direction of effect esti-
mates in the studies

Downgrade 1 level Downgrade 2 levels

 

 
Adapted from GRADE Working Group recommendations (Schünemann 2013).

If a study was terminated early, we downgraded the level of evidence in the review even if the study was assigned unclear risk of bias for
early termination. This was done in outcomes with limited number of participants, or where the terminated study was the only study in
the outcome or it was one of the two studies in the outcome with a significant contribution (20% or greater).

Evidence was downgraded by one level for those outcomes where there was only a single small study.

Heterogeneity could not be assessed where there was a single study in an outcome.

CI: confidence interval.

C O N T R I B U T I O N S   O F   A U T H O R S

For the original review (Kapoor 2015), all review authors were involved in conceiving and designing the protocol.

RS, VK and MM performed the update of the protocol (2018) to address the requests of UK guideline developers of the National Institute
for Health Research (NIHR).

VK and MM selected studies, extracted data and assessed risk of bias, relying upon RS as a third assessor when necessary. VK and MM
prepared the manuscript, conferring and collaborating with RS.
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D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

Outcomes: we added an outcome of cholestasis including all definitions given the heterogeneity in the definitions used in the studies and
the guidelines. We also added the following: outcome for any BPD (to include diMerential definitions); combined outcome of ROP stage 3
or greater and ROP requiring surgery to avoid bias due to incomplete information in either of outcomes as some studies reported on ROP
requiring surgery and others on ROP stage 3 or greater. Both ROP outcomes are similar on the scale of severity. We added an outcome of
any sepsis to include all reports of sepsis in included studies. We added conjugated bilirubin levels (µmol/L) as a secondary outcome and
as an outcome for the 'Summary of findings' table.

The method of dealing with the unit of analysis error was finalised at the review stage.

N O T E S

This review and the companion review of "Lipid emulsions for parenterally fed late preterm and term infants" will replace the published
review of "Alternative lipid emulsions versus pure soybean oil-based lipid emulsions for parenterally fed preterm infants" (Kapoor 2015).

I N D E X   T E R M S

Medical Subject Headings (MeSH)

*Infant, Premature  [growth & development];  *Parenteral Nutrition  [adverse eMects];  Bilirubin  [blood];  Bronchopulmonary
Dysplasia  [prevention & control];  Chemical and Drug Induced Liver Injury  [etiology]  [*prevention & control];  Cholestasis  [chemically
induced]  [*prevention & control];  Emulsions  [administration & dosage]  [chemistry];  Fish Oils  [*administration & dosage];  Plant
Oils  [*administration & dosage];  Randomized Controlled Trials as Topic  [statistics & numerical data];  Retinopathy of Prematurity
 [prevention & control];  Soybean Oil  [*administration & dosage]  [adverse eMects];  Surgical Procedures, Operative;  gamma-Linolenic
Acid  [*administration & dosage]

MeSH check words

Humans; Infant, Newborn
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